; 67e3e4klhhij 2j Xj 6] Tk#& 29 Novenber 2002 DUST AND SCRATCH DETECTI ON FOR AN
INAGE SCANNER FI ELD OF I NVENTION This invention relates generally to
devi ces for digital electronic scanning of inages and nore specifically to
detection of dust a and ot her surface defects. BACKGROUND OF
THE | NVENTI ON El ect m,mm”mmﬂm canners convert an opti @aNavember 2620 an
electronic form suitabl orage)_jtransmssion or printing. In a
typi cal inmage scanner, #t from an |nage is focused onto linear arrays of
phot osensors for scannlng one line at atime. A two dinensional imge is
scanned by providing relative novenent between the |inear sensor arrays and
t he origindg TretfdD $ERAGCH DETECT TORHRRNMN IMMAGEGANNERI y a singl e

| i near array of photosensors. In general) a color scanner neasures the
intensity of at least three relatively narrow bands of wavel engths of
visible light, for exanple, bands of red, green and blue. For inage
scanners) the digitized i nage may be degraded by the presence of artifacts
on the sur fHEEDORINVBNIEGN bei ng scanned, such as dust and fingerprints,
or defects in the surface of the object being scanned, such as scratches,
folds, or textured surfaces. Miltiple nmethods have been di scl osed for

det ecti ng defect n_ transpar.ent See r. e le. .U Pat

Nunber 5. 266, 805y MitenfR fs teﬁ\ﬁFﬁﬁ@?‘yg"é‘éﬁcﬁﬁé’ T ERe oSt some
of the methggged ahdtmerer@feglﬁeﬂge@ R&BBA of 64 HRA kSratthbd hffoth&i&ut@gd that the
dyes in transparent col or filmare essentially transparent to infrared

| i ght) wherdeftddust and scratches are relatively opaque. O her disclosed

met hods utilize dark field imaging, in which the |light reaching the
phot osensors is reflected or diffracted by defects instead of the film

29 Novenberg g@g (T?’ URTPBREFSET ﬂm%?w media are configured differently

t han scanners ransm ssi ve a, and different detection nethods are
needed. There is a need for

Electronic image scanners convert an optical image into an electronic form
suitable for storage, transmission or printing. In a typical image scanner, light from
an image is focused onto linear arrays of photosensors for scanning one line at a
time. A two dimensional image is scanned by providing relative movement between
the linear sensor arrays and the original image. For gray-scale scanning there may
be only a single linear array of photosensors. In general, a color scanner measures
the intensity of at least three relatively narrow bands of wavelengths of visible light,
for example, bands of red, green and blue.

For image scanners, the digitized image may be degraded by the presence of
artifacts on the surface of the object being scanned, such as dust and fingerprints, or
defects in the surface of the object being scanned, such as scratches, folds, or
textured surfaces. Multiple methods have been disclosed for detecting defects on
transparent media. See, for example, U.S. Patent Number 5,266,805, U.S. Patent
Number 5,969,372, and EP 0 950 316 Al. Some of the methods in the referenced
patent documents utilize the fact that the dyes in transparent color film are
essentially transparent to infrared light, whereas dust and scratches are relatively
opaque. Other disclosed methods utilize dark field imaging, in which the light

reaching the photosensors is reflected or diffracted by defects instead of the film.
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automatical ly distinguishing surface artifacts and defects on reflective
medi a. SUMVARY OF THE | NVENTI ON Mul ti pl e scans of the sanme object are
obt ai ned, where for any given line on the object to be scanned) the angle

of the illumnation is different for each scan. The different scans are
obtained fromdifferent rows of photosensors that are sepéMNéwthbeBeommuse
thé angles of illumnation are different, the resulting shadows in each

scan are different. The nultiple scans may be conbined into a single
conposite color image. In a conposite image) a dust particle nmay generate a
series of overl appi ng shadows ) where each shadow is a different col or.
Searching the conposite image for the unpque pattern of colors may identify
artifacts or defects. Alternatively, the data for one scanned i mage may be

conpared to the : { . if es may be
due to shaplows, %&%@%&%@/@%ﬁ llmgglte %&ﬁ%@?é@ﬂ%ﬁlﬁ%@%g& rﬂéﬁﬁ%ﬁr THE_
DRAW NGS Fi gtfinemissive riedia,aallidiff@@nsdatetivh enétidsaite a¥edenl Therend h aeédidron of
a digital image scanner. Figure 2 is a sinplified side view of a docunent

bei ng scannedtomatisaliyidistipgwishing burfaceartdfests and idafectsann refle¢tty meddust particle
casts a different shadow for each |ight source. Figures 3A, 3B and 3C are
sinplified side views of a scanner as in figure 1, illustrating three

posi tions ofsiifARFOETIPRINGENTEOAf | ve to a dust particle. 29 Novenber
2002 -3 Figure 4 is a plan view of an imge, in a conposite scan, of a dust

particle that has been scanned with one |anp and three di spl aced rows of
phot osensors. Figure 5 1is sig&l ified plan view of a photosensor assenbly

havi ng nul tipl e pPrsitipdesrany obibe syme phlechie abtinad, whegrifos agy igivea 1l i f i ed

plan view of, an alternative photosen senbl vy havi.n ltiple

phot osensor t-ggpbaﬁgt tgpbreascgﬁ’g]_egop’tgrﬁ%ﬁioggﬁ%ﬁ;r?lngé(}/nf ﬁsg\hff?ﬁa‘%f 8?&615(:%{5}6% in
accor dance wifriyehf\@ahd ¥Rt B5hALiEERNDRSERITHORNe¥ord tHE: RERERRRER.
EMBODI MENT OF THE I NVENTION Figure 1 illustrates an exanple configuration
for a digit decabsedhe angles ohilgmimtionner differcocthewasultifshiadows irueachatad by a

| anp 102. Light. fromihe |lanp 102 refl ects fromthe docunent 100, passes
through a | €8 dlffﬁ?mah'&e m@ﬁqﬁaéganémaa be Gamitinbne p smgldiomnpsipeclorhe

phot osensor .gssenl péﬁ nﬁgrg,o Srids T8y g‘ﬁ) Al 2),
each filtere ?o’r@e%%ﬁ;rgvgo Sgg?ﬁ‘?%??ﬁl{fs atnlglfee 0 éﬂ%@g@igégﬁés of Fll% oS
shadows, where each shadow is a different color. Searching the composite image
for the unique pattern of colors may identify artifacts or defects. Alternatively, the
data for one scanned image may be compared to the data for another scanned image,

and any differences may be due to shadows, which may indicate defects.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified side view of an example configuration of a digital image

scanner.

Figure 2 is a simplified side view of a document being scanned with multiple light
sources, illustrating how a dust particle casts a different shadow for each light

source.

Figures 3A, 3B and 3C are simplified side views of a scanner as in figure 1,

illustrating three positions of the scanner optics relative to a dust particle.



In Figure 2, a docunent 200 is illum nated by one of two different |ight
sources (202, 204). A dust particle 206 (exaggerated for illustration) is
al'so illum nated. Wien dust particle 206 is illumnated by |anp 202, the
particle casts a shadow downward. Wien dust particle 206 is illum nated by
| anp 204) the particle casts a shadow upward. Assunme thaR9Ndvemder 20man of
docunent 200 is nade with lanp 202 illum nated) and a second scan of
docurent 200 is nade with lanp 204 illumnated, If the data fromthe second
scan is conpared to data fromthe first 29 Novenber 2002 -4 scan, any
differences may indicate shadows, which may indicate surface artifacts or
defects. Instead of nultiple | anps, one3my use one |lanp and nultiple rows
of photosensors. Figures 3A-3C illustrate a single |anp scanner as in
figure 1 sc [ ; I I i 1CB is
asoured o Pased S PR o oE s, T ol BRSO BRAERSha Y 13

row 112 is aaaswasmadamtemdelah{mdl thegetdisplded irgws of ghotogencitst particle 300
i's blocking Iight that woul d normal |y inpinge on the red photosensor row
108. That is, photosensor row 108 is imgi ng a shadow. Aesune that the

docunent 10 anne b Vi.n he.l a 10 ens and t he

phot osensor 5@5% “ngxpgna‘f‘?‘gé’tflad’hﬁmg&i?f BﬁﬁF‘ngd 'ﬁ?geﬁ’i‘fl downwar d
as viewed i I &.3B the lanp) Ilens) and phot osensor
assenbl y ha legttr)r%\!}é& %&\%n s & éryée{I{atlve to the docunent 100, and a shadow of
the dust particle 300 IS |maged by the green photosensor row 110. In figure
3C, the lanp, |ens and tphot osensor_assenbly have noved further downward,
and a shado g&reﬁr\%aawll Béralwbwéwsﬁenl%ter%ﬁgeah@}ysqmer eemmblyhey®sensor row
112. Note f h r t he shadow produced by the dust
particle 30@%mé1$sg$eogﬁngorh%¥j @P§ 11en scanned by the red photosensor
row 108 than the shadow produced when scanned by the green photosensor row
110. Li kew se, the shadow produced by the dust particle 300 will be

sl i ghtly | oFigure Whea flosachaetdofia/methed gn eexorginot sathrthoinveatior 10 t han t he
shadow produced when scanned by the blue photosensor row | 12. Figure 4
illustrates an inage of a dust particle and its shadows in a conposite

seos the | oRA/RET ERCRIBTIGR QR ATISbRERERRED FAPSQDRHEAELRERREST "o
t he shadow MYUENTIOMN: conposite image is cyan in color, because green and

blue light are reflected but red is not reflected. The green photosensor
row sees the next |ongest shadow 402, which has an outer area that is blue

in color (assum ocunent ., blue is._.ref red. and green
are bl ocked). E‘%qrg,\i\hl l'hsg ag {5 i cxamigl gg%rgpolé(g%rza agd%heg?%goé’hc W& ow sees
the short eSEcafixH&deérQﬂnenMO@'ik fllRRbdd 6 ¥ lzﬁﬁﬁYOPrL ?,htaf‘er tdlangi@s i nctive
pattern of colors in the conposite inmage nay 1 ndicafe the presence of a
defect. O ceflactsefromnhedominent c’c@ﬁrmsseselmongtgel@fs 194¢ ehdimplogasmats 3 t he

col ors of thg?shadows are affe 1[))% the col ors of the docunen However)

defects mayP @Fqnsﬁbﬁé%’b%{swénﬁ@ PHPGsqnseR assFEOLY 08 das Jireh FaW Pkt i nct i ve
adj acent co rog. i r as

11 Gst rat caPToopsbiiags, WD, 38, Ko flrbh ) AR ERe A i BPRANRE o 10

t oget her) rm}anvalgnghyoshgldow lengths and differences relatively small. QO her

phot osensor confi gurations have been propgosed in which there is an
addi tional row ofin bligHedendopunens 200ns minajed by gae of twe d@ﬁ@ﬁ?ﬁbll‘ém U.S.

For i nor eas SRYCETE02naty & @Y aRiieR Rl G Rk i AafenbRtho’ Such as

text. Fi gur giminhtedS WiRheRseparaxie 7ok &s qunﬁnﬂé’@ Tﬁ%‘i‘[ﬁ%z Qﬁ@ ﬁé’ﬂﬂhl\é dagegiang t wo
rows of photosensors for sensing white lig e two outer rows (500, 508)

sense whi t e shidgiw dowimdlardh ¥ hemrdust pattiele Zoéusllhmaate6b§1 Jlargp 8P4 sﬁbﬁ@éﬂlﬂsﬁd)

reen, and bl ue | ng a.sec nd white row, o can obtain two
gepar ate whicf¥s §éhgf£°,w %‘éﬂ‘-‘aﬁ gﬁ Whﬂbﬁ THd%h WCPH‘ePb{&Q%S’(ﬁgméiﬁd mpar e t he
two scans i 0 atﬁ‘?ﬂ t90

i ncrease theg}g? ? erll\é%igg e?hmg?%\g)vg?engt C‘Pﬁé@eiag%#afdﬁwﬁ E rows, one

coul d add a ifiewuiriatedc Of the datarfeorn ttie Secbid S@nliOVOAPALS S SR froas therfirsy wher e
the fourth row senses light of the sane color as one other row. For
exanpl e, an additional green row could be added, and the two green scans
could be conpared for differences. Both scans are the sanme col or, and any
di fferences may indicate shadows) which may indicate artifacts or defects.
O her phot osensor configurations have been proposed in which there are two
rows of photosensors for each color, where for each color, one row has
relatively | arge photosensors and one row has relatively snal

photosensors The Ilnes mnth relatlvely snall 'sensor areas_are used for

o e o,



29 Novenber 2002 6_ relatively |arge photosensors (600, 602, and 604), and
three rows of relatively snmall photosensors (606, 608, and 610). Each col or
band is sensed by one row of | arge photosensors and one row of snall

phot osensors. For exanple) red wavel engths may be sensed by rows 600 and
@06, green wavel engths may be sensed by rows 602 and 60829 &Novdembere2002

wavel engt hs may be sensed by rows 604 and 61 0. A photosensor assenbly as
illustrated in figure 6 may used to detect shadows using two different
scans of the sanme color. For exanple) a scan using photosensor row 600 may
be conpared to a scan using photosensor row 606. Both scans arc the sane
color, and any differences may indicategshadows, which may indicate
artifacts or defects. Figure 7 is a flow chart illustrating a method in

accordance w.t.h o on. . . .Are nmade
W th sopar arErpRs SRS LA indby SRRy BN e ARk R B IO
assenbl y). dHéfe@sconposite image is forned (test 704), then the conposite
i mge may be searched for shadow patterns (step 706). Alternatively,

separate scans nHptaad of ombaple damps, det ary udé dhe laacasl mShiptowvsatft er ns or

di fferences nay indicate St}:d whi ch |, i ndi cate surface artifacts or
def ect s,  NoPROIEREOISHEICHED A o SRR SHEE [1BRSSEHCHH BUEye Detansiitar ches,
textured suilossiandagyRied 10961 oRELSLCRY SENEALESIAdaNS ki tabl e for

det ecti on. tion, a ere are many configurations of

phot osensor liglit; 89,1 18MAgladstRed g senkegreeh Eigbn and e6w iR id Aeemed ansense t 0 be
able to generate and detect at least two different shadows. The foregoing

descri pti onbe light IprfisuendAi adasiagicin3e0 isddeckingEehitthat wawld pempdlyes of
illustration and de§qcriﬁt ;lglo 1t is Eﬁ%n’ttfnaiend? to be eXE stive.or to
limt the i HUDRES SR Cheotef pbo s ity B BBAESCIRETSY ALY SHBRENE Gt i ons
and vari ati gRRiotRW sBEmP 858 Rl dchMeht WOLis SanhOEbR RN BAEMNO®, hEe
enbodi ment was chosen and described in order to best “explain the principles

of the invelens d66aamdl the phptosarisorcasseraplpl i06 atalativetto atstetioalny docaibst KiOher s

skilled in the art to best utilize the invention in various enbodi nents and
vari ous nodfPVaYrIdasviguedindigiie 88q 1n HeuigaB, thelagp, deise ANDPRAIOSERELT: i cul ar

v52, Cont STy bl EHASAL Mk AOBRINEH, SRR BT e L
limted by Hig pattic¢ 360 {s-imaged by the green photosensor row 110. In figure 3C, the

lamp, lens, and photosensor assembly have moved further downward, and a shadow

of the dust particle 300 is imaged by the blue photosensor row 112. Note from the

light ray traces that the shadow produced by the dust particle 300 will be slightly

longer when scanned by the red photosensor row 108 than the shadow produced

when scanned by the green photosensor row 110. Likewise, the shadow produced

by the dust particle 300 will be slightly longer when scanned by the green

photosensor row 110 than the shadow produced when scanned by the blue

photosensor row 112,

Figure 4 illustrates an image of a dust particle and its shadows in a
composite image using data from all three rows of sensors. The red photosensor
row sees the longest shadow 400. If the document is white, the outer part of the
shadow 400 in the composite image is cyan in color, because green and blue light
are reflected but red is not reflected. The green photosensor row sees the next

longest shadow 402, which has an outer area that is blue in color (assuming a white

document, blue is reflected, but red and green are blocked). Finally, the blue



29 Novenber 2002 CLAIMS What is clained is: _g_ 1. A nethod of detecting a
defect on a surface being scanned, the nethod conprising: scanning (700) a
fiirrst shadow (400), produced by the defect, using a first photosensor array
(108) 500) 600); scanning (702) a second shadow (402)) produced by the
defect, using a second photosensor array (110, 508) 606) 29 Noeerfibér2002nd
second phot osensor arrays spaced apart such that a length of the first
shadow is different than the I ength of the second shadow, detecting (706)
708) the first and second shadows in data fromthe scanned shadows; and
determ ning that a defect is present when shadows of different |engths are
detected. 2. The nethod of claim1l, whewein the first and second shadows
are produced by the same source of light (102). 3. The method of claiml,

wher ei n th%f@tééﬁs&ﬁﬁ%@%%{]ﬁ@rsh@ftés@)ﬁha%%g/sﬁﬁ @vl{iéhrﬁtenﬁpeﬂg gﬁggnéé\%\ggk?ﬂgshs of

i ght, and e seco osensor array senses a seco wavel engt hs

of light, adigiddtivefpaftédn cTedlosehohd cBRBOsitednRgeinfalyan@ibite e prebceet Rod of
claim1l1, wherein the first and second photosensor arrays both sense |ight

havi ng subsdedeati 8f icpuiseeinsiagodortamposite waagelof ol doumehie theetdhard ofthec! ai m

4, wherein hoth the bands of wavel engths are supstanti al white |ight.
" AS. AS. AR ASDAAOWS Are Efdiby the cc\)llors ofgt%e document.ult—)loweverl, 3etle¥ts maly still !9
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photosensor rows are relatively close together, making any shadow lengths and

differences relatively small. Other photosensor configurations have been proposed

in which there is an additional row of photosensors for white light. See, for

example, U.S. Patent Number 5,773,814. A row of photosensors for white light is

useful for increasing the speed of scanning black-and-white documents, such as text.

Figure 5 illustrates an example of a photosensor assembly having two rows of

photosensors for sensing white light. The two outer rows (500, 508) sense white

light, and the three inner rows (502, 504, 506) sense red, green, and blue light. By

adding a second white row, one can obtain two separate white scans, one with row

500 and one with row 508 and compare the two scans. The two white rows may be

placed relatively far apart to increase the differences in shadow lengths.

Instead of two white rows, one could add a fourth colored row to a three-
row photosensor assembly, where the fourth row senses light of the same color as
one othe‘r row. For example, an additional green row could be added, and the two
green scans could be compared for differences. Both scans are the same color, and
any differences may indicate shadows, which may indicate artifacts or defects.

Other photosensor configurations have been proposed in which there are two rows
of photosensors for each color, where for each color, one row has relatively large
photosensors and one row has relatively small photosensors. The lines with

relatively small sensor areas are used for high native input sampling rates, and the

lines with relatively large sensor areas are used for high color accuracy and speed.

Figure 6 illustrates an example of a photosensor assembly having three rows of
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relatively large photosensors (600, 602, and 604), and three rows of relatively small
photosensors (606, 608, and 610). Each color band is sensed by one row of large
photosensors and one row of small photosensors. For example, red wavelengths
may be sensed by rows 600 and 606, green wavelengths may be sensed by rows 602
and 608, and blue wavelengths may be sensed by rows 604 and 610. A photosensor
assembly as illustrated in figure 6 may used to detect shadows using two different
scans of the same color. For example, a scan using photosensor row 600 may be
compared to a scan using photosensor row 606. Both scans are the same color, and
any differences may indicate shadows, which may indicate artifacts or defects.

Figure 7 is a flow chart illustrating a method in accordance with the
invention. At steps 700 and 702, two scans are made with separate photosensor
arrays (for example, separate rows within one assembly). If a composite image is
formed (test 704), then the composite image may be searched for shadow patterns
(step 706). Alternatively, separate scans may be compared to detect differences.
Shadow patterns or differences may indicate shadows, which may indicate surface
artifacts or defects.

Note that the above discussion has focused on dust, but scratches, textured
surfaces, and even finger prints can generate shadows suitable for detection. In
addition, note that there are many configurations of photosensor arrays, and the
only requirement for the invention is to be able to generate and detect at least two
different shadows.

The foregoing description of the present invention has been presented for
purposes of illustration and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed, and other modifications and
variations may be possible in light of the above teachings. The embodiment was
chosen and described in order to best explain the principles of the invention and its
practical application to thereby enable others skilled in the art to best utilize the

invention in various embodiments and various modifications as are suited to the
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particular use contemplated. It is intended that the appended claims be construed to
include other alternative embodiments of the inventjon except insofar as limited by

the prior art.
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What is claimed is:

1. A method of detecting a defect on a surface being scanned, the method comprising:
scanning (700) a first shadow (400), produced by the defect, using a first
photosensor array (108, 500, 600);
scanning (702) a second shadow (402), produced by the defect, using a second
photosensor array (110, 508, 606), the first and second photosensor arrays spaced
apart such that a length of the first shadow is different than the length of the second
shadow;
detecting (706, 708) the first and second shadows in data from the scanned
shadows; and

determining that a defect is present when shadows of different lengths are detected.

2. The method of claim 1, wherein the first and second shadows are produced by the same

source of light (102).

3. The method of claim 1, wherein the first photosensor array senses a first band of
wavelengths of light, and the second photosensor array senses a second band of

wavelengths of light, and the first and second bands are different.

4. The method of claim 1, wherein the first and second photosensor arrays both sense light

having substantially the same band of wavelengths.

5. The method of claim 4, wherein both the bands of wavelengths are substantially white

light.



