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Table 1 Combined results of RC24 under different numbers of light sources
B B C D50 D65 F2 F8 F11 L1 L2 L3
2 0 0 0 0 0 0 0 0 0 1 1
3 0 0 0 1 1 1 0 0 0 0 0
4 1 1 0 0 0 0 0 0 1 0 1
5 0 1 1 1 0 0 0 0 1 1 0
6 0 1 1 0 0 1 1 0 0 1 1
7 0 1 1 0 0 1 1 0 1 1 1
8 1 1 1 0 1 1 1 1 0 0 1
9 1 1 1 1 0 1 1 1 0 1 1
10 1 1 1 1 1 1 1 1 1 0 1
11 1 1 1 1 1 1 1 1 1 1 1
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Table 2 Combined results of SG140 under different numbers of light sources

B A B C D50 D65 F2 F8 F11 L1 L2 L3
2 0 0 0 1 0 0 0 0 0 0 1
3 0 0 0 1 1 1 0 0 0 0 0
4 1 0 1 0 0 0 0 0 1 0 1
5 1 1 1 1 0 0 0 0 1 1 0
6 0 1 1 0 0 1 1 0 0 1 1
7 0 1 1 0 0 1 1 0 1 1 1
8 1 1 1 1 0 1 1 0 0 1 1
9 1 1 1 1 1 1 1 1 0 0 1
10 1 1 1 1 1 1 1 1 1 0 1
11 1 1 1 1 1 1 1 1 1 1 1

2 AEHEXRETHINELNRIEERE (a)
HHRIRE (b)
Fig. 2 Color Differences (a) and RMS errors (b) of the recon-

structed spectral under different numbers of light

sources
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Fig. 3 Optimal source combination for

two sample selections
(a): RC24; (b). SG140
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Table 3 Reconstruction accuracy of three method
. . AE,, RMSE

ik Ak Mean Max Min Mean Max Min
fhidivk  3.2666 22.97 0.4518 0.0297 0.2  0.0063
RC24 Zhang  0.429 3 8.423 0.004 2 0.004 8 0.017 2 0.000 13
AJP 0.3324 7.2050 0.0011 0.0029 0.013 10.000 071
ik 3.8219 13.71 0.414 4 0.0356 0.486 2 0.007 3
SG140 Zhang  0.5448 9.34 0.0083 0.0133 0.051 3 0.000 4
AJr: 0.4862  8.02  0.0052 0.007 3 0.028 1 0.000 2
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Fig. 4 RMS error of three methods
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(a), (b): RC24; (), (d): SG140
Fig. 5 Spectral reflectance curves obtained by three reconstruction methods
(a), (b): RC24; (o), (d): SG140
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Research on Spectral Reflectance Reconstruction Based on Genetic
Algorithm for Selecting Multi-Illuminants
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Abstract  In order to solve the problem that the accuracy of the spectral reflectance reconstruction based on RGB three-channel
values is not ideal, an optimized spectral reflectance reconstruction algorithm based on RGB three-channel information was pro-
posed. Firstly we coded to generate individuals with multiple illuminants selected randomly, and RGB three-channel values were
used to predict CIE XYZ values under multi-illuminant by polynomial regression algorithm, and the pseudo-inverse method was
used to reconstruct the spectral reflectance. Then the reconstruction accuracy of the sample was taken as the fitness evaluation
value of the individual, and the individuals were selected, crossed, and mutated based on the principle of survival of the fittest.
Finally, the combination of multiple illuminants which were suitable for spectral reconstruction of color samples were obtained,
and then used to reconstruct the spectral of color samples. Munsell color set was used as training samples, RC24 chart and
SG140 chart were used as test samples, and 8 standard illuminants and 82 LED light sources were used as experimental light
sources. The proposed method was used to select the optimal combination from the 90 illumination sources and reconstruct the
spectral reflectance of the test samples, and compared with the method based on multi-illuminant selected by exhaustive method
proposed by Zhang and the pseudo-inverse method under A light source. The experimental results show that the spectral reflec-
tance reconstruction accuracy is improved as the number of light sources increases, and the increase achieves the most when the

number of light sources reach to 3. Among the three reconstruction methods, the average color difference and average root mean
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square error of the proposed method are 0. 332 4 and 0. 002 9 respectively for the RC24 chart, while the average color difference
of the Zhang and pseudo-inverse methods are 0.429 3 and 3. 266 respectively, and their average root mean square error are
0.029 7 and 0. 004 8. For the SG140 chart, the average color difference and average root mean square error of the proposed
method are 0. 486 2 and 0. 007 3 respectively, while the average color differences of the Zhang and pseudo-inverse methods are
0.544 8 and 3. 821 9 respectively, and the average root mean errors are 0. 035 6 and 0. 013 3 respectively. The results show that
the spectral reconstruction accuracy obtained under multi-illuminant is obviously superior to the one obtained under a single light
source, and the results of the multi-illuminant selection method based on genetic algorithm is better than those of the exhaustive
method. The genetic algorithm can automatically find the optimal illuminant combination according to the color samples, so as to
reconstruct the spectral reflectance of the sample based on the optimal combination improving the accuracy of spectral reconstruc-

tion.

Keywords Spectral reflectance reconstruction; Genetic algorithm; Multi-illuminants; CIE XYZ values; Optimal combination

(Received Jul. 13, 2018; accepted Dec. 16, 2018)

* Corresponding author

(IBFHRESHT) MRBRXHBEMER

%ﬁ%iﬁ%KﬁA?ﬂ%ﬁ% AR EREERT, Xl e ZHER B SO KR E .
WA ALY, EOREREM . WIS CEN EZEANE,. RESIHFZ .

2ﬁ%ﬁ%%iﬂ#%%f%hu,ﬁﬁmﬁﬁi,Wﬁﬁﬁm\ﬁ%\m% 4. Hpjamir®
R E . AR — A7 B AL S A Py 2231 il P2 A ek g ICP-AES Jil & 1 fa i K e i R 47
{HALEROLT ﬁi%%ﬂ@%ﬁ%Iﬁ%i%ﬁ%ﬁﬁ@ DA B HLA W AR A (B A At B 20 B (e 4 R
WO B A R . ARSI BR AR X AR UGN 22 5 s A58 TR e B A T A B R I R R S

3. AR oR L, R Bl i_kiééi?ikaﬁ BRI 0, 5 SO B . A4 SED
AR TEN

L EAMASIE P HBBMANA . T2, RS FER RN RS E R B
AEXESCNBEMREAIIE . AR EZEA P EA NG AHAELSMA RS FAE: A5
30 BRARIZIESCIEL B A E TN C RZRIIE S, FMsiH . AR, U5 BRAAAR L lk i 332 & o E G 48 3t 7t
fileoh s e U BN AU LABET . B R S AR





