; e3ep&6TpJ 1 09 APRIL 2003 wo ~ ~ i394-S METHOD OF OPERATI NG A CHARGE
COUPLED DEVI CE | N AN ACCELERATED MODE, AND | N CONJUNCTI ON %'I}ﬁ,ﬁi\i Q'
SYMBOLOGY | MAGER CROSS REFERENCE TO RELATED APPLI CATI ON Th| Sud I on | S
related, to copending U S. Patent Application Serial No. rrubd Srages
Systen) and United States Application No. (Bar Code IIIum nation Systen)
the entire disclosures of which are |ndorporat ed herein by reference.
Further, | nternatl onal I ication Serial No. WO 97/42756 filed on May 6,
1996, f or METHYD, OF iy EHARGE, @’Er‘gebwfﬁ | &8 AL MEELERATER;  and whi ch
was filed BYPEMATI WSFI%EIEE% BT F hih SYEBOS L B AR ent
application is also i ncorporat ed here| n by reference BACKGROUND OF THE
I NVENTI ON 1. Fi el d Giagkes ek { im@Ne e tbar i@ tion relates to a
met hod of operating e coup fevice 1 nan accel erated node. More
particularly, therb*’e%ﬁ%i?%\}éﬁt’r%ﬁ%é%ﬁeé’ £ePepHBgnB S ofagpRt ati ng a
charge capplithtdeni seridl am:el &yabelbgyp dimalar Cop§tamt iand Winhhedn opti cal
synbol og 0 o]

001 51, FEERCROREm ARIBh 1es e BodRETARG: 200 sy S DB B Bt A

i ncor por 448GLaRMCEF n OBy %F’ér éﬁEe mqq’féwéﬁé? eherais éﬁl dERASEENFE: enpl oyed in
an opti cxursys)onternambererl ApplicaatkbmGeopil tal Wy Dok 2fieesideth as | i near
codes 'nshumgstr@dw 3! b% aEPd?ﬁ)cﬁ'@gs -%xsrépoémg%s,mauf&u as Dot

Matri x co Descriptiaon o ior. Art,_The use r . codes has
prolifer Bf"?étic‘f &af“ﬁea'pdi“ﬂt"%fe‘r Eaf hhed Ry ﬁgﬁtﬁ'jﬁ‘ aPRbst §9§r§/°| ndustry to
provi de apphiacant’eadéibtbei pfearemtit iapplidaiibnansi aése oingrmpdaetedind to hel p
track sugbyi{ L% MeuRheys different synbol ogi es have been devel oped, such
as one di mensi onal l'i near codes and 2D codes, such as Data Matrix. Typi cal
linear codes conprise a series of parallel i nes 09 APRIL 2003 WO

00/ 16401 PCT/ US99/ 18847 HAQMGROMAN HED ISYENEIONand spaci ng which are
arranged, 'niﬁg#d.taﬂmg_ﬂﬁﬁr&ib@“ on to represent a digital code containing
information relrati ec The use of baar‘ codes has, expanded due
to the fact that F%pfﬁﬁﬂitnb“‘égﬁ'élﬂ‘a‘@ﬁﬁﬁs 5P ot BeEhed PR PEA5L%I human error
and can BechardeocpeplegudeRice ifhen avceheratied| ndde.maMoom prbacucode can

contain Ilarﬂpdpemdels\iesuaematv@ﬁtﬁarzeepicetsheo@h&tm o2Nppéra’dnkna t he bar
code, whi e i near. bar odes such as

ter ensi t L
PG L oaERade BRP LAY Beth et AeCBlRr At RS ot Cof PHE Bt MRt nand. 20
synbol ogiepticrle semeicas inegeno ah nnsﬁoe'mb i copendiing gpmdicetiomf or mat i on

density. serial No. 09/151,766, filed simultaneously with the present
application, and incorporated herein by reference.

The charge coupled device is employed in an optical
symbology imager for reading optical symbologies such as linear
codes including traditional bar codes and 2D symbologies, such
as Dot Matrix codes.

2. iption he Prj t

The use of bar codes has proliferated to the point
where they are used in almost every industry to provide machine
readable information about an item or product and to help track
such items. Numerous different symbologies have been developed,
such as one dimensional linear codes and 2D codes, such as Data
Matrix. Typical linear codes comprise a series of parallel lines

vimes ST R
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In a typical reading process, a spot of light froma |laser is projected and
swept across the code, and the reflected light is sensed bdg PRIL 2003

phot osensitive elenent. In conventional 15 inmgers, |asers afe use(? as the
source illum nation. Scanners may be either installed in a fixed |ocation
or portabl e hand-held units. Hand-hel d scanners nust be designed to operate
in situati onswebereit he nunber of varying factors is great BFTPVFAAD for

fi xed scanners. For instance, the distance between the scanner and the bar
code, the anount of illum nation, the focusing of the scanner, the

ori ent ati af ohryhey stanrkaessehad | yeadiogt heiblaracoderaagddt he anglreaof the
scanner re I . the b are,al.l. _fa S i .TUS i dered
for the scéf?ilﬁlféglgf%&fg‘ gBe?é?lge%%glF rgéccg]l l.taﬁ—‘o((r':&?gnsc':tag{{r?gg?lﬁgS!.:m%g?ga%{l%lﬂo.

5, 296, 690 &g aCHawdIter the aPpjecsi scllbseysa of hamdoses| baat prpgargrel due

det er m ni ng, tfig OFiENt BRA O DA giGRAGHd &ﬁc&mﬂdb%eéwn@imm@&es The
Chandler et al. patent is primarily concerned with nmaking sure that the
scan of tHEM3&r eg5aE R4 g&rT¥ benar EoFtest W Cilyh regard 30 to the _
orientation of the scanner and the bar code. 09 APRIL 2003 WD 001 16401 3
PCT/ US99/ 18847 Sone Qand- hel d SEanngrﬂr}gﬁgevi ces. have % wand-|ike ., .
configuration wher eTPRedBRVRLLH s &8°t 8 RAkeCRORI G GHH¥Phe Tode as
it is sweplepzations gve thdesiZsuoli shevamad kéhgdr dmgtlegetlhin el Ak otodea) t he

di stance Qgtween.{0g,;$EANDRL c?er}gittge FA4L cofe ?‘”%Hbﬁ&ekggec%@é" dff‘@ no
focusi ng. Two-di rensional arrays's ch as oD arrays have been used to
creat e thetd ¥hfecodedhansaprégdecerrdad ile seantEtRnLBer -t r Qdi Ehorather a

| asetoand raarfd,NGIe HAGLAML0ES aFre sts@hddor nSeabBNidagedskbeato badntcagde. A
CCD havi ng_di rzensi,o s _of '690,%% 18 480 pi xel s provi des sufficient

resol uti or? G SUs &M WP RASR F5AELEYs, and is wi dely accepted. The video
image is sensed in the CCD, which generates an anal og signal representing
the variation in intensity of .the_image nd._an anal og to.digital canverter
puts the imge si gn% ?n%%plaélagll tréa‘ladgggn?lf%cresssdbs?eds 8(r81t o%Slﬁ%}gto |rn°gnf “Two

di nensi onalassgnderpreiestesedndi sWepatdralsky thei erded a20 tbdesef Fortend

non- cont ac{; figndr held 3GamReh: phbtbSeNeteSRAlN f@nke abhe bvEsad,{he bar

code over a reasonable distance, to provide sufficient illumnation, to

f ocud®t he S&HfTSr JAFBTEhRr20M14 aSodBe SRY PerHoiPRE 18Rt i raCHPFHtion in
a reasonahhey akpunther ihsorlldbhiineai fixwy 1beapnssioll ot taiEirecahadaneldrager
whi ch can \Prtla{gsormall of the desired functions, if the inmager does not
operate in a menner the user finds confortable and sufficient, then the
imger will not be accepted by end users and will not 25 be commercially

viabl e. For exanpl eyahli-h0gq! URIRRLANAAL: PELT ellibhgql Qcusing Sl ol y

enough, then variations In position of the scanner, due’'to
inability o tyatel apse whese hbhel @Wﬂ?qrnﬁéeWa§Yé%@y§a%ﬁqqs éﬁeé?éab?ﬁbt@ﬁt whi ch
canngl be easi kyxoyese8ikers. For instance, the distance between the
scanner and the bar code, the amount of illumination, the
focusing of the scanner, the orientation of the scanner relative
to the bar code, and the angle of the scanner relative to the bar
code are all factors which must be considered for the scanner to
25 operate correctly. For instance, U.S. Patent No. 5,296,690 to
Chandler et al. discloses a system for locating and determining
the orientation of bar codes in a two-dimensional image. The
Chandler et al. patent is primarily concerned with making sure
that the scan of the bar code is performed correctly with regard

30 to the orientation of the scanner and the bar code.



30 By way of exanple, if a scanner takes too long to performa focusing

function fromthe nonent the user depresses a trigger, the ggﬁk id4 on of
t he scanner relative to the bar WO 001 16401 4 09 APRI L 2@% iR°2003

PCTI US991 18847 code may vary during the focusing operation th

requiring yetWa984¢/8 focusing operation. Sinmilarly, such rmvgérg}%”i“r?sghe
position of the scanner relative to the bBar code will change the paraneters
far achieving the desired illum nation. 5 Scanners which have been desi gned
to read linear, or Gwnai mansi-orRdld sodasifage,dévicébe Hat partvandntapabl e

of scannin S ol ogi es. Linear, and 2D synbol ogi.es may be provided,
itens by éﬁpﬁggéopaﬁgﬁrﬁot‘ﬁedﬁyéﬁﬁ pit gﬁ& d ipeﬁgﬁﬁ SgegﬁF iﬁégrgl
havi ng a piepdodicedscadeisoswyt thdrdsd ht0 craieki nguthe apwaddct) intaktas by
et chi ng. st conventional scanners may find it difficult tor ag

Symbol ogi AT HARP bt 8¢ CHEBE ARG cRe IRRR oL AC pFERTREE 2ngo LABRFLUS003
WO 004 164QhD tPd¥d AP Qe i d NVENHIN RGY US99/ 18847 These and ot her

deficiencies of the prior art are addressed by the present invention which
is directed to a nmethod of operating a CCD in an accel erated node, and in

particular in 5 conngelipinahd bl opfiead s%PROLAIN-dHBgEFay$OnAFe! Been
mnimze variations in the position of the inmager relative to the code. The

CCD has twsetbrieonraptehthe iwgstefstheakbnrreedevirAgiévésy seehaedschid
line. The tqqai@ié@éﬁg‘b%edléé‘ef" %fﬁleta% Mg MReL N0t o b IBE NG Thes &8t hog Of

the present invention 10 uses a total tinme to shift 500 vertical scan |ines
in a nor neCaRRn®fa31iBeani Prrseednds, PafR@Paheytialn dimenfépnpast #dde Lof

5.5 18 |11 saronds xelfie pebOOde SKiRF diltiQugh Pukbhpkeohi n&y ohiskmager atsa
then provides a black reference signal, then shifts a series of 15 lines at

a sl ower JEEFOnshes®d ilfeyvigsilyy aasertiegns dhe Mislesstimpge figeensgand
|1 um nat i1l OReAt | QASCAN g{é}?er%éscalms?/a;mwy siOREer  rdpP@bd Y idde the

remai ning lines are passed through quickly.

variation 1in intensity of the image, and an analog to digital
converter puts the image signal into digital form for subsequent

15 decoding. Two dimensional sensors are used with spatially
oriented 2D codes.

For a non-contact hand-held scanner, it is necessary
to be able to read the bar code over a reasonable distance, to
provide sufficient illumination, to focus the scanner onto the

20 bar code, and perform the entire operation in a reasonable amount
of time. While it may be possible to create an imager which can
perform all of the desired functions, if the imager does not
operate in a manner the user finds comfortable and sufficient,
then the imager will not be accepted by end users and will not

25 be commercially viable. For example, if the imager cannot
perform the focusing quickly enough, then variations in the
position of the scanner, due to the inability of the user to hold
the imager steady, will create problems which cannot be easily
overcome.

30 By way of example, if a scanner takes too long to
perform a focusing function from the moment the user depresses

a trigger, then the position of the scanner relative to the bar



The i mager goes back into reset node after either normal or fast node
operation, and is thereby inrediately ready 20 to perforn1 F

fast node operation enables the imger to obtain the apprOX|nate y ten
i nes of i maggp girfeador0f concern in only 5.5 mlliseconds, a siBOI/UPVARTLI ne
savings. This operation can be perfornmed for sone or all of the multiple
optical positions. 25 It is an obj ect of 4t he present invention to provide a
met hod of operatin a c ar, upl ed device in an ac el erated npde. Another
obj ect of CPHE BrYoEHtY [ GRE £OFBSLRBVHRE: AL HRt HOF 6P Yo pErRETAGSaTS
charge Coﬁﬁb‘tde@e\ﬂd@hsﬂug'ﬂlnol@@ﬁ@t%ﬁt ed Sninmgel f Or stiSE hBvamedRt | Gal the
synbol ogy |nag 09 APRI L 2003 WD Q0/ 16401 6 PCTI US99118847 Yet another
obj ect of PPRé b?%s%%t RenRITGT ite1lesiyeotPdEng RBE heederWhper aipRgeat

charge COﬂBEﬁQeQ@YbCQOEHa%ﬂl@%&%beﬁﬁke@e%ﬁg%dtQlﬁ%ﬁhhbk@bﬁ focusing and
illumnation adjustment. 5 Still "another object of the present invention is
to provide a nethod of operatlng a charge coupl ed device in an accel erated
modegto facilitate fsg%lx'ﬁfe'}% 3 drf 'HHUé“aéééH‘ &L UsidEent, woene) o Xra bew
scan lines are provided at a nornal speed, and the preceding and I'{ owi ng
data i s pessedingnriginak 100dasaced er §0ed tUenmeest p@gtAPerLcezme/\oof

00/ 16401 B 9448 SCR;RT| H [JDR$}\;}{]IJ\§5§

and otherggt§${g§?éééa% 0 jegﬁgggf tﬁé¥$%§ég§talﬁben on mn%?gge scrlbed
wi th respespvidedhenf bt boni hy dtbafhgsgi o hWhbch: 6 Fha itleins pupsispethieve
view of thecpeadera ac6REdi Rt AatA P LSEPEREINEE! @Bue, or by directly

10 marking the product, such as by etching. Most conventional

The

scanners may find it difficult to read symbologies which have

been etched directly onto a product.



FIG 2 is a plan view of a typical |inear type coded synbology; FIG 3 is a
plan view of a Data Matrix synbology; 10 FIG 4 is a crossgggapRILFo3Vi ew
of the reader shown in Fig. 1 according to the present |nvent|on FIG 5is
a perspecti vg, Oz\éy (ﬂf a focusing disk which may be enpl oyed |yst-|t/bgz_>9f1mu3| ng
system of th (% invention; FIGS. 6a - 6k are represent eleven images
pl - pll, 15 where |nages pl - p6, shownsSin Figs. 6a - 6f, are used in the
phot ot oni cs or photonetric analysis, and inmages p6 - pll, shown in Figs. 6f
- 6k, are used in the focus SBIaNYSRY;OF|THE 7INS/HOEIQN pi xel plot of lien 240
of a CCD for the valyes between 128 and_508, in the_haorizontal |ocation

for 20 i mages p1i, pgﬂ mg qﬁhﬁﬁ,?%f¥$b%10%§5 BE aritf 6RTIRFGST '8a®Legh
show Tabl edéireegatiabfi tige ctaﬁéséﬂ@mmmOhhehptMels pdiDi:écQ'édth a’matRod

derived; FIG 9 an ed hi, st ogram f ma - own. i n . _ba
ot WBTobPeERbing S9CRBRID SB0aCEeIrERESH BalT: Fred, 1R0RartButafol

Tabl & 13 wiirHecxaRinivist i Rﬁﬂ&@él Oélyxﬁwl hi ridepdr Os@eék val Wenohieact |
i mge pl - p6, and |IIustrat in Fi FI 11 is _a table show ng the

entropy sdGrdatReRsmim $he Bas ifdiare OafnJht‘ﬁ AfRGRpreda bidud T dheesdiq mage
pl - p6; FIGS. 12a and 12b are frequency histograns for imges p6 - pll,
shown in 1 Figs . 6f - 61:, with rich . 12b being an enl argenent of a
portion of Fig. 12a7The GECh1zwas 13w shewi FabfelC sthith deRidites svheedsht a
10 peak valaie. f; ;RACHy ¢ FROGLRE - REE: e, 14rke Bcphald mhodhddiein a
entropy score, maximum pl xel value and m ni num pi xel val or each 1 mage
p6 - pll; FEset mgdpswheh| Rk diagimem oﬂhﬁh@th@@e%fakkﬁwRﬁQﬁf&k)Hﬂ%@nﬁﬂ@§ent
invamtioniuses a total time to shift 500 vertical scan lines in a normal

mode of 31.84 milliseconds, and a total time for fast mode of 5.5

milliseconds.

The method skips through multiple lines of image data,

then provides a black reference signal, then shifts a series of

15 lines at a slower speed, these lines being the liens of interest
for focusing and illumination operations in the optical symbology

imager. Finally, the remaining lines are passed through quickly.

The imager goes back into reset mode after either

normal or fast mode operation, and is thereby immediately ready

20 to perform another scan. The fast mode operation enables the

imager to obtain the approximately ten lines of image data of

concern in only 5.5 milliseconds, a significant time savings.

This operation can be performed for some or all of the multiple
optical positions.

25 It is an object of the present invention to provide a
method of operating a charge coupled device in an accelerated
mode.

Another object of the present invention is to provide
a method of operating a charge coupled device in an accelerated

30 mode for use in an optical symbology imager.



15 FIG 16 is a block diagram of a Panasoni c Corporation nodel # MN37761AF
CCO;, FIGS. 17a and 17b illustrate the vertical drive tim ng ApRIL 2008 t he
Sony CCD #l CX084AL in nornmal speed readout node; FIGS. 18a and 18b
illustrate t% \6?15}0. cal drive timng 20 chart for the Sony CG2TAidoeXE839AL

i n doubl e speed‘) readout node; FIGS. 19a, 19b and 19c illustrate the timng
for Frame Progressive Scan Mdde |, for the Panasoni ¢ CCD #MN37761AE; FI GS.
19d, 19e and 19f illustrate the timng for Field Progressive Scan Mde, for
t he Panasoni c CCD #{\RB7Ag1iHer ebmpgzl 1© 22 0bi3e WDregRnE4 01N eIPCTPRISAS/ 118847
FIG 199 4 at,e I [ien I, P Si | 2 f t he
Panasonicb%%%??%NkBéyégﬁﬁg E%%égg%§?€%1 2? gggEEEIé#glngﬁ?s&%?fgécﬁpoﬁgl
"a", "b" afdeleratadwnipHer o IPgididarsh; HAMsGn@?2 dngl g thbleination
iIIustrat'bggug{Jﬁ gperation of the CCD and sets forth the operating scan

i ne types and Cher 7 respective tinmes; FIGS. 23a - 23c illustrate tree
normal, fast and ntsc operating nodes in detail; 10 FIGS. 23d - 23e

paa- ' 241 show charseiar Sagitt, IR Ging, BEsRACC SIS ds Lo

y2x~ and pasfidand F&So@5af- GHrarimgrapkbachet eoweked | davitypds sam,

iﬁRfLbéogégﬁfﬁéa?gééblggéé y%@’ @Q@& fyg{éﬂb%%éﬂg¥g5lrgéggsilféﬁiggéion 09
adjustment, where only a few scan lines are provided at a normal
speed, and the preceding and following data is passed through in

10 an accelerated manner.



10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON PCT/ US99118847 The hand- hel d
reader 10 shown in Fig. 1 is capable of reading coded sy 1

omi directionally, and produci ng decoded data. The scann?ﬁ%)é (;AZ’VFlﬂge%lﬂg is
self-sufficient and does 5 not require an external power sour ge §§£ﬁﬁg7for
host power pr¥QP#AHOt hrough an interface cable 19. The scannef - 10 can tead
both linear bar codes 40, as shown in Fig. 2, and matrix or 2D coded
synbol ogi es 59 as shown in Fig. 3. The linear or 2D coded synbol ogi es are
standard 10 synbol ogi es BRIEKDDSCRIPTION @t THINGORAENGSCodi ng of themis
simlarly well known., However, unlike conventional scanners, .the regder 10
of the present inventi% ‘Eﬁﬂoﬁégdaégtﬁtg§§e§t6Fl§Vﬁﬁél§§@e§b3€§ SoPdr &
over a W derdstide itfveditsban@esl He WdRri®ddehes, rabfets H@l thdhetdh.1okbing
achi eve these results, the 15 reader 10, upon activation by the user, nust
be abl e tA%3HGRES tHe WoHey synbol ogy, deternine the optimumillum nation
determ ne the optinum focus, and nmake an i mage of the targeted coded
synmbol ogy in an extrenely short period of time in order to eliminate —
possibl e degradi ng VB¥Fatlohs. a2perepeekanpl eigy ole theer ehdieds aas® ncder
10 relative.t i b e 90 or a 2D coded synbol ogy 54, the reader
can nove rtg aﬁ%eﬂ)lt%g té g%‘a%r?t?]h%rr?’eby changi ng the focus, illumnation and
angl e of the scanner relative to the code. By perform ng the entire inage

capture function as ickly.as_25,passibl e, fromthe nt _targeting is
a%#é' 5 isTa lgn g}eﬁo%fsgcﬁypéﬁﬁgnq%ne Ef&%&ﬁ Y dea

achi eved, such vari 85 areé"mnfize i"meg ng,
il1um natisymandogapture are performed will be described in detail bel ow
The reader 10 includes an ergononm ¢ housing 12 designed to fit confortably
in a user's hand. The reader 10 decodes the 30 data, and forwards the
decoded data to a corpatiBgiseyvigkmplatdwrof s ubdtaMat PN, s @S bogPC,

whi ch perforns information 09 APRIL 2003 WD 001 16401 11 PCTI US99118847
gathering as one of its functions. A switch or trigger 15 protrudes through

the 1op of the housipgcl2af g acti¥aki-eBchyohhe wsew o ff ith@erreddeahtshdhdh
and 20 are_provided on the top of the housing 12 and indicate the active

status andiRButt@®sst uRCrABging tosthy RIRSBEeHNEGHBBPBYY, respectively.
Audi bl e signals may al so be provided. ' The hand-held imager 10 utilizes an
aimng device to |locate the target synbologies in the field of view (FOV).
The nethod of targetFR§-i2 Hed GRERGCTHYR M iR powed Tumstinpt idrsk Mhich

progr ammabgy tNO-RRFER dd 1190&@hel FolTEING Os FELM TSr e YR HRIn S YT O%on ;

FIGS. 6a - 6k are represent eleven images pl ~ pll,
15 where images pl - p6, shown in Figs. 6a - 6f, are used in the
phototonics or photometric analysis, and images p6 - pll, shown

in Figs. 6f - 6k, are used in the focus analysis;

FIG. 7 shows a pixel plot of lien 240 of a CCD for the
values between 128 and 508, in the horizontal location, for

20 images pl, p6, and pll, shown in Figs. 6a, 6f and 6k;

FIGS. Ba - 8h show Table A, containing data from which
the pixel plots of Fig. 7 are derived;

FIG. 9 is an edge histogram for images pl - p6, shown

in Figs. 6a - 6f;



A w ndow 22 having a clear aperture section 24 is provided on the front of
the housing 12. A targeting line 32 is produced by a |ightogapme 2003 he
hand- hel d i mager 10 and is 15 projected onto the targeted coded s nbolqu
to ensure thavowbresdebded symbol ogy 40 or 54 is within the fi eF’GT’H%S’%Sé“ of
the imager 10. The targeting line 32 is pgreferably a color, such as red,
which is discernable fromthe anbient |ight sources. In operation, the user
presses the trigger 0 0 fir PRSIt r epy i -

proj ection of the ta%lg;e%i ngm%} ne 3%6%n%§0yhg@%%g§d%gyﬁ§g%g{}go ell%%r é:é)tei ng
line 32 i arthditused foo pesht pemktie peryerlie afidetble Tosed synba@gyend
relative tu er he igmager 10 then adjusts the illumnating |ight
if necessalﬁylﬁfggtn%{lelrnm%é{'t ‘e correct focus. The light 25 18 is
illumnated to indicate to the user that inmaging is underway. Upon

conpl etion of the i | ng pr.oces e light, 20 . turns _on to praovide the user
with an indication %‘ucgflcleslssf G %éégﬁnisﬁ%’?“ﬁ& éﬁt}\'ei GG LEGPY §SOLE afff *3 My
lineag codei ¥l argll atanBGnivet ik S06e1 5% 1 iespectd ¥el Vimag€ shownpe Typi cal
2D or Data Matrix synbol ogies are smaller than |inear codes and nay be 09
APRI L 2003 ~2 etched directed onto the product. The information is
typically encoded i i@l U HgPI2¥ ave Fraqu¥ndP Mish®grAnd fhsulfagdde
i mager 10 needs to be nuch closer when readi ng 2D synbol ogi es 59 thangfor
li near cod®® 40.PThe ish@yer 10 'S ashowdli m ctbssvdddr | By i n 1&g, bainghere
the opti calnysi@mE0 48 4Lyt 1d ok agid nelayling obj ective taking lens 92
and focusing disk 99. The disk is driven rotational at 60D RPM about axis
91 by the notor 96. The rotational axis 91 is offset fromthe optical axis
OA of the inmaging sysigd 8035 A QK ikl Graddile!® NALQL 83nhaMiHg ¢Rd tddPl &
light emtting elenments 99, such as LEDs, which illumnate rearwardly onto
a nokl t r arRgrlf el oL edglehindes pe ovielkes: di ffuse |ight to the w ndow 22.
A bright field illumnator 84 is provided with multiple Iight emtting

el ements 100 for radiating forward directly through the w ndow 22. Dark
field illum nation i8I®+ oM ded & arthaditr edtowamgdudie resrtkiopy slcow eomiasaigtym

while bright fijeld illumnation is used primarily for, high contrast.!l abel
mar ks. Buigéllt}félin %?%%%té%erphnhmgucfno%lr’ﬁefi\é?%u?I#%’%{ﬁ %ala%kll olnrgl%?ee %%oTli%%%’to
achi eve proper contrast for reading the synbol ogi es on direct product

mar ked parts at closg-in distances. gnly bright field.llumnation,is used
at greater working df%#:anﬁéesl.s ﬁgjsjt?e(iq’ai i t?egiﬁ%rﬁn}ﬁaﬁq‘or?%%ﬁ%lrﬁ%rgo
set forth time copesehngicesnonby; owned patent application serial no.
(09/151,'J651 filed on Septenber 11, 1999. A key aspect or the present
invention is the CCD detector 93, positioned along the optical axis O,,,

The ©ED detector 93 F3Gleré angld a5l edkl ditesgBanV@¥ i XEdngesid Yeotpoti€ion
preferred enbogi 1[;ﬂent the CCD detector 93 is an interline 659 x 499
progr essi VB°<ean AbLRAIBEREFR? 0D, whi ch may be manufactured by Panasonic
Cor poration, nmodel ~MN37761AE, or a 659 x 494 pixel CCD manufactured by

Sony Corporation, nodel ii_|CKO84Ah. AVEN ~D SKEET 09 APRIL 2003 WO
001 16401 13 PCTNS99/ ¥B@8%7 17a and 17b illustrate the vertical drive timing

chart for the Sony CCD #ICX084AL in normal speed readout mode:

FIGS. 18a and 18b illustrate the vertical drive timing
20 chart for the Sony CCD #ICX084AL in double speed readout mode;

FIGS. 19, 19 and 19c illustrate the timing for Frame
Progressive Scan Mode I, for the Panasonic CCD #MN37761AE;

FIGS. 19d, 19 and 19f illustrate the timing for Field
Progressive Scan Mode, for the Panasonic CCD #MN37761AE;



Both of the foregoing CCD s provide 690 r, 980 resolution comonly used in
VGA nonitors. Wiile the preferred enbodinent illustrated .quiﬁkg_gébéizes
a CCD, other array detectors such as CMOS, or other sensors rmay be usSed.
Furt her nore, vwg%(gg}g need not be 5 limted to 690 by 980 and peyub®uesst her
si zes. The hand-hel d i mager 10 can decode multiple synbol ogi es on any
background, including etched metal and pdnted ink jet. The paranount
readi ng capability for use on _surfaces that are direct product marked is
the Data Matrix synfdi%gy2918 lAustratesntidg FeAingf foke FrodesiPrgIdiesk 192,
shown in H/EA I [ [ ' i tail in Fig. 5a.
The di sk 8%‘9%35 a serr)lin'esfbolf t%ll? ?%a}rlé%? thic dnﬂlesigh\gﬁﬁ:la ‘positions 132. The
t hi ckness of the optical positions 132 is varied to focus the objective

| ens 92 onto the ecior, urj i ptyr e, i hwustrated
enbodi nent shows %%'o%{oﬁgﬁ%%si%ﬁr%ﬁg%geﬁpg% tolr#e%eet():}qg)rngvi e’'twel ve
potenti al dmotux’t alges A posgd) o@d @nddldsg strip 134 is provided on the
disk 94 so that the position of the disk can be tracked. Referring to Figs.
5b and 5c, planar and cross20 sectional views of a second enbodi ment of the
focus ng di sk 94 i s miewe2 The seeandeenbodsient iRgstRegbbetpitiical of the
positions 132 and further includes an outer circunterential wall 136 which
provi des dddi t PBARaIS&LT uéPhFAI WifppsPEra¥hBI COSadet bEEBr WPeSs &8¢ ithed 4t o
det er m ne whdEdrt2Optigad; pl ate 132, and therefore which focusing zone, is
appropriate for a particular coded synbol ogy scan. As the disk 94 is
rotated, the illumnating light is reflected back through the objective

|l ens 92 through eaclrpis!hespptisal ROSLLLPAS:1BR-aRErRAND the (CoRdetact or
93. In order to mnimze the time it 30 takes to focus the imager 10, only
a fracti orPRRr3HEOHinedes ofn deriabRI L 2003 WO 00/ 1 6401 14 PCTNS99/t 8847
the CCD detector 93 are enployed in the determ nation of the optinum

optical plate, and thereby the focused optical plate. Fromstart up, the

i maget 10 produces tE¥@Rt 2Bdum 2atd onllutiarn teakidse approgpnaeel pu2seso a30
m | lisecongds r h ' I eed of 600 RPM The CCD then
powers up aﬁg&%%eﬁé€%§%?§.éﬁiﬁgg%éggéugé?k’five, i mges are taken for
photonetry, and nultiple images are taken for focusing. Each inage requires
exposure tinme and shy ou i me i isd.n.the ra of,,. hut_ no _greater
than 5.5 n5. After P#eé%btlé?r%m obqt‘l;g!gaﬁqbp‘d a?ﬂean:tsS 1 r%%%rsli i’lglr%e&yip(r%st ﬁ’gla'
optical pashbt hel CChHetleZt orbémst y2apt uyexanshédhy4x2 pudndthe entire i mage
in about 31.4 mlliseconds. The total time for the entire operation is
therefore less than half a second, which is sufficient to mnimze the
vari abl e factors di SEIsSed®9d evi2®islage graphs of the scan line types sla,

15 slb, slc, pl, b2v, bdv, y2xl, y2x2 and y4x2 shown in Figs. 24a -
241,



15 The aforenentioned variations are nore detrinental to photorretry than to
focus analysis. In order to mnimze the variations, thep Q?ﬁj]tlon
enpl oys a nunber of techniques to accelerate the operati on e

i mager oper at\ﬁaobli(;h@ls fast nmode.” A small size slice of an |rrpg1amsag${hg,by
10, is 20 utilrze 84 being over 60% of the inmage wi dth, and 10 scan

lines is nore than two tines the mininunt@ell size requirenent (4 pixels).
This ensures than a transition will be encountered in the inmge slice,
while having as snmall a size a feasible. The search for the proper exposure

time uses seven inmages,pe11idle USSR o Ny Tfmyﬁ;;@@ﬂ s contenpl at ed,

which wll require no an be separat ed
into two groups of dpté dandydsiltd mdm 10f ghobar kirf ikglgd dnd sBdagab e el d

i mages. The, MR t print. qqu 0 | 1
whi l e the ?ram trz’}ér% 0 %\g%%fgi e}; redc lgcgoc? onaﬁkl d co gleC{nl I]fé:g%}lr})dgs
m | | i secondscoddwe d‘ad:menghg sceesingadedecd O tismselffremifheiént gyed dses

acti vat ed, ﬁlllumnate ﬁés 109 APRI L 2003 V\DOOIJt64llg
PCTI U991 188%7 “§di*Fe ?‘?ﬁeei" §RALENEE + PRIESRbolSSGYP LuPBEF dRyer
decoded dapﬁovide(ﬂltihriiﬂﬁ;,tﬁéﬁ ﬁh)telrSaOé ¢diel £A detded efithareri® usad faad

each optical plate 132, of th sing disk 94 e5cature
procedEre %Eﬁd?faﬁgrf BT 58 F&ng%'TB‘%mShoﬁleéht He{gtl %gg o Ybt4 n
data for eeche@piiytiadlpbbte 3832asoghywa perrien »f the CCD det ector 93 is
used. I n operation, the CCD detector 93 generates inage data as 494 |ines,
one line at a tinme, each line being G9 pixels long. The first 24G |i nes,
10 i nstead of being Ohgitlizmesamwhicdh @oul dotegui symsbgﬁigiéearﬁréi rm.aredaerd

"du d " Fur rnore, el erate the process, e ee h the
daaDF e C RVRbATEERES: Helenbrutl 3t thas B O ERR! ik diiinte o 1 et s,
i mage capt umllaarmeuetltﬂe Ynpher. mtaHowsveont@di et idorive tiibhal 2é@nheﬁ§s tise
not inportant tot gcu ing 15 st t he dergradatl on

a

nf or mat | oRSAER ¢ A BT R RTr S ] S0t 2aag et hnE YPeRe Aot

tﬁn i Res symg@sog?fb?szggaxar@é&até Z®¢k i l’htvhﬁtée%lrladrl)/@ %ﬂaﬁé%itzéggﬂb%),elp\r/]% ead

t hen the t ector 1S T ver adl n | Nes n tni

mnner .t hoor GRGTETg (FRB 36 FE 1bTE ivan RA| VR oFRRRG ESHIGS 15the

bl ocksdi agtaadet: tiloe |Ulﬁgerad&ﬁLﬁdiﬁb@X&ﬁ%1tusel\ceﬁﬁuﬁl bes ddlaists at ebgedhe

CPU 200 conﬁects t.o the flazh rrermidy 202 .and M 209, . whi ch, %)n%gt he{;_ form
§ thath

the conput i efGoRE f YR IMgerdefG IS PG 0P Wi HEr 8%t o

the seri al defitenfiaeesha06p twiugh fotulsyr Rnids nmm%aft eﬁnetg)e tde tﬂ@d\/etaﬁgé’@éﬁ
210. A mcrocontroller 212 is con cterdL b\E/ serial i goth %fﬁ
B5ty R s° ©5%6*a

inturn is®@ ﬁ eSYBRP %gilrﬂé*p?dw @ILSW’EJC‘H lﬁlm‘?m’f’ﬁr

i1lum nati eniginwees pdk3iblle delgradiingt varidrivass 218 are connected to the
Bright Field and . 30 Dark Field and Targeting Illum nation, shown as
[llumnation 224 in Fig. 15. An FPGA 220 is connected to the CPU 200, the

flaskorenory 202, DRAM2Q%angldinatieon gt Wisd218nh@nge 4&4&x 228. r&hative
to a linear bar code 40 or a 2D coded symbology 54, the reader

can move relative to the code thereby changing the focus,
illumination and angle of the scanner relative to the code. By
performing the entire image capture function as quickly as

25 possible, from the moment targeting is achieved, such variables

are minimized. How such rapid image focusing, illumination and

capture are performed will be described in detail below.

The reader 10 includes an ergonomic housing 12 designed
to fit comfortably in a user’s hand. The reader 10 decodes the
30 data, and forwards the decoded data to a computing device

platform, such as a PDT, PLC or PC, which performs information



09 APRIL 2003 WD 001 16401 16 PCT/US99118847 FPGA 220 controls the CCD and
the Illum nation 224. The FPGA 220 and m crocontrol |l er 21234 apripl2d0%
targeting. The Modtor 216 drives the focusing disk 94. In order to evaluate

the image daﬁg{{@r ¢ach optical plate 5 132, the ten middle |dcasseohssdpt a
need to be a «%? The transitions between |light and dark areas of the

code are critical for such analysis. furltlhernore, it is inportant to note
that in the determ nation of which optical plate provides the best focus
and il | unga&hiesina has qeale tgf of tehdunrdgensr.el abi \avittecloner 16 rargmster 1 bs
what is i tec SUEINERYE i I i

desi gned ?ggg%ﬁﬁéieﬁggp%ggﬁ' eg% iﬁé gﬁgt e cégégi%y %bﬁggg%F§}88t§5 &P?h

t he mi ni niksenésessagyr f oclsghys hdtapar?ecard oeusydedhdehtiweutderefuthe
consi der a mre i andio onpl_exi 15, n a i L rse
a scan |i ﬁéﬁf?ﬁﬁ] }ﬁef ctio rllg%%t.ce Irl}(;’re ;éﬁqéherﬁagnt) e%gi il giggfgéggng_% \%\%gégég a
m ni Bum pedkthe ped&dvaymeocdbgd?. rdbpscheuebyt habudibetasigrabbi heypekeb

nmust be gépat%rvaﬁgg a relative black pixel by a magnitude of 12 for iT to
be consi dére8 & Vahrte pi xel relative to that black pixel, 20 but other
val ues may be used depending on the application. We will first |ook for a

| ocal mnimm W choose a pew.m ni num when the current pjxel is |l ess than
the previous nininu %ﬁi%ﬁi§¥Qﬂ§ﬂ&Wﬁf%%nl qﬁﬁiﬁﬁﬁﬁzﬁﬂi %%&?9|§6K?ﬁa Br a
maxi mum wlerawe file tea el s pwibdl @y ked Uien grteat e Idanr oviequalkrovp.t hehe

m ni num 25 %I)é%adp’i s 12. W then, continue | ooking, for a maxi numuntil we
find a pi PECHARECT FATEEE AR Srdegulied of 2 HE U £t PRERT nBAR APRES 193 -
When ot hi s A0@auigy anenald\ee tavd-gitad sarititingyer ad acsdd nexi acdini t&ethagnairyde of
t he di ffere% and the nunber of pixels between the m ni mum and nmaxi num

poi nts. TRE™RRJT®Yude of the 30 difference or peak to peak value is used as
the index to the bin nunber of the edge histogramthat should be

i ncremented by one. The,qgnberzof i xel s between the_geaks i s used f% t he
index to the bin nuRbe?IRFCYhé2r R y2hiSdE8gr HR IR ShEGEEIHR 9LS
APRI L 2003ré6iaed1640dhe front of the housing 12. A targeting line 32 is

produced by a light source in the hand-held imager 10 and is
15 projected onto the targeted coded symbology to ensure that the
coded symbology 40 or 54 is within the field of view of the
imager 10. The targeting line 32 is preferably a color, such as

red, which is discernable from the ambient light sources.

In operation, the user presses the trigger 15 to a

20 first position thereby causing the projection of the targeting
line 32 onto the coded symbology. The targeting line 32 is then

used to position the imager 10 and the coded symbology relative

to one another. The imager 10 then adjusts the illuminating

light if necessary, and determines the correct focus. The light

25 18 is illuminated to indicate to the user that imaging is
underway. Upon completion of the imaging process the light 20

turns on to provide the user with an indication of successful
scanning.

Referring to Figs. 2 and 3, a linear code 40 and Data
30 Matrix code 54, respectively, are shown. Typical 2D or Data

Matrix symbologies are smaller than linear codes and may be



PCTI US99118847 17 increnented by one. of the scan line. This sequence is
repeated for the remainder Referring to Fig. 7a, point A iq}#ﬂgg"'_r ?3I ocal
maxi ma. Point Bis the first local mnima. Point Cis an in ction
recognition point, nmeaning you know you are done | ooking for a |local mnina
because you are nore than 12 above the value at point B. You can then
eval uate the pair Al3. For the pair AB, the frequency corresponds to ~X
(11) -X (B) ~, while the peal: to pﬁak val ue corresponds to ~Y(A)-Y(B)~.
Point Dis not a local mnima 10 because it is not at least 12 less than
poi nt G , etahedndi seitedontoi the besddn prieniffdnatibrDisPoydilcably s t he second
| ocal maxy IS ol I cti @n hiio L f.or e pair B1;.
Point G ié@ﬁgagﬁggﬁé?gc%%elﬁingnﬁ fgﬁ'a -’ei(r%('j {)‘g?ﬁgﬁl‘lgl ?{gpat?hgh%t?rﬁﬁ?nf | ection
recogni t i HP956i hY PEBTT SR APRY alesey when Fieading 2PgiyPologiesi$4the third
| ocal maxtimn f6Orlinehnstodaki 4 pur poses, Fig. 7 shows a pixel plot of line
235 of the CCD for the values between 128 and 508, in the horizontal
| ocation, for inmages pl, p6, and pll, shown in Figs. 6a, 6f and 6k. The
three i mages are WABPEET H0eds dFh@r aft PRSI SAEStonp ini Eighotm by the
solid |i néheriendgeopticdad sisaem 8yid hElwashed hs neclwdidgiotdgetpdel i s shown by
the dott ecalshge-1eRde sdalshal oBAAyClaskRC oRl XClndl Gk OhsFlasvdn are drawn | S
a -

shown in Taghle A, sho i i gs. . 8 nd i ncl udes e values for each
hori zont af° a&g%??%f%%q %Pshgg?'i"el ﬁflsF:y&m%P—’i d"l.heﬂmg‘?r ‘can' Be clearly
seen thatraisirmplgeaxis Bisisheffsest fromidiet ppREcall R Paef othanal ysis is
per }‘ or nedi&asgidevg}s@nhr?.enﬁ rRARY QQQEieﬁllfuﬁinﬂﬁfrhai Iﬂaumulj\a:tuimgpmnst ion. The
quality o t r itdo peak-tQ- peak) .v . taken into
account b{/ig{iﬁi s%&gﬁgit%iegl.ehfn an;dédg%c issogl'%'gfﬁ.t e c)? gxﬁligﬁ‘llggf%e 30

popul at i oFeASWaFdHheNtef 3 MeRsETangRazentnvalhe Which sthedpPEeEHies t he

peak-t o- peideusal Ligght t&LhARRA3doR0PB WO O ghe4 Ble k8 iR ildab8P/ 68847 Fi gs.

6a- Gk repsres el ev i . - ) {ra_qﬁ shgy $4} Figs. 6a -
6f, are u{ssgdgfgnv{aﬁg %H\g?\ngﬁ%pg%ot%ﬁﬁ%se%r P! %t %%Ee?%tg anal fs({}s and i mages
p6 - pll, TAHATAPY forvgEd Hregily Sheoumbedhe windavs 61 ofasE FORL anal ysis. 5
Ref erri ngiXlonEngtich, b edgeidedstfogr adiresti Idrodtetat markiowg | hlges pl - p6,

shown in RifiSasbp, whbie pEigt £10a 111102ns0QYW JahkEs Brihd QA yCANM ai ns the
popul at i 01? for _each pg k-to-%gak val ue of each inmage pl - p6. The inmages pl
- p6 are HHTUSPPLSY %’e&i’ﬁ ent shaded areas in Fig. 9. The peak-to- peak
val ues begin

Built-in bright field and dark field illumination are
provided to achieve proper contrast for reading the symbologies
on direct product marked parts at close-in distances. Oonly
bright field illumination is used at greater working distances.
The details of the illumination system are set forth in co-
pending commonly owned patent application serial no. (09/151,765)
filed on September 11, 1998,

A key aspect of the present invention is the CCD
detector 93, positioned along the optical axis 0, The CCD
detector 93 is rectangular and has a VGA pixel density. 1In the
preferred embodiment, the CCD detactor 93 is an interline 659 x
494 progressive scan, monochromatic CCD, which may be manufac- '
tured by Panasonic Corporation, model #MN37761AE, or a 659 x 494
pixel CCD manufactured by Sony Corporation, model # ICXO084AL.

AMENDED SHEET



10 at 12, since, as shown in Fig. 10a, the first popul ati on val ue does not
occur until 12 for inage pl. Simlarly, Fig. 9 ends wth vgd wpRILS200T

i mge p6. The renmaining values up to 255 are all zeros in the exanpl e shown
in Fig. 9, arlﬂ E(ﬂﬁr fore are not illustrated. The entropy scopermug®nggaim

pi xel val ue a 2 Ahum 15 pi xel value for each image pl - p6 are shown in
Fig. 11, with the entropy score being the3total of the popul ation val ues
for each inage. The entropy val ues individually have no neani ng. Rather, a
conpar i sorBagfh toife tbat fopgovahgedCMi g Iprovedan6dfex 4B wse sthiwti dmagpsmvad vt he
hi ghest entropy v e Lt s dmage p ' 7. Lt
referenceq‘gsrbecgi}iél. %gﬂ rln?}{':f{é&é éarva?lhlaet Q;:%r% 5%%%%@ ﬁ%@%ﬁ%@étlgﬁgg\%& éir
its curvehedeioh uwsiYiepmeesanCed, bpthiee entragpydetaedatmr Franch hasf 6¥MG6i ngr it
can be seen that 1nmpge p6_has the best |l umnation. The i mum, and

i mum pi O G aPCRSOET GMal: SndiPTd om FHELBe R0EPagd S Ts BITGnPaL: Do
and the aveimpeedftd 1 adipgresto Zhd aldiehavesfgodd welaes These nmaxi num and
m ni mrum pi xel values can be used to deternmine if the inmage neets m ni num
criteria for usability. The entropy score is not used by itself, and in

particular 30 when ahd MR@R-he1QVeha§at WALRG deRobBakul BEHBECHMBJIR GEicgnal
has reduced t he peak-to-peak values, and has fewer _ edges than an

under - sat (R%t Y | RRGEITOURS, APRFLUGBDZ NEFbO? 182621 190PCPIrYsdeE1 4847 IFS -

performthenh@ppheahorhat echagug anRaysinsthyhedd araprocessoraeencenas iarsel f
with the rate of change of energy between nei ghboring pixels of inmage data.
If all tr FoRred tpl’?ﬂ’f'é??iWa“ﬂW%%@ﬁ%iWaW%‘@?%?%m a graph can
be generated to 5 produce a score for determ ning the optimmfocus. The x

axi s_represents the nupper of pixels between | gcal naxi nd m ni m, and
the ¥° agi s represent’s gfm’éﬂboﬁi‘)ﬁ%‘f‘?’ﬂﬁ?tF?Ss?hﬁzgoguﬁéﬁgaggsir eduerdpwn n
| ~i ~Logr angrd £4-Jeraden A6 Milg. shows ishown A% @feat 8K delthd nurpeari pf sa.
pi xel s between peaks 10 are plotted on the x-axis in a range of 1 to 123.
123 is theT}Pﬁ’QCH&‘t Mahgé RaffRyeR ‘b%ﬁi‘l‘lfdftqr@ﬁl,t fté‘liclkﬁfﬁéé BB} 1631 JPRE 4GS
Table Cim#pgs. thiathiltk@esthigh tHOVdslescd heppopPul ghsonsyalidesafraked e
nunber of pixels between peaks. Reviewing Fig. 12a, it can _be clearly seen
t hat nost C‘E%etbcfatoéﬂﬁﬁﬁéé(?sl?ﬁstﬁ% PGS Ehes C8B (REGESOBN " hdu kiR dnadhd
thergtore thgseryal uesrayr e 19t rat ddheeBbati gedPoshdbws Ofwé ee higdtace=1ant
shown in F;géigggks 132 which thereby provide twelve potential focus
ranges. A positional encoding strip 134 is provided on the disk

94 so that the position of the disk can be tracked.

Referring to Figs. 5b and 5c¢, planar and cross-

20 sectional views of a second embodiment of the focusing disk 94
is shown. The second embodiment has eight optical positions 132

and further includes an outer circumferential wall 136 which

provides additional structural support.

The CCD detector 93 1is utilized to determine which

25 optical plate 132, and therefore which focusing zone, is
appropriate for a particular coded symbology scan. As the disk

94 is rotated, the illuminating light is reflected back through

the objective lens 92 through each of the optical positions 132

and onto the CCD detector 93. 1In order to minimize the time it

30 takes to focus the imager 10, only a fraction of the pixels of



A focused i mage has a sharp contrast between |ight and dark areas. An out
of focus condition is represented by the | oss of high fregeaAPRILRIINENtS.
Therefore, the image with the highest 20 popul ati on density at hhgp
frequency i ndwoabeeot he best focus. The data represented in FF§SUSIYE4Rd
12b is shown in Table C of Figs. 13a - 13g. Unlike illum nation, the

determ nation of the opti mum focus does not use the entire popul ation.

Rat her, on t fi Ngyalkues i e : L ap C S,
25 shown i%MEigngfgﬁéﬁﬁgé?s %m%g gég&gfﬁéggﬁ?gsgﬁ¥egggggﬁgagpéégugﬁiygﬁg
val ues, onbptimhenfopsicsévphatal uesdatbenebiletiheAfcondedgopbifiy. ploatei-nage
p6 has the highest entropy score of 894, indicating that it is the best
focused i mage. During inmage capture and decodi ng operations, the imger 10
30 draws approxi mat eFyoR06t&00 up ) |titenparegsrofl Ocpnstants poawgetat i Ul @ming-25

V. Were t i er_ 10 .nterfac i.t.h a,port e dat.a term nal , to
5 VT nor bty Gin ekl HPEEEIngh eI e Ao s S0 b1 Eaeobe
PCTI US9911884&twbhbée tsheadioferéa@l KEM] al Thas CCOSBhenntpemfease U apécthierd
at 4.2 to 5.25 volt t.100-500 ..Referring to Fig, 1 bl ock_di agram
of the PaniBSRrE- COTBhEHOToN Woder LIV inGYISIe] crErteReh | OB HasrEORAEr BoD
93a 5 conpahdegultbpl@rimodalarshithlkehegbst e68ugblg aNAEZEH , imdde hvogn edeand
ni nety nine égQQ% verti cal shlf%_reglsters 254, and 351, 597 ghotodl des or
pi xel s 256%% oftiRe 899 FRItF AN shiTe relichets 3B4the TaRRCPEd PYL
fih y](ca hundr ad @Q:ize(i;:téi:r e@h?1§503). 5<i>gns.he p?@bﬁditﬂ%%o%_éﬁnmﬁoggga@alvamtaiwl is
sni regl ster , the. Il’_t t.wo .0 t_e ot odl o ) are adun—-n-—

a 0ad8” T hECRBRE ELRBEAr d Topice AP I PAhd HRGCH i Caich S She AP RUES
four (494) ladi:i?él@ﬁfﬁr@ut hﬁhells@ﬁuirﬁi Brhéig%t h@hépbdépv\%ngzl tzxgglphgégdh@giez_ 2he
are optica CK, ang the last three ot odl odes are du | 0des.
3.5 The fi Fega?z‘jl%dg%s’fh?h??Hr%i %ér%‘%g nyeFt FRaFesRr et L8 eg g%ﬂshé &
are opticah Blaekd,! eaMvidlg ian affecdiott al®anOiim Xe htmslr g pash &1 Fh¥tBirRe
(GB9) lines, fornmed fromthe _central 659 vertical shift registers 259. Each

hori zont al 9$RFPESPEYPLRYLONSE Yand 251 is 72 long and receives thirteen (13)
dummy inputs, 20 followed by the 699 outputs fromthe 699 vertical shift

regi sters 254. Thus, _the foregoi arrangepent yields a resoqlution of G59
by A3E The CCD 93a. ABSAPFPEFRRECEPRRTL AT LAr LebD &F PieFar SPEEHASIERS o

hori zont al pabitbhetegi sitens 250rards2%ha lWRalse ongnSuehe25 thorm ok 8t e Sithkt
register is the normal  For exanple the Sony mpde # | CXO84AL CCD has  only
one hori zoN@AFaSHPRE r BRF sPEFS el - "SEMF LeBD BRpPYY s 2vBREPELI OF| BEKI R IES

elimnate ehargednddtie vieid i 6gbr 56on O Fhe set, hahdhahthgdih e Ranasosi ¢nCeD
93a shifts charge fromthe vertical shift registers 254 to the horizonal, 30
shift regi st&fs PSSend 251 5Tdd t$k3f shit1€8 e That§aIBut 36F the 10, is

hori zant al hifitzdB0i S8 £r 2R MEr2%B0% of the image width, and 10 scan
lines is more than two times the minimum cell size requirement

(4 pixels). This ensures than a transition will be encountered

in the image slice, while having as small a size a feasible. The

search for the proper exposure time uses seven images, but the

25 use of only five images is contemplated, which will require no
more than 30 mS. The optical disk 94 can be separated into two

groups of optical positions 132, for Dark field and Bright Field

images.

The maximum time to decode a printed label is 350
30 milliseconds, while the maximum time to decode a direct product
marked code is 400 milliseconds. The foregoing times include the

time, from the trigger is activated, to illuminate, focus,



09 APRIL 2003 WO 00l 16401 21 PCT/ US99/ 18847 Referring to Figs. 17a and 17b
and 18a and 18b, the vertical drive timng chart for anotigerAPRIY 200D

~~| CX0851~1L is illustrated. Figs. 17a and 17b show normal speed readout
mode, while Ka@swiedda and 18b illustrate doubl e speed readoutPGHFHEI/ 18847
conparison of 5 Figs. 17a and 18a, shows_that the three phase cl ock, which
has three vertical drive signals Vi, v2,12nd V3, is a maj or difference

bet ween the naormal  and_doubl -Sﬁ ed Readou godes. Effec%ivgl the three
vertical ASNETE GhEI M9¥C veqREeVENEr 8YBBABPEY f 8PAdBHEPE styaésd f6a8e910
The drivedaya.ng charts for the Sony CCD in nornel -speed readout node and
doubl e- speed readout node are shown in FIGS. 18a and 18B. Conparing the
vertical drive signals V1, V2 and V3 in the two nodes, it is clear that

these signals are daublsg 1pubsedainp dedibt eo spEed deadREkciBgep3and rehalsedhe
doubl e- speed readout 15 npde_takes _half the tinme of nornal - speed readout

node for thed seae) apbhihcadf PLALSr AdEi @F. the neeud wUudssiyndt - shBRs LHg®et he
outpy si gnture gQBEEQQIEnwg@}@l'@dI&O%Q reRdauhgmodes nighifkgckl YakY time

averagi ng pixels fromeach vertical pair of scan’lines while cutting the
nunber of hAstlines Searhtiades dataalior 20adhe dpddiczdntzl ate mildg sighhy s aHL
and H2, ar h - speed_r ut d bl p
oadout magd. and et aF or ot har boatat Lon 51 CEhe” Sony CBB eA Rot Be ce
accel er at et iRsford Phegsperateng ispeed Bfta hes siAGl & ihesizomeal L fet a
register. @2gcheg @q@a§95t30b€@9g93e%9/va§i§i@fg9@sqgto bgAri ven: wohp Stapdard
signals so that It provides an output that enulates a nornal television
caner®h, arddsieads2d beand| fhestize@reich saalidsirequdirgnglignidieand? tdden
lines in egghwj Thu &SR 9 r I, i el creat

conpl et e plctufgﬁkgg'Singgr%ﬁngCD'ggg)ﬁggﬂ¥ﬁ§§ﬁ%¥?§%n?§?%§%§ftt%%g%é%ﬁ?%
250 and 25t widch iteeeflabs v etgniotthaovgbarkhei REDsbstach t fastrn gutarofthe W

O 001 1640 9 I 0 S 8 hor iz I i f.t regi.ster
equal s th]esr?ne?ue er 05 ;fcogr(r)l ?ﬁgi\lf g&%g@ngaﬁ?{'%] evi%?{oyneafpz d,lkrgg(r%gﬂa;l%&.
Fi gs. l19a-cytainegstinatbet Aerst nd4fy fiovesf ismaolr dgpestave tMbdehd fomhsHings.

19d-19f sk&v&ﬁg)e tthiemd'%g_jrfaﬂﬁtﬁ)ﬁlcgf Prﬂﬂ{l?si%{ﬁ/oermation, due to the acceler-

ated reception, is not a detriment.

The next ten lines, lines 247-256 are utilized in the
analysis described below, and then the CCD detector 93 is reset,
never reading lines 257-494. 1In this manner, the focusing time

20 is more than halved.

Referring to Fig. 15, a block diagram of the imager 10 of
the present invention is illustrated. The CPU 200 connects to
the flash memory 202 and DRAM 204, which together form the
computing engine for the imager 10. The CPU 200 further connects

25 to the serial interfaces 206, which in turn is connected to the
power supply 210. A microcontroller 212 is connected by serial
link to the CPU 200, and in turn is connected to the power supply
210, switches 214, motor 216 and illumination drivers 218. The
Illumination drivers 218 are connected to the Bright Field and

30 Dark Field and Targeting Illumination, shown as Illumination 224
in Fig. 15. An FPGA 220 is connected to the CPU 200, the flash
memory 202, DRAM 204, illumination drivers 218 and CCD 222. The



5 Scan Mode. The bl anking signal CBLK is H gh for the first 21 scan lines
and then pulses for the next 509 scan lines . The vertical ggpmiLsaessl VDO
is high for the first nine scan lines. The video out signals VOL aIId Vo2
on hori zont alyg i/ fesorr €9i sters 250 and 251 begin on scan |ine RGTABIKI8R4Ir ee
dummy lines, 10 followed by two optical black lines, and then 494 data
lines, followed by two nore optical bIad*? Iines and two dummy |ines .

These sig and. VO nI|n for e hI|n of__dat
there ar e%%ﬁ%yggéQC%H%f dﬁ%el@ ?5 ﬁlf WL BB U et i nildey &IES 2;28
19g shows alnke xﬁiémcstgoﬁ@folFlr@freszogbﬁasbyeLﬂaé Teaeaeg.2. el ansteg Lae
Figs. 20a and 21% W&lch are enl %ements of sections "a" and "b" shown in
rigs. 19a Ay efolr s O WSPLotsK Pdt'e timing is shown in greater detail.
Fach scan |ine takes 1560T to conplete, where T is '-~ pixel clock. The
actual data for 20 one scan |jne be |ns at 220T. Fig. 20b is an enl argenent
of sections "a'PanEdeh Lo neypfdateofhgoimagp faty; SorZEéCT‘sOBﬁlEﬁI aPdérent
of section3x” tfégteallauldm%n Eii&g 9sFenlktal e ien bR diniffq 199 Thkor
operation of ‘the CCD 93a reference is nade to the table 25 shown in Fig. 22
whi ch set $reosifiohe bpbreen nh dtamng garkypesaandt t Heg rcqds pae icre tligeds.
It shoul d &y r at t el s of .d r ans e ch
hori zont aI ﬂggl ?hgggﬂ?ourmsrc%y%@r%s égnflg ffilIﬂ?gms?g{r:r gg fg?%l gé‘tﬁgo% Y,
usi ng t he ttheo deftetminagich v $ WsiClambt23E1 @@aS@anerhégsstaet bestsIf®)cus
startlb (g (sl sf o] g L the

phot odi od?s’%%@%ﬁmg&gng Qfa i‘ﬁ‘%%%%’%/\oggof%4oil’“§% botURSa  Teehd one
verti®al eo@UmE Beanhpfnés(pmpordandr J1Y tihy ahecbikel iBpgRalasalBitack
(b2v) is amaedir%@épe@d %%mc%lta@& £638chiBge G Alackid@sdid 4& 't%ea
rapi d speed sanple black scan Iine. Finally, the skip slow (y2x1), skip ne
(y2x2), af®ssd ﬁ%@ﬂOQYSt%ngd Atithy dihe BAN 1UR cReESS $7 i of B g n@ot
types. Th s c t s S

he scan Be Sar T hor T iy o B eBld! A ir cBhoYBEERERy My 28 fille.,
pul ses” cainghioy mme@gume nunmber of hori zont al pul ses per pixel
interval. The scan lines sla, slb 10 and slc all have one vertical pulse
and two horizontal pulses per pixel. For pl there is one vertical pulse and
one Hori zont al Apulege giamyiexele BGaR [UIRVEIBE hasSEaD Ve citompulteds pger

line and scaf i ”‘i“ol}“‘th*éa%x%m '9@1' AYhges Ben 4l Lae,sard Dof %1%‘&‘?':&{}&

hori zontal pul se per pixel nes 2x1 and y2x2 both have 15 vert|

pul ses pertq ineRk Wailbe 92x12 hasTfé)hfe MRSz died apﬁﬁéétpﬁéﬁa Wi kg Iaweleljmﬂﬁas
two horiz I P e i h is aﬂ:?]_,
two hori Zgrgllétgt# pu ess,rggtr%glr 9 pi xg'lat Uée Hclcﬂqzq/r’r?gﬂ)%%Il %'SP( gtéla{{tg}s the scan [ine

| engt h foriteash bf qqmaafctﬂr@giO|ang~l@tgzmls<elam¢l@é,nwmrtp thedn Hliaws Bixgl,
| b, ,sl 2 T . t
Tsost Sodrif] GsHeKy R thebaNyohe gkl epsAfip oty BRBUTELIANS e

next five wikhsfirgtedek fbirdaelocdhoniminun.” M@stchoaﬁd annsw"m'amémmd\@lsemf
ggﬁ]aﬁm;??z%% FH‘EﬁQ?{P ?aeie‘is'l%g 12{% L SI0LNG 5£80:b00eR 1 Ak, e™RIPYE O
grsters

looking for a minimum and start looking for a maximum when we

find a pixel with a value greater than or equal to the minimum

25 pixel plus 12. We then continue looking for a maximum until we
find a pixel that is less than or equal to the current maximum

minus 12. When this occurs we have a local minimum, a local

maximum, the magnitude of the difference and the number of pixels

between the minimum and maximum points. The magnitude of the

30 difference or peak to peak value 1is used as the index to the bin
number of the edge histogram that should be incremented by one.

The number of pixels between the peaks is used as the index to

the bin number of the frequency histogram that should be



25 and 251. Ntsc is the normal television driving node, and is included for
conpari son purposes. At the start of operation of the i mqyy APRIL2003CCD is
powered up and there is no charge in the cells or photodi odes 256. The

i mger 10 th 9@ﬁaminto reset node. Reset node utilizes |inep¢&hpesnyssi2
and y2xl, whi R conbi ned take 8.547 m|liseconds. The inmager 10 then
enters idle node, which repeats the y2x118ignal, thus basically maintaining
the i mager in reset node. 09 APR1L 2003 WD 00/ 16401 24 PCT/ US99/ 18847

Nor mal nod@aremented byaonéi nethbs sgepldnceslic, répebbedd fby the skipisHew

i ne y2xI, I 40 b2v, pixel line pl, and bl ack |ine b2v again. The
t ot al tinéﬂ{gﬁgﬁfg%ﬁé&fﬂgartical scan lines is thus 31.84 mlliseconds. 5

Comparing with an NTSC Frame, the first 13 lines are nonrequired padding,
scan |ines slaR nd slqicorr spond.t i nes T ne X%ﬁl

| b, . 4 -_1G e |

corresponds to ??ﬁ£§1$9 gﬁﬁ %ﬁ'T'%’bP8&E9|Inésbé%M%O¥+%%bO 852t o™f'nds 19
and 20. PiBceint i Beipl ther respondsotal | mhesm2l- S5iPginand | i meab2\nifd ekcitnes
5L5 qu 10 5161Héynes S17-525 are.dunqg I%ne, | i ke Iings 1-%3 .and %re*not
needed. By THEHE I PH g4 BeUSHEE YO SKRAY 53U | #hesIPRE ndPREL "Hod 8T pbwer
savi ngs i S aedl evediandbbhaukean®u alre iBor&cerased? labdasttim@dealhe at
imager 10 utjilizes lines sla, slb, slc, followed, by black |ine b4v, skip
fast |ine R Bt ackoyi f@npbhenisvaivatre| the BrirafB- skFprf &8¢ PeAg 2Bx2
agai n. TheHeotfleduefyf ebriasponmgdetbs|bud) M (d)ijsecands. tBrceecagaitd, pask
expl ained earlier the first 13 |ines arﬁ dumy val ues whi ch 3re ..
non- r equi r ﬂﬁuﬁﬂrﬁGFPSHGSIFﬁngE@%EYgﬁ) -anddPt Dor-Bedbnd toEilndd nima.
16, r@espedidasrige ilki rie; nb4v a20 fe@isiow, lard ﬁ:&:k@s pbaut cart :a@aE_DfS:ﬂ.mt'iiolﬂleS
17 - 20. Lines 1 8 umy) are_sent, t hrough .one hori zaontal shi regi ster
whi | e |iné%°31r§t-%§%W€%Bt M“H aBk P8 P sent °t161tth‘£ &EherhoP FEBRE alt O ¢
rzigi Stzzg . :%giﬁﬂ,ﬁ_ﬂo&jtt H iise W{@(llrifize@g)gfonfilﬁfé_do@nliteént @oskitp rfroi'rr Qﬁz@g pL::\iifieS

- : i s _skipping takes on mlliseconds tqQ go_throu
| i nes. Theagt]rl adle it g?vt &r F%gﬁgﬁi\d]r%ga]t SV es ap. p&ﬁﬂ‘%ﬂ‘? lisoltl%(?wst%‘t%dset
the bl ack jrefiercanies. rBexghisighapopht cyresRRRding to6 tB paNeER48 poighy,
the lines of interest, for. 30 focusjng and illum nation operations, is next.

finat?y, 131ne @ tindelPsdt PeMERI258 - SO1 to skip through these Iines
quickly in only 2.34 mlliseconds. 09 APRIL 2003 WO 00/16401 25

For illustrative purposes, Fig. 7 shows a pixel plot of line

235 of the CCD for the values between 128 and 508, in the
horizontal location, for images pl, p6, and pll, shown in Figs.

6a, 6f and 6k. The three images are shown by three different

20 lines, pl is shown by the solid line, image p6 is shown by the

dashed line, and image pll is shown by the dotted line.

The data from which the pixel plots of Fig. 7 are drawn is
shown in Table A, shown in Figs. 8a - 8h, and includes the values
for each horizontal location within the field. From Fig. 7, it

25 can be clearly seen that the image p6 has the best transitions.

Illumination analysis is performed by developing entropy
scores for each illuminating condition. The quality or nature
of the transitions (peak-to-peak) values are taken into account
by this analysis. In an edge histogram the y axis 1is the

30 population or number of transitions, and the x axis represents

the peak-to-peak value.



PCTNS99/ 18847 The imager 10 goes back into ;_eset node after either normal
or fast node operation, and is thereby i mediately ready tgp RPRIR2003NOt her
scan. The foregoing fast mode operation enables the inager to obtain the

ten |ines of ata of concern in . 5 only 5.5 mllisecongsyuseyi8sar
significant ti savings. This operation can be performed from sone or all
of the multiple optical positions 132. Bven if there are twenty optical
positions, the entire operation takes only 0.11 seconds. i Wile the

il lustrated exBirgd e @a1¢k Zpregrist 222 vEY Hwaqee b daphl of {REGEEsPlfor
focusi ng %&S Ehwﬁ“ Fﬁ‘t t?gr opher get S%PE Léé‘&s ghPefHﬁQ Bh8£883c§et5

of lines e earlier | ater rn"the set i nes her nor e;
mul tiple @mea§0tometeﬁr|an&ﬁﬁﬁmmeﬁﬁmkegagﬁs m@y-helhseﬁuwﬁhefsﬁagés 6t meen

areas of C be p e e rated node, 15 and then
t he CCD cgﬁnbg %eg§¥d ﬁ ?%%hgo%gst ea O%chﬁ%gglq Flgs 23a - 23c

illustrate the normal, fast and ntsc operatlng nodes in detail. Simlarly,
rigs.. 23d - | lustrate the ng r mal VA ul ses xl1 nd acc el.er.at ed
o Fontal x> R HGOES o ERge s pen i Mishadhid Ts i T RECEEHCTREF,
20 slc, plimal2e, pb4p6,y§mdwnyﬂxzd@md $ax2 arfe shoys. Fou - higze sthar Tablpi X"
is the rel ative pixel interyval is the length in t T of a

particul aP §€§ﬁgﬁf’QEﬁﬁ?FtﬁﬂunQRH%ﬁ$19QN§éFc% eP%ag A PFAL. vagre of
refers toeshgn ﬁnaggrrmt engs.in et smafed, pahid ep@lmreefmmwram@@ by

ini1 T bt U B CaRede S e o nanBecEBRIS CPEOFAN AaLUA DY SHE. -

Thelsegnemn munbeflm@e;e@ﬁesmﬁm@dlbyrlgeglba Ltne" rindicabpalatyahi dadaan
i ne. ure is represented " For "fast"_.a 1 co res onds_to

hor zont DEGHS A SSrTE THAESL YanEhR drage, #1- 56 Dbttt o Ro T s nears

cl ocki ng efithypalxk. 11\8vﬁd>rdlxﬁer@érq>e S Iejer e&ﬁaﬁﬁdnbyvaﬂl’.}&mﬂup tSt bpb mefeers
to the stat s of an anagog/dlégPi8 5 onverter transfer cl ock,
4

and "sg" ZRBRFL 18063 ov8 P&TKIS@ 9%88@?“% %gecfﬁtfé? °t B s &08nd

slhi ft :‘SgllSlltl@rstS:thebls fhesenPbspy Hra3r magianhs pakellh@agiugnahd sGannumnes
sla,_ S S| C

|, b2 bdv, y2xl, y2x2 and y4x2 shown in. Figs. 29a - 24i.
Wi 1% t he pr?é‘terjrogaaflet ﬁgrp?%%%r&mqgrﬁ/@% i oH%i §¥8eﬁ]aﬂ‘§f‘ré’f‘ it % %olr i e
hor i zont alerfddply rseglr&t Besnigt thantaltso be appl p@@utl@tao&el%ﬂQﬁleha\ﬂoﬁg QI
hori zontal, shift be seen., b ggggcjﬁggnu ti Ie scan i es |n

one hori zomMade shi F‘gl FB %?;?%rva e HaH Vi s"BH %rhjcf‘%/gxi{at

requires tahaitorrtmllsﬂ)he@rfattm @h&&@@yberana@lsce:dtw QP an@tdldry .shbliss man:kbe
done 10 for scan | i nes. é descrlbe several enbodi.nments

of the nefHUﬂg%fhﬁﬁeFB?lHbgaeEEaFBErBBMpV@ Ufevi B8N 1dn 28c dBRGEa RS

in aggor danceaMid b ft hespr egeth reF@did td Filgs Bel Keved Ehesr otiwer 1mage
nodi fications, variations and changes will be sug ested to those 15 skilled

in the artp§rhﬁﬁ(§naofafﬁéséeéE??p??%%rs%&SfQHQﬂ?'a D45 | IERYRHF S RO

be under stgod dtalopd lvadueh varbat £REStormsidd,catd Qi and changgmtarfuage

believed to_ fall mﬁthln the scope of the i1nvention as defined in the
appended 26ihgs the best illumination.

The maximum and minimum pixel values are obtained from the

25 average of the brightest 20 and the average of the dimmest 20
values, respectively. These maximum and minimum pixel values

can be used to determine if the image meets minimum criteria for

usability.

The entropy score is not used by itself, and in particular
30 when an image is over-saturated. 1In that instance, the signal
has reduced the peak-to-peak values, and has fewer edges than an

under-saturated image.



09 APRIL 2003 27 wx~T is crr~ir~n xs: 1. A nethod of operating a charge
coupl ed device in an accel erated node conprising the stepgyAPRIRZOOBNY Uup
sai d charge coupl ed device so that no charge exists in cells of said charge
coupl ed devi e ooyaqd! aci ng sai d charge coupl ed device in a r d&8UBAE47 and
keepi ng said charge coupl ed device in agsidle node to maintain said charge
coupl ed device in said reset node; expoSing said charge coupl ed device to

light: transferr| pnge t C int g rti i fg i m
photodi odes: onReRsoRhTEhE) G SOR A FotBL LB A B ind PR edl o
that a fisst ponteonsofitdaild nedei vigdek byatsai df chrggecouiplesct gy ilpet ween

shifted th h at accel eraated rafes. op ti.ng.said.ch e_coupl e
dovi co-at M dPREInE R RIS BT HRogb Bt hh (A n (SRS AE AR At B P e ng
an abbreviat ed twsetlimendivheadeil snddrdanspesdgrephi can obe hornzarttald dad a

shifting is accomplished wi thin . the .reado of single frarae,or field 2.
A mephod BEOGHEPatt 13O o Har SR IgIaH Mevintse oAt PR SGQF p mie * ' &xfs
accel er at edpneskenas tiecitgthdm ol plitels bhewedmn Bacal aimtPea canleih tiex) ce
is enpl oyed ig an opti cal sgnbology gnager. : . 3. A nethod of operating a
charge cotpfetRBeVi e818s ¥ PREFEEATPNLAR BRRBLEFAPRd node as recited in claim

1. wherein said charge coupl ed device conprises tw horizontal shift ' |
regi sters. 09 APRIL_2003 28 4. A nethod of operating a _charge coupled
devi ce as reciftiéF i ntah acdePerdtted FRUEHSY r BEFERAT RS cEarmiFRISmhd i

said charged, conpledi dlepigze w¥ans 6g01 rhaesun¥ber &F Np Sigd Os Sb&PwOEn I Y8RKHY
said charge coupled device ~n a fast, skipping node_so that a first portion

p
of dfta re&8i Pty at Wtargetotipted d’éwg% PE dhitpPt dd -hr duigh Bt Bhe
accel er at pighake & IReY fivmdy f r papplaxiont elns 2% hdddeg6, as shown in

Table C in Figs. 13a - 13e, which provides the population values
for the number of pixels between peaks. Reviewing Fig. 12a, it
can be clearly seen that most of the data appears in the first
15 25 values on the x-axis, and therefore these values are shown in

the enlarged portion of the histo¢ram shown in Fig. 12b,

A focused image has a sharp contrast between light and dark
areas. An out of focus condition is represented by the loss of
high frequency components. Therefore, the image with the highest

20 population density at high frequency indicates the best focus.
The data represented in Figs. 12a and 12b is shown in Table C of
Figs. 13a - 13e. Unlike illumination, the determination of the
optimum focus does not use the entire population. Rather, only
the first seven values are used to develop the entropy scores,

25 shown in Fig. 14. Since slow edges are represented by low
frequency values, only the first seven values are needed.
According to Fig. 14, image p6 has the highest entropy score of
894, indicating that it is the best focused image.

During image capture and decoding operations, the imager 10

30 draws approximately 200-500 milliamperes of constant power at 4.2
- 5.25 V. Where the imager 10 interfaces with a portable data
terminal (PDT), 4 to 6 V is normally specified at 200-500 ma,



5. A nethod of operating a charge coupled device as recited in an

accelerated node as recited in claim2l, wherein said chargeapgipi2ed3devi ce

scans 501 lines. wherein said step of operating said charge coupl ed device

at a slower RkadGuie@oshift a second portion of said data is pePEDURBHBEGEX

approximately 10 lines. 6. A nmethod of qﬁgrating a charge coupl ed device as

recited in an accel erated node as reciteéd in claim?2l, wherein said charge

coupl ed deyi.ce n es r at ep of erfo

accel orat GA ies S SaiersatcSerttl B ot Es AT i e Bhiedi hg

char ge coderdodévQéevaitseatteOOFﬁoanmaccelerated node as recited in claim

21, wherein said charge coupl ed device scans S01 |ines, wherein said step

of running acid chtfrge coupled device in a fast skipping node so that a

fihr st Eom on Kéf@hfﬁmq eeei veidy bylsai ]gh Cbabg]g Y reth 08y thele' Zighhébﬁﬂc

t hrough at, an accel erat rforne or appr oxi mat e

A met hod gprgﬁéﬁéﬂpﬁb’%“gﬁb % gaggééﬂd & s $£c§ 241t n ﬁ“héaé¢e§g?ed

nodesas reehbeisks eh@iibrizoMexeishigai @eghé’tgﬁs coplad dS1i,ceixCchanndeed

i nes. wherein, sajd steg of o eratlngasal [
e

char ge coupl ed §6VIC§ 3% a
sl oner raf®dt BLBRFYIRAN8eBAY pBrt bR bf SBALH HETASTeTPef POr nelds grl, 297
appr oxi mapBby old oldeReSor ~¥1kR18HCPie. 0% ARR br200% 2899§. A rrath0d quft

operating a charge coupled device as recited in an accel erated node
reci ted | AeOLELRTE, 2Whek i Pt schipgéivsuprRared At Heass (588) ||Or$e§he

wher ei n S@h@tga%defs PSEf OrFING RECOLRLALRY ERSEE FAPIS APRISAXI FRELIFY 343
i nes. A net hod of operating a charge coupl ed device as recited in an

accéleraté&ondﬁé BRe reRptediPdeel aph 218 where digsied stidle dtepefupi Age

sai d char gptreedp! BUagRY Gife et Sﬂo@\&ehuEQE@dt 8né hxhiﬁe@y Sﬁ%ﬁﬁnq 4@Qrt B des
performed for apprOX|nateI to lines to performfocusin Iunlnatlon

oper at i on€re11thay Heehyd ofiedskr atPRg Lo 1diRetigy cotpl angégﬂé’éeés 42 RE8 in

an accel eipk8dalOHeaaR, I 86kt eHel 1Es€l BhPek0,(3 656t8d§@ﬂésOQEGaEk@ndQRm§a'd
charge coupl ed device 1s performed for nultlp e optical positions in said

opti cal sﬁﬁﬁgﬁégy imger. 12. A nethod of operating a charge coupl ed device
as recited in an accelerated node as recited in claimll, mherein sai d
operation of Said charge coupled device is perforned for

i |1 d@ination cBili £18AS i i)satlid opeital tiuimibo| egghptié%ervertllacah FBihRSd

of oper at irngyriag iy I Loupted eVt £e wPakrCi § 881 Ry ain acEeL et aedarRde o&s
recited in claim21, wherein said step of running Said charge couple

ed
devi ce |n%dxf§§Pd§EﬁpﬁPﬁgfﬁ6§¥ §én?héﬁ5§)fﬁ#@@spoﬁpf@ﬁdoﬁrﬁﬁt&h?e€€P¢é&lby
sai d char %@%Qlt@gage¥h§§t ! lsegslkggér%d A, Ouﬁgcﬁt h8Pi 2scel eratiad nala dikes

apprOX|nat%gg | 1 seconds. 14. A nethod of op eratlng a charge coupl ed
devi ce as % a@@dzﬁﬁ a8 décéregapad ¥egeiyes: dbilrégepn (8Pai ALRMY vimEUdisn

sai ehar gea 16kl 89 €AY G§9 S&mt@mfr'dn{‘%’e Woer gbPr @ AR rdisters

operating sald charge coupled device at a slower rate to shift a second
portion of2¥ai d Tgasa fbe appereximmtarsangendnieyieddsepf sespdutdion of 659
appr oxi rrat}ﬁ} Yadh 63 mlliseconds. ~NDEb SJ.iser 09 APRIL 2003 30

The CCD 93a is different from typical CCD's in that it has

the two horizontal shift registers 250 and 251, where one such

25 horizontal shift register is the normal. For example the Sony

mode ff ICX084AL CCD has only one horizontal shift register. The

Sony CCD employs vertical clocking to eliminate charge on the

vertical CCD. On the other hand, the Panasonic CCD 93a shifts

charge from the vertical shift registers 254 to the horizonal

30 shift registers 250 and 251, and then shifts the charge out of
the horizontal shift registers 250 and 251.



15. A method of operating a charge coupled device as recited in an

accel erated node as recited in claim2l, wherein Said steggApRAr 20031 ng an
accelerated rest is performed in approximately 2.33 mlliseconds. 16. A

met hod of opgpabiie@r @ charge coupl ed device in an accel er at e®@CHB$89/18847
conprising the steps of: maintaining said charge coupled device in an idle
node to maintain said charge coupled d ce in a reset node; running said
charge coupl e evice in a.fast _ski in node, s t hat portion _of
dat a receivedg%g e akge co&é?eggﬂe TRetd i %Ph Eéﬁ X?réﬁca?
a(r:]c](cal er at&QWegl&mlﬁgeEB&¥ﬂgféxgleghdlﬂWrgﬁoﬁgupth# U@W@@Q\gﬁ-tlﬂ Sl oy arcade toOI
shift a second _porti sai at a perfornn r res an
wher ci n G- J08cBNGet T SROD IR SHESR GRP40Lh Hedeg T Lo doidsty S
within thgd elaaipwlms@:éﬂ@gdi@ﬁmr@p@édft@é@ioutﬂmo&e rretmodo@ba@mgbat ¥y a
chaége coupl ed devi ce conpri sjng agglurallt pi xel s, in an accel erated

conpri®t ngl {he2Reep82of Sheypa ?HgtﬁefEPE?enaﬁﬁéﬁ 6Lopkxel8ighodidsed

in the change %%Il%élda\fu% Q»ig%aqgkwg §b,aBnaces)|, e&@t admapeedqidalryzi ng
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at a spe@NGA oveetWaem shihe aBetmetat aadspdenb anapaﬁﬁplﬁgaﬁﬁétreﬁﬁﬁﬁéer of
the pi xelis ipuivdeg i Riheyehar g& rtauahed Ao ceWbbos T o9dind 53 dxe

remai nder of the pirxels in accordance with claim17 wherein
sai d byp&@%hﬁf@ﬂé&f|@9%§*ﬁ(ﬁ9ﬁﬁﬁlmp¢?wertical direction. 19. The nmethod in
accordance with claim 17 wherein sand bypassing step is perforned in a

hori zontal direction. 09 APRIL 2003 3 J. 20. The iaethod in accordance
wi t¥ cl ai m | eTRed@ilives i i BYpasrnls sfep ithepsiaohded | hnarRsredomPaed
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accel erated_node conprising the steps of: powering up said charge coupled

devi ce s@nchdBBno CREPgE iew dhe Verédrcpd 6riysi ¢iomange Vdoudile@ngewikdn by
pl acing sa{4d tQJ%a'in%%e%ouﬁlte(Elsd%\i'e & itha? eesk gqg%alan%r'ée%]wugqu?ﬂsfé&arge

coupl ed device in an id mal ntai n sai har ge cou ice In
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Shift a second portion of said data: and

. effectively averaging pixels from each vertical pair of scan
lines while cutting the number of vertical scan lines in half.
20 The horizontal timing signals Hl and H2, are the same for both
normal-speed readout mode and double-speed readout mode, and
therefore the operation of the Sony CCD can not be accelerated
beyond the operating speed of the single horizontal shift

register.

25 The Panasonic CCD 93a was designed to be driven with
standard signals so that it provides an output that emulates a
normal television camera, and has 525 scan lines. .Normal
television signals have 262 scan lines in each field. Thus, the

CCD 93a requires two fields to create a complete picture.

30 Since the CCD 93a has two horizontal shaft registers 250 and

251, each receives every other scan line so that the output of
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signals. Black (b2v) is a medium speed sample black scan line,

and black fast (bdv) is a rapid speed sample black scan line.
Finally, the skip slow (y2x1l), skip med (y2x2), and skip fast

5 (y4x2) are vertical quick skipping scan line types. _
The “v pulses” column indicates the number of vertical

pulses for the scan line, either 1, 2 or 4 pulses, although more

are possible. The “x pulses” column indicates the number of
horizontal pulses per pixel interval. The scan lines sla, slb

10 and slc all have one vertical pulse and two horizontal pulses per
pixel. For pl there is one vertical pulse and one horizontal
pulse per pixel. Scan line b2v has two vertical pulses per line

and scan line bd4v has 4 vertical pulses per line, and both have

one horizontal pulse per pixel. Lines y2x1l and y2x2 both have

15 2 vertical pulses per line, while y2xl has one horizontal pulse
per pixel and y2x2 has two horizontal pulses per pixel. The line

ydx2 has 4 vertical pulses and two horizontal pulses per pixel.

The column “clk T” indicates the scan line length for each

of the foregoing signals, and can vary. Scan lines sla, slb, slc

20 and y2x2 all take 834T. Scan lines pl, b2v, and y2xl take 1548T.
Scan lines bv4 takes 1656T, while scan line y4x2 takes 9427T.

The next five items: “reset”, “idle”, “normal”, “fast” and
“ntsc” are modes of operation for the CCD 93a using the foregoing
scan lines fully employing both horizontal shift registers 250
25 and 251. Ntsc is the normal television driving mode, and 1is
included for comparison purposes. At the start of operation of
the imager 10, the CCD is powered up and there is no charge in
the cells or photodiodes 256. The imager 10 then goes into reset
mode. Reset mode utilizes line types y2x2 and y2xl, which
30 combined take 8.547 milliseconds. The imager 10 then enters idle
mode, which repeats the y2x1 signal, thus basically maintaining
the imager in reset mode.
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lines 1is thus 31.84 milliseconds.
0!F7S#10%&f() fly2m 109&' ()-y3, &10%& ()-!C3, &10%& ()-(((]))**zX6"P1! L&10%
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#109& () - le&lowa/&' It 3@ () -S Ol &100& ( 11 wg 0%&' g #10%&'()
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pl corresponds to lines 21-514, and line b2v is lines 515 and
10 516. Lines 517-525 are dummy line, like lines 1-13, and are not
needed. By taking only 31.84 seconds to scan 501 lines in normal

mode power savings 1s achieved and the frame rate is increased.

In fast mode the imager 10 utilizes lines sla, slb, slc,
followed by black line bdv, skip fast line y4x2, black line b2v,
15 pixel line pl, and skip fast line yi1x2 again. The total time for

fast mode is 5.5 milliseconds.

Once again, as explained earlier the first 13 lines are
dummy values which are non-required padding, and lines sla, slb
and slc correspond to lines 14 - 16, respectively. Lines bd4dv

20 follows, and takes four vertical scan lines 17 - 20. Lines 17 -
18 (dummy) are sent through one horizontal shift register while
lines 19 - 20 {(optical black) are sent to the other horizontal
shift register.

25 Skip fast line y4x2 is next and is used to skip through
lines 21 - 245. This skipping takes only 2.30 milliseconds to
go through 224 lines. The black line b2v corresponding to lines
246 and 247 follows to set the black reference. Pixel signal pl
corresponding to ten lines 248 - 257, the lines of interest for

30 focusing and illumination operations, is next. Finally, line
y4x2 is used for lines 258 - 501 to skip through these lines
quickly in only 2.34 milliseconds.
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operation can be performed from some or all of the multiple
optical positions 132. Even if there are twenty optical
positions, the entire operation takes only 0.11 seconds.
)
While the illustrated example utilizes lines 248-257 as the
10 data of interest for focusing and illumination, other sets of
lines may be used. Such other sets of lines may be earlier or
later in the set of 500 lines. Furthermore, multiple areas
located in different regions may be used. The spaces between
areas of concern may be passed through in the accelerated mode,

15 and then the CCD can be reset after the last area of concern.

Figs. 23a - 23c¢c 1illustrate the normal, fast and ntsc
operating modes in detail. Similarly, Figs. 23d - 23e illustrate

the normal horizontal pulses x1 and accelerated horizontal x2.

Referring to Figs. 24a - 24i, charts of scan lines sla, slb,

20 slc, pl, b2v, bdv, y2xl, y2x2 and y4x2 are shown. For these
charts “pix” is the relative pixel interval. “DT” is the length

in unit T of a particular segment, 1560T being normal for a
complete scan line. “QT” refers to when a segment ends in units

of T, while Qck refers to when a segment ends in terms of signal

25 clock. This demonstrates how a shift in unit T between @T and
@ck. The number of nanoseconds is indicated by “ns.” The segment
number is represented by “seg.” “Line” indicates a valid scan

line. Exposure 1is represented by “exp.” For “fast” a 1
corresponds to horizontal clocking of type x2, while 0 corre-

30 sponds to horizontal clocking of type xl1. A valid frame 1is
represented by “frame.” ™“Stby” refers to the status of an

analog/digital converter. “Chl" is the transfer clock, and “sg”
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sensor having one horizontal shift register as can be seen by

placing multiple scan lines in one horizontal shift register, as

shown by scan lines b4dv and y4dx2. This requires that the

integrated charge be reduced proportionally. This can be done
10 for 3, 4, ... etc. scan lines.

Having described several embodiments of the method of
operating a charge coupled device in an accelerated mode in
accordance with the present invention, it is believed that other
modifications, variations and changes will be suggested Lo those

15 skilled in the art in view of the description set forth above.
It is therefore to be understood that all such variations,
modifications and changes are believed to fall within the scope

of the invention as defined in the appended claims.
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exposing said charge coupled device to light;
transferring integrated charge into vertical shift
registers from photodiodes;
running said charge coupled device in a fast
skipping mode so that a first portion of data received by said
charge ¢oupled device is shifted through at an accelerated rate;
operating said charge coupled device at a slower
rate to shift a second portion of said data:;
verforming an abbreviated reset; and
wherein multi-speed vertical or horizontal data
shifting is accomplished within the readout of a single frame or
field.

2. A method of operating a charge coupled device as
recited in an accelerated mode as recited in claim 1, wherein
said charge coupled device is employed in an optical symbology
imager.

3. A method of operating a charge coupled device as \
recited in an accelerated mode as recited in <¢laim 1, wherein
said charge coupled device comprises two horizontal shift
registers, !
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5. A method of operating a charge coupled device as
recited in an accelerated mode as recited in claim 21, wherein
said charge coupled device scans 501 lines, wherein said step of
operating said charge coupled device at a slower rate to shift
a second portion of said data is performed for approximately 10
lines,

€. A methad of operating a charge coupled device as
recited in an accelerated mode as recited in claim 21, wherein
$aid charge coupled device scans $01 lines, wheregin said step of
performing an accelerated reset lasts approximately 243 lines.

7. A method of operating a charge coupled device as
recited in an accelerated mode as recited in claim 21, wherein
said charge coupled device scans 501 lines, wherein said step of
running said charge coupled device in a fast skipping moda 8¢
that a first portion of data received by said charge coupled
device is shifted through at an accelerated rate is performed for
approximately 240 lines.

8. A method of operating a charge coupled device as
recited in an accelerated mode as recited in claim 7, wherein
said charge coupled device scans 501 lines, wherein sald step of
operating said charge coupled device at a slower rate to shift
a second portion of said data is performed for approximately 10
lines.
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saxd step of operating said charge coupled device at a slower

rate to shift a second portion is performed for approximately 10
lines to perform focusing and illumination operations.

11. A method of operating a charge coupled device as
recited in an accelerated mode as recited in claim 10, wherein
sald operation of said charge coupled device is performed for
multiple optical positions in said optical symbology imager.

12. A method of operating a charge coupled device as
recited in an accelerated mode as recited in claam 11, wherein
said operation of said charge coupled device is performed for
multiple illumination conditions in said optical symbelogy
imager.

13. A method of operating a charge coupled device as
recited in an accelerated mode as recited in claim 21, wherein
said step of running said charge coupled deviea in a fast
skipping mode so that a first portion of data received by said
charge coupled davice is shifted through at an accelerated rate
takes approximately 2.4 milliseconds,

14. A method of operating a charge coupled device as .
recited in an accelerated mode as recited in claim 21, wherain
said charged coupled device scans 501 lines, wherein said step
of operating said charge coupled device at a slower rate to shift
a second portion of said data for approximately 10 lines is
performed in approximately 0.63 milliseconds.
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15. A method of operating a charge coupled device as
recited in an accelerated mode as recited in claim 21, wherein
said step of performing an accelerated rest is performed in
approximately 2,33 milliseconds.

16. A method of operating a charge coupled device in

an accelerated mode comprising the steps of:

maintaining said charge coupled device in an idle
mode to maintain said charge coupled device in a reset mode;

running said charge coupled device in a fast
skipping mode so that a first portion of data received by said
charge coupled device is shifted through at an accelerated rate;

operating said charge coupled device at a slower
rate to shift a second portion of said data;

performing an abbreviated reset; and

wherein multi-speed vertical or horizontal data
shifting is accomplished within the readout of a single frame or
field.

17. A method of operating a charge coupled device
comprising a plurality o¢f pixels, in an accelerated mode
comprising the steps of:

bypassing a first number of pixels produced in the
charge coupled device by clocking at an accelerated speed;

analyzing a second number of pixels provided in
the charge coupled device by ¢locking at a speed slower than said
accelerated speed; and

dumping the remainder of the pixels provided in
the charge coupled device without reading said remainder of the
pixels.

18, The method in accordance with claim 17 wherein
said bypassing step is performed in a vertical direction.

19. The method in accordance with claim 17 wherein
sald bypassing step is performed in a horizontal direction.
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20. The method in accordance with claim 18 wherein
said bypassing step is performed in a horizontal direction.

21. A method of operating a charge coupled device in

an accelerated mode comprising the steps of:

powering up said charge coupled device so that no
charge exists in cells of said charge coupled device, by placing
said charge coupled device in a reset mode, and keeping said
charge coupled device in an idle mode to maintain said charge
coupled device in said reset mode:;

exposing said charge coupled device to light:;

transferring integrated charge into vertical shift
registers from photodiodes;

running said charge coupled device in a fast
skipping mode so that a first portion of data received by said
charge coupled device is shifted through at an accelerated rate:;

operating said charge coupled device at a slower
rate to shift a second portion of said data; and

performing an abbreviated reset;

wherein said charge coupled device scans 501 lines
of data in at most 5.5 milliseconds.
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