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Method of Constructing Intermediate Space for Print-oriented Spectral Color Management
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(Research Institute of Computer Peripherals, Xidian University, Xi’an 710071, China)!
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Abstract High dimension of the spectral space in spectral color management results in long run time and large memory
requirement in color processing of multi-spectral images. To overcome this shortcoming,a method to construct interme-
diate space was proposed. By analyzing the color management process, an intermediate space was introduced and the
flow of spectral color management based on the intermediate space was established firstly, Then for the printing applica-
tion of multi-spectral images, the principal component analysis method was employed to construct an eigenvector space
based on the printer characteristic samples, The new space derived from the method was appointed as the intermediate
space, Finally the eigenvector matrix was utilized to achieve the transformation between the intermediate space and the
spectral space. Experiments show that the transformation efficiency is increased when the printer characteristic samples

are used during dimension reduction. The colorimetric and spectral precision of the conversion is high and low-dimen-

sional image data in the intermediate space can keep the main information of the source spectral data.

Keywords Spectral color management, Intermediate space, Principal component analysis, Multi-spectral image

1 5|8

EERERAPEREISHAEAALETHEN T
W EBEARRMREHIMRERRE" . BE.£5%
R H PR RO 1 4 O B €0, 25 TR O = 4 U 4, 7E 3R
BECAEENIEFRATARFLR. N CEECE
BT HRECRMNEE R, T8 R, Ht L L3
RGBS REDERAMMEE TSR, AN AFTREEERTY
& B ARGFERCY BRBREESY EREREREHE
SR PR, TR R BER . B L E SN — SR BRI
PURFF IEATLIE EREENIRT, iR E £ P EL
EEGERRBOTE " M AR E B RHRELS, R A
Heik A 5 B & B H N R Bok TR L LG R AR KR

ZFH H#9:2009-06-17 & & H #: 2009-08-26
9140A16050109DZ01) % Bf.

B, EEEEARE, SREAS G4 TR
BHS TR = ER. s, BB E RIS, EWRAA
REBATH O B RD BRERRNEALE SERE
BEERAR, HAPEEGEREMEHK LR, Lk
HERR YR ETHE 9 4ELL b A RRM R/ B R E
RPN R, AT FBE TOLEN G EEELURA
SPRRLA .

ATEASKEERGHECH N, F RN —MECE
T AR v A A ] 23 R Bk O BRI R e
8] 515 % B 60,25 ) (R e BT 2R R LA BRI S TR e e A . [
ff BT BV H 2R A B 2 ) B SR P AT ERALER DI AR AE 4L
B . Bies RIAE 506l = MM E R, R LigiRE
& a2/, BTFITEYDGCER TR, H I &

AXZHERMWE“+— A" FH S B (No. 51316060203), R HERFE £ T H (No.

E ¥ ), 4L A, FEMR T Y SR EEE AR 1A , E-mail: mailwangying@mail. xidian. cn; % (1956 —), B, ##2, H+

AU, EEBIFIT OB AR PR GREAR L EARE.,

. 247 -



R TR E D D, Bz B4R, T LB ST LB
B RN RN ERRN R .

2 WEhE=ENEESXR

2.1 HiEBHE

TESAT R T e A BT, (052 B 8 M %58 25 14 1)
WRB AL R, UG A AR BRI R R
By, B D RRM AR, L ATEXRIS S RS 4E E R
BER, D, iR & B 5 AR, B, Jif & B2 (A 4 B
FARSF B, Sizepr HARFHI KN .

Sizeyr = LPi XD, X B, ¢))

BiZHbL B RSANBIERN 1 FWERR, Whiks
FREE SERFINOERINE 1 5, B EHERSZ
A RIS B Y 400nm ] 700nm Z A48 10nm #
FTREE, LG AE RN 31 4. AFe 1 AT, 31 45 [ {#48
ERFHIMNELE THEITEVMAEEE, RBOGERE
BHIERALIRRA.

£1 BREIRNEGWMABEXR
L Do
17 4
17 4
17 4
1 17 4

SR X — TR RE, A S8 M s e B 2 TR R A o . B A
¥ o 1825 ], 78 S 2 1A R 45350 £ 25 ) 2 DT SR I, S oL
Feiess Al 5 o Al S [ R L R A R b S ) 5 iR A B
SR ER. X LR T AR, & 5K
ZHEEGBIEH ST P2, b T R B EREINEE, 7
7E o 18] 2 1] v % P4 B HE 47 b 380, A 38U 08 FE M v ) 2
BB RS A A, AT S I Z AR ® .
BRI, o ) 28 (AL A LA A F B

(D) #5567 AR E S5 B UM B B HL RS B 5

(2) *ha)Zs R 4 B A TR, B 5 25 0 8 1 K /B o 78 U 5K
BIEEA.

St 03 FEMR BT ENSR Y L FE By o ] 28 B L B AT
ERPLEI IS, . 8 5, 3T ENHLAY 6 45 B0 IR BRAT ER AL AT
BEIMBEHE, R, EEREITES R, Bt s R
BOTENHLIT EN BB €5, , 53 L A8 1 4T ENPLIN BB RN 6
i 5 Tk FR4T ED LS BB VRGO 3 0 A e B 4T EN L AT SE B
YT R . 4 BE T ENSR . Bk, 7E T 1R 3T ED A, o ) 35
B AN BE A T 3T EORLAG LR o T E 148 BE 6 R RE B 7K
BIRE. K ITEPLE A BR, X AT RAERT, RAEEREA
B /N T BB X BRI Y 2 (AL HEAT 1 SR b, B M T 2
%25 RIS B AR A

A A HE 1 FR. e R EITELE
28 AT RAE , PR B 2R R B BE I G HITEN
FRAY S0 B T 8 e AT T B , 38 SRR O X L # 0
. FERGGE SRR SR F R a2 fal. AR,
ABBEEEE S P ENERE R, KB NE 1
B . R B A8 8y o 81 25 (8] A B AT ERAILEGI €825 ], o %
gk, vIB P thia s A S ITE LB A S R B L R
FELL LA L R B ERE L X T4 TR SRR, S5

o 248 o

Sizey y1
20kB
97MB
475GB
6X10%GB

o o w| Y

w

FA AR T B B b () 2 (8] , 7 o ) 2= R A MR GsE AT AL 3
Bl INHEAT IRV AL S5 B2 1R , 7 M o 1B) 28 (R 4 4R VAT EALE 68
], LRESERRHITER L . ZLBI0E 1(b) PR,
A# AR R

AT I R ET TP IN
AR ANE ks
@) P EEEHSE
FAEH
e
Sxwma
wg [FREG | PAE
wm L T
RER

%

RS y TENne

———>tm XRENGN | 2F8E 1]

m E.X 3 x40 EiE T
[OFEFA 3§ St g

Bl mEEiTERLEeEEELR

FEEGA IR P, B H WREEEL — R ERRK
BT AR, M RMER, A K. H
B, 8 T e RIS ) St S R E R R A S BRI R R
— MR RERERER A E Z B . IR, o E S A
HEEMNTERFOBR, B IA SRR E R o8
(PCA) RSB 57 ) 25 (] 4 B A8
2.2 BETERSSHHARESELRFT %

ERSERRAA BB R B ELE, R RFX
HEBOEEEL, I BB AR SR IRESAHR
AHEMRFERER T Z. BER PILER LERR
B, REEB N N, NXPHER S BriXdbigRET T
#z::

i Siz2 . Sip

S22t Sep

S=[si s = sp]=|" Lo )

N1 SNz ‘"t SNP

X,y RAITEHLEZEFE ) DRESKOEENBREE,
j=1,=+P. KT EEREERED N<N,H PCA FHET#
NAKRBu,i=1, N, HH NERBFEHH—AER
B BE N 2SR R AL S ], w A RS AR, 7S
FFHDEEAR =

2,-= w's 3
R, s AT ASE K~ RERER, & LER U=
un J, AT R BIREA s FEPRIZ B B ERR =2 =
[21 Z2 N ]t:

x=U's )

5 AR T 38 23 ] ) o 1) 2 1A B SE HE B U7, s PCA
JRFE AT, e (6] 23 18] (5] S 1 25 B M RS 300 -

§=éllz,-u,-=ﬁz G
Ko ,s AP EZS A 2 EERE SRR ER.d= | s—sl KX
HegiRas, U B vh )25 ] i 6 2 M A S BB RE . Ak,
FgERE U AU RReESe oA I8 25 (7] 45 S 25 8] a0 A L 4%
FaT, AR A R MBS BV T AR, R T AR iRz [A]
RZ B RPN

3 KBERSHH

SARABHTENHLE 25 6] 49 O 1 O3, SE I Fh e #F 1T8. 7/3
AT ERYURHE B IRAE IITEDHL G B RS, K AR

[u1 Uz



3t 928 B3 ; Bl HP DesignJet 800PS3 PO 5,37 Ef §L3T B 8,
¥0; 3% il GretagMacbeth SpectroScanT 43 6% B 18I & G #
ek Bt » LB BE Y 400nm F) 700nn 2Z [A] & F& 10nm
FeREREE, L1 ) 31 400 R 5 i . XX 928 4~ 31
R BEHTERS M BRANERIMEE R TE
FTERRXRINEK 2 Fr5), dR 2 WA, 4 R0 E0H 3
6 BT, X 6 A BLARRIFINE 99. N MER. BF
F 1 T4, AT vh e 25 18] 5 $TEN L 2 (Bl ki, SR &R 4R
REFHEERROXDMERETEHAEEN, BB PR
FEhE]2s[] K 6 4E%s (6],
£2 FERMNBE R ETREXR

A% 1 2 3 4 5 6 7
ACR(%) 86.61 94.96 99.01 99.67 99.80 99.91 99,95

HEEREED, SHEREENERBAERR EMX
G—tRrEl . O T TR TSR A RO A SO G E
OB B W 7 A A AT RN BT EETRRE
(Erus )R R B A B P RO SHHOLERKGEZER. |
T Erus {URE G5 M BE I BREG B , T B R 7R 0 B
ERANRPIERRR, B RIRZE X RAIDEE & RNBIE
BEE, H kit # CIELAB S B E MR E AR
AE, R AE e i 5 B BLR TR

B4 EE R THIN B iY TT8. 7/3 FRufE G 8 A S I B0E LA X P R
EZNEWRE AT, HXFIEESEERE B RGB
BG A 2 s, R B 2(a) A —IES AR B A B 2(b)
H—BAARENEBECHRYE. WARKKIGHERSE
& 400nm F 700nm Z [A] 4/ 10nm BEATRAE, H4EE N 31
4, EITHERD IT8. 7/3 R L LIEBRE Enms it
B,k 3 BFl. B 3 A MV Ervs UK Ervs 1B
/I Ervs B2 REC) DG B2 59 3R il 20 78 25 (6] P 48T 1R 0L
WA 3 AT LAE i, HBOLE S ROLE RS R &2 R/NER
X R %, R0 PRz S REMRFECES MK ERRE
B,

(b) fruits and flowers

(a) young girl

H2z ZAEEKSRE RGBER

31 OERRERG #3 ShHBMREHHRBLGH
MR EARIT - skt -
. b ko P Erms B A ErmMs &/ Erms
Erus =4 /-LZ(AB(A,-))Z ') 1T8.7/3 0. 0024 0. 0068 0. 0007
NS ’
N K2 () 0. 0104 0.0314 0. 0014
AN HBHENE S B R, ABQ) WTEE K A &b+ ® 2 (b) 0. 0169 0. 0612 0. 0034
)2 B R S Bl R AR DG S S EYGEHIRE . TRER
1 - 1 1
Bos ‘g’os ‘E’as
;330.4 %04 ém
&2 “oz ‘Zoz
S0 450 5% 50 60 &0 700 2004505«)00 Y0050 500 w0 s 650 700
Wavelength A /nm ‘Wavelength A /nm Wavelength A /nm
(al) 3 Epus AL 3% (a2) B K Ervs A Y65 L5 (a3) B/ Erms AL i H R

(2)IT8. 7/3 il R 5 Rl 2% Lo A%

a

Reflectance %
i=d

Reflectance %

0 Wavekengih 2 fam Wavelength X /nm
(b1) ¥y Epus b J6i LU 52 (b2)B K Erms bt AL (b)) B/ Ers AR LLEE
(b)young girl B Y% 5 5 32 ih 28 Lo A
2% <% 2% -m
§u5 8os goﬁ
ﬂm %0.4 '_gm
| % K]
o2 oz Moz
M
0 w0 o0 w0 6w 0 70 o0 w0 50 50 6w &0 o 5B % w0 6% &0 70
Wavelength A /nm Wavelength A /am Wavelength A /nm
(c1) V1 Epms b6 A% (c2YBK Epus bG8 (c3)B/P ErmsAbIGTE LLEE

(c)fruits and flowers B Y6i¥k 2 51 Rl 2% HL 8

B3 ¥4 Frvs 8K Ervs B/ Ervs S0 5513 1 22 Ho 82

+ 249 -



3.2 wEEH

CIELAB R s a], ez ARNTHE B
BEFATIRAY, R R 4 th ) 5 S 0 F A0 6 T .
EHAE SRR EEPARAERNEL, B3
HEMEEEREERNBABEHRITER. TRKE
CIELAB Mt EAR AE, , LE X IF:

AE, = /(AL +(aa)? +(am?) -

SCEORT 1T8. 7/3 JGi%BUE | young girl B, fruits and flowers
EK AE ST EERIGE 4 Bisl. BE Y AE,/HT 385, AR
JLVEBAREIBRESR; M AE, AT 3 1 6 2B, AMRGE
BRAFAE HEETEZ Y AE, KT 6 i, Bl EXK
H.OEXREEZY), AR 4TTUES,3 BEKTH AE,
¥I/NF 3,59 T8, 7/3 # young girl B EH AE, RF 1.
25 [RIF5 5 R .32, young girl B JLP- R BRA P, fruits
and flowers B HF{UA /MBS HBIE 22 R AT BRA.

#4 SHBAAECRET

b ¥ AEs B A AEs, &/ AEw
1T8.7/3 0. 1089 0. 8693 0, 0013
2 (a) 0.1231 0. 3276 0. 0040
B2 1. 2733 6., 9524 0. 0491

GRIE NG R T b £ 0 P R B ]
S, A SCHR i — T ) 4T D B o R 23 IR B T k. TR
Fei 2 ) 5 1 4 390 5,28 A 2 TR B A o 25 [ 4 SRy 25 T A e A
B, A BB T e 1] 6 86 4 4 i (A T B A B )
B, 4R ot PR R T BN Y L ZE R ST IR 23 PR, SR AT
ENHLAY SEIARAE AL A S BRI A, 18 it 3 R4 A HT i
REARLE2S 1), (7825 AR e AR , it B RS PR G IR
v B 25 [ 6 P T 2 0 A (O B <7, 7T S 9L 5 4T EN LIS 2 ] 9
g, FEM¥E PSS A, TR SR s IR AT MR MR 2y
Hn e M P Y AR, R E E A R R R
i — BRI 6. 534, o e S 2 B E B O
PR RS, RO R AR D B RABIA.

2 £ X &

[1] Zolliker P, Simon K. Retaining Local Image Information in Gamut
Mapping Algorithms [ J]. IEEE Trans on Image Processing,
2007,16(3) :664-672

[2] Chin EM, Garcia EK, Gupta M R. Color Management of Prin-
ters by Regression over Enclosing Neighborhoods[ C] / IEEE
Int. Conf. on Image Processing. San Antonio, TX,USA,2007,2;
161-164

[3] Zhao Y,Berns S R, Taplin A L,et al. An investigation of multi-
spectral imaging for the mapping of pigments in paintings[C]//
Proc. SPIE. 2008,6810:1-9

[4] Bochko V, Tsumura N,Miyake Y. A spectral color imaging sys-
tem for estimating spectral reflectance of paint{J7. Journal of
Imaging Science and Technology, 2007,51(1):70-78

[5] Munzenmayer C,Paulus D, Wittenberg T. A spectral color cor-
rection framework for medical applications[J]. IEEE Trans on
Biomedical Engineering,2006,53(2):254-265

[6] Tsummura N,Miyake Y,Imai H F. Medical vision; measurement
of skin absolute spectral-reflectance-image and the application to
component analysis C]//Proc. Third Int. Conf. on Multispectral
Color Science MCS’01. 2001 25-28

[7] Hardeberg J Y. Recent Advances in Acquistion and Reproduc-
tion of Multispectral Images[ C] // 14™ European Signal Proces-
sing Conference. Florence, 2006

[8] Bochko V, Tsumura N, Miyake Y. Spectral Color Imaging Sys-
tem for Estimating Spectral Reflectance of Paint[J]. The Jour-
nal of Imaging Science and Technology,2007,51(1):70-78

[9] Nieves J L, Valero E M, Nascimento S M C, et al. Multispectral
Sysnthesis of Daylight Using a Commercial Digital CCD Camera
{J7. The Journal of Optical Society of America, 2005,44(27);
5696-5703

[10] Cheung V, Westland S, Li C, et al. Characterization of Trichro-
matic Color Cameras by Using a New Multispectral Imaging
Technique[ J]. The Journal of Optical Society of America A,
2005,22(7):1084-7529

[11] Urban P, Rosen R M, Berns S R. Accelerating spectral-based
color separation within the Neugebauer subspace[]J]. Journal of
Electronic Imaging,2007,16(4) ;1-11

[123 Berns S R, Taplin A L, Liang Z T. Spectral color reproduction
with six color output[ PJ. United States Patent: 6698860. 2004

(13] TZ8,. 8V . FE5H,. % NG ABEREVRBEEREAR
(17, HHEHLRI, 2007, 34(2) : 258-259, 276

[14] Imai F H,Rosen M R,Berns R S, Comparative Study of Metrics
for Spectral Match Quality[ C] //The First European Confe-
rence on Colour Graphics, Imaging,and Vision. Poitiers, France,
2002.:492-496

[15] BRHE. @R IM]. JUat. bR s T RS0 L, 1990:102-113

[16] Conde J, Haneishi H, Yamaguchi M, et al. CIE-XYZ Fitting by
Multispectral Images and Mean Square Error Minimization with
a Linear Interpolation Function[ J]. REVISTA MEXICANA DE
FISICA, 2004,50(6) : 601-607

(E#% 167 7D

[2] Arabas ], Michalewicz Z. GAVAPS —— A Genetic Algorithm
with Varying Population Size[C] // Proceeding of 1st Confe-
rence On Evolutionary Computation, 1994 ; 73—7é

[3] Strinivas M, Patnaik L. M. Adaptive probabilities of crossover
and mutation in GAs[J]. IEEE Trans. on SMC, 1994, 24 (4).

678-691
(4] FMAl BT HRERFEPRLD ) R WK F, 2004:
48-53

[5] Affenzeller M. A New Approach to Evolutionary Computation:

« 250 -

Segregative Genetic Algorithms (SEGA) [ C] // Connectionist
Models of Neurons, Learning Processes, and Artificial Intelli-
gence, Lecture Notes of Computer Science, 2001 ;5934-601

[6] Affenzeller M, Wagner S. SASEGASA: An Evolutionary Algo-
rithm for Retarding Premature Convergence by Self-adaptive Se-
lection Pressure Steering[ C] / TWANN 2003, Lecture Notes of
Computer Science. 2003

(7] #ER. goA KR EEERE TSP RE D] AR ANALX
%,2006,:17-29



