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WILCOX, LTD, MR 0 AR 00 e "

Defendants.
03-Cv.92 428-CMP

Plaintiffs, [P Innovation, L.L.C.(*IP Innovation™), and Technology Licensing
Corporation (“TLC”), complain of defendants, Snell & Wilcox, Ltd., (“Snell & Wilcox™), and

RealNetworks, Inc. (“RealNetworks™), as follows:
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JURISDICTION AND VENUE

1. This 1s a claim for patent infringement arising under the patent laws of the
United States, 35 U.S.C. § 271. This Court has exclusive jurisdiction over the subject matter of
this action under 28 U.S.C. § 1338(a).

2, IP Innovation, L.L.C. (“IP Innovation”) is a limited liability company, with a
principal place of business at 500 Skokie Boulevard, Suite 585, Northbrook, Illinois 60062.

3. TLC is a corporation organized and existing under the laws of the State of
California apd has a principal place of business at 110 Knowles Drive, Los Gatos, California
95032.

4. IP Innovation and TLC together own and have standing to sue for infringement
for United States Patent No. 4,305,091 B2, entitled “Electronic Noise Reducing Apparatus and
Method,” which issued December 8, 1981, and which was issued a reexamination certificate on
February 10, 1998, (the “091 patent™), for United States Patent No. 4,573,070, entitled “Noise
Reduction System For Video Signals,” which issued February 25, 1986 (the “‘070 patent™), for
United States Patent No. 4,723,166, entitled “Noise Adjusted Recursive Filter,” which issued
February 2, 1988 (the “*166 patent™), and for United States Patent No. 4,803,547, entitled
“Adaptive Comb Filter System For Processing Video Signals,” which issued February 7, 1989
(the ““547 patent”).

5. Snell & Wilcox is a corporation organized and existing under the laws of the
United Kingdom, and having its primary place of business at 6 Old Lodge Place, St. Margarets,

‘Twickenham, TW1 1RQ, United Kingdom.
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6. RealNetworks is a corporation organized and existing under the laws of the State
of Washington, and having its headquarters at 2601 Elliott Avenue, Suite 1000, Seattle,
Washington 98121.

7. Snell & Wilcox and RealNetworks transact business in this judicial district by
importing, selling, offering to sell or using video broadcast systems or components thereof
having adaptive comb filters for decoding, frame synchronization and noise reduction purposes,
that are the subject of at least claims 28 of the ‘091 patent, at least claims 1, 24, and 42 of the
‘070 patent, at least claim 1 of the ‘166 patent, and at least claim 1 of the ‘547 patent or by
practicing methods or selling products produced by practicing methods covered by one or more
claims of the patents at issue or by inducing others to infringe the patent through the use of
such broadcast systems, or by otherwise conducting other business in this judicial district.

3. On May 13, 2003, IP Innovation and TLC filed suit against RealNetworks and
Snell & Wilcox for infringement of the patents listed above in the United States District Court
for the Northern District of Illinecis, where IP Innovation has its principal place of business. On
May 20, 2003 the Honorable Ruben Castillo sua sponte dismissed that complaint without
prejudice, giving IP Innovation leave until July 30, 2003 to refile the complaint in defendant
RealNetworks’ home district. Judge Castillo’s Minute Order reads as follows:

After a careful review of this recently filed complaint, said complaint is
dismissed without prejudice for failure to establish jurisdiction or appropriate
venue in this district. Neither defendants [sic] are citizens of this district and
only one of the two plaintiffs reside in this district. None of these parties have
any unique contracts [sic] with this district. Therefore venue and jurisdiction
appears to be more appropriate in the defendant Realnetworks, Inc.’s home
district of Washington. Plaintiffs are given until 7/30/03 to refile this lawsuit in
the district of Washington or file a brief and or [sic] an amended complaint
which explains why junisdiction and venue is appropriate in this district[.]
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(See Exhibit E, Plaintiffs’ May 13, 2003 complaint, and Exhibit F, Minute Order.)
9. Venue is proper under 28 U.S.C. § 1391 (d) and § 1400(b).

PATENT INFRINGEMENT

10.  As set forth above, IP Innovation and TLC together own and have standing to
sue for infringement of United States Patent Nos. 4,305,091 B2, 4,573,070, 4,723,166 and
4,803,547. Snell & Wilcox and RealNetworks have infringed at least claims 28 of the ‘091
patent, at least claims 1, 24, and 42 of the ‘070 patent, at least claim 1 of the ‘166 patent, and at
least claim 1 of the *547 patent by making, using, importing, selling and offering to sell, and by
inducing, aiding and abetting, encouraging and contributing to others’ use within the United
States of various video broadcast systems or components thereof having adaptive comb filters
for decoding, frame synchronization and noise reduction purposes, including but not limited to
video broadcast systems or components thereof having adaptive comb filters for decoding,
frame synchromzation and noise reduction purposes, such as certain IQ Modular Series
products.

11.  Other products sold or used by the defendants, and not yet identified, are also
believed to be covered by the asserted claims of the ‘091, ‘070, ‘166 and ‘547 patents.

12. Such infringement has injured IP Innovation and TLC and they are entitled to
recover damages, under the law, adequate to compensate them for the infringement that has

occurred, but in no event less than a reasonable royalty.
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13.  Upon information and belief, the defendants’ infringement has been willful and
wanton with full knowledge of the ‘091, ‘070, ‘166 and ‘547 patents and without a reasonable
investigation or legal advice.

WHEREFORE, plaintiffs, IP Innovation and TLC, respectfully request judgment
against the Defendants and their subsidiaries and affiliates as follows:

A. An award of damages adequate to compensate [P Innovation and TLC for the
infringement that has occurred, together with prejudgment interest from the date infringement
of the ‘091, 070, ‘166 and °547 patents began;

B. Any other damages permitted by law, including any for willful infringement,
under 35 U.S.C. § 284,

C. A finding that this case is exceptional and an award to IP Innovation and TLC of
its attorneys’ fees as provided by 35 U.S.C. § 285;

D. An injunction permanently prohibiting the defendants, their customers and all
persons in active concert or participation with it, from further acts of infringement of the’166

and/or ‘547 patents; and

E. Such other and further relief as this Court or a jury may deem proper and just.
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JURY DEMAND

Plaintiffs demand a trial by jury.

DATED this ‘Zﬁﬂ_{ day of July, 2003.

COMPLAINT

200031/073003 1346:99980043

Raymond P. Niro

Arthur A. Gasey

Paul C. Gibbons

NIRQO, SCAVONE, HALLER & NIRO
181 West Madison, Suite 4600
Chicago, Illinois 60602

(312) 236-0733

BETTS, PATTERSON & MINES, P.S.

By, W/Wﬁ/f Fe //f/////

Robert F. Lopez, WSBA #Z1

Attorneys for Plaintiffs IP Innovation L.L.C. and
Technology Licensing Corp.

Betts
Patterson
Mines

Cne Convention Place, Suite 1400
701 Pike Street

Seattle, Washington 98101-3927
(206) 292-9988
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U.S. Patent Dec. 8, 1981 Sheet 1 of 10 4,305,091
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2
FIG. 10 is a graph of a typical signal containing a

4,305,091
1
ELECTRONIC NOISE REDUCING APPARATUS
AND METHOD

‘This application is & continuation in part of my U.5, 5
Pat. Application Ser. No. 763,904 filed Jan. 31, 1977
entitled “Electronic Noise Reducing Apparatus And
Method”, now abandoned.

Electronic Noise is a physical property which is at
times most troublesome to elcctronic circuitry. In prac-
tical applications, unwanted noise is added or increased
in a wanted electronic signal every time that signal
passes through any resistance. Since all electronic de-
wices contain some resistance, they are noise producers,
and when amplification is added to these devices, the
noise is amplified along with the wanted signals. While
it is possible to design clectronic circuitry to minimize
the effects of noise on the wanted electronic signal, it is
impossible to completely climinate these effects. As the
wanted signai passes through more and more stages of 20
circuitry, the unwanted noise will always increase, i.e.
the sigual to noise ratio (S/N} will decrease until at
some point, no matter how well designed the circuitry,
the signal will become unscceplable bocause of the
noise, In order to improve on this situation, it is obvious
that the noise on the clectronic signal must be remaved
at some stage in arder to prevent the eventual destruc-
tion of the signal In order to demonstrate the problem
and its solution, I bave selected television video signals.

QOther objects and 2 fuller vnderstanding of this in-
vention may be had by referring to the fallowing de-
scription aid claims, taken in conjunction with the ac-
. companying drawings, in which:

FIG. Ilsat}rpwalsteadystateDC.clectromcﬂgnal
greph with detail 31;

FIG. llsatyptal steady state D.C. signal 32 with
detail 33 as in FIG. l,a&mnolsehasbecnnnprssodon
said signat and detail;

FIG. 3 is & typical electronic linear ramp signal 34
with detail 35;

FIG.lisatypimldecu-onic!iwmmpsignalM
with detail 37 as in FIG. 3 after noise has been i~ .
pressed on said sigual and. detail;

FIG. § is a typical sinusoidal elocu'omcsagnal 38 with
detail 39; e

FIG. 65atypwalnumoxdalelcctromcagnal40w1th
detail 41 as in FIG. Su&ernouehssbeqnlmprcssedon
said signal and detail;

FIG. Tisa typical B,C:electronic signal with noiscof -
even power distribution throughout frequency
(white noise). Refer ta Motchenbacher ‘and Fitehen
“Low Noise Blectronic Design” 1973 Johr Wiley &
Sons, Inc., New York, N.Y. for further explanation. .

FIG. BuatyplcalDC.electmmcmgmlwuhme .

25

0

35

40

43

having an inverse power distribution with respect to 35

frequency (1/f naisé). Refer to: Motchenbacher and -
Fitchén “Low Noise Electronic Dmgn" for futthcr
expianation.

FIG. 9 is a graph of 2 typmlvndebugnalﬂwuh
detzﬂlﬂwﬂhsmds:gnalmddetmlhnmgnomm— 60 -
pressed on them;

FIG. 9Axsagraphofa typical video signal ss in FIG:

9 with noise removed from signal areas 28 whlchdo not
contain detail,

FIG. 9B is an indication of time dumttdns dunng 65
which processing is turned on, and limited, in noise
removal circuitry. Note that FIGS. 9, 9A and B share
a common time axis; .

domain 56

lincar ramp 43 and = sinusoid wave 44, including typical
sample points ia sequence 45-80 used by an A-D con-
verter and 8 bit binary data words 51-56 which are the
output of the A-D which correspond to the voltage of
the analog signal at the sample points 45-50 in sequence.

FIG. 11 is & block disgram of a typical 8 binary bit
analog to digital to analog conversion set, The set is
composed of an input 57 for the analog signaf which is
to be converted, the analog to digital converter 58, the
output of the A-D comprised of 8 binary data lines
59-66 mclusive, the clock output 67, the digital to ana-
log (D-A) converter 68, which converts the series of
digital data words on lines 59-66, utilizing the clock on
lipe 67, to £n analog circuit 69. Themalogouzputﬁg
will correspoond to the analog input 57 if the digital
data on lines 5966 is not changed or modified;

FIG. 12 i3 a block diagram of a typical digital noise
reducer unit which utilizes an A-D, D-A conversion set
for ease of operation. The reducer is composed of ana-
log input M which corresponds to 57. FIG. 11; data
lines and clock line 72 which correspond to 59-67 of
FIG. 11, the actaal noise reduction circuitry 73, data
and clock outputs 74 from the noise reduction circuitry,
similar to 59-67 of FIG. 11, D-A unit 75, which corre-
sponds to 68 of FIG. Il,andamlog output 76 which
corresponds to 69 of FIG. 1L

FIG. 13 is a block diagram of noise reduction unit
with the circuit iaput 77, the data delay block 78, the
comparison biock 79, the processing block 80 and the
circuit cutput 81. Dashed line RI indicates the recursive

. input connection and NRI the nonrecursive connection

for the delay block 78. For a nonrecursive system NRI
is connected and R1 is removed. For a recursive system -
NRI is disconnected and RI is connected.

FIG. 14 is & graph of a typical sinusoidal color sub-
carrier such as that in the National Television Standards
Committee (NTSC) Color Television System, with
A-D mnple points 50-58 labeled 82-50 rﬂpectvely.

FIG. 15isa block diegram of prototype noise reduc-

-tion uni¢ having components grouped into 3 blocks,

cumpamon block 91, including componcats 96, 97, 98

99, 100, delay block 92 including components 101, 102

103 104, processing block 93 including components

- 105, 106, and output register 95 and-input register 94 -

ahownforclanty Parts listed are: . - -

Numhu%uimnﬁwnbmrynumbcralmkmwnas
th:de;ailthreﬂmld,whwhmaybeactbyamof
switches.’

. 'NmmwwammMuctogmmumnu

toﬂmthIG:I!scttodctcrmeifonempm__ .

*”number is larger than another. . D

Mumber 98 identifics a stordge circuit for the output  ;,

of 97, havmgastougeume?)clockpnhu.smﬂar :

to that described in FIG. 21. - .

Number 99 identifies a shift regisier fortheoutpmof "

. 100 gimilar to that in FIG. 22, -

NmbetlﬂOtdcnuﬁasmmﬂmeuclogwmtlsctto
luhtmctoucumnbcrfmmanothcrmlartothat'
_described in FIG. 23. © -~

'-Numbers 101-104 ulentlfy shift rcgzsta's stm:]ar to
. that deseribed in FIG. 22, .~ -

Number 105 ldeuﬂﬁesanmthmetlc logic onit set to
* add or subtract two numbers dcpcndmzonacom--'
‘mand from one of its mputs, similar to that de- -

: scribedeIG 23, .
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4,305,091

3
Number 106 identifies an e¢ight pole double throw
electronic switch also known as » line selector
similar to that described in FIG. 20. .
- FIG. 16 is the same block diagram as FIG. 15, show-
ing the location of data words and internal calculations,
at points 107-117, in a specific example;

FIG, 17 is a schematic symbol for a digital inverter
118 and. an explanation of its function. For farther de-
fails consult manufacturers information for a type 7404
Entegrated Circuit (LC.)

FIG. 18 is a schematic symbol 119 for a digital Nand
" gate and an explanation of its function. For further

details consult manufacturers information for a type
“7400 LC; .

FIG. 19 s a schematic symbol 120 for a digital exclu-
sive or gate with a brief explanation of its function. For
further detait consult manufacturers information for a
type 7486 LC,;

* FIG. 20 is a schematic symbol 121 for a digital line
selector with a brief explanation of its function. For
further details consult manufacturers information for 2
type 74157 1.C,;

FlG 21is a schematic symbol 122 for a digital D type

 flop with a brief explanation of its use. For further
de consult manufacturers information for » typc
74714 1.C,;

FIG. 22 is a schematic diagram lﬁfcradtgitalsh:ft
register (SR} with a brief explanation of its function.
For further details refer to manufacturers spectﬁcatlons
for a type 74198 LC,;

FIG. 23 is a schematic diagram 124 for a digital arith-
-mietic logic unit (ALU) with a brief explanation of its
function. For further detzils refer to manufacturers

- specifications for a type 74181 LC;

FIG. 24 is s schematic diagram for prototype noise
reduction circuit compesed of comparison block 1235
including ALU-1 130, 131, 132, 133, register C 136,
ALU-2, 134, 135, number set switches 137, 3 clock
delay 138, 139, 140 process block 126 composed of
ALU-3 141, 142, 143, 144, 145, 146, and SPST switch
147, 148, delay block 117, composed of shift registers
149, 150, 151, 152, input register 128 and output register
129, and clock inverter 153, Components are:

Numbers 128, 136, 129, 149, 150, 251, 152 identify a

74198 shift register. See FIG, 22.
Numbers 130, 131, 134, 135, 141, 142 identify a 74181
ALU. See FIG. 23.

Numbers 153, 146 identify &n inverter. See FIG, 17

. Numbers 132, 133, 143, 144 identify an Exclusive Or.

See FIG. 19.
* Numbers 147, 148 identify an SPST switch. See FIG.
20.

Number 145 identifies 8 NAND gate. See FIG. 18.

Numbers 138, 139, 148 identify a flip flop. See FIG.

2L -

FIG. 25 is a represeatation of five scan lines taken at
any point in a television raster and as viewed on a televi-

" sion CRT; and

FIG. 16 is a representation of the video waveforms

which correspond to the scan lines of F1G. 25.

NOISE ESSAY

A study of noise which is prevalent in a video signal

is necessary before one may atiempt to reduce this
noise. A great many engineers have devoted much time
to the design of low noise cirenitry in television cam-
eras, video tape recorders, and video processing equip-
ment; however, relatively few engincers have devoted
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their work to removing noise which has already been
generated. It is belicved that this lack of attention is
primarily due to the common belief that once noise is
generated, it cannot be removed, except by bandwidth
Himiting, which in its simple form eliminates or reduces
resolution or detail. The preseat invention has come
about after an in depth study and analysis of noise in
video and audio signals over the past several years uti-
lizing several different approaches. Among the methods
used are spectrum analysis, waveform analysis, vector
analysis (for phase encoded color signais) and observa-
tion of CRT displays. Most observations confirm the
standard noise models which zre discussed by Motchen-
bacher and Fitchen in their book Low Noise Electronic
Design. Observation of noise on a video waveform
which has been recorded, and replayed in a frozen time
mode reveals a property of noise in the detail in that
signal that is not commonly known. This property will
be discussed later.

A steady state D.C. signal i3 shown in FIGS. L, 2,7
and 8 of the drawings, which exhibit normal noise, in
white and 1/ domains. Bandwidth reduction will effec-
tively decrese this noise, and if the reduction is severe
enough, the noise will be virtually eliminated. See Low
Noise Electronic Design for further details.

Noise on'a linear or approzimately linear ramp ctn be
treated approximately the same ag that of a steady state
D.C. signal, cxcept that bandwidth limiting cannot be as
severe since it is necessary to pass the D.C. shift. See
FIGS. 3 and 4. Noise anaylsis of a sine wave is some-
what more complex. See FIGS. 5 and 6. Most high
frequency noise (primarily white and popcorri noise)
can be effectively removed by band limiting above the

frequency of the signal sire wave; hawever, 1/f noise

can be especially troublesome in this mode. If the band-
width is lowered further to suppress 1/f noise, then the
signal will also be suppressed. Since color information
in a Natiogal Television Standards Committee (NTSC)
video signal is a sine wave which is phase and amplitude
modulated, variations will be subjectively observed as
color hue and saturation varations. These variations are
very annoying to most observers; therefore, it is espe-
cially critical to preserve this sine wave formation. The
mechanism for reducing noise on this signal must there-
fore be an averaging process, coupled with a band limit-
ing process. The average would sample the sine wave in
different spots, compute an average amplitude and
phase and then correct the sine wave to these average
values. Bandwidth limiting would reduce aocise above
the frequency of the sine wave, The averaging process
also works well on low frequency noise and linear tamp
signals, which could be treated as sinusoidal waves
having no sinusoidal amplitede.

Analysis of recorded noise reveals that the subjective
or viseal noise in the color subcarrier is primarily domi-
nated by noise of those frequencies near and far below
subcarrier, The noise above sebearrier frequency is not
seen as color noise because of the band pass effects of all
state-of-the art color demodulators; this high frequency
noise is observed as luminance noise. This luminance
noise (with the color subcarrier spectrum removed)
appears to be the same as the lincar ramp noise of FIG.
4 and may be removed by band litmiting or averaging,

For video signals, analysis and cbservation of all
three signal cases in FIGS. 1-6 reveals that noise is
visually most noticeable on low bandwidth portions
{horizontal waveform portions of a video signal). This
implies once again the an averaging process is needed to

b
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remove the noise, since averaging -works better than
bandlimiting at low frequencies.
Noise which has been impressed on a fast signal rise-
time such as in FIG. 6, component 41, tends only ta

madify the risc time and phase of the signal and are not !

readily visually apparent ta the viewer. .
 'While these statements may appear at first glance to
be refatively ummportant, careful ﬂmnght reveals that
in the process of noist reduction, it is relatively unim-
portaat to try to correctthelouemfutnsmnm,mch
as FIG. 2, 33, FIG. 6.41. Thercfore, noise in lngh fre-
qumcyvndeoeomponentsnsuotuunpomntu!hum
low freguency components.

Moise in the slow risetime components such as in
FIG. 4, tem 36, tend to modify the amplitude of the
signal causing readily apparent visual annoyance, there-
fore,thunoncshmﬂdbeofpnmcconwntoaddgncr
who Iy involved in reducing visual noise effects. Since
color information is both phase and amplitade encoded

in an NTSC sysiem, phase variations of the color sub- 20

carrier are also of concern. Withau:veumtech
nique this would be corrected.

THEQRY OF NOISE RBDUCTION

First, a plan for noise reduction of steady state D.C. 25

and linear raimips is disclosed. Frocessing such as, but
not limited to, averaging and bandwidth limiting to a
fow frequency for these waveforms will give a propor-
honaldecteasemwhltenmseandlratncwddecmase

in excess, l/fmdother!ypaofnousefcr these signals, 30

The amomnt of reduction can be rather diamatic since
wrtuallyallofthenomecnnbelmited if - the upper
frequency of the bandwidth is severely limited. Tn
video, any noise below lSkh,would appear as a lide to
lige brightness change and any poise above 15kh, wounld
be eliminated with sufficient processing, ‘Obviowly,
with flat 15kh; fltering, there would be no signal data or
information passed, so it is necessary t0- determine whes
high frequency. signal information is present and yvo-
move, restrict, or turn off the processing during the
time this information is present. As discussed. previ-
ously, noise has a small visual effect onhlghfrequency
signal information, so that restricting the processing
during this time to preserve the high frequency signal

5

40

will have little visual effect on this portion of the signal. 435

A graphic example of the above is given in FIGS. 9, 9A,
$B.

In order to process the video waveform, imemestm
ﬁntmnvmtheauhgwaveformtoad!smlmpruen-
tative of the waveform. Thia will make it casier f0 per- 50

" form the mathematicat a functicn. The conver-
sion -equipment, (See FIGS. 10 and 11), known as an
analog to digital converter or A-D is commercially
avsilable and will not be diicussed extensively. A repre-

sentative input waveform to the' A-D with a linear ramp 35

43 (FIG. 10) and » sinusoidal waveform 44 is shown.
The A-D samples, 45-50, occur oa ‘the waveform at a
frequency which is exactly 3 times the frequency of the
color subcacrier, The ompntbfﬂw.A-D is aseriesof §

6 -
time when the 8 data bits-may be stored or transferred

with the gssurance that they are valid and stable. This®

clock is provided because between. sample points there
is a period of uncertainty when the data is changing.
There will be one clock pulse for each data word. A-D
coaversion techniques are by no means limited to 8 bits
or 3. subcarrier not is processing limited to NTSC

waveform correspondingly, when the -binary. dsta
converted hack to analog, in & digital to analog con-
verter (B-A) FIG. 11, 68. For example, if all the data
words are multiplied by 2, the analog outpot will be
doubled. In order to utilize the digital domain to do the
noise reduction, the actual digital circuitry to perform
the arithmetic functions, such as comparing and averag-
ing, is inserted in he binary data line between the A-D
and D-A ag in FIG, 12. The continual stream of 8 bit
data words from the A-D is fed-via a trapsmission fine
T2.to-the noise unit T3 where the noisc nit stores, com-
pares and processcs the date, then the data which has
been is fed via a transmission line 74 to the
D-A 75 where the digital data is converted back to
analog data and applied to the output 76, A further
discussion and detailed description: of analog o digital
and digital to analog conversion may be found by refer-
ring to U.S, Pat, No. 3,860,952. This patent covers the
Consolidated Video Corp. Model ‘No. 504A. Digital

Time-base Corrector, utilizes the A-D to I)-A process

to facilitate time-base correction of a video signal. The
A-D converter of this device was utdimdtoimpkment
the invention berein disclosed. -

THEGRY OF OPERATION FOR COLOR
. PHOTOTYPE

InotdeftopmceuoolorproperlymtheNTSCsys-
tem, care must be taken to ensure that comparisons and
coimputations are made only on samples of sucoessive
co parts of the color snbearrier waveform
(S.C.). Refer to FIG. 14 where a sine wave subcarrier is
shown with A-D sample spots (S0-55)82-90 indicated
occurring at a 3 time 5.C. rate. If comparisons are made
between successive samples or data bits 50, 51, §2, ctc.,
the difference in the value of these bits would be af-
fected by both poise on the signal and-the normal dis-
placemeant due-to the sinusoidal waveform. Obvionsly,
it would be difficult to compute the amount of noise
present by first correcting the bits to remove, aor com-
pensate for, the amount of color subcarrier present
Now couasider the case where every bit is compared to
the one 3 bits before ic. S1 snd §4, S2 and S5, efc.
Clearly, in a steady signal, these bits will differ only by
the noise differenace between the two bits being com-
pared, It is possiblé to average these samples to-deter-
mine the average. value of the samples and correct these
subcarrier saples accordingly to rémove the variation.
Refer to FIGS. 15, 16 and FIG. 24 (FIGS. 15 and 16 are

.. block disgrams of FIG. 34). - )
Iii order to analyze the operation of the noise reduc-

_bit binary- data. words (FIG. 10,-items 51-56) which 60

occurattﬁtewhtch:eucﬂyShmu(Sx)theculot
subcarricr frequency of the NTSC video signal: Fhe
mdnwdualdalawordlsabmzrynumbuwhmemgm
mdeudlrectlyrdatodtothcmgnitudc{VOltage)ofﬂm
incoming videa waveform which'it tepresents. In addi- &S
tion to these 8 bits of data, (FIG. 11, items $9-66), there '
is also available a square wave clock pulse (F1G. 11,67) .

donmulu-yﬁmmmeth:tdatawordl(l)l)(kefer

.gpecifically to FIG. 15) which correspands to sample 1

(S1) is present at the input register when the first clock
pulse artives.- Dats word. Y (D1) will be transferved to
ﬂtemput:ofreg:stcrA,lOlmdALUl,lw.Themput
65 régister. M is not necessary to the: operation of the unit
but does sexvie to minimize reflections on interconnect-
ing lines. I a similar manner, at the next clock palse,

‘whose negative to positive transition corresponds tothe . -data word 1 will pass through Register B, 102, and with




Case 2:03-cv-02428-RSM Document 1  Filed 07/30/03 Page 22 of 45

4,305,091

7

successive clock pulses, will pass through Register E,
103 and Register D, 104 and it-will then-appear at the
input of ALU-3,105, In a similar manner, data words 2,

3, and 4 will also propagate through this string. Regis- -

“ters A, B, B, and D make up the delay block of the
* circuit. Now consider the time period just after clock
pulse 4 when we have the situation shown in FIG. 16.
We earlier assumed the output of register 94; point 108
is applied to the input of ALU-,100, ALU-1 pesfarms
a subtraction function, subtracting Data Word .1 from
Data Word 4. An output of ALU-1, point 109 gives the
result of the subtraction aad a second -dutput from
ALU-1 indicates whether the answer is positive or ncg-
ative. This information is stored in Register C, 99 at:the
next clock pulse. We may assume that Register Cal-
ready has stored the difference of the previous subtrac-
tion which was D3DO. We may also assume that Reg-
ister- D has Data DO already stored. ALU-3,105 aver-
ages DO with the difference of D3 and DO from Regis-
ter C according to the formula X=D02:(D3-DO)/2.
The previously stored sign-(4+ or —) information for
the quanity (D3 —DO) is used by the ALU-3 in order to
_perform the plus or minus function so that if D3-is
greater than DO, (D3—D0O)/2 is added to DO and if

‘D3 is smaller, (D3—D0)/2 is subtracted from DO. 25

Since the difference between D3 and DO is the low
frequency noise impressed on the waveform, the output
of ALU-3 will be DO with } of the noise removed by
this averaging process. This noise sveraging process

will continue indefinitely, processing every bit of infor- 30

mation it the waveform. Now assume the case where
. - the subcarricr has a long tetm D.C. shift in either a
- positive or negative direction. Since the difference in
data is only corrected by 2 factor of 0.50, 3 clock pulses

. sfter the shift appeared at input point 108, the shift will 35

appear st the output of ALU-3, 116, offset by § of the
D.C. shift over the 3 clock period, bat having the same
slope as the input. For most applications, this shift is not
noticeable to a viewer watching a picture moniter; if it

were, further circuitry coukl compensate for it. Next 40

assume the case where there is a step function or a large
D.C. shift in the input waveform. This is where ALU-
2,97 and the switch 106 come into operation. As soon as

the new level .and old level are subtracted by ALU-1,
and subsequently clocked through Register C, the if- 45 .
‘ference at point 114 is presented to the input of ALU-2. "

.- ALU2 compares this differénce to a fixed number X,96

which is set by'a :c_r”wgoféwitchu.'lfthis differeice is .

grester than the number X (detail threshold) ALU-2

time between co

8
of the signal in these areas. Those arcas which are of fast
risctime or high detail arc bypassed. This preserves the
detail;but no noise limiting will take place. Since noise
is not as noticeablé on these high detail arcas, there

_would bé little visnal improvement of the signal any-

way.

- " The overall effect of the processing, as viewed on the

icture monitor will be that of 2 much’ more pleasing
image which still has its original detail but has lost much
of the ‘objectionable graininess. The forcgoing circuit
wis designed primarily to demonstrate the principle of
soise reduction of an electronic signal. With a fitile
study one secs that by adding more delay to increase the
mpared pulses to'a single or one hori-
mptalline.lheneteffectistocomparesﬁooe&dveverﬁ-
cal picture elements. Also, it would be advantageous to
compare several different adjacent picture clements so
{hat comparisons could be made in & pline and make the
bandwidth limiting and averaging more exacting. These
methods would, of course, require much more circuitry
to implement but can be accomplished upder the teach-
ings of the present invention,

The above analysis may be expanded ta include pro-
cessing of a television video signal. It will be secn that
the comparison of adiacent picturc clements, as de-
scribed above, will be most uscful. Referring to FIG.
25, onle sees & representation of five scan lines which
may be taken from any point in the telcvision caster, a3
viewed on a television CRT. The scan lines arc adjscent
in location on the CRT but will not necessarily be se-
quential in. time, depending on the type of television
system used

. The lines in.FIG. 25 are broken into scgments A
throngh H, A, B, C, F, G H,and X which represent
pictuteelemenuandmaybeeqmmdtotbediginlnm-
ples which were previcusly discussed. By cnvisioning
the picture elements of FIG. 25 as being segments or
pixclsofanmmldisplay'ofltdcviskonmc.onemy
understand that clements D and E will be very similar
to element X. The video waveforms which correspond

to these scan. lines might look like those in FIG. 26

here pixel A corresponds to valtage a, A’ toa', ctc. As -

.. .-

previously. discussed, in a noisy signal, by averaging
pixdsD;nd'anqﬁérappro;imi&onoftheWnoise'
&eq_vdneqfthcmvéform_intheamarouqdpixd)lii
obtained, Statistically, it can be shown that the greater
the number of pikels which arc compared to pixst X,
and ised to determine a new approximated vaiue for the

"seinds a signal via -point 115 to. the switch, ‘which: 50 true value of pixel X before noisc was added, the better
* . switches it from the averaged outpat of ALU-3 to the that approximation willbe. . & ° )
. . uncorrected autput of Register D. This effectively by- . This proccss of approsimating or predicting the true
.~ ‘passes the processing action for the duration of thelarge - value for a series of pixels, which have noise

2.7 level shift and presérves the detail of the risetime, The  on-theni, is called noise reduction. In nnu.lplelowoou
7 delay 98 between ALU-2 and the switch passes a switch .55 form the circuitry used to accomplish noise_reduction

* . i off command instantly and delays the following switch ~ “would .compare. pixel X to pixcl D or E and if these

- oncommand for 3 clock pulses. Thid allows the detsil to ‘- pixels were approximately the same, the two would be .

" clock through the Register chain 101-104'10 the output. averaged, giving 4 new value for pixed X. If the pixels
AL, REG C, ALU-, X, the'3 CLK hold and their' ~ were very different, no average would take place. The ™ *
associated comnponent make up the comparison block of 60 next pixel would then undergo the same process thus
the circuit. ALU-3 and the SPDT switch make up the ' . making the system continnous. “This is the theory of

. .~ processing block of the circuit. The cutput register 95is

_not necessary 1o the operations but ‘was included in

“ arder %o minimize transmission. line- reflections in the

piototype. The net effect of thesc three actions is that,

_the noise on color subcarrier will be reduced by a factor
of & for both steady state subcarrier and for slowly
" shifting color subcarrier, this will give an improvement

. operation of.the device which has beeu previously de-

scribed. An impotvement.1o.this system would be to
weight the averaging so that as the pixeis get farther

. and farther apart in magnitude, the comparison -pixel

(D) would affect the prediction less and less. A. formula

.which would accomplish this is (l—Z)XD+ZXX

where Z is the weighting factor and Z=0.5 for D=X
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and increases as the magnitude of D —X increases untll
Z=1 where D=—X.

Another logical improvement on this system is to use
several adjacent pixels with each pixel being compared
to X and then averaged with X according -to some
weighted averaging process. Of course, instead of an
actual sum and divide type of average the hardware
would operate more efficiently if a prediction of the
amount of noise on pixel X were computed by inspect-
ing the adjacent pixels with respect to pixel X, and this
amount of noise subtracted from pixel X.

In the actual hardware implementation of a scheme
where several adjacent pixels arc compared to an input
pixel, there are many considerstions to be made. Refer-
ring again to FIG. 28 and assuming a NTSC system,
those pixels which are truly adjacent to pixel X are A,
B, C, D, B F, G and i Since pixels D and E are
very close to pixel X in time, there is a good probability
that any Jow frequency noise on pixel X will also be
spread over pixcls D and E. An average of pixels D and
E to provide a reference for determining an cstimate of
the true value of X will be of limited use for low fre-
quency noise. Pixels A', B, €, F', G’ and H wre physi-
uﬂyaﬂjaccnttoxwtinﬁmcmquitewpamtefromx

#nd therefore both low frequency and high frequency 25

noisc impressed on these adjacent pixels would be very
random with respect to X, One may assume that pixels
A, B and C may however contain different amounts of
high &equeucypzcmrcmformauonordetaﬂ.sou

wotld be wise to select only the one of the three that is 30

closest in magnitude to X or to average all 3 of these
pixels 1o remove or reduce this high frequeacy detail
- before computing a reference. A similar technique may
be used for pixels F', G' and H', to provide another
reference for comparison to pixel X.

In the NTSC system, in order to bave the adjscent
pixcis A', B, C', F, G/, and H' available for compatison
nthcsamcnmaspmelx.-largedckyormmotyof
‘appraximately 1 field must be used. Large delays, with

current techniques, are very costly. In order to reduce 40

this cost, it would be possible to use pixels A, B, C, F,
G.mdl-l,wmchmtakenfmmthcsameﬁe!dlsx.m
place of those truly adjacent pixels which would come
from the previous field. These pixels from the same field

have candom noise impressed on them. A very good

15

10

block will now compare the delayed output signal to
the input signal. The delay d output signal is 2 noise”
reduced version of the input signal which allows the
input picture element to be compared (o & noise reduced
picture clement which was previously input to the sys-
tem. For example, in FIG. 25, any of the pixels A, B, C,
D, A', B, C, I, G', or H' can be compared to pixel X
with these pizels havigg been previcusly notse reduced,
if i is assumed that pixel X is in the second field. It
shouldbenotedthntmactualpramoetheﬂgmlddays
through the procesiing means will contribute to the
delay time between the two inputs to the
means, thus this delay must be subtracted from the delay
means. This and other changes necessaty to convert the -
noise reduction system from a nonrecursive to a recur-
sive system are very similar to classic textbook treat-
ment of digital filters. The processing means is so con-
structed that whenever the difference between the input
signal ‘and the delayed outpmsignalisbelowngiven
threshold it provides an average of the input and de-
hyedoutputngmls.othermsenpm\ndathceqmva-
lent of the input signal.

Thepm:mpleofeompmnghvoormompomtsonm
electronic sigeal and mathematically processing the
signal.to remove the random noise on that signal is by
no means limited to the field of television. Any elec-
tronic signal which has information of a pedodic or
predictable nature cap be processed in.this manner by
sclecting the delays such that signal elements havipg
some predictable relationship can be compared 1o deter-
tnine how well these elements fit- their predicted value,
For example, Radar signal elements which correspond
to the same area of the display CRT on different sweeps
could be compared. In the audio domsin, most wanted
audio is -compoged of repetitive bursts of frequencies,
For any given frequency in the audio spectrum, a
wanted picce of information will contain several cycles
of this frequency. A random noise st this frequency
would be composed of & very few cycles or less than
one cycle. By comparing the signal to 2 point or scveral
poinits which arc integral cycle lengths apart at the
frequency being processed, a prediction can be made as

.to how much noise a given cycle of information has on

- it. The pumber of other intéfligent signals to which
would still be relatively similar to pixel X and woukl 45

-cost/performance tradeoff can be expected by using

pixels which are-not adjaceat to the input pizel X, but
a:edasetoit.tuchudmsepndstothelcﬁmdnght
. of pixels D and E respectively: - .
Inthcpmvmducumu.nommﬁubemmade
of the order of processing the various pixels with re-
spect to time. Qoe. variation of note relates-to pixels
- which happened o time before the pixel-which is cur- -

variations otﬂustechmquecanbeapphodtomalmst
eadless.

Acwﬂeb&:ommmwmmpluhthuefuw

. tions is shown'in. FIG. 24. This circuitry is typical of

“rently Gieing input-to the system. Referiing to FIG. 25, 55 -
in the NTSC system, pixels A, B, C, end D as well as A",

B, C, F, G, and H' would have happened before input
puelX.lfoneusumspuethmﬂaemdﬁdd.lt
should be cbvious that it would be qrite casy to derive

a recussive type of system so that thase pixels which are 60

used for a reference for cstimating the true value of X'
havellsobeenprevnudyproeesedmordermremove
part of the noise from them. This process would-be
easily accomplished by delaying the output of the de- -

statenfthcmdxgmlelecuomczanduﬁliwhrguale
ts' which are standsfd manufac-

Soiniegxmonmponcn
tured parts. A short functional. explaistion for each of
- these compionents

Is included in FIGS. 17-23. Manufac-
turers dita shesti may be consulted | for further informa- '

. ticn. It-will: bé seca that the clrcuitty follows very

clusdythcblockdugrmgwmprcvmslymm

"operations] description - given for the block

FIGS. 15 and 161s the same as for the circuit of FIG. 24.
Actualcn-mitoonstmctlonwasmadeusmgcmpum
type wirc. wrap techniques; however, printed circuit,
hndwmngoruytypcofeonmchonlhouldwork
equaliy as well.
"As used previously i in these descriptions, the word

'-Now:ls meant. tc -mean ‘any unwanted disturbances

vice and using the output of the delay as the reference 65

for the comparison to the input. Eeferring to- FIG. 13,
and assuming coanection NR1 is deleted and'RI:scon
nected to form A recursive system, the oompmson

superimposed upon a useful electronic signal that tends
to obscure the information content of said electronic L
signal. Data shall refer to any signal to which intelli-

. gence may be sssigned, and Detail shall refer to aay

element of a data signal which differs significantly from



Case 2:03-cv-02428-RSM Document 1  Filed 07/30/03 Page 24 of 45

4,305,091
: 11 12
thase clements whick surround it. NTSC or National  mearis to correspond o different locations on the televi-
Television Standards Committe is at present an inactive  sion raster.
crganization which previously set up the television "10. Apparatus as set forth in claim 9, including in
system currently in use in the U8, - combination, means for processing color subcartier of
_ Although this invention has been described in its 5 said television sipnal.
preferred form with a certain degree of particularity, it - 11 Apparatus as set focth in claim 9, including in
is understood that the present disclosure of the pre-  cormbination, meaas for comparing corresponding parts
ferred form has been made only by way of example and of NTSC videocolor subicarrier and means responsive
that numerous changes in the details of constructionand 10 said subcarrier comparison for processing said NTSC
the combination and arrangement.of parts may be re- 10 color video subcarrier to reduce noise in said television
sorted to without departing from the spirit and the  video signal. -~ - T '
scope of the inveation as hervinafter claimed. . 12 Apparatus for gererating a noise reduced versian
© What is claimed is: - T of an input electronic signal ‘which has been derived by
1. Apparatus for reducing noise on an input electronic scanning a spatial image, inéluding in combination delay
signal, including in combination, defay means for delay- 15 means for delaying the cutput signal which is output
ing said input electronic signal 10 produce a'delayed  from said apparatys which’ output signal represents »
input signal, comparison means responsive to said input  noise reduced version of the ¢lectronic signal previ-
€lectronic signal‘and said delayed inpot signal which ously input ‘to said apparatus, comparisgn means for
has the same bandwidth #s said input electronic signal comparing et least one element of said input electronic
which comperison means may always determine if the 20 signal to at least. one element of said delayed output
difference betwecen sdid signals is greater than a refer- signal to determine the difference in said input and said
ence and processing means responsive 10 seid compari- delayed output signal clements and to perform a thresh-
son means and said delayed input signal to generate an old compariton to determine if said difference is greater
output signal which is either an average of said input.  than a threshold, said elements corresponding to differ-
and delayed signals when said difference is less than said 25 ent points on the scanned image, and proceixing toeans
reference or said delayed signal otherwise, as dater- responsive to said difference and said threshold compar-
mined by said comparison ineans. ’ ison of said comparison mieans and at Jeast one element
2. Apparatus as clainied in cldim 1 including means to of said output signal which has been delayed to'gencrate
* determine the presence of detail in suid Input clectronic  said output signal which represeénts an average of said
signal as part of said comparison means. ) - 30 input electronic signal aud said delayed output signal
3. Apparatus as claimed in claim 1 including means to when gaid difference is less than said threshold and with
remove detail in said delayed input signal as part of said said ‘output-signal being equivalent fo said input elec-
ison means. T - tronic signal otherwise.
4. Apparatvs as claimed in ctaim I wherein said pro- 13. Apparatus as set forth in claim 12 wherein said
cessing means aperzics in response to said comparison 15 input electronic signal is a television video signal with
means to allow detail in said inpnt electronic signaltobe  said ioput ‘and delayed output elements being picture
present on said output signal. - . - R ¢lements and said délay micans utilizes a delay that is less
5. Apparatus for reducing noise on aninput electrogic  than one television frame and allows said delayed out-
- Signal which noisc has a peak to peak amplitude which  put signal picture element-or eléments to be adjacest to -
is-less than the pesk to peak amplitude of said input 40 the pictuce element of the input clectronic signal which
- electronic signal, to a Jevel lower than that at the'input s being input 10 said compsrison means where said
., of said noise reducing. apparatus, with said apparatus picture clement or picture elements which are from said
 requiring no special processing of said input-electronic ‘delayed output signal are derived from the same field as
.- signal before noise is added, including in combination .+ -or the field previous to said input elsctronic signsl pic--
delay means for delaying said input electronic signal to 435 ture clement. R . .
pravide 2 delayed iniput signal, comparison means for- -~ 14. Apparatus ds set forth in claim 12 whesein taid
© “comparing said delayed input signal to said input elec-' input electronic signal is a television vidéo signal -with

“*  tronic signal to determing the differcrice thereof and said input and délayed output clements being picture -

- *‘comparing said difference to a reference which may - elements and said delay means utilizes a'delay that i
-.—=5nowmelmofujdfefcmrdcqtuidditfmto_solgtdterth'x‘:igne television frame and aflows said'de- -~ " . ;
. .« dlwaysbedetermined, and processing means responsive . layed output signal picture ‘element or elements to- be : -

- 10 3aid comparisan means and the full amplitede ofuid‘.f': adjacent to the picture clement of the-input electronic’

© - “delayed input signal o select as the output signal cither _ signal which is being input-to-éaid comparison sieans -

-~ average of said input electronic signal and said de © © where gatd pictire elemeit or picture elemeits from
" layed signal if said difference i less than said refereiice '35 said delayed output signal are derived from 4 field or:
" ,or said delayed signal otherwise which ‘sclection is in”  -fields which dcovrred previous to the field containing
‘response to said comparison méans. - . i " said input electronic sigaal picture elemeat. -
. 6. Apparatuy as described in-claim 5 whereby:said 15, Apparatus as set forth in claim>13 wherein said
-, comparison meani operstes 10 defcrmine the presence. . delayed output and. iiput elements are substantially
. of detail in said input electroni¢ signal. - v - 60 close but not adjacent to each other in'the television®
7. Apparatus as sct forth in claiin § wherein said com- " frame. Co T o
parison. means includes meaps. to remove' détail from 16. Apparatus as sét forth in claim 12 wherein said
. suid input electronic signal. . . - .. .: o delayed output and input elements are maltiple clements
" -8, Apparatus.as set forth in claim:§ wherein digital . - which are seiected from a rectangulir area within 2
representatioa of said input electronic signal is utilized. 65 teleyvision frame. o ey
9. Apparatus as set forth in claim 5 wherein seid input =~ 17, Apparatus for removing noise from an input vides
. _‘electropic signal js 2 television video signal and said  signal which is a color television video signal, incloding
.~ delay means allows said signals inpuit to said comparison - in combination, “delay means for delaying said input
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video signal to provide a delayed input video signal
correspoading to a point on the raster different from
said input video signal, comparison means responsive to
said delayed input video signal and said inpwt video
signal to determine the difference thercof for all signal
conditions and comparing said difference to a reference
to determine if said difference is less than sakd reference,
and processing means responsive to said comparison
means ta construct A noise reduced version of said input
video signal which version is an average of said inpu:
and dedayed input video signals if said difference is less
than said reference with said processing means respon-
sive to said delayed input video signal and said compari-
01l means to output said delayed input video signal if
said difference is not less than said reference.

18. Appargtus as set facth in claim 37 wherein said
color television video signal is represented in digital
form.

19, Apparatus as set forth in claim 11mcludmgm
combination, d:g!tal shift registers or digital memories
which comprise said delay means.

20, as set forth in claim 17 including in
combigation, digital arithmetic cu'cmzry as part of gaid
comparison mezns and processing meaas.

1. Apparatus as s¢t forih in claim 17, including in
combination, digital shift registers as part of said delay
means, digital logic circuitry as part of safd processing
means aud digital logic circuitry as part of said compari-
SOn means.

22. Apparatus as set forth in claim 18, including in
combination, digital arithmetic logic means and digital
meniory means as part of said processing meaps,

23. Apparatus as sct forth in claim 17, including in
combination, said processing means utilizing mathemat- 44
ical altering of said delayed input video signal and the
difference of sakl input and said delayed inpit video
signals, with gaid processing means operating in fe-
sponse to said comparison means, with said comparisoa
means performing comparisons of said input video aig-
nal and said delayed input video signal to determine the
presence of detail in said input video signal.

15

30

. 14

26. Apparatus as set forth in claim 25 whereby said
formulas may be changed to suit the amount of noise of °
said input video signal.

27. Apparaius as set focth in claim 26 whereby said
formulas operate relative to constants which may be
changed to suit said input video signal.

28. The method of removing noise on an input color
television signsl includiog the steps of delaying said
input video signal to provide a delayed input video
signal corresponding to 2 point in the caster different
from said input video signal, comparing the delayed
input video signal to the input video signal in its onde-
layed condition to determine tlie difference thereof
under all signal conditiong and to comparc said differ-
ence to a reference to determine the larger thereof and
processing the delayed input yideo signal and said dif-
ference in direct resporse to the aforementioned com-
parison to said reference to produce an output signal
which is either an average. of said input and delayod
iaput video signal when said difference is less than said
refetence, or is equal 1o said input video signal. |

29. The method of generating a noisc reduced version
of an input electronic signal including the steps of delay-
ing said input electronic signal to produce = delayed
input signal having the same: bandwidth as said input
electronic signal, comparing sajd input electronic signal
to said delayed input signal to determine the difference
thereof and comparing said difference to a referencc
which mzy allow the larger of said difference or said
reference to always be determined, and processing said
delayed input signal in response to sald comparisoms to

. generste a signal which may be changed from an aver-

age of said input and delayed input clectronic signaks to
a signal equivalent to said inpul electromic sigmal in
35 response to said comparisons.

30. The method of generating: an output electronic
signal which is  noise rediiced version of an input clec-
tronic signal which has been derived by scanning n
spatial image, including the steps of delaying saki output

40 electronic signal, comparing at least one element of said

24. Apparatus as set forth in claim 17 including éaid

delay means which utilizes a delay of substantiaily one
" television pixel, or one television harizontal Yine or one
television field or a combination of pixels, lines, or fields

delayed output clectroaic signal to at least one element
of said imput clectronic signal to determine the differ-
- ence 10 said elemeats and comparing suid difference to

- _ a reference to determine the larger thereof, said- cle-

45

memb!ewdmmpamonmmmmparenhutom -

pixel of said delayed input video signal to at least one
pixel of said input video signal with ssid pixels being ~
adjacent to each other 13 viewed on a television screen.

25, Apparatus as s¢t forth in claim 24 including said
proeemngmeamhawngbimrymﬂhemaﬂcalformuhs
to modify said input video signal. _

63

ments corfesponding to differcat points on the scanned
image, aid processing said delayed output electronic -
slgmlmthnlddlﬂ'mhoemdlroqtl‘ﬁponsetothe.

- aforementioned comparison of said difference and said

30

referenoetogmmtemdouqmtngnalwﬁcbum%h‘."
-dverage of said delayed output and- input-electromic~ -
-ngmlswhcumddxﬂ'crmpexslmﬁ:mwdrefm N

ormeqmvdenttdsddmputngnalothawme.
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‘I'HBPA'IB%TDISHEREBYM@ENDEDAS s 35.The method as claimed in claim 28, 30, or 39 whereln

Mauerendmdlnhuvybnckels[ ]lppumd Inﬂ:e
patent, but has been deleted and is nolongerapart of the'
pntml;-mterpﬁntedhltaﬁmindicatesnddiﬁmmde
to the patent,

AS A RESULT OF REEXAMINATION, IT HAS BERN "

s -

Thc patentability of daims 2, 3,6, 7, 10-16, 23, 25-28
and 38 is confiomed.

Claims 1, 4, 5, 8, 9, 17-22, 24 and 29 are cancelled,

. New. claims 31-39_ are. added and: determined to be -
patcatable.

31, Themethed as claimed in claim 28 29, or 30 wherein
sald difference is -combinéd with. said delayed sigrial -to --
generate sald equivalent to sald inpst video signal when
sald difference is greater thais sald reference,

* " points whick:are integral cycle lengths-

20

said comparison ofdelayaidnd’mddayed:igmkhwdva
agiar.

3&mmmmmm2&2§ ordeﬁzmhl.

© “sald delayed signal Kas been préviowsly noise rediiced.”

ﬂikmdqua:dabndmchan&EorJOM'
:md’delayadwdeougnalka:bmpmwmlycoupamd
before said delaying. . . ‘

38. The method as claimed in claim 28, 29, or 30 wherein.
said gverage is an average wherein the thereof ix

uquj:ﬁgcwntddw‘m

39, The method of generating a noise reduced version of
an input electranic color television signal including the steps-
of delaying said input.electronic video aignal to produce a
delayed Iiput video signal having the same bandwidth as
mfdmpmekd‘mmcvdeaagndmdcom:pmdmgma .
point in the master different from sald fnput electronic video-
signal, .comparing scid input elecironic video signal.in its

25" undélayed condition to sald delayed. Input video signal.to:

mheﬂled{femmﬂumquderaaﬁgndwn&dm
and-comparing sald difference to a reference to allov the
hrgerqf:a&i&_ﬂ&mor:a]dlefemtodmbe

determined, and said delayed input video Igm!
32, The method as claimed in olain 28, 29, or 30 wherein 4 mﬁm%m,f,ﬁ;n“"d"wwm o

a portion of siid difference is combined with said delayed
signal 1 generate said average when said difference is less -
than said reference.

said feference to generate.an:owtput signal which Is eidur :
an average of said input and delayed input electronic video
sigrals when sald difference is less than sald reference, or is
a signal equal to said input- electronic vidéo signal in

33. The method as clalmed in claim 28, 30, or 39 viherein 4. response io sald comparisons.

sald comparison of delayed and undelayed signals involves :
adfacent elerhents.

* % * % K
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571 ABSTRACT

Noise reduction on a video signal is achieved by an

adaptive filter system which is capable of automatic

changes in filter parameters. This inventive concept
includes an automatic method of independently chang-
ing both the width and ceater frequency of the tecth of
aoombtypcbandpassemrelopeoftheﬁlwr.aswenns
adjusting the amplitnde responsé of the filter, indepen-
dent of the bandpass characteristics, in order to closely
match thé filier bandpass response to the power spec-
trum of the video signal being processed, thus rejecting
noise in those portions of the spectrum not being nsed-
by the video signal. The filter system herein disclosed
ulso provides an adaptive spatial processing of the video
signal thus further improving said signal by enhancing
detail in the image and by smoothing low amplitude
noise in relatively detail free areas of the picture,
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- NOISE REDUCTION SYSTEM FOR VIDEQ
SIGNALS

Thunpphoahon:uomunuaumof&r No. 268,870,
filed 06-01-81, now abandoned and a continuation-in-
part of U.S, application Ser. No. 30,288 filed
Apr. 16, 1979 now U.S. Pat. No. 4,305,091 entitled
“Electronic Noise Reducing Apparatus and Method",
which application in turn is a contineation.# of

~.{1.S. patent application, Ser. No. 763,904 filed Jan. 31,

1977, now abandoned, entitled “Electronic Noise Re-
ducing Apparates and Meéthod.”

5

Noise on video signals and in particular low ampli- -

tude random moise is a very troublesome problem in
television systems. Several wiethods of removing this
noise have been developed which include coreing,
comb filters, and recursive temporal integration sys-
tems. Coreing systems are generally unacceptable be-
cause along with the noise a large amount of detail is
iost. Line type comb filters have long been used for
¢hroma separation, with a small signal ¢o noise improve-
. ment, and now larpe scale digital noise reducers which
utilize frame delays to imiplement recursive temporal
integration or time averages, are available, Two such
devices are described in ‘detail in U.S. Pat Nos.
4,058,836 Direwery et al. and 4,064,530 Kaiser et al.
-These recursive time integration systems do a fairly
good job of noise reduction, but always introduce an
artifsct known as motion effect due to the infinite im-
‘pulse response characteristic of recursive filters, and the
“problem of framic to frame video differences. The mo-
tion effect problem in gencral prevents the cascading of

dmca,andllmtsﬂxeamountofusdulnmscmdudmn'

" of an individual unit:

Il:sﬂ:eobjectofthxsmvennoatopmwdeahlgh
lcvdofnosereducﬁanamﬂartoﬁxctmnpomlmtegm—
_tion systems without the inherent motion' effect arti-
". facts, or loss of detail as in coreing systeins. This is
#ccomplished with a filter operating on picture ele.
meuts in a contihuous analog system, or a discrete sam-
ple time system such as wonld be provided in & digital
orchargcocupleddmcesyﬂmn.mdthcramwe
" .or non-recursive comfiguration. Because the filtess
.dcla.yumesmaybed:mgedaumuymrespome
‘to the motion of elements in the video, and because the
Humber of coefficients of the filter may also be changed
automatically, the bandpass chamcteristics of the filter
* may be automatically adjusted to fit the input video
signal to a close degree,

Otlier objects and a fuller understanding of this in-
. venuonmybehadbyrdmmgtothefoﬂovmgde-
scription and claims, taken in conjunction with the ac~
companying deawings, in which:

FIG. 1 is a typical video power spectrum with char-
_acteristic power clusters 1;

FIG. 2 is s more detailed drawing of ane of the power
clusters with typical 30 hz. separated sidebands 2;

FIG. 3 is a typical video power cluster envelope 3;
- FIG. 4 is a typical video power cluster envelope 4
which depicts characteristic envelope shape changes;

FIG. 5 is a typical vidco power cluster spectrum 5
heving & peak amplitude 9, with an upper band edge at
-8 and a lower band edge at 7, and a typical comb filter
bandpass envelope 6 having 2 peak allowable amplitude
10 and having upper and lower band edges also at 8 and
T -

20

2

FIG. 6 is a spread video power specirum 13 with
comb filter bandpass enveiopes 11 and 12;

FIG., 7 is a drawing of 3 scan lines from some random
point in a television raster, showing the location of 9
picture clements A thro H and X;

FIG. 8 is a drawing of a typical delay configuration
for the non-recamsive form of the noisc reducer, having
1 horizontal line delays 154, 1 pixel delays 16a and com-
parkonandprooessingcirq;itl‘la:

F1G. 9 is a drawing of a typical delay configuration
for the recursive form of the noise reducer having
horizonts] line delay 154, 1 pixel delays 165, 1 field
delay 18 and comparison and processing circuit 175

FIG. 10 is a shifted video power spectrum 21 with
shifted bandpass envelope 20 and noise reducer band-
pass envelopes 192 and 195;

FIG. 11 is a shifted video power spectrum 23 with
shifted bandpass envelope 22;

FIG. 12 is an adaptable nonrecursive filter having
delays 24, 254, 25k and ing circuit 17¢

FIG. 13 is & detailed block diagram of a
mdprooesnngdrcmhawngmputsAthmHandx,
absolute value difference computers 26a, magaitude
comparatars 27, video switches 284, threshold mumber
g, processing circwit 382 compased of coefficient
adder3lwithouqmt30,pmdsummct32wiﬂ10utput

34 and divider 33;

45

50
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FIG. 14lsaduwmgof3mlmesfromamsulom
point in a television raster showing the locations of
pixels A thru D and X;

FIG. 15 is a detailed block diagram of a comparison
and processing cincuit having inputs A thro D and X
with absolute value difference computers 265, threshold
number 294, rank computers 352, magnitude compare-
toss 275 rank magmitude comparstors e, video
swwcheszab,pmoessmgcsrcmtasbmdno:serednmon
level 37x;

FIG. lGisadeuﬂedblockdmgramofucompamon
and processing block having absolute value difference
computers 26¢, -rank computers 355, dual magnitade
comparators 27c rank maguitude comparators 366,
video switches 28¢ and 284, processing circuit 38¢ X
high computer 38, noise reduction nomber 37 and
threshald nombers 29¢. -

It is the object of video noise reduction systems de-
veloped as comb filters to provide a bandpass character-
istic which niatches the spectrum of the video signal to
be improved thus rejecting the noise which is contained
in the unused spectrum. The merit of these systems may
be understood by inspecling thie power versus fre-
quency spectrum of video signals, whick are shown in
simplificd graphic examplés in FIGS. 1-4. In FIG. 1 a
typical power spectrom is shown with the characteristic
powuclustmluhnrmmcsofthchorizoutalman-

ning frequency w. FIG. 2is a more detailed drawing of
oueoftheharmamcsw,showmgﬂmndebmdszof
each cluster which ace spaced a nominal 30 hz apart in
frequency for complex changing video, The 30 hz offset
is 2 result of the frame repetition rate nsed and would be
25 hz for 50 cycle European systema. If one considers a
mglepmuedmt.hkobwmmﬂmthc!owest
frequency component of the video signal
to that elemeant, if it is stationary, is the frame rate. Ina
static video signal, Le., onc scanning & non-changing
scene, the amplitude and number of the 30 hz sidebands
associated with a given harmonic power spectrum will

vary according 1o the line (o line changes in picture
detaﬂ. and for this purely static signal any given side-
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band group of a borizontal harmonic hes no smplitude
modulation or frequency modulation components with
respect to time. In a normal video scene having motion
and changing images, any of these 30 bz sidebands, 2 of
FIG. 2, will have time changing amplitnde and fre-
guency componcents which will take up a part aor all of
the spectrum around the horizoatal hapmonic, this spec-
trum may be depicted as the envelope 3 shown in FIG.
3. The width and amplitude of the envelope will of
course be independentiy changing with the scene infor-
mation, as is shown by envelope 4 in FIG. 4. For the
purpose of the following disclosure, reference to power
and bandpass enivelopes are in relation to one or more
given horizontal harmonic power clusters within the
video bandwidth.

In this high perforinauce noisc reduction device, the
object is to model & comb filter such that the
" .envelope of the teeth of the filter fit the expected video
power clusters &t the horizontal harmonics. A diagram
- of a video power envelope 5 and a comb filter bandpass
envelope or tooth 6 for one of the 30 hz sideband
groups is shown in a simplified graphic example in FIG.
- 8. In actual practice, the eavelopes of FIGS. 3-6 would
be much more complex if viewed on a spectrum analy-
zer or plotted with a high degree of acturacy, however
these drawings will still serve to illustrate the important
concepts relating to this inveation. Obviously, the
closer the bandpass envelope 6 fits the video power
_envelope 5 with respect to their upper and lower outoff’
‘frequencies.8 and 7, the better the rejection of out of
- - band noise and thus noise reduction of the signal will be.
<If the bandpass envelope atso limits the video aniplitude
"9 to a level slightly higher than that ne¢ded to pass the
¥ideo information as is shown by 10, thus high ampli-
tude noise spikes wili also be limited, Both envelopes 5
#ind 6 in FIG. 5 are representations of complex series of
-30 hz elements. The devices in the previously men-
stioned Direwery and Ksiser petents operate to adjust the
*width of the bandpass envelope, i.c., changing the al.
Jowable nuniber of the 30 hz elements within the band-
pass.envelope 50 that the eiitire video power envelope
may be passed, while keeping the distance between
“Epper and lower cutoff fréquencies, or width of the

. bandpass envelope 6 as small as possible, however it is

ot passibie to adjust the cutoff frequencies and width
y. In the device described by Kaiser et al.
- the coefficients of the input and delayed sigrials arc
changed in order to vary the noise reduction levels
‘which causes the size of the bandpass envelope to
Change. It shoald be noted that by changing these coef-
_ Ticients that it is sot possible to modify the shape of the
bandpass eavelope, ie., to change the width indepen-
“dent of the wmplitude, or to change the center fre-
quency of the eavelope of the 30 hz components. As
" .shown in FIG. 6, when the video power spectrum 13
broadens due to changing video, the bandpass envelope
‘may be increased ss is shown in 11 to pass all of the
video spectrum with very little noise reduction, or a
compromise is set such as 12 which achieves moderate
noise reduction and some loss of video information. As
a result of the limited control over the shape, and posi=
 tion of the 30 hz components within the bandpass enve-
lope, serious mismatching of the bandpass and power
envelopes can occur, such as in FIG. 6.
The noise reduction system for clectronic signals
. disclosed herein operstes on a spatial technique in
which each picture element within a television raster 14
is compared to the elements surrounding it such as X

13

30
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and A thru H respectively, as shown in solid line typi-
cally in FIG. 7, with said picture element being selec-
tively. combined with those surrounding elements |
which are similar to the central element in 2 product, a
sum, a mean, 3 weéighted average or similar mathemati-
cat process. The actoal mathematical process used is
relatively unimportant from a noise performance stand-
point since il average and mean type processes give
approximately the same level of noise reduction, how-
ever other image processcs may be combined in this
function as will be discussed later. It is important to note
that for removing low amplitude noise the surrounding
picture elements are not compared with each other, but
only with the central element and there is no need to
ocomputs any two dimensional measure of the surface
deviation or flexure about the cential clement. As was
disclosed previously the surounding elements do not
have to be truly adjacent or symmetrically patterned,
however i results indicate that the adjacent
symmetrically patterned elements are best. Note, how-

ever, that surrounding clements can be di com-

-pared as shown for example in dottéd line in FIG. 7.

The area covered by these the examined clements may
be referred to as the inspection area, For the purpose of
the following disclosure it will be assumed that these
tlements are discrete thue elements such as samples in a
digital system, however the disclosed concepts will
apply equally to any continucus analog-system where
the elements are continuous and not broken or sampled
into individnal enits, This may be effected in hardware
by replacing all memories or shift registers used by
digital systems with snalog dclay lines. Analog delay
lines are of course available in cither fixed delay length

- and variable delay length configurations.

as
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The above process may take on either a recursive or
noarecursive form and may operate on a varying num-
ber of surrounding elements depending on the desired
cost versns performance and complexities involved.

“The sampling system used and as a result the alignment

of the sampled elements from line to line will also affect
the number of elements used and delay structure to
arrive at those elements. One should note that the ele-
micnts shown in FIG. 7 are aligned vertically and those
of FIG. 14 are offset from line to line showing 2 com-
mou systems which may be used. The particular consid-
erations of sampling schemes will be obvious to one
skilled in the art and will not be discussed further. A
typical nonrecussive systémn would Jook like that of
FIG. 8 and a recursive system like that of FIG. 9. The
dotted line FIG. 8 recognizes that the element x can be
omitted from the and processing of the
signals. FIGS. 13, 15 and 16 disclose various embodi-
ments of the comparison and processing circuitry of
FIGS. 8 and 9. The object and operation of the compar-
ison and processing circuits are the same for any system;
only the configuration of the delays 15, 16 and 18 used
to generate the central and surrounding picture ele-
ments X and A through H respectively is changed in
order to optimize the system for a particular applica-
tion. The changes from non-recursive to recursive sys-
tems are essentially the seme as for textbook digital
filters and will not be exicnsively discussed. Inputs to
the ) and circuit 17a in FIG:, 8 and
17b of FIG. 9 are labeled A thra F and X correspoading
to where these clements appear in the raster as shown in
FIQ. 7.

As was previously mentioned, the video 30 hz side-

band shape is a result of both the line to line detail
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changes and frame to frame detail changes, A special
case where a displayed image changes in its raster posi-
tion from frame to frame while the image itselfl resnuaing
relative unchanged frequently occurs in video. An ex-
dmple of this would be where a camera pans a fixed
scene with little defail around the edges of the frame,
The effect of this type of changing video is to greatly
broaden and frequency shift the 30 hz components of
the video power envelope while the ampiitude remains
relatively constant such as shown in FIGS. 10 and 11. If
onc considers a given pixel wlhiich i moving in the
frame, that clement’s lowest frequency composient is no
Jonger the frame rate that it was whea stationary, but
has been changed by the amount of motion. If the ele-

_ ment were to move 2 scan lines up per frame, the lowest

frequency componeat would be 1 frame less 2 H, thos
giving a positive frequency shift by an amount & to the
video power specteam such as is shown by 21 in FIG,

- 10. This situation gives rise (o the mismatching of envel-

opes similar to that previously mentioned, and is shown
by 19b and 21 of FIG. 10. If the picture elements wére
to move down in the frame a negative freguency shift

-such as shown by 23 of FIG. 11 would be créated.

Because the envelope center frequenty camnot be
shifted the two options available to a temporal jntegra-
tion noise reducer such as those previously discussed
are to incréasé the bandpass envelope Like 19a of FIG.
10 to broadea the allowable number of 30 hz compo-
ricats 1o pass all of the components of the video informa-
tion but provide little noise reduction, or to set s com-
promise position such ss shown by 396 of FIG. 10
wluchpnmdmmodmtcnomemducuon.andmme
1685 of video information. Unfortunately, in most state
of the art noise reducers, the smaller envelope 195 will
be used and most of the video information which is lost
contains frame to franie detail information. In & recur-

sive type of system this last détail is accentnated due to-
the infinite impulse response characteriitic, giving =.

siesr effect on the edges of moving images which is
known in the industry as motion effect. The primary
reason for miotion effect is the lack of ability of noisc

. reducemmchangetheshapeand&equmyposmonof

the bandpass envelope, indcpendent of the allowsble
ampbmdecharadmsuctomatchthcwdaoenvelope
adequately. The mechanism needed to accomplish this

I is an adaptive time delay.systém which can track mov-

ing picture elements from frame to frame or fiekd to
field.

A simple diagram of such an adaptive system is
shown in FIG. 12. If the 3 position switch of 17¢ isin the
mﬂdlcponhmﬂmﬁlterwiﬂhavcbandpasstoethat
some spacing w which is detenuined by the
leagth of delays 24 and 25a. If one assumes 24 is a delay
of t—a, and 25q and b eack have a delay of a with t
being much Jarger than 4, then the 3 position switch will
be able to select delays of t—a, t and t--a. The switch
selection will then have the effect of shifting the band-
pmcnvelopemfmqumcyhyasmallamnmdeter
mined by a. The bandpass envelope will look like 28 and
22 of FIGS. 10 and 11 and one can sce that by selecting

-the proper switch position the filter's froquency charac-

teristic can be made to closely match the video power
$pectrom. The operation of the filter may be simply
explmnedby&ssummgtha.ttbeddnytasequaltothc
repetition period, i.c., 1/frequency of a sine wave signal
ta be passed by the filter. The middle switch position
wil]besdeetedandthempmngmlwillbcwmmed

with the input signal which has been delayed by t or one

15

20

23

kL

35

45
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53
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wave length thus giving an output equal to twice the
input. If another signal is input which has a wave length
of 2t there will be no output since the input will be .
combined with the signal delayed by t, which corre-

.sponds to a 180° phase shift, i.e., two siguals of exact

opposite phase are added with a sum of 0. If the wanted
signal now shifts cither up or down in frequency by an
amount 1/a a different switch position may be selected
to adjust the filter bandpass characteristic accordingly.

'Ihmfornngnalhavinguepeﬁtionpenodoft+hthc .
right switch position would need to be selected to give
the optimum delay, and for a signal hayving a repetition
period of t the Jeft switch would be selected. In general
for this typc of filter the delay shoald be selected to
match the repetition period of the wanted signal. The
method of determining what delay leagth is to be used
is a nontrivial matter, and is one of the inventive coa-
cepts of this device and method, as will be discussed
later in this discfosure, One skilled in the art can envi-
sion a systemn where the three delays and switch would
be replaced with a single varigble length delay such as
a CCD device clocked with a variable frequency clock.
Referring to FIG. 13, the least complex comparison
and processing system, each of the pixels from the de-

bays is input to an arithmatic block 262 along with pixcl
X, where the absolute value of the difference between X
and the respective ‘pixel is computed. Each of these
absolute value differences, a for pixel A, b for B, etc. is
compared to a threshold t, 29, in blocks 272 to deter-
mine if the differcace is less than the threshold 29¢. If
the diffecence is less than the threshold, a switch 284 is
ciosed which allows the corresponding pixel to be input
to the processing circuit 384, otherwise the switch 28z
is opened which inputs a zero, this action allows ouly
picture elements which are similar to X to be input to
the processing circuit 38a. For the purpose ¢f this expla-
nation the threshold is dssomed to be a fixed number,
however one skilled in thie art recognize that it woutd
be useful to make the threshold automatically variable
in response to the signal to noise ratio of the incoming
video signal, or to the video content of said signal. The

“threshold would be adjusted to a relatively small valoe

for pood §/N ratios, and a large value for poor S/N
ratios. In section 32 the processing circuit sums all of
the pixels inclading pixel X, which are input to it. Sec-
uon:iladdsthcoocfﬁcimtsofﬂwdmuinputtothc
mmmgdrcuitumnzz,atherbymmngall

later, and section 33 divides 34, the sum of the picture
clements by the total of coefficients of picture elements
summed 340, thus computing the average of those ele-
ments. Alternately the root mean square, product or
other combination could be used to generate a replace-
ment value or output for element x. This average is the
normalized noise reduced signal which is output from
mmmmm«mmmm
could be replaced with or by a multiplier
(or divider) as shown in the H signal path in FIG. 13, to
perform i weighted average such as a gaussian
weighted response of the elements selected. Such a
system might perform the weighting fanction in a fixed
on/off mode or the weighting might be adjusted ac-
cording to the computed difference A thru H of FIG.
13, or alternately according to the rank which will be
discussed later. For example the weighting given to
element A might be (1—2") where the function is de-
fined by A(1—a") where A is the value of element A, »°
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is the normalized valee of a, i, a<+(2X meximumn
dllowsable value of A). The multiplicr could also be used
in order to provide wéighting of cach element to per-
form other image operations such as unsharp masking,
hgroducﬁonmdspa(mlenhmcanmt.orutrephce-
+ment for the switch 282, The caefficient of the gyulti-
plwr(ordw:det) would be cotitrolied by the difference
computed in 26a or the threshokl comparison output
from 27a. Typical noise reduction results output from
the processing means would thea be like (A +B+4C+-
D+ E+F4-G+4+H+4-X)<-9 wherse all differences are
less than &, or (A4-B4+C4X)+4 where only differ-
tnces a, b and c are fess than t or only X where all

differences arc greater than t, Fof spatial enhancement -

. one typical output would be (GAEB+ICHLD-
+kB4+jF4+kG-+jH+X)=m where the coefficients j
" and k are fized mulfiplier constants, or zero as deter-
. thined by 264 and 272, and m is the rarmalization pum-
ber, i.e., the sum of the stsolute value of the coefficients
+1, corresponding to 30. The aciual weighting fanc-
- tion and values used would depend on the quality of the
video signal being processed. I the signal were soft due
to the use of a low quality camera for origination, spa-
tial enhancements would be used to sharpen the video

4,573,070
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video. Since any difference greater than 295 will proba-
bly have a high rank it also would be possible to deleto
295 and 275 at & sacrifice in performance, and small cost
savings. The processing circuit will compute the aver-

5 age of all clements input to it a5 in the system 387 of

FIG. 13, If either the difference for an element is Jarger
than the threshold t, 295, or the rank of that difference
is larger than the NLR. level, 37a, then the switch 285 or
multiplier for that element is forced to input a zero to

10 the processing circuit 385, Of course individual thresh-

olds or N.R. levels could be used for each element,
which would give preference to the direction of ele-
mente avernged and the switch 284 could be replaced
with or asgmented by a muliiplier as discussed previe

15 ously.

If one assumes that in the area of inspection the pic-
ture had moved 1 vertical line up in the past ficdd of
time, then element X which is currently input to the
device would be from the same point on the televised

20 image as that which is output from the memory corre-

sponding to tlie area immediately below X, on the line
from the preceding ficld. This point is represented by

- the junction between plxc.lsCmdDofFIG 14(0:
pixel G of FIG. 7). These elements wouold then have 2

imagestoamoteplasmglcvd,ifthevndooconnlnedzs very low rank, since they cotrespond to approximately
lag due to low light conditions a lag reduction operation the same point on the image s x, and would be input to
could be performed. Actual coefficicuts to accomplish  thie processing block. The filter will have tracked the .
- these functions have been devcloped by computer movement cansing the time deldy to be adjusted accord-
.. image processing devices which operate on stifl pic-  ingly, by the process of rank selection of pixels. One can
_t.ura,and a study of compater image processing will 30 see that it would be wise to use enough elements in this
" reveal actial coefficieiits which can be used to correct  system to cover all of the possible locations that an
g‘;videom:edefedx.Atypimlsetofvﬂwforahigh " input pixel could move to or from within a one field (or
" pass {detail enhancenient) filter would be j=—025and  alternatively 1 frame) amount of time, in order for the
k=—0.5. If A, B, and C had differences less than t the ﬁltatolraekanypm’blemoﬂonmﬂwinputwdm
. output would then be 35 signal. Referring to FIG. 16. It will be seen that the
N (-0.25A)+(—O.SB)+(--0.25C)+X]—2. system of FIG. 16 is similar to‘that of FIG. 15, except
. FI . 15 a more complex processing and compari- mat?.thmbddsareoutputfmmmmepanmsm
7500 for a five element scheme such as is shown  made in each of the comparators 27c, an
..in FIG. 14, is illustrated. FIG. 15 ¢ontains the samhe  eitrs circuit, the X high circuit 38 has been added
- Jdifference computing arithmetic block, 265, corre- 40 which contiols a video switch 284 in the X video line
‘sponding to 26z for each clement, the same threshold  input to the processing circuit 38c In the previously
comparisonxystem.'”bmdﬂboormspondingto”a discussed circuits of FIG. 13 and FIG. 15 it hss been
fod 270 respectively, the same picture clement  assumed that pixel X would slways be averaged with
switches, 285, corresponding to 28q and the same pro- the other elements finput to the processing circuit.
- Vceuingumuﬂbcompondmgtomtonmgctha 45 Insome video in particular digital appli-
- “selected pixels as does the system of FIG, 13. FIG, 1S cations, 2 nolse situation exists which corresponds to »
+ “does differ by the addition of & mnk computers 35zaud . digitsl bit érror which will cause a gross amplitude -
- Fank to noise reduction level comparison 364 far each changemmindwﬂualptxd.Anmmpleofthtswould

difference. It is the function of the rank compaters 357

" 16 compare each difference a thru d to all of the other 50 digital data transmission chennel where a

dlﬁ‘mtodctermmchowmy of the other differ-
uﬁ:amm&ehdﬂmsgwenamk

where N is one less than the total number
ofdiﬁmmth:smmeNas For example, if the
.differences had maguitndes of: a=3, b=4, c=9, =5,
—ﬂunnkswouldbea—o,mca:slargerthannoneof
the other differences, b=1, ¢=3, d=1. It is of course
- possible for two or moré differences to have the same
rank, if they had the same difference value. Each differ-
ences rank is it turm
lcvel 37 in 364, if the rank is smaller thaa the N.R. level
37a and if the diffcrence Is smaller than the threshold t,

'nhmemupmdmgswuchmforthudcmenns

to the poise reduction 6° & much higher threshold used to detect gross

bcmmapphaﬁonudnsatdadmm

defocﬂveduetom&!ntheqrcuiuofFle lsand

15 this gross amplitude change occurring on pixel X
would cause all of the magnitnde 0 sense

comparators
differences greater than the threshold t, thes effectively

55 passing pixel X to the output unaveraged. In the circuit

of FIG. 16 the magnitude comparators essentially com-

and effect as does t of FIGS. 13 and 15, Threshold €2 is

amplitude
differences. The 12 threshold for esch dif-
ference is input to the X high circuit 38. If a number of
difterences, nominglly two or more, have excesded the

said element to the processing circuit  £2 threshold, 38 opens the video switch 28d for pixel X

38b. Switch 285 could be replaced or augmented by a 65 and forces the other rank comparatoss to close their -
. 'mulupheroroﬂwtopmonasmtheprevmexmple. respective video switches thus inpatting all pixels ex-

As with the threshold 29« of the previous example, the
N.R. Jevel 37a could be adjustable in response to input

cept X into the processing circuit 38~ In the simplest
configuration, processing circuit 38¢ will average all the
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pixels input to it, thus outpatting this value for the noise
reduced value of X.

Experimerital results have shown the above process-

ing system adequate for occasional random gross ampli-
tirde crrors, however when these gross amplitude errors
increase in frequency it may be desirabie to average
only a small number of surrounding pixels, those which
are closést in magnitude to each other. These close
magnitude. pixels represent the minimum brigh

brightness
gradient or the surface coatour having the least amount 10

of deflection or change within the area under inspec-

tion, and thelr average statistically represents the high.

. «st probability of the truc noise free value of X. For the
pixels within the area of FIG. 7 the minimum i

_ gradient
would be the amallest magnitude of A-H, B-G, C-F or 1§

" D-E which would be determined with difference cir-
cuits like 266 opcrating on each pair of clements and
rank computer 35z of FIG, 15, i.e, the minimom gradi-
ent would also have the smallest rank, The output of the

system would be the average of those two 20

processing

_pixels having the smallest difference if X was deter-
mined to have a gross error. The circuitry which would
need to be added to the processing circuit of FIG. 16 to

siccomplish a minimum gradient average is minimal and -
would be an clementary design fask to one skilled in the 25

art. Similar minimum brightness gradient circuitry was
also discussed by Graham in U.S. Pat. No. 3,009,016. It
" should be noted however that if pixel X does not suffer

- - from gross amplitude noise; and has & difference less
than threshold t, the system of either FIG. 15 or 16 will 30 .

inherently compute an average of pixels because of the
opemutm of the rank computers and rank threshold
comparison, as was previously discussed.

In many systems which operaté on digital video sig-

nals thére is éircuitry included to detect bit or gross 35

_ érrors as part of such systems. In these systems it would
"be unnccessary to include the X high circuitry 38 and
the associated threshold 12 and compatison circuitry |
since érrory on pixel X have slready been detected. The

external system error détector would merely need to be 40

coupled to the rank computers 364, the X video switch
2:daudprooewingm¢nns38casw:sthcxmghdmk
a8.

The clement x néed not be used in the treatment of

ncrmal television signals (element x containing very 45

liulcmfomuonaotprcseutinndghbudng;ﬂxds)orm
defective television imiages (wherein the neighboring
pixels statistically have a high of represent-
ing the trisc noise froc value of x). The

pixels could thus be directly compared with the results 50

used to replace a different pixel. A mathematical pro-
cess to do this could be accomplished by deleting cle-
ment x from the means in FIGS. 15 and 16,
using a different subtrahend in FIG. 13, or otherwise.

The operation of the noise reduction device has been 55

discussed in relation to FIGS. 13, 15 and 16 in order to
clearly explain how the device fanctions, however it
will be clear to one skilled in the art that several of the
‘functions could be combined or implemented in a differ.

ent fashion as is convenient in order to optimize the 60

desigm to meet a particalar set of goals such 8z low cost,
portability or high performance. It is considered obvi-
ous that the hardware used 10 implement any of the
various functions such as the delays 15a b and 18 could

besharedwﬂhmotherdevwe.mhuwouldbeﬂwss

frame synchronizer, or that the vidéo signal could be

" 10

output from the main memory via a differeat port thus
giving the video output a variable delay and cssentially
theabihtytopuformamnebasecorreaororsynchro-
nizer capahili

Ofparﬁaduhmwformofthemuleviﬁon
lystemsisd:crecurmesym:hcwanIG 9 because
of its unique and efficient when used in 2 2:1
interface system. In the arcangement of FIG. 9 the input
video picture element X is compared to those surround-
ing it (see FIG. 7). However it may be noted that by
carefully sclecting the length of the large delay 18, s0
that it provides at its outpst the line above the input
line, (which may require a change in delay length to
compeasate for interlace on even or odd fields) ele-
ments ABCFG and H will be from the ficld previous to
clement X. This situation has the requirement of ap-
proximately a 1 ficld delay for 18, rather than a 1 frame
delay which is most often used in recursive temporal
average systems, with the obvious cost advantage, By
combining the system configuration of FIG. 9 with the
processing and comparison system of FIG. 15 or FIG.
16, which has been expanded to handle 9 total elements,
ratio is achieved. One

15 or FIG. lGofsalwtmgpixelswhnchmuodeto
average together in this recursive scheme of FIG. 9, a
form of adaptive recursive comb filter is effected. It is
most important to note that the deday vsed is variable by
the amounts controlled by the selection of the surround-
ing elements. For example, in FIG. 9, if pixel C is se-
lected the delay is 1 H more than if pixe! H is selected,
Referring 10 the previous discussion Line relating to the
shape of the bandpass envelope one should understand
that it is this variable delay acrangement which coupled
with averaging variable numbers of pixels, which may
have varisble weigliting, can cavse both the width and
allowable amplitude of, as well as the position of 30 hz
components of the bandpass envelope to change inde-
pendently and automatically in order to provide a close
ﬁ;ﬁoﬂxcwdeomwspmmenvelope.uwcllas
providing spatial image processing,
'I‘helbovedem%edsyﬂemwhlchnuhmaﬁcld .
delay proves in practics to be extremely cost effective
and of high performance when compared to frame re-
cuisive devices which are curreatly commercially

" available. To oae slifled in the art it should be obvious

that there are many vadiations of this system which may
be constructed to fit a given need, In particular a much
more elegant £ystem could be built which utilizes a full
frame delay thus allowing am input pixel to be compared
wrththosepnelsuurroondmg it in both the previous
ficld and the previous frame. Less or more than the
aine eleinents ooild also be used with a proup
of central elements being compared to & group of sur- -
rounding elements. A system could also be built which
allows the comparison of ane or more input pixels o0 a
number of the pixels surrounding it, but from the previ-
ous frame or a winltiple nomber of frames or fields. It
may be noted that in all cases the delayed element cor-
responding to input elemeat X ie. that clement corre-
sponding to the same point on the raster a5 X need not
be used if a sufficient number of surrovnding elements
are used, since it is reasonable to assnme that the de-
hyodelmtconespondmgto}(conumsveryﬁtde
information not aiready contained in those pixels which
surround it, for normal television scenes.
‘What is claimed is:
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1. Apparatus for reducing noise on an inpet televison

circuit meaas responsive to said input video signal to

compare & central picture element of said video signal
to at least ane of the sarrou;

sarvounding picture elements of §

smdwdeoagnaltodmﬂwdlffmﬂmeofmd

. 5aid central element by said processing circuit before
siild signal is output from said apparatus.

2. Apparatus for reducing noise on an input televison
circuit means responsive to said input vidéo signal to
Compare a central picture clement of said video signal
to at least one of the surrounding picture elements of
said video signal to détermine the difference thereof and
to furthér compare said difference to a threshold, a
processing circuit responsive to said picture elements
and said comparison to sum poitions of said surround-
corresponding to éaid surrounding element is less than
.»said threshold, with said portion of said surrounding
relement being decreased otherwise, which decreased
« portion may be zero siid which sum is the noise reduced
-w.value substituted for said ceniral element by said pro-
©  cessing circuit before gaid signal is
apparatus; a secotid compaiion circuit responsive to
-diffcrences  from  multiple surrovsding  elements
wallowing siid multiple ing elements to be
wranked according to their respective differences with

“§

.. zonly a nuinber of said sucrounding elements which have

- the smallest differences being surnmed with said central
clement which number of surrousding elements may be
- a number set by an operator or may be responsive 1o
:;aid input video signal in either delayed or undelayed
o '
3. Apparatus as clatmed in claim 2 wherein thé mim-
ber of said surrounding clements coimbined is respon-
. sive to the amount of noise on said input video signal in
~ delayed or undelayed form. :
tof mrr:mdingeltl:neuu . fhe suen-
sive to the informiation content of said input television
video signal in delayed or undelayed form.
5. A method for redicing noise on & video signal
* which poise may result from errors occurring in & video
" signal system: with £aid method ing a comparison
- step to compare a cenfral video element of said video
signal to two or more of the video elements surrounding
- said central element as viewed on thie television raster to

s

40

45
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6. A method 25 claimed in claim 5 wherein said two
combined surrounding ssmiples have a difference which
is Jess than the diffcrence of any two other surrounding
samples as determined by a further comparison step.

7. A method as claimed in claim § wherein said two
combined surrounding samples are adjacent to said
noisy central video sample and constitute the minimum
brightness gradieat atross said noisy video sample as
determined by said further comparison step.

8. The method of claim 5 wherein the surrounding
video clements of the combination sre from the scan
line above and scan line below the central video clement
and from the same ficld. ' ’

9. A method for reducing noisc on & sct of pixels
derived from an optical image including the steps of
comparing two pixcls to determine the difference
thereof, comparing said difference to a reference to
determine the larger thereof and replacing a given pixel
with a combination of other pixels in response to said

,comparison to said reference, said combination repre-

scoting a noise reduced given pixel.

10. The method for reducing noise of claim 9 wherein
the twa pixels being compared to determine the differ-
ence thereof are different than the given pixel replaced.

11. The method for reducing noise of claim 10
wherein the given pixel is used fn the combination of

12, The method of claim 9 wherein the given pixe! is
Jocated between two compared pixels.

13. The method of claim 9 wheiein the given pixel
and compared pixels ars each on a separate scan line
from the same field and are aligned in » straight live on
the raster,

14. The method of claim 9 wherein the givea pixal
and compared pixels are from the same point on the
raster but each Jocated in a different frame.

15. A method for reducing noise on a video signal
comprising the steps of comparing a given pixel to other
pixels to determine wlhicther the difference between
each of such other pixels and the piven pixel is less than
2 reference threshold level, combining said given pixel
threshold level of said given pixel, the totsl number of
pixel siguals used in this combining varying and output-
sppacent signal 1o noise ratio of the video signal,

16. Method as claimed in claim 15 wherein said com-
binations includes summing said given pixel and those
other pixels within said reference threshold of said
given pixel and dividing said sum by the total number of
pizels swnmed,

17. A method for reducing noise on an electronic
signal derived by scanning & image comprising the steps
of comparing a given eleiucnt of said signal to each
two or more other elements of said signal to determine
the difference thereof, comparing each difference to the
other differences to deterinine which of said other ele-
combiniag the element having the smallest correspond-

determine the difference thereof, and a processing step 60 ing difference with at least said given element to pro-

responsive to said comparison (o deterinine if said dif-
. _fetenoeisgteahcrthmnthteshuldandtoreplaoeanoisy

placement ocuring when said ceatral video element
differs from said two or more of the ed sur-
‘founding elements by mare than said threshold.

&5

vide & noise reduced element which may be substituted
for said given elemient,

18. A method for reducing noise on a signal derived
by scanning en image comprising the steps of establish-
ing a reference threshold level, aring a central
pixel o adjacent pixels to determine whether the abso-
lute value of the difference between each of such adja-
cent pixels and the central pixel isJess than said refer-




!
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ence threshold level, and computing an average of said
. centra] pixe] and those adjacent pixels that arc within
‘'said reference threshold level of said central pixel, the
total number of pixel signals used in computing this

avmgcv:rymgmdoutpuhngﬂmavmgeasthcvdue 5

ofuldceutnlpuel.thswmgingmcrmngtlwappar
ent signal to noise ratio of the video signal.
B.Aneﬂ;odforreduangmoua-gmldmved

by scanuing an iinage comprising the steps of establish. |

mgudaﬂmthrtshold level.uompumgﬂmlevel ofa 10

cmnﬂpucllothclevdsofaplunmyofthemmd

ing pixels to determine whether the absolute value of
'ﬁediﬂ'mbmemmhofnwhmomdmgpxek
and the central pixel is less than said reference threshold

level, compating the sum of the levels of said surround- §5

ing pixels that are within said threshold reference Jevel
of said level of said central pixel plus the level of said
centeal pixel, conputing the number of pixels summed,
dividing said sum by said number to determine an aver-

age vatue for the levels of similar pixeks, and ouiputing 20

said value for said central pixel, this procéss
" ihe epparent signal to noise ratio of the video signal.
20. A method for reducing noise on a video signal
comprising the stepis of cstablishing a reference thresh-
old level,
levels of a plurality of the adjacent pixels to determine
whether the absolute value of the difference between
each of the compared adjecent pixels and said first pixel
is less than said reference threshoid level, compting

-the sum of the levels of said compared adjacent pixels 30

that are within said threshald reference level of said
level of said first pixel plos the lavel of said first pixel,
. computing the number of pixels summed, dividing said
sum by said number to determine 2 vahie for the levels

of similar pixels, and outputing said value for said first 35

ptxd,ﬂmprocesmducingthcapparmtno:seofthe
video sigral.

21, A method for reducing hoise gn a video signal
comprising the steps of comparing the level of a given

pixel to the level of ucighboting pixels to determine 40

;- --whether the difference between each of said neighbor-
: * ing pizcls and said given pixel is less than a reference
threshold level, computing the sum of the levels of said

- neighboring pixels that are within said threshold refer-

" ence level of said level of said given pixel plus the level 45

- “of waid given pixel, computing the number of pixels
summed, dividing said sum by said number to determine
nvduaforthclevelsofmmilarpixds,mdoutpnhng
¢aid valoe for said given pixel, this procéss increasing
ﬁapparentugnaltoandnmemﬁoofthewdeodg—

22. An apparatus for reducing noise on & series of
pixels derived from a video signal, said appatatas com-
prising means ta compare a given pixel to other pixels to
of such other pixels and the given pixel is less than a
reference threshold level, and means to compute an
average of said given pixel with those other pixels that
are within said reference threshold level of said given

. pixzel, the total number of pixel signals used in comput- 60

ing this average varying and means to output the aver-

age as the value of ssid given pixel, this sveraging in-

_ cressing the apparent signal to noise ratio of the video
signal.

23. An apparatus for reducing noise on a series of 65

pizels derived from a video signal comprizing means of
_ establishing a reference threshold level, means of com-
paring & central pixed to surrounding pixels to determine

comparing the fevel of a first pixel 10 the 25

14

whether the differetice between cach of such surround-
hgpudsudthewﬁrﬂpcxﬂishasﬁunwdmt‘m
threshold level, means to average said central pixel and
those surrounding pixels that are within zaid reference
threshold level of said central pixel, the total number of
pudugnalsusedmthlsavmgeﬂrymgmdmunsto
output this verage as the value of said central pixel, this
nvmg:ngmuﬂngthtapparmtngnaltonoiunuo
of the vidéo signal,

M.Appuﬂmfaredwngmoungmpofpuds
derived fmmav:deosi@al including in combination
means responsive (0 the difference between a given
pixel and at least one other pixel to compare said differ-
ence 10 two threshold levels to determine the greater of
said difference and e¢ach of siid threshold levels and

"means for snbstitnting a combination. of two or more

pixels for said given pixel in response to said compari-
sons. .

25. A method for reducing noisc on a sct of pixels
derived from an optical image including the steps of
comparing two neighboring pixels to determine the
difference thereof, comparing said difference to a refer-
ence to determine the larger thereof and replacing a
third neighboring pixel located between said first two
neighboring pixels with & combinstion including neigh-
boring pixels in response to said comparison to said
reference, gaid combination representing a noise re-
duced third pixel.

26. Mcthod of claim 2§ where Rrst two pixels are
cl;::e‘cumthatthcyhave'thcsamecolorsubeuﬁcf
p )

27. The method for reducing noisc of claim 25
wherein the two neighboring pixels are combined to
produce the combination of the neighboring pixels used
to replace the thisd pixel. . :

28, The method for reducing moise of claim 27
wherein the third neighboring pixel is also used in the

 combination of the neighboring pixels.

29, The method for reducing noise of claim 25
wherein the reference is & percentage of signal type
yeference.

30. The method of claim 25 wherein said set of pixels
consists of three pizels taken from three consecutive
scan lines from the same field of an NTSC video signal
with said third neighiboring pixel being from the central
scan line of said three scan lings and with one said com-
pared neighboring pixel being from one of the other of
the three scan lines and the other said compared neigh-
boring pixel being from the third scan line,

3L The method of ciaim 28 wherein said combination
ol pixels is made sach that noise is reduced on the color
subcarrier.

32. The method of ¢claim 25 wherein determining said

" difference includes subtracting a first pizel from a sec-
determine whether or not the difference between each 55

ond pixel, and further incloding takmg the absolute
value of the result.

33. The method of claim 25 wherein said pixcls in-
clude the color subcarrier of an NTSC video signal.

34, The method of claim 25 wherein said pixels are -

in digital form.

35. Themmdofddmﬁwhudnsaidpixdsm
represented in analog form.

36. Amcthodfortednungnozseunawdeougul
compmmgdxcstcpsofselecungnaghbomgpwture
clements from the signal, cxamining said elements to
determine their respective levels, ranking said elements
accarding to their respective levels, combining all said
elements within a chosen rank to produce & replacement
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value and outputing said replacement value in the place
of cne of sdid elements within chosen rank, this
ing increasing the apparent signal to noise ratio of the
wideo signal. 1

37. A method for reducing noise on a video signal $
“comprising the steps of sclecting a first and neighboring
. "and nelghboring clements to determine their respective
‘levels, sctting a threshold, examining the levels of ssid

ing elements to determiine whether the level of 10

. amy of said neighboring ¢lements afe within the level of
. said threshold of the level of said first element, ranking
said neighboring clements witliin said threshold of said
first element, combining all caid within threshold neigh-

4,573,070
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of said elements are dissimilar by wore than said refer-
ence from the others of said clements, combining some
of said elements that arc within said reference of cach
other, to produce a replacement value and outputing
said replacement value of some of said elements that are
within sxid reference of each other in place of onc of
said clements that is dissimilar by more than said refer-
ence of the others of said elements, this process increas-
ing the apparent signal to noise ratio of thie video signal.

#41. A method for reducing noise on a video signal
comprising the steps of selecting & first and neighboring
elements from the sigaal, setting a threshold, comparing

. the levels of said neighboring elements to the level of

boring elements within a chosen rank and outputing 15

said combination of all seid within threshold neighbor-
ing elements within said chosen rank in the place of said
first clement, this process increasing the appareat signal
t0 nolse ratio of the video signal.

38, A method for reducing noisc an a video signal 20

smprising the steps of selects ighboring pictare
eleinents from the signal, selecting a reference, examin-
ing the Jevéls of said elements to detémine whether the
Jevel of any of said elements are within caid reference of

the other of said elements, combining said elements that 25

are within said reference to each other, to produce a
- replacement value and outputing said replacement
‘value of said elements that are within said reference of
‘each other in place of one of said element that is within

said refevence of each other, this increasing the appar- 30

¢nt signal to noise ratic of the video signal,

33. A method for reducing noise on a video signal
-comprising the steps of sélecting a first and neighboriog
ol s £ he sigual ining said €}

meits fo determine their respective levels, setting a 35

threshold, comparing the lévels of said neighboring
-elemients to determine whether the level of any of said
 ncighboring elements are within said threshold of seid
first element, combining said neighboring elernents that

. are within gaid threshold of said first element, and out- 40

puting sald combination of sald neighboring elements
that ase within said threshold of s2id first element in
- place of said first element, this process increasing the
apparent signal to noise ratio of the video sipnal. )

40. A method for reducing
-comprising the steps of selecting nelghboring picture
.elemm&&omﬂmsigml,selecﬁngnmfetence.eompar-_
- ing the levels of said elements to deterinine whether any

noise on a video signal 43

said first element to determine whether the level of all
of said neighboring elements are dissimilar by move than
said threshold from said first element, and if all of gaid
threshold from said first dlement then combining said
neighboring elements and outputing said combination -
of said neighboring elemients in place of said first cle-
ment, this process increasing the apparent signal to

42. The method of presesving detail in » noise re-
duced video signal wherein noise reduction is per-
formed by combining & group of three or more pixels
and gubstituting said combination for one pixel of said
group, including the step of comparing two or more
pixels of said group to determine the differcace thereof,
comparing gaid difference to a reference to deteymine
the [arger thereof, and inhibiting said substitution when
said difference exceeds stid reference,

43. The method of ing detail in a noise re-
duced video signal which is the chroma subcarrier por-
tion of an NTSC television video gignal wherein noise
reduction is performed by combining a first element and
two neighboring elements of the input NTSC television
video signal, said combination being the noise reduced
value substituted for said first element, including the
step of comparing two of said elements which are nor-
mally combined to detarmine if they are similar within
a threshold value of each other, the step allowing said
substitution to be made if said compared elements are
similar within said threshold and ihibiting said substi-
tution if said compared eletnents are not similar within
said threshold thereby outputing said first element un-
combined.
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