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Abstract

A study on electronic imaging system with silver halide photography emulation by a
parametric approach will be introduced. The study contains the comparison analysis
between silver halide imaging process and electronic imaging process, the characterization
of the detailed process in those imaging chains, such as exposure, developing, photographic
print and the other photographic and digital process. We investigated the characteristic
curve between optical density and the amount of exposure in silver halide and digital
photography systems. Under wide range of exposure condition, several sensitometric
parameters Wwere obtained via studio and outdoor photographic experiments with
conventional photography and a digital camera. whose experimental results will be shown.
Finally, the comparison between electronic imaging and conventional photography via silver
halide photography emulation and modeling the silver halide process will be discussed.
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A Aot Bl T2EH o2 fqan 2PATY Y&T AHSANAR SFAIH
FALE EAE HolEE 339 AMdd 319 BAY Fo] a7Ed & =F2 29X
9 Ax BEARE FE3AA AARGA 2N HEAA L9439 Ax 54& Ad AA
e 28ste WHS AANEY WA, 2GRN AZAAY #4 Y4 TALE A
Aoz Hustey I ZolE Z|Ed, A Az WEY dEs PEE ANEY S
2 A Az A8FFE TV AT 4 A" 545 482 #3F AdE 2
. HFHoF o]l2g ez ¥ HdYJHE AW Axz ¥EH HolHE 1A I
AAEH o2 235t 2HAY Ax B4 HuEN S FRE.

1.4 &

A 7lee] dFset 84 AxRstgAILEe o ot g 7152 Asto,
7129 SGAIA AN 1 &8 HYE F4EE stz Jo. S, 1L PCY
7ol s, A2 14 %2 DSC(Digital Still Camera)7} dutslso] BFH 7149
AEol AR 2MHT Ut YolrtA, AHUS B3 34 AR ngo] A
ol wal, AXFAA 2] S 871EL oA g o EF EHE HF A{FE] ofY
. E3 d3e 24 g 82 A, 5Y A4F AS 59 3449 Agriso] ubok
38 1 7HAE 23&E drt =gsdad. A2 3009 & o)AE e zIA DSCrH
g2 J1doz B o Mg, 54, AFH 2dIL TN Bo] AHEHT,
o] ol g5l Uyt TAEZE V)& 2GR AFHoz A U5 FAE £¥3
£ Aol 7tedivh 3, JIAZTAY § I/t ZHEY BEFH A ZYE A
2 ARG S FA = 9T £ do ARAR Y & PAe AE FuH Jdo.
upelA, dut AnjRE] FHAG L9 FHAE A dEstn o)g AAEA £ F
7t Jernz 7|&9 B Fidete] A AHgo] AR Rolo. Y, 7Y AF
¥ 249 A9 sl g5 AR HET HA B of A dME F2
FFE& 2738a oy, ALS E3o wa g stA xdle] dad xg g
A29 =2 7|0 5 &9 A3 &9 JIed 4A d$HE 7150 87 E g
A DSCE 71&9 " el CCD(RHEA2)E AHE3tn e, CCDhY #
F ERL V1EY &9 BEH b=V gEd /& 989 =F 50 45 AHEAC
A o Rg2a)e 4 Yul. DSCE WA=2E 71&9 Fg @ wd It £},
AeE FAAE Ao AEHOY =& Jud Aol gUut. T HdE, AF x=F
(Auto-Exposure)®] Z9-, 71& 3 A7 = ZH+H, ME943 Program
AE, 943123 T tgd 7150 oy dqFE9 DSCAAE Program AE 2 glom,
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% 243 Y95 ok £33 EF CCDY ZAvt EAolu #HE SHE B2 Aolg B
o]z 9lo], o]& BASE Y 750l JiuEe FEHT Jov ESAFT HAAold. o

2 EAAY BL REL AAFFA2"AMY sFAE 3 HEE £ don,
ARG g4 A2de gdagde du A Loy g8 3 AggE €, 7l
Zo] AN EA Jed & s olE 7|Htez AR AFE 8] L
sk, & 4urEQ 3 AHEdA AHgEE B4, Y 94F 4F F9 leRde g
Aol AR A BAY Fo] 2 wFE Folof &1, 7|EY SEARY =T ALE
o] FHANA B s A E FP3e Aol a3

ARl A SF 2gAAY AAE Y E 2GRS F=(Sensitivity), AZE
(Tone), 944 (Granularity), 342 (Resolving power)50] L@ Hojot " 2, o] =8
dAE zt Aade BEXE 53 Az AAE FHHoZ T3 PIA ¢x2dE
S AN B =FdAE A4 L9494 AR HATHE RdPde v
BAsa, o] ZAZ § Az A WS AAET 2, Az HMES 939 8
FHE 4 A2"e EAd dsle A&t a8n 4PE T Az ¥wE d5E
AN, 2FHedre AAE Fala dojA AAE AT o3t HAAAI
A LHAR Y AZE AEEH

2. £QA AT ARAAY F33H 2dY

AAGZNN 2 L9 AxE AFEHy] e 4 I ETHE B
& BAM3 wdgo] desit a9 13 a¥ 28 24 &9 B4 H AAEHA % 5t
A YA AAHL B2 HAEZ UEgd Aoz &9 29 ARFAHAL A BFERH 8
sd FHog, AANFHS Fotie AANNANYE FRAG. 2JAAY 44 FAL,
Frulgte] 2% HALA ] HGoz PE Aol HAHT, o] WEES Y FHS A
A A Negative £ Positived] 4& #4331, oi7|& T3l d§9 A& UFFA
wFAF)A A BN AP A7 Negative BAS] Aol A Fdol A€
AFdAE B9 AN FAS As AAHE AXAM HFHLE Alzlo] wEAA =
th old 449 FAHNA & F UK SN EHL 4 A £ #EFH, %
A Lo 45 e

ARALRA 9] A B FAHES 29 29 Zol ved 5 glew, sivedA F3 A
28-S 539 Fo] AHE RS S9ARY AY fAE U, FAE 2L oo
Z84S e AL YEo] ofd CCDe EE& 1A E42A0t CCDe YA 29
A7l met AedFSE FHse FEE dr, A" sdE R AHds ARG~
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de 0% FHoz B oldza NEE FrHA OAY AEE ABAINE 2
$2 @k UAY Aol 448 2718 AsE vtz sl YR vRe s
s ge A% Ao A% AAY A% AL AR AEH) By BY 2 7
% A7t A5aA 92, AFHez 4 HolHE 29 3 RYHY =gz
S 448 HPL RATA Aok
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Fig. 1. Silver Halide Photography Imaging Chain.
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Fig. 2. Electronic Imaging Systems Imaging Chain.
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3. A& AN 2HA A A ZE UG

g Aol HAed AAANG 2GR s A4 TAHY HuE vz, AL
Ao M L&A1 Ao AZRE FE37] 9% HFES 2939 et AN &4
AlA 9 AxE T3] AAAE Z FEA2do] e A7t 4E B4
Faof o) HgA2"e FAHE BEAS E437] Hst9 &Y #AE s
#4 & 548 (Characterization)g} 39, dukx oz 3 A2de A EZoA A}
£33 M F7HColor Space)o] tt2B 2 Mz tfg A FIt Abol9] dlolf AE{E A3}
71€c] 9asd Z s g4 39 AEY 49 FRE F2 CE XYZ 4333
o] g3t o, Az AAI2H A9 34 HelE RGB H°lHE o &3t

rr o

e
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Fig. 3. Photographic Tone Conversion Process.

AAHFAN2EE Fohe] A4Y S ANEZ MBS A7) AdAE OxE 3
4 HolHE AP + AE ANE WBFFE ook Aok ARNE HFFFE A
9o 2HE 5436 Aol o3 AojAs WRFFYH 2FFAAL. 9 39
39 ARZE WSS 99 WA BEHEON 2 BES oJARH Hu Ardez B3
s 2 Axdlel 543 AL s¢dTh 54 9P By RGBEE XY2) @
37 112 Y$uE 299 849 XYZ(EE RGB) #59 #Ad s 78 & 9
. 545 4 £ A9 ol Aoz 4 FAE 9F AT 3% A5 323
HASF F FYefor Bt FYF WF FFE FY ¢ Uvh: Holth 1Y 39 ¥F
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42 38 47 A & g go] Rk
O 494 : 433 F2 dAEAY AAFA X, Y, Z& Xo, Yo, Zo2 813, o9 o
@ HAAsY HolHE R, G, Bc &3 & o, 44 A9 543 I FE o9 2
o] Bojg.

(Re, Ge, Bo) = Fi (Xo, Yo, Zo) (1)

@ 44 : =dHz dgHE svolHE R, G, B2 31 ZIHZIH 248 &
g e AAIA X, Y, ZF Xpr, Yo, ZuolZ 2 @0k G714 Re, G, Be & Xpr, Yor,
Zu?e] BAE &5 Foudt st b5 o] Yepdn.

(Xor, Yor, Zor) = For (Re, Ge, Bo) ()

@ 2FGA A" 2P S4FE A% AL A2 BGE7) A8 A 38ty
A A7t v EFsin 2 A fYE 240 Y ddtHow AxARASAHL
A Al&do) dF S48 s3I0, dpd FL dFEA dAEE 29 4345
A XY, ZE Xo, Yo, Z2 33, BF, 3, ZUE 3 AAE 3 X, VY, Z #E
Xon, Yon, ZenZHi & o, o] & #Al= &3 o] yedroh

(Xoh, Yoh, Zon) = Fon (Xo, Yo, Zo) &)

@ A AFHE 48€ g4 dold" gFEL FH wa o 7R 3FA
7I¥E HE8E + Atk 971AM, d¥d IARE HolHE R, G, Bcoli, 34437
oz Agd 29 dol"He R, G, B'¥ W, F5 Ft HAFHA 43 A&3 dvoly
o M FrEA, ARx 7EE A3 o ¥ME FFE HHeA 2P

(R’¢, G'c, B'e) = Fe (Re, G, Bo) (4)

AF7A 71ed EAs F4E o83t AAAIAAN AR AxE EEHEHV]
A AIAz2Y Ag F+E Ta7] A4 A S s, ol Lol . +4, A
Azxze 78 xS AR Al="9 AJEFR AASIA 2o APEC] &4
Hog Fddfof stz 3o o] JyHolof gt

Xor, Yor, Zoe) = (Xon, Yoh, Zon) (5)

T3, AAGFALEY AAERFES A FelE AFFFEL o] &5 G #o] F
g 5 gl
Xor, Yor, Zor) = For (R'e, G'c, B'c) = Fir ( Fe ( (Re, Ge, Bo))
= For ( Fe ( Fi ((Xo, Yo, Zo))) (6)
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2 3)% 6)E A (5o A &34,

Fon KXo, Yo, Zo) = Fur ( Fe ( Fi ((Xo, Yo, Zo))) )
AZ (7o) WEZHEE F.E FaE Ao AANZe FT@ oy F& vz ol
vehdct, o714, Flae Fo 9§4olt.

Fe (Xo, Yo, Zo) = For ' Fon Fi'! (8)

ol9} o] MM LGAIN Y ARE TAY F o, olE 3o AR Y
N2doAe Y sivg, =dE, a28x 294179 J&8 FAE WIls 5438
#Ho] Aesditt dAdE sivte EAs WYL A RFLEE V122 e Y
(Spectral Sensitivity Based)® ## AEE 7122 3t WH(Color Target Based) F
7kx1e] o2 UE 4 3t} Spectral Sensitivity Based W'#<2 Monochrometers 2
2 gAdg svee] 237 =E A9 CIE Color-matching 499 #A& ¥3W
AolM, RGB =3 XYZ &5 Atol9 Mgo] o] &= o)Ak ¥ Color Target Based
We Bl de HEL AAstd, EEFFY olddA g o] MEE FZ9 XYZ B

¢ 2AY F, dAd stz 299 4o RGBIEHY #AHNE F=3e A
olt}. Color Target Based WHolA #AANL Hx37] slsld o3y AP
(Polynomial Regression)® #24 4% (Least Square Method) 5°] A&, 143
A RS 71EY T AF #wAY FE FrrgeEA Fu SAstE gA4E #
=8 dezx B A 545 48 7€ ¢+ Ak B, ZJEHY 2GART H
APAQ B3 d5+g vaed YA F&3tA AHEET

TUHE Yutd oz B nNY BAE Holu, EAS #HAHL dAE sidEts
A2 2 kA HE MEL HEsld TUEY F, TUHZ HW4E Hel AEY
RGB#H 1:12 d<HE B3 #9389 CIEXYZ #S =Aso F g Aloje] #AE
F3o EASE F38 &£ Aok T EAIE FA™olY 3D LUT(Look-Up
Table)7} o] €5 ™, % 71x Wi g A4 olg3rE ad® " TAH 45 78
9l CMYA ¢]9el % K(Black)e] d7t=o] M4 vehd 4 g1z, TAEH 218-€
Jgae EXE mEsol st 59 E43 FAHo) gAY sivgrg o EZsu 7
2 Aoz 48A ok

LAY S48 AAFINAHY I FAd g S4SHAHE ojl&Fe2 oW
Ho) APHo YA &k aeg, AA A2de FAsE 42 FRd AdSE
EANslg Yol Aol ofyd ALY AA Aladgg el Al2dE A, dF
d gsiaa 29 Ao #AE gidozN 548 d4E 7T A HA Ala
do] EAs 42 a7l A dXE sluate S48t TAE Y S48 BHHSE
83l LAk

nn o fir
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ool 43E AYIAE DY AAYL o188 S4RE sAAAT, K3, oz
chA e e oS HEsel Y AFE GFAL A4S B43E FIAt

4. 49 92 43

ARG L @ gAY Az FE AEL A dAZ A &9 By
gt A9 seE o] &3t BYT F, Z A2d EHE 539 Poj HoH
g o] 83t HAE AR AxE AR Az Y F5E T o] M FFE o
st dAF o2 A ARNE HEAIE Pz FPHAT. AP oA PP
A L ARG L FHHQA AL S AF S/WZ Methematica® o] &3 om®, ALz
Azze ¥ F5E HE3A ojFdAE& tAd 49 AL Hello-Visiong o &
stk 29 4= 548 9 AR AF A9 74 TEE Ao, 4Yd A4€
7171 R 489 233 $Ho] g 7|t

O Light
[

Object

Color Matching Booth

Fig. 4. Structure of Photographic Tone Conversion Experiments.

4-1. 43 717

DSC: Kodak DC290, E®¥E]: Tektronics 840( A QY =2%4]) At Camera: Canon
EOS5, J|AFAl: Macbath Chart, Kodak Gray Scale, %: D65 ¥% 3%, B&: Konica
Centuria 100, ¢)3}%]: Kodak paper, ¢13}7]: AGFA MSC 101 6200C, Spectroradiometer
CS-1000 (Minolta)
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4-2. 49 =3 2 #A

@ Studiod EF FL(D65)E HAAF® F, FAH(Macbath Chart & Gray Scale &
Color Sample)& YXA1712 94 A Spectroradiometer2 HALA 9] XYZ &<
103 &4 §, 1 FFade 7o

@ Spectroradiometer?t L& X 24 OX " Jweel 4wt sheErE AL o
&, YAIAE B934

@ A" slvizts #99 L TdEz FYstx, dv Jivee] 2§ @47
MSCI101 EFx7, J2% i slsto @4, A3

@ dAH 7}“1]E}§-'?—E1 AFEZ A48 49 Z Color Sampled] 43 99& AH
3l RGB #& gt

® SPAA, ;z_gg ¥ uYx¥ ARE&  SpectraLight 1ol oAl $XA1713, Color
Sample®] XYZ #& Spectroradiometer® &3 3t}

® Ztztel RGB, XYZ dlolH2 R 8 dxd shdzg, =d8 a8 gARe §43
8 Altste T

@ vg2ae o AEFY Jgd BE 543
7+ A" 53 g A9

® Zt EA 2R AR Az d48 545 7 H, dAE sz 489 sy
o Agstd 8 H, 2GAIH vw E4EH.

ol

48 78 H, 4 AAE HE B4 s

4-3. 432 3AY o 545
N2del EMEE 98 Color target based WHol QA o] 3 AH| o3

e 2e gy Ee] AMREHU, Zhze] tatde g & ANZFE HES F,
Ao A& AU

@ P(xy,z) = a;x + azy + az

@ P(x,y,2) = ap + aix + agy + asz

@ P(x,y,z) = a;Xx + agy + a3z + asXy + asyz + aszX

@ P(x,y,z) = ap + aix + agy + a3z + a4Xy + asyz + asZX + awxyz

® P(xy,z) = ajx + asy + a3z + aXy + asyz + agzX + aX’ + agy’ + agz’

® P(xyy,z) = ap + a1X + agy + asz + axy + asyz + aszX + arx’ + agy
+ agz” + aixXyz

543 49< F3 2oz P FH 9 -5 AP A A HE O3

o) 9 84, 223 sampled] A% Tl FFL WET I FEE olus) A% B
A, Aol e 2AgES UAY i 545 49e Saed Atk A9 J1&8
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o gy dstq HAYPS FIY 2Rz oW Fi2AS LB AT ARs)
&9 2 24

100000
80000
60000
40000
20000

0

E1 E2 E3 E4 ES EB

Fig. 5. Approximation Errors According to the Numbers of Polynomial Terms.

A9 Az g F7b FAESFE O eXge AadE AL ¥ F UdYden,
@349 e, F od & FrstAnvel wWEtNE ZA 49 FFAo] dFfA =
AE & F AA}. =8 ALLE Color Target®] Sample 4% Macbath-Chart®] Color
2470 & ol &3 At H4714 thA] Sampled] Fo]l WE 5435 59 FFAHL A¥E7)
A3l Sample®] & ®gstdAM 2x8 TPt 2 Axrst g Heof Hlch

Table 1. Approximation Errors According to the Numbers of Sample Targets

Training Testing Av. AE Max.AE Av. AE Max.AE
Samples Samples Training Training Testing Testing
125 164 296 15.3 2.99 119
100 164 3.39 144 3.34 108
64 164 3.98 13.7 3.96 12.1
48 164 467 11.2 493 139
27 164 5.53 104 6.14 15.3
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4-4. Az 38 24F 44

o]’de] Aol A GFA# Sampled] ol st & A 2de E%E FF AR
z A g5 78 H, Computerd A A sivlet g §3ta gd oA & Az WE
gl 9@ olmA] AALE AAEYTE ARNZE W] ® ojuA HolHEL ZHEHZ A
" ¥, ZUESY 1 4o PHE SpectrophotometerZ FAH3AT. T 19 634 72
AR Z g AAd w2} wEd Ax 3 SgARIE HEste] YERd ot

| @ Photography @ Transformed ADSQ

100

Fig. 6. Comparison in Lab Color Space.

[l Photography ® Transformed ADSQ

100 : : : ,
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3 s s ‘F. s
o : P A :
£ o R ST ‘-tA-l+ --------- P
£ Y Sl =°E :
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Fig. 7. Result of Photographic Tone Conversion.
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a9 694 & 5 AR AR wge WA 33N ZZe R G B, C, M, Y colore]
asb* AFhTol ALY FEtol o 2HA glon, IY TANE & § Fo] AR
WEEy] o)A Az SART SgAAY Az ZALs Hol UHE 1o W] whet
gAY Az ST FAG 99 SA Fee FHE UdEhn itk ojRed Wge)
Ax Sate) vlg) ARz WES F9F Y AREL ¥z 294 § Ske A
S ¢ S gk 29 8L 2% A4 43 BE4S Bk 209 sluast e iR elA
9% = e A= uYHYeH, & 5 FYF 27 oA FHL AFs
£ 39k 29 9% AgdA Az A9 AHde] o »ch

Fig. 8. Scene of Experimental Works.

a) Original Image b) Image with Conversion c¢) Image w/o Conversion

Fig. 9. Example of Images Obtained in Experiments.
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5. d &

B =2dAME AAANE AL A eHe gAY duF: 2 AN 8
o FuUz gAY AxE ARAZAA Adste AT WA 78k of
3t AA, SGAAF AR A2 3P T4 2dY R HA BYe F
dRon, o] RUYL JIRoE Z A2 543 JAAACGM Y ARE AY
A% S AATFA YolrtA, dAaE T ARz A dafdEFE o)8std dA
AR o] ARl W AEE AASAL, 2 22 AZARCA gAY Az
AR §A40] veldg Ed vBlE 543 #A glolA A7 #op exrh ¢ A
371e AR Az HE A4¥e B3 2o HolHE ¥4 AdEEL vud
A3, & =EA AN ARz AE By st AAFPALHANN SHAR 1
Fo Ax §4% 83 AdsAtn AAEn. 5435 AN ERE i3 0¥
A 3 AY o9 EX3 WYE, & S0}, 3D Look-Up TableZ °]&3te ¥ Tl
oste ZaAg 4 gon, F o JFFE 5435 o] s7dH

doz AR Az BHE FE oldd: ANHIY F= T FFE T
o AdE AAARZDY g3 AT Mgl dig A7 1B Ao

M o

Mo o% Ho ofN

A3EH

(1) AR T8, A48, FEZ (1991).
(2) Handbook of Photographic Science and Engineering, Woodlief Thomas, IS&T (1997).

(3) T. Watanabe, Y. Hoshhino, Color Transformation to Photography Tone in Digital
Camera Printing System, J. Japan Imaging Society, Vol. 39, No. 3 (2000).

(4)W. F. Hsy, S. Y. Tseng, H. C. Chiang, Performance Measurement of Commercial
Electronic Stilt Picture Cameras, SPIE Vol 3422, pp92-98, July (1998).

(5)S. Y. Lin, W. H Chan, T. Y. Tsal, Resolution Characterization for Digital Still
Cameras , IEEE Tr. CE, Vol. 43, No. 3, August, pp. 732~736 (1997).

(6) Henry Kang. Color technology for electronic imaging devices. SPIE (1997).
(7) Gregory A. Baxes, Digital Image Processing, John Wiley & Sons, Inc. (1994).
(8) MATHEMATICA =229, $99l, LA} (1998).

- 145 -



