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Design of Focusing and Collimation Optical System
for Infrared Target Simulator

LIU Fang, HU Yu, WANG Lyu, MENG Hemin, YUAN Liang, TAO Zhong, ZHENG Yawei,
WANG Man, WANG Xicheng, WANG Songlin, XU Zengqi
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Abstract: To meet the target simulation requirements of optoelectronic detection equipment such as guidance
heads at a wider working temperature range and match the clear simulated target scene of the tested
optoelectronic equipment at different working distances, a focusing target simulator collimation projection
design scheme based on secondary imaging and non-thermal design was proposed. By conducting a detailed
analysis and matching the optical material parameters, three types of infrared optical materials were used to
form a group of five lenses, and a field lens was added to compress the beam aperture. A focusing lens group
and precision mechanical structure were set up in the relay lens group. We achieved the design of an infrared
target simulator with a working range of 8-12 pum, exit pupil distance of 850 mm, exit pupil aperture of 115
mm, and a circular field of view of 8° at a working temperature of 0-40 °C . Furthermore, the tested
optoelectronic device was adapted to work at a working distance of 170 m in front of the exit pupil to infinity
and 170 m behind the exit pupil to infinity. The Modulation Transfer Function of each field of view of the
system was better than 0.33 [design value] at 36.5 pl/mm, and the distortion was less than 0.35%. The actual
test results of the target simulator after processing and adjustment showed that all the indicators met the design
requirements, and the transmittance reached 75.59%.
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Table | Design specifications of the collimating projection

optics

Index Value

Working wave-bands/um  8-12
Field of view/(°) 8
Exit pupil diameter/mm 115
Exit pupil distance/mm 850
Transmissivity/% >75
Distortion/% <0.5
Ambient temperature/'C  0~40

Work distance/m -170~170

1.2 F—MEAFERGEIT

HEERROLE RGN, B T B I RS
Mo B, A7, fem. MARMIEDR, BT A
PRGN TEE . EREAE RS —BAEH R
R, AR S RGHH R, B0 R
G PRI o, R R AE S5 AT X R R B A
5.

FRAE P AR B SR (1 PR 5 o R B A
HOHE - THE A OB DR BN 234 mm, SKH]
TG RGN, B AR T kB 2 RN
B, ARMUEHEHR R, BUNRGE R, J4/N T4k
Wy 2H LSE AT DMD KGR RS & o

W 2 FioR, ARG, HHRYEH RN —
AMEFRE A 84, E¥% DMD b B RCR, £
WBTHH 2 TP — AN ORI R (AR, e BB 4K i




FEATE FH11H Vol.47 No.l1
2025 4E 11 H X 7SR LA B AR A TR AR B R R T Nov. 2025
KEJHEUE AT 30 2. Afs=MAtas )

Collimator objective lens group
Relay mirror group

First image plane i

Field lens

K2 St¥RG4HE
Fig.2 Optical system structure diagram

e 2 BECY W) 7S ONIR7] N S L
A, XLERHAME ZE B . R R L AR
FERTMIRGEAR K. bR T HIFAR UL R . BE. &
B ity WAR =R AR 24N, @ ER LN mIUEE K
2 AR, BIb: RG G BRSNS
X

ERGAR X EL R ERAER =, SEOLK T
e TC BRI, XA TR F AR R IR AG 2
FHR e R GLEH o

= 1= AT oy b PR AR A\t v b DR RS Y3
BABEE drvdt (HECR, RIZLAMG S FR 00 T 5 n
B B2 W] WOCAH RN ZL A2 BT 3 FR 00 B &R
HowS b LR 28100,
R2 AT WDEREANZLAN G A R B 3R AR Hoxt 10
Table 2 Comparison of refractive index temperature coefficients

between visible light materials and infrared materials(®-1)

Visible drn/dt(E-6/ ‘C , Infrared dn/dt(E-6/ C ,
materials 587 nm) materials 10 pm)
H-ZK9A 1.8 Ge 404
BK7 3.6 ZnS 41
H-ZF2 1.4 ZnSe 60
H-ZK3 3.6 GaAs 41
H-ZK14 23 AMTRI 72
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Table 3 The parameters of long wave infrared optical

materials [12-14]

Infrared Index of Abbe  Thermal defocus
materials refraction/10 um  number coefficient
ZnS 2.1983 229 +2.6x10°3
ZnSe 2.4067 59.3 +3.6x107
Ge 4.0036 1001 +1.3x1073
IRG201 2.4977 95 +3.9%107
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Fig.3 Structural diagram of the first stage optical system
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