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The invention rtains to a neth forperm, LNl oso
el ect r oni WOrHe Rﬁ%e vision of lig I ﬂ* obj ect s mhereln a true

observat.i on of the surface bei ng . V|emed IS obtalned by nasklng

potential refle NN 3 185080 0
observati on w ndows and caneras, or other non- |Ilun1nat|ng dlscon-
tinuities in the illum nation environnent. El ect roni ¢ nmachi ne
vi si on apparatus i sThenuomention penphéyedﬁq1con@&Madcnmddannﬁﬂanwﬁiﬁor
machi ni ng, as- %efmzttiﬁgblé’lé@grbﬂ§ee%d%@@p@r1@ 'ﬁh B?rtif%@r lﬁéf’leé@fng

ro- bot i | eVI S On canmeras are connon
observe the ob?bﬁ?cﬁél mphereht néd, t suSefiistE vakion °f| ﬁ§ﬁec§’é§fa§ﬁd k?epeng

si gnal rece'Ve@z@&@dtr§@5m63€3h9¥d by 3% ra 6%%&¥i§P”p§éQdddtfbns
standard signal or_. dat abase to determ ne i ﬁe observed article

properly regphtiBE, PRt &de oPPEEIYRLIIAR mxéé duenitR \?lbﬁecﬁ?’atl"n
apparatus is wdghywised dddi nspghbiras And diaw&ehecf non-ilQiminating
appl i cations ereb JncpnslstenC|es '

d i t bot h hard
and soft good<SSFPHAINRHS R &he inu&{H%ﬁﬁﬂﬂi%ﬂﬁﬁ%ﬁﬁTé@ﬂeh?s gr o

rejectlonaolnstantambeusbpnﬁe machihect #dsion appadﬁhﬂhtﬁnylscommonly

apparatus det eobss 08" UR! o Shlition wi FRTRALEARALIS SLONEh AETCLU ALY

the camera wi tH e ing proper nS|ons
ap- peanante;nspeehiamleppanatuae pakelduiaxkkwofotaehreb@tlc type.

consi stent and e 2 6n ' @ild 3R ISLBANBRLY "Embhoved coSidHL ARPE" A

enpl oyi ng el ectroni C caneras t that consistent
and uni f or m | idtiesty &eine ®achined, s%#ﬁé&bésﬂectoﬁccmsp%@tﬁﬁe 139Gt ithe

will serigysl%;afd£Lt recd{vedi SARA St HNALmMIGRYVA! 8 ARU D e d IR He
si g- nal s 'even though no fault may exist in_the object bein

observed ot heCOmMPAFEd ¥R AotSHANGATI §LIPRANIGTat @@tabase to’ d??$ﬁﬁ?ﬁ§ﬂ%ﬁ1
probl ems in mMeHY Neb¥erved appticde is priopEELPr Galindd) Aol RrEsENt or
when the Obje%gs%%ﬂ¥%é#} Also, machine vision apparatus is widely used in

inspection and flaw detection applications whereby
20 inconsistencies and imperfection in both hard and soft goods

can be rapidly ascertained and adjustments or rejections

re instantaneously effected.

Py, Machine vision apparatus detects abnormalities by
comparing the signal generated by the camera with a

25 predetermiﬁed signal indicating proper dimensions,
appearance, orientation, or the like. 1In order to achieve

.....

consistent and accurate results when using machine vision
apparatus employing: electronxc -cameras, it is very important
that . consistent and- un;form llghtlng of the observed object
30 ‘occur, as -ghe llgﬁtxng will - serlously affect the vision
signal generated and produce Izregular signals even though
no fault may exrst “ih the’ “object ‘being observed other than

it is not uniionﬁly iikumxnated
Illum;natignwproﬁiems in machine vision applications
35 are partxculariyapresen% when the object being observed has
a shiny specular surﬁaée For instance, in the inspection
of soldered CerUltS such aa?u§eq“w}?gfprinted circuit
boards the_ highly reflecxlve patmmwggggggﬂggeq Sugaage'
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served has a shiny specular surface. For instance, in t he inspection
of sol der egyoo94¢19998t S such as used with reaiusgeSVEN
surface geonetry of the solder makes it very diffi- S33i016n¢) |
to obtain an accurate electronic signal, and the sane is true when machi ne
vi sion inspecti II [ r.ef ckagi ng,
and ot her obj ec'%%o%%w r#)eba{ ‘the solder makesh"t Q’%u fzi%'ef}sfa"'cé11 |cuI Yagin ap
irregul ar shi nyaﬁmlékzt‘e% electronic signal, a%eﬁﬂlﬂl Isiai‘ienglﬁachtme Whepq
vi sion techni quea athap- vJ.SJ.on mspectm@raéa@u Npeirngsl) f agge)
applications, it is comon conplicated |1 ﬁFFh
systens for ill BRASRTIRIt heamd other °bJeCSI§J eE’tJ‘b’e‘i‘%g ééwveauréndes;_
i s a purposes of paehichilghlly irregular shiny sungae;stems to el imnate
shadows, highlights, .under - hts onsn%and ot her

fl,
li ghting characteristicd utilizing maChm%au%ggoBytSﬁ%ﬁ‘ onsve%< (ARRRT@ tus
obj ects. Exanpl és o$hiny surface appb@ﬂpt&bﬂs,ghtlltnglsySCQmOfIOI’tQISQmﬂlg

a6r7 473 O complicated 3igyBRRR UYSEHE TANTIIuMRacTHF ke, obspcr
Wi |l e being obdewveds shdwAti Ast Iqemrrmsmtﬁ aﬁtecrcabegthfeucg Systems

generat- 15 to ellm:.nat:'é‘gsl':gili’159¥edh'a.'g@lhtl'd?ﬁz§hauﬁ&éfii§ht§5 r%ﬁ'lactxons
devi ces do not elimnate erroneous signals resulti ng from

the reflec- and other 1ligRtipgoChFLfFiasithkes ngeusedorhy i sBinyerGonuex

in the light- surface objects. nmmleéuafnwsy 19g§e1m;t systems for
observation of the ar- hi bei ng Vi ege Us%c

appar at us does Wof EitFf machine vision apparﬁﬁté‘%r Bhedheva dﬁal er?eartaﬁnéa
due to the refl&c6vopd73; 4,882,498; SofosaarWSB;s 5P €0i, 06S cundouSd:t)‘Ier,
specul ar ohj.ect .It o] ft I n tg
provi de a tho ile devices Shoﬁvcf’ aﬂpar é:t%eag?o ﬁfﬁ%ﬂ%sn F?ﬁg é%go Jcie%ct
to be observed generating mermmmiwgsmnmm,el sughdidefwiced
i1 1 um na- do not elidhffafd té’@r&@égﬁg gigagt_%gce ‘gﬁ'ﬁ'ﬂd from. the
conti nuous in na- re an or v portions
capabl e of gen-reflection of wméoatﬁ,ngomnmugrvromieﬁog%r@s%ined in the

Anot her obj ect pf ﬁ@ﬁngnuwalr%uss REcPEOALYE tD "Bébmit observation ofdthe
and appar at us for | ] und natin ecul ar objects to be

observed by%el éc‘ctr’cﬁl]rec bethgn 19 tfonad 3pRaratus does not eliminate
cameras, or hursrrobeeuger signadisei lgetdiﬁ:'albé@Ctd\hé ub- the reflection of

formy illum nata%jer@/s,a prelnm%r s o%.f fvoolt?is r%tn{ Osrzlae%zlsar objects.

It is an object of the invention to provide a method
and apparatus for illuminating an object to be observed by
25 machine vision cameras wherein a diffused illumination of
the object is produced which is continuous in nature and is
free of dark or void portions capable of generating
erroneous vision signals. N
Another object of the invention is to provide a methoc
30 and apparatus for illuminating specular objects to be
observed by electronic machine wvision cameras, film cameras,
or human observers, wherein the object is uniforml:
illuminated by a primary, off-observation axis source o:
diffused light emitting from an .envelope substantiall:
35 surrounding the object, having an observation window o
viewing orifice to permit vision access along an observatio
axis that is masked against reflection by the object.
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source of diffused light emtting froman envel ope sub-

stantial | oundi ng the object, having an observation

wi ndow"H X‘W%M ng orifice to permt vision access al ong PCT/US94/016%6
observation axis that is masked agai nst reflection by t he
obj ect. Anot her object of the invention is to provide a
met h- Anothed ehdeappafatde fmvenum nk$i Bg PFeVildE dHPeERdto
be nd apparatus for illumdf &ylfi'e(‘éﬁfé'bﬁsmﬁbl e

Vi si on carreras wherein the object is |f‘ﬁum nate by a dif fuse

emtting frd?ﬁs%"%fbé!bs%lrgﬁé&#‘éfhl‘axf“écél%sﬁélﬂaﬂt CERATES of §r§ﬁ hend

si ze sufficigided® D§0‘i&dem§.§€&b@ntﬂ}ﬁ|éydb!ﬂ!fﬁ@é@ ilight @nhbetieg (ffrdnhean
obj ect to be observed and an on-ob vatjon axis diffus Ilghh source

e
proj ected t %ﬁr‘éﬁtmgera\?‘éﬁ alﬁanHSW]r tf‘ne%??"f“??os@ & i oR2RY £
di ffuse |ighiizeoursneffdciemndt machi peoviiden alungtamtobsklyationifzds

whi | e maskin atjon ndo nst I o] ryut he
observed Obj gc uné’l]rgg?'gx 6? \rlﬁaoﬁ Jeé o?’btb%er‘ly%ée |%nrkl‘£s ;Hg{
provi de a mseotratibmpaut at défff@rsel Ilmmasougcsamqmemgﬁoﬁhmsg@r\?ébl
specul ar objg %te}wéfw wiHd RS wbg &ff[lw@érv 86A] xt.t.ged‘ill&‘?:ﬂ's‘éath%t

wi ndow i S .mas agal nst pos- ection omt e observed obj ect
sur f aceldpy tsl%qumtt@dﬂeﬁ'mﬁ dlachine f vésdon gﬁf&OQQré@gWQW%hHGW &¥%rfy

the observayingn &X g 6} 144 't{ﬁé’“%ﬁé’eé‘@ét%ﬂ a%‘?{dowb gﬁé@%' apb¥ seBual
to the intensity and character of pri-  mary d used |1 ght

i | | uni nat i n§eEREcEEPac £rom theAﬁbéﬁavﬁ%HHDeﬁﬁj é&‘trféFet he invention is to
provide a met lhod'eét?lchﬂ@ﬂﬁéé\t l&j‘éﬁt rraﬁkltm@ Viﬁveﬁtabaeriégt c@n xlaﬂwﬂowa
agai nst possi, ef | ection in ace served artjcles
projecting &€ "gﬂf{ tHOuAPRRE2 ﬁdo%/ iﬂﬂ’r’éﬂz D9 e MATHE O¢ n Xﬁé?‘g& er
to the 13 i nabgelrvad spbbumartat obgeths Ohj.ent a um.fStzln{ | dafidiserd objigbt of
the inventig v PRA

Plekraaho o a{,gge%gja ol % f 909 %@&gk;gec Ll 0aLbd 581

machi ne vi si ng surtace
wherein a bearfllgﬂtiwer Ezoanpltdyeed lesgrvpdct OdDJ#Ctt usedrfagmt Byroth a

fﬁtng]; ?bseiﬁékhaﬁc‘ﬁﬂi%o%é' NG e‘@”ﬂﬁeb%‘i{f@ rP”t?é giqa"w along
y an aracter corresponding to e primary difftuse
i|lum nati nghe observation axis of an intensity and character
20 substantially equal to the intensity and character of the
primary diffused light illuminating the object.

An additional object bf the invention is to provide a
method and apparatus for masking vision observation windows
against possible reflection in the surface of observed

25 articles by projecting a 1light through the. window
substantially identical in character to the primary light
illuminating the object.

Still another object of the invention is to provide a
method and apparatus for illuminating a machine wvision

30 illuminated object having a light reflecting surface wherein
a beam splitter is employed to project a diffused light
through a camera observation window along the camera
observation axis of an intensity and character corresponding
to the primary diffused light illuminating the observed

35  object.

Yet a further object of the invention is to minimize
the depth of the on-observation axis light source as;embly

by utilizing a curved beamsplitter. :
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t he observed object. Yet a further object of the invention is to

mni mize t NEYFEEFPI30f the on-observation axis |ight source assem bly by
utilizing a curved beansplitter. These objects are achieved by an
apparatus and a nethod as set out in the clains. The practice of the
concepts of the invenghen ;@é@c@ice ey i Ic&&euta:bhé@gtlsn SBChine \irSiéition are

applications with cts pecul ar aces, ,incl udi rfaces af
convex conflguraPFbﬂgréﬁa'sﬁPfg oﬁPaJ%?ﬁglﬁﬁnéYléﬁﬁg 0639339§$}9§ﬁux¥h§k
texture el enment sosgebtas having specular surfaces, includidg shmwfeces of

found in naterla%gﬁggﬁgtg§%gg§8§§§1 d al, fPi sy (kégwiégkg k@ﬂgveﬁumonuc

w Il be appreci ven | ve concepts sclose herern are
applicable té fitemveanand Gnacawcrdgvﬁpeﬁaldbdmhuhansnnbp@ci|@m0%95f0uﬂén91

as well. ey oPi 84l tQuEﬁb”?%h' @ﬁmb\é's%&f‘ %%x%i’edfoﬂ‘:haﬁé the like.

solder of a printed circuit beari ng , s 1llumnate
froma given si dtowgNREi vER H%lécpﬁoﬁpﬁfﬁﬁlﬁ&QQn%%PQﬁﬁh%bSéY?ﬂFFHﬁ gensepts

light diffusing $0E€8se@ el ¥Rt haket NhpplliidEs Ve Of £ o0bEENVAL im@¥hS anc
light diffusing source may take is the formof a translucent dome su-

perinposed over '?W‘tﬂﬁ%iﬁ'a\%eén hugan, ipspest i9n; Sy§Eems| gSeMeltat eri al and
i s backlighted by | anfise 06b §&€t deGE beiyadHlit &!0¢i 8ioh NBBE elrvekt, ckdéwsaagthe

hter i orly pro- ST P & PTMELE ST (4.0 BT Tor 18y PRRupike, I

nates the objectildwerindted tfreomoae givenperiideossd. gﬂmnhehzfmmdmatby ¢

the primry of ghsgrXAliee aibschgtbe {145 TEOUEARIR SUEa 1 On
of f - observati on foa:sm $hayHihis fmsmaag:rsgﬁfc@bﬁayvaakent hetJfSOerq}it aRyLEyping

able shape 290 Ycafrdo GRAYespaRd !ostherhapa il ¢4 26 A raRYigioetlt dom

obj ect to be observed so that the entire ob- ject to be observed, or an
speci fic regi onSHPeRIMPBELECt OVieF s RE an®PARCE uMitithi yis| | Germadd of ¢

I n either enbodiciFamisiuvtembsaavatian WA owsOh ki edhbeh 1@pHE ik TR
formof one or gpme mgy'lnclude an inner light diffusing surface or layer,
and an outer light reflecting layer whereby light interiorl:

20 projected into the dome is diffused and uniforml:
illuminates the object over which the dome is superimposed
Another form that the primary off-observation axis 1ligh
diffusing source may take is the form of a ring-shape:
diffuse light source. In fact, the primary off-obsgrvatio:

25 axis light diffusing source may take the form of an
suitable shape and size to correspond to the shape and siz
of any given object to be observed so that the entire obijec
to be observed, or any specific region of said object i
substantially dniformly illuminated.

30 In either embodiment, an observation window or windows
which may be in the form of one or more camera openings ©
orifices, or other zones of material that appear
transparent to a machine vision camera, must be defined i
the primary diffuse light source whereby the camera, whic

35 is located outside the confines of the primary diffuse ligt
source, may have vision access to the object that is locate
within the primary light source. The line of sight from tr
camera through the observation window to the objec
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era openings or orifices,or other zones of material that appears

t ranspar epgo $4019808machi ne vi si on canera, nust be defined in the primary

di ffuse light source whereby the canmera, which is |ocated outside the
confines of the primary diffuse |ight source, may have vision access to the
obj ect that is_loeaiesked tan nobserpat bonyakight Foupeevehte dHenemfesiaiton
fromthe canera throu&h t he obseryvas ow t .CONs |tut S

t he
an observat i orWE39Y £ 'b?%"\'/%’nta’t’ﬂegaﬁsg?vﬁﬁﬁh ﬁﬁ‘ov’(}e%l § ttJ‘(ﬁ’(%/vs Thfhe
t he caneras, fgmatséleﬁtthg fobgradthebsing aocbsefkveke caindjbemcbecm-gatmg a
observed, and e I I, yer sign di cati
fault, a di fftgagi.'dscﬁel él%t a%#r%%%?%% §§_Ig?; at iﬁ)‘h??g%ﬁgr %u?\%g IEl5eaa;1‘1 ggl%%tseerd
i s associ ated Might errMIPRY v%@ibhzwlﬁdéwftlétpr%’j eureed cbeatasPlithegn-1s

servation axig, diddigeddl | g0tn! hegesh bB%eqbﬁaewaasl W;%Bw dew agéotam t he
observed object that is of an intensity and c araQter stantlally

equal to the @EEFARIAFY4 gRR~ Béselrl’fg“téé’é’c b e ekt Erﬁhlthe y the

diffuse |ight spaéremt i wihadsrwSaﬁanwont f@a@%séuabeanwjrmv(shatamé of
canera(s) associated therew th, ar sked against reflection in the

surface of th@fobiBensdityy GRd thes%?ﬁ dpldsheegual to the
Accord:c nghyt hmﬂfnﬁed\gn@ntorﬁmgit tastvmtwd thel ;bszecgﬂaby the eﬁkemary
tions from erve egt_are pr nt.e a_true ca

recei ved capagr’%qs ghgg{:elsfqrrﬁeéf- aB?et‘l’hgggﬂ? JRRRET o B ?lﬁge’oﬂgggf’ﬁ@d
obj ect free ofaumd@xv(a)gnaasddmntearar(eﬁf)l egsssondatkd: hthérghithyg @reobseskedg
ap- RATALUS.  againel gbalide 40 dif BRT, Liglady 0beCt Bhel Soblobbe HOIAY

of a‘beam spl | I nc ing a partially vere mrror
menbr ane pel | peperyrdnbyr $dE |GARRRA oPT ppamareSf i | mcgsa:rrﬁ:ersglmmw mawhftea

has advaniageghs RaESRHdidd anﬁB@WCtﬁlﬁ' §ighR1Gerd Al Qe%ﬁ.@dtq%dsonﬁroﬂ
light generator, and a |ight diffusi ng panel whérein dif- fused
passi ng t hroubRet F??scﬁnf‘wg Rj ez Te s PrEVRRted eq%yatﬁeusarqq%zray "Signal

silvered mrrog Qécé’ﬁﬂ‘b&aaaphblléu@lf taf&u@a%@l\yatﬂdﬁéﬁyz‘%g?ﬂﬂw &bgdition
observati on ax he m rro Vi,ou c rrera conﬂnues to

ob- serve the® tbfastof’ﬁfﬁvﬁﬂf’ Earﬁ?ﬁl rszh sa & ko reflections

of the lighting or observing apparatus.
20 Preferably, the diffused light projector is in the form
of a beam splitter including a partially silvered mirror or
a half silvered membrane pellicle of nitrocellulose or
plastic film such as "“MYLAR”, which has advantageous beam
splitting characteristics in certain applications, .2 light
25 generator, and a light diffusing panel wherein diffused
light passing through the diffusing panel is reflected by
the partially silvered mirror or membrane through the
observation w;ndow along the observation axis. As the
mirror is light pervious, the camera continues to observe
30 the object through the beam splitter mirror and accurately
records the surface conditions of the observed object.
In the'practice of the invention, a beam splitter
similar to those shown in my co-pending application Serial
No. 07/750,257 filed August 27, 1991, now U.S. Patent No.
35 5,187,611 may be employed. The beam splitter light
generator may take several forms as shown in the
aforementioned patent, such as incandescent bulbs, diodes,
fiber optics, or the like, and in the practice of the
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curately records the surface conditions of the observed object. In the
practice of the invention, a beamsplitter sim ilar to those shown in ny
co- pendi ng application Serial No. 07/750.257 filed August 27, 1991, now
U.S. Patent No. 5,187,611 maybe enpl oyed. The beamsplitter |ight generator
nmay take severalnYORREECAs SRAMFah tRR2BSor POkl | opedupatent aqrkrad and

i ncandescent bujbsiagigdesos! i RE OBUitGhsdd theghtkepeany i pdderaeaet i aad
of the inven- tion contraol neans permt accurate control and variation g%am

the diffused |ixffieRhet Benthar BEABNFRIHYSRET et b§TERE FCaREIR TS t BPE
order to equat esgihirthennpsphetted @Wight ecbecdkhaghisuppliital ByppHedply malre

primary diffuse I aht, SQ e. As will be appreciated fromthe
following d scfﬁégég%%{iqghg 5855F5fus permtting the practice of the

inven- tion is rel atAsvetillsibel appreciatedefisione the cholpkowingi dasgriptignt
devi ces i ncapahll L,0i N ) thd diffluse [ : :

provi ded by thlg.'rxleen\C/gepré)gl%“%&ié ge?ﬂgEggg%g#e%étiggggéégﬁleecﬁ gﬁg g'v‘’aér?‘tﬁ:’.aj{gc(’ars1 31‘5
t he relatively simple and inexpensive as compared witiEPpPRECKERTFL

SHEET inventi | CPPL L ajgd fal l{omdg ' | @0faided
acconpanyi gqg} d(ra%v‘d@régéss \j\bﬁ%rei n}:ﬂ;é E?Ggfdfﬂ%m%n% 5@%&e@pi gtgﬁgggél??igongl £2lSe

i | 1uminatibh gdightoast Pre¥igeddby ntienidneRtdAlwi t h machi ne vision
systenms, namely Co- AHedl alfblreiiditiioNed N ébAsct sD ind Bd@ANUPes of the
LT on SRRl AT B2 LB g P col g afac 200 Con
inci dent illu-andmagebmpanying|deswingseheneint angl e of incidence,
Fespectively, | FI 1Y aha 3l ceiRcE' G8ptChLShftikionat Sonpinde 18,
Di ffuse I13un gackenrjesmesed cbn coon jupdtion witly machippl visies' systems,
et sorhiPeld OB oPEinl i L0 opt el SRR SR
and 9 respecti¥d}lymination, and Ring Illumination respectively,
FIGS. 2, 4, and 6 depict Incident Angle Brightness

Histograms, which are graphs plotting incident illumination

20 level as a function of angle of incidence, associated with
the lighting geometries depicted in FIGS. 1, 3, and §
respectively,

FIGS. 7 and 9 depict two embodiments of Continuous
Diffuse Illumination geometries contemplated by the _.

25 applicants’ invention,

FIGS. 8 and 10 depict the Incident Angle Brightness
Histograms associated with the lighting geometries depicted
in FIGS. 7 and 9 respectively, ;

FIGS. 7A and 9A depict two illumination geometries that

30 approach the objectives of the applicants’ invention with
simple devices that utilize a single light source,

FIGS. 8A and 10A depict the Incident Angle Brightness
Histograms associated with the lighting geometries depicted
in FIGS. 7A and 9A respectively,

35 FIG. 11 is a schematic elevational view of the basic
apparatus and relationships thereof permitting the practice
of the invention with a back lighted translucent dome
diffused light primary source, -
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FIGS. 7A and 9A depict two illum nation geonetries t hat approach the

obj ect i wesysolr»gche applicants' in- vention with sinple devices that
utilize a single |ight sour ce, FI GS. 8A and 10A depict the Incident
Angl e Bri ght - ness Hi stograns associated with the |ighting ge- onetries

depicted in FIGS. pis.ang 34 raspatldddy . det&l G vidwi sfatnehbeam cplitter

e mtting { AEd SRLISLER CARTY HASH | Th W S DRERS| PARERA ETURRELon,

| ucent done dhlef beach bpghttprlbaiygsshbwa in Eh@Gs s2ctdoan enl arged det ai
view of the beam ghld b, sler, tréguag}eqee"d 5&%& mﬁf{*&;‘f a?]Ué&‘Qvé& LQSmp%@qtik&%rof

t he i nvention, the 'béam’sp I| IS secC-
FIG 12A is amsed axrgeghgemacu)ica e@r\péue béarentdein.t t%’ﬁeumﬂf nSPFtétte‘”

practice of ngnbngﬁgghogn thes sgggg?ﬁplltter bei ng shown in this section.
FIG 13 is a schématic illustration o g aratuys prac- tici
i

principles of theFil@rentBonifhed cisCheBIFRr. 11R3sEFAL PR |‘?£urﬁ%‘l‘F6ﬁus
done enpl oyspaBciti€ing | ghle péhht:a?ﬂm; Suif a€Reanthwénoilbar whebein the
reflecting sur- face, ,and Plur aner as %_d observgtlon or 3

i fices are eﬁﬁ S%QSd light illuminat on ome employs an 1inner ight
RFPLACEMEQH SHEEIsin? surface and ﬁn OﬁESE-ﬂﬂqﬁt %&ﬂrh¢tihgnmmrfaabh and

el evational sectional, view gf anot her enbo t 0 0 g
an inner |igft BFPF&&I%& sJ’ré acPRE? 8i naﬁgr S’sesrvrr% ﬁ?ed §?\§%n &?%weagkgnd
of the dome emplayedurality of |anps are nounted on the ring, the ring

i ncluding a refl eg.&bnglgu fa(‘aec; mé@éi %; Fgebégp}: YpVRL %'tédﬂ%lo ‘;{@w

envel ope upon the inner dore “diT¥USe T e SUrT ace,
view of the anbbhereambofimpat ofan admefmmlmetbavepgmaa mn%elh'éek

of the dagne @fff\@sfaew@uffaés%eeei&' @ rlﬁgs i3 RAReeRCHOHe Viows Akend

al ong Section 16 - schemati c el evational view of

anot her of the dome and a plurality of lamps are mounted on the
ring, the ring including a reflecting surface for reflecting
light upwardly into the envelope upon the inner dome diffuse
reflecting surface,

20 FIG. 15 is a plan view of the embodiment of FIG. 4 as
taken from the top of FIG. 4, the neck of the dome being
shown in section,

FIG. 16 is a plan sectional view taken along Section 6
- 6 of FIG. 4, ' -

25 FIG. 17 is a schematic elevational view of another
embodiment of the apparatus and relationships thereof
permitting the practice of the invention with a back lighted
translucent ring-shaped diffused primary 1igh£ source,

FIG. 18 is a schematic illustration of an apparatus

30 practicing the principles of the invention wherein the
diffused ring illuminator employs an outer light reflecting
surface,

FIG. 19 is an end view of an off-axis ring illuminator
geometry particularly suited for viewing circular shaped

38 objects or areas,

FIG. 20 is an end view of an off-axis ring illuminator
geometry particularly suited for imaging square objects or

areas,
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embodi ment of the apparatus and relal e sihs gen Répieaof pernmitting the
practice of “16154/”3 ntion with a ba sl ucent ring-shaped ;
di ffused pri- nary |ight source, FI matic il ust rmfldsw@l&,‘a

apparatus practicing the principles nvent1on wherein the diffused 3
ring illum nator enploys an outer light re- flecting surface, FIG 19 is an
end view of an of f-axiBIGi ngli Lbusnnaingr weshef yapavffcakias! yingiie Jdior

. . . | . e : . d_vi f lnag, |
vieving ol Toular SlaRec phpget scaLadi asuiEle 0 Lemds epduterngl, ol Toor

off-axis ring ill or ‘geonetry pafticularly suited |rrag|ﬂ%

ob- jects or ares@PI¥q% S Xl 3=€&H end view of an off-axis ring illum nator

geonetry particularly sthtedof ofs | gaGdHerAGANgUbIatIbMad $PLLCLE Q..
areas, FIG 22 is a scg{wmat i c elevational view of a.si Ig enbodi nent” SF™plke
appar At Us andSt hETRAGARERE hPfs ThoPEBESRH { Ehflg T PPAGELORSORPSEhereny

invention with apgeamddtight athd rpredticento £ attee difvesetionr wirthyal bgbk lightec

source and an angl e plitter.d ed In line w t gbservation
axis, and FIG Z%ﬁaglsg&%g%na TE e?léfil)é‘fa%%agaé Plvrlllée% ojfj\g'é}gk‘ gﬁ‘}m@é h%?gs?‘f‘rﬁ’@lec
enbodi ment of t ndemspardtirseandocatedatinodshiepwithetbef opsexivatiiog akeés, apg

practice of the in- v 0 tilizi : [ r.an t -
shaped diffused pri rra?{/&%l grbh:%l is%u%cggg%ggg'cﬁgl %‘&Q%ég%ogxal‘il ﬂ%&%%ay%g Fipthe:
line with thd0obsdmpdiel @rbpdiment of the apparatus and relationships thereo:

Turning now to t ba 48tdiny ofnéhprac@URS of | €8 IrferfORiFt u¥2Li24YRg a bac
i I'lum nation geoietries that have been traditionally used in nmachi ng .
vi sion systens atdRftRd htaaRiiueeatci wpke-shapgsht ddffiusenti rimazy 1ligh

hi stogranms. For sexatR €and NahgGedl, béaOspliigiteld | Lot AQEHOASYELRE WithS th
enpl oyed to illunjnate gb gct 2.as it is viewed by elec- tronic nachine
vi si on canera 3. g}-@e&(ﬁ BE8%s8%N5From the incident angle brightness
hi stogram shxéwmn i n Fl Gurning mewctoaxtihe détadlsadbiforthsy/sfigupesyi #dGSa 1-
diffuse il- depict various illumination geometries that have bee
traditionally used in machine vision systems along wit
their associated incident angle brightness histograms. Fo
example, in FIG. 1, a co-axial illumination system 1 i
20 employed to illuminate object 2 as it 4is viewed b
electronic machine vision camera 3. As can be seen from th
incident angle brightness histogram shown in FIG. 2, thi
co-axial illumination system provides a diffuse illuminatio
zone 4 with a desirable incident illumination level tha
25 coincides with a zero angle of incidence off of th
observation axis but is substantially devoid of an;
illumination as the angle of incidence deviates from zero.
Figure 3 depicts an off-illumination-axis diffuse dom
lighting systeﬁ 5 illuminating an object 2 to be observed b:
30 electronic machine vision camera 3 through an observatior
window 6, which can be an opening‘or orifice or even a zon¢
of material that appears transparent to a machine wvisior
camera, such as clear plastic or the 1like. Thi:s
illumination system creates the uniform diffuse illuminatior
35 zone 4 shown in FIG. 4. While the incident illuminatior
level is substantially uniform as the angle of incidence of
the light increases away from a zero angle of incidence off
of the observation axis, the on-observation axis region 7,

Q



| umi nation zone 4 with a desi r &k $hettiips BeenRerildckduni nati on | evel t
coi nci desw%gligg}ifﬁszero angl e of i IIR '

hat
fifgpf the observati,eﬂngﬂ t
i s substantially devoid of any ﬂﬁ"ﬁurmts the angle of 1nci e_rfl@gpéj

deviates fromze- ro. Figure 3 depicts an off-illum nation-axis
diffuse dome lighting systemb5 illumnating an object 2 to be observed by
el ectroni ¢ macwhadshyiBasn acanengls offhrioughdencebARNRER:ORLAENERF D, IRATES:

can be an opegirp9agi sO ikl GEnAtaRYIH13y280802k BB Gnyali1uRA riiorear S
transparent to a machine vision canera, such as clear plastic or the like.

This illumnation systemcreates the uniformdiffuse illum nation zone 4

shown in FIG 4. Wrhle thagi nideninkthioei ngysoem exsl istsubsdmnéspbhying
i ncre

uni- formas the,gngle _of .ingidence of the |ight es, .away. fr

zero angl e ng ?‘ﬂsi"ggﬁke aé‘fgfleo;i”i H&E@St?‘?ﬁi’“axﬁg N A b’é%rgg{;?(ms
axi s region 7,an8i 6h despecti wigl,e mfovide sleacendfproachi ffuger bliegisesion
off-ax- is, i bst Lal Ly devaid of il l.umination. p i .
i1lum nation s?/cs’ﬁgm%a?l‘gﬂf‘?s %o ‘?bes(s)%%?lg}%gfyi H&l?egr#ma%épédﬁﬁtghlfgggﬁs‘iggtlon
hi stogram as Hepedt &hath cFrOSspondadt® rasipetantdpylypridve desmeg AlarRe nes
diffuse illumpati o] ' t I formincident

I1lum nation {T%e}?/ill ?ﬁ% gg%‘?‘éé\héﬁ%g ??%%‘gés]t%ﬁ%#%’??t he sane shape as the
ring illufi®nator 8 B&EFRg ehpl o{%d. 8, 8EyGF,79HA 1@ 8Rd 9108a shgwynfour

10A show four anbediments ek ihhumination systens ANE MItKMiss Coé¥ntemplated
tenpl ated by the present invention and their respective incident, angle
bri ght ness hi RBorBSEPTEFERE LRVERtORBRA hadFe FESRAGE Lt IR b 279Le
i 11 ujrination wysigitiess histwgyansed ofigseonFIE! | On sHowheacigamd-dhaped
L nat ] on A HderL, 8 Feode ™20 Lhe Rk kol LG O 1S Ml P
bi nati on @6 tlessomihination nét the Tpsaxialr dsliluminatboni ggsteq 1 of FIG.

e ok i AECEE 0L 1AL O oD ELOR R VLI Gyl
substan- tial IS @fi fGn i Aci de®hei Idaphinat bon| efel theseshw i id lumimnat ion
angl e of incidg%%ms results in a lighting environment with the incident
angle brightness histogram shown in FIG. 8. This
20 environment is characterized by a diffuse illumination zone
4 with a substantially uniform incident illumination level
irrespective of the angle of incidence.
FIG. 7A shows a simple, cone-shaped diffuse
illumination system that approximates the results -obtained
25 using the embodiment of FIG. 7. This embodimentis comprises
an off-illumination-axis diffuse conical lighting system
similar to the dome-shaped lighting system 5 of FIG. 3.
This embodiment replaces the secondary diffﬁse light source
with a simple beam splitter that is angularly located in the
30 observation window. This beam splitter arrangement thus
operates to reflect a portion of the. diffuse light projected
‘'through the cone from the off-observation-axis diffuse light
Source, while at the same time allowing vision access to the
object being observed by an obsérvation means that is
located outside of the cone-shaped diffuse illumination
s5f5tem- This embodiment results in a lighting environment
With the incident angle brightness histogram shown in FIG.

3s

BA- : . . '
This environment is characterized by a diffuse
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FIG 7A shows a sinple, coriisshes @dl | lu- mnation systemthat
approxiﬁg&ﬁz,%%e results obt ﬁm g e enbodi nent of FIG 7. This
enbodi nprises an of axis diffuse cthrggl | i gldl
systemsimlar to the dome- shaped lighting system5 of FIG

enbodi nent replaces the secondary diffuse |ight source with a sinpl e"‘
splitter thatllamipgbiap ZPRRatfedVihbt e SF3Ghrnesm WerdQWw. ‘th s beary

splitter arr ﬂiothﬁoOpﬁ{@.t erarosmegkeoﬁ_tg peEt '%Ofbet he de fluge
|'i ght projecte th the cone fromdth &P %g_fer vat | on-an ssmﬁiftf:gs
li ght sour ce™ ke 23R8 Prfnﬁegflfz&\ﬁ F A5 Bt fadespmresphg,

bei ng obser wate bg/n@nesbsér \datciidentearsssdatated | 9tahedheutnsiage ¢

0
cone-shaped (i f f m ngt i S ment esuPS‘%‘qem a
li ghti nggenw ronlrJFSe’? &‘%\ﬁllgh t%e ?%glﬁ%e%gmar}:g elsbf‘l;%ﬁgness ‘Tﬁ’é{%@?amm wn
FIG 8A Thltsra;kﬁmvssewn@m ira tobrar avf erdQe80byrasyiltisuséni | bunipgaion zone
4 with a brigh} ﬁgel Jgggﬁeggrlr%eg oggrtéo(r}utb ﬁle_ahr JURH] vﬁ’;?‘lof
reg

t he beam spl | tter e e zone of duce tness t%?résmnds
to the angl é’§1'cﬁefi?lc&i"e¥@éta§§§m be¥glyi 2FSPR aFEsn é‘ﬁ-ltibctérh%léora '

ple, a beamcwﬂetsyon\a;h@ &d Q;Hee@nﬁ\jl(‘e%tdftixiﬁfdéz&.% Vi d30d Bd ey Qf
results in a light q_'enwronrrg;& char ac- |zed a histog rams owen
50 per céhit ma&htﬂe& teXel 18 jvd‘rtﬂ "e"se’c':o?‘ﬁegpéndbn@ to

the angles efeflmel:dmeet@s-wenamdsmhyt h&tﬁeﬁm‘t&pleﬂﬁl&fyed,l eVl se il 2@

beamsplltter wi th a 030ref|ect nsm Vi t Ion, i.S
enpl oyed, aSPUGRPPRT ENdSr SFTENES h@ ez?t"e‘d'&’t"ﬁ' %c?%icpﬁ)‘eq%ﬁﬁs
bri ght ness Ilewell mrres;smtmglgtbo the angles @n‘f |mcdéeneeamc&taeddvm th

t he beam sp e I pi cts another enbodi nent of the inventio
wherein theuéghaihgl beFF % FI on‘systeml| of FIG 1 is conbined with the‘

ring il}%umnation BIGt¢ efh Slemiqyss agothesr ambedinertit ©f thet iimyention

diffuse ri n%e&qu n@séoeo&&%ﬁm Imulnaaa&aw stoRMaNt ogr gated By jghis
systemis shown he |nC|dent ang bri ght ness i st ogram

-10 - showﬁ°¥“h’-PFé wigh \Jhe ering %ﬁ%ﬂqt&lqw %!‘nﬂ%?‘mal Rf -FIGent in
i 11um nati ogrlevel tos dfebecd O¥ehtdnuRRAT f HE FERBeONring illumination

system. The lighting environment created by this system is

20 shown by the incident angle brightness histogram shown in
FIG. 10, wherein a substantially uniform incident
illumination level is produced over a specific region whose
shape and size is dependent upon the shape and size of the
ring illumination system. .

25 FIG. 9A shows a simple, <c¢ylindrical diffuse
illumination system that approximates the results obtained
using the embodiment of FIG. 9. This embodimentis comprises
an off-illumination-axis diffuse lighting cylinder. In this
embodiment, the secondary diffuse light source is replaced

30 with a simple beam splitter that is angularly located in the
observation window that is formed by a top opening in the
cylinder. This beam splitter arrangement thus operates to
reflect a portion of the diffuse light projected through the
off-observation-axis diffuse lighting cylinder, while at the

35 same time allowing vision access to the object being
observed by an observation means that is located outside of
the diffuse lighting cylinder. This embodiment results in a
lighting environment with the incident angle brightness

1n



whose shape and size is depena' he B epldgehe and size of the ring
il um@@tg‘mmyst em FI G le, cyli ndr!p@],ugj,i,i‘u.s‘e

illumna- tion systemthat ap results obtained us- ing the
enbodi nent of FIG 9. This enbodi mrent com pri ses an of f-il.lum nation-axis
di ffuse IigftiRg c#d‘ ”dﬁﬂowh” 1tghi %leé‘rbod*ggnt ssecoggggrc gi{n{g,pg_se fkght
source is rela with a sinple beam splitter that 1s angular

cated in th@héb‘ééF?Et’-FSﬁ‘ \Mmdé)wdtlffa‘-tusi% biupénagiant cﬁ?n%pénlsﬁg’ﬁlrﬁzf hie®

cyl It nder . fT?lﬁécge?? wial;ttero arraﬁgﬁ;@{@ﬁ, t hmuslspe{ﬁtgﬁe#?@ Léi’:kﬂﬁ:{or&nent
por ion o e use L ro- ecte rou e 0O observat.ion-axi s
di ffuse Ii g‘i"ﬁf"i‘ﬁﬁitﬁylai n‘&é?Pu leud'{m’t%tka?rezﬂ 41 "BvithgdviRF P BReREs

to thg <sb{c eréhvbg ]rct@dmtmil vﬁd lp;t@blm Vv abi ﬁ&h%ﬁ@&gﬁdﬁsi&&{%aﬁedthe
out si de of .the di ti r...Jhis,e | resul.t

li ghting erRﬁ?’BnﬁBﬁnl%% g‘%’ﬁ% H‘é’ﬁ?‘ ahtf %‘ Sght h&s ﬂ?steé"grarﬁﬁ'ﬁom in
FIG 1° Mcﬂéamenhyrmmmmhhenacbér mml bYAa ditfef usene | bfi- redued on
zone 4 sim t of E er, .th | i g SV

exhibits aﬂﬁq%grelglg Iuér)n na ol(i‘orn éz)% & wi £ ra}bgeri gah eés{:I Ige#’ ?Jerc}{eccf in
proporti on assadiatead aidh éﬁievll'-te,amfsnlﬁé'-ﬁma-m solitter enoloved nuch like
the 'igbt' Ng envi r (fRpi ; g4 edl e%é@%xﬁé"@z@ ﬁgkgﬁ@tenfgnt FIgF ThompBaen@ne of

reduced brightness 4' ‘correspon Ing to the angles of incidence
associ at ed X4 EFRE bagmoney| ?fol?e#lment £ &hei f+@1ﬂe§‘éheﬁat%n%ﬂ>sﬁgérﬁent

01;] corrponglrstgow]fill m\% ret¢ Ng 1qr)e ﬁﬁ@??h?ﬁr%h@f obfje.gﬁgveat Ib@hwewa SbyS a
snown I n rein onj €C (0] e VI gwel a hma I ne SI O
t el evi si on MEGHETE |‘§f?1‘18f‘c §VHSIRR SHBEEB;| &5 HPLIGHFE n]a¢1 Y, q'rhﬁ t he

practice obbtjeet MgN-whHidm, no¥amd Iy Ncinidehe phwmeé eneeubarins’unﬂtam,

h h d f f d d, h
bl | bbhri MG bt FEERARE pACRIAT) Bir {SEECOORS UFFRES antiPOPL B | EB an

[ rregul ar. Sbldpmeﬂl zsmxﬁaldelsgwf raatpmmte’d; oisowik yoardaneraai sphexticd lat
obser vati ofikh Beatise fRMREr i HacKipCRTHE fdoOr U SeRe TRBKE Cand
t he obj ect of@ebwy ihke afinema 1zresuﬂ-@n: tag mepofdabl ¢ompiguragiome obSect
10 for flaysewd@VpPVe cdmErPPIGHi¥ @y "BY B9 FOr 13y ¢Eslifg 'SASeHe
20 object 10 by the camera 12 occurs along the observation axis
A as indicated in FIG. 11. Usually, the purpose of viewing
the object 10 by the camera 12 is for the purpose of
inspecting the object 10 for flaws; however, the observation
may be for any desired reason, such as for purposes of
25 machining orientation or assembly prior to subsequent
machining operations, or reading printed, inscribed or
chemical or laser etched artwork. The concepts of the
invention are particularly suitable for fldw detection in
that a truly uniform lighting of the object 10 is  achieved
30 wherein significant variations in light reflected from the
object will result only from localized surface slopes
greater than half the incident illumination angle, such as
are commonly associated with surface imperfectionls, and not
undesired reflections from normal .deviations in surface
35 geometry that are not associated with defect conditions.
In accord with the concepts of the invention, a light
projector 14 is incorporated between the object 10 and the
camera 12 within the observation axis A, and a substantially

11



such as for purposes of machining orientation or assem bly prior to
subsequent -rachi-ni-ng operations, or read- ing printed, inscrihe o _
chem cal or |aser etched art- work. The concepts of the invention b\ L
particularly suit- able for flaw detection in that a truly uniformlight
of the object l@nifoxohipevige nypherldivmigiagriion cxhttheardkjeonsiond iaggg?me
reflected fromth | 14 | uht I N | z surface
greater than ha%f %tl%g*ﬁ%?%ﬁeéntbléﬁ ﬁ%%ﬂﬁaﬁ%n#%%ﬂ?te?éés%cﬁgtgg 8F eeRveAmpal ?
associ at ed wi t hlogatese duggerthatoRigct okl Adt W&aéeélier @PRrsidiatedt Eg&? irh
normal deviatiofg,in $H&f RCAGAUMIAY 468é 26 My BeSAHdAKH y¢th, de &d8.
condi tions. In accord with the concegts of the invention, a I?Jg‘?ﬁded or
projector 14 i stFRESEFor LB Shet IEeMAhe®Bhj DRLABL AR RIRSE A Thewijihi n
the observationwhsrebl Pigh® pulsi®ariietéyhupighr MPruAREY il | URL pati on 3
of the object 1% isd:'g)chi eved bé a transl ucent b? Ié lil t .hem sgherl cat'¥gme
or envel ope 16 B&a SV ?c{‘ﬂ eSbfé‘cth%ssW e & p‘?t‘eﬁ?ﬁ? 3 F?Yﬁﬂd:h;@e

11. The transl uckgectod® Bhdrman bsexvemia winddedoor opeadngd 29l agse,

may be synthetig. plasti e Li | i ' re-. t hr ougtd
is uniformy di ??ulgg% dpeid d%ﬁé{’é?ﬁﬁ@@@%ﬁ?%ﬁ%ﬁ%ﬁ%%{% %’."s?)o%ed The
toward the ldbj edeme0léndsaihldypdpasedofiramntde Feagpdy iy H0dasl iftqr oEdLdnpg
the done 16 to c ts hON ' [

T um nat ed oo s Reorany by ol Tacof AT it (9 Ele flome 16, ande
outer surface othipeldght 6 Mffysed| 2pft epdtsi (HaARthddisneEs SREdacd ha
i nner surface &P 0bhé heb§eLECL0100t AniiBbEALH Y 1ilhkiHakal @ Heh@bdleceClo 16,
for observation g/ t he cam;ga éﬁ | f JtS%e obj ect 10 includes a shiny,
specul ar sur f acPIEEVRLER PHNERS FAURTR) 201 der, bal | bearings, reflective
packagi ng, 13nd the |IRethéhebgectato dhciudesaa shiey!, spedculaid surfbbe, ag
I mge of the do ervation_w or | ng hr.o s\WhLch t canera
Vi em ng occurs %?%ﬁ‘g§axv|'§£h. xé“e%g%}gi gﬁf’ afag}ém' Pt%% r%%@%zﬁ:géw n%%gvlifgtwe
wi th a convent ipackagingni andi thedddke,t thenisukfiac of | suahbpsar chjeatdaikl

dead (O 63 10RLah ¢ :
Che camor b wi| £ SarRes (Fad GAHOEC P, they Rele® Il 9, #20U08 of  oéfling

unl ess the caned® WRRAL | WhiehFReMeIMERR | YHOVENGhPSCUERIBRORES REESi Bn. AS

the cameraspr oM iSHer 6§ eRGrwiRGOWronl kdel ivithddsw 20P0LERCAI @Bn9entREnal
object 10 co- inciding g\btlg Eihe obServatjon axis A wll not be sense

illumina ome, the window 20 will appear as a dark or
dead spot in the dome 16 which will be observed by the

camera 12, and the camera will sense the dark reflection of

the window 20 as a defect, unless the camera output is

25 programmed to ignore this window reflection. If th; camera
program ignores the window reflection, an imperfection on
the object 10 coinciding with the observation axis A will
not be sensed by the camera 12 permitting a ‘flawed object to
pass inspection.

30 To overcome the aforedescribed problems resulting from
the reflection of the window 20, the light projector 14
projects diffused light through the window 20 upon the
object 10 along the observation axis 'A. In this manner, the
window 20 no longer appears as a dark spot upon the inner

35 surface 18 of the dome 16, and as the projected light
emitting from the beam splitter 14 is of an intensity and
character substantially equal to the primary diffused light
passing through the dome 16 as generated by the lamps 22,
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- 12 - by the canmera 12 permtting a flawed object to pass in- spection.
To over cone-the. af oredescri bed problens resulting fromthe reflecti-on -of
t he wi ndow 20, the |light projector 14 projects diffused |ight through the
wi ndow 20 upon the object 10 along the observation axis A In this man-
ner, the w ndgie 28ome 1engerfaeaeaESdaskaoéaaleasap@ stpprarddea i ties snifaee

18 of the d 6 t t t f
spl ?t ter 8140[3?% m’arﬁg?ﬁ?‘éngg t §§éﬁé§ gﬁgf' aébgf‘ssggzzl(‘e?ln? r Séne%%%éfsar%xhethe
pri- mary di féhpedt| ightcpissidynghndugh the @(haazrﬁafasogemxza adediBy the
| anps 22, they %oé’%e’l@ 5); {ﬁ{ e zdé”i‘z or dead spots and a true uniform

0 ec

I1lum nation 0 1s achi'eved and defects on the object 10

coi ncidin§ with thenobRerpaefenrasi smpodinenps, déhectld@hty RIRIAGHAT ekh 4.

In the preferg %&ab%dw@e& ahhelhbqnheer%l %ﬁlﬂé bs anb%mc'apla tx&iefr@ﬂd
i ncl udes a housi mrror 26 1s |located., The mrror

di sposed at &P ahyl doGRERG esp'{él&? ROTERE Qs dMasht PBn LhSROSED A3k ?Heaﬁ’i%/']r%r
i ncludes a fage 8 rdispreredrboviend e erara ford 2 aatlis aAf,acendl thepasattor

toward the objegt 10. The surfaces 28 and/or 30 e conventiopal | provi ded
with sil vered‘“:%’ﬁdrlf?, %r‘g%"fﬁe%a/i ésPPéﬁ e GOWRATE %%t?\%’“ﬁf?rg & Face
constitutes 3o hiispoaidddoward wHecsb pct a1 i ghThpesurfaces 28r faarcb’or 30
wherein |ight t he r 6 t | 1

observati on Sy?he can%’&gg'%’%‘rllﬁ’d rggvp e% gégg: s% r1§$+lg§{is ?ﬁ%géisf’f used
| i ght gener - o&hedWiset mm.spwhereml that migwmose, 2 Gisconsbitubesr bosd a

Al ternativel %I e £1% Q’I"'lﬁkaf% osear oJ ﬁgg'?‘?‘n ﬁét e |°Q:ﬁd RY: £ A fwﬁ&.\éq_rned

menbrane pel [licle of nitroce such as
whi ch has ad¢aghi- ﬂ!}éfo@%ams&plmhtthg vharast @6 finam the cebiafh ABprloéfa-

tions. B4 heppdRirssdtd oSl asHd1e hGRPSPhiztt eanl I b8le 2R e 2ir Oxided
in a curved conflgﬁ:ratlon havi ng a cqoncave face di sposed t owar ds both t he

obj ect 10 andefrhe& Fgmh%oﬁiééuaadaﬁagétcms%% BYs & PeMarBLither
the observat Laghteatfardd) Clis Mutee UTAILWI VI smae&azwlazens, stiggnbieam

FIG 12A This, cppliodiatlon o Uge ¥h.mddl S8 £409° 21 L0ghdgaty2agkes
pellicle of nitrocellulose or plastic material, such as

20 “MYLAR”, which has advantageous beam splitting
characteristics in certain applications. Either material
used as the beam splitter mirror 26 may be provided in a
curved configuration having a concave face disposed towards
both the object 10 and the light source 34 and a conyex face

25 disposed towards the the observation means, which may be a
machine vision camera, as shown in FIG. 12A. This
configuration provides an increased range of incident angles
for the on-observation axis diffused light source while at
the same time a reducing height of the light projector 14.

30 The light projector 14 includes at 1least one
translucent light diffusion panel 32 formed of treated
glass, plastic, or other light translucent material capable
of evenly diffusing light cast upon the panel 32 by the
light source 34. The light source 34 may consist of a

35 plurality of lamps, diodes, or optical fibers, capable of
generating a relatively uniform panel of light cast upon the
diffuser 32, and such diffused light illuminates the mirror
26 and is projected in the direction 36 indicated by the
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on-observation axis diffused |ight source while at the sane tine a reducing
hei ght of the light projector 14. The light projector 14 inclug
| east one transl u- - 13 - cent light

di f fusi on pan or a other light %
transl ucent erlaﬁf C%F};;_d%rf c&)é%iégg% : ?I%Ff u%%;é‘f ‘? c35ts uben the,
32 by the Ii glbﬁ apnpreciPed THRat | §he é-(}m*‘@e W%@l%@néﬁsnsofcoax@ réﬁl

of lanmps, di odey QoiRlilded Withelthe C@mbkea@iogeaﬁiathng Thel gl atlveﬂism
uni form panel of Iight cast upon the diffuser 32, _and such di f"ﬁ§e§fltg

i |l um nates t AdSRI% or2626 ighdsuch pr:tfjae‘bt d'¢ n IhEfusedct 1dahse rafigcqt e

by the a(r]I rs)\rll\lsthe‘ﬁﬁhf?%bmﬁaaghgt utreawtsggeolaseryﬂﬂmm S:C'Adcdripllédél e a 9

preci ated that . the light |rectto i.S coaxi an in

P o L R d a0 28630 2e® 0B Phalt KLk, N 05 Y

di ffused Iight fli&flle@:‘t editherthe Hﬁ.«fmxmecﬂ\glagm\/vseﬁﬁttingufhm eatlfggg e}r

conpletely oc e 0 0 sych e Qw 20 w1t
CPHRG, L R CLIBRL (RO £ Dlte Y ROPuHURRREORS Tt

be "filled" use tThg from user
| i ght source 8he |Xight| Pb‘@)tﬁm:@r-lst béd thight t Isouznaght 3pr cﬁlétt srapélubight

sour ce 341@ndlagﬁeshu%%ukmh' gahed! UGN Q@nsbgégtgaylhesa%ustgqp& ang

si ze, shape relative proximty to create cohtinuous unifofm
nmi nati on acr o5818bj¥et BreKiRitYeF@nErsREEs CONtINUPUSE andfiorMdridiuRination

di stances.  ac#B8s! idfedt] S£t Al rkdrend! Wlpfea birOhit abEAEOEAHLPIRRK1AS
and the intensity of the |ight generated by the |light source 34 is

adj ust abl e by®t#e2PFGHt control rheostat 40 to ensure that the intensity
and the character vhet héghtgpto3ectbk! 1heiaghadest hallb.xgheqlaaalsotnbﬁdga panel

primary light |ffu by ihe 16 .and cast on_t he 1

e 5215 38y BRECLAY LEedErBy LB DRl oHP B ehdSaRU Sy (I midhe

shown in ny B&irfat éﬁt J.Bjoai'%u$83b6§1byanma heidgletancent ol erheostapt 40sliown

in this pate LC ble.i By 4

Fogul ati hg thEPutn, hstone %fﬁ*ﬂﬁ’i“‘-?g st FHe RMLLA L or theMigne 36

wi ndow 20 wi wzbhm substarhibrlly cequa atact:h,e pnémérMeiighghmtiéwdc&yt

upon the obj etfe IdbméNt tdHd Ui tOTugdif tHY WY jet AV ERPIche: UMM &2, el i mi -
20 The light projector 14 is similar in many respects to

that shown in my U.S. Patent No. 5,187,611, and the beam

splitter concepts shown in this patent are applicable in the

d

instant application.
By regulating the 1light control 40, the light 36
25 projected through the window 20 will equal in intensity and
character the other light being cast upon the object 10, and
the use of the inventive concepts completely eliminates
false readings which would otherwise be picked up by the
camera 12 due to the reflection of the window 20, and the
30 camera therebehind, as reflected by the surface of the
object 10. In the practice of the invention, the window 20
is neutralized and a truly continuous diffused light source
of the object 10 is achieved eliminating false readings by
the camera 12 and permitting a true 100% inspection of that
35 side of the object 10 observable by the camera 12.
A variation of the inventive concepts is shown in FIG.
13. In FIG. 13, three dome observation windows, cameras and
light projectors permit viewing of the object from various
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nates fal se readi ngs which woul d ot herw se be picked up by the canera 12
due to'the™reftection of the wi ndow 20, and the canera therebehind, as
reflected by the sur- face of the object 10. in the practice of the

i nvention, the window 20 is neutralized and a truly continuous diffused

| i ght sourceanglelse cab}dacthéo distf fudedvdd giit naurceg demeeis interiorly

pESQGhQQSa byotRe CENES e la At rrbfft | mBohENES

100% |nspec% 8n e of the object 10 observab y the camera
12. A vhhant ttmt owoweblwehth v*éheoméaﬂsemsns hﬁmwnnm FF&G-131.

FIG 13, three dogg Qbfeewﬁgbamm\efn@docy@ FIGAMEL 35 %@ﬁh drgéﬁt@r@hmu@rzs to
permt view ng of the <J?ect fromvgélous angles 1:&)(%Sdlffused |I§%
source déme tHASSENRFITHIVSHY gASFEIPERofRe & Ye BESBASFy EB
conponent s t{peséhajonpasaseit © \Sundtdien aimangematine shadenuidd G tbl. that
In the enbodinent, of FI.G 13, corrponents simlar to those previously

descri bed ar®®IPRARe? PP prines, and these conponents function in a
manner identical Ip FhGL d.éscrtﬂ:ed:.h]boménating Idonfel G2 135 tllocatddindeve ng

dome 42 15 11068 o800V 0 NG O LCLL30 LA, DS APIY Bongl 2! G NIR¢2ag

i ncl udes an Thner- fem sp cal Tayer | ective paint. The
const r uaoi ommsegubhmlll-’ra’hemigml chayegp-“onof heiffpse smefheckive GfaiMe.

dome 42 is diid Uéshxtfg?tibﬂ%‘gd gd&&@réﬁ tuwanfth%a% oaotheprlwéy ng a

primary illumnat]on simlar at achieved wt he em ,k bodi nent

of FIG , 11. interfgs @anﬁ%uaéddaﬁHSPﬂVeeeé%@m it Hdb WPrs

i ndi cat ed ate i, obJertd 28: arwlr@@@awe 5@ T ikE3SF| atednsiddt Yok amr fedy’
and light projector 14 whil e penj g’%’t I‘OVI es, an obs%g F{,ﬂaonlw ndow
es

for camera FAMIMAF I5HLAS ﬁ‘-‘éﬁtedfedl brcess
for theigbservatirTie agdme M2 8k b&evtlaeanvsim mﬁeeaoﬂae reatdsnocdiaides

i e L HE HAESSL & g, s i BImIhd [ Sn S 55 19 WIGOR AR,

toward t he iwiitdy isorcametdel2bmand? ldghlt tgmdjedtor €14 bct whelkappendsig 52

receives th%ﬂéé¥3e§"¥ht@gééféggig§ window for camera 12'' and 1light

projector 14'', while window 48 provides access for the

20 observation axis A''' of the television camera 12''' as
associated with the light projector 14''"'.

The primary light source for the dome 42 is provided by
the lamps 54 located adjacent the object 10' and directed
toward the interior of the dome 42 such that the reflective

25 layer 44 receives the light emitting from the lamps 54 and
the light reflected from the layer 44 is diffused by layer
44 for illuminating the object 10' with a uniform diffused
light. By locating the lamps 54 adjacent the object 10' the
overall dimensions and relationship of components is more

30 concise than the illustrated embodiment of FIG. 11, and size
and configuration advantages exist with the embodiment of
FIG. 13.

The light projectors 14', 14'', and 14''' of the

embodiment of FIG. 13 may utilize separate lamp controlling
35 rheostats 40', 40'' and 40''‘', respectively, whereby the
various light projectors are separately controllable so that
any minute light variations that may occur at the window 48,
50 and 52 may be accommodated. However, it is also possible
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| anps 54 and the light reflected fromthe layer 44 is dif- fused by |ayer
44 for ilwmpating the object 10° with a uniformdiffused | ghtv Byoyg
| ocating the | anps 54 adjacent the object 10' the overall dinmensions and
rel ati onship of conponents is nore concise than the illustrated enbod-

i ment of FIG tll, camtlest thand;gmf is;wz&iésanoﬂduaet agereee Xl Bhiv pho -g@thc .
14

enbodi nent of FIG_1 The r j.ectars 14' and 14" of [hé&
embod- i ment of® rﬁﬁaﬁlf’na’iﬂ u?lF?‘g gpgjﬁat &9 FEPIHETT i HY %ﬂ'éb%‘f‘a%%ﬂes
40', 40" and 46t ,F:nGaspleict icoaltyol\ledr bbyat lséngle rheostat 58.

- 15 - various Ii r IS e onEr t
mnute |ight vari gt | oegséytq?e#&nafaf(’)?cﬁer yﬁnﬁ%weh% g%ﬁ gm{a)g@ OF%
accormmodat &d. lovkwe éfdenticpd a'-losotlp@%l Qﬁéctr(;%n%‘é@v?hé'llthgmem&%

of the three Izght 10r0j OR{Or ShddrPRE Ho4 eéxby éfC'eraQ:‘H to SO h &St Kk £ éﬁ&@pt ed
in dotted lines in FIG 13, controlled a single rheostat 58

concepts of tRE sheresteh beward é'-l%o‘i’l?ﬂa?ﬁt oPTFIRRIaE § BEj dethsreat 1!,
t][lotSE dteﬁcrl bagdakqye ubgé "o%?lé%@{ath%d;'ﬁn&éw 'Eh{[c}:dlhﬁ?lr)%lﬁﬁ.bﬁn e@anst@{m.ﬁt%
0 e three caneras is diregted towar e o or obje er es
10' and the dSRSeHYANRIRR i BFLR nBEWEPRSoudh ﬁ#gﬁegac‘ﬁlEgrre‘i’afg‘ﬁ%ava&’r%
axi s extemgs pzofjieldtadi Wftbmdlﬂﬁelsa’héogi‘at@doueoqm fprmﬂéd:neonsssam asedo

| i ght projectgr.so el i.ni nat ad ' er w se
exi st due to g?iéa ??’&gn f{{},t %ﬁgw‘nrg?aceig?‘ "L ec wé%?e)%% die
wi ndows 48 - ©@. thet rre@mmnorﬁrlom |theri 1t face doﬁesxxet b jedtstldiceoHfthe
D oA LY hiaBRLass! O ROy oy Ol 1 BRa 000 buh bARIA AdE  the

angl es al so resu in a ralty ecte dar ots
presence of tﬁéléfaGéF?anoh mlnaathnofhtsam@ﬁé& mm twvmeem%dw

of false 1rseadbl99§cta'§(1-oinh‘ira‘lq%ﬁi§3'A:hc%}{es’f a2yer ke d | gysal Blh&%lqliiﬁrd&ed
object. In the Eractlce of the invention regardless of the nunber of -

wi ndows f or mreBeFhefhed(8aEkaSPERS ARsuLa iR RESFERCEOPT: fbepRRFSF Rt ion
obj ect is prowifgdwandimnyhehadome oinclbeksiall echeonsike Dhnbbd C&)fecﬂallsﬂz

W reps resealalhgue. a0 ol LSLLERNH9N TSAMLOLRUBAT 4149 Bn' e
observed object. In the practice of the invention

20 regardless of the number of windows formed in the dome a
continuous light source for the observed object is provided
and any shadows or dark reflections from the cbject 10' will
represent flaws, and not reflections from non-uniformities
in the illuminating dome structure itself. -

25 In FIGS. 14 - 16, another embodiment for illuminating
an object with diffused light utilizing the concepts of the
invention is illustrated. In this embodiment, an envelope
or dome generally indicated at 60 is formed of either an
opaque material or a translucent material having a lower

30 bell configuration having an outer surface or layer 61 and
an inner surface or layer 63. The layer 61 is internally
silvered, or the like, to function as a mirror or efficient
reflector of light, and the inner surface 63 constitutes a
light diffusing layer whereby light within the dome 60 will

35 be reflected by the layer 61 and diffused by the layer 63.
The dome 60 includes a lower annular edge 62, and its upper
regions include a cylindrical neck 64 open at opening 66.
An annular aperture 68 is defined within the dome 60 at the
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In FIGS. 14 - 16, another enbodinment for illumnat- ing an object with

di ffudeQosigas utilizing the concepts of the invention is illustrated. In
this enbodi ment, an en- vel ope or done generally indicated at 60 is forned
of either an opaque material or a translucent material hay- ing a | ower

bel | confi guppet oneddonngfanheuberl ls pdfmcions angeanté lacd ran licmametaf ace

or |ayer 63, c]_}pe Iayaertg_,}eb iQ er @441%%,5' ¥gr%§,t ,the Ié&g{a},?é@ ftgnq;é on

as a mrrors i cl ent e i nner ace
consti tut esltzpaﬁqﬁtam‘f# l}'shmgm!@s/eﬁo vﬂh@?é@? awnﬁwmammwm%w# I

be reflectgfdiy the LaVerofleRpddehbl kG PVrdpretayesd68y ?&Bet@@rrqmas
i ncl udes a | ower _ann

edge 625 antf i tsTBBpQLSFEQ'PSﬁgnl Rifdea s E§PFRAFPESE R¥citingy 3Beﬁ‘5 fin

openi ng 66.a1Agradent aritapaidira gt iefectifgnodjebthts blee idaumitataid t he
upper regi on f the pell %ortlo?2 and an el ectronic canmera, such as a

tel evision? ar?ﬁ'wa? Aot &ﬁ adapted to be | ocated above the done
60 havi ng an obsver\ba!anonswllmmaeg(l parmitdllpe akiveriesi ohitdmoxonet 6G sas

[ ihes 70 1 Rt RLehiRCHE, Rtk of SEESPRPRE T gl MEPLES TR "EnY
il um nat e@baqrvammmas shd\lwe aiggor 74 maky beemespleiddedgipart tilel vy

silvered mMylQr &4 LS iﬁUﬁge(rjo\grt%Q e}@gﬁgeqr?btﬁ%cdgéép(&%e e necqc{zgl eato

t he observatlon axl s. dinto 64 as

at 76, or BiNGAdieyatefichkamps tR8/ne iucm may al ¢©9S§ﬂ-tl%s drisodesinch

may consti Eﬁban@'e%@%%t | Nmp £, 2NgleseRat l'ﬁc@&af’é hB8nkielke e @ I‘%eéf
k 64 upon a hracket g8, attachedtothe neck_64 by

exteriorly of ej\(n&c
pins 84, FHBe g THBORofle HRASKSE: 58,  AEREICHESh CanthEoASR (FLsbX
l'ight 15 ffpifas s/aerztn;; tbe Ilght entering the neck 64 emt- ting from

D o oot RS SoRl! RRcko it heblasied fram e, nlier, T Lt
openi ng 86:..fcﬁnsegt iwhemely 6&4hehi tights eatepdasedthel atéaiasBidp et t heg
oo oF T kB, T03Y U RC Hhod o SO e SR I S RUACEL 22
Bracket 82mizror 74. Light passing through the partially silvered
20 beam splitter 74 passes through the opening 80 formed in
neck 64 which is in opposed relationship to the lamps 78,
and a light absorbing panel 86 is mounted upon the bracket
82 for absorbing light emitting from lamps 78 passing
through the mirror 74. Bracket 82 is attached to neck 64 by
25 the pins B84. Of course, it will be appreciated that the
light reflecting surface 61 defined on the bell portion of
the dome 60 does not extend to the exterior surface of the
neck 64 as it is necessary that light emitting from lamps 78
enter the neck 64 and a portion of such light is reflected
3¢ from the mirror 74 downwardly along lines 70 upon the viewed
object 72. _

An annual ring 90 is attached to the lower end of the
dome 60 adjacent the lower edge 62 by a plurality of
fasteners 92. The cross sectional configuration of the ring

35 90 will be appreciated from FIG. 4, and the ring includes an
inwardly radially projecting lip upon which an annular
reflecting surface 94 is formed. The reflecting surface 94
may be silvered to increase its 1light reflecting
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attached to neck64 by the pins 84. O course, it wll be appreciated that
the light reflecting surface 61 defined on the bell portion of the done 60
does not ¥R%MAP®Bo “the exterior surface of the neck 64 as i PCTUSId096ary
that light emtting fromlanps 78 enter the neck 64 and a por- tion of

such light is reflected fromthe mrror 74 down-, wardly along |lines 70

upon the vi encG2BBpPedet$9s, andpgheg,suriface,F4ods Shiidneddd redates tower,
end of the donkogfzadiatewherbbyl oughtedgpitginy anplealsunfatle faSLARAS! 5,

92. The cross gsegti I fiquration of e i 90 wiJ |l be_appreciated
fromriG 4 aRgteRacer dnte Rty othfe  hh8, el Fnface 5o ERE  Rgmer go.
upon whi ch an @haulrdngr afdyectliswy ber frade ®F isrdmshecenfhmatekliedt maghineg
surface 94 gray.he sil.yar I NGk [ | i gk ef ' pabLlities,
and the surtassof | SHashasy | SRRy che | Fnt® AEEELLAGOBEM ol oL
i npi ngi ng on tRReraughadd®4ring to be equal in intensity to the light

REPLACEMENT SHEEf1ected off of the inside of lthe b1 lpdi& 1 |EEUAME dome
internally into the_bell portion of the done 60. The ring may al so be nmade

y .
of translucent ma- AtBHPERLABENPRcd2M®Sa Ybhiagghdwruntrdi witkia thghring 90
Iol! fl;] ;Jsel ]yl t[aﬂségyefb?&w%wec?é nﬁii‘@uxﬁﬁeﬁéﬂt@é b8 £Hé$ﬁ§tha§0wi§.*ﬂeb
g reriected O 0 e _l NSi 0 e pe porti on of, e, dol] .
plurality 28f I%ﬁﬁ)’ée‘é‘ha%?‘g st g’%GW, thi n ThE lllaﬂ‘539096ev‘£3+ﬁ?/°§b5écgglh‘ﬂbﬁﬂte
the circunferertoe oéfldéetinggsastate| Sde angpredm dizat fIoght| Gs 16££Tkeehanps

96 direct- ly j ' . | ecti f 4 th | | '
of thciontly 1 SRR e R, e 0B SHOL 68s g Pk afob ERg) pREEusEng
| ayer 63, refllayexl §8eomrefdecsieidecironngheayrefl@ctbng upsyerhélogrdt upén
e ot h ot . ¢ - Ay e :

orps. 96, acoc noPgecy, T2} #Ratiid HhaPidMadly P92l Yedon BEIaLS ubyeLety
di ffused Rfghtildimigiatad &y sheuiames 8% .andcgordised yhy aldyf ebhe light

Rheostats, or i@lhﬁdiﬂ@dﬁﬁx@%?@ét Wéh%il&g%f[‘@%\f'f?rgg% Pg%ie%é ogsfiné&eéd
I ng S , as

the intensity _and character of, t | i ght
descri bed wit BP¥ éé“;f(l.}%l"eté ﬁé‘dag'ggg“é%ﬁoaﬁfnéﬁﬂ§.r 63. The apparatus of FIGS.
14- 16 functions i Riecsats)erorsidthér Lamphabntestr meanhsgbaiet VERdwr £shagt
to the be used to control the intensity and character of the light
20 emitting from lamps 78, as described with respect to the
above embodiments.

The apparatus of FIGS. 14 - 16 functions in a manner
similar to that described above with respect to the
embodiments of FIGS. 11 and 13. The lamps _78 are

25 illuminated whereby diffused light will be reflected from
beam splitter mirror 74 upon object 72. The electronic
television camera, not shown, produces an observation axis
as represented by dotted lines 70 for viewing the object 72.
Primary illumination of the object 72 results from the lamps

30 96 whose light is reflected into the bell portion of the
dome 60 and the resultant diffused light illuminates object
72. By controlling the intensity of the lamps 78, the light
entering the bell portion of the dome 60. through the
aperture 68 as reflected by the mirror 74 can be adjusted

35 such that the reflected diffused light is substantially
equal in intensity and character to that reflected by layer
61 as diffused by layer 63, and hence, the il_lumination
apparatus of FIGS. 14 - 16, also, illuminates any ™“dark

"



enbodi ments of FIGS. 11 and 13. The lanps 78 are il- |um nated whereby
di ffuse® 1+ight will be reflected frombeamspittler mrror 74 upon object
72. The electronic television camera, not shown, produces an observation

axis as represepte dotted lines_70 for view ng the ob t 72. Pr
i |l uminati o?P%tfntﬁg g%’] e&peinzt"?’é%u?§spfrﬁ6’rﬁnttﬁé‘q dazk d‘:'g\? 53R #§°

refl ected iti® lbghbekefperting @bjtelm daarewitdclandot ba besu;leumud dy fused

light ill B II I d8
the | i ght  ertbsts f Bhafifies her Fahacild AnE BESTRERINR e S A Ty
as reflect they aharateenr <711 dahlebesm;?eISEedOﬁucﬁwhambnhetre??ect edthe
diffused |idnHo aﬁné&bsaentmgilé y @qua's ':Psa 'yeaﬁealstey grlﬂg%@r agher dead e}

re- flected by I ayer 61 as ffused 63, an ence
i || uni nat i eEspdrcaads & maoy, aﬁ’ll%l%%o illumi- nates any *dark

Sp?lt* ?t thebap@:ﬁ %@uvﬁge rQﬁ%rgﬁéi)ﬂé’c@@fgdéﬁU W'ﬁhidoﬁbél&ﬂi}i}mcted

refl ecting ,objec i c u e sense c ra.an roduce _an
erro- neous™n@ MMRPREH gg@ﬁaf‘tas thany hfeh%ﬁ ‘g’c?%fEBF th%bSHf"f'ace & the
obj ect 72. fﬁh&aﬁdﬁ)dlmt beﬁ.lFlé&tﬂéh of the dome coulld be formed of
REPLA SHEET conC| S ry an | 0
mony Sho! Eugresh ox 3pd8 aTuiin Habindl fn, dat Y obioBh | BugstRlind
construct - reédemt:aummﬁacbf&aderthet tarbulet nleskl caed mhofermédr of a

nstance: uha el oREt AR SE SPULAARS AP o s EHERESY s

al um num havi ng an- 1 n erna usin cti surtace and
t ubul ar neellumanunebeﬂér m:tzifoxa trmmttthmal sahdtnechamrmlrl y4at -

tached 10 apalpél eéRmed! B ORalEUrS0E0e blC REANARRY { bedL 18N Obe74

can be forned by a si |l vered rane pell rocel | ul ose or
pl asti¥® fi PF&F"?G&P«J-HQQS‘QNWAFPla%F-Eh LM a RRER aﬁéoué‘YB@éﬁfnrs pYRiERngaehar -

acteri SthSdkrEnQ%.rgte%ﬂ‘s apeakatd gsmﬁttmg Shhvalcher esbodsmeph Ofetbain
i nventive con shown in FIG 17. In FIG 17, the canera 12 and |ight

e
proj ector 3P g E?Sf‘%n?n li ke manner as those described earlier for the
ot her enbodi rrenAs fofrthlee iemmydimentcovf thephinpeaviees|goriast osedshown

However, tfg PEEUHEM.OffinFIG. 17, the camera 12 and light projector
20 14 operate in like manner as those described earlier for the
other embodiments of the inventive concept previously
disclosed. However, the primary off-observation axis
diffuse light envelope or dome is replaced by a primary off-
observation axis ring illuminator 100. The ring illuminator

25 100 is comprised of light source 101 and a diffuser ring
102. The light source may be a fiberoptic ring illuminator,

an LED array illuminator, or even a standard flourescent
ring lamp. Similar to the primary diffuse lIight envelopes

or domes described above, the diffuser ring 102 also has an

30 observation window 103 disposed therein to provide vision
access, along an observation axis to the area 104 being
observed by the camera 12. The 1light projector 14
effectively “fills the hole” in the primary diffuse light
source created by the observation window 103 with diffused

35 light that can be adjusted such that it is substantially
equal in intensity and character to that provided by the

ring illuminator.
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servation axis diffuse |light envel ope or done is replaced by a primary

of f-observation axis ring illumnator 100. The ring illumnator 100 is
conprised of light source 101 and a diffuser ring 102. The I|ight source
may be a fiberoptic ring illumnator, an LED array, il |l um nator a

eve
standard fl our escen®MHET FAFLagien 4F (5 HA YR lv?mﬁﬁnﬁ???ﬁséleﬂﬂYn in
envel opes or dames describmd mbgve,18,the diifffitsy refdedtdml 3d0hasnkes the

b 1 h

observat i on axPts e GIERREiR R e Bpolr PAYRH" 1h. V1L SIS ned COHoRY
l'i ght prOJectonnl@ﬁgfeiﬂlaadythélfoﬂm&e ﬂﬂﬁkﬂctmrths pmiterionly f Usghted
light sourcg c ? Jte‘%éﬁsuc%gfﬁ ig?VQ:td 39:%3@{1 ?W 1%%téfﬂbgggse&%§érﬁm;’ of

that can be” a |aII¥ equal ITnintensit
character to thatﬂPSFG@WeoFlb%/tthé Piosg Libleunv hgk ot he armwﬁﬁenvarﬁf&mrbnln

of the inventiyggcongept shStRBOWRALbRIREEE BE éfGFWE% 1%nm%dﬁé&&§951milar
reflector 110 takes the place of the diffuser ring i zed

enbodi ment sho#f tﬁ%leeplief"’eﬂ%)medﬁﬂ‘?ﬁ%%dréFPec’t’&ﬁ“F%t?‘ﬁt éVl (?r“;?‘elﬁ'gh?’é%

by light sourcendsl teompofefesa fHcLaCine £Smaniter ofi dearimmEnt sot heat
IS possible with the ar enment shown in FIG 17. In the enbodi mnent of

an
FIG 18, dthoﬁEﬁFElg?ﬁ1?é?vgo t hose previously described are indicated by
prinmes, and these cmnpsasntaafumﬂé(ﬂiﬂﬁuserm&f&actdenuueaﬁﬁ(1dd&ned above

descri bed abov - -
the diffuse re Pectoreiloqus' I 05’ 2 ed above t ee gPesae‘Jl‘gid t%% S todg'lff'liﬁsje

observed and thefdefcfisse r¥lOf| &otdndeS0 iam| ublesezn ilarer| aydl 1thathatis

i's transl ucent ?Msf{i‘%% eaflt € n&%ﬂgen%é LA PCE EnbY rbbTelbbbITY Mthe

flector outer T % ormof amrror.
construct ilén ofi ﬁewayeféegmranstﬂzlayeguclHZt,ha{hmlghmazaéP &ﬁoﬁhtehef“‘“

inner |ayer 110¢0§ ﬁﬂ?erffU&ﬁer%bﬁEE%%EQ&o% b dre redyessedifiramdtNa2 is
outer layer 112 throught_the translucent |ayer 111 | ff th ht
rel ected fromdMERrER % et19h% CR3H PARR ?%% F?ﬁﬁF }€Y€Etég° ﬁ%éﬁ% 4}###L
the area to ber@bﬁaﬁuﬁﬂ 10a"' isSrdﬂlé@t@dyfdoﬁfﬂﬁedoﬂteﬁlagyarpnumamprought
Il um nati on eféﬁgntgéﬂgiuceﬁg iayer 111 which diffuses the light relected
20 from outer layer 112 such that the light relected inwardly
upon the area to be observed 104’ is uniformly diffused
proding a primary ilumination effect similar to that
acheived with the embodiment of FIG. 17.
The concepts of the operation of the embodiment_ of FIG.
25 18 are identical to those described with respect to those
previously described. The observation axis of the camera is
directed toward an area to be observed 104’, and the ring
illuminator observation window through which the camera
observation axis extends is filled with diffused light
30 projected from a light projector so as to eliminate any
false readings which would otherwise exist due to the
reflection from the surface of the area of the observation
window 1037,
The ring illuminator used in either of the embodiments
35 depicted in FIG. 17 of 18 has a perimeter shape and size
that correlates to the viewing geometry, the aperture size
of the viewing optics, and the size of the area being

observed. A variety of ring illuminator geometries are
BT




acheived with the enbodi nent of FIG 17. The concepts of the operation
of t enbodl ment of FIG 18 are identical to those described-wi-th respect
to t# LWpywesus| y described. The observation axis of the canera is

di rec‘te oward an area to be observed 104', and the ring illum nator
observati on wi ndow thrﬂ@@ whbshithe Mreéaambaervaih@ngeumeteyt exIaser Sin

filled with ciborgsed ro ed_fr light .projector. s

el im nate anyrial 38 F-éaHPﬁE)g %#i P‘iywaullgn%?ﬁ f%r V\n‘%‘ee"ielil%té%%uf% t%‘aped

reflection fromthe suef geemet riyhehawea iof EXe. oBf8edsatsivated rfdpw 1D8ving

The ring i || & nat or used in.gith BdOftﬁ%] ggg‘g@yr "%l%énd Qincg-gg i B 1FI G5
h t

17 or 18 hassaUﬁEF‘w r?é’tar shape an Sl ze t corr es to e Vi ew ng
geonetry, . graﬁerebﬂ.er gogi relewingierectanoy lan i ebapaﬁd area ssi ze Egich het

area bei ng o eggeqllém\i@,ut%g ohaki RG: IAA%@@E%&%WH@S A SHW b N
FIGS. 19-21.“B%7 exa shown in FIG, 19 is partlcularl

geomet r
sui tabl e f orwisnday nbong j2x r%‘ﬂl‘?%r"’%h%e%“ aPBISPSER¥ AL SRe Byt Ss HAWR ns‘ﬁ‘)(/?e 20

is suitedforyd e;ywjyemraz@rwppﬁluaaﬁﬁswﬂdobbergaemh- ad sSH@untihdd {on 21
is preferable for ewi ng rectangul ar shaped areas. Each of these

i || umi nat or ‘on- ob- servation axis observati on wi ndow 103 t hrough
whi ch afgon-obserws i fnrahex léempfudismentte of pine edhednaicdren ponoepy are

the i nvent | VOBt 0% FH £ GS0D Gfqt D83 ns oA g
ments utili sdmplepl bighyhngngegaetstieiseambdsingdlee af f-~olmbsevationn aasxuss
diffuse lig es

20 - tatiéﬂ%g &é&.ﬁ&h&ﬁ*%T FI atpprme(r:%\%artoenne%?se obta neéng

usi ng the egpydireament sofohtedned, aning Q%teﬂ%@im%ntﬁeoﬁsléhéf ipyentgos

diffuse;s|i ghbrsSedgudte the ulse EE%uEEaFEEEdEEQWs@Q 19fgreha Riicea!. 10 by
the cam era 12 occurs along t observatign axis A substan-_tially

uni form i || uni matiforf XF - 14 o’['}j‘%c’t”-?cﬂi’i’% aghFé\?ed’W%T- c’o‘heb%rtﬁﬁnﬁamera
li ghting engel aecd2d hQ@&Tged:lﬁHebbEberlth%Qi dRigs av | | Abes@ipptestabedy
(10m F1S, Zans OEnC LIS AR B S05kck PR A do s goLe
or dome lighting envelope 120 located over theﬂobject i0 as
20 will be appreciated from FIG. 22. The cone 120 includes an
inner layer of diffuse reflective paint 121, The
construction is such that the light cast upon the layer 121
interior of the cone 120 is diffusely reflected inwardly
upon the object 10. -
25 Similar to the embodiment shown in FIGS. 14-16, the
cone 120 includes a lower annular edge 122, An annular ring
123 is attached to the lower end of the cone 120 adjacent
the lower edge 122 by an attachment means, which may be a
plurality of fasteners or any other suitable means such as
30 glue or the like. The cross sectional configuration of the
ring 123 will be appreciated from FIG.22, and the ring
includes an inwardly projecting lip 125 upon which an
annular reflecting surface 126 is formed. The inner layer
121 is obliquely related to the horizontal whereby light
35 impinging on the inner layer 121 will be diffusely reflected
internally into the cone 120. Alternatively, the lip 125
may be constructed from a translucent material machined to a
thickness such that light diffusely transmitted therethrough
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upon the |l ayer 121 interior of the cone 120 is diffusely reflected inwardly
upon the object 10. Simlar to the enbodi nent shown in FLGS..-144546, the
cone 120 includes a | ower annul ar edge 122. An an- nular ring 123 is

attached to the Laower, end o .coneg 120 adj.acent the | ower edge 122 by an
at t achment rreé%s,e |lchmrra’§/'I%éexbsgl%?urggl %?’3? g'#"%&st%?@%c“eﬁda@?fotﬂ!\e ner

sui t abl e neandagechofistieueome.the |i ke. The cross sectional configuration

of the ring 123 w b echat-we omyEl , d the ring includes
an inwardly pro- 12%& ﬁlg q | %ggEﬁgogf%i gﬁea%oe}%%qllgg reY | BEPVAgedublaee
126 is fornedPl¥Relifiderc] ab@PP32127s naRRER@l yitdlia ethe orthe hesi zonyal

wher eby |isght 1afp5nakng ag tdired Iesphauar abdhtWidde bey diffsisel v reflected
internally int oﬁ?he cone _120. I,Ity]ern%:iwelﬁlqﬂ,the Iiep 12%%%&;3%% Torfth rihet ed

from a transl EtR%Ht m'argsr L APPFa T Yo H YRGS SR chnremt layeght121 of

di ffusely trapisei tbrd 1DOr ehHr ahgh lsnpedliaght nis neeaseiantpytbéf#&%% by

reflected off_the i r.layer of the c : The |i.ght squrce ftor

cone 120 is priovi dég‘%%f aqp%?% i??gof Q‘E’:%Pps 58 r‘rﬁhﬁg&’f wilthi $Q has i ng

123. The | anpsub8Taate bkl yuspdeaunpoui 1luarigiatcenf ehencebgle dthe ridyg.

The | anpg ,di r&?%%é’véﬁﬁ“ﬂ}atﬁzey}fa eryJ ayer 121 of the cone 120 and the
i yre- Tlected by "

lamp light is efficien : y the inner |ayer and upon the
obj ect 10 so as toTRebson®t i dpkyjudeist oAl BOIY1IRF nobsedwatuiyrecwihabwolkzer -

vation by thegammig s cornflee gonenknebidenan spodbet aissethn

wi ndow or openi ng, formed 1n the cone, 120 bg cuttiing o the top pcﬁc’ﬁ on
of the cone BPE-IMIMMREERENCIRG OWid PIRReBRCAT & OHiddy e $RRITtaKkios A

igllec]E eflhto reaid %%s@gl_\ﬁﬁxioﬁ:@ﬂigf AL belle't:feba g?f |1Qﬁ§.@1:tb%h_ txlktlﬁrﬂ:a&g?&oﬂ apr
0 e C e . e an e e refrera Sl a I a . egr ees.
A beam sphi L 0GB Hefl el B hhe RN 2Ot ot | SRRe T2l oy
herein, is nmampled mety biee preferablyb-subseanstiaddywidsddegréss.mrror 129
includes a face 130 pdi.gposed;Louardibe.canes g 15900 & F 3% d8d d:SHosed

described previously herein, is mounted at the angular
observation window. The mirror 129 includes a face 130
20 disposed toward the camera 12 and a face 131 disposed toward
the object 10. The surfaces 130 and/or 131 are
conventionally provided with silvered strips, or otherwise
treated, wherein the mirror 129 constitutes both a
reflective surface and a light pervious surface wherein
25 light may pass through the mirror 129 from the object 10 for
observation by the camera 12, and the mirror 129 also
reflects the diffused light reflected off of the inner layer
121 of the cone 120. Thus a substantially udniform diffuse
lighting environment is created using a single light' source.
30 In FIG. 23, a back lighted translucent cylinder 140
takes the place of the cone or dome envelope utilized in the
embodiment shown in FIG. 22. The translucent cylinder may
be formed of clouded or treated glass, or may be synthetic
plastic or the like whereby light passing therethrough is
35 uniformly diffused. The cylinder includes an inner surface
141 disposed toward object 10 and an angular observation
window or opening 142 formed in the cylinder by cutting off
the top portion of the cylinder by a plane at an angle with
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toward the object 10. The surfaces 130 and/or 131 are conventionally

provi deg dirishessi | vered strips, or other- wise treated, wheyglihsLRge,q1 rror

129 constitutes both a reflective surface and a |ight pervious surface

wherein |ight may pass through the mrror 129 fromthe object 10 for

obser vali on Jyeddie, CREPrEnd 2onMUL VAR I aHisI2R i &d! @Y Srbbgect a
gnt

di ffused Ii reflected off of the 1nner layer 121 of the copne 120. Thus
a subst ant | RIFELAN FOF nthei 11988 PigHused YorRFanimErEed sthZPUgPe FR%iRRF S
single Ilghugaagantyllnderln FIG 23, a back lighted translucent cyl i nder

140 takes the place or, do enyel o til
enbodi nent showni%? lg@e ﬂgotﬁ§h§t “aEgﬁ %GSP b%uF%%ﬁﬁdQ%
cl ouded sr mmaﬁamiqyanfslampsnny3beasymhbeWMQuﬂexpom thet betleirk s utfaahy

l'i ght paSSIQQ4t£€4%k?’%g§kﬁé gmf |fgu§gﬁgfﬂ¥3C&HE@$g

an i nner surface sed omar ob ect 10" a angqular o se&vatlon
wi ndow or op@dunge$42ﬁm®ﬂmﬁi|andthmltylanErthF(ﬂHQngS%tfaGﬁelﬂépupon

portion of fhe Cé’i:;&@é@r lé)y pé@ﬂ§F§Bt§Q1%. , o OP:dJ]‘;i,zp‘iitluTxﬁﬁJ!?e the

observation axis sel ec toreflect a l'ight diffusely
transm t t edobAeSEgAOt ﬁ@rbaéﬁerwgﬁﬂea byl r-heef:amera t8e cylinder 140 is

i ITuningged fromzicheyouisigle Bypreliddd t ¥ naft | emas iﬁseﬁeawﬂgcbhaebﬂspon
the outer sur- face 144 of the Cylinder 140. This is diffused gﬁ t he

cylinder nmaP&FP4F én&r@ﬁVt§QQQiﬁqﬂﬂ§|§ﬂﬂﬁ°%nﬁﬁe&%} é@?ﬁbbﬂntﬁero
to substantvabhynunah@&ﬁbyﬁd|b§“iﬁ&£a6é@ ObhdcthHJﬁhﬁbﬁﬁwﬁmvpérmmtbyahhe

canera 12 be a preciated that th ventive co er.mt a
SR R oot | AGSHESELTaE ard Rt A TwAt fop AR, thE MBSARTSh ‘SR iErEe t2Eena
achi eved, aaf eheornpaoduoﬂngesnadewanonccefmeetyoannng and eval uati on of

the ob-seived obiegt LegelaeLtoryREodlel0gShaoNs QL sLal 86 dhicons.

It is appreciate rious modi at T ons S5IEREI Ve concept s
may be appa;ewentaveh@@@cgnt$ImdylhethapaxenmtthouhoaepakaihgdfAOWthhe

scope of thgri NYEPKLRE departing from the spirit and séop€ of the
invention.
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Cainmse 1. Adiffused lighting devi cerfiOdhe &M Betn Rdolakddl NAti Ng an obj ect
(10. 72) with diffused |light when obse I an observation.gx s
ext endi ng t hrough an ob- j ect obse:“m H!'wﬂgm . the diffused |ighti %

devi ce beia% characterized, by: for supplying

di ffused |ight ¥Ba&f L8 fgaimed 1S” 3 opening (20, 48, 50, 52, 68, 103)

therein thrugh winieC imetthdolofe pravent iavg ar Absdbvation meaﬂgsg%s’
r oMia

t he surface bei E%S%Q’&%rc}geiq:s}eg_éumﬁ’?i 8HFerviBri ”a?rzgzgfgﬁf géggeli:iég?glﬁhject

suitably positP 1 nary sour Ge

127, 143pngo ¥ ovbdervhRsignf fassksl éidmmirdamediabyora oprimary, offie
obj ect (10,. 72 ohy | 65 ce . the ob Vi n .
ocati on i voBiS e{aﬁ%%gntﬁéeﬂg fl%gbsg?\%‘ﬁeon haa%ls’r}gex%e%%?%?g%mlned
portion of theippensity andj charppyer7DORATingl bhet KeepFemiingnterposing a
secondary |ighf SeWcr@at3s IPlobfrPa@fesi Bis light dsbhweed i%%@%@ﬁgxh
light to illumnate_the por on of . the object effected by the =%

por -, ti
openi ng: and the objgaf.being; ppspryed a2 %bs) Y PokPR | BRRAS, saiq
al ong the obseg¥abhadryxi 6ntdbséRaitWorndi Bgdlsi NPight souttickl Usedngewndgyly
light fromthe, second ' urce (34, .78) al

ondary light s ng t he
observati of axi@tensity” apg %ra[%:geegleﬁ YRR AAY e et%qp&?iﬁlﬁa‘éf oF hihe
obj ect (10, 72pretikbecimemibmgdt hénapeersingyt capdo- characteduc@riveny} heofs-
primary light source illunj . C | f even
i || unination of ?%re-.‘?at:.oﬁ”@:?%%f%éht( lﬁuﬁﬁmﬁﬁ%ﬁﬁgﬁﬁéﬁe obser -
vation axis (A, 70)2. 2. Thaemdthédsef prghenhindewrinc obseryadileog mMeadisatroml

characterized : f Malyk : iadr bace.,l s’
ST ret T ghe SPRfRELes RS2l aidd Bosuteig o Jicht g%ﬁ%%éegzg, gt
96, 101, 1$3, a7 claimed im gladdpdirat sREFEAD hEXLG StSTFYRERTYF f uRRT
to M yvrdd Lon dei €, 1ight dbereh fEomeEipeEMar Yeam splittelr, gbke

the obect (10 dLyeXeeR! 1o 2 BUNN Bhrougn said! MSelR) SH1Er Zhe
reflecting light from said beam splitter along the
observation axis upon the object being observed.

20 3. The method of substantially, uniformly
illuminating and observing a light reflecting object wherein
the object is illuminated by a primary diffuse light source
and observed along an observation axis extending through an
observation window defined in the primary diffuse light

25 source comprising the step of projecting a secondary,
diffuse light through the observation window upon the object
along the observation axis and of an intensity and character
substantially the same as the intensity and ‘character of the
diffuse 1light emitting from the primary, diffuse light

30 source.

4, The method of substantially, uniformly
illuminating and observing a light reflecting object wherein
the object is illuminated from a given direction by a
primary source of diffuse light substantially surrounding

35 the object from the given direction and observed along an
observation axis passing through an observatiop window
defined in the primary source of diffuse light comprising

the step of projecting a secondary source of diffuse light

ML
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- 23 - when t he observation axis; b) a
secondary-11i ght di ffH &m IIF H
splitter (14,74, 129 . secondary |ight source (34,78) for

osi tioned bet ween t he beam
providing the through tt?@cwgéf % Uéfng:%gQioBQ EQ@: l&%%@r%%'ﬂ:.totrﬁraxz.s of
(14, 74, 129); an mechani smis further provid-

ed for attachiafy %%éeﬂﬁﬁﬁsé@q |W#¢@%VFB€5Fént1311Y idgrbhcet viO Sbat

device so thatgg h@hébﬁﬁﬁ.lﬁﬁtrlyorhxffuse 1i§RY I GRabst dMNsidl ppedut@ohfdenyYe the
l'ight which is re- | ected fromthe object alolgtzthe ob ervation

axis (A 70) mtﬁ@‘ﬁeﬁﬁﬁsﬂ%‘ﬁ%r ¥rmect ign ko preve ofhe ""e"’"ato‘)on
]E-hf ObserV§tI®d(;indwu Exdnb mexgofreanmiamefrom the ob/jé:‘dﬁ)rbéaa'rg?b rdbsl(ekﬂ)ed.a
Il mcanera an a ver eam S I tt

(14, 74, 129) is ore of The method c?f‘fr\}‘é'bli%%’é’ﬁ}%pllltlt“)é‘}“t% REAS, 1:’Sl‘:a 4°
beam asgla biferr dght74efaertiagdobject counfprisingyhtheatmmds /f -

menber (38, 78) is It dar
source (34, (ra%78) yumirf)as%}%? ngﬂﬁ'ong (rg% nh%ﬂ? f%g’g‘p 3 &lyeglgtlon
ondary |ight, bir o Primaondaffusieght ightir gource, sa:(c34pr7.39armhdeﬁfuse

passed thypugh sl beauspLithaving a ts‘?fap(é‘l,agé 429k shredheidhtfuged

| i ghting device according to any pre- ceding claimcharacterized by one
or nore of th&ubstapgi ngal Ole ilduminaten R nfReeif1eds aFepepnd an

provided for ggBervation ﬁixﬁiéd:nﬂlbh Uginhadp e ¢ReL AT andist itasright wheast

one of the prlga g I.|%ht soug 4, 96, 101, 113, 127, 143)
and the seconBBfy°PigRt iSuP ger ' ands, 78) whereby diffused |ight from
the primry (b|)| OhplrcSjEutting 28, SelcoR8ariOlsoddde bX7, di43hsee-1light

126y i | 1Pc. ERBGVER: Sareey et vation \WErgsdaapns caidl SPafirariin it

to diffused |ofhtan intensfitem add s:hmada:rga:lsghistamtrxaeu(ﬁm.déa):uc@‘ﬂ ecod-

o Db "o pugke M U8, bR NLARA SBiphe 3 ginhPlolidne bt

al ong the ob-from the given direction to prevent the observation window
from being reflected from the object being observed.

20 6. The method of illuminating and observing a light
reflecting object wherein the object is illuminated from a
given direction by a primary source of diffuse 1light
substantially surrounding the object <from the given
direction and observed along an observation axis through an

25 observation window defined in the primary source of diffuse
light comprising the steps of:

(a) substantially surrounding the object from the
given direction by an envelope capable of transmitting
diffuse 1light on the object, said envelope having an

30 observation window defined therein for observing the object
from the given direction,

(p) illuminating the envelope to transmit diffuse
light upon the object from the given direction,

(c) observing the object through said observation

35 window along an observation axis, and

(d} projecting a diffuse light through said
observation window along said observation axis upon the
object of an intensity and character substantially identical

L
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servation axis, is faciTh e‘m”d b)the primary |ight source (22,
54, 96, WEYVLPEE E the secondary |ight source (34,
78) each include a Iight d from the group conpri sing
a lanmp, a plurality of di- : odes an optical fiber. an array of
light emittingo that ofi ddees dhffasel ubiekterdd lumjnating The dPbiessd to
lighting devi ﬁﬁeaés@relhagoweawt%ﬁ mndoee@kaﬁ\ bedind) GRFNAY Zebh)erwe
or nore of the a) the l'ight difffuser conprises a

fo
transl ucent epRiect 8 n?/é?rlg?fe“(ﬁ% 42, 60, 102, 120, 140) at |east par-
tially surroundi ng7t he pDheemnethdq, onhnlfbemu&aﬂalumlnatzn u&ﬁiﬂobsbﬂﬂxxyi

16, 42,6 102 120..140)_ _h t d.t
érlnary ISght specifig %%ngzaf 84 ligh i%i?fii QE;;? e CezuﬁaéFﬁff%

i | 1unminates tthe citteps safif ace of the translucent envel ope (16, 42,
60, 102, 120, 140 t
by the inner )(g\,hglrjf %%ném?tjf%% ?H Qgﬁggg%egnéégg%f( &fgg ?%eg:%‘ tftr%ql

102, 120, 14(}he owdrwen hdigigjodcion 1®y 7a) ;primary d&iffheel i Yhohti f sovece
conprises an @Jﬁ’ﬁweo@l%ransmlttlﬂé cﬁ%f@@%lll%%@t) 13:9) tl?ﬁé’ B9ed ST aee

con- taining a reflective substance

primary FPgm9hﬁﬁﬁY%9«2%a1%4$reearxoﬁ-ﬁﬁgﬁejkwght S°“r°ebﬂﬁvk%ga?r§h§§6
to illum natadde spibecsueeigilent to sﬁbéﬂ%%t(félll}zﬂlgﬁx&ﬂ%@érféﬁ@
of the envel ope mhere light fromth e rimary lig sour ce

22,
54, 96, 101, SPEFitisd azes) and Az jRacxpaRiqmhavindow Yaetfrea SPHeES 167 %0r
subst ance t ovhisértmingobhectspetlfiéd) area from 6RE ‘given digpcthenenvel ope

16,42, 60, 102, , 0)._h 62 te f t.h
openi A b bk e i

support stan ahngrantﬁnpewihdos shbefydanaotseheation axigyiamdy |ight source
(22, 54, 96, 101, ectin &43?ff%égégosq |pQ {%&éhab%glahe
annul ar géﬁzﬂn?ﬁ ﬁ% annu | npéervi ou % 3{
observatlon window along said observation axis upon the area
to be observed of an intensity and character substantially
the same as that of the primary diffuse light illuminating
20 the object to prevent the observation window from being
reflected from the area being observed.

8. A continuous diffuse 1lighting fixture for
inspection applications wherein a light reflecting object
having a specified shape and size is observed by an

25 observation means along an observation axis comprising:

(a) an observation means for inspection said
object along an observation axis,

(bp) a primary diffuse 1light socurce 1located
intermediate said object and said observation means, said

30 primary diffuse light source illuminating said object with
‘diffuse 1light having a predetermined intensity and
character,

(c) an observation window defined in said primary
diffuse light source, said observation means observing said

35 object through said window along said observation axis, and

(d) a light pervious diffuse 1light projector
projecting diffuse 1light through said window upon said
object along said observation axis having an intensity and
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cated internediate t ht source (22, 54.
96. 101 WQ 3¥ NP3 143) (10, 72) to prevent
he |ight generated by t e prina- ry light source (22, 54, 96, 101,

113, 127, 143 fromdirectly illum nating the bj ect
The di ffused:’%?ﬁ%‘f’?ﬁﬁ o%%%%aﬁEééll&IYnglFS“&‘ﬁ?ﬁ 1%& t%é ﬁ?é‘ria’ctt%rlafb‘g
in that the chufaceeor sbe $aigt prghbry ddiffffuser rliaéhnessauplcur,al istayd dof
openi ngs (48 n_observatio Y . t g

p gs ( q§$rv£%Qo%gm?ﬁ%s gsegy hg $4 L4 gég§c ;§é§%ﬁé;gégéon§§$ﬂg

t hrough each e openi
| i ght sour ceex8uyg8projector,f osapdocp.mmgcuedf u:beﬂf\seeorideelytl mgisik inghd

a pl uralgtyfsgbeam ) &Ll &&%nga?s%f& téZEi)ygn\% t{le lected Y Qﬁet%nect

plurality o |tters el ng associated wi'th
each one ofbﬁﬁégpp@ﬁerved rality of openlngs (48, 50, 52) for directing

sec- ondayy dix fé&%&ﬂﬁ&m aiﬁﬂheeemt;nw%gplwﬁuﬁa &6 in claim
secondary | i ght sources g % alon ,one of he obﬁervatlon axes
(A, A", A Br Bheredd h3aiforo %@ﬁl"? A9 NP8 AR Shg 18n Bbj%%F gps, yapion
mﬁth diffusedmbrght froma diffused |lighting device when observed al ong
an observation a t end- ng ough bj ect, .0 serV|n |l gcat.i_qn,
the methl gi né\ c"fﬁi‘r‘%l’tﬂ‘{?r“}sze%lgé‘ ¢ 13gnt J“&effl"rﬁ peRi §4250,
48, 50, 52,868whé63)n|aa1d obseraatmaﬁameanéoissapﬁh&mngahaght to an

obj ect, throu he@ygﬁﬁ 4%% %? f&?@'f?g@ékgg(éiiggif 3%, i&0§§§§§3

suitably p05|t|on|ng a prina
127, 143) wBt hwrzespeatsgbdtnbservatlonsmeaaeelsoashppay pbs:mvyrdlffused

(LT 0 B 72 SEAR A R PLoAL IR el e et

V|emedkﬂcw©:tméﬂﬁﬁ%ﬂv§a prlmary diffuse light source comprises a
translucent envelope partially surrounding the object to be
observed, said envelope having outer and inner surfaces, and
at least one lamp illuminating said envelope outer surface
whereby diffuse light is emitted from said inner surface

20 upon the object.

13. A continuous diffuse lighting fixture as in claim
12, wherein said envelope comprises a hemispherical dome and
a plurality of lamps illuminating said dome envelope outer
surface. B

25 14. A continuous diffuse lighting fixture as in claim
8, wherein said primary diffuse light source has a sﬁape and
size corresponding to the shape and size of the object being
observed,

15. A continuous diffuse lighting fixture as in claim

30 8, said primary diffuse light source comprises an envelope
having an outer surface and an inner hemispherical layer of
diffuse reflective paint and at least one lamp illuminating
said inner layer of diffuse reflective paint to reflect
diffuse light upon the object.

35 16. A continuous diffuse lighting fixture as in claim
15, wherein said envelope has aﬁ‘annular'edge spaced from
said observation window and a plurality of lamps disposed
adjacent said edge, said lamps illuminating said inner layer
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tion axis, except for a portion of thel 72) effected by
t he opening; . providing a secﬁmwmuﬂllm ll‘ource (<34 v B 160
supply di ffused secondary light to ill portion of the -
obj ect effected by the opening; and directing the diffuse
secondary |i ghf, d§fffuge reflectyieen Bpintt &o (nafleqt diFfusfer dmgihe :
secondary the object. light source (34, 78) al ong Che !

observation axis : . (A 70Q). to evenly illum nate the
portion of the  17. A continuous diffuse (ghting fiweizrl dy imeclay,

opening to pryg further comprising arflUg@nulBen Iiwnpriikeridht source

i Il um nates d id tt]'n.e surlzia.ce, tthe d.iquse even d

i 11 umi nat Fon WURGRE vpon said envelope adjgcent Sfrd AR 9% dsaildong
the obser- shield being locatedvdnit@rmediatel sa). lamps and the 15_7%1tThe
met hod accor i cl ai fdy thgr char en- ; | zed_Dy
one or nore %lfer%ahée%:b)f?ov%bggeésﬁeggz P it tight from salac} &SF“RG EFan st
| i ght diffusedrestilive iddumdcating the object. cooperating the
primary |ight sourge (22, ; e[ 127, 143)
With the first |ighe d%gf%";"flt.infm“s diffuse lighting (%t‘c’)&g‘\]feenljﬁ/éi U e,
with thele! f Lfs £pthgr comprising a transluce.ntt Hhigh @ froypntped 7enomr xesent
for a portiogn¥lelldife adjacent said annul@l eelgel]0 sd2h edheeiad dysdfhe
openi ng, Wheﬁlr . , ijtfgv\ﬁd al on%ééhe obsEI:vgt ion axis;.

b) positioni AGSATEE oHREETREAIAL S §3ketaPRS) Rd the light reflecting
tween t he beabrjeplti tdred haédhinédd X20)a atHithRfhess sufficient to transmit .
secondary |i ght ssqur 4.7 for. providing the . : .

di f f used secgﬁ§5P§g| ﬁéﬁ@t 5 *Pfe SBASmIENPS; (& Said object of an intepsity
74, 129)35 and character substaAntpiallyi tpeansameadsethenethghtsrhdiong

T ertacted ors bACEROO: LR OiLLuSee| A0RELS0 SEYLEELLD pRADSET
vation device so fhat the o s_erva%lon evice 18 ‘
positioned to recdfve A gentimusws Aiffysectbighting fixture as in ckaigm

the object ajongyhBee?RSshYal hARUAXES166ht impervious shield comfPide¥ay d
the beamsplitter g14, 7%f 129); ]
ring attached to said envelope adjacent said annular edge,
20 said lamps being mounted on said ring.
20. A continuous diffuse lighting fixture as in claim
19, further comprising an annular light'reflector defined on
said ring, said annular light reflector reflecting light
from said lamps into said envelope upon said inner layer of
25 diffuse relective paint.
21. A continuous diffuse lighting fixture as in claim
8, wherein said light pervious diffuse 1light projector
comprising a beam splitter reflecting diffuse light.
22. A continuous diffuse lighting fixture as in claim
30 21, wherein said beam splitter includes a light generator, a
light reflecting mirror, and a light diffusing panel
interposed between said light generator and said mirror
diffusing the generated light reflected by said mirror.
23. A continuous diffuse lighting fixture as in claim
35 22, wherein said light reflecting mirror comprises a curved
surface having a concave face disposed towards both said
object being observed and said light generator and a convex

face disposed towards said observation means.
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d) utilizing one of a machine vision caner a
filmcamera-and a hunman observer as the ob- (mﬂﬂmllu U!Ulll servation
devi ce; e) utilizing d beamsplitter
(26) and a planar_ beam splitter 26 74, 129) as_the

beam splitter(14, 2%; 72 conbjinughg diffuse tlgnting 1xtPferéﬁDﬂé1yClalm
p03|t|0n|n9fﬂi)@hhr&h&@”ﬁdﬁbﬁ?ﬁlng variable control mé@ﬁs(%%mi@%lﬁfﬂ&n

t he secondary |ight, sour (34, 78) for ab b
non- reflecte&qﬁf*?@%ﬂ51ty and character of §€€b %ﬁﬂ?rRﬁF
directly thraight generator. t he bean1splltter (14, 74, 129)

8. The net hod acc I ng, t L mge_or ot hey
acteri zedg by one géjnogr}ae g?g%%éu?gfl 8\%m}r‘?tglgstgpsgh%%fql?ﬁ‘t‘f‘r?l 23i J'nl ﬁjlad]lm
11 lalte9 8, further comprising a plurality’7of observatggn windows

orimary | gnCeta B 4L LA BELRRLY! WiTeR5e"1ighe s0nfal, BEqlexalC and
secondary |i@ghtlight pesyious (QUEfyss, LHQ?QNP#PDaﬁtﬁéuhﬁiQ$n§§§PClated

mechani sm (4Q} e Wagk8P¥BbhSehiusedn Wiahldohs.0om the primary |ight source
(22, 54, 96, 1 refl ected bytheobject (10,72)

10 1
toward 19 the2§Eam§nﬁ9Q§¥ﬂ“?H§-d¥£f“§29 ightiinge Liyzm-as in claim

tially ident n.sal f&tmen&sdmpﬁmm@araacﬁmramdyf -odf lampsf Ltgﬁﬂuﬂnmhtm@om
ecte the o

t he secondar ght Saqurce ect (10 7.2)
tovard e aid S8 1508r  1averi o8 ATTERSEnge Lot gam B fot . Said
fused iIIun1mampsnbeinghéooh;edta@jaceﬁﬁ)thahebject beingeokdeaiveng t he
observation axi s, ,hLs fac t tilizing_ o a
| anp, a plurality gf‘ d?‘oéJ dntainuous %ﬁfgﬁ?cgﬁgf‘tﬁgﬁ gé’ﬁ‘t::ﬁil“r‘"lreayﬂbf91’i SEF ?Jn
em ttingtsdi o@és wherelmuwhadfbnua&nganhasghn anrnulapr edgey spaged from

source E§§1 é% d96bsktvaltlibn 16{nad%3) £"0185 attachdd'©t5eSRIWE  ¥ntbb 88he
adjacent said annular edge, said lamps being mounted on said
ring, an annular light impervious shield mounted upon said
ring, said shield being located intermediate said lamps and

20 the light reflecting object to prevent light from said lamps
from directly illuminating the object, and an annular light
reflector defined on said ring, said annular light reflector
reflecting light from said lamps into said envelope for
diffusion within said envelope. -

25 28. A continuous diffuse lighting fixture for
inspection applications wherein a light reflecting object is
observed by an observation means along an observation axis
comprising: _ -

(a) ‘an observation means for inspection said

30 object along an observation axis,

(b) a diffuse light source located intermediate said
object and said observation means, said diffuse light source
illuminating said object with diffuse 1light having a
predetermined intensity and character,

3s (c) an observation window defined in said diffuse
light source, said observation means observing said object
through said window along said observation axis, and

ST



or norwoods/ebgs f ol | ow ng st eps: ing a tr.a‘_rLsLy,Qg‘Q;t’
envel ope (16, 42, 60, 102, h at |least partially sur- =
rounds the object (10, 72), as the light diffuser, t he transl ucent
envel ope (16, 42,(d$0, aldeart2@plitter mi4@pbrhaimt@rpoked avék weOQr

: , . i
surfaces with._th . primary | t saqurce (22, .54 101, 11§? 127,
143) a1 T ect PYSRFrRRLRG: Megh s 1 8, PR Rs, (B WirfRy BPlnotadem
envel ope (18p 4ngle), wioR, réeapect to sal4l)obsereayiop @nis dshénsed,|i ght
via the inngL. ; S f ok a et s | gpe 3 . 00,
102, 120, 1%% R R é%g%}@%%t'd%?g‘f‘gézﬁbﬁe Qh;@%%? Utini ;S%nléfl z%fr%fgﬁw ope
(16, 42,5 601ighp, seppce upon saigoebieaf fghus SBR$aERI cBALE] WitRGos with
reflective respect ®&BigHErdHectdd )by il jdit Kl frig!sisénfby.
arrangi ng the prég'ary Ilght ,source @;22’ 54, 96, ... 101, 113, 127, 143)
to illumnate the’reffPeEPphdnuous difiyse ér?rﬁg‘t(jzﬁﬁ 545Uk pRatldicdrimed .
primary 28 wherglih isai®fhegked fomariter fvn Mahylei gy sabseantially
(22, 54, 96é 1011, 11?%1‘#27 143) toward the ob-
- 28 - qual;ta IELAS 4y the reflective substance; and c)
utiliziveg an enva0opeA(&éntd@uobs, diiZuse?2(ighting fibdren &8 an sdathar
cdge (62) 1ogORLOM Neata air QO8N 090620, 04fc80 132, 260as HBug (Lo
annul ar edge (6 SUpporting an annul ar "I mper vi-ous shi 81 d,
and di spositrpnsiagantrhackliigint esbryddnder. (22, 54, 96, 101, 113, 127,
143) peripherally . A con@PRibulng;22Ykan 18888 nG0P1 MdA e aANBLAY
| mper vi ous shi el%l bei ng Tocat_edu%)et We‘en thel%ﬁ n@6 ﬁr’el?nary #ght sour%e <
(22, 54, o8 rehereim s3sd diffuse ]14_453)"- ap@uEfhe 65@695@4?0,3‘72?"{’816Péven!
the |ight havin% @nepated byubhechl idRWAY dd 0RhneQUr ¢8yed2, 084, diffuse
96, 101, 113, 12 143}> from dléect Iy illum nat- ] [ n% t he obgecé
(10, 72). reflective paint and at ‘least one lamp illuminating sai

inner layer of paint to reflect diffuse light upon the

object.

32. A continuous diffuse lighting fixture as in claim

20 31 wherein said envelope has an annular edge spaced from
said observation window and a plurality of lamps disposed
adjacent said edge, said lamps illuminating said inner layer
of diffuse reflective paint to reflect diffuse light upon
the object. _

25 '~ 33. The method of illuminating and observing a light
reflecting object wherein the object is illuminated from a L
given direction by a source of diffuse light substantially
surrounding the object from the given direction and is
observed along an observation axis through an observation

30 window defined in the source of diffuse light comprising the

9. The nethod accordingto claim 6,]}hlSSheﬁH@T’imﬁ?ﬁ“ﬁar- acterized by one
| |E

steps of:

{2) substantially surrounding the object from the
given direction by an envelope capable of transmitting
diffuse light on the object, said envelope having an

35 observation window defined therein for observing the object
from the given direction,

{b) illuminating the envelope to transmit diffuse

light upon the object from the given direction,

T



10. The method according to claim6 or 7, further char- acterized by

defi ni ngoaaibsibal i ty of openings (48, 50, 52) in the surfiacsye@iciche
first light diffuser with one observation axis (A, A", A") extending
t hr ough each the opening (48, 50, 52); providing a plurality

f d l'i gh f d SESONd
ignts Y ! OnkeRO bBSRzying, ene, Shight | e JAgTHR, BB Ca A SRERTY

129) with on@hmuehesmdr abseyrvgm@@ammﬂqw td@ng the ob@%vamomz@*jls'
bei ng associgigd W th each one of the plurality of openings (48.

50, 52) for di- recting diffused secondary light from one of the
plurality of secok@hr yl?F§HP°§ fifck Psam #pl Iittér miFRRr SRESFMGdEATe

observat son sais 6Bjech’ ardl "3aid observation means, said mirror being
disposed at an angle with respect to said observation axis
such that said mirror reflects diffuse light emitted from
said diffuse light source upon said object.
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