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1 Ra—7

FARTLAET) U RDBEIRE . A 74X T) AN BB BIRE (LT ROPG &
B9 ). HEXU sRGB M5 ROPG ~DELEMRAFZERTET %, T-HEIZKHLT
ROPG Mo TYURHAAD default BEAARERET S,

2 BEIRE

2-1 TARTLAETYUDEREE

RAREE

T CEBE
TARTUVARTEBE

5000K ( x=0.3457, y=0.3585 )
(ISO3664)
500 1x (ISO3664 P2 £11)
(50 1x) (B SO EM) HHE LT %)

ROHLZWE, TV HAOERNLVIHLL > TLE D DO THAEDIEN,
L7eNoTT Y X OREOREN () &R U7 5 BE 28I LTz,

R HE R TR

2-2 TARTL 1D

5%

TARTUAIEE 120 cd/m2 (5 4 AT LA A — D —|fERT5)
TARTL(BER x=0.3127 , y=0.3290 (D65)
A 4 2.2
3REDEEEIEE
Red Green Blue White
X 0.6400 0.3000 0.1500 0.3127
0.3300 0.6000 0.0600 0.3290
z 0.0300 0.1000 0.7900 0.3583

2-3 TR0 A O EHE
(Scope [ZT. RGB input D7) 3% RIIRET HH?)
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UM ER T AR DA—D—D R ELREFHENTERINDILDET D,
REEH, MKERY T LBIERDOEREMEXTREL, BIEHERD
R E—RBICHRESNGITNIEGESL,
%5 HEINDIREFHIE, AFRRELSGZVRY, BEF 20°Cx£5°C, #xt
TBE(X 65%+10%, K&E(L 86 kPa~106kPa T#H 5,

2) TYLREKTE

a) h7—E—F
"BAARSAVDEDDIBREICHETIHAET—FET D, L. ER
(RGB=(0,00)DHNBDERB K ~DEMEEENBIRAEELISEE. ChEt 7
L9%5, K BEADEREZADICTELEWNGE L. RABDOFFEEZRICE TS
RGB=(0,00)I[Z® T B/ \vF% BEiET HANE RGB=(1 1 NITEZTH]ZEHE
ZaEd D,

b) AT4F
- HHE E#MIE, FEBAT, TVAA—H—HHE, RIZBETIEDETS
EM(EIDLEL 1 BIIBEEHIZELEFEREDET S,

c) N—Th—2RD)—2
s N=Th=2RI=2 FRTOHYUTIUT X, TN EHARELGES
(X, WO TEN—TF—2 RV —VE—RTEEEINZEDET B, N—Th—
DARD)=lE, RETTIVNEER T DD A—H—H R, XIIBREET S
BYET D, TXRN, 37490 RVBREIZRT H/N\—Tb—2 X)) —>
DFHGEHROEZRELHDZE (L, TOERIE, AEHERORHEEEDITH
HINLFNIFESEL,
HLN—Tr—=2 R0 =D BRTIRE TN o1=6, TNIFFEREELITHRE
S FhIERSEL,

d) ARG
C FRTOHVTILT I, RETU MRS BIED A—H—bS SR, X
HEET 2B DBEEREEL>TEBENEEDET B, THRK, 574
VI RVBARECHT SREEDLSLERORREAHDEEE, T0E
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RIE, AIERERDRHEKICHRESNG T NIELESEL,

e) TDMDEYTAUYT
- BRI EYTAVT hS—LIFILY, TORILITILE) T BRUBSTY
ik, RETTVREERTBHEBEDA—H—DHE, XIIBEETHEYICtEY
FENBEDET S,
FRINEZTTIr—a0 709540, RALTELEBREUV®RAZSZTIE
BV, Z5THRWNES L, BLEBERVEADCERIIRESNGETNIEES
LY,
- TRTOYUTYLT &, BICHELNGEWRY, RETVUNEERT S
BOA—H—ICEoTHRESNE=DH— LTV TEA LBIZERBIN TR
BEELY,

#E LLRSETIUNEER T ARBNERDR—/\— L —ZHFo TV 15
B, MfAIEHER—IR—r—1 YT TIERTES,

f) FEflE{%
- (TEE X21CBEDOIWST—TORIVEBI7AILET B,

DAY

at TV
- FTHAFRZEZ-E 2O YUTILH AL, BIEEFTET S,

b) HIBEE
- SRBAXLGLSUVICEBERE RETVUME, BIEROREHLEURY BRI
fRZs LIS R I SR E SN T R E5 TR,
AHANAED=HIZ, RETIVDA ARG EE, BRI TREIAIZR
ET)URMIFLT 10 nm &, BXMTELSNE-RETIUMIFHLT S nm &
(275K &% 400 nm M5 700 nm DREICH L TRE SN ITIEGESEL,
BER/RDA—D—DLH, #EES HERAF, AERROREELLITRE
LiEFnIEisiiuy,
S A—NHERED UV Db D1V 2%EELTAET S, (1SO13655 HETHRD M2
EH2)

FE PHERFERF, RESHE-HDOERSGEDZEYBR =, 1SO 5-4 [
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HMESNT=&S72 0°/45°75 L L 45° /O DEL LM DRI FHEHD D INE
HEFE-TAET S,

£% 380 nm M5 780 nm DRRICHH L TORIENHREIND,
BERAEICEWNT, KEODIBSFIEEL CIE 152 DX 1.1 [CERINT=L
J8 D50 [ZEEPL AT IEAR SN,

YAV ESZ/)
- XEMH BOXEMHE S —EEN T SN EME 5 MULEA
Z)EFERATS, HOXHMHEEZERALEEEE, TOMHEOEHEINAERER
EELITHRELAITNIXGZESA,
BE XBMHLEBICLIZEORBEX, MEE XI(BE)ESHE,

d) ftEARE

- RBEEBERAEATHF—/\ CE 152 DX 1.1 [CEZINT-3E D50 RV
ISO/CIE 10527 [CFE&ESM = CIE 1931 BIEIZERAENZRIBEDETEIC
FRAINDGLDET D, LLEDMDOERNERALIZIGE, TOEEZHRELET
nIFESEEL,

2% HHATFITHLTIEAEHRGFTREENFEZLH, BIEMBAVRIFEIZHL
SNT-HBRIIKTFETEEEBEITRETH D,

- ZHIBE YAREENLBERIZNT S CIE 1931 XYZ BZERBO=FRIBIE X, ¥
EZ1E, K(2) ST, IR D50 DRXIRILX—5% S(A), T NEE

DAXRFE 0(1) RUEEREH WD, ) D) piEimics-TiHEsn
BITHIERESEL,

X——I S(A)p(A)F(A)dA

=—f A)p(A)y(4

=—| . S(1)p(A)z(A)dA
L S(p(0E) @

K=\ SA)p(a)dr

coT o s

- CIELAB 8254

CIE1976 Lab @&ZPRd CIELABE L, « & b [£CIE 152 126> T(3)
Tit&EShb,
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(3)

::—GEm];%MI—EXn, Y, 2y (%338 D5O0: X, =96,42’ Y, =100,00&Zn =8249 [z

XL TLVS,
BIZH T HHEMEZHRETHEEIL, X@ITH-TEHESKGITNIEELR
LYo

S
*
[
[N
o
S
N\
£~
N——
YN

1
g ]
(4)

CCTERIEE Y, wedw ik, SiE D50 ITB TR A
D =Dg =Dg=2" -1y 1) MERIZHISL TN,
3 ROPG DEREER
1) Bx
IEC61966-2-1 THEIN TS sRGB (&, TV AERICERLTEY.
JBMIA KEREDHZT—TI EADIFTEAED . sRGB EBEZAHNELTIT YU

ATEDLSITEREI SN TS, LHMLZD sRGB EBEBEARDERICHULNELVER
PHHY. F=-sRGB IEENREEAMIZCTARATILLDBERBTHS=0.T)5D
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BEREEIBRBELGY, TV AOHAEBTTHS CMYK ~DEBA—EMIC
RETELN, ZOHER. 7, X(2H(F5 WORD. EXCEL, PowerPoint &L\ o7&
FXEODHNENEHTELRY . AT ATEO IR AI—F —HHBHENERS
nNo22%H5%,

ZD&LS% sRGB EB5DUFUF U —H RS D= ICC(nternal Color
Consortium)TlX RMG (Reference Medium Gamut) Z#E L 1S012640-3 [ZTEE
BMBIEENES5EL TS RMG [EMEBDEXBEOERZRAA-LD T,
sRGB {§5% CMYK {E5 X9 HFRIC. sRGB §5%—B RMG ZIZTvE
DL INETI AR T HHBRIET LT HILIZKY.sRGB DUAF Y
—Z#BHL T, EICHRIDFD TV ADAS—I XAV NEEFR LS EHTE
EELTLVS,

LALENS, AT RIZEITETIAERETEERDDHENIENERS
NE=H.HNRRBFOTIOAELBELTEERAZVELONZLRNE-0.
RMG #ZDFFEALLTI AHBERESH L. BIZELZDOAZT—TIV2DE
ERICTVEL T T EBEDBEHENRETELLLSHELNH D,

ZIT JBMIA TIE A T4 RTVUADHAT—IRVAVMNEEZR LSEEHIL
# B #)&L T ROPG (Reference Office Printer Gamut) # S B MR DL THHE
$HIEITHDT=,

2) B&

ROPG [FFA 74 RAT) 2D HBEEERELTHERSNT-HD T, CIE TC8-03
DBREIYEL T 7ILT) X LAFFHEERR ORI JBMIA &8 £39%t TIRES
NIz 1OBIEDHS—TI) G T IO RIEEEZRIZLTNS, COT—3%FEIZ,
OMFBEDNT )L AN EBHEFHEHEL-LDEMEE X3 (ZREHEL TS, A7+
ATV ADHEIE. BB LUBMERFEDLDITIEET HIEMNH KRGV AIS

9B,

HER: HEO =90 ELEDTNDOTLRLIM?)
265 CMYKABTEIRINIZED L¥=18(FAT—4TIE Lx=18 £LH>TI\B)
(BB KZEOINENIRERET E)
Note: 1SO12640-3 Tl white point Reflectance = 0.89, black point Reflectance
0.0030911 &7F2TLVS 1S012640-3 HMel#K reflectance TREL TL SN ERET
%o

BEERERE: T 4% EORBRERTHE
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LTS,
EBREHIL.

L* = 18~30, 70~90 [ Lx 2 B =
L¥=30~70 L Lx 5 &=
Metric Hue = 0~360 10 &&

ELVYSRBIBETRTIITAHZEIZL. TNE Annex XX IZEEE L TLNVS,
4 BESORSIEEIUVEBEERAE - sRGB H'd ROPG ~DELEH A

e RGBEBEMNTARATLAERIREBDRZ (CIECAMO2) FTOHEHE
- YZEM 3x3TNJHR HETILT
— CIECAM02 JChAMDZia

o TARTLARTEDEREZMNS ROPG A~ Gamut Mapping
- GMA1?



JBMIA T —~% A v Tadzs k
WFERE AT — N JBMIA #iFCE R 7 F
YER% B 2006.10.19

WiETH 2007.2.2

Version 2.00

MiEZ X1 Paper white adjustment method

K Version TIXEHET
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Abstract

One of the most important aspects in office color
printer is to enable a naive user to reproduce a good color
reproduction without any extra efforts. Another important
aspect, especially in office, is to get the same color
reproduction regardless of which printer model they use.
Unfortunately, printer manufacturers tried to please a
customer by improving color image processing algorithm
with their own goal, and this act as an obstacle to the bi-
collateral of above two customer requirements.

One way to resolve this conflict is to establish common
color reproduction mode. Two approaches are implemented,
one is to use a common GMA (Gamut mapping algorithm)
and another is to use a common printed color and
intermediate color space conversion.

Office color printer GMA was evaluated, using CIE
TC8-03 guideline ! with the CRT to print workflow. 4 types
of GMAs, 10 office color printer models, 4 test images and
30 raters to perform rating test. As a result, the effect of
“printer model” and “printer model x test image” were
stronger than GMA. Also further analysis indicated that to
get a printed color and intermediate color space relationship,
which provides a good rating score, requires more efforts.

Introduction — Issues in office color printer
color management

As the world of multimedia including photography,
graphic arts and motion picture is growing and digitalizing
rapidly, naive users encounter an opportunity to access color
information more and more. Internet global information
exchange makes color information widely spread around the
world, and home and office use documents “color
matching” demand increases in its level and variety. Color
management concept, which can coordinate various color-
related devices from input to output, gained its importance
among both software and hardware manufacturers.

In office color printer, reproduction of a good color by
a naive user is one of the most important aspects. But there
is competition among printer manufacturers to please a
customer so as to get the best selling position and it acts as
an obstacle. There are many activities to resolve this

conflict. Interconnection color management standards of
various color devices were developed by manufacturers
collaboration efforts.

In multimedia equipments and systems, applicable
color management-related standards such as sRGB 2, ICC
profile 3, etc. are now available. sSRGB is a color space with
RGB, and 1931 CIE XYZ * relationships are defined as a set
of formula. ICC profile is a standard format, which describe
various color devices input and output characteristics and it
defines conversions between device dependent color space
and device independent color space, so called PCS (Profile
Connection Space).

ICC profile, as a comparison with sSRGB, can describe
color devices input and output characteristics more in detail
flexibly. sRGB is convenient means and requires no
detailed prior arrangements.

After sRGB is standardized, color management issues
and number of complaints decreased in color devices
interconnections such as digital camera and color printer.
So many manufacturers practically adopt color devices ICC
profile when it is known, and when it is unknown, use input
color space as sSRGB color space.

Some people are beginning to feel that the current
available color management-related standards are not
sufficient to office color printer as represented by electro
photography and inkjet. One of the biggest reasons is a
huge variety (about 30 degree) of primary color hue angle
difference. This variety is not only a difference of marking
technology, but also an intellectual property blocks use of
the same colorant.

Other color management-related attributes are; color
matching objective, difference of viewing condition
between profile making environment (D50) and office
consumer environment (around 4000K), original scene or
document type, adopted color space, gamut mapping
algorithm, accuracy of color matching system, gamut
volume, media and color measurement backing material,
fluorescence in media and colorant, color instability and non
uniformity in one page.

Office color printer customer desires are, for example,

(1) The same color reproduction both in their office,

and at a copy shop. Many copies of documents are
hard to carry, so customers want to print it at the
place they need.
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(2) The same color reproduction of multiple color
printers at a copy shop. It takes a time to print
many copies of color documents and usually using
multiple color printers to accelerate print job.

Color difference of printer-to-printer is eye-catching,
and improvement is highly desirable in the current office
color printer market.

So far, color printers with reflective prints and RGB
inputs input-output color characterization method is
standardized as IEC61966-7-1: 2001 3, and GMA evaluation
guideline is reported as CIE 156:2003 !.

The next step is to characterize printer models to find a
way to achieve the same color reproduction. Two
approaches are being implemented, one is to use a common
GMA (Gamut mapping algorithm) and another is to use a
common printed color and intermediate color space
conversion.

This paper is to report GMA evaluation test result (CRT
to print) and future plan.

The outline of GMA evaluation

Major specification of Gamut mapping algorithm
evaluation test is shown in Table 1.

Table 1 GMA evaluation test conditions

Attributes Contents
Workflow |CRT to print
CRT Nanao ‘White luminance 85 cd/m2
EIZO T566 |white chromaticity D65
17inch ambient illumination 321x
Surround N2 grey
Printer |10 printer |Illuminant 500 Ix D50/F11
models Luminance of paper white 100cd/m2
Surround N5 grey
Recommended media
GMA |4GMAs |GMAI: HPMINDE in CIELAB

HPMINDE is “Hue-angle preserving minimum
AE*ab clipping”

GMA2: SGCK in CIELAB
(SGCK is “Chroma-dependent sigmoidal
lightness mapping and cusp knee scaling”)

GMA3: SGCK in CIECAMO02

GMAX: Manufacturer’s choice

Test images |4 images Ski (SRGB), SCID N7, Weather2, Disk4

Age 23-54, male and female, researcher &
engineers, image quality non & professionals

Raters |30 raters

Characteriz|CRT CIELAB delta E = 0.54 (Macbeth 24 colors)

ation error |Printers CIELAB delta E ave. = 3.21, min.=2.04,

max.=4.90 (IEC61966-7-1 test chart, 10

printers average.)

Test images

In office color printer market, most of all the customers
create easy-to-make, simple-contents business graphics as
compared to graphic arts industries. They use sophisticated
application software for complicated graphics. On the other
hand, because of its simplicity, a large part of mid tone gray
area tends to color, smooth gradation gets false contours,
and these documents are fairly difficult originals. So, the
simple business graphics originals were intentionally

created and add as a test images. Two photographic scenes
and two simple business graphics were selected as the test
images as shown in Fig.1.

Test image preparation workflow
For CRT to print sample preparation, test image is
processed with the workflow as shown in Fig.2.

Weather2

Figure 1. Test images
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I 2.8GCK T
Monitor GBD Printer GBD

Figure 2. Workflow

The XYZ values were transformed to the gamut
mapping color space by using CAT + CIELAB and
CIECAMO2, and the color value were mapped to the printer
gamut. CAT02 matrix was used for Chromatic adaptation
from CRT white to D50. CIELAB and CIECAMO02 were
adopted as gamut mapping color space in order to estimate
the effect of the hue uniformity of these two color spaces.
The combination of mapping color space and GMA was
shown in Table 1.

The mapped colors were transformed to the XYZ value
by using CIELAB + CAT and CIECAMO2, and the printer
dependent colors by the each individual printer
characterization model prepared by manufacturer. The error
of the printer characterization model is shown in Table 1.
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The mapped colors were transformed to the printer
dependent colors by the each individual printer
characterization model prepared by manufacturer. The error
of the printer characterization model is shown in Table 1.

Rendering issue

As previously expected, false contour occurred with 16
segments GBD (Gamut Boundary Descriptor), which was in
the sample program provided at CIE TC8-03 web site .
After several iterations, 72 segments were selected as a
result of compromise between a magnitude of false contour
and calculation time. A numbers of gamut boundary data
were also evaluated and selected an appropriate number.
Fig.3 shows an example of false contour level
(HPMINDE)to be used in the test.

16 segments GBD 72 segments GBD

Figure 3. False contour

Office color printer unique conditions

There are test conditions specified in CIE TC8-03
guideline. All obligatory conditions were adopted, but some
of the recommended conditions were modified to represent
real office color printer market. Those are;

Paper size:  Letter (8x11) / A4 (210x297)

Border: Smm in all sides

Display ambient: not dark (ordinary office
environment)

Regarding viewing conditions, adopted illuminant for
print samples rating test were D50 and F11. F11 represents
typical office viewing conditions. This paper only covers
D50 results, and F11 results will be reported at another
opportunity.

Rating procedure

7 levels Category rating method (7 is the best and 1 is
the worst) used in rating test. 30 raters, range of age 23-54,
male and female, researcher & engineers, image quality
non-professionals & professionals participated in the rating
test. Raters were asked to rate 160 samples (4 test images x
10 printer models x 4 GMAs). Raters were also asked not to
take other image quality attributes, such as defects, into
account for the rating score, and only focused on color
accuracy between CRT to print, prior to the rating test.

Results

The contribution ratio (Normalization data) of each
attribute is shown in Fig 4. The GMA and its Rating score
are shown in Fig.5. By Fig.5, the best GMA is GMALI in
average. But by Fig.4, “printer models” and “printer models
X test images” contribution ratio are significantly bigger
than GMA.

25

20 -

Contribution Ratio (%)

AxB ]
AxC
BxC :|
BxD :|
CxD :|

A(Chart) :|
B(GMA) :|

C(Model)
D(Rater)

Attributes

Figure 4. Contribution ratio

O Ski
BEN7

O Weather
ODisk4

Rating Score

GMA1

GMA2 GMA3
GMA Type

GMAX

Figure 5. Type of GMA and Rating Score

Table.2 shows the effectiveness of GMA. The CIELAB
delta E of GMAX is the worst in all test images, but it is the
best in the business graphics rating score. In Table.2, the
CIELAB delta E is the average delta E of 10 printer models.
The comparison of GMA1 and GMAX in CIELAB color
coordinate is shown in Fig.6. According to Fig.6, GMAI1
has smaller printer model variation.

Printer model vs. rating score is shown in Fig.7. Printer
model has the strong dependency in the test image type.

Discussion

There were several new findings; The best GMA is
GMA1 (HPMINDE) in average; “printer models” and
“printer models x test images” contribution ratio are
significantly bigger than GMA, so more efforts are required
to achieve optimum input and output color relationship; The
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business graphics look like more difficult than the
photographic scenes; Observers felt that they made
judgment not by looking at all the colors in the sample, but
looking at some elements, which gives special attention to
them. Those should be reflecting to the data analysis.

Table 2 Outlook of GMA effectiveness

Image Attributes GMAX | GMA1 | GMA2 [ GMA3
Ski CIELAB delta E 11.7 8.3 9.8 9.3
Rating Score 3.5 4.1 3.6 3.7
Weather CIELAB delta E 12.0 8.8 8.2 7.6
Rating Score 4.2 3.3 3.0 3.0
b b*
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Figure 6. Comparison of GMAI and GMAX ( CIELAB )
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Rating Score

8 5 2 3 6 1 9 10 4 7
Printer Models

Figure 7. Models and test images

Conclusion

Office color printer GMAs were evaluated, using CIE
TC8-03 guideline !. 4 types of GMAs, 10 office color
printer models, 4 test images and 30 raters to perform rating
test. As a result, the effect of “printer model” and “printer
model x test image” were stronger than GMA. Also further
analysis indicated that to get a printed color and
intermediate color space relationship, which provides a
good rating score, requires more efforts.

Future plan is to study printed color and intermediate
color space conversion, which gives a good rating score. For

that, the categorical color mapping method will be used
including other office environmental attributes such as
office illuminant condition. CRT to print and print to print
rating difference will be evaluated as well.
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Abstract

One of the most important aspects in office color printer is to enable a naive user to reproduce a good color reproduction
without any extra efforts. Another important aspect, especially in office, is to get the same color reproduction regardless of
which printer model they use. Unfortunately, printer manufacturers tried to please a customer by improving color image
processing algorithm with their own goal, and this act as an obstacle to the bi-collateral of above two customer requirements.
One way to resolve this conflict is to establish common color reproduction mode. Two approaches are implemented, one is to
use a common GMA (Gamut mapping algorithm) and another is to use a common printed color and intermediate color space
conversion. Office color printer GMA was evaluated, using CIE TC8-03 guideline ! with the CRT to print workflow. 4 types
of GMAs, 10 office color printer models, 4 test images and 30 raters to perform rating test. As a result, the effect of “printer
model” and “printer model x test image” were stronger than GMA. Also further analysis indicated that to get a printed color
and intermediate color space relationship, which provides a good rating score, requires more efforts.
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