| MAGE SUBTRACTI ON OF | LLUM NATI ON ARTEFACTS
CROSS- REFERENCE TO RELATED APPLI CATI ON [ 000L1] This
wa@ppbkiooats on clains the benefit of the prioritRCHEs®©627167
co-pending U S. Provisional Patent Application Serial
No. 60/538,914, which was filed on January 23, 2004.
BACKGROUND OF THE | NVENTI ON [ 0002] In i mage
processing, the goal is to exam ne an i mage of an
object in order to extract sonme useful information
about that object. This is nost often done by
anal yzing variations in the brightness val ue of
spatially separated el enents bf the i mage and
conparing themto one another or conparing themto a
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t [[@903Dt i calt isho? MBIrGuonkthA there are brightness value variations within an

image of an object that do not convey information about the object, but rather convey

spurious information about the illumination system used to light the object or the
imaging system used to optically form the image on the image sensor or about other
aspects of the object's environment. When it is not possible to control the
environment or the lighting or the optical system in such a way as to eliminate these
artifacts, the system that analyzes the image to extract usefil information must cope
with these artifacts; that is the system must extract the salient features of the object
from the image while ignoring spurious information from the artifacts.

[0004] In imaging systems with an in-line coaxial illumination device are well
known in the art and were first widely used in biological microscopes. In general, in-
line coaxial illumination devices introduce a light source either between the image
plane and the lens, or within the lens jtself between the optical elements. The
elements of the lens between the light source and the object may be used to focus or
collimate the light and cause the-light to-impinge the object along a complimentary

path to the-image-forming-rays. Fhis-method-can result in increased contrast of the



el ements of the | ens between the Iight source and the

obj ect may be used to focus or collimte-theiight
wapasoazse the-1ight to-inpinge the object al oPQI/ES2004/027167

conplinmentary path to the-inage-foimng-r-ays.

T- hi s-net hodcan result in increased contrast of
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the in-line illumination device is using an object illumination level, and subtracting

»

respective pixel values of an artifact image from respective values of the object image
on a pixel address-by-pixel address basis. The artifact image could be the first image
of the artifact or could be a scaled image of the first image. Of course, multiple
images of the artifact could be taken at differing illumination levels prior to analyzing
the object. Then, the image of the artifact having an illumination closest to the
illumination leve! of the object could be used for the subtraction, or that image could
be scaled to the illumination level of the objecit prior to the subtraction.

[0007] Preferably, this digital removal of the illumination artifacts would occur
automatically, in-line, before the image was reported or presented for viewing, or
before any subsequent. image-analysis was-performed on the image to determine

specific characteristics-of-the-obj eet=beingsimagedl%



i mages of the artifact could be taken at differing

illumnation levels prior to anal yzing the object.
wab@s/o7é2he | mage of the artifact having an il | POT/HSL0000R7167

closest to the illumnation | evel of the object could

be used for the subtraction, or that imge could be

scaled to the illumnation |evel of the object prior

to the subtraction. [0007] Preferably, this digital

renoval of the illum nation artifacts would occur

automatically, in-line, befose the image was reported

or presented for view ng, or before any subsequent
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,the best node contenplated for practicing the

invention is read| n con unct| on. wW.th the acconpanyi ng
‘drawi ngs. DERARLEDIELS QNG TP DIAWINGS [0010]
Thevedgper | pﬁ“h@&bs&%%ﬁ Her&ﬁ%ﬁﬁegﬁfe%ne@&%s QccbRBanying drawings

actonpanyi ng drawings wherein |ike reference nuneral s
r efvbereindikk réferepemumenalsirefonfiodibe partstheoughoua theseearsl views,chnd
whe e|n [0011] Figure 1 is an imge of a machinist's
rufes \ﬂnth an illumnation artifact; [0012] Figure 2 is
anfoorepe of Fighe Jigadin2es6f smidhinst's ﬁxlé:iavgh in mbmhﬁmmnmfact

artifact illustrated inFi 3 een btracte
[0012] Figure zais an image otg the mac o prule o? 19101 6llere. ¢ artifact

. illustrated in Fig. 3 has been subtracted;

[0013] Figire 3 is an image of black velvet including the illumination artifact of
image 1;
_[0014] Figure 4 is a process flow chart illustrating a preferred embodiment of

the present invention; and
[0015] Figure 5 is one embodiment of an in-line illumination system that can be

used with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0016] The inventibn involves digitaliy recording an illumination artifact
associated with an imaging system. This artifact may then be later subtracted from
subsequent images to remove the artifact from such images.
~[00~1—7] ‘ This invention is preferably utilized in combination with in-line

ﬂlummatlon systems that can result in artifacts from internal reflections. One such in-



[0013] Figure 3 is an image of black velvet including
the illumnation artifact of inmage 1; [0014] Figure 4

Wo soogopexess flow chart illustrating a preferP@nUS2004/027167
enbodi ment of the present invention; and [0015] Figure
5 is one enbodinment of an in-line illumnation system

that can be used with the present invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENT [ 0016] The
invention involves digitally recording an illumnination
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substantially additive to the image of the object in intensity space (a map of the
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intensity of the returned illumination, pixel-by-pixel, commonly just referred to as the
image). Second, they are substantially independent of the object. This means that the
artifacts can be fully documented a priori and the information stored for use during
operation, where the image subtraction may be done inline. Finally, the artifacts do
not have to be chardcterized at every illumination leVel. Instead, they can be
characterized at a few well-chosen illumination lévels, and the characteristics required
for subtraction can be interpolated or extrapolated from these few samples due to the
direct relationship between the in-line illumination intensity and the characteristics of
the artifact. This technique, of course, presumes that the illumination levels are
known to the vision system.

[0019] It should be noted that the above described properties will not hold if
the image goes into saturation. That is, if the light intensity exceeds the sensitivity of
the camera. .If the image does saturate, then information is lost. _(Saturated values are

indeterminate-values, e.g., those-where the-dynamic.range-ofitheimage-sensor-has



[0018] The artifacts resulting fromthe system

described in U S. Patent Application Serial No.
waQo3F&2884 have some identifiable properties BOCT/HS20041027167

other in-line illum nation devices exhibit simlar

properties. First, the artifacts are substantially

additive to the image of the object in intensity space

(a map of the intensity of thg ret urned
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illumnatio evel s are under control of the vision
sys{@21] That With refedescesy Figedrtiwanis bieovr angmagenie svhivh ab haifact 10

as a |r t e ion, t nte of, the tifact
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man yrgaagg to? zrmea(?rhfact at this maximum illumination level is stored on the digital
computing device, and at least one additional image of an artifact at a lower
illumination level is lstored. Preferably, this lower illumination level is substantially
lower that the maximum illumination level, i.e., a level such as one quarter or one half
of the maximum illumination level, but above the noise level of the sensor/imager
being used. The noise level of a sensor/imager varies with the configuration used and
is a quantity that can be determined by those skilled in the art. Using a minimum
illumination level above the noise level assures that there is sufficient intensity to
register a usable image.
[0022]. ‘With reference to Fig, 1, during operation of the-system, for each-object

12-imaged, an<image of-the-artifact 10 is-also present. The-artifact-}@-may-then-be



or it may be perfornmed when the systemis depl oyed.

Wth the imgi ng system configured so that there is no
WO edoanms2idrage from an obj ect, the inage of thePCT/US2004/027167

backrefl ection of the in-line illumnation source from

the lens element or elenments onto the el ectronic inmage

detector is the only itemimaged. This artifact is

stored within the digital corputing device. |Inages of

the back reflection or artifact may be nmade for every

i | bubttacted tooyield enly hn infage bEthe nbjlei:trie vi;lhd:himshmamiimhgsmuAs shown

el s itase pife e Tl ket 10 hppeteine

an lig¥ iithchid@ion] &hdi aftef A6 sitRraSidnO RN &84 & Fik! @ tﬂe'iﬁﬁﬁ‘ct 16%11 be -
|rra§a§ of Fig. 3 is shown as taken agai Rst a

teptinlly rqﬂinfa'eé) fremdhe iaysendroidi abiact 12. SFhig nesultmrwagqnmﬂy
r e Ulr u
oS s LRI LS 8
I epmiposesafsktmet—xd, infdnmatldmeabdmtghé ject mmxhd: ingeelefsaiticobiatii2.
us?@)g% 0 seif the ma hum nation level that can
] by t Prpigaiqn actifast g aRsppReingy to ghe same

0 bmﬁﬁnaua; ﬁteﬁglahlsyd toa;btd.@aé 'im&m Byl b8 98 n BvAhBIL, ftﬁéht

his maximumillumnation level is stored on the
d| g@w caadauead ta g)bt;wpb%annalmhasamwsm é’n:eallathlfddltam nal

[ [ t A '
o1 gkt i B U oyt T A RSB osBe
s ubsifaht T)aJsJ 'ghe inbammest (pedy-stdle lendsi dflaﬁnvdllhhlmrﬁﬁt:ﬂ ifhage can be..
| eve such as, one one, hal f.
of SeUed i T IohePREe i 8 ke s ined o e opice.
| eVfdgeO This B6itabBeaed AdfgEinaBeis RfedUusLthe subt@ctitRl se | evel
of a sensor/inmager varies wth the confi %ur ati.,on used

ancﬂ 024] 5 qu¥fithiresprengpdto Figa A these Sshevmt Aoy wgramnmahng an -
k
S 'elnbsedﬂlé&ﬁglthg é@{sknt 4«!@5&& %%”#Iy-fﬁ]tn%lnm{ﬁhmtd ?:‘1?, g?entably

above t evel assures t ere I's su
i noftisitypg dt@ribebab@we is povideb| As Mrthganfa[:mmmuon pomt is

Wthref cet 1 dr ..operatio
sy St tg’fﬁm o s‘é’é dﬁ ‘gﬁge‘&ag‘? Rt 2 imaging
of sysherrara ciptirad!t Inl@e prefonred Sdei'cE@.@thmul fiple adifdctsfapedaptured at

| Q. may-then-besubtracted to yield on an i mage of the
obj eﬂ&fé‘uww levelss h%amsqme¥fk@ve he ﬁgfasqﬁ sme captured by

imaging black velvet or any other blank surface that does not charge the video

camera. In one embodiment two artifacts are captured and stored, one artifact
associated with an illumination level near the saturation and one of roughly half that
lumination level.

[0025] At 26 the images of the artifacts are stored with each artifact image
having an associated intensity level. It is understood by those of ordinary skill in the
art that each artifact image is stored by pixel value and pixel location. The pixel value
and the pixel location of the artifact as described above, for any particular lighting
condition, will reproduce itself in subsequent images regardless of the object being
imaged so long as the imaging device has not reached saturation.

[0026] At 28 an object of animage is obtained using the imaging system_

including-the-in-line-illumination-device. At 30-the intensity-or-illumination-level-of-



i Fig. 1, initially, the image of the object 12 wl|
include the artifact 10 fromthe in line illumnation,
wanpwsafd2es the subtraction, as shown in Fig., 2PCT/0I82004/027167

artifact 10 will be substantially renoved fromthe

I mage of said object 12. This results in a generally
i nproved image with | ess spurious infornmation that
could,interfere with the stated purpose of extracting
i nformati on about the object fromthe i mage of said
object 12. [0023] If an inege of the in-line
illumnation artifact corresponding to the sane
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accuracy of the subtracted image.

[0030] Moreover, it should also be understood that the order represented is
merely one order in which the steps can be performed. That order is useful for one
time recording of the artifact image to be used with a vanety of objects to be imaged -
and analyzed. Another useful embodiment results whereby the operator of the image
system sets the illumination levels according to the particular object being imaged.
Specifically, an object is imaged first. Then, a null or dark object as described
previously is substituted to capture the artifact image at the illumination level used for
the object. The subtraction of the artifact from the-object image can then be
performed. Any similar objects would then have the same artifact subtracted without
adjustment due to changes in the lumination level. Although this embodiment would -

not be as convenient as that described previously-when-dissimilar objects are being



art that each artifact inmage is stored by pixel val ue
and pi xel |ocation. The pixel value and the pixe
wo ewabieams of the artifact as described above, PCI/US2094/027167
particular lighting condition, will reproduce itself
i n subsequent imnmages regardl ess of the object being
i mged so |long as the imagi ng device has not reached
saturation. (0026] At-28-an object of aninage is
obt ai ned using the imagi ng system ncl udi ng-

the-in-Inme-illum nation-deyice. At 30 the
intensity-or- illum nationdevetof~the i nage captured
at 30 is deternmined. The object will have been imaged

at a known intensity level. At 32 it is determ ned
mhether one of the stored®artifacts has the sane

|II on I as .that of the ge captured at
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procéss noves to If the answer to the
guery at 32 is no an artifact is calculated at 36 for
the illum nation | evel of the imge captured at 30 by
interpolating or extrapolating an artifact with the
known intensity fromthe stored artifact val ues. For
exanple, if the known illumnation intensity of a
stored artifact is half of the |level of the
illumnation intensity of the inage captured at 30,
the values of the stored artifact are doubled at 36 t
O create a new artifact inage. [0028] As descri bed
above the inmage of the object captured at 28 will
include the artifact superinposed thereon. The
artifact 10 of Fig. 1 is in the sane location and is
the sane artifact as the artifact 10 in Fig. 3. At 40,
the artifact supplied at block 34 or 36 is subtracted
fromthe image captured at 28. This yields a
subtracted i nage at 50 such as that illustrated in
Fig. 2 in which the artifact is no | onger present.
[0029] It is understood that in this description
bl ocks 28, 30 and 32 are hot necessary to practice the
present invention and that those bl ocks nerely inprove
the accuracy of the subtracted inage.



[ 0030] Moreover, it should also be understood that the
order represented is nerely one order in which the
wat@ps7@an. be perforned. That order is useful POI/USIWE4/027167
time recording of the artifact inmage to be used with a
variety of objects to be inmaged and anal yzed. Anot her
useful enbodi nent results whereby the operator of the
i mge systemsets the illumnation |evels according to
the particular object being inmaggd. Specifically, an
object is imaged first. Then, a null or dark object as
descri i LOYSly is substituted to capture the
artif%%the illumnation | evel used for the
obj ect. The subBt r ac®imethaf ofirbreovdng dnf anifrctiresmitiog fitem an in-line

obj ect.,.i mage can then.be.perforned. Any simlar

ob) ectLiriagion S ol s e vuahdon 1 et o GinsPieatip by amabyzed
Wi t houhe aeihos tafgtisingtie t o changes in the illum nation

| evel . Al though this enbodi ment woul d not be as |

conveni ent as , ORNGEATE] image 9frenditifass kepuliing from an in-line

- di ssipi lar: Qb r: ' |2 | : .
user aliepicR Gt O i HUANRAE ek by oion level
nunber of sim limagimharecjest iorbeanaliyzed uisihg thelimaging system wherein the
conveyor-line.setting. Wat- is clainmed is: 1. A nethod

of 1 orfBURRIOERRIn devite is Ying ah pPiRG IITHRRRR VR Fdhe

i[1um nation deubeRtifd refpeciiRYLAOvAYSE R Arkifid itldgd 88 Respective
of an object to be analyzed, the method conpri sl ng:

obt ai riaings af the pRject imeggonsrpizchaddresp-bypixel 3ddtmss basy f rom

an in-line illumnation device of an imging system

using a first artifact illumnation |evel; imaging an

obj ect to be arfal yz&de gethod atdoedingmglanyg 1syteremobibaing i first image
the i nath'lne Y Ie@%r}at ion device is using an object

i 11 umi HaRT BHEFES & CORB bt r act | ng respective pi xel

val ues of an arskitihgehe bfmaDdjdct QidabifR @bjctirforathe tBagdie system;
the object inmage on a pi xel address-by-pixel address

basi s.*2. The nethod according to claim1l "wherein

obtai ning a firghgihgB@Qn@ictt he artifact further

conprises: setting one of no object and a bl ack object
before the imagi ng system

3. The method according to claim -1 wherein the artifact image is
the first image of the artifact.
4, The method according to claim 1 wherein the object illumination

level is equal to the first artifact illumination level and wherein subtracting respective
pixel values of the artifact image further comprises subtracting respective pixel values
of the first image of the artifact from respective values of the object image on a pixel

address-by-pixel address basis.

5. The method according to claim 1, further comprising:

creating a scaled image of the artifact using the first image of the
artifact; and wherein subtracting respective pixe! values of the artifact image further
comprises subtracting respective pixel values of the scaled image of the artifact from
respective values of the object.image on a.pixel.address-by-pixel.address basis..



and imaging the artifact. 3. The nmethod according to

claim-1 wherein the artifact inmage is the first inmge
wo@Rooshe2asti fact. 4. The nethod accordi ng to cP@EI/IS04/027167

wherein the object illumnation |level is equal to the

first artifact illum nation | evel and wherein

subtracting respective pixel values of the artifact

i mge further conprises sulfracting respective pixel

val ues of the first image of the artifact from

respective values of the object inmage on a pixel

addr ess- by- pi S
accordin ggt 0 C’ﬁkal :ﬁ&g&ﬁ?éorﬁ 8 FOS %1%‘?}1& .wgﬁﬁ‘g%;%@% ki scaled
soagead thermetifect @irtheh eorqrrlsesfmdnplymg nzg:htpbqel Yaluesf therfmgmnage

b aeig BY h e R ook e e Huindton

et racting respective pi xel values ofjhe scal ed i nage
of the artifact from nespscti xe val ues of the
obj ect -i mage on-a- pixeLaddress

b.y-pi xel gaddEggs .to
claim5s V\,her ei n cre qsar?aérdmg FlQ?g&P%&FEéﬁéisﬁg.
artifact fletetoiiging ¢ oagximumaunudtion vl thg ieaeHevsl batdw that
val ue, of theflrahglrraeof the artifact by a ratio of
(RIS JOPSE IR e TR A8 evel to the first artifact

i1 um nat g 1he vekimuf iildiRatitRl&R 266 B tilctliRukibaion
1, further conprising: determ ning a maxi num

i'%¥elini nati on 1 evel that is one |evel bel ow that
required to cause inmage saturation; and using the
maxi mum i |l um nationl evel as the first artifact

i |1 um nat Bon | &heinethed acrh@ingEOhb@namedicmgpri@gCI aim

Tt e RRr SLOG i SRS 3 B8RRIk TR AL e

artifact resulting
illumination device of the imaging system using a second artifact illumination level

lower than the maxxmum illumination level.

9. The method according to claim 8, further comprising:

comparing the object illumination level to each of the first artifact
illumination level and the second artifact illumination level;

using the first imag;a of the artifact for subtracting when the first artifact
illumination level is closer to the object illumination level than the second artifact
illumination level; and

using the second image'of the artifact for subtracting when the second
artifact illumination level is closer to the object illumination level than the first artifact

illumination level.

10.  The method according to claim 1, further comprising:
obtaining a second image of the artifact resulting from the in-line

illumination device of the imaging system using a second artifact illumination level.




il lum nation device of the imaging systemusing a
second artifact illumnation |evel |ower than the

woreoosimazid | | umi nation level. 9. The net hod acceeOUszpo4/a@7167
claims, further conprising: conparing the object
illTumnation I evel to each of the first artifact
illumnation | evel and the second artifact

| um nation |evel; using the first inage of the

ifact for subtracting when the first artifact

um nation level is closer to the object

um nation | evel than the second artifact

um nation level; and using the second i mage of the

ifact for subtracting when thg second artifact

um nation level is closer to the object

um nation | gvel K 1 fae

umi nation | ge. ifﬂg%&tﬁ#ﬁggﬁé@%gﬁaé@c@r gﬂrﬁar O PEFEF m

1, further conpmpsiingthe objeetiiintgation keelasdadharale firkt driect
artifact.resultin romthe in-line {|lum nation

devi cl u@??ﬁﬂ%fei’%ﬁ& {t}ﬁswg‘?@ﬁ‘fa‘ﬁ@w&mﬁl@é.&‘@kd artifact

L Tuminati.on | edgltdd firstibRgf e eride AN NEakOinhb&dT ubtracting
101 further conprising: conparing the object

i | | univber the first aigct fluginatiorHeve istclngerftp thetobject illhmination level than
illiam ' segond artifact

il ummggt@%dgg%a\?ﬁéﬁ?mﬁﬁgﬁ%%ﬁflem irst image of the

artifact as thesimrthé feacid inapgerf thesrtifiutdstRCArting: WA for

the fi el artifa%% illymnpation level is closer to the
obj ec PO HEE 51009 ariitaqs dymingiion evel ixelaser forthe ebiect

U umi Diathimfond BV than 8dird et ilGnsR6R kel Mage of the
artifact as the artifact inmage for subtracting when

the second artifact illumnation level is closer to

the object illm nagy v, fi kst artif.act
illum nation I Eﬂ\?el %Hf%%ea%lﬁ%ﬁﬂggp %gglolrddﬁ"r%ﬁ BTEE N

10, further cosmmpsigige objecyithmingion heweltbjeactt of the first artifact

Hu mﬂﬂ%tiﬂaggn fe\?e\f gxl1d t‘hg se%%g a&%ac%' Smi];!atgosﬁtlevae ;talngi act

scaling one of the first image and the second image of the artifact when

i
art
il
il
il
art
il
il
il

the object illumination level is different from each of the first artifact illumination level

and the second artifact illumination level.

13.  The method according to claim 12 wherein subtracting
respective pixel values of the artifact image further comprises subtracting respective
pixel values of the image created by the scaling from respective values of the object

image on a pixel address-by-pixel address basis.

14.  The method according to claim 12 wherein scaling one of the
first image and the second image of the artifact comprises:

multiplying each pixel value of the first image of the artifact when the
first artifact illumination level is closer to the object illumination level than the second
artifact illumination level; and

multiplying each pixel value of the second image of the artifact when the

second artifact illumination level is closer to the object illumination level than the first

_ artifact illomination level.



illTumnation [ evel and the second artifact

illumnation |level; and scaling one of the first imge
wapwspvhe1xzecond i mage of the artifact when theP@CDPSID4/027167

illTumnation level is different fromeach of the first

artifact illumnation |level and the second artifact

illumnation level. 13. The nethod according to claim

12 wherein subtracting respective pixel values of the

artifact imge further conpr"}%es subtracting

respective pixel, valyes of fhe ipmage created by the
scal i ng fr&% re?ﬂ%@f’%éa‘iﬂ{‘f%ﬁ’&f&‘?% "@Bfeé’cstubﬁr%ﬁﬁ% on

a Rip¥&lve PRI RlfRs BY thP beti®lct RAGE B3hePAthptises thbuddifg PR
according to claim 12 wherei'n scaling one of the first

i b vaivey of the imegeomentddrhydle sshlingfeommraspéctive vadusapf the object
' ' i xel svalue,of the first inmage of the
2}4@}#&;%:{4%%@8@%% |’pr“§et1 acgf?sfpaasést i|lumnati ongl evel is

closer to the object illum nation |evel than the
second artifact _illumnpation level; and multiplying

each pi xel ¥al udhefmethngd aceording o) g d 4 Frheraypandptensity of the
WHEE ¥Rt S jof fdvhlfi@Gdiow Eitﬁiqh?ﬁ} &’G/hler%ﬁ’xfi#e deSorfelaASFES:
to‘the object 1llumnation Ievel 'than the tirst
arilprhigationil¢vel iilassithiaw thefiesp attifacs illumimatioe teve dnd ghnwe dinoise level
to ftaxeaiim .%g, mer ein subtracting respective pi xel

val ues oF ¢ artifact imge further conprises
subtracting respective pixel values of the image

obj ect | nagd on e BERGR AT G AR, el e Reses
basis. 16. obfninei MMAIGGERh4bedSr the afifat FsdidngMi&h @len an

intensity of the first artifact U uniaation evel is
b elflempinatign desice ehthe HRAgingisEstesn,vhermn eash @f the phurilitnefimages is
ilw'm' o} i iaﬁ' first artifact

il ugrﬁ"L naﬂingn r{i%vg*veangicg@gt\?ieﬁg&n%%'e | evel of the

i mgi ng system 17. The nethod according to claim1,
further cong| Slﬂg,:method according to claim 17, further comprising:

selecting one image of the plurality of images of the artifact wherein the

respective artifact illumination level associated with the one image is equal to the
object illumination level; and

using the selected image as the artifact image for subtracting respective
pixel values of an artifact image from respective values of the object image on the

pixel address-by-pixel address basis.

19.  The method according to claim 17, further comprising:

comparing the respective artifact illumination level of each of the
plurality of images of the artifact to the object illumination level;

creating a scaled image using one of the plurality of images of the
artifact when no respective artifact illumination level is equal to the object illumination

level; and



obtaining a plurality of imges of the artifact

resulting fromthe illum nation device of the inmaging
wayaseng2iswher ei n each of the plurality of i nmagPGI/US2004/027167
obtai ned using a respective artifact illum nation

| evel . 18. The method according to claim 17, further
conprising: selecting one image of the plurality of
i mges of the artifact wherein the respective artifact
U um nati onl evel associated with the one image is
equal to the object illumnation Ievel; and using the
sel ected image as the artifact inage for subtracting
respective pixel values of an artifact inage from
respective val ues of the objgct inmage on the pixe
addr ess- by- pi xel address basis. 19. The net hod
according ta cl,aim.17, further ris comparin
t he respectffe ﬁFﬂ?%%?U??ﬁ4%ﬁqéﬂﬁgﬁ? gngb éqéﬂﬁq

t NBxdPbamieRlof by artifact HAGE S0 keshifivaviliésasTihe dbj Jcﬁanaemxemb
iIMum nation | evel; creating a scal ed imge u3|ng one
of pixeh addsessbadpinel adgress basiges of the artifact when no
respective artifact Rum nation |level is equal to the
object illumnation | evel; andusiag the scal ed i mage
as the artizZact Theegthol atcosdidy toabdinrg whesfreatating a pialed|
values_of an artifact imge fromrespective val ues of
t HEag fr OFREES: on the pi xel address- by- pi xel

address basfgsipife eaﬂah@mele\tatae@faﬁco% @fﬂﬁ pluPalfy ¢ ifihgkS of the
wherein creatin 1% a scal ed |mag 1 further conprlses
fre

rruartxfapﬂ byi argticefthe phirailupination svel tp thegawegive priifact ilumination
pl ?ﬁ?’ f y a ratio of the
obﬂg%t ﬁi?éloglh?éntg? onh Ofe ﬁeg&t ét'eggﬁésgectlve artifact
|IIum nation |l evel of the one of the plurality

of i mages of the artifact.



