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(Summary> In response to the request for the standardization of Color Facsimile, Color
Facsimile Committee was organized in The Institute of Image Electronics of Japan to contribute
Japanese suggestions to ITU-T. This paper reports an evaluation method which is adopted at
WG2 of the committee to select the standard color space and its result. In this method, the
evaluation task is partitioned into three parts, that is, selecting “the color spaces for evaluation”,
evaluating within each subitem, and finally evaluating. As “the color spaces for evaluation”,
fifteen color spaces such as CIELAB, CIELUV, RGB etc. were selected. The evaluating task
consists of 10 categories and these categories have 26 subitems. Some subitems include subjective
evaluation items and others quantitative ones. For next step, the ranks for each subitem were
marked in accordance with the mean opinion of the WG2 members. Consequently, CIELAB
marked the top score and was selected as the standard color space within WG2. This result was
suggested to ITU-T and the CIELAB was selected as the mandatory at ITU-T/SG8 meeting
held in Geneva in April, 1993. For further task, we will start on demand to investigate the

remained problems such as white point, color space dynamic range, and multicolor.
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“Evaluation of Color Space for Image Communication—
Focusing on Color Facsimile—Hiroaki IKEGAMI (Imaging
Technology Research Laboratory, Fuji Xerox Co., Ltd.),
Tsuyoshi HANAMURA (School of Science and Engineer-
ing, Waseda University), Masao AIZU (Image & Informa-
tion Research Institute, Dai Sippon Printing Co., Ltd.),
Osamu YAMADA (Products Technology Development
Center, Canon Inc), Hiroyuki ENDO (Specialized Systems
Group, Fujitsu Limited), Yasunori ISHIKAWA (FCP
Business Division, Ricoh Co,, Ltd.), Katsuhiro KANAMOR-
I (Image Processing Research Laboratory, Matsushita
Research Institute Tokyo, Inc.), Naoya KATOH (Device
Technology Research Devision. Research Center, Sony
Corporation), Po-Chieh Hung (Electronic Imaging Labo-
ratories, R & D Center, Konica Corporation) Hirotsugu
KINOSHITA (Dept. of Electrical & Electronic. Tokyo
Institute of Technology).
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Fig.1 A Typical Color Facsimile System
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Fig. 2 Procedure of Color Space Selection
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Fig.3 Selected Color Spaces & Their relationship
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Table 2 Evaluation Results of Subitems
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DERY > 7N (HR/ER) 2R 2HEETHEL T
NTSC—RGB Ot *48E U THERE LS 0/
L, UTO3Oo0ftEEFE L. OF—y > 7
NVEOAEESE D S BED -2 ) v FEEEEOTY
B Max {8, QEEESE LGS OEREY 1
FMoz—2Yy FIEEROZOFHE L Max 8, @i
@ﬁ%b?t%ﬁwiﬁﬁy7wﬁ®1—7uyFE%
DEDFHBFIC2 D3 OTH3, ZLTENLDREERES
—EDREI LD 2 BB TFML 7z, #4713, CIELAB,
RGB, YC,Cr ZEHDmWIHEi & 2V, XYZ, CIELUV
BRI & %% o SR ROF L BRI 3
IR,

4.6 XYZ ZREE L OTRBESE

FrAYOBZERI XYZ EHEDBRTEZS L
THY, b3EEMEDSFOBEMADEHERIZ, XYZ
TEREZRRAT IHEVE L, XYZ ERRaE#fiz{T>
LToOFLNREERTHS, F 1T, AFHIES T,
XYZ ZR L OFBROFGE L EBROTEERE L w5 2D
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DOFMERE 23T, FICFHEL 72,

XYZ ZBH» o ZEERADETBOAREE I, BZERH
FERRHFEONM L EMTh 2. 22T, XYZ 22H»
5 RELEMADELRIC DL, FNHBEZICTE 2
ESp 2 ERY B, XYZ Z2lh o E&BEHADE
Ve ERT 25 E50FHERABEL REL Y, TharHE
KEIWwWLY 7TEECFEML . 20ER, RGB,
YCoCr, YIQ ZEMIL, REEMTH 5 O CHMABEHET
Bah, BOFHiE Y, CIELAB, CIELUV, YC,Cr
=7, YIQ—y @R X, RUEREED I L O6H
MREELRY, AN T 5%, MUNSELL, CMYK
ZEREIBEL TIX, BEOERFE®ZVDT, 7—7
EEETA2ARTEINER ST, RVEVFHTH-
iz,

Eiz, ThOMZEHOZY, KEEH»S XYZ 22/
NOFEROFSZ L, XYZ Z/H» 6 {0z
DESHLIZFEMTH 3, Lr L, FOE[»S XVZ
TEEAOEHOTEEMIZ DWW T, XYZ /0 5 &0
ERENOEROAREME L R OBEEOMENEZL SN
3. Pz, ROEFETREREEZ LY, B -3ET
L7V T3 %%FL5L, REHN TAEMTOI S
DT, T OBEMTRERZFODOD, XYZ FRICIFE
PTERWBENEET LI END D, ZOBER, #
DOBEGT, WM TiREVwOE (BBERELY) %
ToThbeTRnE, XYZ ERICEERTERW, 22
T, EBEM» S XYZ BRI, XYZ ZER~OEHEHST
RETH2»rlD LY, SEEMOLTOED XYZ %
HI~ZHR e E, 3BRECFELT. ZEALDOE
FRBEBRTETHD, BFMe o7, LyL,
CIELUV Tt XYZ ~NEBRTEROEADSEFEL, F

IS T o7z, £z, YCoOr (F > <@EDYD), YIQ(H
VRHEEH D), MUNSELL Z=R3sHE R ATRED SR
K&, BIEWFHE o7z,
4.7 AN LOEBRESE

ASTHEER O NI QR » & EHEAE RO AN O TR
i, BRECTELZENEZ LY, BHRISATE»E D »
13, XYZ ZR» o {aTHAOEREEMTHEDOT

B LT, 22T, AFMEB OV TE, V—5F 5
=19 il A F ¥+ D RGB E B ANBER L
BEL, Ih»eBEEzEHT 2D LEREE
HEPEREL D, ABEORE I LY TERECTHEL .
IO T ODRME, XYZ FHEh o {BERMADERD
YOLrEBIZLTHB, BB, AFvTLich, AN
BELUTCRT, €T AT RENBEEINDEY, &
SOERZDH > T HEANZIEFITITES L L,
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AHEZEEE R F v F O RGB ERITHRES ¥ 7. Sl
DR, XYZ, RGB, YC.C,, YIQ ERx ¥, 8%
BTz 2 BZEMIRFHE»S {, CIELAB, CIELUV
TRz O, A R & D EEMITFHM MK < ko k.
#zL7T, CMYK, MUNSELL Z=f§i%, &b {E\WTHE&
zolz.

4.8 HA~OEBRBESMH

EEE R AT S HEEOREEZEMADOEHD,
ASTHEBRDBE LRk, FORSEOHEEZNITRY,
BL, AD#SLER30R, HAE0ARObIE
PEWETONES DB I EEBBIANDIATHE, %
T, FNETNEMIIOFMEE L Uk,

HAOBBROBBOTIcBEYENFET 2 AEEOESEOF
fii £ LT, BZEfn&thss, Gia/IEE/BE (HVC) i@
WHIDERh E WS RERRDT, SEREICFMMmLL:. 2
DORER, EHgEotBRoTcBRERT 254, &
HE—BER-o-CHELEELERT 2 LM FEH
59 DT, HVC oML BB O A BMEBRES T
HBEWISBELLHEALR, i, V-2 RAF—¥ 3
VRERBLWTABRRET 50, HVCTHES 2L
BLELETONEDT, Z0HFEH, HVC i oHEL /-
BEMOABNER RS, 2 LT, BABOHETEEE
EViEwaEMOFMER < L #-51T,
MUNSELL ZER0s b B VWikli & 2 Y, CIELAB {8J&
H, CIELUV BEEEES s ik BR ko7, Y
R, XYZ, RGB %, CMYK SR EWTETS -
fe. ZOFHEE, BERETIBBEETALCEELR
EEDFH & v D R DR o T 3,

EHORGERTE T 5 HBRONHEERL LT
X, CMYK 2R %1852 L7z, fliz, CRT %2 ¥ RGB %=
Bib BB, THEASL SO EMci 30 TH
L7, CMYK 25/ ¢« th o B 2ZoR & 358 WIEREE &R
hBlw, ERREFRETESILTLE, Lofaz
ey 7T —7NVEBRT I B ARCELE
BEB\RY, FIC, FHEiE LTI, ERLEEEREH
BARVWEESRREL, CMYK EBEAZEHT 2D h
EHiowsse (EBREREED) EREL D, FEOX
EEWCLDSEBEECTEL,, FRraERSERaR
Wi, H3HNEED CMYK 55 230oH s
CMYK{ES L L TEEZEHILTY, EELBRETS
iz, Fne h OEIHEZ LW L3 BERTH 3,
Tl DR, BERD ADEHTHE L RGB— Density &
R b I R <, BICBEERENLEL % RGB
RN ZEDKRE R oI, CIELAB®, CIELUV %,
MUNSELL ZeR43, SR EHENPNELZD, BHEL




g - ho—7 7o 3\ ARZEROFTE

Sl & Ao 7z,

4.9 BEBCOEBRM
AS—T7IVIVEVRED, R SOHET 7
Z7yI N O EIFEREEREE TH S, EEE
REZERE, WEMSSHMEINTHT, ZOHEEFS%:
FOFFABT7 727V I ) LORFRERTE 2BZEH
ThoIEHEE L\, 2T, SEEMOEETHOE
L, B ZOBESHSEERTECGEVEERREONE
3EWI 2OORERMAAEGHLRTIDORELL,
6 BRI S U 72, #5813, CIELAB %, CIELUV %,
MUNSELL ZEEHHRbE WM E %2 D, RGB EHE»K
HIEWTM E o7,

4.10 fhiRBEKESE & DR
fhOEHRCHEE L OHEBME W DT, ODA,
Videotex, SPDL, EIRl, Computer Graphics, TV, #&
B, BEErVoLMOEE, o7+ 7087 —-A
HASBTHELNTWELEIDEVLSI RENS, JB&
B L7z, EEIEDWTR, ThPhOEREESH
=L CFHE L 2100,

5. BEFHmFAE L iR

BEMORETHEIL, EFMEEZ D7 7 ite
TEa %M, F20EBMNFMELEAABCESR
2T, #FQ P —FNVEEHLT, AEEOIBEMNERET
pAEERACE, BT AEMEER, TOo/BRCHE
TnTIThiiz,

5.1 &I IDEHTIT

ELDABHR, UTDL 3 BNV—VT, WG2EEE
WEAEFRREELTH O\, FOEMFTNE L 3 Hk
PEEAL., BL, EFERERZ V7ERZXBWY, &

MNOBEWCHIGT 2E2 2, ZOMOEAIZ, BF
DIEZF DD Q2> THAFED L.

(1) BLEELAFEEEORR 7 V7 DEHAK
%100 L5, BL, %OKFHEEEERO/NFHITE
Hizd»h Tw 241, FOMM100 25 X 5 1E
NiE3,

(2) MOBEEOREET 7 DEAEMIL, Fhii
BRI HRD B,

(3) RERORET 7 OEAHEEE, £TC0LT
5,

(4) REHODHZ 7 0EASHEREEHORS
EREOTRMREROSEEEVIES.

BEPRIWTT, RICEdE, FNAR A7 g
NRYF Y MVESREEFMEE L k> TR Y, SR
1288t w3 BEE#flE—IZ LT3,

5.2 #EGFHE

R2O/ERERIOEALABTESHZ, FMNRE
FERZEDRESEPEF LIBRE2RIWCRT. Zh
PORD LD BEH, HARNDG,

» CIELAB B8 1HMTH D, BEBSL, FE2MUT

5| xBEL T3, SHBHOBEERTY, LA
PEDTHED, REANGELTWE ZEXDh 3,
CE 2 o8 12 0% TR, BEAM T OENDY LED
BLIEMDEL->TLED LS BRINETH -T2,

< B I3 CMYK THBH, TN Xef T4
VFEY MEORMMBKE S FELTHS,

HEDiER%ES &2, WG2 £ LTk, CIELAB %%
T—7 77 v IV BT EERE LTEELL,

x3 FUvILEHREH
Table3 Rank vs. Its Weight

EH
EHTNTUXLEOME

572 % |= vy | 8| A% 51 % |8 e

X E 2 13 7 ® o T |n| A 13 %gs g
SH| = |o|EIEE| 7y | B| #2 my|5] o |o oy

2z ¢ |z|RlEg| B2 |8 %z o |0 = E o
7127 uig =y o) & | ® |@

b “No [ No {‘% = @[ No | No| & [No |[No|No | No|No B oo No | No | No [ No | No [ Ne [ No [ o

1] 2 12 [ B ]2]3)1]2 1] 2 11213 |afls|e]|7]|s

al 96 |35 34 |31 | 17 | 8|5 |8 |27|20[17]|38|38] - |35]|29]|53| 9|6 [1]|6]|6]|6]|]9]|S5
8 | 40 43 | 16 | 10 0 (o s |0 |13|o0|28|16]s5al29)22|az |4 |3 |5 |3 [3]|3]5]2
cl o 0jo] o 0 7 22| 0|4a]18 |5 32|00 |0fOojojJojofojo
D 0|0 0 16 1119 |19
3 11 24| 0|0 |8
F - 9 0
G 0 0
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% 4 GAEEOBRETHhESER
Table4 Total Evaluation Result of Color Spaces

EHFHER
z-' 7| 2 EHET7VTYXLEDMGR " al x % " ; . {% Ba
70 Y o] A X Y
ezM X% |c@| g Fluy|dE|ak|z (2|2 |E| on
e |z3lk (0% BIEFI-TIEE|(do |l e |50 2| Z%]| 8 [Fu
F2| & (g0 |al|8g| 7Y gR s |0 0|z || B |2 (EB
» > = i 3 $D# i IH 1 5 I iy 1R % A iR 5 fr
> ol 7 B |8 ] % A
Xz 9 |[1319] o 0 0 80 | 85 |27/200|38/34 | aa | o9 |32 |03 465 | 82 a
BRI52
CIELAB 96 |35m3| 34 | 31 8 85 | 85 271317\ 22738 28 | 110 | 53 |40/113 | 569 | 100 | 1
10/0/5/0
ciELas-p | 96 |3138| o© 10 o | o5 | 85 [27/13n7| 1634 9 | 200 | 53 | 0000/ | 468 | B2 | 203
0/0/5/0
- 9 | 316 | 3a | 31 8 a5 | 85 | 27000 1616 9 | 110 | 53 [ #6007 | 459 | 79 6
0/3/0/2
cleLuv-p | 96 |2328] o 10| o | os | 85 | 2700 | 11116 | 0 | 2910 | 53 [ 0/6/0/0/ ) 389 | 68 | 12
0/0/0/0
R o |33a1| 16 | 10| 17 | 80 | 85 |27717| 034 | o |09 | 8 |90V6] 367 | 64 | 13
10/0/9/0
96 |za24| 16 | 10 o | 80 | 85 |07 |28m3afaa|ons | o |90NVO| 439 [ 77 7
NTSCRGE 16/6/0/0
ces.rg | %0 1821 16 | 10 | o | eo | 85 |277717|2834| 44 | 0115 | O 900 | 399 | 9 | 11
10/0/0/0
RGB 20 |33m1| 16 | 10 | 17 | 80 | a0 |27717| 2234 | 54 | 022 | B [90/V1B | 426 | 75 9
Density 10/0/5/2
viQ 96 | 84 | 33 | 20 8 | a5 | 85 |o0mn7 |28m4 aa | 1179 | 32 |90/NV0| 468 | 82 | 20r3
10/0/0/0
Oy 96 |33 34 | 31 | 17 | a5 | © |omn7 [1ew [2a |1 [a3 [aonin] 415 | 73 | 10
10/6/0/0
SEher a0 | oo | 33 | 20 8 8/5 | 85 |277117| 2838 aa | 1179 | 32 [90N0) 435 | 76 8
. 10/6/0/0
veber-y | 40 [3278] 3¢ | 31 | 17 | &5 [ a0 f277n7 | 160 |44 | 119 | 43 BN 452 | 79 | s
10/6/0/0
HSL a0 |[1s22| o 10 o | os | a0 | 27710 | 1635 sa | 189 | 19 [ 00/507 | 317 | 56 | 14
6/0/0/0
Munsell 96 |27/18] 0 10 o | os | o [omo | oo | o350 |53 0000/ 551 | aa | 15
Renotation 0/0/0/0
System

W axy DHEEEDDDW, Do, C, etc, £33 A7 b

6. SHDE
TRORE SLREDBOHEND KT, 70 k3L ODA LB

WG2RMDELBWTH 2EBLEHDOFEEICDONT
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[(#5—77 273 )T CIELAB 2~ > % ) — (i
A LLTEATZ] 0w ZEBERCEFDONID
T, FOEBFRIZITRT LI LEZTWEY, 27—
BRI 2EHEL LT, ZOBLLUTO L S BBE wiki
LTw3,

(1) BEXEORS

CIELAB DEFEIHFWRELLZ LT, T4 72NV
e LT D 28RAT 52 TRITU-T/SG8/Q4 Vv
NN TDEBRBTETRDEN, £ 7variZo2uTiddE
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FELTHRIEFREELTE> T A,

(2) vyoks

ZhbBEMOBECHWHELELZ LT, CIELAB
DEBOL Y Y DF 4 7 4V MERZDWTEAERRER
D2ED Q4ESETHEMEN, BENZEMEIBICRE
EhTw3, BL, BFEON—FIE—0DsENREL
THREXNLET,CRT REDY 7 I E—DBREIRE
33 BhbnIRENRINTVS,

(3) Color Reproduction Information M#RET

BzIE, FEHRO L O 28E@VLHE, 20X EH
B FET L0, £iE, G<ERTOLRE,
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INETEING T —2ARELED TE 2,
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ni- g RE Ui, HE EEboFRE L LTE,
CIELAB/Ds/7 4 74k - VOB FOEBR2EA
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Ey NEERREE®RT -5 2R L CHEWE NTT %
F bV —7 ¥R T ARSI F R R
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Table 1-1 Evaluation Method of Devce Independent

Rank

Criterion

Note

No calibration data is nesessary to
transform to XYZ.

Several calibration data is nesessary to
transform to XYZ.

RGB primary and/or gamma in CES-RGB,
RGB Density, YCbCr, YCbCr-y HSL

More tha 1000 cariburation datais
nesessary to transform to XYZ.

CMYK & Munsell Renota-tion System

Table 1-2 Evaluation Method of Device Quantizing Error

Rank

Criterion*!

Note

Total AES 1.2

1.2<Total AEL 25

2.5<Total AES5.0

5.0<Total AEL10.0

m|O|MN| @

10.0<Total AE

*1: Japan Color Research Institute: “Classification of permitted color difference "' is reffered for
these criteria.
Total AE = (AErmsabx 3 + AEmaxabx 1+ AErmsuv x 2.4 + AEmaxuv x 0.8)/4

Table 1-3 Evauation Method of Relaion with Compression Algorithm No. 1 Image Quality

Rank Criterion Note
A Good image quality -
B between A&C -

C Poor image quality -

Table 1-4 Evaluation Method of Relation with Compression Algorithm No. 2 Compression Error

Rank Criterion™! Note
A Total AES 1.2 -
B 1.2<Total AES2.5 -
C 25<Total AES5.0 -
D 5.0<Total AES10.0 -
E 10.0<Total AE 5

*1: Japan Color Research Institute: “Classification of permitted color difference " is reffered for
these criteria.
Total AE =

((AErmsab(0.5bpp) + AErmsab(1.0bpp)) x 1 + (AErmsuv(0.5bpp) +AErmsuv(1.0bpp))/x 0.8) / 4




RS - 5 -7 70> 3 ) ABZEHEOFTME

Table 1-5 Evaluation Method for Relation with Compression Algorithm No. 3 Compression Rate

Rank Criterion™! Note
A R=8.0 3
B 8.0<R=9.0 -

C 9.0<R .

*1: Riscommpression ratio (bit/pixel)

Table 1-6 Evaluation Method of Relation with Compression Algorithm No. 4 Sub-Sampling No. 1 Sub-sampling Hardware

Rank Criterion Note

A Rectangular coordinate Others

B Polar coordinate CIELAB-P, CIELUV-P, HSL,

Munsell Renotaion System
Table 1-7 Evaluation Method of Relation with Compression Algorithm No. ¢ Sub-Sampling No. 2 Image Quality

Rank Criterion Note

A Chrominance axes are independent of Others

Luminance axis.
B There are no independent chrominance XYZ, YMCK, NTSCRGB, CES-RGB,
axes from Luminance axis. RGB Density

Table 1-8 Evaluation Method of Ability to Represent all Visible Colors

Rank Criterion Note
A Able to represent all visible colors Able to represent in CMYK, NTSC RGB and
YiQ, because negatives are permitted
B Sometimes unable to represent all visible Sometimes unable to represent in RGB

colors Density and YCbCr-y, because Log/gamma
transformation is impossible in the case
of arbitrary RGB including negatives.
it depends on RGB primary .
C Unable to represent all visible colors Unable torepresent in YIQ-y because

gamma transformation is impossible in the
case of arbitrary RGB including negatives,
and in Munsell Renotation System because
there are visible colors

which have no entries

in the transformation table between XYZ
and Munsell Renotation System
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Table1-9 Evaluation Method of Color Stability with White Point Change No. 1

Rank Criterion Note
A white point description is possible Others
B white point description is impossible NTSCRGB, YiQ,YIQ-y and Munsell
Renotation System are defined only by C
Table 1-10 Evaluation Method of Color Stability with White Point Change No. 2
Rank Criterion™* Note
A Total AES 0 -
B 0.0<Total AES20.0 =
C 20.0<Total AES30.0 -
D 30.0<Total AE -

*1: Total AE = ((AErmsab(C)+ AErmsab(D50)) x 1 +(AErmsuv(C) + AErmsuv(D50))/x 0.8) / 4

Table 1-11 Evaluation Method of Color Stability with White Point Change No. 3

Criterion®!
Difference of Correration
BEh Normalized ) rri ) Note
) N Normalized Coefficient of
Difference™! . R ) . .

Differences*2 Normalized Distance*3

A Total AD< 15 Total AD< 15 Toatl R2< 0.980

B 15<Total AD 15<Total AD 0.980 <Toatl R? -

*1: Total AD =

((ADrms(Print) + ADrms(Photo)) x 3 + (ADmax(Print) + ADmax(Photo))/x 1)/ 4

*2 . Total AD = ((ADrms(Print) + ADrms(Photo)) x 3 + (ADmax(Print) + ADmax(Photo)

-ADmin{(Print)}-ADmin(Photo))/x 1)/ 4

*3: Toatl R2 = (RZ(Print)+ R2(Photo))/2
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Table 1-12 Evaluation Method of Transformation form XYZ

Criterion
Rank Hardware for Hardware Size Note
Transformation from XYZ Example
A None -
B 3 x 3 Matrix or equivalent Adder x 6 -
circuit +Multiplierx9
C [1-Dimentional LUT x 3] Adder x6 [1-D LUT x 3] + [3 x 3Matrix] are enough
+[3 x 3Matrix] or +Multiplierx9 for CIELAB transform..
equivalent circuit + 256 Byte
Memory x 3
D [3 x 3Matrix] Adderx 12 Transform. from polar to rectangular
+[1-Dimentional LUT x 3] +Multiplierx 18 | causes one rank down from LCIEAB to
+[3 x3Matrix] or + 256 Byte CIELAB-P.
equivalent circuit Memoryx3 | CIELUV transform. needs one ranked
more complex circuit from CIELAB.
E ~[1-Dimentional LUT x 3] Adder x 12 Transform. from polar to rectangular
+[3 x 3Matrix] +Multiplierx 18 | causes one rank down from LCIEUV to
+ [1-Dimentional LUT x 3] +256 Byte CIELUV-P.
+[3 x 3Matrix] or Memory X 6
equivalent circuit
Between E and G Between Eand G £
G Table refer or Max. 50M Byte Table refer is needed in YMCK and
equivalent circuit Memory Munsell
Table 1-13 Evaluation Method of Transformation to X¥YZ
Rank ' Criterion Note
A All data can be transformed to XYZ .

B Some point cannot be transfromed to XYZ | In CIELUV and CIELUV-P,L* =Q,u*#0,v*#0
is not able to be transformed to XYZ.

C Some area cannot be transfromed to XYZ in Y1Q-y and YCbCr-y, RGB values before
inverse gamma transformation of some
area are negatives.

In Munsell, the colors out of table cannot
be transformed to XYZ.
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Table 1-14 Evaluation Method of Transformation from Input Device Color Space

102

Criterion
Rank Hardware for Hardware Size Note
Transformation from XYZ Example
A None -
B 3 x 3Matrix or equivalent Adderx 6 -
circuit + Multiplierx 9
¢ {1-Dimentional LUT x 3] Adder x 6 -
+[3 x 3Matrix] or + Multiplierx 9
equivalent circuit +256 Byte
Memory x 3
D [3 x 3Matrix] Adderx 12 -
+[1-Dimentional LUT x 3] + Multiplierx 18
+[3 x 3Matrix] or +256 Byte
equivalent circuit Memory x 3
E [1-Dimentional LUT x 3] Adderx 12 {{1-DLUTx 3] +[3 x3Matrix]} x 2 are
+[3 x3Matrix] + Multiplierx 18 enough for CIELAB transformation.
+[1-Dimentional LUT x 3] +256 Byte
+ {3 x3Matrix] or Memory x 6
equivalent circuit
F Between Eand G Between E and Transform. from polar to rectangular
G causes one rank down from LCIEAB to
CIELAB-P.
CIELUV transform. needs one ranked
more complex circuit from CIELAB.
HSL transformation is done by
[1-D LUT x 3] + [3 X 3Matrix] +
[1-D LUT x 3] +some additional circuit.
G Table referor Max. 50M Byte Table refer is needed in YMCK and

equivalent circuit

Memory

Munsell

FEou% F15 (1995)
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Rank

Criterion

Color Space Coordinate

Hardware for Trans-
formation from HVC

Note

HVC coordinate {(polar) &
very accurate hue

Munsell

HVC coordinate (polar)

& accurate hue

CIELAB-P and CIELUV-P

HVC coordinate (polar)
& non-accurate hue

HSL

Vand 2 crominance
(rectangular coordinate)

Rectangular to polar

CIELAB,CIELUV,YIQ,YIQ-y,
YCbCr,YCbCr-y

No crominance axis

Rectangular to polar &
the other

Others

+[1-Dimentional LUT x 3]
+ some UCRor
equivalent circuit

+ 256 Byte Memory x 3
+UCR circuit

Correction
Criterion
Rank Hardware for Note
Transformation to YMCK Hardware Size Example
without Color Correction
None - YMCK
Some UCR UCR circuit RGB Density
[1-Dimentional LUT x 3] 256 Byte Memory x 3 NTSC RGB, CIE-RGB
+ some UCR + UCR circuit
[3 x 3Matrix] Adder x 6 + Multiplier x 9 XYZYIQ,YIQ-y,

YCbCr,YCbCr-y HSL

More Complex than D

Others

Table 1-15 Evaluation Method of Transformation to Output Device No. 1 Gamut Mapping & Color Adjustment

Table 1-16 Evaluation of Transformation to Output Devceo. No.1 Transformation to YMCK without Accurate Color
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Table 1-17 Evaluation Method of Compatibility with Black and White

Criterion

Rank -
°" . . Linelity to Eye Note
Luminance Axis

Characte-ristics

A Yes Linear Lin cielab, cielab-P, cieluv, cieluv-pand v
in munsell are linear to eys charcteristics

B Yes Semi-linear Y in YIQ-y and YCbCr-y is semi-linear to eys
charcteristics

C Yes Non-linear Y inxyz, YIQ, YCbCr s linear to reflectance
Yes/No (Semi- = Lin HSLis not a luminance exactly,
Luminance Axis) but similar to luminance

E No Semi-linear Min CMYK and G dens. in RGB Dens. are

semi-linear to eys charcteristics
F No Non-linear Gin NTSC RGB and CES-RGB is linear to

reflectance

Table 1-18 Evaluation Method of Compatibility with the other Standards or Instruments

Note
Rank Criterion Video . Hard | Photo-
oDA /Post- | Printing CG TV
Tex script Copy | graphy
A Primaly used | Other | CIELUV | Other | CMYK | NTSC | NTSC | CMYK NO
in the other -P, RGB, RGB,
Standards or CMYK, HSL YIQ-y,
Instruments YCbCr YCbCr
-7 -y
B sometimes CIELUV NO HSL XYZ, XYz XYZ, XYZ, XYZ,
used in the CIELAB, CIELUV | CIELAB, [CIELUV,
other RGB CIELAB | RGB
Standards or Dens. -P, Dens.
Instruments RGB
Dens.
C Notso used in |CIELAB/L| Other |CIELAB/L| Other | Other | Other | Other | Other
the other UV-P, UV-P,
Standards or HSL, Munsell
instruments | Munsell
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& 2

Lattice Point 11*11*11 Level

in YCbCr Space (N =1331)

Transformation
from YCbCr to RGB

Gamma Correction
y=22

Data in RGB(?) Space
(N=1331)

RGB(Linear) Space

NTSC Data in

Out of Range
Data Efimination

Data in RGB(Y) Space

Transformation
from RGB to XYZ
using NTSCRGB &

Gamma Correctioh
y=2.8

RGB(Linear) Space

PAL Data in

Transformation
from RGB to XYZ
using PALRGB &

(N=233)

Cllluminant D65 Hluminant
NTSC Data in PAL Datain
XYZ Space XYZ Space

Transformation from XYZ to
L*a*b* using C & D65 illuminant

Y

NTSC Data in
L*a*b*(C) Space

Y

Y

Y

-

NTSC Data in
L*a*b*(D65) Space

)

PAL Datain
L*a*b*(C) Space

PAL Data in
L*a*b*(D65) Space

l

Color Difference Data
inL*a*b* Space

Color Difference &
Statistics Calculation

Fig.2-1 4E Calculation Method between YC,Cr (NTSC) & YC,C- (PAL)

Table 2-1 4E Calculation Results between YC,Cr (NTSC) & YC,C- (PAL)

llluminant AE NTSC L*a*b*
C D65
C rms** 18.2 18.5
PAL
L*a*b* max 448 416
D65 rms 193 18.4
max 48.9 45.6

N =233, AErms = SQRT(SAEZ/N)
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8% 3

Lattice Point 11*11*11 Level
in some color Space (N=1331)

I Transformation from some
v color space to NTSC

Data in NTSCRGB Space (N =1331)

| Out of Range Data Elimination

Data in NTSCRGB Space (N=N")

Y Transformation from NTSC to xyY

Datain xyY Space (N =N’)

Y Out of Range Data Elimination

DatainxyY Space (N=N"")

| Transformation from xyY to some color space

Y

Data insome color Space

Transformation from some color Transformation from some color
space to XYZ using Cllluminant space to XYZ using D50 {ltuminant
Cllluminant Data in XYZ Space D50 llluminantData in XYZ Space

Transformation from XYZ to L*a*b*
/L*u*v* using C & D50 Illuminant

Y

Y \ Y

Cllluminant Data
inL*a*b*/L*u*v*(C)

Clluminant Data D50 llluminant Data D50 liluminant Data
inL*a*b*/L*u*v*(D50) inL*a*b*/L*u*v*(C) inL*a*b*/L*u*v*(D50)

1 | ]

Color Difference & Statistics Calculation

T

Color Difference Data in L*a*b*/L*u*v* Space Color Difference Data in L*a*b*/L*u*v* Space

Fig. 3-1
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Table 3-1 Evaluation Results for Color Stability with White Point Change No. 2

L*a*b*AE
Color Space Ranked between C & D50
Name Value L*a*b* L*u*v*
Total
C D50 C D50
XYZ A 0.0(20.08) 0.0(28.01) 0.0
CIELAB B 14.03 15.79 | 20.79 20.79 15.77
CIELAB-P B Same as CIELAB
CIELUV D 37.19 | 47.21 23.90 23.90 30.66
CIELUV -P D . Salme as CIELUV )
CMYK (O f\ssumed The same as RGB Dﬂfity
NTSCRGB (@) Assumed‘the same as CES-RGB
CES-RGB C 18.34 | 20.52 | 28.27 28.22 21.01
RGB Density C 17.48 19.61 27.89 28.05 20.46
YiQ (Q) Assumed the same as YCbCr
YiQ-y @ _Assumed the same as YCbCr- y
YCbCr C _ Same as RGB Density
YCbCr-y C ' Samc.e as RGB l?ensity
HSL C l Samle as RGB Pensity
Munsell Renota- (@ Assumed the same as the average of
tion System . CIELAB-P &CIELUV-P |
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Lithography Printing/ Photographic Color Patch {n = 1331/1000)

Measurement using Cilluminant —

Y

Y

Measurement using D50 llluminant

C/D65 llluminant Data in XYZ Space D50

IluminantData in XYZ Space

Transformation from XYZ space to
each Color Space using C/D65 illuminant

Transformation from XYZ space to

Y

C/D65 llluminant Data
in each Color Space

each Color Space using D50 llluminant

Randomize s

Y

Randomized C/D65
Iluminant Data
in each Color Space

D50 llluminant Data
in each Color Space

Randomized D50
lluminant Data
in each Color Space

A |

&

Difference
Calculation

Y Y

;L Distance Calculation ;

Distance C/D65 Illuminant
Data in each color Space

Distance D50 Hluminant
Data in each color Space

Difference between
Cor D65 Hluminant Data
& D50 lluminant Data

Difference Calcuiation

Correlation Calculation

Difference between

Distance of C or D65 Illuminant Data

Correlation between C/D65 iluminant
Data & D50 {lluminant Data

& Distance of D50 llluminant Data

Fig.3-2 Correlation Calculation Method of Color Stability with White Point Change No. 3
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Table 3-2 Evaluation Results Color Stability with White Point Change No. 3

] ] . ] [Correlation
o Normalized Difference*1 Difference of Coefficient]**2
. H H *
Color Space ed Normalized Distances* 1 between Normalized
Name Distances
Value Total
Max RMS | Total Min Max RMS | Total | Each*! :
{BAve.)
XYZ B 5900 | 1832 | 49.13 | -4454 | 956 | 1150 | 41.16 | 0.945 0.959
4375 | 12.93 -36.84 11.64 9.18 0.972
CIELAB A 14.07 4.57 11.43 -6.10 13.71 3.50 13.45 0.980 0.987
7.70 3.42 -5.84 9.62 2.68 0.993
CIELAB-P A Same as CIELAB
CIELUV B 27.48 | 913 | 2342 | -2600 | 1120 | 7.30 | 27.08 | 0.933 0.956
18.36 6.82 -20.60 12.79 5.27 0.979
CIELUV -P B Same as CIELUV
CMYK (A) Assumed the same as RGB Density
NTSC RGB (A) Assumed the same as CES-RGB
CES-RGB A 828 | 307 | 7.89 3.22 965 | 2.71 953 0.998 0.999
6.69 2.46 2.72 7.60 2.27 0.999
RGB Density A 1437 1.91 7.57 -11.27 12.13 1.73 10.37 0.995 0.997
4.87 1.77 -2.33 6.13 1.47 0.998
YIQ(linear) (A) Assumed the same as YCbCr
L 1 1 1 i i i i
YIQ-y (A) Assumed the same as YCbCr-
YCbCr A 5.02 1.67 5.37 -5.20 3.36 1.31 8.71 0.998 0.998
5.10 2.1 -9.47 6.55 21 0.998
YCbCr-y A 5.80 1.64 5.16 -6.57 3.03 1.35 7.64 0.998 0.998
6.47 2.54 -1.45 8.24 2.40 0.997
HSL (8) Assumed the same as the average of CIELAB-P & CIELUV -P
L 1 '} L 1 1 L L
Munseli Renota- (B) Assumed the same as the average of CIELAB-P & CIELUV -P
tion System | | | | [ | [

*1: Upper is the lithography print data and lower is the photography data.
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