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PSOBP combined model

HU Chunhui'?, ZHANG Liming', LI Xin"*

( 1 Key Laboratory of Optical Calibration and Characterization, Anhui Institute of Optics and Fine Mechanics, HFIPS,
Chinese Academy of Sciences, Hefei 230031, China;
2 University of Science and Technology of China, Hefei 230026, China )

Abstract: Aiming to the problem faced by the R matrix spectral decomposition method, a spectral
decomposition method based on the camera response characteristics is proposed, a particle swarm
optimization BP neural network model (PSOBP) is established for the inversion of the decomposed
metameric black to realize the optimization of network training weights, and simulation experiments are
conducted using the global training samples and local training samples quadratic spectral reconstruction
method. The results show that under the D65 light source, using the PSOBP combined reconstruction

method, the mean square error of the two test sets reconstructed by the RGB camera is reduced by at least
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1.71% and 0.51%, respectively, compared with the other traditional method, and the maximum color
difference is 3.5579 and 2.3776, basically meeting the requirements of the human eye color
discrimination threshold. While the mean square error of spectral reconstruction accuracy of WorldView3
is less than 2% in bands of 410-510, 555-565, 590-685 and 705-740 nm, the proportion of acceptable
samples represented by the fitness coefficient is 91.667%, and the maximum color difference is 1.6002
and 1.1177, respectively. In addition, the spectral reconstruction accuracy and chromaticity accuracy of
the proposed method have been improved compared with other methods, and the 6-channel multi-spectral

camera can meet the requirements of high precision spectral reconstruction.

Key words: remote sensing; spectral reconstruction; metamerism black; particle swarm optimization;

neural network; homogeneous nonlinear extension
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Table 1 Pseudocode for the optimized reconstruction part of spectral reflectance

Key Algorithm lterative construct of spectral reflectance

Input: The set of trainning, (D P,R) ; The set of testing, D,,,;

The result of the first construction, Ii(o), r;

Output: spectral reflectance, R;
1 foreach D, (s)e test set
2 foreach R(t)< train set

3 dyy(t) =SID(R,(5).RA));

4 end

5 [ dist,pos ] =sort(dg,, ascend') ;

6 letsubR(s)=R( pos(1:N)).subD(s)=D,( pos(1:N));
7 subB(s)= (I-P,)subR(s),

8 [V(s).C(s). b(s) | =PCA (subB(s)) ;

9 net(s)=PSOBP (subD(s), C(s)) ;

10 b(s)=V(s)-net(D,,(s)) +b(s);

11 R(s)=r(s) +b(s);
12 end
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Table 2 Comparison of the accuracy of various reconstruction algorithms under RGB camera observation

) R matrix Hnl extended PCA + BP Proposed method
Evaluation method
Macbeth ~ Color target Macbeth ~ Color target Macbeth  Color target Macbeth  Color target

Max 0.1286 0.1615 0.1296 0.1047 0.1310 0.1002 0.0863 0.1132

RMSE Mean 0.0388 0.0529 0.0473 0.0446 0.0380 0.0368 0.0209 0.0317

Std 0.0296 0.0379 0.0371 0.0285 0.0349 0.0257 0.0181 0.0292

Mean 98.699 98.666 97.793 99.257 98.130 99.405 99.486 99.585

GFC/% Std 0.0156 0.0148 0.0385 0.0085 0.0378 0.0057 0.0088 0.0062

>99.5 41.667 45.833 62.500 54.167 66.667 54.167 75.000 79.167

Max 4.8894 4.7935 3.6116 2.6067 3.3721 3.2739 3.5579 2.3776

AE Mean 1.5959 1.6455 1.0875 0.7745 1.3595 1.0558 0.8203 0.8238

Std 1.0797 1.4599 0.9796 0.6351 0.8722 0.7724 0.8599 0.6459

%<3 WorldView3 Z ¢ iEEH N T S MEMEEBELLR

Table 3 Comparison of the accuracy of various reconstruction algorithms under WorldView3 observation

R matrix Hnl extended PCA + BP Proposed method

Evaluation method
Macbeth ~ Color target ~ Macbeth ~ Color target Macbeth Color target Macbeth  Color target

Max 0.0534 0.0869 0.0511 0.0628 0.0401 0.0542 0.03698 0.0516

RMSE Mean 0.0215 0.0284 0.0202 0.0207 0.0193 0.0239 0.0143 0.0156
Std 0.0112 0.0181 0.0124 0.0138 0.0114 0.0161 0.0095 0.0112

Mean 99.529 99.524 99.639 99.770 99.597 99.737 99.781 99.852

GFC/% Std 0.0074 0.0073 0.0048 0.0029 0.0060 0.0031 0.0040 0.0031

>99.5 75.000 75.000 79.167 83.333 79.167 75.000 91.667 91.667




54 (R R R =S 1 41 %

Continued

R matrix Hnl extended PCA + BP Proposed method

Evaluation method
Macbeth ~ Color target ~ Macbeth ~ Color target Macbeth Color target Macbeth  Color target

Max 5.8994 4.8005 3.7208 2.4619 4.8762 3.7307 1.6002 1.1177
AE Mean 1.3402 1.3709 0.9035 0.6347 1.3085 1.1194 0.6125 0.5112
Std 1.2413 1.0648 0.9001 0.5291 1.2046 0.8855 0.4805 0.2620
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(a) Spectral reconstruction of Macbeth; (b) Spectral reconstruction of color target
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