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Design of multispectral optical window assembly for high
and low temperature test device
XI Gangyang, ZHANG Bo, ZUO Xiaozhou, WANG Zhonggiang, LIU Xin, ZHAO Hongjun
(Xi'an Institute of Applied Optics, Xi'an 710065, China)
Abstract: The comprehensive detector of the photoelectric system outside the box is an important accessory of
the high and low temperature performance test device of the photoelectric imaging system, and the
multispectral optical window is an interface between the high and low temperature box and the external target
simulator. According to the application requirements and material analysis results, the multispectral ZnS was
selected as the optical window material. Through the heat conduction theory, the low-temperature service state
of the optical window assembly was analyzed, focusing on the influence of the window assembly heating under
the low-temperature condition on the surface shape of the window assembly, and the structural form to realize
the micro-stress assembly and the design scheme to solve the frost and fog of the window assembly under the
low-temperature condition were put forward. According to the extraction, processing and data fitting of finite
element calculation results by sigfit and the analysis of caliber by CODE V, the root-mean-square (RMS) value
of wave aberration of @ 310 mm window assembly in the temperature range is better than 4/15. The above
contents all meet the optical performance requirements of window assembly. And finally, it was verified
through the physical prototype. The experimental results show that the structural design scheme of
multispectral optical window assembly not only meets the requirements of multi band usage, but also meets the

requirements of low-temperature defrosting and defogging, and ensures the optical performance requirements
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under high and low temperature conditions.

Key words: optical window; defrosting and defogging; high and low temperature test device; wavefront
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Fig. 1 Schematic diagram of high and low temperature test

device for photoelectric system
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Table 1 Material parameters of optical window assembly 20 Aofti/mm
R L o Y el = 7
1 i 682 0332 2.8 236 6
2 7 1140 034 443 8.8 o /
3 BRAHE 745 029 408 4.6 . . R . .
4 HUWMZK 140 040 220 120.0 1o -0 fﬂ%é/cc % 100
T A2 A% 235 SR A7 T AU 4EL A, DT 58 300 H i 22 4 B3 BRTHTEER
Be AL TEAL o ¥AE TR R FH Zernike 210 AT Fig. 3 Calculation results of finite element
TR APL A0, T Y SRk R F 10 it~ , LID g AN [m] il B 4847 % 7 4 5, $5E R
cr? P X ANENRACR IR B AR B m, T1. T2 T3 430000 X,
e Y. Z77 1 607 Sk, R1, R2. R3 523 M 25 X, Y,
Dri+Er” +... Z WS . %3, dRoC MR85 4k, RMS/PV

4 A>3 THI B P A3 % 25 2R R 22 A0 B4 T R 25 BRI B 2 2 A AR A J i T AL Ok s gt it
FK2MEK3 PR, &2, SID JpotaEiit kb Max ., Min 735l A8 285 5 i R AE 5 e /IME
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Table 2 Rigid body displacement data

SID LID T1/mm T2/mm T3/mm Rl/rad R2/rad R3/rad
1 1 —1.92E-02 —7.26E-03 1.57E-01 6.20E-05 —1.47E-04 —2.64E-07
1 2 —1.37E-02 —5.18E-03 1.12E-01 4.42E-05 —1.05E-04 —1.87E-07
1 3 —8.21E-03 —3.09E-03 6.72E-02 2.65E-05 —6.30E-05 —1.09E-07
1 4 —2.74E-03 —1.01E-03 2.24E-02 8.75E-06 —2.10E-05 —3.17E-08
1 5 2.74E-03 1.08E-03 —2.24E-02 —8.99E-06 2.10E-05 4.56E-08
1 6 8.21E-03 3.16E-03 —6.72E-02 —2.67E-05 6.30E-05 1.23E-07
1 7 1.37E-02 5.25E-03 —1.12E-01 —4.45E-05 1.05E-04 2.00E-07
2 1 —2.11E-02 —8.09E-03 1.52E-01 6.43E-05 —1.53E-04 —2.49E-07
2 2 -1.51E-02 —5.77E-03 1.08E-01 4.59E-05 —1.09E-04 —1.76E-07
2 3 —9.05E-03 —3.45E-03 6.50E-02 2.75E-05 —6.55E-05 —1.03E-07
2 4 —3.02E-03 —1.13E-03 2.17E-02 9.08E-06 —2.18E-05 —2.96E-08
2 5 3.02E-03 1.20E-03 —2.17E-02 —9.33E-06 2.18E-05 4.35E-08
2 6 9.05E-03 3.52E-03 —6.50E-02 —2.77E-05 6.55E-05 1.17E-07
2 7 1.51E-02 5.84E-03 —1.08E-01 —4.61E-05 1.09E-04 1.90E-07
3 1 2.18E-02 —2.79E-02 —2.72E-01 —3.49E-04 —3.81E-04 —5.35E-06
3 2 1.56E-02 —1.99E-02 —1.94E-01 —2.50E-04 —2.712E-04 —3.82E-06
3 3 9.36E-03 —1.19E-02 —-1.17E-01 —1.50E-04 —1.63E-04 —2.29E-06
3 4 3.12E-03 —3.95E-03 —3.89E-02 —4.99E-05 —5.44E-05 —7.56E-07
3 5 —3.12E-03 4.03E-03 3.89E-02 4.99E-05 5.44E-05 7.73E-07
3 6 —9.36E-03 1.20E-02 1.17E-01 1.50E-04 1.63E-04 2.30E-06
3 7 —1.56E-02 2.00E-02 1.94E-01 2.49E-04 2.72E-04 3.83E-06
4 1 1.77E-02 —2.42E-02 —2.71E-01 —3.40E-04 —3.712E-04 —5.46E-06
4 2 1.26E-02 —1.73E-02 —1.93E-01 —2.43E-04 —2.65E-04 —3.90E-06
4 3 7.58E-03 —1.04E-02 —1.16E-01 —1.46E-04 —1.59E-04 —2.34E-06
4 4 2.53E-03 —3.43E-03 —3.87E-02 —4.86E-05 —5.31E-05 —7.73E-07
4 5 —2.53E-03 3.51E-03 3.87E-02 4.86E-05 5.31E-05 7.90E-07
4 6 —7.58E-03 1.04E-02 1.16E-01 1.46E-04 1.59E-04 2.35E-06
4 7 —1.26E-02 1.74E-02 1.93E-01 2.43E-04 2.65E-04 3.92E-06
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Table 3 Optical surface deformation data mm
SID LID dRoC RMS P-v Max Min
1 1 1.69E+05 2.09E-02 8.66E-02 5.03E-02 —3.64E-02
1 2 2.37E+05 1.49E-02 6.19E-02 3.59E-02 —2.60E-02
1 3 3.95E+05 8.96E-03 3.71E-02 2.15E-02 —1.56E-02
1 4 1.19E+06 2.99E-03 1.24E-02 7.17E-03 —5.19E-03
1 5 —1.19E+06 2.99E-03 1.24E-02 5.20E-03 —7.19E-03
1 6 —3.95E+05 8.96E-03 3.71E-02 1.56E-02 —2.15E-02
1 7 —2.37E+05 1.49E-02 6.19E-02 2.60E-02 —3.59E-02
2 1 1.68E+05 2.11E-02 8.84E-02 5.20E-02 —3.64E-02
2 2 2.35E+05 1.51E-02 6.31E-02 3.71E-02 —2.60E-02
2 3 3.92E+05 9.04E-03 3.79E-02 2.23E-02 —1.56E-02
2 4 1.18E+06 3.01E-03 1.26E-02 7.42E-03 —5.20E-03
2 5 —1.18E+06 3.01E-03 1.26E-02 5.20E-03 —7.43E-03
2 6 —3.92E+05 9.04E-03 3.79E-02 1.56E-02 —2.23E-02
2 7 —2.35E+05 1.51E-02 6.32E-02 2.60E-02 —3.72E-02
3 1 —1.44E+06 2.20E-02 1.12E-01 6.41E-02 —4.81E-02
3 2 —2.01E+06 1.57E-02 8.01E-02 4.58E-02 —3.44E-02
3 3 —3.35E+06 9.43E-03 4.81E-02 2.75E-02 —2.06E-02
3 4 —1.01E+07 3.14E-03 1.60E-02 9.15E-03 —6.87E-03
3 5 1.00E+07 3.14E-03 1.60E-02 6.87E-03 —9.15E-03
3 6 3.35E+06 9.43E-03 4.81E-02 2.06E-02 —2.75E-02
3 7 2.01E+06 1.57E-02 8.01E-02 3.44E-02 —4.58E-02
4 1 —1.47E+06 2.22E-02 1.15E-01 6.92E-02 —4.60E-02
4 2 —2.06E+06 1.58E-02 8.23E-02 4.94E-02 —3.29E-02
4 3 —3.43E+06 9.50E-03 4.94E-02 2.96E-02 —1.97E-02
4 4 —1.03E+07 3.17E-03 1.65E-02 9.88E-03 —6.58E-03
4 5 1.03E+07 3.17E-03 1.65E-02 6.58E-03 —9.88E-03
4 6 3.43E+06 9.50E-03 4.94E-02 1.97E-02 —2.96E-02
4 7 2.06E+06 1.58E-02 8.23E-02 3.29E-02 —4.94E-02
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%= 4 RMSFATRZE (A=632.8 nm)
Table 4 RMS wavefront error (A= 632.8 nm)

L iMsiEzﬁﬁ REI'\/IS‘J& A RMSH AT
e/ ME/A KB/ SEIIfEMA

-50 0.037 890 0.037 890 0.0378 90
-30 0.036 957 0.036 958 0.036 957
-10 0.020 315 0.020 315 0.020 315
10 0.006 990 0.006 990 0.006 990

30 0.007 769 0.007 769 0.007 769

50 0.020 433 0.020 433 0.020 433

70 0.037 285 0.037 285 0.037 285
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Fig. 5 Physical drawing of transmitted wave aberration of
optical window assembly tested by large-aperture

plane interferometer
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Table S Test results of transmitted wave aberration of op-

tical window assembly

25 1 2 3
PV/A 0.210 0.169 0.187
RMS/A 0.042 0.033 0.035

PR, B TN R T B2 Ju R, b e SR
it T 12280, RS TLLE Y, i i
J REME T 2 R G815 AR 25 2R
42 RZFHOBAHERFEIERSNR

WnE 6 FT 7R, #e2  H 2 I O R
25 e AV T 12X 30 20 O TR, A g PR TR P B IR A
£ B AR — AR R R R B T TR B R
FA - T 95 A 6 2 1 100 4L A B I 1% 22 0t
Frim ik, 7 I it i A A8 Al v AR TR A 7Y 2 5 R
&, R TFJa 6 2E g 0 AL 0F i A A e .
e B 1 3 9 45 3R A R B2 AR Ak, 1 h AT s B
AR A 35 B BOT A 5 O 4R 0, oF O IR 2
MR 25 R 6 s, i TFREA TR EO
A 25 B — A~ W] X 1Y 25 4 (power 1H ) , power {H
AL e 1B S TR AT TS S W = N
SR GAR TV . B R 6 MRS BT A, x4l
THAE R G0 TAERAS R 05 1 2 3 48 19 33 I DA% 22
TR, e AR E AR I RS TR PN AR e A
TR FENS

El6 FXFEOAHEFKEGEEMNXE
Fig. 6 Measurement diagram of transmitted wave aber-

ration of optical window assembly
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Table 6 Test results of transmitted wave aberration of op-

tical window assembly in actual working state

S8 1 2 3
PV/A 0.220 0.212 0.233
RMS/A 0.056 0.062 0.065
:‘: ~
5 én 'L%

AR SO HE G L 2R G i AR I B A 220l
JeA T VAR BEAT T 4540 7 S BT, H A i B
1 ARG 3 5 T BT 10 A A I ) 22 TR, SR AR RG
FEBEWETT 58, /N 1 A1 J7 68 5 2 1 10 B T kS



NG 2023, 44(3)

EWIBHE, 45 i e i o 2ot s v 1 4Lk it

> 667 -

FERISZI . SR A BRI B 34 Ansys 113 TR~
[F) 30 B B Af T G R N T 5 N AR 5 Bl AL
UG e 4 R A Sigfit 58 BCAT BR 6 I A% 45 S 0 32 B
b 3R 54 A, T8 B 2% BC0E TT DL R S 2 E Y 4L
o i F R AR Code V SEHL T OG22 1
F1ZH A i AR A (6] 25 4 32 S AR 22 i VP4 . 3R
WIS B SR g 45 R 3R W, St 1 A 25 44
W A8, W R A AR FNRE AT
HeEE P BE K, AR H T B 2 1 AE A Ao R v
R4S M, e T2 LW, 15
FILUT 4518

1) Z5Fg Tt v R P2k 78 A 38 SR B
T, U T g H AR B T AR R b AR P
(R, Ayl 2R 8 1Y 375 S R AR S FR AR B 3 T AR

2) Mt 12 5 R 1 O LA AT S SE B
LW, 2O 1S S R 22 RMSEIL T
A5 (A=632.8 nm);

3) 7 e AR 2% A R I O 2 o A4 1Y T AR 4
P AT BE T AS B 0 T AR bR, R S Y
PR R bR AT Ak L B o 4ead SEBR 43 B AT A, S8
T ARE Y W] R AT R R B, B O 3 e i &R
Giil U RGR E HATB IR, ZHOR T 2R St
— P RHIE

S E k-

(1] Bebede, 4RI . [ A Ah 23 ) B 358 A5 0Ll 30 2 1 4
Br o). FREEHR, 2013(4): 41-42.

PI Guiying, SHI Qingguo. Analysis on domestic and inter-
national space environment simulation test conditions [J].
Environmental Technology, 2013(4): 41-42.

EWI. — AT B 26t E 1 ON
108240861 A[S]. 2018-07-03.

[2]

WANG Shanshan. A multispectral optical window for
aviation platform: CN 108240861 A[S]. 2018-07-03.
R BH, i, 0k, 45, v R SO viE e v T A A
RO T 2R [T]. NEHDE7, 2013, 34(4): 700-705.
XI Gangyang, YANG Haicheng, JIANG Feng, et al.

(3]

Alignment technology of offsetting image rotation prism
in periscopic sight[J]. Journal of Applied Optics, 2013,
34(4): 700-705.

BY, R, &6 FETHOCE TG 1
JERERIHLAL 1], Stai2a4R, 2010, 30(1): 210-213.

LI Ming, WU Qingwen, YU Fei. Optimization of optical

[4]

window glass thickness based on the thermal optical ana-

[5]

(6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

lysis[J]. Acta Optica Sinaica, 2010, 30(1): 210-213.
ZIEAT, TRULSC, A, G5 R S PR XL 2 R IR
A (1], OGS £041, 2012, 42(9): 1035-1039.
LI Yanwei, ZHANG Hongwen, ZHAN Lei, et al. Influ-
ence of high altude environment on optical window in aer-
ial remote sensor[J]. Laser & Infrared, 2012, 42(9):
1035-1039.

BT HT. 2 AP 3 H OG0 L], e
2, 1988, 18(10): 1440-1444.

ZHAO Lixin. Thermal-optical evaluation to optical win-
dows of space cameral[J]. Acta Optica Sinaica, 1988,
18(10): 1440-1444.

Wrte, PRI, S ACHT, . T WAt R IR 5 R A
B AT A L], StegoA41, 2011,31(1): 135-139.
CHEN Hua, SHI Zhenguang, SUI Yongxin, et al. Thermal
deformation analysis of optical surface caused by environ-
mental temperature during intrferometric testing[J]. Acta
Optica Sinaica, 2011,31(1): 135-139.

BRI, £ 30, IRAREL 25 MIARDLGS 6 0 HObs
RERIPTELIHT 1), NLHDE %, 2011, 32(5): 407-410.
LIAO Zhibo, JIAO Wenchun, FU Ruimin. Thermal op-
tics property simulation of optical window for remote
sensing[J]. Journal of Applied Optics, 2011, 32(5): 407-
410.

XA =, o E S, B0, 55 G A S E
ADLAFPEDTSE 0], RIADIES:, 2021, 42(6): 1122-1132.
LIU Youchen, MA Guolu, ZHAO Yong. Optical proper-
ties of combined dynamic thermal dynamic loading optic-
al window[J]. Journal of Applied Optics, 2021, 42(6):
1122-1132.

Jr b, MR, B, 55 et ORI KRR
HIBLIERESZ MR [J]. S6~~F4it, 2013, 33(4): 220-225.
FANG Yu, XIANG Libin, LYU Qunbo. Design of optical
window thickness and influence of its deformation on
multi-spectral camera’s optical performance[J]. Acta Op-
tica Sinica, 2013, 33(4): 220-225.

PEARSON E, STEPP L. Response of large optical mirror
to thermal distributions[J]. SPIE, 1987, 748: 215-228.
HARNED N, HARPED R, MELUGIN R. Alignment and
evaluation of the cryogenic corrected infrared astronomic-
al satellite (IRAS) telescope[J]. Opt. Eng., 1981, 20(2):
202195.

PEPI J] W, BARNES W P. Thermal distortion of a thin
low ex-pansion fused silica mirror[J]. SPIE, 1983, 450:
40-49.

(T # % 683 M)


https://doi.org/10.3969/j.issn.1004-7204.2013.04.013
https://doi.org/10.3969/j.issn.1004-7204.2013.04.013
https://doi.org/10.3788/AOS20103001.0210
https://doi.org/10.3788/AOS20103001.0210
https://doi.org/10.3969/j.issn.1001-5078.2012.09.016
https://doi.org/10.3969/j.issn.1001-5078.2012.09.016
https://doi.org/10.3969/j.issn.1002-2082.2011.03.006
https://doi.org/10.3969/j.issn.1002-2082.2011.03.006
https://doi.org/10.5768/JAO202142.0605003
https://doi.org/10.5768/JAO202142.0605003

NFEEE 2023,44(3)  BEHNSTE, S5 I TR AR 2 I 45 10 )l 2 T 4 3% T Bk PR 43 2 . 683

SA S 1], 3RO S R TR, 2014, 26(1): 109-114.
LI Lu, YANG Yongying, CAO Pin, et al. Automatic iden-
tification of dust and pitting on the surface of large aper-

ture optical element[J]. High Power Laser and Particle

Beams, 2014, 26(1): 109-114.

[12 ] DUANY, LIU S, HU C, et al. Automated defect classific-

ation in infrared thermography based on a neural net-

work [J]. NDT & E International, 2019, 107: 102147.

[ 13 ] X, s, B UM 48 0 2% (¥ ks B L7 e ik

R [J]. oAk, 2021, 42(11): 5.

ZHAO Bo, SHI Yingxin. Surface defect detection for high

precision optical components based on convolutional

neural network [J]. Laser Journal, 2021, 42(11): 5.

[14] HE Y, HU C, LI H, et al. A flexible image processing
technique for measuring bubble parameters based on a

neural network[J]. Chemical Engineering Journal, 2022,

429: 132-138.

[ 15 ] Makantasis K, Karantzalos K, Doulamis A, et al. Deep su-

pervised learning for hyperspectral data classification

through convolutional neural networks [C]// Geoscience &
Remote Sensing Symposium.USA: IEEE, 2015: 4959-
4962.

BANDHU A, ROY S S. Classifying multi-category im-
agesusing deep learning: a convolutional neural network
model [C]/IEEE International Conference on Recent
Trends in Electronics, Information & Communication
Technology. Ban- galore: IEEE,2017: 915-919.

ol 5k T, BT A AR 22 P45 14 0 3% 10 e A6
I D] A PR A S TH AR, 2021(1): 106-
109.

MA Jian, HAN Weiguang. Workpiece surface defect de-
tection method based on convolutional neural network [J].
Modular Machine Tool & Automatic Manufacturing
Technology, 2021(1): 106-109.

DING X, GUO Y, DING G, et al. ACNet: strengthening
the kernel skeletons for powerful CNN via asymmetric
convolution blocks[C]// International Conference on

Computer Vision, USA: IEEE, 2019: 1911-1920.

(L#% 667 M)

[14 ] #fEsc, BI5Hk, 54 R Zernike ZI A3
AT T8 ¥ o A N FE R 5 B LT, KGR 0] 45 38 U, 2010,

31(5): 49-55.

YANG Jiawen, HUANG Qiaolin, HAN Youmin. Applica-

tion and simulation in fitting optical surface with Zernike

polynomial [J]. Spacecraft Recovery Remote Sensing,

2010, 31(5): 49-55.

[15] spsgil, iU, RO, 5. Zernike ZI0AA Jr ik K

I ). 624K T, 2012, 10(3): 318-323.

SHAN Baozhong, WANG Shuyan, NIU Hanben, et al.
Zernike polynomial fitting method and its application [J].
Optics and Precision Engineering, 2012, 10(3): 318-323.


https://doi.org/10.3969/j.issn.1009-8518.2010.05.009
https://doi.org/10.3969/j.issn.1009-8518.2010.05.009

