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UNITED STATES DISTRICT COURT
DISTRICT OF NEW JERSEY

Civil Action
Civil Action No. (J3cv 2412 (A

COMPLAINT FOR PATENT
INFRINGEMENT ‘

JURY TRIAL DEMANDED

Plaintiff Metrologic Tnstruments, Tne. ("Metrologic"), by its attorneys, Riker, Danzig,

Scherer, Hyland & Perretti and Morgan, Lewis & Bockius LLP, as and for its Complaint against

defendant Symbol Technologies, Inc. ("Symbol"), avers and alleges as follows:

THE PARTIES

1. Plaintiff Metrologic is a New Jersey corporation having its principal place of

business at 90 Coles Road, Blackwood, New Jersey.
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Defendant Symbol is 2 Delaware corporation having 118 principal place of

2.
ville, New York.
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§ to a patent cross-license agreement ("the

d Symbol are signatorie

3, Metrologic an
uary 1. 1996 and are comp

etitors in the bar code

Agreemcnt“) that has been effect sincc Jan

scanning equipment husiness.

JURISDICTION AND VENUE
der Title 35 of the Unifcd

action for patent infringement arising un
the

4. This 15 8 civil
s. Thisis also a declarator

frer more fully appear y action for breach of

heteind
preement arjsing under 28 USC. § 2201 et seq- -

States Code as

aboverreferenccd A
ect matter jurisdiction over the present action, pursuant to 28

This Court bas subj

5.

and 1338(3).
028 US.C. § 1332, in that

U.S.C. 88 1331, 1332
jurisdiction pursuant ©

6. This Court has subject matter
of different states and the amount in controversy herein

d Symbol are citizens

dollars‘ ($75,()00.00), g attorpeys fees and

Metrologic an
xclusive of interest,

gnceeds geventy-five thonsand

y and

costs.
diciat district pursnant 10 28 U.8.C. §§ 1361

7. Venue is propet in this ju

s registered 10 do business within the State

o service of process on 1ts

1 400(b).

8. Upon information and belief, Symbol 1

ains a registered agent in NeW Jersey 10 receiv

of New Jersey and maint

bebalf.
nd belief, Symbol has @ pusiness office at 401 Hackensack

9. Upen information &

Avenue, Hackensack, New Jersey.
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10.  Upon information and pelief, Symbol's sales force and distributors conduct

systematic and continuous business activities in New Jersey.

SYMBOL'S BUSINESS

11.  Symbol manufactures and distributes a vatiety of laser-based bar code scanning
products, including but pot limited to, the following two products: M2000 and 151900 bar code
sCanners. | |

12. Upon snformation and belief, Symbol has cofnmitted acts of infringement in this
judicial district by selling or offering to sell the M2000 and 151900 products, cither directly of

through intermedianes, for use in the State of New Jersey.

FIRST CAUSE OF ACTION FOR PATENT INFRINGEMENT
PURSUANT 10 35 US.C. § 271 et seq.

13.  On August 23, 1994, United States Patent No. 5,340,971 (the * ‘971 patent”),
entitled *Automatic par Code Reading Gystem Having Selectable Long Range and Short Range

Modes of Qperation,” was duly and legally issued 10 (eorge Rockstein, et al. Since that date,

Metrologic has been and still is the ownet of the ‘971 patent. Attached hereto as: Exhibit A s a
true and correct COPY of the ‘971 patent.

14.  On July 20, 1999, United States Patent No. 5.925,870 (the ‘870 ﬁatent”),
entitled “Automatic Hand-Supportable Laser Bar Code Slymbol Seanning 'Dcviée and Method of
Geanming Bar Codes Using qame," was duly and legally issued to David Wilz, et‘ al. S'incc that
date, Metrologic has heen and stil) i« the owner of the 870 patent. Attached hereto as Exhibit B
is a true and correct cOPY of the ‘870 patent.

15. On August 17, 1999, United States Patent No. 5,939,698 (the © 698 patent”),

entitled “Bar Code Symbol Reading System Having Automatic Hand-Supportable Bar Coding

e eeeeeennREE
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Symbol Reading Device and Stand for Supporting Projected Scan Ficld Thercof,” was duly and
legally issued to George B. Rockstein, ef al. Since that date, Metrblogic has been and still is the
owner of the ‘698 patent. Attached hereto as Exhibit C is a true and correct copy of the *698
patent.

16.  On December 2, 2001, Metrologic identified to Symbol, inter alia, tWo Symbol
scanner products, Model Nos. M2000 and LS1900 that infringe Metrologic patents not licensed
to Symbol under the Agreement. |

17, On February 21, 2002, Metrologic otified Symbol that the ‘971, ‘870 and ‘698
palcnis were infringed by Symbol’s M2000 and LE1900 scannet products. Metrologic indicated
to Symbol that it would need to elect, pursuant to Section 4.3 of the Agreement, 2 fourth, fifth
und sixth Licensable Metrologic Patent Family in order to obtain a license for thesc scanner
products. |

18, On May 24, 2002, Symbol elected fourth, fifth and sixth Licensable Metrologic
Patent Families pursuant to Section 4.3 of the Agreement. |

19.  Since making the May 24, 2002 election, Symbol has made no royally payments
for thclMZUO(} and LS1900 scanner products sold under the fourth, fifth and sixth Metrologic
Patent Fa‘milies. |

70.  On October 2, 2002, Metrologic potified Symbol that quarterly royaltics were duc
and owing for the foarth, fifth, and sixth clected Metrologic Patent Families as a lresult of

Symbol’s sales of the M2000 and 181900 scannet products.

21.  Despite having elected the required Metrologic Patent Families and owing
yoyalties thereunder, Symbol has contended that the M2000 and 181900 scannet products do not

infringe any Metrologic patents.
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72, Symbol has for a time past been and still is infringing claims 44-48, 50 and 51 of
the ‘971 patent by making, selling, and using M2000 bar code scanners embodying the patented
invention, | |

23, Symbol has for a time past been and still is infringing claims 1-3, 7,8, 10, 13 and
14 of the ‘870 patent by making, selling, and using LS 1900 bar code SCANners embddyiﬁg the
patentcd invention.

24. - Symbol has for a time past been and still is infringing claims 1-3, 7 and 9 of the
‘698 patent by making, selling, and using LS 1900 bar code Scanners embodying the patented
invention,

25.  Upon information and belict, Symbol’s infringeﬁlent has been willful and

deliberate and will continue unless enjoined by this Court.

SECOND CAUSE OF ACTION FOR BREACH OF CONTRACT

26.  Metrologic repcats and reallcges each of the allegations of paragraphs 1 througﬁ
25 hercof as if fully sct forth herein.

27.  Symbol’s election of the fourth, fifth and sixth Metrologic f'atent Familiesl
obligated Symbol t0 make quarterly royalty payments for the M2000 and 1.81900 scanner
products because these products are included within one or more of the elected Metrologic Patent
Families under the Agreement. |

28, On September 10, 2002, Metrologic requested that Symbol make 13 ‘rcquired
quarterly royalty payment for the M2000 and LE1900 scanners.

29, On September 13, 2002, Symbol provided a royalty repott 1o Metrologic and

indicated that no royalties with respect to the fourth, fifth and sixth elected Metrologic Patent

Familics were duc and owing t0 Metrologic.
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30.  On October 2, 2002, Metrologic demanded payment and noted that non-payment
of royalﬂes was a material breach of the Agreemcnt. Symbol did not respond to Metrologic’s
demand for payment. |

11.  Symbol’s failure to make royalty payments for‘ the M2000 and LS1900 scanners
constitutes a material breach of the Agreement. |

WHEREFORE, plaintiff Metrologic prays for judgment:

a. Finding that defendant Symbol has infringed and continues to infringe the claims
6f United States Patent No. 5,340,971,

b. Finding that defendant Symbol has infringed and continues to infringe the claims
of United States Patent No. 5,925,870; |

c. Finding that defendant Symbol has infringed and continues to infringe the claims
of United States Patent No. 5,939,698,

d. Finding that defendant Symbol has materially breached the Ag‘reemcnt

€. Finding that such rights and licenscs as Symbol mlght otherwme enjoy under the
Agreemént are terminated due to its material breach;

f. Awarding plaintiff its damages for Symbol’s breach of the Agreemcnt;

2. Awarding plaintiff its damages, including enhanced damages for willul
infringement;
h. Awarding plaintiff preliminary and final injunctions enjoining defendant Symbol

and its officers, agents, servants, employees and privies from infringement of the 971, ‘870 and

‘698 patents; and
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i. Awarding plaintiff its costs, expenses, and reasonable attorneys fees and such -

other and further relicf as this Court may deem just and proper.

RIKER, DANZIG, SCHERER, HYLAND &
PERRETTILLP

Attorneys for Plaintiff

Metrologic Instruments, Inc.

~ Edwin F. Chociey, J1.
: ~ Fric Blumenfeld ‘
Dated: June 17, 2003

Of Counsel:

Dennis J. Mendolino, Esq.

Michacl F. Hurley, Esq.

MORGAN, LEWIS & BOCKIUS LLP
101 Park Avenue

New York, New York 10178

(212) 309-6000

JURY DEMAND

Plaintiff Metrologic Instruments, Tne. hereby demands trial by jary of all issues in this

Casc,

LOCAL CIVIL RULE 1].2 CERTIFICATION

1 certity that to the best of my present knowledge the matter in controversy ig not the
subject of any other action pending in any court, or of any pending arbitration or administrative

proceeding,

Dated: June 17, 2003

3314077.02
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AUTOMATIC HAND-SUPPORTABLE LASER
BAR CODE SYMBOL SCANNING DEYICE
AND METHOD OF SCANNING BAR CODES
USING SAME

Continuation of Ser. No. 584,135, Jap. 11, 1996, U5
Pal. No. 5,616,908, which is a continuation of $er. No.
278,109, Nav, 24, 1993, US. Pat. No. 5,484,992, which is
a continpation of Ser. No. 960,733, Ocl 14, 1992,
abandoned, which is a continuation-in-part of Ser. No.
898,919, Jup. 12, 1992, U8, I'al, No. 5,340,973, which is v
comtinualion-in-part of Ser, No. 761,123, Sep. 17,1991, U5,
at. Mo, 5,340,971, which is a continuation-in-purt of Sz,
No. 583,421, Sep. 17, 1990, U8, at. No. 5,260,553,

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present inveation relawes generally to laser scanning
systems, and more particularly lo an autematic har code
symbal reading system having an automitic hand-
supportable luser scanner which can be utilized in diverse
lighting enviconments with nalural hand movements, while
conservinp clectiical power.

2. Brief Descriplion of the Prior Art

Bar code symbals have bocome widely used in many
commercial enviropments such as, [or example, point-ol-
sale (pos) stalions in cetail slores and supermarkets, inven-
lory und decument tracking, and diverse dats control appli-
cations.

"lo meet the growing demands of this recent inpovation,
bar code symbol readers of various types have boen devel-
oped for scanning and decoding bar code symbol patterns.
Typically, the symbol character datu produced from such bar
coedes ruaders is provided as inpul Lo automated dala process-
1oy, syslems,

In gencral, prier art hand-held bar code symbol readers
using laser scanning mechanisms can be classified iuto thice
categonis.

‘Ihe first category of hand-held bar code symbol readers
includes systoms having manually-aciuated [aser scanners
which can be supporied in the haod of the user. The user
positions the hand-held laser scanner at a specified distaoee
from the object bearing the bar code symbol, manually
sctivates the scanner to inifiate teading (e.z, by pulling a
trigper), and then moves Lhe scapner over olher objcets
bearing bar code symbols 10 be read. Prior arl bar eode
symbol readers illustrative of this first category are discloscd
in U5, Pat. No. 4,387,297 to Swartz; U.S. Par No, 4,573,
6725 W Knowles; 1.5, Pat, No. 4,639,606 tv Boles ¢t al,, U,
Pat. Mo, 4,845,349 (o Cherry; U8, Pat. No. 4,825,057 o
Swanz, et al; US. Pat. No. 4,903,848 10 Knowles; U5, *al.
No. 4,933,538 to Heiman, et al; US, Pal, No, 5,107,100 1o
Shepard, et al; U5, Pat. No. 5,080,450 to Katz, el al; and
U5, Pat. No. 5,047,617 w Shepard o al.

11 secand category of hand-held bar code symbol read-
¢rs includes systems ulilizing hand-held scaoners which
have (i) & tungsten bulb, a Xenon lunp, or light cmitling
divdes (LEDs) 1o radiate light onto a bar code symbol, aud
(ii} an clectronically scanned image sensor (s.g. OCD array)
far converting the image of light reflecied off the bar cade
symbe inlo a corresponding signal for decods processing.
Cxewmplary systems of this type are disclosed in U.S. Pat
Np, 4,570,047 to Chadima, et al., U5, Par. No. 4,818,847 10
Hara, el al and U8, Pai, No. 4,877,949 1o Daniclson, el al.

The third category of hand-held bar code symbnl readers
includes systems utilizing [ully automated hand-held laser
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geanners having intellipent programs which control the
operation device under diverse user operatiny conditions.
Excmplary systems of this Lype of bar code symbol reading
technology are disclosed in pending U.S. application Ser.
Wus, 07/808,919 and 07/761,123.

While prior arl hand-held manually triggered and CCD
type scannérs have played an important role io the dovel-
ppmenl of the bar code symbol indusiry, lhese doviees, suller
from a number of shorteomings and drawbacks. For
cxample, hand-held manually-actuated laser scanmers,
alihough portable and lightweipht, are not always conve-
nienl o use particularly in applications where the user must
read bar coded ohjects over an extended poriod of time. In
many applications, where bar ended objects to he identified
reside sl arms lerypth from Lhe wser's reach, hand-held CCL
scanners are ditficult 10 operate owing o their limited depth
of field.

Unlike manually aulomaled hand-held bar code scanners,
fully automatic hand-held laser scunners do not ciuse
fatigue due o their automatic uperation. Also, owing to their
cxtended depth of field, aulomatic hand-held laser scanners
provide increased flexibility by allowing, the vser ta read bar
coded objects residing at distapces of six or more inches
away from the scanner. However, even though antomatic
hand-held lager bar code scanners offer superior perfor-
mance in most scanning applications, it has been found that
in intensely Muminated scanning environments, the user’s
ability o perceive the visible laser scanning beam is sig-
nificuntly diminished in the scan field of lhe deviee.
Cansequently, in such scanning covironments, it is diffieull
o visuully align (i.c, Texister) the laser scanning beam with
the bar code symbol to be scanned, thus hindering the
Automatic bar code symbol reading prucess. While Lhe use
of & higher power visiblo laser beam might render the beam
more easily perceptible, his approach is undesirable for
laser safety and power consumption reasons.

Thus, there 1% a great aced in the bar code symboel reading
ant for 5 hund-supportable laser bar code symbol reading
system which overcomes the above described shorteomings
and drawbacks of prior art devices and Lechnigques, while
permilling use over a diverse cange of laser scanning envi-
anments.

QBILCTS AND SUMMALRY OF THE
INVENTION

Accordingly, it is a primary object ol the present invention
1o provide an automatic hand-supportable laser scanning
devies which ulilizes psychophysiological Tesponse chirac-
temistics of the human visual system in order to produce a
visible laser scanning beam that has improved user percep-
tihility over the scan field of the deviee,

Adurther ohject of the preseat invention is (o provide such
an automatic hand-supportable laser scanning device in
which a visible laser beam is pulsed at a sullicient low
frequency over the scan field of the device during its bar
code presence detection mode of operation, 5o as lo increase
the visual conspicuousness of the Jaser scanning beam,

[t is another object of the present invention to provide
such an automatic bar code symbol reading system in which
one or mors bar code symbols on an object can be consscu-
tively read withoul reguiring uonatural hund-movements of
the automatic hand-supportable laser scanning device.

A further object is to provide such an avtomatic bar code
symbal reading system, in which the automatic hand-
supportable bar code (symbol) scunning deviee has an
infrared light ubjcct deteetion tield which gpatially encom-
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passes at Jeasl a portion of i visible luser Lipht scan ficld
along the operative scanning range ol the device, therchy
impraving the laser heam puinling efficiency of the device
during the wutomatic bar code reading process of the present
invention,

Another object of the prescal invention is to provide an
aulpmang bur code symbol reading syslem in which he
hand supporiable laser seanming device can be used as either
a portable band-supported laser scanner in a2n aulomatic
hands-on mwode of operation, or 45 4 StAtionary laser projec-
tion scanner in an automatic hands-{ree mode of operation.

Another object of the present invention is 1o provide such
an automatic bar code reading system in which a support
frarme is provided for supporting the hand-supportahle hous-
ing of the device o a selected mounting position, and
permitling complete pripping of the bandle poriion of Lhe
handsupportable howvsing prior to removing it from (he
suppuorl {rame.

Afurther abject of the present invention s (o provide such
an automatic bar eode symbol reading system in which the
hand-supportable bar code reading device has long and
short-range modes of object delectivn within its object
delection Held. Tn one illustrabive embodiment, the loog and
shorl-range modes of object detegtion are manually selecl-
able by the user by mequal activation of a switch on the
hand-supportable housing of the deviee. [n anather illustra-
tive embodliment, the long-range mode of object dewclion 1s
auluatically selected when the hand-supportable hur code
reading device is placed within the support s;.and during the
hauds-free mode of oporation, Io this (llustrative
embodiment, the shor-range mode of objest detection s
awtomatically selected whenever the hand-supportable bar
codde reading deviee is picked up from the support slund and
used in its hands-on mode of operatian, A [uriher abject of
the present ipvention is Lo provide such an aulomatic bar
code symbal reading sysiem, in which the hand-supportable
tar code reading device has tong and shorl-range modes of
bar code presepce detection within its scan field, In cne
lustrative embodiment, the shortrange mods of bar eode
presence detection s manually selectable by manual acu-
vation ol a swilch on the hand-supportable housing of the
device. In another illustrative embadiment, the shori-range
mode ol bar code presence delsction s aulomatically
sclected when the hand-supportable bur code eeading devic
i placed within the support stand, or alteroatively, upan
decoding a predesipnated bar code symbal preprogrammed
1o induee the shart-rangs mode of bar code presence detec-
lion. tn the shorl-runge mode of ber code presence deteclion,
the automatic bar code reading device nat only detects the
presence of a bar code within the scan field by analysis of
collecled scan dala, but il Lurther processes the colleeted
scan data o produce digital count data representative of the
measured time interval belween bar and/or space transitions.
Bur code symbals present within the short-range of the scan
field, produce scan data having time intervel characleristics
lalling within a prespecilied timing data range. Using the
resutts of this analysis, only bar code symbols scanncd
within the short-range field are deemed “detecied,” and only
bar code symbols dewcled within the short-range ol the svan
Ligld activate the decoding module of the device and thus
cnable har code symbal reading,

Adturther objest of the prescat invention is 1o provide such
an awtomatic bar code symbol reading system in which the
hand-supportable bar code reading device bas long and
short-range modes of bar code symbol reading within its
scun field,

In one illustrative embodiment, the long and short-range
modes of bar code symbol resding are manually selectable
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by the user by manuaf activation of a switch on the hand-
supportable housiog of the device,

It is & further object of the prescat invention to provide
such an automatic bae code symhaol reading system, in which
the long-range mode of object delsclion 15 automatically
selected when the hand-supporiable bar code reading device
is placed within the support stand during the hands-free
mode of aperation, ar allematively, upon decoding a pre-
designated bar code symbol preproprammed to induce the
mode of har code symbol reading. In this illustrative
embodiment, the shorl-runpe mode of ohject detection is
automatically sclecied whenever the hund-supportable bar
codi reading device is picked up [rom the support stand and
used in its hands-on mode of operation, In this short-range
maode of bar code symbol reading, the only decoded bar code
symbols residing within the shorl-runge portion of (he scan
field, are deemed “read”.

It is another object of the present invenlion 1o provide an
automatic hand-supponahle bar code reading device which
bas both Jung and shorl-range modes of objest detection and
bar code symhbol eading, automatically sclectable by plac-
ing the hand-supperlable device within its spppart stand and
remuving it thercfrom, With this particular embodiment of
ihe present invention, the auiomatic bar code symbol read-
ing system can be used in various bar cade symbal reading
applications, such as, for cxample, charge coupled device
(CCD) scanner emulation and bar code *mena” reading in
the hands-on short-range mode of operation, and conater-top
projection scanning in the hands-free long-range mode of
operation,

An even furher object of the present invention is to
provide an automatic hand-supportable bar code meading
device which prevents multiple reading of the same bar code
symbol dug to dwelling of the laser scanning beam vpon a
bur code symbol for an extended peciod of time.

A [urther object of the present inventivn is to provide a
point-of-sale station incorporating the avtomatic bar code
symbol reading systen of the present invention.

It is a further object of the present invention to provide an
antomatic hand-supportable bar code resding device having
a control syslem which bas a finite number of states through
which the device may pass during its automatic aperation, in
response to diverse conditions autematically detected wilhin
(he objoct detection and scan figlds of 1he device.

It s yet a [urther object of the preseat lnvention to provide
a porlable, fully automatic bar code symbal reading system
which is compact, simple to vse aod versatile.

Yel a further ohject of the preseat invention is to provide
a nove]l method of reading bar code symbols using a awo-
matic hand-supportable laser scanning device.

These and further objects of the present invention will
become apparent hercinatter and in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a tuller understanding of the objects of the present
invention, the Detailed Description of the Illustrated
Embodiment ol the Presenl Invenotion will be taken in
coaocction with the drawings, wherein:

FIG. 1 is a perspective view of the illustrative embodi-
ment of Lthe aulomatic bar code symbol reading system of the
present vention, showing the hand-supporiable laser bar
code symbol reading deviee supported within the scanner
support stand for awlomatic hands-[ree operation,

FIG. 1A is an elevaled froal view of the amtomatic bar
vode symbal reading system of FIG. 1, showing the light
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lransmission window of the hand-supportuble bar code
symbol reading device while supparted within the scanner
support stand;

FIG. 11 is & plan vicw of the automatic bar code symbaol
reading systew shown in TIG. L;

FIC. IC is a hotom view of Lhe automatic bar code
symbol reading system shawn in FIG. 1

[lG. 2 i% a perspective view of the sutomatic hand-
supportable bar code symbol reading device of the system
hereof, shown boing used in the avtomatic bands-on mode of
pperation;

FIO. 2A s & elevated, cross-sectional side view taken
alang the loogitmdinal extent ol the antomatic bar code
symbol reading device of FIG. 2, showing various hardware
and software coponents ulilised in realizing the illustrative
embodiment of the automatie hand-supportable bar eode
symbol reading device of the present invention;

FIG. 2B is a cross-sectional plan view taken along ling
2H—2B of FIG. 2A, showing the various com ponents used
in realizing the illustrative smbadiment of the automatic bar
code symbol reading device;

Flti. 2C is an elevated partially frapmented cross-
secliunal view al Lhe head portion of the awomatic band
suppartable bar code symbal reading device of the preseut
invention, illusteating an electro-oplical arrangement uli-
lized in tramsmitting pulsed intrared light signals aver the
object delection ficld of the devies;

Fl3. 2D is an elevated partislly fragmented cross-

seclional view of the head pertion of the sutomatic Laod- |

supportable bar code symbal reading device of the present
invention, illustrating the electro-optical arrangement uli-
lized in producing the objoct deteclion feld of the device;

FIG, 3 i an elevated side view of the hand-supportable
bar code symbol reading device of the illusteative embodi-
ment uf 1he present invention, illustrating the spalial rela-
tionship between (he object deteclion and sean fields of the
device, and the long and shurt-ranges of programmed ohject
delection, bar code presence delection, and bar code symbul
readiog;

FIG. 3A is a plan view of the automalic hand-supportable
har code symbol reading device laken along Hine 3A~-3A af
FIG. 3

FIG. 4 is a system block functional diagram ol the
aulomatic hand-supporlable bar cade symbol reading device
uf the present invention, illustraling the principal compe-
ucats integrated with the sysiem controller therent;

FIGi. 5 is 2 block functional diagram of a [lest embodiment
ul the abject detection mechunism for (he aulomatic Lany-
supportehle bar code symbol readiog device of the prosent
invention;

FIG. 6 15 3 schematic disgram illusirating the inlensily
versus Hime characteristics of the visible laser scanning beam
produced during the bar eode prescocs detection mode of
aperation of the aulomatic hand-supportable bar code syun-
bol reading device of the present invention;

TIG5. 7A and 7, taken together, show a high level flow
chart of a system control program (i, Main System Conteal
Routine) contained within the control system of the auto-
malic bar code symbol reading device, illustrating various
conrses of progranuned system operation that the illustrative
cmhodiment may underge;

F1G%. BA, 8A' BB and 8B taken togelher, show a high
level flow chart of an auxiliacy system conlrol program (ie.
Auxiliary System Contral Routine with Range Relection),
which provides the hand-supporlable automatic bar code
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symbal reading duvice of the present inventian with several
sclectable modes of object deiection, bar code presence
detection and bar code symbol reading;

FIG, 9 is a state diagram illustrating Lhe various states that
the antomatic hand-suppertable bar code symba| reading
device of the illustrative embodiment may wndergo during
the course of its prugrammed eperation;

F1¢3. 10 is a perspeclive view of the support frame of the
scanmer support stand ol the present invention;

FIG. 10A is a perspoctive view of the base plate of the
scanner support stand of the present invention, with the
adapier module mounted thercon;

FIG, 10R is a perspective, partially broken away view of
ihe assembled scanner suppart sland of the present
invention, showing the scanner cable, power supply cable
and communicalion cible operably associated therewith and
ruuted through respective upertures formed in the scanner
support frame;

FIGS. 1hA through 11D are perspective views of & poinl-
of-sule system, showing the scanncr support stand of the
prescat invention supported oo 3 horizontal countertop sur-
face and operably connected 1o an elecironic cash repisier,
with the automatic hand-supportable bar code symbol tead-
ing device being used in its hand-held short-range maods of
nperation;

FIGS. 12A and 12B are pemspective views illustrating the
steps carried outl during the imstallation of the scanner
suppurt stand of the prescnt invention onto 2 vertical counter
wall surface;

TG, 13 is an elevated side view of the auromatic bar code
symbol reudiog system of the present invcation, shown
mounied vito the vertical canmter wall surface of FIGS, 12A
and 12D;

TIG. 13A is a plan view of the awtomatic bar code symbol
reading system of the present invention taken along line
13A—13A of I'1G, 13,

ETGi. 138 is a cross-sectional view of the scanner suppott
stand of the present invention, faken along line 136—13B of
FI3. 13

FIG. LM is a cross-seetional view of the assembled
scapner stand, taken along line 13C—13C of FIG. 134,

FIG. 14 i3 perspective views showing the scanner support
stand moumted on a vertical evunter wall surface, and the
wulumatic hand-supportable bar cude symbol reading device
being used in its automalic hands-free long-ranges mode of
operation;

FIGS. 15A and 18R are perspective views showing the
seanner sipport stand mounted on a vertiesl cowater wall
surfave, and the suiomaiic hand-supportable bae code sym-
bal readiny device being uscd in ils awtematic hund-held
shorl-range mode ol operation;

FIG. 16 is a perspective view of a point-of-sale station
sccording to the preseat invenlion, showing the scanner
support stand pivotally supporied above a honizoatal counter
surface by way of a pedestal base mounted woder un elec-
iremic cash repister, and the automatic hand-supportable bar
code symbol reading deviee reveived in the scanner support
stand and being used in ik sulomatic hands-leee long-runge
mode of operation;

FIGS. 17A and 17B are perspeclive views of a point-of-
sale station aceording to the presenl invention, showing the
scanner support stand pivotally supported above a horizmtal
counter surface by way of the pedestal base illusirated in
Fl¢i, 16, and the swomatic hand-supportable bar code
symhal roading device being used in its atamatic hand-held
short-range mode of operation;
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FIG. 18 is an clevated side view of the point-of-salc
system of FIGS, L6A, 168 and 17, illustratiog the rotational
frecdom of the seanner supporl sland about the x axis of Lhe
pivotaf joint assembly;

FIG, 18A is un elevated, partially cross-sectional view of
the base pleie of ihe svanoer support stand and Lhe pivatal
joint assembly connecting the seanner support stand to the
pedestal base 30 as to provide three-degrees of freedom ro
the scanner support stand wilh respect to the statiopary
pedestal base;

TIG. 1REG is a partially fragmented view of the scanner
suppurt §tand, pivotal joint assembly and pedestal base taken
aletg the y axis of the pivetal joim asscmbly, illusirating the
rotational freedom of the scauucr support stand sboul the ¥
axis; ang

FIG. 18C is a perspective view of the scanner support
stand and pedestal bage assembly faken along the -2 axis of
the pivesal joinl assembly, illustrating the rotational freedant
of the seanner support stand about 1he 2 axis of the pivolal
joint assembly.

DETAILED DESCRIFTION OF THE
ILLUSTRATED EMBOMMENT OF TIIE
PRUESENT INVERNTION

In F16G%. 1 end 11A theough LD, the awtomatic laser bar
code symbol reading system of the present iovenlion 15
illustrated, As shown, aulamatic bar code symbol reading
systern 1 comprises a porlable, aulomatic hand-supportable
bar ende (symbol) reading device 2 aperably associated with
scanner supporl stand 3 of the present invenlion. Operabile
intereonnection of hand-supporlable bar code reading device
2 and scanner support stand 3 is achieved by a flexible
mu ltiwire scanner cable § extending trom bar code symbol
deviee 2 into scanner support stand 3, Operable inlercon-
nection of scanner support stand 3 and a host system 6 (e.g.
elecironic cash repister system, data collection device, otc.)
i achieved by a tlexible multiwire communications cable 7
cxtending [rom scanner suppurl stand 3 and plugged direetly
into the dala-inpul communications part of host system 6. In
the illustrative embadiment, electrical power from a low
voltape power supply (not shown) s provided to scanaer
support stand 3 by way of a flexible power cable 8,

As illusteated in FIGS. 1 thmough 1C, scanner support
stand 3 is particularly adapted for receiving and supportiop,
band -supportable bar eode reading deviee 2 in a selected
position without user supporl, thus providing a stationary,
antomatic hands-free mode of vperation, In geoeral, hand-
supporlable bar code reading device 2 inchubes an wlira-light
weight hand-suppuriable hovsiog 9 having & contoured
handle portion A and a head portion 383, As will be
deseribed in gresler detail hereinafter, bead portion 90
encloses electro-uptical companeats which are used to gen-
cratc and project a visible luser beam through a light
transmissive window 10, and 10 repeatcdly scan the pro-
jevled laser beam across 8 sean field 11 defined extecnal 1o
the haad-supportable housing.

As llustrated in F1GS, 1 through 1C, scanner supporl
stand 3 includes s supporl frame 12 which comprises a base
partion 12A, a head portion support structure 1213, handle
porlion support stracture 12C and o finger aceommodaling
recess 12D, As shown, base portion 12A has a longiludinal
cxtent and is adapied for selective posilioning with respect
to a suppart surface, c.g. counterop surface, counter wall
surface, ele. Head porlion support sttucture 128 is aperably
associated with base portion 12A, for receiving and sup-
porting the head portion of the haund-supportable bar code
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reading device. Similarly, handle portion support structure
12C is operably associated with buss portion 124, for
receiving and supporting the handle portion of the hand-
supportable bar code symbol reading device. In order that
the user’s hand can completely grasp the handle portion of
the hand-supportable bar cude reading device, thal is prior o
eemoving it off and away from the scanncr suppaort sland as
illustrated in FIG, 15A, finger accommodating recess 121 is
disposed between head and handle portion support Structurcs
128 and 12C and abowe base portivn 12A of the support
[rame. In this way, finger sccommodating recess 1200 is
laterally aceessible as shown in FIG. 13 so that when the
handle and head portions 9A and 9B are received withio and
supparted by handle portion support stmcture 12B and hoad
portion support steucture 120, respectively, the fingers of
wser's hand ¢an be casily inserled through finger sccommo-
dating recess 1217 and completely cocircle the handle por-
tion of the hand-supportable device, as illustrated in VTG,
154,

Amore detailed deseriptinn of the struetee, functions and
operativn of the scanner support stand of the present inven-
ticn will be provided hercinafier referring to FIGS. 10
throvgh 16B. However, referring to F1GS. 1 and 10 through
13, attention will be fimst accorded to the illustrative embodi-
ment of the auwlvmalic hand-sepportable bar code reading
device af the invention,

As illusteated in FIGH. 2 through 2B in pacticular, bead
poction 9B continuously exiends into contoured handle
poction YA at an abtuse ungle a which, in the illusirative
embadiment, s sboul 146 degrees. U is understood,
hawever, that in viher embodiments obluse angle o may be
in the range of about 135 W about 180 degrees. As this
erponomic housing design is sculprured (le. form-fitted) to
the human hand, sutbmalic hands-on scanoing s rendered as
casy and ellorlless ax waving ones hand. Also, this erpo-
momic bousing design eliminates the tsks of musculoskel-
eta] disorders, such as carpal tunnel syndrome, which ¢an
resull from repeated biomechanical stress commonly asso-
ciatcd with pointing prior art gun-shaped scaoners al bar
code symbols, squeezing a trigper 1o aclivale Lhe laser
scunning beam, and then releasing Lhe Lopger.

As illustrated in FIGS. 2 through 3A, the head portion of
huusing 9 Las a teansmission aperture 13 formed in upper
portinn of front panel 14A, 10 permit visihle laser light to
cxit and enter the housing, as will be deseribed in greater
delail hereinafier. The lower portion of fronl panel 145 is
optically opague, 15 are all other surfaces of the hand
supportuble housing,

As illusteated in FIGS, 2, 3 and 3A in particular, avtomatic
hand-supportable bar ende reading device 2 pencrates two
differcnr ficlds external to the hund-supportable housing, in
order to carry oul awtpmatic bar eode symbol reading
aceording to the principles of the present invention. The first
tield, referred 1o 2% Lhe “object detection field”, indicated by
broken and dotted lines, is provided externally to the hous-
ing tor detecting energy reflecled off an object bearing a bar
code symbel, located within the object detection figld. The
sccond field, referred 1o us the “scun Held”, having sl leust
one laser beam scanning plane is provided external (o the
housing for scannoing a bar code symbol on an object in the
object detection fiedd. In the preferred smbodiment, such
scanning is achieved with a visible laser beam which, afier
reflecting off an object in the objeet detection field, produces
laser scan data which is colleeted for the purpose of detect-
ing the presence of a bar code symbol within te scan field,
and for subsequently reeding (i.e. scanning and decoding)
the detected bar code symbol,
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In gencral, detected energy reflected from an object
curing object detesiion can be optical tadiation or acouslica)
ene gy, eilher sensible or non-setsible by the user, and may
be cither penerated from the automatic bar code Teading
device ar an external ambiept souce. As will be deserined
in greater detail hereinalier, Lhe provision ol such energy s
preferably achieved by transmittivg & wide heam of pulsed
infrared (IR} light away [rom transmission aperturs 13,
substantially paraliet to longjludinal axis 13 of the head
porlion of the hand-supportable housing. In the preferred
embodiment, the object detection (ield, from which such
reflected energy is collocted, is dusigned to have a narrowly
diverging, pencil-like geometry af theee-dimenzional volu-
[metric expanse, which is spatially coincident with at least a
portion of the transmitted infrared light beam. This fealure
of the present inveation ensurcs that an objeat residing,
willzip the objeet detection feld will be dluminated by Lhe
infrared Light beun, and that infrared lizht refected there-
from will be direeted penerally towards the transmission
aperlure ol the housing where it ean be automatically
deteeted to indicale the presence af the ohject within the
olbjest detection field, ln response, a visihle laser beam i3
aulomatically penersted willin the head portion of the
hausing, projected throuph the wransmission aperiure and
pupeatedly scanned across e scan field, witlin which at

least @ portion of the delucted object will reside, At least & 5

portion of the scamed laser light bears will be scattered and
reflected off the object and direcled back towards and
through light transmissive window 10 for culleetion and
detection within the head portion of the housing, and =ub-
sequently processed in & manner which will be deserihed in
detail hercinafier. To cpsure that the user ean guickly alipn
the visible laser beam willl bar cude symbuol oo the detected
objeet, lhe object detection field is desigacd 1o spatially
encompass al least a portion of the sean leld alomg the
operulive scanming fangs of the device, as llustrated in
FIGS, 3 and 3A. This structwal feature of Lhe prosent
invention provides the user wilh an increased degrec of
contrul, a5 once an object is detected, minimal lime will be
required by the user to point the visible laser beam Lowards
the har coxle symbal for scanning. In effoct, the lascy heam
puinting efficiency of lhe Juvice is markedly improved
during the automatic har codo reading prewess, as il is
signilicantly easier tor the user to aligo the Jaser beam across
the bar code symbol upon ohject detection,

o more tully appreciate the mechanisms employed in
order to generute the object detection and sedn fields of
autormatic bar code reading device ol the present invention,
relercace is best made to the operative elemaonts eonlained
within the hand-supportable housing of the deviee.

As shown in FIG. 4, automalic bar code reading device 2
comprises 4 number of systerl enmponeats, namely, an
object detection circuit 16, laser scunning mechanism 17,
photoreseiving circuil 18, analog-to-digital (A/LD) conver-
sion circuit 19, bar code presence deteclion module 20, bar
code scan range detection module 21, symbel deeoding
madule 22, data format conversion module 23, symbol
character dala storage unit 24, and data transmission vircuic
25 I addition, 3 mapnetic Neld sensing circuil 26 is
provided [ur detecting seanner support stand 3, while
manual switch 27 is provided for selecting long or short-
range modes of objeet detection, har code presence detection
and/or bur vode symbol reading, which will bo described in
proat detail hereinalter, As illustrated, these componcnts are
nperably associated with a programumable system controller
28 which provides 2 great degree of venatility in system
coutrol, capability and uperation. The structure, funetiva and
advanlages of this system controller will become apparent
hereinatter,
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In the illusirated cmbodiment, sysicm conteoller 28, bar
code presence delection module 20, bar code scan range
deteetion module 21, symbol deeoding module 22, and data
format conversion module 23 are realized using a sinple
programmable device, such as a microprocessor having
accessible progeam and butfer memory, and cxlernal timiong
circuitry. It is understood, however, that any of these cle-
ments may be realized using separate discrets componenks
a5 will be readily apparent o those with ordivary skill in the
Akt

Aulomatic hand-supporiable bar code reading device 2
also includes power receiving lines 29 which lead 1o con-
ventinnal power disteibulion cireuitry {nnt shown} for pro-
viding requisite power 1o sach ol (he system COMpONSnLE,
when aod for time prescribed by the system eontroller. As
ilustrated, power receiving lines 29 run alongside data
communication lnes 30 and are physically associaled with
multi-pia connector plug 31 at the end of flexible scanner
cable 5. An on/off power swilch or functionslly equivalent
device (mol shown) may be provided externa! the hund-
supportable housing o permit the user to selectively ener-
gize and deencrgize the device. In the illustralive
eribodiment, power delivered through Hexible scanner cable
5 10 the bar code symbol reading device is continuously
pravided to systém comtroller 2B 5o as 1o continiously
enable it operation, while only biasing voltages and the like
are provided to all other system coulpanenls. 1o this way,
cach system compopenl must be activated (i.¢. enabled) by
the systcm controlier in accordance with iis preprogrammed
sysiem control ruling,

1a accordance with the present invention, the purpass of
the object deteetion cireuil is 1o delermnine whelher un objecl
{v.g., product, document, el¢.} is preseat or absent from the
abjecl deteetion field over particular time intervals specified
by the system controller. When an objeel is detected within
the ohject detection field, the object deteclion gircuil pro-
duces first contenl activation signal A =1, which like all
contral activation signals, is provided as input 1o sysiem
controller 28. As will be deseribed in greater detail
hereinafter, depeading on the particular stage of the systemn
control process, the system coniroller will respond to this
evenl by causing the bar vode reading dovice to undergo a
transiticn from Lhe abjecl dotectivn state to the bar coxle
symbiol (presence) delection slate.

In FIG. 5, 4 prefermed technique is disclosed for detecting
the presence uf an object within e ohject dotection field. Tn
cssenen, ubjoct delection cireuit 16A operates by transmit-
ting 4 pulsed infrured (LR) light signal forwardly inta the
object detection field, First control activation signal A, is
generated wpon reeeiving a reflection of the iransmitted
signal from un object residiog within the object detection
ficld, As ilustrated, object detection circvit 164 is realized
as an TR sensing cirounit which comprises a synchrunous
receiverjiransmitter 33 and ap infrared TED 34 which gen-
erates a 040 nanometer pulsed sigoal at a rate of 200 KHZ.
This pulsed IR signal i3 {ransmitted through focusing lens 35
1o illuminate the vbicet detection field. When an object is
present within the objest detection field, 2 relected IR pulse
signal is produced from the surface aof the object, spatially
filtercd hy apcrture stop 658 and focused through focusing
lcns 36 oato photodiode 37, Nolubly, (i) selection of the
optical characleristics of aperture stop 658 and lens 36 and
(i) the placement of photodiode 37 (with integrally formed
fcns 36) behind aperture stop 65 directly detcrmine the
peomelriv characteristics of the wbject detection [feld
Consecuently, these oplical paramelers are gclected 50 a5 1o
provide an objeet detection fisld which, as hereinbefore
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cxplained, spatially cncompasses at least a porlion of the
scanping field alang the aperative scanning range of the
device,

As illustrated in TIG, 5, the output of photodiode 37 is
converled 1 a vollage by current-lo-voltage amplificr 38,
anel the output thereafl is provided as input to synchrooous
receiver/ransmitter A3 which synchronously compares the
received 1R signal with the transmitled IR signal to deter-
mine whether an abjest is present in or absent from the
abject detection field, 1F the object is present in the olject
detcelion field, then synchronvus reccives/transmitter 33
produces lest conlrol aclivation sigoal A, =1, indicative of
this condition, Upon generation of first eontrol activation
siwnal A, =1, the system controller activates the operation of
laser scanning mechanism 17, photoreceiving cireuil 18,
A/ conversion circuit 19, and bar code presence detection
module 20 sccording 1o a preprogrammed system control
routing, the details of which will be deseribed hereinalier,

Aliernatively, the auwtomalic bar code reading device of
e preseal nvention ean be readily adapted o sense ulira-
annic cnergy reflected off an abject present withio the ulsject
detection lield. In such an allernative embodiment, object
detection circuit 16 is realized as an ulirasonic cnergy
trapsmitling/receiving mechanism. In the head porion of

hand-supporiable housing ¥, ulirasonic energy 8 peocrated |

and transinitied torwarndly of the housing head portion into
the object detection field, ‘Fhen, ultrasonic energy reflectsd
off an object within e object detegtion field is detected
closely adjacent the transmission window using an ulira-
spnie energy detector. Preferably, o [ocusing element is
disposed in front of the detector in wrder W effeclively
maximize lhe collection ol rellected altrasonic ¢acepy. In
such instances, the focusing ¢lement cssentially determines
the geometrical characteristios of the ohject detection (ield
of ithe device. Consequently, as with the other above-
described object detection circuils, the eneepy focusing (ic,
collecting) characletistics of (he focusing element will be
selected to provide an object detectinn field which spatially
enuompasses at leasl a portion ol the scan field.

Far purposes of illustration, ohject detection circuit 16
shown in FIG. 8, is provided wilh two different modes of
detection, namely, a longsrange mode of ebject detection
and a short-range mode of object detection. As shown in
FI(t, 4, these modes are 5ot by the system controller using
modc coable signals Hyg a0 and Eppral, respectively, When
inclueed into the long-raoge mods of abjeet detection, the TR
sensing circuit will generate {ist conirol activation sipoal
A,=1 whenever an object has been detected within the
aperative rapge ol the object deteetion field, independent of

the particular distance at which the object resides from the

ransmissive window, When indueed into the shon-tange
mods of object detection, the 1R sensing cireuit will generate
first activation control signal A =] only when an ohject is
detected at a distance within the shoct-range of the object
detection Hield.

As schematically indicated in FIGS. 3 and 3A, the loog-
ranpe specitication for object detection is preferably prese-
lected 10 be the full or entire range of sensitivity provided by
IR sensing circuit 16A (e.g. O to about 10 inches). Preferably,
the short-ranpe specification for olyject detection is presc-
lected 1o be the reduced rangs of sensilivity pravided by the
IR sensing circuit when mode enable signal E,. =1 15
provided to the desensitization port of syachronous reeciver/
transotitter 33, [n the illvstrated ¢mbodiment, the short-
range of ohject detection is about 0 1o about 3 inches or 5o
o provide CCD-like scanner emulation, Az will become
apparent hercinatice, the inherently limited depth and width
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of ficld associated with the shorl-range mode of object
detection prevents laser seanning mechanism 17 from food-
ing the scan fleld witk laser seanning light and Lhus inad-
vertently detecting undesired bar code symbols. Particular
uses 1o which object detection range sclection can be pul,
will be deseribed in greater detail bereinatter with reference
to FICi%. 11 A through 168 in particular.

As illustrated in FIGG. 4, laser scanninp mechanism 17
vowprises o light source S0 which, in general, may be aoy
source of intense light suitably selected for maiimizing the
reflectively from the object's surface bearing the bar code
symbol. Tn the illustralive embuodiment, light source S0
comprises a solid-state visible laser diode (VI.IY) which is
driven by a conventional driver circuit 81, The wavelength
of vizible lager light produced from the laser diode is
preferably about 670 panometers. Tn order to repeatedly scan
the produced laser beam over a scan field having a prede-
{ermined spulial extent in [root of the head portion of the
housing us illusiraled in FIGS. 3 and 3A, a planar scanning
mirror 52 is oscillated back and forth by & siepper motor 53
driven by 8 conventional driver cireuit 54. However, one of
a variety of conventional laser scanning mechanisms may be
allernatively used with excellent Tesulis. To seleclively acti-
vate laser light source 50 and scanning moior 53, the system
controller provides laser diode scanner enable signal By, and
scanning molor enable signal Ly, as input to drver cireuits
51 and 54, respectively, When enable signal B, is u Jogical
“high" level (¢, L,=1) a lascr beam is generaled and
projected through the light ransmissive window 10 and
when E,, is 3 logical bigh level the laser beam is repeatcdly
scanned across the sean feld.

When a har code aymbnl on an object is within the scan
field at the time of scanning, the incident lasce lipht on the
bar code will be scattercdd and reflected, This scatlering/
reflection process produces a laser light return signal of
variable intensity which represenis a spatial varialion of
light reflectivily characleristic of the spaced apart pattem of
burs comprising Lhe bar code symbol, Photareceiving circuit
1¥ deteets at deast a portion of the reflected laser light of
variable intcnsity. Upon delection of this reflecled laser
light, photoreceiving circuit 18 produces an analog scan data
signat T, indicative of the detected Light intensity.

I the illustrative embodiment, pholereceiving circuit 18
generally comprises laser light collection optics 55, which
[oeus reflecied laser light for subsequent detection by a
pheloreceiver 56 having, muownted n froot of its sensor, 4
frequency seloctive filter 57 which only ransmits oplical
radiation of wavelengths up to 4 small band above 670
nanomelers. Pholoreceiver 58, o turn, produces an analog
signal which is subsequently amplified by preamplifier 58 to
produce apalog s¢an data signal D, In combinaion with
luser scanning mechanism 17 and photoreceiving circuit 18
cooperate 1o generale analop scan data sigoals D, from ihe
scan ficld aver time intervals specified by the system con-
troller, As will be illusirated hereinafter, these scun data
signals are wsed by bar code presence detection module 20,
har code scan range detsction module 21, and symbol
decoding module 22 to perform particular functions,

As illustrated in FIG. 4, analog sean data signal T, is
provided as input to A/D conversion circuil 19, As is well
known in the arl, A/M conversion virouil 19 processes analog
scan dala signal D, lo provide 2 digital scan data siznal Iy
which resembles, in torm, A fulse width modulaled signat,
where logical 1™ signal levels represent spaces of the
scanned bar code and logicul #0" sigpal levels represent bars
af the seanned bar cade, A/ conversion circuit 19 can be
realized by any cooventional A/ cireuit well known io
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those with ordinary skill in the act. Digitized scan data signal
1, is then provided as input to har ceode presence deteclion
module 20, bar code scan rapge detection module 21 und
symbol decoding module 22,

‘I'he purpase and function of bar code prescoce detection
maodule 20 is Lo determine whether a bar eode is prescnt in
or ahsent [rom the scun feld over particular Wime otervals
specified by the system controbler. When a bar code symbol
is detected in the scan field, bar code presence detection
module 20 penerates second control activation signal A, (i.e
A,ulywhich is provided as inpul to the system controller, as
shown in F1G. 4. Preferably, bar code preseoce detection
madule 240 is realized us a microcodes program careicd out by
the microprocessor and associated peogram and butfer
wenory, <deseribed heccinbefore, The tunction of the bar
code presenee detection module is not Loy carry out a decod-
ing process, but rather to rapidly determing whether the
received scan dala sigoals represent o bar code symbol
residiog within the scao field,

There are & number of ways in which 1o achieve bar code
prescace deteetion through a programming implementutivo.
For example, in the profecred embodiment, bar code pres-
ence detection modole 20 detects the fiest and sccond
borders of the bar code symbuol “envelope”, This is achicved
by Grst processing a digital scan data signai D2 to Produce
digital “¢ount™ and “sign” data. ‘The digital count duta 15
representative of the measured tiae interval (i, duration) of
each signal level occurring between detected signal level
transilions which ocenr in dipitized scan data signal [, The
digilal sign data, on the olher hand, indicates whetber the
signal level between detecled signal level lransilions is
gither a kigical “17, representative of a space, or a logical
0", represeotative of a bar within a bar code symbaol, Using
the dipital covnt and sipn data, the bar eode presence
detcetion module ideatifies the first and second horders af
the bar ¢code envelope, and thereby determines whether or
nol Lhe envelope of o bar code symbol is represented by the
sican data collected from the scan field. When a bar code
symbol covelope is detected, the bar code symbol pressnce
deteciion module provides second eontrol welivaioen signal
A=l tu the system contraller, As will be deseribed in greater
detail hercinafter, sccond control activation signal Aoml
causes the device o uaderpo a transition from bar code
preseoce detection state 1o bar cods symbol eading slate.

Similar to the object detection cireu it deseribed abave, the
bar code presence detection module is provided wilh two
diffcrent mades of detection, namely: a long-range mxde of
har eode presence detection and a shomt-range mode of bar
vode presence delection. As shown in FIG. 4, these long and
shorl-runge modes are set by (he system controller vsing
mode select ensble signals Lig.,=0 and B, =1, respec-
tively. When induced into the long-range mode of detection,
e Liar code presence detection module will generate seeond
control aclivation signal Ao=1 whenever the envelope of a
bar code symbol has been detected, despite the pacticular
distaaee the bar code is from the light trapsmissive window.
However, when induced into the shori-range mode of
dutection, the bar code presence detection module will
generale second contrel activation sigoal Ag=-1 only when
the envelupe of a bar code symbol has been detected and
when the associated digital count (i.¢. timing) data indicates
that the detected bar code resides within the shor-range
porlion ol the scan feld.

Similar w long-range specification for object detection,
long-ranpge speciftcation for bar vode presence detection 1s
pressiecied 1o be the entire operative scanning range avail-
able to the device. In an illustralive embodiment, this range
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cin be from about O to about 10 inches from the trangmission
aperture, depending on the aptics employed in the laser
stanping mechanism and the response charscleristios of the
photorecciving circuit, These long and short-runge spocifi-
calions are schematically mdicated in F1GS. 3and 3A. In the
prefemed embodiment, shon-range specification for bar
cnide presence detection is preselected to be the same Tange
selected for short-range object detection (c.g. approximately
0 to about 3 inches from the transmission uperture). As will
become apparent hereinafller, the inherently limited depth
and widih of field associated with the short-range mode of
bar code symbol detection, prevents the reading of detected
bhar code symbuls residing outside the short-range portion of
the sean field.

Unlilce the bar code symbol presence delection module,
the purpose and fupctinn of bar code scan ranpe detection
module 21 is nat to detect Lhe presence of a bar code symbal
in lhe scan Oeld, bul ather to deicrmine the range (ie.
distance) at which a detected or deended bar code symbaol
resides from the light transmissive window of the housing.
As will be explained in greater detail hercinaticr, this data
processing module operates upon digital sean data signal T,
which has been previously vtilized by cither the bur code
symhbol delection module, or the symbol decoding module
depending on the state of the system.

When the system is induced into its short-range mode of
bar code presence delection, bar code presence detection
module 20 does nol aulomatically produes and provide
second conlrol aclivation signal Ay=1 to the system control-
ler upon 1be detection of a bar cade symbol in the svan eld.
Rather, when a bar code symbol has been detected, the bar
corde presence detection module first provides to the system
controller, a second control activation sipnal A. =1, indica-
live ol a detected bar code in the scan ficld, Then, bar code
scan range delection module 21 analyzes digital eount data
13,, produced by the bar code presencs detectinn madule, ©
dotermine at what range the delscled bar code symbol
resides from the light transmissive window. If scan range
detection module 21 determines that the detected bar code
symbul is located within the prespecified short-range porlivn
of the scan field, then it provides second control activation
signal Ag,=1 o Lhe system controller; otherwise, the scan
runge delection module produces sceond control activalion
sipoal Ag,=0. Only when both control sclivalion signals
A=l and Ayl are received by the system controller in
this mode, docs A,=1 and thus the bar code reading device
caused Lo undergo a transition from bar code symbuol pres-
ence detection state 1o bar eode symbolreading state.

Returning to FIG, 4, the Munction of symbol decoding
module 22 is o process, scan line by scan line, the stream
of digilized scan data Dy, in an attempt to decode a valid bar
code symbol within a predetermined time period allowed by
the system controller. In general, when symbol decoding
module 22 sueccsstully decodes a bar code symbol within
the predetermined time perind, symbal character data D,
(Lypically in ASCIT vode format) cormesponding to the
decoded bar cude symbol is produced. Thereupon, 4 third
control activation signal A,=1 is produced by the symbol
decoding module and is provided to Lhe sysiem controller in
order to perform its system control funclions.

Similar to the bar code presence deleclivn module, the
symbal decoding module is provided with two differcnt
modes of detection, namely: a long-range mode and a
short-range mode of bar code symbol decoding. When Lhe
system Is indweed inta its short-range mode of bar cude
symbal decoding, symbol decoding module 22 docs not
automatically pencrate third activation signal A,=1 upon
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decoding a valid bar code symbol. Rather, when a har code
syinbol bas been successfully decoded, the symbol decnding
unil firsl provides lo the system coniroller, a thind activation
control signal Ag=1, Indicative of a decoded bar code
symbol in the acan feld. Then, bar code sean range detection
meduie 21 analyzes digital count data De2 produced by the
symbol decoding module, o determine ar what rangs (ie.
distance) the decoded bar code symbol resides from the
transmission apertuee, If the bar code scan range deteetion
module determines that the decoded bar eode symbol resides
within the prespecified shorl-range partion of the scan lield,
than it provides third control activation signal Azy=1 tw the
system cantroller; ntherwise, bar code scan range detection
wiodule praduces third control activation signal Ay,=0. Gnly
when both control activation ﬁlgnalh A =1 and Agy=l are
received by the system controller in thas mode, docs Ay=]
and thus bar code eading deviee eawsed o undergo a
transition from the bar code symbol reading state to the
symbo) character dala Lrunsmission/storage state.

‘The lang-rangs and shorl-range modes of bar ende sym-
bol detection and decoding deseribed sbuve cach require the
wse af bar code scan range detection o determing whether or
nol the detected or decoded bar code symbul resides by the
sherl ur long-range poction of the sean fleld. As such, the usc
of 1his scan data processing lechnique permits the system of
the present invention to condilivo the oocurrene: of particu-
lar events within the system control program, ‘This teature of
the present invention will be illustrated in geeat detail
heretnaler when describing auxiliary system control routioe
of FIGS, 8A and SB.

As will be illustrated in gredter delail bereinafler with
refercnee to FIGS. BA and 8B, the system coatroller pro-
vides enable signals L., Ly and Bpp o dala format
conversion module 23, data storage unit 24 und data trans-
missioa cirenit 28, respectively, al particnlar stages of its

contral program. As illusirated in FIG, 4, symbel decnding 5

module 22 provides symbxol characier data L, to data fapmal
module 23 (o convert data D, inlo two differently formatied
types of symbul character data, namely 13, and D, Formal-
converted symbol character data 15 is ol the “packed data”
format, particularly adapted for efficent storege o dala
storage unit 24. Format-converted symbol charactor data [
is particularly adapted for data fransmisgion to host com-
puter syslem & (e, an clectronic cash register). When
sywbol charagter data 1, is ta be converted iolo the farmat
aof the user’s choice (hased on a selecled option mode), the
system controller provides coable signal Ep,,; to data slorage
unil 24, as sbowno in F1G, 4. Similarly, when [ormal coo-
verted data Dy is 0 be transmitted to host device 6, the
system controller provides enables sipnal Ly to data irans-

mission cireuit 28, Thereupon, dula teansmission eireuit 25

trunscits format-converied symhol character data Dy to host
computer sysiem &, via the data lransmission lines of tlexible
seanner eonneclor cable 5.

lo oeder to select either the long or short-range mode of
object (gndd har code range detection, the hand-supportable
bar code reading device [ provided with hoth manual and
avlomated mechanisms for effectuating such range selec-
tions. Por example, 2 manual switch 27 is mounted on Lhe
lop surfuce of the hundle portion of the housing, s thal long
and shot-range modes of ohject and bar code range detec-
tion can be selected by simply depressing this switch with
ones (humb while haodling the bar code reading device, This
switch provides control activation signal A =1 w0 Lhe system
conteoller, which in turn generates the appropriate mode
cnible signal B

[ the illustrated embodiment, magnetic field scosing
circuit 26 is operably associated with the system controller
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ta aulomatically generate conirol activation sigmal A=l
when the hand-supporiable bar code reading device i8 not
supporled within scanner support sland 3. As will be
described in preater detail hereinafler, scanner support stand
% locludes 2 means for producing a magnetic field in
proximity with eilher one of the head or hundle portion
support structures 12A and 121, With this arrangement,
magnetic fie)d sensing circuit 26 gouuau:h contral aclivation
sipnal Ag=1 when the magnetic field is sensed while the
hand-supportable bar code eeading device is received within
the scanner support stand. Addilionally, a indicator light cun
be provided on the housing of the hand-supportable device
to visually indicute the particular mode which has becn
manually or automatically sclected,

In geoeral, magnetic sensing cireuit 26 comprises a mag-
netic flux delector 60, a preamplifier and a thresheld deles-
ton circuil, Magnetic Alux delector 60 produces as ouiput an
electrical signal representative of the intensity of detected
magnetic Aux densily in its proximity. When housing ¥ {5
reeeived and supported in scanner support stand 3, as shown,
for example, in FIGS, 1, 13, 15, and 17, magnetic flux
detector 60 is in position to detect magnetic flux emanating
from a magneldc bar fAxedly mounted within the handle
portion supparl struclure of the scanner support stand. The
produced electrical sipnal from the magnetic Aux detector is
amplified by the preamplifier whose vulput is compared to
a predetermined threshold maintuined in the threshold detec-
tor circuit, If the intensity ol the detected magnetic Mux
exceeds the thrashold, lomg-range control activation signal
Ag=1 is provided to the sysicm controller.

As illustrated in FIG. 2, magnetic Nox detector 60 is
mounted 1o the rearward underside surface of the handle
portion of housing 9 in the illustraled ¢mbodiment, a ferrous
bar 61 is interiordy mounted to the underside surface al the
housing hundle portion a8 shown. As will be described in
greuter detail hereinalier, (his urrangement [acililales releas-
able mapnetic attachment of Lhe hand-supportable housing
i the mapnctic bar fixedly installed in the handle portion
suppart stoucture of Lhe scanoer support stand. Preferably, o
hole 61A is drilled through ferrous bac 41 to permit instal-
lation of magnetic flux delector 60 so that magnetic fux
cranating from the handle portion supporl structure is
detectable when the hand-supportable bousing 8 placed
within the scanner support stand, as shown in FIGS. 1, 13,
1%, and 17. In this configuration, magnetic flux detector 60
is in proximily with the souree of magnetic Qux (Le. map-
netic bar in the scanner supporl stand) and thus long-range
control activation signal A,=1 is provided to the system
cantroller. In response, the system controller enables long-
range ohject detection (¢, Epe=0). When the hand-
supportable howsing is removed from the scanner supporl
stand as shown in FIGS. 2, 11C, 14B and 168, the intensily
of the magnetic flux from the scanner suppart stand is na
longer sufficient in steengih to produce long-range mode
activation signal A, =1; instcad, short-range control activa-
tion signal A= is provided o the system controller, In
cesponse, the system controller enables shoc-range ohject
detection (1., Byy=1), and the automatic hund-supportable
bar code reading devies emulates Lhe operational eange of a
CCD scanner.

As illustrated in FIG. 2A, a thin ferrous plule 62 s
exteriarky applied Lo the underside of the head portion of the
hand-supportable bousing. As will be described in greater
detail hereinafter, the function of ferrous ¢lements 61 and 62
is to provide 2 means by which the plustic hand-supportable
housing can he magnetically attracted by magnetic elements
installed within head and handle portion support structures
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12R und 1207 when the bar code reading device is placed in
the seanner support. stand.

11 is understood that there are a varicty of ways in which
1o confipure the above described systom components within
lhe haod-supportable housing of the automatic bar code
reading Jevice, while sveccsstully ¢arrying out of functions
ol lhe present invention. In FIGS, 2A hrough 21, one
preferred arranpement is lusteated,

In FTG. 2R, the oplical arrangement of the system com-

ponents s shown, Specifically, visible luser diode 50 is |

mounted I the rear corner of cireuit board A3 installed
within the head porlion ol the housing, Stationary concave
mirrer 88 is mounted centratly al the front end of cirewit
board 63, primarily tor the purpose of collecling laser light
rellected off detected objects, Notably, the height of concave
mirror 55 Is such a5 not o block trapsnission apecture 13,
Mounted ¢l center onlo the sucface of concave mucror 55, is
a very small second mirror 64 for directiog the laser boam
w planar mirrer 52 which is conoected Lo the motor shatl of
scanning motor 83, for joint oscillatory movement there-
with. As shown, scanning mator 53 is mounted centrally at
the rear end of ireuit board 63 In the opposile rewr cornce
af circuit hoard 63, photodetestor 56 and frequency selective
[ilter 57 are mounted.

In operation, laser diode 50 adjucent the coar of the bhead
partion, produces a laser beam which is direcled in a forward
direction to the small stationary mirror 64 and is then
rellected back o oscillating mireor 52, Oseillating mirror 52
directs the lussr beamn through transmission apertuse 13 and
light transmissive window 1), while repeatedly scanuing the
luser beam seross Lthe scan field. Under the coatrol of the
ustr, the visible luser beam is aligned with a bar code symbol
o the detected nhject, sn that the laser beam seuns the bar
und space pallern thereol. A porlion of the scattered laser
lipht reflected from the bar code symbol is directed back
through the light trapsmissive window and towards oscil-
lating mirror 52, which also acts as a light retroreflective
mirror. Oscillaling mirmor 52 then directs the reflected luser
light 1w stationary concave collecling mirror 55 at the
forward end of Lhe head portion of the handsupportable
houwsing. The laser light collecied [rom the concave mirror
55 is then directed to photodotector 56 to produce an
¢leetrical signal representative of the deteeted intensity of
the Iaser Hpht reflected off the bar code symbol.

As illustrated in FIGS. 2C and 213, IR TED 34 and
photodinde 37 are mounted o cireail board 63, 10 front of
stativnary concave mirror 85 and in o sliphtly offset manoer
from longitudinal axis 158 of the head ponion of the housing.
Apertures 65A and 6513 are [ormed in opayue housing panel
14T, below ransmission aperiure 13, 0 permit (ransmission
and reception of pulsed [R cocipy sipnals, as hercinbetare
deseribed. In order ta shisld LR radiation from impinging on
photodiade 37 via the housing, a melllic optical tube 66
having an aperture 67 encases photodiode 37, The dimen-
sinms of aparture 67, the placement of [R LED 34 and its
radiation transmission characteristics callectively will deter-
mine the radiation pattern of the transmitted [R signal from
aperiure 65A in the housing. In order (o collect pulsed IR
radiation from the objcet detcetion fickd of designed
geomalry, photodiode 37 s locuied al o selecled distanee
behind aperture swp 658 formed in opaque housing panel
1413, as shown in [IG. 2D. By selecting the dimensions of
aperttre stop 65B and the placcment of photodiode 37 (and
integrally formed lens 36) hehind aperiure siop 65B, the
desired geometrical characteristics and the object detection
fielel can be directly determined, a8 described hercinbefore,

Iy order 1o prevent optical radiation slightly below 670
nanoemetcrs from passing through transmission aperure 13
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and coiering the housing, light tranemissive window 10 is
realized as a plastic filler lens L0 is installed over the
transmisgion apefurs, This plastic filler lens bas optical
characteristics which transmit only oplical radiation from
slightly below 670 nanoweters, In this way, the combination
of plastic Oller lens 10 a1 the lransmission aperlure aml
lrequency selective filter 57 betore photoreceiver 56 coup-
erale o form a narrow Dand-pass optical flier having a
center frequency £=0670 nanomeicrs, By permitting only
oplical radiation agsociated with the visible laser beam to
cnter the bowsing, this oplical arranpement provides
improved signal-to-noise ratia for delected scan data signals

1

In addition to the above-deseribed optical and electrn
uplival components, gireuil board 53 camies all vther ¢lec-
lronic components and associated cirouilry used in realiziag
IR ohjecl delection cireuit 16A, scanning mechanism 17,
pholoreceiving ciceuil 18, and A conversion 19, With
respect Lo the other syslem components, 3 second circuit
board 69 is mounted within the handle portion of the
howsing, 2s shown in FIGS. 2A and 2B, The function of
cireuit board 69 s o carry clectronic components and
associated oircuitry used in realizing bar code presence
detection module 20, bar code scun ranpe detection module
21, symbol decoding module 22, data formal convérsion
module 23, data storage voit 24, data transmission cirouil 25,
magoehc field delection circuit 26, manual range/mode
selection switeh 27, and systern controlles 28, All conductors
associated with flexible multiwire scanner cable § are elec-
trically connected tn cireuil board 69 in a manooer well
known in the ar. Electrical communication between cireuit
hoards 63 and 69 is realized using a plurality of cloctrical
wires jumping across these circuit boards.

Having described the detailed structure and internal funcs
lions of the aulvmalic bar code reading deviee of the
illustrative embodiment, the aperation of its system oontrol-
ler will now be described with reference to system block
diagram shown in FIG, 4, b inlensily versus time charac-
totistic shown in HIG, 6, and Blocks Ao CC shown in FIGS.
TA and 78,

Beginning, at the STARL block of Main System Control
Routine of FIG. TA and procecding to Block A, bar code
reading deviee 2 is initinlived. This involves continuously
activating (i.e. enabling) IR sensing circuit 16A and the
syslem contteller, The system controller, on the olher hand,
deactivates (i.c. dizables) the remainder of activarable sys-
tem components, s laser diode 50, scanning motor 53,
photoreceiving circuit 18, A/ conversion cirenil 18, bar
code prezence detection madule 20, har code scan dala range
detection module 21, symbol decoding module 22, data
format conversion module 23, data storage it 24, and data
lransmission ciecuit 25, All timers 'L, 'I; and I3 (not shown)
are maintained by the system controller, and as indicaled, are
reset o t=0 seconds,

Procecding to Block B, the syslem controller checks to
determine whether control activation signal A, m1 is received
from TR sensing circuit 16A. Tt this signal is not received,
then the system controller roturas to the START Block, If
sigmal A,=1 is reveived, lndicative that an objecl hus been
detected within the object detection fisld, then the system
controller proceeds o Block C, at which (i) timer T, is
started and is permilted to run for a preset lime period, e.g.
0='T,, =90 seconds, (if) timer T, is started and permitied to
run for a presel time period 0ZT,20.5 scconds, and (iii)
limer T, is stacted and permitted to run tor a preset lime
period (e, 0eT4<0.75 seconds, Notably, timers T, T, and
I'y may he implemented in a varety of ways well known in
the art.
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Procecding to Block D, the system contreller sclivales
taser dicde 50, scanning motor 53, pholorecciving circuit 18,
AL conversion circuil 19 and bar cade presence detection
module 20 in urder to collest and analyze scan data signals
D, for the purpose of determining whether or not a bar code
is within the scan field, Then, at Block E, the sysiem
eontroller checks o determing whether control activation
signul Ajwl is received from bar code presenece deteclivn
mudule 20 within time period 0ZT,Z£0.5 sceonds. If acti-
vation control signal Ag=1 i not recejved within this time
period, indicalive thal a bar code is nol present in the scan
ficld, then the systen controllsr proceeds w Block F.o At
Block F, the system controller deactivates laser dinde 50,
scanning motor 53, pholoreceiving circuit 18, A/L conver-
sion cireuit 19 and bar cude presence detection module 20
[ur a predetermined time period T, ey (8-8 0.5 seconds),
Thea the system contreller procecds to Rlack G 1o determing
whether the elapsed lime on timer T, is peeater than 90
seconds. If uot, then the system conlroller procesds to Black
[1, ar which the system wmtroller determines whether it
receives control activation sipnal A=0 from TR scnsing
ciruil 16A, indicative that the object is oo longer in the
object detection field. If this condilion exists, the systemn
coniroller reruens to the START Block, 1f, bowever, the
sysiem controller receives control activation signal A.-1
within time period 0<T, 290 secands, indicative that a bar
code bas been detected, Lhen the system controller provecds
lo Block [, at which the syslem controller resets and restarls
timers T, and T,.

Returping lo Block D, the system controller reactivates
laser diode 40, scauning mator &3, phatoreceiving cirevit 18,
amnd A/D conversion circuil 19, and the bar coxde symbol
prescnce deteetion module 20. Au this stage, fresh bar code
sean data is collected and subjected to bar onde presence
detestion data processing. Al ¢sseotially the seme lime, the
system controller delermines at Block F whether control
ackivation signal Agel is reccived from the bar vode pres-
ence detection wodule 20 within '1';=0.5 seconds, indicative
that a bar cods symbol has been detected withio the allolted
lime period, If control activation signal A; 15 pol received
within the lime period O0=1,=0.5 seconds, the systom
controller proceeds o Block F Lo deactivate laser dinde Si,
scanaing mator 83, photorcesiving cireuit 18, AM conver-
sion circuil 19, and bar code presenae detection moduls 20.

Al Block G, the system contmoller checks 1o determing
whelher Lhe elupsed time on timer T s grealer than 90
seconds. IF at Block H contrnl aclivation signal Aj=E,
indicative that an ohjcet is still present in the olyject detection
lield, the system controller then resels and restarts imers T,
and T, al control Block 1, and returns to contral Block T,
tepealing the operations specificd i the control loop deflned
by Blocks 13, E, F, G, IL, [, D, S0 long as the object appears
wilhin Lhe object detection field and the elapsed time on
timer I, has nat exceeded 90 seconds, the operation ol the

system controller will be governed by this control loop and s

the system will remain in the bar code symbol presence
deteetion state. While in this control laop, which can last up
W 90 seeonds in the illustrative embodiment, the visible
laser beam emitted from visible laser disde 50 comprises a
plane of pulsed laser light which *Rickers™ or “blinks" al 2
flicker sensitivity rate Ry, o, wrp ¢qual 10 1T, where
Tytruor 0qULs To+T, o non T cauals the time length of timer
T{,‘, andd Ty, o S0UaLS the time period that laser diode 50 is
inlecrnittently decnergized during the elapsed time period of
tmer 1.

Lruring har code presence detection state (e.g. 02T, =90),
the flickering nature of the laser scanning beam significantly
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improves the user's visyal peroeplibility thereol as it is
scanned across the detected object while the user attempls ta
visually register (i.c. align) the laser beam with the bars and
spaces of a bar code symbol on the delected object. The
improvement in the visual perceptibility of the fickering
luser scanning beam s manifested by the facl that the
flickering laser scapning heam is more visually conspicnous
than a Like luser beam of constanl luminosily or intensily.
This psychophysiolugical phenomenon is duc to the low
frequency pulsed nature of the laser scanning beam. While
it is understood in the ophthalomalogical art that the human
visual system is more sensitive to light flickering Delow
about 16 Hz than light of constant luminasity (i.e.intensity),
a0 one in the bar code symbol scanping ant has ever
recognized ur appreciated that this principle could be uli-
lized ta solve the visual perceplibility problem ocourring in
automnatic hand-held Iaser bar code symbol seanners.

The present invention solves the laser scanning beam
perceptibility problem in a highly effeclive manner by
applying the principle of “psychophysiological flicker sen-
gitivity” to the constenetion of the sutomatic laser bar cade
symhol scanner of the present invention, Specifically, by
cuusing, the intensily of lhe visible laser scanning beam to
Mivker at i rate Ry greater than about 0.10 112 and less
than about 16 He, the visual conspicuousness of the laser
scanming beam can be significantly improved, while advan-
tageously decreasing Lhe vutput powsr of laser diode 50, In
any particular embodiment of the present invention, the
tlicker frequency of Lhe visible laser scanning beam ean he
selected usiug the following provedure, First, a value will be
selected Lo time petiod 'T; which provides sufficient time for
the bar ¢ode symbol reader to capture muliiple lines of scan
data from the bar code symbal, This selection will depend on
the scanning velucity of the laser beum, 1he collection optics
and data processing considerations. Then, for any selected
value of Ty, the laser-oft time period T, ;.. pcan be selected
50 thal a desired value of Ry, withiv the range of ubout
0.1 1o about 16 Hz, is abtained. Then by setting parameters
T and I g 0 Lhe systeim controller, the desived ficker
trequeney will sutomatically be set within (he automatic bar
code symbel scanner,

When at Block (i, the system controller determines that
the ¢lapsed time on timer Ty eXeceds 90 seconds, it proceeds
ta Black 1, at which it remains until control activation signal
A, equals 0, indicative thal the object no longer resides
wilhin the object deteetion lisld. Whils the system contraller
resides at Block 1, laser diode 50 and scanning motor 53 ate
deactivated, thus conserving electrical power. The system
comiroller will reside aL Block J when placesd upon a coun-
tertop suiface for mare (han 90 seconds or when a object
temains o the scan Held for mors than % scconds, 1E at
Block 3 conteol activation signal A, dogs nat squal 1 {ie.
A, =), indicative that the objecl no longer resides in Lhe
vbject detection feld, then the system controller refums 1o
Block A and thereufier remains in the conlrol loop defined by
Blucks A, B, A wntil the same ar aanother objecl sppears in
the object detection feld. This return to Block A will occur
when the hand-gupportable bar code symbol eading device
s placed within supparl stand 3 [or a time period longer thaa
T,w0 scconds, o when beld in space without an object ia
its abjeel detection ficld for more than 90 seconds. Lhen,
when the same or another object is brought into the objection
detection fleld (while in the siand or during hands-on
operation), the system controller will leave the eontrol loop
defined by Blocks A, B, A

At that time, the pulsed laser scanming heam will be again
produced while the system controller proceeds through the
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control loap defined by Blocks D, E, F, G, H, 1, D during the
bar code presence detection siate af operation.

Il & Block E, the system controller receives control
activalion signal A;=1 within T,<0.15 seconds, ndicative of
a bar code symbol present in the scun fisld, then system
controller proceeds 1o Rlock K. At this control Block, the
syslem vontroller continues activation of laser diode 50,
scauning wolor 53, photoreceving cleuit 18 and A/D con-
version circuit 19, and eommences the activation of symbuol
decoding module 22, As will be deseribed hereinafter,
movemenl from coontrol Block E to Block K represents a
teansition from the bar code prosenct detection state 1o the
har code symbol reading stale. At Block L, the system
conlroller then delermines whether 1 receives control acti-
valion signal A;=1, indicalive that a bar code symbol has
been decoded within T,=0.75 scconds, It oot, then the
systen cantroller retuens to Block F, a1 which laser diode 50,
scanning maotor 53, and other acuivalable components ace
deaclivaled as previously described.

If at Block [, the system controller delermines that
cuntrol activation signal A,=1 is received from signal decod-
fog, wodule 22 within time period 020,75 seconds, indica-
tive that the detected bar code symbol hus been decoded, 1t
then procesds 1o Block M. At this cuntrol Block, the system
controller detcrmines whether the decoded bar code symbol
is different from the previously decodded bar code symbol. I
it is different, then the systemn controller proceeds (v Block
N, a5 ilfustrated. Ar this Ilock, the system controller con-
linues aclivation of laser diode 50, scanoing motor 53,
photorceciving circuit 18, and A/D conversion cirewit 23,
and eommences activation of data format eonversion mad-
ule 23, duls storage unil 24 and duls iransmission upil 28. Tn
affect, the user is given a full T, =% seconds to detsot and
decode vne or more dilferent bar code symbols on a single
object without having to remove the abject from the object
detection field, 1f, however, the decoded bar code symbol is
nul dillerent than the previously decoded bar code symbol,
then al Block I3 the sysiem conlroller checks o determine
whether timer 1, bas lapsed (Le, T,>0.73 seconds), 1 it has
not lapred, the system controller refurns and proceeds
through the control loop defined by Blocks [, M, B, L, within
which the deviee is permilled 1o succsssfully decode u
dutecwed bar code symbol in the scan Deld code symmbol
within the set time interval 0=1,Z0,75 seconds, If,
however, timer 'I'y lapses, then the system controller pro-
ceeds 10 Blogk F to resmier the control loop defined by
vontro] Blocks D, E, F, G, 11, I D. These operations ensure
repeated scannip of the beam aceoss the scan field, while
symbol charagter data s being appropdately formatied and
transmitted 1o bost computer system 6 by a conventional
data communication process well known i the arl, Notably,
movement from Block M to N represcnts a transition from
the bar code symbal reading state to symbol character data
Iransmission stale.

After transmission of symbal character data to the host
device 1% compleled, the system conlroller resnters (at Block
1Y) the control loop defined by Blocks [ E U G, KL L DL At
this stage of the coolol process, the syslem controller
deactivales laser dinde 50, scanning motor 83, photorecsiv-
ing wircuil 18 and A/TY conversion cireait 19 lor Ty, 0m=0.5
seeonds. This event represents & transition from the bar code
reading state 1o the remaining Y1) seeonds of the bar code
prcsenee detection state. Reentering this control loop rep-
resenis a transition from the bar code symbol reading state
back 10 the bar code symbal detection state, in which the
luser scanning beam flickers in the scan figld ar the flicker
rule Ry, defined above.
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The operation of avtomatic hand-supporluble bar code
readiug device 2 has becn described in conneclion with the
Main System Conlrol Routioe which uses control activation
signals Ay, Ay and A, This system control rowting operales
on two basic assumphions concerning TR sensing cireuit 16A
and bar code symbol presence deteclion module 20,
Specilically, the Main System Control Routing assumes that
the IR sensing circuit produges control sclivation signal
A, =1 wheoever an object is detected anywhere within the
operative detection range of the object detection field, It also
wssumes hat the bar code symbol prescnec detection module
produces conlrol activation signal Ay=1 whenever a bar code
symbol is detected anywhere within the operative scanning
range of the scan field. These assumptions causc state
transitivns during the operation of the antomatic bar code
symbuol reading device, when otherwise they may nol he
desired 1o particular applications.

Ior cxample, in some applications it may not be desicable
to automatically advange the bar code symbol reading
devive 10 its bar code presence delection stale unlil an object
bearing & bar cade is within the shorl-range portion of the
object delection field, as hereinbetore desceibed, Also, it
may oot be desirable o automatically advance o the bar
cade symbel reading state until a detecled bar code symbol
is localed within the short-runge portion of the scan field,
Also, it may not be desirable to automatically advance to the
symbol character data storage/transmission state until a
decoded bar code symbol is located within the short-range
portion of the sean figld. “Thus, in some inslunces, it may be
desirable (o condilion transilivn [rom (i) object detection 1o
the bar code symbol detection state, (i) the bar code syntbal
detection state to the bar codc symbol reading state, and (i)
the bar ende symbal rcading state to the symbol character
data storage/transmission state. Yet, in other inslunces, it
may only be desirshle 10 condition only ooe or two of these
slale transilions.

FIGS. 8A and 8B illustrate the Auxiliary System Control
Routine with IRRanpe S¢lection which provides the awtomatic
bar coddes reading device of the present invention wilh range
selection capahilities for object deleclion, bar code presence
detectinn, and bar ende symhol reading. These range selec-
tion [unclions are provided when the system controller runs
the Auxiliary System Control Rovtine of in cooperation with
the Main System Control Routine described shove. It 15
vndetstood, howewver, that this Auxiliary System Conurol
Routing may e adapted [or use with olher suitable sysiem
cuntrol programs.

Beginning at the START block and proceeding to Block
A of FIG, 8A, the system controller initially selecis the
long-range nhject detection made by letling the IR sensing
cireuit operate al full sensitivily (1.e. B, =0). To determine
whether the shon-ranpe mode of object detection, bar eode
symhol presence detection and bar code symbol reading has
been selected, the system controfler proceeds to Block B
and chechs whether it has received control activalion signal
A=l Ax described hereinbefore in connection with FIG. 4,
activation sigoal A, =1 can bo penerated in at least two
pussible ways, For example, the short-rapge mode may be
manualty relected by depressing switch 27 on the bandle
portion of the housing. Allernatively, the short-range mode
may be sclected by simply lifiing the bar code reading
device out from the scanner support stand, as illustraled in
FIGS. 2, 1IC, 4B, and 16B. In eithee case, prior to
aperating the bar code reading devies, it is preferred that
either the manual or avtomatic range mode selection mecha-
nism be programmably sel within the syslem controller by
way of bar code menu programming, a lechoique well
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knawn in the ar. For pueposcs of illustration oaly, the
Auxiliary System Control Rouline of FIGS, 8A and 88 wil)
be deseribed using the automatic range mode seleclion
m¢chanism provided by magnelic sensing circuid 26.

Il control activation signal A =1 iz recsived at Block 11,
then the system controller selects short-rangs object detec-
tion hy desensilizing the R sensing virewil, This is achieved
by providing mode selection coable signal Lige=1 as here-
inhefore deseribed. Then proveeding to Block KX, the system
conlroller enters the START block of Main Syslem Control
Routine of FIGS, TA and 78, Thercafter, the control fow
proceeds us prescribed by the Maio System Control Routine.
Notably, whenever the control flow in the Main System
Control Houtine retumns to the 5 TART block of [IG. 7A, the

system controller exits Main System Control Routine and |

returns 10 the START block of FIG. 8A.

As ilustrated at Block E' of FIG. 8A, wheonever the
contrel Alow is at Block D in the Main System Control
Routine, the system contealler activates bar code presence
detection 20 module and bar code scan raope delection
module 21, Therealier, while al any one of these contral
Blocks, the bar code scan range detection module processes
scan data signals [2; 0 as 1o produce digital count and sign
data as hereinbefore deseribed. As indicaled of Block ', an
acklitional condition is placed ou control Block E in the Main
System Control Routine so that 2 transition from the bar
cude presence detection state to the bar code symbol reading,
slale oceurs ooly if (1) the object is detecled in the short-
range portion of the object detection field, and (if) the bar
cude svmbol is deteeted in the short-range portion of the
sean field. In terms of data provessing, when the system
control {low is at any one of such blocks in the Main System
Coutrol Routing and the system contraller receives conlrul
octivation signal Ajwl, then the system controller also

delermines whether the digital count data af the detected bar

cude resides within the sho-ranpe conm interval.

If the produeed digital court data L., indicates 1hat the
deteeted bar code symbol is located wilhin the shorl-range
portion of tbe scan field, then ws indicated al Block G of
Fli3, 8B, the system controller continues activation of the
lascr dinde 50, scanning motar 53, photoreceiving circuil 18
anel AT conversion circuil 19, while commenciog activa-
tion of symbel decoding circuit 22, As indicated at Block H'
Whenever the control flow is a1 either Block [Lin the Main
System Control Routine and the system controller receives
Ihird comipal sctivation signaf A, m1, then the sysiem con-
troller determines whaother the dipital count daia 1 ; from
the decoded bar code symbol resides within the shorl-range
count jnlerval (e Ag,=1). I digital count data D, resides

within the short-range portion of lhe scan field (e Agy=l), 3

then as indieated at Block I, the system contraller proceeds
1o Block M in the Main System Control Rouline. I at Block
H' digital count data I3, is not within the shorl-range portion
of the scun field (fe. A=), then as indicated ac l3lock J',
the sysiem controller proceeds o Block 1 in the Main
System Coateel Rowtioe, 1f, however, digital count dala o,
produced at Block F indicates that the detecied bar code
symbot s not located within the short-range pottion of the
svan Deld (L, Agw0), then as indicated st Block K of FIG.
BA, the system controller proceeds to Rlock F in the Muin
System Control Routine.

Turning atention 1o Block B of FIG. 8A, the system
comdroller may not receive contral activation signal A=l
trom range sclection circuits 28 or 27, as indicated at this
Block, lnstead, short and long-range mode capabilities can
be aulomatically selected by reading bar code symbaols, This
cun he sehigved by propeamming symbal deeoding module
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22 1o recognize predesignated bar code symbols which
aulomatically activate and deactivate long-range and shon-
range modes of objecl delection, bar ¢ode presence
detection, and/or bar code symbol reading, This meghunism
for automatic range selection is highly advantageous in
many applications, such as, fur exanple, reading bar code
menus, CCD scanner enulation and the like.

As indicated at Block B in FIG. 8A, when control
activation signal A,=1, the system controller aclivales the
long-range mode of objcet detection by letling IR sensing
vitcuil 16A operate at full sensitivity (ie. L =0) , are
indicated al Block L' Then at Block MY, the system con-
woller caters the STAIRT hlock of Main System Control
Rouling of FIGS, 74 and 7B. As imdicated at Block N,
betore cotering Block N ool the Main System Contral
Routine, the system controller determines whether the sue-
cesslully read bar code symbuol is a bar code symbel which
has been predesipnated to activate the short-runge mode of
otject detection, bar eodde presence detection andfor bar code
symbol reading. This condition is determined by the syslem
controller checking whether control activation sigual Ag=1
is received from the symbol deending medule shawn in FIG,
4, 1f control setivalion signal Ag=0 is reecived by the syslem
coniroller, then ss indicated at Block O, the syslem con-
troller proczeds to Block M of the Main System Control
Routine. If, however, control activation signal A,-1 i3
received, then as indicated at Block P, the system controller
activales the shom-range mode of object delection by desen-
sitizing IR sensing circuit 16A (1.6, Egypy=0). This operation
vnsures 1hat control sctivation signal A, is produced anly
whea an object is detected within the short-range portion of
the object detection ficld, As indicated al Rlock Q' of TIG.
BA, wheaever the system controller 15 at Block D in the
Main System Conirel Routine, The system controller acli-
viles bar code pregence deteetinn module 20 and bar code
sean range detection module 21,

Az indicated at Block R, an additional condition 1= placed
on control Block L in the Main System Coatrol Routine.
Specifically, & trunsition [rom the bae code presence delec-
tion state 10 the har code symbol reading state occurs only
if the detected bar code symhol resides in the shortrange
poriion of the scan field. This condition is satisticd by Lhe
sean range deleclion module determiniog whether or not the
dipital count data of the detected bar code symbol falls
within a prespecified short-range counl interval It this
dipital count data does not (4]l within the short-range count
inlerval, then as indicated at Block R', the system controller
proceeds o contral Block Foin the Main System Control
Routing, 3% indicated al Block K'. II, however, the digital
count data js within the prespevified shon-range count
interval, then coatrol activation signal A, =1 s provided to
the system controller as ilustrated in FIG. 4. 1o this instance,
both control activation signals Ag, =1 and Aj =1 are pro-
vided 1 the system controller so as to effectuate a transition
to the bar code symbol reading state, ‘This cvent is repre-
senled al Dlack G' of FIG. 88 by the system controller
conlinving the activation of laser dinde 50, scanning motor
53, pholoreceiving circuit 18, A/D conversion circuit 19 and
bar cous scan ranpe deteclion module 20, while deactivaling
bar code symbol deteetion module 21 and activaling symbol
decoding moduls 22

As Indicated at Block H' of FIG. 8B, when the control
fow is aL Rlock 1. in the Main System Control Routine and
the system ontroller reecives control activation signal A, =
1, then the system coatraller determines whether the digital
count data of the decoded bar code gymbol i3 within the
short-range counl interval. If the bar codc scan 1ange dete-
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tion module delermines that decoded bar code symbol
resides within the prespecified shorl-rapge portion of the
suvan Beld, then it provides 1hird conlrol activaiion signal
Ay~1to the system controller, cawsing the bar code reuding,
device (o undergo a transition 1o the symbol character data
Iramsmission/slorage state. Tn this cage, ss indicaled at Block
U, before enterng Block N in the Main System Cuntrol
Routing, the symbol decoding medule determines whether
the decoded bar code symbal is a short-range mode deacti-
vativn symbol, If the decoded bar cnde is such a symhal,
then as indicated at Block V', the system controller activates
the long-range mode by letting IR sensing wircuit 16A
operate at full seasitivity (ie. Eg,,=0), while deactivating
bar vode scan range detection module 21, Thercafter, the
system controller proceeds 10 Block F in the Main System
Contrel Routine a5 indicated at Black W. If, bowever, the
decaded bar code symbol is not a shorl-range mode deac-
livalion symbol, then as indicated at Block U, the system
contreller proceeds directly to Block N in the Maln System
Control Routine, as indicatcd at RBlock X. [f, howgver, as
inclicated at Block T' the deeoded bar cude symbal does oot
reside within the shorl-range portion of the sean field, Lhe
systewn progesds to Block F1,

aving described the operation of the illustrative embodi-
ment of the automatic hand-supportable bar code readiog
devicy of the present invention, it will be helpful to describe
al this juncture the various eonditions which cause slale
transitions 1o occur during its operation, In this regaed,
referencs is made o F1G, 9 which provides a state fransilion
diagram for the illusirative embodiment.

As illustrated in F1G, 9, the automatic hand-suppurtable
bar codle reading device of the present invention fas four
lasie stales of operation namely: ubject detection, bar code
symbol pregence detection, bar code symbol reading, and
symbol character data transmission/storage. The mature of
cach of these states has been described above o great dotail,
These [oor states are schematically Qlusirated as A, B, C and
D, mespectively, in the state trapsition diagram of FlG. 9.

As shawn in FIG. ®..transitions hetween the various slales
are indicated by dircetional arrows. Desides each set of
directivnal arrows are lransition conditiuns expressed in
terms of control sctivation signals (e.g. A, Ay and A;, and
where appropriate, state time intervals (6.8 Ty, Ta, and Ty).
Conveniently, the state diagram of FIG, 9 expresscs most
simply the four basic operalions cceucring during the coutrel
flow within the system conteol program of FIGS, A and 7B.
Sipaniticantly, the control activation signals A, A, and A, in
F1G, % indicate which cvents within the objest delection
anlfor scan fislds can operate to effect a state transition
within the allotted tinne frame(s), whers preserihed.

Referdng now to FIGE. 10 through 10K, the scanner
support stand of the present invention will be described,

As illusteated in F10GS. 10 throuph 108, scanner stand 3 of
the illusirative embodiment comprises support trame 12
releasubly connected 10 8 base support/mounting plate 70 by
way of a snap fit fasteniog mechanism illustrated in F1G.
13¢, In the illustrative embaodiment, support frame 12 is
farmed us an injection molded shell, in which handle portien
support structure 128 is realized by a first support recess 71
whereas head portion support structure 12C is realized by a
scoond support recess 72, As shown ip FIG. 10, first supporl
reeess 71 s disposed above base portion 12Aand inclined al
a firsl acute anple B, with respect thereto, while second
suppurt tecess 72 is disposed above base portion 12B and
inclined al u second avdle angle B, with respect therelo.

Ashest shawn in FIG. L, first support recess 72 is formed
by a first substantially planar supporl surface 73 surrounded
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by the projection of opposing side walls 74A and 748 and
rear wall 74C, extending above planar support surface 73 in
a perpendicular fashion. The function of suppurt recess 71 is
io receive and support the handle portion of hand-
supportable bar code reading device, $imilarly, second sup-
purl recess 72 is formed by a secund substantislly planar
support surface 74 surrounded by the prajection of opposing
side walls 76A and 768 and front wall sucface 76 exiend-
ing, above planar suppart surface 75 in a perpendicnlar
fashion.

The function of supporl recess 72 is to receive and support
the head portion of hand-suppartahle bar code reading
device 2. Tn order that the bandle portiom of hand-
supportable bur code reading device 2 can be roecived
within support recess 71, cear wal! 74C has a scanner cable
apertur: 77 which permits fiexible scunner cable 5 1o extend
frecly out beyond suppart recess 71, Also, front wall pro-
jection 76C is slightly lower (hao side wall projection 76A
and 76H to ensuce that pulsed IR enerpy is freely transmirted
from and received by object detection eircuil 164 contained
within head portion 9A. At the same Wme, this strugtural
feature of the seanner support stand ensures that visible laser
light is projected, scanned and ¢ollected threvgh light trans-
missive windaw 10 witbout obstruclion, i.e, when the auto-
matie bar code reading deviee is operated in ils automatic
hands-free mode, shown in FIGS. 15 and 17.

In order to ensure that the hand-supportable ber code
reading device of the prosent invention will be securely, yot
releasably supported within support recssses 71 and 72 and
not ensily knocked out of the scanner support stand during
the hands-free mode of uperation, first uud sccond magnetic
elements 77 and 78 are permanently mounted Lo the under-
side of planar support surfaces 73 and 7%, respectively, as
illusteated in TIG. 10B. With this arrangement, magnelic
tiux of constant intensity continucusly cmanates from sup-
port teeesses 71 and 72, As 4 result, when the handle and
head portions of the bar code reading device are placed
within support recesses 71 and 72, ferrous elemcnt 61 in
handle portion %A i magoetically atieacted 10 magnctic
lement 77, while ferrous ¢lement 62 on head partion 9B is
magnetically aitracted o magoetic element 78, The mag-
netic toree of atiraction between these elements is selected
a0 that & desired degree of furce is fequired Lo lift the
automatic bar code reading device owt of scanaer support
stand, while proventing accidental displacement of the
device from the scanner support stand during wse in the
hands-free mode of eperation,

As illustrated in FICL 10A, base suppoct/meunting plate
70 is [ormed 85 @ thin planar struclure having perimetrical
dimensions substantially cqual to the perimetricsl dimen-
gions of the base portion of support frame 12. At the front
and rear end portions 70A und 70D of base plate 70, a pair
of projections 7% and 80 extend perpendicululy, a3 shown.
Projections 79 und 80 have horizontal fanges 794 and BUA,
respectively which are adapled 1o snap fit inlo horizontal
gruoves K1 and 82, formed on the interior surEaces of front
and rear walls T6C and T4, as shown in FIGS. 10A, 108
and 13c.

To facililale movnting of base plate 70 on a planar
meunting surface, as illustraled in FIGS, 12A aund 121, a
puir of spaced aparl mountiog holes 83A and 83B ure
pravided, To facilitate attachment of buse plate 70 to pivelal
joint assembly 97 of pedestal huse 98, as illustrated in TGS,
1¥A through 18C, a sot of lour centrally disposed mounting
holes 84A, 848, 84C and 84D are provided. To facilitaie
support of hase plate 70 upon a harizontal support surluce,
as illustrated in FIGS, 1LA through 11D, a sct of four rubber
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feet B5A, R51, 85C and BSD may be adhesively applicd 1o
the underside comers uf the base plate 70.

In ocder to eliminate the confision produced by various
cables used 1o conneet aulomatie bar code scanning device
7 1o its extcmal power supply (oot shown) and asgociated
Liost computer sysiea 6, an adapter module 86 1s concealed
within the imerior volume 87 contained betwesn the lterior
surface of hase portion 12A «f the suppodt frame and the
upper surface of base plats 70. 1n the illustrated
embuodiment, adapter module 86 is adhesively affixed Lo the
contral portion of the upper surface ol base platc 70, as
Qlustrated in FIG. 10A. Scanper connevtor 3 of flexible
ccanmer cable 8 is plugged into scanner jack $6A ol 1he
adapicr module, and the communication cuble connector of
lexitle communication cable T is plugged into communi-
cation jack 868. Similarly, the power supply connector from
the NC power supply eable § is plugged Into power supply
Jack 8607, as showa, Witk Lhese interconnections establisbed,
support frume 12 is suapped onla base plate T, s heacin-
hefors described, fexible scanner cable 3 is routed throwagh
aperture 87, and Nexible communization and power supply
zahles 7 and & are rovied throvgh aperture 88 focmed in the
lower portion of coar wall 740 of the support frame, as
shown in FIG. 10,

10 the illustrative embodiment, antomatic bar code read-
ing device Z requires one regulated 13C supply voltage to
power the visible laser diode and other electronic and
oplu-glesronic camponents mounted on circuit boards 63
and 69. However, in many applications, a 12V 1 supply
vollage is available at the point-ol-sule station. Thus, in
order o convert the 12V DC supply voltage (o a v DC
supply voltage, a D00 voltage eonverter is ineOEpo-
rated inio adapter module 86, In this way, o acddition to
praviding interoonnections Letween the commuuication
lines of the flexible scanner and communicalion cahles,
aclupter module 86 also provides 8 means for converting the
voltage level of the Qexible power supply cable o ane or
more required voltages Lo be utilized in the bar code reading
device. The automatic bar code reading device of the present
invention has been deseribed in grest detail. Thus, it is
appropriate at this juneture 10 iljustrale the aulomatic hands-
on and hands tree modes of operation of the sysfem while
utilized in different mountiog installations.

In FIGS., 1A theough 11D, a paint-of-sale station i
shown comprising a0 clscironic cash register 6 operably
connected 1o te aulomalic bar code reading systea ol the
present invention by way of flexible communication cable 7,
Low vollage D power is pravided to the system hy way af
flexible power supply cable 8. 1o this particular mounling

installation, scanoer support stand 3 meludes rubber feel s

§3A through 850 und is supported on 2 harizontal counter-
top surface 90, Il necessary or desiredd in such mounting
installations, base plate 70 may be weighted by allixiog one
or more dense mass clements to the upper surface of the base
plate.

With awlomatic har code reading device 2 supported
within scanoer support stand 3 us shown in FIG. 114, the
syslern is auiomatically induced into ils anlpmaulic long-
range hands-frec mode of operation. Tlowever, owing to Lhe
positioning of bath vhjeet datectivn and sean fields in this
mountiog installation, only bar code symbols located on
small, very low profile abjects can be asily read. In order
t induce the system into its shorl-range hands-on mode of
operation, the user simply eneircles the handle portion of the
handsupportable devies with his or ber logers, and then lifts
the dewvice out of the scanner support stand, as shown in FIG.
1113, With the automalic bar code reading device held in the
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user's hand, and a bar coded objeet 91 in the other hand, the
ohject is moved into the shorl-range portion of the ohject
detectian feld as shown in FIG, 110, whers the abject is
automatically detected and bar code symbol 92 aulomati-
cally scanned by the visible laser beam repeatedly scanned
across the scan fiold. Alter the bar code symbol has been
successfully read and an eudible and/or visihle indication
thereof produced by successful read indicator 120, the bar
code teading device i placed back within the scanner
support stand, as shown in FIG. 11A, where it is pnce again
induced it ils long-range hapds-free mude of operation,

[n FIGS. 12A and 128, the scanncr suppoct stand of the
present invention is shown being installed on a vertical
counter wall surface ol a poinl-of-sale station having an
elecimonic cash register 6. As shown in F1GY. 12A and 138,
1 install the scanner suppor stand, a pair of spaced apart
mounting screws $4A wnd 9B are partially screwed Nt
vertical counter wall surtace 93 20 that base plate 70 will be
vertically arranged slightly below horizonlal counlertop
aueface 9%, Then, mounting holes 83A and 838 and screws
94A 20 and 94R are passed through base plate 70, and then
the base plate is slid down slightly and serews 94A and 948
completely threaded into the vertical counler wall surface.
Afigr auaching adaptor module 86 and flexible scanner,
communication and power supply cables 5, 7, and 8 into
their respective jacks in the adaplor module, support frame
12 is snap fitted over the maunied base plate, as shown in
FIG. 128, 1o provide an installed automalic bar eode reading
gystern, as shown iu FIG. 13,

With automatic bur code reading deviee 2 positioned
within scanner stand 3 2z shown in FIG. 14, the system is
automatically induced into its Iong-range hands-fres mode
of operation, In this configuration, bar code symbol 92 on
object 91 can be casily read by the user graspiag the object
and bripging it into the short-range poction of the object
detection feld, as illustrated in VIC. 14, Thereupon, the
object is automalivally delected sad bar coude symbol 92
scanned by the visiblc laser beam repeatedly scanned across
the sean field.

In order to read bar code symbols in the short-range
hands-on mode of operation, the uscr grasps the handle
purtion of the bar code roading device ax illusirated in HG.
15A, and lifts it oul of the scanncr support stand. Then the
vser brings object 91 into the shuri-range portion of the
ohject detection ficld as illusirated in FIG. 13H, s as two
aulomatienlly detcct the vbjcet and scan bar code symbol 92
with the visible faser boam repeatedly moving across the
sean field, Afler the bac eods symbol has been suceessfully
read and an audible andjor visible indication thereof
praduced, the bar code reading device is placed back into the
seanner suppotl stand, awtomatically inducing the sysiem
into its longerange hands-free mode af operation.

In FIGS. 16 cough 178, 2 point-of-sale station is shown
comprising the avtomatic bar cude reading system of the
presenl invention operably connected 1o clectronic vash
register 6 by way of flexible gommunicalion and power
supply cables 7 and 8, In this particular mounking
installation, scanner supportt stand 3 is pivotally supported
ghove 1 horizoatul counter surfsce 96 by way of a pivulal
joinl assembly 97 connected to pedestal base 98 mounted
under the electronic cash register, ag illuswrated in FIGS. 1%
and 18C,

As more clearly illustrated in F1G. 18, pivotal joint
assembly 97 comprises a ball structure 99 joined to a
maounting plale 100 by an extension 101, The pivotal joint
aasembly 97 also comprises a semispherical recess 102




Case 2:03-cv-02912-H.-MF Document 1 Filed O6/17/(‘Page 29 of 50 PagelD: 29

3,925,870

29

formed in the end of a eylindrical support post 103, As
shown in FIG. 18A, a ball zlamping element 14, having a
semispherical recess 105 and a hore 1086, is connected to the
distal end portion of support posi 103 by an adjustment
sarew 107 passing through bore 106 and Mireaded into a hole
108 in the distal end portivn of the support post. By roluling
knal» 109 attached to adjnstment screw 107, aligned semi-
spherical recesses 102 and 105 cun be sufficiently separated
apart to receive and retain Dall structure 99 With this
struclural arcangement, ball structure 99 can be securely
clusped within semispherical recesses 102 and 105 at any
desired oricmation by simply lighteniap adjustment screw
107 with several turns of koob 108, As illustraied in FIG.
18A, mounting plate 100 is fixcdly connected 1o basc plate
70 by bults TI0A through 1101 thresded through hules LLIA
through 111D and 84A through 84D, respectively.

As illvstrated (o FIG. 18, the proximal ensd of support post
193 is fixedly connected o the uppor portion of pedestal
hase member 98A, by screw 112, In order 1o maintain the
scanner support stand stationary during bar ¢ods ceading
operations, pedestal base member Y85 is meunted under
electrunic cash eegister 6. When inswlled in the manner
illustrated, scanner support stand 3 can be adjustably posi-
tioned and locked inlo virtvally any orientation in three-
dimensional space, owing to the three principle dejrecs of
freedom provided by the pivolal joinl assembly, In FIGS.
164, 18, 188 and 18C, these degrees of freedom are
illustrated with respect to the caresian coordinate system
shown embedded within the pivotal joint assembly of the
pedestal-mounted scanner suppuort stand.

With aulomatic bar code reading device positioned within
scanper stand 3 as shown in FIG. 16, the system is auto-
matically induced inle ity long-cange hands-free mode of
operalivn. By simply moving object 91 inle (e objoet

detection field, the har ende symbal 92 is repeatedly seanned ™

by the visible laser hearn scanned across the sean field. To
induce (he avlomatic bar eode reading syslem iolo its
short-range hands-on mode of operation, the wser siply
grasps Whe automalic bar code reading devies and Lifis it out
af the scanner supporl stand, s flnstrated o FIG. 17A.
Then, by placing object 91 into the short-range portion of the
ohject delection fleld, the object is awtomatically delected
und bar code symbol 92 scanned by the visible luser beam
repealcdly seanned across the sean feld. After the bar code
symbol has been suceessfully read and an awdible and/or
visihle indication thereof produced, the astomaltic har code
reading device can be placed back ineo the scanner suppurl
stand, awtomatically inducing Lhe sysiem ioto its loag-cange
hands-free mode of operation.

Tfaving deseribed the prefarred embodiment of the prescnt
invention, severs] moedilications come 10 mind.

For cxample, in shermative embodiments of the preseot
invention, the auwvmatic hand-supportable deviee may not
incorporate within its housiog, electronic cireuitry for car-
rying ow conteol, deceding other data processing [unctions,
instead such electronic cireuilry may be contained within 4
remale unil operably associated with the hand supportable
device by way of the flexible sconner cable. In this
embodiment, the hand-supportable device will function as
an antomatic hand-supportable aser scunner. Allermatively,
the housing may be adapled lor hund-mounting.

‘I'he automatic bar code reading device and seanner sup-
poristand of Lhe present invention provides a fully automatic
bar code reading systen characterized by a automatic long-
range hands-tree and short-range hands-on mode of
operation, highspeed symbol recopnition, and versatility.
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'The automatic hand-supportable bar code reading device
of the preseat jnvention has been provided with a wide
variely of complex decisinn-making aperations, endowing
the system with a level of inelligence hitheria unatlained in
the Bar code symbol reading ant. Within Lhe spirit of the
present iovention, additional decision-making operations
may be peovided ta further enhance the capabilities of the
system,
While the particular iklustralive embodiments shown and
deseribed above will be useful in many applications in code
symbal reading, [uriher maodifications to the prescat inven-
tion herein disclosed will oceur to persons skilled in the art.
All such wodifications are deemed W be within the scope
and spirit of the present invention defined by the appended
claims,
Whal is claimed is:
1. A bar code symbo! reading system baving a bar code
symbol detection mode of opecation and 2 bar code symbol
reading mode of operation, said bar code symbol reading
SYSeIN COMprisiog,
& housing having a light transmissivo aperture through
which visible light can exil and enter sajd housing;

system activation means disposed in said housing for
producing an sctivalion sigaal indieative of an objcet
located within al leasi a porion of a sean feld defioable
external 1o said housing;

a lasec boam source in said housing for producing a visible

lager beam within said housing,

laser beam directing means in said housing, for directing
suid visible laser boam through suid light transmission
uperture and into said housing;
seanning mechanisin in said bousing for scaoning said
vizible lager beam across said scan field and a bar code
symbol on said object in response to production of said
aetivation signal, said scanned visible luser beam flick-
eriny in said scan field at a rale in the range from about
0,5 Hz to about 16 1z 50 a8 (0 improve the visual
conspleuousness of suid visible laser beam in suid scan
field during the bar code symbol detectivn mode of
nperalion;

light detectinn means in said housing, for detecting the

intensity of laser light reflicted off said har code
symbol, and for automatically producing scan data
indicative of the detected intensity of said reflected
lascr light;

sean dala processing means for processing produced sean

dala 50 as to detect and decode said scanned bar code
symbal, and upon detecting and decoding said scanned
bur code symbal, aolomatically producing symbol
character data representative of suaid detected and
decided bar code symbol; and

conirol means for controlling the opcration of said bar

eode symbol reading system,

2. The bar code symbol rcading system of claim 1,
wherein said bar code symbol has first and second envelope
borders, and wherein said scan dala processing means com-
prises

means for detecting said first and second envelope borders

uf said seanned bur cods symbol, and

means for decoding said detected bar code symbal

3. The bar code symbnl reading system of claim 1,
wherein said housing comprises a hand-supportable sirus-
ture supportable within 2 stand, and gaid hand-supportable
structure has a head poction and a handle portion, and
wherein said lascr beam sourae, sajd laser beam directing

=




Case 2:03-cv-02912-H.MF Document 1 Filed O6/17/'Page 30 of 50 PagelD: 30

5,925,870

31
means, said scanning mechanism, snd said Hght detection
means are disposed in said head portion.

4, The har code symbol reading system of claim 3,
wherein said system aclivation means comprises an objegt
detector for aulomatically generutiog sald sclivation signal
in response to the automatic delection of said object in at
least a portion of said scan field.

% Ihe bur code symbol reading system of cluim 4,
wherein said object detector comprises

a signal transmitting means for transmilting 2 signal into
said scan field, and

2 signal meosiving means for receiving said transmiticd
signal reflected off said objecl in at least a portion of
waid scan figld, and automalically penerating said acli-
vatinn signul.

6. Ihe bar code symbol eading system of claim 5,
wherein said signal transmitting means comprises an infra-
red kight souree for wansmiing a pulsed inlra-rcd light
signal, und wherein said signal receiving meaus COmprises
an infra-red light detector disposed in said hund-supportable
housing [or recciving at least a portion of said pulscd
infra-red lipht sigpal.

7. A method of reading bar code symbols using a laser
scanning Unit having a bar code detection made of aperation
and a har cude symbol rewding mode of operation said
method comprising the sleps;

(1) bringing an objcct in a nun-coatacting relationship
with said laser scanning unil 50 that said objecl is
located within at least 2 portion of a scun field definabls
external 1o said luser seanning unity

(b) pencrating an sctivation signal indiestive of the pres-
ence of said object located in at least a portion of said
sean feld;

(¢) in response Lo Lhe peocration of said activation signal
during step (b) and autematically entering said bar code
symbol detection made of operation;

(1Y awomatically producing trom said laser scanming
unit, u visible laser beam which (i) is scanned across
said scan fietd and a bar code symbol on said object,
and (i) Mlickers in said scan ficld at a rute in the range
frum about 0.5 Hx to about 16 Hx 50 s to improve
the visual conspivuvisocss of said visible laser beam
in said scan fleld during said bar code symbol
detection mode;

¢2) at said laser scanning unil, awtemativally detecting
at said laser seanning unil, the intensity of laser light
retlected off said scanned bar code symbol, and
awtomalically producing scan data indivative of the
deteeted intensity of said reflected laser light, aod

(3) automatically processing produced scan data in
order to detect said scanncd bar code symbol on said
ohijoct;

(1) upon detecting said scanned bar code symbal, auto-
mativally eotering said bar code symbol reading mode
of operation, and continuing Lo produce scan data
ndjcative of the detected intensity of laser light
reflected of sald deteeted bar code symbol, and auto-
walically provessing produced scan daly in order fo
decode said detected bar code symbol on said objecl,
and

(¢) upon decoding said detected bar code syaibol, aulo-
matically producing symbol character data representas
live of said detecied and decoded bar code symbal,

8. The methad of claim 7, wherein said bar code symbal
has tirst and second envelope bordees, and whevein subslep
() (3) compriscs detesting said first and second covelope
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borders of said bar code symbal und decoding said delected
har code symbol.
9. The method of claim 7, wherein step (b) comyprises
wencrating said activation signal from an ohject detcetion
mechunism disposed in said laser scanning uoit,
10. A bar code symbol rcading system for use by a user
endowed with u human vision system having a critical
flicker Proquency, said har code symbol reading system
having a bar code symbol detestion mode of operation and
a bar code symbol reading made of operation, said bar cade
symbel reading syslem comprising:
1 howing having  Light transmissicn aperfare through
which visible light can exit and enier said housing;

system gelivation means in said housing for producing sn
aciivation signal indicarive of the presence of an shject
within at lewst a portion of a scan field definable
external 1o said housing;

laser heam source in s1id housing for produciog a visible
laser beam within sajd housing;

laser heam diteeting means in suid housing, fur directing
saitl visible laser heam through said light trapsmission
aperiure and into said scan fcld,

a scunning, mechanism in said housing for scanning said
visible laser beam aeross suid scan Reld und a bar code
symbol on said object, doring said bar code symbal
detection mode and said bar code symbal reading
mode, said scanned visible laser beam [lickering in suid
scan tiold during saidl bar code symbol detection mede,
at » rale below the critical flicker frequency of the
users human visual system so as to improve (he visual
couspicuousness of said visible laser beam in said scan
field during said har cade symbol detection mode ol
operation;

light detection means in said bousing, for detecting the
inlensity of laser light mflected off said scanned bar
code symbal, and for automatically producing scan
data indicative of the detected intensity of said reflected
laser light;

seun data processing means fur processing prodused scan
data during said har code symbel detection mode and
said bar cods symbul reading mode, 0 as to detect and
decode said seanned bar code symbol on said detegted
objeet, and upen detecting a0d deending said scanned
bar code symbol, sulomatically producing symbol
character data represcatative of said delected and
decoded bar eode syinbol; and

control mesns fue controlling the operation of said bar

code symbal reading system.

11. The bar code symbal reading aystem of claim 10,
wherein sald object deteetion comprises

a signal lransmitling means [or ransmitting « signal iot

suid sean field, and

a signal receiving means for receiving said Lransmitied

gipnal reflected off said abject in al least a partion of
said svan ficld, sod sutomatically geocrating seid acti-
vatjon signal indicative of (he detection of said object
in af least a portion of said scan field.

12, 'The bar code symhol reading system of claim 11,
wherein said signal transmilting means comprises an infra-
red Hght source for transmitting a pulsed infra-red light
sigmal, and wherein said signal receiving means COMpTiSes
an infra-red light detcetor disposcd in said hand-supportable
huusing for receiviag said pulsed infra-red light signal.

13. The automatic bar code symbul reading system of
claim 10, wherein said housing comprises a hand-
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supportahle structure suppostablc in a stand and said hand-
supportuble structurs comprises a head portion and a handle
portion, and wherein said laser beam source, said lager beam
directing means, said scanning mechanism, and said light
delection means are disposed in sald head portion.

14. A method of reading bir code symbols using a laser
seanming unit having a bar code symbol detection mode, said
method compiising the steps:

{#) bringing an object in & Don-contacling relationship
with #aid laser scaonging unil so that said object s
lucarcd within at least & portion of a sean field definable
cxternal to said Jaser scanning unil;

(b) pencraling an activation signal indicative of the pros-
cnee of said abject in al least a portion of said scan feld
and induecing said lascr seanning unit into said bar ende
symbal detection mode;

(¢} in response to the generation ol said activalion sipnal
during step (),

(1Y avtomatically producing from said laser seamning
unil, a visible laser beam which is scinned across

[\}

4

said scan field und & bar code symbol on said object,
and said scanned visible laser beam fickers in suid
sean field w a rate less than the critical flicker
frequency of a user’s human visual sysle, 50 ax 1o
improve the visval conspicuousaess of said visible
laser beam in said scan field;

(2) at said laser scanning unit automatically detecting
Lhe intensity al laser light reflected off said bar code
gymbol, and sutamatically producing scan daia
indicative of the detected intensity of said reflected
laser light, and

(%) automatically pracessing produced scan data in
order 1o detect and deeode said scanned bar code
symhol; and

{d) upen detecting and decoding said bar code symbal,
automatically producing symhbal character data repre-
sentative of said detected and decoded bar code sym-
bxal,
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BAR CODE SYMBOT. READING 5YSTEM
HAVING AUTOMATIC HANID-
SUPPORTABRILL BAR CODING SYMBOL
READING DEVICE AND STAND FOR
SUPPORTING PROJECTED SCAN FIELD
TIHEREQK

This is 8 Continuation of applivation Ser. Now. 08/690,677
fiked Jul. 31, 1996; which is a Continuation of application
Sce. No, 08/470,069 filed Jun, 7, 1995 now U.S, I'at. Mo,
5,591,953, which is o Continvation of application S¢r. No,
08/147 833 filed Nov. 4, 1993 now U S, Pat, No, 5,424,525,
with 5 & Continuation of application Ser. No, 07/583,421
filed Sep, 17, 199 now LS. Pat. No. 3,260,553,

BACKGROUND OF THE INVENTION

1. Field of the Tovenlion

"The present inventing relates generally to autnmatic code
symhol reading (i.c. recognition) systems, and mare particu-
Tarly to an avtomatic code symbot reading devies having a
control system which permits multiple modes of fully auto-
mzled operation while conserving power and providing
versatility in its method of use.

2. Briel Description ol the Pror An

[litherto, a number of wohnigues have been proposed for
reading bar code symbols using hand-held deviees, Despite
variety amongst prios wt bar code symbol eading devices,
the various tschniques incorporated inlo prior art devices
can be classified into twoe principally distiner classes,
namely, muanually vperaled or triggered bar wode symbol
reading, and antamatic har eode symbol reading.

Representative of prior arl muoually operated bar code
symhol reading devices are U, Pat. No, 4,387,297 10
Swartz, et al., U.S. Pat. No. 4,575,625 1o Knowles, and U5,
Pul. No. 4,845,349 to Cherry. While such prior art devices
are capable of successful bar code symbol reading, they
nevertheless suffer from several significant shortcomings
and drawbacks. In pacticulat, the vser is required 10 manu-
ally pull & trigger or push a butlon cach time scanning and
decading is to bo cyelically initiated and terminated, The
requirement is most fatiguing oo the user when large oum-
hers of har code symhnls are to be read. Also, in cerlain
symbol reading, applicalivas, such s warehouse nventory,
pulling the teigper to [itiate scanning of bar code symbols
muy b extremely diflicult for the wser due lo the physicul
location of the vbjects bearing the bar vode symbols,

An alternative 1o manually operated a bar code symbol
reading devices is use ol automatic bar code symbal readers,
which incorpotate techaiques for awtomatically imitiating
and terminating scanniny, and decoding operalions. Repre-
sentative of prior art autematic bar code symbol devices are
U.S. Pat. No. 4,639,606 o Boles, et al. and U8, Pat. No.
4,933,538 to Heiman ¢l al. While capable of automatically
witiating scanoing of bar code symbols, such prior art
devices and incorporated techniques nevertheless also suffer
from significant shoricumings and drawbacks.

In particular, US. Pal. No. 4,639,606 1o Boles, et al.
discloses laser emissinn contral circuitry for use in imple-
menting a hand-held triggerless bur code scanner. The laser
i5 operated o a pulsed “hod papec” mode unol a reflected
sizgnal is obtaincd, indicating the presence of an abjest (e,
paper) in the search lield. Thersupon, the cirouiley is
changed 10 a “search rmode' in which the power of the laser
15 wergased to above the safely linits Lor a period of time,
and the return signal is monitored for signal transitions
carrespanding o the black bars of the code, On detection of
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the first black bar, the cireuilry 1s chanped to an “in-code™
(decode) mode as long as successive symbols are received
within u given perod ol Lime, IE the decode mode lerminales
within a predetermined time interval (¢.g., one second aller
the beginning of the search mode), then the search mods is
re-enlered, otherwise the decode mods will ehungs o find
paper mods.

While the 1dggerless bar code symbol reader proposed in
L3, *at, Mo, 4,638,606 possesses three modes of operation,
this prior an bar cixde symbol reader nevertheless suffiers
from several signiticant shortcomings and drawbacks. In
particular, this prior act bae code symbol reader requires
continuous use of a pulsed laser besm lo determine the
presence of an object within the scan ficld, which, in
hand-held portable ballery power devices, undesirably
drains limited power reserves, especially in extended time
duration bar ¢ode reading applications. Also, this prior arl
device not knowing whether a bar code symbol is actually
present in the suan field, requires commencement of decode
processing upon detection of the first black bar, Undesirably,
this typically nccessitates powering and initializing u pro-
grammable device such as a microprocessor, tor decoding
scan data that may likely contain no bar ¢ode symbol at all.
Consequently, this characteristic of such prior 2n bar code
symbol reading devices resvlts in further consumption of
power.

US. Pat. No. 4,933,538 discloses a bar code symbol
scanning system, which in the “object sensor mode” the
scanner is triggerless and the constantly on laser beam
normally emits at a narrow angle and low power. Whea an
indicia pattern indicative of a bar code symbol has been
detected, the lascr beam will widen, the power of the beum
will increase, and the beam will read the eotie symbol.
While this prior art scanning technique permiis detection of
bar code symbals within the sean field in order that the
power of the laser bearn may be sutomatically increased to
a higher level for collecling scan data for use in decoding
uperutions, this prior ut system nevertheless suffers from
several signilicant shoricomings and drawbacks as well. 1o
particular, this prios art system requites continwous wse of
laser emission to determine the presence of both abjects and
bir code symbols within the scan ficld, which necessarily
results in drain of limited power reserves in portable battery
power applications. In addition, the extensive use of a laser
beam to perform objoct and bar code symbol detection
funetions Implicates neccssity for laser emission control
TN&ARUTES.

In general, prior arl auwlematic bae code symbol reading
devices also suffer from other shoctcomings and drawbacks,
Fur example, unlike manually operated devices which rely
oD the user 10 activate 4 trigeer, onee for each bur code Lo be
read, prior art trigeerless (i.e., automatic) bar code symbol
reaching devices lack intelligence capahilities neccssary to
privent ungesired multiple reading of bar code symbols,
particulaely when the scanning beam is permitted to dwetl
on a bar code symbol for extended periods of time.

Further, priot art auwtomatic bar code symbol meading
devices have lacked control capabilities which permits
diverse modes of programmable system-conteol opetation,
while preventing misresds and inwdvertent mulliple reads
ang ensuring conservation of power.

"T'hus, there is a great need in the code symbol reading an
Lor a fully automatic code symbol reading deviee which
avercames the above shortcomings and drawbacks of prior
ant devices and wehnigues.

Accordingly, it is a primary object af the present invention
1o provide a fully avtomatic hand-holdable bar code symbol
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reading device capable of automatically reading bar code

symbols in accordance with user-seleciuble system-control
aperatinns.

Adfurther object of the present invention is 1o provide such
an automatic bar code symbol reading device incorporating
# cooirol system having a plurality of conteol centers, cach
of which can be assigoed predetermined control functions
that enable operation of particular device components in
aceordance with & user-sclectod system-control operation.

A further phject of the prescat iovention is 1o provide such
an automatic bar code symbol reading device, in which upon
the oeeurrence of predetermined condilions, one or morc of
lhe conlrol cenlers are capable of overniding certain of the
uther control cenlers so thal a wide number of syslem-
control aperations can be carried oul in a puwer conserviog
wanner, (o permit avtomatic reading of bar code symbols in
a variety of diverse applications.

Arnother ubject of the present invention is to provide such
an automatic bar codde symbol reading device, in which the
gystem contral architecture readily permits exiension of
additiona! system-contral operations by formulating and
programming functions belween a fixed number of control
aclivation signals and coable signals pravided as input and
output sipnals respectively, 10 one ar mure control centers.

A [urther object of the present invention is fo provide an
avtomatie hand-noldable her code symbol reading device
which is capable of determining the preseoce of an abjoct
without enabling the scanning means of the deviee,

Annther object of the present invention 15 to provide a :

hanid-holdable bar code symbul reading device which is
capahle of distinguishing belween a bar code symbol and a
regular pattern of light and dark ateas such asthat farmed by
printed charactens, and to only ¢nable decods processing of
scan data upeon the deteetion of a bar code symbol in the scan
field of the device. Consequently, the device is capable of
disregarding all text wilthin the scan field, and enabling the
symbol devoder ouly by an actual bar code symbol.

An even furlher object of the present invention is to
provide an automatic bar vode symbol reading device which
prevents multiple reading of bar code symbols dus to
dwelling of seanning beam upon a bar code symbol for an
extended period of lime.

Yet a fusther object of the present invention is 1o pruvide
an improved method of automatically reading bar code
symbols,

These and further abjects of the present invention will
Lecome apparent bereinaller and in the ¢laims.

SUMMARY O TIIL INVENTION

According w0 oue ol lhe broader aspects of the present
inventinn, there is provided a fully automatic hand-holdable
har code symbol reading sysiem.

In general, the aslomalic bar code reading device com-
priscs systom activation means, seanning means, pholure-
ceiving means, analog-to-digital conversion means, bar code
presenee delection means, and symbol decoding means. The
purpose of Lhe syslem aclivation means is to provide a first
control activation signal indicalive of the presence of an
ubject in the scan field. The purpose of the scanning means
is o produce a light beam and scan the light heam across the
scan field. The purpose of the photoreceiving means s to
delect at least a purtion of light of variable intensity reflected
uff the ubject in the scan field and produes an anelog signal
indicative of the detected light inensity. The purpose of the
anulog-1o-digital conversivn means is to convert the analog
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data signal into a digital daia signal indicative of the detected
light intensity. The purpose of the bar ¢ode presence detec-
tion means Is o produce a sscond control activation sigaal
upon detecting the presence of a bar code symbol on the
ubject in the scan field, on (he basis ol the analog or digilal
data sipnal. The purpose of the symbol decoding means, an
the other hand, s o produce symbol character dala and &
third contre] activation signal wpon decoding a bar code
symbol on the basis of the digital dala signal. Notably, the
produced symbel character data will corrgspond to the
decoded bar code symbol.

Another aspect of the present invention is 1o embed (he
above-described system components within a conteol system
having individual eontrol centers, sach of which arc respon-
sive 1 particular control activation signals generated by Lhe
systemn components. In accordance with the architecture of
the contrel system, certain of the contro] centers can over-
ride other cuntrol centers, providing 8 marked increase in
systom-control operation and versatility,

Based on the control system of the present invention, il is
yet further possible ke now read bar code symbols in a fully
automualic manner without rigk of inadvertent mulliple reads
and the like, owing to the fact the control architeciure of the
present invention provides intelligence capabilities o the
syslem,

BRIEF DESCRIPTION Ol THE NRAWINGS

For a fuller understanding ol the objects of the present
invention, the Dretailed Description of the Prefemed Embod;-
menl will he taken in conncetion with the drawings,
wherein:

FIG. 1A is a perspective view of an awtomatic hand-
holdable lascr bar code symbol reading device constructed
in accordance with 1he prineiples of the present invention;

F1G, 1B is & cross-sectional elevated side view slong the
longiludinal extent of the bar code symbol reading device of
FIG. 1A, showiog various hardware and soltware compo-
nents wsed in realizing the illusirated ¢mbodiment;

FIG. 1C is 4 cross-sectional plan view along the longitu-
dinal exlent of the bar code symbol reading device of TIGS.
1A and 1B, also showing Lhe various components wsed in
realizing the illustrated embodimen;

FI3. 2 s block Tunctional system diagram of the bar code
symbol reading device of the prescnt invention, illustratiog
{he prinvipal components of the device as being inlegrated
within the control system herenf;

I'1G. 3A is a block [upclional diagram of a first embodi-
menl of the sysiem setivation means of the bar code symbal
reading device of the preseat invention,

[16G, 313 is a block functional diagram of a sccond
cmbodiment of the system activation means of the present
iovenlivno,

FIG, 4 is & block functional diagram of the bar code
presence dotection means of the bar code symbol rcading
device of the present invention;

FIG. 5 is a logical functional diagram of the first control
means of the control system of the present invention,

F1G5, 6 i5 a logical [unction diagram of the second control
means of the control syslem of the present invention;

FIG. 7A is a functional block diagram of the third control
means of lhe contral system of the present invention,

FIG. 7B is 2 flaw chart of & control program camied out
in the third control means for the case of system-control
operation No. 2 (i.e., path option 2) of the illustrated
cmbodiment;
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FI(35. BA, BB and BC, taken topcther, show a high level
Auw chart illustrating three user-sclectable courses of pro-
grammed system operation that the ¢ontrol system of the
illustrated embodiment may undergo,

FTG. 9 is a stute diagram illusteating the various stales that
the bar code symbol reading device of the Olustratcd
embodiment may undergo during (he course of its operation;
and

FIG. 10 is a perspectve view of a surface-mouvntable
suppert stand adapted for receipt of the hand-held bar code
symbol reading device of the present invention and faeili-
Laling table top wse thereal.

DETAILED DESCRIFTION OLF THE
PREICRRED EMBODIMENT

‘The: awtomatic bar ende symbol reading system 1 of the
present invendion, is generally illustrated in FIGS. 1 throogh
0.

As shown in FIG. 2, bar code symbol reading system 1
comprises a number of aystem components, namely, sysiem
activation means 2, scanming mewns 3, photoreceiving
means 4, bar eode presence delection weans 5, analop-to-
digital (AT conversion means 6, symbol decoding means
7. data format conversion means 8, symbol character data
storage means ¥, and dala transmission means 100 As
Hustrated, these sysiem components are embedded within a
programmable control sysiem having a unique architecture
which provides a preat depree of versatility in system
capability and aperation, 35 well as power conssrvation. The
structure, (unction and advanlages of this control system
arohitecture will be described in great detail heecinafier,

The contral systew of e present invention comprises
essentially three major components, namely [limt control
means ((7,) 11, sceond control means (C) 12, and third
eontrol means (C5) 13, As will be described in greater detal
hereinafiler, second control mesns 12 is capable of “ovor-
riding” (i.e., exhibil and/or ¢nable) first control means 11,
whereas thind conlrol means 13 is capable of overnding
second control means 12 and frst control means 11 As
shown in FIG. 2, such control override funclions are carried
oul by the generation of confrol override signals{L.c., C,/C;,
C/Cy, and Ca/C,) transmitted between respective cantral
slructures,

While not illustrated in the drawiogs tor purposcs of
clarily and avoidaoce ol obluscation, avtomatic bar code
symbol reading device 1 includes s conventional power
supply which is eapable of providing requisite power o each
ol the system components, when and for time presceibed by
the control system hersof. Typically, un on/off power switch
or tunctionally equivalent device will be provided external
to housing 14 to pormit the user to twm oo devics 1, When
pawer switeh is itially cogaged to its ON position, pawer
will omly he provided to sysiem activation means 2 1o snable
its uperation, while, for example, unly bissing voltapes and
the like are provided to all other system components so that
thev are each initially disahled from operation.

In accordance wilh the present invention, the purpose of
ayslem activation mcans 2 is to produes first control acti-
valien signal A, upon determining (i.¢., detecting) the pres-
ence of an objedt (e.g., product, document, sic.) within ibe
sean lield of bar code symbol reading device 1, as illusirated
in FIG, 1A, In turn, fiest control activation signal A, is
provided 4s input to both first and third control means 11 and
13, reapectively, In FIGE, 3A and 3B, two different
approaches o generating first control activation signal A,
are diselosed.
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In FIG. 3A, a passive technique is illustrated, in which
passive defection of ambient light within the scan field is
perforued inorder 10 determine if an object is present withia
the scan Held of the automatic bar eode symbol reading
device 1. As illusiraled in FIG. 3A, passive ambient light
deteclion eircuil 2A vowprises 3 pait of photo diodes 15A
and 158, which sense ambient light pathercd from rwo
different parts ol the scan feld in front of deviee 1, using
fcussing lenses 16A and 168, respectively. The vutput
sipnals of photodiodes 15A and 15B are coaverted to
vollages by current-to-voltage amplifiers 17A and 17B
respectively, and are provided as input to a differsntial
amplifier 18, The cutput of differential amplifier 18 i
provided as input to a sample and hold umplifler 19 in order
1o reject 60 and 120 Hz noise. Oulpul signal of amplificr 19
is provided as inpul {o a logarithmic amplifier 20 to compand
signal swing. The pwpul signal of logarithmic amplifier 20
s provided as input lo 3 differentislor 21 and then o a
vomparatar 21, The cutput of comparator 21 provides lnst
contral activation signal A,.

In F1G, 3B, an active technique is illusirated in which an
infrared signal is transmilled oul inte the scan field and tirst
conlrel activation signal A, is generated upon receiving a
reflection of the transmitted sipnal off an object within the
scan field. As (lustrated in FIG. 3R, infrared object detection
circuit 28 comprises a synchranous receiver/transmitter 23,
which includes un infrared LED 23 which gencrates a 900
nanameler pulsed signal at a rate of 2,0 KHZ. This pulsed
signal is lransmitted theouph focusing leos 23 fo illuminate
the scan field, When an object is preseot within e scan
field, a refected pulse signul is produced and focussed
through Tocusing lens 24 onto photodiods 28, The autpul of
photodiode 18 corcected to a voltage by eurrent-lo-voltage
amplificr 26, and the outpul thereof is provided as input to
receiver/iransmitter 22, 1o synchronously compare the
received signal with the transmitled signal and determine if
an object is present in the scan {ield. If 50, then synchronous
receiver/iransmitler 22 produces fiest conteal activation sig-
nal A, =1 indicative of such condilion. First control activa-
tion signal A, w1 upon being gencrated activales first control
means 11 which, in turn, enables operation of scanning
means 3, phoworeceiving means 4, and bar code presence
delection means 8, as will be described in greater detail
hercinafier. In order to conserve power and improve signal-
to-noise ratio at photoreceiving means 4 during scan data
collection operations, it is peeferable for first control means
11 1o peneraty and provide a disable signul By 1o infrared
olject detection cirenit 2B whenever first contral means 11
cnables the scanning meuns 3.

As illustrated in FIGY, 2 and 5, first control means 11 is
preferably realized by a circuil capable of pencrating
coabling signals E;, E. and E, for the scanning means,
photoreeeiving means and bar code preseoce detection
means, respecltively. As will be deseribed in detail
hercinafice, the specific operation of first control means 11 s
dependent on the stale of three sets of input signals, namely,
fimst control activation signal A, C, override signals from C,
(i&. C,/C, inhibit signal and € A, enable signal), und C,
override signals from Oy (e, C/C; inhibit sipnal and C,/C,
enable signal). As shown, first control activation control
sipnal A is provided to the “STARL™ input of Umer 28 upon
which it produces a “high™ output signal for a firsl prede-
termined time period (ie., T, seconds). Preferrably, time
perind T, is selected (0 be about 0.3 seconds,

As [llustrated in FIG. 5, the output signal of timer 28 is
provided as an input 1o AND pale 2%, with its other inpui
connecled o the RESET input of timer 28, The output of
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AND gate 29 is provided asan input o ¢ach of O gates 30,  whether 3 bar codé s prosent in or absent from the scan field,
31 and 32. C,/C, inhibit signal [rom second control means  Over Hme imtervals specifid by st control means 11 during
12 and C,/C, inhibsil signal [rom thind! control means 13 are nurmal modes of operation and by thind conirel means 13
provided as npuls to MR gate 33, whereas C,/C; enubic during control overrde modes of operation. When the
signal from second control means 12 and C./Cy egable frum 3 presence of 2 bar code symbol in the sean field is
third control mesus 13 are provided us inputs W OR gale 34. Jdeteriuiped, the bar cade prescRos detectivn means § gen-
As shown, the cutput sigaal of OR gate 34 is provided 1o he  erates sccond eontrol aclivation signal As (6., A=1) which
other input of OR gates 30 and 31, whereus the output sigoal i provided as inpul 10 cecand comteol means 12, a5 showi
from NOW pate 33 is provided a5 fnput to AND gate 20. in FIG. 2.
7, /C4 enahle signal is also provided as input to OR. gate 32 As illustrated in ¥IG. 4, bar code presence detection
Lo complele the description of the wircuit realization of fist means 5 is provided with eaable signal Eq which Is nsed 0
control means 11. As indicated in FIG. 5, the outpuls of OR coable circuiley employed in the realization of the bar cade
gates 30,31 and 32 pravide enable signals E,, E, and E, lor presence detection means. 1n the prefered cmbodiment, bar
The scanming means, photpreceiving weans and pur cade  cude pIESEmCE Jetection means 5 i realized a5 2 bar code
preseaue detection 1HGANS, respectively. Notably, disable povelope detector which processes analog scan data sigmal
signal K is praduced fram the output of OR gate 0. D), s0 as 1o produc: 8 sigmal, (he intensity of which indicates
‘As illustrated in FIG. 2, scanning means 3 compriss 8 the. gencral envelope ol a har code within the sesn field.
light source 36 which, in general, may be any source of Upon such dewectian, har ¢nde covelnpe detectar 3 produces

intense light suitably selected [of maximizing the rellee- second contrul activation sipaal Ay=1 which is provided as
Gvely [rom the vbject, ln the preferred embodiment, light 5 input 1o second control means 12
source 36 comprises a solid-slate visible laser diode (VLMY As shown in TIG. 3, analog scan data signal Dy i#

which is driven by a conveotional driver gireoit 37, fnorder  provided as input to & difforentialer 44 comprising capacis
to deflect the laser beam oulput from laser diode 36 over a lance clement Cy and resistive clement Ry, to produce the
coun Aeld having a predelermined spatial extend in Cront of first de rivative signal of signal L. "The ticst derivative signal
from portion 14A of housing 14 in FIG. 1A, 8 conventional g5 18 then amplified by o differential output amplifier 45, to
scanning mirror 38 can be oscillated back and forth by a produce a5 outpul amplified positive and negative [est
slepper motor 39 driven by o conventivnal driver citeuit 4, derivative sipnals, which in turn are provided as input to 2
as shown, However, one of 2 variety of conventignal scad- positive peak deleclor 46. The vutput sigaal of positive peak
ning mechanisms may he lternatively uscd with exeellent detector 46 1s provided as inpul 10 a compariter 47 which
results. Tu selectively activake bath laset ight source 36 and 3y BENETRLES positive and nepative haf code detect (BCID)
motor 39, scuning means cuable signal E, is provided as ag sigoals.
fmput e both driver Grouits 37 and 40, When epable signal ‘As iNustated in T1C. 4, the positive and negative BCD
E, is u logical shiph™ level (1.6, L =1), scanning means 3is signals are then provided as jrput and RESET sipnals to both
gperible, # laser bean is penerated and scauned across the integoaters 48A and 483, Positive BCD sipnul is also pro-
scan field, and scan data is therehy produced ofl any object 35 vided as inpul 1o pulse poneramr 50, which generales pulscs
residing within the sean tield. upun the delection of the pepative cdges of the positive BCD
In a conventional manuer, when an abjecl, such as product signal. As shown, the output signals af integratess 484 and
bearing a bar code symbel, s within the scan field at the time 48D are pravided as first inputs 10 compariters 494 and 490
of scanping, lhe laser begm incident thereon will b respectively, whereas an covelope barder theeshold voltage
reflected, producing & laser light return signal of variable 4p V) uod bat code threshold valtage V, are provided as second
jntensily which represents 2 spatial variation of light refiec- inputs o cumpariters 494 and 498, tespectively. Hoarder
livity characienistic of the spaced apart paliern of bars  voltage V, is 8 DC: cofereace vollage whose value can he
comprising (he bar code symbol Photoreceiving means & is determined on he basis of the tme constant of intecgrater
provided for the purposc of detecting at least a portion of  4BA, ils pain, and the lime duration of the minimuwm pequired
laser Light of vanable inensity, which is coflected off (he a5 whoarder width” of the bar code symbol. Bar code threshold
abjeet uud bar code symbol within 1he scan ficid. Wpon such v, i also a DC reference vohage whose value can bo
detectiog, photo recelving means 4 produces au analog dafa determined on the basis of the Ume constant of intergrates
signal 13, indicative af the detected lght intensity. In 48P, its gain, acd the time duration of the minimum required
guneral, pholoreceiving weans comprises scal data collec- “har code lenpth”.
tion optics 41, such 45 1 toeusing mirror, which focus scan s The output of compaiiers 49A and 49D are provided 10
data signals tor subsecuent detoetion by & conventional tbuSgutcsnt’lath:sSl and 52, respectivel v and the Q) gates
photo coceiver 42. Photoreceiver 42 in tum, produces an of these latches arc provided as inputs 1o AND gite 53, as
analog sigoal indicative of the intensily of the sean data shown in F1G. 4, The cutput of AND gale 53 is provided as
signal, which is suhsequently amplified by preamplifier 43 jnput to the S gate of latch 54, whereas the R gate of lach
1o produce anakig suan data signal 1. In vombination, 55 54 is conneeted W the R gate of latch 51, The output of pulse
scanaing means 3 and phelorcceiving means 4 pperate 1o generator 50 is provided as lnput Lo the IR gate of latch Lr3

gencrate scan data fromy the scan ficld, aver Hme ‘ntervals  The aulput of lach 54 provides second vontrel activation
gpecificd by fisst control means 11 during noraal (1.0 sipnal A,, Which in twm, is provided s jnput 1o second
noncunml-overrde) modes ol operation, and by {hird con-  control means 12, as shuwn in FIG, 2. The vperalion of the

trol means 13 during “cont rol override” modes ol aperation. g bar code envelope deteolor £ is crusntially as follows. 1f the
As will illusteated hereinafler, this sean duta is used by hoth autput signals of bath comparitess 48A wnd 491 go “high”
hat code presenue delection means 5 and gymbol decoding hefore the next RESET pulse from pulse gencrator 50 is
means 6. provides to lawh 52, \hea the outpul of latch 54 will go
As illustraled in F1G. 2, analog soan data signal D, is “high” (8., Ay=1) indicating ihat a har cade is present in the
provided as fnput 1o bolh bar code prescnee dotection means 65 S@D lield.
& a5 well 28 AT} CONVETRION MEANS &. The primary puTpass in general, when the presence of a har code in the scan
of bar cude prosence deleclion means £ s (o determine feld & detocted, second aclivation control signal As is

e
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generaled, sceond control means 12 is activated and fiest
conirol means 11 is overridden by sccond control means 12
through the transmission of eontral override signals {i.e.,
¢/, inhibit and C,4C; cnable signals) from the second
contral means.

As illustrated in FI6G. 6, second contro) means 12 profer-
ubly includes a timing means 55 whose outpul sipial
remains high for a sceond predetermined time period T,
Preferrably, time period T, is selected 10 be about 1.0
seconds. Second control activation signal A, is provided 1o
the start input of iming means 55, whils the output thercof
is provided as an inpul to ANL gals 56, as shown. Third
contral means 13 provides a puir of C, override sipnals (i.e.,
,/C; Aand Op/,B), as inpul to second control means 12, as
shown in FIG. 2. The (./C, whibit signal is provided in the
second input of timing means 55, The Co/Cy emable signal,
on the other hand, is provided © the first input of OR gales
§7 and 58, wheteas the outpul of ANTY gale 56 s provided
as second iupt 1o cach of OR pates 57 and 5%, As illustrated
in 10, 6, the output signal of dming means provides bath
€,/ inhibit und C,/C; onuhle signals, whereas the output
of OR gates 57 and 58 provides cnable sipnals B, and E, Lor
emabling A/D conversion means 6 and symhol decoding
means 7, respectively,

Upan detecting the presence of & bar vede in the scan 5

field, sceond control activation sigoal A, activales second
coutrol activation means 12, which, in tarn, directly enables
AD cogversion means 6 and symbol decoding mewns 7 by
enabling signals E, and Eg, respectively. [ndirecly, second

control means 12 enables scanning means 3 und photore-

ceiving means 4 and disables bar code pressnce detection
means 5 by praviding ) override signals 1w frst gontral
means 11,

A/D couversion means 7 can be realized by any conven-
tional &/0) eireuit or chip, and funclions to converl analog
scan data signal 1Y inke  digilal sean dala sipnal B,
corresponding W the detected intensity of laser light col-
lested and detecied at photareceiviog means 4. The digitized
sean data signal D, is provided as Inpul 1o symbol decoding
means 7, which scan line by scan line, decodes processes in
4 conventional manner, the strcam of digitized scan dala.
The decoding means 7 processes a scan line of the digital
secan data at a time, in an atiempt 1o decodé & valid bar code
symbol wilhin the second predetermined time period T,
cstahlished und monitored by liming means 35 of seeond
control means 12, I decoding meaus 7 suceesslully decodes
a har code symbal within lime period T;, symbol character
data 13, (typieally in ASCI code lormat) s produced
corresponcling Lo ke decoded bar code symbal. Thereupon
third cuntrol sctivalion signad A, is produced by symbal
decoding means 7 and is provided to third conirol means 13
to activate the same, In response, third control means 13
provides override control signals to first contrel 11 and
second control means 12, as deseribed bereinabave.

As illusteated {n F16GS. 2 and 7, third control means 13 of
the iltustrated embodiment generates and provides enable
sipnals E,, E; und L, to data format conversion means B,
dgte slorayge means 9 and daly lrapsmission means 0. As
shown, symbol decoding means 7 provides symbal characler
data D, to data farmat mecans § 10 converl data [} into Lwe
dillferently Iormatied types of symbol character dala, nawgly
17, and Dy. Format-converted symbol eharacter date D, is of
the “packed data" foemat, particularly adapted for eMcient
storage in data storape means 9. Fonmat-converted symbol
character data Dy, is particularly adapied for data Lransuuis-
sion to 4 host device 60, such as a computer, o glectronic
cash reaister, When symbol character duta 1, is o be
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converted into the format of the users choice bascd on a
selected option mode, third contral means 13 generates and
provides cnable signal By, 1o data slorage means ¥, as shown
in FIG. 2. Simitarly, when format convernied data Dy is 10 he
traosmitted 10 host device 60, the third control means 13
generstss and pravides enable signal Eg to data teansmission
means 10, which thereupon transmils format-converted
symbul character data D, to host device, via 8 conventional
data transmission cable 61.

lu tbe Unstraled embodiment, third control means 13,
symbol decoding means 7, and dala format conversion
meuns B and data storuge means ¥ are realized using a single
programmable device, such as a microprogessor 63 having,
accessible memory and external timing mcans. Tn this way,
conventional symbol decoding and data format conversion
processing ¢an be implemented in a steaightforwaed manner.
As for the programming microprocessor o realize third
contrel means 13 and the control functions which it per-
forms in the ilustrated embudiment, relerence is made o
FI1G&. 2, 5, 6, 7A and 7B in patticular. In order to illusteare
the nature of this programming and how it ¢an be realized
starting from u hiph lovel low chart, System-Control Opers-
tion Mo, 2, Musteated in FIGS, 8A and 8D, will be wsed a3
an eXample.

InTIG. 7A, the third control means is shown implemented
with a timer 64 and microprocessor 63, whose input pins 1,
through 1, amd output pins O, theough Ogare utilized in
achieving the control functions performed dunnyg System-
Contral Operation No. 2, Tn order to illustrate the pro-
grammed operation of the third control means during
Systom-Control operation No. 2, refersace is mads to FIGS.
TA and I of the drawings.

In FIG. TA, the output of limer 64 is provided to input pin
I, of microprocessor 63, whercas ovipuls O and O thereol
ure provided as start and eset signals respectively, to timer
64 a5 shown. Timer 63 is selevied to clapse at Ts, which
preferrably will be about 2-3 sceonds. Notably, cach inpul
I, theough L, output ©, through O, conirol activation
signals A, through Ay, and cnable sigaal E, through By, may
take on either a lopical “high” value (ie., 1}, or a logical
“low” value (ie., D). As illustrated in FIGS. 8A and 8B,
during progression through System-Control Operation No.
2, the presence of third cuntrol activation signal A; (e,
A,=1) activates third control means 13, The presence of
such signal value at the third control meaos indicates a valid
bar code symbal has been deended by symbol decoder 7, At
the point of activation of third control means 13, the possible
logical operations that may weeur therewithin (illustrated in
Oow chart of FIG. TI), ace dependent wpon the condition of
the first and second cantral aclivation signals A, and A, and
the input 1, from the output of timer 64,

As illustrated in F1G. 7B, il control setivalion signals &,
input at I is “low” {i.c., A=0}, thea the control program afl
the third control means returns to “starl” and onee again
continuously senses for the presence of third contral acti-
valivo signsl (i-t., Ag=1). Otherwise, il third control activa-
tion signal A, Loput at |y is high (1.6., Az=1), thea the control
program ouiputs O, Oy and {5 aa high, inhibiting first and
second control means 11 and 12, und starting timer (T,) 64,
while toggling outputs 05 and Oy to ¢nable data format
conversion meas ¥ and data storage means 9 or dats
lrunswmission means 10,

Ihen, the control program proceeds to determine whether
the firsl control activation signal A, at input I, is absent (ie.,
Ay=0), indicative of no ohject in scan field; if so, then the
coatrol program rescls owipuls O and Oy 1o relurn control
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1o the inhibited first andd second control means, while tog-
gling oulpul Q, to reset twer (T, 64, Otherwise, if input 1
is high, indicative of an object in the scan field, then the
control program outpurs €, as high, enabling ihird control
means 13 1w override first control means 1L, while enabling
scanning means 3 pholoreceiving means 4 and bar code
presence detection means 3,

The control program then determines whether sccond
control activation signal A, al inpul 1 is low (i.c., A,=0),
indicative af no bar code present i the scan Held; if so, the
program resels oulpuls O, and O, to return coatral to the
tirst and second control means, while tnggling output Oy to
reset timer (1) 64, Dtherwise, if second control activation
signal A, at 1 is high {i.e., A.=1) indicative of a bar cadc

o determine whether the oupit of timer 64 al input 1, has
gone low, indicative of timer elapse (Le., 1Z1,) 1o this
evenl, lhe control program resets output O, to disable
scanning meens 3, photoreceiving mesns 4 and bar code
detection means 8 If the nput at [ is oot low (ie., A;j=1)
indicative of timer 64 not yet elapsed, then the control
program eontinues o determing whether the input at 1, has
gone low (A,=0), indicative that a bar code symbul s no
lomger in the scan field. The control program will continue
tw repeat the above-described decision loop until gither the
ar cade symbol disappears from the scan fisld or limer 64
slapses, whichever occurs first. IT aller tmer 64 his elapsed
and output (O, has been resel, then the contral program
finally viilers 4 last decision loop, 10 determine if first contrul
activation signal A, at input I, has gooe low, indicative that
an ubject is no lunger in the scan field. If it has, then the
control propram roturns to stan, as indicated io F1G. 7H.
Otherwise, until input I goes law, indicating that sn object
a6 longer remains in the sean field, the control program will
continue to progeess through this decision loop,

NoLably, using the high level flow charts of 105, A and
8C, 4 control program for the third control means 13 can be
inplemented in a straightforward manner for System-
Control Operation No. 3, illustrated 1o FIGS. 85 and 8C,

Having deseribed the detailed structure and intemal func-
tions of bar pode symbol reading devies 1, it is now proper
al this junciure to describe the operation of the contral
system hercof, for cach of the three illustrated user-
selectable System-Control Operations Nos, 1, 2 and 3,

Referning to blocks A 1o Gin FIGS. 8A and BH, Systems-
Control Operation No. 1 is illusiraled. Beginming al block A,
hand-haldable device 1 is turned ON, which results in
system activation means 2 heing enabled (e, ON), while
the remainder of Lhe systems components (e, seinnng
means 3, photorecciving means 4, A/D conversion means 6,
bar code detection means 5, symbol decoding means 7, data
format conversion means 8, dula storage meuns 9 and data
transmission means 10), being disabled (Le., OFF), At block
B, e control systern then determines whether fisst cantral
means 11 detects the presence of first contral activalion
signal (Le., A m1). [ nol, then the conlrol system relums o
block A} otherwise, if 50, then as llustrated at block O, fiest
contre] means 11 directly enables scarning means 3, pho-
lorectiving means 4 and bar code presence detectivn ineans
5.

Then at block 13, secand control means 12 detects the
prosence of second control activation sipnal (i, Ay=l)
within first predetermined time period I, If A=l is not
prosent, then the control system returmns to block A; and if sa,
then as indicaled al block E, second control roeans 12
overrides fiest control means 11 and indirectly ¢nables
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12
scanning means 3, photoreceiving means 4, A/D conversion
means &, aud symbiol decoding means 7.

At block F, third control means 13 then deteet the pres-
ence of third contre] activation signal (i.e., Ay=1} wilhin
second predetermined time period To. 1T Aj=l i2 not present
within T, thea the control system retums Lo block A; and if
so, then as Indicated at block (3, third control means 13
overrides fiest and second control means 11 and 12, and
indircetly enables data [ormat conversion means 8, and data
storape means 9 or data Lrausmission means 10 until these
fupctinns are achieved, and therewhile disables scanning
means 3, photoreceiving means 4, A/T) conversion means 6
and symbof decoding means 7. Therealter, as shown in
FIt3s, 8A and 8B, the control system returns to block A,
where only system activation means 2 is enabled.

Referring Lo blocks A theouph K in FIGY. 8A and 8H,
System-Control (override) Operation No, 2 is illustrated.
This system-control operation offers the advantage of being
able to avoid multiple reading of bar cods symbols due to the
scunning besm dwelling vo a bar code symbal for an
extended period of time.

Essentially, System-Cuntral Operation No, 2 comprises
all but the last remen operation of above-deseribed System-
Cuntrul Operation No, 1 and those additionsl operalions
represented hy blacks i through K. After leaving block G,
third control means 13 detedts the abeence of first control
activation signul (ie., A,~0); wd if absent, then the control
system returns to blask A. If firat control solivation signal A,
is not absent but rather pressnt (1.e., A;=1), then third control
means 13 indirectly enables through overridden [irst contral
means 11, scanuing means 3 and the photoreceiving means
4, and through overridden second control means 12 indi-
rectly enabics A/D conversion means 6 and bar code pres-
woce detection means 5. Thereafler, al block J, third control
means 13 detects the absence of second control activation
signal (i.&., Ay=0) within predetermined time period 1y, 1f
signul A, is absenl, then 1he control sysiem relums to block
A; and if signal A, is present (16, Ag=1), then third contral
means 13 cnters a decision loop at block K. Here, thied
control mesns 13 in overnde mode conlinually detecis the
absence of the first wolivation signal (Le., Ay=0), at which
time the ¢ontrol system returns to block A

Referring 10 blocks A through G and IT' through J' in
FIGS. BA, BB and B, System-Cuntrol Qperation No, 3 is
illusteated. ‘This system-control eperation allers the advan-
tape of being able to simply read bar code symbols in
inventory applications, while conserving battery powed,

Essentially, System-Coniro] Operation No, 3 comprises
all but the lasl relurn operation of above-deseribed System-
Control Operation Mo. 1 and those addilional operations
represented by block H' throwgh J'. Afier leaving block G,
third eontrol means 13 enables, through overridden ficst
control meuns 11, scunning means 3 in a pulsed mode of
vperutivn (by providing a pulsed enable signal E,' o laser
drivar 37). At block H', 1hird control means 13 also enables
through overmidden first contral means 11, photoreceiving
meuns 3, and theough overridden sccond control means 12,
enables bar code prosencs detection mesns 5, and AD
conversion means 6.

Therealter ul blovk I, third cortteol means 13 detects the
presence of second coatrol activation means (i-e., Ag=l}
within a fourth predetermined time period T,, determined
using an internal Hmer similar o timer (T,) 64 in FI1G, 7A,
Preferrably, the time duralion of Ty is selected to be about
5-10 scconds, If gipnal A is not present hut rather absent
(i.c., A=), theo the comrol system relurns to block A
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Otherwise, if siphal A, is present, then third control means
L3 enables, through averridden second control means 12,
symhol deciding means 7. Theeealter, the control system
returns ta block F, shown in UIG, BA,

Having deseribed the aperation of the control system of
the har code symbol reading device of present oveation, it
can also be helpful to understand the vurious slales thad
device 1 may be in during the goume of each pacticular
systerm-conmol opecation deseribed above. In this regand,
relerence s made to FIG, 9 which provides a state dingram
for the three system-vontrol operations of the illustrated
cmbodiment.

System-Control Operation No, 1 selocted at option path 1,
will be considered limt. As illustrated in F1G, 9, wheno bar
cole symbol reading device s tuencd ON, oanly system
sotivation means 2 is operative and all other sysiem com-
punents are noperalive, This condition s indiealed by stale
A, in which the device socks to determine whether an object
is in the scan field. Upon determination ot the presence of an
ohject in the scan field, the deviee will undergo state
trapsition B, placiog the deviee in state C,

In stare C, the deviee seeks to determine within line T, the
prescnee of a bar code in scan fisld, while under the control
of first control mesns 11, 1 no bar code symbal is doter-
mined to presem in the soan feld with time period 'I'; then
the device will underge slale leansition D, returning the
devics back to initial state A (indicaled as *start” in TIG.
BA). On the other hand, if 4 bar cnde symbol is delermined
1y bt present in the seun feld within time period T, then the
device will undergn stale iwansition B, placing the devies in
state I,

Lo state [, the deviee colleets bar code sean data 1D under
the control of second control means 12, converts scan dala
1, inlo sean data D, and decode processes 1his scan data,
sean-line by scan-line, o an allempt o decode a valid bar
code symbal withio time peciod Iy, If a bar eode symbnl is
not decoded within time period Ty, then the deviee under-
gues slate leansition 14, returning the device to injtial slale A
If an the nther hand & valid bar code symbol s decoded
within time period T, symbol character data D, produced,
and When lhe device undenpoes stale transition 4, placing (he
device on “control-override” state L

In state I, deviee 1 while under control of the thicd control
mians, copvers the data format of symbol character duta D,
into either data T, or 1, depending oo whether the coa-
virted symbol character dara is to be stored or transmitted 1o
host devive 60 Also o state [, the devies gither stores datu
I3, in storage means 9, or transmits data 75 to host device
60 via dala transmission means 10 and data transnission
cable 61, shown in FiG. 2. Aller completion of the above
funetions, the device underpoes state transition J (due to
user-selection of System-Conteol Operation No. 1), retum-
ing the device to initiab stae A, completiog a full path
through Sysiem-Control Cperalion No. L

System-Contro) (peration No. 2, selected al option path

2, will now be ¢onsidered, From control override state [, the
device undergocs teansition K, due to user-selection of
Syslem-Control Operation No. 2, placing the device in
gunlrol-override stale L. Instate L, the device delermines (e
prescnce of an objoct in the scan field, while under the
erverride contral of third control means 13. Upon determi-
nation of the presence of an object in the scan feld device
1 underpocs state transition M, placing it into state O, Op the
other hand, it no objeet is determined to he within the scan
field, then the deviee returmns W inital slale A,

In state ©), the device seeks In determine the presence of

a bar code symbol within the scan field, while the device i
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under the control of third contrel means 13. If the device
determines that no bar code symbol is within the scan field,
then the device undergoss state transition Q, returning the
device to initial stare A, If on the other hand the deviee
determines that a bar cade symbaol Lies within the sean field,
indicative of the scanning beam dwelling on 2 bar code
symboal for an extended perind of lime, then the deviee
wndergoes state transition B, placing device 1 in control-
ovirride state R.

In state B, the deviee discontinues scanning, photorecciv-
ing aod bar code presenee detection functivos under the
control of third control means 13, and continucs to scnse the
prescocs of the objeet in the svan Beld until the object is
removed therefrom. When the presence of the object is no
longer detected within the scan ficld, then the device under-
goes slate transition 3, retwrning the device w initial stale A.

Lastly, System-Control Operation No, 3, selected al
option path 3, is now considered. From control-overside
state 1, the device undergoes stale transition T, duc to
vser-seleetion of Systern-Cuntrol Operation No. 3, placing
the device in control-uverride state U, In state U, scanning
means 3 i enabled in a pulsed-mode of operation under
control of thied control 13, photoreceiving means 4 and bar
code presence detection means § are also enabled under
thitd comtrnl means 13, and therewhile the device seeks to
detect the presence ol a bar code symbel in the scan fisld
wilhin fvurth predetermined time period T, I[ u bar code
symbol is not detected within time perind T, then the device
undergpes state teansition V and retums Lo initial state A
under averride control of third control means 13, 1f on the
other hand, the presence of a bar code symbe] is detected
within time period T, then the device undergoes state
tranzition W, placing the device in contrul-override state X.

In siate X, bar code scun dula is collected scan-line by
rean-ling, und each scan line of data is decode procsssed in
order to decode a valid bar code symbol, If 2 bar code
symbol is decoded within time period T, then symbuol
churacter data D, i3 produced and the deviee undergoes state
transition Y, placing device in contral-overnde state I under
the control of third control ineans 13, There, symbol char-
acter data T3, {5 format converted, and stored or transmitted
as hereinbetore deseribed. "Thereafter, device 1 returns (o
state [ under control of the third control means. If, however,
a bar eode symbal is oot decoded within time period T, then
the device undergoes stale ttansition Z, retuming the device
1o slale A while under the control of third contacl means 13.

The sutomatic hand-holdable bar code symbol reading
device of the present invention may also be uscd as station-
ary har code symbol reader, as shown in FIG, 10, There, a
supporl sland 70 is shown having 8 receplacle 71 for receipl
of housing handle portion 14B using supporl stand 70,
device 1 can he mounted so as to position the scan feld over
a counter top 80 where goods 90 bearing bar codes 91 may
b passed lur reading,.

While device 1 of the present invention has been provided
with thres wser-selectahle system-control (1.g, intellipence)
operations, additional system-control operations may be
provided to the control system hereof, in a manoer as
chiscussed hereinabove.

While the particular embodiment shown and described
abuve has proven to be yseful In many application in the
¢bde symbol reading art, further madification of the present
invention herein disclosed will oecur to porsons skilled in
the art lo which the present invention pectaing, and all such
modifications are decmed to he within the scope and spirit
of the present invention defined by the appended claims.
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What is claimed is:

I. An awtomalic har code symbol reading system having,
hand-held and stand-supported modes of automatic
nperation, comprising:

{4) a hand-supporishle bar eode symbol reading deviee

including
(1) a hand-supportable housing supportable in the and
af a user, and having a light transmission aperture
through which visible light cen exit and cnter said
hand-supportable housiog;
(2)5can data producing means in said hand-supportable
houwsing, for producing scan data from an abject
located in at least a portion of scan field definable
exiernal to said hand-supportable housing, said scan
data producing mesns including
(i} a laser beam producing means disposed in said
hand-supportable housing tor producing and pro-
jecting, a laser beam through said light transmis-
sion uperture, and

(i) scanning means [or scanning said luser beam
across said scan figld and a bar code symbol on
said abject, and

(1t} laser light detecting means for detecting the
intensity of laser light reflected off said scanned
bar code symbol and passed theough said lipht
transmission apermre, and swomatically produc-
ing scan data indicative of said detected light
iniensily;

(3) bar vode symbol deteclion means o said band-
supportable honsiog, for processing produced scau
data k0 a8 to detect said scanned har code symbal and
sulomatically generate activation control signal in
response 1o the delection of said seanned bar eode
symbol;

(4) symbol decoding means in said hand-supportable
housing, and responsive 10 said activation control
signal, for processing produced scap data s0 as to
tead sad detected bar code syvmbol, and wutomali-
cally produce symbol character data represenlalive
of said read bar code symbal; and

{5) system contro] circuitry for automatically control-
ling the operation of smd automatic bur code symbaol
reading system,

wherein, during said hand-held mode of avtomatic
operation, said conwol setivalion signal is automatically
produced when a scanned har code symbal is detected by
said bar cude symbol delecton means while said hand-
supportable bar codde symbal reading device is supported
within the hand of said user; and

(b) a scanner sland including
(1} housing, suppart mesns for receiving and supporting
at least a portion of faid hand-supporable housing,
Al
(2) # base portion mountable relative {o a counterlop
surlace s0 Lthal when said hand-supportable housing
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is supported within said howsing support mesns
during sajd sand-supporied mode of auromatic
aperation, said sean fisld is projected away from said
scanner support stand and said hand-supporiable
housing, and extends above said counterlop surface
permitting the automatic reading of bar code sym-
bols on ohjects passed by said scanner support stand,
wherein, during said scanper-supported mode of automatic
operation, said control activation signal {s automatically
prnduced when a scanned har code symhbal s detscied by
said bar code symbol delection means while said hand-
supportable housing is supported within said housing sup-
porl means.

2. I'he awtomatic bar code symbol reading svstem of ¢laim
1, wherein said bar code symbol has fisst and second
envelope horders, and said bar vode symbol detection means
deteets said bar code symbal by delecting said fiest and
second envelops bordern.

3. The antoanatic bar code symbol reading system of claim
1, wherein said bar code symbol detection means comprises
an ¢lectronic circuit for processing produced scan duta
indicative of said detected lighl intensily.

4, 'Ihe autamatic bar code symhbol reading system of claim
1, further comprises an object detection means [or auiomati-
cally delecting an object in ot least a portion of smd scan
field and generaling said activanion signal indicative of said
detection.

5, 'I'he awtomatic bar code symbol resding syslem of ¢laim
4, whercin said object detestion means eomprises,

signal transmitling means for transmitting a signal into

said scan field, and

signal receiving means for receiving said transmitted

sipoul reflected off said object in at least a portion of
said scan ficld, and avtomatically generating said acti-
vation signal indicative of the detection of said object
in al least a pariion of said scan field

6. The automatic bar cude symbuol reading system of claim
5, wherein said signal trapsemitting means coungrises an
infra-red light source for transmitting a pulsed infra-red light
signul, and wherein said signal receiving means comprses
an infra-red light detector disposed in sald hand-sopponable
housing,

7. T'he automatic bar code symbol reading system of claim
I, wherein said laser besm producing means comprises a
laser dinde for producing a visible laser beam.

8. The auromatic bar code symbol reading system of claim
1, wherein suid hand-supportable bousing comprises a head
porion and handle portion, and wherein said bandle portion
is received and supported within said housing support
HICAns,

9. The automatic bar code symbol reading system of claim
¥, wherein said bar code detection means and said scan data
producing means are disposed in said besd portion.
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