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IN THE UNITED STATES DISTRICT COURT

FOR THE DISTRICT OF DELAWARE

MOTOROLA, INC,, )
)
Plaintiff, ) C. A. No. 08-104-#**
)
V. )
) JURY TRIAL DEMANDED
RESEARCH IN MOTION LIMITED )
AND RESEARCH IN MOTION )
CORPORATION, )
)
Defendants. )
)

FIRST AMENDED COMPLAINT FOR DECLARATORY RELIEF

Plaintiff, Motorola, Inc. (“Motorola™), for its complaint against defendants,
Research in Motion Limited (“RIM Ltd.”) and Research in Motion Corporation (“RIM Corp.,”
collectively “Defendants”), hereby demands a jury trial and avers as follows:

JURISDICTION AND VENUE

1. This is an action for patent infringement arising under the patent laws of
the United States, 35 U.S.C. §§ 101 ef seq. This Court has subject matter jurisdiction over this
action under 28 U.S8.C. §§ 1331, 1338(a) and 2201(a).

2. Venue is proper in this Judicial District under 28 U.S.C. §§ 1391(b), (c),
(d), and 1400(b).

3. Upon information and belief, this Court has personal jurisdiction over
Defendants, because defendant RIM Corp. is a corporation organized under the laws of the State

of Delaware, and because Defendants regularly conduct business in this District.
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THE PARTIES

4. Plaintiff Motorola is a corporation organized and existing under the laws
of the State of Delaware and having a principal place of business at 1303 East Algonquin Road,
Schaumburg, Iilinois 60196.

5. Upon information and belief, defendant RIM Ltd. is a corporation
organized under the laws of Canada and has its principal place of business at 295 Phillip Street,
Waterloo, Ontario, Canada N2L 3WB. Upon information and belief, defendant RIM Ltd.
directly or indirectly through its subsidiaries and affiliated companies, distributes, markets, sells
and/or offers to sell throughout the United States (including in this Judicial District), and/or
imports into the United States products, including wireless communication devices, associated
equipment and software.

6. Upon information and belief, defendant RIM Corp. is a corporation
organized under the laws of the State of Delaware and has its principal place of business at 122
West John Carpenter Parkway, Suite 430, Irving, Texas 75039. Upon information and belief,
defendant RIM Corp. directly or indirectly through its subsidiaries and affiliated companies,
distributes, markets, sells and/or offers to sell throughout the United States (including in this
Judicial District), and/or imports into the United States products, including wireless
communication devices, associated equipment and software.

BACKGROUND

7. In March 2003, Motorola and Defendants entered into a cross-license
agreement, whereby the parties agreed to license to each other certain United States Patents
relating to cellular telephone technology.

8. In anticipation of that license agreement’s December 31, 2007 expiration,

the parties engaged in negotiations directed toward an amicable solution.

2
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9. In an effort to avoid paying royalties as part of future license agreements,
Defendants asserted that Motorola requires a license to practice several patents in Defendant’s
portfolio, including patents Defendants recently acquired from Multimedia Patent Trust.

10. Specifically, upon information and belief, Defendants have stated to
Motorola that Defendants are the owner by assignment of the following United States Patents
(“patents in suit”):

a. United States Patent No. 5,664,055, entitled “CS-ACELP SPEECH
COMPRESSION SYSTEM WITH ADAPTIVE PITCH PREDICTION FILTER GAIN BASED
ON A MEASURE OF PERIODICITY” (“the ‘055 patent™), which was issued on September 2,
1997, to Peter Kroon;

b. United States Patent No. 5,699,485, entitled “PITCH DELAY
MODIFICATION DURING FRAME ERASURES” (“the ‘485 patent”), which was issued on
December 16, 1997, to Yair Shoham;

c. United States Patent No. 6,278,442 Bl, entitled “HAND-HELD
ELECTRONIC DEVICE WITH A KEYBOARD OPTIMIZED FOR USE WITH THE
THUMBS” (“the 442 patent™), which was issued on August 21, 2001, to Jason T. Griffin, John
A. Holmes, Mihal Lazaridis, Herb A. Little, and Harry R. Major;

d. United States Patent No. 6,452,588 B2, entitled “HAND-HELD E-MAIL
DEVICE” (“the ‘588 patent”), which was issued on September 17, 2002, to Jason T. Griffin,
John A. Holmes, Mihal Lazaridis, Herb A. Little, and Harry R. Major;

e. United States Patent No. 6,489,950 B1, entitted “HAND-HELD
ELECTRONIC DEVICE WITH AUXILIARY INPUT DEVICE” (“the ‘950 patent”), which was
issued on December 3, 2002, to Jason T. Griffin, John A. Holmes, Mihal Lazaridis, Herb A.

Little, Harry R. Major, Craig Dunk, Michael Brown, and Jérdbme Lang;

3
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f. United States Patent No. 6,611,254 B1, entitled “HAND-HELD
ELECTRONIC DEVICE WITH A KEYBOARD OPTIMIZED FOR USE WITH THE
THUMBS” (“the ‘254 patent™), which was issued on August 26, 2003, to Jason T. Griffin, John
A. Holmes, Mihal Lazaridis, Herb A. Little, and Harry R. Major;

g. United States Patent No. 6,611,255 B2, entitled “HAND-HELD
ELECTRONIC DEVICE WITH A KEYBOARD OPTIMIZED FOR USE WITH THE
THUMBS” (“the ‘255 patent”), which was issued on August 26, 2003, to Jason T. Griffin, John
A. Holmes, Mihal Lazaridis, Herb A. Little, and Harry R. Major; and

h. United States Patent No. 6,919,879 B2, entitled “HAND-HELD
ELECTRONIC DEVICE WITH A KEYBOARD OPTIMIZED FOR USE WITH THE
THUMBS” (“the ‘879 patent™), which was issued on July 19, 2005, to Jason T. Griftin, David
M. Walters, John A. Holmes, and Mihal Lazaridis

1. United States Patent No. 7,227,536 B2, entitled “HAND-HELD
ELECTRONIC DEVICE WITH A KEYBOARD OPTIMIZED FOR USE WITH THE
THUMBS” (“the ‘536 patent™), which was issued on June 35, 2007, to Jason T. Griffin, John A.
Holmes, Mihal Lazaridis, Herb A. Little, and Harry R. Major.

11.  True and correct copies of the patents in suit are attached hereto as
Exhibits A-I, respectively.

12. A controversy has arisen as to whether Motorola requires a license to
continue engaging in its sale of various mobile communication devices as well as for past sales
of such devices. Defendants have represented to Motorola during the negotiations—including as
recently as February 8, 2008—that Motorola is on notice of the patents in suit, that Motorola
requires a license in order to continue selling various mobile communication devices, and that

Defendants are entitled to damages for Motorola’s past alleged infringement. Because Motorola

4
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is licensed under some of Defendants’ patents and because no valid claim of the patents in suit is

infringed, Motorola asserts that no additional license 1s necessary.

CLAIM ONE
(The ‘055 Patent)
13.  Upon information and belief, Motorola is licensed to practice the ‘055
patent.
14.  Upon information and belief, Motorola does not infringe and has not

infringed any valid claim of the ‘035 patent.

15.  Upon information and belief, any claim by Defendants against Motorola
for past damages for alleged infringement of the *055 patent is barred by the equitable doctrine
of laches.

16.  Upon information and belief, any claim by Defendants against Motorola

for alleged infringement of the ‘055 patent is barred by the doctrine of equitable estoppel.

CLAIM TWO
(The ‘485 Patent)
17.  Upon information and belief, Motorola is licensed to practice the ‘485
patent.
18.  Upon information and belief, Motorola does not infringe and has not

infringed any valid claim of the ‘485 patent.

19. Upon information and belief, any claim by Defendants against Motorola
for past damages for alleged infringement of the ‘485 patent is barred by the equitable doctrine
of laches.

20.  Upon information and belief, any claim by Defendants against Motorola

for alleged infringement of the ‘485 patent is barred by the doctrine of equitable estoppel.

DB02:6585594.1 9000020011
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CLAIM THREE
(The ‘442 Patent)

21.  Upon information and belief, Motorola
infringed any valid claim of the ‘442 patent.

CLAIM FOUR
(The ‘588 Patent)

22.  Upon information and belief, Motorola
infringed any valid claim of the ‘588 patent.

CLAIM FIVE
(The ‘950 Patent)

23.  Upon information and belief, Motorola

infringed any valid claim of the ‘950 patent.

CLAIM SIX
(The ‘254 Patent)
24, Upon information and belief, Motorola
infringed any valid claim of the ‘254 patent.
CLAIM SEVEN
(The ‘255 Patent)
25.  Upon information and belief, Motorola
infringed any valid claim of the “255 patent.
CLAIM EIGHT
(The ‘879 Patent)
26.  Upon information and belief, Motorola

infringed any valid claim of the ‘879 patent.
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CLAIM NINE
(The 536 Patent)

27.  Upon information and belief, Motorola does not infringe and has not
infringed any valid claim of the *336 patent.

PRAYER FOR RELIEF

WHEREFORE, Motorola prays that the Court enter a judgment against Defendants:
a. Declaring that Motorola has not infringed any valid claim of any of the patents in

suit;

b. Declaring that Defendants are not entitled to recover damages for any act of past

infringement of any of the patents in suit;

c. Declaring that Defendants are not entitled to enforce either the ‘055 patent or the

‘485 patent against Motorola;

d. Finding this is an exceptional case under 35 U.S.C. § 285;

€. Awarding to Motorola its costs and attorney fees; and

f. Awarding to Motorola such other and further relief as this Court deems proper
and just,

DEMAND FOR TRIAL BY JURY

Pursuant to Rule 38(b) of the Federal Rules of Civil Procedure and the Seventh
Amendment to the U.S. Constitution, Motorola hereby demands a trial by jury of all claims and

all issues triable as of right by jury in this action.
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Respectfully submitted,

!

Josy W. Ingersoll (No. 1088)

Elena C. Norman (No. 4780}

Monté T. Squire (No. 4764)

YOUNG CONAWAY STARGATT &
TAYLOR, LLP

The Brandywine Building

1000 West Street, 17th Floor

Wilmington, DE 19801

Telephone: (302) 571-6600

msquire(@ycst.com

Attorneys for Plaintiff Motorola, Inc.

Of Counsel:

Jesse J. Jenner

ROPES & GRAY LLP

1211 Avenue of the Americas
New York, New York 10036

Norman H. Beamer
ROPES & GRAY LLP
525 University Avenue
Palo Alto, CA 94301

Nicole M. Jantzi

ROPES & GRAY LLP

700 12th Street, NW, Suite 900
Washington, DC 20005

Dated: February 20, 2008
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57} ABSTRACT

A speech coding system employing an adaptive codebook
model of periodicity is augmented with a pitch-predictive
filter (PPF). This PPF has a delay equal to the integer
component of the pitch-period and a gain which is adaptive
based on a measure of periodicty of the speech signal. In
accordance with an embodiment of the present invention.
specch processing systems which include a first portion
comprising an adaptive codebook and corresponding adap-
tive codebook amplifier and a second portion comprising a
fixed codebook coupled to a pitch filter, are adapted to delay
the adaptive codebook gain; determinc the pitch filter gain
based on the delayed adaptive codebook gain. and amplify
samples of a signal in the pitch filter based on said deter-
mined pitch filler pain. The adaptive codebook gain is
delayed for one subframe. The pitch filter gain cquals the
delayed. adaptive codebook gain, except when the adaptive
codebook gain is either less than 0.2 or greater than 0.8..in
which cases the pitch filter gain is set cqual to 0.2 or 0.8,
respectively.

1% Claims, 5 Drawing Sheets
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CS-ACELP SPEECH COMPRESSION
SYSTEM WITH ADAPTIVE PITCH
PREDICTION FILTER GAIN BASED ON A
MEASURE OF PERIODICITY

CROSS-REFERENCE TO RELATED
APPLICATION

This application is related to Application Ser. No, 08/485.
420. cotitled “Codebook Gain Amtenuation During Frame
Erasure.” filed on even date herewith. which is incorporated
by reference as if set forth fully berein.

FIELD OF THE INVENTION

The present invention relates generally to adaptive
codebook-hased speech compression sysiems. apd more
particularly to such systems operating to compress speech
having & pitch-period less than or equal to adaptive code-
book vector (subframe} length.

BACKGROUND OF THE INVENTION

Many speech compression systems employ a subsysiem
to model the periodicity of a speech signal. Two such
periodicity models in wids use i speech compression (or
coding) systems are the pitch prediction filter (PFF) and the
adaptive codebook (ACB)-

The ACB is fundamentally a memeory which stores
samples of past speech signals. of derivatives thereof such as
speech residual or excitation signals (hereafter specch
signals). Periodicity is introduced {or modelcd) by copying
samples from the past (as stored in the memory) speech
signal into the preseat to “predict™ what the present speech
signal will look like.

The PPF is a simple IIR. filter which is typically of the
form

HrEdnHg{n—M) 03]

where n is a sample index, y is the output, X is the input, M
is a delay value of the filier, and g, is & scale factor (or gain).
Because the current outpbt of the E’PF is dependent on a past
output, is introduced the PPF.

Although either the ACB or PPF can be used in speech
coding, these periodicity models do not operate identically
under all circumstances. For cxampie, while a PPF and an
ACE will yield the same results when the pitch-period of
voiced speech is greater than or equal to the subframe (or
codebook vector) size, this is not the case if the pitch-period
{s less than the subframe size. This differcnce is illustrated
by FIGS. 1 and 2, where it is assumed that the pitch-period
{or delay) is 2.5 ms, but the subframe size is 5 ms.

FIG. 1 presents a conventional combination of a fixed
codebook (FCB) and an ACB as used in a typical CELP
speech compression system (this combination js used in both
the encoder and deooder of the CELP system). As shown in
the Figure. FCB 1 seceives an index velue. I, which causes
the FCB to output 2 speech signal (excitation} vector of a
predetermined duration. This duration is referred to as a
subframe (here, 5 ms.). Tlustratively. this speech excilation
signal will consist of one or more main pulses located in the
subframe, For purposes of clarity of presentation, the oufput
vector will be assumed to have a single large pulsc of uait
magnitude. The output vector is scaled by a gain, .. applied
by amplifier 5.

In parallef with the operation of the FCB 1 and gain 5,
ACB 10 generates a speech signal based on previcusty
synthesized speech. In a conventional fashion, the ACB 18

20

a5

40

45

50

65

2

searches its memory of past speech for samples of speech
which most closcly match the original speech being coded.
Such samples are in the neighborhood of onc pitch-period
{M) in the past from the present sample it is attempting to
synthesize. Such past speech samples may not exist if the
pitch is fractional; they may have to be synthesized by the
ACE from sumounding speech saniple values by Lincar
interpolation, as is conventional. The ACB uses a past
sample identified (or synthesized) in this way as the current
sample, For clarity of explanation, the balance of this
discussion will assume that the pitch-pesiod is an integral
multiple of the sample peried and that past samples are
identified by M for copying into the present subframe. The
ACB outputs individual samples in this monner for the entire
subframe (5 ms.). ALl samples produced by the ACB are
scaled by a gain, g, applied by amplifier 15.

For current samples in the second half of the subframe,
the “past”™ samples used as the “current” samples are those
sarnples in the first half of the subframe. This is because the
subframe is 5 ms in duration, but the pitch-period. M.—the
time period used to identify past samples to use as cument
samples—is 2.5 ms. Therefore, if the cament sample to be
synthesized is at the 4 ros point in the subframe, the past
sample of spesch is at the 4 ms —2.5 mos or 1.5 ms point in
the same subframe.

The output sighals of the FCB and ACB amplifiers 5. 15
are summed at summing circuit 20 to yicld ap excitation
signal for a conventional linear predictive (LPC) synthesis
filter {not shown). A stylized representation of one subframe
of this cxcitation signal produced by circuit 28 is also shown
in FIG. 1. Assuming pulses of unit magnitides before
sealing, the system of codebooks yiclds several pulses in the
5 ms subframe. A first pulse of height g,,. 2 second pulse of
height g, and a third pulse of height g,. The third pulse is
simply a copy of the first pulse created hy the ACB. Note
that there is oo copy of the second pulsc in the second half
of the subframe since the ACB memory does not include the
second pulse (and the fixed codebook has but one pulse per
subframe}.

FIG. 2 presents a periodicity model comprising a FCB 25
in series with a PPF 50, The PPF 50 comprises 2 summing
circuit 45, a delay memory 35. and an amplifier 40. As with
the system discossed above, an index, I, applicd to the FCB
25 causes the FCB to output ag excitation vector come-
sponding to the index, This vectar has one major pulsc. The
yectar is scaled by amplifier 30 which applies gain g The
scaled vector is then applied to the FFF 50. FFF 50 operales
according to equation (1) above. A stylized representation of
one subframe of PPF 50 output signsl is also presented in
FIG. 2. The first pulse of the PPF output subframe is the
result of a delay, M. applied to a major pulse (assumed to
have unit amplitude} from the previous subframe (oot
shown}, The next pulsc in the subframe s a puisc contained
in the FCB output vectar scaled by amplifier 30. Then. due
to the delay 35 of 2.5 ros. these two pulses are repented 2.5
ms later, respectively. sculed by amplifier 49,

There are major differences between the output signals of
the ACB and PPF implementations of the periodicity model,
They manifest themselves in the \ates half of the sypthesized
subframes depicted in FIGS. 1 and 2. First. the amplitudes
of the third pulses arc different—g,, as compared with g.*.
Second. there is no fourth pulse in output of the ACB model.
Regarding this missing pulsc, when the pitch-period is less
thag the frame size. the combinatlon of an ACB and a FCB
will not intreduce a second fixed codebook contribution in
the subframe. This is wnlike the operation of a pitch predic-
tion filter in sedes with a fixed codebook.
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SUMMARY OF THE INVENTION

For those speech coding systems which employ an ACB
model of periodicity. it has been proposed that a PPF be used
at the output of the FCB, This PFF has a delay equal to the
integer component of the pitch-period and a fixed gain of
0.8. The PPF does accomplish the insertion of the missing
FCB pulse in the subframe, but with & gain value which is
speculative. The reason the gain is speculative is that joint
quantizat{on of the ACB and FCB gains preveots the deter-
mination of an ACB gain for the current subframe until both
ACB and FCB vectors have been determined.

The inventor of the present invention bas recognized that
the fixed-gain aspect of the pitch loop added to an ACB
based synthesizer results in synthesized speech which is too
periodic at times. resulting in an upnatural “buzzyness” of
the synthesized speech.

The present invention solves a shortcoming of the pro-
posed usc of a PPF at the output of the FCB in systzms
which employ an ACB. The present invention provides a
gain for the PPF which is not fixed, but adaptive based on
a measure of periodicity of the speech signal. The adaptive
PPF gain enhances PPF perfarmance in thai the gain is small
whea the speech signal is not very periodic and large when
the speech signal is highly periodic. This adaptability avoids
the “buzzyness™ problem.

In accordance with an embodimeat of the present
invention, specch processing systems which include a first
portion comprising an adaptive codebook and comresponding
adaptive codebook amplifier and a second portion compris-
ing a fixed codebook coupled to a pitch filter. are adapted to
delay the adaptive codebook gain; determine the pitch fiiter
gain based on the deiayed adaptive codebook gain, and
amplify samples of a signal {n the pitch filter based on said
determined pitch Elter gain, The adaptive codebook gain is
delayed for one subframe. The delaycd gain is used since the
quantized gain for the adaptive codebook: is not available
until the fixed codebook gain is determincd. The pitch filter
gain equals the delayed adaptive codebook gain, except
when the adaptive codebools gain is either less then 0.2 o
greater than 0.8, in which cascs the pitch filter gain is set
equal 1o 0.2 or 0.8, respectively. The limits are there to limit
perceptually undesirable effects due to errofs in estimating
how periodic the excitation signal aciually is.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 presents a conventional combination of FCB nd
ACB systems a5 used in a typical CELP speech compression
systcm. as well a3 a stylized representation of one subframe
of an excitation signal generated by the combination.

FIG. 2 presents a pericdicity model comprising 8 FCB and
a FPF, as well as a stylized representation of one subframe
of PPF output signal.

FIG. 3 pesents an illustrative embodiment of a speech
encoder in accordance with the present inveation.

FIG. 4 presents an illustative embodiment of a decoder in
accordance with the prescnt invention.

FIG. 5 presents a block diagram of a conceptual G.729
CELP synthesis model.

FIG. 6 preseats the signal fow at the G.729 CS-ACELP
encoder.

DETAILED DESCRIPTION

1.1 Introduction to the Mustrative Embodiments

For clarity of explanation, the illustrative embodiments of
the present invention is presented as comprising individual
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functional blocks (including functional blocks labeled as
“processors™). The functions these blocks represent may be
provided through the use of ejtiier shared or dedicated
hardware, including, but not limited to, hardware capable of
executing software, For example, the functions of processors
presented in FIG. 3 and 4 may be provided by a single shared
processar. (Use of the term “processor” should mot be
construed to refer exclusively to hardware capable of
executing software.)

Dlustrative embodiments may comprisc digital signal
processor (DSP) hardware. such as the AT&T DSP16 or
DSP32C, read-only memory (ROM) for storing software
perfarming the operations discussed below. and random
acoess memory (RAM) for storing DSP results. Very large
scale intcgration (VLSI) hardware embodiments, &5 well as
custorn VLSI circuitry in combination with a general pur-
pose DSP circuit, may also be provided.

The embodiments described below are sullable for use in
many specch compression systems such as, for example, that
described in a preliminary Draft Recommendation G.729 1o
the ITU Standards Body (G.729 Draft), which is provided in
Section IL This speech compression system operates al 8
kbitfs is based on Code-Bxcited Linear-Predictive (CELP)
coding, See G.729 Draft Subsection IL2. This draft recom-
mendation includes a complets deseription of the speech
coding system. as well as the use of the present invention
therein, See generally, for example, FIG. 6 and the discns-
sion at Subsection IL2.1 of the G.729 Draft. With respect 10
the an embodiment of present invention, sce the discussion
at Subsections TL3.8 and IL4,1.2 of the G.729 Draft

L2: The Nustrative Embodiments

FIGS. 3 end 4 present illustrative embodiments of the
present invention as used in the encoder and decoder of the
G.729 Draft. FIG. 3 is a modified version of FIG. 6, which
shows the signal flow at the G.729 CS-ACELP cncoder.
FIG. 3 has been aupmented to sbow the detail of the
illustrative encoder embodiment. FIG. 4 is similar to FIG. 7,
which shows signal flow at the G.729 CS-ACELP decoder.
FIG. 4 is augmented to show the details of the illustrative
decoder embodiment. Yo the discussion which follows, ref-
erence will be made to Subsections of the G.729 Draft where
appeopriate, A general description of the encoder of the
G.279 Draft is presented st Subsection T12.1, while &
general description of the decoder is prescnted at Subsection
2.z

A. The Encoder

In accardance with the emboditment, an ioput speech
signal (16 bit PCM at 8 kHz sampling ratc} is provided to a
preprocessor 100. Preprocessor 100 high-pass filters the
speech signal to remove undesirablc low frequency compo-
nents and scales the speech sipoal to avoid processing
overflow. See Subsection IL3.1, The preprocessed speech
signal, s(n), is then provided to linear prediction analyzer
105. See Subsection T1.3.2. Linear prediction (LP}
cocflicicnts. o, are provided 1o LP synthesis filter 155 which
receives an excitation signal, u(a), formed of the combined
output of FCB and ACB portions of the cocoder. The
excitation signal is chosen by using zn anatysis-by-synthesis
scarch procedure in which the error between the original and
synthesized speech is minimized according to a perceptually
weighted distortion measure by perceptual weighting fitter
165. Sec Subsection I1.3.3

Regarding the ACB portion 112 of the embodiment. a
signal representing the perceptually weighted distortion
{error) is used by pitch period processor 170 to detexmine an
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open-loop pitch-pericd (delay) used by the adaptive code-
book system 110. The encoder nses the determined open-
loop pitch-period as the basis of a ciosed-loop pitch search.
ACB 110 computes an adaptive codebook vector, V{n), by
interpolating the past excilation ata selected fractional pitch.
See Subsection IL3.4-TL3.7. The adaptive codebook gain
amplifier 115 applies a scalc factor g, to the output of the
ACB system 118, See Subsection m3.5.2.

Regarding the FCB portion 118 of the cmbodiment. an
index generated by the mean squared error (MSE) search
processor 175 is received by the FCB system 120 and a
codebook vector, o), is gencrated in response. See Sub-
section IL3.8. This codebook vector is provided to the FPF
system 128 operating in accardance with the present inven-
tion (see discussion below). The outpit of the PPF system
128 is scaled by FCB amplifier 145 which applies a scale
factor g.. Scale factor £ is determnined in accordanee with
Subsection TL3.9.

The vectors ourput from the ACB and FCB portions 112,
118 of the encoder are summed at summer 15¢ and provided
1o the LP synthesis filter as discussed above,

B. The PFF System

As mentioned above, the PPF system addresses the shart-
coming of the ACB system exhibited when the pitch-period
of the speech being synthesized is less than the size of the
subframe and the fixed PPF gain is oo large for speech
which is not very periodic.

PFF system 128 includes a swiich 126 which contrals
whether the PPF 128 contributes to the cxcitation signal. If
the delay. M. is less than the size of the subframe. L. than the
switch 126 is closed and PPF 128 contributes fo the exci-
\ntion. IEMZL. switch 126 is open and the PPF 128 does not
cookribute to the excitation. A switch control signal K is sct
when M<L. Note that use of switch 126 is mercly illusiza-
tive. Many alternative designs are possible, including. for
example, 2 switch which is used to by-pass PPF 128 cntirely
when MEL.

The delay used by the PPF system is the integer poriion
of the pitch-period. M, 2s computed by pitch-period proces-
sor 170. The memory of delay processor 135 is cleared price
to PFF 128 opcration on cach subframe. The gain applied by
the PPF system is provided by delay processor 125. Proces-
sor 125 recoives the ACB gain, §,. and stores it for onc
subframe (one subframe delay). The stored gain value is
then compared with upper and lower limits of 0.8 and 0.2,
respectively. Should the stored value of the gain be either
greater than the upper limit or less than the lower limit. the
gain is set to the respective limit. In other woxds, the PPF
gain is limited to a range of values greater than or equal to
0.2 and less than or equel to 0.8, Within that range. the gain
may assume the valuc of the delayed adaptive codebook
gain.

The vpper and lower Limils arc placed on the valuc of the
adaptive PPF gain so that the synthesized signal is neither
overperiodic o aperiodic, which are both perceptually unde-
sirable. As such, extremely small or Large values of the ACB
gain should be avoided.

1t will be apparent to those of ordinary skdll in the art that
ACB gain could be limited to the specified range prior to
storage for a subframe., As such, the processor stores a signal
reflecting the ACB gain. whether pre- of post-limited to the
specificd range. Also, the exact value of the upper and lower
limlts are & matter of choice which may be varied to achieve
desired results in any specific realization of the present
invention.
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C. The Decoder

‘The encoder described above (and in the referenced
subsections of the G.729 Draft provided in Scction Il of this
specification provides a frame of datn representing com-
pressed speech every 10 ms. The frame comprises 80 bils
and is detailed in ‘Tables 1 and @ of the G.729 Draft Bach
§0-bit frame of compressed speech is sent over a commu-
nication channel to a decoder which synthesizes a speech
(representing two subffames) signals based on the frame
produced by the cncoder. The channel over which the frames
arc commukicated (not shown) may be of any ype {(such as
conventional telephone networks. cellular or wireless
nebworks. ATM nctworks. etc) and/or may comprise a
storage medium (such as magnetic storage, semiconductor
RAM or ROM, optical storage such as CD-ROM, ctc.}).

An illustrative decoder in accordance with the present
invention is presented in FIG. 4. The decoder is much like
the encoder of FIG. 3 in that it lncludes both an adaptive
codebook portion 240 and a fixed codebook portion 209
The decoder decodes transmitted parameters (see Subsec-
tion IL4.1} and perforims synthesis to obtain reconstructed
speech,

The FCB portion includes a FCB 205 responsive to a FCB
index. L communicated to the decoder from the encoder. The
FCB 205 generstes a vector, ofn), of length equal to a
subframe. Sec Subsection IL4.1.3. This vector is applied to
the PPF 210 of the decoder. The FPF 210 operates as
described above {based on a value of ACB gain. f,. delayed
in delay processor 225 and ACB pitch-period. M. both
received from the encoder via the channel) to yield a vector
for application to the FCB gain amplifier 235, ‘The amplifier.
which applies e gain, f_. from the channel. generates a
scaled version of the vectar produced by the PEF 210, Sec
Subsection IL 4.1.4. The output signal of the amplifier 235 is
supplied to summer 255 which genecrates an cxcitation
signal, u(n).

Also provided to the summer 255 is the output signal
generated by the ACB partion 240 of the decoder. The ACB
porlion 240 comprises the ACB 245 which gencrates an
adaptive codebook contribution. v(n). of length equal to a
cubframe based on past excliation signals and the ACB
pitch-period. M. received from encoder via the channel. Sce
Subsection TL4.1.2. This vector is scaled by amplifier 250
based on gain factor. p, received over the channcl. This
scaled vector is the output of ACB portion 240.

The excitation signal, u(n). produced by summer 255 is
applied to an LPC synthesis filter 260 which synthesizes 2
speech sigoal based on LPC coefficients, 4, received over
the chanpel. See Subsection IL4.1.6.

Finally, the output of the LPC synthesis filter 260 is
supplicd to a post processox 265 which performs adaptive
postfiltering (see Subsections IL4.2.1-1L4.2.4), high-pass
filtering (see Subsection I14.2.5). and up-scaling (see Sub-
section I.4.2.5).

L3 Discussion

Although a pumber of specific embodiments of his
snvention have been shown and described herein. it is to be
understood that these embodiments are merely illustrative of
the mapy possible specific arrangements which can be
devised In application of the principles of the invention.
Numerous and varied other arrangements can be devised in
accordance with these principles by those of ordinary skill in
the art without departing from the spirit and seope of the
invention.

For cxample.
employed. the gain of the PPF mny

should scalar gain quantization be
be adapted based on the
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current, rather than the previous, ACB gain. Also. the values
of the limits on the PPF gain (0.2. 0.8) are merely illustra-
tive. Other limits. such as 0.1 and 0.7 could suffice.

In additiop. although the illustrative embediment of
present ipvention refers to codebook “amplifiers,” it will be
understood by those of ordinary skilt in the art that this term
encompasses the scaling of digital signals. Morcover. such
scaling may be accomplished with scale factors (or gains)
which arc less than or equal to cne (including ncgative
values), as well as greater than one.

Tac following Appendix to the Detailed Description con-
tains the G.729 Drzft described above. This document, at the
time of the filing of the present application. is intended to be
submitted to a standards body of The Intemnatiopal Telecom-
munications Union (ITU). and provides a more complete
description of an illustrative B kbit/s speech coding system
which employs, inter alia. the principles of the preseat
invention.

APPENDIX TO THE DETAILED DESCRIPTION
SECTION—Draft Recommenation G.729
Coding of Speech at Bkbiv's Using
Conjugate-Structure- Algebraic-Code-Excited
Linear-Predictive (CS-ACELP) Coding
Jun. 7. 1995-—Version 4.0

Stdy Group 15 Contribution—Q. 12/15—Submitted to
the International Teclecommunication Union—
Telecommunications Standardization Sectar, Until approved
by the ITU. neither the C code gor the test veclars contained
herein witl be available from the XTU. To obtain the C source
code. contect Mr. Gerhard Schroeder (Rapportewr SG1Y/
Q.12} at the Deutsche Telekom AG, Postfach 10003, 64276
Darmstade. Geymany; telephone +49 6151 B3 3973; fac-
simile +49 6151 837828; B-muail;
gerbard. schroeder @f213.£2.dbp.de

1.1 INTRODUCTION

This Recommendation contains the description of an algo-
rithm for the coding of speech signals at 8 kbit/s using
Conjugate-Structure-Algebraic-Code-Excited Linear-
Predictive {CS-ACELP) coding.

This coder is designed to operate wilh a digital signal
obleined by first performing telephone bandwidth filtering
(ITU Rec. G.710) of the analog input signal, then sampling
it at 8004} Hz, followed by conversion to 16 bit lincar PCM
for the input to the encoder, The output of the decoder should
be converted back to an analog signal by similar means.
Other input/output characteristics, such as those specified by
ITU Rec. G.711 for 64 kbit/s PCM data, should be converted
to 16 bit Lincar PCM before encoding, or from 16 bit linear
PCM to the appropriate format after decoding. The bitstream
from the encoder to the décoder is defined within this
standard.

This Recommendation is organized as folows: Subsec-
tion I1.2 gives a genesel outline of the SC-ACELP algorithm.
In Subsections IL3 and IL4, the CS-ACELP encoder and
d=coder principies are discussed. respectively. Subsection
1L5 describes the software that defines this coder in 16 bit
fixed point arthmetic,

1.2 General Description of the Coder

The CS-ACELP coder is based on the code-exciled linear-
predictive {CELP) coding model. The coder operates on
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specch frames of 10 ms comresponding to BO samples at a
sampling rate of 8000 samples/sec. For every 10 msec
frame, the speech signal is analyzed to extract the param-
eters of the CELP model (LP filter coefficients, adaptive and
fixed codebook indices and gains). These parameters ere
encoded and transmiited. The bit allocation of the coder
parameters is shown in Table 1. At the decoder. these
parameters are nsed to retrieve the excitation and synthesis
filter

TABILE |

Bit allocation of the 8 kbit/s CS-ACELP algorithm
{0 cc 0y,

Subframe  Subframe Total
Pammeler Codeword 1 2 per frame
LSP Lo, Li, L2 L2 iB
Adaptive codebook P, P2 5 13
delay
Delay parity PO i 1
Fixed codebook Ci, C2 13 13 26
index
Fized codebook Si, 82 4 4 8
sign
Codebook guins Oal, GA2 -3 3 6
{stage 1}
Codebock gains GBI, GB2 4 4 g
{xtags 2} —
Taw! 80
parameters, The speech is reconstructed by filtering this

excitation through the LP synthesis filter. as is shown in FIG.
§. The shart-term synthesis filter is based on a 10th order
linear prediction (LP) flter. The Iong-icrm, or pitch synthe-
sis filter is implemented using the so-called adaptive code-
book approach for delays less than the subframe length.
After computing the reconstrucied speech, it is further
enhanced by a postfilter.

12,1 Bncoder
The signal flow at the encoder is shown in FIG. 6. The input
signal is high-pass filtered and scaled in the pre-processing
block. The pre-processed signal serves as the input signal for
all subsequent analysis. LP analysis is done once per 10 ms
frame to compute the LP filter coefficicnts. These cocffi-
cients are converted to line spectrusrn pairs (LSP) and
quantized using predictive two-stage vector quantization
(VQ) with 18 bits. The excitation sequence is chosen by
using an nnalysis-by-synthesis scarch procedure in which
the cmor between the orginal and synthesized speech is
minimized according to a perceptuaily weighted distortion
measure, This is done by filtering the emor signal with 2
perceptual weighting filter, whose coefficients are derived
from the unquantized LP filter. The amount of perceptual
welghting is mede adaptive to improve the performance for
input signals with a fiat frequency-response.

The excitation parameters (fixed and adaptive codebook
parameters) are determined per subframe of 5 ms (40
samples) each, The quantized and unquantized LP filter
coefficients are used for the sceond subframe, while in the
first subframe interpolated LP filter cocficients are used
{both quantized and unguantized}. An open-loop pitch delay
is estimated once per 10 ms frame based on the perceptually
weighted speech signal. Then the following operations are
repeated for each subframe. The target signal x(n) is com-
puted by filtering the LP residual through the weighted
synthesis filter W(z)/A(z). The initial states of these filters
are updated by filtering the emor between LP residual and
excitation. This is equivalent to the common approach of
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subtracting the zero-input response of the weighled synthe-
sis filter from the weighted speech signal. The impulse
response, h(n), of the weighted synthesis filter is compuled.
Closed-loop pitch analysis is then done {to find the adaptive
codebook delay and gain), using the target x(1) and impuise
respanse h{n). by searching around the value of the open-
loop pitch delay. A fractional pitch delay with }3 resolution
is used. The pitch delay is encoded with 8 bits in the first
subframe and differentially encoded with 5 bits in the second
subframe. The target signal x{n) is updated by removing the
adaptive codebook contribution (fiitercd adaptive
codevectar). and Lhis new target. X (1), is used in the fixed
algebraic codeboolk search (to find the optimum cxcitation).
An algebraic codebook with 17 bits is used for the fixed
codebook excitation. The gains of the adaptive and fixed
codebook are vector gquantized with 7 bils, (with MA pre-
diction applicd to the fixed codebook gain}. Finally, the filter
memories are updated using the determined excitation sig-
pal.

2.2 Decoder

The signal flow at the decoder is shown in FIG. 7. First, the
pararneeters indices are extracted from the received bit-
stream. These indices are decoded to obtain the coder
parameters caresponding to a 10 ms speech frame, These
parameters are the LSP coefficients, the 2 fractional pitch
delays, the 2 fixed codebook veclors, and the 2 sets of
adaptive and fixed codeboak gains. The LSP coefficients ar=
intespolated and converted to LP filter coeffcients for each
subframe. Then, for each 40-sample subframe the following
steps are done:

the exeitation is construcied by adding the adaptive and
fixed codebook vectors scaled by their respective gains,
the speech is reconstructed by filtering the excitation
through the LP synthesis filter,
the reconstructed speech signal is passed through a post-
processing stage. which comprises of an adaptive post-
filter based on the long-term and shorl-term synthesis
filters, followed by a high-pass flter and scaling opera-
tion.
I.2.3 Delay
This coder encodes speech and other audio signals with 10
ms frames. In addition, there is a look-ahead of 5 ms,
resulting in a total slgorithmic dzlay of 15 ms. All additional
delays in a practical implementation of this coder are due to:

processing time needed for encoding and decoding
operations.
transmission time on the commurication link.
multipiexing dzlay when combining audio data with other
data.

I.2.4 Speech Coder Description
The description: of the specch coding algorithm of this
Recommendation is made in terms of bit-exact. fixed-point
mathematical operations. The ANST C code indicated in
Subsection IL5, which constitulcs an integral part of this
Recommendation, refiects this bit-exact. fixed-point descrip-
tive approach, The mathematical descriptions of the encoder
(Subsection IL3). and decoder (Subsection T.4), can be
implemented in several other fashions. possibly ieading to a
codee implementation not complying with this Recomsmen-
dation. Therefore. the algorithm description of the C code of
Subsection IL5 shall take precedence over the mathematical
descriptions of Subsection IL3 and IL4 whenever discrep-
ancies are found. A nop-exhaustive sct of test scquences
which can be used in conjunction with the C code are
available from the ITU.

10

2.5 Notational Conventions

Throughout this docurnent i is tried to maintain the follow-
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Codebooks are denoted by caligraphic characters {e.g. C).

Time sigpals are denoted by the symbo} and the sample
time index berween parenthesis (e.g, s(n)). The symbol
n is used as somple instant index.

Superseript time indices (c.g g™} refer to that variable
comresponding to subframe m.

Superscripts identify a particular element in a coefficient
array.
A 0 identifies a quontized version of a parameter.

Range notatiops are dope using square brackets, where
the boundarics are included (e.g. [0.6. 0.9]).

log denotes a logarithm with base 10.

Tahle 2 Lists the most relevant symbols used throughout this
document. A glossary of the most

TABLE 2

Glossary of symbols.

Name Referonce Description

Az} Eq. (D) LP synthesis filter
Hy,;(2) Eq. (1) ipput Kigh-pass Glier
H,(z) Eq. (IT) pitch posthller

H{z) Eqg, (83} short-Lerm postfilter
H(z) Eq. (85) tili-compensation flter
H,,(z) Eg, (¥0) ourpat high-pasa filter
P{z) Eq, {46} piteh fltax

wiz) Eq. {I7) weighting flter

relevant signals is given in Table 3. Table 4 summarizes
relevant variabies and their dimension. Constant parameters
are listed in Table 5. The acronymas used in this Recommen-
dation are summuarized in Tabte 6.

TABLE 3

_Glossary of signals,

Name Pescription

B{(m) impulse response of weighting gd synthesis filiers
(k) sutp-correlation sequence

rk) modified suto-comelation ssquence
Rk} cotrelation soquence

sw{n} weighted speech signal

s(n) speech signal

§'{(m) windowed spesch sigml

st{o) posifiitered ouput

sf{o) guin-scaled posthiltered autput

o) recomsructed speech stgnal

Ko} residul signal '

x(o} mrget sigmal

{0} second trget signal

(o) edaptive codebook contribution
c{n} fixed codebook contribution

yin} v(m) * hin}

Z{n) ofm) * bn)

u(m) excitation o LP synthesis Gller
&(n) comelation betwecn target signal and K(n)
cw(n) error signal
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TABLE 4

Clossary of varinbies,

Size Description

adaptive codebook gain

fired codebook gain

modified gain for pitch postler
pitch gein for pitch postfilter
guin lerm short-term postilter
gein term tilr postfilter
apen-loop pitch delay
LP coefficients

i0 reflection coe{beients

2 LAR coefficients

10 LSP parmalized frequencies
10 LSP coefcients

11 correlation coefficients

10 LSP weighling coctficients
10 LSP quantizer cutput

Mt dan b b s b

rgé.pg.orra—lrsefs'ra‘ E

Name Vol Description
£, 8000 sumpling frequency
i &0 bendwidth expansion
7} 054098 weight facor percepual
weighiing filler
Y 0.600.4-0.7] weight factor perceptual
weighting Glter
Ya 053 weight Facmr post Glter
Ts 070 weight Factor post Bler
T 050 weight factor pitch post Glter
T 0.500/0.2 weight factor Bl post filer
c Table 7 fixed (zlgebraic) codebook
Lo Secticn 3,24 moving average predictor
codebook
L: Section 3.2.4 First stage LSP codebock
L2 Section 3.24 Seeomd stage LSP codebook
{low part)
L3 Section 324 Second stags LSP codebook
(high part)
GA Seciion 39 First siage gain codchook
ap Secticn 39 Secood stge gain codebook
Wiy Eq. (6} comreiation lag window
i Eq. (3) LPC analysis window
TABLE 6
Glossary of serpnyms.
Acromym Description
CELPF code-cxcited lipear-prediction
MaA [MOving Bvermge
Msh moat significant bit
LSP line spectral pair
LSF line spoctral Boquency
vQ vector quantization

I1.3.0 Functional Description of the Encoder

In this section we describe the different functions of the
cncoder represented in the blocks of FIG. 5.

H.3.1 Pre-Processing
As stated in Subscction IL2, the ioput to the speech encoder
is assurned to be a 16 bit PCM sigpal. Two pre-processing
functions are applied before the encoding process: 1) sigmal
scaling, and 2) high-pass filtening.
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The scaling consists of dividing the input by a factor 2 to
reduce the possibility of overflows in the fixed-point imple-
mentation. The high-pass filter serves as a precaution against
undesired low-frequency comporents. A second order pole/
zero filter with a cutofl frequency of 140 Hz is used. Both
the scaling and high-pass filtering are combined by dividing
the cocfiicients at the numerator of this filter by 2. The
resulting filter is given by

0.46363718 ~0.927724708 ! + 0463637182
1 ~ 1 505946521 +0.9114024772

0]

hay(2)=

The input sigoel filtered through H,, (z) is referred to as s(a).

and will be used. in all subsequent coder opezations.
I1.3.2 Lignear Prediction Analysis and Quantization

The short-terma apalysis and synthesis filters are based on

10th order linear prediction (LP) filters, The LP synthesis

filter is defined as

L I 1 @
AD 14 Do

1

where 4, i=1. . ... 10, are the (quantized) linear prediction
(LP) coefficients. Short-term prediction. or linear prediction
analysis is performed once per speech frame usiog the
autocorrelation approach with a 30 ms asymmetric window.
Every 80 samples (10 ms). the autocorrelation cocficients of
windowed specch are computed and converted to the LP
coefficients using the Levinson elgorithm Then the LP
coefficients are transformed to the LSP domain for quanti-
zation and interpolation purposes, The interpolated quan-
tized and unquantized filters are converted back to the LP
filler coefficients (to construet the syothesis and weighting
filters at each subframe).

I1.3.2.1 Windowing and Autocorrelation Computation
The LP analysis window consists of two parts: the first parl
is balf a Hamming window and the sccond part is a quarter
of n cosine function cycle. The window is given by:

@)
054—0.464;0:(%), n=0,.....99,

(250,

There is o 5 ms lookahead in the LP analysis which means
that 40 sarmples are needed from the fumire speech frame.
This translates into an extra delay of 5 ms at the encoder
stage. The LP apalysis window applies to 120 samples from
past spcech frames, 80 samples from the prescnt speech
frame. and 40 samples from the futere frame. The window-
ing in L¥P analysis is illustrated in FIG. B.

The autocorrelation coefficients of the windowed speech

wpln)=
n=3200,...,235.

FEwdn)n), o=0, . . ., 235, {4}

are computed by
&

r(k)—l.‘alg! k
= I, A= 5
k=0,...,10,

To avoid afthmetic problerns for jow-level input signals the
value of r(0) has a lower boundary of r(0y=1.0. A 60 Hz
bandwidth expansior is applied. by multiplying the auto-
correlation cocfiicients with



Case 3:08-cv-01545-K Document5 Filed 02/20/08

Page 22 of 182 PagelD 131
5,664,035
13 14
1 © ~continued
2nfik
o-ea 4 (250) ] -
s Fafe)= Hﬁ’lj_ e gt + £, (14)

where f=60 Hz Is the bandwidth expansion and f,=8000 Hz
is the sampling frequency. Further, 1{0) is muitiplied by the
white noise correction factar 1.00R, which is equivalent to
adding a neise floor at —40 dB.

IL3.2.2 Levinson-Durbin Algorithm

The modified autocorrelation cocfficients

F{0)=1.001:0)

Pk (B, =1, .. - ,10 m

are used to obtain the LP filter coefficients a,. i=1.....10.
by solving the set of equations

10 ®
E ap{li- k) =-r{k),
=1

E=1,...,00

The set of equations in (8) is salved using the Levinson-
Duxbip algorithm. This algorithm uses the following recur-
sion:

E0) = P@)
fox i= 2—‘?) 10

end

E() = (- K — 1

if £7i) < 0 then B(i) = 0.01
eod

The final sclution is given as a=,*?. =1, .. . . 10-
IL32.3 LP to LSP Conversion
The LP filter coefficients s, i=1..... 10 are converted
10 the line spectral pair (LSF) seprescntation for guantization
and interpolation purpases. For 2 10th order LP filter, the
LSP cocficients are defined as the roots of the sum and
difference polynomials

FrRAH A, )

apd

Foferat 1A (10}
respectively. The polynomin Fy(z) is symmetric. and F{z)
is antisymmetric. It can be proven that all roots of these
polynomials arc on the unit circle and they alteroate each
other. F',(2z) has a root z=—1(w=1t} and F ,(z) hes a root z=1
(w=0). To elimipate these WO roots, we define the new
polynomials

FyzeF (it (z1)

and

FylrEF oy (-1 (1)

Each polynomial has 5 conjugate foots on the unit circle
{€¥™). therefore, the polynomials can be written as

(13)
Fiti= n g+ TF
=, e ¢ o

10

15

ao

as

40

45

50

&5

where g=cos{w,) with w, being the line spectral frequencies
{LSF) and they satisfy the ordering property 0<w, <w,<.. .
<w,g<mt. We refer to g as the LSP coefiicients in the cosine
domain,

Since both polynomials F,(2) and F,(z) are symmetric
only the first 5 cocflidients of each polynomial need to be
computed, The coefficients of these polynomials are found
by the recursive relations

Al oo Al =0, -4

Blirlmay, oy i, FO, o4 (15)
where {0=;{0)=1.0. The LSP coefficients are found by
cvaluating the polynomials F,(z) and Fi{z) at 60 points
equally spaced between 0 and & and checking for sign
changes. A sign change signifies the existence of a root and
the sign change ipterval is then divided 4 times to beltet’
track the root. The Chebyshev polynomials are used to
evaluate F,(z) and Fx(z). In this rarthod the Toots are found
directly in the cosine domain {q,}. The polynomials F,(z} or
Fa(z). cvaluated at 2=c™. can be written as

F{rp2e2 (=), (16)

with

Cl=FTs(eHfl DTLAADTATHBIARANT (HATVL, an

where T, (x)=cos {mw) is the 1uth order Chebyshey
polynomial, and f(i). i=1..... 5. are the cocfiicients of cither
F,(zy or Fx(2). computed using the equations in (15). The
polynominl C(x) is evaluated at a certain value of x=cos{W}
using the recursive relation:

for k = 4 downto 1
Krmon 4
by =2y, 5 — basa +A5 - K

cod
C(x) = xby = by +ASY2

with initial values by=1 ond bg=0.

I1.3.2.4 Quantization of the LSP Cocfficients
The LP filter coefficients are quantized using the LSP
representation in the frequency domain; that is

warecas(g), =1, - 410, (1B}

where w, are the line spectral frequencies (LSF) in the
normalized frequency domain [0, i}, A switched 4th order
MA prediction is used to predict the current set of LSF
coctcients. The difference between the computed and pre-
dicted sct of coefficients is quontized using 2 two-stage
vector quantizex. The first stoge is a 10-dimensional VQ
using codebook L1 with 128 entries (7 bits). The sccond
stage is a 10 bit VQ which tas been implemented as a split
VQ using two 5-dimensional codebools, L2 and L3 con-
taining 32 entries (5 bits) each.

To explain the guanfization process. it is convenient to
first descripe the decoding process. Bach coefficient is
ohtained from the sum of 2 codebooks:
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LiLY) & L2AL2) (1)

h= l LI{L1}+ D3yaf3)
where L1. L2, and L3 are the codebook indices. To avoid
sharp resonances in the quantized LP synthesis filters, the
cocfiicients 1, are arranged such that adjaccnt coefficients
have a minimum distance of J. The rearrangement soutine is
shown below:

i=L...,5
i=6,...,10

fori=2,...10
#{l > l~-N
[AVE S USRS NS ¥
L=0+ 1+ 0¥2

ond

This rearangement process is exccuted twice. First with a
value of J=0.0001. then with a value of J=0.000095.

After this rearrangement process. the quontized LSF coef-
ficients W™ for the current frame n, are obtained from the
weighted sum of previous ciuanlizcr outputs 0, and the
current quantizer output 1™

. 4 4 {20)
u,l,-?=(1..}: J) =4 L i1, 10,
y I i blﬂ'«ﬁ

where ! are the coefficients of the switched MA predictor.
Which MA predictor to use is defined by a separate bit L.
AU startup the initial values of L are given by l=inf1} for
all k <.

After computing %,. the corresponding filter is checked
for stability. This is dooe as follows:

1. Order the cocflicient W, in increasing value,

2. If w,<0.005 then W% =0.005.

3. If W, ,~%,<0.0001. then W,,,~%,0.0001 i=L.... 9.
4. If ®,5>3.135 then W,,=3.135.

The procedure for encoding the LSF paramelers can be
outlined as follows, For each of the two MA predictors the
best approximation to the current LSF vectar has 1o be
found. The best approximation is defined as the one that

minimizes a weighted mean-squared emror

10 0
Erpc= I tfay~u)h
=i

The weights w, are made adaptive as a function of the
unquantized LSF coefficicnts,

(23
1.0 if Wy — 0041 — 1 >0,
wy=
! 10ty — 004~ 1R+ 1  otherwise
ip if oy — oy —12>0,
wlaiad=
10 (g — Wy — 1P+ 1 olherwise
10 if o5 + 09~ 10,
W =
27| 10y +08T~ 1P 41 otherwise

In addition. the weights w, and w, are multiplied by 1.2
each.

The vedor to be quantized for the current frame is
obtained from

4 4
LI R L gt} - ) i
Ij—[ﬂJﬁ Zlm.f} ]I(} Iim.),z
The first codebook L1 is searched and the entry L1 that

minimizes the (unweighted) mean-squared error is selected.
This is followed by a scarch of the second codebook L2,

f I 1 X

13

45

50

55

65
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which defines the lower part of the second stage. For each
possible candidate, the partial vector W, i=l, ... 3 is
reconsiructed nsing Eg. (20). and rearranged to guaraptee a
minimum distance of 0.0001, The vector with index L2
which after eddition to the first stage candidate and
rearranging, approximates the lower part of the correspond-
ing target best in the weighted MSE sense is selected. Using
the selected first stage vector L1 and the lower past of the
second stage (L2). the higher part of the second stage is
searched from codebook 1.3, Again the rearrangement pro-
cedure is used 1o guarantze a minimom distance of 0.0001.
The vector L3 that minimizes the overall weighted MSE is
selected.

This process is done for each of the two MA predictors
defined by LA, and the MA predictor L that produces the
fowest weighted MSE is selected.

11.3.2.5 Intespolation of the LSP Coeflicients
The quantized {and unquantized) LP coefficients are used for
the second subframe. Far the first subframe, the quantized
(and unguantized) LP coefficients arc obtained from linear
interpolation of the carresponding paramelers in the adjacent
subframes. The interpolation is done on the LSP coefficients
in the q domain, Let g™ be the LSP coefficients at the 2nd
subframe of frame m. and g™’ the LSP coefficients at the
2nd subframe of the past frame (m—1). The (unquantized)
interpolated LSP cocfficients in each of the 2 subframes are
given by
i=1,... (24)

Subframe I gl =0.5g{™ ¥ + 0540, .10,

Subfmme % g%=dg™ i=1,...,10.

The same interpolation procedure is nsed for the interpola-
tion of the quantized LSP coefficients by substituting g, by
4 in Eq. (24).
11.3.2.6 LSP to LP Conversion )

Once the LSP cocfficients are quantized and interpolated.
they are converted back to LP coefficients {a;}. The con-
version to the LP domain is dope s follows. The coefficients
of F,(z) and Fy(z) mre found by expanding Eqs. (13) and {14}
knowing the quantized and intcrpolated LSP cocfficients.
The following recurslye relation is used to compute f,(i}.
i=l....35, fromq

rizlmos
FAD = =g fe(i - D+ Ui~ 1
forj=i-~ 1downo 1
m.grﬁ)=frm“19:n-rfﬁ— B+AU-D

end

with initial values f,(0)=1 and f,{(~1)}=0. The cocfficients
f (1) ere computed similarly by replacing g, DY Qg

Once the cocfficlents f,{i) and f(i) arc found. F,(z} and
F,(z) are multiplied by 14z~ and 1~z respectively, to
abtain F,(z) and Fa(z); that is

J RO AT GO YN M.

fz(ﬂ?‘z(’)‘fa("""i), "—’1, " .3. {25)
Finally the LP coefficicnts are found by
0370(i)+ D3R FE=S V. § {26y
%=1 osfa-n-0fu-,  i=6,...40

This is directly derived from the relation Az HF \GZHF 2
(z)¥2: and hecause F',(z) and F',(z) arc symmetric &nd
antisyminetric polynomials, respectively.

11.3.3 Perceptual Weigbting
The perceptual weighting filter is based on the ungnantized
LP filter cocfiicients and is given by
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Wi =3 '

- 10
t+ I s
=1

The values of y; and v, determine the frequency response of
the filter W(z), By proper adjustment of these variables it is
possible to make the weighting more effective. This is
accomplished by making v, and Y, & function of the spectral
shape of the input signal. This adaptation is done once per
10 ms frame, but an interpolation procedure for each first
subframe is used to smooth this adaptation process. The
spectral shape is obtained from a 2nd-order lineax prediction
filter, obtained as a by product from the Levinson-Durbin
recursion (Subsection IL3.2,2). The reflection coeficients k,.
are converted to Log Area Ratio (LAR) cocfficients o, by
(30 +5) (28)
o= PR TH=Ry
These LAR coefficients are used for the second subframe.
The LAR. coefficients for the first subframe are obtaioed
through linear interpolation with the LAR parameters from
the previous frame. and are given by:

i=12

Subfame 1 k= DSo{™" +05™, =

Subframe Z o =of™,

The spectral envelope is characterized as being either flat
(fat=1) or tilted {flat=0). For cach subframe this character-
ization is obtained by applying a threshold function to the
LAR cocfficients. To avoid rapid changes, a hysteresis is
used by taking into account the value of flat in the previous
subframe {m-1}.

(30)
0 if @) < —174 and oy > 0.65 nod Aot =1,
ot = { | if 03 > —1,52 w0d oy < 0.43 and flatr ¥ =0,
a1 otherwise,
If the interpolated specirum far a subframe is clossified as

flat (Hatt™=1), the weight facters are set to 7,=0.94 and
1,=0.6. If the spectrum is classified as tilted (Hat™=0), the
value of v,. is sct to 0.98, and the value of v, is adapted to
the strength of the resonances in the LP synthesis filter. but
is bounded between 0.4 and 0.7. If a stronp resonance is
presznt, the valne of . is set closer to the upperbound. This
adaptation is achieved by a criterion based on the minimum
distance betwesn 2 successive LSP coeflicients for the
current subframe. The minimum distance is given by

dpmminiw,, = )=l o 8 {31
The following linear relation is used to compute ¥s:
=607 i+ 1.0, cnd 048ySE07 32)

The weighted speech signal in a subframe is given by

10 10 (33
winy=s(ny+ L ogi's{n-N- L amplw{n - n=0,... 39
=l =1

The weighted speech signal sw(n) is used to find an esti-
mation of the pitch delsy in the speech frame.

11.3.4 Open-Loop Pitch Anatysis
To reduce the complexity of the search for the best adaptive
codebook delay, the search fange is limited around a cau-
didate delay T,,,,. obtained from an open-loop pitch apalysis.

35

0

53

18
This open-loop pitch analysis is done once per frame {10
ms). The open-loop pitch estimation uses the weighted
speech signal sw(n) of Eq. (33). and is dooe as follows: In
the first step, 3 maxima of the correlation

7% ()
Riky= "150 sw{msw(n - k}

are found in the following three rapges

i=1: 80,...,143,

i=2 4D,....75,

i=3 20,....39
The retained maxima R(t), i=l, . . . 3. are normalized

through
R 35
R(ty= ) =1, o
5, swi{ )

The wioner among the thres normualized comrelations is
scleetad by favoring the delays with the valucs in the lower
range. This is done by weighting the normalized correlations
correspondifig to the longer delays. The best open-loop
delay T, is determined as follows:

T.=1

R(T.p) = B{))

if R} = 0.B3R(T,)
RUT,p) = R(ts)
Top=12

if R(1;) & O.B5R(T)
R(T,) = Rl
Tp=ty

This procedure of dividing the delay range into 3 sections
and favoring the lower sections is used to avoid choosing
pitcb maltiples.

1I3.5 Computation of the Impulse Response
The impulse response, h(n). of the weighted synthesis filter
W(zVA(z) is computed for each subframe. This impulse
response is needed for the search of adaptive and fixed
codebooks. The impulse response h(n} is computed by
filiering the vector of coefficients of the filier A(zfyy)
extended by zeros through the two filters 1/A(z) and VA(Z
T2

3.6 Computation of the Target Signal
The target signal x{n} for the adaptive codebook scarch is
usually computed by subtracting the zero-input response of
the weighted synthesis filter W(zVA@EE=ARMA@AR
v,)] from the weighted speech signal swi(n) of Eqg. (33). This
is done on a subframe basis.

An equivalent procedure for computing the target signal.
which is used in this Recommendation, s the filtering of the
LP residual signal r(n) through the combination of synthesis
filter 1/A(z) and the weighting Giter A(2/Y,VA(Z/Y)- After
determining the exditation for the subframe, the initial states
of these filters arc updated by filtering the difference
between the LP residual and excitation, The memery update
of these filters is explained in Subsection 113.10.

The residual signal r(n). which is needed for finding the
target vector is also used in the adaptive codebook search to
extend the past excitation buffer. This simplifies the adaptive
codebook search procedure for delays fess than the subframe
size of 40 as will be explained in ihe next section. The LP
residual is given by
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10. (36}
r(n)= o{n}+ _Z! ax{n~ i nx,. .., 39
=

11.3.7 Adaptive-Codebock Scarch
The adaptive-codebook parameters {or pitch parameters) are
the delay and gain. In the adaptive codebook approach for
implementing the pitch filter, the excitation is repeated for
delays less than the subframe Jength. In the search stage. the
excitation is extended by the LP residual to simplify the
closed-loop search, The adaptivecodebook search is done
every (5 ms) subfrarne. In the first subframe. a fractional
pitch deiay T, is used with a resolation of A in the ranpe
{19%. 8433] and integers only in the range {85, 143]. For the
second subframe. a delay T, with a resolution of ' is always
used in the range [(int)T ,~55 (int)T +4%3}. where (int}T, is
the nearest integer to the fractional pitch delay T, of the first
subframe, This range is adepted for the cases where T,
straddles the boundaries of the delay range.

For each subframe the optimal delay is determined using
closed-foop analysis that minimizes the weighted mean-
squared exror. In the first subframe the delay T, is found be
searching a small range {6 samples) of delay values around
the open-loop delay T, (see Subscction IL3.4). The search
boundaries t,,;, and t,,, are defined by

bata = Top = 3
iF fypgy < 20 then Gy, = 20
Bn = b B
if fey > 143 then
Lo, 143
iy = i — &

For the second subframe, closed-loop pitch analysis is donc
around the pitch selected in the first subframe to find the
optimal delay T,. The scarch boundaries are betweent, .~
and t__ 4%, where t,,, and t_,, are derived from T, as
follows:

L = ()T, = 5
if 1 g < 10 then oy, = 20
Lniw = fta + 9
if £, > 143 then
L = 143
bty = fmaa = P

The closed-Toop pitch search minimizes the mean-squared
weighted efror between the original and synthesized speech.
This is achieved by maximizing the term

3
:'gl Hryun) én

R{k} =

19
\ nf_oyztﬂ)n(n)

where x(n) is the target signal and y,(m) is the past filtered
excitation at delny k (past excitation convolved with h{o)).
Note (hat the search range is limited around a preselected
value, which is the open-loop pitch T, for the first
subframe, and T, for the second subframe.

The convolution y,(n) is computed for the delay t,.,. and
for the other integer delays in the search range k=t +i, ..
. &, it is updated using the recursive relation

yalrEr (- Hd—kohR(nY, 125, .. L 0 (38}

where u(n), t=—143. . . ., 39. is the excilation buffer. and
¥y_1(~1)=0. Note thet in the search stage. the samples u{n).
p=0. . .. . 39 are not known, and they are needed for pitch

as

20
delays less than 40. To simplify the search, the LP residual
is copied to u(p) to make the relation in Eqg. (38} valid for all
delnys.

For the determination of T,. and T, if the optimum integer
closed-loop delay is less than B4, the fractions around the
optimum integer defoy have to be tested. The fractional pitch
search is dope by interpolating the normalized comelation in
Eq, (37) and searching for its maximum The interpolation
is done using 8 FIR filter b, based on a Harmming win-
dowed sine function with the sinc truncated at +11 and
padded with zeros at 12 (b,(12)=0). The filter has its
cut-off frequency (3 dB) at 3600 Hz in the oversampled
domain. The interpolated values of R(k) for the fractions
—3, =¥, 0, ¥4, and ¥ are oblained using the intcrpolation
fornmla

3 , 3 , {39)
R(k),:éuR{t-:’)bu(r+:-3)+i;‘:ok(t+l+I)b,_-»(3-l+:-3).

r=0, 1, 2,

where t=0. 1. 2 comesponds to the fractions 0. Y. and 34,
respectively. Note that it is necessary to compute correlation
terms in Eq, (37) using a range 1,4, £, 44. to allow for
the proper imterpolation.
1L.3.7.1 Generation of the Adaptive Codebook Vectar

Once the voninteger pitch delay has been determined, the
adaptive codebook vector v(n) is computed by interpolating
the past excitation sigant u(n) at the given integer delay k
and fraction t

9 (40
u(n):éuu(n-—k+ﬂbj;(r+a'-3}+

9
é:ou(nwt+l+i}§bm(3-l+i'3).n=0....,39.r=0. 1,2

The interpolation filter b, is based on a Hamming win-
dowed sine functions with the sine trupcated at 29 and
padded with zeros at #30 (b,{(30)=0). The filters has a
cut-off frequency (~3 dB) at 3500 Hz in the oyersampicd
domain.

113.7.2 Codzword Computation for Adaptive Codebook
Delnys
The pitch delay T, is cncoded with 8 bits in the first
subframe and the relative delay in the second subframe is
encoded with 5 bits. A fractional delay T is represented by
its integer part (int)T, and a fractional part frac/3. frac=—1.
0.1. The pitch index P1. is now cncoded as
Pl= {a1)
Ty =[19,...,85], foc=[~1,0,1]

((im)T1 ~ 19)*3 + Frac - 1,
ifTy={86,..., 143 fuc =0

{Im)T; ~ 85) + 197,

The value of the pitch delay T, is encoded relative to the
value of T,. Using the same interpretation as before, the
fractional delay T, represented by its integer part (int)Ts.
and a fractional part frac/3, frac=—1.0.1. is encoded as

PR T, ) Hefract2 {42)
where t_,, is derived from T, as befage.

To make the coder more rohust against random bit emors.
a parity bit PO is computed on the delay index of the first
subframe. The parity bit is generated through on XOR
operation on the 6 most significant bits of P1. At the decoder
this parity bit is recomputed and if the recomputed valuc
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does not agres With the transmitted vaolue. an exror conceal-
ment procedure is applied.

11.3.7.3 Computation of the Adaptive-Codebook Gain
Once the adaptive-codebook delay is determined, the
adaptive-codebook gain g is computed as

T it @3
> nYyp(n)

B = ,hmﬂﬂdhyﬂﬁg,él.l,

HEDJ(H)T(N)

wherc y(n) is the filtered adaptive codebook vector {zero-
state response of W(z)/A(z) to v(n)). This vector is obtained
by convolving ¥(n) with h{n}

y(n)-_-g:',ﬂy{i].‘(n—nn=0.....39. s

Note that by maximizing the term in Eqg. (37} in most cascs

0. In case the signal coptains only negative corrclations,
the value of g, is set to 0.

11.3.8 Fixed Codebook: Structure and Search
The fixed codebook is based on an algebraic codebook
structure using an interfeaved single-pulse permutation
(ISPP) design. In this codebook. each codebook vector
contains 4 non-zero pulses. Bach puise can hove either the
amplitrdes +1 or ~1. and can assume the positions given in
Tabic 7,

The codebook vector c{n) is constructed by taking a zero
vector, and putting the 4 unit pulses ot the found iocations,
multiplied with their corresponding sign.

c{m=sD(R—D)s18(r—iA Y 2B 2 }4536(n—3). o0, . . 33 (45}

where 5(0) is 2 unit pulse. A special feamre incogporated in
the codebook is that the selected codebook vectar is filtered
through sn adeptive pre-filter P{z) which enhances harmonic
componeats to improve the synthesized speech quality. Here
the filter

Pe=1(1-82T) (46)
TABLE 7
Suycrp of fxed eodzbook €.
Pulse Sign Positions
bl s 0, §, 10, 15, 20, 25, 30, 33
i1 51 1, 6 15, I6, 21, 26,23, 36
i2 sl 2,7, 12, 17, 2%, 21,34, 37
2 83 3, 8, 13, 18, 23, 28, 33, 33
4,5, 14, 9, 24, 29, 34, 39

is used, where T is the integer component of the pitch delay
of the current subframe, and f is & pitch gain. The value of
B is made adaptive by using the quantized adaptive code-
book gain from the previous subframe bounded by 0.2 and
0.8.

=g, ™", 0.28pS0.8. (47}

“Ihis filter enhances the harmonic stucture for delays iess
{han the subframe size of 40, This modification is incorpo-
rated in the fixed codebook search by modifying the impulse
response h{n}, according to

HnEhn Bk, =T - 39 (48}
I1.3.8.1 Fixed-Codebook Search Procedure
The fixed codebook Is searched by minimjzing the mean-

squared error between the weightcd input speech sw(a) of

10

15

20

25

45

55
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Bg. (33). and the weighted reconstructed speect. The target
signal used in the closed-loop pitch search is updated by
subtracting the adaptive codebook contributon. That is
sf=r(n-g ) n=0, .. . 3% (49}
where y(n) is the filtered adaptive codebook vector of Eg.
(44).

The matrix H is defined as the lower mangular Toepliz
convolution matiix with diagonat h(0) and lower diagonals
h{l).....h(39). If ¢, is the algebraic codevector at index k
then the codebook is searched by maximizing the term

1 {30)

¥ dmet
Cc? B ( =0 el )
B o/dn

where d(n) is the correlation between the target signal x,(n}
and the impulse response h(n). and @&=HH is the matrix of
eorrclations of h{n). The signal d(n) and the matix & are
computed before the codebook search. The elements of d(n)
are computed from

E T (51}
d{ﬂ)=gn1(f)h(f—n).ﬂ=0.-- 239

and the clements of the symmetric matrix @ are computed
by

L (52)
Wijy= T hin—Dbn - (& D
=

Note that only the elements actually nceded are computed
and an cfficient storage proceduze has been desipned to
specd up the search procedure.

The algehraic structure of the codebook C allows for a fast
search procedure sinee the codebook vector ¢, contains only
four nonzera pulses. The comelation in the numerator of Eq.
(50 for o given vector ¢, is given by

3 53
C= 11=:D ag{m), &

of the ith pulse and a; is its
the denominatar of Eg. (30} is

where m, is the position
amplitude. The energy in
given by

E-}3: [ )+2!22 % 1] 54
=L i, my Mw‘ag«m.m;.

To simplify the search procedure. the puise amplirudes are
predetermined by quantizing the signal d(n). This is done by
setting the amplitude of a pulse at certain position equal 1o
the sign of d(n) at that position. Before the codebook search.
the following steps are done. First, the signal d{n) is decom-
posed into two sigoals: the absohtte signal d'(n)=ld(n)l and
the sign signal sign[d(n)}. Second. the matrix @ is modified
by including the sign informntion; that is.

S Psignid(D)rignid BN, £0, .« o - IRFL ¥. (55
To remove the factor 2 in Eq. (54}

FEDOSHER, =0, ... 39 (56)
The correlation in Eq, (53) is now given by

Cad{moyrd {m Y {mard {ms), (5
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and the energy in Eq. {54} is given by
E = &(momo)+ (56)
&'(myy mi)+ 'mo, mz) +

&{ma, my} + §'{mo, m) + ¢'(my, ) +
&' (m, ma) + & (mo, m3) + §'(my, m3} + §{mm, maj-

A focused search approach is used 1o further simplify the
search procedurel, In this approach a precomputed threshold
is tested before entering the last loop, and the loop is entered
only if this threshold is excecded. The maximum pumber of
times the loop cap be cotered is fixed so that a fow
percentage of the codebook s searched. The thresheld is
computed based op the correlation C. The maximum abso-
lute comelation and the average correlation duc to the
contribution of the first three pulses, max; and av,. are found
before the codebook search. The threshold is given by

thry=avy+Ky(maxy=avy}. (59}
The fourth Joop is cntered only if the absolute correlation
(due to three pulses) cxceeds thr,, where 05K,<1. The value
of K, controls the pereentage of codebook search and itis set
here to 0.4, Note that this resalts in a variable search time,
and to further control the search the number of times the last
loop is entered (for the 2 subframes) caanot cxceed a certain
maximusm, which is set bere to 180 {the average worst case
per subframe is 90 times).

11.3.8.2 Codeward Computation of the Fixed Codebook
The puise positions of the pulses i0. i1, and i2. are encoded
with 3 bits each, whilc the position of i3 is encoded with 4
bits. Bach pulse amplimde is cocoded with 1 bit. This gives
a total of 17 bits for the 4 pulses. By defining s=1 if the sign
is positive and s=0 is the sign is ncgative. the sign codeward

is obtained from
SeglH2® 14405248753 (60)
and the fixed codebook codeword is obtained from
C=(iU/5 A (IS4 51292 X V5 HT) (61

where jx=0 if 3=3.8, . . . and jx=1 H i3=49. ...
I1.3.9 Quantization of the Gains

The adaptive-codebook gain (pilch gain) and the fixed
{algebraic) codebook gain are vector guantized using 7 bits.
The gain codebook search is done by minimizing the mean-
squared weighted cmror between original and reconsiructed
speech which is given by

Exarhg, Y rbe e 25X v 2R A4 28,8 5 2 &)
where x 15 the target vector {see Subscction IL3.6), y is the
filtered adnptive codebook vector of Eq. {44}, and z is the
fixed codebook vector convolved with h{n).

2in}= £ cloMn-0n=0,..., 3. (63
1.3.9.1 Gain Prediction
The fixed codebook gain g, can be expressed as
88 {64

where g is o predicted gain based on previous fixed
codebook enerpies. and ¥ is a correction factor,

The mean energy of the fixed codebook contribution is
given by

25

30

35

55
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E=10bg(-%-— ig,,n)' (65)

Afier scaling the vector ¢, with the fixed codebook gein g.
the energy of the scaled fixed codebook is given by 20 log
g+ Let E™ be the mean-removed energy {in dB) of the
(scaled) fixed codebook contribution at subframe m. given
by

E™=2 log g AE-E, (66)
where E=30 dB is the mean cnergy of the fixed codebook
excitation. The g. can be expressed as a function of E™,E,
and E by

s=10E"E-E)0, (67)
The predicted grin g, is found by predicting the log-
energy of the current fixed codebook contribution from the
fop-energy of previous fixed codebook contributions. The
Ath order MA prediction is done as follows. The predicted
enerpy is given by
Et-o:_% bR, (68}
=1
where [b; b, by b]={0.68 0.58 0.34 0.19] are the MA
prediction coefficients, and R™ js the quantized version of -
the prediction error RY™ ot subframe m. dcfined by
;i A ol {69)
The predicted gain g, is found by replacing E™ by its
predicted value in Eq (67).
&' =100 LE Ey20. an
The correction factor ¥ is related 1o the gain-prediction emar
by

ROO=EI_Er00 Tog (). 73

113.92 Codebook Search for Gain Quantization
The adaptive-codebook gain, g,. and the factor ¥ arc vector
quantized using a 2-stage conjugate structurcd codebook.
The first stage consists of a 3 bit two-dimensional codebook
GA., and the second stage consists of a 4 bit two-dimensional
codebook GB. The first element in each codebook represents
the quantized adaptive codebook gain §,. and the sccond
element represents the quantized fixed codebook gain car-
rection factor Y. Given codebook indices m and o for GAand
GB, respectively, the quantized adaptive-codebook gain is
given by

§~CA ([mHGBy(n) (72}
and the quantized fixed-codebook gain by
8818 {GA M GB{n)). 73)

This conjugate structure simplifies the codebook search.
by applying a pre-sclection process. The optimum pilch goin
Ej,» and fixed-codebook gain, g_, are derived from Eq. {(62).
and are used for the pre-setection. The codebook GA con-
tains 8 enfxies in which the second etement (comespOnding
to g.) has in general larger values than the first clement
(ccresponding to g,). This bias elloyes a pre-selection using
the value of g In this pre-scleciion process. a cluster of 4
vectars whose second element are close to X where g7, is
derived from g, and g,. Similasly. the codebook GB contains
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16 enfries in which have a bias towards the first clement
(corresponding 1o g,). A cluster of 8 vectors whose first
elements are close o g, are selected. Hence for each
codebook the best 50% candidate vectors are selected. This
is followed by an exhaustive search over the remaining 4*
8=32 possibilides, such that the combination of the wo
indices minimizes the weighted mean-squared exror of Eq.
(62).

1L3.9.3 Codeword Computation for Gain Quantdzer
The codewords GA and GB for the gain quantizer are
oblained from the indices comesponding to the best choice.
To reduce the impact of single bit errors the codebook
indices are mapped.

1(.3.10 Memory Update
An update of the states of the synthesis and weighting filters
is needed to compute the target sigoal in the next subframe.
After the two gains are quantized, the excitation signal, u{n).
in the present subframe is found by

u(mEg Mg etn). n=0, . . . 35, )]

where f, and 8. are the quantized adaptive and fixed
codebook gains, respectively, v{n) the adaptive codebook
vector (interpolated past excitation), and c{n) is the fixed
codebook vector {algebraic codevector including pitch
sharpening). The states of the filters can be updated by
filtering the signal r(n)}-u{n) {differcnce between residual
and excitation) through the filters L/A(z) and Ay YV AZND)
for the 40 sample subframe and saving the states of the
filters. This would require 3 filter operations. A simpler
approach, which requires only one filtering is as follows.
The local synthesis speech. 8(n). is computed by filtering the
excitation signal through 1/A(z). The output of the filter dne
to the input i{n)—u{p) is equivalent to e(n)¥=s(n)-4(n). So the
states of the synthesis filter 1/A(z) are given by e(n). 8=30.
... .39, Updating the states of the filter Azfr, Y A(zH,) can
be done by filtering the error signal e(mythrough this filter to
find the perceptually weighted error ew(n). However, the
signal ew(n) can be equivalently found by

ewinya(n)d,Hnyedzln). sy

Since the signals x{n), y(n). and z(n) arc nvailable, the states

of the weighting filter are updated by computing cw(n) as in

Eq. (75) for =30, . .. , 39. This saves two filter operations.
IL3.11 Encoder and Decoder Initialization

Al static encoder varizbles should be initialized to 0., except

\he variables listcd in table 8. Thesc variables need to be

initialized for the decoder as well.

TABLE 8
Desctiption of parameters with nonzero initiatization,
Variable Refemoce [nitial value
B Section 3.8 0.8
L Section 3.2.4 il
% Section 3.14 0.9595, ...,
™~ Section 3.5.1 -i4

IL4.0 Functional Description of the Decoder

The signal now at the decoder was shown in Subsection
1.2 (FIG. 7). First the paramelers are decoded {LP
cocficients, adaptive codebook vector. fixed codebook
vector, and gains), These decoded parameters are used to
compute the reconstructed speech signal, This process is
described in Subsection TE4.1. This reconstkructed signal is

45

50

55
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enhanced by a past-processing operation consisting of a
postfilter and a high-pass filter (Subsection IL.4.2). Subsec-
tion IL4.3 describes the emor concealment procedure used
when either a parity error bas occured, or when the frame
erasure flag has been set
TL4.1 Parameter Decoding Procedure

The wansmitted parameters are listed in Table 9. At starp
all static encoder variables should b2

TABLE %

Description of manymitted paramelers indices. The bilstream
ordering is reflesied by the order i the table, For cach perumeler
the most significant hit (MSB} i3 ransmitied first,

Symbol  Destyiption Bits
1o Swilched predictor index of LSP quantizer 1
Ll Pirsi stage vestor of LSP quantizer )
12 Second stage ower vector of LSP quantizer 5
L3 Second stage higher vecior of LSP quantizer 5
Pl Pitch delay 1st subframe 8
PO Patity bit for pitch i
51 Signs of pulses 1st subframe 4
c1 Fixed codebook 1st subframe i3
GAl Gain codebook {stage §) ist subframe 3
OBl Gain codebook {stage 2) 181 subframe 4
P2 Pitch delay 2nd subframe 5
52 Sigas of pulses 2nd subframe 4
c2 Fixed codebook 2od subframe 13
GAZ (Gain codebook (stmge 1) 2od subfrume 3
GB2 Gain codebook (stage 2) 2nd subfame 4

initialized to 0. except the variables listed in Table 8. The
decoding process is done in the following order:

1.4.1.1 Decoding of LP Filter Parameters
The reccived indices L0, L1, L2, and L3 of the LSP
quahtizer are used to reconstruct the quantized LSP coeffi-
cients using the procedure desaribed in Subsection TL3.2.4.
The interpolation procedure described in Subsection IL3.2.5
is used to obtain Z interpolated LSP vectors {comresponding
to 2 subframes). For each subframe. the intexpolated LSP
vectar s converted to LP filter coefficicnts a,. which are used
for synthesizing the reconstructed speech in the subframe.

The following steps are repeated for each subframe:

i. decoding of the adaptive codebook vector,

2. decoding of the fixed codebook vector.

3, decoding of the adaptive and fixed codebook gains.
4. computation of the reconstructed speech,

I1.4.1.2 Decoding of the Adsptive Codebook Vector
The received adaptive codebook index is used to And the
integer and fractional parts of the pitch delay. The integer
part {int)T, and fractional part frac of T, are obtained from
P1 as follows:

if Pi <397
(mt)T; = (P1 + 2)3 + 19
fe = Pl — (imyT,*3 + 58
el
Got)T; = P1 - 112
froc =0
end

The integer and fractional part of T, are obtained from Pl
and t,,,. where ¢, is derived from P1 as follows

Buse 2 (IO1)Ty — &
if o < 20 themt By, = 20
Ly = T 9
if e > 143 then
ey = 143
Tt = fowie = 9
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-continued
end
Now T; is obtaned from
()T ={P2+ 23— | + 5y,
frac = F2 — 2 = {{F2 + 2)3 ~ 1)*3

The adaptive codebook vector v{(n) is found by interpo-
lating the past excitation u{n) {at the pitch delsy) using Eq.
(40).

1.4.13 Decoding of the Fixed Codebook Vector

The received fixed codebook index C is used to extroct the
positions of the excitation pulses. The pulse signs are
obtained from S. Once the pulse positions and signs are
decoded the fixed codebook vector c{n). can be constructed.
If the integer part of the pitch detay, T, is less than the
subframe size 40, the pitch enbancement procedure is
applied which medifies c(n) according to Eg. (48).

IL4.1.4 Decoding of the Adaptive and Fixed Codebook
Gains
The received gain codebook index gives the adaptive code-
book gain #, and the fixed codebook gain correction factor
7. This procedure is described in detail Subsection IL3.9The
estimated fixed codebook gain ¢’ is found using Eq. (70).
The fixed codebook vectar is obtained from the product of
the quantized gain correction factor with this predicted gain
(Bq. (64)). The adaptive codebook gain is reconstructed
using Eq. (72}

1.4.1.5 Computation of the Parity Bit
Before the speech is reconstructed, the perity bit is recom-
puted from the adaptive codebook delay {Subsection
11.3.7.2). If this bit is not idcatical to the transmitied parity
bit PD. it is likely that bit crrors occurred during transmission
and the error concealment procedure of Subsection IE4.3 is
used.

11.4.1.6 Computing the Reconstructed Speech
The cxcitation u{n) at the input of the synthesis filter {see Eq.
(74)} is input to the LP synthesis filter. The reconstructed
speech for the subframe is given by

N 10 .. {75
fgny=ulny= X axln-1), a=0,...,59.
=1

whete 4, are the interpolated LP filter coefficients.

The reconstructed speech &(n) is then processed by a post
processor which is described in the ncxt section,

IL4.2 Post-Processing
Post-processing consists of three functions: adaptive
postfiltering. high-pass filtering, and signal up-scaling, The
adaptive postfilter is the cascade of three filters: a pitch
postfilter H(z). a shart-term postfilter H{(z), and a it
compensation filter H(z). followed by an adaptive gain
control procedure, The postfilter is updated every subframe
of 5 ms. The postfiltaring process is organized as follows.
First. the synthesis speech $(n) is inverse filtered through
A(z/y,) to produce the residual signal #(n). The signal Kn) is
used to compute the pitch delay T and gain g, The signal
Kn) is fillered through the pitch postfilier H.(2) to produce
the signal r'(n) which, in its turn. is filtered by the synthesis
filter 1/[gA(z/y,)]. Finally, the signal at the output of the
synthesis filter L{gA(zfy,)] s passed to the tilt compensa-
tion filter H,(z) resulting in the postfiltered synthesis speech
signal sf(n). Adaptive gain controle is then applied between
sf(n) and &n) resulting in the signal sf(n}. The high-pass
filtering and scaling operation operate oa the postfiltered
signal sf{n).
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IL4.2.1 Pitch Postfilter
The pitch, ar hermonic, postfilter is given by

1
T+ge

()

Hylt)y= {1 +goc Ty,

where T is the pitcﬁ delay and g, is a gain factor given by

BNl (783
where g, is the pitch gain. Both the pitch delay and gain are
determined from the decoder output signal, Note that g, is
bounded by 1, and it is set to zero if the piteh prediction goin
is less that 3 dB. The factor v, controls the amount of
harmonic postfiltering and has the value ¥,=0.5, The pitch
delay and gain arc computed from the residual signal f(n)
obtained by filtering the speech §(n) throvgh A(z2/y,). which
is the numerator of the short-term postfilter (sce Subsection
L4.22)

N - 0 ..
rin)=s(n) + _Il Wasrin ~ ). @9
-

The pitch delay is computed using a two pass procedure. The
first pass selects the best integer T, in the range {T,~1.T+
1]. where T, is the intcger part of the (transmitted) pitch
delay in the first subframe. The best integer delay is the one
that maximizes the comrelation

R(ky= 3.\:9 Hrn -k (&)
=5 nyrin— k).

The second pass chooses the best fractional delay T with
resolution ¥ around T,. This is done by finding the delay
with the highest normalized correlation.

¥ Holher) @
njnin
P V. K.

., .
\ .-.Eo"("h(")

where £,(n) is the residual sigual at delay k. Once the optimal
delay T is found, the comesponding carrelation value is
cotapared against s threshold. If R'(T)<0.5 then the har-
monic postfilter is disabled by setting g,,~0. Otherwisc the
value of g, is compuled from:

.., . a2y

nic r{n)ndn}

Bair = . boumdedby 0 @ gur i 10
ngoa(n)‘n(n)

The noninteger delayed signal B,(n) is first computed using
an interpolation filter of length 33. Aftcr the seiection of T.
f,{n) is recomputed with a longer interpolation filter of
length 129, The new signal replaces the previous onc only if
the longer filter increascs the value of RY(T).

IL4.2.2 Shost-Term Postfilier
The short-term post filter is given by

. o 8 (83)
1 AlA M=k
A =gr = o T .
AlzAg) 1+ '21 vlad
=.

where A(z) is the received quantized LP inverse filter (LP
apalysis is not done at the decoder). and the factors ¥, and
7, control the amount of short-ierm postfiltering, and are set
10 7,=0.55. and ¥,=0.7. The gain term g, is calculated on the
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truncated Lmpulse response, hn), of the filter Aty WA
Y,) and given by

- £ o o
xrn—FOUy(n)-

IL4.2.3 Tilt Compensation
Finally, the filter H{z) compensalcs for the tlt in the
short-term postfilier H{z) and is given by
H.-(:F"}; b+ k), @
where vk, Is a tlt factor. k, being the first refiection
coefficient calculated on h_.,{n) with

n{1} 15— 86
t;:-m: MQ:J‘ED R R + ) @4

The gaip term gal-tyk,| compensates for the decreasing
effect of gf in H{z). Furthermore. it has been shown that the
product filter K z)H(2) has generally no gain.

Two values far , are used dspending on the sign of k,, If
k, is negative. 7,=0.9. and if k; is positive, y=~0.2.

114.2.4 Adoptive Gain Control
Adaptive gain contrei is used to compensate for pain dif-
ferences between the reconstructed speech signal &(n) and
the postfiltezed sigoal sf(n). The gain scaling factor G for the
present subframe is compuled by

9 . {87)
T in}

G=..-§——----"=°

3}: LTl
=0

The gain-scaled postiiltered signal sf(n) is given by

FimFg(nifny =0, . . . A%,

where g(n) is updated on a sample-by-sample basis and
given by
g{m=0.8Sg{n—110.15G, =0, . . . 39,

The initial value of g{~1)=L1.0.

10.4.2.5 High-pass Filtering and Up-Scaling
A high-pass filter at a cutoff frequency of 100 Hz is opplied
to the reconstructed and postfiltered speech sf{n). The filter
is given by

(B3)

8

0.9398058] — 1.8795834;~F + 0.9398058173 (50)

I - 1033073577} + 0935891952

Up-scaling consists of mulfiplying the high-pass filtered
ouiput by a factor 2 to retrieve the input signal level,

1L.4.3 Concealment of Frame Ersures and Parity Errors
An error concealment procedure has been incorporated in
the decoder (o reduce the degradations in the reconstructed
speech because of frame crnsures o random errors in the
bitstream. This emor concealment process is functionel
when either §) the franic of coder parameters {corresponding
to a 10 ms frame) has been jdentified as being erased. or ii)
a checksum error oceurs on the parity bit for the pitch delay
index P1. The latter could occur when the bitsaeam has been
corrupted by random bit errars.

If a parity cxror ocours on P1. the delay value T, is set to
the value of the dclay of the previous frame, The valuc of T,
is derived with the procedure outlined in Subsection [14.1.2.
using this new value of T;. If consecutive parity errors oCour,
the previous value of T). incremented by 1, is used

The mechanism for detecting frame crasures is not
defined in the Recommendation, and will depend on the

Hiafz) =
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application. The concealinent stralegy has to reconstruct the
cumrent frame, based on previously received information.
The method used replaces the missing excitation signal with
one of similar characteristics, while gradually decaying its
energy. This is done by using a volcing classifier based on
the long-term prediction gain, which is computed as part of
the long-term postfilter analysis. The pitch pastfilter (see
Subsection IL4.2.1) finds the long-tarm prediclor for which
the prediction gain is more than 3 dB. This is done by setting
1 thresiold of 0.5 on the normalized cogrelation R'(k} (Eq.
(81)). For the emmor conceatment process, these frames will
be classified as periodic. Otherwise the frame is declzred
nonperiodic. An erased frame inherits its class from the
preceding (reconstructed) speech frame, Note that the voic-
ing classification is comtinuously updated based on this
reconstructed speech signal Hence, for many conseculive
erased frames the classification might change. Typically. this
only happens if the original classification was periodic.
The specific stzps tnken for an erased frame are:
1. repetition of the LP filter parameters.
2. attenuation of adsptive and fixed codebook gains.,
3. suenuation of the memory of the gain predictor.
4. generation of the replaccment cxcitation.
11.4.3.1 Repetition of LP Filter Paramelers
The LP parameters of the fast good frame are used The
states of the LSF predictor contain the values of the received
codewords 1. Since the curvent codeword is not available it
is computed from the repeated LSF parametess W, and the
predictor memory from

. 4 4 (91}
= e A - Al i=1,....10,
i [m& éim‘ﬁ ]1(1 éim, ),. Li...10
I143.2 Atteouation of Adaptive and Fixed Codebook
Gains
An attenuated version of the previous
is used.

fixed codebook gain

8, ~=098g ™. ©2)

The same is dane for the adaptive codebook gain. In addition
a clipping operation is used to keep its value befow 0.9.

g,"":ﬂ.?g_,,""" end g, ’("}d).g. 122

IL4.3.3 Attenuation of the Memory of the Gain Predictor
The gain predictor uses the energy of previously selected
codebooks. To allow for a smooth continuation of the coder
once good frames are received, the memory of the gain
predictor is updated with oo pticnuated version of the
codebook energy. The value of R®™ for the current subframe
0 is set to the averaged quantized pain prediction emor.
attenuated by 4 dB.

o

1.4.3.4 Generation of the Replacement Excitarion
The excitation used depends on the periodicity classifica-
tion. If the last comectly received frame was classified as
periodic. the current frame is considered to be periodic as
well, In that case only the adaptive codsbook is used, and the
fixed codebook contribution is set to 2ero, The pitch delay is
hased on the last correetly received piteh delay and is
repeated for each successive frame. To avoid excessive
periodicity the delay is increased by onme for each next
subframe but bounded by 143, The adaptive codebook gain
is based on an nricouated value according 10 Eq. (93).

If the fast comrectly received frame was classified as
nonperiodic. the curmrent frame is considered Lo be nonperi-

- o4
035 g A= e
=t

) ~4.0uxd ™ B —14.
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odic as well. and the adaptive codebook contribution is set
to zero. The fixed codcbook contribution is generated by
randomly selecting a codebook index and sign index. The
random generator is based on the function

reedreed* 182 1+313849,

with the initial seed value of 21845, The random codebook
index is derived from the 13 least significant bits of the next
random oumber. The random sign is derived from the 4 feast
significant bits of the next random oumber. The fixed
codebook gain is attenuated according to Eq. (52).

(95}

1L5.6 Bit-Exact Description of the CS-ACELP
Coder

ANSI C code simulating the CS-ACELF coder in I6 bit
fixed-point is available from ITU-T. The following sections
summarize the nse of this simulation code. and how the
software is organized.

IL5.I Use of the Simulation Software
The C code consists of two main programs coder.c. which
simutates the encoder. and decoder.c, which simulates the
decoder. The encoder is mn as follows:

coder inputfile bsireamfile
The inputfile and outpulfite are sampled data files containing
16-bit PCM signals. The bitstream file contains 81 16-bit
wards, where the first word can be nsed to indicate frame
erasure, and the remaining 80 words contain one bit each.

32

The decoder takes this bitsiream file and produces a post-
filtered output file containing a 16-bit PCM signal

decoder bstreamfile outputfile

11.5.2 Organization of the Simulation Software
In the fixed-point ANSI C simulation, only two types of
fixed-point data are used as is shown in Table 10. To
facilitate the implementation of the simulation code, loop
indices. Boolean values and

10
TABLE 10
Dam types used i ANST C simulation.
15 Type Max. vahe Min vahe Deseriplion
Wordl6  Dx 78 0 x 3000 signed 2'5 complement
16 bit ward
Ward32 0 x THHETE. 0 % 80000000L  signad 2's complement
32 bit word
20

flags use the rype Flag, which would be either 16 bit or kY
bits depending on the target platform.

All the computations are done using a predcfined set of
basic operators, The description of these operators is given
in Table 11, The tables used by the simuiation coder are
shrmmarized in Table 12, These main programs use a library
of routines that are summarized in Tables 13, 14. and 15.

TABLE 11
Kroon 4
Basiz operations used in ANSI C_stmulation.
Word16 exnme{Wordd2 L__vari) Limit to 16 bits
Wordl6 add(Word 16 varl, Wordl6 vur2} Shart eddition
Wordl6 sub(Word16 varl, Word16 ver2) Shart sublraction
Wordl6 abs_s{Word 6 veri) Skort abs
Wordi6 shl{Woed )6 varl, Wordl6 vard) Short shift baft
Word16 shr{Wordl6 varl, Wordi6 varl) Short shifi right
Word16 mult{Word16 vari, Wordl6 vard) Short multiplication
Word32 1_mul(Wordi6 vard, Wordi6 var2) Long multiplization
Wordl6 negate{Word16 vari} Short pegate
Word1§ extract, h({Word32 L vark} Extract high
Word}6 extract_I{Word32 L_ vari) Extract low
Wordl 6 round(Word32 L, varl) Round
Word3? L mac{Word32 L var3, Word16 varl, Word!6 vur2) Mac
Wondd2 L_tnst(Word32 L__verd, Word16 varl, Wordl6 va:2) Msu
Word3? I_macNs{Word32 L_var3, Wordl6 vart, Wordl6 var2) Mac without sa
Wordd2 L__msuNs(Wordd2 L__vard, Wond16 varl, Wordi6 var2} Msu without sat
Word32 L__add(Word32 L vari, Word32 L. var2) Long sdditien
Ward32 L__sub{Word32 L__var), Wordd2 L_ vard} Lang subtraction
Word32 L__odd_¢(Word32 L_varl, Word32 L var2) Long add with ©
Word32 1__sub_ e(Word32 L_vurl, Word32 L_ var2) Long sub with ¢
Word32 L_negate{Word32 L_varl) Long oegate
Wordi6 mult_r(Word16 vari, Word16 var2) Multiplicarion with round
Wond32 L__shl{Word32 L_vari, Word15 var2) Long shift left
Word32 L_ahr(Werd3Z L_vart, Weed16 var2) Long shift hight
Wordl6 shr_i(Word £4 vari, Wordl6 vard) Shift right with round
Word15 mac_rWord32 L ver3, Wordl6 varl, Wordi6 var2) Moz with rounding
Wordl6 msu_r{Word3Z L var3, Wordl6 varl, Wordl6 var2} Msu with rounding

Words2 L._deposit_W(Werd16 varl}

Wordd2 L__deposit_ W Wordib varl)

Waord32 L__ghy_n(Wordd2 L_vuri, Word§ var2)
wordd2 L_ abs{Word32 L vorl}

Word$2 L_say(Word32 L_vaxl)

Wordl 6 porm__s(Word16 vrl)

Wardi6 div_s(Ward16 varl, Word16 var2)
Wordi6 norm_{(Word32 L_ varl)

16 bit varl -¢ MSB

16 bitvarl -1 LSB
Lapg shift tight with round
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TABLE 12
_Summary of tables,
Fike Table pame  Size Descriplion
wb_hupe wb_tup s 28 upsammpling filter for postfilier
b hupc tab_hup 1 112 upsampling filter for pestfilter
mter_3.c meer_3 13 FIR filier for imerpolating the eomelation
pred_it3c inter_ 3 3 FIR flter for inexpolating past excitation
Ispch.tab Ispchbi 128 x 10 LSP quantizer (first stage)
tspeb.tab Lspck2 32 x 10 L5P quantizer {second stage)
Ispchaab ] 2% 4% 10 MA predictors in LSP ¥Q
Ispch b fg_sum 2% 10 used in LSP VQ
Lspcb.tab fg_sum inv 2% 10 used in LSP VQ
quo_ginlab  ghkl Bx2 codebook GA in gain VQ
qua_geintah  gbic2 16%2 eodebook GB in gain VQ
qua_gaintab  mapl B used in gain VQ
qua_geintab mapi 8 used in gein VQ
qua_gaintzb mapl 16 used in gain VIQ
qua_gaintab  ima2l 16 used in gain VQ
window.tab window 240 1P apalysis window
lag_windtab lag_h 10 lng window for bandwidth expansion (high part)
lag_windtob lag_l 10 leg window for bandwidth expansian {low part}
gtid.tab grid 3 grid points in LP o LSP conversion
mv_sqriteb  fable 49 lookup fable in wverse square roa cotppALBtion
Jog2.tab whle 33 Jookup table in base 2 logurihm campitution
Isp_lsf.ab table 65 fookup toble i LSF o LSP ponversion amd vico vers
1sp_lsf.mb slope &4 ¥inc slopes in LGP to LSF conversion
paw2.teb table 33 Tookup table in 2* computation
acelph prototypes for Gxed eodsbook seerch
uikh prototypes and constants
rypedefh type dofinians
30
TABLE 13 TABLE 14
Summary of encoder specific foutines. _Summary of decodes specific foutines.
a5 " -
Filepame Description Filemma Description
d_lspc decods LP information
acelp eoz  Sewsch fixed codebook , de._ncelp.c tecods algebruic codsboak
AUIDEOTT.L Compute numeerrelation for LP amalysis dee_guinc tecods gains
az_lspe compute LSPs from LP cosfBcieeis o Geade decods adaptive codebook index
cod_MAkc encoder routmes dec_ \d8k.c decoder routine
convobvec comvolution eperation Ispdkec LSP decoding routine
comr_Ty2c compute eorrelation tets for ERIN quontizalicn post_pros post processing (HP Slering and scaling)
enc_lagd.c excoda ndaptive codebook Ddex pred_l3.c gpencration of adaplive codebook
g_pichec compute adaptive codebock gein pstc pastfilier outines
gainpred.c guin predictor 45
i_lpec interpolation of LEP
inter_ 3. fractional delay interpolation
$ng,_wind.c 1sg-windowing TABLE 15
levingonc levinson Tecursioo N
lspenc.c L5P encoding routine 50 of IR
Ispgetq.c LSP quantizer Filename Description
LspgerLe compulc LEP quantizer disiorion - -
Lspgetw.c comprile LSP weights ln.uwpl: b“"" OpeTalorEs .
Lsplaszc stlect LSP MA prediclor bits = e :’I‘in“’“““"'“’“ Pliihon roulines
lspprec pre-selection first LSP ccdcbook 55 foL_Jpec intzrpolation of LSP
Lspprevs L5P prediciar routines iner, 3. fractional delay intzrpolation
lspsellc st stage LSP quantizer lsp, . Bz.C compute LP from LSP cocfbcients
Ispscl2c second stage LSP quautizer lsp_lsfc onversion berween LSP and LSF
Ispstab.c siability test for LSP quantizey Lp_Isf2c h[g{: precision conversion between LSP and
pitch_fre clased-loop pitch scareh © Ispexps expansion of ESP cocfficisnts
pitch_ol.c open-loop pitch search Ispsab.c stability test for LSP quantizer
pre_xocc pre-processing (HP filizring and scaling) p_pwmity.c compuic pitch pasity
pule mfnpuufu?i of perceptual weighting coelBeicurs P"d—-l‘i‘ Eﬂmm’ﬂ;: of adaptive codebook
qua_gam.& fam qmm{.zer resichac compute residual signal
qua_lspe LSP quantizer syn_filt.c synibesis Blier
relspwe.c L3P quantizer 65 weight_a.c bandwadth cxpansion LP coccieats
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The invention claimed is:

1. A method for use in a speech processing system which
includes a first portion comprising an adaptive codebook and
comesponding adaptive codebook amplifier and a second
portion comprising a fixed codebook coupled to a pitch filter,
the pitch filter comprising a delay memory coupled to a pitch
filter amplifier. the method comprising:

determining the pitch filter gain based on a measure of

periodicity of a speech signal; and

amplifying samples of a signal in said pitch filter based on

said determined pitch filter gain,

2. The method of claim 1 wherein the adaptive codebook
gain is delayed for one subframe.

3, The method of claim 1 where the signal reflecting the
adaptive codebook gain s delayed in time.

4, The method of claim 1 wherein the signal reflecting the
adaptive codebook gain comprises values which are greater
than or equal to & lower limit and less than or equal to an
uppes limit

5. The method of claim 1 wherein the speech signal
comprises a speech sipnal being encoded.

6. The method of claim 1 wherein the speech signal
comprises a speech signal being synthesized.

7. A speech processing system comprising:

a first portion including an adaptive codebook and means

for applying an adaptive codebook gain. and

a sccond portion including a fixed codebook, a pitch filter,

wherein the piteh filter includes a means for applying 2
pitch filter gain,
and wherein the improvement comprises:

means for determining said pitch filter gain. based on a

measare of periodicity of a speech signal.

8. The speech processing system of claim 7 wherein the
signal refiecting the adaptive codebook gain is delsyed for
one subframe.

9. The speech processing system of claim 7 wherein the
piteh filter gain equals a delayed adaptive codebook gain.

10. The speech processing of claim T wherein the pitch
filter gain is limited to a range of values greater than ar equal
to 0.2 and less than or cqual to 0.8 and. within said range,
comprises a delayed adaptive codebook gain.

11, The speech processiog system of claim 7 wherein the
signal reflecting the adaptive codebook gain is limited to a
range of values greater than or equal to 0.2 and less than or
equal to 0.8 and. within said range. comprises an adaptive
codebook gain.

12. The speech processing system of claim 7 wherein said
first and second portions generate first and second output
signals and whesein the system funther comprises:

means for summing the first .and second output signals;

and

a linear prediction filter, coupled the means for summing.

for pencrating a speech signal in response to the
summed first and second signals.

13
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13. The speech processing system of claim 12 fusther
comprising a post filter for filtering said spesch signal
generated by said linear prediction filter.

14. The speech processing system of claim 7 wherein the
speech processing system is used in a speech encoder.

15. The speech processing system of claim 7 wherein the
speech processing syslem is used in aspeech decoder.

16. The speech processing system of claim 5 whesein the
means for determining comprises a memay for delaying a
signal reflecting the adaptive codebook gain used in said first
portion.

17. A method for determining a gain of a pilch filter for
usc in 2 spcech processing system., the system including a
first partion comptising an adaptive codebook and come-
sponding adaptive codebook amplifier and a second portion
comprising a fixed codebook coupled to a pitch filter, the
pitch filter comprising a delay memory coupled to a pitch
filter amnplifier for applying said determined gain, the speech
processing system for processing a speech sigoal. the
method comprising:

determining the pitch filler gain based on periodicity of

the speech signal.

18. A method for use in a speech processing system which
includes a first portion which comprises an adaptive code-
book and corresponding adaptive codebook amplifier and a
sccond portion which comprises a fixed codcbook coupled
to a pitch filter, the pitch filter. comprising a delay memory
coupied to a pitch filter amplifier, the method comprising:

delaying the adaptive codebook gain;

determining the pitch filler gain to be equal to the delayed

adaptive codebook gain, except when the adaptive
codebook pain is either less than 0.2 or greater than
0.8., in which cases the pitch filter gain is set equal to
0.2 or 0.8, respectively; and

amplifying sampies of 2 signal in said pitch filter based on

said determined pitch filter gain.

1%, A specch processing system comprising:

a first portion including an adaptive codebook and means

for applying an adaptive codebook gain, and

a second portion including a fixed codebook. a pitch filter,

means for applying a second gain, wherzin the pitch
filter includes a means for applying a pitch filter gain,
and wherein the improvement comprises:

means for detecmining said pitch filter gain, said means
for determining including means for setting the pitch
filter pain equal to an adaptive codebook gain. said
signal gain is cither less than 0.2 or preater than 0.8.. in
which cases-the pitch filter pain is set equal to 0.2 or

0.8. respectively.

[ ] 3 E ] = *
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{57 ABSTRACT

In a speech decoder which experiences frame erasure, the
pitch delay associated with the first of consecutive erased
frames is incremented, The incremented value is used as the
pitch delay for the second of consecutive erased frames.
Pitch delay associated with the first of consecutive erased
frames may correspond to the last correctly received pitch
delay information from n speech encoder {associated with o
non-erased frame), or it may itself be the result of an
increment added 1o a still previous value of pitch delay
(associated with a still previous erzsed frame).

5 Claims, 4 Drawing Sheets
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PITCH DELAY MODIFICATION DURING
FRAME ERASURES

CROSS-REFERENCE TO RELATED
APPLICATION

This application is related to Application Ser. No, {18/482/
715, entitled “Adaptive Codebook-Based Speech Compres-
sion System,” filed on evea date herewith, which is incor-
parated by reference as if set forth fully herein.

FIELD OF THE INVENTION

The prescot invention relates generally to speech coding
arrangements for use in communication systems, and more
particularly to the ways in which such speech coders fune-
tion in the event of burst-like eors in transmission.

BACEGROUND OF THE INVENTION

Many communication systems, such as cehiular telephone
and personal communications systems, 1ely on wireless
chanmels to communicate infarmation. In the course of
commumnicating such infarmation, wireless communication
channels can suffer from several sources of errar, such as
multipath fading. These emor sources cah cpuse, AONg
other things, the problem of frame erasure. Erasure refers to
the total loss or whole or partial corruption of a sct of bits
communicated to a receiver, A frame is e predetermined
fixed number of bits which may be communicated as a block
through a communication channel. A frame may therefore
represent a time-segment of a speech signal.

If a frame of bits is totally lost, then the receiver has no
bits to interpret. Under such circumstances, the receiver may
produce a meaningless result, If a frame of received bits is
corrupted and therefore unrelizble, the Teceiver may produce
a severely distorted result, In cither case, the frame of bits
may be thought of as “erased” in that the frame is unavail-
able or unusable by the receiver.

As the demand for wireless system capacity has increased,
a need has arisen to make the best use of available wireless
system bandwidth, One way to cohance the efficient use of
system bandwidth is to employ a signal compression tech-
nique. For wireless systems which cairy speech signals,
speech compression (or speech coding) techniques may be
eraployed for this purpose, Such speech coding techniques
include analysis-by-synthesis speech coders, such as the
well-known Code-Excited Linear Prediction {or CELP)
specch coder.

The problem of packet loss in packet-switched networks
employing speech coding arrangements is very similar to
frame erasure in the wireless context. That is, due to packet
loss, a speech decoder may either fail to receive a frame or
seceive a frame having a significant number of missing bits.
In either case, the speech decoderis presented with the same
essential problem—the need to synthesize specch despite the
loss of compressed speech information. Both “frame era-
sure” and “packet 10ss” concert a comminication channel
{or network) problem which causes the 1oss of transmitted
bits. For purposes of this description, the teoh “frame
erasure” may be deemed to Include “packet loss.”

Among other things, CELP speech coders employ a
codebook of excitation signals to encade an original speech
sipnal. These cxcitation sigpals, scaled by an excitation gain,
are used to “cxeite” filters which synthesize a speech signal
{or some precursor to a speech signal) in response to the
excltation. The synthesized speech signal is compared to the
original speech signal The codebook excitotion signal is

10

15

30

2

jdentified which yields a synthesized speech signal which
most closely matches the original signal The identified
excitation signal’s cedebook index and gain representation
(which is often itself a gain codebock index) are then
communicated to a CELP decoder {depending upon the type
of CELP system, other types of information, such as linear
prediction (LPC) filler coefiicients, may be communicated
as well), The decoder contains codebooks identical to those
of the CELP coder. The decoder uses the transmitted indices
to select an cxcitation signal and gain value. This selected
scaled excitation signal is used to excite the decoder’s 1PC
filter. Thus excited, the LPC filter of the decoder generates
a decoded {or quantized) speech signal—the same speech
signal which was previously determined to be closest to the
original speech signal.

Some CELP systems also employ olber components, su ch
as a periodicity model (e.g., 0 pitch-predietive filter or an
adaptive codebook}, Such a model simulates the periodicity
of voiced speech. in such CELY systems, paremeters rclating
to these components must also be sent to the decoder, In the
case of an adaptive codcbook, signals representing a pitch-
period {delay) and adaptive codebook gain must also be sent
to the decoder so that the decoder can recreate the operation
of the ndaptive codebook in the speech synthesis process.

Wircless and other systems which efploy speech coders
may be more sensitive to the problem of frame crasuge than
those systems which do not compress speech, This sensi-
tivity is due to the reduced redundancy of coded speech
(compared to uncoded speech) makiog the possible loss of
each transmitted bit more significant. In the context of a
CELP speech coders experlencing frame erasure, excitation
signal codebook indices and other signals representing
speech in the frame may be cither lost or subsiantially
corrupted preventing proper syothesis of speech at the
decoder. For example, because of the erased frame(s}, the
CELF decoder will not be able to relinbly identify which

* entry in its codebook should be used to synthesize speech.
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As a result, speech coding system performance may degrade
significantly.

Because frame erasure causes the loss of excitation signal
codebook indicies, LPC coefficients, adaptive codebook
delny information, and adaptive and fixed codebook gain
information, normal techniques for synthesizing an excitn-
tion signal in a speech decoder are ineffective. Therefore,
these normal techuiques must be replaced by alternative
measures.

SUMMARY OF THE INVENTION

The present invention addresses the probiem of the lackof
codebook gain information during frame erasure. In accor-
dapce with the present invention, a codebook-based speech
decoder which fails to receive reliahly at least a portion of
a current frame of compressed spesch information uses 2
codebook gain which is an attenuated version of 2 gain from
a previous frame of speech.

An illustrative embodiment of the present invention is 2
speech decoder which includes a codebook memory and &
signal amplifier. The memory and amplifier are use in
genernting a decoded speech signal based on compressed
speech information. The compressed speech information
includes a scale-factar for use by the amplifier in scaling a
codebook vector, When a frame crasure occurs, a scale-
factor comesponding to a previous frame of speech is
attenuated and the attennated scale factor is used to amplify
the codebook vector corresponding to the current crased
frame of speech. Specific details of an embodiment of the
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peesent invention arc prescnted in section ILD. of the
Detailed Description set forth below.

The present invention is applicable to boib fixed and
adaptive codcbook processing, and also to systems which
insert decoder systemns or other elements (such as a pitch-
predictive filter) between a codebook and its amplifier. See
section ILB.1 of the Detailed Description for a discussion
relating to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 presents a block dingram of a2 G729 Draft decoder
modified in accordance with the present invention.

FIG. 2 presents an illustrative wireless communication
system cmploying the embodiment of the present invention
presented in FIG. 1.

FIG. 3 presents a block dingram of a conceptual G.729
CELP synthesis model.

FIG. 4 presents the signal fiow at the G.729 CS-ACELY
encoder.

FIG. 5 presents the signal flow at the G.729 C3-ACELP
encoder.

FIG. 6 presents an illustration of windowing in LP anayl-
sis.

DETAILED DESCRIFTION

1 Introduction

The present invention concerns the operation of a speech
coding system experiencing frame erasure—that is, the loss
of a group of consecutive bits in the compressed bit-sirenm,
which group is ordinarily used to synthesize speech. The
description which follows concems features of the present
invention applied illustratively to an 8 kbit/s CELP speech
coding system proposed to the ITU for adoption as its
international standard G.729. For the convenience of the
reader, a preliminary draft recommendation for the G.729
standard is provided in Section IIL Sections T3 and T4
include detniled descriptions of the speech encoder and
decoder, respectively. The illustrative embodiment of the
present inveption s directed to modifications of normal
G729 decoder operation, as detailed in G.729 Draft section
4.3, No modifications to the encoder are required to imple-
ment the present invention.

The applicability of the present invention to the proposed
G729 standard notwithstanding, those of ordinary skill in
the art will appreciate that fentures of the present invention
have applicability to other speech coding systems.

Knowledge of the erasure of one of mare frames is an
input signsal, e, to the jUusirative embodiment of the preseat
invention. Such knowiedge may be obtained in amy of the
conventional ways well-known in the art. For example,
whole or pertially cormpizd frames may be detected through
the use of a conventional error detzction code. When a frame
is determined to have been erased, e=1 and special proce-
dures arc initiated as described below. Otherwise, if not
crased (e=0) normal procedures are uscd. Conventional ervar
protection codes could be implemented as part of a conven-
tional radio transmissionfreception subsystem of a wireless
commupication system. .

Tn addition to the application of the full set of remed!
measures gpplied as the result of nn erasure {e=1), the
decoder employs a subset of these measures when o parity
error §s detected. A parity bit is computed based on the pitch
delay index of the first of two subframes of u frame of coded
speech. Ses Subsection I1.3.7.1. This parity bit is computed

-
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by the decoder and checked ngainst the pacity bit received
from the encoder, If the two parity bits are not the same, the
delay index is said to be comupted (PE=I, in the
embodiment) and special processing of the pitch defay is
invoked.

For clarity of explanation, the illustrative embodiment of
the present invention is presented as comprising individual
functional blocks. The functions these blocks represent may
be provided through the use of either shared or dedicated
hardware, including, but not limited to, hardware capable of
executipg software. For example, the blocks preseoted in
FIG. 1 may be provided by a single shared processor. (Use
of the term “processor” should not be construed to refer
exclusively to bardware capable of executing software.}

Tilustrative embodiments may comprise digital signal
processor {DSP) hardware, sach as the AT&T DSPL6 or
DSP32C, reod-cnly memory (ROM) for storing software
performing the operations discussed below, and random
access memary (RAM) for storing DSP results. Very iarpe
scale integration (VLSI) hardware embodiments, a5 well as
customn. YLSJ cirevitry in combination with a geperal pur-
pose DSP circuit, may also be provided.

IL An Dlustrative Embodiment

FIG. 1 presents a block diagram of a G.729 Draft decoder
modified In accordance with the present invention (FIG. 1 is
1 version of FIG. 5 (showing the signal flow at the G.729
C5-ACELP encoder) that hos been augmented to more
ciearly llustrate featores of the claimed invention). In nor-
mal operatien (i.e., without experiencing frame erasure} the
decoder operates in accordance with the description pro-
vided in Subsections II.4.1-TIL.4.2. During frame erasure,
the operation of the cmbodiment of FIG. 1 is augmented by
special processing to make up for the erasure of information
from the encoder.

A. Normnl Decoder Operation

The encoder described in Section II provides o fraroe of
data representing compressed speech cvery 10 ms. The
frame comprises 80 bits and is detailed in Tables 1 and 9 of
Section HL Each 80-bit frame of compressed speech is sent
over a communication channel to a decoder which systhe-
sizes o speech (representing twa subframes) signals based on
ihe frame produced by the encoder. The channel over which
the frames are communicated (pot shown) may be of any
type {(such as conventonal telephone networks, packet-
based networks, cellular or wireless networks, ATM
nctworks, etc.) and/or may comprisc a storage medium {such
as magnetic storage, semiconductor RAM or ROM, optical
storage such as CD-ROM, etc.). ‘

The illustrative decoder of FIG. 1 includes both an
adaptive codebook (ACB) portion and a fixed codebook
(FCB) pordon, The ACB portion includes ACB 50 and a
gain amplifier 55. The FCB portion includes a FCB 10, a
pitch predictive filter (PPF) 20, and goin amplifier 30, The
decoder decodes transmitted parameters (sec Section IIE4.1)
and performs synthesis to obtain reconstructed speech.

The FCB 10 operates in response fo an index, I, sent by
the encoder. Index Iis received through switch 40. The FCB
10 generates a vector, c{n), of length equal to a subframe.
See Section 0.4.1.2. This vector is applied to the FPF 20.
PPF 20 operntes to yield a vectar for application to the FCB
gain amplifier 30. See Sections IE3.8 ond 01.4.13. The
amplificr, which applies a gain, £, from the channel, gen-
erntes a scaled version of the vector produced by the PFE 20.
See Section TIL4.1.3. 'The output signal of the amptifier 30
is supplied to summer 85 {through switch 42).

‘The gain applied to the vector produced by PPF 20 is
determined based on information provided by the encodern
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This information is communicated as codebook indices. The
decoder receives these indicies and synthesizes a gain cor-
rection factor, ';' See Section IIL4.1.4, This gain carrection
factor, ¥, is supplied {o code vector prediction encrgy (E-)
processar 120. E-processor 120 determines a valne of the
code vector predicted efrar energy, R, in accordance with the

following expression:

£20 Tog A{4B]

The value of R is stored in a processor buffer which holds

the five most recent (successive) values of R. R™ represents
the predicted error epergy of the fixed code vectar at
subframe n. The predicted mean-removed energy of the
codevectar is formed as a weighted sum of past values of R:

- 4 »
Eo= T bR,
=1

where b=[0.68 0.58 (.34 0.19] and where the past yalues of
B are obtained from the buffer. This predicted enesgy is then
output from processor 120 to a predicted gain pracessor 125.

Processor 125 determines the actual energy of the code
vector supplied by codebook 10. This is done according to
the following expression:

1 9
E:lﬂbg(-"sn— EOC.J N

where 1 indexes the semples of the vector. The predicted gain
is then computed as follows:

e it

where E is the mean cnergy of the FCB (=g, 30 dB)

Finally, the actual scale factor (or gain) is computed by
multiplying the received gain correction factor, ¥ by the
predicted gain, g at multiplier 130. This valve is then
supplied to amplifier 30 to scale the fixed codebook contri-
bution provided by PPF 24.

Also provided to the summer 85 is the outpit signal
generated by the ACB portion of the decoder. The ACB
partion camgprises the ACB 50 which generatcs a excitation
signal, ¥(n), of length equal to a subframe based on past
excitation. signels and the ACB pitch-pesiod, M, received
(through switch 43) from encoder vin the channel. See
Subsection TL4.1.1, This vector is scaled by amplifier 250
based on gain factor, g, received over the chanpel. This
sealed vector is the output of the ACB portion.

Summer 85 generates an excitation sigoal, u(n), in
Tesponse to signals from the FCB and ACB partions of the
decoder. The excitation signal, u(n), is applied to an LPC
synihesis filter 90 which synthesizes a speech signal based
on LPC cocHiclents, a, received over the chonpel. See
Subsection TL.4.1.6.

Finally, the output of the LPC syathesis filter 90 is
supplied to a past processor 100 which pecforms adaptive
postiiltering (see Subsections i4.2,1-11.4.2.4, high-pass
filtering (see Subsections IL4.2.5), and up-scaling {see
Subsections I1.4.2.5). .
B. Bxcitation Signal Synthesis During Frame Erastuxe

In the presence of frame erasuces, the decoder of FIG. 1
does not seceive relinble information {if it receives anything
at all) from which an excitation signal, u(n}), may be syn-
thesized. As such, the decoder will not know which vectar
of signal sumples should be extracted from codebook 14, or
what is the proper delay value to use for the adaptive
codeboolk 50. In this case, the decoder must obtain a
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substitute excitation signal for use in synthesizing a speech
signal. The generation of a substitute excitation signal

. during peciods of frame erasure is dependent on whether the

erased frame is classified as yoiced (periodic) or unvoiced
faperiodic). Ar indication of periodicity for the erased frame
is obtained from the post processor 104, which classifies
gach properly received frame as periodic of aperiodic. See
Subsection IL.4.2.1. The emsed frame is taken to have the
samoe periodicity classification as the previous frame pro-
cessed by the postfilter. The binary signal sepresenting
periodicity, v, is determined according to pastfilter variable
£, Sigmal v=1if g ;>0; else, v=0. As such, for example, if
the last good frame was classified as periodic, v=1; other-
wise v=0.

1. Erasure of Frames Representing Periodic Speech

For an erased frame (e=1) which is thought to have
represented speech which is periodic (v=1), the contribution
of the fixed codebook is set to zero. This is accomplished by
switch 42 which switches states (in the direction of ihe
arrow) from its normal (binsed) operating position coupling
amplifier 30 to summer 85 to a position which decoupies the
fixed codebook contribution from the excitation signal, u{n).
This switching of staie is accomplished in accordance with
the control signsl developed by AND-gate 130 (which tests
for the condition that the frame is erased, e=1, and it was a
periodic frame, v=1). On the other hand, the contribution of
the ndaptive codebook is maintained in its normal operating
position by switch 45 (since e=1 but not__ y=0).

The pitch delay, M, used by the adaptive codebook during
an erased frame is determined by delay processor 60. Delay
processor 60 stores the most recently received pitch delay
from the encoder. This value is overwritten with each
successive pitch delay received, For the first erased frame
following a “good” (comectly received) frame, delay pro-
cessor 60 genevates n value for M which is equat to the pitch
delay of the last good frame (i.e., the previous frame). To
avoid excessive periodicity, for each successive erased
frame processor 60 increments the value of M by one (1).
The processar 60 restricts the value of M to be less than or
equal to 143 samples. Switch 43 effects the application of
the pitch delay from processor 60 to adaptive codebook 50
by changing state from its normal operating position to its
“yoiced frame erasurg” position in response to an indication
of an erasure of a voiced frame (since e=1 nnd v=1).

The adaptive codebook gain is also synthesized in the
cvent of an exasure of a voiced frame in accordance with the
procedure discussed below in section C. Noie that switch 44
operates identically to switch 43 in that it effects the appli-
cation of a synthesized adaptive codebook gain by changing
state from its normal operating position to its *voiced frame
erasure” position.

2. Erasure of Frames Represcnting Aperiodic Speech

Yor an erased frame (e=1) whicb is thought to have
regresented speech which is aperiodic (v=0), the contribu-
tion of the adaptive codebook is set to zero. This is accom-
plished by switch 45 which switches states (in the directon
of the arrow) from its normal (biased) operating position
coupling amplifier 55 to summer 85 to a position which
decouples the adaptive codebook contrbution from the
excitation signal, u(n). This switching of stais is accom-
plished in accordance with the control signal developed by
AND-gate 75 (which tests for the condition that the frame is
erased, e=1, and it was an aperiodic frame, not_v=1). Onthe
other hand, the contribution of the fixed codebock is main-
tained in its narmal operating position by switch 42 (since
e=1 but v=0).

The fixed codebook index, I, and codebook vector sign
are not available do to the erasure. o order to synthesize a



Case 3:08-cv-01545-K Document 5 Filed 02/20/08 Page 43 of 182 PagelD 152

5,699,485

7

fixed codebook index and sign index from which o codebook
vector, c(n), could be determined, a random number gen-
erator 45 js vsed. The ontput of the random number gen-
cratex 45 is coupled to the fixed codebook 10 through switch
40, Switch 40 is normally is a state which couples index I
and sign information to the fixed codebook- However, gate
47 applics a control sipnal to the switch which causes the
switch to change state when an erasure occurs of an aperi-
odic frame (¢=1 and not_y=1).

The random number generator 45 employs the funclion:

pond=seed® 31E21+13849

10 generate the fixed codebook index and sign, The initial
seed value for the generator 45 is equal to 21845, For a given
coder subframe, the codeboak index is the 13 least signifi-
cant bits of the random number. The random sign is the 4
least significant bits of the mext random number. Thus the
random number generator is run twice for each fixed code-
book vectar nceded, Note that a noise vector could have
been generated on a sample-by-sample basis rather than
using the randosmn pumber generator in corabination with the
FCB.

The fixed codebook gain is also synthesized in the event
of an erasure of an aperiodic frame in accordance with the
procedure discussed below in section D. Note that switch 41
operates identically to switch 40 in that it effects the appli-
cation of a synthesized fixed codebook gain by changing
state from its normal operating position to its “voiced frame
crasure”™ position,

Since PPF 20 adds periodicity (when delay is less than a
subframe), PFF 20 should not be used in the event of an
evasure of an apriodic frams. Therefore switch 21 selects
either the output of FCB 18 when e=0 or the output of PPF
20 when e=1.

C. LPC Filter Cocflicients for Erased Frames

The excitation signal, u(n), synthesized during an erased
frame is applied 1o the LPC synthesis filter 90. As with other
components of the decoder which depend on data from the
encoder, the LPC synthesis filter 90 must have substitute
LPC coefficients, &, during erased frames. This is accom-
plished by repeating the LPC coefficients of the last goed
frame. LPC coefficients reccived from the encoder in 2
non-crased frame ere stored by memory 95, Newly received
LPC cocfiicicnts overwrite previously received coefficicats
in memery 95. Upon the ocourrence of a frame crasure, the
coefficients stored in memory 95 arc supplied to the EPC
synthesis filter via switch 46, Switch 46 is normally biased
to couple LPC cocficicnts received in a good frame fo the
filter 90, However, in the event of an erased frame {e=1), the
switch changes state (in the direction of the arrow) coupling
memory 95 to the filter $0.

D. Attepuation of Adaptive and Fixed Codebook Gains

As discussed above, both the adaptive and fixed code-
books 50, 10 have a corresponding gain amplifier 55, 30
which applies a scale factor to the codebook output sigoal.
Ordinarily, the values of the scale factors for these amoplifiers
is supplied by the encoder. However, in the event of a frame
crasure, the scale factor information is not available from the
encoder, Therefore, the scale factor information must be
synthesized.

For both the fixed and adaptive codebogks, the synthesis
of the scale factor is accomplished by attennation processors
65 and 115 which scale {or attenuate) the value of the scale
facter used in the peevious subframe. Thus, in the case of 2
frame erasure following a good frame, the value of the scale
factor of the first subframe of the crased frame for use by the
amplifier is the second scale factor from the good frame
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multiplied by an attenuation foctor. In the case of successive
crased subframes, the later erased subframe (subframe n})
uses the value of the scale factar from the former crased
subframe (subframe n-1) multiplied by the attenuation
factor. This technique is used no matter how many succes-
sive erased frames (and subframes) occur. Aftenuation pro-
cessors 65, 115 store each new scale factor, whetherreceived
in a good frame ar synthesized for an erased frame, in the
event that the next subframe will be en erased subframe.

Specifically, atenuation processor 115 synthesizes the
fixed codebook gain, g, for erased subframe n in accordance
with:

£.=058 g i,

Attetiaation processor 65 synthesizes the adaptive codebook
gain, g, for erased subframe n in accordance with:

sp(n)d) 1] gpvr-l}_

In addition, processar 65 limits (or clips) the value of the
synthesized gain to be less than 0.9, The process of attenu-
ating gains is performed to avoid undesirsd perceptual
effects.
E. Attenuation of Gain Predictor Memory

As discussed above, there is a buffer which forms part of
E-Processor 120 which stores the five most recent values of
the prediction eror energy. This buffer is used to predict a
value for the predicted energy of the code vector from the
fixed codebook

However, due to frame crasure, there will be no informa-
tion communicated to the decoder from the encoder from
which new values of the prediction error energy, Therefore,
such values will have to be synthesized. This syethesis is
accomplished by E-processor 120 according to the following
expression:

~ 4 .
m-::(o;_s i fo )-4n.
=1

Thus, a new value for B is computed as the average of the
four previous values of R less 4 dB. The attenuation of the
value of R. s performed so as to ensure that onee a good
fraine is received undesiroble speech distortion is not cre-
ated. The value of the synthesized R is limited not to fall
below 14 dB.
E. An Mustrative Wirelass System

As stated nbove, the present invention has application to
wireless speech commurication systems. FIG. 2 presents an
illustrative wireless communication system employing an
embodiment of the present invention. FIG. 2 includes a
transmitier 600 and o receiver 788, An illustrative embodi-
ment of the transmitter 600 is a wireless base station. An
jliustrative embodiment of the receiver 704 is a mobile user
terminal, such as a cellulsr or wircless telepbone, or other
personal communications system device. (Naturally, a wire-
1ess base station and user terminal may also include receiver
and transmitter creuitry, respectively.) The transmitter 600
includes a speech coder 610, which may be, for example, a
coder according to Section L The transmitter further
includes a conventional channel coder 620 to provide efror
detection (cr detection and correction) capability; a conven-
tional medulatar 634; and conventional radio transmission
circuitry; all well known in the art. Radio signals transmitied
by transmitter 600 arc received by receiver 700 through a
transmission channel. Due to, for example, possible destruc-
tive interference of varlous multipath components of the
transmitted signol, Teceiver 704 may be in a deep fade
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preventing the clear reception of transmitted bits, Under
such circumstances, frame erasure may occur

Receiver 700 includes conventional radio receiver cir-
cuitry 714, conventional demodulator 720, channel decoder
730, and 2 speech decoder 740 in accordance with the
present invention. Note that the channel decoder generates a
frame erasure sighal whenever the channel decoder deter-
mines the presence of a substantial sumber of bit errors (or
unreceived bits). Alternatively (or in addition to a frame
erasure signal from the channel decoder), demodulator 720
reay provide a frame erasure signal to the decoder 740.

G. Discussion

Although specific embodiments of this invention bave
been shown and described herein, it is to be understood that
these embodiments are merely illustrative of the many
possibie specific armngements which can be devised in
application of the principles of the invention. Numerous and
varied other amangements can be devised in accordance with
these principles by those of ordinary gkill in the art without
departing from the spirit and scope of the invention

In addition, although the illustrative crubodiment of
present inventon refers to codebook *amplifiers,” it will be
understocd by those of ordinary skill in the art that this term
encompasses the scaling of digital signals. Moazeover, such
scaling may be accomplished with scale factors {or gains)
which are less than or equal to ope (including negative
values), as well as preater than one.

The following section of the detailed description contains
the G.729 Draft, This document, at the time of the filing of
the present application, is intended 1o be submitted to a
standards body of The International Telecommunications
Union (IT), and provides a more complete description of
an Dllustrative 8 kbit/s speech coding system which employs,
inter alia, the principles of the preseat invention.

L1 INTRODUCTION

This Recommendation contains the description of an algo-
sithm for the coding of specch signals at 8 kbit/s using
Conjugatc~Sn'ucturc~A.lgcbraic-Code~Excitcd Linear-
Predictive {CS-ACELP) coding.

This coder is designed to operate with a digital signal
obtained by first performing telephone bandwidth filtexing
{ITU Rec. G.710) of the analog input signal, then sampling
it at 8000 Hz, followed by conversion to 16 bit linear PCM
for the input to the encoder, The output of the decoder should
be converied back to an analog signal by similar means.
Other input/output characleristics, such as those specified by
ITU Rec. G.711 for 64 kbit/s PCM data, should be converted
to 16 bit linear PCM before encoding, or from 16 bit linear
PCM to the appropriate format after decoding. The bitstream
from the encoder to the decoder is defined within this
standard.

This Recornmendation is crganized as follows: Subsec-
tion TEILZ gives a general outline of the CS-ACHLP algo-
rithm Tn Subsections TIL3 and IEL4, the CS-ACELP encoder
and decoder principles are discussed, respectively. Subsec-
Hon TIL5 describes the software that defines this coder in 16
bit fixed point arithmetic.

L2 GENERAL DESCRIPTION OF THE CODER

The CS-ACELP coder is based on the code-excited linear-
predictive (CF, LP) coding modsl The coder operates on
speech frames of 10 ms corresponding to 80 samples at a
sampling rate of 8000 samples/sec. Far every 10 msec
Frame, the speech signal is analyzed to extract the param-
aters of the CELP model (LP filter coefficients, adaptive and
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10
fixed codebook indices and gains). These parameters are
encoded and transmmitted. The bit allocation of the coder
parameters is shown ijn Table 1. At the decoder, these
pammeters are used to retrieve the excitation and synthesis

filter
TABLE 1
it allocation of the 8 kbit's CS-ACPLP algorithm {10 meee frame).
Total

Subframe Subframe  per
Porameter Codeword 1 2 frame
LSP 10,L1,L% 13 18
Adaptive codebook delay P, P2 8 5 13
Delay parity PO 1 1
Fixed codebock index ~ C1,C2Z 13 13 26
Fired codebook sign 81, 52 4 4 )
Codebook gamns {sizge ) GAl, GAZ 3 3 6
Codebook guins (stage 2) GB1, GB2 4 4 B
Tkl BO
parameters. The speech is reconstructed hy filtering this
cxcitntion through the LP synthesis filter, as is shown in FIG.
3, The shart-term synthesis filter is based on & 10th order
linear prediction (LP) filter. The long-term, or pitch synthe-
sis filter is implemented using the so-called adaptive code-
book approach for delays less than the subframe length.
After computing the reconstructed speech, it is fusther
enhanced by a postfilter.

[L.2.1 Encoder

The sipnal flow at the encoder is shown in FIG. 4. The input
signal i5 high-pass filtzred and scaled in the pre-processing
block. The pre-processed sipnnl serves as the inpot signal for
all subsequent npalysis, LP analysis is done once per 10 ms
frame to compute the LP filter coefficients. These coefli-
cients are converted to line spectrum pairs (LSF) and
quantized using predictive two-stage vector quantization
(VQ) with 18 bits. The excitation sequence is chosen by
using an analysis-by-synthesis search procedure in which
the emor between the original and synthesized speech is
minimized according to a perceptually weighted distortion
measure. This is done by filtering the emor signal with a
percepinal weighting filter, whose coefficicnts are derived
from the unguantized LP filter. The amount of pereeptual
weighting is made aduptive to improve the performance for
input signals with a flat frequency-response.

The excitation parameters (fixed and adaptive codebook
parameters) are determined per subframe of 5 ms (40
samples) cach. The guantized and unguestized LP filter
cocfficients are used for the second subframe, while in the
first subframe interpolated LP filter cocfficients are used
{both quantized and unquantized). An open-loop pitch delay
is estimated once per 10 ms frame based on the parceptually
weighted speech signal. Then the following operations are
repeated for each subframe. The target signal z{n} is com-
puted by filtering the LP residual through the weighted
synthesis filter W(z)/A(z). The initicl states of these filters
are updated by filtering the emwor between LP residual and
excitation, This is equivalent to the common approach of
subtracting the zero-input response of the weighted synthe-
sis filter from the weighted speech signal. The impulse
response, h(n), of the weighted synthesis filter is computed.
Ciosed-loop pitch analysis is then done (tofind the adaptive
codebook delay and gain, using the trget x(n} and impulse
response h(n), by searching arcund the value of the open-
loop pitch delay. A fractional pitch delay with A resalution
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is used The pitch delay is encoded with 8 bits in the first
subframe and differentially encoded with 5 bits in the second
subframe, The target signal x(n) is updated by removing the
adaptive codebook contribution (filtered adaptive
codevectar), and this new target, Xa(n), is used in the fixed
algebraic codebook search {to find the optimum excitation).
An algebraic codebook with 17 bits is used for the fixed
codebook excilation. The gains of the adaptive and fixed
codebook are vector quantized with 7 bits, (with MA pre-
diction applied to the fixed codebook gain}. Finally, the filter
memories are updated using the determined excitation sig-
nal.

11.2.2 Decoder

The signal flow at the decoder is shown in FIG. 5. First, the
parameters indices arc extracted from the received bit-
stream. These indices are decoded to obtain the coder
parameters carresponding to a 10 ms specch frame. These
parameters are the LSP coefficients, the 2 fractional pitch
delnys, the 2 fixed codcbook vectors, and the 2 sets of
adeptive and fixed codebook gains. The LSP coefficicnts are
interpolated ond converted to LP filter coeflicients far each
subframe. Then, for each 40-sample subframe the following
steps are done:
the excitation is constructad by adding the adaptive and
fixed codebook vectors scaled by their respective gains,
the specch is reconstructed by filtering the excitation
through the LP synthesis flter,
the reconstructed specch signal is passed through a post-
processing stage, which comprises of an adaptive post-
filter based on the jong-term and sbort-tam synthesis
filters, followed by a high-pass filter and scaling opera-
tion.

ML23 Delay

This coder encodes speech and other audio signals with 10
ms frames. In addition, there is a look-ahead of 5 ms,
resulting in a total algorithmic delay of 15 ms. All additional
delays in a practical implementation of this coder are due to:
processing time needed for cncoding and decoding
oprations,
transmission time on the communication link,
multiplexing delay when comhining audio data with other
data.

HL2.4 Speech Coder Desciption

The description of the speech coding algorithm of this
Recommendation is made in terms of bit-exact, fixed-point
mathematical operations. The ANSI C code indicated in
Subsection IL5, which constitutes an integral part of this
Recommendalion, refiects this bit-cxact, fixed-point deserip-
tive approach. The mathematical descriptions of the encodes
{Subscction TIL3), and decoder (Subsection 1L4), can be
implemented in scveral other fashions, possibly leading toa
codec implementation not complying with this Recommet-
dation. Therefore, the algorithm description of the C code of
Snbsection L5 shall take precedence over the mathematical
descriptions of Subsections T3 and IXL4 whenever discrep-
ancies are found A nom-exhaustive set of test sequences
which can be used in conjunction with the C code are
ayailable from the ITU.

1IL.2.5 Notational Conventions

Throughout this document jt is tried to maintain the follow-
ing notational conyentions.
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Codebooks are denoted by coligraphic characters (e.g. C).
Time signals are denoted by the symbol and the sample
tirne index between parenthesis (e.g. s(n)}. The symbel
n is used as sempte instant index.
Superscript time indices (e.g ) refer to that varisble
comesponding to subframe m.
Superscripts identify a particular element in a coefficient
array.
A ideptifies a quantized version of a parameter.
Range notations are done using square brackets, whege
the boundaries are incloded {e.g. [0.6, 0.91).
log denotes n logarithm with base 10.
Table 2 lists the most relevant symbols used throughout this
document. A glossary of the most

TABLE 2

Glossare of symbals,

Name Reference Description

VA(z) Eq. (2) LP synthesis Slter
(2} Eq. (B input high-pass Glter
H{2) Eq. 1) pitch postfilter

H{z) Hq. B3 shart-term postiiliar
H{z) Eq. 35 (ilt-compensation fltar
Hya(Z) Eq. (90) output high-pass Gltey
B(z) Eqg. {46) pitch filter

Wiz) Eq. @7} weighting Bller

relevant signals is given in Table 3. Table 4 summarizes
relevant vasiables and their dimension, Constant parameters
nre listed in Table 5. The acronyms used in this Recommen-
dation are summarized in Table 6.

TABLE 3
Glossarv af signals.
Nome Description
h{n) impulse response of weighting and synthesis filters
by (3] Rutp-correlation sequence
(k) maodified auto-comelation sequence
R(k) comclation sequence
sw{n} weighted speech signal
(o) speech sigmal
s(n) windgwed specch signal
sf{n) pastfiltered output
sf{n) guin-scalad postfilteced oupat
LI Teconsinxcted speech signal
n(n} residual sigmal
x(n} target sigoal
x,(0} second targst signa
¥(m) adaptive codebook contribution
c(n) fixed codebook cantritmtion
¥{n} v(m) * )
z(n) c{m) * h{n)
u(o} excibtion to LP synilests Olier
&m}) comelation between target signal and hin)
ew(n) crro signal
YABLE 4
Gioasary of variables,

Name Size Description

B 1 aiaptive codebook gain

Be 1 fxed codebook gain

- 1 modified gain for pitch postaller

Epie 1 pitch gain for pitch postiller
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TABLE 4-continued

Glogsary of varjnbles,

Hame Size Description
& 1 guin term short-t=rm postfilter
X )] goin term tilt postflier
Ty 3 open-loap pitch delay
By 10 LF confficients
k 10 reflection coeficients
o 2 LAR cozfficients
LA 10 LSF normalized frequencies
q 10 LSP coeffcients
k) 1 comelation coafficiants
w; 10 1.5F weighting coefficienls
L 10 LSP quantizer quiput
TABLE 5
Glossary of constmts.
Name  Value Doseription
£ 8000 sampling frequency
iy 60 bandwidth expmsion
% D408 weight factor perceptual weighting flter
Y2 0.600.4-0.7 weight factor percephuml weighting filter
kA 055 weight factor post filter
N n.70 weight factor post filter
Yo 050 weight factor pitch post filter
kA 0.500.2 weight factor tilt post filter
c Tahle 7 fixed (algebraicy codebook
1D Secting 3.2.4 moving average predictor codebook
LI Section 3.4 First stage LSP codebook
L2 Sectinp 3.24 Secomd stage LSP codebook (low parl)
13 Seclion 3.2.4 Secand stage LSP eodebook (high part)
GA Bection 3.9 First stage guin codebook
GB Section 3.9 Secand stage gain eodebook
Wi Eg. (6) correlation lag window
Wy,  Eg(3) LEC unalysis window
TABLE 6
Glossary of seronyms.
Acronym Descriphan
CELP coda-crriled lipearprediction
MA moving average
MSB most significanl bit
jay linzar prediction
LSP line spoctral pair
LSF line speciral frequency
vQ vector quanlization

IIL3 FUNCTIONAL DESCRIFTION OF THE
ENCODER

In this section we describe the different functions of the
encoder represented in the blocks of FIG. 3.

HL3.1 Pre-Processing

As stated in Subsection TIL2, the input to the speech encoder
is assumed 10 be n 16 bit PCM signal. Two pre-processing
functions are epplied before the encoding process: 1) signal
scaling, and 2) high-pass filtering.

The scaling consists of dividing the input by a factor 2 ta
reduce the possibility of overflows in (he fixed-point imple-
menlation, The high-pass filter serves as a precaution against
undesired low-frequency components. A second order pole/
zero filter with a cutoff frequency of 140 Hz is used. Both
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the scaling and high-pass filtering are combined by dividing
the coefficients at the pumerator of this filter by 2. The
resulting filter is given by
046363718 — 00272470571 + 046363718 @
1- 1905946571 + 081140242

The input signal filtered through Hy, (z) is referred to as s(n),
and will be used in all subsequent coder operations.

Huf(z) =

TIL3.2 Linear Prediction Analysis and Quantization

The short-term analysis and synthesis filters are based on
10th order linear prediction (LP} filters. The LP synthesis
filter is defined as

1 i

—he @

1 10 .

AR 14 I o
=1

[}

where 8, i=1, . . . , 10, are the (quantired} linear prediction
{LP) coefficients. Short-term prediction, or linear prediction
apalysis is performed once per speech frame using the
autocorrelation approach with a 30 ms asymmetric window.,
Every 80 samples { 10 ms), the autocerrelation coefficients of
windowed speech are computed and converied to the LP
coefficients using the Levinson algorithm. Then the EP
coefficients are transformed to the LSP domain for quanti-
zation and interpolation purposes. The interpolated quan-
tized and unquantized filters are converted back to the LP
filter coefficients (to construct the synthesis and weighting
filters at each subframs).

T13.2.1 Windowing and Autocomelation
Compatation

The LP analysis window consists of two parts: the first part
is half 2 Hamming window and the second part is a quartes
of o cosine function cycle. The window is piven by:

2)
054~0d6cos [ 22 ), n=0,...,199
3%
wp(n)=
cos ( ZMnI—SDD ) R n=200,...,238.

There is & 5 ms lockahead in the LP analysis which means
that 40 samples are needed from the future speech frame.
This translates into an extra delay of 5 ms at the encoder
stage. The LP analysis window applics to 120 samples from
past speech frames, 80 samples from the preseat speech
frame, and 40 samples from the future frame. The window-
ing in LP analysis is illustrated in FIG. 6.

The autocorrelation coclicients of the windowed speech
s{nw{rtn), n=0, . . . ,239, 4

are computed by
)

. B, k=
k= I, £(aln =), E=0,...,10,
To avoid arthmetic problems for low-level input sigpals the

value of {0} has a lower boupdary of n(0)=1.0. A 60 Hz
bandwidth cxpansion is applicd, by multiplying the aute-
2k

correlaion cocfficients with
2
wu,(k)=exp[~-§~ (_ﬂ_ ) ] . k=h...10,
where £,=60 Hz is the bandwidth expansion and f~=8000 Hz
is the sampling frequency. Further, 1{0) is multiplied by the

&
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white noise comection factor 1,000, which is equivMent to
sdding a noise floor at —40 dB.

IIL3.2.2 Levinson-Durbin Algorithm
The modified antocorrclation cocfiicients
F(O0}=1.000% A}
M

are nced to obtain the LP filter coefficients a,, =1, ..., i0,
by solving the set of equations

P{EFwp Rk, =L, - . .10

10 (8)
I arfi-H=-rE), k=1,...,10.
=1

The set of cquations in (8) is solved using the Leyinson-
Durhin algorithra. This algorithm uses the following recur-
sion:

o f“” 10
1=
af,"'s?»‘— 1

k= [E; of r’(i-—j)] JE(i-1)

I
i
oY J= b= .
aj{t} = a;!—-}} + {t}”

end
E{iy= (1~ £NE( ~ 1)
cnd

it Etf) < O then E{i) = 0.0%

The final solution is given as a=a¢*®, =1, ..., 10.

1M.3.2.3 LP to LSP Conversion

The LP filter coefficients a,, i=1,. . ., 10 are converted to the
line spectral pair (LSP) representation for quantization and
interpolation purposes. For a 10 order LP filter, the LSP
coctficicnts are defined as the roots of the sum and difference
polynomials

FzAlR PA ), ®)

and

FhiFAl) 1A, (10
respectively. The polynomial Fy(z) s symmetric, and F »(z)
is antisymmetric, It can be proven that all roots of these
polynomials are on the unit circie and they alternate each
other, F',(2) has aroot 2=-1 (to=n) and F;(z) has a root z=1
(=0} To eliminate these two rools, we define the new
polynomials .

FylaBF ¥ ™, (113

and
Falz=F o<, (12

Each polynomial bes 5 conjugate roots on the unit circle
(&%, therefore, the polynominls can be written as

(13
n
=139

)= {1~2gxt+ %)

aod

10

i5

30

35

40

50

55

65

PagelD 156
16
~conbnued
{14)
Fioy= 0 (1-24at+r™
=2,4,...,10

where q;=cos(w,) with @, being the line spctral frequencies
(LSF) and they satisfy the ordering property Ot <t <.
<, <. We refer to g, as the LSP coefficients in the cosine
dorain.

Since both polynomials Fy(z) and Fy(z) are symmetric
only the first 5 coefficients of each polynomial necd to be
computed. The coefficients of these polynomials are found
by the recursive relatons

Sl o A0, =0 %
FliE g (i) =0, .

where f,(0)=f(0)=1.0. The LSP coefficients are found by
gvaluating the polynomials F,(z) and F,(z) at 60 points
equally spaced between 0 and 7 and checking for sign
changes. A sign change signifies the existence of a root and
the sign change interval is then divided 4 times to better
track the root The Chebyshev polynomials are used to
evaluate F,(z) and F(z). In this method the rools are found
direcily in the cosine domain {q;}. The polynomials F,(z) or
F.(z), evaluated at z=¢™, can be written as

(15

FloF2«7%0(s), [15]

with
COETHANT DT SHNREANTERSY2, (07

where T,,(x)=cos{(mw) 1s the mth order Chebyshey
polynomial, and £(i), i=1,. .. .5, arc the coefficients of either
F,(z) or Fx(2), computed using the equations in (15). The
poiynominl C{x) is evaluated at a certain value of x=cos(w)
nsing the recursire relation:

for k=4 downio 1

by 2y y = by g +f15 — K}
end
Clx)yxby — by +R5¥2

with initial values by=1 and be=0.

IiL3.2.4 Quantization of the LSP Coefiicients

The LP flter coefficients are quantized using the LSP
representation in the frequency doroain; that is

warccos(a), =1, + - - 410, (18)

where @; are the line spectral frequencies {LSF) in the
pormalized frequency domain [0, ni]. A switched 4th order
MA prediction is used to predict the current set of LSF
coefficients. The difference between the computed and pre-
dicted set of cocfficients is guantized using a two-stage
vector quantizer. The first stage is a 10-dimensional VQ
using codebook L1 with 128 entries (7 bits). The second
stage is a 10 bit VQ which bas been implemented as a split
VQ using two 5-dimensionnl codebooks, 1.2 and L3 con-
taining 32 entries (5 bits) each.

To explaln the quantization process, it is convenient to
first describe the decoding process. Each cosflident is
obtained from the sum of 2 codebooks:

LN+ 240D i=L...,5
BN e plesd i=6...,10,

where L1, 1.2, and L3 are the codebook indices. To avoid
sharp resonances in the quantized LP synthesis filters, the

(15)
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coefficients |, arc arranged such ibat adjacent coefficients
have o mirimum distance of J. The rearangement routine is
shown below:

fori=2%...,10
LR )]
Iy=th+l -1
L=+ +Ty2
end

end

This rearrangement process is executed twice. First with a
valne of J=0.0001; then with a value of J=0.0000%5.

After this rearrangement process, the quantized LSF coef-
ficients B, for the current frame p, are obtained from the
weighted sum of previous q)uanﬁzer autputs L™=7, and the
current quantizer output 1™

ajgm)=(1~ £ m,x).-y-u 3 mi™, i=1,...,10, @
=1 =]

where m.* are: the coeffieients of the switched MA predicior.
Which MA predictor to use is defined by a scparate bit LO.
At startup the initial values of 1,* are given by 1=in/11 far
all k<.

After computing @, the comesponding filter is checked
for stability. This is done as follows:

1. Order the coefficient ®; in increasing value,

2, If @,<0.005 then @=0.005,

3. Tf ©,,—5,<0.0001, then ©0,,,=0+0.0001 i=1, . .. .9,

4, If ©,>3.135 then @;g=3.135.

"The procedure for encoding the LSF parameters can be
outlined as follows. Far cach of the two MA predictors the
best approximation to the cwrrent LSF vector has t0 be
found. The best approximation is defined as the one that

minimizes a weighted mean-squared emror

10 - 2%
Eppe= X wiwy— @) @0
=1

The weights w, are made adaptive as @ function of the

unquaptized LSF coefficients,
. 2)
1.0 ifnp-~-004m—12>0,
wi=
V1 io(m-004n-1p+1  eibowise
10 ifm;.;—m;.;—l:-o.
wi2&iS9= .
1057 — @ — 1P+ 1 otherwise

1.0 if —tog + 092w~ 130,

wes [ otherwise
In addition, the weigbts s and @, are multiplied by 1.2
each. ’

The vector to be quantized for the current frame is
obtainzd from

10—+ 082~ 1P +1

10, @

hm[fbﬁ")-élm.*ﬁ"”]i(l—élm.*). i=3..os

The first codebook L1 is scarched and the entry L1 that
mintmizes the (unweighted) meansquared error is selected.
This is followed by a search of the second codebook L2,
which defines the lower part of the second stage. For cech
possible candidate, the partinl vectar o1, ... ,5 is recon-
structed using Bg. (20), and rearrapged to guarantes a
rminimum distance of 0.0001. The vector with index 12
which after addition to the first stage candidate and

10
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reamanging, approximates the lower part of the correspend-
ing target best in the weighted MSE sense is selected. Using
the selected first stage vector L1 and the lower part of the
second stage (12), the higher part of the second stage is
searched from codebook L3, Again the rearrangement pro-
cedure is used fo guarantee a minimum distance of 0.0001,
The vector L3 that minimizes the overall weighted MSE is
selected.

This process is done for each of the two MA predictors
defined by L0, and the MA predictor LO that produces the
lowest weighted MSE is selected.

111.3.2.5 Interpolation of the LSP Cocificients

The quantized (and ungpantized LP coefficients are used for
the second subframe. Far the first subframe, the guantized
{and unquantized) LP coefficients are obtained from linear
interpolation of the comesponding parameters in the adjacent
subframes. The interpolation is done on the LSP coefficients
in the q domnain. Let g™ be the LSP coefficients at the 2nd
subframe of frame m, and g1 the LSP coefficients at the
2nd subframe of the past frame (m-1). The (unquantized)
interpolated LSP coefficients in each of the 2 subframes are
given by
Subframe 1: (24)

gLz 0S5g 0405,

[

Subframe 2 g=

The same interpolation procedure is used for the interpola-
ton of the quantized LSP coeffidents by substituting g, by
g, in Eq. (24).

TL3.2.6 LSP to LP Conversion

Once the LSP coefficients are quantized and interpoiated,
they are converied back to LP coefficients {a,}. The con-
version to the LP domain is done as follows. The coefficients
of F,(2) and F,(z) are found by expanding Eqs. (13) and {14)
kmowing the quantized and interpolated LSP coefficients.
The following recursive relation is used to compute f,(E),
i=l,...,5 ffomq,

fori=1to5

AD =29, i - D+ (i~ D
for j=i— & downie 1
ot H) =A0) - 2350 - 1+ A= D)

ad

with initial values f{0)=1 and f,{(~1)=0. The cocfficients
£,(i} are computed similarly by replacing gz, by gar

Once the coefficients f,(i) and £,(i} are found, F,(z) and
Fy(z) are multiplied by 1+z* and I~z respectively, to
obtain F,(z) and F,(z); that is

AD=A@D+AE-1, i=l...,5 %
R=p@-AE-1),  f=L...,5
Finally the LP coefficients are found by
05 //G) +05 (D, i=1,..0,5 (26)
A=Y oSREi-H-05EU-5), i=L...,10.

This is directly detived from the relation A(Z)=(F (zH;
(£))2, and because F(z) and Fy(z} are symmetric and
antisymmetric palynomials, respectively.

Ti.3.3 Perceptual Weighting

The perceptial weighting filter is based on the ungquantized
LP filter coefficients and is given by
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10 @n
1,
Wi =) = el
LG
=1

The values of 7, and vy, determine the frequency response of
the filter W(z). By proper adjustment of these variables it is
possible to make the weightihg mare effective. This is
accomplished by making ¥, and ¥, a function of the spectral
shape of the input signal, This adaptation is dons once per
10 s fame, but an interpolation procedure for each first
subframe is used to smooth this adaptation process. The
spectral shepe is obtained from a 2nd-order linear prediction
filtzr, obtained es a by product from the Levinson-Durbin
recursion (Subsection MIL3.2.2). The reflection cocfficicnts
k,, are converted to Log Area Ratio (LAB,) coefficients o, by
(10+&} 28)
oj=log —_.D_E—(i -
These LAB, coefficients are used for the second subframe,
The LAB, coefficients for the first subframe are obtained
through linear interpolation with the LAB, parameters from
the previous frame, and are given by:

i=1,2.

Subfame I: olj= 050"+ 054", (2

Subfame 2 o%= of™

The spectral envelope is characterized as being either fiat
(flat=1) or tilted (flat=0). For cach subframe this character-
ization is obtained by applying a threshold function to the
LAR cocficients. To aveid rapid changes, a hysteresis is
used by taking into account the value of fat in the previous
subframe (m-1), .

if oy <—1.74 and o> 0.65 and flad™it =1, 0

if ap>~1.52and 03 <0.43 and flad>lh =0,

Aaf=1  pherwise,

If the interpolated spectrum for a subframe is classified as
flat (fat™=1), the weight factors are sct to y,=0.94 and
¥,=0.6. If the spectrum is classified as tilted (flat*™=0), the
value of v, is set to 0.98, and the value of ¥, is adapted to
the strength of the resonances in the LP synthesis filter, but
is bounded between 0.4 and 0.7. X a strong resonance is
present, the valuc of ¥, is set closer to the upperbound. This
adaptation is achicved by a eriterion based on the minimum
distance betwesn 2 successive LSP cocfficients for the
current subframe. The minimum distance is given by
dgmminday, —0E=1, L. ,9 31}
The following linear relation is used to compute Y,:
£=6.0%d, 1.0, and 0.4SRE0T

The weighted speecb signal in a subframe is given by

32)

10 10 . [EX)]
om = () + I, onpde(n—)— I amplnwin— D,
=1 =1

n=0 ..., 30

‘The weighted speech signal sw(n) is used to find an esti~
mation of the pitch delay in the speech frame.

T1L3.4 Open-Loop Pitch Analysis

To reduce the complexity of the search for the best adaptive
codebook delay, the search range is limited arcund a can-
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didate delay T,,,, obtained from an open-loap pitch analysis.
This open-loop pitch analysis is done once per frame (10
ms). The open-loop pitch estimation uses the weighted
speech signal sw(n) of Eq, (33), and is done as follows: In
the first step, 3 maxima of the corelation

79 34
R(k)= ‘5:0 sw(n)ne(n k)

are found in the following three ranges

i=1:80,..., 143,
i=2:40,...,79,
i=3:20,...,39,

The retained maxima R(t), i=1, . . ., 3, are normalized

through
R{r,-):--—-Jﬁ)wmm B - B @3
N T, fn - 1)

The winner among the thres normalized comelations is
selected by favoring the delays with the values in the lower
range. This is done by weighting the normalized correlations
comesponding to the longer delays. The best open-loop
delay T, is determined as follows:

I.=0

BT} = Bty

i 0ty = DASR(T.»
R{Top) = 8{t3)
Tp=1

end

i R(s;) & 0.85R(T,,)
R{Tp) = Bt}
Tp=1ty

end .

This procedure of dividing the delay range into 3 sections
and favoring the lower sections is used to avoid choosing
pitch multipies.

1M0.3.5 Computation of the Impulse Response

The impulse response, h(n), of the weighted synthesis filter
W(z)}/A(z} is computed for each subframe. This impulse
fesponse is needed for the search of adaptive and fixed
codebooks. The jmpuise response h(n) is computed by
filtering the vector of coefficients of the filter A{zfy))
extended by zeros through the two filters 1/A(2) and 1/A(Z

Y2
IL3.6Computation of the Target Signal

The target signal x{n) for the adaptive codsbook scarch is
usually computed by subtracting the zero-input response of
the weighted synthesis filter W(zVAZ)EA (2N, WA@AEZ
v.)] from the weighted specch signal sw{n) of Eq. (33). This
is done on a subframe basis.

An equivalent procedure for computing the terget signal,
which is used in this Recornmendation, is the filtering of the
LP residual signal r(n) through the combination of synthesis
filter 1/A(z) and the weighting filter A(z/y; VA(ZY). After
determining the excitation for the subframe, the initial states
of these filters are updated by filtering the difference
between the LP residual and excitation. The memory update
of these filters is explained in Subsection TH3.10.

The residual signal r{n), which is needed for finding the
target vecier §s also used in the adaptive codebook search to
extend the past excitation buffer. This sirmplifies the adaptive
codehook search procedure for delays less than the subframe
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size of 40 as will be explained in the next section. The LP
residual is given by

10 . (36)
ria)=sn)+ T as{n~i} n=0,...,39
=1

TM1.3.7 Adaptive-Codebook Search

The adaptive-codebook parameters {or pitch parameters) are
the deiay and gain, Tn the adaptive codebook approach for
implementing the pitch filter, the excitation is repeated for
delays less than the subframe lengih. In the search stage, the
excitation is extended by the LP residual to simplify the
closed-loop search. The adaptive-codebook scarch is done
every (5 ms) subframe. In the first subframe, a fractional
pitch delay T, is used with a resolution of ¥ in the range
{194, 84%] and integers only in the range [85, 143]. For the
second subframe, a delay T, with a resolution of %4 is dlways
used in the range [(intyT,~-53, (int)T+4%4}, where (int)T, is
the nearest integer to the fractional pitch delay T, of the first
subframe. This range is adapted for the cases where T,
straddles the boundaries of the delay range.

For each subframe the optimal delay is determined using
close&loop analysis that minimizes the weighted mean-
squared error. In the first subframe the delay T, is found be
searching a small range (6 samples) of delay values around
ihe open-loop delay T, (sce Subsection I1.4.7). The search
boundaries t,;, and b, are defined by

'thTc;"'a

if fpu, < 20 then g, = 20

B 2 Frin + 6

if 4, > 143 then
Lns = 143
Batn = By = 6

For the second subframe, closed-loop pitch analysis is done
around the pitch selected in the first subframe to find the
optimal delay T,. The search boundaries are between bpniri—?3
and t,, 4%, where t,, and t . are derived from T, as
follows:

bty = ({inO)T; - 5
ifr,,, <20 ben s, =20
D = Trun T 9
if 7., > 143 then
Fs = 143
L

The closed-loop pitch search minimizes the mean-squared
weighted error between the original and synthesized speech.
This is achieved by maximizing the term

39 3
Z_ x(n}yi{n} én

R(#) =i,

2 o
Zs yi{rha{n)

wheze x(n) is the target signal and y,(n) is the past filtered
excitntion ae delay k (past excliation convolved with h{n}).
Note that the search range is limited around a preselected
value, which is the open-loop pitch T,, for the first
subframe, and T, for the second subframe,

The conveolution ¥,(n) is computed for the delay t,,,,, and
for the other integer delays in the search range k=t . +1, . .
1,2 it is updated using the recursive relation

Py n-Trre{—R) AN}, n=39, .. . 0,

-t

(38)

—_
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wheze u(n), 0=—143, . . . ,39, is the excitation boffer, and
¥_1(—1}=0. Note that in the search stage, the samples ufn),
n=0, ... ,39 are not known, and they are needed for pitch
delays less than 40, To simplify the search, the LP residual
is copied to u(n) to make the relation in Eq. (38) valid for all
delays.

For the determination of T,, and T if the optimum integer
closed-loop delay is less than 84, the fractions around the
optimum integer delay have to be tested. The fractional pitch
search is done by interpolating the normalized correlation in
Eq. (37) and searching for its maximum. The interpolation
is done using a FIR filter by, based on a Hamming win-
dowed sine function with the sine truncated at 11 and
padded with zeros at %12 (b,,(12)=0). The filter has its
cut-off frequency (-3 dB) at 3600 Hz in the oversaropled
domain, The intespolated values of R(k) for the fractions
w34, =4, 0, ¥, and 3 are obtained using the interpolation
formula

3 3 (39}
R(k).='_§oﬂ{k—!)!>n(:+i.3)+'EOR(H1+s)bu(3-x+ i3,

r=0,1,2

where t=0, 1, 2 comesponds to the fractions 0, %5, and ¥,
respectively. Note that it Is necessary to compute correlation
texms in Eq. (37) using a range t,,,~hb,..+4, to allow for
the proper interpolation. :

IL3.7.1 Generation of the Adaptive Codebook
Vector

Once the noninteger pitch delay has besn determined, the
adaptive codebook vector v(n) is computed by interpolating
the past excitation signal u{n) at the given integer delay k
and fraction t

W= 4

5
|'=Ou{n-k+ i)b;.,(1+i3)+'_£ou(nmt+1+i)bn(3»:+ £3},

n=0,1,2

The interpolation filter by, is based on a Hamming win-
dowed sine functions with the sine truncated at 322 and
padded with zeros at 330 (Dag(30)=0). The filters has a
cut-off frequency (~3 dB) at 3600 Hz in the oversampied
domain. .

TL3.7.2 Codeword Computation for Adaptive
Codebook Delays

The pitch delay T, is encoded with & bits in the first
subframe and the relative delay in the second subframe is
encoded with 5 bits. A fractional delay T is represented by
its integer part (intyT, and a fractional part frac/3, frac=-1,
0, 1, The pitch index P1 is now encoded as
()T ~ 19)3 + fraz — 1, 0
ETi=(19,...,85),froc=[1,0,1]
P1=
({ins)T; ~ B5)} + 197,
#FTy=186,. .., 143], froc=0
The value of the pitch delay T, is encoded relative to the
vilue of T,. Using the same interpretaton as before, the
fractional delay T, represented by its integer part (inf)Ts,
and a fractional part frac/3, frac=—1, 0, 1, is encoded as
PI{inN Ty, ) * 3ifract2 S

where t,_, is derived from T, as befare.
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To make the coder more robust against random bit cors,
a parity bit PO is computed on the dclay index of the first
subframe. The parity bit is generated throngh an XOR
operation on the 6 most significant bits of P1, At the decoder
this parity bit is recomputed apd if the recomputed value
does not agres with the ransmirted valuc, an error conceal-
ment procedure is applied.

11.3.7.3 Compulation of the Adaptive-Codebook
Gain
Once the adsptive-codcbook delay is determined, the
adaptive-codebook gain g, is compuied as

9 @)
I xln)n)
= =0 , bounded by D & g, 1.2,

T
I, o)

where y(p) is the filtered adaptive codebook vector (zaro-
state respoase of W(zWA(z) to v{n)). This vectar is obtained
by convolving v{n) with h{n}

y(n):igo\«(ﬂﬁ(n—f} n=0,...,39. e

Note that by maximiving the term in Eq. (37) in most cases
>{: In case the signal contains only negative correlations,
the value of g, is set to 0.

13,8 Fixed Codebook: Structure and Search

The fixed codebook is based on an algebraic codebook
structure using an interleaved single-pulse permutation
{ISPP) design. In this codebook, cach codebook vector
contains 4 non-zero pulses, Each puise can have either the
amplitudes +1 or —1, and can assume the positions given in
Table 7.

The codebook vector o(n) is constructed by taking a zero
vector, and putting the 4 unit pulses at the found locations,
multiplied with their corresponding sign.

)~ i L2 B2y s 3B (-3}, A=0, . . . 39, (35)
where 5(0) is a unit pulsc, A special feature incorporated in
the codebook it that the selected codebook vector is filtered
through an adaptive pre-filter P(z) which enhances haomonic
components to improve the synthesized speech quality. Here
the filtes

PloRUPT (45}

TABLE 7

Stuchoe of fAixed eodebook C.

Palse Sign Puositions
50
51
52
£3

10
1
12
13

Q, 5, 10, 15, 20, 25, 30, 35
1, 6, 11, 16, 21, 26, 31,36
2, 7,12, 17, 22, 27, 32,37
3, 8, 13, 18, 23, 28, 33, 38
4,9, 14, 19, 24,79, 34, 39

is used, where T is the integer component of the pitch delay
of the current subframe, and P is a pitch gain. The value of
B is made adaptive by using the guantized adaptive code-
book gain from the previous subframe bounded by 0.2 and
0.8.

p=t, "B, 022pE0.8.

This filter enhances the harmonic structure for delays less
than the subframe size of 40. This modification is incarpo-

“n
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rated in the fixed codebook search by modifying the impulse
response h{n), according to

hin = myHik{n-T), =T, . . ,39.
II1.3.8.1 Fixed-Codebook Search Procedure

The fixed codebook is searched by minimizing the mean-
squared errar between the weighted input speech sw(n) of
Eq. (33), and the weighted reconstructed specch. The tarpet
signal used in the closed-loop pitch search is updated by
subtracting the adaptive codebook contribution. That is

(48}

(n{n)-ga(nh =0, . .. 39, (45

where y(n) is the filtered adaplive codebook vector of Eq.
(44).

The matrix H is defined as the fower triangular Toepliz
convolution matrix with diagonal h{0} and lower diagonals
h(1),...,h(39). If ¢, is the algebraiz codevector at index k,
then the codebook is searched by maximirzing the term

2 (50)

kL
o (Zow)
BT e

where d(n) is the correlation between the target signal x;{n)
and the impulse response h(n), ead ¢=HH is the matrix of
correlations of h(n). The signal df{n) and the mafrix & are
computed hefore the codebook search. The elements of d{n}
are computed from

dcn)=,.3§idw—n). ne0,...,39, 6o

and the elements of the symmetric matrix $ are computed

by

39 52)
#ify= £ n—DHn-R, GZ .
=t

Notz that cnly the elements actually needed are computed
and an efficdent storage procedure has been designed to
speed up the search procedure.

The algebraic structure of the codehook Callows for a fast
search procedure since the codebook vector ¢, contains only
four nonzero pulses. The correlation in the oumerator of Eq.
(50) for a given vector ¢, is given by

C= éo ax{m;}, &

where m; is the position of the ith pulse and n is its
amplitude. The energy in the degominater of Eq. (50} is
given by

E=% gmmyv2E 2 éh
—i=n i, iy de+ia|a_,4:(m;,m}).

To simplify the search procedue, the pulse amplitndes are
predetermined by guantizing the signal d(n). This is done by
setiing the amplitude of a pulse at a certain position equal to
the sign of d{n} at that position. Before the codebook search,
the following steps are done. First, the signal d{n} is decom-
posed into two signats: the absolute signal d'(n)=Id(n}| and
the sign signat signfd(n)}. Second, the matrix ¢ is medified
by incloding the sign information; that is, ’

Sl imsigldNsignldDR(EN, =0, . .- 30 A .. .,39. {59)

To remove the factor 2 in Eq. (54)
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FEIFOSHED, E0, . . 3 (56)

The correlation in Bq. {(53) is now given by

C=d (o prd (my H (mzhl (ma), (513

and the energy in Bq. (54) is given by
E=ff(myomta}
(g my Fr g m,)
g e mg g Y (om)

(g g Y (g (). (58}
A focused search approach is used to further simplify the
search procedure, In this appreach-a procomputed threshold
is tested befare eptering the last loop, and the loop is entered
only if this threshold is exceeded. The maximum number of
times the loop can be entered is fixed so that a low
percentage of the codeboak is searched. The threshold is
computed based on the correlation C. The maximum abso-
ute correlation and the average correlation due to the
contribution of the first three pulses, max, and av,, are found
before the codebook search, The threshold is given by
thry=avyHKy{mars—avs}. (59)
The fourth loop is entered only if the absolute correlation
(due to three pulses) exceeds thr,, where 05K <1. The value
of K, controls the percentage of codcbook search and itis set
fiere to 0.4. Note that this results in a variable search time,
and to further controt the search the number of times Lhe last
loop 15 entered {for the 2 subframes) cannot exceed a certain
maximum, which is set here to 180 (the average warst case
per subframe is 90 times).

T.3.8.2 Codeword Cormputation of the Fixed
Codebook

The pulse positions of the pulses i0, il, and i2, are encoded
with 3 bits each, while the position of i3 is encoded with 4
bits. Each pulse amplitnde is encoded with 1 bit. This gives
a total of 17 bits for the 4 pulses. By defining s=1 if the sign
is positive and &=0 is the sign is negative, the sign codeword
is obtained from

S=sH2051+4%52+48%53 (60)
and the fixed codebook codeword is obtained from
C=(USHE*(ILISHE4* (TS5 12#(24( M5 )x) {61y
where jz=0 if i3=3,8, . . , and jz=1 if 3=4,9, . ..

TIL3.9 Quaatization of the Gains

The adaptive-codebook gain (pitch galny and the fixed
{algebraic) codebook gain are vectar quantized using 7 bits.
The gain codebook search is done by minimizing the mean-
squared weighted error between original and reconstracied
speech which is given by

= ngpz}‘ﬁ-gczfz—Zgpx’y—chx’z+2ngJ5*. +im (62)

where x is Lhe target vector {see Subsection ML.3.6), y is the
filtered adaptive codebook vector of Eq. (44), and z is the
fixed codebook vector convolved with h(n),
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:(n)=§0=(wn~n n=0,...,%. 3}

TL3.9.1 Gain Prediction
The fixed codebook gain gc can be cxpressed as

212 ©h
where ¢, i5 a predicted gain based on previous fixed
codebook energies, and v is a carrection factor.

The mean cnergy of the fixed codebook contribution is
given by

_ I (65)
E=10log (m-—m JEOCF) .

After scaling the vector c, with the fixed codebook gain g,
the energy of the scaled fixed codebeok is given by 20 log
g+E. Let B™ be the mean-removed energy (in dB) of the
(scaled) fixed codebook contribution at subframe m, given
by

Ef™=10 log g +E-E, (66}

where E=30 4B is the mean energy of the fixed codebook
cxcitation. The gain g, can be expressed as a function of ~
E®™, E, and E by

g1 e )

The predicted gain g is found by predicting the log-
energy of the current fixed codebook contribution from the
log-enerpy of previous fixed codebook contributions. The
4th order MA prediction is done as follows. The predicted
coergy is given by

Bt biite, 0
£
where [b, by by b,l=[0.68 0.58 034 0.19] are the MA

prediction eoefficients, and R¢™ is the quantized version of
the prediction error R™ at subframe m, defined by
REP=plm e, (50}

The predicted gain g, is found by replacing E™ by its
predicted value in Eq (67).

ge10E -, ()
The correction factor vy is related to the gain-prediction emor
by .

RO=ErL B0 Tog(+). on

TIL3.9.2 Codebook Search for Gain Quantization

The adaptive-codebook gain, g, and the factor 7y are vector
quantized using a 2-stage comjugate structured codebook.
The first stage consists of a 3 bit two-dimensional codebook
GA., ond the second stage consists of a4 bit two-dimensional
codebook GB. The first element in each codebook represents
the quantized adaptive codebook gain f,, and the second
clement represents the ghantized fixed codebook gain cor-
rection factor 1. Given codebook indices m and n for GAand
GB, respectively, the guantized adaptive-codebook gain is
given by

£7GA{myHID (),
and the quantized fixed-codebook gain by

)

PagelD 161
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This conjugate structure simplifies the codebook search, . TABLES
by applyitg a pre-selection process. The optimum pitch gain Description of parumeters with ponzero initialzation.
g, and fxcd-codebook gain, g, are derived from Eq. (62}, 5 . o
and are used for the pre-selection, The codebook GA con- Variable Refermacs Initial value
tains § entrics in which the second clement {corresponding B Section 3.8 08
to g) has in geperal Jarger valucs than the first clement L Section 3.2.4 il
(corresponding to g,). This bias allows a pre-selection using 3:@., SS:E :-;"; _ig-9595: ees

the value of g. In this pre-selection process, a cluster of 4
vectars whose second clement are close to gx,, where gx, is
derived from g and g, Similasly, the codebook GB contains
16 cokies in whidlgﬁnvc a bias towards the first element
{corresponding to g). A cluster of 8 vectors wbose first
clements arc close to g, are selected. Hence for each
codebook the best 50% candidate vectors are selected. This
is followed by an exhaustive search over the remaining
4*8=32 possibilities, such that the ccmbination of the two
indices minimizes the weighted mean-squored error of Eq.
(62).

TL.3.9.3 Codeword Computation for Gain
Quantizer

The codewords GA and GB for the gain quantizer we
obtained from the indices cormesponding to the best choice.
To reduce the impact of single bit erars the codebook
indices are mapped.

11.3.10 Memory Update

An update of the states of the synthesis and weighting filters
is needed to compute the target signal in the next subframe.
After the two gains are quantized, the excitation signal, u{n),
in the present subframe is found by

uimp=g Mtz 50y - - 35 (e
where and g, arc the quantized adaplive and fixed
codebook gains, respectively, v(n) the adaptive codebook
vector (interpolated past excitation), and ¢(n) is the fixed
codebook vector (algebraic codevector including pitch
sharpening). The states of the filters can be updated by
filtering the signal r{n)-u(n) (differcnce between residual
and excitation) througb the filters V/A(z) and A(z/y, HA(Z/Y2)
for the 40 sample subframe and saving the states of the
filters. This would require 3 filter operations. A simpler
approach, which requires only onc filteting is as follows.
The local synthesis speech, 8(n), is computed by filtering the
excitation signal through 1/A(z). The output of the filter duc
to the imput r{m}—u{n) is equivalent to e{n)=s(n)-5(n}. So the
states of the synthesis filter 1/A(z) arc given by e(n), n=30,
...,39, Updating the states of the flter A{zh)/A(zfy,) can
be done by filtering the error signal e(n) through this filter to
find the perceptually weightsd error ew(n). However, the
signal ew(n) can be equivalently found by

ew{m=s(nyFH{rHEn) a5
Since the signals z({n), y(n), and z{n) arc available, the states
of the weighting filter are updated by computing ew(n) as in
Eq. (75) for p=30, . . . ,39. This saves two filter operations.

I 3.11 Bocoder and Decodsr Initialization
All static encoder variables should be {nitialized to 0, except

the variables listed in table 8. These variables need to be
initialized for the decoder as well.
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TIL4.0 FUNCTIONAL DESCRIFTION OF THE
DECODER

The signal flow at the decoder was shownin Subsection L2
(FIG. 4). First the parameters arc decoded (LP coefficients,
adaptive codebook vector, fixed codebook vector, and
guins), These decaded parameters are used to compute the
reconstructed speech signal, This process is described in
Subsection IIL4. 1. This reconstructed signal is enhanced by
2 post-processing operation copsisting of a postfilter and a
hipb-pass filter (Subsection TL4.2). Subsection IML4.3
describes the emor conceaiment procedure used when either
a parity error has occurred, or when the frame erasure fag
has been set.

TiL4.1 Parameter Decoding Procedure

The transmittcd parameters ace listed in Table 9. At startup
all static encoder variables sbould be

TABLE 9
Description of transmitied parameters indices. The bitstrmam ordering
is reflected by the omler in the table. For each parmueter
the most significant bit (MSB) is transmitted first,
Syminl  Description Bits
o Switclied predicter index of LSP quantizer £
Ly First sage vector of LSP quantizer T
12 Secand siage Jower vector of LSP quanlizer 5
13 Second stage higher vector of LSP quaatizer 3
Pl Piich delay 15t subframe 8
PO Parity bit for pitch 1
51 Signs of pulses st subframe 4
Ci Fixed codebook 1st subframe 13
GAl Gain eodebook (stage 1) 15t subframe 3
GB1 (Gain eodebook (stage 2) 1st subframe 4
P2 Pitch delay 2nd subfame 5
52 Signs of pitlses Znd subfame 4
c2 Fixed codebook 2nd subframe 13
QA2 (Ghin eodebook {stage 1) 2od subfame 3
GB2 (Gain codebook (stage 2) 2nd subfame 4
initialized to 0, except the variables listed in Tabie 8. The
decoding process is done in the following order:
TIL.4.1.1 Decoding of LP Filter Parameters

The received indices L0, L1, L2, and L3 of the LSP
quantizer are used to reconstruct the quantized LSP coefli-
cients using the procedure described in Subsection 11.3.2.4.
The interpolation procedure described in Subsection
HAL3.2.5 is used to obtain 2 interpolated LSP vectors
{corresponding to 2 subframes). For cach subframe, the
interpolated LSP vector is converted to LP filter coefficients
a;, which arc used for synthesizing the reconstructed speech
in the subframe.

The following steps are repeated for each subframe:

1. decoding of the adaptive codebook vector,

2. decoding of the fixed codebook vector,
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3, decoding of the adaptive and fixed codzbook gains,
4, computation of the reconstrucied speech,

T14.1.2 Decoding of the Adaptive Codebook
Vector

The received adaptive codebook index is used to find the
integer and fractional parts of the pitch delay. The integer
paxt (int)T, and fractional part frac of T, are obtained from
P1 as follows:

if F1< 197
(in)T; = {F1 +2Y3+ 19
froc = P1 — (inf)T)*3 + 38
alsa
(i), = P1 — 132
frac =0
end

The integer and fractional part of T, are obtained from P2
and t_,,, whexe b, is derived from P1 as follows

bt = (inOT; ~ 5
ifr,, <20 then 1., =20
b = St + 9
i1 > 193 then
by = 143
Tt = Boae = 2
enxd
Now T2 is obtained from
(inf) TP2A2Y 31+,
froc=P2-2-({P242)y3-1)*3

The adaptive codebook vectar v(n) is found by interpo-
Inting the past excitadon u(n) (at the pitch delay) using Eq.
(40).

TIL.4.1.3 Decoding of the Fixed Codebook Vector

The received fixed codebook index C is used to extract the
positions of the excitation pulses. The pulse signs are
obtained from S. Onece the pulse positions and signs are
decoded the fixed codebook vector o{n), can be constructed.
If the integer patt of the pitch delay, T, is less than the
subfrome size 40, the pitch enhancement procedore is
applied which modifies ¢(n) according to Bq. (48).

TL.4.1.4 DBecoding of the Adaptive and Fixed
Codebook Gains

The reccived gain codebook index gives the adaptive code-
book gain £, and the fixed codebook gain comection factor
% This procednre is deseribed in detail in Subsecton IL3.9,
The estimated fixed codebook gain g', is found using Eq.
{70). The fixed codebook vector is obtained from the product
of the quantized gain correction factor with this predicted
gain (Eq. (64)). The adaptive codebook gain is reconstrucied
using Eq. (72).

14.1.5 Computation of the Parity Bit

Befare the speach is reconstructed, the parity bit is recom-
puted from the adaptive codebook delay (Subsecton
1L3.7.2). If this bit is not identical to the ransmitied parity
bit PO, it is likely that bit errors oecurred during transmission
and the error concealment procedure of Subsection TIL4.3 is
used.

11.4.1.6 Computing the Reconstructed Speech

The excitation u(n) at the input of the synthesis filter (sce Eq.
(74)) is input to the LP synthesis filter. The reconstructcd
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speech for the subframe is given by

- 0.. s
:(n)="(n)—i§1 ofn—1i), n=0,...,39

where & are the interpolated L P filter coefficients.

The reconstructed speech &n) is then processed by a post
processor which is described in the next section.

H1L4.2 Post-Processing

Post-processing consists of three functions: adaptive
postfiltering, high-pass filtering, and signal up-scaling. The
adaptive postfilter is the cascade of three filters: a pitch
postfilter H,(z), a short-term postfilter H{z), and a tilt
compensation filter H/z), followed by an adaptive gain
control procedure, The postfilter is updated cvery subframe
of 5 ms, The postfiltering process is organized as follows.
First, the synthesis speech §(n) is inverse filtered {hrough
A(zfy,) to produce the residual signal im). The signal #(n) is
used to compute the pitch delay T and gain g, The signal
#(n) is filtered through the pitch postiilter H,(z) to produce
the signal r{n) which, in its tarn, is filtered by the synthesis
filter g A(2y,)]. Finally, the signal at the output of the
synthesis filter L{gA(z/y,)] is passed to the tilt compensa-
tion filter H{z) resulting in the postfiltered synthesis speech
sigpal sf(n). Adaptive gain controle is then applied berween
sf(n) and §p) resulting in the signal sf'(n). The high-pass
filtesing and scaling operation operate on the post filtered
signol sf(n) .

1M1.4.2.1 Pitch Postfilter
The pitch, or harmonie, postiilter is given by

Hylz) =-1~:;_L5;' (1+gor ) i

whese T is the pitch delay and go is a gain factor given by

£ Yp8pmn 8
whege g_,, is the pitch gain. Both the pitch delay and gain are
determined from the decoder output signal. Note that g, is
bounded by 1, and it is set to zeroif the pitch prediction gain
is less that 3 dB. The factor ¥, controls the amount of
harmonic postfiltering and has the value y,=0.5. The pitch
delay and gain are computed from the residual signal o}
obtained by filtering the speech §(n) through A(zfy,), which
is the nummerator of the short-term postilter {see Subsection
ML42.2)

. e 10
r(n)=1s(n}+ .2? Yolain o9
=1

The pitch delay is compnied using a two pass procedure. The
first pass sclects the best integer in the range [T,~1,T,+],
where T, is the integer part of the (transmitted} pitch delay
in the first subframe. The best integer delay is the one that
maximizes the comelation

ag. . 8D
k=T Heliln- ). (&0)

The second pass chooses the best fractional delay T with
resolution % around T, This is done by finding the delay
with the highest normalized carrelation.
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where £(n) is the residual signal at delay k. Once the optimal
delay T is found, the corresponding correlation value is
compared against a threshold. If R(T)<0.5 then the har-
rmopic postilter is disabled by setting g,,,=0. Otherwise the
value of g,;, is camputed from:

. 2
_ Ea r{n)n(n) &2

= , bounded by 0 & gr = 1.0,

ngu;l(u)?l(n}

The noninteger delayed signal £,(n) is first computed using
an interpolation fiiter d length 33. After the selectior of T,
f£,(n) is recomputed with a longer interpolation filter of

15

20

length 129. The new signal replaces the previous one only if

the longer filter incre.es the value of R'(T).

IL4.2.2 Short-Term Postfilter

The short-term postfilter is given by
10 (83)
- 5=t
1 Al 1 I+ i)=:1 'O
Bo=fy oy
A 1+ & bt

where A(z) is the received quantized LP inverse filter (LP
apalysis is not done at the decoder), and the factors ¥, and
v, control the amount of short-1erm postfiltering, and are set
to v,~0.55, and ¥,=0.7. The gaio term g,is calculated on the
truncated impulse response, h(n), d the filter A(z/y, ) A(zA,)
are given by

19 (8%)

gr= L think

II.4.2.3 Tilt Compensation

Finally, the filter H{z) compensates for the tlt in the
short-term postfilter H{z} and is given by

By =7 (k) @9

where Yk, is & tilt factor, k, being the first reflection
cocfficient calculated on hy{n} with

i 85
b=-20 ;nm=j.2:;ww+n o

The gain term g=1-ly | compensates for the decreasing
effect of g,in H{z). Furthermore, it has been shown that the
product flter H z)H(z) has generalty no gain

Two values far ¥, are used depending on the sign of k,. If
X, is negative, ¥~0.9, and if k, is positive, y~0.2.

IL.4.2.4 Adaptive Gain Contxo]

Adapfive gain coniro! is used to compensate for gain dif-
ferences between the seconstructed speech signal 8(n) and
the postfiltered signal sEn). The gain scaling factor G for the
present subframe is computed by
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The gain-scatcd postfiltered signal sf(n) is given by

H(nyg(r)An), 70, - . . 39, (88)

where g(n) is updated on a sample-by-sample basis and
given by ’

2(m)=0.855(m—10.15G, =0, . . .

The nital value of g{~1)=1.0.

38, (89

I1.4.2.5 Hipgh-pass Filtering and Up-Scaling

A high-pass filter at a cutoff frequency of 100 Hz is applied
to the reconstructed and postfiltered speech sf'(n). The filter
is piven by

053980581 -- 1.8795834z~ + 0.93980581r3 (50}
1~ 15330735:~! + 09358919912

Ha(z)=

Up-scaling consists of multiplying the high-pass filtered
output by a factor 2 to retrieve the input signal lsvel.

I.4.3 Concealment of Frame Erasures and Parity
Erors

An error concealment procedire has been incorporated in
the decoder to reduce the degradations in the reconstructed
specch because of frame erasures or random erors in the
bitsiream. This error concealment process is functional
when either i) the frame of coder parameters {comesponding
to a 10 ms frame) has been identified as being erased, ar if)
a checksum emor ocaurs on the parity bit for the pitch delay
index P1. The latter could occur when the bitstrean has been
corrupted by random bit errors.

If a parity error oceurs on P1, the delay value T, is set to
the value of the delay of the previous frame. The value of T,
is derived with the procedurc outlined in Subsection
T0.4.1.2, using this new value of T,. If consecutive parity
errors ocenr, the previous value of T,, incremented by 1, is
used.

The mechanism for detecting frame erasures is not
defined in the Recommendation, and will depend on the
application. The concealment strategy has to reconstruct the
curent frame, based on previously received information.
The method used replaces the missing excitation signal with
one of similar characteristics, while gradually decaying its
energy. This is done by using a voicing classifier based on
the long-term prediction gain, which is computed as part of
the iong-term postfilter analysis. The pitch postiilter {sce
Subsection IIL4,2.1) finds the long-term predictor for which
the prediction gain is more than 3 dB, This is done by sctting
a threshold of 0.5 on the nomualized correlation R'(k) (Eq.
(81)). For the error concealment process, these frames will
be classified as periodic. Otherwise the frame is declared
nonperiodic. An crased frame inherits its class from the
preceding (reconstructed) speech frame. Note that the voic-
ing classification is continuously updated based on this
reconstructed speech signal. Hence, for many consecutive
erased frames the classification might change, Typically, this
only happens if the odginal classification was periodic.

The specific steps taken for an ernsed frame are:

1. repetition of the LP filter parameters,
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2. attenuation of adaptive and fixed codebook gains,
3. attenuation of the memory of the gain predictor,
4, generation of the replacement excitation.

I4.3.1 Repetition of LP Filter Parameters

The LP parameters of the last good frame are used. The
states of the LSF predictor contain the values of the received
codewards 1, Since the current codeword is not available it
is computed from the repeated LSF parametess 3 and the
predictor memory from

. 4 4 (91)
= [~ }H) - * WJi=1,,..,. 10
h [uJ§ élmﬁ ]J(i Z,m ) i=1 10
TL4.3.2 Atienuation of Adaptive and Fixed
Codebook Gains
An attenuated version of the previous fixed codebook gain
is used.
=098, {92
The same is done for the adaptive codebook gain. In addition
a clipping operation is used to keep its value below 0.5
£ =09g, ™1 and g M 9. (53)
I11.4.3.3 Attenuation of the Memory of the Gain
Predictor

The gain predictor uses the energy of previonsly selected
codeboaks, To allow for a smooth continnation of the coder
once good frames are received, the memory of the gain
predictor is updated with an attenuated version of the
codebook enerpy. The value of R™ for the curent subframe
n is set to the averaged quantized gain prediciion error,
attenuated by 4 dB.

. 4 » 4
m-):(o.:s ;:1mm7)—wmm~)g—14. e9
=i

4.3.4 Geperation of the Replacement Excitation

The excitation used depends on the periodicity classifica-
tion. If the lnst correctly received frame wns classified ns
periodic, the cument frame is considered to be periodic as
well. In that case only the adaptive codebook is used, and the
fixed codebook contribution is set to zero, The pitch detay is
based on the last comectly received pitch delay and is
repeated for each suecessive frame. To avoid excessive
periodicity the delay is increased by ome for cach next
subfiame but bounded by 143, The adaptive codebook gain
is based on an attenuated value according to Bq. (33).

If the last comrectly recejved frame was classified as
nonperiodic, the current frame Is considered to be nonperi-
odic as well, and the adaptive codebook contribution is set
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to zero. The fixed codebook contributiop is generated by
randomly selecting a codebook index and sign index. The
random generator is based on the fonction

seed=seed*31821+13845, {95)

with the initial seed value of 21845. The random codebook
index is derived from the 13 least significant bits of the next
random number. The random sign is derived from the 4 least
significant bits of the next random pumber The fixed
codebook gain is aftenuated according to Eg. (52).

115 BIT-EXACT DESCRIPTION OF THE C5-
ACELP CODER

ANSI C code simuiating the CS-ACELP coder in 16 bit
fixed-point is avaflable from ITU-T. The following sections
suramnarize the use of this simulation code, and how lhe
software is organized.

TL5.1 Use of the Simulation Software

The C code consists of two main programs coder. c, which
simulates the encoder, and decoder. ¢, which simulates the
decoder, The encoder is run as follows:

coder inpuifile bstreamfile

The inputfile and cutputfile are sampled data files containing
16-bit PCM signals. The bitstream file contains 81 16-bit
words, where the first word can be used to indicate frame
crasure, and the remaining 80 words contain one bit each.
The decoder takes this bitstream file and produces a post-
filtered output file containing a 16-bit PCM signal.

decoder bstrezmfile outputfile
111,5.2 Organization of the Simnlation Software

In the fixed-point ANSI C simutation, only two types of
fized-point data are wsed as is shown in Toble 10. To
facilitate the implementation of the simulation code, foop
indices, Boolean values and

TABLE 10

Dala s usad in ANSI C simulation.

Type Muox, value  Min vale Drescriplion

Wordi6 Ox7HEE OxB000 signed 2's complement 16
bit word

Word3? Ox7EEEI.  O0x8000000F. - signed 2's complement 32
bit word

fiags use the type Flag, which would be either 16 bit or 32
bits depending on the target platform

All the computations are done using a predefined set of
hasie operators. The description of these operators is given
in Tablz 11. The tables used by the simulation coder are
summarized in Table 12, These main programs usc a library
of rontines that are summarized in Tables 13, 14, and 13,

TABLE 11

Basic eperations used in ANSE C simmulation

Wordl6 mtuee{Word32 L_vark) Limit to 16 bils
Wordl§ ad(Wordi6 varl, Word16 varZ) Sheet addition
Wordl 6 sub{Wordld var, Wondi6 vard) Short subtraction
Wordi 6 abs_s(Wordi6 vari) Short abs
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TABLE 11-continued
Dasic gperations used m ANSI C simulation.
Operation Description
Word)6 shi(Word16 varl, Wordi6 var2) Short shift laft
Word16 shr(Wordi6 varl, Word16 varZ) Sbost shift fight
Word 16 mult(Word!6 varl, Word16 var2} Shon muliiplication
Word32 L_mul{Word16 varl, Word16 var2) Leng multiplication
Wordi6 negate{Word16 varl) Short negats
Word16 extract_ h(Word32 L, varl) Extract high
Word16 extract | J(Word32 L_varl} Extract low
Ward 16 round{Word32 L varl) Reound
Word32 T_mac{Word32 L_var3, Wordi6 varl, Wordlé var2) Moz
Word32 L_msa{Word32 L_var3, Wordi6 varl, Wordl6 var2) My
Word32 L_macNs(Word32 L_vard, Word16 varl, Wordi6 var2) Mac without satl
Word3? L_msuls(Word32 L_var3, Word16 vari, Word16 var2) Msu without sat
Word32 L__add(Word32 L_varl, Word3Z L_var2) Long addition
Word32 I._suh(Word32 L_vari, Word32 L_var2) Lang sublraction
Word32 L_wdd__c(Wordd2 L_varl, Word32 L__var2) Loog ald with e
Word32 L_sub_e(Wonl32 L_varl, Word32 L_var2) Leng sub with ¢
Woed32 L segate(Word32 L_varl) Leng negale
Woed16 mult_(Ward16 varl, Wand 16 var?) Mulliplication with roure]
Woed32 L_ shi{Word32 L_varl, Word16 var2) Long shift left
Word32 2 I_varl, Word16 var2) Long shift tight
Word 16 shr,_x{Word16 varl, Word15 var2) Shift right with round
Word16 mac_ y(Word32 L_yar3, Wardi6 vark, Wordi6 var2) Mac with rounding
Word16 msu_x(Word32 L _yar3, Wordl6 vari, Wordif varz) My with rounding
Word32 L__depoait_h(Word16 varl) 16 bit vart »  MSB
Word32 L__deposit_I{[Word16 varl} 16 bit vari - LSB
Word32 L_shr_r(Werd32 1, _varl, Wordl6 var2) Long shift right with round
Woed32 T__abs(Waord37L_varl} Long abs
Woed32 L si(Word32 L_varl} Long saturation
Word 16 o, s{Word 16 varl) Shon norm
Word 16 div__s(Word16 varl, Wordi6 var2) Shom division
Woed i6 porm_HWard32 L_varl) Lepg nomn
TABLE 12 35 TABLE 12-continued
Sumunaty of tables. Surnreary of tabies,
File Table pame Size  Descriplion Fil= Table name Size  Description
tab_bhupe tab_hup_s 28 upsampling fller for pomfiller 40 computation
mb_hupe wb_hup_1 112 upsanphing filler for postiilter acelph prototypes for fixed
inter_3.c inter_3 13 FIR filter for interpalating codebook search
) the: correlation . 1d3kh prototypes and constants

pod_lBc inter_3 31  FIR flter for interpolating typedeth type definitions

past caciluicn
Lopeh.tah Ispcbi 128 x 10 LSP quantizer {frst sage) 15
[rpeb.tab 1spcb2 32 % 10 LSP quantizer {second stage)
Lspch.tab ig 2 X 4 x 10 MA predictors in LSP VQ
Lspch.tab fg_sum 2 x 10 used in LSP VQ TABLE 13
Lipch.tab fg_sum_jov 2x10 used in LSP VQ - "
qua_gunmb gkl 8x2 codebock GA in gain VQ —Summary of enceder spozific routines,
que_geinb  gbk2 16x2 codebook GB in gain VQ .
qua_gaiwtsh  mspi g8  used In gain VQ 50 Filerame Description
@agunsh - imapl B omedmmn e aelp_coc  Search fixed codebook
M‘:b l::f-zz 3 iﬁ psed ﬂ :;_: Vg oo Computs outncerelation fior L analysis
window.mb  window 240 LP analysis window az_lsp.c compute LSPs from LP cocficients
g winduh lag h 10 lag window for tandwidth m—"ﬁ'sk": cu:odminguum X

expansion (high part) 55 comvolve.c convelution operation ) o
lag_windtah  lag | 10 Lag windas for bandwidih m_hiii midnpui&m P o

Aeb , expansion (_Uwupmt} g _witchc compts adaptive codebock Zain

pridn grid 6t B“S,SP"’“"‘ = gimprede  gain predictor

to LSP conversion v ! "
mv_sqtib  table 45 lookup abls im fverse ’;’;—r'_l’;': ;’:’Pl‘md‘e‘;yf LS atoa

squase ool compulation © lag_wind.c lag-windowing
log2.mb table 33 lookup table in base 2 levimsonc Jevinson recursion

logarithm catnpization Ispene £ L5P encoding routins
lp_laftab  table 65  lockup table in LSF to LSP Ispgetae LSP quantizer

°?11Vﬂ"1°“ ‘“ﬂ vice versa Ispgeit.c compute LSP quantizer distortion
lsp_laftab slope 64 line Skopes in LSP to LSF lspgetw.c commputs LSP weights

conversinn 65 leplust.e select LSP MA predictor
powlab table 33 lookup tablein 2 lspprec pre-seleclion first LSP codebock
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TABLE 13-continued TABLE 15-continued
Filename Descriplion i Filename Description
lspprevc LSP predictor routines syn_filtc eynthesis fller
Ispseil.c first stage LSP quantizer weight_n.c bandwidih expansion LP coefficients
Ispseild.e second stage LSP quantizer
Ispstabe stabiliry test for LSP quantizer
pilch_fre closed-Toop pilch search 10 The invention claimed is;
pich_ole  epen-loop piich search . 1. A method for use in a speech decoder which falls to
’::f—cm‘ E’;ﬁ:::&gﬁgﬁi th;gﬂﬁﬁcm receive reliably at least a portion of each of first and second
qm'_zm fin quantizer consecutive frames of compressed speech information, the
qua_lsp.c LSP gmntizer 15 speech decoder including a codebook memory for supplying
rlspwe.c LSP quantizer a vector signal in response to a signal fepresenting pitch-
period information, the vector signal for use in geperating a
decoded speech signal, the method comprising:
TABLE 14 stosing 2 signal baving a value representing pitch-pesiod
Semage of decoder specific mulines. 20 ) mformn-tmn ct_::respondmg u? sa.t.d first frame; a:nd .
incrementing said value of said signal for use in said
Filename: Description second frame, such that said codebook memory sup-
& bpe eode 1P infarmation plies a vector signal in response to the incremented
&_acelps decode algebraic codebock value of said signal.
des_gaing decode gains ) 25 2. The method of claim 1 wherein the value of the signal
iﬁ:—{sﬁi mrﬁﬁ codebook index repesenting pitch-period information is in units of samples
P LSP decoding routine of a signal representing speech information.
post_pro.c post processing (HP filtering end scaling) 3. The method of claim 2 wherein the step of incrementing
pred_Mc gencration of adaptive codebook comprises incrementing a number of samples representing o
pite postfilter routines 30 piich-period.
4. The method of claim 1 wherein the signal value
representing pitch-period informtion comesponding to said
TABLE 15 first frame is equal to a value of pitch-period information
received in a frame in which no failure to receive informa-
Summmary of gencral routines, | 35 tion has occumed.
File Descriti 5. A method for use in a speech decoder which fails to
i M receive reliably at least a pordon of a frame of compressed
basicopZ.c basic operators speech information for first and second oonsecutive frames,
bits bit munipulation roulines the speech decoder including an adaptive codebook memary
&P;‘f {‘:‘:ré’o'fﬁ";:zfm 40 for supplying codebook vector signals for use in gencrating
inler_3c fractiomal delay interpolation a decoded speech signal in response fo 2 signal representing
Isp..oz.c compute LP fram LSP cocfficiznts pitch-period information, the method comprising:
BP—HI Lhc ﬁmﬁmﬁu “:t;‘::n LSP and LSF storing a signal having a value represeuting pitch-period
Lspexp.c expansion of LSP coclcients a5 information corresponding to said first frame; and
Lspstab.e stabillity test for LSP quantizer if said stored value does not exceed a threshold, incre-
i ;‘“1’“19 g‘ffhng;‘;i < codeboak menting said value of said signal for use in said second
randome random geneTatar frame.
residne computs residual sigoal
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HAND-HELD ELECTRONIC DEVICE WITH
A KEYBOARD OPTIMIZED FOR USE WITH
THE THUMIS

This is a continuation in part of U.S. Design Application
Ser. No. 20/089,942 cotitied Hand-held Messaging Device
with Keyboard, filed Jun, 26, 1998, and assigned to the
assignee of the present invention.

BACKGROUND OF THE INVENTION

The present invention is directed toward the field of small,
hand-held electronic devices such as personal data assistants
(PDA's}, personal information managers {PIM’s), 1wn-way
pagers and the like. In particular, the sysiem and method of
the present invention provide the user of the hand-held
device with the ability to input data with 2 minimal amount
of key strokes and optimized for use substantiaily with the
thumbs.

In 2 twn-way paging system that provides Lwo-way, full
{ext messaging, there is a need {o permit the user to initiate
messages and to respond to messages in a timely fashion and
with text entircly created by the user. In order 10 keep the
form factor of the two-way pager smail enough to be worn
on the body of the user, such as with a helt clip, the input
device needs to be small, have a minimal number of keys
and optimized for use with a minimal number of key strokes.
Prior ort sysiems have attempted to address these needs by
incorporating virtual keyboards or pen-based input systems
for user inputs to the device, but such systems require the
user 1o input data in an unfamiliar manncer. Additionally, in
a smatl band-held messaging device, such as a two-way
pager, thesc sysiems prove awkward to usc,

In order to provide a hand-held electronic device that
permits a user the opportunity o enier data into an address
book, a calendar, a task list, an cmail message 0f @ similar
text file that requires uscr-generaied data, the instant inven-
tion §s direeted 10 an input device that is oriented to be used
substantially through use of the thumbs, This is accom-
plished first by praviding a keyboard with a minima} pumber
of keys, but with the keys represeoting the alphabet gener-
ally placed in the same order as they would appear on a
standard kevhoard, such as in a standard QWERTY ar a
DVORAK keyboard layout. The use of a keyboard layout
that is familiar to the user eoables the user o immediately
use the device without having to hunt for the keys be or she
wishes to use.

Although the fayout is similar to a standard keyboard, the
keys arc placed a1 an orientation and in a pasticular shape
(hat atiempts o maximize the surface area of the thumb
hitting the key and to provide the user with a comfortable
position of the hands for data input. Also, the orientation
encotrages input by the thumbs, which the inventors of the
instant invention have discovered to be faster and more
accurate in small hand-held electronic devices than touch-
typing or “hunting and pecking” typing.

An additional feature of the invention is the use of an
additional input means for control of functions that might
otherwise be controlied by a keyboard that included function
keys. To encourage data entry using tbumbs and again lo
minirmize the number of keys on the keyboard, the instant
tnvention also includes a thumb-wheed for control of menus
for selection of forms and functions relevant to data input.
The thumb-whee! is positioned in close proximity to tbe
keyhoard to enable the casily transition from themb-based
typing to thumb control of forms and functions.

In addition to hardware features that encourage optimal
data eotry through the use of thumbs, there are several
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software featnres that are designed to minimize keystrokes
and aid in cotry of data.

The features of this invention, both individually aod
coliectively, have not, to the knowledge of the inveniors,
been applied to a small hand-held clectronic device that
requires user-gencraled data eniry. To permit efficient opera-
tion of such devices while keeping the form factor of the
device smali enough to be worn on the body, there is a
genetal nced for a hand-held ¢lectronic device that can fit in
the palm of the hand and that can be operated substantially
with the tbumbs.

There is a further need for a keyboard for a palm-size data
entry device with keys placed at an angle to optimize
operation of the keyboard by the use of the thumbs.

There remains another need for a keyboard with keys that
are shaped and sized to maximize contact with the shumhs
while minimizing the keyhoard area required for such keys.

There also remains a need for an auxiliary input device
that is to be operated by the thumb for data inputs forms and
Function control and that, in conjunction with the keyboard,
encousages and permits data eniry and management through
input performed substantially by the thumbs.

There remains sill another need for a sofiware-
implemented user interface system that is designed, at Jeast
in patt, to support and encourage data eniry through use of
the thumbs.

SUMMARY OF THE INVENTION

The present invention overcomes the problems noted
above and satisfies the needs in this field for a hand-held
electronic device with a keyboard optimized for use with the
thumbs. In the preferred cmbodiment of the present
invention, the hand-held electronic device is a two-way
paging device that permits fuli-text, two-way messaging
such as email messaging and that includes standard PDA or
PIM fentures such as an address book, an clectronic
calendar, o task list and other text-based features. Such
features require user input of text strings that can be lengthy
and that cannot be reduced to pre-determined or “canned”
strings. Thus, for such a device, the efficient entry of data in
a device meant to fit into the palm of one’s band requires that
two goals asc achicved. First, the data epiry must be rela-
lively casy from a user perspective. This means that the user
must be somewhat familiar with analogous forms of data
entry and not have to be trained 10 use the data entry for the
hand-held device. Second, tbe form factor does not permit a
large number of keys or keys that are very large. Thus,
efcient use of the keyboard space is required and lunctions
that might be able 10 be performed by a standard keyboard
are ol-loaded 1o an auxiliary input device or are performed,
through a minimal number of keystrokes that encourage the
use of thumb-based data entry.

To accomplish these goals, the invention first oplimizes
the placement of the keys on the device keyboard. In order
10 work within the limited space available for the keyboard,
it was determined that it was prefcrable to use keys that were
ovai or oblong and that werc placed at angles designed (o
facibitate use by thumb typing. An angle for the keys on the
right side of the keyboard and a compicmentary angle for the
keys on the left side of the keyboard are chosen based upon
ohservation of the angle at which a user will oricnt his or her
thumbs while thumb-typing.

As shown in FIG. 2, the keys 901 on the keyboard are
preferably arranged in arced rows 901. As also shown in
FIG. 2, the rows of keys 901 are arced with respective radii
increasing [rom a lower row near the bottom of the keyboard
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towards an uppes row ncar the top of the keyboard. The arcs
along which the keys 901 are positioned may be concentric,

The invention also minimizes the number of keys avail-
able for data input. In the prefesred embodiment, only keys
For the 26 letters of the English alphabet are available as well
as a backspace key, a line feed key, an “alt” key, a “cap” key
and a space har. The alt key cnahles the user in conjupction
the other keys to input numbers and symbols to perform
certain functions. The placement of the keys is designed to
enhance the user experience while typing with the thumbs
by meeting two seemingty opposite goals—minimizing the
keyboard footprint while maximizing the likelihood that
propes keys will be struck by the thumb-typing user.

The invention also provides additional incentive for the
user 1o us¢ thumb input by providing an input device
adjacent to the keyboard, but intcgral to the overall hand-
held device. Although other devices can be used in an
auxiiiary fashion, the preferred device is a thumbwhbeel that
rcgisters movement of the wheel by measuring the number
of indents traversed while rolling the wheel and that alse
fegisters as an input the depression or “clicking” of the
wheel, which is performed by pressing the wheel toward the
back of the pager. This clicking of the wheel is similar to the
clicking of a mouse associated with a PC or any other input
device that registers the depression of a huiton. The thum-
bwheel in tie preferred embodiment is placed vesticaily on
the two-way paging device 50 that the uscr can casily move
his or her thumb from the thumbwheel 1o the keyboard and
back for performing functions and retrieving data forms,
such as an e-mail template or address book eniry templale,
for data entry.

Additionaily, various sofiware techniques can be imple-
mented to enhance the thumb-typing uses's expericnce in
using the device of the instant invention. In the preferred
cmhodiment, for cxample, the user can change the capitali-
zation of a particular letter simply by keeping a key
depressed for a particular fength of time without an inter-
mittent reicase being detected by the keyboard controlier.

‘The primary advantage of the present invention is that it
enables ellicient and userfriendly data cniry into a palm-
sized electronic device by maximizing the potential for user
data eniry through tbumb typing.

These are just a few of the many advantages of the present
invention, as described in more detail below. As witl he
appreciated, the invention is capable of other and different
embodiments and its several details are capabic of modifi-
cations in various respects, all without departing from the
spirit of the invention. Accordingly, the drawings and
description of the preferred embodiment set forth helow arc
1o be reparded as illustralive in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention satisfies the needs noted above as
will become apparent from the following description when
rcad in conjunction with the accompanying drawings
wherein:

FIG. 1 is a biock diagram of a two-way, [uil-text, mes-
saping device incorporating a keyboard and an auxiliary data
cotry device.

[1G. 2 is a froptal view of the hand-held device showing
the shape and placement of the keys on the keyboard and the
auxiliary input device.

FIG. 3 is a diagram of showing the shape, size and
placement of the keys on the keyhoard.

FIG. 4 is a diagram of the centrol circvitry for the
thumbwheel.

5
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DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the drawings, FIG. 1 is a block diagram
of the major subsystems and clements comprising 2 palm-
sized, mebile, two-way messaging device that preferably
incorporates the invention. In its broadest terms, the mes-
saging device includes a transmitter/receiver suhsystem 1040
connected to a DSP 200 for digital signal processing of the
incoming and outgoing data iransmissions, power supply
and management suhsystem 300, which supplies and man-
apes power to the overali messaging device components,
microprocessor 400, which is preferably an XB6 architecture
processar, that contrals the operation of the messaging
device, display 500, which is preferably a full graphic LCI,
FLASH memory 6§00, RAM 700, scrial cuiput and port 800,
keyboard 900, thumbwheel 1000 and thumbwhee] control
logic 1010. In its intended use, a message comes via a
wircless data network, such as the Mohitex network, inio
subsystem 100, where it is demodulated via DSP 200 and
decoded and presented to microprocessor 300 for display on
display 500. To access the display of the message, the user
may choose from functions listed under a mepu presented as
a result of user interiction with thumbwheel 1000, If the
message is an email message, the user may chose to respond
to the email by selecting “Reply” from a menu presented on
the display through interaction via thumbwheel 1000 or via
menu selection from keyboard 900. In typing the reply, the
user can usc keyboard 900 to type full text message replics,
or insert pre-determined or “canned” response by using
cither a particular keystroke patiern or through pulling down
pre-determined tex: strings from a menu of items presented
on display 500 through the use of thumbwhecl 1000 When
the reply to the message is composed, the user can initiate
the sending of the message preferably by intcraction through
thumbwheel 1000, or altermatively, with less cfficiency,
through a combination of keyboard 900 keystrokes. When
the microprocessor 300 receives an indication that the
message is io be sent, it processes the message for transport
and, by directing and communicating with transmitier/
reoeiver subsystem 100, enables the reply message to he senl
via the wircless communications data metwork to the
intended recipicnt. Similar {nieraction through 1/0 devices
keyboard 900 and thumbwheel 1000 can be used to initiate
full-lext messages or 1o forward messages to another party.

* Alsa, the keyboard 900 and thumbwheel 1000 can be used

50

60

1o permit data entry to an address book resident on the
messaging devige, or an clectronic calendar or log hook, or
any other function on the messaging device requidng data
entry. Preferably, the thumbwheel is a thumbwheel with a
push bution SPST with quadrature signal outpuls, such as
that mapufactured by Matsushita Electronic Components
Co. Ltd. as part number EVQWE2001.

FIG. 2 is a front view of messaging device 10 tha
incorporates the invention. Shown in FIG. 2 arc a plurality
of Iciter keys 901, and specialized keys 902, 803, 904 and
905 and space bar 906. Also shown is thumbwheel 1¢00 in
its vertical orientation and in association with display 500
and keyboard 900. In the preferred embodiment, 502 is the
alt key, 903 is the cap key, 904 is the line feed key and 905
is the backspace key.

F1G. 2 also shows the arrangement of keys 901 on the
keyboard into multiple rows. Eacb of the rows of keys 901
preferably defines an arc along which the keys 901 are
positioncd. Such an arrangement of the keys 901 not only
facilitates thumb typing but also reduces the space occupied
hy the keyhoard. The arced rows of keys 801 shown in FIG.
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2 allow [or location of the space bar 906 in ils conventional
keyboard position but reduce the amount of unaccupied
space at the ends of the space bar 906.

F1G. 3 is a view of a subset of the ietter keys 901, showing
the dimensions and relative posilion of the keys. Shown also
is the point 950 that marks the center of keyboard 900, key
dimensions 970, 971, 972 and 973, as well as angle 960 and
the rho value 965, representing curvature of a letter key 901.
In investigating optimal key placement on the keyboard, it
was determined that the keys should be placed at an angle
960 refative to vertical that facilitated casy typing using
thumbs. That angle is preferably positive 40 degrees relative
to vertical for keys on the right side of the keyboard {where
950 is the center of the keyhoard) and negative 40 degrees
for the keys on the Icft side of the keyboard, although
complementary angics ranging from 20 degrees to 70
deprees could also be used to accomplish the goal, albeit less
optimally, of facilitating thumb typing. Also as shown on
FIGS, 2 and 3, the keys are dispersed across keyboard 900
cvenly so that there is sufficient space between the keys 1o
decrease the opportunity for multipie keys being depressed
while thumb typing. Additionaily, the keys arc sized appro-
priately given the footprint of the messapging device and the
keyboard 900. In its preferred embodiment, the messaging
device 10 measures across its face 64 mm by 89 mm, which
dots not leave much room for keyboard 900 and display
500. In the preferred embodiment, keyboard 900 occupics
over haif of the face of the messaging device 10.

“The key shape and dimensions arc also key components
of the invention. In order to maximize the surface arca of the
key that a thumb would hit, the keys are preferably aval, and
have a tho 965 defining the curvature of the key of 0.414,
although values may range higher or lower. Other rha valucs
will lead to an acceptable, bul not as optimal or aesthelically
pleasing shape of keys 901, As to the key dimensions, the
width 970 of the key 901 is 4.8 millimeters (871 represent-
ing the radius of half that value, 2.4 mm} and the length {or
height) 972 of the key 901 is 7 millimeters (973 representing
the radius of half that value, 3.5 mm).

Turning 1o one of the software features that aids in the
device 10 being opimally used [or thumb typing is a
capitalization feature implemented via seftware. I o user
depresses a key 901, the operating system detects a key
down cvent. If the key is released after a period of time, the
operating system detects a key up event. i upon a key down
event, a pericd of time clapses before a key up event is
detected, the operating syslem determines that a key repeat
event has occurred representing a situation where 4 user has
continued {o depress a key without releasing it. Akey repeal
cvent is then trealed by application software residing in
cither FLASH 600 or RAM 700 as an event that requires the
capitaization of the key previously depressed. This feature
disabies a key repeat feature and substituies instead a
capitalization feature based upon a key repeat. The timing of
the key scanning lo determinc whether a key has been
releascd can be set to permit a slower keyboard response ar
a {aster keyboard response, depending upon user expericnce
or preferences, Although the capitalization function prefer-
ably works nnly to change the state of a leiter 1o a capital,
it alternatively could operate to change a capital letter to a
lower case letter. The actual display is changed by the
application program substituting the value of the capital
letter in the register that halds she value of the ietter to be
displayed. As alternatively implemented, the conlinucd
depressing without release of a letter key couid result in a
key oscitlating between upper case and Jower case, depend-
ing on the length of time the key is depressed.
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FIG. 4 is the logic circuitry 1010 associaled with thum-
bwheel 1000. Thumbwheel 1000 outputs quadraiure signals
phase A 1021 and phase B 1022, which are processed by D
Nip-fops 1031 and 1032 1o present signals 1841 W__UP and
1042 W_DN to microprocessor 300, Signals 1041 and 1042
represent, respectively, a user roliing the thumbwheel up and
rolling the thumbwheek down.

Having described in detail the preferred embodiments of
the present invention, including the preferred methods of
operation, it is to be understood that this operation could be
carried out with different elements and steps. This preferred
embodiment is presenied only by way of example and is not
meant o Hmil the scope of the present invention which is
defined by the following ciaims.

What is claimed is:

1. A handheld device optimally configured for use with
the thumbs of user, comprising:

tiited at a positive angle relative to a common vertical

reference through the device, and each oblong shaped
key in the second set of oblong shaped keys is titled at
a negative angle relative to the common vertical refer-
ence throuph the device;

an auxiliary input device positioned in relative proximity

to the keyboard,;

a display positioned adjacent to the keyboard; and

software residing in the device for providing functionality

lo inputs received from the auxiliary input device and
the keyboard.

2. The device as claimed in claim 1, wherein the first and
second set of oblong shaped keys are oval shaped.

3. The device as claimed in claim 1, wherein the positive
angle is about 40 degrees and the negative angle is about 40
degrees.

4. The device as claimed in claim 3, wherein a rho value
defining the curvature of the first and second set of obleng
shaped keys is about 0.414,

5. The device as claimed in claim 4, wherein the auxiliary
input device is a thumbwheel.

6. The device as claimed in claim 3, wherein the thum-
bwhee! is vertically oriented.

7. The device as claimed in claim 4, wherein the device
i5 a {wo-way pager.

8. The device as claimed in claim 5, wherein the device
is an integrated cmail device.

9. The device as claimed in ciaim 6, wherein the device
is a personal digital assistant.

10. The device of claim 1, wherein the first and second
sets of objong shaped keys arc positioned on the device
along an arc.

11. The device of claim 1, wherein the first set of oblong
shaped keys and the sccond sct of oblong shaped keys
comprise a first row of keys.

12. The device of claim 11, further comprising a second
row of ablong shaped keys positioned on the device beneath
the first row of obiong shaped keys.

13. 'The device of claim 12, wherein the first and second
rows of oblong shaped keys are positioned on the device
along respective first and second arcs.

14, The device of claim 13, wberein the first and second
arcs are concentric.

15. A handheld device optimally configured [or use with
the thumbs of a user comprising;

{(a) a device housing; and

(b} a keyboard residing on the housing, the keyboard

having a first set of oblong shaped keys and a second
set of ablong shaped keys, wherein each oblong shaped
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key in the first set of oblong shaped keys is tifted a1 a
positive angle relative to a vertical reference and each
oblong shaped key in the second set of oblong shaped
keys is tijted at a negative angle relative to the vertical
reference.

16. The Bandheld device of claim 15, wherein tbe first and
second set of oblong shaped keys are oval shaped.

17. The handheld device of claim 16, wherein a rho value
defining the curvature of the oblong shaped keys is about
0.4,

18. The handheld device 15, wherein the positive angle is
about 40 degrees and the negative angle is about 40 degrees.

19. The handheld device of claim 15, wherein the first and
second sets of oblong shaped keys are positioned on the
device along ihe arc,

20, ‘The handheld device of claim 15, whercin the first set
of oblong shaped keys and the sccond set of ablong shaped
keys comprise a first row of keys.

21. The handheld device of claim 20, Further comprising
a second row of oblong shaped Leys positioncd on the device
beneath the first row of oblong shaped keys.

22 The handheld device af claim 21, wherein the first and
second rows of oblong shaped keys are positioncd on the
device along respective first and second arcs.

23, The handheld device of claim £5, wherein the fizst and
second sets of oblong shaped keys form a QWERTY key-
board.

24. The handbeld device of claim 15, wherein the hand-
held device is a two-pager, a cellular telephane, a poriable
digital assistant, or an clectronic organizer.

25. A keyboard for use with a handheld electronic device,
camprising:

a first set of oblong shaped keys and a set of ablong
shaped keys, wherein each key in the first set of oblong
shaped keys is tifted al a positive angle relative to 2
vertical reference and cach oblong shaped key in the
second set of oblong shaped keys is titled at a negative
angle relative to the vertical reference,

26. The keyboard of claim 25, wherein the first and

second sct of oblong shaped keys are oval shaped.

27. The keyboard of claim 26, wherein 2 rho value
defining the curvature of the oblong shaped keys is about
04.

28. The keyboard of ciaim 25, wherein the positive angle
is about 40 deprees and the negative angle is about 40
degrees.

39. The keyboard of claim 25, wherein the first and
second scis ol oblong shaped keys are positioncd on the
device along the arc.

30, The keyboard of claim 25, wherein the first set of
oblong shaped keys and the second set of oblong shaped
keys comprise 2 first row of keys.

31. The keyboard of claim 30, further comprising a
second row of oblong shaped keys positioned oo the device
beneath the first row of oblong shaped keys.

32. The keyboard of claim 31, wherin the first and
second rows of oblong shaped keys are positioned on the
device along respective first and second arcs.

33, The keyboard of claim 25, whercin the first and
second sets of oblong shaped keys form a QWERTY key-
board.

34. The keyboard of claim 25, wherein the frst and
second sets of oblong shaped keys form 2 DVORAK key-
board,

35. The keyboard of claim 25, wherein 1he positive and
negative angles are in the range af about 20 to 70 degrees
from the vertical reference.

36. The keyboard of claim 25, wherein the keys in the first
and second sels of keys are separated from cach other by a
common Spacing.
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37. The keyboard of claim 25, whezcin the keys in the first
znd second sets of keys are about § millimeters in width and
7 millimeters in length.

38. A QWERTY keyboard for use with a handheld clec-
tronic device, comprising:

2 first set of oblong shaped keys and a second set of
abjong shaped keys, wherein each key in the first set of
keys is tilted at 2 positive angle relative to a vertical
reference and cach key in the second set of keys is tilted
at a negative angle relative 10 the vertical reference,

wherein the first and second set of keys form a QWERTY
keyboard.

39. An electronic communication device, comprising:

a ransceiver for trapsmitting and receiving lexi messages;

a keyboard for composing tex! messages to be transmitted
by the transceive, wherein the keyboard includes a first
set of oblong shaped keys and a second set of obiong
shaped keys, wherein each key in the first set of keys
is tilled at a positive angie relative to a vertical refer-
ence and cach key in the second set of keys is tilted at
a negalive angfe relative Lo the verticai reference; and

a display for displaying the received text messages.

40, The electronic communication device of claim 389,
wherein the first and second sets of keys are oval shaped
keys.

41, The clectronic communication device of claim 39,
funther comprising:

an auxiliary input device for selecting an aperation to be
peeformed by the device, wherein a meou of operations
is presented on the display.

42. The electronic communicaiion device of claim 39,

wherein the text messages arc e-mail messages.

43, The electronic communication device of claim 38,
wherein the transceiver includes:

a first antenna for receiving a text message; and

a second antepna for transmitting a fexi message,

44. The clectronic communication device of claim 43,
wherein the transceiver further includes:

a receiver, coupled to the first antenna, {or demadulating

the received text message; and

a transmitier coupled to the second antenna, for general-
ing 2 modulated text message.

45. The electronic communicalion deviee of claim 44,

wherein the transceiver further inciudes:

a digital signai processor coupied to the transmitter and
the receiver for processing demodulated text messapes
from the receiver, and for providing modulation infor-
malion 1o the transmiiler.

46. A keyboard for use with a handheld electronic device,

comprising:

a first set of oblong shaped keys and a sccond set of
oblong shaped keys, wherein the keys in the first set of
keys arc tilted at a first angle relative fo 1 vertical
reference and the keys in the second set of keys are
tilted at a second angle relative to the vertical reference,

wherein the first and second set of keys form a QWERTY
keyboard.

47. The keyboard of claim 46, wherein the ablong shaped

keys are oval shaped.

48. The keyboard of claim 46, wherein the handheld
clectronic device is a cellular telephone, a two-way pager, a

s personal digital assistant, or an clectronic organizer.

L I ] *
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HAND-HELD E-MAIL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 09/106,585, filed on Jun. 29, 1998 U.S. Pat. No.
6,278,442, which is a continuation-in-part of U.S. Design
Application Ser. No. 29/089,942, entitled Hand-held Mes-
saging Device with Keyboard, filed on Jun. 26, 1998 U.S,
Pat, No. 416,256 and assigned to the assignee of the present
invention.

BACKGROUND OF THE INVENTION

The present invention is directed toward the field of small,
hand-held electronic devices such as personal data assistants
(PDA’s), personal information managers (PIM’s), two-way
pagers and the like. 1n particular, the system and method of
the present invention provide the user of the hand-held
device with the ability to input data with a minimal amount
of key strokes and optimized for use substantially with the
thumbs.

In a two-way paging system that provides two-way, full
text messaging, there is a need to permit the user to initiate
messages and to respond to messages in a timely fashion and
with text entirely created by the user. In order to keep the
form factor of the two-way pager small enough to be worn
on the body of the user, such as with a belt clip, the input
device needs to be small, have a minimal number of keys
and optimized for use with a minimal number of key strokes.
Prior art systems have attempted to address these needs by
incorporating virtual keyboards or pen-based input systems
for user inputs to the device, but such systems require the
user to input data in an unfamiliar manner. Additionally, in
a small hand-held messaging device, such as a two-way
pager these systems prove awkward to use.

In order to provide a hand-held electronic device that
permits a user the opportunity to enter data into an address
book, a calendar, a task list, an email message or a similar
text file that requires user-generated data, the instant inven-
tion is directed to an input device that is oriented to be used
substantially through use of the thumbs. This is accom-
plished first by providing a keyboard with a minimal number
of keys, but with the keys representing the alphabet gener-
ally placed in the same order as they would appear on a
standard keyboard, such as in a standard QWERTY or a
DVORAK keyboard layout. The use of a keyboard layout
that is familiar to the user enables the user to immediately
use the device without having to hunt for the keys he or she
wishes to use.

Although the layout is similar to a standard keyboard, the
keys are placed at an orientation and in a particular shape
that attempts to maximize the surface area of the thumb
hitting the key and to provide the user with a comfortable
position of the hands for data input. Also, the orientation
encourages input by the thumbs, which the inventors of the
instant invention have discovered to be faster and more
accurate in small hand-held electronic devices than touch-
typing or “hunting and pecking” typing.

An additional feature of the invention is thus use of an
additional input means for control of functions that might
otherwise be controlled by a keyboard that included function
keys. To encourage data entry using thumbs and again to
minimize the number of keys on the keyboard, the instant
invention also includes a thumb-wheel for control of menus
for section of forms and functions relevant to data input. The
thumb-wheel is positioned in close proximity to the key-
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board to enmable the easily transition from thumb-based
typing to thumb control of forms and functions.

In addition to hardware features that encourage optimal
data entry through the use of thumbs, there are several
software features that are designed to minimize keystrokes
and aid in entry of data.

The features of this invention, both individually and
collectively, have not, to the knowledge of the inventors,
been applied to a small hand-held electronic device that
requires user-generated data entry. To permit efficient opera-
tion of such devices while keeping the form factor of the
device small enough to be worn on the bedy, there is a
general need for a hand-held electronic device that can fit in
the palm of the hand and that can be operated substantially
with the thumbs.

There is a further need for a keyboard for a palm-size data
entry device with keys placed at an angle to optimize
operation of the keyboard by the use of the thumbs.

There remains another need for a keyboard with keys that
are shaped and sized to maximize contact with the thumbs
while minimizing the keyboard area required for such keys.

There also remains a need for an auxiliary input device
that is to be operated by the thumb for data inputs forms and
function control and that, in conjunction with the keyboard,
encourages and permits data entry and management through
input performed substantially by the thumbs.

There remains still another need for a software-
implemented user interface system that is designed, at least
in part, to support and encourage data entry through use of
the thumbs.

SUMMARY OF THE INVENTION

The present invention overcomes the problems noted
above and satisfies the needs in this field for a hand-held
electronic device with a keyboard optimized for use with the
thumbs. In the preferred embodiment of the present
invention, the hand-held electronic device is a two-way
paging device that permits full-text, two-way messaging
such as email messaging and that includes standard PDA or
PIM features such as an address book, an electronic
calendar, a task list and other text-based features. These
features require user input of text strings that can be lengthy
and that cannot be reduced to predetermined or “canned”
strings. Thus, for such a device, the efficient entry of data in
a device meant to fit into the palm of one’s hand requires that
two goals are achieved. First, the data entry must be rela-
tively easy from a user perspective. This means that the user
must be somewhat familiar with analogous forms of data
entry and not have to be trained to use the data entry for the
hand-held device. Second, the form factor does not permit a
large number of keys or keys that are very large. Thus
efficient use of the keyboard space is required and functions
that might be able to be performed by a standard keyboard
are off-loaded to an auxiliary input device or are performed,
through a minimal number of keystrokes that encourage the
use of thumb-based data entry.

To accomplish these goals the invention first optimizes
the placement of the keys on the device keyboard. In order
to work within the limited space available for the keyboard,
it was determined that it was preferable to use keys that were
oval or oblong and that were placed at angles designed to
facilitate use by thumb typing. An angle for the keys on the
right side of the keyboard and a complementary angle for the
keys on the left side of the keyboard are chosen based upon
observation of the angle at which a user will orient his or her
thumbs while thumb-typing.
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The invention also minimizes the number of keys avail-
able for data input. In the preferred embodiment, only keys
for the 26 letters of the English alphabet are available as well
as a backspace key, a line feed key, an “alt” key, a “cap” key
and a space bar. The alt key enables the user in conjunction
the other keys to input numbers and symbols to perform
certain functions. The placement of the keys is designed to
enhance the user experience while typing with the thumbs
by meeting two seemingly opposite goals—minimizing the
keyboard footprint while maximizing the likelihood that
proper keys will be struck by the thumb-typing user.

The invention also provides additional incentive for the
user {o use thumb input by providing an input device
adjacent to the keyboard, but integral to the overall hand-
held device. Although other devices can be used in an
auxiliary fashion, the preferred device is a thumbwheel that
registers movement of the wheel by measuring the number
of indents traversed while rolling the wheel and that also
registers as an input the depression or “clicking” of the
wheel, which is performed by pressing the wheel toward the
back of the pager, This clicking of the wheel is similar to the
clicking of a mouse associated with a PC or any other input
device that registers the depression of a bullon. The thum-
bwheel in the preferred embodiment is placed vertically on
the two-way paging device so that the user can easily move
his or her thumb from the thumbwheel to the keyboard and
back for performing functions and retrieving data forms,
such as an e-mail template or address book entry template
for data entry.

Additionally, various software techniques can be imple-
mented to enhance the thumbtyping use’s experience in
using the device of the instant invention. In the preferred
embodiment, for example, the user can change the capitali-
zation of a particular letter simply by keeping a key
depressed for a particular length of time without an inter-
mittent release being detected by the keyboard controller.

The primary advantage of the present invention is that it
enables efficient and user-friendly data entry into a palm-
sized electronic device by maximizing the potential for user
data entry through thumb typing.

These are just a few of the many advantages of the present
invention, as described in more detail below. As will be
appreciated, the invention is capable of other and different
embodiments and its several details are capable of modifi-
cations in various respects, all without departing from the
spirit of the invention. Accordingly, the drawings and
description of the preferred embodiment set forth below are
to be regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention satisfies the needs noted above as
will become apparent from the following description when
read in conjunction with the accompanying drawings
wherein:

FIG. 1 is a block diagram of a two-way, full-text, mes-
saging device incorporating a keyboard and an auxiliary data
entry device.

FIG. 2 is a frontal view of the hand-held device showing
the shape and placement of the keys on the keyboard and the
auxiliary input device.

FIG. 3 is a diagram of showing the shape size and
placement of the keys on the keyboard.

FIG. 4 is a diagram of the control circuitry for the
thumbwheel.

DETAILED DESCRIPTION

Referring now to the drawings, FIG. 1 is a block diagram
of the major subsystems and elements comprising a palm-
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sized, mobile, two-way messaging device that preferably
incorporates the invention. In its broadest terms, the mes-
saging device includes a transmitter/receiver subsystem 100
connected to a DSP 200 for digital signal processing of the
incoming and outgoing data transmissions, power supply
and management subsystem 300, which supplies and man-
ages power to the overall messaging device components,
microprocessor 400, which is preferably an X86 architecture
processor, that controls the operation of the messaging
device, display 500, which is preferably a full graphic LCD,
FLASH memory 600, RAM 700, serial output and port 800,
keyboard 900, thumbwheel 1000 and thumbwheel control
logic 1010. In its intended use, a message comes via a
wireless data network, such as the Mobitex nelwork, into
subsystem 100, where it is demodulated via DSP 200 and
decoded and presented to microprocessor 300 for display on
display 500. To access the display of the message, the user
may choose from functions listed under a menu presented as
a result of user interaction with thumbwheel 1000. If the
message is an email message, the user may chose to respond
to the email by selecting “Reply” from a menu presented on
the display through interaction via thumbwheel 1000 or via
menu selection from keyboard 900. In typing the reply, the
user can use keyboard 900 to type full text message replies,
or insert pre-determined or “canned” response by using
either a particular keystroke pattern or through pulling down
predetermined text strings from a menu of items presented
on display 500 through the use of thumbwheel 1000. When
the reply to the message is composed the user can initiate the
sending of the message preferably by inleraclion through
thumbwheel 1000, or alternatively, with less efficiency,
through a combination of keyboard 900 keystrokes. When
the microprocessor 300 receives an indication that the
message is to be sent, it processes the message for transport
and, by directing and communicating with transmitter/
receiver subsystem 100, enables the reply message to be sent
via the wircless communications data network to the
intended recipient. Similar interaction through I/O devices
keyboard 900 and thumbwheel 1000 can be used to initiate
full-text messages or to forward messages to another party.
Also, the keyboard 900 and thumbwheel 1000 can be used
to permit data entry to an address book resident on the
messaging device, or an electronic calendar or log book, or
any other function on the messaging device requiring data
entry. Preferably, the thumbwheel is a thumbwheel with a
push button SPST with quadrature signal outputs, such as
that manufactured by Matsushita Electronic Components
Co. Ltd. as part number EVQWK2001.

FIG. 2 is a front view of messaging device 10 that
incorporates the invention. Shown in FIG. 2 are a plurality
of letter keys 901, and specialized keys 902, 903, 904 and
905 and space bar 906. Also shown is thumbwheel 1000 in
its vertical orientation and in association with display 500
and keyboard 900, In the preferred embodiment, 902 is the
alt key, 903 is the cap key. 904 is the line feed key and 905
is the backspace key.

FIG. 3 is a view of a subset of the letter keys 901, showing
the dimensions and relative position of the keys. Shown also
is the point 950 that marks the center of keyboard 900, key
dimensions 970, 971, 972 and 973, as well as angle 960 and
the rho value 965, representing curvature of a letter key 901.
In investigating optimal key placement on the keyboard, it
was determined that the keys should be placed at an angle
960 relative to vertical that facilitated easy typing using
thumbs. That angle is preferably positive 40 degrees relative
to vertical for keys on the right side of the keyboard (where
950 is the center of the keyboard) and negative 40 degrees



Case 3:08-cv-01545-K Document 5 Filed 02/20/08 Page 79 of 182 PagelD 188

US 6,452,588 B2

5

for the keys on the left side of the keyboard, although
complementary angles ranging from 20 degrees to 70
degrees could also be used to accomplish the goal, albeit less
optimally, of facilitating thumb typing. Also as shown on
FIGS. 2 and 3, the keys are dispersed across keyboard 900
evenly so that there is sufficient space between the keys to
decrease the opportunity for multiple keys being depressed
while thumb typing. Additionally, the keys are sized appro-
priate given the footprint of the messaging device and the
keyboard 900. In its preferred embodiment, the messaging
device 10 measures across its face 64 mm by 89 mm, which
does not leave much room for keyboard 900 and display
500. In the preferred embodiment, keyboard 900 occupies
over half of the face of the messaging device 10.

The key shape and dimensions are also key components
of the invention. In order to maximize the surface area of the
key that a thumb would hit, the keys are preferably oval, and
have a rho 965 defining the curvature of the key of 0.4 14,
although values may range higher or lower. Other rho values
will lead to an acceptable, but not as optimal or aesthetically
pleasing shape of keys 901. As to the key dimensions, the
width 970 of the key 901 is 4.8 millimeters (971 represent-
ing the radius of half that value, 2.4 mm) and the length (or
height) 972 of the key 901 is 7 millimeters millimeters (973
representing the radius of half that value, 3.5 mm).

Turning to one of the software features that aids in the
device 10 being optimally used for thumb typing is a
capitalization feature implemented via software. If a user
depresses a key 901, the operating system detects a key
down event, If the key is released after a period of time, the
operating system detects a key up event. If upon a key down
event, a period of time elapses before a key up event is
detected, the operating system determines that a key repeat
event has occurred representing a situation where a user has
continued to depress a key without releasing it. Akey repeat
event is then treated by application software residing in
cither FLASH 600 or RAM 700 as an event that requires the
capitalization of the key previously depressed. This feature
disables a key repeat feature and substitutes instead a
capitalization feature based upon a key repeat. The timing of
the key scanning to determine whether a key has been
released can be set to permit a slower keyboard response or
a faster keyboard response, depending upon user experience
or preferences. Although the capitalization function prefer-
ably works only to change the state of a letter to a capital,
it alternatively could operate to change a capital letter to a
lower case letter. The actual display is changed by the
application program substituting the value of the capital
letter in the register that holds the value of the letter to be
displayed. As alternatively implemented, the continued
depressing without release of a letter key could result in a
key oscillating between upper case and lower case, depend-
ing on the length of time the key is depressed.

FIG. 4 is the logic circuitry 1010 associated with thum-
bwheel 1000. Thumbwheel 1000 outputs quadrature signals
phase A 1021 and phase B 1022, which are processed by D
flip-flops 1031 and 1032 to present signals 1041 W__UP and
1042 W__DN to microprocessor 300, Signals 1041 and 1042
represent, respectively, a user rolling the thumbwheel up and
rolling the thumbwheel down.

Having described in detail the preferred embodiments of
the present invention, including the preferred methods of
operation, it is to be understood that this operation could be
carried out with different elements and steps. This preferred
embodiment is presented only by way of example and is not
meant to limit the scope of the present invention which is
defined by the following claims.
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What is claimed is:

1. A handheld e-mail device optimally configured for use
with the thumbs of a user, comprising;

a QWERTY keyboard comprising a plurality of letter
keys, wherein the plurality of letter keys are oblong
shaped keys, and wherein each oblong shaped key is
tilted at a common angle relative to a vertical reference
through the device, wherein the plurality of letter keys
in the QWERTY keyboard are grouped into a first set
of letter keys and a second set of letter keys, wherein
the common angle for the first set of letter keys is a
positive angle with respect to the vertical reference and
the common angle for the second set of letter keys is a
negative angle with respect to the vertical reference;

an auxiliary input device positioned in relative proximity
to the QWERTY keyboard;

a display positioned adjacent to the keyboard;

a transceiver for sending and receiving e-mail messages to
and from a wireless network; and

software residing in the device for providing functionality
to inputs received from the auxiliary input device and
the QWERTY keyboard.

2. The handheld e-mail device of claim 1, wherein the

plurality of oblong shaped letter keys are oval shaped.

3. The handheld e-mail device of claim 1, wherein the
positive angle is about 40 degrees and the negative angle is
about 40 degrees.

4. The handheld e-mail device of claim 1, wherein a rho
value defining the curvature of the first and second set of
oblong shaped keys is about 0.414.

5. The handheld e-mail device of claim 1, wherein the
auxiliary input device is a thumbwheel.

6. The handheld e-mail device of claim 5, wherein the
thumbwheel is vertically oriented.

7. The handheld e-mail device of claim 1, wherein the
device is a two-way pager.

8. The handheld e-mail device of claim 1, wherein the
device is a personal digital assistant.

9. The handheld e-mail device of claim 1, wherein the
plurality of letter keys are grouped into three rows of letter
keys, each row of letter keys positioned on the device along
an arc.

10. The handheld e-mail device of claim 9, wherein the
arcs are concentric.

11. A handheld e-mail device optimally configured for use
with the thumbs of a user comprising:

(2) a device housing;

(b) a QWERTY keyboard residing on the housing, the
QWERTY keyboard having a plurality of oblong
shaped letter keys, wherein each oblong shaped letter
key is tilted at a common angle relative to a vertical
reference through the device, and wherein the
QWERTY keyboard is used to genmerate an e-mail
message, wherein the plurality of letter keys include
two groups of keys, a first group of letter keys that are
tilted at a positive angle with respect to the vertical
reference and a second group of letter keys that are
tilted at a negative angle with respect to the vertical
reference, wherein the positive and negative angles are
common in magnitude but opposite in sign; and

a transceiver for sending and receiving e-mail messages to
and from a wireless network.

12. The handheld e-mail device of claim 11, wherein the

plurality of oblong shaped letter keys are oval shaped.

13. The handheld e-mail device of claim 12, wherein a rho
value defining the curvature of the oblong shaped keys is
about 0.4.
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14. The handheld email device of claim 11, wherein the
plurality of letter keys are grouped into three rows of letter
keys, a first row, a second row, and a third row, wherein the
first, second and third rows of letter keys are positioned on
the device housing along first, second and third arcs.

15. The handheld e-mail device of claim 14, wherein the
first, second and third arcs are concentric.

16. The handheld e-mail device of claim 11, wherein the
handheld e-mail device is a two-way pager, a cellular
telephone, a portable digital assistant, or an electronic orga-
nizer.

17. An electronic communication device, comprising:

a transceiver for transmitting and receiving texl messages

to and from a wireless network;

a keyboard for composing text messages to be transmitted
by the transceiver, wherein the keyboard includes three
sets of oblong shaped keys, wherein the three sets of
oblong shaped keys are arranged into a QWERTY
keyboard having three rows of keys, a top row, a middle
row, and a bottom row, wherein the first set of keys is
arranged in an arc and forms a top row of keys in the
QWERTY keyboard, the second set of keys is arranged
in an arc and forms a middle row of keys in the
QWERTY keyboard, and the third set of keys is
arranged in an arc and forms the bottom row of keys in
the QWERTY keyboard, wherein the three sets of
oblong shaped keys are oval shaped, and wherein the
oval shaped keys are tilted at a common angle with
respect to a vertical reference through the electronic
communication device; and

a display for displaying the received text messages.

18. The electronic communication device of claim 17,

further comprising:

an auxiliary input device for selecting an operation to be
performed by the device, wherein a menu of operations
is presented on the display.

19. The electronic communication device of claim 17,

wherein the text messages are e-mail messages.

20. The electronic communication device of claim 17,

wherein the transceiver includes:

a first antenna for receiving a text message; and

a second antenna for transmitting a text message.
21. The electronic communication device of claim 20,
wherein the transceiver further includes:

a receiver, coupled to the first antenna, for demodulating
the received text message; and

a transmitter, coupled to the second antenna, for gener-
ating a modulated text message.

22. The electronic communication device of claim 21,

wherein the.transceiver further includes:

a digital signal processor coupled to the transmitter and
the receiver for processing demodulated text messages
from the receiver, and for providing modulation infor-
mation Lo the transmiller.

23. A handheld e-mail device, comprising:

a transceiver for transmitting and receiving e-mail mes-
sages to and from a wireless network;

a keyboard for composing email messages to be trans-
mitted by the transceiver, wherein the keyboard
includes three sets of tilted keys, wherein the three sets
of tilted keys are arranged into a QWERTY keyboard
having at least three rows of keys, a top row, a middle
row, and a bottom row, wherein the first set of keys is
tilted at a first angle to a vertical reference and forms a
top row of keys in the QWERTY keyboard, the second
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set of keys is tilted to a second angle to the vertical
reference and forms a middle row of keys in the
QWERTY keyboard, and the third set of keys is tilted
to a third angle to the vertical reference and forms the
bottom row of keys in the QWERTY keyboard,
wherein the first, second and third angles are equal; and

a display for displaying the received e-mail messages.

24. A handheld e-mail device optimally configured for use
with the thumbs of a user, comprising:

a device housing;

a QWERTY keyboard comprising a plurality of letter
keys, wherein the plurality of letter keys are oblong
shaped keys, and wherein each oblong shaped key is
tilted relative to a vertical reference through the device,
wherein the plurality of letter keys in the QWERTY
keyboard are grouped into a first set of letter keys and
a second set of letter keys, wherein the first set of letter
keys are tilted at a positive angle with respect to the
vertical reference and the second set of letter keys are
tilted at a negative angle with respect to the vertical
reference;

an auxiliary input device positioned in relative proximity
to the QWERTY keyboard;

a display positioned adjacent to the keyboard;

a transmitter and a receiver for transmitting and receiving
c-mail messages to and from a wireless network; and

software residing in the device for providing functionality
to inputs received from the auxiliary input device and
the QWERTY keyboard.

25. The handhold e-mail device of claim 24, wherein the

plurality of oblong shaped letter keys are oval shaped.

26. The handhold e-mail device of claim 24, wherein the
auxiliary input device is a thumbwheel.

27. The handheld e-mail device of claim 24, wherein the
auxiliary input device includes a directional input compo-
nent for navigating a plurality of menu items presented on
the display and a selector switch for selecting a menu item
from the plurality of menu items.

28. The handheld e-mail device of claim 24, wherein the
device is a two-way pager.

29. The hand held e-mail device of claim 24, wherein the
device is a personal digital assistant.

30. The hsndheld e-mail device of claim 24, wherein the
plurality of letter keys are grouped into three rows of letter
keys, each row of letter keys positioned on the device along
an arc. :

31. The handheld e-mail device of claim 30, wherein the
arcs are concentric.

32. The handheld e-mail device of claim 23, further
comprising:

a microprocessor; and

a memory for storing the software, the software including
an operating syst¢em and a plurality of application
programs that are executed by the microprocessor to
control the operation of the handheld device.

33. The handhold e-mail device of claim 32, wherein the

memory is a flash memory.

34, The handheld e-mail device of claim 32, further
comprising a digital signal processor coupled between the
microprocessor and the transmitter and the receiver included
in the handheld device.

35. The handheld e-mail device of claim 32, wherein the
plurality of application programs include a messaging appli-
cation for generating e-mail messages and a calendar appli-
cation.

36. The handheld e-mail device of claim 35, wherein the
plurality of application programs further include an address
book application.
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37. The handheld e-mail device of claim 24, further
comprising a serial port for coupling the handheld e-mail
device to a host computer.

38. The handheld e-mail device of claim 24, further
comprising a power supply subsystem including a recharge-
able battery and an external charger input for receiving a
source of electrical charge to recharge the rechargeable
battery.

39, The handheld e-mail device of claim 38, wherein the
rechargeable battery is a lithium ion battery.

40. The handheld e-mail device of claim 38, wherein the
power supply subsystem further includes a voltage regulator
coupled to the rechargeable battery for generating a regu-
lated supply voltage for powering the device.

41. The handheld e-mail device of claim 38, wherein the
power supply subsystem further includes connections to a
microprocessor for monitoring the operation of the power
supply subsystem.

42, An electronic communication device, comprising:

a device housing;

a transceiver for transmitting and receiving text messages;

a keyboard for composing text messages to be transmitted
by the transceiver, wherein the keyboard includes three
sets of tilted oblong shaped keys, wherein the three sets
of tilted oblong shaped keys are arranged into a
QWERTY keyboard having three rows of keys, a top
row, a middle row, and a bottom row, wherein the first
set of keys is arranged in an are and forms a top row of
keys in the QWERTY keyboard, the second set of keys
is arranged in an arc and forms a middle row of keys in
the QWERTY keyboard, and the third set of keys is
arranged in an arc and forms the bottom row of keys in
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the QWERTY keyboard, wherein the three sets of tilted
oblong shaped keys are oval shaped, and wherein the
oval shaped keys are tilted at a common angle with
respect to a vertical reference through the electronic
communication device.

43. The electronic communication device of claim 42,

further comprising:

an auxiliary input device for selecting an operation to be
performed by the device, wherein a menu of operations
is presented on the display.

44. The electronic commumnication device of claim 42,

wherein the text messages are email messages.

45. The electronic communication device of claim 42,

wherein the transceiver includes:

a first antenna for receiving a text message; and

a second antenna for transmitting a text message.

46. The electronic communication device of claim 45,

wherein the transceiver further includes:

a receiver, coupled to the first antenna, for demodulating
the received text message; and

a transmitter, coupled to the second antenna, for gener-
ating a modulated text message.

47. The electronic communication device of claim 46,

wherein the transceiver further includes:

a digital signal processor coupled to the transmitter and
the receiver for processing demodulated text messages
from the receiver, and for providing modulation infor-
mation to the transmitter.
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HAND-HELD ELECTRONIC DEVICE WITH
AUXILIARY INPUT DEVICE

This is a continuation-in-part of U.S. Design patent
application Ser. No. 29/108,876, entitled “Hand-Held Elec-
tronics Device,” filed Aug. 5, 1999, now U.S. Pat. No.
D,433,460 and further is a continuation-in-part of U.S.
patent application Ser. No. 09/344,432, entitled “Hand-held
Electronic Device with a Keyboard Optimized for Use with
the Thumbs,” filed Jun. 25, 1999, which is a continuation-
in-part of U.S. patent application Ser. No. 09/106,585,
entitled “Hand-held Electronic Device With a Keyboard
Optimized For Use With The Thumbs,” filed Jun. 29, 1998,
which in turn is a continuation-in-part of U.S. Design
application Ser. No. 29/089,942 filed Jun. 26, 1998 now U.S.
Pat. No. D,416,256. All earlier-filed applications have been
assigned to the assignee of the present application.

BACKGROUND OF THE INVENTION

The present invention is directed toward the field of small,
hand-held electronic devices such as personal data assistants
(PDA’s), personal information managers (PIM’s), two-way
pagers and the like. In particular, the system and method of
the present invention provide the user of the hand-held
device with the ability to input data with a minimal amount
of key strokes and optimized for use substantially with the
thumbs.

In a two-way paging system that provides two-way, full
text messaging, there is a need to permit the user to initiate
messages and to respond to messages in a timely fashion and
with text entirely created by the user. In order to keep the
form factor of the two-way pager small enough to be worn
on the body of the user, such as with a belt clip, the input
device needs to be small, have a minimal number of keys
and optimized for use with a minimal number of key stroke.
Prior art systems have attempted to address these needs by
incorporating virtual keyboards or pen-based input systems
for user inputs to the device, but such systems require the
user to input data in an unfamiliar manner. Additionally, in
a small hand-held messaging device, such as a two-way
pager, these systems prove awkward to use.

In order to provide a hand-held electronic device that
permits a user the opportunity to enter data into an address
book, a calendar, a task list, an email message or a similar
text file that requires user-generated data, the instant inven-
tion is directed to an input device that is oriented to be used
substantially through use of the thumbs. This is accom-
plished first by providing a keyboard with a minimal number

_ of keys, but with the keys representing the alphabet gener-
ally placed in the same order as they would appear on a
standard keyboard, such as in a standard QWERTY or a
DVORAK keyboard layout. The use of a keyboard layout
that is familiar to the user enables the user to immediately
use the device without having to hunt for the keys he or she
wishes to use.

Although the layout is similar to a standard keyboard, the
keys are placed at an orientation 10 and in a particular shape
that attempts to maximize the surface area of the thumb
hitting the key and to provide the user with a comfortable
position of the hands for data input. Also, the orientation
encourages input by the thumbs, which the inventors of the
instant invention have discovered to be faster and more
accurate in small hand-held electronic devices than touch-
typing or “hunting and pecking” typing.

An additional feature of the invention is the use of an
additional input means for control of functions that might
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otherwise be controlled by a keyboard that included function
keys. To encourage data entry using thumbs and again to
minimize the number of keys on the keyboard, the instant
invention also includes a thumb-wheel for control of menus
for selection of forms and functions relevant to data input.
As discussed below, one of the data forms the thumbwheel
is implemented to accommodate is a special character set.
The thumb-wheel is positioned in close proximity to the
keyboard to enable the easily transition from thumb-based
typing to thumb control of forms and functions.

In addition to hardware [eatures that encourage optimal
data entry though the use of thumbs, there are several
software features that are designed to minimize keystrokes
and aid in entry of data.

The features of this invention, both individually and
collectively, have not, to the knowledge of the inventors,
been applied to a small hand-held electronic device that
requires user-generated data entry. To permit efficient opera-
tion of such devices while keeping the form in factor of the
device small enough to be wom on the body, there is a
general need for a hand-held electronic device that can fit in
the palm of the hand and that can be operated substantially
with the thumbs.

There is a further need for a keyboard for a palm-size data
entry device with keys placed at an angle to optimize
operation of the keyboard by the use of the thumbs.

There remains another need for a keyboard with keys that
are shaped and sized to maximize contact with the thumbs
while minimizing the keyboard area required for such keys.

There also remains a need for an auxiliary input device
that is to be operated by the thumb for data inputs forms and
function control and that, in conjunction with the keyboard,
encourages and permits data entry and management through
input performed substantially by the thumbs.

There remains still another need for a software-
implemented user interface system that is designed, at least
in part, to support and encourage data entry through use of
the thumbs.

There remains another need for facilitating entry of spe-
cial or international characters with the thumbs while lim-
iting the keyboard area.

There remains another need for automatically entering
certain common punctuation thereby reducing repetitive key
entry and increasing the speed of data entry.

There remains another need for automatically entering
certain common phrases or electronic signatures without
tediously typing the full phrase or electronic signature.

There remains another need for casily removing auto-
matic features when such features are not desired.

There remains another need for execuling a set of com-
mon instructions for a particular task with a minimum of
user data entry.

SUMMARY OF THE INVENTION

The present invention overcomes the problems noted
above and satisfies the needs in this field for a hand-held
electronic device with a keyboard optimized for use with the
thumbs, in the preferred embodiment of the present
invention, the hand-held clectronic device is a two-way
paging or wireless email device (such as the Inter@ctive™
pager manufactured and marketed by the assignee of the
present invention) that permits full-text, two-way messaging
such as email messaging. The device may also include
standard PDA or PTA features such as an address book, an
electronic calendar, a task list and other text-based features.
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Such features require user input of text strings that can be
lengthy and that cannot be reduced to pre-determined or
“canned” strings. Thus, for such a device, the efficient entry
of data in a device meant to fit into the palm of one’s hand
requires that two goals are achieved, First, the data entry
must be relatively easy from a user perspective. This means
that the user must be somewhat familiar with analogous
forms of data entry and not have to be trained to usc the data
entry for the hand-held device. Second, the form factor does
not permit a large number of keys or keys that are very large.
Thus, efficient use of the keyboard space is required and
functions that might be able to be performed by a standard
keyboard are off-loaded to an auxiliary input device or are
performed, through a normal number of keystrokes that
encourage the use of thumb-based data entry.

To accomplish these goals, the invention first optimizes
the placement of the keys on the device keyboard. In order
to work within the limited space available for the keyboard,
it was determined that it was preferable to use keys that were
oval or oblong and that were placed at angles designed to
facilitate use by thumb typing. An angle for the keys on the
right side of the keyboard and a complementary angle for the
keys on the left side of the keyboard are chosen based upon
observation of the angle at which a user will orient his or her
thumbs while thumb-typing.

The invention also minimizes the number of keys avail-
able or required for data input. In the preferred embodiment,
only keys for the 26 letters of the English alphabet are
available as well as a backspace key, a line feed key, an “alt”
key, a “cap” key and a space bar. The alt key enables the user
in conjunction the other keys to input numbers and symbols
to perform certain functions. The placement of the keys is
designed to enhance the user experience while typing with
the thumbs by meeting two seemingly opposite goals—
minimizing the keyboard footprint while maximizing the
likelihood that proper keys will be struck by the thumb-
typing user.

Alternative embodiments could include fewer or more
keys, including, for example function keys or control keys.
The form factor, however, generally limits the number of
keys that may be implemented if the goal of facilitating
thumb typing is to be met.

The invention also provides additional incentive for the
user to use thumb input by providing an imput device
adjacent to the keyboard, but integral to the overall hand-
held device. Although other devices can be used in an
auxiliary fashion, the preferred device is a thumbwheel that
registers movement of the wheel by measuring the number
of indents traversed while rolling the wheel and that also
registers as an input the depression or “clicking” of the
wheel, which is performed by pressing the wheel toward the
back of the pager. This clicking of the wheel is similar to the
clicking of a mouse associated with a PC or any other input
device that registers the depression of a button. The thum-
bwheel in the preferred embodiment is placed vertically on
the two-way paging device so that the user can easily move
his or ber thumb from the thumbwheel to the keyboard and
back for performing functions and retrieving data forms,
such as an email template or address book entry template,
for data entry.

Additionally, various software techniques can be imple-
mented to enhance the thumb-typing user’s experience in
using the device of the instant invention, in the preferred
embodiment, for example, the user can change the capitali-
zation of a particular letter simply by keeping a key
depressed for a particular length of time without an inter-
mittent release being detected by the keyboard controller.
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According to an aspect of the present invention there is
provided a method of changing the character display of a key
on a keyboard of a handheld wireless communications
device comprising the steps of: receiving a first input from
a depression of a keyboard key, the first input defining a first
character associated with the depressed keyboard key;
receiving a second input from an auxiliary input device in
conjunction with the continual depression of the keyboard
key; initiating of an altering character condition and pro-
cessing the altering character condition; and, modifying the
first character and submitting for display a second character
associated with the depressed keyboard key.

According to another aspect of the present invention there
is provided a method of modifying the character display of
a key on a keyboard comprising the steps of: receiving a first
input from a depression of a keyboard key, the first imput
associating a first character associated with the depressed
keyboard key; initiating of an altering character condition
upon a continual depression of the keyboard key beyond a
predefined period of time; processing the altering character
condition; and, modifying the first character and submitting
for display a second character.

According to another aspect of the present invention there
is provided a handheld two-way wireless communications
device optimally configured for use with the thumbs of a
user comprising, a keyboard; an auxiliary input device
positioned in relative proximity to the keyboard and control
logic circuitry associated with the auxiliary input device; a
display positioned adjacent to the keyboard; a microproces-
sor to control the operation of the device; and, a software
application residing in the communications device for pro-
viding a plurality of thumb-based operational features, the
software application initiating certain operational features
upon certain inputs from the keyboard or the auxiliary input
device,

According to another aspect of the present invention there
is provided a hand-held two-way wireless communications
device optimally configured for use with the thumbs of a
user comprising: a keyboard having a first set of keys and a
second set of keys, wherein the first set of keys is positioned
a positive predetermined degree relative to a vertical refer-
ence and the second set of keys is positioned a negative
predetermined degree relative to the vertical reference; an
auxiliary input device positioned in relative proximity to the
keyboard; a display positioned adjacent to the keyboard;
software residing in the communications device for provid-
ing functionality to inputs received from the auxiliary input
device and the keyboard.

According yet to another aspect of the present invention
there is provided a handheld two-way wireless communica-
tions device as described above, and having an auxiliary
input device comprising a thumbwheel in a vertical orien-
tation at the front of the device. In an alternative
embodiment, the thumbwheel is inclined from the vertical
orientation, The inclined thumbwheel is more easily acces-
sible to either the thumb or index finger of a user’s hand at
the edge of the device. Moreover, the easier accessibility
allows the user to advantageously hold and operate the
device in different ways, namely: a single-handed operation
and a two-handed operation.

The primary advantage of the present invention is that it
enables efficient and user friendly data entry into a palm-
sized electronic device by maximizing the potential for user
data entry through thumb typing.

These are just a few of the many advantages of the present
invention, as described in more detail below. As will be



Case 3:08-cv-01545-K Document 5 Filed 02/20/08 Page 97 of 182 PagelD 206

US 6,489,950 B1

5

appreciated, the invention is capable of other and different
embodiments and its several details are capable of modifi-
cations in various respects, all without deparling from the
spirit of the invention. Accordingly, the drawings and
description of the preferred embodiment set forth bellow are
to be regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention satisfies the needs note above as
will become apparent from the following description when
read in comjunction with the accompanying drawings
wherein:

FIG. 1 is a block diagram of a two-way, full-text, mes-
saging device incorporating a keyboard and an auxiliary data
entry device;

FIG. 2 is a frontal view of the hand-held device showing
the shape and placement of the keys on the keyboard and the
auxiliary input device;

FIG. 3 is a diagram of showing the shape, size and
placement of the keys on the keyboard;

FIG. 4 is a diagram of the control circuitry for the
thumbwheel;

FIG. 5 is a general flow diagram of the major steps of the
keyboard-related aspect of the invention;

FIG. 6 is a general block diagram of the major subsystems
involved in the process described in FIG. 5;

FIG. 7 is a general flow diagram of the major steps of the
thumbwheel-related aspect of the invention;

FIG. 8 is a general block diagram of the major subsystems
involved in the process described in FIG. 7;

FIG. 9 is a view similar to FIG. 2 showing a hand-held
device comprising an alternative embodiment of the inven-
tion;

FIG. 10 is a view taken on line 10—10 of FIG. 9;

FIG. 11 is a view taken on line 11—11 of FIG. 9;

FIG. 12 is a front view of parts of the device of FIG. 9;
and

FIG. 13 is a view taken on line 13—13 of FIG. 12.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the drawings, FIG. 1 is a block diagram
of the major subsystems and elements comprising a palm-
sized, mobile, two-way messaging device that preferably
Incorporates the invention. f n its broadest terms, the mes-
saging device includes a transmitter/receiver subsystem 100
connected to a DSP 200 for digital signal processing of the
incoming and outgoing data transmissions, power supply
and management subsystem 300, which supplies and man-
ages power to the overall messaging device components,
microprocessor 400, which is preferably an X86 architecture
processor, that controls the operation of the messaging
device, display 500, which is 5 preferably a full graphic
LCD, FLASH memory 600, RAM 700, serial output and
port 800, keyboard 900, thumbwheel 1000 and thumbwheel
control logic 1010. In its Intended use, a message comes via
a wireless data network, such as the Mobitex network, into
subsystem 100, where it is demodulated via DSP 200 and
decoded and presented to microprocessor 400 for display on
display 500. To access the display of the message, the user
may choose from functions listed under a menu presented as
a result of user interaction with thumbwheel 1000, If the
message is an email message, the user may chose to respond
to the email by selecting “Reply” from a menu presented on
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6

the display through interaction via thumbwheel 1000 or via
menu, selection from keyboard 900. In typing the reply, the
user can use keyboard 900 to type full text Message replies,
or insert predetermined or “canned” response by using either
a particular keystroke pattern or through pulling down
predetermined text strings from a menu of items presented
on display 500 through the use of thumbwheel 1000. When
the reply to the message is composed, the user can initiate
the sending of the message preferably by interaction through
thumbwheel 1000, or alternatively, with less efficiency,
through a combination of keyboard 900 keystrokes. When
the microprocessor 400 receives an indication that the
message is to be sent, it processes the message for transport
and, by directing and communicating with transmitter/
receiver subsystem 100, enables the reply message to be sent
via the wireless communications date network to the
intended recipient. Similar interaction through 110 devices
keyboard 900 and thumbwheel 1000 can be used to initiate
full-text messages or to forward messages to another party.
Also, the keyboard 900 and thumbwheel 1000 can be used
to permit data entry to an address book resident on the
messaging device, or an electronic calendar or log book, or
any other function on the messaging device requiring data
entry. Preferably, the thumbwheel is a thumbwheel with a
push button SPST with quadrature signal outputs, such as
that manufactured by Matsushita Electronic Components
Co.’s, Ltd, as part number EVQWK2001.

FIG. 2 is a front view of messaging device 10 that
incorporates the invention. The device 10 is shown in FIG.
2 in the ordinary operating/viewing position in which it
would be held by and between the user’s hands at the left and
right side edges 12 and 14 of the device 10. The keyboard
900 is thus elongated horizontally across the front 16 of the
device 10. Shown in FIG. 2 are a plurality of letter keys 901,
and specialized keys 902, 903, 904 and 905 and space bar
906. Also shown is the thumbwheel 1000 in its vertical
orientation at the front side 16 of the device 10 in association
with display 500 and keyboard 900. By “vertical” it is meant
that the thumbwheel 1000 is oriented with its circular
opposite sides 1002 and 1004 in vertical planes when the
device 10 is viewed directly from the front in the ordinary
operating/viewing position, as shown in FIG. 2. The axis
1005 of rotation then extends from left to right across the
device 10 as a horizontal line paralle]l to the lengthwise
direction of the keyboard 900. The thumbwheel 1000 can
roll about the axis 1005 up toward the upper edge 20 of the
device 10 or down toward the lower edge 22 of the device
10. In the preferred embodiment, 902 is the alt key, 903 is
the cap key, 904 is the line feed (blank space) key and 905
is the backspace key.

FIG. 3 is a view of a subset of the letter keys 901, showing
the dimensions and relative position of the keys. Shown also
is the point 950 that marks the center of keyboard 900, key
dimensions 970, 971, 972 and 973, as well as angle 960 and
the rho value 965, representing curvature of a letter key 901.
In Investigating optimal key placement on the keyboard, it
was determined that the keys should be placed at an angle
960 relative to vertical that facilitated easy typing using
thumbs. As described above with reference to the thumb-
wheel 1000, “vertical” is the direction perpendicular to the
lengthwise direction of the keyboard 900 when the device 10
is viewed in its ordinary operating/viewing position, as
shown in FIGS. 2 and 3. That angle is preferably positive 40
degrees relative to vertical for keys on the right side of the
keyboard (where 950 is the center of the keyboard) and
negative 40 degrees for the keys on the left side of the
keyboard, although complementary angles ranging from 20
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degrees to 70 degrees could also be used to accomplish the
goal, albeit less optimally, of facilitating thumb typing. Also
as shown on FIGS. 2 and 3, the keys are dispersed across
keyboard 900 evenly so that there is sufficient space between
the keys to decrease the opportunity for multiple keys being
depressed while thumb typing. Additionally, the keys are
size appropriately given the footprint of the messaging
device and the keyboard 900. In its preferred embodiment,
the messaging device 10 measures across its face 64 mm by
89 mm, which does not leave much room for keyboard 900
and display 500. In the preferred embodiment, keyboard 900
occupies over half of the face of the messaging device 10.

The key shape and dimensions are also key components
of the invention. In order to maximize the surface area of the
key that a thumb would hit, the keys are preferably oval, and
have a rho 965 defining the curvature of the key of 0.414,
although values may range higher or lower. Other rho values
will lead to an acceptable, but not as optimal or aesthetically
pleasing shape of keys 901. As to the key dimensions, the
width 970 of the key 901 is 4.8 millimeters (971 represent-
ing the radius of half that value, 2.4 min) and the length (or
height) 972 of the key 901 is 7 millimeters (973 representing
the radius of half that value, 3.5 mm).

FIG. 4 is the logic circuitry 1010 associated with thum-
bwheel 1000. Thumbwheel 1000 outputs quadrature signals
phase A 1021 and phase B 1022, which are processed by D
flip-fops 1031 and 1032 to present signals 1041 W__UP and
1042 W__DN to microprocessor 400. Signals 1041 and 1042
represent, respectively, a user rolling the thumbwheel up and
rolling the thumbwheel down. Preferably, another detectable
input movement from the thumbwheel is desirable. One
such input movement implementation would produce an
additional input signal derived from pushing the thumb-
wheel toward the rear of the device. Hence, the thumbwheel
of (he present invention has preferably measurable rotatable
and depressible input movements. Although the description
that follows is specifically relating to a thumbwheel input
device, it is to be understood that other suitable thumb-based
auxiliary input having multiple input detectable movements
are envisioned and well within tie scope and spirit of the
present invention.

In a broad aspect of the invention, input via keys on the
keyboard in conjunction with software residing in the flash
memory 600 also facilitates the device’s operation with the
user’s thumbs. In another broad aspect of the invention,
input via the thumbwheel 1000 and a key on the keyboard
in conjunction with software residing in the lash memory
600 further increases the ease, performance, and function-
ality of the device. These two broad aspects and their
specific embodiments will now be described.

FIG. 5 is a general low diagram of the major steps 2080
of the aforesaid keyboard related aspect of the invention.
The first step 2000 is the input via depressing of a key having
a predefined functional state in combination with another
key on a keyboard. Depending on the combination of keys
depressed, an altering functional state condition is then
initiated at step 2020. The altering functional state condition
is processed at step 2030. Next, the predefined functional
state of the key is modified at 2040. In step 2050, the
modified functional state is interpreted, and information is
displayed accordingly at 2060.

FIG. 6 is a general block diagram of the major subsystems
involved in the process described in FIG. 5. In the preferred
embodiment of the device, when a key is depressed Its
predefined functional state 901 is given to the microproces-
sor 400 and then to the operating system 910. The operating

10

20

45

50

55

60

65

8

system is responsible for accepting and dispatching to a
specialized application 915 any user input and for providing
services to control the display. The modifying step is
achieved by a user interface software engine 930 processing
the altering functional state condition 905 received from the
operating system 910 via a specialized application 915. The
modified functional state 905' is then passed to the operating
system 910. The operating system then acts on the infor-
mation in a predetermined manner so as to produce a display
906' rcpresenting the modified functional stage of the
depressed key.

FIG. 6 is a general block diagram of the major subsystems
involved in the process described in FIG. 5. In the preferred
embodiment of the device, when a key is depressed its
predefined functional state 901 is given to the microproces-
sor 400 and then to the operating system 910. The operating
system is responsible for accepting and dispatching to a
specialized application 915 any user input and for providing
services to control the display. The modifying step is
achieved by a user interface software engine 930 processing
the altering functional state condition 905 received from the
operating system 910 via a specialized application 915. The
modified functional state 905' is Then passed to the operat-
ing system 910.

In the preferred embodiment of the invention, there is a
plurality. of specialized applications 915 that manage differ-
ent major features of the device. In such a preferred
embodiment, the device would include the following spe-
cialized applications: a graphical ribbon application, mes-
sage compose application, transport application, address
book application, device options application, cryptographic
application and database application. Other applications are
well within the scope and spirit of this aspect of the
invention. The applications function directly with the oper-
ating system while the user interface engine (albeit another
application), in general, provides further specialized func-
tional services to these applications. The user Interface
engine comprises, in essence, a plurality of modules each
nodule executing at least one different function, and either
alone or in combination with another module, providing
additional functionality to the applications that use ils ser-
vices. For instance, the user interface engine provides an
input field that other applications such as the message
compose application can use to display user input,
Additionally, the user interface engine receives, stores, man-
ages and outputs data in a consistent manner to readily
perform the various specific features to be described below,
This scheme has proven to be very advantageous in view of
the fact the operating system and the specialized applica-
tions may then be limited in their coding overhead and hence
allows them to be very robust. Some of the unique functions
will be described in more detail below.

Keypad Aspect Generally

The process logic detail is now described for any keypad
event-resulting from user input. When any key on the device
is depressed, a keypad event containing the parameters of
the particular key is communicated to the microprocessor. In
this instance, “any key” includes the thumbwheel in addition
to the keys on the keyboard. Preferably, the parameters
indicate that a keypad event has occurred and which key has
been depressed. The microprocessor communicates the key-
pad event information to the operating system. The operat-
ing system takes this keypad event information and notifies
a specialized application of the keypad event information.
Since, preferably, the specialized application is blocked
waiting for such a keypad event, the application is
awakened, examines the keypad event information, and



Case 3:08-cv-01545-K Document 5 Filed 02/20/08 Page 99 of 182 PagelD 208

US 6,489,950 B1

9

passes the keypad event information to the user interface
engine for further processing. In essence, the keypad event
information is passed to the user interface engine from the
operating system via the specialized application: the spe-
cialized application in this case acts as a conduit for infor-
mation flow. In other instances, the specialized application
may pre-process the keypad event information before pass-
ing the same to the user interface engine. Based on the
keypad event information provided to the user interface
engine, the user interface engine then acts in a predeter-
mined functional manner. The pre-determined functional
manner preferably includes processing the keypad event
information and updating stored display data so as to pro-
vide output instruction data. The user interface engine
submits the output instruction data to the operating system.
The operating system then acts according to the instructions
in the instruction data, in most cases, by submitting for
display a representation of the keypad event. The output
instruction data would preferably include instructions as to
where characters are to be displayed within the display and
a character code reference value indicating which character
should be displayed on the display. In other cases, a plurality
of character code references may be provided for producing
a display of a string of characters. The preferred character
code reference is the standard Latin One Code Set. The
operation, system would simply execute the instructions by
mapping the appropriate characters from its internal bitmap
of characters into the appropriate locations on the display.
Auiliary Input Device Aspect

FIG. 7 is a general flow diagram of the major steps of the
auxiliary input device related aspect of the invention The
process 2080 begins with a first input 2000' via the depress-
ing of a key on a keyboard having a predefined functional
state. Next, a second input 2010' from the auxiliary input
device in comjunction with the depression of the key is
provided. This combined effect of the first and second input
initiates an altering functional state condition step 2020'. The
altering functional state condition is processed 2030' and the
predefined functional state of the key is modified 2040'. The
modified functional state is then submitted 2050' for display.
Additional modified functional stales are accomplished by
receiving further inputs 2060' from the auxiliary input
device while the depressed key is continued to be depressed.
FIG. 8 is a block diagram of the major subsystem involved
in the process described in FIG. 7. FIG. 8 is similar to FIG.
6 save for input from the auxiliary input device subsystem
now contributing to the altering functional state condition.
This aspect of the present invention has proven extremely
useful in optimizing the functionality of the handheld device
by operation of the device with only the user’s thumbs.
International Character-Scrolling Feature

Turning now to a specific embodiment of the aforesaid
auxiliary input device-related aspect of the invention, the
user interface engine, the thumbwheel and at least one key
on the keyboard may be utilized to insert international
characters into a user input field such as the input field
provided by the user interface engine in general and
preferably, the user first presses and holds down a key with
the desired associated international characters while the
thumbwheel is rolled. For each rolled input from the
thumbwheel, a different international character associated
with he depressed key is outputted on the display as a
substitute for the previous character displayed. There is
preferably a plurality of international characters or symbols
associated with every key on the keyboard. When the
desired character is displayed, the user releases the
depressed key and the desired character remains on the
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display. Traditional means to select such international char-
acters require a number of additional input steps or the
availability of additional keys on the keyboard—
requirements undesirable with the present handheld device.

With reference to FIG. 8 the international character-
scrolling feature begins with the depression of a key on the
keyboard 90 in conjunction with input from the thumb-
wheel 1010. The input from the thumbwheel is preferably
accomplished by rolling the thumbwheel in either the up or
down direction. The combined effect of inputs 901 from the
key and the thumbwheel produce an altering functional state
condition or a special keypad event 905, The parameters
associated with this special keypad event 90 include data
descriptors that will indicate whether the thumbwheel was
either rolled up or down and which key on the keyboard was
depressed, The user interface engine 930 processes the
special keypad event information by indexing through an
array containing references to the international characters
associated with the depressed key. The processing incre-
mentally indexes up or down the array (depending on the
thumbwheel scroll direction parameter), stores the current
array position where the indexing stopped and retrieves the
character reference code information stored in the current
array position. Preferably, at each index increment, output
instruction 90' is submitted to the operating system 910 for
display on the display 500. The output instruction preferably
includes the reference character code and the location of the
character to be displayed on the display. Based on this output
instruction, the operating system outputs at the appropriate
location a bitmap image 906' for a given reference code from
its internal bitmap. If the user chooses to see the next
international character associated with the depressed key,
the user 20 provides an additional rolling input while
continuing to depress the key. This produces a second
special keypad event thereby Initiating the altering func-
tional state process. Consequently, the above process is
related. The user interlace engine processes the keypad
parameters from the second special keypad event by further
indexing in the appropriate direction by one element from
the previously store position within the array. Again, the user
interface engine submits to the operating system sufficient
information to display the next associated international
character retrieved from the array. Further inputs from the
thumbwheel would simply repeat the processing until all
international characters associated with the depressed key
are indexed through after which time the indexing returns to
the top of the array.

Although the above description refers to modifying the
default character of the key depressed with an international
character it is to be understood that the application of this
aspect of the invention can equally be applied to modifying
the functional state of the depressed key. For instance, a
certain special keypad event defined by a certain key
depressed in conjunction with input received from the
thumbwheel could trigger a macro to be executed thereby
altering the functional state of the depressed key. In this
instance, a macro is a single iostruction provided by the
scrolling feature that expands automatically into a set of
instructions to perform a particular task. In another instance,
the altered functional state of a key could produce any one
of the following: a larger font for the display; change the
default font type; change subsequent text to bold or italics;
cause certain text to blink in a received email transmission;
and reverse image certain text, in another instance, the
altered the functional state of a key could provide the user
with “canned” or pre-set messages that could be readily be
used for the purposes of quickly responding to a received
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message. In another instance, the context of the current
active display area of the device may either add, or
alternatively, suppress, associated altered states. For
example, when a user is in the reply-to-message screen
display, depression of the letter “M” with the scrolling input
from the thumbwheel would produce an ellipsis or the
display as the altered functional state. In contrast, the same
key and thumbwheel sequence would instead result in a
macro sequence to execute in the options screen display.
Capitalization

Turning to another software-related feature that aids in the
device 10 being optimally used for thumb typing is a
capitalization feature implemented via software. If a user
depresses a key 901, the operating system detects a key
down event. If the key is released after a period of time, the
operating system detects a key up event. If after a key down
event, a certain period of time elapses before a key up event
is detected, the operating system determines that a key
repeat event has occurred representing a situation where a
user has continued to depress a key without releasing it. A
key repeat event Is then treated by application software
residing in either flash 600 as an event that requests the
capitalization of the key previously depressed. This feature
disables the key repeat feature and substitutes instead a
capitalization feature based on the length of a key press. The
timing of the key scanning to determine whether a key has
been released can be set to permit a slower keyboard
response or a faster keyboard response, depending upon user
experience of preferences.

Although the capitalization function preferably works
only to change the state of a letter to a capital, it alternatively
could operate to change a capital letter to a lower case letter.
The actual display image is changed by the operating system
mapping appropriate bitmapped characters as instructed by
the user inter-race engine. As alternatively implemented, the
continued depressing without release of a letter key could
result in a key oscillating between upper case and lower
case, depending on the length of time the key is depressed.
Automalic Formatting Features

Now follows a description of another software-related
aspect of the present invention that is implemented to
specifically minimize the number of keystrokes required as
input by the user in using the device. In some cases, two
software engines handle this software-related aspect, namely
the user interface engine and an auto text engine. The user
interface engine by using the above mentioned functional
modules facilitates presenting common interface elements
such as menus, lists and textboxes. The autotext engine is
another software application that extends the user interface
engine and makes use of a database to perform text inser-
tions and other related activities. The autotext engine is
preferably implemented as a user interface engine element
(such as a choice box or list or standard edit element). This
arrangement of being a user interface engine element allows
specialized applications to incorporate a buffer that performs
autotext substitution as they would a standard input field.
However, because of the substantive amount of code asso-
ciated with the autotext engine and the engine’s need to be
configured with a list of replacement strings, the engine is
preferably implemented as a separate module. One specific
advantage that flows from the specific embodiments of the
cngines as described herein is that there is a substantial
reduction of input formatting b)/ the user, since automatic
formatting can be triggered by a small number of keystrokes,
or by predefined key sequences entered one key at a time.
Autopunctuation

Another embodiment of the user interface engine is the
“autopunctuation” feature of the device. If the user enters
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one of a number of predefined character sequences, the user
interface engine will automatically insert a period (full stop)
in the user input field. In this manner the user does not need
to use the alt key to enter a period. An example of one such
character sequence would be <character><space><space>,
after such character sequence the user interface engine will
instruct the operating system to replace the first <space>
with a full stop and to capitalize the next character entered
by the user. For darity, in this description: <space> repre-
sents a blank space user input; <character> represents any
character user input; and, <period> represents user input of
the character “.”". Because of bandwidth considerations when
the device transmits data to the wireless network, it is
preferable that only one space, instead of two, is present
between the period and the first character of the next
sentence, Alternatively implemented, instead of replacing
the first <space> in the aforesaid character sequence, a
period is inserted after the <character> and the next char-
acter entered by the user is capitalized thereby producing
two spaces between the period and the next character. In
another embodiment of this autopunctuation feature, if the
user enters one of a number of predefined character
sequences that is used as a capitalization signal, such as
<period><space>, the user interface engine will- process the
event and capitalize the next character entered by the user.
Alternatively implemented, the predefined character
sequence could be <period:<space><space>. To further
enhance this feature, autopunctuntion can be undone easily,
as described bellow.

Character Substitution

Another embodiment of the user interface engine is the
“intelligent character substitution” feature of the device. In
fields designed for certain types of input, the user interface
engine will automatically substitute appropriate characters if
inappropriate characters are entered. For example, in a field
designed to hold an email address, a method of composing
an email address is provided by the character substitution
feature of the present invention for email address tacking on
the general form <characters>@=<characters>.<characters>.
In the instance, it is assumed blank spaces are unacceptable
characters for an email address field. The method begins
with the user interface engine receiving from user input a
character set representing a certain portion of the email
address. If a first delimiter trigger signal, preferably a first
blank space, is received froze the user input, the engine
confirms that no at-sign character (“@") has been entered in
the already received character set. If no, the engine substi-
tutes the first delimiter trigger signal with a first email
delimiter, preferably the at-sign character. If yes, the engine
substitutes the first delimiter with a second email delimiter,
preferably a period character. For any subsequent blank
space input received, the engine substitutes preferably
another period character.

Another example of the character substitution feature
occurs when entering data in a field designed to hold
numeric data. If the user presses an alphabetic key whose
corresponding alt character is a numeral, the user interface
engine will recognize this and instruct the operating system
to automatically insert the numeral into the field, even if the
user had not pressed the alt key.

Phrase Substitution

The first embodiment of the autotext engine provides an
application service for error correction and phrase substitu-
tion. By entering pairs of strings into an autotext database,
the user can associate “original strings” with “replacement
strings”. The autotext engine also defines an autotext input
meld that applications may use to access the functionality of
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the autotext engine. The autotext input field may be of
variable length typically up to the length of an email
message. As the user is entering data into an autotext input
field, each time a space is entered, the autotext engine will
search backwards from the current cursor posilion to extract
the last word from the autotext imput field. The autotext
engine will then efficiently search through the autotext
database for an original string that exactly matches the last
word. If such a string is found, the last word in the autotext
input field will automatically be replaced with the corre-
sponding replacement string from the database.

This phrase substitution feature could be used to correct
common typing errors (for example, “the” could be auto-
matically converted to “the”) or to facilitate the entry of
common phrases (for example, “fyi” could be automatically
converted to “for your information”). This feature could also
automatically insert a regularly used international character
or symbol in a message thereby reducing the instances when
the international character-scrolling feature needs to be
used. In this latter scenario, the original string could be “jr”
and the associated replacement string could be “Juirgen”.
The international character would be entered as described
before for the international character scrolling feature.

The phrase substitution feature could advantageously be
used or electronic signatures to be appended to the end of an
email message composed by the user on the device.
Advantageously, a variety of different electronic signatures
can be stored in the autotext database. In this manner, the
user may chose the appropriate signature from his set of
signatures for the particular context of the email message
about to be transmitted. For instance, in one case the user in
an informal message may sign off “Take Care & Cheers”
with the original string “tc” while in a legally sensitive
message the same user may sign off “Solicitor-Client Privi-
leged Communication” with the original string “scp”. In this
manner, there is no need for any electronic signature field
insertion at the gateway of the wireless network and the user
may amend and modify his electronic signatures without
network interaction. In the preferred embodiment, the
replacement string is case sensitive in that any preset capi-
talization in the replacement string appears when displayed
and cannot be forced into a lower case by the case status of
the original string. However, if the first character of the
original string is tipper case, then preferably the first char-
acter of the replacement is forced into an upper case as well.

In another embodiment, the autotext engine preferably
includes a macro functionality that allows a user to specify
special character codes in the replacement string that will be
treated specially when the replacement string is entered into
the autotext engine. These codes are preferably divided into
two distinct sets: control character codes and dynamic data
codes.

In the control character code situation, some character
sequences in the replacement siring will be converted to
control characters when the original string is replaced by the
substitution feature. Examples of these sequences would be
“pb” and “%B” which convert to a backspace character and
a delele characler respectively. Therefore, for an open
bracket “(” to be displayed, the original string could be
defined as “br’ and the replacement string as “(%3”.
Likewise, for a close bracket “)”, the original string could be
“rb” and the replacement string “%b)”.

In the dynamic data code situation, certain character
sequences in the replacement string will be converted to
dynamic data when the original string is replaced. Examples
of these sequences would be “%t” and “%d” wherein the
codes are converted into the current time and current date
respectively.
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Like the intelligent character substitution feature, autotext
replacement can be undone easily, as described bellow.
Undo Feature

As mentioned above, all automatic formatting features of
the user interface and autotext engines such as
autocapitalization, autopunctuation and phrase substitution
may be overridden by what is referred to the “easy undo”
feature herein. The automatic formatting features have undo
capabilities that are triggered by backspacing over a signifi-
cant character. As such, if the user backspaces over one of
these significant characters, the formatted data is replaced
with the raw data as it existed prior to automatic formatting,

For instance, the user may type “fyi” into an autotext
input field such one implemented in 0 the message compose
screen. If then the user types <space> and “fyi” is in the
autotext database, the autotext engine will -replace “fyi”
with “for your information™ in the input field as earlier
described in phrase substitution. If the user does not desire
this substitution, the user can preferably backspace over the
last character of the displayed string “for your information”.
Consequently, the autotext engine will restore the contents
of the input field to “fyi” as they were prior to the phrase
substitution formatting operation. In this instance, the sig-
nificant character was the last character “n” in the phrase
“for your information”.

If the user types a sequence of characters that results in an
automatic formatting operation, and backspaces to activate
the easy undo feature, the appropriate engine will retain the
fact that an undo operation took place at that significant
character position. Consequently, if the user retypes the
same sequence of characters, then the automatic formatting
will not be applied for a second time. This allows the user
to suppress an automatic formatting feature when desired.

For example the user may suppress the autopunctuation
feature from inserting a full stop automatically. As described
above, if the user types <space>space> in an input field, a
full stop will be inserted by the user interface engine for the
first <space>. If the user does not desire a full stop in that
location, the user would then backspace over the full stop
character and retype <space><space>. The user interface
engine will not replace the full stop as it did the first time.
Navigation Aids

The device software provides a number of navigation aids
for most user input tasks. The navigation aids maximize the
likelihood that there will be a graphical interface that the
user finds intuitive. The aids allow most input tasks to be
performed completely using either the keyboard or the
thumbwheel. The navigation aids are preferably incorpo-
rated into choice boxes and menus of the device software. A
choice box is graphical interface wherein only one selection
is displayed at one tune. The other possible selections are
displayed one at a time by a navigation means. A menu, on
the other hand, is a graphical interface wherein all seleclions
for a particular input are displayed at one time. There are
other instances where the navigation aids may be used and
such applications are within the scope of the invention.

As a first aid, the user may cycle through all available
options in a choice box by pressing the space bar. For
instance, in a box containing the months of the year, pressing
the space bar repeatedly will change the selection from
“January” to “February” to “March”, etc. A keypad event,
defined by the location of the cursor being in a choice box
and the depression of the space bar, would trigger the
altering functional state process. As a result, the user inter-
face engine would process the event by indexing though a
choice array associated with the choice box and provide to
the operating system instructions to display the next avail-
able option.
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As a second aid, the user may also cycle through the data
by pressing a control key and rolling the thumbwheel. The
control key is preferably the “alt” key 902. Other control
keys are possible and within the scope of the invention. This
navigation method allows more flexibility for the user
because the user can cycle through data in either direction in
the choice array. This navigation is similar to the aforesaid
international character-scrolling embodiment. instead of
international characters associated with the key depressed,
the software displays a list of options. Preferably, in the
downward scrolling direction, the user interface engine will
move through the list of choices in the same direction as it
would have if the space bar had been pressed. In the upward
scrolling direction, the user interface engine will move
backwards through the list of choices (e.g. “March” to
“February” to “January”, etc.). Hence, the alt Key’s defined
function of producing for 20 display an alternate character
for a key has been altered by the keypad event triggered by
the thumbwheel and the alt key inputs. In the case of a menu
display, the user can move the cursor between items in the
menu by depressing a character key. If a menu item exists
beginning with (he character, the cursor will be positioned
automatically over the first item in the menu beginning with
that character. If there are multiple menu items beginning
with that character, pressing the key repeatedly will cycle it
through those menu items. When the cursor is positioned
over the desired item, the user can select it by pressing the
Enter key. If the user decides that he does not want to select
any menu item, but instead return to his previous position in
the application, he can again select the “Hide Menu” item or
press the backspace key, and the menu will be dismissed.

Another navigation aid is available when the cursor is
positioned over a specific choice box that changes options
by allowing the user to cycle through the options in the
choice box by only rolling up or down without depressing
the alt key. Similarly, when a menu is displayed, the user can
move the cursor up or down in the menu by rolling the
thumbwheel, respectively, up or down. When the cursor is
positioned over the desired menu item, the user can select it
by pressing the roller wheel toward the back of the device
(called clicking the wheel). If the user decides that he does
not want to select any menu item, but instead desires to
return to his previous position in the application, preferably,
he can select the “Hide Menu” item, and the menu will be
dismissed. Preferably, the user can also dismiss the menu by
pressing the backspace key.

Another navigation aid utilizes the uniqueness of the first
character of each choice listed in a choice box. If the user
depresses a key and there exists a possible choice beginning
with the character represented by the key, that choice will
automatically be selected without any further input required
by the user, if there are multiple choices beginning with that
letter, pressing the key repeatedly will cycle through the
available choices. For example, in a month choice box,
pressing “j” will first select “January”, then “June” and then
“July”. Alternatively implemented, rapid keystrokes could
result in a narrower search. For instance, rapidly pressing
“ju” would result in “June” and then “July”.

Thumbwheel Orientation

As described above with reference to FIG. 2, the com-
munications device 10 has a vertical thumbwheel 1000. As
shown in FIGS. 9-12, an alternative embodiment of the
invention comprises a device 4000 with an inclined thum-
bwheel 4002.

Like the device 10, the device 4000 is a hand-held
communications device which, as viewed directly from the
front in FIG. 9, has an ordinary operating/viewing position

25

30

40

45

55

65

16

in which it is normally held by and between the user’s left
and right hands at the left and right side edges 4004 and 4006
of the device 4000. The keyboard 4008 is thus elongated
horizontally across the front 4010 of the device 4000 at a
location between the display 4012 and the lower edge 4014
of the device 4000. Further like the device 10, the device
4000 includes a microprocessor with a software application
for providing a plurality of thumb-based operational features
upon certain inputs from the keyboard 4008 and the thum-
bwheel 4002, as described above.

The housing 4020 of the device 4000 has front and rear
sections 4022 and 4024. The thumbwheel 4002 projects
outward through a slot-shaped opening 4026 in the front
section 4022 of the housing 4020. The opening 4026 inter-
rupts the corner of the housing 4020 between the front 4010
and the right side edge 4006 of the device 4000, and is
elongated lengthwise of the right side edge 4006. The
opening 4026 is thus configured to provide clearance for the
thumbwheel 4002 lo project from both the front 4010 and
the right side edge 4006 of the device 4000 in its inclined
orientation. This places the peripheral surface 4030 of the
thumbwheel 4002 in an orientation in which it is clearly
visible from directly in front of the device 4000 when a user
holds the device 4000 in its ordinary operating/viewing
position, as shown in FIG. 9. Importantly, the peripheral
surface 4030 of the thumbwheel 4002 is casily accessible,
i.e., reachable, by the right thumb at the front 4010 of the
device and also by the right index finger when the device is
held, preferably, in the palms of two hands. Also, the
peripheral surface 4030 of the thumbwheel 4002 is acces-
sible by the right thumb at, for instance, the right side edge
4006 of the device when the device is held in one hand. The
present invention provides optimum positioning between a
vertically-aligned thumbwheel and horizontally-aligned
thumbwheel; thereby, allowing the user to operate the thum-
bwheel in either a single-hand operation or two-handed
operation.

As best shown in FIG. 11, the thumbwheel 4002 is
inclined at a specified angle A from the verlical orientation
of the thumbwheel 1000 (FIG. 2). The angle A is preferably
70 degrees. With its axis 4031 of rotation in this orientalion,
the thumbwheel 4002 can roll up toward the upper end 4032
of the device 4000, and down toward the lower end 4014, in
a manner similar to the up and down rolling movement of
the thumbwheel 1000. However, the rolling movement of
the thumbwheel 4002 further has directional components .
extending across the front 4010 of the device 4000 between
the opposite side edges 4004 and 4006 as a result of its
inclination from the vertical orientation of the thumbwheel
1000. This enhances the ability of the user to manipulate the
thumbwheel 4002 with either the thumb or index finger of
the right hand.

A structure for supporting the thumbwheel 4002 within
the housing 4020 is shown in FIGS. 12 and 13. An important
advantage of the inclined thumbwheel 4002 is that thickness
of the housing (i.e., the distance between the front surface
4010 and the rear surface 4011) is minimized; thereby,
allowing the overall dimensions of the device 4000 to be
sleeker than if the thumbwheel 4026 were vertically posi-
tioned. The supporting structure includes a rollerwheel
switch assembly 5000 and a printed circuit board (PCB)
5002. These parts 5000 and 5002 are configured to inter-
connect the thumbwheel 4002 operatively with the main
PCB 5004 (shown schematically in FIG. 11).

The PCB 5002 has first and second portions 5006 and
5008. The two portions 5006 and 5008 of the PCB 5002 are
inclined relative to each other at a specified angle B which
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is complementary to the angle A of FIG. 11. In the preferred
embodiment, the angle B is 20 degrees. The rollerwheel
switch assembly 5000 supports the thumbwheel 4002 on the
first portion 5006 of the PCB 5002 for rotation about the axis
4031, as indicated by the R arrows 4034, and also for
clicking input movement in a direction perpendicular to the
axis 4031, as indicated by the C arrows 4033 shown in FIG.
12. An additional advantage of the present invention is the
ability to execute the clicking input movement in a plurality
of angular positions of the user’s thumb or index finger as
illustrated by the input arrows F 4032 and associated angles
D, D', and D" in FIG. 13. All that is required to engage the
rollerwheel switch assembly 5000 to acknowledge a clicking
input movement is sufficient force in the direction perpen-
dicular to the axis 4031. In this manner, some of the
additional advantages described above relating to easy
access via a single-hand or a dual-hand mode operation of
the device 4000 is further enhanced. The plurality of angular
positions by which the user may engage the thumbwheel
4002 for input allows for greater freedom and ergonomic
flexibility for the user. Such freedom and ergonomic fex-
ibility is not found in traditional handheld devices having a
thumbwheel. An escape switch 5010 also is mounted on the
first portion 5006 of the PCB 5002, and is acuatable by a
button 5012 (FIG, 9) in a known manner. A connector 5014
is mounted on the second portion 5008 of the thumbwheel
PCB 5002 to connect the second portion 5008 directly with
the main PCB 5004 in an orientation parallel to the main
PCB 5004. The first portion 5006 of the thumbwheel PCB
5002 then supporis the thumbwheel 4002 in the inclined
orientation described above.

Having described in detail the preferred embodiments of
the present invention, including the preferred methods of
operation, it is to be understood that the preferred embodi-
menis are presented only by way of example and are not
meant to limit the scope of the present invention that is
defined by the following claims.

What is claimed is:

1. A hand-held personal digital assistant (PDA) config-
ured to communicate with a wireless network, comprising:

a housing dimensioned to be held between a user’s hands;

a display located on a face of the housing;

an auxiliary input device located on a side wall of the

housing adjacent to the display; and

a QWERTY-style keyboard located below the display on

the face of the housing and distributed horizontally
across the face of the housing, wherein the QWERTY-
style keyboard includes a plurality of tilted oblong
shaped keys and is symmetrically distributed across the
face of the housing such that half of the tilted oblong
keys are positioned on a left-hand side of the face of the
housing and the remaining tilted oblong keys are
located on a right-hand side of the face of the housing,
wherein the plurality of tilted oblong shaped keys are
configured into three rows of keys, each key in each
row of keys being positioned on the face of the housing
along an arc.

2. The hand-held personal digital assistant (PDA) of claim
1, wherein the left-hand oblong keys are tilted at a negative
angle relative to vertical and the right-hand oblong keys are
tilted at a positive angle relative to vertical such that the
tilted oblong keys are inclined at angles complimentary to
typing with the user’s thumbs.

3, The hand-held personal digital assistant (PDA) of claim
1, further comprising a plurality of function keys located on
the face of the housing below the QWERTY-style keyboard.

4, The hand-held personal digital assistant (PDA) of claim
1, further comprising a serial port located on the housing for
coupling the PDA to a host computer.
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5. The hand-held personal digital assistant (PDA) of claim
1, wherein the display is approximately square.

6. The hand-held personal digital assistant (PDA) of claim
1, wherein the auxiliary input device is a thumbwheel.

7. The hand-held personal digital assistant (PDA) of claim
6, wherein the thumbwheel is inclined between the face and
the side wall of the PDA so as to be accessible to either the
thumb or index finger of a user’s hand at a variety of angular
positions.

8. The hand-held personal digital assistant (PDA) of
claims 7, wherein the thumbwheel projects outward through
a slot-shaped opening which is located partially at the face
of the PDA and partially at the side wall of the PDA.

9. The hand-held personal digital assistant (PDA) of claim
6, wherein the PDA further comprises a main PCB, a
thumbwheel PCB operatively connected with the main PCB,
and a rollerwheel switch assembly supporting the thumb-
wheel on a portion of the thumbwheel PCB which is inclined
relative to the main PCB.

10. The hand-held personal digital assistant (PDA) of
claim 9, wherein the PDA further comprises a connector
interconnecting the main PCB with a portion of the thum-
bwheel PCB which is parallel to the main PCB.

11. The hand-held personal digital assistant (PDA) of
claim 6, wherein the thumbwheel has multiple depressible
and rotatable detectable input movements.

12. The hand-held personal digital assistant (PDA) of
claim 1, further comprising a transceiver for transmitting
and receiving information to and from the wireless network.

13. The hand-held personal digital assistant (PDA) of
claim 12, further comprising at least one antenna siructure
coupled to the transceiver.

14. The hand-held personal digital assistant (PDA) of
claim 13, further comprising a messaging application oper-
ating in the PDA for generating messages to be transmitted
via the wireless network.

15. The hand-held personal digital assistant (PDA) of
claim 1, further comprising a power supply subsystem for
providing power to the PDA.

16. The hand-held personal digital assistant (PDA) of
claim 15, wherein the power supply subsystem includes a
rechargeable lithium-ion battery.

17. The hand-held personal digital assistant (PDA) of
claim 16, further comprising an external charger input on the
housing for coupling the PDA to a source of power for
recharging the lithium-ion battery.

18. The hand-held personal digital assistant (PDA) of
claim 15, wherein the power supply sub-system includes a
battery and a voltage regulator.

19. The hand-held personal digital assistant (PDA) of
claim 1, further composing:

a microprocessor; and

a memory for storing an operating system and a plurality

of software applications that are executed by the micro-
processor to control the operation of the PDA.

20. The hand-held personal digital assistant (PDA) of
claim 19, wherein the plurality of software applications
include an address book application and a messaging appli-
cation.

21. The hand-held personal digital assistant (PDA) of
claim 19, wherein the plurality of software applications
include a calendar application and a messaging application.

22. The hand-held personal digital assistant (PDA) of
claim 1, wherein the housing is rectangular having four side
walls, two of the side walls being relatively longer than the
other two side walls, and wherein the QWERTY keyboard is
symmetrically distributed across the face of the housing
between the two relatively longer side walls.
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23. The hand-held personal digital assistant (PDA) of
claim 1, wherein the plurality of tilted oblong shaped keys
are oval shaped.

24, The hand-held personal digital assistant (PDA) of
claim 1, wherein the plurality of tilted oblong shaped keys
are tilted with respect to a vertical reference through the
PDA.

25, The hand-held personal digital assistant (PDA) of
claim 24, wherein the plurality of tilted oblong shaped keys
are tilted at an angle with respect to the vertical reference of
between 20 and 70 degrees.

26. The hand-held personal digital assistant (PDA) of
claim 1, wherein a rho value defining the curvature of the
plurality of tilted oblong shaped keys is about 0.4.

27. The hand-held persona digital assistant (PDA) of
claim 1, further comprising:

an antenna for receiving text messages from the wireless
network and for trapsmitting text messages to the
wireless network;

a transceiver, coupled to the antenna, for demodulating
the received text messages and for generating modu-
lated text message to transmit to the wireless network;
and

a digital signal processor coupled to the transceiver for
processing demodulated text messages from the trans-
ceiver and for providing modulating information to the
transceiver.

28. A handheld device optimally configured for use with

the thumbs of a user, comprising:

a device housing;

a QWERTY keyboard comprsing a plurality of letter
keys, wherein the plurality of letter keys are oblong
shaped keys, and wherein each oblong shaped key is
tilted relative to a vertical reference through the device,
the QWERTY keyboard being symmetrically posi-
tioned in the device housing;

an auxiliary input device positioned in relative proximity
to the QWERTY keyboard;

a display positioned adjacent to the keyboard; and

software residing in the device for providing functionality
to inputs received from the auxiliary input device and
the QWERTY keyboard.

29. The handheld device of claim 28, wherein the plurality
of letter keys in the QWERTY keyboard are grouped into a
first set of letter keys and a second set of letter keys, wherein
the first set of letter keys are tilted at a positive angle with
respect to the vertical reference and the second set of letter
keys are tilted at a negative angle with respect to the vertical
reference.

30. The handheld device of claim 28, wherein the plurality
of oblong shaped letter keys are oval shaped.

31. The handheld device of claim 29, wherein the positive
angle is about 40 degrees and the negative angle is about 40
degrees.

32. The handheld device of claim 29, wherein a rho value
defining the curvature of the first and second set of oblong
shaped keys is about 0.414,

33. The handheld device of claim 28, wherein the auxil-
iary input device is a thumbwheel.

34. The handheld devices of claim 28, wherein the aux-
iliary input device includes a directional input component
for navigating a plurality of menu items presented on the
display and a selector switch for selecting a menu item from
the plurality of menu items.

35, The handheld device of claim 28, wherein the device
is a two-way pager.
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36. The handheld device of claim 28, wherein the device
is a personal digital assistant.

37. The handheld device of claim 28, wherein the plurality
of letter keys are grouped into three rows of letter keys, each
row of letter keys positioned on the device along an arc.

38. The handheld device of claim 37, wherein the arcs are
concentric.

39, The handheld device of claim 28, further comprising
a transceiver for transmitting and receiving information to
and from a wireless network, and an antenna coupled to the
transceiver.

40. The handheld device of claim 28, further comprising:

a microprocessor; and

a memory for storing the software, the software including
an operating system and a plurality of application
programs that are executed by the microprocessor to
control the operation of the handheld device.

41. The handheld device of claim 40, wherein the memory

is a flash memory.

42, The handheld device of claim 40, further comprising
a digital signal processor coupled between the microproces-
sor and a transceiver included in the handheld device.

43, The handheld device of claim 40, wherein the plurality
of application programs include a messaging application for
generating e-mail messages and a calendar application.

44. The handheld device of claim 43, wherein the plurality
of application programs further include an address book
application.

45, The hand held device of claim 28, further comprising
a serial port for coupling the handheld device to a host
computer.

46. The handheld device of claim 28, further comprising
a power supply subsystem including a rechargeable battery
and an external charger input for receiving a source of
electrical charge to recharge the rechargeable battery.

47. The handheld device of claim 46, wherein the
rechargeable battery is a lithium ion battery.

48. The handheld device of claim 46, wherein the power
supply subsystem further includes a voltage regulator
coupled to the rechargeable battery for generating a regu-
lated supply voltage for powering the device.

49. The handheld device of claim 46, wherein the power
supply subsystem further includes connections to a micro-
processor for monitoring the operation of the power supply
subsystem.

50. An electronic communication device, comprising:

a device housing;

a transceiver for transmitting and receiving text messages;

a keyboard for composing text messages to be transmitted
by the transceiver, wherein the keyboard includes three
sets of tilted oblong shaped keys, wherein the three sets
of tilted oblong shaped keys are arranged into a
QWERTY keyboard having three rows of keys, a top
row, a middle row, and a bottom row, wherein the first
set of keys is arranged in an arc and forms a top row of
keys in the QWERTY keyboard, the second set of keys
is arranged in an arc and forms a middle row of keys in
the QWERTY keyboard, and the third set of keys is
arranged in an arc and forms the bottom row of keys in
the QWERTY keyboard, and wherein the three rows of
keys are symmetrically positioned on the device hous-
ing; and

a display for displaying the received text messages.

51. The electronic communication device of claim 50,
wherein the three sets of tilted oblong shaped keys are oval
shaped, and wherein the oval shaped keys are tilted at a
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common angle with respect to a vertical reference through
the electronic communication device.
52, The electronic communication device of claim 50,
further comprising:
an auxiliary input device for selecting an operation to be
performed by the device, wherein a menu of operations
is presented on the display.
53. The electronic communication device of claim 50,
wherein the text messages are e-mail messages.
54, The electronic communication device of claim 50,
wherein the transceiver includes:

a first antenna for receiving a text message; and

a second antenna for transmitting a text message.
55, The electronic communication device of claim 54,
wherein the transceiver further includes:

a receiver, coupled to the first antenna, for demodulating
the received text message; and

a transmitter, coupled to the second antenna, for gener-
ating a modulated text message.
56. The electronic communication device of claim 55,
wherein the transceiver further includes:

a digital signal processor coupled to the transmitter and
the receiver for processing demodulated text messages
from the receiver, and for providing modulation infor-
mation to the transmitter.

57. A hand-held electronic device, comprising:

a device housing having a top surface, a bottom surface,
and a plurality of connecting surfaces for connecting
the top surface to the a bottom surface;

an LCD display mounted within the top surface,

a keyboard mounted within the top surface of the device
housing in a position beneath the LCD display, wherein
the keyboard comprises as a QWERTY-style keyboard
having a plurality of tilted oblong shaped keys that are
tilted with respect to a vertical reference through the
top surface, and further wherein the keyboard is dis-
tributed symmetrically across the face of the housing,
wherein the keyboard includes a plurality of letter keys
and a plurality of specialized keys, the plurality of letter
keys including a first set of oblong shaped keys and a
second set of oblong shaped keys, wherein each oblong
shaped key in the first set of oblong shaped keys is
tilted at a positive angle relative to the vertical refer-
ence and each oblong shaped key in the second set of
oblong shaped keys is tilted at a negative angle relative
to the vertical reference; and

an auxiliary input device mounted within the device
housing in a position above the keyboard and to the side
of the LCD display.

58, The hand-held electronic device of claim 57, wherein
the plurality of specialized keys include at least a space bar
key, an alt key, a cap key and a line feed key.

59, The hand-held electronic device of claim 57, wherein
the hand-held electronic device is a two-way pager, a
personal digital assistant or an electronic organizer.

60. The hand-held electronic device of claim 57, wherein
the plurality of tilted oblong shaped keys are oval shaped.

61. The hand-held electronic device of claim 57, wherein
the LCD display occupies more than half of the surface area
of the top surface.

62. The hand-held electronic device of claim 57, wherein
the auxiliary input device is mounted within one of the
connecting surfaces.

63. The hand-held electronic device of claim 57, wherein
the auxiliary input device is a thumbwheel.
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64. The hand-held electronic device of claim 57, wherein
the auxiliary input device includes a directional input com-
porent for navigating a plurality of menu items presented on
the LCD display and a selector switch for selecting a menu
item from the plurality of menu items.

65. The hand-held electronic device of claim 57, further
comprising;

a transceiver for transmitting and receiving messages.

66. The hand-held electronic device of claim 65, further
comprising:

a first antenna for receiving messages; and

a second antenna for transmitting messages.
67. The hand-held electronic device of claim 66, wherein
the transceiver further comprises:

a receiver, coupled to the first antenna, for demodulating
the received messages; and

a transmitter, coupled to the second antenna, for gener-
ating a modulated message.

68. The hand-held electronic device of claim 67, wherein

the transceiver further comprises:

a digital signal processor coupled to the transmitter and
the receiver for processing demodulated messages from
the receiver, and for providing modulation information
to the transmitter.

69. A hand-held electronic device, comprising

a device housing having a top surface, a bottom surface,
and a plurality of connecting surfaces for connecting
the top surface to the bottom surface;

an LCD display mounted within the top surface;

a keyboard mounted within the top surface of the device
housing in a position beneath the LCD display, wherein
the keyboard comprises a QWERTY-style keyboard
having a plurality of tilted oval shaped keys that are
tilted with respect to a vertical reference through the
top surface, and further wherein the keyboard is dis-
tributed symmetrically across the face of the housing;
and

an auxiliary input device mounted within the device
housing in a position above the keyboard and to the side
of the LCD display.

70. The hand-held electronic device of claim 69, wherein

the keyboard comprises:

a plurality of letter keys; and

a plurality of specialized keys.

71. The hand-held electronic device of claim 70, wherein
the plurality of specialized keys include at least a space bar
key, an al key, a cap key and a line feed key.

72. The hand-held electronic device of claim 70, wherein
the plurality of letter keys include a first set of oval shaped
keys and a second set of oval shaped keys, wherein each oval
shaped key in the first set of oval shaped keys is tilted at a
positive angle relative to the vertical reference and each oval
shaped key in the second set of oval shaped keys is tilted at
a negative angle relative to the vertical reference.

73. The hand-held electronic device of claim 69, wherein
the hand-held electronic device is a two-way pager, a
personal digital assistant or an electronic organizer.

74. The hand-held electronic device of claim 69, wherein
the LCD display occupies more than half of the surface area
of the top surface.

75. The hand-held electronic device of claim 69, wherein
the auxiliary input device is mounted within one of the
connecting surface.

76. The hand-held electronic device of claim 69, wherein
the auxiliary input device is a thumbwheel.
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77. The hand-held electronic device of claim 69, wherein
the auxiliary input device includes a directional input com-
ponent for navigating a pluralily of menu items presented on
the LCD display and selector switch for selecting a menu
item from the plurality of menu items.

78. The hand-held electronic device of claim 69, further
comprising:

a transceiver for transmitting and receiving messages.

79. The hand-held electronic device of claim 78, further
comprising:

a first antenna for receiving messages; and

a second antenna for transmitting messages.

80. The hand-held electronic device of claim 79, wherein
the transceiver further comprises:

a receiver, coupled to the first antenna, for demodulating

the received messages; and

a transmilter, coupled to the second antenna, for gener-
ating a modulated message.

81. The hand-held electronic device of claim 80, wherein

the transceiver further comprises:

a digital signal processor coupled to the transmitter and
the receiver for processing demodulated messages from
the receiver, and for providing modulation information
to the transmitter.

82. A keyboard for use with a mobile communication
device, the keyboard configured in a device housing having
a top surface the top surface being bisected into a left half
and a right half by a vertical reference through the device
housing, Lhe keyboard comprising:

a plurality of oval shaped tilted letter keys distributed
horizontally across the top surface of the housing,
wherein the plurality of oval shaped tilted letter keys
are grouped into a first set of letter keys, and a second
set of letter keys, wherein the first set of letter keys are
positioned on the left half of the top surface and the
second set of letter keys are positioned on the right half
of the top surface, such that approximately half of the
plurality of letter keys are positioned to the left of the
vertical reference and approximately half of the plu-
rality of letter keys are positioned to the right of the
vertical reference so as to symmetrically distribute the
keys across the top surface of the housing; and

a plurality of specialized keys.

83. The keyboard of claim 82, wherein each key in the
first set of letter keys s tilted at a positive angle relative to
the vertical reference and each key in the second set of letter
keys is tilted at a negative angle relative to the vertical
reference.

84. The keyboard of claim 83, wherein this positive angle
is between positive 20 and 70 degrees from the vertical
reference and the negalive angle is between negative 20 and
70 degrees from the vertical reference.

85. The keyboard of claim 82, wherein the first and
second sets of letter keys each comprise three rows of letter
keys, wherein the keys in each row of the three rows of letter
keys are vertically aligned with keys in the other two rows
of letter keys.

86. The keyboard of claim 82, wherein the specialized
keys include a space bar key.

87. The keyboard of claim 86, wherein the specialized
keys form a fourth row of keys placed on the top surface of
the housing be low the three rows of letter keys.

88. The keyboard of claim 87, wherein the specialized
keys include a space bar key.

89, The keyboard of claim 82, wherein the specialized
keys include a cap key.
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90. The keyboard of claim 82, wherein the specialized
keys include a backspace key.

91. The keyboard of claim 82, wherein the specialized
keys include a line feed key.

92. The keyboard of claim 82, wherein the specialized
keys include an alt key.

93. The keyboard of claim 82, wherein the first set of letter
keys and the second set of letter keys comprise a first row of
letter keys.

94. The keyboard of claim 93, wherein the first set of letter
keys and the second set of letter keys comprise a second row
of letter keys positioned beneath the first row of letter keys.

95. The keyboard of claim 94, wherein the first row of
letter keys and the second row of letter keys are positioned
on the device housing along respective first and second arcs.

96. The keyboard of claim 82, wherein the first and
second sets of letter keys comprise a QWERTY keyboard.

97. A keyboard for use with a mobile communication
device, the keyboard configured in a device housing having
a top surface, the top surface being bisected into a left half
and a right half by a vertical reference through the device
housing, the keyboard comprising:

a plurality of oblong shaped tilted letter keys distributed
horizontally across the top surface of the housing,
wherein the plurality of oblong shaped tilted letter keys
are set of letter keys are positioned on the left half of
the top surface and the second set of lelter keys are
positioned on the right half of the top surface, such that
approximately half of the plurality of letter keys are
positioned to the left of the vertical reference and
approximately half of the plurality of letter keys are
positioned to the right of the vertical reference so as to
symmetrically distribute the keys across the top surface
of the housing, wherein each key in the first set of letter
keys s tilted at a positive angle relative to the vertical
reference and each key in the second set of letter keys
is tilted at a negative angle relative to the vertical
reference; and

a plurality of specialized keys.

98. The keyboard of claim 97, wherein the first and
second sets of letter keys are oval shaped keys.

99, The keyboard of claim 97, wherein the positive angle
is between positive 20 and 70 degrees from the vertical
reference and the negative angle is between negative 20 and
70 degrees from the vertical reference.

100. The keyboard of claim 97, wherein the first and
second sets of letter keys each comprise three rows of letter
keys, wherein the keys in each row of the three rows of letter
keys are vertically aligned with keys in the other two rows
of letter keys.

101. The keyboard of claim 100, wherein the specialized
keys include a space bar and form a fourth row of keys.

102. The keyboard of claim 101, wherein the fourth row
of keys is positioned on the top surface of the housing below
the three rows of letter keys.

103. The keyboard of claim 97, wherein the specialized
keys include a space bar key.

104. The keyboard of claim 97, wherein (he specialized
keys include a cap key.

105. The keyboard of claim 97, wherein the specialized
keys include a backspace key.

106. The keyboard of claim 97, wherein the specialized
keys include a line feed key.

107. The keyboard of claim 97, wherein the specialized
keys include an alt key.

108. The keyboard of claim 97, wherein the first set of
letter keys and the second set of letter keys comprise a first
row of letter keys.
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109. The keyboard of claim 108, wherein the first set of
letter keys and the second set of letter keys comprise a
second row of letter keys positioned beneath the first row of
letter keys.

110. The keyboard of claim 109, wherein the first row of
letter keys and the second row of letter keys are positioned
on the device housing along respective first and second arcs.

111. The keyboard of claim 97, wherein the first and
second sets of letter keys comprise a QWERTY keyboard.

112. A keyboard for use with a mobile communication
device, the keyboard configured in a device housing having
a top surface, the a top surface being bisected into a left half
and a right half by a vertical reference through the device
housing, the keyboard comprising:

a plurality of oblong shaped tilted letter keys distributed
horizontally across the top surface of the housing,
wherein the plurality of oblong shaped tilted letter keys
are grouped into a first set of letter keys and a second
set of letter keys, wherein the first set of letter keys are
positioned on the left half of the top surface and the
second sct of letter keys are positioned on the right half
of the top surface, such that approximately half of the
plurality of letter keys are positioned to the left of the
vertical reference and approximately half of the plu-
rality of letter keys are positioned to the right of the
vertical reference so as to symmetrically distribute the
keys across the top surface of the housing, wherein the
first and second sets of letter key each comprise three
rows of letter keys, wherein the keys in each row of the
three rows of letter keys are vertically aligned with
keys in the other two rows of letter keys; and

a plurality of specialized keys.

113, The keyboard of claim 112, wherein the first and
second sets of letter keys are oval shaped keys.

114. The keyboard of claim 112, wherein each key in the
first set of letter keys is tilted at a positive angle relative to
the vertical reference and each key in the second set of letter
keys is tilted at a negative angle relative to the vertical
reference.

115. The keyboard of claim 114, wherein the positive
angle is between positive 20 and 70 degrees from the vertical
reference and the negative angle is between negative 20 and
70 degrees from the vertical reference.

116. The keyboard of claim 112, wherein the specialized
keys include a space bar key.

117. The keyboard of claim 116, wherein the space bar
key forms a fourth row of keys positioned beneath the three
rows of letter keys.

118. The keyboard of claim 112, wherein the specialized
keys include a cap key.

119. The keyboard of claim 112, wherein the specialized
keys include a backspace kcy.

120. The keyboard of claim 112, wherein the specialized
keys include a line feed key.

121. The keyboard of claim 112, wherein the specialized
keys include an alt key.

122. The keyboard of claim 112, wherein the first and
second sets of letter keys comprise a QWERTY keyboard.

123. A keyboard for use with a mobile communication
device, the keyboard configured in a device housing having
a top surface, the top surface being bisected into a left half
and a right half by a vertical reference through the device
housing, the keyboard comprising:

a plurality of oblong shaped tilted letter keys distributed
horizontally across the top surface of the housing,
wherein the plurality of oblong shaped tilted letter keys
are grouped into a first set of letter keys and a second
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set of letter keys, wherein the first set of letter keys are
positioned on the left half of the top surface and the
second set of letter keys are positioned on the right half
of the top surface, such that approximately half of the
plurality of letter keys are positioned to the left of the
vertical reference and approximately half of the plu-
rality of letter keys are positioned to the right of the
vertical reference so as to symmetrically distribute the
keys across the top surface of the housing, wherein the
first set of letter keys and the sec and set of letter
comprise comprise a first row of letter keys and a
second set of letter keys positioned beneath the first
row of letter keys, wherein the first row of letter keys
and the second row of letter keys are positioned on the
device housing along respective first and second arcs;
and

a plurality of specialized keys.

124. The keyboard of claim 123, wherein the first and
second sets of letter keys are oval shaped keys.

125. The keyboard of claim 123, wherein each key in the
first set of letter keys is tilted at a positive angle relative to
the vertical reference and each key in the second set of letter
keys is tilted at a megative angle relative to the vertical
reference.

126. The keyboard of claim 125, wherein the positive
angle is between positive 20 and 70 degrees from the vertical
reference and the negative angle is between negative 20 and
70 degrees from the vertical reference.

127. The keyboard of claim 123, wherein the specialized
keys include a space bar key.

128. The keyboard of claim 123, wherein the specialized
keys include a cap key.

129. The keyboard of claim 123, wherein the specialized
keys include a backspace key.

130. The keyboard of claim 123, wherein the specialized
keys include a line feed key.

131. The keyboard of claim 123, wherein the specialized
keys include an alt key.

132. The keyboard of claim 123, wherein the first and
second sets of letter keys comprise a QWERTY keyboard.

133. A wireless e-mail device, comprising:

a device housing having a top surface and a left and ride

side surface coupled to the top surface;

an LCD display mounted within the top surface;

a transceiver for receiving e-mail messages front a wire-
less network and for transmitting e-mail messages
generated on the wireless e-mail device to the wireless
network; and

a keyboard mounted within the top surface for generating
e-mail messages, the keyboard comprising a plurality
of tilted oval shaped keys configured as a QWERTY
keyboard, wherein the QWERTY keyboard is sym-
metrically positioned on the top surface of the device
housing.

134. The wireless e-mail device of claim 133, further
comprising an auxiliary input device mounted within the
device housing,.

135. The wireless e-mail device of claim 134, wherein the
auxiliary input device is a thumbwheel.

136. The wireless e-mail device of claim 134, wherein the
auxiliary input device includes a directional input compo-
nent for navigating a plurality of menu items presented on
the LCD display and a selector switch for selecting a menu
item from the plurality of menu items.

137. The wireless e-mail device of claim 133, wherein the
plurality of tilted oval shaped keys include a first set of keys
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and a second set of keys, wherein the first set of keys are
tilted at a positive angle relative to a vertical reference
through the device housing and the second set of keys are
tilted at a negative angle relative to the vertical reference.

138. The wireless e-mail device of claim 133, further
comprising an antenna coupled to the transceiver.

139, The wireless e-mail device of claim 133, further
comprising:

a microprocessor; and

a memory for storing an operating system and a plurality
of application programs that are executed by the micro-
processor to control the operation of the wireless e-mail
device.

140. The wireless e-mail device of claim 139, wherein the
operating system assigns a plurality of characters to at least
one of the plurality of oval shaped keys, and wherein the
wireless e-mail device includes an auxiliary input device
that is used to select one of the plurality of characters by
holding down the at least one oval shaped key and selecting
the one of the plurality of characters using the auxiliary input
device.

141. The wireless e-mail device of claim 139, wherein the
memory stores a database associating a plurality of first
character phrases with a plurality of second character
phrases, and wherein the operating system detects one of the
plurality of first character phrases input by a user of the
wireless e-mail device using the keyboard and substitutes
the associated second character phrase on the LCD display.

142. The wireless e-mail device of claim 139, wherein the
memory is a flash memory.

143. The wireless e-mail device of claim 139, further
comprising a digital signal processor coupled between the
microprocessor and the transceiver.

144. The wireless e-mail device of claim 139, wherein the
plurality of application programs include a messaging appli-
cation for generating e-mail messages and a calendar appli-
cation.

145. The wireless e-mail device of claim 144, wherein the
plurality of application programs further include an address
book application.

146. The wireless e-mail device of claim 133, further
comprising a serial port for coupling the wireless e-mail
device to a host computer.

147. The wireless e-mail device of claim 133, further
comprising a power supply subsystem including a recharge-
able battery and an external charger input for receiving a
source of electrical charge to recharge the rechargeable
battery,

148. The wireless e-mail device of claim 147, wherein the
rechargeable battery is a lithium battery.

149. The wireless e-mail device of claim 147, wherein the
power supply subsystem further includes a voltage regulator
coupled to the rechargeable battery for generating a regu-
lated supply voltage for powering the device,

150. The wireless e-mail device of claim 147, wherein the
power supply subsystem further includes connections to a
microprocessor for monitoring the operation of the power
supply subsystem.

151. A wireless e-ail device, comprising;

a device housing having a top surface and a left and right

side surface coupled to the top surface;

an LCD display mounted within the top surface;

a transceiver for receiving e-mail messages from a wire-
less network and for transmitting e-mail messages
generated on the wireless e-mail device to the wireless
network; and
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a keyboard mounted within the top surface for generating
e-mail messages, the keyboard comprising a plurality
of tilted oblong shaped keys configured as a QWERTY
keyboard, wherein the QWERTY keyboard is sym-
metrically positioned on the top surface of the device
housing, and wherein the plurality of tilted oblong
shaped keys include a first set of keys and a second set
of keys, wherein the first set of keys are tilted at a
positive angle relative to a vertical reference through
the device housing and the second set of keys are tilted
at a negative angle relative to the vertical reference.

152. The wireless e-mail device of claim 151, further
comprising an auxiliary input device mounted within the
device housing.

153. The wireless e-mail device of claim 152, wherein the
auxiliary input device is a thumbwheet.

154. The wireless e-mail device of claim 152, wherein the
auxiliary input device includes a directional input compo-
nent for navigating a plurality of menu items presented on
the LCD display and a selector switch for selecting a memu
item from the plurality of menu items.

155. The wireless e-mail device of claim 151, wherein the
plurality of tilted oblong shaped keys are oval shaped.

156. The wireless e-mail device of claim 151, further
comprising an antenna coupled to the transceiver.

157. The wireless e-mail device of claim 151, further
comprising;

a microprocessor; and

a memory for storing an operating system and a plurality
of application programs that are executed by the micro-
processor to control the operation of the wireless e-mail
device.

158. The wireless e-mail device of claim 157, wherein the

memory is a flash memory.

159, The wireless e-mail device of claim 157, further
comprising a digital signal processor coupled between the
microprocessor and the transceiver.

160. The wireless e-mail device of claim 151, wherein the
plurality of application programs include a messaging appli-
cation for generating e-mail messages and a calendar appli-
cation.

161. The wireless e-mail device of claim 160, wherein the
plurality of application programs further include an address
book application.

162. The wircless e-mail device of claim 151, further
comprising a serial port for coupling the wireless e-mail
device to a host computer,

163. The wireless e-mail device of claim 151, further
comprising a power supply subsystem including a recharge-
able battery and an external charger input for receiving a
source of electrical charge to recharge the rechargeable
battery.

164. The wireless e-mail device of claim 163, wherein the
rechargeable battery is a lithium battery.

165. The wireless e-mail device of claim 163, wherein the
power supply subsystem further includes a voltage regulator
couplets to the rechargeable battery for generating a regu-
lated supply voltage for powering the device.

166. The wireless e-mail device of claim 163, wherein the
power supply subsystem further includes connections to a
microprocessor for monitoring the operation of the power
supply subsystem.

167. A wireless e-mail device, comprising:

a device housing;

an antenna;

a transceiver coupled to the antenna for sending and
receiving e-mail messages to and from a wireless
network;
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a display mounted in the device housing for displaying
received e-mail messages, and for presenting a user
interface for generating an e-mail message;

an auxiliary input device mounted in the device housing
and having a directional component for navigating a
plurality of menu items presented on the display and a
switch for selecting one of the menu items; and

a QWERTY keyboard mounted in the device housing for
entering the text of an e-mail message, the QWERTY
keyboard including a plurality of tilted oval shaped
keys.

168, The wireless e-mail device of claim 167, wherein the
device housing comprises a top surface, a bottom surface,
and a plurality of side surfaces coupling the top surface to
the bottom surface.

169. The wireless e-mail device of claim 168, wherein the
display and the QWERTY keyboard are mounted in the top
surface of tie device housing.

170. The wireless e-mail device of claim 169, wherein the
display is mounted above the QWERTY keyboard.

171. The wireless e-mail device of claim 170, wherein the
display is approximately square.

172. The wireless e-mail device of claim 167, wherein the
display is an LCD display.

173. The wireless e-mail device of claim 167, wherein the
auxiliary input device is a thumbwheel.

174. The wireless e-mail device of claim 167, further

comprising a serial port for connecting the wireless e-mail
device to a host computer.
. 175. The wireless e-mail device of claim 167, wherein the
plurality of tilted oval shaped keys include two groups of
keys, a first group keys that are tilted at a positive angle with
respect to a vertical reference through the device housing
and a second group of keys that are tilted at a negative angle
with respect to the vertical reference.

176. The wireless e-mail device of claim 167, wherein the
plurality of tilted oval shaped keys are grouped into three
rows of keys, a first row, a second row, and a third row,
wherein the first, second and third rows of letter keys are
positioned on the device housing along first, second and
third arcs.

177. The wireless e-mail device of claim 176, wherein the
first, second and third arcs are concentric.

178. The wireless email device of claim 167, wherein the
wireless e-mail device is a two-way pager, a portable digital
assistant, or an electronic organizer.

179. The wireless e-mail device of claim 167, further
comprising:

a microprocessor coupled to a memory for controlling the
operation of the wireless e-mail device, the memory
storing an operating system and a messaging
application, wherein the messaging application pre-
senls the user interface for generating an e-mail mes-
sage on the display.

180. The wireless e-mail device of claim 167, further

comprising:

a power supply subsyslem including a rechargeable bat-
tery and an external charger input for receiving a source
of electrical energy for recharging the rechargeable
battery.

181. The wireless e-mail device of claim 179, wherein the

memory stores a calendar application.

182. A wireless e-mail device, comprising:

a device housing;

an anlenna;

a transceiver coupled to the antenna for sending and
receiving e-mail messages to and from a wireless
network;
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a display mounted in the device housing for displaying
received e-mail messages, and for presenting a user
interface for generating an e-mail message;

an auxiliary input device mounted in the device housing
and having a directional component for navigating a
plurality of menu items presented on the display and a
switch for selecting one of the menu items; and

a QWERTY keyboard mounted in the device housing for
entering the text of an e-mail message, the QWERTY
keyboard including a plurality of tilted oblong shaped
keys, wherein the plurality of tilted oblong shaped keys
include two groups of keys, a first group of keys that are
tilted at a positive angle with respect to a vertical
reference through the device housing and a second
group of keys that are tilted at a negative angle with
respect to the vertical reference.

183. The wireless e-mail device of claim 182, wherein the

plurality of oblong shaped keys are oval shaped.

184. The wireless e-mail device of claim 182, wherein the
device housing comprises a top surface, a bottom surface,
and a plurality of side surfaces coupling the top surface to
the bottom surface.

185. The wireless e-mail device of claim 184, wherein the
display and the QWERTY keyboard are mounted in the top
surface of the device housing.

186. The wireless e-mail device of claim 185, wherein the
display is mounted above the QWERTY keyboard.

187. The wireless e-mail device of claim 186, wherein the
display is approximately square.

188. The wireless e-mail device of claim 182, wherein the
display is an LCD display.

189. The wireless e-mail device of claim 182, wherein the
auxiliary input device is a thumbwheel.

190. The wireless e-mail device of claim 182, further
comprising a serial port for connecting the wireless e-mail
device to a host computer,

191. The wireless e-mail device of claim 182, wherein the
positive angle is between positive 20 and 70 degrees from
the vertical reference and the negative angle is between
negative 20 and 70 degrees from the vertical reference.

192. The wireless e-mail device of claim 183, wherein the
plurality of tilted oval shaped keys are grouped into three
rows of keys, a first row, a second row, and a third row,
wherein the first, second and third rows of letter keys are
positioned on the device housing along first, second and
third arcs.

193. The wireless e-mail device of claim 192, wherein the
first second and third arcs are concentric.

194. The wireless e-mail device of claim 182, wherein the
wireless e-mail device is a two-way pager, a portable digital
assistant, or an electronic organizer.

195. The wireless e-mail device of claim 182, further
comprising:

a microprocessor coupled to a memory for controlling the
operation of the wireless e-mail device, the memory
storing an operating system and a messaging
application, wherein the messaging application pre-
sents the user interface for generaling an e-mail mes-
sage on the display.

196. The wireless e-mail device of claim 182, further

comprising:

a power supply subsystem including a rechargeable bat-
tery and an external charger input for receiving a source
of electrical energy for recharging the rechargeable
battery.

197. The wireless e-mail device of claim 195, wherein the

memory stores a calendar application.
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198. A wireless e-mail device, comprising:

a device housing;

an anteona;

a transceiver coupled to the antenna for sending and
receiving e-mail messages to and from a wireless
network;

a display mounted in the device housing for displaying
received e-mail messages, and for presenting a user
interface for gencrating an ¢-mail message;

an auxiliary input device mounted in the device housing
and having a directional component for navigating a
plurality of menu items presented on the display and a
switch for selecting one of the menu items; and

a QWERTY keyboard mounted in the device housing for
entering the text of an e-mail message, the QWERTY
keyboard including a plurality of tilted oblong shaped
keys, wherein the plurality of tilted oblong shaped keys
are grouped into three rows of letter keys, a first row,
a second row, and a third row, wherein the first, second
and third rows of letter keys are positioned on the
device housing along first, second and third arcs.

199. The wireless e-mail device of claim 198, wherein the
first, second and third arcs are concentric.

200. The wireless e-mail device of claim 198, wherein the
plurality of oblong shaped keys are oval shaped.

201. The wireless e-mail device of claim 198, wherein the
device housing comprises a top surface, a bottom surface,
and a plurality of side surfaces coupling the top surface to
the bottom surface.

202. The wireless e-mail device of claim 201, wherein the
display and the QWERTY keyboard are mounted in the top
surface of the device housing.
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203. The wireless e-mail device of claim 202, wherein the
display is mounted above the QWERTY keyboard.

204. The wireless e-mail device of claim 203, wherein the
display is approximately square.

205. The wireless e-mail device of claim 198, wherein the
display is an LCD display.

206. The wireless e-mail device of claim 198, wherein the
auxiliary input device is a thumbwheel.

207. The wireless e-mail device of claim 198, further
comprising a serial port for connecting the wireless e-mail
device to a host computer.

208. The wireless e-mail device of claim 198, wherein the
wireless e-mail device is a two-way pager, a portable digital
assistants, or an electronic organizer.

209. The wireless e-mail device of claim 198, further
comprising:

a microprocessor coupled to a memory for controlling the
operation of the wireless e-mail device, the memory
storing an operating system and a messaging
application, wherein the messaging application present
the user interface for generating an e-mail message on
the display.

210. The wireless e-mail device of claim 198, further

comprising:

a power supply subsystem including a rechargeable bat-
tery and an external charger input for receiving a source
of electrical energy for recharging the rechargeable
battery.

211. The wireless e-mail device of claim 209, wherein the

memory stores a calendar application.
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HAND-HELD ELECTRONIC DEVICE WITH
A KEYBOARD OPTIMIZED FOR USE WITH
THE THUMBS

This application is a Division of U.S. Ser. No. 09/106,
585, entitled “Hand-Held Electronic Device With A Key-
board Optimized For Use With The Thumbs”, filed Jun. 29,
1998, which is a continuation-In-Part of U.S. Design Appli-
cation Ser. No. 29/089,942 entitled “Hand-Held Messaging
Device With Keyboard”, filed Jun. 26, 1998, U.S. Pat. Des.
416,256 and assigned to the assignee of the present inven-
tion.

BACKGROUND OF THE INVENTION

The present invention is directed toward the field of small,
hand-held electronic devices such as personal data assistants
(PDA’s), personal information managers (PIM’s), two-way
pagers and the like. In particular, the system and method of
the present invention provide the user of the hand-held
device with the ability to input data with a minimal amount
of key strokes and optimized for use substantially with the
thumbs.

In a two-way paging system that provides two-way, full
text messaging, there is a need to permit the user to initiate
messages and to respond to messages in a timely fashion and
with text entirely created by the user. In order to keep the
form factor of the two-way pager small enough to be worn
on the body of the user, such as with a belt clip, the input
device needs to be small, have a minimal number of keys
and optimized for use with a minimal number of key strokes.
Prior art systems have attempted to address these needs by
incorporating virtual keyboards or pen-based input systems
for user inputs to the device, but such systems require the
user to input data in an unfamiliar manner, Additionally, in
a small hand-held messaging device, such as a two-way
pager, these systems prove awkward lo use.

In order to provide a hand-held electronic device that
permits a user the opportunity to enter data into an address
book, a calendar, a task list, an email message or a similar
text file that requires user-generated data, the instant inven-
tion is directed to an input device that is oriented to be used
substantially through use of the thumbs. This is accom-
plished first by providing a keyboard with a minimal number
of keys, but with the keys representing the alphabet gener-
ally placed in the same order as they would appear on a
standard keyboard, such as in a standard QWERTY or a
DVORAK keyboard layout, The use of a keyboard layout
that is familiar to the user enables the user to immediately
use the device without having to hunt for the keys he or she
wishes to use.

Although the layout is similar to a standard keyboard, the
keys are placed at an orientation and in a particular shape
that attempts to maximize the surface area of the thumb
hitting the key and to provide the user with a comfortable
position of the hands for data input. Also, the orientation
encourages input by the thumbs, which the inventors of the
instant invention have discovered to be faster and more
accurate in small hand-held electronic devices than touch-
typing or “hunting and pecking” typing.

An additional feature of the invention is the use of an
additional input means for control of functions that might
otherwise be controlled by a keyboard that included function
keys. To encourage data entry using thumbs and again to
minimize the number of keys on the keyboard, the instant
invention also includes a thumb-wheel for control of menus
for selection of forms and functions relevant to data input.
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The thumb-wheel is positioned in close proximity to the
keyboard to enable the easily transition from thumb-based
typing to thumb control of forms and functions.

In addition to hardware features that encourage optimal
data entry through the use of thumbs, there are several
software features that are designed to minimize keystrokes
and aid in entry of data.

The features of this invention, both individually and
collectively, have not, to the knowledge of the inventors,
been applied to a small hand-held electronic device that
requires user-generated data entry. To permit efficient opera-
tion of such devices while keeping the form factor of the
device small enough to be worm on the body, there is a
general need for a hand-held electronic device that can fit in
the palm of the hand and that can be operated substantially
with the thumbs.

There is a further need for a keyboard for a palm-size data
entry device with keys placed at an angle to optimize
operation of the keyboard by the use of the thumbs.

There remains another need for a keyboard with keys that
are shaped and sized to maximize contact with the thumbs
while minimizing the keyboard area required for such keys.

There also remains a need for an auxiliary input device
that is to be operated by the thumb for data inputs forms and
function control and that, in conjunction with the keyboard,
encourages and permits data entry and management through
input performed substantially by the thumbs,

There remains still another need for a software-
implemented user interface system that is designed, at least
in part, to support and encourage data entry through use of
the thumbs.

SUMMARY OF THE INVENTION

The present invention overcomes the problems noted
above and satisfies the needs in this field for a hand-held
electronic device with a keyboard optimized for use with the
thumbs. In the preferred embodiment of the present
invention, the hand-held electronic device is a two-way
paging device that permits full-text, two-way messaging
such as email messaging and that includes standard PDA or
PIM features such as an address book, an electronic
calendar, a task list and other text-based features. These
features require user input of text strings that can be lengthy
and that cannot be reduced to pre-determined or “canned”
strings. Thus, for such a device, the efficient entry of data in
a device meant to fit into the palm of one’s hand requires that
two goals are achieved. First, the data entry must be rela-
tively easy from a user perspective. This means that the user
must be somewhat familiar with analogous forms of data
entry and not have to be trained to use the data entry for the
hand-held device. Second, the form factor does not permit a
large number of keys or keys that are very large. Thus
efficient use of the keyboard space is required and functions
that might be able to be performed by a standard keyboard
are off-loaded to an auxiliary input device or are performed,
through a minimal number of keystrokes that encourage the
use of thumb-based data entry.

To accomplish these goals, the invention first optimizes
the placement of the keys on the device keyboard. In order
to work within the limited space available for the keyboard,
it was determined that it was preferable to use keys that were
oval or oblong and that were placed at angles designed to
facilitate use by thumb typing. An angle for the keys on the
right side of the keyboard and a complementary angle for the
keys on the left side of the keyboard are chosen based upon
observation of the angle at which a user will orient his or her
thumbs while thumb-typing.
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The invention also minimizes the number of keys avail-
able for data input. In the preferred embodiment, only keys
for the 26 letters of the English alphabet are available as well
as a backspace key, a line feed key, an “alt™ key, a “cap” key
and a space bar. The alt key enables the user in conjunction
the other keys to input numbers and symbols to perform
certain functions. The placement of the keys is designed to
enhance the user experience while typing with the thumbs
by meeting two seemingly opposite goals —minimizing the
keyboard footprint while maximizing the likelihood that
proper keys will be struck by the thumb-typing user.

The invention also provides additional incentive for the
user to use thumb input by providing an input device
adjacent to the keyboard, but integral to the overall hand-
held device. Although other devices can be used in an
auxiliary fashion, the preferred device is a thumbwheel that
registers movement of the wheel by measuring the number
of indents traversed while rolling the wheel and that also
registers as an input the depression or “clicking” of the
wheel, which is performed by pressing the wheel toward the
back of the pager. This clicking of the wheel is similar to the
clicking of a mouse associated with a PC or any other input
device that registers the depression of a button. The thum-
bwheel in the preferred embodiment is placed vertically on
the two-way paging device so that the user can easily move
his or her thumb from the thumbwheel to the keyboard and
back for performing functions and retrieving data forms,
such as an e-mail template or address book entry template,
for data entry.

Additionally, various software techniques can be imple-
mented to enhance the thumb-typing user’s experience in
using the device of the instant invention. In the preferred
embodiment, for example, the user can change the capitali-
zation of a particular letter simply by keeping a key
depressed for a particular length of time without an inter-
mittent release being detected by the keyboard controller.

The primary advantage of the present invention is that it
enables efficient and user-friendly data entry into a palm-
sized electronic device by maximizing the potential for user
data entry through thumb typing.

These are just a few of the many advantages of the present
invention, as described in more detail below. As will be
appreciated, the invention is capable of other and different
embodiments and ils several details are capable of modifi-
cations in various respects, all without departing from the
spirit of the invention. Accordingly, the drawings and
description of the preferred embodiment set forth below are
to be regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention satisfies the needs noted above as
will become apparent from the following description when
read in conjunction with the accompanying drawings
wherein:

FIG. 1 is a block diagram of a two-way, full-text, mes-
saging device incorporating a keyboard and an auxiliary data
entry device.

FIG. 2 is a frontal view of the hand-held device showing
the shape and placement of the keys on the keyboard and the
auxiliary input device.

FIG. 3 is a diagram of showing the shape, size and
placement of the keys on the keyboard.

FIG. 4 is a diagram of the control circuitry for the
thumbwheel.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the drawings, FIG. 1 is a block diagram
of the major subsystems and elemen!s comprising a palm-
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sized, mobile, two-way messaging device that preferably
incorporates the invention. In its broadest terms, the mes-
saging device includes a transmitter/receiver subsystem 100
connected to a DSP 200 for digital signal processing of the
incoming and outgoing data transmissions, power supply
and management subsystem 300, which supplies and man-
ages power to the overall messaging device components,
microprocessor 400, which is preferably an X86 architecture
processor, that controls the operation of the messaging
device, display 500, which is preferably a full graphic LCD,
FLASH memory 600, RAM 700, serial output and port 800,
keyboard 900 , thumbwheel 1000 and thumbwheel control
logic 1010. In its intended use, a message comes via a
wireless data network, such as the Mobitex network, into
subsystem 100, where it is demodulated via DSP 200 and
decoded and presented to microprocessor 300 for display on
display 500. To access the display of the message, the user
may choose from functions listed under a menu presented as
a result of user interaction with thumbwheel 1000. If the
message is an email message, the user may chose to respond
to the email by selecting “Reply” from a menu presented on
the display through interaction via thumbwheel 1000 or via
menu selection from keyboard 900. In typing the reply, the
user can use keyboard 900 to type full text message replies,
or insert pre-determined or “canned” response by using
either a particular keystroke pattern or through pulling down
pre-determined text strings from a menu of items presented
on display 500 through the use of thumbwheel 1000. When
the reply to the message is composed, the user can initiate
the sending of the message preferably by interaction through
thumbwheel 1000, or alternatively, with less efficiency.
through a combination of key board 900 keystrokes. When
the microprocessor 300 receives an indication that the
message is to be sent, it processes the message for transport
and, by directing and communicating with transmitter/
receiver subsystem 100, enables the reply message to be sent
via the wireless communications data network to the
intended recipient. Similar interaction through I/O devices
keyboard 900 and thumbwheel 1000 can be used to initiate
full-text messages or to forward messages to another party.
Also, the keyboard 900 and thumbwheel 1000 can be used
to permit data entry to an address book resident on the
messaging device, or an electronic calendar or log book, or
any other function on the messaging device requiring data
entry. Preferably, the thumbwheel is a thumbwheel with a
push button SPST with quadrature signal outpuls, such as
that manufactured by Matsushita Electronic Components
Co. Ltd. as part number EVQWK2001.

FIG. 2 is a front view of messaging device 10 that
incorporates the invention. Shown in FIG. 2 are a plurality
of letter keys 901, and specialized keys 902, 903, 904 and
905 and space bar 906. Also shown is thumbwheel 1000 in
its vertical orientation and in association with display 500
and keyboard 900. In the preferred embodiment, 902 is the
alt key, 903 is the cap key, 904 is the line feed key and 905
is the backspace key.

FIG. 3 is a view of a subset of the letter keys 901, showing
the dimensions and relative position of the keys. Shown also
is the point 950 that marks the center of keyboard 900, key
dimeunsions 970, 971, 972 and 973, as well as angle 960 and
the rho value 965, representing curvature of a letter key 901.
In investigating optimal key placement on the keyboard, it
was determined that the keys should be placed at an angle
960 relative to vertical that facilitated easy typing using
thumbs. That angle is preferably positive 40 degrees relative
to vertical for keys on the right side of the keyboard (where
950 is the center of the keyboard) and negative 40 degrees
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for the keys on the left side of the keyboard, although
complementary angles ranging from 20 degrees to 70
degrees could also be used to accomplish the goal, albeil less
optimally, of facilitating thumb typing. Also as shown on
FIGS. 2 and 3, the keys are dispersed across keyboard 900
evenly so that there is sufficient space between the keys to
decrease the opportunity for multiple keys being depressed
while thumb typing. Additionally, the keys are sized appro-
priately given the footprint of the messaging device and the
keyboard 900. In its preferred embodiment, the messaging
device 10 measures across its face 64 mm by 89mm, which
does not leave much room for keyboard 900 and display
500. In the preferred embodiment, keyboard 900 occupies
over half of the face of the messaging device 10,

The key shape and dimensions are also key components
of the invention. In order to maximize the surface area of the
key that a thumb would hit, the keys are preferably oval, and
have a rho 965 defining the curvature of the key of 414,
although values may range higher or lower. Other rho values
will lead to an acceptable, but not as optimal or aesthetically
pleasing shape of keys 901. As to the key dimensions, the
width 970 of the key 901 is 4.8 millimeters (971 represent-
ing the radius of half that value, 2.4 mm) and the length (or
height) 972 of the key 901 is 7 millimeters millimeters (973
representing the radius of half that value, 3.5 mm).

Turning to one of the software features that aids in the
device 10 being optimally used for thumb typing is a
capitalization feature implemented via software, If a user
depresses a key 901, the operating system detects a key
down event. If the key is released after a period of time, the
operating system detects a key up event. If upon a key down
event, a period of time clapses before a key up event is
detecled, Lthe operating system determines thal a key repeal
event has occurred representing a situalion where a user has
continued to depress a key without releasing it. A key repeat
event is then treated by application software residing in
either FLASH 600 or RAM 700 as an event that requires the
capitalization of the key previously depressed. This feature
disables a key repeat feature and substitutes instead a
capitalization feature based upon a key repeat. The timing of
the key scanping to determine whether a key has been
released can be set to permit a slower keyboard response or
a faster keyboard response, depending upon user experience
or preferences. Although the capitalization function prefer-
ably works only to change the state of a letter to a capital,
it alternatively could operate to change a capital letter to a
lower case lelter. The aclual display is changed by the
application program substituting the value of the capital
letter in the register that holds the value of the letter to be
displayed. As alternatively implemented, the continued
depressing without release of a letter key could result in a
key oscillating between upper case and lower case, depend-
ing on the length of time the key is depressed.

FIG. 4 is the logic circuitry 1010 associated with thum-
bwheel 1000. Thumbwheel 1000 outputs quadrature signals
phase A 1021 and phase B 1022, which are processed by D
flip-flops 1031 and 1032 to present signals 1041 W,,UP and
1042 W_,DN to microprocessor 300. Signals 1041 and 1042
represent, respectively, a user rolling the thumbwheel up and
rolling the thumbwheel down.

Having described in delail the preferred embodiments of
the present invention, including the preferred methods of
operation, it is to be understood that this operation could be
carried out with different elements and steps. This preferred
embodiment is presented only by way of example and is not
meant to limit the scope of the present invention which is
defined by the following claims.
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What is claimed:

1. A method in a mobile communication device having a
wireless transceiver, a display, a QWERTY-style keyboard,
and an auxiliary input device, the method comprising the
steps of:

receiving a plurality of e-mail messages with the wireless

transceiver, the plurality of e-mail messages being
transmitted from a wireless network;

displaying a list of the plurality of received e-mail mes-

sages on the display;

selecting and accessing one of the plurality of received

e-mail messages by moving the auxiliary input device

in a direction that corresponds to a desired direction on

the displayed list and by depressing the auxiliary input

device to select and access a particular received e-mail
© message;

displaying the selected message on the display;

activating a menu of e-mail commands and displaying the

menu of commands on the display;
selecting and executing one of the e-mail commands on
the menu by moving the auxiliary input device in a
direction that corresponds to a desired direction on the
displayed menu and by depressing the auxiliary input
device to select and execute a particular e-mail
command, wherein one of the e-mail commands is a
command to generate a reply message to the displayed
message;
if the command to generate a reply message is selected
and executed, then (a) displaying a reply e-mail mes-
sage form on the display; (b) inputting reply message
text using the QWERTY-style keyboard; and (c) select-
ing and executing a send e-mail command from a menu
of commands displayed on he display using the aux-
iliary input device to transmit the reply message from
the mobile communications device to the wireless
network using the wireless transceiver.
2. The method of claim 1, wherein the mobile commu-
nication device further comprises a microprocessor coupled
to a memory for storing an operating system that is executed
by the microprocessor, the operating system enabling the
steps of:
displaying a first character on the display when a key is
selected using the QWERTY-style keyboard; and

displaying a second character on the display in place of
the first characler when the key is continually depressed
for a predelermined period of time.

3. The method of claim 2, wherein the first character is a
lower case character and the second character is an upper
case character.

4. The method of claim 2, wherein the predetermined
period of time can be modified by a user of the electronic
device.

5. The method of claim 1, wherein the QWERTY-style
keyboard includes a plurality of oblong shaped letler keys.

6. The method of claim 5, wherein the plurality of oblong
shaped letter keys are oval shaped keys.

7. The method of claim 1, wherein the mobile commu-
nicalion device is a two-way pager, a personal digilal
assistant, or a cellular telephone.

8. The method of claim 1, wherein the auxiliary input
device is a thumbwheel.

9, The method of claim 1, further comprising the steps of:

storing a plurality of application programs in a memory of

the mobile communication device;

displaying a list of the plurality of application programs

on the display;
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selecting and executing one of the plurality of application
programs by moving the auxiliary input device in a
direction that corresponds to a desired direction on the
displayed list and by depressing the auxiliary input
device to select and execute a particular one of the
plurality of application programs.

10. The method of claim 9, wherein the plurality of
application programs include an e-mail application and a
calendar application.

11. The method of claim 10, wherein the plurality of
application programs further include an address book appli-
cation.

12. An electronic wireless messaging device, comprising;

a microprocessor;

a transceiver coupled to the microprocessor for sending
and receiving electronic messages via a wireless net-
work;

a display coupled to the microprocessor for displaying a
list of received electronic messages from the wireless
network and for displaying a menu of electronic mes-
sage processing commands;

a QWERTY-style keyboard coupled to the microproces-
sor for inputting clectronic messages; and

an auxiliary input device for selecting and accessing onc
of the received electronic messages displayed on the
list of received electronic messages by moving the
auxiliary input device in a direction that corresponds to
a desired direction on the displayed list and by depress-
ing the auxiliary input device to select and access a
particular received electronic message;

wherein the auxiliary input device is also for selecting and
executing one of the electronic message processing
commands on the menu by moving the auxiliary input
device in a direction that corresponds to a desired
direction on the displayed menu and by depressing the
auxiliary input device to select and execute a particular
clectronic message processing command.

13. The electronic wireless messaging device of claim 12,
wherein one of the electronic message processing com-
mands is a generate reply message command, which when
accessed and executed by the auxiliary input device causes
the electronic messaging device to display a reply electronic
message form, wherein a user of the electronic messaging
device inputs reply message text using the keyboard into the
reply electronic message form, and then selects and executes
a send electronic message command from the menu of
electronic message processing commands to transmit the
reply message from the electronic wireless messaging
device to the wireless network using the transceiver.

14. The electronic wireless messaging device of claim 12,
wherein the QWERTY-style keyboard comprises a plurality
of oblong shaped keys.
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15. The electronic wireless messaging device of claim 14,
wherein the plurality of oblong shaped keys are oval shaped.
16. The electronic wireless messaging device of claim 14,
wherein the plurality of oblong shaped keys are tilted at an
angle with respect to a vertical reference line through the
electronic wireless messaging device.
17. The electronic wireless messaging device of claim 16,
wherein the plurality of oblong shaped keys comprise a first
set of oblong shaped keys and a second set of oblong shaped
keys, wherein the first set of oblong shaped keys are tilted
at a positive angle with respect to the vertical reference line
and the second set of oblong shaped keys are tilted at a
negative angle with respect to the vertical reference line.
18. The electronic wireless messaging device of claim 12,
further comprising a memory coupled to the microprocessor
for storing an operating system that is executed by the
microprocessor, the operating system enabling the steps of:
displaying a first character on the display when a key is
selected using the QWERTY-style keyboard; and

displaying a second character on the display in place of
the first character when the key is continually depressed
for a predetermined period of time.

19. The electronic wireless messaging device of claim 18,
wherein the first character is a lower case character and the
second character is an upper case character.

20. The electronic wireless messaging device of claim 18,
wherein the predetermined period of time can be modified
by a user of the electronic device.

21. The electronic wireless messaging device of claim 12,
wherein the electronic wireless messaging device is a two-
way pager, a personal digital assistant, or a cellular tele-
phore,

22, The electronic wireless messaging device of claim 12,
wherein the auxiliary input device is a thumbwheel.

23. The electronic wireless messaging device of claim 12,
further comprising:

a memory for storing a plurality of application programs;

wherein the display displays a list of the plurality of

application programs, and wherein the auxiliary input
device is used to select and execute one of the plurality
of application programs by moving the auxiliary input
device in a direction that corresponds to a desired
direction on the displayed list and by depressing the
auxiliary input device to select and execute a particular
one of the plurality of application programs.

24. The electronic wireless messaging device of claim 23,
wherein the plurality of application programs include an
e-mail application and a calendar application.

25, The electronic wireless messaging device of claim 24,
wherein the plurality of application programs further include
an address book application.



Case 3:08-cv-01545-K Document 5 Filed 02/20/08 Page 126 of 182 PagelD 235

EXHIBIT G



az United States Patent
Griffin et al.

Case 3:08-cv-01545-K Document5 Filed 02/20/08 Page 127 of 182 PagelD 236

[T IIIII MLV il

(10) Patent No.:
(45) Date of Patent:

US 6,611,255 B2
*Aug. 26, 2003

(54) HAND-HELD ELECTRONIC DEVICE WITH
A KEYBOARD OPTIMIZED FOR USE WITH
THE THUMBS

(75) TInventors: Jason T. Griffin, Waterloo (CA); John
A. Holmes, Waterloo (CA); Mihal
Lazaridis, Waterloo (CA); Herb A.
Little, Waterloo (CA); Harry R.
Major, Waterloo (CA)

(73) Assignee: Research In Motion Limited, Waterloo

(CA)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 0 days.

This patent is subject to a terminal dis-

claimer.
(21) Appl. No.: 10/167,202
(22) Filed: Jun. 11, 2002
(65) Prior Pubiication Data

US 2002/0158847 Al Oct. 31, 2002
Related U.S. Application Data

(63) Continuation of application No. 09/900,585, filed on Jul. 6,
2001, now Pat. No. 6,452,588, which is a continuation of
apphcatlon No. 09/106 585 filed on Jun. 29, 1998, now Pat.
No. 6,278,442, which is a continuation-in- part of appllcauon
No. 29/089 942 filed on Jun. 26, 1998, now Pat. No. Des.

416,256.
(51) It CL7 oo eesens s GO9G 5/00
(52) US.CL oo 345/169; 345/168; 400/489
(58) Field of Search .......c.ovvreoorsnen 345/156, 157,

345/168, 169, 140, 160, 170, 171; 400/489,
472, 486, 479; 341/20, 22, 21, 23

(56) References Cited

U.S. PATENT DOCUMENTS

D278341 S 4/1985 Scheid
D293,241 S 12/1987 Wan et al.
D312,628 S 12/1990 Yokoi et al.
D313,401 S 1/1991 Tanabe
D313413 S 1/1991 Langton

5,184,830 A 2/1993 Okada et al.
(List continued on next page.)

FOREIGN PATENT DOCUMENTS

EP 0760291 3/1997
wo 9937025 7/1999
wo 0030381 5/2000

OTHER PUBLICATIONS

“Programmable Calculators: Hewlett—Packard HP-200LX,”
Viktor T. Toth, copyr. 2001, 2002, from web page al www.r-
skey.org/hp2001x.htm.

Primary Examiner—Vijay Shankar

Assistant Examiner—Mansour M. Said

(74) Attorney, Agent, or Firm—Jones Day; Krishna K.
Pathiyal, Esq.

7 ABSTRACT

A hand-held electronic device with a keyboard optimized for
use with the thumbs is disclosed. In order to operate within
the limited space available on a hand-held electronic device,
the present invention optimizes the placement and shape of
the keys, preferably using keys that are oval or oblong in
shape, and that are placed at angles designed to facilitate
thumb-typing.

68 Claims, 4 Drawing Sieets

jIUDO
Lif— 905

f 901

304




Case 3:08-cv-01545-K Document5 Filed 02/20/08 Page 128 of 182 PagelD 237

US 6,611,255 B2

Page 2

U.S. PATENT DOCUMENTS 5982,520 A 11/1999 Weiser et al.

5217295 A 61993 Tortola et al 5995026 A 11/1999 Sellers
oriola et a

e : 6,006,35 )
5367098 A * 1171994 AXMHEIM wvvvrvriserserren 341/22 S o Tzl
D357,253 S 4/1995 Wong D420.351 S 000 W 3‘“ ak
5410141 A 4/1995 Koenck et al. g 2/2000 Waldner
5426449 A 6/1995 Danziger 6,023,779 A 2/2000 Fullam et al.
D359.920 S 7/1995 Sakamoto 6,047,047 A 4/2000 Aldl‘idgc et al.
5 436,954 A 7/1995 Nishiyama et al. 6,049,796 A * 4/2000 Siitonen et al. .o.coeinniine 70773
5457454 A 1071995 Sugano 6,052,070 A 4/2000 Kiveld et al.
5,500,643 A * 31996 GIADL wovrrreerreeresimivene 341/22 6,094,197 A 7/2000 Buxton et al.
5606712 A 2/1997 Hidaka 6,102,594 A 8/2000 Strom
5611031 A 3/1997 Herlzfeld et al. 6,103,979 A 82000 Motoyama et al.
D381,021 S 7/1997 Williams et al. Saorer & 8/2000 Ure
D383,756 S * 9/1997 Henderson et al. ........ D14/191 32,511 S 10/2000 Eckholm
5,672,108 A 9/1997 Lam et al. D433,017 S 10/2000 Martinez
D386,497 S 11/1997 Huslig et al. 6,148261 A 11/2000 Obradovich et al.
D300,509 S 2/1998 Antzinas cf al. 5157523 A 122000 To el al.
5737394 A 4/1998 Anderson et al. D436,591 S 1/2001 Abston et al.
D397,369 S 8/1998 Rissman 6,212,412 Bl 4/2001 Rogers et al.
D397,728' S 9/1998 Yuen et al. D441,733 § -~ 572001 Do et al.
D399’537 S 10/1998 Chi et al. 5,243,789 Bl 6/2001 Hasbun et al.
5818,437 A 10/1998 Grover et al. %227’795 Bl }0/2001 Kato et al.
5825353 A * 10/1998 Wll ocovvvrneriscsnsnrne 345/184 451,079 S 1172001 Ali
D402,572 S 12/1998 Han D454,349 S 3/2002 Makidera et al.
D403362 S 12/1998 Fai D454.849 S 3/2002 Eckholm
5,803,798 A 4/1999 Stambolic et al. BZ?S’Z?“ o Laverick et al.
5915228 A 6/1999 Kunihiro et al. ,239 /2002 Shim et al.
5920308 A 7/1999 Kim D459327 S 6/2002 Ali
5031873 A 8/1999 Cisar D460,068 S 7/2002 Lanzaro et al.
5963197 A 10/1999 Bacon et al.
5,974,238 A 10/1999 Chase, Ir. * cited by exarminer



Case 3:08-cv-01545-K Document 5 Filedv02/20/08 Page 129 of 182 PagelD 238

US 6,611,255 B2

Sheet 1 of 4

Aug. 26, 2003

U.S. Patent

A01¥IN93¥ 3971 70A > ay11n3812 Iﬁ [ mwm
INVISNOD ATddNS WILSAS |ecoemmm-, INIHIDVNVH 00 ... .
d3R0d :
: i X T 104INO] 3N0d X1 l
WL WAt | | | o HILLTHSNVL s e
_ o omhcw_ug AN
ININ] 430873 L | c INIHILVH
! _ JINVOIdN]
WN¥3LX3 “ R
13 | 0XJL ZHH 2 6
NOI1VTNOOW 207 ZHW 06
ZHAQOE > 107 ZHW 206 OL 068
¥31¥3ANO 15008 : m_z__uuum_mwﬁ SY0LYT1I3S0 V301
uuozq___wwzm\:w:mw o jod
40LVING3N INTNY o R N
INVISNOD A7ddNS R : T 06 968-068
ONIG¥VHD AN3LLYE i m
\ .I_J | 04INO]
urm__u.m_ .—<._m - /v U .
NIV :
«r " ETY N1\ PR P S
" [Tvons 7 Liossaous - TWNGIS TR
(31811vdH0D — f -oudH | oce  |g3aLvIngowao 76 01 5E6 347 3
Jege-Sy) 006 030039W3 ' . ONIHILVK
140d WI¥3S WIYIS| 11q-2¢ A : JINVQ3dKI
2E2 VI1/V13 wpinf SINLIDNVALL, /75 R g 00! m
> HSV1d |7 g w
TIFHREHNH] fas]- JOAINOT 1 .,
- 000! N~grgr 007

]
i
-

K o e o o ot e 0 A O o D R R 4 S B S A 0 O T T O O T O O

H



Case 3:08-cv-01545-K Document 5 Filed 02/20/08 Page 130 of 182 PagelD 239

U.S. Patent Aug. 26, 2003 Sheet 2 of 4 US 6,611,255 B2

L— 905

ij~1000
f 901
904

QA S Q‘\

~] @@@
e
@@@J ~
ooo|| 2
000
)oY,
eYoXe,
ool

/
/

/

\

/

\.
\..

(-

902



Case 3:08-cv-01545-K Document 5 Filed 02/20/08 Page 131 of 182 PagelD 240

U.S. Patent Aug. 26,2003  Sheet 3 of 4 US 6,611,255 B2




Case 3:08-cv-01545-K Document 5 Filed 02/20/08 Page 132 of 182 PagelD 241

U.S. Patent Aug.

26, 2003

GND

Cal1l
100
HP 3

KEYOUT(1) [__>—WW—~
RB09

Iy

RE01

Sheet 4 of 4

S801
100K 2X3_ FEMALE _CONN

US 6,611,255 B2

GND 1010

ceie

R802 100p
HP

100K

4
1 O

PHASE _B

1K 00

)
5
4

l MP1

w nn —

MpP2

KEYIN(6)
| v3_8VCC

&<__J KEYIN(6)

GND

X X

PHASE _ A

V3 _8vCC

PHASE_A |

'—@1—_17 /-1031
eu .PR 05

2
Liz

D CLK

PHASE_B |

VCC
CLR

Q-
GND

w_up

>
: )

1041

I

S

GND

ugo2 I 7 /“ 1032

? PR

PHASE_B |

D
| ™74

D CLK
8

PHASE _ A

VCC
CLR

aQ

Q-
GND

2

3
e >v-IN

] 1042)

Je

1021

——
™

V3 _8VCC

—— (804 l C805

0,01y 0.01p

> prase _7 A
L—{ > rHasE_s

1022—)
Fig. 4

GND



Case 3:08-cv-01545-K Document 5 Filed 02/20/08 Page 133 of 182 PagelD 242

US 6,611,255 B2

1

HAND-HELD ELECTRONIC DEVICE WITH
A KEYBOARD OPTIMIZED FOR USE WITH
THE THUMBS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 09/900,585, filed on Jul. 6, 2001 U.S. Pat. No.
6,452,588, which is a continuation of U.S. patent application
Ser. No. 09/106,585 U.S. Pat. No. 6,278,442, filed on Jun.
29, 1998, which is a continuation-in-part of U.S. Design
application Ser. No. 29/089,942 U.S. Pat. No. D,416,256,
entitled Hand-held Messaging Device with Keyboard, filed
on Jun. 26, 1998 and assigned to the assignee of the present
invention.

BACKGROUND OF THE INVENTION

The present invention is directed toward the field of small,
hand-held electronic devices such as personal data assistants
(PDA’s), personal information managers (PIM’s), two-way
pagers and the like. In particular, the system and method of
the present invention provide the user of the hand-held
device with the ability to input data with a minimal amount
of key strokes and optimized for use substantially with the
thumbs.

In a two-way paging system that provides two-way, full
text messaging, there is a need to permit the user o initiate
messages and to respond to messages in a timely fashion and
with text entirely created by the user. In order to keep the
form factor of the two-way pager small enough to be worn
on the body of the user, such as with a belt clip, the input
device needs to be small, have a minimal number of keys
and optimized for use with a minimal number of key strokes.
Prior art systems have attempted to address these needs by
incorporating virtual keyboards or pen-based input systems
for user inputs to the device, but such systems require the
user to input data in an unfamiliar manner. Additionally, in
a small hand-beld messaging device, such as a two-way
pager these systems prove awkward to use.

In order to provide a hand-held electronic device that
permits a user the opportunity to enter dala into an address
book, a calendar, a task list, an email message or a similar
text file that requires user-generated data, the instant inven-
tion is directed to an input device that is oriented to be used
substantially through usc of the thumbs. This is accom-
plished first by providing a keyboard with a minimal number
of keys, but with the keys representing the alphabet gener-
ally placed in the same order as they would appear on a
standard keyboard, such as in a standard QWERTY or a
DVORAK keyboard layout. The use of a keyboard layout
that is familiar to the user enables the user to immediately
use the device without having to hunt for the keys he or she
wishes to use.

Although the layout is similar to a standard keyboard, the
keys are placed at an orientation and in a particular shape

. that attempls o maximize the surface area of the thumb
hitting the key and to provide the user with a comfortable
position of the hands for data input. Also, the orientation
encourages input by the thumbs, which the inventors of the
instant invention have discovered to be fasier and more
accurate in small hand-held electronic devices than touch-
lyping or “hunting and pecking” typing.

An additional feature of the invention is thus use of an
additional input means for control of functions that might
otherwise be controlled by a keyboard that included function
keys. To encourage data eniry using thumbs and again to
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minimize the number of keys on the keyboard, the instant
invention also includes a thumb-wheel for control of menus
for section of forms and functions relevant to data input. The
thumb-wheel is positioned in close proximity to the key-
board to enmable the easily transition from thumb-based
typing to thumb control of forms and functions.

In addition to hardware features that encourage optimal
data entry through the use of thumbs, there are several
software features that are designed to minimize keystrokes
and aid in entry of data.

The features of this invention, both individually and
collectively, have not, to the knowledge of the inventors,
been applied to a small hand-held electronic device that
requires user-generated data entry. To permit efficient opera-
tion of such devices while keeping the form factor of the
device small enough to be worn on the body, there is a
general need for a hand-held electronic device that can fit in
the palm of the hand and that can be operated substantially
with the thumbs.

There is a further need for a keyboard for a palm-size data
entry device with keys placed at an angle to optimize
operation of the keyboard by the use of the thumbs.

There remains another need for a keyboard with keys that
are shaped and sized to maximize contact with the thumbs
while minimizing the keyboard area required for such keys.

There also remains a need for an auxiliary inpul device
that is to be operated by the thumb for data inputs forms and
function control and that, in conjunction with the keyboard,
encourages and permits data entry and management through
input performed substantially by the thumbs.

There remains still another meed for a software-
implemented user interface system that is designed, at least
in part, to support and encourage data entry through use of
the thumbs.

SUMMARY

The present invention overcomes the problems noted
above and satisfies the needs in this field for a hand-held
electronic device with a keyboard optimized for use with the
thumbs. In the preferred embodiment of the present
invention, the hand-held electronic device is a two-way
paging device (hat permits full-lext, two-way messaging
such as email messaging and that includes standard PDA or
PIM features such as an address book, an eleclronic
calendar, a task list and other text-based features. These
features require user input of text strings that can be lengthy
and that cannot be reduced to pre-determined or “canned”
strings. Thus, for such a device, the cfficient entry of data in
a device meant to fit into the palm of one’s hand requires that
two goals are achieved. First, the data entry must be rela-
tively easy from a user perspective. This means that the user
must be somewhat familiar with analogous forms of dala
entry and not have to be trained to use the data entry for the
hand-held device. Second, the form factor does not permit a
large number of keys or keys that are very large. Thus
efficient use of the keyboard space is required and functions
that might be able to be performed by a standard keyboard
are off-loaded to an auxiliary input device or are performed,
through a minimal number of keystrokes that encourage the
use of thumb-based dala entry.

To accomplish these goals the invention frst optimizes
the placement of the keys on the device keyboard. In order
to work within the limited space available for the keyboard,
it was determined that it was preferable to use keys that were
oval or oblong and that were placed at angles designed to
facilitate use by thumb typing. An angle for the keys on the
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right side of the keyboard and a complementary angle for the
keys on the left side of the keyboard are chosen based upon
observation of the angle at which a user will orient his or her
thumbs while thumb-typing.

The invention also minimizes the number of keys avail-
able for data input. In the preferred embodiment, only keys
for the 26 letters of the English alphabet are available as well
as a backspace key, a line feed key, an “alt” key, a “cap” key
and a space bar. The alt key enables the user in conjunction
the other keys to input numbers and symbols to perform
certain functions. The placement of the keys is designed to
enhance the user experience while typing with the thumbs
by meeting two seemingly opposite goals—minimizing the
keyboard footprint while maximizing the likelihood that
proper keys will be struck by the thumb-typing user.

The invention also provides additional incentive for the
user to use thumb input by providing an input device
adjacent to the keyboard, but integral to the overall hand-
held device. Although other devices can be used in an
auxiliary fashion, the preferred device is a thumbwheel that
registers movement of the wheel by measuring the number
of indents traversed while rolling the wheel and that also
registers as an input the depression or “clicking” of the
wheel, which is performed by pressing the wheel toward the
back of the pager. This clicking of the wheel is similar to the
clicking of a mouse associated with a PC or any other input
device that registers the depression of a button. The thumb-
wheel in the preferred embodiment is placed vertically on
the two-way paging device so that the user can easily move
his or her thumb from the thumbwheel to the keyboard and
back for performing functions and retrieving data forms,
such as an e-mail template or address book entry template
for data entry.

Additionally, various software techniques can be imple-
mented to enhance the thumbtyping use’s experience in
using the device of the instant invention. In the preferred
embodiment, for example, the user can change the capitali-
zation of a particular letter simply by keeping a key
depressed for a particular length of time without an inter-
mittent release being detected by the keyboard controller.

The primary advantage of the present invention is that it
enables efficient and user-friendly data cntry into a palm-
sized electronic device by maximizing the potential for user
data entry through thumb typing.

These are just a few of the many advantages of the present
invention, as described in more detail below. As will be
appreciated, the invention is capable of other and different
embodiments and its several details are capable of modifi-
cations in various respects, all without departing from the
spirit of the invention. Accordingly, the drawings and
description of the preferred embodiment set forth below are
to be regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention satisfies the needs noted above as
will become apparent from the following description when
read in conjunction with the accompanying drawings
wherein:

FIG. 1 is a block diagram of a two-way, full-text, mes-
saging device incorporating a keyboard and an auxiliary data
entry device.

FIG. 2 is a frontal view of the hand-held device showing
the shape and placement of the keys on the keyboard and the
auxiliary input device.

FIG. 3 is a diagram of showing the shape size and
placement of the keys on the keyboard.
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FIG. 4 is a diagram of the control circuitry for the
thumbwheel.

DETAILED DESCRIPTION

Referring now to the drawings, FIG. 1 is a block diagram
of the major subsystems and elements comprising a palm-
sized, mobile, two-way messaging device that preferably
incorporates the invention. In its broadest terms, the mes-
saging device includes a transmitter/receiver subsystem 100
connected to a DSP 200 for digital signal processing of the
incoming and outgoing data transmissions, power supply
and management subsystem 300, which supplies and man-
ages power to the overall messaging device components,
microprocessor 400, which is preferably an X86 architecture
processor, that controls the operation of the messaging
device, display 500, which is preferably a full graphic LCD,
FLASH memory 600, RAM 700, scrial output and port 800,
keyboard 900 , thumbwheel 1000 and thumbwheel control
logic 1010. In its intended use, a message comes via a
wireless data network, such as the Mobitex network, into
subsystem 100, where it is demodulated via DSP 200 and
decoded and presented to microprocessor 300 for display on
display 500. To access the display of the message, the user
may choose from functions listed under a menu presented as
a result of user interaction with thumbwheel 1000. If the
message is an email message, the user may chose to respond
to the email by selecting “Reply” from a menu presented on
the display through interaction via thumbwheel 1000 or via
menu selection from keyboard 900. In typing the reply, the
user can use keyboard 900 to type full text message replics,
or insert pre-determined or “canned” response by using
either a particular keystroke pattern or through pulling down
pre-determined text strings from a menu of items presented
on display 500 through the use of thumbwheel 1000. When
the reply to the message is composed the user can initiate the
sending of the message preferably by interaction through
thumbwheel 1000, or alternatively, with less efficiency,
through a combination of keyboard 900 keystrokes. When
the microprocessor 300 receives an indication that the
message is to be sent, it processes the message for transport
and, by directing and communicating with transmitter/
receiver subsystem 100, enables the reply message to be sent
via the wireless communications data network to the
intended recipient. Similar interaction through 1/O devices
keyboard 900 and thumbwheel 1000 can be used to initiate
fuli-text messages or to forward messages to another party.
Also, the keyboard 900 and thumbwheel 1000 can be used
to permit data entry to an address book resident on the
messaging device, or an electronic calendar or log book, or
any other function on the messaging device requiring data
entry. Preferably, the thumbwheel is a thumbwheel with a
push button SPST with quadrature signal outpuls, such as
that manufactured by Matsushita Electronic Components
Co. Ltd. as part number EVQWEK2001,

FIG. 2 is a front view of messaging device 10 that
incorporates the invention. Shown in FIG. 2 are a plurality
of letter keys 901, and specialized keys 902, 903, 904 and
905 and space bar 906. Also shown is thumbwheel 1000 in
its vertical orientation and in association with display 500
and keyboard 900. In the preferred embodiment, 902 is the
alt key, 903 is the cap key. 904 is the line feed key and 905
is the backspace key.

FIG. 3 is a view of a subset of the letter keys 901, showing
the dimensions and relative position of the keys. Shown also
is the point 950 that marks the center of keyboard 900, key
dimensions 970, 971, 972 and 973, as well as angle 960 and
the rho value 965, representing curvature of a letter key 901.
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In investigating optimal key placement on the keyboard, it
was determined that the keys should be placed at an angle
960 relative to vertical that facilitated easy typing using
thumbs. That angle is preferably positive 40 degrees relative
to vertical for keys on the right side of the keyboard (where
950 is the center of the keyboard) and negative 40 degrees
for the keys on the left side of the keyboard, although
complementary angles ranging from 20 degrees to 70
degrees could also be used to accomplish the goal, albeit less
optimally, of facilitating thumb typing. Also as shown on
FIGS. 2 and 3, the keys are dispersed across keyboard 900
evenly so that there is sufficient space between the keys to
decrease the opportunity for multiple keys being depressed
while thumb typing. Additionally, the keys are sized appro-
priate given the footprint of the messaging device and the
keyboard 900. In its preferred embodiment, the messaging
device 10 measures across its face 64 mm by 89 mm, which
does not leave much room for keyboard 900 and display
500. In the preferred embodiment, keyboard 900 occupies
over half of the face of the messaging device 10.

The key shape and dimensions are also key components
of the invention. In order to maximize the surface area of the
key that a thumb would hit, the keys are preferably oval, and
have a rho 965 defining the curvature of the key of 0.4 14,
although values may range higher or lower. Other rho values
will lead to an acceptable, but not as optimal or aesthetically
pleasing shape of keys 901. As to the key dimensions, the
width 970 of the key 901 is 4.8 millimeters (971 represent-
ing the radius of half that value, 2.4 mm) and the length (or
height) 972 of the key 901 is 7 millimeters millimeters (973
representing the radins of half that value, 3.5 mm).

Turning to one of the software features that aids in the
device 10 being optimally used for thumb typing is a
capitalization feature implemented via software. If a user
depresses a key 901, the operating system detects a key
down event. If the key is released afier a period of time, the
operating system detects a key up event. If upon a key down
event, a period of time elapses before a key up event is
detected, the operating system determines that a key repeat
event has occurred representing a situation where a user has
continued to depress a key without releasing it. Aley repeat
event is then treated by application software residing in
either FLASH 600 or RAM 700 as an event thal requires the
capitalization of the key previously depressed. This feature
disables a key repeat feature and substitutes instead a
capitalization feature based upon a key repeat. The timing of
the key scanning to determine whether a key has been
released can be set to permit a slower keyboard response or
a faster keyboard response, depending upon user experience
or preferences. Although the capitalization function prefer-
ably works only to change the state of a letter to a capital,
it alternatively could operate to change a capital letter to a
lower case leller. The actual display is changed by the
application program substituting the value of the capital
letter in the register that holds the value of the letter to be
displayed. As alternatively implemented, the continued
depressing without release of a letter key could result in a
key oscillating between upper case and lower case, depend-
ing on the length of time the key is depressed.

FIG. 4 is the logic circuitry 1010 associated with thum-
bwheel 1000. Thumbwheel 1000 outputs quadrature signals
phase A 1021 and phase B 1022, which are processed by D
flip-flops 1031 and 1032 to present signals 1041 W__UP and
1042 W__DN to microprocessor 300. Signals 1041 and 1042
represent, respectively, a user rolling the thumbwheel up and
rolling the thumbwheel down.

Having described in detail the preferred embodiments of
the present invention, including the preferred methods of
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operation, it is to be understood that this operation could be
carried out with different elements and steps. This preferred
embodiment is presented only by way of example and is not
meant to limit the scope of the present invention which is
defined by the following claims.

We claim:

1. A hand-held messaging device, comprising:

a keyboard that is horizontally positioned symmetrically
between a left edge and a right edge of a face of the
hand-held messaging device and having a plurality of
keys arranged in a plurality of rows across the face,
wherein each row of keys is arranged in a concave
pattern;

a display that is vertically positioned between the key-
board and a top edge of the face and horizontally
positioned symmetrically between the left edge and the
right edge of the face;

an auxiliary input device; and

a processor coupled to the keyboard, the auxiliary input
device and the display that controls the operation of the
hand-held messaging device.

2. The hand-held messaging device of claim 1, wherein

each row of keys is arranged in a concave-down pattern.

3. The hand-held messaging device of claim 1, wherein
each row of keys is arranged along an arc.

4. The hand-held messaging device of claim 1, wherein at
least one of the plurality of keys of the keyboard is oblong.

5. The hand-held messaging device of claim 4, wherein
the oblong key is tilted at an angle from a vertical axis
extending through a center of the key.

6. The hand-held messaging device of claim 1, wherein
the plurality of keys of the keyboard are oblong.

7. The hand-held messaging device of claim 6, wherein a
first portion of the oblong keys are tilted at a negative angle
from vertical and a second portion of the oblong keys are
tilted at a positive angle from vertical.

8. The hand-held messaging device of claim 1, wherein at
least one of the plurality of keys of the keyboard is oval.

9. The hand-held messaging device of claim 8, wherein
the oval key is tilted at an angle from a vertical axis
extending through a center of the key.

10. The hand-held messaging device of claim 1, wherein
the plurality of keys each have a shape thal is contoured for
optimal typing with a user’s thumbs.

11. The hand-held messaging device of claim 1, wherein
each key of the keyboard is aligned along a vertical axis with
a key from an adjacent row.

12. The hand-held messaging device of claim 1, wherein
the keyboard includes three (3) rows of keys, wherein each
of the three rows of keys includes a first set of keys that are
arranged in a pattern having a positive slope from vertical
and a second set of keys that are arranged in a pattern having
a negative slope from vertical.

13. The hand-held messaging device of claim 1, wherein
the keyboard includes twenty-six (26) letter keys.

14. The hand-held messaging device of claim 13, wherein
the twenty-six (26) letter keys are arranged in the format of
a QWERT Y-style keyboard.

15. The hand-held messaging device of claim 14, further
comprising;

a row of functional keys that are horizontally positioned
symmetrically or substantially symmetrically between
aleft edge and a right edge of the face of the hand-held
messaging device and vertically positioned between the
keyboard and a bottom edge of the hand-held messag-
ing device.
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16. The hand-held messaging device of claim 15, wherein
the row of functional keys includes a space bar.

17. The hand-held messaging device of claim 15, wherein
the row of functional keys includes an alt key, and wherein
at least one letter key has an associated alternate character
that may be imput to the processor by simultaneously
depressing the letter key and the alt key.

18. The hand-held messaging device of claim 15, wherein
the row of functional keys includes a shift key.

19. The hand-held messaging device of claim 15, wherein
the row of functional keys includes a menu key.

20, The hand-held messaging device of claim 1, further
comprising:

at Jeast one additional functional key positioned above the
keyboard.

21. The hand-held messaging device of claim 20, wherein

the additional functional key is a backspace key.

22. The hand-held messaging device of claim 20, wherein
the additional functional key is a home key.

23, The hand-held messaging device of claim 20, wherein
the additional functional key is an escape key.

24. The hand-held messaging device of claim 20, wherein
the additional functional key is a menu key.

25. The hand-held messaging device of claim 20, wherein
the additional functional key is a delete key.

26. The hand-held messaging device of claim 20, wherein
the additional functional key is a cursor-left key.

27. The hand-held messaging device of claim 20, wherein
the additional functional key is a cursor-right key.

28. The hand-held messaging device of claim 1, wherein
the auxiliary input device is a thumb-wheel.

29. The hand-held messaging device of claim 1, further
comprising:

a wireless radio subsystem coupled to the processor that
transmits and receives electronic messages from a
wireless network; and

a memory device coupled to the processor that stores
electronic messages received from the wireless net-
work.

30. The hand-held messaging device of claim 29, further

comprising;

application software executing on the processor, wherein
the application software includes an electronic messag-
ing application that receives electronic messages that
are wirelessly redirected to the hand-held messaging
device from a redirection software application execut-
ing on a corporate server.

31. The hand-held messaging device of claim 30, wherein

the application software includes a calendar application.

32. The hand-held messaging device of claim 1, further
comprising:

a rechargeable battery coupled to the processor that sup-

plies power to the hand-held messaging device.

33, A hand-held messaging device, comprising:

a device housing having a face, a bottom surface, and a
plurality of connecting surfaces for connecting the face
to the bottom surface;

a display mounted within the face of the device housing
and horizontally positioned symmetrically between a
left edge of the face and a right edge of the face;

a keyboard mounled within the face of the device housing
in a position between the display and a bottom edge of
the face, wherein the keyboard comprises a QWERTY-
style keyboard having a plurality of keys arranged in a
plurality of rows across the face; wherein each row of
keys is arranged in a concave pattern and is distributed
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symmetrically across the face of the housing, wherein
the keyboard includes a plurality of letter keys and at
least one specialized key;

an auxiliary input device mounted within the housing; and

a processor coupled to the keyboard, the auxiliary input
device and the display that controls the operation of the
hand-held messaging device.

34. The hand-held messaging device of claim 33, wherein

each row of keys is arranged in a concave-down pattern.

35, The hand-held messaging device of claim 33, wherein
each row of keys is arranged along an arc.

36. The hand-held messaging device of claim 33, wherein
the plurality of keys are oblong.

37. The hand-held messaging device of claim 36, wherein
the oblong shaped keys are tilted with respect to a vertical
reference through the face of the device housing.

38, The hand-held messaging device of claim 36, wherein
the oblong shaped keys are oval shaped.

39. The hand-held messaging device of claim 33, wherein
the specialized key is a line feed key.

40. The hand-held messaging device of claim 33, wherein
the specialized key is a backspace key.

41. The hand-held messaging device of claim 33, wherein
the keyboard further comprises a row of functional keys.

42. The hand-held messaging device of claim 41, wherein
the row of functional keys includes at least a space bar key,
an alt key, and a shift key.

43, The hand-held messaging device of claim 41, wherein
the row of functional keys includes at least a space bar key,
a shift key, and a menu key.

44, The hand-held messaging device of claim 33, wherein
the hand-held device is a two-way pager, a personal digital
assistant or an electronic organizer.

45, The hand-held messaging device of claim 33, wherein
the auxiliary input device is mounted within one of the
connecting surfaces.

46. The hand-held messaging device of claim 33, wherein
the auxiliary input device is a thumbwheel.

47. The hand-held messaging device of claim 33, wherein
the auxiliary input device includes a directional input com-
ponent for navigating a plurality of menu items presented on
the display and a selector switch for selecting a menu item
from the plurality of menu items.

48. The hand-held messaging device of claim 33, further
comprising:

a transceiver for transmitting and receiving messages.

49. The hand-held messaging device of claim 48, further
comprising:

a first antenna for receiving messages; and

a second antenna for transmitting messages.

50. The hand-held messaging device of claim 49, wherein
the transceiver further comprises:

a receiver, coupled to the first antenna, for demodulating

the received messages; and

a transmitter, coupled to the second antenna, for gener-
ating a modulated message.

51. The hand-held messaging device of claim 50, wherein

the transceiver further comprises:

a digital signal processor coupled to the transmitter and
the receiver for processing demodulated messages from
the receiver, and for providing modulation information
to the transmitter.

52. A wireless e-mail device, comprising:

a device housing having a face and a left and right side
surface coupled Lo the face;

a display mounted within (he face;
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a transceiver for receiving e-mail messages from a wire-
less network and for transmitting e-mail messages
generated on the wireless e-mail device lo the wireless
network;

a keyboard that is horizontally positioned symmetrically
between the left side surface and the right side surface
and having a plurality of keys arranged in a plurality of
rows across Lhe race, wherein each row of keys is
arranged in a concave pattern;

an auxiliary input device mounted within the device
housing: and

a processor coupled to the keyboard, the auxiliary input
device and the display that controls the operation of the
wireless e-mail device.

53. The wireless e-mail device of claim 52, wherein the

auxiliary input device is a thumbwheel.

54, The wireless e-mail device of claim 52, wherein the
auxiliary ioput device includes a directional input compo-
nent for navigating a plurality of menu items presented on
the display and a selector switch for selecting a menu item
form the plurality of menu items.

55, The wireless e-mail device of claim 52, further
comprising an antenna coupled to the transceiver.

56. The wireless e-mail device of claim 52, further
comprising;

a memory for storing an operating system and a plurality
of application programs that are executed by the pro-
cessor to control the operation of the wireless e-mail
device.

57. The wireless e-mail device of claim 56, wherein the
operating system assigns a plurality of characters to at least
one of the plurality of keys, and wherein the wireless e-mail
device includes an auxiliary input device that is used to
select one of the plurality of characters by holding down the
at least one key and selecting the one of the plurality of
characters using the auxiliary input device.

58. The wireless e-mail device of claim 56, wherein the
memory stores a database associating a plurality of first
character phrases with a plurality of second character
phrases, and wherein the operating system detects one of the
plurality of first character phrases input by a user of the
wireless e-mail device using the keyboard and substitutes
the associated second character phase on the display.

59. The wireless e-mail device of claim 56, wherein the
memory is a flash memory.
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60. The wireless e-mail device of claim 56, further
comprising a digital signal processor coupled between the
processor and the transceiver.

61. The wireless e-mail device of claim 56, wherein the
plurality of application programs include a messaging appli-
cation for generating e-mail messages and a calendar appli-
cation.

62. The wireless e-mail device of claim 61, wherein Lhe
plurality of application programs further include an address
book application.

63. The wireless e-mail device of claim 52, further
comprising a serial port for coupling the wireless e-mail
device to a host computer.

64. The wireless e-mail device of claim 52, further
comprising a power supply system including a rechargeable
battery and an exlernal charger inpul for receiving a source
of electrical charge to recharge the rechargeable battery.

65. The wireless e-mail device of claim 64, wherein the
rechargeable battery is a lithium battery.

66. The wireless e-mail device of claim 64, wherein the
power supply subsystem further includes a voltage regulator
coupled to the rechargeable battery for generating a regu-
lated supply voltage for powering the device.

67. The wireless e-mail device of claim 64, wherein the
power supply subsystem further includes connections to a
microprocessor for monitoring the operation of the power
supply subsystem.

68. A hand-held messaging device, comprising:

a device housing having a face;

a display mounted within the face;

a keyboard mounted within the face of the device bousing
in a position between the display and a bottom edge of
the face, wherein the keyboard comprises a QWERTY-
style keyboard having a plurality of keys arranged in a
plurality of rows across the face, wherein each row of
keys is arranged in a concave pattern and is distributed
symmetrically across the face of the housings wherein
the keyboard includes a plurality of letter keys and at
least one specialized key;

an auxiliary input device mounted within the device
housing;

means for receiving e-mail messages from a wireless
network and for transmitting e-mail messages gener-
ated on the hand-held messaging device to the wireless
network.
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7 ABSTRACT

A hand-held electronic device with a keyboard optimized for
use with the thumbs is provided. The handheld device
includes a keyboard, a display, and a processor. The key-
board is horizontally positioned symmetrically between a
left edge and a right edge of a face of the hand-held
messaging device. The keyboard has a plurality of keys
arranged in a plurality of rows across the face, wherein each
row of keys is arranged in a concave pattern. The display is
vertically positioned between the keyboard and a top edge of
the face and is horizontally positioned symmetrically
between the left edge and the right edge of the face. The
processor is coupled to the keyboard and the display, and
controls the operation of the hand-held messaging device.
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HAND-HELD ELECTRONIC DEVICE WITH
A KEYBOARD OPTIMIZED FOR USE WITH
THE THUMBS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from and is related to the
following prior application: “Hand-Held Electronic Device
with a Keyboard Optimized for Use with the Thumbs”, U.S.
Provisional Application Ser. No. 60/307,755, filed on Jul.
25, 2001. In addition, this application is a continuation-in-
part of U.S. patent application Ser. No. 09/663,972, filed on
Sep. 19, 2000, which is a continuation-in-part of U.S. patent
application Ser. No. 09/106,585, filed on Jun. 29, 1998 (now
U.S. Pat. No. 6,278,442), which is a continualion-in-part of
U.S. Design application Ser. No. 29/089,942, entitled
“Hand-held Messaging Device with Keyboard”, filed on
Jun, 26,1998 (now U.S. Pat. No. Des. 416,256) and assigned
to the assignee of the present invention. These prior
applications, including the entire written descriptions and
drawing figures, arc hercby incorporated into the present
application by reference.

BACKGROUND

The arrangements described herein are directed toward
the field of small, hand-held electronic devices such as
personal data assistants (PDAs), personal information man-
agers (PIMs), two-way pagers and the like. In particular, the
described systems and methods provide the user of a hand-
held device with the ability to input data with a minimal
amount of key strokes, and includes a keyboard structure
that is optimized for use substantially with the thumbs.

In a two-way paging system that provides two-way, full
text messaging, there is a need to permit the user to initiate
messages and to respond to messages in a timely fashion and
with text entirely created by the user on a communication
device. In order to keep the form factor of the device small
enough to be worn on the body of the user, such as with a
belt clip, the input device should be small, have a minimal
number of keys, and be optimized for use with a minimal
number of key strokes. Known systems have attempted to
address these needs by incorporating virtual keyboards or
pen-based systems for user inputs to the device, but such
systems require the user to input data in an unfamiliar
manper. Additionally, in a small hand-held messaging
device, such as a two-way pager, these systems prove
awkward to use.

In order to provide a hand-held electronic device that
permits a user the opportunity to enter data into an address
book, a calendar, a task list, an email or other message or a
similar text file that requires user-generated data, this appli-
cation describes an input device that is oriented to be
operated substantially through use of the thumbs. This is
accomplished first by providing a keyboard with a minimal
number of keys, but with the keys representing the alphabet
generally placed in the same order as they would appear on
a standard keyboard, such as in a standard QWERTY or a
DVORAK keyboard layout. The use of a keyboard layout
that is familiar to the user enables the user to immediately

use the device without having to hunt for the keys he or she

wishes to use.

Although the layout is similar to a standard keyboard, the
keys are placed at an orientation and in a particular shape
that attempts to maximize the surface area of the thumb
hitting the key and to provide the user with a comfortable
position of the hands for data input. Also, the orientation
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encourages input by the thumbs, which the inventors of the
present invention have discovered to be faster and more
accurate in small hand-held electronic devices than touch-
typing or “hunting and pecking” typing.

The device preferably includes an additional input means
for control of functions that might otherwise be controlled
by a keyboard that included function keys. To encourage
data entry using thumbs and again to minimize the number
of keys on the keyboard, the device may also include a
thumb-wheel for control of menus to select forms and
functions relevant to data input. The thumb-based wheel is
preferably position in close proximity to the keyboard to
enable the easy transition from thumb-based typing to thumb
control of forms and functions via the thumb-wheel.

In addition to hardware features that encourage optimal
data entry through the use of thumbs, several software
features that are designed to minimize keystrokes and aid
data entry are also provided.

SUMMARY

A hand-held electronic device with a keyboard oplimized
for use with the thumbs is provided. The hand-held device
includes a keyboard, a display, and a processor. The key-
board is horizontally positioned symmetrically between a
left edge and a right edge of a face of the hand-held
messaging device. The keyboard has a plurality of keys
arranged in a plurality of rows across the face, wherein each
row of keys is arranged in a concave pattern. The display is
vertically positioned between the keyboard and a top edge of
the face and is horizontally positioned symmetrically
between the left edge and the right edge of the face. The
processor is coupled to the keyboard and the display, and
controls the operation of the hand-held messaging device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of the major subsystems and
elements comprising a palm-sized, mobile, two-way mes-
saging device that may incorporate a keyboard optimized for
use with the thumbs;

FIG. 2 is a front view of an exemplary messaging device
having a keyboard that is optimized for use with the thumbs;

FIG. 3 is a view of a subset of the letter keys shown in
FIG. 2, illustrating exemplary dimensions and relative posi-
tions of the keys;

FIG. 4 is the logic circuitry associated with the thumb-
wheel of FIGS. 1 and 2;

FIG. 5 is a diagram showing one exemplary embodiment
of a keyboard that is optimized for use with the thumbs;

FIG. 6 is a diagram showing another exemplary embodi-
ment of a keyboard optimized for use with the thumbs;

FIG. 7 is another embodiment of the keyboard shown in
FIG. 6 having a special center key with a vertically sym-
metrical key shape and orientation;

FIG. 8 shows a keyboard embodiment with circular keys;

FIG. 9 shows a keyboard embodiment with square keys;

FIG. 10 shows a keyboard embodiment having rectangu-
lar keys;

FIGS. 11z through 11c show front and side views of a
hand-held electronic device incorporating an alternative
functional key arrangement;

FIGS. 12a through 12¢ are diagrams showing front and
side views of a hand-held electronic device incorporating
another alternative functional key arrangement;

FIGS. 13z and 13b show front and top views of a
hand-held electronic device incorporating a further alterna-
tive functional key arrangement;
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FIGS. 142 and 14b show rear views of a hand-held
electronic device in which two additional functional key
arrangements are implemented;

FIGS. 15z through 15¢ show front and side views of
another exemplary hand-held electronic device incorporat-
ing an alternative functional key arrangement;

FIG. 16 is a rear view of a device, such as shown in FIG.
15, in which another functional key arrangement is imple-
mented; and

FIGS. 17a through 174 show front, side and top views of
a further exemplary hand-held electronic device incorporat-
ing alternative functional key arrangements.

DETAILED DESCRIPTION

Referring now to the drawings, FIG. 1 is a block diagram
of the major subsystems and elements comprising a palm-
sized, mobile, two-way messaging device that may incor-
porate a keyboard optimized for use with the thumbs, The
exemplary messaging device shown in FIG. 1 includes a
wireless radio transmitter/receiver subsystem 100 connected
to a DSP 200 for digital signal processing of the incoming
and outgoing data transmissions, power supply and man-
agement subsystem 300, which supplies and manages power
to the overall messaging device components, microproces-
sor 400, which is preferably an X86 architecture processor,
which controls the operation of the messaging device, dis-
play 500, which is preferably a full graphic LCD, FLASH
memory 600, RAM 700, serial port 800, keyboard 900,
thumb-wheel 1000 and thumb-wheel control logic 1010.

In its intended use, a message comes to the device via a
wireless data communications network, such as the Mobi-
tex™ network, into subsystem 100, where it is demodulated
via DSP 200, decoded and presented to microprocessor 300
for display on display 500. To access the display of the
message, the user may choose from functions listed under a
menu presented as a result of user interaction with thumb-
wheel 1000. If the message is an email message, then the
user may choose to respond to the email by sclecting
“Reply” from a menu presented on the display through
interaction via thumb-wheel 1000 or via menu selection
from keyboard 900. In typing the reply, the user can use
keyboard 900 to type full text message replies, or insert
pre-determined or “canned” responses by using either a
particular keystroke pattern or through pulling down pre-
determined text strings from a menu of items presented on
display 500 through the use of thumb-wheel 1000.

When the reply to the message is composed, the user can
initiate the sending of the message preferably by interaction
through thumb-wheel 1000, or alternatively, with less
efficiency, through a combination of keyboard 900 key-
strokes, When the microprocessor 300 receives an indication
that the message is to be seat, it processes the message for
transport, and by directing and communicating with
transmitter/receiver subsystem 100, enables the reply mes-
sage to be sent via the wireless data communications net-
work to the intended recipient. Similar interaction through
1/0 devices keyboard 900 and thumb-wheel 1000 can be
used to initiate full-text messages or to forward messages to
another party.

In addition, the keyboard 900 and thumb-wheel 1000 can
be used to permit data entry to an address book resident on
the messaging device, or an electronic calendar or log book,
or any other function on the messaging device requiring data
entry. Preferably, the thumb-wheel is a thumb-wheel with a
push button SPST switch with quadrature signal outputs,
such as that manufactured by Matsushita Electronic Com-
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ponents Co. Ltd. as part number EVQWK2001, but may,
alternatively, be some other type of auxiliary input device.

FIG. 2 is a front view of an exemplary messaging device
having a keyboard that is optimized for use with the thumbs.
Shown in FIG. 2 are a plurality of letter keys 901, special-
ized keys 902, 903, 904 and 905, and a space bar 906. Also
shown is the thumb-wheel 1000 in its vertical orientation
and in association with display 500 and keyboard 900. The
specialized key 902 may, for example, be an alt key, the
specialized key 903 may be a shift or capitalization key, the
specialized key 904 may be a line feed key, and the spe-
cialized key 905 may be a backspace key. It should be
understood, however, that the specialized keys 902-905 may
provide other functions, such as an escape key, a delete key,
a home key, a menu key, a cursor-left key or a cursor-right
key. It should also be understood, that the messaging device
may include additional functional keys. In addition, in
alternative embodiments described below, certain functional
keys, such as an alt key and shift/cap key, may be positioned
on another device surface in addition to or instead of on the
face of the device, to be operated, for example, by the fingers
or part of the hand of a user.

FIG. 2 also shows the arrangement of keys on the key-
board into multiple rows. Each of the rows are arranged in
a concave pattern, such as an arc. In the illustrated
embodiment, the rows of keys are arranged along an arc in
a concave-down pattern. In other embodiments, however,
the rows of keys may be arranged in other concave patterns.
For example, the concave pattern may be defined along two
intersecting line segments instead of along an arc, and may
be a concave-up pattern instead of a concave-down pattern.
Such an arrangement of the keys not only facilitates thumb
typing by a user but also reduces the space occupied by the
keyboard. The concave rows of keys shown in FIG. 2 allow
for location of the space bar 906 in its conventional key-
board position but reduce the amount of unoccupied space at
the ends of the space bar.

Although FIG. 2 shows a preferred embodiment of a
messaging device, other implementations incorporating
alternate device architectures are also contemplated. For
example, different patterns of the concave rows could be
employed to accommodate keys on the keyboard between
rows either in addition to or instead of only at the bottom of
the keyboard in the position of the space bar shown in FIG.
2. In addition, many different shapes and orientations of the
keys could also be utilized, as is further detailed below with
respect to FIGS. 5-10. Similar keyboard layouts would also
be suitable for use in other electronic devices with different
display arrangements. Electronic devices having clamshell
type designs in which the display is positioned on a movable
cover portion of the device which is attached to the keyboard
portion with a hinge, represent one such alternate keyboard/
display arrangement. It is well within the scope of the
present invention to include the inventive keyboard on a
variety of handheld electronic devices such handheld elec-
tronic arcade devices; two-way pagers; wireless data com-
munication devices; cell phones; and Personal Digital Assis-
tants (PDAs).

In one alternative embodiment, the messaging device may
include a light source, such as a backlight, that can be
activated by a user of the device to light the keyboard and/or
the display in low-light conditions.

FIG. 3 is a view of a subset of the letter keys 901 shown
in FIG. 2, illustrating exemplary dimensions and relative
positions of the keys. Also shown is the point 950 that marks
the center of keyboard 900, key dimensions 970, 971, 972
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and 973, as well as angle 960 and the rho value 965,
representing curvature of a letter key 901. In investigating
optimal key placement on the keyboard, it was determined
that the keys should be placed at an angle 960 relative to a
vertical reference bisecting the key that facilitated easy
typing using thumbs. That angle is preferably positive 40
degrees relative to the vertical reference for keys on the right
side of the keyboard (wherc 950 is the center of the
keyboard), and negative 40 degrees for the keys on the left
side of the keyboard. Complementary angles ranging from
20 degrees to 70 degrees could also be used to accomplish
the goal, albeit less optimally, of facilitating thumb typing.

It should be understood, however, that alternative key
dimensions and/or placements could also be utilized. For
instance, the keys on the right and left sides of the keyboard
could be tilted at the same angle 960 from vertical (i.c., all
of the keys may have a positive angle 960 or all of the keys
may have a negative angle 960), or could all be aligned with
the vertical reference (i.c., having no angle 960 from
vertical). It should also be understood that the phase “tilted
at the same angle” as used within this application means
either tilted at equal angles or tilted at nearly equal angles.

As is also shown on FIGS. 2 and 3, the keys 901 are
dispersed across keyboard 900 evenly so that there is
sufficient space between the keys to decrease the opportunity
for multiple keys being depressed while thumb typing.
Additionally, the keys 901 are sized appropriately given the
footprint of the messaging device and the keyboard 900. In
one embodiment, the messaging device measures 64 mm by
89 mm across its face, which does not leave much room for
keyboard 900 and display 500. In this embodiment, key-
board 900 occupies over half of the face of the messaging
device.

In order to maximize the surface area of the key that a
thumb would hit, the keys are preferably oval, and have a
rho 965 defining the curvature of the key of 0.414, although
values may range higher or lower. Other rho values will lead
to an acceptable, but not as optimal, or aesthetically
pleasing, shape of keys 901. As 1o the key dimensions, the
width 970 of the key 901 is 4.8 millimeters (971 represent-
ing the radius of half that value, 2.4 mm) and the length (or
height) 972 of the key 901 is 7 millimeters (973 representing
the radius of half that value, 3.5 mm). It should be
understood, however, that other key shapes could also be
utilized, such as the key shapes illustrated in FIGS. 8-10.

One of the software features that aids in the device being
optimally used for thumb typing is a capitalization feature.
Using this feature, if a user depresses a key 901, then the
operating system detects a key down event. If the key is
released after a period of time, the operating system detecls
a key up event. If, upon a key down event, a period of time
elapses before a key up event is detected, then the operating
system determines that a key repeat event has occurred
representing a situation where a user has continued to
depress a key without releasing it. Akey repeat event is then
treated by application software residing in either FLASH
600 or RAM 700 as an event that requires the capitalization
of the key previously depressed. This feature disables a key
repeat feature and substitutes instead a capitalization feature
based upon a key repeat. The timing of the key scanning to
determine whether a key has been released can be set to
permit a slower keyboard response or a faster keyboard
response, depending upon user experience or preferences.
Depression of a letter key while or immediately after the
shift/cap key 903 is depressed may also cause the upper case
letter to be entered.

Although the capitalization function preferably works
only to change the state of a letter to a capital, it alternatively
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could operate to change a capital letter to a lower case letter.
The actual display is changed by the application program
substituting the value of the capital letter in the register that
holds the value of the letter to be displayed. As alternatively
implemented, the continued depressing without release of a
letter key could result in a key oscillating between upper
case and lower case, depending on the length of time the key
is depressed.

FIG. 4 is the logic circuitry 1010 associated with the
thumb-wheel 1000 of FIGS. 1 and 2. Thumb-wheel 1000
outputs quadrature signals phase A 1021 and phase B 1022,
which are processed by D flip-flops 1031 and 1032 to
present signals 1041 W__UP and 1042 W__DN to micropro-
cessor 300. Signals 1041 and 1042 represent, respectively, a
user rolling the thumb-wheel up and rolling the thumb-
wheel down.

FIG. 5 is a diagram showing one exemplary embodiment
of a keyboard that is optimized for use with the thumbs. This
keyboard includes a plurality of letter keys 901 (A-Z),
several function keys 902, 903, 904, and a spacebar/symbol
selector 906. The respective keys 901 are preferably orga-
nized into three concave rows 910, 912, 914. The first
concave row 910 includes the function keys 902, 903, and
the letter keys 901 Z, X, C, V, B, N, and M, just like on the
first row of a standard QWERTY keyboard. The degree of
arcing of the first concave row 910 is preferably defined by
a first radius R1. The second concave row 912 includes the
function key 904, and the letter keys 901 A, S, D, F, G, H,
J, K and L, just like on the second row of a standard
QWERTY keyboard. The degree of arcing of the second
concave row 912 is preferably defined by a second radius
R2. The third concave row 914 includes the letter keys 901
Q,W,E,R, T, Y, U, I, O and P, just like on the third row of
a standard QWERTY keyboard. The degree of arcing of the
third concave row 914 is preferably defined by a third radius
R3.

For the three-row organization shown in FIG. 5, the first
radius R1 of the first concave row 910 is preferably less than
the second radius R2 of the second concave row 912, which
is preferably less than the third radius R3 of the third
concave row 914, These radii R1, R2, R3 may defioe a set
of concentric circles on which the concave rows of keys 910,
912, 914 are placed. Other configurations and orientations of
the concave rows of keys are also possible.

Also shown in FIG. 5 are a set of vertical references 916.
Each of these vertical references 916 bisects one or more (up
to three) of the letter keys 901 making up the keyboard. In
the embodiment shown in FIG. 5, the keys 901 are oval-
shaped, and arc oriented at an angle with respect to the
vertical references 916. The keys on the right-hand side of
the keyboard are oriented at a first predetermined angle 918,
and the keys on the left-hand side of the keyboard are
oriented at a second predetermined angle 920. The first
predetermined angle 918 is a positive angle with respect to
the vertical reference 916, and the second predetermined
angle 920 is a negative angle with respect to the vertical
reference 916. These first and second predetermined angles
918, 920 arc complementary angles, for example +/-40
degrees from vertical. As discussed above, the keys may also
be aligned at other angles, all tilted at the same angle, or
aligned with the vertical reference.

The keys 901 in FIG. 5 are also preferably aligned along
the set of vertical references 916, such that a key in the first
row is aligned with a key in the second row, which is aligned
with a key in the third row. For example, the N key in the
first row 910 is aligned with the J key in the second row 912
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and the U key in the third row 914. That is, a vertical line
916 drawn through the center of any of the keys 901 in the
rows of keys perpendicular to the top and bottom edges of
the device will intersect the center of a key in an adjacent
row of keys.

FIG. 6 is a diagram showing another exemplary embodi-
ment of a keyboard optimized for use with the thumbs. This
embodiment is similar to FIG. 5, except that the keys 901 in
each concave row 910, 912, 914 are not aligned along the set
of vertical references 916, but instead are offset from one
row to the next. Keys positioned along a vertical line passing
through the center of the keyboard, such as the “G” key in
FIG. 6 may be oriented such that an axis of symmetry of the
shape coincides with the vertical line passing through the
center of the keyboard, thereby allowing the key to be used
as easily with the left as the right thumb. In the figure,
although the “G” key was oriented with the major axis
coinciding with a vertical, it could have been placed with the
minor axis coinciding with the vertical. In another embodi-
ment as shown in FIG. 7, a special center key 922 has a
vertically symmetrical key shape and orientation that is a
combination of the left key shape and the right key shape: by
superimposing the two shapes and tracing the exterior
circumference as a central shape, the resulting shape can be
used just as easily with the left or right thumb.

FIG. 8 shows a keyboard embodiment with circular keys.
This embodiment is similar to FIGS. 6 and 7, except that the
keys 901 in each concave row 910, 912, 914 are circular in
shape instead of ovals. Because of the circular shape of the
keys 901, the concept of orienting the keys 901 at the first
and second predetermined angles 918, 920 is not applicable
to this design. However, the concept of a circumscribed oval
still applies, as in the case of a central key discussed above
in reference to FIG. 6. It is possible to circumscribe a
thumb-jmpact oval onto the keys with a major axis coincid-
ing with a line going through the center of each circular key
at an angle 918 and 920 for right sided keys and left sided
keys respectively. Note that the keys 901 in FIG. 8 are
arranged in an offset key arrangement. In an alternative
embodiment, the circular keys could be also aligned along a
set of vertical references, similar to FIG. 5.

FIG. 9 shows a keyboard embodiment with square keys.
This embodiment is similar to the embodiments shown in
FIGS. 5 and 8, except that the keys are square instead of
ovals or circles. The keys in FIG. 9 are aligned along the set
of vertical references 916. In alternative embodiments,
however, the square keys may instead be tilted, offset, or
both.

FIG. 10 shows a keyboard embodiment having rectangu-
lar keys. This embodiment is similar to the embodiment
shown in FIG. 9, except that the keys 901 in each concave
row 910, 912, 914 are rectangular, and are slanted similar to
the keys described above with reference to FIG. 5. In one
alternative embodiment, the rectangular keys may be
arranged in an offset layout, with a center key having a
vertically symmetrical key shape and orientation that is a
combination of the left key shape and the right key shape,
such that the resulting shape can be used just as easily with
the left or right thumb.

FIGS. 114 through 11c show front and side views of a
hand-held electronic device incorporating an alternative
functional key arrangement. As described above, a keyboard
optimized for use with the thumbs may comprise keys which
will normally be operated with either the right or the left
thumb of a user, as well as possibly one or more keys that
may be operated with either thumb. In the case of certain
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functional keys such as an alt key 902 or a shift key
designated 902z in FIG. 11a, a device input is made when
a letter key is depressed simultaneously with or subsequent
to the operation of the functional key. For example, the alt
key 902 may be operated in order to input a number or
symbol associated with a letter key 901. In the example
keyboard of FIG. 5, operation of the ‘Q’ key will normally
cause a lowercase ‘q’ to be input to the device. The number
‘1’ may be input when the ‘Q’ key is operated while or after
the alt key 902 is operated. Similarly, an uppercase ‘Q’ could
be entered when the ‘Q’ key is depressed while the shift key
9024 is depressed or immediately after the shift key has been
depressed.

Since the space that the keyboard occupies is to be
minimized however, only a single alt key 902 and a single
shift key 902z can be accommodated on a small device.
Thus, a user’s thumb typing may be interrupted when a letter
key that is normally operated using the same thumb used to
operate the alt key 902 or the shift key 9024 is to be operated
in conjunction with the alt key or shift key. According to an
aspect of the invention, the device 1100 in FIG. 112 includes
the functional keys 1102 and 1104, which are located on
different surfaces of the device housing (on the sides) than
the keyboard and are thus operable using other parts of the
hand such as a finger or an inside part of the hand. The
functional keys 1102 and 1104 may therefore easily be
operated in conjunction with the depression of letter keys by
the thumbs without interrupting a user’s typing.

‘Where the key 1102 is the alt key for example, to enter the
number ‘1’ a user need simply press the functional key 1102
using a finger or part of the hand instead of a thumb and then
depress the ‘Q’ key (see FIG. 5 for example). If the key 1104
is a shift key, then when an upper case letter is to be entered,
the user may depress the key 1104 using a finger or part of
the hand. Thus, the thumbs may be used only for operation
of letter keys 901 and keys requiring operation of a letter key
in conjunction therewith are operated using other parts of the
hand. Typing speed may thereby be improved in that the
entry of an upper case letter, a number, a symbol or any other
special character associated with a letter key 901 does not
require operation of a functional key with the thumbs,

It should be understood that, although two functional keys
1102 and 1104 are shown in FIGS. 114 to 11 ¢, fewer or more
than two functional keys may be positioned on the device for
operation with other parts of a user’s hands. The number of
functional keys may depend, for example, upon the particu-
lar keyboard key assignments and the relative expected
frequency of use of a functional key. Where device software
automatically capitalizes the first word of a sentence for
example, a shift key might not be used particularly often,
such that only an alt key might be provided at position 1102
or 1104, In this example and if desired, both keys 1102 and
1104 may be alt keys, such that a user may use either hand
to invoke the alt function.

When a functional key is positioned for operation using
another part of the hand than the thumb, the functional key
need not necessarily also be provided on the keyboard,
thereby reducing the space occupied by the keyboard.
However, in order to provide a more familiar interface for a
user, the keyboard functional keys such as 902 and 9022
may be maintained. A user then has the option to use either
the thumb-operated keyboard functional keys 902, 902z or
the finger-or-hand-operated functional keys 1102, 1104.
Alternatively, if keys 1102 and 1104 are for example alt and
shift keys, then the keyboard alt and shift keys 902 and 9022
may be assigned other functions or inputs to thereby further
expand keyboard functionality.
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FIGS. 12a through 12c are diagrams showing front and
side views of a hand-held electronic device incorporating
another alternative functional key arrangement. The device
1200 is substantially similar to the device 1100 except that
functional keys 1202 and 1204 are positioned on the sides of
the device housing toward the bottom of the device for
operation by a part of the hand instead of the thumbs or
fingers. As described above, the functional keys 1202 and
1204 may be operated by a user using a part of the hand,
such as the palm of the hand or part of the hand near the base
of the fingers depending upon how the user holds the device
when in use, while typing on the keyboard with the thumbs.
As also described above, more or fewer than the two
functional keys 1202 and 1204 may be provided on the
device, and the keys 1202 and 1204 may implement different
functions or the same function, and may be provided instead
of or in addition to the keyboard functional keys 902 and
902a.

FIGS. 13a and 13b show front and top views of a
hand-held electronic device incorporating a functional key
arrangement according to another embodiment of the inven-
tion. In this embodiment, functional keys 1302 and 1304 are
provided at the top of the housing of device 1300, for
operation using the fingertips. As above, more or fewer than
the two functional keys 1302, 1304 shown in FIGS. 132 and
13b may be provided in addition to or instead of keyboard
functional keys 902, 9024, and such keys may be used to
invoke either the same function or different functions.

FIGS. 14a and 14b show rear views of a hand-held
electronic device in which respective functional key
arrangements are implemented. In FIG. 144, two functional
keys are shown: an alt key 1402 and a shift key 1404. These
particular functional keys are labeled for illustrative pur-
poses only and as such are not intended to limit the scope of
the invention. Other functions may also or instead be asso-
ciated with the functional keys 1402 and 1404. The keys
1402 and 1404 are preferably located so as not to interfere
with any removable device elements such as a removable
housing section 1406 which may, for example, cover a
battery compartment. Rear-mounted keys are also preferably
positioned to provide ample space for a user to hold the
device without contacting the functional keys 1402, 1404.

In the FIG. 14a arrangement, the alt key 1402 is posi-
tioned for operation with a finger of the left hand of the user,
whereas the shift key 1404 is positioned for operation with
a finger of the right hand. Where a user is familiar with a
keyboard layout as shown in FIG. 2 for example, although
the keys 1402, 1404 are hidden from view when a device
1400 is in use, the associations between a left hand alt
operation and a right hand shift operation are maintained.
However, the invention is in no way restricted to this specific
key designation and relative positioning.

One alternative funclional key arrangement is shown in
FIG. 14b, wherein a shift key and an alt key are provided for
operation with the fingers of each hand. The shift and alt key
pair 1412, 1414 would be operable using one or more fingers
of the left hand, and the pair 1416, 1418 are operable using
fingers of the right hand. Although four separate keys are
shown in FIG. 14b, (wo centrally positioned and possibly
elongated keys accessible to the fingers of both hands when
a device 1410 is in use could replace the four key arrange-
ment. With either of these arrangements, the relative shift/alt
key positioning, i.c., a shift key above the alt key and both
keys operable using either hand, will be familiar to users of
a PC keyboard.

It should be understood that the above functional key
embodiments are not mutually exclusive. A hand-held elec-
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tronic device may possibly be provided with functional keys
on its sides, top, back or any combination thereof. A user
may then have the option of using whichever function key
set he or she finds easiest to use. It is also contemplated that
devices may incorporate different functional key arrange-
ments or combinations thereof, allowing a user to choose a
particular functional key arrangement when a device is
purchased.

FIGS. 15a to 15c show front and side views of an alternate
hand-held electronic device incorporating embodiments of
the invention. The device 1500 may be similar to the devices
1100, 1200, 1300, 1400 and 1410 except that its display
screen 1501 is substantially larger and its keyboard is
somewhat different. Provided that a device keyboard
includes at least one functional key 902 or functional keys
are desired in order to expand functionality of a device
keyboard without adding keyboard keys, then the present
invention may be particularly advantageous. In FIGS. 15a to
15c, the functional keys may be positioned, for example, as
shown at 1502, 1504, 1506, 1508, 1510, 1512, or possibly at
more than one such location, for operation using the fingers
or part of the hand substantially as described above.

FIG. 16 is a rear view of a device, such as shown in FIG.
15, in which a functional key arrangement according to a
further embodiment of the invention is implemented. As
shown in FIG. 16, functional keys such as shift keys 1602,
1606 and alt keys 1604 and 1608 may be positioned at
locations on a rear device housing so as to be accessible to
a user’s fingers while providing sufficient space for a user to
hold the device without contacting the functional keys and
oot interfering with any removable device housing sections
or other internal or external device components.

Depending upon the size of the device 1500, a user might
not be able to use top-mounted keys such as shown in FIGS.
13a and 13b while thumb typing on the keyboard. Side-and
back-mounted functional keys as shown in FIGS. 15a to 15¢
and 16 are therefore more suited to devices having larger
form factors than top-mounted keys. It should be
understood, however, that whenever device physical dimen-
sions permit, top-mounted functional keys may be imple-
mented.

Although the devices shown in FIGS. 1la—c, 12a-c,
13a-b and 15z—c include slanted oval-shaped keyboard
keys, the functional keys and arrangements disclosed herein
are in no way restricted to this type of keyboard key shape
or layout. The invention may be implemented in conjunction
with any of the keyboards described above, including those
shown in FIGS. 2 and 5-10 for example, as well as virtually
any other hand-held electronic device keyboard.

Similarly, the present invention is not restricted to devices
having a “full” keyboard. FIGS. 17z to 17d show front, side
and top views of a further alternative hand-held electronic
device incorporating functional key arrangements according
to embodiments of the invention. The device shown in FIGS.
172-17d is a mobile telephone 1700, having a standard
numeric keypad 1702 and a plurality of additional keys
1704, 1706, 1708 and 1710, which may include, for
example, a power key, a send key, an end key, and like keys
typically found on mobile telephones. Mobile telephone
users normally operate such keys using the thumb of one
hand while holding the lelephone. The device 1700 also
includes a microphone 1712, a speaker 1714 and a display
screen 1715. In accordance with the invention, one or more
of the functional keys 1716, 1718, 1820, 1722, 1724, 1726
and 1728 are implemented in the device 1700. It should be
understood that mobile telephones are available in many
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different forms and sizes, and that the present invention is
applicable to virtually any design. For example, a device
1700 may have a “slim” form factor, wherein its side profile
or depth dimension is significantly smaller than its front/
back profile or width, or comprise a clamshell design with
hinged sections. Any functional keys 1716--1728 could then
be sized and positioned accordingly.

When used only to enter numbers, a keypad 1702 is
normally sufficient. However, text entry via the keypad is
often required, and is becoming much more common with
the increasing popularity of Short Message Service (SMS)
and other text-or data-related functions that mobile tele-
phones may support. Although numeric keypad keys also
have associated text characters, kmown text entry schemes
involving multiple depressions of a single key for example
tend to be slow, even when used in conjunction with
predictive automatic text techniques. Therefore, one con-
templated function for a functional key is to select between
numeric and text entry when a keypad key is depressed. For
cxample, if a user wishes to enter the letter ‘A’, normally
associated with the number key ‘2’ on standard telephone
keypads, the user could depress a function key, 1716 for
example, and simultaneously depress the ‘2’ key. The func-
tional key 1716 may be held in its depressed position as long
as text entry is required. When the key 1716 is released, the
keypad then preferably reverts back to a numeric entry state.
Alternatively, a single depression of the functional key 1716
may toggle the keypad between numeric and text entry
states. Such functionality may provide for much faster and
easier text entry on a substantially thumb-operated numeric
keypad.

Where more than one functional key is provided on the
device 1700, text entry may be further facilitated by allow-
ing a user to select between the multiple characters associ-
ated with a keypad key. In a device 1700 with four keys for
example, any particular letter associated with any keypad
key might be selected using the function keys. Operation of
a first functional key in conjunction with a ‘7’ key on a
conventional keypad might select a first text character ‘P’,
whereas second, third and fourth functional keys may be
used to respectively select ‘Q’, ‘R’ and ‘S’. As described
above, any functional key and keypad key could preferably
be operated simultaneously, using a finger or part of the hand
to operate a functional key while using a thumb to depress
a keypad key.

It should be understood that the above text entry function
is merely an illustrative example of a possible implementa-
tion of an embodiment of the invention. Other functions
allowing expansion of keypad key functionality through the
use of finger-or-hand-operated Ffunctional keys are also
within the scope of the present invention.

As described above for the preceding keypad
arrangements, the functional keys 1716-1728 may provide
the same or different functions. ln devices such as device
1700 which are normally held on one hand, duplication of
functional keys on each side of the device may be particu-
larly advantageous in that the device may be used with either
a left hand or a right hand. The left-hand side functional keys
1716-1720 would be operable using fingers on the right
hand, left-hand side functional keys 1722-1726 would be
operable using fingers on the left hand, and the top func-
tional key 1728 would be accessible by either hand.

In one alternative embodiment the functional keys shown
in FIGS. 17a~d may also or instead be provided on the rear
of device 1700.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
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person skilled in the art to make and use the invention. The
patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled
in the art,

For example, the functional keys have been shown in the
drawings as rectangular keys. Implementation of functional
keys having other shapes intended to improve key operabil-
ity or esthetic appeal of a device are also contemplated.
Functional keys on the same device might also have different
shapes adapted to the part of the fingers or hands by which
the keys will be operated or to allow a user to distinguish
between different functional keys. Similarly, although the
functional keys have been shown in the drawings as pro-
jecting beyond the device housing, the keys may instead be
substantially flush with or recessed below the device hous-
ing surface in order to prevent inadvertent operation thereof.

In addition, the alt and shift functional keys are shown in
some of the drawings for illustrative purposes only. Other
functional keys that are normally operated in conjunction
with other letter keys, such as a control (ctrl) keyboard key,
may also or instead be implemented in accordance with the
invention.

We claim:

1. A hand-held messaging device, comprising:

a miniaturized QWERTY style keyboard that is horizon-
tally positioned symmetrically between a left edge and
a right edge of a face of the hand-held messaging
device and having a plurality of keys arranged in three
rows across the face, wherein each row of keys is
arranged in a concave pattern and wherein each of the
plurality of keys is aligned along a vertical axis with a
key from an adjacent row of keys, the vertical axis
extending perpendicularly from a top edge o a bottom
edge of the hand-held messaging device;

a display that is vertically positioned between the key-
board and a top edge of the face and horizontally
positioned symmeitrically between the left edge and the
right edge of the face; and

a processor coupled to the keyboard and the display that
controls the operation of the hand-held messaging
device;

wherein keys that are aligned along a vertical axis are
aligned with substantially no vertical offset.

2, The hand-held messaging device of claim 1, wherein
the hand-held messaging device includes a plurality of
connecting surfaces for connecting the face to a bottom
surface, and further comprising:

at least one functional key positioned on the connecting
surfaces of the hand-held messaging device.

3. The hand-held messaging device of claim 2, wherein

the functional key is an alt key.

4. The hand-held messaging device of claim 2, wherein
the functional key is a capitalization key.

5. The hand-held messaging device of claim 1, wherein
the hand-held messaging device includes a plurality of
connecting surfaces for comnecting the face to a bottom
surface, and further comprising:

at least one functional key positioned on the bottom
surface of the hand-held messaging device.

6. The hand-held messaging device of claim 5, wherein

the functional key is an alt key.

7. The hand-held messaging device of claim 5, wherein
the functional key is a shift key.

8. The hand-held messaging device of claim 1, wherein
the hand-held messaging device includes a plurality of
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connecting surfaces for connecting the face to a bottom
surface, and further comprising:

at least one type of functional key, wherein two of each

type of functional key are positioned on the bottom
surface of the hand-held messaging device.

9. The hand-held messaging device of claim 8, wherein
the two functional keys of each type include a first functional
key that is positioned for use with a left hand of a user and
a second functional key that is positioned for use with a right
hand of the user.

10. The hand-held messaging device of claim 1, wherein
the hand-held messaging device includes a plurality of
connecting surfaces for connecting the face to a bottom
surface, and further comprising:

at least one type of functional key, wherein two of each

type of functional key are positioned on two of the
connecting surfaces, respectively.

11. The hand-held messaging device of claim 10, wherein
the two functional keys of each type include a first functional
key that is positioned for use with a left hand of a user and
a second functional key that is positioned for use with a right
hand of a user.

12, The hand-held messaging device of claim 1, wherein
the hand-held messaging device includes a plurality of
connecting surfaces for connecting the face to a bottom
surface, and further comprising:

at least one type of functional key, wherein two of each

type of functional key are positioned on one of the
connecting surfaces.

13. The hand-held messaging device of claim 12, wherein
the two functional keys of each type include a first functional
key that is positioned for use with a left hand of a user and
a second functional key that is positioned for use with a right
hand of user.

14. The hand-held messaging device of claim 1, wherein
each row of keys is arranged in a concave-up pattern.

15. The hand-held messaging device of claim 1, wherein
each row of keys is arranged in a concave-down pattern.

16. The hand-held messaging device of claim 1, wherein
each row of keys is arranged along an arc.

17. The hand-held messaging device of claim 1, wherein
each row of keys is arranged along two intersecting line
segmeants.

18. The hand-held messaging device of claim 1, wherein
at least one of the plurality of keys of the keyboard is oblong.

19, The hand-held messaging device of claim 18, wherein
the oblong key is tilted at an angle from a vertical axis
extending through a center of the key.

20. The hand-held messaging device of claim 18, wherein
the oblong key is aligned with a vertical axis extending
through a center of the key.

21. The hand-held messaging device of claim 1, wherein
the plurality of keys of the keyboard are oblong.

22. The hand-held messaging device of claim 21, wherein
a first portion of the oblong keys are tilted at a negative angle
from vertical and a second portion of the oblong keys are
tilted at a positive angle from vertical.

23. The hand-held messaging device of claim 21, wherein
the oblong keys are all tilted at the same or substantially the
same angle from vertical.

24, The hand-held messaging device of claim 1, wherein
at least one of the plurality of keys of the keyboard is oval.

25, The hand-held messaging device of claim 24, wherein
the oval key is tilted at an angle from a vertical axis
extending through a center of the key.

26, The hand-held messaging device of claim 24, wherein
the oval key is aligned with a vertical axis extending through
a center of the key.
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27. The hand-held messaging device of claim 1, wherein
at least one of the plurality of keys of the keyboard is
circular.

28. The hand-held messaging device of claim 1, wherein
at least one of the plurality of keys of the keyboard is
rectangular.

29. The band-held messaging device of claim 28, wherein
the rectangular key is tilted at an angle from a vertical axis
extending through a center of the key.

30. The hand-held messaging device of claim 28, wherein
the rectangular key is aligned with a vertical axis extending
through a center of the key.

31. The hand-held messaging device of claim 1, wherein
the plurality of keys each have a shape that is contoured for
optimal typing with a user’s thumbs.

32. The hand-held messaging device of claim 1, wherein
the keyboard includes:

a first row of keys having ten (10) keys, wherein a first set
of five (5) keys from the first row are arranged in a
pattern having a positive slope from vertical and a
second set of five (5) keys from the first row are
arranged in a paltern having a negative slope from
vertical;

a second row of keys having nine (9) keys, wherein a first
set of four (4) keys from the second row are arranged
in a pattern having a positive slope from vertical, a
second set of four (4) keys from the second row are
arranged in a pattern having a negative slope from
vertical, and a center key from the second row is
positioned equidistant or substantially equidistant from
the left edge and the right edge of the face; and

a third row of keys having at least eight keys, wherein a
first set of four (4) keys from the third row is arranged
in a pattern having a positive slope from vertical and a
second set of four (4) keys from the third row is
arranged in a pattern having a negative slope from
vertical.

33. The hand-held messaging device of claim 32, wherein

one of the keys from the third row is a line feed key.

34, The hand-held messaging device of claim 1, wherein
the keyboard includes three (3) rows of keys, wherein each
of the three rows of keys includes a first set of five (5) keys
that are arranged in a pattern having a positive slope from
vertical and a second set of five (5) keys that are arranged in
a pattern having a negative slope from vertical.

35. The hand-held messaging device of claim 1, wherein
the keyboard includes twenty-six (26) letter keys.

36. The hand-held messaging device of claim 35, wherein
the Lwenty-six (26) letter keys are arranged in the format of
a QWERTY-style keyboard.

37. The hand-held messaging device of claim 36, further
comprising:

a row of functional keys that are horizontally positioned
symmetrically or substantially symmetrically between
aleft edge and a right edge of the face of the hand-held
messaging device and vertically positioned between the
keyboard and a bottom edge of the hand-held messag-
ing device.

38. The hand-held messaging device of claim 37, wherein

the row of functional keys includes a space bar.

39, The hand-held messaging device of claim 37, wherein
the row of functional keys includes a an alt key, and wherein
at least one letter key has an associated alternate character
that may be input to the processor by simultaneously
depressing the letter key and the alt key.

40. The hand-held messaging device of claim 37, wherein
the row of functional keys includes a shift key.



Case 3:08-cv-01545-K Document 5 Filed 02/20/08 Page 163 of 182 PagelD 272

US 6,919,879 B2

15

41, The hand-held messaging device of claim 37, wherein
the row of functional keys includes a menu key.

42, The hand-held messaging device of claim 37, further
comprising;

at least one additional functional key positioned below the

row of functional keys.

43, The hand-held messaging device of claim 42, wherein
the additional functional key is a scroll-up key.

44, The hand-held messaging device of claim 42, wherein
the additional functional key is a scroll-down key.

45, The hand-held messaging device of claim 42, wherein
the additional functional key launches an application pro-
gram.

46. The hand-held messaging device of claim 1, further
comprising:

at least one additional functional key positioned above the

keyboard.

47. The hand-held messaging device of claim 46, wherein
the additional functional key is a backspace key.
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48, The hand-held messaging device of claim 46, wherein 20

the additional functional key is a home key.

49, The hand-held messaging device of claim 46, wherein
the additional functional key is an escape key.

50. The hand-held messaging device of claim 46, wherein
the additional functional key is a menu key.

51, The hand-held messaging device of claim 46, wherein
the additional functional key is a delete key.

52. The hand-held messaging device of claim 46, wherein
the additional functional key is a cursor-left key.

53. The hand-held messaging device of claim 46, wherein
the additional functional key is a cursor-right key.

54, The hand-held messaging device of claim 1, further
comprising;

a thumb-wheel coupled to the processor, wherein the
thumb-wheel is vertically positioned on the face of the
hand-held messaging device above the keyboard and
below the display.

55. The hand-held messaging device of claim 1, wherein
the thumb-wheel is horizontally positioned symmetrically or
substantially symmetrically between the left edge and the
right edge of the face such that the thumb-wheel may be
operated by a user with either a right hand or a left hand.

56. The hand-held messaging device of claim 1, further
comprising:

a thumb-wheel coupled to the processor, wherein the
thumb-wheel is positioned on a side surface of the
hand-held messaging device.

57. The hand-held messaging device of claim 1, further

comprising:

a rocker switch coupled to the processor, wherein the
rocker switch is positioned on a side surface of the
hand-held messaging device.

58. The hand-held messaging device of claim 1, further

comprising:

a wireless radio subsystem coupled to the processor that
transmits and receives electronic messages from a
wireless network; and

a memory device coupled to the processor that stores
electronic messages received from the wireless net-
work.

59. The hand-held messaging device of claim 58, further

comprising:

application software executing on the processor, wherein
the application software includes an electronic messag-
ing application that receives electronic messages that
are wirelessly redirected to the hand-held messaging
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device from a redirection software application execut-
ing on a corporate server.

60. The hand-held messaging device of claim 59, wherein
the application software includes a calendar application.

61. The hand-held messaging device of claim 1, further
comprising:

a rechargeable battery coupled to the processor that sup-

plies power to the hand-held messaging device.

62. The hand-held messaging device of claim 1, further
comprising:

a light source positioned to provide light to the keyboard.

63. The hand-held messaging device of claim 62, wherein
the light source also provides light to the display.

64. The hand-held messaging device of claim 62, wherein
the light source is a backlight mounted within a housing of
the hand-held messaging device.

65. A hand-held messaging device, comprising:

a device housing having a face, a bottom surface, and a
plurality of connecting surfaces for connecting the face
to the bottom surface;

a display mounted within the face of the device housing
and horizontally positioned symmetrically between a
left edge of face and a right edge of the face;

a miniaturized keyboard mounted within the face of the
device housing in a position between the display and a
bottom edge of the face, wherein the keyboard com-
prises a QWERTY-stile keyboard having a plurality of
keys arranged in three rows across the face, wherein
each row of keys is arranged in a concave pattern and
is distributed symmetrically across the face of the
housing, wherein the keyboard includes a plurality of
letter keys and at least one specialized key and wherein
cach of the plurality of keys is aligned along a vertical
axis with a key from an adjacent row of keys, the
vertical axis extending perpendicularly from a top edge
to the bottom edge of the face of the device housing;
and

an auxiliary input device mounted within the housing;

wherein keys that are aligned along a vertical axis are
aligned with substantially no vertical offset.

66. The hand-held messaging device of claim 65, further

comprising;

at least one functional key mounted within the connecting
surfaces of the device.

67. The hand-held messaging device of claim 65, further

comprising:

at least one functional key mounted within the bottom
surface of the device.

68. The hand-held messaging device of claim 65, wherein

cach row of keys is arranged in a concave-up pattern.

69. The hand-held messaging device of claim 65, wherein
each row of keys is arranged in a concave-down pattern.

70. The hand-held messaging device of claim 65, wherein
each row of keys is arranged along an arc.

71. The hand-held messaging device of claim 65, wherein
each row of keys is arranged along two intersecting line
segments.

72. The hand-held messaging device of claim 65, wherein
the plurality of keys are oblong.

73. The hand-held messaging device of claim 72, wherein
the oblong shaped keys are tilted with respect to a vertical
reference through the face of the device housing.

74. The hand-held messaging device of claim 72, wherein
the oblong shaped keys are aligned with a vertical reference
through the face of the device housing.

75. The hand-held messaging device of claim 72, wherein
the oblong shaped keys are oval shaped.
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76. The hand-held messaging device of claim 65, wherein
the plurality of keys are circular.

77. The hand-held messaging device of claim 65, wherein
the plurality of keys are square.

78. The hand-held messaging device of claim 65, wherein
the plurality of keys are rectangular.

79, The hand-held messaging device of claim 65, wherein
the specialized key is a line feed key.

80. The hand-held messaging device of claim 65, wherein
the specialized key is a backspace key.

81. The hand-held messaging device of claim 65, wherein
the keyboard further comprises a row of functional keys.

82. The hand-held messaging device of claim 65, wherein
the row of functional keys includes at least a space bar key,
an alt key, and a shift key.

83, The hand-held messaging device of claim 81, wherein
the row of functional keys includes at least a space bar key,
a shift key, and a menu key.

84, The hand-held messaging device of claim 65, wherein
the hand-held device is a two-way pager, a personal digital
assistant or an electronic organizer.

85, The hand-held messaging device of claim 65, wherein
the display occupies more than half of the surface area of the
face of the device.

86. The hand-held messaging device of claim 65, wherein
the auxiliary input device is mounted within one of the
connecting surfaces.

87. The hand-held messaging device of claim 65, wherein
the auxiliary input device is a thumbwheel.

88, The hand-held messaging device of claim 65, wherein
the auxiliary input device is a rocker switch.

89, The hand-held messaging device of claim 65, wherein
the auxiliary input device includes a directional input com-
ponent for navigating a plurality of menu items presented on
the display and a selector switch for selecting a menu item
from the plurality of menu items.

90. The hand-held messaging device of claim 65, wherein
the auxiliary input device is mounted within the face of the
device.

91. The hand-held messaging device of claim 65, further
comprising:

a transceiver for transmitting and receiving messages.

92, The hand-held messaging device of claim 91, further
comprising:

a first antenna for receiving messages; and

a second antenna for transmitting messages.

93, The hand-held messaging device of claim 92, wherein
the transceiver further comprises:

a receiver, coupled to the first antenna, for demodulating

the received messages; and

4 transmitter, coupled to the second antenna, for gener-
ating a modulated message.

94. The hand-held messaging device of claim 93, wherein

the transceiver further comprises:

a digital signal processor coupled to the transmitter and
the receiver for processing demodulated messages from
the receiver, and for providing modulation information
to the transmitter.

95. The hand-held messaging device of claim 65, wherein

the keyboard includes a backlight.

96. A wireless e-mail device, comprising:

a device housing having a face and a left and right side
surface coupled to the face; display mourned within the
face;

a transceiver for receiving e-mail messages from a wire-
less network and for trapsmitting e-mail messages
generated on the wireless e-mail device 1o the wireless
network; and
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a miniaturized QWERTY style keyboard that is horizon-
tally positioned symmetrically between the left side
surface and the right side surface and having a plurality
of keys arranged in three rows across the face, wherein
each row of keys is arranged in a concave pattern and
wherein each of the plurality of keys is aligned along a
vertical axis with a key from an adjacent row of keys,
the vertical axis extending perpendicularly from a top
edge to a bottom edge of the face of the device housing;

wherein keys that are aligned along a vertical axis are
aligned with substantially no vertical offset.

97. The wireless e-mail device of claim 96, further

comprising:

at least one functional key positioned on the left side
surface of the device.

98. The wireless e-mail device of claim 96, further

comprising;

at least one functional key positioned omn the right side
surface of the device.

99, The wireless c-mail device of claim 96, further

comprising:

at least one type of functional key, wherein the one type
of functional key is positioned on both the left and right
side surfaces of the device.

100. The wireless e-mail device of claim 96, wherein the
device housing includes a bottom surface coupled to the left
and right side surfaces, and [urther comprising:

at least one functional key positioned on the bottom
surface of the housing.

101. The wireless e-mail device of claim 96, wherein the
device housing includes a top side surface coupled to the
face, and Further comprising:

at least one functional key positioned on the top side
surface.

102. The wireless e-mail device of claim 96, further
comprising an auxiliary input device mounted within the
device housing.

103. The wireless e-mail device of claim 102, wherein the
auxiliary input device is a thumbwheel.

104, The wireless e-mail device of claim 102, wherein the
auxiliary input device is a rocker switch.

105. The wireless e-mail device of claim 102, wherein the
auxiliary input device includes a directional input compo-
nent for navigating a plurality of menu items presented on
the display and a selector switch for selecting a menu item
from the plurality of menu items.

106. The wireless e-mail device of claim 96, further
comprising an antenna coupled to the transceiver.

107. The wireless e-mail device of claim 96, further
comprising:

a microprocessor; and

a memory for storing an operating system and a plurality
of application programs that are executed by the micro-
processor to control the operation of the wireless e-mail
device.

108. The wireless e-mail device of claim 107, further
comprising a digital signal processor coupled between the
microprocessor and the transceiver.

109. The wireless e-mail device of claim 107, wherein the
plurality of application programs include a messaging appli-
cation for generaling e-mail messages and a calendar appli-
cation.

110. The wireless e-mail device of claim 109, wherein the
plurality of application programs further include an address
book application.

111. The wireless e-mail device of claim 107, wherein the
memory is a flash memory.



Case 3:08-cv-01545-K Document 5 Filed 02/20/08 Page 165 of 182 PagelD 274

US 6,919,879 B2

19

112. The wireless e-mail device of claim 96, [urther
comprising a serial port for coupling the wireless e-mail
device to a host computer.

113. The wireless e-mail device of claim 96, further
comprising a power supply system including a rechargeable
battery and an external charger input for receiving a source
of electrical charge to recharge the rechargeable battery.

114. The wireless e-mail device of claim 113, wherein the
rechargeable battery is a lithium battery.

115. The wireless e-mail device of claim 113, wherein the
power supply subsystem further includes a voltage regulator
coupled to the rechargeable battery for generating a regu-
lated supply voltage for powering the device.

116. The wireless e-mail device of claim 113, wherein (he
power supply subsystem further includes connections to a
microprocessor for monitoring the operation of the power
supply subsystem. .

117. A hand-held messaging device, comprising:

a device housing having a face;

a display mounted within the face;

a miniaturized keyboard mounted within the face of the
device housing in a position between the display and a
bottom edge of the face, wherein the keyboard com-
prises a QWERTY-style keyboard having a plurality of
keys arranged in lhree rows across Lhe face, wherein
each row of keys is arranged in a concave pattern and
is distributed symmetrically across the face of the
housing, wherein the keyboard includes a plurality of
letter keys and at least one specialized key and wherein
each of the plurality of keys is aligned along a vertical
axis with a key front an adjacent row of keys, the
vertical axis extending perpendicularly from a top edge
to the bottom edge of the face; and

means for receiving e-mail messages from a wireless
network and for transmitting e-mail messages gener-
ated on the hand-held messaging device to the wireless
network;
wherein keys that are aligned along a vertical axis are
aligned with substantially no vertical offset.
118. The hand-held messaging device of claim 117,
wherein lhe device housing includes a left side surface and
a right side surface, and further comprising:

at least one functional key positioned on the left side
surface of the device.
119. The hand-held messaging device of claim 117,
wherein the device housing includes a left side surface and
a right side surface, and further comprising:

at least one functional key positioned on the right side

surface of the device.

120. The hand-held messaging device of claim 117,
wherein the device housing includes a left side surface and
a right side surface, and further comprising:

at least one type of functional key, wherein the one type

of functional key is positioned on both the left and right
side surfaces of the device.

121. The hand-held messaging device of claim 117,
wherein the device housing includes a bottom surface
coupled to the left and right side surfaces, and further
comprising:

at least one functional key positioned on the bottom

surface of (he housing.

122. The hand-held messaging device of claim 117,
wherein the device housing includes a top side surface
coupled to the face, and further comprising:

at least one functional key positioned on the top side
surface.
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123. A hand-held messaging device, comprising:

a device housing having a face;

a display mounted within the face;

a miniaturized keyboard mourned within the face of the
device housing in a position between the display and a
bottom edge of the face, wherein the keyboard com-
prises a QWERTY-style keyboard having a plurality of
keys arranged in three rows across the face, wherein
each row of keys is arranged in a concave pattern and
is distributed symmetrically across the face of the
housing, wherein the keyboard includes a plurality of
letter keys and at least one specialized key and wherein
each of the plurality of keys is aligned along a vertical
axis with a key from an adjacent row of keys, the
vertical axis extending perpendicularly from a top edge
to the bottom edge of the face;

an auxiliary inpul device mounted within the device
housing; a transceiver for receiving information from a
wireless network and for transmitting information to
the wireless network;

an antenna coupled to the transceiver

2 miCroprocessor;

a memory for storing an operating system and a plurality
of application programs that are executed by the micro-
processor lo control (he operation of the hand-held
messaging device; and a power supply system includ-
ing a rechargeable battery and an external charger input
for receiving a source of clectrical charge to recharge
dic rechargeable battery;

wherein keys that arc aligned along a vertical axis are
aligned with substantially no vertical offset.

124. The hand-held messaging device of claim 123,
wherein the device housing includes a left side surface and
a right side surface, and further comprising:

at least one functional key positioned on the left side
surface of the device.

125, The hand-held messaging device of claim 123,

wherein the device housing includes a left side surface and
a right side surface, and further comprising:

at least one functional key positioned on the right side
surface of the device.
126. The hand-held messaging device of claim 123,
wherein the device housing includes a left side surface and
a right side surface, and further comprising:

at least one type of functional key, wherein the one type
of functional key is positioned on both the left and right
side surfaces of the device.

127. The hand-held messaging device of claim 123,
wherein the device housing includes a bottom surface
coupled to the left and right side surfaces, and further
comprising:

at least one functional key positioned on the bottom

surface of he housing.

128. The hand-held messaging device of claim 123,
wherein the device housing includes a top side surface
coupled to the face, and further comprising:

at least one functional key positioned on the top side

surface.
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HAND-HELD ELECTRONIC DEVICE WITH
A KEYBOARD OPTIMIZED FOR USE WITH
THE THUMBS

This is a continuation of U.S. application Ser. No. 09/634,
774, entitled Hand-Held Electronic Device With A Key-
board Optimized For Use With The Thumbs, filed Aug. 9,
2000, now U.S. Pat. No. 6,611,254 which is a divisional of
U.S. application Ser. No. 09/106,585, entitled Hand-Held
Electronic Device With A Keyboard Optimized For Use
With The Thumbs, filed Jun. 29, 1998 (now U.S. Pat. No.
6,278,442), which is a continuation-in-part of U.S. Design
Application Serial No. 29/089,942, entitled Hand-Held Mes-
saging Device with Keyboard, filed Jun. 26, 1998 (now U.S.
Patent No. Des. 416,256), and assigned to the assignee of the
present invention.

BACKGROUND OF THE INVENTION

The present invention is directed toward the field of small,
hand-held electronic devices such as personal data assistants
(PDAs), personal information managers (PIMs), two-way
pagers and the like. In particular, the system and method of
the present invention provide the user of the hand-held
device with the ability to input data with a minimal amount
of key strokes and oplimized for use substantially with the
thumbs.

In a two-way paging system that provides two-way, full
lext messaging, there is a need to permit the user to initiate
messages and to respond to messages in a timely fashion and
with text entirely created by the user. In order to keep the
form factor of the two-way pager small enough to be wom
on the body of the user, such as with a belt clip, the input
device needs to be small, have a minimal number of keys
and optimized for use with a minimal number of key strokes.
Prior art systems have attempted to address these needs by
incorporating virtual keyboards or pen-based input systems
for user inputs to the device, but such systems require the
user to input data in an unfamiliar manner. Additionally, in
a small hand-held messaging device, such as a two-way
pager, these systems prove awkward to use.

In order to provide a hand-held electronic device that
permits a user the opportunity to enter data into an address
book, a calendar, a task list, an email message or a similar
text file that requires user-generated data, the instant inven-
tion is directed to an input device that is oriented to be used
substantially through use of the thumbs. This is accom-
plished first by providing a keyboard with a minimal number
of keys, but with the keys representing the alphabet gener-
ally placed in the same order as they would appear on a
standard keyboard, such as in a standard QWERTY or a
DVORAK keyboard layout. The use of a keyboard layout
that is familiar to the user enables the user to immediately
use the device without having to hunt for the keys he or she
wishes to use.

Although the layout is similar to a standard keyboard, the
keys are placed at an orientation and in a particular shape
that attempts to maximize the surface area of the thumb
hitting the key and to provide the user with a comfortable
position of the hands for data input. Also, the orientation
encourages input by the thumbs, which the inventors of the
instant invention have discovered to be faster and more
accurate in small hand-held electronic devices than touch-
typing or “hunting and pecking” typing.

An additional feature of the invention is thus use of an
additional input means for control of functions that might
otherwise be controlled by a keyboard that included function
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keys. To encourage data entry using thumbs and again to
minimize the number of keys on the keyboard, the instant
invention also includes a thumb-wheel for control of menus
for selection of forms and functions relevant to data input.
The thumb-wheel is positioned in close proximity to the
keyboard to enable the easy transition from thumb-based
typing to thumb control of forms and functions.

In addition to hardware features that encourage optimal
data entry through the use of thumbs, there are several
software features that are designed to minimize keystrokes
and aid in entry of data.

The features of this invention, both individually and
collectively, have not, to the knowledge of the inventors,
been applied to a small hand-held electronic device that
requires user-generated data entry. To permit efficient opera-
tion of such devices while keeping the form factor of the
device small enough to be worn on the body, there is a
general need for a hand-held electronic device that can fit in
the palm of the hand and that can be operated substantially
with the thumbs.

There is a further need for a keyboard for a palm-size data
enlry device with keys placed al an angle to optimize
operation of the keyboard by the use of the thumbs.

There remains another need for a keyboard with keys that
are shaped and sized to maximize contact with the thumbs
while minimizing the keyboard area required for such keys.

There also remains a need for an auxiliary input device
that is to be operated by the thumb for data inputs forms and
function control and that, in conjunction with the keyboard,
encourages and permits data entry and management through
input performed substantially by the thumbs.

There remains still another need for a software-imple-
mented user interface system that is designed, at least in part,
to support and encourage data entry through use of the
thumbs.

SUMMARY OF THE INVENTION

The present invention overcomes the problems noted
above and satisfies the needs in this field for a hand-held
electronic device with a keyboard optimized for use with the
thumbs. In the preferred embodiment of the present inven-
tion, the hand-held electronic device is a iwo-way paging
device that permits full-text, two-way messaging such as
email messaging and that includes standard PDA or PIM
features such as an address book, an electronic calendar, a
task list and other text-based features. These features require
user input of text strings that can be lengthy and that cannot
be reduced to pre-determined or “canned” strings. Thus, for
such a device, the efficient entry of data in a device meant
to fit into the palm of one’s hand requires that two goals are
achieved. First, the data entry must be relatively easy from
a user perspective. This means that the user must be some-
what familiar with analogous forms of data entry and not
have to be trained to use the data entry for the hand-held
device. Second, the form factor does not permit a large
number of keys or keys that are very large. Thus efficient use
of the keyboard space is required and functions that might be
able to be performed by a standard keyboard are off-loaded
to an auxiliary input device or are performed, through a
minimal number of keystrokes that encourage the use of
thumb-based data entry.

To accomplish these goals, the invention first optimizes
the placement of the keys on the device keyboard. In order
to work within the limited space available for the keyboard,
it was determined that it was preferable to use keys that were
oval or oblong and that were placed at angles designed to
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facilitate use by thumb typing. An angle for the keys on the
right side of the keyboard and a complementary angle for the
keys on the left side of the keyboard are chosen based upon
observation of the angle at which a user will orient his or her
thumbs while thumb-typing.

The invention also minimizes the number of keys avail-
able for data input. In the preferred embodiment, only keys
for the 26 letters of the English alphabet are available as well
as a backspace key, a line feed key, an “alt” key, a “cap” key
and a space bar. The alt key enables the user in conjunction
with the other keys to input numbers and symbols to perform
certain functions. The placement of the keys is designed to
enhance the user experience while typing with the thumbs
by meeting two seemingly opposite goals—minimizing the
keyboard footprint while maximizing the likelihood that
proper keys will be struck by the thumb-typing user.

The invention also provides additional incentive for the
user to use thumb input by providing an input device
adjacent to the keyboard, but integral to the overall hand-
held device. Although other devices can be used in an
auxiliary fashion, the preferred device is a thumbwheel that
registers movement of the wheel by measuring the number
of indents traversed while rolling the wheel and that also
registers as an input the depression or “clicking” of the
wheel, which is performed by pressing the wheel toward the
back of the pager. This clicking of the wheel is similar to the
clicking of a mouse associated with a PC or any other input
device that registers the depression of a button. The thum-
bwheel in the preferred embodiment is placed vertically on
the two-way paging device so that the user can easily move
his or her thumb from the thumbwheel to the keyboard and
back for performing functions and retrieving data forms,
such as an e-mail template or address book entry template,
for data entry.

Additionally, various sofiware techniques can be imple-
mented to enhance the thumb-typing user’s experience in
using the device of the instant invention. In the preferred
embodiment, for example, the user can change the capitali-
zation of a particular letter simply by keeping a key
depressed for a particular length of time without an inter-
mittent release being detected by the keyboard controller.

The primary advantage of the present invention is that it
enables efficient and user-friendly data entry into a palm-
sized electronic device by maximizing the potential for user
data entry through thumb typing.

These are just a few of the many advantages of the present
invention, as described in more detail below. As will be
appreciated, the invention is capable of other and different
embodiments and its several details are capable of modifi-
cations in various respects, all without departing from the
spirit of the invention. Accordingly, the drawings and
description of the preferred embodiment set forth below are
to be regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention satisfies the needs noted above as
will become apparent from the following description when
read in conjunction with the accompanying drawings
wherein:

FIG. 1 is a block diagram of a two-way, full-text, mes-
saging device incorporating a keyboard and an auxiliary data
entry device;

FIG. 2 is a frontal view of the hand-held device showing
the shape and placement of the keys on the keyboard and the
auxiliary input device;
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FIG. 3 is a diagram showing the shape, size and placement
of the keys on the keyboard; and

FIG. 4 is a diagram of the control circuitry for the
thumbwheel.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the drawings, FIG. 1 is a block diagram
of the major subsystems and elements comprising a palm-
sized, mobile, two-way messaging device that preferably
incorporates the invention. In its broadest terms, the mes-
saging device includes a transmitter/receiver subsystem 100
connected to a DSP 200 for digital signal processing of the
incoming and outgoing data transmissions, power supply
and management subsystem 300, which supplies and man-
ages power to the overall messaging device components,
microprocessor 400, which is preferably an X86 architecture
processor, that controls the operation of the messaging
device, display 500, which is preferably a full graphic LCD,
FLASH memory 600, RAM 700, serial output and port 800,
keyboard 900, thumbwheel 1000 and thumbwheel control
logic 1010. In its intended use, a message comes via a
wireless data network, such as the Mobitex network, into
subsystem 100, where it is demodulated via DSP 200 and
decoded and presented to microprocessor 300 for display on
display 500. To access the display of the message, the user
may choose from functions listed under a menu presented as
a result of user interaction with thumbwheel 1000. If the
message is an email message, the user may choose to
respond to the email by selecting “Reply” from a menu
presented on the display through interaction via thumbwheel
1000 or via menu selection from keyboard 900. In typing the
reply, the user can use keyboard 900 to type full text
message replies, or insert a pre-determined or *“canned”
response by using either a particular keystroke pattern or
through pulling down pre-determined text strings from a
menu of items presented on display 500 through the use of
thumbwheel 1000. When the reply to the message is com-
posed, the user can initiate the sending of the message
preferably by interaction through thumbwheel 1000, or
alternatively, with less efficiency, through a combination of
keyboard 900 keystrokes. When the microprocessor 300
receives an indication that the message is to be sent, it
processes the message for transport and, by directing and
communicating with transmitter/receiver subsystem 100,
enables the reply message to be sent via the wireless
communications data network to the intended recipient,
Similar interaction through I/O devices keyboard 900 and
thumbwheel 1000 can be used to initiate full-text messages
or to forward messages to another party. Also, the keyboard
900 and thumbwheel 1000 can be used to permit data entry
to an address book resident on the messaging device, or an
electronic calendar or log book, or any other function on the
messaging device requiring data entry. Preferably, the thum-
bwheel is a thumbwheel with a push button SPST with
quadrature signal outputs, such as that manufactured by
Matsushita Electronic Components Co. Ltd. as part number
EVQWK2001.

FIG. 2 is a front view of messaging device 10 that
incorporates the invention. Shown in FIG. 2 are a plurality
of letter keys 901, and specialized keys 902, 903, 904 and
905 and space bar 906. Also shown is thumbwheel 1000 in
its vertical orientation and in association with display 500
and keyboard 900. In the preferred embodiment, 902 is the
alt key, 903 is the cap key, 904 is the line feed key and 905
is the backspace key.
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FIG. 3 is a view of a subset of the letter keys 901, showing
the dimensions and relative position of the keys. Shown also
is the point 950 that marks the center of keyboard 900, key
dimensions 970, 971, 972 and 973, as well as angle 960 and
the rho value 965, representing curvature of a letter key 901.
In investigating optimal key placement on the keyboard, it
was determined that the keys should be placed at an angle
960 relative to vertical that facilitated easy typing using
thumbs. That angle is preferably positive 40 degrees relative
to vertical for keys on the right side of the keyboard (where
950 is the center of the keyboard) and negative 40 degrees
for the keys on the left side of the keyboard, although
complementary angles ranging from 20 degrees to 70
degrees could also be used to accomplish the goal, albeit less
optimally, of facilitating thumb typing. Also as shown in
FIGS. 2 and 3, the keys are dispersed across keyboard 900
evenly so that there is sufficient space between the keys to
decrease the opportunity for multiple keys being depressed
while thumb typing. Additionally, the keys are sized appro-
priate given the footprint of the messaging device and the
keyboard 900. In its preferred embodiment, the messaging
device 10 measures across its face 64 mm by 89 mm, which
does not leave much room for keyboard 900 and display
500. In the preferred embodiment, keyboard 900 occupies
over half of the face of the messaging device 10.

The key shape and dimensions are also key components
of the invention. In order to maximize the surface area of the
key that a thumb would hit, the keys are preferably oval, and
have a rho 965 defining the curvature of the key of 0.414,
although values may range higher or lower. Other rho values
will lead to an acceptable, but not as optimal or aesthetically
pleasing shape of keys 901. As to the key dimensions, the
width 970 of the key 901 is 4.8 millimeters (971 represent-
ing the radius of half that value, 2.4 mm) and the length (or
height) 972 of the key 901 is 7 millimeters (973 representing
the radius of half that value, 3.5 mm).

Turning to one of the software features that aids in the
device 10 being optimally used for thumb typing is a
capitalization feature implemented via software. If a user
depresses a key 901, the operating system detects a key
down event. If the key is released after a period of time, the
operating system detects a key up event. If upon a key down
event, a period of time elapses before a key up event is
detected, the operating system determines that a key repeat
event has occurred representing a situation where a user has
continued to depress a key without releasing it. A key repeat
event is then treated by application software residing in
either FLASH 600 or RAM 700 as an event that requires the
capitalization of the key previously depressed. This feature
disables a key repeat feature and substitutes instead a
capitalization feature based upon a key repeat. The timing of
the key scanning to determine whether a key has been
released can be set to permit a slower keyboard response or
a faster keyboard response, depending upon user experience
or preferences. Although the capitalization function prefer-
ably works only to change the state of a letter to a capital,
it alternatively could operate lo change a capilal letter to a
lower case letter. The actual display is changed by the
application program substituting the value of the capital
letter in the register that holds the value of the letter to be
displayed. As altematively implemented, the continued
depressing without release of a letter key could result in a
key oscillating between upper case and lower case, depend-
ing on the length of time the key is depressed.

FIG. 4 is the logic circuitry 1010 associated with thum-
bwheel 1000. Thumbwheel 1000 outputs quadrature signals
phase A 1021 and phase B 1022, which are processed by D
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6
flip-flops 1031 and 1032 to present signals 1041 W_UP and
1042 W_DN to microprocessor 300. Signals 1041 and 1042
represent, respectively, a user rolling the thumbwheel up and
rolling the thumbwheel down.

Having described in detail the preferred embodiments of
the present invention, including the preferred methods of
operation, it is to be understood that this operation could be
carried out with different elements and steps. This preferred
embodiment is presented only by way of example and is not
meant to limit the scope of the present invention which is
defined by the following claims.

What is claimed is:

1. A messaging device for sending and receiving wireless
email comprising;

a plurality of keys, each key having a height and width
dimension, the height being greater than the width,
twenty six of the keys representing a corresponding one
of the letters of the alphabet on a keyboard integral to
the messaging device; and

a display operatively connected to the keyboard;

wherein the plurality of keys include a first set tilted at a
negative angle relative to a vertical reference through
the device and a second set tilted at a positive angle
relative to the vertical reference through the device.

2. The messaging device of claim 1, wherein the first set
is a left side set and the second set is a right side set, with
the left side set being oriented at an angle in a negative
orientation relative to the vertical reference for optimal
contact by a left hand thumb of a user, and the right side set
being oriented at an angle in a positive orientation relative
to the vertical reference for optimal contact by a right hand
thumb of a user.

3. A messaging device for sending and receiving email
comprising:

a plurality of non-round keys having a height that is
preater than a width, 26 keys of the plurality of keys
representing the letters of the alphabet on a keyboard
integral to the messaging device; and

a display operatively coupled to the keyboard,

wherein the plurality of keys include: a left-side set
oriented at a negative angle between 20 and 70 degrees
relative to a vertical reference through the device, and
a right-side set at a positive angle between 20 and 70
degrees relative to the vertical reference, the keys of the
left-side set and right-side set being evenly spaced to
facilitate use of the device by a user’s thumb.

4. A messaging device for sending and receiving email
comprising: a plurality of keys representing letters of the
alphabet on a keyboard integral to the messaging device,
each of said plurality of keys having a shape that includes a
height and a width, with the height being grater than the
width to allow for an angular orientation of the keys; and a
display operatively coupled to the keyboard, wherein said
plurality of keys are divided into left and right side sets, the
keys in the left side and the keys in the right side set being
oriented at negative and positive angles respectively, the
negative angle enabling a user to optimally use the lefi side
set with a user’s lefi-hand thumb and the positive angle
enabling a user to optimally use the right side set with the
user’s right-hand thumb, and wherein keys representing
letters of the alphabet represent either upper case letters or
lower case letters by the time that such keys are held in a
down position.

5. A messaging device for sending and receiving email
comprising;

a plurality of keys, at least 26 of said keys representing

corresponding ones of the letters of the alphabet on a
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keyboard integral to the messaging device, each of said
plurality of keys having a height and a width, with a
longitudinal axis extending along the height of each
key, wherein the height of the keys is greater than that
of the width; and

a display operatively coupled to the keyboard,

wherein the height of the keys is greater than the width of

the keys in order to provide a tactile response to the
user because the device is designed to be used by the
thumbs of a user, the plurality of keys being divided
into left and right side sets, the longitudinal axis of each
key in the left side set being displaced by a first
predetermined angle less than 90 degrees relative to
vertical, the longitudinal axis of each key in the right
side set being displaced by a second predetermined
angle less than 90 degrees relative to vertical.

6. The messaging device of claim 5, wherein the height of
the keys is about double that of the width of the keys.

7. The messaging device of claim 6, wherein the height is
about 7 mm and the width is about 5 mm.

8. A messaging device for sending and receiving email
designed to be held in a user’s hands for thumb typing
comprising; twenty-six keys representing the letters of the
alphabet on a keyboard integral to the messaging device,
said keys being divided into first and second sets, the first

—
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and second sets being oriented at corresponding negative
and positive preferred angles, with the preferred angles
being defined by angles associated with the orientation of
the left and right thumbs, respectively, of a user during
thumb typing on the device; and a display operatively
coupled to the keyboard.

9. The messaging device of claim 8, wherein the device is
configured for typing with a left thumb on a left side of the
device and for typing with a right thumb on a right side of
the device, the left side set being oriented at a negative
preferred angle and the right side set being oriented at a
positive preferred angle.

10. The messaging device of claim 8, wherein the pre-
ferred angle is about 40 degrees relative to vertical.

11. The messaging device of claim 8, wherein the pre-
ferred angle is about 20 degrees to about 70 degrees relative
to vertical.

12. The messaging device of claim 8, wherein the keys
have a size and a shape, and the size and shape are defined
for optimal contact by a user’s thumb.

13. The messaging device of claim 8, wherein the keys
have a size and a shape, and the size and shape are defined
based upon the size of the messaging device.

* ok ok ok F
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AQ 440 (Rev. 10/93) Surmmons in a Civil Action

United States District Court

for the
DISTRICT OF DELAWARE
MOTOROLA, INC.,
Plaintiff(s), SUMMONS IN A CIVIL CASE

CASE NUMBER: 08-104-UNA

RESEARCH IN MOTION LIMITED AND
RESEARCH IN MOTION CORPORATION,

Defendant(s).

TO: Research In Motion Corporation
c/o Corporation Trust Company
Corporation Trust Company
1209 Orange Street
Wilmington, DE 19801

YOU ARE HEREBY SUMMONED and required to serve upon PLAINTIFF'S ATTORNEY {name and address)

Josy W. Ingersoll (No. 1088)

Elena C. Norman (No. 4780)

Monté T. Squire (No. 4764)

Young Conaway Stargatt & Taylor, LLP
The Brandywine Building

1000 West Street, 17th Floor

P. O. Box 391

Wilmington, DE 19899-0391

an answer to the amended complaint which is herewith served upon you, within 20 days after service of this summons
upon you, exclusive of the day of service. If you fail to do so, judgment by default will be taken against you for the relief
demanded in the complaint. You must also file your answer with the Clerk of this Court within a reasonable period of time

after service.

CLERK DATE

{8Y} DEPUTY CLERK
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AO 440 (Rev 10/93) Summons in a Civil Action

RETURN OF SERVICE

Service of the Summons and Complaint was DATE
made by me'
NAME OF SERVER (PRINT) TITLE

Check one box below to indicate appropriate method of service

i Served personally upon the defendant. Place where served:

O Left copies thereof at the defendant's dwelling house or usual place of abode with a
person of suitable age and discretion then residing therein. Name of person with
whom the summons and complaint were left:

i Retumed unexecuted:

| Other (specify).

STATEMENT OF SERVICE FEES
TRAVEL SERVICES TOTAL

DECLARATION OF SERVER

Executed on

| declare under penalty of perjury under the laws of the United States of America that the foregoing
information contained in the Return of Service and Statement of Service Fees is true and correct.

Date

Signature of Server

Address of Server

As to who may serve a summons see Rule 4 of the Federal Rules of Civil Procedure.
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AD 440 (Rev. 10/93) Summons in a Civil Action

United States District Court

for the
DISTRICT OF DELAWARE
MOTOROLA, INC.,
Plaintiff(s), SUMMONS IN A CIVIL CASE
v CASE NUMBER: 08-104-UNA

RESEARCH IN MOTION LIMITED AND
RESEARCH IN MOTION CORPORATION,

Defendant(s).

TO:  Research In Motion Limited
c/o Secretary of State
Division of Corporations
John G. Townsend Building
401 Federal Street, Suite 4
Dover, DE 19901

YOU ARE HEREBY SUNMMONED and required to serve upon PLAINTIFF'S ATTORNEY (name and address}

Josy W. Ingersoll (No. 1088)

Elena C. Norman (No. 4780)

Monté T. Squire (No. 4764)

Young Conaway Stargatt & Taylor, LLP
The Brandywine Building

1000 West Street, 17th Floor

P. O. Box 391

Wilmington, DE 19899-0391

an answer to the amended complaint which is herewith served upon you, within 20 days after service of this summons
upon you, exclusive of the day of service. If you fail to do so, judgment by defauit will be taken against you for the relief
demanded in the complaint. You must also file your answer with the Clerk of this Court within a reasonable period of time

after service.

CLERK DATE

(BY) DEPUTY CLERK
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AO 440 (Rev 10/93) Summons in a Civii Action

RETURN OF SERVICE

Service of the Summons and Complaint was DATE
made by me'
NAME OF SERVER (PRINT) TITLE

Check one box below to indicate appropriate method of service

O Served personally upon the defendant. Place where served:

O Left copies thereof at the defendant's dwelling house or usual place of abode with a
person of suitable age and discretion then residing therein. Name of person with
whom the summons and complaint were lefi:

m Returned unexecuted:

a Other (specify):

STATEMENT OF SERVICE FEES
TRAVEL SERVICES TOTAL

DECLARATION OF SERVER

Executed on

{ declare under penalty of perjury under the laws of the United States of America that the foregoing
information contained in the Return of Service and Statement of Service Fees is true and correct.

Date

Signature of Server

Address of Server

As to who may serve a summons see Rule 4 of the Federal Rules of Civil Procedure.
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AOD 440 (Rev. 10/93) Summons in a Civil Action

United States District Court

for the
DISTRICT OF DELAWARE
MOTOROLA, INC.,
Plaintiff(s), SUMMONS IN A CIVIL CASE

CASE NUMBER: 08-104-UNA

RESEARCH IN MOTION LIMITED AND
RESEARCH IN MOTION CORPORATION,

Defendant(s).

TO: Research In Motion Limited
295 Phillip Street
Waterloo
Ontario, Canada N2L 3WB

YQOU ARE HEREBY SUNMONED and required to serve upon PLAINTIFF'S ATTORNEY (name and address)

Josy W. Ingersoll (No. 1088)

Elena C. Norman (No. 4780)

Monté T. Squire (No. 4764)

Young Conaway Stargatt & Taylor, LLP
The Brandywine Building

1000 West Street, 17th Floor

P. 0. Box 391

Wilmington, DE 19899-0391

an answer to the amended complaint which is herewith served upon you, within 20 days after service of this summons
upon you, exclusive of the day of service. If you fail to do so, judgment by default will be taken against you for the relief
demanded in the complaint. You must also file your answer with the Clerk of this Court within a reasonable period of time

after service.

CLERK DATE

{BY} DEPUTY CLERK
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AO 440 (Rev 11/93) Summons in a Civi} Action

RETURN OF SERVICE

Service of the Summeons and Complaint was DATE
made by me'
NAME OF SERVER (PRINT) TITLE

Check one box below to indicate appropriate method of service

0 Served personally upon the defendant. Place where served:

mi Left copies thereof at the defendant's dwelling house or usual place of abode with a
person of suitable age and discretion then residing therein. Name of person with
whom the summons and complaint were left:

a Returned unexecuted:

| Other (specify):

STATEMENT OF SERVICE FEES

TRAVEL SERVICES

TOTAL

DECLARATION OF SERVER

Executed on

I declare under penalty of perjury under the laws of the United States of America that the foregoing
information contained in the Return of Service and Statement of Service Fees is true and correct.

Date

Signature of Server

Address of Server

As to who may serve a summons see Rule 4 of the Federal Rules of Civil Procedure.




