ot ¥ o5 W o M

Spectroscopy and Spectral Analysis

it

AEBEEERNCERNRER

a1, 2
E=S ’

ZAAm, THE" . F FRE!

114051
114051

Lo AL FRHEER LS B TR B, T #al
2. TR T SEE TR, 107 Bl

W OE AW, E R R AR B A (0 S AT A . R LAY R R
PATHE S 1) L ARG T A TR A X v K S AR S T A ST i AR 4 B = B s # RGB
T i A B OGRS S T S B WSt O R L DA A0 R AT 6 5 R A RS S 0 B R B O PR A SR AR . T R E ORI R
SRR I AT I S o (AR 22 Tl 4508 A 7= i 3 Ao 38 75 2 2% R 38 B0 € 4k (CTD ] B0, DL 3IE 7= 5 1
TEAS TR 6 JR A% 1 T LA ARG Y 200 32 3 . 6 S T R 2 e e W MR 6 4B 1 R M R R e R R R
HEAT B 68 5T BT 7 A A 1 1 )R, Takahama 1 Nyatani $ H HL A B 62 08 3 4 A9 42 1 0000 O 338 e 4 3R 1
A, MR R L MIZ B BRI REHEEU G HIER, 5LEYERGORFREREHN KK, Z
J& » Berns 58 7£ Takahama Il Nyatani 83 3emli 1y 300 T A A SF 400, (A ARG W KAk, Li#
Luo £ H HL A 08 24 SRAY WM S0 00 60 1 M i S R A 0, TR SRR R M M LRI SRR
R ER 4R —FhAE LR M ARy R Y A R A B 2 HLA AT R B e e R i . S
8 FA AR Munsell 65 71 1 560 AN Bl & i) 526 5 55008 8 6P B S5 0k A7t . 9 5 Hofh y i lb AT b B . 4
FRW], %07 AU TR RO SR B € 1 M 6 bR b 3 b Takahama Fl Nyatani J7 3%, Berns % 1 J7 3%
Fe Li Fl Luo B9y ¥R B0, 1 L8 g 5 A 38 5 JRU0A I 48 26 B2 30 A B 48 b« 38 0 M1 22 (RMSE) ML &5 10 & &
BCGFO A F oAb 5k o PRGZCHT 5 i 0 0 gt s S 6 B B 00 4 6 P SR M AT Ml A 26 T %28 11 o L 1

KA ORGSO R E R ORI LR AIE N B E

Vol 42,No. 4,ppl1044-1048
April, 2022

HESES: 0433 MNEARIRE: A

5l

hflg

N ZEHE R GE T Xk 16 Y BRI e T O TR HE 40 ML . O
IRLL R R it RS 2 R HEAE SR OLIRLL Y
PR B SR RN AL AL A SEHRAT — Tl X e 7 ) T A B i3
U — BOPE B9 0 BT R, X G BT 1A R T R
P el e T A A PR O i R 4T % i 2 R ) 6 A )
AL EARTEA TR BOE IR T B ML B R, fES R
PO — A Z BT, WG B TRBH il
AR SEAT Nl T I P RS . TR T AR O S S A U 1 2 A
FHEADE IR B = 4 5 RGB odls JEAT Ed, e 4
T B S A T O S I R R AR AR AT A = o
TR B S IS 3 0 e S 40 e DA o A S R . 3 AN Cao S5 4R M

W ES:
EE€UWHE:

2021-03-08, fEITHHEA: 2021-05-17

gl
EEEN:

e-mail; wangzhifeng sia@126. com

x IR &

E % B RB R4 E (61575090, 61775169), il T4 H KRB 5

ZFHI, 1997 4 A LT R R 2 T BB S 1R AR 2 e A B ST A

DOI: 10. 3964/j. issn. 1000-0593(2022)04-1044-05

V14 38 Ao fe P /I 8, 2 0T I R AR AT 5 RO I i At S A %
MRS X RESE BT EARRE, WA BRI EA
S FE ) B 00 1

5% ey B2 A W HLAA B R R RO R L, TR
WFIE & 3 ) — F 90 R ] 4P 00 R 3800k 1 A ok 07 %8 . I Taka-
hama #1 Nayatani 42 i T —F0Re A [5 56 I8 T = 5 B /Y & s
T A g R PE ALK H AR R B R BT R (LR
Takahama J5¥) ., 2ZJ5 Berns fil Billmeyer 28 X 42 T —Fff {E
A S AT S do AR v 3 o €0 AR A X R PR AT 2R
F5 % (LU F AR A Berns %) . BbJE » Li Al Luo X 1 PI AR 7 1%
BEAT WO 10 P B Y 50 N AR 3 CATO2, $8 i —Fh T —
UL B0 T Ty 1, A5 B0 S E A B R R O R A
(AR RRCA Li 5 #O0) 0 BL b =l 35 26 B0 30 8 — vk B &1
B D7 VR TE B GG S R B E M A RO, B

4 H (2019-ZD-0267) FiL T4 # & /T Wi H (2020LNJC01)

e-mail; 15265751346@163. com



Bal

LFFPHAE . B B W P B OG5 S 5 R 1045

W55 SR K P A J7 v T Y S 5 238 i X 7 g 2 €6, 78 4 A
R 1 B AT BT R IO 0 AR e AR BT RE IO 2R AT ET
BN, ASCETHEWAESZICIR T ZfBE . 528 LOgi
A5 48 SORDG T T 29 A 0 AL A 1R AR L v LA 1 E AR oA
B, DU RO BRAE S ORI Z BB R o B AR A
1 1 3R L 2 SO Ak 50 R TR A S S R, Nt 2R SR WY AR S
M AL T Li, Berns fl Takahama J57 35,

1 B AR HAs 5L

P60, 738 5 4 BT T A 2 % S S R AE R [RGB A 4T 1
R AR B . Ml 1SO #R T 7 i CMCCONO02™ 1k Jy 3 3
G S AR E R R AR . T CMCCONO2 i F 1Y £
I AE 4 CATO2 #4238 B A 4 CAT16M) , Hif & #2 1 F
2002 4E, i AAE CIE 2002 @6 g1 # % CIECAMO2M b, J5 3%
$ T 2016 4F, 75 €058 N AR S B . T IS 7 R 68
FPEE T CATO2, J2 ik S 4E g 7 B £ CATO2 iy 838
AR T, B 1 g i T B A AR BT BB RR . B2
THE I R r B D LESS (G =1, - ) DR I
Z 2% GIR R T ZH0EE . 40 3 88 w4 p, Fopro B
H: dlad CATI6 HHEWMTES Z IR R T 5 p, A AR G5
SR AE S MR pe. B ZF HHE pr 5 ope W
CIELAB2000) {8, 25 AE,, , AE B Jy 5 €4 45 4 45 #% (color

inconstancy index, CID),

- ]
Pr CAT16
AE(pr, pc) pc
AEOO

E 1 CMCCONO2 itEH &
Fig. 1 Procedure for computing the CMCCONO02

2 SRS

MFHRTESHZ AR T ZHEAE pr, 28T —FH

A B O RO R E k. R R CIL i A E]

AP0 B AR R ECb, DL AT B 1 O

KRBT, BOE, A MO = A 0 B A UK 5

TG UG B o UC L e 5, My M 43 B4R N S 2% 565

FEE j AEUR T AR B . A8 4 a5 W 51 R T %

il 2

pr = (M) r (D

= W@ DR: LI O /70 O % SN/ T S 2 O 2 - <

AW G=1, -, O FHZHBME p, G=1, -, w0, I8

it CATI6 ¥ p, HeH S 25 U8 T % ) = HIBLE pe. s -
R /NG|

pe., =U,p, = U, (M) r (2)

K@, U, &4 CAT16 5 B b3 8] i — 4> 3 X3 48

M. EIR TS 00 = R R IR =R A
AR CILIH55 07 s N
CI; = AEy (prs pe.;)s j =1, 2, =y n (3)
KB, AEw (prs pe. ) AWERTESHRIE T =M B E pr
S5Z2ESWE T AR pe.,; 19 CIELAB2000 (425, {EH n
ARG, IR A B e AR 4 4 i CIL oY
e =

n

DI, = ST AE (e pe,)
i=1 j=1

— L3 aE (oL U, )T )
j=1

WA . WS8R B 9K 60 I S0 6k TRt BT
o T ORAIE A A S S R B ORI AR S FE AR L AL
R0 HAR R S AT A M G 56 F s, IR T
SPRRMEEE . i, T RUS DR R Lotk 2 s R R R
Minimise CII+ s || G || »
Subject to: 0 << r< 1, and pr = (M) r (5)
R s B AR 0K/ T A R SR A
JeHE M, BN T A S A B R e R B CILL 3R HL R
SR WA EAE TL0, LXK H .

3 R 5ie

S TE MATLAB - & #E4T, JE 4 v JL R0 5 4l 1
MATLAB N & K %X fmincon, H options 2% & & & i FJ BRIA
S8, T R E - WIEKIEE DY 400~700 nm Z ], Jf:
PA 10 nm g [alFRECE A 31 X1 B ) 42 . b B s an AR
i L 2 43 A A1 CIE1964 5 0, T e 2K %5 55 4K 76 1 10 A
A .

5 =2 Ah . AR SCfd AR o Munsell 85 1 560 2 < 5
RAEX S AT . 7E T g AR rh gk CIE BRBH {& D50 1R
JZ%IeE . MBI A, D75, F2, F7 F F11 AR L5006 .
[] s (5 A 2 (40 v 58 CIL A O B3 18 5 1 1 9F 4 48 4
S5t A ry CI g EE S 8, 30 B/ 7R 060 40 VB i
Sy ARUE TN 25 3R B AT AR, A PP A 00 1 R IR R
D65 FEASHZOLIR, MUk A, D75, F2, F7 il F11 {24
WHAE IR . 76 R AE H A S 8O W E 00 T, = d b An v
Munsell &-RIEJCTEANTE s(s=0, 1, 2, -, 15 TR H,
FF3R % B AR #E Munsell {6 F 1560 40 & 8 K 59 F 5 CII
(CID,

WE 2 fis, BECHEAEE s 4R, B AL R4
FCIIE MM — B SR, HH, =115 s=2
B iy CILAR 22 0.102 3, 4 s=44 5 =45 ity CIL 4 2
0.003 6, Fy st Ay LA B2 s (918 k. CTLAY 3% i 326 )3 5 14 25
o T EE A A . s s R, il HTBRIA option i
19 fmincon pRECTE A9 RS R r SR pr# (M) r
AR L+ 33X 2 A BRI AT TR BP9 JE 1 4R 306 L 2 TR S A
V14 4 Jry die P A 1 3 J BT B AR A+ B0 o A R S 2 Rk
e, A LA 3 o 3 K fmincon R %% H option 1% B ) MaxFun-
Evals ${H > 48 & ST B, DU 3% TR) 8 k26 19 vl Be k.
MR FE S A T IR, SR ALE s MIUE TS E A Lo,



1046

HeiE 2 5Ot

842 %

30 M & IE, LT MGl /2 p R s=6.
1.9
1.81
1.7
1.6
1.5
1.4
131
1.2
1.1
1.0

ClI

5 10 15 20 25 30 35 40 45

)
B2 AEABNENEHSXERIRPHREEEHHZI
Fig. 2 Influence of different smooth weights on color constancy

in spectral reflectance reconstruction
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Fig. 3 Spectral reflectance reconstruction of different methods
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Table 1 Comparison of reflectance reconstruction results by different methods
" N CII RMSE GFC

e e Mean Max Mean Max Mean Min
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Spectral Reflectance Reconstruction With Color Constancy

JIANG Dan-yang' , WANG Zhi-feng'” , GAO Cheng' *, LI Chang-jun'
1. School of Computer and Software Engineering, University of Science and Technology Liaoning, Anshan 114051, China

2. School of Electronics and Information Engineering, University of Science and Technology Liaoning, Anshan 114051, China

Abstract Given the tristimulus value of an object, its reflectance reconstruction has important applications in the field of cross-
media color reproduction. Common algorithms for reconstruction reflectance, including the basis vector method, Wiener
estimation method, weighted pseudo-inverse method, etc. , are derived based on the reconstructed reflectance and the original
reflectance as the reconstruction and evaluation objective. All algorithms map low dimensional tristimulus value or RGB to high
dimensional spectral reflectance. Hence most of these algorithms need to be trained using a training dataset. However, in many
application areas, color constancy or color inconstancy index (CII) should be considered in product design to ensure that the
object is perceived as the same color under different lighting conditions. Object’ s spectral reflectance determines the color
constancy property of the object. Takahama and Nyatani developed a linear programming method for reconstructing reflectance
based on the given tristimulus values so that the reconstructed reflectance has a better color constancy. However, test results
showed that the reflectance reconstructed by this method has stair-like shape, which is much different from the real object
reflectance. After that, Berns et al. further improved the Takahama and Nyatani method by introducing further constraints. It
was found that the reflectance reconstructed by the improved method is smooth but heavily oscillated. Li and Luo proposed a
smoothing constrained quadratic programming algorithm. The reconstructed reflectance is s smooth and close to the reflectance
of real object color. In this paper, a new algorithm or more exactly, a new constrained nonlinear optimization algorithm is
proposed to reconstruct reflectance based on the given tristimulus values so that the reconstructed reflectance is smooth and has a
better color constancy property. The proposed method is tested using the reflectance dataset measured from 1 560 Munsell chips
from Munsell Color System and compared with other methods. The comparison results show that our method is not only better
than Takahama and Nyatani method, Berns et al. method and Li and Luo method in terms of color constancy index, but also
better or similar to other methods in terms of root mean square error (RMSE) and good fitting coefficient (GFC). Therefore,

the proposed method has important application in many industries with color constancy requirements for designing products.

Keywords  Spectral reflectance reconstruction; Color inconstancy index; Nonlinear programming; Chromatic adaptation

transform; Color constancy
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