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113q3 ~1 DI FFUSE SURFACE | LLUM NATI ON APPARATUS AND METHOD® ARRZIE3IND OF
THE | NVENTLON - FIELD OF USE 5 This invention relates to t pR-TH5Nob/Pdse
i |1 uni nati GWO 81687} f aces, which nay b][e specul ar or irregular aoanq3gpr
particularly, to the unlforn1|IIun1na i on of machi ne readabl e code
synbol ogi es andprkFubEKSURRALE NEVLIET MAPL 01 (A PPARATES SANT a¢EBHODS
facilitate imagi ng and decodi ng of any such 10 synbol ogy applied directly
to such surfaces or to nedia that is, in turn, applied to such surfaces.
09 APR 2(RrSCEGRENID 141508 POVHISOINL 88 A ELIBABKEGRHIND Ol, THE | NVENTI ON -
DESCRI PTION OF THE PRIOR ART It I1s quite often necessary to determ ne the
exi stence. location or characteristics of an article through automated
‘means for autonatedmpurpﬂ&@&tiB@b@éuatbandbimgeohnn&btm fiotupioeedishng £5
such as nachj n|n or ﬁssenb Y, PYL goses and_aut omat ed 3 ng,

t r anspor t3#F 6ASeRani BOFEEi A2 ¥nd®St hePehik 8F|n8rof155F9§ atpnpBh&nt Bore
'pagkages p?éhdtil‘.chﬁflérbkﬁ, us?ak:gy e ol RS n_tmimmdrgrcssrf oﬁaanfhén&era@gmal e
code or s ol og ied to t art nited States Letters Patent
Number 5, 927 5yBBRIPRAFo AW LR kiR GH2GtbbE: DBo SPRIGEY oFo Such

" Appar at L@fmcé@m candueican ivaker Lfagtihbl caﬁaorde@éwu&@l tcepl Ardf €$uch

Letters Patsnt Nunmber 5, 631, 956 patented . to K L. Kost on 20, 1997 for

Pecti FoPPRIAEHaf tEeC e @w%ﬁyréﬁ%&cﬁrpﬂtedal@pllﬁamaﬁg1SAt
t| rres it i tonvendpslidd wppuect harsiadewd ogy to a nmedia such as a 15
pressure sensitive label. OQher tines it is nore desirable and possibly
efficient to apply the synbology directly to the article. The synbol ogy may
be a conventional bar code, a stacked bar code or other 2-D synbol ogy.
Machi ne readi ng of synbol ogy, as by a stationary or 20 hand-hel d reader or
i mager, requires proper illum nation of the targeted synbol ogy. This may
present problens if the media carrying the synbology is applied to an
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09 APR 2003 T WD 00/ 16073 PCTI US99/ 18846 3 applied directly to the article
and tPe article surface is normally specul ar and/or the af9iAPB'2003urface
is irfegular. Wen the synbol ogy reader or inmager is to be 99"3% bt 1s
usual |y nosWOd84%¥3ble to minimze its size and weight. To 0 %gh%ﬁi | e at
the sane tinme providing for uniformand diffuse illumnnation for the

synbol ogy nmay and has created problens. Honme hand-hel d synbol ogy readers,
such as that shown and described in United States Letters Patent nunber

4, 81B, 856 BAZKEROBNDt QFT THRRINVENTIEONet+ RESCRIDPAPON | OB, TARBORIOR ARptical 10
I nformati on Readi ng Apparatus”, attenpt to effect reading of the synbol ogy
¥m thl anbi ent Ini)glht; Iltu‘isd@hﬂc@ oiﬂr}ﬂé!geﬁbcbisgﬁfyitfo mﬂte&hmxésgfuféigiwﬁcé,o
acilitate symbol o readi suc evi_ces . he unaccept abl e. er

hand: hel d 1S5 RBOPBOI At e R e cEeOF HER Atione T oudBe PREGRAF R heanst

St ates Letrber subPahetéd Noiiieisekd RoBAit7Ramal &y eff tiarts ResSt@cdking
Sept enber 30, 1994 for, "Optical Read] Head" and in United States Letters
Pat erft NufH&R E%T@?‘@S‘S“E}aﬁe%eﬂsﬁﬁ@gguaPﬁp%?eiQQBgt FUEgated 1395 Bt al

for "Omi gdirzegioenalt ivhde Ranggulbiapdohe! andarotiode ReadelingProFi dsatheir
respective LED or Xenon tube illumnation either directly 20 through a
wi ndow of CORBORERE®r RRckaFesughd ERgedl b dufdd YoineSiEEst khabghome r &k

Wi ndow. The rESHhAE NBedddBIE HR)de0BrOEyhBE1SYPIIN Oy IBYY LHYISLRE dF¢ £ ar
and not diffuse and, as such, uﬁacgepyggl e&ya her "hand- hel d synbol o

readers, SBdfress SHRdSs diRdvieres Pat@nde bmosad 5P Wni%%l mytanded diq .
Pgt ethO l(;lumgh &%%ﬁégm ?n%%tfbﬁ/:“ﬁ%ﬂwm\lfﬁg thQﬂ: Jﬁ@i%&md@&&%ﬂ fdfer
" Bar - e_gcanner Quas| -Retrar ective LI ection" and_in
United S RAECEELFRFLOMA U URIEG SEoHES, S SR G Cof ARPEBer 32156 005
to J. Swaphzegteal tof ®.L PHdsbl en Laser 2D odesScaori Rt i rasit 20

i Il um nati ora&i nto the hand-hel d devices.

their resgg?%%ié\ég | gser__source ety Brrking s At Kass tite
i ' rs t

of ill
However , &i c§§eale§(8mipﬁl55ﬁ'p8tfalsél PoP
i lluminatiien asnvssiéhe yrbepply. thesesyrdd logynatoom r ekldaet eshei f ag a
specgl ar mrror surface,is n it%lgr di ffuse nor lrjf'&if'orm and t he, use of

mrrirs aRdeioPorsS 8T 557 tinhde tab#"éh%itg’tﬁesd o tMTe t HRS HeRR tR . 2% her

hand- hel dposGIARR 28003ci¥it 0l 68HPIRCTLMSIY idAm gy deMirees,l ySugd ashe
t hose showntang descri be iln United States Letters t ent N#rrber 5 602,3)76
patented £ EChS- Chi® S 9Rb G §517, CTR6F H 2 LbRE MRt e P ptITKE
Scanner Shstrembdeat plri péhleas@rDi Eymbbhagiyon with two mirrors. one of which

is 5 rotated: or as,shown and cribed | nited States Letters Patent
Number 5, 184, 004 paP%r(f et 5e§?ﬁ deobﬁns\gr%lbc‘)rquoa%/ 285 1é§3afosrta“ 1t Tode
Readwr " uhihdzbedd readed| yrfacager) i ghduisoes qer@relr al phimindt Homn rof St t h

specul ar rf un t e for e in ded usgs, for the,
above reagt%ﬁ:gée Cc%gj U%ﬁaégiéggf ezﬁ‘ﬁgftlg?g Fparteesr?tg‘l‘l\lu Eégggfn%?l, 1ffnﬁatrg?‘§’e%l on
February terr}ydey tond. Pymbhilogyetisal applied £buse ChrAzgslhirghtr Soureed;
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15 Applied to Reflective Surfaces"; and United States Letters Patent Number
5,313,373 patented on May 17, 1994 to J.A S. Bjorner et aPYfARR2UM3ar at us
For The Uniform |llumination Of A Surface" all direct thei I pEFRBSTIBBAGE

sour ces of MQ0(f73ati on generally towards the target to be i[lum nated. The
al l eged diffuse and uniform20 ~ illum nation requires incorporation of

di ffusi ng nenbers whi ch unacceptably absorb |light and reflect sone |ight
back into the device. Diffusers, furthernore, add wei ght and cost to the
devi ces. aphiltiedetdateadllyt itonathe refdcles dmshntbel idntorsle weikfaBoxhiy et
al, nmust _utilize a_h w th whj ) ni sh iLnterior face to
di ffuse Qﬁ‘ﬁf“&r]lﬁyl FBE?%?S}F I 58928%%#1%%’g&}ég%ogo%f/rggﬁﬁéi %goi?ﬁsaﬁkﬁ(&e

t owards t he sensor WhendtBg osymbvoletgyalreadetr atri imagen bhrionidev Hdnd-fise b
'surfaces that are th black and ite. A.Brandarff et al,.,in Unite

Siat os Lot 555 pae LY MERDaeBIABECoRS BRI e atTe g it oo

" Metshod Aad s30 whidar adtistif@rsdnd wiinatgmy idithgl rgi nghiFork Sind atier ftisgeng
2-D LED Array", al.so incorporate shroud but one with a,specular, thin

21 uni nomirarrabeZiBR her tBe: puoRoRYI B4Y T, 57 FHarcBurBERPLERS o ot os
Letters Patent Nunmgemed Hahd-0{24 dpatyebioadgyn riaveriser suchl¥S dit "Shgvrcal

| nf or mati on, Readi n paratus Wt 5 Concave M rror" directs the |ase

|11 ot na@oh Sr3eaBecath Unide sk ks TF CBIo0 FAEORE BORREDAnire
concave patledtdded (D, Mdhaihiing By Ar. and Adrdn t4 a 98l tesn Wgtifanll
of i ch_unacceptably atrfect thelr respectiv evices. United, States
Cerlor o BHEBRTARb DN SINTE APRSTakpEr: COFtE (R 114 eSS 2 e
for "Li gbtyimhg lAgyandttls ddsiétite B ¢Ponpuhetr, | shgcagafbiAnSulfiate” ianddinited
States Letters Patent .Nu r 461,.417 patented on Octpber 24, 1995 to T.P.
Ui te et SHEG, SRR & D e AR L A IS B o U AT e
respect i meyybaushacteptakel aal Oshew therel-dotrdb| aymboesopnt r geedet s, agucta Lone
that is cklit, by two.liqght .sources.to._ acc lis 0 their_intended target
1T um nabRoRe o 45 AR pRY SRoph AT ShAke e ot S EMhe
Nuntser 556339137 2pgtatmdretedntApAl.l RRAstiBd7 édor Sepdtemberat Bon Apgdr atars f or
Optical R [SY, .1 0 egl i ..t h jrection,the LLLun.nati.on
source fa§§g§86% oge%ﬂ?éi el%zq‘e; géﬁp?ﬁxﬁxglogn Olegsﬂ“lraet ssl[Ii' E&F(%{F hla#ﬁg]'gﬁ?%b%’frect
the 15 i bl GiiBna83 apatenvkedion Wenvgnpod oghs2ane E.P. Resteemanl etpakviawsly

nment i oned 20 L] . pr acl i pllym nate. the
whi t e wal Prsnkggﬂéégﬁbgrégi cﬁgﬁ%era}%v%{/%% q{:‘%lﬁg ﬂr%cﬁé’ngé%#%% ’na?nlla%‘gl%%st
find itsthejrt hespghtaveelBPi velXenoml tulpenihynirsstiony ¢idnext hdi rediehper .
Because l.agive | in h et Vi i,S. not
sui tabl eQ' 5%’“% I 3% %‘gtnﬁitr?éq aggy rﬁ%l oﬁ%gc\?\né% h% i f?ﬁggﬁékl‘ghlteq*sreom 38\% dénerlgnge
of angl esliwkckéyrehnpnghgaarsadet windowmpplirat 1essuSUNMMARYL o TiHE: 1 NVENTI ON
25 1t is e ' t s, b0 t] QA a I
sur ace (TRuerige Fofl 8sk tahuslbel HPebBIENAAN dot BHTOE, 38, T8 IR
provi de Hawcgedtabvel. met hods of surface illumination. It is yet another

object of this invephppny Hdﬁa?yadseyn%%miagh@egdgpgﬁlsg&ﬁféléet%g' hshovaré g

efficiency illumnation of surfaces . wh carry machi ne readabl e co

i nf®r nmat P& dasqrsbasbtife Unsjack (Stort ashile GherantHadento Miwee rled nedP ahil

novel il buFeRREEORo Ol , SREEHHhATeANGh OFlYes B Se 1dd@ 0t A SaELa58s $PAM, i ch
there i s di sposed nachime Teadabl e_coded 35 synbol ogy.
With Quasi-Retroreflective Light Collection” @and in United States
Letters Patent Number 5,468,949 patented on November 21, 1995 to

J. Swartz et al, for “Portable Laser Diode Scanning Head”, direct

30 their respective laser sources of illumination into the hand-held
devices. However, these devices also incorporate motor driven
mirrors to scan the illumination across the symbology. Laser
illumination reflected off a specular mirror surface is neither
diffuse nor uniform and the use of mirrors and motors add

35 unacceptable weight and cost to the device. Other hand-held



09 APR 2003 WO 00l 16073 PCTJUS99/18846 6 It is yet still anot hsr obj ect
of this invention to provide new and novel apparatus and 02 ARR 2003,
hand-hel d illum nati on of machi ne readabl e coded synbol ogy. pdr/iiSoomssddrt her
obj ect of tWOP0[IM87éntion to provide new 5 and novel apparatus and net hods

for hand-held, diffuse, high efficiency, illum nation of machine readabl e
coded synbology. It is yet a further objdct of this invention to provide
new and novel apparatus and nethods for hand-held illum nation of nachine

readabl e, dedbdesynisaicdgyesapphozel gheest apd odpacrsbed dnd Wnkiprmheftstert
I's yet St'ﬂ,été‘%%%[]?(}gtr g_lr)h@nﬁﬁbé}f 5?5@2',978”?@% Preyi ge pneve i 1oveh

appar at us ‘and casting or projecting illum natromrfromra

uni form y Feldiaaiyg Mal | L8Pon tewc hlHanddépiapted c Oa&dcayntiotaper 15ystend
yet still er. gQ'{.ec-t L hi§ L nvent.i on 10 .de ;
appar at us %%%P%Fh&gs orll ﬁméc%tﬁ‘é’ na\r?&er}trﬂeaﬁ% Pﬁkgék%ét P’gl\r% g#@aﬂ%ﬁ of

i | | und nat i oot aped; panxt s3s cohpemeans atebartided ként ¥rfided | $trkeauleriess
processi ng,the [ t i L rt her ~obj Sl ti t~0
D0 pr ovi deeHER G stR 5 i 0, patxcd) 08 SOPRE B ERbTpRED, 180
synbol ogy £ar ricmt inalpdicds, Readghartisl iaed anhénakdly ofdaind i kighd dwautieng

f th nbol oLt t a Kole]| this ' i
ﬁew aﬁdsﬁo?‘fg?oﬁ%ndg %é#g égpa“?la{%{g%ﬁ&' 137%{ ﬁgsg)se(z{uolramaps)psiuyr}?{f%g@ elzsgndi%\%feﬁggﬂsﬁfgh
ef fi ci encyunawcéptapleél fior nthe omtendydrivol eyt ali ridet |abyspl e ans part s,
conpqgent s and the | iieed® Qe8! LALERRLNG: Olnt 9,994, ot phckfea

still "anot her object is 1nvention to provide new and no '
arrangemeres Eebirughty it tlid%g dcoded t dBEqretiab &pFf UBELIHEghOn-Axis
ef fi i encyy | LhHMsRaldib.; indthd/ e atdd | 1aRebher ohIGR RhmbOi S 5, BES)lHEN
to provide new and novel arrangenents of light emitting diodes for

hand- hel d PaEgRted om Raassbegyl’ IR6 35 Eefa Rpxbyuebsahnerd\eaitare Fo5t

Bgf’lgg_rignv@ﬁ'ﬁ{:&?:?nj;n Al pedBd NRPsManHi 6L RELEaB] e CMRAHIUCT § PHANT 1ma iR
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Applied to Reflective Surfaces”; and United States Letters Patent
Number 5,313,373 patented on May 17, 1994 to J.A.S. Bjorner et

al for “Apparatus For The Uniform Illumination Of A Surface” all
direct their respective sources of illumination generally towards
the target to be illuminated. The alleged diffuse and uniform
20 illumination requires incorporation of diffusing members which
unacceptably absorb light and reflect some light back into the
device. Diffusers, furthermore, add weight and cost to the

devices. White et al additionally requires beam splitters; while

Roxby et al, must utilize a head with a white matte finish

25 interior surface to diffuse ambient light reflected off the
symbology and into the device towards the sensor, and Bjorner et
3l must utilize a shroud with inside surfaces that are both black

and white. A. Brandorff et al, in United States Letters Patent
Number 5,408,084 patented on April 18, 1995 for “Method And

30 Apparatus For Illuminating And Imaging Of A Surface Using 2-D LED
Array”, also incorporates a shroud but one with a specular, thin
aluminum reflective inner surface; while Y. Sakai et al, in
United States Letters Patent Number 5,572,008 patented on

November 5, 1996 for “Optical Information Reading Apparatus With
35 Concave Mirror” directs the laser illumination up towards a



09 APR 2003 PCTNS99I 18846 7 arrangenent of parts will be seen fromthe

above, fromthe foll ow ng description of the preferred enB9ARBRP3hen
consi dered with the drawings and fromthe appended clains. $8R)dsbnss4s
DESCRI PTI OWQR0MHIE DRAWNG I n the drawing: FIG 1 is a schematic side
el evation view, in partial section, of a hand-held imager incorporating
i1 lum nation apparatus, which utilizes sethods, and incorporates the
instant to invention; FIG 2 is a schematic front elevation view of the
i mager ofc#FhGve; mErGor3thenatpeaspetefimgsohenari andf thRa itbl anpaiteon

bl ' . FI i - . .

cxpl oden Lot i ShouRichamracqoribas Yeract, PiE Wetp At diifies.
sectional view of tUmitdd WhatatsobedterhePaténthiNuenbiean Saseeni2lhp baxentied
i f, FI.GS. 2, Wih t i1l I QR . - t t
Show det o Skt HupdaRarbprfhihe B, oSl BB P RYERG, MERREEL L] ¥ e
i |l umi natCompitdidt Ghadling Ghd SurfflaGe”6 ansl dnpltad Sitewesf Letaerls wateatt on
‘ f the illym FIGS 1, 4 5 t d- hel.d i
Souree S Hullier b SEL T pBLe LR ot odhofafldy 0 (9551 8 band Jeide moer
of illum ahtifor U\Com tamioersartatf g e rion unierd Y danr Metlhed oAndl GPpakatds“

d5 FIG 8.is. h i .Lhe i ] I ' I nat | f
Flas 17 arepbbbiets Tapa: PoALAPE e ¥ H Eh, shRetepubighRBhat RS ©
showi ng oéntihe idomenitietti drs fvaorklite BY | two nbight ofoBFCSs Toamdcdnpliish
L(éll'ﬁlél onsgllég%]t:_ girﬁceﬁ'}@g)c? ltoﬂygettariqeltﬁmina%%o'ﬁl?R %qu?ie \51.)80.0/140%7135 et al in

99/ 1
United States Letters Patent Number 5,623,137 patented on April

22, 1997 for “Illumination Apparatus for Optical Readers”, is not
specific as to the direction the illumination source faces but
does utilize complex configured specular mirrors to direct the

15 illumination towards the symbology; and K.L. Kost et al,

previously mentioned, requires a circle of LED’s facing inwardly
to illuminate the white walls of an upper chamber. However, the
resulting illumination must find its way through a relatively
small opening leading from that chamber. Because of that

20 relatively small opening the Kost et al device is not suitable

for illuminating a symbology with diffuse light from a wide range

of angles while retaining a small size apparatus.

SUMMARY OF THE INVENTION

25 It is therefore an object of this invention to provide
new and novel surface illumination apparatus.

It is another object of this invention to provide new
and novel methods of surface illumination.

It is yet another object of this invention to provide

30 new and novel diffuse, high efficiency illumination of surfaces
which carry machine readable coded information.

It is another object of this invention to provide new
and novel illumination of specular and otherwise irregular
surfaces upon which there is disposed machine readable coded

35 symbology.



FIG 10 is a schematic further showng the illum nation fromthe
illTumnator of FIGS. 1, 3-5 and 8 in relationship to the %@ﬁ%ﬁ?3893target;
FIG 11 is a diagrammatic showing of an illumnation 5 curv CiQ% i%84eK
field" ill woewaedBn fromthe illumnator of FIGS. 1 and 3-5? I 09

front elevation view of an alternate enbodiment of illum nator for the

I mger of FIGS. 1 and 2 incorporating tee instant invention; 10 FIG 13 is
a plan view of an alternate enbodi nent of illum nation source for the

i mmger of FIGS. 1 dand i ipebrpbidli agotheri obfjant iofvaitioninREid s a
schemati ¢ _pl an, view of _an al ter.nat| di t il ) hat:i on [ Ce r
the i magé) O&ldﬁ GBSV, %\% ﬂovl%l i %éérgﬁgrgggl n“:g1T= hénelgr%‘;étraaynt tfP%veﬁ%%"%ﬁe,Lgl G
15 i s yetildnmimart iginar fvirewhdheareakdablratpdedeshmbodeqty .i | | um nati on
source for the imager .of FLGS..1 and .2, .incorporating . the instant.i,nvention;
FIG 16 is a scherrgt%i d¢5sfd u’é?‘é%f’?’&ﬁc&i 8&/% 1 1Y O G F O ABE T R nt
of 4l unigmd i eeveppapphistusneedaietliods t fer i hahdrheldyerdiDiusd,orhige
with the imager of FI.GS. 1 and 2; EIG_ 17 is_a_schematic, front el.evation

vi ew of t Jiqﬂeﬁ’rﬁynat‘i(ﬁr‘ﬂ §foF‘aE%‘énelé?a§Pg‘ie1§°F’§daSé’&‘l’?é’rlré’tgiyc si de
view, in partial seuiienye®baofunttiersbbljkcanet higii=enhodineitin ¢b provide

i 1lum nation apparatus, incorporati the (nstant_inyentiagn or.use.,wWth
he i ot ol RS VAT LaRPat Br e S MetHpdt prin hRREr Bt o bLSRLBAE PR of
the il | urdMahad e pod adatsl ©f ddded ImRAA FdyG adil isd adSebebhy i €oSpaets

ele tionx%%ema I n rtial section, of yet a further enbodi nent of

i |1 Uhi natd Qﬂﬂﬁf .- incorporating the instant invention, for use with

t he i mager of FI GS.Itl iangeR?; sEiGl 21fustbeschiehmtt cofr bhiselipvantbonvtew of

the 35 illumnation apparatus of Fl 0; 09 APR.2003 WO 001 16073

pCT/ UnooPRBety RR PRI Ph8%eT drndeatts afd, BEEHAAR: 18F) Rskier®
enbodi nenirafectdingn halwwinsbiwee fromce porbformgl ¥ headistamyg iwalent upon f or
use with_a nd- hel d, i e i | t hat of FIGS. 1 and 2, but with a
rect angulmﬁcq%nﬁd%ﬁa%fr??%c{gl%\dnfﬁ?)s?lg)g chematic showing the illum nation
fromi and of the soudrtces gkti EkdAlnat Fonther edlhjeepi cfetthandidesntibedfobut

cast L”“”bfﬂ%ﬂdelHgLnQEang@éflébﬂgfi{ﬂgléﬁﬁkﬁééﬂgééu¥%r directing an area

of illumination or a wall of illumination upon parts, components
and the like to facilitate automated processing thereof.

It is yet still a further object of this invention to

20 provide new and novel apparatus and methods for applying
illumination to symbology carried by parts, components and the
like to facilitate decoding of the symbology.

It is yet a further object of this invention to provide
new and novel hand-held apparatus and methods for applying

25 diffuse, high efficiency, uniform illumination to symbology
directly applied to parts, components and the like to effect
decoding of the symbology.

It is yet still another object of this invention to
provide new and novel arrandgements of light emitting diodes to

30 provide diffuse, high efficiency illumination.

It is yet still another object of this invention to
provide new and novel arrangements of light emitting diodes for
hand~held imagers of symbology.

Other objects, features and advantages of the

35 inventions in their methods and details of construction and



DESCRI PTI ON OF THE PREFERRED EMBCDI MENT |0 Wth reference to FIGS .. 1 and
2, there is generally shown at 30 an i mager or imaging de9BAPB2003: type
whi ch'el ectroni cally captures inmages of synbol ogy, such as tpatnushyizsde
codes, stachWW&P73codes and 2-D (di mensional) codes or synmbols, and
converts the captured image into decoded el ectronic signals 15 with decoded
val ues passed out to a data gathering apparatus. Such signals nay be
t hereafter decoded and further processed and/or utilized within the imager
and/ or trasmEngemernto oE gpalrtsr ociekski hg apgrar afusmf dthalegbdivag. fstar aghe
and/ or use. for counfj .l nvent oLy, eri i n ri
processes oor&)ﬁé I?iggﬁ%%?%ﬁpsu%% fl['}?t%helqugrf%%g%lg ngenrrlﬁg;& e&g%%orrgﬁ?%hed
i n whol e arorigideardgd wiitthi themsigewid@sornsudiropr tbes sippgndiegacdedms .Wi l e a
‘housing 32 for imager 30 has been configured and constructed as one for a
hand-hel d i mager it may just as well be nounted for stationary use or it
may be ot IBRIE B OESCRIPEION GR THIN®RAMINGIUr ed so that the conponents.and
‘assenbl i es theremntgbﬂ reﬁg&ynteq wthin a stationary housing. Housing 32
is constructed and fé&ﬁj &% ount and encl ose i magi ng conponents 34
\t,)Vi thin adSpaZS 32 halw'mg an i?spgnis@@exgﬁ'ngézidé eqleg&&]goni wiwhol enopairBipart,
y a wi ndow 40, An el gectrica ondui t extends froman electronic¢
Phckage 9FQE @A) OF nibugRIoReIHy SBSP6F | ARGPLBARELLPEn -LHNARghLPD
pr ocessi NnhpaRatalsys Wwhtieh sitdnakepr neehstsy and dreodpbgatssn@he instant
accomylishedé%éfpackage 44 and wth associ ated apparatus for supplying
inpuﬂ power* ‘®@WHtrol and other electronic signals to imager 30 when 35
and if required. It FxGal s2 qui te posandt £ct Orenvskievhtioangeriew 09f APRe
2003 WD 00/16073 ;g%éys 9/ 18846 10 30 to be battery powered w t hout
condui t 92T h&' the’signal s generated therewithin fromthe captured
i mges, and signal s FIG.be 3 égeavpdrfyediagerscd@maarie ofhehe i@ lumanamtibhed,
as by radio_ frequency, .between St orage d ytilizati apparat us and i mager
S 30. El ec‘?srso‘?ﬁ‘e%tl %a#a&g‘eﬂ‘,mar%eﬁntoetgg%%’i nfhgﬁgi 29 "&%kbypgcfﬁaif aﬁ?‘ée’éna%
conveént i orsd zelonpaElided (o thatterowhiow aetaidsl wiesrdmf ;way of exanple, a
CPU board 50 and a poper boarf 52, &%Iewe%l'ex%%ii%tnheéeéﬁé?ﬁéi‘t Efi&f@?”%ﬂ%s’
connectors, printed circuits ‘and | G &%ecttS car Connectriong: EISct roni ¢
package 94ilaymibatotrhefwtbe mblunigthttidrhiasskeobdynfo30thrd imagernolfufé@Gs.
addi t1onal, agdhon otAt COMPONENR: {OF s GENELALLDY (ARRLARY 1A CpoUERY! cnow
si gnal s depending upon thé Signals receive rom an | mage recerving device
60 (FIG WJetandl®rtloeieriv se processed within i mager 30. | nmge receiving 15
devi 60 i ncl udes (eharg e i , y.bnst i_lize a
CI\/CS9 conplinentarya%e al %x?%egsg%#ﬁéogﬁgg¥%g§%OYPg%ng?thgeéﬁggm#%PEO%
recei ving @h e ¥romaydbdbl ogy carried by an article. A suitable filter
or filter package 62pig. POpild ANgd oA PileiRbe 'tﬂ@g‘(%rlﬁ%ﬁﬁh‘é't'l%nd%\é'u%efsg gnd
toget her with device , 20 and Ot her conponents enses, etc.), provide a
canera engibre Tolwymatagat 3TGScader 8/edgiang 20 fog henhaddmheicn imagsitng
32 and ' i SspPppEgi opegdhgherein to receive a clear and well defined i mage of
synbol ogy for further processing within imager 30. It is nost inportant
t hat 2§ magi ng devi ce reteisy@ crBemst besdizigram shawidge thes siitaibpdion
acconpl i sfof hafynilet 194 LEBR! dnd BRSNS Foon! RS HTIGRAGK do: RE: iHFRgEd
not only be in focus for imaging device 30 but also that 1llumnation for
and of thelsy?mof od®dbe/ uni form and preferably diffuse over the entire area

of the synbol ogy. Cappga epgipg 70 i screrbhigyredrandnd0 Gonsidiveied M
i ncl udes agﬁJEOp'” ate and conventional |enses, to acconplish focusing of the

synbol ogy B pagEoR eBRRFRGOHTTER- 6077 ARLEPPERPNAR R1asdomsirada &
nmountsgd Wi»@@f%e@pusi ng 30 proximate wi ndow 40 thereof to illumnate the
e

synbol ogy to I maged. ) . i )
- FIG. 9 is a schematic showing of the illumination from

the illuminator of FIGS. 1 and 3-5 in relationship to a symbology
target;



WO 001 16073 11 09 APR 2003 PCTI US991 18846 Il 1 unmi nati on devi ce 80 %FI G 1)
includes an illumnator 82 (FIGS. 1-5) which is substanti QQIAPB@}Q r bow
shaped in configuration and includes a base 84 (FIGS 1, 3, . ahdoRess@nd a
perimeter WiDI00/8@®7&xt endi ng at right angle to base 84 for a predet er m ned
distance "x" (FIG 4) to termnate at a perinmeter edge 88. A plurality of
first openings 90 (FIGS. 4 and 5) extendgthrough base 84 proximate wall 86.
Wi |l e ni ne such openings 90 are shown nore or | ess openings may be
utilized. A central Fagenifgif4 swhembtégt Bmoshathrshwglingasbe8ill humimet tamt er

t hereof, 10 is, pref bl vy .congent.ri 4t rineter. I S | ed
W thin hob8PRotRs o L ERREY bR L o b4 OF CETAGEARYBEbehs; e
al i gned wsyhbbleggptiacgktl;enses of camera engine 70 to permt the

illum nated synbol o j e .to_be.cast ni recejvi device 60. 15
An inner surface 108%5*”335&583 gflaﬁglsﬁa&#}%%éteo%l %dog a}q‘f(%nlcejlr %JI’I?%EJGOI}.OZ
of pari metarveakbr 88d4Hergieflddr ¢11imisheton nf mint here dddamtinaedroofWIIGS,
rough chrone, dlng'%%e finish white or in any other manner so that an

appr oxi mat-ePy értian, or substantially |anmbertian, output illunination
pattern is effectedfr2®.antk pio) actexbout el eoatevar wign nd £fornt el tespecei ve

surfaces 00,, 102 that .are illum nated, .as w1l be herej ter, expl ai ped.
Wi | e pergf?épéilm\%’ltl 36 (L 1OMIRATAR] 5 e PRed MRIRE & hggfﬁrorﬁ b A% 84 at
a 90 degr éaconpogatinghated instandetavendibhat perineter wall 86 may just
as Il nmeet base 8 qQt her sui tahl e angl_es dthat illumnator 8
mayV\@I ternatively bg‘lﬁgr ﬂ’éd i fn Pzac’ﬁ Srﬁ-el“i I?ggsaﬁhpae%ﬁ]renrae % $HP Jefg%mén%g

si de wal | icdtuoménehionoseurecotfoer thet imagee| et dpansu@h iasopperat ghy
find in a gl%rabolic di,sh. _An il lumnation source 110 (FIGS. 1, 3 and 6) is

30 provi d& t&nc%?lnti IllntYr%nr!féPflbn towards and upon surfaces 100 and 102
respectively of illumiGhatbd 82. aAsclamat il (dH GBled afid &6) afternative

[ urinat i . h s . o
i odes. (LEBPRTeHE" 13 SURRATAGH | SOSECETHEE P TURRREE oL PPleE H el 7
and B) ~: inclorperaitingurohe sestirad invéstpbace within housing 32 and

agai nst bevel ed perigher a eggegégy ardLHRRR 20 WGQO/O%GgﬁgS&%ﬁernative

PCf / US99/ 18846 of illuninator 8 conventional neans an own I'n
Fi gures 1eappddmentED llumingtion sewwnced fior ddve ilgragels ahdfHe%il i andd2,

w1 oast EGEEBeratA Rl el et R T Y Uminat on,  upon sarf aces
100, 102 of illum n&IsF. 826 Ifheai Etbhakradirosides elRvatipn solevasefbgtéddh
N T e e e
decr easi ng-reatEurit siroferdriargy fare usgswiith ither dacioegl PIofiGoxi ¢ @inded:i ons)
FIG. 17 is a schematic front elevation view of the
illumination apparatus of FIG. 16;
FIG. 18 is a schematic side view, in partial section,

25 of yet still another embodiment of illumination apparatus,
incorporating the instant invention, for use with the imager of
FIGS. 1 and 2;

FIG. 19 is a schematic front elevation view of the
illumination apparatus of FIG. 18;

30 FIG. 20 is a schematic side elevation view, in partial
section, of yet a further embodiment of illumination apparatus,
incorporating the instant invention, for use with the imager of
FIGS. 1 and 2;

FIG. 21 is a schematic front elevation view of the

35 illumination apparatus of FIG. 20;



10 and will overlap illum nation 118 of adjacent LED s 114 as shovvn in FIG

7; except for a central space 119 so that illum nation do89 ARR 2003ne into
the | énses of camera engine 70. Illumnation 118 fromLED s 1 ?"r‘é@g &Q(,
stri ke surfwo@o1és23 of perineter wall 86 will be directed badif

illumnator 82 and agai nst surface 100 i 5 of base 84 to further enhance and
add efficiency to illumnation 118. Surf,aces 102 nmay be covered with
retroreflective material, such as reflective material used for reflective

traffic signs and Irf@n%ez Alsa tae%c@\'@zgxaﬁeufﬁﬁhUQQQWbbf3¥ett%t@'i‘.'i‘aﬁﬁgthgﬁ
amount of light that is returned to surface 100. All t vari ous

i |1 um nat $BPOeHRPRRefls HHIMNARIRTT GPRYCHr oFNEO TR TALdR DI LR | dRSRAREON

120 (FI G jfdenbish, lﬁoer%ecu@@hf l20MRarld-ueil aatiala gt adithii 1dsintHathap devi ce
80 towards and upon 0%/n‘oolo to be i maged,. such as a target 130 (FIGS. 8,
9 and 10)FIG8r gbtand02i soetryiidy dyrecandas MRd@ ciaifhy be the wal | of
a pagkage or 25 an Pt'éer2§U5fsaﬁesefx(eﬁa9§6tshSQﬂBgnﬁﬂh ﬁ‘lQm@L?xﬁ%TBhy £ ré

assenbly. Illumnation carrier 116 have 1ts surface

coat ed i nan@|ektide scagsew of i}huwinmtden b@ﬁamtdeem’é@@ram degcribed,
electric r e Iﬁk‘%‘%jt RSl 1 £ o R S ld 4 Bys 4 her wi se be
el ectri cg#ll% #%%gr‘glgﬁﬁeﬁedmby 0 rénlEatl vel 'y tr%irzn 1 nes of cond&{:ti ve ink
or wire 122 (FIG 6). LED s 114 and any el ectrical conductors 122 utilized

t o i nt er copsertprEb Sof 1fu NbRk PRt GiMacAIMER T CUi t are selected to be
smal | eno ear on synbolo%{ 130
y

mmm
(FI A8, 8-10) will b&ibht re8fersrge kRedCPragdr 5 3y Pgh?ﬁefééu§eﬂletrﬁ

respect tghgwRardd cgbarart aigebe3Qr Thisgay deQ9chPR20@3e W OO0LKERHAS
PG TNS99/ 18846 13 shadow i rrage of any such wires 122 and LED s 114 will be

" snear ed" S bR C LR GOt YacRREMI BReITARGR U SYERGALI¥30 Stk aiSs thadt ofpbar

i mge recebNéy SavdieR Bar LBBgs ngn@qummeﬂgl@nmw @rod%sDo%y@%Ib@%
requires 5 that the ones and zeros ,of the di scernabl'e for the

decodi ng &'YoFINRRES Wi IFaRtRasst ﬁm%@q&PFQS d@ﬁ&%eﬁir SpectEoRicast BétReen

t he jgnes ﬁﬂ@hzﬁl’eééaeﬁe v@llh@sn%s@gd it & 1deghvg BEEEESSngPapagditasl.y
when i magi n nbol o er the ones are dark

oreT e e saha Tl e B¢ sheiRatlor; HBRbUGN AN BRELhEE, Processed

contrast aertiveenutheibed e&aheﬁ tﬁesufnﬁgérEEhdf’Or adaqaﬁhat@ap@batsu@lmalFor
exanpl e, when the synbol ]g% .a bl ack code on

backgrounBrBFe§§lﬁgvm??%a %rof bFﬁ&E bA8Kgr DERAGEIE hePR %l/ rvm“ﬁe b&or

gaSIk ly di 3ccdslm:athib &g, aﬂm&tyﬁnmatétm ﬂﬁtrido.rin]lcg}‘, mbﬁucadEui_.;_ﬁu@mirdd&ses

ackground ar th surfaces hayi matte refl ecti vi e nmatt.e

oor 18 os SrotRe” Thike” Pob2pET sueh, 1 aRath bEobEanERbL A be Ay s hed

il lum nat ¢d, winelédi ghi nef | pared vIIItn‘mn hdmagielrl B6 sopotdugh dipstaddugieds

over a w de_angul ar strlbuESo OWI|| I‘OVI g%de uate ill mr}:aet'on
1%

into the CBRBFA"1ens. "% 3z L?§I I e WiER
synbol ogi esdar eomsitrtuert egin asaleles ftchata atnmca-fl‘iekedlmmgpar it owycgmstners S.

However , I y . W a of fen alle rrpredtothe
parts or l(ggr%?)oﬁf)ents ?B%Wh #1 hgg;'ggflghéﬁag%eed. E)$he};£efgl %’ |°§t orter &
advaast ageoosstouateedk arve copfiiguogy dorerdt ythen doln@qmmrt@ Zaﬁxd)rammﬂnmﬁ S.

Unf ort una d ent t e ( rr
surfaces &ﬁ Pﬂﬁn%tﬂlch g}%&?@%@eaﬁ}?%?{li%%&%n% or %C%o osvler a \% gJ‘lﬁ-lr%u%
distributien mnstrzald:ﬂeedradldr econfigutéedhtor awmclantdhaenthesangdneacpfng
ref | ot OBohBoRKAEL] WL 4 Nepa08! Seobabiagidenceplshheal nad on
conmes froma sna rce (a source having a Isha r extent as
vi ewed frodosed,spetuvhplsurdfacen bpany. i Iblyum nazued)DWI t4Qs hngheIAedUﬁceiqA

th t, th f4l f il L I d
tho urt aSEPhi UL CHEAIPT ERSn o' Rctirehifl *pafad8lnar (i, V0 °°
source i stpusughodv@@ss-mgh 3%hafoxr hénbeptenndct3ton ewl tht isdgndilr gtacddwing ght

rays from,pne SoME Gohdl '&Hat bPhRessing and decoding is not accomplished
by package 44 and with associated apparatus for supplying input
power and control and other electronic signals to imager 30 when

35 and if required. It is also quite possible to construct imager



WO 001 16073 14 09 APR 2003 pCT/US99118846 the canera |lens the Ibgﬁﬁ rays
may be overwhel mingly bright and so nake the surface appeﬁ ite"
Thus, 've have an intolerable situation because the surface gy g$0asEI6t O be
ei ther "bl A¥ROVHHOTI whi t e” according to very small changes in the exact 5
angul ar rel ationship between the specul ar surface being i maged, the |ight
source, and the canmera lens. This situatifon is especially deleterious when

t he synbol ogy being inmaged is on a surface that is sinmultaneously specul ar
and cur ved0 sko thatbatdrer Yoporesrd wppeeirt tepnshigr idght smdthdiheorigneds

appear 10 gﬁekgtgar lﬁheIlagllth&H%eah' PheS¥a eirel iRg st My i ?ﬂatl' ORo

corrects this Situation by providing a |ight source that provi a known
and rel atbeetrgceirrd &1t inagem A8: i ape o@@rera«wajetrrm@@e@nga%domdlo

Io:‘ | ;Jhmen?r[ fk'ggﬁl\%{? n%%éﬁ%omg\?ﬁé% %9“&%3' Jﬁyéfpo‘if%% use ﬁ)l um natr on

prol écted3f@romillum nator surfaces 100, 102, will evenly illum nate
"substantially all " oy 413 o] ange
of angl es. Such |II§%’§E??%%Q| use{g8 )éllgét &nc\(rdjen |I‘§U%1R%Iat thsgnglcul ar and

matt e sur fateableVmnd tdunvesitibnehstoqpémerdss,sHovtuZd MoURkE. and md:luderse
obj ect 13 perpe i C gﬁr ) e 0 teyays, f t he
i1l um nat gY Yat© t?’y?'gls%(rfgagfe?q &} agi(jeri"\t r% eg%éaﬁgt?%é ensi’ 43 ne et
surface i 8ssptient sassdciadad @@mgeeﬁntﬂatcmrgmtdna)mmwnm ntiornite and

11 ygi natgggégg Aag 0102 s bgetaeeeﬁgc fac%faglehemmxram bd | &&%ﬁ are

and m ss ens. I's occurs because | éction
al ways equente@ wakghia érousrr@gdéﬁc@@rr@msermm@@t addgtiionadv g/ enyogen i on

o the i %Hﬁ% AT OF l%?r Yerdba LAF Wik ﬂ}%a%ymtfﬁ&@é %%?ﬁrﬂﬁh&d o

of the il course, if the surface 130 were rra
i mpi ngi ngugﬁnsﬂw aﬁ:léfﬂ.a@@ WeGedVpd FrRom®@Dn a@raaee@e&%magméemang@ bﬂ’IG

angl es ang, s L AUk QUKL il iGRANERI Ry d 250 AIx'ﬁ@rfe
rough di st r i %&tr on o ‘Q?;t bei ng recei vled lat a a(azgent ral A an surr% ace
130,15ver sdsvanag| &0 olfn%}rwqerﬁara ﬁ§Dshe\vmr9¢r @uplery dervetc@trhaptt Ray instead

di stribut{,e81h3$eSMEOEMOSY QLo wlﬁleneag € nfteAP 0% Pl @ s il-coRdyfe tih P c;hl
35 corresponding to the fact F littlTe or no light is emtteé1 from

APR 2003 #EtHbrH 688l ¢SS W?’I’I\E@@?H‘B‘B% Ahel MR oF Gt THEPRERTY ofahbted M

The arranaﬁnaﬁtléi@maeuliltﬁbléofrﬁtéﬂe@} ﬁlqrtémdﬁge geqyl gospaidnddat
has a matte synbol ogy |ocated ogn it. In this arrangenent, the specul ar

backgr ounBT@rEFa%ppEdRIe (fed'@l“’ﬂf“&cﬁevaﬂ% FhAnd PRI RHHELER deeice 60,

symbgl ogy an¥hé eRe FBYohS6néMes aptendiss f av@d) bw&rpdé:eé | Sa@t &1t &ty 184 Lo
white will stand out_as bright agai nst t he dark back ground. The natte "one"

data cel | $oFaimagep H2- rﬁ?d‘%—?’%ﬁ eRGP NGt Her 15 R ed i Within gheusibande ##dt he

specul ar sdrpasec{vhéahthetéest soliahdiwyes alérwea:ﬁamgelpfaeﬂgxhea)laagémy
be forned gy 10, | aser rkr n g peevi n% with a tool. rse, t he codes
i 3tB6+t gt

may al so B& F¥PRR4OHY Fker REPCE §lﬂ9s‘f’bFBe8 6F‘a‘gﬁrrr areas are
considered to be a fteis"mesid m&mrlnhackthaekma:gmb fdwm B30 trheespecthar

surf ace e.consi dered to be. 'opes re | | um nati on

cot BT Bl iR iied RetSibE, | RS tase e L e oLt L S B ety
backgr oundmpppeant tthdte tdar ksynidolagypanulbay isiadet enctichn bg B@Om nfddés 10
is tilted_slightl ny directjon fromthe, OSIII sho a aot 10
degr ees, IfPﬁh?mW%Wpa?Y %?lsééebwr"lenlﬁqu Hatl €Je nlggra?n

now be reklyrbbedgdilbecinyfo @ridh@reﬁméalalj/ edil‘sfﬂo)sé rkarzeQOthet Bﬂtﬁbléf aﬁea 130
w | appear t be bgﬂghi%to the er The surfagg bri ght neﬁs as een

the camer& Peapp I¥e ap r‘?atel yEgts t h8 bFPBHEHABES ofa‘?
il we nat cbns;%mjacrmﬁt,earmr Kinmjuides tappreoprfiace caisectbiyent Dedikl phense )

peeving Ok Iaaiscec:romp lksikpgfc%llllsin WogPREY stymboeloc_gi)‘?lr gnt%orrﬁ‘a&{geed }:gcg;tcv;mg
device 60. An illumination assembly 80 is mounted within housing
30 proximate window 40 thereof to illuminate the symbology to
be imaged.



25 background. This will occur because the light directly reflected from
the specul ar surface 130 will appear to be nuch brighter t 00 ARR2008ght
that is scattered (only a small portion enteri ng t he canera ‘L@lr)ggggflggmthe
di st ur bancewOatl60fdy be used to define either a "one" or a "zero" portion

of a synbol ogy. When used off 30 axis the illum nator provides a "bright
field" illumnation - because the speculiar surface background appears to be
brighter than the objects contained within. . It should be noted that the

di sposi tion of i |l uldamipattom rdesricel 8O0pdEL6i ohls iralayders] 2nofil LEpisatidry

| at I S5cil L ymi nat - t
hiner - o ArEo003 9b OBEB0TF 18CRCTRRBOT LB P | T RaF o St ES s i
for i rragercoi%ﬁJagldratx@Il atndseinclusies copas Hhd(BFGS cilent34 nhgand 39) amén
th t t E 1 |l ect t
provi de | 13 BT SE  IRE e s blatha FErEant ApR o tol RN R0 14
potemnd i al p&@premrerrmahedf dristhecear‘nget $F1G. bé) i to unermimatdyat magperﬁﬂet&n

facilitate ppr oxi Lt an and. w ut,put _of.,LED. s
onty. unt endar EED < ap LBt {6y, 8 EriatlReRHe g Rd TRt P 4 k) Gk tad s
provi ded ftbrrougst beEE 84apeordhatequalbd8éor Whileri mahé osudf epentag&mo.

LED s 114 are ﬁrran ed on cactrier 116 with twel e LEEf 113 an o%te%
circle an®*§ x5 B i an®PRnSP Y%, mi\yfl SstYetrthf =k )
of ni ne Lipen ity 9@si whiclornﬂttm@tt@nromghcbesenmtltmt etehéroemtée theeréof,

Ci reld and. can 122 t n t 1 |

sim r cie it c%%gta%zg DEF ne %}1 1%%&\{8 gggn‘g% %rgglz\gﬁ?%gmgﬁ 3?

connect or witddn @ousurn05314@f amaqme 3fagebtratt dpen bog s%@a@ét elyumingeoher
in seqyence a?l%ﬁ%@' Rednf 1 Sogiélacbile f&?{)&?%?t ‘c’:aﬁ@g te' Nl ¢

sour ces. Sifch 71 FanPnati On ci rcurt e energl z€e r ous

sel ect ed maremsttths a,ridufnonaSe{de@W@Otllom 2nage etwvabe to@srtr ovpate amage

desired br eq;}g {\L\g_ %‘6 duratl on of illumnnation. Illum nator 82 and

il lum nati on sour &) provi'de a "dark field" illumnation device 80 for

i magés 30. Targets iAn dnngngeuupace 3PProfihasel §4foliriidyminghes BPoand

i mger 30 { i cgb(?_sj i e .

FIG 8) araéﬁcolﬁ{s)%je%ﬁedﬂtéoé/bleozl‘andf; rié)cfellr Y lIhafladG btelg?ré??l%lrﬁagiglgﬁed

di f fuse i linuditderosr@ethceedmr IWHld‘-m:nétoil@h geyore. goakhy AiBdshe Ubrltﬁzed

for targets ifh aafly dsERGdindr REIVRED af” aegpoxﬁna@é dfl ﬁlmﬁért?%, or

|IIumnat|oanromdevrce 80 when utilized for the m range nmay

suppl enentsstbsfiprdrialdyl dewerkian, oUtpwtnadlenirabien p&tﬁﬁ@m ifs; @Ifcf-ECtEd

1] ugg nat i gy dsﬂgsc%éa gﬁtG&o&l 20209 Bt b Nalel palbere desch u@%gf;

gr eat er detail I sposed at distances greater than I nc rom
"C' towar d00,D102 Ftl t 3}Tea%el%¥}bﬁtlesﬂrs@f5f F”érlénPPyhPFPBﬁfﬁﬁ’&?édebylaﬂﬂeg‘ht

fA A g' 30035 i11um natign; devipee i hBQerhapaMer g6 dar ksdh dantl | AEAA{HOR 2509
extending from base 84 at a 90 degree angle it should be

understood that perimeter wall 86 may just as well meet base 84
25 at other suitable angles and that illuminator 82 may
alternatively be formed with a dish-like shape wherein the base
and side wall curve into one another with a selected slope such

as one might find in a parabolic dish.
An illumination source 110 (FIGS. 1, 3 and 6) is
30 provided to cast illumination towards and upon surfaces 100 and
102 respectively of illuminator 82, An array 112 (FIGS. 1 and 6)
of illumination devices, such as surface mounted unlensed light
emitting diodes (LED’s) 114, are nounted to an illumination
carrier 116 (FIGS. 1, 3 and 6) which is, in turn, secured in
35 place within housing 32 and against beveled peripheral edge 88



WD 00/ 16073 PCTNS99118846 17 device 80 may still be utilized if i tional
illumnation is required. A plurality of "bright field" i pplﬁﬁ?ﬁaqaq

devicés 162 (FIGS. 1-3 and 8), which preferably conprise conyenitanssas
lensed . 5 WP#%6073re carried by a "bright field" illumnation carrier 164
and together therewith conprise a "bright field" illum nation source 166.
LED s 162 extend out fromtheir carrieri2l64 and are disposed in a circle
proxi mate the periphery of carrier 164 and through openings 90 (FIG 9) of
i |l unm natef A umimadraf@edyl ConyentignadsmeBn€. a8yl as tbowedinhFagghes
carrier 164 d 4posidd,Q o] a carrier, 1 i i S Lthin
housi ng %‘2 ?ﬁg gﬁt ?LcésIj o%eglaﬁe?%geﬁagﬁgggoégarﬁﬁgn%;}e flege?@?nggg%?eéego,
will be dtlignednwinharmay Hade sn Upabseackt 88Ddilddosift i mnrayt hl12espheh to,

I i foildum I . d
conty e SpeNRshaRes! LEAN PG Doesil cEDLy el gl o 1Pt

apprbpri atklehktnationl apoductwrfadgent 10Bpwi2ar ef priddudedattorcas2 i erh&64

and LED s,.162 and .interco t D s 0 an_ap pri At rce

el ectri ca*fjg%a Aand ?&%t ?gﬁé S%Ft%oatc%%%eggrl aﬁﬁnggg ﬁe@e&g%‘ g‘dr £ iaBﬁl of
20 il lumgptwbhlotflfEDts ahb63pprpxhmatal yabhybandiaal eatpuel y ldantinhallied.
The ni ne LEl'n%es 16& shown for bright fi ?% il lumi nation. devi cg/éGO are
exenpl ar PANF R t hERHBYE GPehPY et 1LEF5S 182VAAY b8 LE 1T 2 6th ATHT e P el v
ot her suidmblrtardt apprmyy iaatee dadtuinnadnicae addvigdes offfy alkeé suidildezad oins )
pl age of 2S for.bej ' id | ym_nat i device . "Bright

fi eﬁg" i I?Ib?ﬁl.“ﬁa ]isé)nj"%étel\‘;L cégig‘gbé%di &gglrlkd ﬁlfg}agﬁ aﬁﬁ%{aﬁmﬂsz‘i}t iso#qge\ﬁscg‘lhg@mar e
respect i vishyFa6seihl edcentofhousi sgn8rzaindraceuddd sn pbeitt iidd wniinkitnon
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30 relatively thin lines of conductive ink or wire 122 (FIG. 6).
LED’s 114 and any electrical conductors 122 utilized to
interconnect LED’s 114 into an electrical circuit are selected
to be small enough so that any shadow of same that might appear
on symbology 130 (FIGS. 8-10) will be out of focus when imager
35 30 is in focus with respect to a particular target 130. Thus any



25 "bright field" illumnation LED s (not shown). A central opening 214,
provi ded through base 209 of illuminator 200, is positiond¥ AEB%@% as and
f'or the same purpose as central opening 94 of illumi nator 82pcFuSevasssad
openi ngs 21WOME6¥P| gned with and provi de openings for spotter or |ocating
beans (not shown) which 30 may, for exanple, conprise sources of |aser
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spotter line across target 130. \Wen the observable spotter line is not
only on tahgdbwbuimdge alofo supstsauchi aviyed hd 28 dahdof LERrgetl 14304111 be
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Srge-9 %gbggéﬁg@zﬁ% Cgm&gégf%gaggéh S V¥ QiR dRhB8sed t¥ G he
parts or components to which they are attached. Therefore, it

is often advantageous to mark the symbology directly on the parts

25 or components. Unfortunately, parts and components often have
specular (mirror like) surfaces which do not distribute the light
uniformily over a wide angular distribution but rather redirect

the light rays such that the angle of reflection is exactly equal

to the angle of incidence. If the illumination comes from a small

30 source (a source having a small angular extent as viewed from the
. specular surface being illuminated) it is highly likely that the
light reflected from the surface will miss the camera lens and

so the surface will appear to be “black”. Conversely, if the
small light source is positioned such that the angle of

35 reflection directs the light rays from the source directly into



and duration of illumnation from sources 240, 242. The differences between
illum nation sources 240, 242 are that source 240 incl ude§9eﬁﬁﬁt2q_q333' s 244

i'n an‘outer circle and four LED s in an inner circle; while pggquispenssie

i ncl udes t SMOPEFSOZ3 246 in 5 an outer circle and five LED s 246 in an inner

circle. The illum nation patterns provided by cooperation of illumnation
sources 240 and 242 with illum nators sldch as 82 (FIGS. 4 and S) and 200
(FIG 12) will be approximately or substantially |anbertian and overl appi ng
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2003 WO 09} 189485 23 0l0CT/ 14399148846 Sbhh l, anathgmaald ef‘gaiagysnes?giiguraqtr on

of illumnation device 280, i ncorgoratl ng the instant inventjion and for_ use
with an iRRERESSUCR a3YTRRERGY 36301 s(Edfoun $TLH g@ves 18 atdleiorange of
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enbodi ment 30 VAT T anRer28he 28Rcnd EldiiiFhedel Buithber isNMBPEBulSS, Oort i e,
rough chrone or r@{te f.ini s?ﬁred or white as described for the ousl|y

revi
descri bed®?| FER nctddr S L £REMCBBH AT h P EDSs 1A8MPMAS e Sé"{)fﬁﬂfer]tqoan
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are electrically,connected together .and di sposed on face 292 qf
1T nat LBRCcalPig: SHaE s, MHRAURA 1o AT rieht CRELRCCaaPY Ml pluays
unl ensed &&0hs 282. shgdentoil Lycilisposedntiube 2b4reaxtt ebilght hleaghing raanr
wal | of illum nato 88 .t Lovide ope assage for Light 20 refl ected
off a tar@%fm(%%toéht%)llgr‘f%lpgkg efd(;bar?%rraiognéﬁﬁg Pgﬁgethgnﬁy%ﬂ&%éy
recei vi ngoppostiiee (puatt sdrover) thechi dsitibaterdesofi kethrawgve f drhd hurface
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enter the camera lens. A map showing the rough distribution of
light being received at a central point A on surface 130, versus
angle of arrival is shown in FIG. 11. Note that the distribution
is smooth over a wide angle except for a null, B in FIG. 11,

35 corresponding to the fact that little or no light is emitted from



and 21. A plurality of unlensed LED s 302 are carried by a peripheral ring
304 either carried by or di sposed proxi mate a wi ndow 306 d¥9 APEn2003 ent

gl ass,' plastic or the like. LED s 302 are electrically i nterco&&gﬁég and
conventi ongydyomorextrically 30 connected to a suitable sour &t $rical
power and controls to control the amount and duration of illum nation
provided by LED s 302. If desired, ring;s304 may be either electrically
conductive or coated with an electrically conductive substance. LED s 302
cast theithd ldegiionabifothe i Sehtrdleniolan 935 pakt &f AangeMentssABENUPANFAG.
surface 310 %FI G 20% cg an, WD 00/16073 22 09 APR 2g83 P(h:qlf/USQQI 18846
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of arrow F (FIG 20). LED s 316 are electrically connected togetther and to
a source reHArdng esntdbftyhantr QfoukbeantPRHERY 0FUSEEA urtvRadEhon
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provs di ngillamistdtion bekbutitaathospruiesc bakkdrahadeapbebrs 2% B22date , not
di sposed on carrier_324 proximate a_central portiaon,h32 hereof, to.permit
light reflected fr&w‘? BRrPECH L BhoP IS HTR) S ;?%é‘%%hrl&g’ﬁgm 2Sigationed
carrier 3UigHtl i dur en3diheceidrs KRfvowthan paktiedoat siewaenbiaguadbugn 1340
for the base of the illumnators. descrd hed i.n.30.previ ous_passag of this
descr i pt i B50F T Ao bt PR ROFREE T e slaunaBathn: halatsad Do ante,
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LED s of é’fl h.g\é’er marking will now appear to be “dark” compared to the
25 background. This will occur because the light directly reflected
from the specular surface 130 will appear to be much brighter
than the light that is scattered (only a small portion entering
the camera lens) from the disturbance that may be used to define
either a “one” or a “zero” portion of a symbology. When used off
30 axis the illuminator provides a “bright field” illumination
because the specular surface background appears to be brighter
than the objects contained within.
It should be noted that the disposition of illumination
carrier 116 positions array 112 of LED’s 114 relatively close to

35 illuminator base 84 thus allowing for a relatively thinner



5 green or other color light output if the reflecting surface_of the

i | luminator are white, chromed or of the sane color as thd9 ABR283e. From
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or 1in sequence as described from suitable appropriate and

conventional sources. Such illumination circuits may also be

enefgized at various selected intensities and for selected time

20 intervals to provide a desired brightness level and duration of
illumination.

Illuminator 82 and illumination source 110 provide a

“dark field” illumination device 80 for imager 30. Targets in a

range up to approximately four (4) inches from imager 30

25 (specifically 1.5 inches to 4 inches; i.e. from “A” to “B” - FIG.

8) are considered to be in a “dark field” and best illuminated

by diffuse illumination device 80. Illumination device 80 may

also be utilized for targets in a mid-range (i.e. between “B” and

“C” of FIG. 8); but illumination from device 80 when utilized for

30 the mid-~range may be supplemented by or replaced with,

illumination from a “bright field” illumination device 160 (FIGS.

1-3 and 8) to be hereinafter described in greater detail. Targets

disposed at distanEes greater than 8 inches (from “C” towards “D”

~ FIG. 8) are usually sufficiently illuminated by “bright field”

35 illumination device 160; however, “dark field” illumination



(c) at least a portion of a surface of said illu=ainator rreansk)?\/\hen
Illumnation fromsaid illumnation means is cast thereup®$ AB Q3 ng
said diffuse illumnation in said predeternined direction; Pré,z‘#?gﬁ%g‘gw
PCriUS 9 9 wob&1@73 6 ~vus 0 s Nov goo (d) said illum nator e
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bottomwal | and an inner surface of said peripheral side wall having a
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of clai m&, Whgfieiepald %&69%4391' cQadeehbar wiBRDS l'xéu@ ' ace
of said i% um r%:g;w:ﬁgn cafrl er. y R92003 VI%Cl?US 9 836% @% %PP

s Nov _zod%f 26ameraTieadinen Hat ﬁ@ﬁ ép‘ﬁﬁﬁatﬁ%c%lfvhﬂ% ﬁﬁ!@cah&roei Wikl dbe

el ectri caly LANNGEQh , MRAIS h'a%e%EOBH%BE§r§éthUBE%B%%?'LtEgQ' ®ikht Pedbekeast
two separate el ectr] cal circuits and wherein each such electrical cfrcuit

t er m nat €04 ncephirebt oPeniny 24 e@f ri bhrrinathet?i ngndanentsad asarce36f

el eqyri calppeyer Andnko PNl “dzaps fian gaet 1 Mni AGt 18] Qfamterkesmgnd
duration of illumnation of said illumnation emtting neans. 12.

i |1 uni nat$wrtalpsar sopyestienal n@‘ld P%€P€Fﬁt§aﬁéeFFFWheﬁQW@tﬁrﬁt |(ﬁ@t

means andsis@d) iddelproatigedmesncaniedilsnoand L.ops §0862 i u sthitdhlondietkuse
illumnation projected fromsaid i]lum nator nmeans passes through said

i |1 um nat¥eR’ earfler tan@mbebRr Ry 19 | SRERSEI M eFLEELRG CAdanROay and

el ectri cadon€pbsict 86 MaR: the TheriigHtwdsRat i dvaPPasRd Usa@tachiohm b2
wherein said unl ensed LED s_and salg el ectri cal conduct or nmeans are sized

and i sposeduBNRReN Wit LEPISdi FPHs@aY | BRI SRt bRPIE BN} eSRd@ AT Yai d

il 1um nat@ént b1 DE@N S&h@ i hlivel nalEpe’ cargl ershefadopsy or beagHtunirgeyed

hED s and, el ectri cal condyctor ans appear, sneared out in relation to a
tardet whkh B?‘EJ{]@HOPnijVf’-Géuéage ‘%‘?%@’@c}arﬂ@ arqeﬂee”kp% h&EF oRfaPP&fat us

of cl ai mBepher eige saag ibd U@tiﬁ@éd%ﬂﬂﬁeﬁﬁdtSﬂedyl Idmmmasugﬂamn%n@re
sited and conli red t, osed, in an el ectronl ger bet%\gen an

el ect r oni FPPHEQE ?E%e.l&lH&lBé?Eea AFYAESE DAY aP % M t RLPEENCS and
so tkat |lightsfiem fdsmgbslgh'effia@.'tcbdlh]tdmnmattﬁnrcgetdé@l@ lamged passes

al ong a predetertai na t, rou t |l.um ion ratus.. 15.
The illumnination ap ’f%l?%%gfg‘fe}i aﬁ#rp r\ié‘r evd1°(? E?buﬂ?ﬂat ]f'reél?r?sldl
i ncl udes Abhlopénadforxterndiceg8bhaeegheapbott oalwakls seheledf ldxlt&pmém@
al i gi unent, Wity S8l 8, P8 8hedASd dmgrett Naldi Ao hgalded” ikt

engine 70 and window 40 of housing 32. The disposition of devices

30 160 and 80 within housing 32 is such as to establish a line of
sight 180 (FIGS. 1 and 8) from target 130 (FIG. 8) through a
central area of window 40, dark field carrier 116, central
opening 94 of illuminator 82, the lenses of camera engine 70 and
onto CCD image receiving device 60. Since “dark field”

35 illumination carrier 116 is transparent and may serve to protect



09 APR 2003 pCTIUS 9 9/ ~ 88 ~ 6 ~~rus o s Nov zooc illum nation
e~aitting nmeans is configured to provide a clear space t hr 9 APR 2003

i [1unmination carrier for said predeterm ned i mage path. 16. Ppagns99/18846

i |1unminati oW&MHEPE: us of claim 13 wherein there are twel ve unl ensed LED s
spaced about a first circle carried by said illumnation carrier and siXx
unl ensed LED s spaced about a second congentric circle carried by said
illu~aination carrier and which is relatively snmaller than said first
circle of nwdlmmsxhd.&ﬂmlrimoxﬁnmg |J2unfinvat i tdre apparat tisepéintai of 13irt,
wherein t are ei, sed about a.first |rcle carried
by said |fﬁﬁ&ﬁ| égPé eanan?gg?Pﬁﬁﬁe%sﬁagﬁﬁﬁr¥1288€eé aﬂ%ﬁteégégﬁond
concentrl(ccmpnnbe gastled épenmngjdd hubraaSpmnemmfwovHrenﬁngassh pdastic
relatively s~aaller, th aid fjrst, cirgel ense The

i |1 uninati%h &b%alrjalf%sagfg%?%]r nié% &\ﬁec;% ﬁ Chje ar%mgeﬂ Eﬁ?BESEEVEED1§4
spaced aborIiGs.filr-s¥) atXadee oofF rHhed fbrym&aio@t hlolusitingatsizan carrier and live
unl ensed LED s spaced abqut .a segond cancentric.circle. caryied by said

T Gt nat i on carr ol S gnE EF I A aRy hafighi G Ra &G prpBetLy
circle of ingdaanser LEDhis hoﬂzginGhGZI | 1rDvi nalummnappanatdeau@‘escl B6IN Bre
wherein sajd illwoination carctier | udes_a nu ok e ri s upon
whi ch sgu(#ﬁ%PP&ﬁaoﬁP|8ﬁr§C FEFFFQ é“aFé°8|gb6¥éBd 8 $H§ frection
iliua~i natdmlmrappaFat-uswi; cl aina @)V\/oer BbﬂsSﬁgd32|é$Jr@tpﬂHirm’d aar rglr%hter

i ncl des a ular erl d sal |IIu nat¢ n_ei N

carried bySHa rSBFé eFl @%%ﬁ%?@ﬁlﬁ e%al €iﬁé§ 8?31051
f he |IIumdﬁnn¢H|am®arasuspmbpetayn1anhaﬁéed smuihldxauﬂﬁs2m@3 3PCTLEB
99/ 8846 ~REA/. J 6 Ilunlnatl n means._ conp

dar k flel&l%qméé |02ICM anggand i a3 u ﬁ%§| %&appé}ai%ﬁr?fﬁthtSElr

i ncl udes aJUnmthhtlbnekdarWh:mh(mn|Uh¢ meanstinolq@|agradthroﬁass 1 and
illum natign n ' c I [ i

11 um nat 190 Earplstfe i 3 dxplaghbar b BER b HEHEEY 93-03RE R nis

i |l ubd nat idesappdriatius of claim6 mhereln said illumnnation emtting neans

cotoprises a dark figeld J,l ! on S i Nedd od), @ rat.us
further includes a g?#gd%%éﬁﬁ%?ﬁ*ﬁuﬁgﬁagﬁ%%ﬂﬁeéﬂg9W$éﬁgﬂlr é ébl?@g gh
illu~ai natnldmrﬁmmﬁ@alwwlmnﬁwrorlme%m the otigth 3R @Ililummnahapnonource

carrier . 2%, The 1 LLYgLRSLLON APPA! 2 YanPhafb?l Boh WaeraldLsald rre 13

|IIumnat|0n carrier stant al yCII’CU ear mat eri al

The i || umi haturinagepa@Oud soalsed aiisle shisged r(lsaﬁdlllllllulnm@é;tqror&%@rfr F3G.i 5
rect ghgul a i u f

6 V\:hg(?EI nag)m %ﬁi%ot P?%%rﬁgé%% 5%1(?43 H;(?@m ?\g?o a%?rféa%;h%ggggf%rggﬁelﬁtﬁke
surface cofifaces i 0R8f adlAgresnacltvely dthat uaraafinhshadr ldke zerfaces

met hod of Pd@vu@zn@fdllﬁfma@nau)yr@zﬁafés%ubaaetegf@béy 19 thl st BB on.
target for_ el'ectronic itaagi nq thereof: r|S|ng
Illuminator 200 also includes openlngs 212,

sized, disposed and
for the same purpose as openings 90 of illuminator 82 (i.e. for
25 “bright field” illumination LED’s (not shown). A central opening
214, provided through base 204 of illuminator 200, is positioned
the same as and for the same purpose as central opening 94 of
illuminator 82. Elongated openings 216 are aligned with and
provide openings for spotter or locating beams (not shown) which
30 may, for example, comprise sources of laser illumination (not
shown) which, when activated, generate a user observable spotter
line across target 130. When the observable spotter line is not
only on target but is also substantially the width of target 130
it indicates to the user of imager 30 that they are within the



(a) arranging a plurality of illumnation entittinQ devices into an array
and so that each such device, when energized, wll cast i 09 AP Rlﬂﬂ%tl on in

t'~ predeterm ned direction: (bl providing an illum nator MAEE

first diffwoowesty face and positioning said illununatar so tﬁ 09 APR
2003 PCTIUS 9 91 18 8 4 b ws 0 s wou zoos 29 said |ight dlffu5|ng surface
receives illumnation fxomsaid illumnpation emtting devices and projects

diffuse light along a predetermned |ight path and in a second

predet er f'wga! \Aﬂte e b rORRASEE €38 Oarsdi ¢hrl idobi iBhRdBLeENeH ds Sakigar and

to be to re a target mght be positioned for imaging; 2'I. A'nethod
of prOV|apngodfﬁﬁugeonlﬁ&ﬁ1hm@qu¢a{ﬁ%#e%%ﬁHy to illumnate a target for

el ectroni c i magi hgy tgﬁ_evlut ’H?'Shﬂﬂeﬁ%%HfﬁﬁﬁmQ'ﬁgo é#?igﬁﬁbgeV|ce

-illumnation emttin IcesS into an array and so t hat
when enetgilpedpaliibh cagriets28L, usrgabroNidadaasi Aétluptriadéwmmdeerdces

i rgoti 0garang (s BNl agu2ol | 2071 MR chaaLiB:Ll Tl (ol ng

.surface and posttionl nNg sai um nat or 'so that sard u5|ng
surface cendugtive | $tmipsut idork faromissd 332 dmitieatcosmesr tItEiEHgS c?e':\ﬂ ded-aand

proj ects %gfe&lsg 'fiiggtt @.J&eal@ eagd%%m re%s! éhatataspatth 5%!%%*&@95 fﬁ?q

t hr ough §a array o tiron e~ni I'na secon
predeterwhméd: @iinédtairomlaw&@rscaé pgnglacdorsrgﬁSprle@empmewd LdXectd3h and

to be towgggl ki %cﬁxc}aé du il 95‘56 P@P@?'%é?xﬂfﬁ’aé@é é{?a%'o‘i’x gc%%rsT%ﬁEt hod

of claia ectln [um nation emt evi ces of
pr d@et er thlsatborarﬁptm@cﬁﬂﬁcawyrwﬁ &donA&ES( ﬁn§3§a¥ldd| vipes 32,4385

ermi i N9 Vi cesuii dd SASCHIAGRaP NANRRES Iy PiAIRNTALIR NI Slbe

mat eri al and p05|t|on|ng sai d lum nation emtting devices an
conduct ot 0y o ABAFAEEE hédodéﬂﬁﬁbn1é4taﬁgét apadeEtEvet Hatrehadodws tdfer eof

on a target Wik thenoWotfcd opts 4rdcapPaats)t.o bel SrBM etbiheByrFRISD 2 29.

The net hod of cIa|n125 including utilizing unlensed LED s wi thout |ight
di r ect i n§uUEShEsREREs 1601t os ied LEPAFRRaPIFoNf 1Baket dilApndagiteds 208-rnd 0 APR

2003 PCTibgprfté difeSowith HBEALLPife 6h M 280G B3e30.1 gt dtdadkofped am

29 including utilizing nine unlensed s In a first CIrCUIt and nine
unl ensed@pPoEs §°Fnlé1§368ﬁ81€Pr€%V%c?o?oséFHG$iIhn@hatlon devi ces array.

31. The nethod of ghigigeg014 neldudengher! £t MKitARG ROSLiniARLDEN 6 S d
unl ensed LED to provide | anbertian illum nation. 32. A nmethod of providing
di ffuse EBPuni pricts qﬂ(ﬁngﬁﬁ,fqu as ilmager 30 and which incorporate

the instant invention. Illumination sources 240, 242 are sized
20 and configured for co-action with an illuminator such as
illuminator 80 of the embodiment of FIGS. 1-8 or the illuminator
200 of the embodiment of FIG. 12. Each illumination source 240,
242 includes a plurality of illumination devices 244, 246
respectively, which preferably are unlensed LED’s such as
25 unlensed LED’s 114 (FIG. 6)and unlensed LED’s 230 (FIG. 10).
Carriers 248, 250 respectively are fabricated from clear and
transmissive (to the emitted LED wavelengths) material such as
glass, plastic, etc., and may either be provided with
electrically conductive but transparent conductors to unlensed
30 LED’s 244, 246 respectively or suitably conductive but relatively
thin electrical conductors such as those shown and described at
122 (FIG. 6) and 232 (FIG. 13). Such conductors for LED's 244,
246 are also electrically connected to a source of electric power
and to a suitable control to arrange LED’s 244, 246 in either a
35 single or plural selected circuits and to control the brightness



illumnate a target for electronic Imaging thereof. conprisi n% éa
arranging a plurality of illumnation enmtting devices intt® ARRa Qéﬁ/ and so
that e€ach such device) when energized, will cast its illum 2}
first predeWOARiIHEY direction: (b) positioning said array oﬁﬁ@ﬁbﬂlﬁlmé‘tl on
emtting devices onto a clear illumnation carrier: |c) providing as
illumnator with at least a first diffuyping surface and positioning said
illumnator so that said light diffusing surface receives illumnation from
said ill amidﬂatdtxrratam:ttiorfg devumésasmdnpr 6remt ssduttase 2iaght 242ng the

predet er ed li th and .in.a_secon et di.re osite
to said %éi Fg g wer%}j il %ﬁgg %O‘Erg% fov(/ap%%\/r? re%éagaﬁﬁ i ght
be posit |2dr€bcirimkudemgerg1t JED/s rethaich afn pruedi ogrdl éfasé fdwnniE@ts on,
preferabl,y to iJlumnate a target for ele ni c ing_therepf, .
conpri si r%‘ ) BT Ayt Ny % p"flgﬁa? i IQPI5EE C%t{% ‘IET%%S eﬁ‘?‘?tﬁﬁg deffePinto
alnl & ray aandospet hfatireaéh a&glcrfld&vlm ymemGeﬂar qrzefinnerl ljc_icr@ate.i t SThe
illum nat,i n|n irst predetermn ection i an .

11 naddr e o fUEI BEO e debig ConPeaab 1o Shet LTBRRBLLR d

i1 hum nats@hr%@st hat AGHEET2 with ARRuRAA3tEr&TudS 95982 1B18STS4samgus) a s

Nov zoo said i %ht di ffu$| ng surfaci receives il urln nation fromsaid
i |1 umi na@™6h &M%t i(5dCdevicls Wind cBPEra¥rimgEely; gRE afbRgtantially

predet er Man@@ritight apat bverthppiny saeﬁndsptndetghoanned grGcecyi eﬂdowp§l te
to said first predeterm ned dir.ecgtion ndto eto re a ta mght
be Bost P RoRL ERAG R 4 APPEORRGoR T Urn A5y T T4 i fabRGment
e~ritti ngfdenmadsas -d@. dark fi el d illum nation; and (dlI providing a second
array of iliuminatj emttln i.ces fox.bri il nat i

The nmethod of d ai ?g‘og-é’% nclaﬁ& %&é’l ti Sﬂpﬁbgggﬁﬁilggcoﬁé a#?k}mbf‘a fon®

il lum natdewrioemﬁol,ngndem@mtm ¢thet ihbeanti Lhueathahi ¥ndi iva saeeondth

d d d ' h d fi d
G oot of DS EE P PED BB ERRRFNAPT of eMPHPng THAREHEES SEP Ahot hodP of

plr o di ngpldifdfluisey id§ um rextdexh LR ef @bl s itnoi id o uno nbbhe anila?ged LBD’'s
8ct i : o
el 8ct ronifd §79a0 f‘é:ﬁ%egﬁghoﬁgi‘?{ hgéé‘@ibé&) eﬁéaégggg@?;agkgr %ﬁlsgégﬁd 48Di ce.

i 11 unmi naQSr é=5=, evice 0 an array an €ac
when enersgokes. 26l baclassecm:sed [proxiimateonné nerd f{o sa cpmdctaldmndw@osed

directi Or%:u(;(é’)zé’é oyhdi g EH P%Qi‘t QhaW &R ﬁ] ]’.Jlef.'ﬁ’Pér ieﬁ}fi S'gséf 4§ 0g
surface and positioning sar g unernator so that sal i ght  dI ffusing
surface riddemiss tiol Gﬁﬁnaﬁp@kﬁ& r2frh siyd eiitheni hat tbﬁmemlmeisngoeléﬂdcasthnd

Probect s M Ididad. il 2 a&&%@t £ IR0, FQB £BAEL 20! d1ed 98P

pr edet el ~al ne rect OSI tO sa fII‘S eterm ne |rect| and
to be t owamlenmreeqttblﬁlg’eﬁ Zﬁ%;mr b’éhfpk)sm@}’ oﬂ@drvosunﬁagaﬁg;elap:dr(lc)ally

posi ti onl&gmﬁgé Jf\llél ug{p or and saldpl H{@él tv\ﬁg\rnsl I U%Earsi o] sal ég:leng

devices so t ected froma target pass t roug
i1l um nateﬂrem%llﬂn h!atﬁéﬂo@mf’éﬁfhglaml @é’@ or OROAPR GpU3iits and to

suitable power and controls to effect the brightness and duration
25 of illumination thereof.

LED’s 262 are disposed to illuminate surface 272, 274
of illuminator 270 to provide efficient and diffuse “dark field”
illumination in the direction of arrow F (FIG. 16) as described
for the hereinabove previously described embodiments. Surface 274

30 casts light from LED’'s 262 to surface 272 from where it is
reradiated outwardly to illuminate the symbology. The efficiency
of surfaces 272, 274 is increased where they are slightly
specular and smooth. Central tube 266 is to be aligned with the
lenses of the camera engine and CCD image receiving device as

35 described for the hereinabove described embodiments.



PC1"/US 9 9/ ~8 8 ~r b tPEA~US 0 6 NOU 20QC 32 36. The nethod of claim 35
including for~aing said illuminator with an opening sad f ®rAPB 2003 arr ay
of ill'umnation emtting devices with a spacing so~that I|i gh{.?flﬁf_;égﬂ%ﬁ&d
froma targeeagdMe transmtted therethrough. 37. An imager for

el ectronically capturing and decodi ng data carrying synbol ogy; conprising:
a) housing neans: b) CCD i mage receivinﬁ nmeans di spos4d within said housing
nmeans cf canera eagine means di sposed wthin said housing means to capture
an image of symbol agy; ANdyRiaseni tiQeS @b s CRrLERGR cs].eciemmgaE;aHﬁ
and d) 11lumination apparatus Including: (il illdmnation nmeanst (I
iIIuninaIQEWM¥aﬁ§OppgpppéﬁéﬁatbPQéﬂéﬁG@SGBBﬁ anganta@@ ﬁﬁéré@t nBEuUWiL BBt i on
from sai dyj | mm?eet 5ARNTRANSimaldell 302t ilseatiowd PG tm;\[lpés Spg da54r{ gcepof
said illumnatol nmeans, when IlTumnation fromsaid iTlurainativn neans is
recei ved Rheralpon, ofi Fdasknfiehdy unlemsedt LBR and8gr opeet rAgcsaidadilff use
I 11 um nat | ' t ' lLLACt:i 0 3 editiu L [ i
appay at st oLy EEGHE, EhL, Ueplerrtan PHecdls i1 Tk 24 "t AR

i 11 um natibhunbwat tien saadrier u28hawhichrebsa ahdanspanent| dispavcifoglass,
directio Lte t ai re ] [ | . e dhkEu
iIIuninap?gggg%%aggtggéo?gggéig?%§$€%é§%h% é§§%i?€?u§?ngﬁpoﬁ %égnésﬁgtﬁo be
di sposed withr ojexfaces d 283 ,f u@86i | blim aat i ol whiezldy Wh do apgewvid40.

Sya-bot ogt EeiRift R el 1 SR8 AR eBCALERER 00 o £ KIS, gz ¢
NOV1Ie00( B8) (a3 desctiedeben: thh)haednahape riddaiminal o arbatl isysodsd

Wi thin said housi nggiEansds (XB)s,C288" &r&NEl NS HRANG ditRRsednWoihl Qeaa'bg
housi ng means to capture an i mage of synbol ogy and present same to sard CCD
i mge recérifiy Hagisfchrome or matte finish red or white as described for

the previously described illuminators and the cooperating LED’s

282 provide a lambertian illumination for surfaces 285, 286.

] An array of “bright field” LED’s 290 are electrically
connected together and disposed on a face 292 of illumination
carrier 284, preferably in alignment with “dark field” unlensed
LED’s 282. A centrally disposed tube 294 extends through a rear
wall of illuminator 288 to provide an open passage for light

20 reflected off a target (not shown) and to the camera engine
lenses and CCD image receiving device (not shown) such as those
described above for the previously described embodiments.

A still further configuration and embodiment of
illumination device 300, incorporating the instant invention and

25 for use with an imager such as imager 30 is shown in Figures 20
and 21. A plurality of unlensed LED's 302 are carried by a
peripheral ring 304 either carried by or disposed proximate a
window 306 of transparent glass, plastic or the like. LED’s 302
are electrically interconnected and conventionally electrically

30 connected to a suitable source of electrical power and controls
to control the amount and duration of illumination provided by
LED's 302. If desired, ring 304 may be either electrically
conductive or coated with an electrically conductive substance.

LED’s 302 cast their illumination, in lambertian

35 patterns towards and upon a surface 310 (FIG. 20) of an



(d) illum nation apparatus including: (i) illusainstor manna for projecting
diffuse illumnation in ~ predet Armi ned confi guration and ggnABR 2003
predet'erm ned directions (ii) illumnation means for Casti ngpitAusd/rssié on
upon said i MOM1§%Bor nmeansf and (iii) at |east a portion of a surface of
said illumnator nmeans. when illumnation fromsaid illum nation neans is
cast thereupon, projecting said diffusespllumnation in said predeterm ned
direction; (e) said illumnator neans being substantially bow shaped with a

bot t om wat i 1aRdnatper izakendlid, deg et drextereh @geér efcasdeancanel iMigsai d
bottomwall, an inner surface_of sajd bottomwall and an inner surface of
sai d periShgﬁ%fes@%ﬁ*v&ﬂqlfhéS#Hﬁlﬁatﬂ?qLkﬂ|ﬁ9%ﬁé%?§ﬁtéﬁﬁlPgdaFH@Weﬁo(Exﬁ-

provi de dppf ussutrthedri 3w iign fifdlshddein tahaghth dedCbi AhibeWesehn Sbdhe
di ffusing finish may be either matte white, snmooth red or white or rough

chrome. 49T mabtenbieishiwhite M detraridiad SO5 the RAGHEQWH yrelascT ikedides

a predetefmpgdnaihan akvhiagBertian illumnation emtting neans carried by
an illumnation carrier disposed in proxim tg{ito and for cooperation with
said illum nator mednSeRbdasby xHHPOSEAd PR U haPTOYLERS tah P MRS EL

di sposed §8;f R6GnANFLA8ELEACH ol AMRCOLA Mt AH | Blddd UHAAIIR AN
said diffusi ng Ini sh of sald bottom wal l 09 APR 2003 ~pCTI US 99/1886 bus
0 s No v £b80CGR curehber abBage deesRlVindirdaticf BRI Ml orbrdght The

i mager o! rgbaigm 421 WR! 0l i Sachesed d3i bl umraati o eadt bR9 MRAN I $HddedED,
94. The imager of clt~im43 wherein each LED js an un] ensed LED. 45. The
i mag8r of abpafntulei 34 Ueh myagiestt EheaF thhuudiadicrais tha chidnmeken et

sai d unl eggedwlED(SIENt20)AL HEmASt 308€aek e61dd 68l c £l I E Wdnndbted Neod St REET
of claim95 wherein said electrical ,conductor_neans is applied to a surface

of said i PRAnTRaki BAUESE r§lePowsF. 23HeCPRERRY AT dHhe A Hheand (Hdsa fion
el ectri cabrcenduatioati®anso beepeenneessbgaigpusl ensed LED s into at | east

two separate eleerieal circujts and mhereLq each owgh electrical circuit
tertainatea in connédEYFs f 2 o| BREYF calSy &onn%‘&??_%rsaﬁﬁ‘bpg_lﬁ‘e%ur RNt
el ecisr i cabopghgaratiént Of Corurinaesnssberceedznai i negsd hei i | ght igsge aNd
durntl on of 'Iluninatiog%ﬁf s%jd iI%unination enittin% ngans. 48. The,
i mger of SBF3i AF oY ARer PRCOPR| BAYHAT i P IR g TREAA29ILAAT sgPgPing
i Ilum nat or weadswefar dispdsacsihar. Aoptturahitsy dhainbeddedcLibl sind At Apa
projected J.romsaid_illumnat means, passes through said illum nation
Carf1 or aftSERSSE oI | IPURF LY e G EI T nRaREY ol & Sarpiies S24 ot
clear glass, plastic or the like. LED’s 322 are electrically
20 interconnected to each other and to a suitable and conventional
source of power and to controls for controlling the amount of
illumination and duration of illumination to be provided by same.
The electrical connection provides one or more circuits with
LED’ s providing lambertian illumination as described above. LED's
25 322 are not disposed on carrier 324 proximate a central portion
326 thereof to permit light reflected from targets (not shown)
to pass through illumination carrier 324.
In Figure 23 there is shown an alternative
configuration 340 for the base of the illuminators described in
30 previous passages of this description. A fresnel-like surface 342
is provided for base 340 to direct the diffuse illumination
towards a target, such as target 344. Fresnel surface 342 is
finished in smooth red or white, rough chrome or matte finish
white to provide an efficient and diffuse illumination for target
35 314.



conductor neans. 49. The itaaqger of claim48 wherein said unlensed LED s
and said blectrical conductor weans are sized and di sposedg$ARR2008hen
said diffuse illumnation is projected fromsaid illumnator through said
i |1 uni nati ogs@fehdr shadows of said 09 APR 2003 PCL' | US 9PGI/PS 51 6
| ~EAlUs 0 s Nov zoao unl enaed L$D s and el ectrical conductor neans appear
sneared out in relation to a target when brought into focus to be inaged.
So. The imager of claim42 wherein said?||um nator neans and said

111um nation neans are sjzed d configured to di spased in.the jmqger
bet ween said CCD i maég ?geﬂ/i r?é‘gﬁpﬁﬂ?élr of° &d‘ealf ”i?%e‘r‘ﬂrh SVite

t her ei nt oianghsuld Haé umbegetobdf that esl tHdugh t@regeiolox lef itmRgadIpasyhal ong
a predeterm ned i e.path through, the illymnation apparatus.. 51., The
fmager of SEPACRESG AT h R 19T U S of L Reans D nariddanak i8Re sty co
ext endi ngcbhlaugive bedn aquadllly whel esdnulf spnasd ivsialg QR o tye 195w
predet ermi ned i mage  path and erein said ,array. of ilJumnation emtti
heans 1o BORFRGAFoq PEp BN He 14TBEaaR CoRhod b IauGHE R Y BHAERSoIPE
carrier fehnesaildunieticar iaenehiteggenhpaned 22 ofhahdRile ¥ol®raidy the

wherein there are twel ve unl en$ed LED~s spaced about a first circle carried
by said i PERnPRYEFSa carrier and six unl ensed LED s spaced about a second

colncte_ntr: c ci rlc: e C?‘Ebhe@h_@é aﬁ_aivdt Hla!sb.lﬁiiﬁ@i;pﬁn ii%awiilgr f%%@ \Myégéééﬁ that
relative smal | er an said first circle of unlense ) ) e imger
ol hl o BoRHRChEE Pren, RRayied S Arichr il TS AR Sifo HEne T G0
ci rabe caahdefirbyestinly idiffuseabhanhigily eff @it icerftouirl 1um ianaeihbl B¥ ¢n saced
about a second _cancent.ri, Ci rclﬁ car%eized by sai dcjeil I Lim' nation carrier and

% £i9 g Hh

which is FRPIPT ¢S RFIE L REACEYT Bt EYY Xift%h RECRAA:S
The i nageimatyeckai o499 wheteiringhesgmboéotdérsunifersed e edpadec akoid a

first cirgle carri aid. i)l lum.natjon carrier and five unlensed LED s
spaced abéﬁ?o l%%bmpye ar}ﬂ’Fﬁlezltfg]SL s 'g'F lgqﬁ?@u%%eﬁ%cﬁ?%é%v
z00s conceéht witl che chrederartrdoed thut sthel illumimeticm dmaridesy, drgkettiadoves

rel ati vel l.Ler, th said. first cit f unlensed ,LEA!s. 55. .The

i taglé)er o%ﬁe%ngl‘l%g& V\ﬁg}'eiajnudsstai 8gi I(?gh ﬂn\gt ;%(?n Egﬁgf‘é?di nﬂﬁl&ess%?trﬁﬂ&?eﬁy of
spoke- | i kdispbsedpamagkirsh said illum nation emtting neans are di sposed.
56. The immger of chl g Az phareidy gLt LLLMTARAN CRLL BLoL Nl ides &y
circular periphery and sard i'Tlumnation e~aitiing weans are |sposeaa| n a
circul ar desgrdbspgogat faraeidnemboddimgndisr guf athpedhphetyon5Tthathevdamieges of
claim 92 ¥RAEEiLa3a0td WY TRARaA O Led 1TPAls AP SRR dBIa I Sld

il lum natron means and sai"d 1l umnati on apparatus Turther 1ncludes a

bri et fi &kcami ithenspariénaseanpprabendeédgbrdthei nodlowihgnthaimen enitting
means which direct their 11llum nation fromsaid illumnation carrier
towards where a target woul d be disposed to be illum nated. 58. The i mager
of claia 42 wherein said illumnation ~m-tting neans conprises a dark field
illumnation nmeans and said illum nation apparatus further includes a
bright field illumnation iaeans which directs its iilulaination fromsaid
illum nator nmeans through said illumnation carrier. 59. The inager of
claim42 wherein said illumnation carrier is substantially circular and of
clear material. 60. The inmager of claim42 wherein said illumnation
carrier is rectangular and of clear material.



61. The inmager of claim42 wherein said bottomsurface of said illum, nator
means has a freznel-like surface 09 APR 2003 PCTI US99/ i S%APRE%G#S ~ 6

NO | Z04( a~ Configuration facing towards said illum natlon car

diffuse illum nation apparatus, prefezably for |II ﬁd&bfor

el ectronic inmaging thereof, cotaprisinQ (a) a pl uramfdné um nat | on
emtting devices arranged fnto an array and so that (N{Wé’e UV\/nen
energi zed, will cast its illumnation in a first predeterm ned direction:
and (b) ~an illum nator having at |@ast a first |ight di~fusiaQ aurtace and
bei ng posit'l ogeﬂ sg gh%t Egid |l ight diffusing surface receives illum nation
fromsaid i tting devices and proiecta diffuse light along a
predeterm ned |ight path which extends through said array of illuxaination

emtting devicgs a\nérmsa §ﬁ@:ﬁmlaﬁ%ﬂd£ﬁpammdp9¢fee@mprtoopposI te to said
first pregﬁ| erm get iaight be

posi tione db“qgg Pﬁhgfefﬁﬁgx\?ﬂgct ggta%sfnqc g?’[egf(il wherein said

i1l um nat|meiﬁm| ng devices are of a~ predeterm ned size and are
electrically imer comaghseion hébn@l;ectrical conductors of predeterm ned
size and material and are selectively positioned to a~ini~aize shadows upon
a target and/ ofb)so tlhmindtdomsarnshpoeitfionad ot aegdivevbgdn be out of focus

and appearsutreaa? thEBA 41 YRRt AP9EE G ﬁfi%mﬁmaat.&angf cl ai m 63
wherein said | .um nat.i on etattlng gew§ 'ﬁ%reul f LED s wi t hout

light directi n{f conPod&ALE .2 B8FLifReC 36¢ i § 64 wherein nine
unl ensed LiRpuninator meansgtwhenr ekﬂlﬂmmtu@nntm |Aidari§é@nimEDl@| n a second

circuit ampatéiis zeceiven &iﬂrdui:odd ugi fAlsing Wi CRMIMdRditA¥n £ The apparatus

f clai S99/ 18 8 ~r b
?PESI fjl—ll g %ig%ﬁg%ﬁgbfﬁigqs ? §a§g°ndp'go?PR?%e%§gmf§E |IotJ ovi de | arlrbertl ;n

i |1 uni nat i9ReCHEPD: The appar at us of claim62 wherein said array or
illumnation emtting devices are positioned onto a clear illum nation

carrier. 68. Tie Appafiffuse Jilwrisakigy apparatin efhicdain dayberein| | uni nati on
emtting caidcaluniyationuhdaniszetetos idar k1 Yum@hstionl towaiaki didand a seGOnd

array of iihughAbk Gpbaid dd 99 £°Y) AERRE SOV AT SLoRILOR, fi el d

i Il ~nai natign e apparatus O second array of
i || u~ai nat¥Péf %ﬁﬁdﬁ?%"a@ vHgastigne p05| tioned to cast their illwaination in
a second predeterm ned direction opposite to that of said first

predet erm ned 3li r ¢rd i3 e@de $216hiARE A Qf)ﬁ:&:lalt\:lg' SN0 q%ﬁ%iefiﬁudev' ces. 70.

h f wh I
{11 um nat %taﬁée%le*%&gma% #aE'  Boni i Puiad £ HRARSY B8 1 of et ed 1 om a

target wi f%i@hw@aghxqadéreqqlmm artaxgdti | | uni nation enitting
devi ces.

4. A diffuse illumination apparatus, preferably to
illuminate a target for electronic imaging thereof:
comprising:

{a) flluminator means for projecting diffuse
illumination in a predetermined configuration and in a
predetermined direction:; and

{b) illumination means for casting illumination upon
said illuminator means;

(c) at least a portion of a surface of said illuminator
means, when illumination from said illumination means is cast
thereupon, projecting said diffuse illumination in said
predatermined direction;
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71. The apparatus of claim70 wherein said illumnator is formed with an
opening and said array of illumnation emtting devices argp APRAR0€8! With a

spacing ao that light reflected f t t b
t her et hr ough. Ateg Seee Foma targel w&aéff88k6

A AH A A AH A A A A Tr.A 5R A AH A5. AH. Al n. A An. A?. Ar. Ay @
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:WRS"#'*.GPR$'"#|vq|gb]X]ca]ca]ca]ca]ca]caLﬂca]caLﬂca]ca]cTa]cTa]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] cal] caU] caU] ca] ca] calU] ca]caU calca # $WL! " f h
{qugb]Vmﬂca]ca]ca]ca]ca]ca]ca]ca]cauca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c“a]c
Na] cMa] c™a] c” Lca]ca]pa]c“uica]cAa ca GHKL nl
said "illuminator means is substanti ly bowl-shaped

with a bottom wall and a periphearal side wall extending from

and enc¢irecling said bottom wall, an inner surface of said

bottom wall and an inner surface of said peripheral side wall

having a diffusing finish applied thereto to provide said

diffuse illumination.

S. The illumination apparatus of claim 4 wherein said
diffusing finish may be either matte white, smooth red or
white or rough chrome,

6. The illumination apparatus of claim 5 wherein said
illumination means includes a predetermined illumination
emitting means carried by an illumination carrier disposed in
proximity to and for cooperation with said illuminator means
and so that said illumination emitting means are disposed to
face and cast their respective illumination upon said
diffusing finish of said bottom wall surface and side wall
surface of said illuminator means.

7. The illumination apparatus of claim 6 wherein said
illumination emitting means includes an array of LED,s.

8. The illumination apparatus of claim 7 wherein each LED
is an unlensed LED and casts approximately lambertian
illumination upon said illuminator means.

The illumination apparatus of claim 8 including
electrical conductor means interconnecting said unlensed LED's
into at least one electrical circuit.

10. The illumination apparatus of claim 9 wherein said

electrical conductor means is applied to a surface of said
illumipation carrier.
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illumination emitting means 1s configured to provide a clear
space through said illumination carrier for said predetermined
image path,

16. The illumination apparatus of claim 13 wherein there
are twelve unlensed LED's spaced about a first circle carried
by said illumination carrier and six unlensed LED's spaced
about a sacond concentric circle carried by said illumination
carrier and which is relatively smaller than said first circle
of unlensed LED's.

17. The illuminpation apparatus of claim 13 wherein there
are eight unlensed LED's spaced about a first circle carried
by said illumination carrxier and four unlensed LED’Ss spaced
about a second concentric circle carried by said {llumination
carrier and which is relatively smaller than said first circle
of unlensed LED’S.

18, The illumination apparatus of c¢laim 13 wherein there
are ten unlensed LED's spaced about a first circle carried by
said illumination carrier and five unlensed LED’s spaced about
a second concentric circle carried by said illumination
carrier and which is relatively smaller than said first circle
of ‘'unlensed LED’s.

19. The illumination apparatus of claim 6 wherein said
illumination carrier includes a number of spoke-like ribs upon
which said illumination emitting means are disposed.

20. The illumination apparatus of claim 6 wherein said
illumination carrier includes a circular periphery and said
illumination emitting means are carried by a circular ring
disposed proximate said circular periphery.

21. The illumination apparatus of claim 6 wherein said

AMENDED SHEET



@10% /& ()- ull czX6M! ° (10%+& ()-2!"" (10%& ()-2! (10%"& ()-2!(@
(10% ()-2! (10%"& ()-29 109%&& ()-slpgrswi[M! * (10%+ IGHAPFORBDAOHH! °

TOUHHR' ()-2! (109%+& ()-2!° (10%+& ()-2! (10%+&
e ()-8(10%%:?;' (§2y#910‘(%) u&ﬁ)-%% u&'(()-EIO%-(PCfW%g/ 18846

IPEATUS 0 6 Nov 2001

28
illumination emitting means comprises a dark field
illumination means and said illumination apparatus further
includes a bright field illumination means including
additional illumination emitting means which direct their
illupination from said illumination carrier towards a target
to be illuminated.

22. The illumination apparatus of claim 6 wherein said
illumination emitting means comprises a dark field
illumination means and said illumination apparatus further
includes a bright field illumination means which directs its
illunination from said illuminator means through said
illumination carrier.

23. The illumination apparatus of claim 6 wherein said
illumination carrier is substantially circular and of clear
material.

24. The {llumination apparatus of claim 6 wherein said
{llumination carrier is rectangular and of clear material.

25. The illumination apparatus of claim 6 wherein said
botton surface of said illuminator means has a freznel-like
surface configuration facing towards said illumination
carrier.

26, A method of providing diffuse illumination,
preferably to illuminate a target for electronic imaging
thereof; comprising:

(a) arranging a plurality of illumination emitting
devices into an array and so that each such device, when
energized, will cast its illumination in a predetermined
direction;

(b) providing an flluminator with at least a first
diffusing surface and positioning said illuminator so that
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energized, will cast its illumination in a first predetermined

direction; and

{(b) providing an illuminator with at least a first

diffusing surface and positioning said jilluminator so that

said light diffusing surface receives illumination from said

illumination emitting devices and projects diffuse light along

a predetermined light path which extends through said array of

illumination emitting devices and in a second predetermined

direction apposite to said first predetermined direction and

to be toward where a target might be positioned for imaging.

28. The method of claim 27 including selecting said
illumination emitting devices of a predetermined size and
electrically interconnecting said fllumination emitting
devices with electrical conductors of predetermined size and
material and positioning said illumination emitting devices
and electrical conductors to minimize shadows upon a target
and/or so that shadows thereof on a target will be out of
focus and appear to be smeared when imaged.

29, The method of claim 28 including ntilizing unlensed

LED’s without light directing components for said illumination
enitting devices.

AMENDED SHEET



10BB 10BB! 38S&109BB& ()-S! cl1f &10YBBE () -
c1f &10%& () -/ 1098& () - 8888893: a?_Q@! ! 3f %0%& ()-! 3f 940%& (9 APRO2EB3 () - S#10
W& ()-Y109%Z& ()-, L1098 ()-13:41\1;

<=12{Y7_Q!, S 10%& ()-'!",S 109% ()-'!", S 10%& ()-' ' PETING9Q / le,é
.S 10%E ()-'s: 109Z& () - ML?p GoEaaaan S410%&: 9100/
1055 1055!(2 , S 109858 8 B 51008 " & ()- @@@\g DKE} [ 9rswqg0 éNO\]/%

sf&L0%& () -*! sf&LO%& ()-*!sf&L0%& ()-*! 3%A0%&' ( ) &10%& () - S# 10%&' () - KE4F
j FGHHHHW [ MA! ° sf &10% 10 10
10! & sf &LOY& ()-*! sf &LOYR ()-*!  sf &IQUR () - *! Xsf &LOY () - * HHHHI JFKA<MA! 1\ R

Lo & () 1o PR (1 BRACRRGHE JmeBE LY S Ina e () -2

P (10% | & V9lenish@ DU B A rE/a( X124k C@mﬂﬂcl 8nd )nideXidl208¢d EEO) s 207 @ Q Q U XQQ

V71 # 10% " S
%| I (10%"[‘% 8 %g%ﬁ%ﬁm;ﬁ\%@&?gfo/ 81%&' §d L 3 Q%W@,'@%,&- ()-2!

f&10%Aulu&' ()-2! " f&10%u& ()-2! Vf &10%u& () - 2! f&lO%Ju&' () - 2XY1Z2Z3Z4Z@AZNZ
~ @ 10% h& () 3S1(Mehsethod 8F 1QMWIMEI] Jincl@dinglSekectOng an@10% ug&’ () - 2!

2109 ul uamnzsm,@ 2261 ok A <an1Ghaba HEDLORIEGV(ds 1hEbAAQURNONE ()~ 1\] & (10
% Flh[]ﬁ' ()-,y{:10% & ()-L10% h&’ () -#510% h& () -]~ ' nabbbbwld@ 10| h[ h
10 . o)

“ 8l (109G h[h& ()-.!1& (10%hCh& ()-.! &l (1098h9h& ()-.! & (10%#h4h& ()-.!" &l (

1098h&h&' () - . bgbbagletadd G pfdlvq(ﬁ\le‘di)ffgié 1(119«@,1,&1@ 2! (10%/& ()-2!3
" 109& () - @0%& -1004 & ()-* 10[ h{ hf gh=] JkkkkwlG @~ (" 10// 10//1°

(109 / & ()BFRTeEIbyY £Q () - 21
illuminate a target for electronic imaging thereof,

comprising:

(a) arranging a plurality of illumination emitting
davices into an array and so that each such device, when
energized, will cast its illumination in a first predetermined
direction;

{b) positioning said array of illumination emitting
devices onto a clear illumination carrier;

{c) providing an illuminator with at least a first
diffusing surface and positioning said illuminator so that
said light diffusing surface receives illumination from said
illumination emitting devices and projects diffuse light along
a predetermined light path and in a second predetermined
direction opposita to sald first predetermined direction and
to be toward where 8 target might be positioned for imaging.

33. A method of providing diffuse illumination,
preferably to illuminate a target for electronic imaging
thereof, comprising:

(a) arranging a plurality of illumination emitting
devices into an array and so that each such device, when
energized, will cast its illumination in a first predetermined
direction;

(b) providing an illuminator with at least a first
diffusing surface and positioning said illuminator so that
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second array of illumination emitting devices to cast their

illumination in a second predetermined direction opposite to

that of said first predetermined direction of said array of

illumination emitting devices.

35, A method of providing diffuse illumination,
preferably to illuminate a target for electronic imaging
thereof, comprising:

(a) arranging a plurality of illumjination emitting
devices into an array and so that each such device, when
anergized, will cast its illumination in a first predetermined
direction;

. {b) providing an illuminator with at least a first
diffusing surface and positioning said illuminator so that
said light diffusing surface receives illumination from said
illymination emitting devices and projects diffuse light along
a predeternined light path and in a second predetermined
direction opposite to said first predetermined direction and
to be toward where a target might be positioned for imaging;
and

(c) positioning said illuminator and said plurality of
illumination emitting devices so that light reflected from a
target will pass through said illuminatox and illumination
emitting devices.
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illumination emitting devices with a spacing so-that light

reflected from a target may be transmitted therethrough,

37. An imager for electronically capturing and decoding
data carrying symbology:; comprising:

8) housing means;

b) CCD image receiving means disposed within said
housing means;

c) cemera engine means disposed within said housing
means to capture an image of symbology and present same to
said CCD image receiving means; and

d) illumination apparatus including:

(1) illumination means;
(ii1) illuminator means positioned to receive upon a

surface thereof illumination from said illumination
means;

(1ii) at least a portion of said surface of said
illuminator means, when illumination from said
illumination means is received thereupon, diffusing said
illumination and projecting said diffuse illumination in
a predetermined direction.

38. The diffuse illumination apparatus of claim 37
wherein said illumination means directs its illumination
towards said illuminator means and in an illumination
direction opposite to said predetermined direction.

39, The diffuse illumination apparatus of claim 37
wherein said illumination means is to be disposed to project
said diffuse illumination directly upon a target.

40. An imager for electronically capturing and decoding
data carrying symboloqgy; comprising:
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{a) housing means;
(b) CCD image receiving means disposed within said
housing means;
{c) camera engine means disposed within said housing
means to capture an image of symbology and present same to
said CCD image receiving means;
(d) illumination apparatus including:
(1) illuminator means for projecting diffuse
illumination in 1 predetermined configuration and in a
predetermined direction;
(ii) illumination means for casting illumination
upon said illuminator means; and
(1ii) at least a portion of a surface of said
illuminator means, when illumination from said illumination
means is cast thereupon, projecting said diffuse illumination
in said predetermined direction;

(e) said illuminator means being substantially bowl-
shaped with a bottom wall and a peripheral side wall extending
from and encitciinq said bottom wall, an inner surface of said
bottom wall and an inner surface of said peripheral side wall
having a diffusing finish applied thereto to provide diffuse
illumination.

41. The imager of claim 40 wherein said diffusing finish
may be either matte white, smooth red or white or rough
chrona,

42. The imager of claim 41 wherein said illumination
means includes a predetermined array of lambertian
illumination emitting means carried by an illumination carrier
disposed in proximity to and for cooperation with said
illuyminator means and so that said illumination emitting means
are disposed to face and cast their respective lambertian
illumination upon said diffusing finish of said bottom wall
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43. The imager of claim 42 wherein each said illumination
emitting means is an LED,

44. The imager of claim 43 wherein each LED is an
unlensed LED.

45. The imager of claim 44 including electrical conductor
means interconnecting said unlensed LED’s into at least one
electrical circuit,

46. The imager of claim 45 wherein said electrical
conductor means is applied to a surface of said illumination
carrier.

47. The imager of claim 46 wherein said electrical
conductor means interconnects said unlensed LED's into at
least two separate elecrical circuits and wherein each such
electrical circuit terminateas in connectors for electrically
connecting same to a source of electrical power and to control
means for determining the brightness and duration of
illumination of said illumination emitting means.

48. The imager of claim 47 wherein said illumination
enitting means and said flluminator means are disposed for co-
action so that diffuse illumination projected from said
illuminator means passes through said illumination carrier and

about said illumination emitting means and electrical
conductor means.

49, The imager of claim 48 wherein said unlensed LED's
and said électrical conductor means are sized and disposed so
that when said diffuse illumination is projected from said
illupinator through said illumination carrier shadows of said
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50. The imager of claim 42 wherein said illuminator means
and said illumination means are sized and configured to be
disposed in the imager between said ccp image receiving means
thereof and a front opening thereinto and se that images
Teflected off a target to be imaged Pass along a predetermined
image path through the illumination apparatus.

S1. The imager of claim 50 wherein said illuminator means
includes an opening extending through a bottom wall thereof
disposed in alignment with said predetermined image path and
wherein said array of illumination emitting means is
configured to provide a clear space through said illumination
carrier for said predetermined image path,

S2. The imager of claim 49 wherein there are twelve
unlensed LED‘s spaced about a first circle carried by said
illumination carrier and six unlensed LED's spaced about a
second concentric circle carriad by said illumination carrier
and which is relatively smaller than said first circle of
unlensed LED’s.

53. The imager of claim 49 wherein there are eight
unlensed LED's spaced about a first circle carried by said
illumination earrier and four unlensed LED‘s spaced about a
second concentric circle carried by said illumination carrier
and which is relatively smaller than said first ¢circle of
unlensed LED's,

54. The imager of claim 49 wherein there are ten unlensed
LED’s spaced about a first cirele carried by said illumination
carrier and five unlensed LED’'s spaced about a second
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concentrxic circle carried by said illumination carrier and
which is relatively smaller than said first circle of unlensed
LED' s,

55, The imager of claim 42 wherein said illumination
carrier includes a number of spoke-like ribs upon which said
illumination emitting means are disposed.

56. The imager of claim 42 wherein said illumination
carrier includes a circular periphery and said illumination
enitting means are disposed in a circular ring disposed
proximate said circular periphery.

57. The imagexr of claim 42 wherein said illumination
enitting means comprises a dark field illumination means and
said illumination apparatus further includes a bright field
illymination means including additional illumination emitting
means which direct their jllumination from said illumination
carrier towards where a target would be disposed to be
illuminated,

§8. The imager of claim 42 wherein said illumination
emitting means comprises a dark field illumination means and
said illumination apparatus further includes a bright field
1llumination means which directs its illumination from said
illuninator means through said illumination carrier.

$9. The imager of claim 42 wherein said {llumination
carrier is substantially circular and of clear material.

0. The imagexr ¢f claim 42 wherein said illumination
carrier is rectangular and of clear material,

61. The imager of claim 42 wherein said bottom surface of
said illuminator means has a freznel-like surface
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62. A diffuse ifllumination apparatus, preferably for
illuminating a target for electronic imaging thereof,
comprising:
(a) a plurality of illumination emitting devices
arranged into an array and so that each such device, when
energized, will cast its illumination in a first predetermined
direction; and
(b) -an illuminator having at least a first light
diffusing surface and being positioned 3¢ that said light
diffusing surface receives illumination from said illumination
emitting devices and projects diffuse light along a
predetermined light path which extends through said array of
{llumination emitting devices and ' in a second predetermined
direction opposite to said first predetermined direction and
toward where a target might be positioned for imaging.

63. The apparatus of claim 61 wherein said illumination
emitting devices are of a predetermined size and are
electrically interconnected with electrical conductors of
predetermined size and material and are selectively positioned
to minimize shadows upon a target and/or so that shadows
thereof on a target will be out of focus and appear to be
speared when imaged.

64. The apparatus of claim 63 wherein said illumination
emitting devices are unlensed LED'g without light directing
components.,

65. The apparatus of claim 64 wherein nine unlensed
LED's in a first circuit and nine unlensed LED's in a second

circuit are utilized for said illumination devices array.

66. The apparatus of claim 65 wherein sach said unlensed
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LED is selected and positioned to provide lambertian
iljumination,

67, The apparatus of claim 62 wherein said array of
illumination emitting devices are positioned onto a clear
illumination carrier,

68. The apparatus of claim 62 wherein said array of
illumination emitting devices may be utilized for dark field
illumination and a second array of illumination emitting
devices are provided for bright field illumination,

69. The apparatus of claim 68 wherein said second array
of illumination emitting devices are positioned to cast their
illumination in a second predetermined direction opposite to
that of saild first predetermined direction of said array of
illumination emitting devices.

70. The apparatus of claim 62 wherein said illuminator
and said plurality of illumination emitting devices are
positioned so that light reflected from a target will pass
through said illuminator and illumination emitting devices.

71, The apparatus of ¢laim 70 wherein said illuminator
is formed with an opening and said array of illumination
emitting devices are arranged with a spacing so that light
reflected from a target may be transmitted therethrough.



