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Abstract Based on the multi-objective optimization method, an optimal filter with good values for each evaluation
parameter is obtained. This is achieved according to the cumulative scoring method of optimal ordering for several
parameters often used to evaluate the performance of multi-spectral cameras such as peak signal to noise ratio
(PNSR), goodness of fit coefficient (GFC), CIE color difference index(CIEDE2000) and mean square error (MSE)
and their corresponding maximum or minimum values. Compared with the previous study, the number of filters to
be selected increases from 45 to 1035; however, the number of reflectivity samples of the imaging scene increases
from 24 to 1269. The results show that the performance of the optimal filter is better when the number of filters and
the reflectivity vector space increase. At the same time, the values of the three parameters of the spectral
transmittance vector matrix of the optimal filter, namely the condition number (Cond), the peak uniformity index
(UF), and the adjacent filter overlap index (OLP), are also more stable. The experimental results can provide a
reference for the quantitative selection of wideband multispectral filters via the vector matrix of the filter.
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Fig. 1 Normalization of filter vector. (a) Original filters; (b) normalized filters

ARS8 1035 21 U8 €0 75 X5 07 A0 6 U €5 28 1Y
R A SHG R SR IR AR BT B T WY
SR A
25 LIWHER

bR T EUE @ 5 g H S 1035, [T R AR R
FH52 % /K (MunselD €K 19 1269 A4 DL Ak, HoAth
SEUS R 5 B A 1 RN BCHE AL 38 vk A SCEk [ 2 A
Lo AR, K 2 & 8 SHOEMHEF 4 )G .
5 3 A 4 o Fie K B 45 38 3 X O €0 2% 005 1t R il
., R1UIIT 6 @iE T 1035 U8 A28 1Y
B 15 DU S (Topl-15), 45 1 T & B X 1Y 8 @

#8514 (Filter No.) .2 2 HE F 4 43 (score) | JE (2 3%
BAEEFAE BEUN cona JUr F1 P o) B 25638 I HLAY
PERE 280 (Rpsws Cor s st - CIEDE2000) 45, H
AVE FRFEYE . STD Fonbr i 22 . 4 A [H
1 3 AL AR R 1 B 6 3E G TR

g5, 2 B T A E R B 2615 AP R Y
IR O R IE S BOCUE . o, % 128 2~6 5]
M 2, JE O35 R MRS 10 AN KOF- M RE Yy
HAZZHITE 2 B LA #1515 2019, 18
38 FAE S 802 X B U8 0 2% 3 i R ) i A 4
6) I AT RN 5 R 1R 557~ 1051 A1 I 3 €6 2% 19 1

0411001-4



ot 2 X i
0.5 4 Channels o filter 1
filter 2
«—filter 3
0 18‘ filter 4
i /| filter 5
0,055 B 5 Channels ) d filter 6
g S +, . filter 7
§ 0 eioleiolo HEHHITR OIS TES filter 8
b=t 6 Channels ¢
% PSscoaccaca .
£ : s
.5l L 7 Channels |
P /vy./. \ + VH,\,..;H,‘%,;.;.,‘,
e ~ «
03

400 450 500

550
Wavelength /nm

2 4~8 I F Uk 8%
Fig. 2 Optimal filters at 4-8 channels

1 6 ALIEEIE T MR

Table 1 The first 15 color filters with the best performance under 6 spectral channels
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5 399 7914 1.61 0.990 0.098 47.46 0.9994 1.28X10* 0.77
6 803 7873 1.61 0.990 0.098 47.44 0.9994 1.30X10°* 0.77
7 581 7831 1.87 0.972 0.056 49.00 0.9994 1.04x10~" 0.99
8 434 7802 1.87 0.972 0.056 48.90 0.9994 1.05X107* 0.97
9 1032 7782 1.87 0.972 0.056 48.94 0.9994 1.04X10* 0.99
10 353 7669 2.10 1.000 0.077 47.79 0.9993 1.20xX10* 0.94
11 1028 7666 2.49 0.929 0.094 48.52 0.9994 1.12Xx10°* 0.85
12 735 7647 2.26 0.959 0.099 48.80 0.9995 1.11x10™" 0.88
13 962 7640 2.35 0.912 0.101 48.32 0.9993 1.27x10°* 0.88
14 843 7628 2.32 0.990 0.159 46.73 0.9993 1.68x10°* 0.86
15 385 7627 2.33 0.952 0.135 47.77 0.9994 1.33X10°* 0.84

AVE 2.06 0.964 0.095 48.32 0.9994 1.20X10°* 0.85

STD 0.26 0.026 0.029 0.68 0.0542 0.16 107" 0.09

BAE AR, HOGH I A B 75 K-S 50 dB.
i
A SC3l i 22 2800 HE P 4R 03 19 22 H AR AL D7

%N 1035 AN [A] 38 @ As P A e 15 B TR AL IE @
i 10X B I 00 25 1) L A R 25 T P R 1Y S 7Y

o>

%

w

{E TR D S I8 0 A 19 BT H 2 5 KA

MIEL 2 0] LU H 2% 08 18 U8 (4% 15 5 5 ) B
JUART 4R A VT 0 0T 5 45 S A 1] B B A0 8 8 i b 4%
B F 1435 3 3 0 4 K AE IR R TR B 50 A
MBI A —E R LT, AT B,
TR SR B8 R =S )R 9 Munsell 8 19

0411001-5



b 2 % it

2 EALUE OSSR AT PoL BOBRUEZE , VL R A B4 1F T 3 B i AU g (o 2% X6}
Table 2 Quantization characteristics of optimum R E@g ﬁlﬁ}JEf%;FH HL E](] A@ E*E g*ﬁ‘ , B R psx + Cor 2 wise Zill
filter parameters CIEDE2000 X} I (%0 fl. % 2 JBoR T ARLEE T
Channels  Filter No.  Necow Uy Pou L UE (O 4% B R AE S 80 8 0T R AE S HOT LUE L Bl
4 892 2.240 1.000 0.150 FBEBEHANZA, L IEARA New Us fl P2
> 165 L1635 0.959 0.070 BOAE AR 2 A A 2k A5 A L 3t X R 1 4 3 L BT

6 403 1.851 0.990 0.085 o N X
7 908 2.987 0.974 0.141 fE AV}? *ﬂﬁ(ﬁﬁi STD H BT A i JLR R

8 35 2.569 0.995 0.097 A 354 BRE AR BN M L

AVE 2.256 0.984 0.107 BRI R mR R 45 B R EY R
STD 0.444 0.014 0.029 2 ARG R 1035 M R m, ALY KT H

1269 4~ HRBEARFEIC T Macbeth (4R Ay 24
SERAEAS R HHRE R R DR (L RR SE R 45 §7 R & 1035
(EME i E e VAR RE 2
PEAE ) A B AR 1A 56 T R AR TE A IR 2 LA
FRAE A0 256 LA 0 3 P L sk — HEDN i LR 1 15 3
HE—UEsE, 1.6 @i T 1035 A8 g HE
JPEERTAY 15 MR ZEIE ARSI Neoa Us F1 P o 1YY
{53910 2.06.,0.964 F1 0.095 , 5 1R N cons HE/N
(B, W P A0 B Up 3530 1, M AR UE (0 1 1 50 & i 45
P o NBNEG IR 1A T Neo JUr Fl

T (0 A A0 i) R s 1), M JRUEE B TT DL AR B O
ALRE g . R 3FNHE T = A R S KR 6
i JE 1 2T ARALE B R U 6 7S 45 A1 1035 T Y
PERER I, 0T LA Y, 1 0 U8 00 4 o ks ) K, U
(25 10 PR BB B AT 5 B 8 U8 (0 R by B 6 2ol B
A IR R R . WL k5
HUR ORI R0 2 137 i RS 8 R B
14 5 DA 2RE T ST B0 £ 32 2 e, T LIS 30 3 8 68 1 1 i
KEBHB 38R 4, BARMILWE RER —EM
P AR MERE 1 FE T B Y

# 3 ZHICACEAT Y 6 8 E T (Y e 0 U8 8 1 1 ik

Table 3 Performance of optimum filter under 6 channels by multi-objective optimization

R PSN C(;F I MSE CIEDE2000
RS\I
45 1035 45 45 1035 45 1035
50 dB 44.72 48.77 0.9984 0.9994 2.8X10°" 1.04X 10" 1.05 0.69
40 dB 40.56 43.05 0.9897 0.9946 5.07X10°" 2.18X107* 2.3 2.04
30 dB 32.46 34.87 0.9139 0.9447 2.8X10°° 1.26 X10°* 6.22 5.98
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Table 4 Quantization characteristics of optimum filter with different preferred filter sets
N Channels N cond Us Pou N Channels N cona Us Poo
4 2.36 0.981 0.143 4 1.45 0.95 0.094
5 2.15 0.96 0.104 5 2.56 0.983 0.176
1035 6 2.06 0.964 0.095 45 6 2.31 0.937 0.12
7 2.34 0.962 0.104 7 3.01 0.983 0.142
8 2 0.975 0.094 8 3.62 0.984 0.132
AVE 2.18 0.968 0.108 AVE 2.59 0.967 0.133
STD 0.13 0.007 0.016 STD 0.66 0.018 0.025
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