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Correcting Show-Through Effects on Scanned Color Document Images by
Multiscale Analysis
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ABSTRACT

We have developed a new approach to restoring scanned color document images where the backside
image shows through the paper sheet. A new framework is presented for detecting show—through
components using digital image processing techniques. First, the foreground components on the front side
are separated from the background and backside components through locally adaptive binarization for
each color component and edge magnitude thresholding. Background colors are estimated locally through
color thresholding to generate a restored image, and then corrected adaptively through multi-scale
analysis along with comparison of edge distributions between the original and the restored image. Finally,
show-through components are detected from the difference between the original and the restored image.
The proposed method does not require specific input devices or the backside to be input; it is able to
detect unneeded image components through analysis of the front side image alone. Experimental results

are given to verify effectiveness of the proposed method.

*

B 27 DAL V7 b7 = PR

Software Research Center, Imaging System Business Group

Ricoh Technical Report No.28 51 DECEMBER, 2002



A
B3>

|-

TET VANAF Y TROTILNARATIREDT VX
NVADIBEER O B E N BIRICHEA TR Y, KRR
Xy NI =7 DERN—RT 4 27 ORAUIZ LY &
FRARSE D F1 T — BB — DA 7 4 ATHRH I D &
IR TETCWD. ANEGORBIRE) 3 =3 512
PEVN, WEFIRIERG CREEOEENET TRLS, Wb
DHEGY PREE 72> TE TN D,

WERA 7 4 ALEBEBORYA2 EDTWE /7 v
BICBILCiE, B2 #EISRICH 5 < 357 8D
HfiZg HIECHRE Y Z0H L, =—FOERT 2l L
UL EFERT D Z LN ARETH -T2

ISR LTH 7 —FIRIE, EEETH D012
EEICRTT2ER LD O L5, BUCHEBEZHD
{T2HZETETRYZRBT 57 7 n—Fi%, KEOH

RINAEOHNELHFRENS5L $570, 2—FoOH
BEREMEZT N TERNEEBX LN, Zhidil

ISR = IER E DT Fa—FICE L THREIC L D
WAELARETHS [1,2] . FEBICEEY N ELTND
CEEBE, AL THIETHEE) ZRRLI-LOD
B & Fig. LI d. HEOT LY T — g UEEHIN R,
KEN, B, ZLTCXFREIE, WOBEES ZEN%
WA, ZNHDOEIIREOHEHRERLTEY, EBRAE
FHALLTHZETRIFRNBEDND Z L, ErEL
TOfifE%#E LS bDTHD (Fig.lb)ZH) .
PERMN O EA X v 72 EF WG fE AT
LRSI TE D, BERBRERDORRRAF ¥ T %
VLT 5 L% [3,4], BIREAM TOMESDEN
RAIRTHDH72E, B REEL H o7 Flon—FK
TETICHHE LT e —F T, AREERNTRSR
LELLEFHE OBFENMINZ ERMETHD. B
RENZIZT X NT —Z DHEPBATRHET, FRB T
ASBRWEDIZELTIE, AXv TR EDAIRDOEE
D= R =T OFAEZHHEE T 52 LI TE R,
PLEZEE 2, AR TIEHE LI CEmBRICR
7 VX VEGILEE T, GV OHEBRRIHIET S
TNA) RRERET D, REFEILETEDOD DL
ERVCHIR W RE2 DML, RS aE 217

9. L TEZERA—/UIRITIC L D 52 EINrICE
WTHZ LT, BEEYEMHET D, REFEIIFRI2A
IR LB LT, REOAF v UEEOHE VT
HEY ZHIEL, [FRFIZEREOFIRINE O @ OB E
FERLL TN .

AREOERIILL T OEY Th D, ETH2ETRET
L HRDOFHEIZOWTCHA L, IR TIIEG Y HHIET v
TY ZLIZONWTIRARD. FARE, FEBROSCEM IR A4
ELTEFEBRIZOWTOBLETHY, FHREIIELDOTHD.

Fig.1 (a) A color document image with show-through
effects.
open network
internet B
n /V ‘\
Fig.1 (b) An example of gamma-correction.
I 2. FNDFE
241 7 —EROEHRER

Mixed Raster Content (MRC) Imaging Model[5]iZ
T —EHRITIR D2 ODEEHE I LR E D
CTRAN, ITT v IR (BT

£o5L, H

* BifEt (Foreground)

RE)

RET==N
EP58

X

(Background) : ELfglE R AETEL

WRAZOWTE, Sz onZe<, BlzIE, 100dpiffE

Ricoh Technical Report No.28

52

DECEMBER, 2002



OIEFGE OBERICIER L Th, AMOBICIIHE BT
720, |2 1IEZBTC (Block Truncation Coding) [6]Ti3, [Eifs
70y pEIL, 70y 7 BUATHE LT AR AT
WHFEERA L Q0D —0, Bimablod LT, =y Po
RO TZOIZEVFBEE A VB L b, 20 L9, i
DORBUTKBNT, AR ERTIIRR LB FIENLE L
5.

EEY OHDHEGETIE, BHGIIIRO4DDIHEN LR S
n5 (Fig.l, 2&M)

- R ORI

- RO

- ORI D DIHE Y

- WH O 5 HOIEFY

(Foreground)

(Background)

(3
k]

(a) (b) (c) (@
Fig.2 (a)The region contains show-through components

from the foreground of the backside, and the color
of the background on the front side is uniform or
smoothly changes. (b) The region contains show-
through components from the foreground of the
backside, and the background on the front side is
composed of two or more distinct colors. (c)
Background color estimation for (a). (d)
Background color estimation for (b).
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Fig.3 A relationship between input/output images and
internal images. Synthesizing the high-resolution
input image and the low-resolution internal images
generates the output image.
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Fig.4 An outline of the algorithm.
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Fig.b A foreground image of Fig.1.
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Fig.6 Local background color estimation. (a)For each horizontal scan line, runs of the maximum length WSZ are constructed

sequentially from the left so that each run contains no "on

" pixel. For each run, pixels on the run are classified to two

representative colors, and the brighter color is set to each pixel. (b)The background color estimation is applied to

vertical runs of the image generated in (a).
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Fig.7 Difference between edge images for the original and

the restored image.

Fig.8 Restored image of Fig.1(a).

Fig.9 Detected show-through components.
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Fig.10 (a)(c)original images with graphics (b)(d)restored images.

(a) (b)
Fig.11 (a)original image with photograph (b)restored image.
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Fig.12 (a)original image with large show-through regions (b)restored image.
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