e3e]. ]DR 6Tl kx H7 Oct 2002  TARGET | LLUM NATI ON DEVI CE FI ELD OF THE
I.NVENTI ON The present invention relates to i mage readers. More 7 Oct 2002
particularly, the present invention relates to an target illum nation

devi ce for i ffrage reader. 5 BACKGROUND OF THE | NVENTI ON To
identify ceﬁmmmmmwmmm such as el ectronic conponents, many industries,
|0 such as the gyjQmotive and el ectronics industries, often u A sk s
such as bar codes or data matrix codes, etched onto the surf mmmmmmm“m
object. Typically, these indicia represgnf data used to identify *543%6*
objects and, particularly in the case of electronic conponents, to
accurately position the conponents during assenbly. Generally, the indicia,
or targets, are read by an i mge reader, such as a canera, positioned over
the object. To provide the canera with a clear inmage of the indicia to be
read) proper illumnation of the indicia is essential. Oten, the surfaces
onto which the indicia are etched are shiny, or mrror-like) 15 surfaces,
Proper illum nation of many JIARGEEILLVMINATION DE¥VEK surfaces is
critical, especially in an application where robotic assenbly is required.
However, shiny, uneven surfaces are difficult to illumnate for accurate

- i magi ng. The uneven refl ecti ons HIEDMQRTESE NSVERAIOM$ frequently produce
erroneous i nmages and sjgﬁenal s within the camera, {he bg re%hjlii ng in
erroneous identificati RSFS':B‘d%Yq‘?‘?)‘}ﬁeﬁ‘besEﬁ‘“‘taﬁ"e'%‘{ﬁ‘se ore pyyehiarty; REPTeSTHt of
obj ects is rapiclivn RRERM AbtareCillbfninaBdn dvdForlvle WITR alTiikst aGlisr € 20 and sal e
of m niature conponents, particularly in the electronics industry.
Identification is used to track faulty conponents during autonated

manuf act urd ng processes. For gk SuND oF THEIRVEXNTIONAPP! Y subsequent
steps of the manufacturing prmmm‘%‘a‘r has been identified
as faulty at an earl i efo gdeatpfy cByain ebjeéts) guthres eledieonic ¢compohents; eraoy indosiaes,;

before each i i plie n _.aut t ed jjanpuf.act.ur i [OCesS

ot or mi ne. wnanrd s R ki B0t AR REbE e B0 e e 8.
apply the curmmarix calegtchdhomstp thef suefaceaifieabict. | Bypically, thede @alicifepidsen data
identified as _faulty during,one step of .the manufacturing process, it can
be i gnor ed at“sﬁfﬂgo é%ﬁ‘é&q‘h‘é%’lbwg‘f @Bé’ aigigr r’I“yrrt,la‘e 3Biee%¢°l?°&§ﬂ‘t°i9°f"(?§?‘?n6ﬁﬂ ®s

al so dﬁsi quab:aﬁcdrat]g@rpdaﬁox; flhe'fcblgﬁﬁlef&@ mnmi@uganmﬁceeﬂew, th&ilﬂio&ﬂﬁ?taﬁﬁ]ai;pﬁeﬁ
into the field., If a problemdevelops with a co nent in the field, the
i dentificatidl addwapwagﬁ%??&arnﬂwbaiﬂ@me&egos&wpeéio\ggtgae‘a@%sfwowﬁe#'af?re%{ﬁ

i nformation rgkp sied ixasgetémeqme BEBY redd, FfoB@r ifl@Ain@Mioh of ThY ifidibih $< Qkential
information is invaluable in troubl eshoo

C b;gwpr.obl ens in the field. One
obj ect identification Ofemtefucacerento whishihedrdiciaag eighadpreshing: orguiertke. i s
the etching Gfts OGRS itthRaidiCoPhbf biffercht ShiRf S uhlRYR Eacefils CATIRENEN S
become snmaller, it is hecessary to fit" nore data into |ess surface area. In
response, 1% heeseqcilyriyy o appdicetiomarherosobesigearsseonlyds rdquireshjHaweyer, shiny, 4e¥sn has
begun 10 CIE i3 o dMREHELifhnide 1 dobir i hilkids® Th8 WRn ndfBded sbiGndsg" 9
amount of data stored in such a small area, | s Inportant that the 1 mage
provi ded to tswfacafrequantheproducecrmaneatsémages poisignbis withifithesamera, thkrelly respltinp e
subtle contrasts In a .data matrix.code etched onto a highly reflective,
uneven surfa?é,eﬁﬁ?egﬁselﬁe’?gﬁﬁté?n‘?rlpf’ﬂ m%ﬁ?%ﬁeﬁé%&becorre even nore critical.
Identification of objects is rapidly becoming a critical issue in the manufacture

20  and sale of miniature components, particularly in the electronics industry. Identification is
used to track faulty components during automated manufacturing processes. For example, it
is costly to apply subsequent steps of the manufacturing process on a component that has been
identified as faulty at an earlier step. By reading the identity of the component before each
is step is applied, an automated manufacturing process can determine whether the component

25 is faulty and, consequently, whether to apply the current step. Thus, if a component is



Thus,  there is a need in the art for a target illum nation device that
provides the necessary illumnation of targets on highly refl egt®st002neven
surfaces of m niature conponents such that an inage reader can accurately
process the image of the target. SUMVARY OF THE | NVENTI ON The present
invention satisfies these needs in the apt by providing an i nmagi ng
apparatus conprising an i mage reader conprising an inmage sensor, a

radi ation spidhfiffed & A6 Alrifd ol st@IfitROmARYREEring Eﬂé@ks@?it tih bORNbARGE all
reader, conprising a radiation transm ssive body having a |l ens at one end

t her eof andsubselpenesiensr at anot her end thereof, disposed in spaced apart

el Lone b gt 0y il GRRgFuRICR. AR RET A, BlShrfpe '

fromthe radiation sourc
radi ation tbceubéy B@edoeéﬁtdhigﬁé@ﬂltd tharfiold. I8 b \peoded el ¢logs With Sitcodlipogétiian
toward said deflector; and wherein said deflector is adapted to deflect at
| east a por thedields thejdentification ohdhe campanemd Provides & koy doiagepssing higierieadi d

1T omi nat eay g AR e BpcReh hoRl ot Dl RUARRE BT pldion i

sour ce conpinvakablefiptrogbashobting proplemisahitlie/field. | i ght em tting di odes. The
| ens and t he deflectﬁlré are disposed.in spaced apart rel ationship defining a
transmi ssi on spaP8e Phkren on teghnique that has Beendysed &ty grgateeess kgthe

transm ssi Oacﬁiﬁgc&f- barlclel | dntd tRdTRBRLHRE @ﬁrfacﬁ?.e%%{lﬁg bk AR niRAERs %@ox&g re

transm ssion space are both symetric around a central axis. In anot
enbodi ment , shalteryigts recessany te fidomre dats yutoddss serfadeaunta. In wepinse thpkehiag of o

whi ch the transm ssion space js substanti all arallel. The |lens is adapted
Lo rece ve TAIAHFTS ics GULT YT oBIfoRnGUHeFS A HFE0B IPCEMSHE F0R (RRTRR ot

| east a por {deRiifi@itioh Mchhlfak dO R td@a@'lﬁgé QfholiRt 6F dakd Stbrediih 86dH PEmhlnaRHOR t he

transm ssion space in a manner such that the transmtted radiation is

subst ant i al isyimpottaesrthat thg ingege providedwd Bg|cagrrirbe & RCHalisHop@sdRG This,dagh

t he transm ssjon ace and such.that the refl|lectiqgn,space |sS,substantially
devoi d of t PERSHR HECSHBIE cogfiy, in A deth Pt <oie; b ot pighRretieahivey
proxi mat e auheves slirfaRdproperdafdetitiunihationdBt becoR dvieRdeé ciificalt ransm tted
radi ation onto the target at an angle such that the target 5 reflects at

| east a portion &hus therejistg reeddn theagrt fariagargeh ilmipationeyicedbatimsovides agh

the reflect] g : I r 2 o r
wl 1|t he. ol ey Afuibiiof 6F HEELE Qo BERDONABR, el Bicfac DO BB |
i s adapt ed tampmfchssuch that 4 mmeeirédded canaabicartateby ptoowsa itk infege tofl thgpattirgat.

predeterm ned angle. In a preferred enbodi nent, the transm ssion space is
contained within the 10 inner and outer walls of a wave guide. The wave

guide is adapted to receive Sl 1a08 OHTEE INGHNTEION and to guide the
transmtted radiation to the deflTector. The deflTector has a first end

adapt ed to recei Vhe greserddpvengiopeetisiies thesetneeds inathe rrtt bye grovidingan omaging a
second end adapted to prevent at least a portion of the transmitted

o ati on. r RS erarRR imab eeader donri Rt syl sern a BRERA deifee. o
integral ly fqdisfied @rédtingh@ewis;ecdiplede to AhéOimage reader, comprising a radiation

transmissive body having a lens at one end thereof and a deflector at another end
thereof, disposed in spaced apart relationship; wherein said lens is adapted to receive
radiation directly from the radiation source and to transmit at least a portion of the
radiation through said radiation transmissive body in a first direction toward said
deflector; and wherein said deflector is adapted to deflect at least a portion of the
transmitted radiation into a viewing area of said image sensor at an angle such that a

target in the viewing area is illuminated by the reflected radiation.



15 a‘trap may be di sposed around a portion of the reflection space, on the
i'nner walls of the wave guide and the deflector. The trap i s agapitedo2o
prevent at |east a- portion of the transmtted radiation fromentering the
refl ection space. BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention
will be better understood, and its nunerous objects 2 o and advantages w ||
becone apparent by reference to the follo %g detail ed description of the

i nventi on when taken in conjunction with the foll ow ng draw ngs, in which:
FIG 1 shows an enbodinment of a target illum nation device according to the
present inventi ohte RdiEtion sewor camprpesetion exampleata ahlr@lém@fehahtcemgn@ to
the present ;.| hvertl I i « I [~ . o) rget
11 urm nat i OB The Mhs fad O aRRdrde? s R in R apat aticheBlH Mg 2
hand- hel d | tagmigsemdspace aherebdt®@eerd andh ansefleoti@opate nirokingfte ahd amgehission
illum nation device_accoyding tg th resent inyention which is

parti cul ar | P2eGilp Aufirst Fgbodimiet e 1 D 1367 anc thearanspspian IAaCORISARtbT ON

CF THE PREFERREDHENRORIENS sy G tn 2020 fQ AOANRAT nd BEKHIUFOR05636
An apparatus which neets the above-nmentioned objects and provides other
benefici al dysahetriesabont accamirdbplmentd twhidle the emesissioprspher ie dulstamtipllar y
enbodi nents of the invention will be described below wth reference to

Fi gures 1- H2dlighse skilled in the art will readily appreciate that the
description givephdigheishdiptbd td RIAFE tadiAion BBt HOHT @& ralidtforl Rurc@aRbIGAt Oy
purposes only and is not intended in any way to limt the scope of the

i nvention. twsmitdanlgast, a a@brtiqqluefstheoimsidﬁefgea%ﬁti@g inhe fistodicectiont theoughvtbeit i on
shoul d be resol ved by ref.erring to the.appended clains.. FIG. 1 .shg a

oo er req cBOm IR RIS it piel-HARRRG o huidl Fgalihi, S RURRL
present invgiifdr@n. As shown in FIG 1, a target illumnation device 100 10
conprises a radiation source 20 and a device 10l for directing incident
radiation 10 fromradi ation source 20 to a target 50. Preferably, incident
radiation 10 is |light. Radiation source 20, conprises a plurality of
radiation emtters 224, preferably LEDs. By way of exanple, target 50 may
be any of several indicia, such a bar code or a data matri x code, etched
onto the surface of an object, such as an el ectronic conmponent. Radi ation
directing




15 device 101 conprises a lens 140 and a deflector 120. Lens 140 and, ., 505,
‘defl ector 120 are disposed in spaced apart relationship defining a

transm ssi ogo99asH,106 therebetween and a reflection space lg&rpspseset €
transm ssion space 10b. Lens 140 is adapted to receive incident radiation
10 and to transnit at |least a portion of incident radiation 10 in a first
direction through transni ssion space 106°to 2 0 deflector 120 in a manner
such that trgnsmtied-radiation 12 js bstant j.al | y uni f.or . L hrou
Cransm osi onSTHRRNS BatsEtiean Sihec i SeRPL LR hetshobatess s tialy BRERDS
devoi d of tragasmifiéeRdiagghati on 12. Deflector 120 is adapted to be placed
proxi mate target 50 and to deflect at |least a portion of transmtted

radi ati on 12 onto tar g&he 8¢flestoramadaptgddo béplaset proximate indargettang@o defldceatt s at
| east a portj of deflected radiation. 138 in a second direction 5
hrough ©ef 1 580 gr R Gandfled agbilon M isBin an etele SRR Busst ce
20 and | eBs deflectaabletRAPortic Sths Holectdddhdibfith infd @LbADERedtion hrou PR  Per
unit area) striking deflector 120 is nearly constant throughout any

di ff erent i al refleetéan spaeg. i Bire éxfflectonmeiribees aminpprwall a0dan Fuieswall, the butevwall by

[ I | it f_ LEDs. d I |y t th [ d.
A N e P CE pa S S e
within the LERiaohekartiend sk b preliBitminkdangiendi vi dualy serve as near poi nt

sources of highly divergent tadiation. The divergence angle of the
radi ation from the LEDisoprefsredichfhodiment, thtygransnrission spage2s caitaeed Witunshe or

t ti | t ittal . This, di ngl |
e 3, DR RS a v aBidel R Srand BuRtert AR Setiiufs Pha®
bel ow. In a paghaftéECRIRBAGhARNGuidé RIrahdRitied radidddd toltRE Bfkctdr! THE HYRSIAS

an ananorphic optical elenment. An ananorphic optical elenment is one in
whi ch the ophascafirseersioadepted o raceiyhiat lsesidipogtiarapfathe knansmitted rafiigtionrapd @ seeontdhe

ittal pl the t tial .pl .. ln t t tial pl o
140 cor ect o Ui ERETe hTon i bt tith BERe wlanifee SRS b BodiEin ooi or
space 106. | thetdierogftdi Tid leRS aMiFthe WBAERorGA8 ikt P RoRfhed it the waba'ﬁﬁiaé.i ko,

arc segnent of a circle which bisects the half toroid, lens 140 has no
power and5i néit@pmayrbgdisposesharoundapertian of thegef¢cpongpaden on Hiesinpgrayadls oSthee of

this radiati L NS, N 10 Lransm ssion, sp rlappi ragi ation
fromthe sag %f’égﬁg% Slidegleé’lf’ chc;?ﬁ i-g]fo_[ﬁ? lf%@ip?%%% p?%\ﬁetn%ﬁlﬁgsgg %P glﬂ}nhogqﬁe

i rradi ance ufrahspiifted yadidtioh!fiom ehteffgd iheRefldttibh 3psoel ssi on space 106. (Note:
it is contenplated that | ens 140 nay be designed such that a radius is
constructed along the sagittal direction to control the divergence and
overlap along this directiog,i ARS LSS pace 106, s woul d

ef fectively break-up the ha RIEE DESE “—'- b ':'.*" _fect of 15 the
lens is to efficientlyTaelprdeht inbeioadiiAtieteuendnde?stBo@VirdeitsPmmitdeotiécts
i rradi ance which is constant throughout any differential cross-section of
t r ansmi s$onakdadvantpges will become apparent by reference to the following detailed description

»

of the invention when taken in conjunction with the following drawings, in which:

FIG. 1 shows an embodiment of a target illumination device according to
the present invention;

FIG. 2 shows a target illumination device according to the present invention

25 inuse in an image reader;

FIG. 3 shows a target illumination device according to the present invention
in use with a hand-held image reader; and

FIG. 4 shows an embodiment of a target illumination device according to

the present invention which is particularly suitable for reading linear indicia.

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



As a:second purpose in collecting and redirecting the radiation, | erstdie
al so prevents radiation fromthe highly divergent source fromentering
reflectionwpap®idB6. This effect is augmented by the additir@Tgynseap 142,
described nore fully below. 2 o Interference, or noise, wuld be defined as
radiation reflections fromtarget 50 whgse initial source was froma
direction other than that com ng fromdeflector 120. In keeping reflection
space 136 devoid of an ) l.at i y Nl S; '

m nim zed, thus incr eaéfltﬁgeﬁg?sglg%]aﬁ?&gﬁéo@g&g%ernhgir]%adn ée&%%rﬁ{ﬁe%@g%/?g‘g
101. As showeneficidll featuies inhaecotdunmerit tHehegehag @rdferred eehipdary fertibolimtents of
conprises a 25 wave guide 110. Wave guide 110 is adapted to_receive . .
transmitted PaHVERTQM Wil bgdlgsqribed belod withsefsrance ép Figureatl-dn Those skilipdrindhg or
120. Vave guj.de: | | e 116 .

Transm tt edLHrr gﬁlﬂggﬁ% 82? %Bﬁ&giag @é&:etﬂgéi e?%#?‘&g%@&é%ﬂ%@@%‘%fcﬁéﬁ \R%S&nﬁ%“ﬁﬁser

wal | 116 s:nds fortexplasatdry pubposéhomsly and id het inhdal ieany walyasnininthelsCopelof the
transm ssion space 106 iIs essentially contained between inner wall 116 and
outer wal | 1BYntion. JAcopadiaglyuialQuestions segarding dhe scape ofithe imfentipn ehayld be 110
forms a bou tJ o . By directing transmtted

radi ation 19@%(2%’%31@@(#%%(3 (ﬁgﬂfgﬁﬁeﬁgeéﬁgl iter wall 7 Cct 2002 WO

991 49347 PCT/ US99/ 0563B1G.6 shbWs al Referrkd OmBb@wRAt 6f NardeEARmifatiofdeviep Of
transmtted radiation 12 fromentering reflecti on space 136. Simlarly,

defl ect or 12Fcordingn thepeesetanventiop, Asghawn sukler. Iwatarget Aduminatiasy dayide 10926

of defl or . - I f . rnatlecl.ion s 136. .. |1
1200t o erobrisE: § Sl aold U8Rl 18] B R B R ol
120 and an aagikéod séured RO toatget\50] PreférabBy thefithtiRdiatid® 10 RefighecRadiatla® nmay

be fixedly connected with wave guide 110, or deflector |20 nmay be
integral |y fonEROnWFOmHPTEaSa Rjuwialily ofradiatipn erpitigs 224@Pf°§‘?§1’blééﬁ(’§%- Boweyof

50°710 1n"a PPl MR Tnhy RE b7 Sl BUkAT i€l PRZp e or LR NI ST

symetric areehed onts gietsupfacesf n obfjébt, shchad @i Eléctrdni@EEmibohehO RaRAA direbtirgs
symmetric around central axis 200. The axial symetry of deflected

radi at i okP 13%visg 0drcgaprises plapsil 4@ anda defleptoradPa deny A0 andedeflgeter {Hbare

I nci dence an t I SULE . { lhat | i
cont 1o ed- Prostd Bact SO CRlacBp AEIBE ERen bt RE i H 86 hifbeetsen anda o
and direct edrefleajonfspace t IEpriokgate ¢rankdyiksion kpucallbedi rections. Thus, the

reflection fromspecular or highly reflective surfaces on which codes have

been marked will not r&ewshl40s afanted 9geerive ingidenyradigions b and tortranamitet 6agh,
i A none I . .
ynan oot angoPio o8 heldeth Efarlch, f00H a el Hfadif Publdhns S RA AL f0BT0 .

from pr ogloici dgletioe 100 $h & athnhessuch tiok wanssiess tadidiondetie sivstatisieunifrired 2 0
code, whose diffuse conmponent of reflection is usually at a nmuch | ower

r ag@ ant i nt ef&ug} transmigsionsppes 1%)4'11‘1@“_91?1 graeyeflegtien spreal 36sis suestanyially deypid
t . .
i for ity oft RamiRt hlEabEI R nete AT raRARSe 1% FAMRRO ARG A, s and

to deflect at least a portion of transmitted radiation 12 onto target 50 at an angle 160 such

that target 50 reflects at least a portion of deflected radiation 138 in a second direction
25 through reflection space 136.

In a preferred embodiment, radiation source 20 and lens 140 are constructed
such that the irradiance (i.e., power per unit area) striking deflector 120 is nearly constant
throughout any differential cross-section of transmission space 106. This is achieved by
using a plurality of LEDs spaced as closely together as possible and an anamorphic lens.

30 The LEDs used have no optical components embodied within the LED
structure itself. Thus, they individualy serve as near point sources of highly divergent

radiation. The divergence angle of the radiation from the LED source differs in the



surfaces. Uneven surfaces when illunminated fromone particular direction at
a 2 5 predetermned angle will cause shadows and other reflection 7 Oct2002
irregularities. Sonetinmes this nay be desired to enhance the contrast of a
surface irregularity as in the case of flaw detection. In the case of code
readi ng, the marked surface as well as the background surface may be
irregular and/or uneven. The reflection irregularities caused by the 3 0
conbi nati on of the surface irregul aritiSes and the construction of the
target illumnation will cause a noise conponent to be induced on the

nom nal cont raetidiomsl maangenﬁﬁelabaahglsahmagittawlw TaBGvergeneOing BPays a role

PCT/ US99/ 05636 , 7. .and/ ed portion of th e. This can reduce

t he overall ‘ErdF‘cS’F‘WBWéé eqotllfﬁ}g ﬁl& ﬁg?{%ﬁgeﬁﬁfdse %ggnggﬁff usi ng directional
iIlum nation which is $yapRises eﬁb&iheﬁthl@nssmoﬁasnalfuMMI Itk@véshe ati ar get, the
reflectionirre ritie ause surface irregularities 5, (uneve ness)
are mnim zedana%ﬁ‘a‘glfv@ uga § wnw\fb%@memh&ww et 1§ pBF ip Jhich ea‘?pé“’ illed
in by the ot heywetbf Qiphi mamg Iahﬁagmw"xs dlﬁiafeat 1B MeVeaSitthIPldnB VG Es th@@ngéﬂﬂﬁlr ast

noi se descri bed above whil the sane tinme elimnating specul ar

reflection i rPlffe In mg@geww&pl@m Hang lﬂ%@olwéwal neady @ihma%mﬁéwﬁ &diation 4P mance
of the syst e”%ﬁga ?:flfmﬂn Elﬂ‘i%(% hlth gllld{léj%i‘c&% fe Vi &ms'aﬂ Afixﬁn@;nx%' I ow

cylinder and ector I'S ess ustum eac
whi ch has an #@nsegnent effagdrclesdich h)sectslﬁneeliadfrtamhd;lens h@hasmepoueranétmrdemﬂ of

def | ector 120 i q t he..i nner 117 U|de 1 | nner
el 1 116, of -G HEonkfuss B e FRF In BledRS Semest G plFa G 18 ach

di sposed $ymMmeinsinésaioh gpase ovlemippiﬁgl tadiakion from tR&M&gxttIlmlahes bmmguwis LED4 fmdof

wave guide 110 |nn |1 126 of def|ector. 120 form.a bou y..Of
reflection sp"‘a"é’gnth '%8 "@ﬂ“&%’t“ﬂf""ﬂb‘ L{ diyecsiop i tﬁ‘ﬁ’s’atff’@? SQﬁcﬁﬂ@ dNotgyg

and, consequeijpid anteﬁlplé&fd)fhaﬁ qaent-, |1'4@iﬁﬂf5§desilgned3§1@ﬁ ﬂfaa@iamus astcomcﬂ;a 4i08§ the

defl ector 120 th ﬁﬂ ess, is nearly zero. Stmlar ens 140 i s, di sposed

symetri cal | ysagm &ca@h@ﬁantr%liw%@mw@rww a}ongﬁéﬁélra%en Indrangmisien ) | y

a ring or hal §paEé3f0?5' FThikaYduiderfddti AN e -u %fh@%ﬁf&ﬁ&iﬁ) Ofhe@BfibiaBHAlekRE of OUr Ce
20, is aring of radiation emtters, suc It is contenplated that

wave gui dé511@eémne isfe effisiantly callzot thegpdiatiopargl te aravidse spste efirradiense wiish is
symetric aro Qtaﬁ‘?ﬂxtc g i 1d device 101
woul d be esse!#hl ally ¢ nl c y%llﬁ g’ﬁ{aicrgss ﬁe&?&&% ﬁ%gdﬁ‘%’g qu ens 140 may be
a ring as described abdﬁ.segsemd\mmcsbma;dll@tlng)andsredlrecmmeraﬂlgaom lengd4@ gui de

110, deflecto . S, 140Q. ectlon
I n the enbodi %%%@ngmgdll“ﬁ&r—froé' glf%?%%li}' ‘W&F&tp 1 ons (r')]? &Fér}g‘ e%ﬂe?{“%% ransmtted
2 5 radi ati onli® 'Ehmleffeethh emg:mﬂtada:dltm:addmoh obfaat4d, éasd:rﬂtedmoreafullybdpwom te
one anot her I ar | t.he d ctl tia However ,
this is pr%I maﬁ]t? freélc? ggﬂ?lfe 3’101’ %ﬁﬁﬁaﬁ éailf’n B%ﬁ&%ﬂnf hg%a{% tg*) "&Qfﬁ ation
di recting devinittal i&h'cewiEffﬂmbedhea‘ctlbn othertthanhad tathing froMmelefiscdora0. Bi keeping

lar to.central axis. 200..1n an

o T e R AL PorPsndl il et bouESpLal ol 2200, 1
(as descri bedthus increasing the signal-to-noise performance of the device 101.
As shown in FIG. 1, the device of the present invention further comprises a
25 wave guide 110. Wave guide 110 is adapted to receive transmitted radiation 12 and to

guide transmitted radiation 12 to deflector 120. Wave guide 110 has an inner wall 116 and

an outer wall 119. Transmitted radiation 12 is directed through wave guide 110 between

inner wall 116 and outer wall 119, Thus, in the embodiment shown in FIG. 1,

-transmission space 106 is essentially contained between inner wall 116 and outer wall 119

30 ofwave guide 110 and inner wall 116 of wave guide 110 forms a boundary of reflection

space 136. By directing transmitted radiation 12 between inner wall 116 and outer wall



'3 0 above), the directions of travel for trasmtted radiation 12 andct2002
r'eflected radiati on 150 woul d not be parallel. 7 Cct 2002 ..g_ As shown
in FIG 1, weby/¢ssor 120 and | ens 140 are integrally fornedPRTIUSINGISE6 gui de
110. CQuter dianeter 128 of deflector 120 varies such that outer wall 129 of
deflector 120 fornms angle 130 with out-gy- wall 119 of wave guide 110. Thus,
I n the enbodi ment shown in FIG 1, deflector 120 is essentially a tapered,

or bevel ed, ©dieaé 150 prdémE htdBast h hBRioh Y rdmited ila@ilatioﬁhlzsmhtenieﬁn?n
advant age of the present invention that the enbodi ment shown in FIG 1 can

be formed frieflectiongpeeendbi ng a suitabl e outer dianeter 118) inner dianeter
117, and thickness, t...Preferahl tube is of ,clear acryliC.and is
| at hed on one end to f%FﬂﬁHé&f‘%@E%{%ﬂﬁﬁﬁs a&ﬁ'&f‘%r‘”ﬁﬁ@%‘ﬁdtaﬁeou&?% lyteﬂr?d I%er
formlens 140all Theof géBr 930 AIBNRImYRIbouddiy 6f redieétdnCipate | 6 OaePREl Mg M
for each application (i.e., set to 10 ensure that transmtted radiation 12

i s defl ect eddaflsrtpoif fprmewa angle 43 haithgaer wahid 269f defecteriOsandeani apglecl30of

the t I SSi ' houl d.b Lted t h h i Sti th
adi at on TiE RuSELut Ob PGk edar T C Db h AR RE Tkt st ek,

| ossl ess tranifdd P, BAdéTRAId TR0 BaytbRentegraRY editifel wath Whee fiadé 210.00utes &dii bFor
exanple, 660 nmnomnallyj. 15 In the enbodi nent shown in FIG 1, the

radi us of t Hdefleetas13Gisradipiedty deflecticangmitteguadiatiorh] Z dtravsangleTh tow@rdiergst t he
| ens, which %et ermnes its focal length and therefore optical power,
di ctates the placenent of the radiation source relative to the device so as

to provige the desirednGqirkRetd embaditheneshowaGh FOQ, Dfrefl&tRiontGheterHs is
radi ati on. The collection efficiency of the lens is related to the

di ver gence af¥girectoe axouad 2 central @kiat208n Spmidarlye trangmission space d 06 Fosymyastriaum

efficiency, th n er. the lens, which.i.ssrelated.to ati.q,of the
| ens' focal %8@’5{%“#%? qxtlss%é)l' aﬂgtaéqa? sgrﬁgﬁ}r& ogget?eggsderﬁtglﬁgénll%@?ghréectg Oas much
of the radi aprotidefseveRas advanfighd)i B&afeQtt Hiclidnédhgliefibmate (R gétIs8fhdedidbrmal
characteristics. Since the |ens radius, which determnes focal |ength, is

rel ated to wieuvbgadintion i edntreHed,ithe snerdadyrailgrtied somporant o€ therradiatian sdumowa

hi ck i i b i | at.i hi R o | f ) i d
o oy chay yerd diteelbe ek Mot e R e GRS At qifcefions B3, e AORAPRIBHLL 7,
i magi ng | ensspediilar orl Highly Refldcve SR ceCorsWhith dods Have Bedri mbiRd ve N Globreaticthe

that it illum nates the target at the proper angl e and di stance where the
target is inimagingsdeyicet hEthe spesulag reflegtien didzearhahe inaggingdeviee, & coubspradusesund

ot 1225t 2 bl SR T S 0 BEF e 3Ren e T AR S P oo
space 136, FifiaghadanicR. frdmh pRodldidg TRy ddiReORBEIVES QIccé@ﬁJl%&é&ing iieeharkadl v,
trap 20 code, whose diffuse component of reflection is usually at a much lower radiant intensity
(watts per solid angle).
The axial symmetry of the radiation incident on the target also increases the
consistency and uniformity of the diffuse reflected component of radiation from uneven
surfaces. Uneven surfaces when illuminated from one particular direction at a
25 predetermined angle will cause shadows and other reflection irregularities. Sometimes this
may be desired to enhance the contrast of a surface irregularity as in the case of flaw
detection.
In the case of code reading, the marked surface as well as the background
surface may be irregular and/or uneven. The reflection irregularities caused by the

30 combination of the surface irregularities and the construction of the target illumination will

cause a noise component to be induced on the nominal contrast value of the background



7 CGoct 2002 WD 99/, 49347 _g_ PCT/ US99/ 05636 142 is di sposed around fb?tzooz
‘éntire inner wall 116 of wave guide 110 and extends beyond the top o

radi ati on dypaeiedag device 1 Ol as shown in FIG 1. It has hesmsbssssyed
that) especially when a clear, acrylic tube is used to formradiation
directing device 101, a portion of incifdent radiation 10 is not deflected,
but 5 passes through outer wall 129 of deflector 120. Thus, to decrease the
anount of ingj jatl hat, p es.t r nd to
i ncrease theang?c?iq}té? éﬁ"%g%}p R{rz)é’g#é%el %’rﬁie'd?rﬁizscc ?ﬁg@%%@&%@f%ﬁ?ﬁa@%g’&% or
reflective siidgbrdrending bstethsposed around outer wall 129 of deflector 120.
Simlarly, in an enbodinent in which deflector end 124 has a nonzero w dth)
it has been observed tButsiaggyestional iJpminaging whichdlg symmestiq goul thesadaces 10

t hrough def | . : .24 si ng any
transe t tod TERLRRE et 1Rl B b oo S B ot S0,
rather than (unefennedsyardinsiniriaed.i Sigadoive ciadd 8Y baa dirdhipae fpldiminatiad fre ¢dlgdon! y
know as " hot-sg}ots" 8nd cause interference with the i mage of the target as

seen by an i a8 ofherdisctions unifgmph LhisprEyss togkduceahe sPniast nQiss ¢rscribeg abgve

adapted to p&/ﬁ%@ﬁthﬁ%aﬂ%ﬁﬁ% )?anpﬂfhgi?l-hg}g‘:cgfar Hfﬁ,@ﬁ&} ﬁx;tﬁg ir(x@u%-, ﬂ{c%&?in %helévege[lgm

passi ng therethroug ecrease anount of transmtte
radi ation 12siphadto-paiss perfotnianagbf tlekysahor end 124, deflector end |24 may
be nmade opaque or reflective. FIG 2 shows a target illum nation, device |00
according to the preseftt showiinklon 1 wayesguide,! Khis epaggtalhea beliow gylinder and

P! 1S3 N §fecktP' 50 L e NP AO A LA A BafarPli B crobfsddir.

application shown, a plura j ec suc ectroni
conponent s, Preferablg, tho imerdianieien 12Dl deflesiot i 2€ & i) toshe innar diamerey O17 bl t .

A target 50, such as g data rix code, is dispqgsed, such as by etching,
on each obj e®gv®ayde Nrp-iIﬁ‘ﬁ@"e@iaéb@a?fWﬁ,guﬁ?cﬂoﬁgé%t“@Yqufﬂeﬁiﬁg \E@ég*’er,

is situated i i : er i

| ans 226 andeih SPRHYTHIERG Al RABICAI TIRCInE g PP AETA,
a char ge couplshdienéroeall IZERf deflettar PR forrhlatbounddry ofi reflectiorespad® 136 coupl ed
to i mage reader 220. Radi atioqon source 20, shown as a ring of LEDs 224, is
di sposed?Bet ReBertoriRgdap a yaprngowergiametar ] 4k andn conseqiantlyga yarymedhigkness, .
shown in FI diafi jel, i ] | o] .
central axi SP rzegedat?lg, gﬁ%{gﬂ gﬁﬁfgﬁﬁédt%rzt@ﬁ}gg ,es\%\ﬁ%’ﬁg g%&ﬁg%e{rgr g@ﬁéﬁ %Q’“ﬁ@g‘? est
t o novi ng sudispssed RARmetricatlp arcmhd oentrah axisR00.NBreferablyc derd0203s Essentiatly axing
obj ects 210 st _im reader 220, radiation sourge 20 enjts incident, .
radi ati on 103311%%@91*35@@3@9@@@} ?rnﬁ_fp%ie%?enqnamdar@&laﬂoqéP%M»m§ﬁ£P ragiation

| east a port ifiedd, shdhClsdGHds. "Rl &%-xle‘ﬂ{'blétgd tHaf @u@@w@amuﬁcﬂ@eﬁé@f 12 HagCt or
120 deflects at |least a portion o 7 Cct 2002 O 99149347 1 - 10

PCTNS99I @856 3€achrbeisiibwifadtumcsymetric Afdund eentrhl axzis 360 (b€, rabetibe diredting device

radifati on 138 js reflected of f of target. 50 through reflectjon space .136.
Ref | ect ed ragf){aWPBqu besgsenbially gpriieal indhags). dadkis & ewng\zdeqsolﬁ%rmagbesaeﬂ%?s

o o 1500 RS 8 07 A, A0l 1161120,
lens 140 each would have an annular cross-section.
In the embodiment shown in FIG. 1, the directions of travel for transmitted
25 radiation 12 and reflected radiation 150 are substantially opposite one another. Similarly,
the directions are substantially paraliel. However, this is primarily a result of the
cylindrical overall shape of radiation directing device 101. The benefit is to minimize the
overall size of device 101 in directions radially perpendicular to central axis 200. In an
embodiment wherein radiation directing device 101 is, for example, conical (as described

30 above), the directions of travel for trasmitted radiation 12 and reflected radiation 150

would not be parallel.



5 FIG 3 shows a target illum nation device according to the present
ilnvention in use with a hand-hel d i mage reader. In the application 7sGendP02a
target 50, such as a data matrix code, is disposed, such as by etching) on
an obj ect 210. Hand-hel d i nmage reader 420 conprises a canera |lens 226 and
an i mage sensor 228. Hand-held i mage reader 420 may be) for exanple, a data
matri x code reader. |Inage sensor 228 may be) for |10 exanple, a charge

coupl ed device (CCD). As shown, a targé- illum nation device 100 is coupl ed
to i mage reader 420. Radiation source 20, shown as a ring of LEDs 224, is
di sposed bet ween i mage Assshden inBIG. dridflecion ROiand legs 1 4Qare infeanallyi fernedouith

Radi ation dir i i 101 | itiQn . ; 00 is
subst ant | al | y e BRCHS, e dirieRs F8°dsARFS! S Veids e SR WPl 125007
farthest fromitfleage 126ehaas anghOl30withames alailldng ofiwave guiderl 1] Imesinithege r eader

420 over target 50 in mapner. such that target 50 is surrounded, .at | east
in part, by d@’?‘P%‘g‘PB‘.Pt sl?@(}} mlfg?'i bé‘Fa‘?"_“Eﬁéo 152'3&99“3?1 a?rtPPed' ’QFP"S)’Q@ i"f‘ga}to_ ai d
the user im p%il_iaftib@Birélﬁn%ﬁé\/iéealroﬁl?fl‘hw, {thd 4h daRshtydedMRGreeanvehticéh #MsQke Si NPl y
adjusts the attjtude of hand-held i mage reader 420 uyntil ,deflectgor end 124

i's flush agai FbodImENtSleWRIEIEN! g herommed Jom stybp bavipg-atuilgbls Auerdyager
hand-hel d | magee igRfeméet) MOAld mbRiEet. Pddsbi? ot difiiRde BRGAbGylic and
reflection space 136. ﬁnn so doing, radiation di'recting device Is
. subst ant i al | yisdathed omdne end safoimdefldetor 12k Rhdprovnd eratie athevend g Hrmlns 140.

uni formy and ri-.cal |y il).um.nat et..50. . I pf.or ion
r epr esent ed bg/Iﬁ |¥r$ t&:’iogmgﬁr)%?ﬂaicﬁéé’?:d% ec@éﬁj?‘i”:g O%B%gzﬁ‘ld}cge:écﬁ%g’aé%o}'r gﬁi’zﬁ%n 10.
Lens 140 riecekensmse thntatadanitted adiaddn tis #6flated unifamsyidvaarditardeed®t a 2 5
portion of incident radjatiaon 10 through wave qui de 110. fl.ector 0
deflects at |east a portiesRiea éﬁ’%??@ﬁi“%t%\éhaert%%ﬁﬁl%mfgupﬁﬂpgg“f ﬂ?tﬁif" 50.
Def | ect ed r adigi@tdhaxactbrddtics 6f thefalRE6E An M cadf oftadla@Bilic hibethe Mughalipedvideehi on
space 136. Reflected radiation 150 is éedi recteiﬂqgg/ c&?nera l‘(iﬁ s 226 to
i mage sensor 9% losslessdeanpratssien madigmifor the WavalneAf Rarafiption wehtion Fragrien
refl ected radiggh h@homdiailpy processes known in the art 3 0! FIG 4 shows an
enbodi nent of a target illum nation device according to the present

i nvention ¥hich i s par tindhg embodimant showmen FEG. 1; theandies ofithedans 15 Frited tg thes ych
as bar codes. ] ' I ol i Beinhifs idayd gonpri ses
a radiation sc‘)’ér% %@@3’““"&“&@"5@%‘? Wgé?shgé%gh 11 1@%%%%%%8%3%@%% and a

pai r of pl at eshe3efore optichl powarndictates the plaOsment nfithe gaskéatian poureccrelative toftherdgdicat i on
emtters 224, prt r | re. y! : allel to
each ot her ané?ggsg% f%?‘kee\é‘héggﬁe%&’é@%‘ﬁ’z‘égggﬁdﬁﬁ‘ﬁﬁ’ égﬁ'%g‘gé%%yaéggg%upl ed to one
anot her and kept par al | Ehe dotlcation efficizhéyesf thy lehhis relsted tof ths gizergerse afigle of the

exanpl e. 5 Fach..nl ate 300 conprises, a deflector. 320 i 3 and
= ohs 34020 EiRiRieRrra o SBBoAE Fofmpimu efiiriigone P iRk Fiiihs Bfion
def | ect ors 32QGs fetateath tb ¢hieniatio dfabe lois’ fochldbhgle id iardiandaeesho8id.beMat beapgh mn space
336 is symmetri bout .a .central plane, 3Q&. . I nner. walls 326 af deflectors
320 are subst éﬁﬁ?cgf‘ﬁ @U%laququ ragiayqg aé@ﬂsts}bi‘f WB’ilea*?fBV‘g’@é\A%’eé%ﬁlﬁ%afFﬁVf’n%’ach wave
gui de 310 has chiiraétéxigits. V8ihde tiRelons radiGE ikl deferdib@s fcalMength, ireRird (310 10 are
al so substantially parallel to central plane 360. Preferabl inner wal |
316 of wave gt}‘l’*ﬁ’ég‘{’,(g

athicknesss this smbogimpnt; the esisgd Wavegnpie hicknssy ig divsn by siys
Lenses 340;ar ereﬂii&ﬁfﬁ?.ed substantially parallel to central plane 3@. Each

| ens 340 is adapte 0 receive incident radiation 10 fromradiation source
20 and to transnit at | Ebslength pbthe waveguideiinarbitient 1t maly dapeash baweves oadiel ect or
320 in a mannef.: S 1 {1 radkaf.on. 12 i | iform
15 and such tﬁJﬂlé#g r‘{lac |38%15 @%%glg%%‘gglﬁngdg@bﬁs@ah%ﬁ% ﬁ?@ﬁcgg@%lﬁ&;ﬁ%@shﬂabw
transmitted rdehngil sush thaVvlngnitebahSthfpet & tixdappes dnglo andodistance whemnbsantatgtiesl
radiation 12 and to gyide transmtted radiation 12 through wave guide 310
to deflector 38 .°“E8’gﬁ‘ed@?3“é% BI€320 i s adapted to be placed proximte

target 50 go deflect at Al@gpIu2 & HPoiddAordll af feddd 8 PbitioR df feBEdtRh Ispide 136.1 ovar d
target SO in a manner such that at |east a portion of deflected radiation

138 i s refl ectHap %is adapted igprevent at Iswt ¢ pergon af frasemitisA radigiion 13 igm gniering e
embodi ment  shofeckin Blaft 196, PRYGEH, B P4ALOmARE Eflgavd. BRdierab
Transmitted radiati r(1)nﬂa12 I'S Pg?r)gg!ﬂgdqﬁlfoug V\?a%q%rge e?% bet vvggr“\"’ t|mr?ner
wal | 316 and outer wall 319. Thus) a transm ssion space 306 is contained
bet ween outer wall 319 and inner wall 316 of wave guide 310. Simlarly,
defl ector 320 has an outer wall 329. Quter




25 wall 329 of deflector 320 fornms an angle 330 with outer wall 31 CPI Y6y €
‘gui de 310. Wave guide 310 has a thickness, t, and deflector 320 ha

varying thi 47 W Preferably, end 324 of deflector 320 RagaRede¥e#e’ ©
t hi ckness. %%ﬁdeflect or 320 is essentially a tapered, or beve? %G end of

pl ate 300. The Iength of inner wall 326,0f deflector 320 is optimzed for
each application (i.e., set to ensure f%at transmtted radiation 3 0.. 12

i s deflected yniforni- target 50. a_.preferre trap
342 i d _spog‘@d A R Y R e e R
Trap 342 is g)t@ﬂ'a@xﬁu&'i 8ifEdtngWevicBaBl a@sRA ih@IGO]. 7 Cct 2002 WO

99/ 49347 -12 PCI/US99/ 05636 transmtted7ad' iation 12 from entering

refl ection space 336. Hﬂlasbeqntobss'vpd éfaEresmtlaillyawhenraeqkaaébZr)be tabespasadoon
the entire ipgner wayv e i de 310. ..Tr. be an a
reflective s@f‘f’éﬁcﬁﬁ“‘?’b ‘r"é)t(“a‘ﬁﬁﬂé‘ce }@fl%oq #lﬁ?lg;?m&ﬁ éqnl lé)c‘F(S‘Pt ‘?58% @559“1‘ ens
340 are it egdsgds! tb(rotxg’l:i BRMr Waﬁhﬁ o‘f‘@é’ﬁec%’r' 198, 3!‘1\9? td aéb?easé thel sinciat BOMSRERTE

of the present I nvention that plate 300 can ormed froma sheet having a
t hi ckness sufaiabibe 10 ¢hat \passes thoouith @UE. Wélfhb29s ko, mvvnaach})e ¢ffiefene bl pdiatien
made of clea at hed on ope .end rtfo fo

round on ¢ HUTSEREACGH T 4P GPReGH S BeR e PUrTiES YA RSSEH TR fider Well

especi al | y WiBrofaefle@8F 1261CSilafly SHHORL eriBodinest ih Whid Jegeabpérﬁit B4Hi9a @
portion of transmtted radiation 12 is not deflected off of deflector 320,

but passes thoenzawghwvigth, erhasdieen gsgrvet thiafal poctioy of3padsmittedsadiationefa passdsv e

f t 329 of deflect
390 to. pBveltrouzh 4eBeGbrend Y heGlor BRa T4 Al 8% e Beveint o0 Merdiitg o ng
through out efadpy@ibh 13 4%t p&,s@.; tREtNroufzih oRRDORRE LN QPSR 5Y SdiHeldan uhffody | ect or

end 324 has a nonzero width, a portion of deflected radiation 15 138 passes
t hrough def | é@mntlegmdleeadnanqmu“éhesdemrmarglcomnwnﬁ’zmoma}s ‘thot-ppmis’ andsauss or
reflective to decrease

d diati 8 that
{hr ough dof | BUSTTOTGA S IHE AR & P redhas HPGY TITeBbishure e skiBtieb TR
ilTustrated wid mmfdeneasmms%amba tCprRuddt E&ﬁtaﬁ)onid?mﬁraﬁkmh{eﬂdadxmdnhﬂ
art will recognize that nodification and 2 0 variations my be nmade w t hout

depar t i n§5f r ramtrrssipg therstiwough.oFort mmpﬂmemﬂmwsaﬁleca@mm plansmigddradietien and

oroceasi ng abpipspRsts BN deRbMe snd 12doabngtrend Tad el ¥E mpts oSS

sensor; a raghfptdiwn source; and a radiation directing device, coupled to
the i mage reader, conprising a radiation transm ssive body having a | ens at
one end thereof and a HKFI%@IOOVS agtargeh divuminatinadey ive rl 80 rccoading de the Preseripaced

A rect 1y {1 ofVERSTmiRET ahiaflsteedkonn PaftRBhdh Vs B3y uisRis Billary
the radi api oBuitddr onefe sppiicaticatthawhORNpluras 6F siskate 2 DR dicH 45 Sledtiohficottipogerité,on
toward said deflector; and
are located on a moving surface 202, such a conveyor belt. A target 50, such as a data
matrix code, is disposed, such as by etching, on each object 210. An image reader 220,
such as a data matrix code reader, is situated over moving surface 202. Image reader 220
comprises a camera lens 226 and an image sensor 228. Image sensor 228 may be, for
25 example, a charge coupled device (CCD). A target illumination device 100 is coupled to
image reader 220. Radiation source 20, shown as a ring of LEDs 224, is disposed between
image reader 220 and radiation directing device 101. As shown in FIG. 2, radiation
directing device 101 is positioned such that central axis 200 is substantially vertical, with
deflector end 124 nearest to moving surface 202. In operation, as moving surface 202
30 __moves objects 210 past image reader 220, radiation source 20 emits incident radiation 10.
Lens 140 receives incident radiation 10 and transmits at least a portion of incident

radiation 10 through wave guide 110. Deflector 120 deflects at least a portion of



wherein said deflector is adapted to deflect at |east a portion of 7Qe2002
transmtted radiation into a view ng area of said i nage sensor at an angle
such that awDaPge¥M7in the viewing area is illuminated by thePEPIVEOEEE
radi ati on. 2. The apparatus of claim 1, wherein the radiation source is of
a configuration corresponding to the copfiguration of the radiation
directing device and is disposed in proximty the radiation directing

device. 3. ThanapiRes dMdisid | Clodiafd dhrgf 5@, DWIRIRI radihfién U84 |seefiQted Sff Bfi@RRE ed
to deflect the portion of the transmtted radiation into the view ng area

of said i nagé0 sraugh reflectaon spage &36 UR¢flectedtradisteon HxOgeredizgtied by samera lerssi26a
portion of the. defl ect eq,,gaﬁjnat lon, i ?2(? second fii rection t.oward hhcg cJ mage
sensor, ther SHYI4BESTI g S alPSrgader 24 IRerPigts4n orpau?:h%oqtm\é%nsrg &or¢ 4.
The appar at usadddtionl B50ByaFscR8& I@bwhlg tRr#cedi ng cl ai ms, wherein the inage
reader operable to process the image of the target by interpreting

i nformati 8n cont ai ned MGt Behoves 2 weget dlumidatiom dsvice BecoThingap frermaessst o entrop

one of the precedi. | ai wherein the image.reader |s bar.£ode reader.
6. The appar 41 0% 47 & e rtags Gader 1 Ty (e 3oTgalpn ok & ergRlad Pichasa™ <
data matrix gedendtfrd6de. is difpdded. saBWds Byletéhind i ARHRRLUS. PhndA¥idamagdf the
precedi ng clains, wherein the |na%e sensor is a charged coupl ed device. 8.

r

The appar at ugeader 43fycasnprisss achwemriensadongd en anage sensns 288 Hapd-hgldrimage saders
a tapered eng.Qf the radiation directin evigce.. 9. The apparat f any
one of e pradmig. K aiiebRa R i b TAGE, e el PRETRURBr 81 her
conprisegoa \eRMAFIEI ﬂ@hd\iﬁ@@&@%& QeicererD) haslskoven, andrdeh RludfhatRMt RRVice 100 isThe
apparatus of claim?9, erein the wavegui de has a generally annul ar

cross-sect i ogoupled toThmagsppadent#d Ridiationisouse 2Qhshovinrasairmgeildid 284, ksas a
general ly rectangul.ar cross-sectio 12. l.mage..processi.n ppar at.us

conpri si ng: lﬁqggeéhbeﬁt\geqwge f%agﬁre Ocatf‘ﬁ'ﬂ. ?4‘%‘]’1 d’gﬁﬁgp%é&‘écgé@sg‘??ﬁ%’qnadi ation
source; and direaHgaddvide 1S pbdifichedubicMat ceatial K65 20D ik RebdramiaRy pepeadicular
conprising a radiation transnissive body having a | ens at one_end thereof
and a def | ecii®imaBesgardas 428+ wislh defirstorend 124 fardiest fram irsagecreedes 439t In operation,

rel ati onshi p; er,eln.said | ens, S . adapt to recei radi atl irectly
from sai &3 oS sRREreaRl 42 SRE RIS S0 i MBS SoH B RtdeP B0 WL
radi ation in sarbhrdet], 4i1EA€{H gk, bo\defiétisai2d. drfleast eid 122Nd paARLRIIY sGRédho
deflector is adapted to deflect at |least a portion of said transmtted

radi ation i ntaid hewseninmgsisioniagdhe wrgetiwithingbe viendug arge. The nsrgsanply edjustashe a
arget 11 0SSR 52 G b S e
Sensor; a radndthie a3 etrs0as 1kaEd And afdvad had-Héld Redge eadde2C antilderigacstall v
coupled to the inmage reader, conprisi n? a radi at iion t r_ans_rlp sgi ,ve_sbody
havi ng a 3%ndoeatedormacathacflention spacaridtalniss dales, srdigfionisctingdeipdisher  end
thereof in S%ﬁgﬁgﬁ%ﬂ%’r\}enﬁc% ,‘f’llxtls!u ?1% rﬁ'uR deflected radiation 138 will uniformly and
symmetrically illuminate target 50.
To read the information represented by indicia 50, radiation source 20 emits
incident radiation 10. Lens 140 receives incident radiation 10 and transmits at least a
25 portion of incident radiation 10 through wave guide 110. Deflector 120 deflects at least a
portion of transmitted radiation 12 toward target 50. Deflected radiation 138 is reflected
off of target 50 through reflection space 136. Reflected radiation 150 is redirected by
camera lens 226 to image sensor 228. Image reader 420 interprets information contained
in reflected radiation 150 by processes known in the art.
30 FIG. 4 shows an embodiment of a target illumination device according to

the present invention which is particularly suitable for reading linear indicia, such as bar

codes. As shown in FIG. 4, target illumination device 102 comprises a radiation source 20



7 Qct . 2002 15 wherein said lens is adapted to receive radiation di r-,egtc{é/ooz
from'said radiation source and to transmt at |east a portion of sai

radi ation iwWodokodsst direction toward said deflector; and wWhergi§homadse
deflector is adapted to deflect at |east a portion of said transmtted

radiation into a viewi ng area of said |£ﬁ_ge sensor at an angle such that a
target in the viewing area is illum nat by said deflected radi ation 14.

The appar at us f cla wher ei n e radi atl

Cont gurari oAMLBPRESAHES A0 SatilOT iy bl oSS KRR AR TS| ng
devi ce and i g24lighefesmBe, I RDR! Pldkd¥i 309 Mﬁnbrs@ﬂumy Pitalfh] kSEdch Rehed 8Yd SeParafed-byThe
apparatus of any one of clains 12 to 14, wher€in the deflector is adapat ed

to deflect tRdiswnceibnPlafest30e maymsmpheédo predinstiienand ke patadieMp ené auptberea

of said |magﬁ ﬁbenssor at_an 2‘?”%3‘ ch that the target reflects at |least a
portion of tREé F oL RAFePa i rn a second direction toward the image

sensor, thereby provi d'E%Qh?Hué S@%nﬂfns%@ﬁ’d&ﬁéc@&tnboa@vﬁﬁegﬂ@&?uﬁ%ﬂ@@[ens 350.
The apparat us of any one of claims 12 to 15, wherein the inmage reader

operable to ﬁﬂdté@fkﬁdﬂé’DMQQH omet well 826.gbmebyallnd2é gfrdstflectgrsia0demmt i on
contai ned in_the, r.ef

.adi at i a t us of any, one o
clains 12 tobi%ndaﬂﬁ%?ﬁﬂf “ftion I?Pﬁ@%%%a%%qecngn&%gajé ‘SEJSB"TPH@ Fﬁ%‘?%ﬁ%‘ﬂml
directing deﬁlaﬁ@ 36@%@%]@3%&dafecfoh@mp&ersassmhﬁuﬁnfpmna% c@ﬂraabmé siste
of the hand-held i mage reader until an end of the deflector is

agai nst a suqurad@rl)Oﬁacvmwevﬁ guide Bbﬁlyastam ignetivegdblldd Inmtdva%b\zémotié/ammdctseal@

| mge reader until din e Vi ar ea h

sencor 16 e lidhdRaly « R Plendpil” PR b HT G 2aEo1S dutnage
reader is CO@Qid@@lO‘i’s édifarlan idtihedg vﬁ’dlf%dﬂ&ﬂg&w R %‘J&lgestmtar@dlh‘ﬁcﬂéd of the
apparatus can use the radiation directing device as a guide to position the
appar at us sué&ubstdnginlly parailak lge:@nnrd planet366. \Hachvieng 340 seadapted Itmrepmgmcsientsor

19. Th
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appar at us canouégefidttor 320 iaimaiersuth thieitfaBGhR@d rafia®n 12Nis 3Gbstantibllflenitdim
position the apparatus such that the target is in the vi evmqg_ area of the

i mge seAdor angeuchithat raﬁg@msusmﬁ%aﬁyuhﬁmneﬂy devaidaf transmittadradiatien. dVave he

radiation dir e r d

theI I elns an:j gﬁ ﬁd[e 33%1" ? ed ﬂéel‘%hté gglbtérd;rt%glgggﬁgﬁgﬂon% I&i‘JT é&%&?@edk}%l\ﬁﬁ&(‘
20, wherein tlﬁQhﬁbﬁM@%Vé'@uﬂéSl@t&@éﬂﬁcﬁirbﬂoaﬁﬁcﬂ adfleeton 320 Sefiapied to Bepladdde
apparatus of any one of clains 12 to 20, wherein the wavegui de has a

general |y re@rexigatedarset 5 to daflert amc:asea;poml@e ofﬁppasmzttaé ragiiatignl 2dewardftargptails
210,22, uht 5o e o PabRTal o RE QR R BB
i ntegral 120 f 30Re réfiddtionapacedB6e gui de.
In the embodiment shown in FIG. 4, wave guide 310 has an outer wall 319.
Transmitted radiation 12 is directed through wave guide 310 between inner wall 316 and
outer wall 319. Thus, a transmission space 306 is contained between outer wall 319 and
inner wall 316 of wa\;e guide 310. Similarly, deflector 320 has an outer wall 329. Outer
25 wall 329 of deflector 320 forms an angle 330 with outer wall 319 of wave guide 310.
Wave guide 310 has a thickness, t, and deflector 320 has a varying thickness, w
Preferably, end 324 of deflector 320 has a nonzero thickness. Thus, deflector 320 is
essentially a tapered, or beveled, end of plate 300. The length of inner wall 326 of
deflector 320 is optimized for each application (i.e., set to ensure that transmitted radiation
30. 12 is deflected uniformly toward target 50.
In a preferred embodiment, a trap 342 is disposed on at least a portion of

inner wall 316 of wave guide 310. Trap 342 is adapted to prevent at least a portion of



25. .An apparatus for directing radiation froma radiation source tbOat2002
‘target, said apparatus conprising: at |least two deflectors, each said

defl ector h¥XQ 94 i nner wall, the inner wall of each defl eREHUSPEIhg a
boundary of a reflection space, said reflection space having a central

pl ane, the inner wall of each said deflagtor substantially parallel to said
central plane, each said deflector is placed proximate said target, each
sai d defl ect oananhiypddddiacionl ¢t freai emérilgareféctidnRpidei306. Thusai | piefanediihat ®sb
radi ation toward said target in a manner_such that the at |least a portion
of said defl et42f HsrAssd PB S egtirenneyAld raf wavesuias X18r Jetp #47 Bayke aai d
reflection s : : i bstantially parallel to said
central pl angﬁgg? gln&grél%thge&gf)f?éee;?%os&%g@eéi ve said radiation and to transmt
at least a portion of sakshdvadingiliGon, deflestar 2@l arid lend d0sark mtegrabiy fiermed waith
that said transm’tt,ﬁed radi ation is _substantially uniform 26. Th8 appar at us
of claim 2%, WhEside 3K dhuedkis 28 adyantagsof hepsesent nyentionthafinlate S00 garsbe 5
portion of sag i.afl i ! 1§U i

et ection spanatdtolly el Gnaf AnfEhEGThAIE KR AOPRONES B TH ShA FBEE
Cct 2002 17 2Zptefefdbdy,dppadaviicenfacefiial mnlahedon afe erfdus férer defteoiori320gnd growal e
gui de having an_inner wall, the inner wall of said wave gui de substantially
parallel to s%‘&e@g?ﬂrﬁaﬁt%f%é?“ss%od wave gui de adapated to receive said
transmtted radiation a ' i ' radi aj. t
one said deflector. 28. ﬂ%aﬁ%ﬁyggﬁgﬂggg%ﬁﬁ%t&aﬁgiarga?%(lg’aatgwg S%lg?tgge?geﬁ%

di sposed ph afosmrpliate 800,copqrtion o fgansmiwad rddiagomh? ismag defietaicsfl obdgftectir3g0an
i mge sensor, a radiation source d radi at i on _directjng devjce
conprising a PHIRSES YOS ?f&?ﬁ%@l%%&f@eﬁ%m Bhusepeeflgpisruriang spfptbf
and a radiati e g r b omBge
reader to recxgli}-\r/cg.' f’;gg:%g;a? sggﬁefd ?@%ﬁi%ﬁ%’cﬁ gﬁegg&ggﬁ%ﬂg@%ﬁa’% Hh%atp ?aesztél lpg{d | east
a portion of wsaisthinediadiation 12 fiotn pas¢inguhroggiaowar wall 82% Simeitpelys g haobeenusi ng
the defl ected radiatjon, _and/or the_radiation directing, devj as . a quide to
posi tion sai dobsgaGE thatalf detlecieniend B3¢ haha nenzerppidtly aiﬂ?“t‘?fbo’{/fegﬁftﬁﬁ ’%fﬁ%%?"of
sai d i mage: se . i L I J KON
cont ai nedty n Faryiss @R HERRK a3 THIE: Bkt o298 may W dY QAR bl
by sai d i nagereflectsarto d2éreaskhthe ambdinad{ défledtad radiafon W8 that passésthromgh aleflestor
source is confriE&red to correspond to the configuration of the radiation
directing devf dis disposed in proximty the radiation directing
device. 30. The method gjpd @k m\%ﬁu&{g ee %éé?f%'é?%Rﬂﬂlﬂsﬁhﬁ@wiﬁﬁiéﬂé&hé&_o&n
altitude of the image reader until a distal end of the radiation directing
devi ce is fl usjecHipeemisddimbnts sthofeoskillegninvthe ah willeetogniyetthatametlieaseadandand
nmovi ng the inmage reader until| the target, ig located jn B{}e Vi ewi n(%]area of
t he i mage28en¥yiations may ejnade withqus depariing °§b§’§rpz§’c“6§"‘?s g IVERYEPP a8
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configuration an I spositiron, conprising: (a) an IlTumnation transmtting
body of predeterm ned cross section configuration, corresponding to the
predet erm ned configuration of the illum nation source, and | ength having
an outer wail, an inner wall, an illum nation receiving | ens surface and a
central axis extending therethrough; 7 Cct 2002 18 (b) said illumnation
body further having an illum nation deflecting portion wherein said outer
wal | of said deflecting portion is tapered inwardly towards said central
axis for a predeterm ned extent and termi nates at an illum nating end

surf ace;



‘(c) an open space of predeterm ned configuration disposed about said
central axis and within said illumnation body; (d) said ill un7rgdti20o2 body
bei ng di sposed with respect to said imager illum nation source so that
illumnation fromsaid illum nation source inpinges directly upon said
illumnation receiving |lens surface of 98id illumnation body and is
transmtted therethrough to said illumnation deflecting portion and

t herefrom upon a target when di sposed adjacent said illumnating end
surface. BML target illum nation apparatus of claim 31, wherein the
illum natiopn sou g ] [LQ.transmtting body are each of
annul ar cr 02'5 se'ﬁgﬁ%ﬁgrgﬁpg%f#@ﬁ%wg?ﬁé target illum nation apparatus
of claim 31 or 32 imdgerreadersamprising animage 8gnsoransnitting body is of a

pr edet er m ned Iegg%dma- 1A sBSrckO sition the imger such that a target to be
imaged will be in 6_0145 K c_)rct ‘r_lael{blorra.ger. 34. The target illum nation

appar at us of anya Jgaeiatien dlirgriing 3levice, Zgupledriohthe imadeaudeadera comapsiog sposed
wthin sal draflabibffaRmSEvadB, RiviG SR aPtnd BRPheRitE 4 8 deRtiEoh: ABfhebe! N0
non-transmssive to prevent Il lum nation through sard 1llumnation body

f rom ent er i engl thaiedf, sirpasepEpacgbaparhrelatigngfup; i | | uni nati on apparatus of any
one of claim 31fQeR%saidMi&{Eisn j IS &I : J d bl ] Te]
body permts couplél}ﬁgi ﬁ%ere_osf 'sﬁﬁ'ﬁg@fgﬁ%%H?@?"_Xj”géﬂ%g?@g{ﬁpﬁgg?%
appar at us heaureRy aad ol franantitael deast cuPediodf ofpthed Eadiatiennitougbnsaid uadiation and
A SpoS! U1 OMrarfsAIBYNe™Bdy in & fist ARedtlon'GlalsaRludeBBP BNkl | Ng body of
predeterm ned cross section confrguration, corresponding to the _

predet ermi ned cowfergiirsgid deflegtor isnadapted e defleciat least aderticaref thetignsmitiedi ng

an out er walgljatiah intd' 4 Slewiy ére@%ﬁa@ie itnbbd' ShiAd 1aPBn BA @is\’ﬂ:ﬁ‘gét ‘5'?§rrg§Piﬁft e and
t sal o) wal

wherein respective points on Ccross section, outer and Inne s and
| ens sur f acéewing agad is dymirated Antherdefiacted cadietiom axi s ext endi ng
t heret hrough; (b) said illumnation body further having an illum nation

defl ecting portion wherein said outer wall of said deflecting portion is

t aper ed i nwar diyret anparafys Lhicpim 1, wherefrotie 1aiationt saurceais of Aogondiguration
predet er m t-2Lfa 7 ) i i ; -4(e) an
pen space P e o ey B B e L <
and wit hi n Rraxigity the,radiatien gifesiveydevice) said il | umi nati on body being

di sposed with respect to said imager illum nation source so that
illumnation fromsaid illum nation source inpinges directly upon said

{ : ! y
i |lum nati oh recEie/apRAratig o daiad or & wharein thel dafieatar isordapetey tarsdgfled the
transmi tt edydrigH 8f iHeOrsHAnfitRe S Adthtibh littB RS ieWingi8feacstt daitfinPiel éMRoPBan
t herefrom upon a target when di sposed adj acent. said illum nating end
surface. 37angihEuey Hisd|toryjarpptatlings A3 feasttaipoden Of dhendshiectesh sadiationt iRea
i 1'1um nat i ogscoRY UFEctRRdowaddné irhall §éHsbP RhdreBy Brdvidirgdh RRMds dtiife RAgel 1O
annul ar cross section configuration. 38. The 'synbol ogy i nagi ng appar at us of
cl ai m 36 orth87Mag;heqnsPh said illunination transnitting body is of a
predeterm ned length so as to position the i mager such that a target to be
imaged is in focus to the i ma?e_r. 39. The synbol ogy i magi ng appar at us of
claims 36, 47 or [MBaPRYANAST ) ANy onp &f thea@femgﬁ%g@anwwmﬁrﬂmstaﬁdﬂage
iITum nati %a_@é’rd)é{)é’rraBPé' R Rodes thRImady lohQRe { ARJeR Oy ARErpP&INGTinformation
non-transm ssive to prevent illumnation through said illum nation body
from ent er i $RtaiRgGIndpR Fefleptad sadiation. The synbol ogy i magi ng appar atus of any
one of clainms 36 to 39, wherein said configuration of said illum nation
body is such as to facilitate coupling thereof with the imger. 41. The
appar at us o net H¥IARAAraHS obRry o€ efibe presednn spims.avharein g ireage readey is
radi ati on spyac®deeRddrses a plurality of light emtting diodes. .A AQJY
. AhS . AN A; . Ar. AaF. Au. A3. A" a. A(9. As. Aa. A{ @ Ah, . AU@ . Ah@ . A{ @ Ah, . AA
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10. The apparatus of claim 9, wherein the waveguide has a generally annular
cross-section.

11. The apparatus of claim 9, wherein the waveguide has a generally rectangular
cross-section.

12. Image processing apparatus comprising:

a handheld image reader comprising an image sensor;

a radiation source; and

a radiation directing device, coupled to the image reader, comprising a
radiation transmissive body having a lens at one end thereof and a deflector disposed
at another end thereof, in spaced apart relationship;

wherein said lens is adapted to receive radiation directly from said radiation
source and to transmit at least a portion of said radiation in a first direction toward said
deflector; and

wherein said deflector is adapted to deflect at least a portion of said

transmitted radiation into a viewing area of said image sensor at an angle such that a
target in the viewing area is illuminated by said deflected radiation.

13. Image processing apparatus comprising:

an image reader comprising an image sensor,

a radiation source; and

a radiation directing device, detachably coupled to the image reader,
comprising a radiation transmissive body having a lens at one end thereof and a
deflector disposed at another end thereof in spaced apart relationship;
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15. The apparatus of any one of claims 12 to 14, wherein the deflector is adapated
to deflect the portion of the transmitted radiation into the viewing area of said image
sensor at an angle such that the target reflects at least a portion of the deflected
radiation in a second direction toward the image sensor, thereby providing an image of

the target to the image sensor.

16. The apparatus of any one of claims 12 to 15, wherein the image reader
operable to process the image of the target by interpreting information contained in the
reflected radiation.

17.  The apparatus of any one of claims 12 to 16, wherein the image reader is
coupled to the radiation directing device such that a user of the apparatus can adjust
an altitude of the hand-held image reader until an end of the deflector is flush against a
surface on which the target is disposed, and move the hand-held image reader until
the target is located in the viewing area of the image sensor.

18. The apparatus of any one of claims 12 to 17, wherein the image reader is
coupled to the radiation directing device such that a user of the apparatus can use the
radiation directing device as a guide to position the apparatus such that the target is in
the viewing area of the image sensor.

19. The apparatus of any one of claims 12 to 18, wherein the image reader is
coupled to the radiation directing device such that a user of the apparatus can use the
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25. An apparatus for directing radiation from a radiation source to a target, said
apparatus comprising:

at least two deflectors, each said deflector having an inner wall, the inner wall
of each deflector forming a boundary of a reflection space, said reflection space having
a central plane, the inner wall of each said deflector substantially parallel to said
central plane, each said deflector is placed proximate said target, each said deflector
adapted to deflect at least a portion of said transmitted radiation toward said target in a
manner such that the at least a portion of said deflected radiation is reflected off of
said target through said reflection space; and

a lens disposed substantially parallel to said central plane, said lens adapted to
receive said radiation and to transmit at least a portion of said radiation to said
deflectors in a manner such that said transmitted radiation is substantially uniform.

26. The apparatus of claim 25, wherein said lens is further adapted to transmit at
least a portion of said radiation to said deflectors in a manner such that said reflection
space is substantially devoid of said transmitted radiation.
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comprising:

providing an image reader comprising an image sensor, a radiation source and
a radiation directing device comprising a radiation transmissive body having a lens at
one end thereof and a radiation deflector at another end thereof coupled to the said
image reader to receive radiation from said radiation source and deflect at least a
portion of said radiation into a viewing area of the image sensor;

using the deflected radiation and/or the radiation directing device as a guide to
position said image reader such that the target is in the viewing area of said image
sensor; and

processing an image of the target from information contained in reflected
radiation reflected off of the target and received by said image sensor.

29. The method of claim 28, wherein the radiation source is configured to
correspond to the configuration of the radiation directing device and is disposed in
proximity the radiation directing device.

30. The method of claim 28 or 29, further comprising:
adjusting an altitude of the image reader until a distal end of the radiation
directing device is flush against the surface on which the target is disposed; and
moving the image reader until the target is located in the viewing area of the
image sensor.

31. A target illumination apparatus for use with a symbology imager having an
illumination source of predetermined configuration and disposition, comprising:

(@) an illumination transmitting body of predetermined cross section
configuration, corresponding to the predetermined configuration of the illumination
source, and length having an outer wall, an inner wall, an illumination receiving lens
surface and a central axis extending therethrough;

, 10%
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illumination source so that illumination from said illumination source impinges directly
upon said illumination receiving lens surface of said illumination body and is
transmitted therethrough to said illumination deflecting portion and therefrom upon a

target when disposed adjacent said illuminating end surface.

32. The target illumination apparatus of claim 31, wherein the illumination source

and said illumination transmitting body are each of annular cross section configuration.

33.  The target illumination apparatus of claim 31 or 32, wherein said illumination
transmitting body is of a predetermined length so as to position the imager such that a
target to be imaged will be in focus to the imager.

34. The target illumination apparatus of any one of claims 31 to 33, further
including a trap disposed within said illumination body proximate an inner surface
thereof and being non-transmissive to prevent illumination through said illumination
body from entering said open space.

35. The target illumination apparatus of any one of claims 31 to 34, wherein said
configuration of said illumination body permits coupling thereof with the imager.

36. A symbology imaging apparatus having an illumination source of
predetermined configuration and disposition, comprising:

(a) an illumination transmitting body of predetermined cross section
configuration, corresponding to the predetermined configuration of the illumination
source, and length having an outer wall, an inner wall and an illumination receiving
lens surface and wherein respective points on said cross section, outer and inner walls
and lens surface are all equidistant from a central axis extending therethrough;

(b) said illumination body further having an illumination deflecting portion
wherein said outer wall of said deflecting portion is tapered inwardly towards said
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upon said illumination receiving end surface of said illumination body and is
transmitted therethrough to said illumination deflecting portion and therefrom upon a
target when disposed adjacent said illuminating end surface.

37. The symbology imaging apparatus of claim 36, wherein the illumination source
and said illumination transmitting body are each of annular cross section configuration.

38. The symbology imaging apparatus of claim 36 or 37, wherein said illumination
transmitting body is of a predetermined length so as to position the imager such that a
target to be imaged is in focus to the imager.

39. The symbology imaging apparatus of claims 36, 37 or 38, further including a
trap disposed within said illumination body proximate an inner surface thereof and
being non-transmissive to prevent illumination through said illumination body from
entering said open space.

40. The symbology imaging apparatus of any one of claims 36 to 39, wherein said
configuration of said illumination body is such as to facilitate coupling thereof with the
imager.

41, The apparatus or method of any one of the preceding claims, wherein said
radiation source comprises a plurality of light emitting diodes.



