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Abstract: The star simulator was designed to simulate the physical characteristics of real stars. Due to the
different color temperatures and magnitudes of different stars, in order to simulate stars more realistically, a
starlight source simulation system was required to achieve large-scale high-precision adjustment of color
temperature and magnitude. The system consisted of an integrating sphere, light source module, control module
and fiber spectrometer to form a closed-loop light source simulation system. In order to ensure the uniformity of
the emitted light, a bromotungsten lamp and a variety of monochromatic LED mixed light were used as the light
source, and the output brightness of the LED was controlled by constant current driving. The quantum behavior
particle swarm algorithm was introduced as the spectrum matching algorithm to solve the LED coefficient a;. As
the number of iterations increases, and the value of the fitness function reached the minimum, the simulation error
of color temperature and magnitude became smaller. Experimental verification: The range of color temperature
was 3 000, 4 300, 5 500, 6 500, 7 600, 20 000 K, the color temperature matching error was better than +10%; the
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range of simulated magnitude was +2-+8.5 Mi, and the magnitude matching error was better than +6%.

Key words: star simulator; color temperature;

particle swarm algorithm
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Fig.l System composition diagram
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Fig.2 Integrating sphere structure diagram
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Tab.1 Irradiance at the exit of the collimator

Color temperature magnitude 3 000 K/(W/m®) 4300 K/(W/m®) 5500 K/(W/m®) 6500 K/(W/m*) 7600 K/AW/m?* 20000 K/(W/m®)
+2Mi 4.29x10°° 2.81x107° 2.47x107° 2.36x10™° 2.32x107° 2.37x107°
+3Mi 1.71x107 1.12x107° 9.82x107"° 9.40x107"° 9.22x107" 9.42x107"
+4Mi 6.79x107"° 4.46x107"° 3.91x107"° 3.74x107"° 3.67x107"° 3.75x107"°
+5Mi 2.70x107'° 1.77x107'° 1.56x107"° 1.49x107'° 1.46x107'° 1.49x107'°
+6Mi 1.08x107"° 7.06x107"! 6.20x107" 5.93x107" 5.82x107"! 5.95x107"!
+7Mi 4.28x10™" 2.81x107" 2.47x107" 2.36x107" 2.32x107" 2.37x107"

+8.5Mi 1.08x107" 7.06x107"2 6.21x1072 5.92x1072 5.81x1072 5.94x1072
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Tab.2 Radiance at the exit of the integrating sphere

Color temperature magnitude 3 000 K/W/(m®sr) 4 300 K/W/(m*'sr) 5 500 K/W/(m’sr) 6 500 K/W/(m*'sr) 7 600 K/W/(m’ sr) 20 000 K/W/(m®'sr)

+2Mi 307.31 201.29
+3Mi 122.49 80.23
+4Mi 48.64 31.95
+5Mi 19.34 12.68
+6Mi 7.71 5.06
+7Mi 3.07 2.01
+8.5Mi 0.774 0.506

176.93 169.05 166.19 169.77
70.34 67.33 66.05 67.48
28.01 26.79 26.29 26.86
11.18 10.67 10.46 10.67
4.44 4.25 4.17 4.26
1.77 1.69 1.66 1.70
0.445 0.424 0.416 0.426

202100534



s Gk A2

% 84

www.irla.cn

% 50 A

i1 T LED B 9K 5h H2:2k 2% LED ) & G B T
N2 LED 3, TR b 38 5 18 37 4K s 7 8 )
LED K yRES KT IR 3K sl e 3t LA S Sk 18 35 B4 Bk

M A £ 5/ FERE DT S R 4+2~+8.5Mi (A48l . LED |8
9K sl L B a6 BT o

4 X R6|
. . o lc4 | D4 e
5 1 LED
D5 ON#/oFFg M cs
|2 L L C8
"L c6 T GND% Lfmmm TBO p5*330 3
Co | 1p 1 uF OUT |4 4 ! K rg 5k
T330 M3 VIN 47 pH 1k
S XL2596 _l = i 4 Vout | LED
L GND array
GND D6 D7
R10 RI1
pwm P34 N K
R12 1k 1k
C12 Cl13
e TIWE T iuF
L
= R14
GND  pyy P33 R15
R16 lk 1k
Cl5 Cl6
Ik Tl uF Tl ng
GND

€l 6 LED fHiYREHH H

Fig.6 LED constant current drive circuit

3 BiERENNRE

AR B A 0 B e, 3 B 5 A 3U T LR AR
400~900 nm ;335 7 [ P9 9 ARG T3 A S 43 A, L8R
FRX WA (6) i R (5) 7T LI 2 AR
B FR S 2%

2mthc? 1
UT)= "5

A3 hc

eXp(/lk_T) -1
K UGLT) ARG SR CRAL: Wom P nm™);
A N E B R AT (BN nm); T O SRR A BTy 238
JE (AL K); b N B8 B, 7h=6.625 6x107* W-s%;
k 3% IR 2% 5 % B, k=1.380 54x10 W-s/K;c N OGTE
HZS PR RR R, ¢=2.997 93x10° m/s.,

B A n B {H A [\ /Y SR 6 LED 4303 4
LED1. LED2, LED3:--LEDn, % LED 634345 43 3
M Stept~ SLED2~ SLED3 - SLEDRs MR T (1) 8 I i B A5
FIETE A B B AR A

L) = Z @S 1) + S e (D)

i=1

(6)

(7

f(':':' ap. a. as...a, j‘:’ LED %;&, Sbase(j') j‘:’%ﬁﬁﬁlﬁ/}g

TS 53

RS AR A 2T 25 P AL Rk g 1) A, B
FRE 75 3Kt LED RS KT 41 & 1 e, i €5 R A 401
WER/IN

R RSk A s Tk | WO &
TAT JRL T RESA | fe/N TRk MR IR kA,
3 PR S FEIE P ELE

54 U BRI R a8, B8R DL AT MR T
NI (B byt 4 LN WK N7 N S B Wi7p A 0 BV
4 R W SPE ST, 4 R 38 2R AR T 5, I 4 0% i DR IE
FRHE BE St 2x B, ELRRR A B B AT I [, il 7E T
FE AU, AR 20/ 3 A B OGARL AR 1 T AR [A]

AT VERRE LR R 5 B AR R 25 5%, 51A
WV PR

)

Hor (- I RRJL AR TR, ARy H A e ok g
a; i FikEH/N

T AT R TR (QPSO) A5 & RE 31 1Y
BREAERAT O f — FP RO AR IR KT

2

L) - (Z @S () + Sbmw]
i=1

i

®)

20210053-5



ISk A2

www.irla.cn % 50 %

R 3 5 FHERAMRS
Tab.3 Advantages and disadvantages of the five algorithms

Number Algorithm Advantages

Disadvantages

Main steps of the genetic algorithm include selection, crossover

and mutation. It can be seen that the algorithm
has a simple structure, does not rely on complex models,
and has no requirements on the continuity and

1 Genetic algorithm

It has the local search ability, but the global search
ability is not strong, and it is easy to fall
into the local optimal

differentiability of the objective function

Results obtained by ant colony algorithm do not depend on
the choice of the initial route, and its parameters are few,
the setting is simple and easy to be combined
with other algorithms

2 Ant colony algorithm

Quantum particle
swarm optimization

4 Least square method

Simulated annealing
algorithm

Calculation is simple and easy to be realized by
simple program of computer

Calculation process is simple, universal and has strong sculling
ability. It is suitable for parallel processing and can be used to
solve complex nonlinear optimization problems

There is no clear theoretical basis for the parameter
setting of ant colony algorithm, most of which is
determined by experience and experiment

Global convergence is good, the global search ability is strong, the
particle position is random, will not fall into the global optimal
solution, the algorithm itself execution time is short

Difficulty in parameter selection

Least square method is a linear estimation with
certain limitations and low optimization accuracy.
In the process of regression, it is impossible for the

correlation formula of regression to pass every

regression data point
Algorithm convergence speed is slow, the running
time is long, the algorithm
performance is related to the initial value,
the parameter is sensitive
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3k DA 0 R 43 A D' i DG R 2 7 L 1 R
%A

(1) LI R G 94 il . i AN ER e 30 LED Y (i
AR, R I 2 R0 S B I R A A I 225

(2) T LED FIVRESAT (il VERBE, I T2 T 250
B, S BOGIR A 2 5 e A — 2.

&4 HIBLELIRE

Tab.4 Spectral matching error

Magnitude color temperature +2Mi +3Mi +4Mi +5Mi +6Mi +7Mi +8.5Mi
3000K 2.40% 2.25% 2.53% 2.08% 2.17% 2.82% 3.87%
4300 K 2.67% 2.95% 3.23% 3.56% 3.40% 3.98% 4.58%
5500 K 3.51% 3.96% 4.54% 4.82% 5.40% 5.93% 6.14%
6500 K 3.75% 4.11% 4.96% 4.87% 5.92% 6.23% 6.74%
7600 K 3.65% 4.56% 5.03% 5.45% 6.33% 6.87% 7.10%
20 000 K 5.10% 5.90% 6.70% 8.10% 8.80% 9.60% 9.80%
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Tab.5 Measured radiance

Color temperature 3000 K/ 4300 K/ 5500 K/ 6 500 K/ 7 600 K/ 20 000 K/
magnitude W/(m?-sr) W/(m? sr) W/(m?-sr) W/(m?-sr) W/(m?-sr) W/(m? sr)
+2Mi 307.26 200.05 179.31 167.12 163.54 167.49
+3Mi 123.23 81.98 69.01 69.03 64.68 65.21
+4Mi 48.02 30.56 27.01 26.06 26.92 27.77
+5Mi 19.86 13.22 11.67 11.10 10.09 10.28
+6Mi 7.46 5.21 4.26 4.00 3.99 4.54
+7Mi 3.17 1.94 1.68 1.78 1.75 1.79
+8.5Mi 1.27 0.844 0.666 0.711 0.698 0.714
*o6 BEENBE
Tab.6 Magnitude simulation accuracy
Color temperature 3000 K/ 4300 K/ 5500 K/ 6 500 K/ 7 600 K/ 20 000 K/
magnitude W-(m?sr) W/(m? sr) W/(m? sr) W/(m? sr) W/(m? sr) W/(m? sr)
+2Mi 0.84% -0.97% 1.31% -1.11% -1.48% -1.47%
+3Mi 1.00% 2.22% -1.97% 2.42% —2.15% —3.39%
+4Mi -1.40% —4.2% -3.53% -2.76% 2.35% 3.23%
+5Mi 2.37% 4.09% 4.20% 3.74% —3.90% —3.93%
+6Mi -3.24% 2.96% —4.05% 4.25% 4.17% 4.26%
+7Mi 3.26% —3.48% —5.08% 5.33% 5.42% 5.29%
+8.5Mi 4.10% 5.24% —5.40% 5.49% 5.76% 5.78%
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JEHEAT— Y sk, HKEE Rk 7 s . RE eI

MW
| L = Laverg

A= ——x100%
Laverg ’

(16)

i3t A 2L (16) BOCOGIRIELSE TAE 6 h )5, L=
1101, L= > L/6=10.85, MR SE PEA=1.47%, i /& 5
Gtk . R 7 MIESTAE 6 h RS SE .

R 7 REHMKER

Tab.7 Radiance after 6 hours of continuous work

Time Radiation brightness /W/(m?-sr)
9:00 10.73
10:00 10.88
11:00 11.01
12:00 10.91
13:00 10.75
14:00 10.84
5 & it

RO E AR LIRS STV B O IR, 2
0, LED 1E 4 MESGIR, F B BRIG 2R, e
TR0 2 RSN R IEE L, KT AT
KL RERDEAE A PE B SRk, 523 T 400~900 nm
WK TEE AN, @i 3000, 4300, 5500, 6500, 7 600,
20 000 K AREALL, 25 +2~+8.5Mi AT, f8 ) DT 15 24
T +10%, B 55 VTHC IR 28 T +6%, REFE LT
1.5%.

S 3k

[11  Li Xiaoni, Wu Cuigang, Zhao Xin, et al. The research of the
light source for star simulation with automatic calibration and
adjustable spectrum [J]. Acta Photonica Sinica, 2015, 44(5):
179-184. (in Chinese)

[2] Xu Da, Zhang Guoyu, Sun Gaofei, et al. Optical system design

of star simulator light source with spectrum adjustable based on

[11]

[12]

[13]

[14]

[15]

20210053-9

DMD [J]. Acta Photonica Sinica, 2018, 38(4): 575-582. (in
Chinese)

Li Chenghao, He Xu, Ji Qi, et al. Design of high spatiotemporal
reslolution dynamic star simulator [J]. Optics and Precision
Engineering, 2020, 28(3): 515-525. (in Chinese)

Wu Yanxiong, Qiao Jian, Wang Liping. Design of the optical
system of the long focal length athermalized star sensor [J].
Infrared and Laser Engineering, 2020, 49(9): 20200061. (in
Chinese)

Xiong Kun, Wang Chunxi, Wu Yue, et al. Calibration method of
multi-field star sensor based on three-axis turntable [J]. Infrared
and Laser Engineering, 2019, 48(4): 0417002. (in Chinese)

Liu Hongxing, Liu Zexun, Li Baoyong, et al. Spectrum-tunable
light source based on multi—sources [J]. Optics and Precision
Engineering, 2014, 22(9): 2345-2351. (in Chinese)

Zhang Jie, Zhang Tao, Xiao Peng. Opto-mechanical system of
single-star simulator with multi-color temperature and multi-
magnitude output [J]. Journal of Applied Optics, 2012, 33(5):
949-953. (in Chinese)

Zhao Chengren, Zhang Tao, Lin Xingtai. Design of single star
simulator system with multi-color-temperature and multi-
magnitude output [J]. China Measurement & Test, 2012, 38(3):
61-64. (in Chinese)

Zhang Xiaojuan, Zhang Jian, Yang Junjie, et al. Research on
multiple star magnitude simulation of star simulator [J]. Laser &
Infrared, 2018, 48(9): 1150-1155. (in Chinese)

Zhang Xiaojuan, Yang Junjie, Zhang Jian, et al. Research on
multi-color temperature simulation for star simulator [J]. Laser&
Infrared, 2018, 48(6): 735-743. (in Chinese)

Sun Gaofei, Ming Shanchi, Zhang Guoyu, et al. Design of multi-
magnitude star simulation system based on adjustable
background [J]. Optik - International Journal for Light and
Electron Optics, 2020, 207: 164486.

Wang Shaoshui, Zhao Facai, Sun Quanshe. Research on
brightness adjustable integral sphere light source technology and
its application [J]. Journal of Applied Optics, 2020, 41(3): 586-
590. (in Chinese)

Zou Zhe, Shen Huiliang, Li Shijian, et al. Lighting deviation
correction for integrating-sphere multispectral imaging systems
[J]. Sensors, 2019, 19(16): 19163501.

Tan Qian, Rao Feng, Zhang Yonglin, et al. LED spectral model
characterized by several Gaussian functions [J]. Chinese Optics,
2012, 5(5): 493-498. (in Chinese)

Wang Lihui. Solar spectrum synthesis technology based on LED
array light sources[D]. Changchun: Changchun University of


https://doi.org/10.3788/OPE.20202803.0515
https://doi.org/10.3788/OPE.20202803.0515
https://doi.org/20200061
https://doi.org/10.3788/OPE.20142209.2345
https://doi.org/10.3788/OPE.20142209.2345
https://doi.org/10.3969/j.issn.1001-5078.2018.09.016
https://doi.org/10.3969/j.issn.1001-5078.2018.09.016
https://doi.org/10.3969/j.issn.1001-5078.2018.06.013
https://doi.org/10.3969/j.issn.1001-5078.2018.06.013
https://doi.org/10.5768/JAO202041.0303007
https://doi.org/10.3788/OPE.20202803.0515
https://doi.org/10.3788/OPE.20202803.0515
https://doi.org/20200061
https://doi.org/10.3788/OPE.20142209.2345
https://doi.org/10.3788/OPE.20142209.2345
https://doi.org/10.3969/j.issn.1001-5078.2018.09.016
https://doi.org/10.3969/j.issn.1001-5078.2018.09.016
https://doi.org/10.3969/j.issn.1001-5078.2018.06.013
https://doi.org/10.3969/j.issn.1001-5078.2018.06.013
https://doi.org/10.5768/JAO202041.0303007

# 8

ISk A2

29 www.irla.cn

% 50 A

[16]

[17]

(18]

Science and Technology, 2018. (in Chinese)

Xu Liang, Zhao Jianke, Zhou Yan, et al. Development of dim
light ultraviolet star simulator [J]. Chinese Optics, 2011, 4(4):
369-373. (in Chinese)

Xu Honggang, Han Bing, Li Manli, et al. Design and verification
of high-precision multi-star simulator with a wide field of view
[J]. Chinese Optics, 2020, 13(6): 1343-1351. (in Chinese)

Hu Guansheng, Zhang Tao, Zhang Xuan, et al. A design of

calibration single star simulator with adjustable magnitude and

[19]

[20]

20210053-10

optical spectrum output system [J]. OP Conference Series:
Materials Science and Engineering, 2018, 322(7): 0720063.

Sun Jun. Particle swarm optimization with particles having
Wuxi:

quantum behavior[D]. 2009.

(in Chinese)

Jiangnan University,

Zhang Rao, Wang Hongli, Lu Jinghui, et al. Calibration method
of optical errors for star sensor based on particle swarm
optimization algorithm [J]. Infrared and Laser Engineering,

2017, 46(10): 1017002. (in Chinese)


https://doi.org/10.3969/j.issn.2095-1531.2011.04.008
https://doi.org/10.37188/CO.2020-0024
https://doi.org/10.3788/IRLA201746.1017002
https://doi.org/10.3969/j.issn.2095-1531.2011.04.008
https://doi.org/10.37188/CO.2020-0024
https://doi.org/10.3788/IRLA201746.1017002
https://doi.org/10.3969/j.issn.2095-1531.2011.04.008
https://doi.org/10.37188/CO.2020-0024
https://doi.org/10.3788/IRLA201746.1017002

	0 引　言
	1 多色温多星等星光光源的组成
	1.1 积分球的结构设计
	1.2 光源的选取

	2 星等的模拟
	3 色温模拟的原理
	4 实验结果与分析
	4.1 光谱匹配精度
	4.2 星等模拟精度
	4.3 稳定性测试

	5 结　论

