(2958124 - 00

INFRARED AND LASER ENGINEERING

EHRLS BRI R A B
mEM A XL FERE XJRE
Design of portable infrared target simulator system

Gao Hongwei, Yang Zhongming, Liu Hongho, Zhuang Xingang, Liu Zhaojun

TELR R View online: https://doi.org/10.3788/IRLA20220554

BT BRI H A S T

Articles you may be interested in

LLAN BARKI R S S HE R GO E RGBT
Optical system design in infrared target simulator dynamic calibration system

LIANSGIOE T RE. 2018, 47(9): 918007  hitps://doi.org/10.3788/IRLA201847.0918007
BERE T IEL AN B H AL g8 1

Design of infrared dual-band target simulator based on pixel fusion method

LIANSEOE T AR 2017, 46(11): 1104003  https://doi.org/10.3788/IRLA201746.1104003
X B IR AL G2 Rt

Optical system design of portable non—mydriatic fundus camera

LIANSGIOE T RE. 2018, 47(8): 818001  hitps://doi.org/10.3788/IRLA201847.0818001
ZHIE I E LM ERA L 28 5 R 13T

Structure design of multi—track collimating infrared earth simulator

LTINS TR 2017, 46(12): 1204004  https://doi.org/10.3788/IRLA201746.1204004
KA RS AR ML BT

Level set topology optimization design of large—aperture mirror

LIHNSEOE TR 2018, 47(9): 918001  hitps:/doi.org/10.3788/IRLA201847.0918001

LAMOST = 3 BER G A B0/ B
Stray light analysis on LAMOST high—resolution spectrograph
LIANSGIOE TR 2019, 48(1): 117003 hitps://doi.org/10.3788/IRLA201948.0117003


http://www.irla.cn/article/doi/10.3788/IRLA20220554
http://www.irla.cn/article/doi/10.3788/IRLA201847.0918007
http://www.irla.cn/article/doi/10.3788/IRLA201746.1104003
http://www.irla.cn/article/doi/10.3788/IRLA201847.0818001
http://www.irla.cn/article/doi/10.3788/IRLA201746.1204004
http://www.irla.cn/article/doi/10.3788/IRLA201847.0918001
http://www.irla.cn/article/doi/10.3788/IRLA201948.0117003

% 52 A% 340
Vol.52 No.3

o otk AR

Infrared and Laser Engineering

2023 F 3 A
Mar. 2023

B 204150 B ARBE L i3t

BERAEL AR, XL, EATE R E?

(LLWARF BASURZAERBARFT R ZTEEET, LA F5 266237;
2LAKRF REAFE IRER, LA FH 266237;
3R BTN ENBHRA, LA F 5 266555)

i OE: AT HARBRMNEENRERRERET SRR AARENE K, X+ T — 25 X8
AFEEDLES SR T Ik 09 BAK LR R BEAT IR, KL 3~5 um A= 8~14 pm 49 P Ik Lr S Fe KOk L 91 G 43
A, EAELRANTATRE 2EA 110 mm, % 82 P SR FEA, KA BRI LFEM,
Je SRR R % 25 M 3E 300 mm @ 4289 A E P m Az db AT 2, MK 45 R PV A4 0.356) (A=632.8 nm),
RMS 14 % 0.0474, 5% A MSC. Patran 3t 47 @A, #| A A TR 7 2 TR T R G w) Bk tr, £
—10~50 °C TR T, wiB A RALF| AL 09 TR B @ TS AL Ky Ay KA, xb P 2o S ok BT 52 I 5% i A2
MG, A R IRM R AR T B8 S A H AL B AR,

KR LFIA; BAREME;
FESES: TN216; TGS502.33

0 35l

il

ZLAh B AR R 2 2040 B A fy B S0 56 1Y S
BCHR 43, 2 1 T AR G 1 5 PR R A A i
I, ) DL LT AMARIN B 25 B it — R 1Y J0 55 T b A
PLHbR, BALEE R AR v 5 . AT E LR LS,
FH R DAk 21 A0 43000 15 25 0 1k BE FORG B2 o AR E Akl
U LA R DA R ER D) A5 T ARG R T
W o

ZLAN H BRI g 2200 b s AT AR UL RS
PGSR A TR, For B FH )2 B SR 4040
RO BRI R . 2040 U H B AR 7O IR
B PR SR IR AT M R AR, R
FHRBARAE R R SR, AR T IR AT, SRR LA R ) i
JEE O R, U 2 9 7 B PR 0 A, 7R H AR g
A PR A 2 10 B BN 2 0 A% e 1 430 3%
S L, EA S 0 AT S M RS, B O H AR DU
WAL IR AR N R R, 2B A O 4

Ui B EA:2022-08-05;  1&1T HHA:2022-10-03

KFikit; FATARE
NHEFEE: A DOI: 10.3788/IRLA20220554

R R Z B0 BRI 5 (bR, I FL il TR 5
RO A5 A A A0, 75 22 20 X FLak AT R, (5K
0 % vh R 240 H AR B R0 HUE A% i BOG IR BLAR
TR AERE T o R, A b2 T 23 Be L /MAT
A 45 X E AR 0L 2% LA JE A [ 1 FH PR 355 1 5 oK o
2 B H ARl e AR 4 AR [ B S 0] LA Sl A
— Rl 2 BOGIR B RUE, Sl i H R GBI
BN A AS b, 207 R BT IR ALL 85 25 A ) 5, (X
PRI BER B ; 5 — R 2562 B4, 4
R G AR 2 BB S, K EE RS
B, XA T AR &y, B R 75 2% SRR TR B A
14 P15 2 [1] D E 0 S e o 7 i ] )
SCHBT T R LA HARBLAUAS, SR T i B G
AEE RS, 1148 110 mm, {f H 0] Y] 40 BRI 3~
5 um, 8~14 pm 1Y H LT UL B Rm T . 5 2 )
IS AB bR S (it 22 Fi HARP BT, 1) A7 B mT 3 i S AR
Rl 22 5| B Y B AR AT AME . FE-10~50 °C P EE

EESWB: FEKARBAES (62175131); B A& BFEE TS A4 (8091B032125); TR ST 5 H & 14 (202104204020001);

INAR 2 BACRMIR AL 5 2 3¢ BT H  (20201CG003)

EEB M Rk, 5, WA, FENFOL S TR BT .

SIRGBRMEE @428, I, B0z, WL, FENIOEA TR, e /Gt I iR S mmrse.

20220554-1



ISk A2

%34

www.irla.cn

% 52 %

N, A LLAMRAR B PR LSRR E Y L0 A H AR, w] ]
TAEMLAMEN R SR PERENNL, BA A E . K
BITCEEGE SRR, 5y TR B A AR s AR

1 RGEARESRFREHE

1.1 REEARK

fEHELT AN H AR R S8 £ 2 h AT . Bk
U5 OGRR . BEAR . HUARES A S S R 2R A, G 1
Jis o Hop, SGIR RGEAHE LTSk 3~5 um A I
Z18b 8~14 pm B RMAOGIR, B PEE T U1, SEEA
A B HARIIBEA . SPATOB i 58 . IRBE . e
SER R, SCENT AR e . &R EA LRR
] B 161 2, 5 0 BRI R4 7 Y 48 7 JE 95 e b A2 Y
TER WO 35 2 2 = & B LLAMEL B H
PRab A4, SEEAS R 3 Be . AN TRl TR 2040 B s iy i
HE B AL fE

Collimation module

Emission module =

Black body ! Primary Secondary
control circuit mirror mirror
{| Sourcel Source2 Base Case
Receive module l
Aperture e A R ML
{
Target i | Photodetector Holder

1 EHERLIAN BB R G AE

Fig.l Block diagram of portable infrared target simulation system
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Fig.2 Layout of optical system
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Tab.1 Paraxial parameters of collimator

Variable Value
Primary mirror diameter/mm 106
Focal length/mm 716
Field of view/(°) 1
Off-axis volume/mm 160
Secondary mirror diameter/mm 56
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Fig.4 Wavefront diagram at the exit of the system pupil
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Tab.2 Results of wavefront analysis

Wavelength/um Field of view PV/Z RMS/A
4 0° 0.0132 0.0038
4 0° 0.0488 0.0097
12 0.025°/1'30" 0.0044 0.0013
12 0.025°/1'30" 0.0163 0.0032

2 WL SN ARER S

ZLA AR R LR HLIRES a1 5 s, il
by T BT TS SR L BT AL | R A S P
FUBRFF AR L A S5 AL A AR 50 R U254,y v LA
Ml fF, WIBE A BTt 2K, PR s . RGN
TR ) WA W O SRR, T LA RO 24 O B . 09
] B2 BLAR O 106 mm, 1 1 BR P [ E 7 R G R L,
- T YR BE BLAR O 56 mm, 8 S RG JBE ] S TR SR AR

b, 5 T RN DR A5G TR AN 2 B R S
T, B I AN R AR TR A o TSR FT 1) S BRI S £, T
R RS BEA RGEHAT R, BERGRAK
IR E M . AR GE AR BT /N T 30 ke, UG TR 2 3
T [R) — B JE L, ol 8 I W R 2l A e e S 22 e A

5 HUsbLE

Fig.5 Design of mechanical structure
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Fig.6 Optical machine thermal integrated analysis process
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Fig.7 Model of finite element analysis

Z 8B R G R SL bR E 75, AE = 20 °CL i
%430 °C BIHH T AT A RIC T . HEECE BT
ST 0, S5 F A 8 Fr s, &l 8(a) A1 8(b) J3 il

N7 A T = 4 A0 Y T S S B U B A BR T A BT s SR

2 U B AR A 5 ) 32 R B AR B 3
JiR, fEi 25 30 C LT, EBEAS 1Y RMS {4
0.00142, PV {H 4 0.00764, ¥ % JE 7% & B RMS {4
0.00064, PV fE 4 0.003 74, HLIASHITEAR 5| R Bi
TRE M RIRAS L AE N 4 FER, 78 =200 8 L0 RS
ORISR, xR 3 AR 4 SR T LUE L, til
JE 5 R A TR AR AU Ak B 9L, S /N T AU ES 14 %
A | L B, AR Z N AT DL AN

¥ TR 25 30 CHE BL T 3 B Y B A8 AR )
Zemax 1, XFUE B R G AEAT14 22508, S5 SR anlE 9 fr
R WEETE PV AN 15.38844, RMS {4 2.696 14, 1

Pl 8 85 (a) KIREE (b) AFRTTAHIEER
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Tab.3 Shape variable of primary and second mirrors

with a temperature difference of 30 °C

RMS/A PV/A
Primary mirror 0.0014 0.0076
Second mirror 0.0006 0.0037

* 4 FXEIRE 30 C NIFTHE
Tab.4 Rigid body change value of primary and second

mirrors with a temperature difference of 30 °C

Xmm  Y/mm Z/mm Rz/(") Ryl(")

Primary mirror 0.0712 -0.2157 -0.0185 -0.0376 1.1893
Second mirror  0.0714 —-0.0043  0.0275 0.2911 —1.5359
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Fig.9 Wavefront plot with a temperature difference of 30 °C
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Fig.11 Fabricating of infrared target simulation system
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Fig.12 System installation and commissioning steps
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Fig.13 Adjustment result of collimator system

R 5 FITIHE Zernike REL

Tab.5 Zernike coefficients of collimator

Coefficient Value/4 n m Representation
ZFR 0 0.000 0 0 1
ZFR 1 —0.001 1 pcos(6)
ZFR 2 -0.001 1 -1 psin(f)
ZFR 3 0.001 2 0 —142p°
ZFR 4 —-0.057 2 2 p*cos(20)
ZFR 5 0.064 2 -2 p’sin(26)
ZFR 6 —0.016 3 1 (—2p+3p*)cos(6)
ZFR 7 —-0.093 3 -1 (—2p+3p*)sin(6)
ZFR 8 0.025 4 0 1-6p™+6p*
ZFR 9 0.097 3 3 p>cos(30)
ZFR 10 -0.055 3 -3 psin(36)
ZFR 11 -0.009 4 2 (—3p™+4p*)cos(26)
ZFR 12 0.035 4 -2 (=3p*+4p*)sin(20)
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Design of portable infrared target simulator system

Gao Hongwei', Yang Zhongming®, Liu Hongbo®, Zhuang Xingang®, Liu Zhaojun’
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2. School of Information Science and Engineering, Shandong University, Qingdao 266237, China;
3. East China Institute of Electronic Measurement Instrument, Qingdao 266555, China)

Abstract:

Objective Infrared target simulator is an important part of infrared target simulation experiment. When the
outgoing pupil of the collimation system coincides with the incident pupil of the detection equipment, it can
provide a stable infinitely far simulated target for infrared detection equipment, and the simulation results have the
advantages of being accurate, controllable and repeatable experiments, which are used to evaluate the
performance and accuracy of infrared detection equipment. It has important applications in radar testing, infrared
guidance, infrared tracking, etc. With the development of photoelectric detection equipment sensor integration
and miniaturization, multi-band sensors have become the standard configuration of most photoelectric detection
equipment. Due to the changes in the debugging environment and the use of the environment, it is necessary to
adjust it frequently, but most of the target simulators in the laboratory are only equipped with a single-band light
source, large size is not convenient to carry. Therefore, it is necessary to establish multi-band and small-sized
portable target simulators to meet the needs of different usage environments. For this purpose, an off-axis
reflective infrared target simulator system is designed in this paper.

Methods A portable infrared target simulator system is built in this paper. A 110 mm aperture parallel light tube
of reflective structure was chosen as the collimation system (Fig.2). The optical-mechanical thermal integration
analysis of the system was performed to determine the deformation variation of the primary and secondary
mirrors and mechanical structure caused by temperature difference (Fig.8). The self-collimating interferometric
detection method was mounted using a Zygo interferometer (Fig.11), and the mounting results were judged by the
PV and RMS value results of the face shape measurement of the standard plane mirror (Fig.13).

Results and Discussions The portable infrared target simulation system was mounted using self-collimating
interferometry, with PV value of 0.3564 (1=632.8 nm)and RMS value of 0.047/ (Fig.13), which is better than

A20, and the results are excellent and meet the usage requirements. The results of Zernike coefficient analysis
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shows that the system aberrations are mainly out-of-focus, tilt and higher order aberrations of more than 5 levels
(Tab.5), and the adjustable target disc is designed to compensate and improve the imaging quality. A portable
infrared target simulator system is built in the laboratory to test the optical path and verify the imaging function of
the system. The infrared camera and head were placed at a distance of 10 m from the system, and the imaging
results are shown (Fig.14). The targets of different shapes can be clearly identified, and the imaging function of
the system has completely satisfies the demand of simulating targets at infinity.

Conclusions A portable infrared target simulatot system with working wavelengths of 3-5 pm and 8-14 um is
designed. The system is characterized by simple structure, adjustable wavelength, rich target and clear and stable
imaging. The wavefront quality of the system was analyzed using Zemax software, and the PV value of the
central field of view was 0.013 24 and the RMS value was 0.003 84 in the 4 pm band, and the PV value of the
central field of view was 0.004 41 and the RMS value was 0.001 34 in the 12 um band. An optical-mechanical
thermal analysis of the collimation system was performed, and at a temperature difference of 30 °C, the
deformation caused by the mechanical structure of the displacement of the optical element is much larger than the
deformation of the primary and secondary mirrors themselves, reaching the order of 10 pm, and the imaging
results have obvious out-of-focus errors, which can be compensated for the out-of-focus errors introduced by the
temperature change by refocusing the target disc with adjustable three-dimensional position. The imaging
function of the system was tested, for different shapes of targets, the system can become a clear and identifiable

image, providing a stable simulated target for infrared detection equipment.
Key words: optical engineering;  target simulator;  optical design;  collimator
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