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Abstract

Digital image capturing technology has been making great progress recently,
and we can now simply capture the color image by digital camera, flat-bed
scanner or Photo CD systemm. A lot of professionals are instrested in the
capability of Photo CD and other digital images in the printing and publishing
industry. But these images were not processed a suitable image processing to
use in the hard copy.

In this paper, we described a method of the digital enhancement processing to
use in the printing and publishing industry. Experimental results show that the
described method was useful and valid for the digital image enhancement to use
in the hard copy.
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sab 1ez]e] Aol wel A A e £4A HAY Helez AFY
AA HAQem, B wtiels] At Wolse] vicieie] F& de] M2 dlolele) wat
o] 713atAl ik,

2| 27+ A) = CEPS(color electric prepress system)$} Z-2 olsfjd 4o shakqigax 2
Q=" gAY A QAL Yuz ALLste] ik e HT Qs - 3 EopddA

DTP Aj2®9] &-4-8o] Foldlel weld Cxd shvile} = i 2A R ¥ o]
g siab(e]d} Uut vl satolzl A3y} Photo CD3MY B2 FvlE 7HAA H%e
o], o] 59| S&Botel tialA ZA} nuH wp gk PN QAge) b JHAA R
JH3 gAd saHelsl A4 YR|H selel AghHE At o8 A FA A A
et nEX ey} gaEe] A AeZ YMCKE Haid v ¥xjeju ggo £3HE
t}. zevh duk gx" 3Hate|u} Photo CD 342 <l 2-8-2] 3 X2 JHE
A4 tiA Y sato] opm 2 QI EAS wIF ofF-B Al A @& Aol Utk
wjeta] o] 5 FAHE QA4 d32 AMS-s] el A5 gk B A 8
¥}, Photo CDY] Ew) 3fAre] A RS FAFAAA A8 Jn2 A48 AF7t B

2 2wl 9los P Ae] Photo CD #H4S A4 Y78 21-8817] gleiA] AbZyx 3
Aoz whAE s AA - Awsts wA]slr] 918te] Photo Yee AN HEAISE
relste] AbEUAE A7) He]l nug wh ek’

©
2]
B ERode A dF AFHE skl Ak A9 YAY 437 F# Photo CD 3

A= Photo Yec EAA L] YAIZw AR U AE 3Abx 8] & 3AHS E-Print 10008
Q712 AHsle] 1 AFE AEF A A8 whie g3 F-8438 el
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o} Zyle AL EA o g} Photo CDel 7]E% dolel= Photo CD £ 22
7125 glow, tAEE s AFE o] dSEHEE FHof 3tk Photo CD=
RGB® ¢33 3}4} dlo]e]§ Photo Yecel ¥-2i= ZAH o2 wghshy, v|t]e Ax¢)
S EdlA dazHole ZAS7] el vt HE 7 CCIRAA 4 601-1,
CCIR®A 774 709 e} 7o) tEo1A slch

Photo YecEAW 2 AMAlA 715 7153 A& AL AUE F ol ZFFA tivle]
22 AHgatE ez Ao H, o] F2 tinle]22 91 RGBE -2 CCIRUA
T4 7099 wet FAe] wHEIA 3t

Table 1. CCIR Recommendation 601-1 and 709

standard CCIR Res. 601-1 CCIR Res. 709

LumaRed 299/1000 2125/10000
LumaGreen 587/1000 7154/10000
LumaBlue 114/1000 721/10000

Photo YccEAH L ARl 7]15 7153 A& A AL + e EEHA tvlo]
22 ALg3lE Ao Ao Hu, o] RFFA viule]2= 1% RGBY & CCIRURL
709 oA AR AMEA ] F3la ek o]9fzteo] dejx]l RGBAIZZF-E Yecd] A5Hdh
2 CCIRUA 4 601-10 A=l w3k o] ap&c}.

Yec 37kl A HEAZE Y, AEAZE 27 Cbet Crolet I, H Az 9 Y&
A Z= Al o] o)

Y= LumaRed* R+ LumaGreenx G+ LumaBluex B
Cb=B-Y 1

Cr=R-Y

4714 R, G, BE RGBUFAAA 3232% ovlsiel, 22)w % o 4su3 g
HARZ 71%57] AT 8hit2 AN A& A7 Vi, Chaw, Cra= (@) 28 4
el
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Yo =(225/1.402)Y
Cbgp;y=111.40Cb+156 (2
Cf’gbl'f =135. 64C7’+ 137

359} A5 7)1 25 Photo CD 34 A A3t7] $1814& Photo Yecoll#] RGBS
YA g gre s waksle] CRTel A&l ol Yec - RGBS A3z wghe TVHhE4-
t]z" A1 5572 SMPTE(Society of Motion Picture Television Engineering) 240Me]] o}
29 A3 A=t

Y8bit =1, 3584 ng,'f
CB gy = 2.2179( Chys—156) @)
C¥ gpir=1.8215(Crys,—137)

Rgpir= Y gi+ C¥ gy
GSbir =Y 8bit -0. 194 Cb’ 8[;,‘[_0 . 509 CT’ 8bit (4)

Bgpir= Y gpir+ Cb gt

22 RGB - Ycc M3Zieig

Photo CDell Yec¥E7te 2 7120 He tAd 348 2357Ele] CRTA 4] & A4+,
CRTo| ®A® Mo Aux 2l(4)9} o] 8hit® FA3= RGBS #Adgtelrt.

Photo CD 32 PhotoShop] $-8& AX Eje]Z CRTo A8, ZAE shatel o
g oF 4 gl AuE x| RGBHEMgL Woict w2bs HEAIZ ) HEAsE Fefsly]
98l A RGBAEZ A Yo B o2 WA A} 84, Ry, Gar 1213 By & F
TAFe Mz R Ve )2 R o5 o] Hrt

Y 8bit — 0 . 299R8bit+0 . 587 GSbit +0 . 114B8bit
Cbl 8bit — _0 . 299R8bit—0 . 587 GSbit +0 . 88633&, (5)
Cr gpir=0.701 Rgs;; —0.587Ggsy—0.114 Bgsys
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AI5)E Al(3)9] HAE H-g3t1 26)3 2ol Ry, Gasr 2 By 5 8bite] 3HEA
3ot AxAFFE vepd 4 gl

ng,‘, =0. 220R8bir +0 -432G8bit +0 . 084ng,
Cl 8bit — —0. ].35R8bit_0 . 26568&','*‘0 . 39938bit (6)
C28bit =0. 385Rg[,,', -0. 322G8bit - ) . 063ng,';+ 137

2.3 RGBNTSC - Lab 24z 2ZHH &t

gA g shelel e F9y 2AUR R Ak gAE S 48 A" das
bty SlelAe AAR s Ml aFdch 3 ARE AT AHRH AsdE
NTSC® #A3sd, NTSC TVA2ge] Aqast dxgct Fd2] TVALRS dAF2
CRTe AH4-€ A} AxHe ofs] Al dA FA= Ade 4494 Ax=39
2 7}x] <& Table 29 vhehsich

Table 2. Three colors’ coordinates of the TV system’s method

Method Red Green Blue Basic Stimulus
X 0.67 0.21 0.14 0.310(C)
NTSC
y 0.33 0.71 0.08 0.316
EBU X 0.64 0.29 0.15 0.313(Dgs)
(PAL, SECAM) y 0.33 0.60 0.06 0.329
SMPTE X 0.630 0.310 0.155 0.3127(Des)
(RP 145-1987) y 0.340 0595 0.070 0.3290
HDTV X 0.640 0.300 0.150 0.3127(Des)
(CCIR Rec 709) y 0.330 0.600 0.060 0.3290

CIE XYZEAA N AxRARE x vy, 228tz AAFAE X, ¥V, Zehshd, 4 =3}
%9} AlzlFA|dlE oAl 22 TA7E 9l
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x X
X+Y+Z
Y
YETX+Y+Z @)
xtytz=
Z1E AL R, G, BY #dgte] 2% 2559 A$E ¥FF Co A o, 71E 49
ARANFANE X, Y, Z.2 9, YV, = 100022 X,¥= 981 287 Z,= 118357}
th, 71EN el 252 = Red®| A54], Green®] A5 218]a Blued A535 33 3
3z}

X, =X, +X,+X,
®

Y,=Y+Y,+Y,

Zy=Z,+Z,+Z,
T3 vlEYAE M)} st A (9)9} Zol= 3, RGB

4@ Table 38 & H-43}o]
Ag7belA XYZAE] ML (107 Robalct.
9)

0.607 0.174 0.201
[M]=IO.299 0.586 0.115}
0.000 0.066 1.117
(10)

e

A71M 7, g, be 8bitE FALEE YW g 1ol AHFsAIF] gheldh 2Bl XYZAY
an¥ z2c}

g

F7tell A Lab¥-57ke] HES A

. Y \§_
L*=116(5~) ° —16

. X 5 _, Y \i

a' =500 %-)° —(3-) (11)
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24 CIX|E Sjabol ALELIA BHAH

241 AARE vlx5)

CAE gae] AbEus gk s 1FEn Qe Jraoe Adg 5 9l
2., USM(unsharp masking)el] &% AFZ U2 akaye AAZ Qs A Ao o] o] &
Hi ol Aexel wgoelr)

AT r—yH2FHRANA 3abe] B7)2 A, )2 st 1 Y yERE weir g
Hatell ijE FAH1A} w12 23}el e peA)s o)

VAx, )= aﬂa’;’” + af(g‘}; %) (12)

2 2
v i x, y)=—i%rf-’l+i%fﬂ)— 13)

USMel 9% Abu) 2 442 4(14) 9} ko] 9 SPF2¥E] 2hzelael shs At
TR AU o] FResA R, AEARE BN ZEHE Ae] gl

&(x,3)=Rx,y)—vAx, ) (14)

AE 34 AL FAsA F2Ee) el A Qg ol oja s 7
Aol gloia] #4b 1A% T e A4tk USMS) 4 rpdon
Aok she A9k weh A9 Amus abe S84 USMe d4ea USME 14
& #1219 AAo) F8sbeh 3714 USMS) 4898 A,(x, )2 7 USME H8g =
BH 4L Mx,) S, BYW ALZU2 GaAe A(15)9} 7] Hl.

Hl

PN

&(x, ) =Rx, 9 —A)x.9) - h(x,3) - ViAx,y) (15)

242 94 sl2Eade] Ay Wiy

i

b o)A " sake siate] L5} Qg st w AH8317] MrhE CRTE A8 s}7)
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% BHoz QR UAY el tl¥-Lolch webd 3] A SAEIAE Fig
3} o] &4 #Hwgre] I3 U ddout REH gle A% 2 HEE WS e
By A8 Was ok o o] A UHY [y, tumed T [Vkins Vil &
WE sl Aguske A16)3 ot

—

i~ X atin) TV in (16)

Ymin Ymax

Fig.1 Linear transform of the histogram
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2.4.3 o] ~(Accutance)ol] &%t Aoz Hr}.

shae] wlAEEoll digt 71854 dAFHdd elM FAFHA W, el i 8
of spafo] Asictus & 4 ok AelHQ Ao Z(sharpness)d EE]F oz Yehle
AL oledpu, R ae Addeed vl & Ade] 9loernz 2 Ay Hddxs
oAFHAE HGrigleh Fig2es AFd2e] SAWE vepd Zlolv, offrlae] A4l
A1NZ Fr},

Ac= 55 (17)
Densi
*'{ J Dmax
Ds
D A
emmmmmmeeeeeaas ‘AL """ Dmin
e—— |
Distance

Fig.2 Measurement of the acutance
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st Akl

Table 3. Test Images

Input System SGEO8TI LUX SCANZ Pro 16B
Scanner Type Drum Flat-Bed Flat-Bed
Scanner Sensor Photo Multiplier CCD CCDh

‘ Light Source Halogen Lamp Fluorescent Light D65 Light Source

Aol A% Yx|E 3HAke] dlole|e] Fx3= RGB3 el 1, RGB3 2 34} dlolel & 3}
AFS o] 399l RGBY 3% 2ger 3=t AL43 34 doJel= R G- B9 3
zH oz FAEN g, 7 i 1nlelEe] Holg g FAF gt

311 AgA 2" 743 223

Ag e A vlAE Aol A A4S 22 ALE] A AY Aade ¢ el
2 FAsen, ARAe e g 109 shaich

Step 1
Reading the Digital Image
Step 2
Spliting to the R, G and B Image
Step 3 .
Transform RGB to Ycc or Lab Color Space
Step 4
Split to Y channel of the Ycc or L channel of the Lab.
Step 5
Level Transform of the Y or L Image
Step 6
Sharpness Enhancement of the Y or L Image using Unsharp Masking Method
Step 7
Composing Enhanced Y Channel and Cb Channel and Cr Channel,
or Enhanced L Channel and a Channel and b Channel

Step 8

Transform Y’'cc or L’ab to RGB Color Space
Step 9

Stroaging the Sharpness Enhanced Image
Step 10

End
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3.1.2 USMel| &3t AFZ U2 A d3e]E

4k A 6] = Eell A ATy Faele A(15)9 A=Al Az
2 FAAE 2 Fig. 37 %}

step 5

Determine the Masking Rate : Ap(x,y)

Determine theArea of the USM : h(x,y)

h(x,y) < Threshold

h(x,y)=1 h(x,y) =0

gixy) = f(x,y) - Ap(X,y) VH(x,y)

step 7

O

Fig.3 Flow chart of the selective image enhancement
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321 AlEE HAE sAbe A 54

dub oA e Az shale] #H e 0~2559) 2569 AR, AHE Ao o] AAY
F-28 A ] A 2"l ofaps) H2-& A 4 gl Table 43= 17934]9] 24
o] A Y] Wby =gt oA dlel¥] FtS viehd ZlolH, Fig. 4= #lo] =AY
Al g Y state] oFAks #W-S Jtehd Zloloh Table 40149 o] 22 34t
of dafr JHA|xHle] depile] wiebA FAbstE A9 gle] cfEo)

Table 4. Quantized levels of the digital images which was scanned by input system

s of 3 types.
Step Density Drum Flat-Bed Photo CD
1 0.07 249 235 219
2 0.12 245 231 215
3 0.17 240 226 205
4 0.24 232 220 194
5 0.31 222 211 176
] 6 0.38 214 201 165
i 7 0.46 201 188 148
\L 8 0.56 182 172 130
9 0.65 171 158 116
10 0.73 156 142 104
11 0.83 140 124 0
12 0.93 121 105 78
13 1.05 94 83 66
14 118 70 57 51
15 1.38 41 32 31
| 16 1.65 30 23 22
t 17 1.68 r 20 18 14
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Fig.4 Characteristics of the quantized levels according to input system’s type.
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Holl A3 HAE $ade] Al BEA4E A7) A3A 22k 2Auz 1ys
oA vpolaz o x| %-2] stE EAste] 1 AARE Tzl oF Table 52}
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Table 5. Acutances of the original images.

Acutance

Scanner Type -
P Horizontal

63.25
25.78
18.67

Vertical
62.25
59.75
19.67

Drum Scanner
Flat-Bed Scanner
Photo CD
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323 Al sjele] Apmy s bE

Gk AE AHe] S AL g AS-slr] 95t AAZu s AaAeE st
RGBH*|E1 & Ycc =+ Lab® Wdhsle] YA R LAE 28|32 RGBY A A Ho tfs)4]
AR 2 SR el S skgleh o) AbEU 2~ %Wéﬂri AR oz Hristr] s FH
ol A AL F AREY: FxAE s

Table 6-& AU ALE ozl B0 AAHEE ZEdlr] Jalx] 34 uleked
Yellow, Magent 81 Cyang yo|ZofA| 2 el Zo|t), Zhzte] Al§EE AR~
FAAA R T o] L ol A -2 e A3 A Sample 37 Fig. 5ol vreb e}

O

r-{u:

Table 6. Color levels of the test patterns

Sample’s Name Levels Background Color
R-Level 220 236
Sample 1
-Le
(Yellow) G-Level 220 236
B-Level 220 35
R-Level 220 190
Sample 2
G-Level 22 70
(Magent) ve 0
B-Level 220 190
R-Level 220 30
Sample 3 G-Level 220 90
(Cyan)
B-Level 220 l 170
L _ 1

Qo] e B4 wiekell AlRbAle] Seiglis HElE FighSel a2z yejugich
(b)e}h ()= 22 Yec®l YRR 8] Labe] LA RN USME A4A27] g o7
-2 ¥ F-9l= vtz vlasts FtF Aol Sobs T, A 9w vtk
of ul#sted RGBEFS oo FhaEo] AXYze F715 1, oA ¥ 488 4
A sk AEER] or 3 ot 2Ev (d)E RGBE B A #el 2] USME #-8-3}
71 el e Aol A AL Fd o] AdA oA Fol FAPE] APHSIL et
et
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Level Level
300

0 ~ + S N ' A ' *
77 78 79 80 81 82 3 84 77 78 79 80 81 82 83 84
Distance Distance
(a). Edge shape of original (b). Edge shape of Y enhancement
Level Level
300 300 :

250 +

200 1

0 e g + + 0 ¢ + + + +
77 78 79 8 81 82 83 84 T 78 79 80 81 82 8 84
Distance Distance

(c). Edge shape of L enhancement (d). Edge shape of RGB enhacement

Fig.5 Knife edge shapes of the sample 3
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324 YAE 3ake] Aoz g4

dub A S-S A48 T2 A7) YelA A Bt USMS A48l 3}
4o} A =g AFA1A] F, E-Print 10002.99] o712 Q4% s4bo] Figeeld, o=
A DeskWriter 560C 2¥ & &3 34bo] Fig.70o)t}. Fig6d (0 o8 satdA =
AEwr USMES A48 shgolr, (e 438 34 Aol RGBAA ) USME 243
2 olch ()34 vl Bw HAFR oz Majo] wizkslx lrk v (O3 E
(@32 Makst o]zt lowia Adl s FAFE )

et 1 AdE 2AUR HIE (b)shadel vlalA s Addmel MAde] ofx] g 2}
o|7} o, B AFelxe Adx el 548 T3 Q& 3 A5 shx] sk
7] wjioll ulgAg NP SHAME B AP 109 F34 Fotel o)
o] (dEFrct $-5-8HA Jebd)

a. Original image of Photo CD b. hputed imagze by dyom seamer

¢ Enhanced image by ¥ d. Enhanced image by RGB

Fig. 6 Printed image by E-Print 1000



Fig. 7 Printed image by InkJet printer
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325 AHEY F4H AE

A spake] AdE A E  F, 2883 Qs 244 dhger 9y}
& Bt A4 whalel] apebr zhe) ztoli QAo & FHAtell wishA] Al gt
Ao g Addaigleng, o371 Hrlgk st Fig8ol ZAlE wle} o] 3iake]
AR, FE5 D] ealx], $E5A4Ge] 9] 283 #E SR vhy 295
elsto] Fig.7¢) (a)3H4kel Jd (o), (d), (e)9] M 3}s= Table 73 22t} Table 704 &
AU vheh Fo] FHmARQ Y = AR USMARE & A$E A2 u5g 43
7} e A) 2, RGBEFol USMA 2l & & 7 $-ollv & MAigho] vrehtz gl

4oz

Fig. 8 Measurement of sample

Table 7. Color difference between (a) and (c), (d), (e)

. Original-Enhanced Original-Enhanced Original-Enhanced
Sample No. .
Image by Y Image by RGB Image by L
1 1.12 272 1.59
2 6.80 9.22 6.88
3 0.73 9.08 2.77
L 4 11.90 26.81 12.3




YA e olr]A & HAEARZ A 9% olvlA] ZxzAe 19
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CEPS® 22 A A49] sAl¥AX2 189 A4 e oAd duwt A-es) gt
B Qls - SdEokellA, AT DTPY] &4-&o] Fopdel wabx tAd sheile} wi= Bt
2ARZ 1E= duk 2" shatoli} Photo CD 3H4HS Qa4 92 243tz 8=
Aol sobAaL glet ofohre Ut A YAH AL AL dn A 9
M Aol el & whE AAste AAR W) g s f-842 8] ¢
gkl AP A g3 22 AMS gt

I dubHQl Zw spake] A9 vixzeks 100%4 % 2289 o 74 Age spat

ZdFE M AARE Aok

2. A¥Ad USM A2l & s)H =3 (Threshold)& 2lgte.z 4+10] 2 3tsfeict,

3. dub A #4ke] A9 RGB A37kel4 USME A43142 o Aisir) dojdg
&5 AR Yee == Lab AFzhell A 34 Holl et USMe] B854 A= A
Wb ekolupa] o sade] HxEglenz wo) f-gsigich

4. A" sheilehd iy 2V lH e YA S RGByrsc - Lab 437t W

g7t 8¢S st
5 Ycc =+ LabZ WAl F 17549 23302 E-Print U472 Q) Q14
o] A A= 050]3tE g8 dglr)
ojAbe] ZyE vl t]AY shate] ML YuE o]fo] EFS Udgro} =3 Ay
Uz 43 A8 tA" sakE AR AE A Bl wlste] Axjgle] w7 xjo]r} 1}
eyt mEbs dul A" S-S o] 43 A B AFrt a3t Al o)
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