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Design and realization of light and small long-wave

infrared optical system

Hao Siyuan'?, Xie Jianan', Wen Maoxing', Wang Yueming', Yuan Liyin'*

(1. Key Laboratory of Space Active Optical-Electronics Technology, Shanghai Institute of Technical Physics,
Chinese Academy of Science, Shanghai 200083, China ;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The requirements on its load volume and weight are strict for unmanned airborne photoelectric pod. In
order to meet the needs of 8-12.5 um infrared detection, a lightweight and compact long-wave infrared optical
system was designed and realized. The ' number of the system was 2, the diameter was 150 mm, and the total
field of view was 2.34 °. A twice focusing reflection-refraction structure was used as the optical system structure.
It simplified the commonly used Cassegrain-type main system into a folded Newton-type main system, and
simplified the spherical secondary into a plane mirror folding optical path. The off-axis aberrations were corrected
by the aspherical correction lens group. An all-aluminum optical-mechanical structure was designed for the main
system, combined with the optical-mechanical material matching of the rear optical path. In the temperature range
of the working environment, the designed MTF of the system was more than 0.41@17 Ip/mm, with 100% cold

stop efficiency, and the volume was only @152 mmx125 mm. After final alignment, the MTF of the instrument
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was more than 0.24@]17 lp/mm, and the image quality was clear and met expectations. The optical system was

smartly designed, so the structure was light and compact, and the cost of manufacture and alignment was low. The

design ideas and development methods can provide a reference for the optical systems of long-wave infrared

instruments of unmanned airborne photoelectric pods for similar applications.

Key words: optical design;  longwave-infrared;
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Fig.1 Schematic diagram of detection method
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Tab.1 Parameters of optical system

Parameter Value
Wavelength /pm 8-12.5
Focal length /mm 300

F number 2

IFOV/mrad 0.1

Observation range/(°) Azimuth:0-360, Pitch: 0-90
Detection distance/km 100
Field of view/(°) 2.34(1.83%1.47)

Distortion Less than 3%

FoN 10 m, fL3% FOV .
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Fig.2 Simplified schematic diagram of the Newton folding main system
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Tab.2 Lens data of system design

Radius /mm Thickness/mm Glass
Ml -309.2 -111.2 Mirror
M2 Infinity 46.1 Mirror
L1 —-14.7 6.0 Germanium
-17.1 9.7
L2 -99.6 6.0 ZnSe
-250.9 2.92
L3 27.7 5.9 Germanium
235 2.1
L4 37.9 7.0 Germanium
-368.1 6.6
Window Infinity 1.0 Germanium
Infinity 2.7
Filter Infinity 0.3 Germanium
Infinity 19.8
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i, AR B P 1R AR AN 3 AR SRy

MTF {i 75 25 25 Wi e J00R AL 5 0T AT 59 32 BRAE, ¥ K F
0.4; RGMAE I N/INT 2.8%.

152 mm

125 mm

F 3 4tk
Fig.3 2D layout
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Fig.4 Optical MTF and distortion
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Tab.3 The most sensitive tolerance

Parameter Value Decrease of MTF
TSDX3_rear 0.015 mm 0.065
TSDX3_front 0.015 mm 0.065
TSDY3_rear 0.015 mm 0.064
TSDY3_front 0.015 mm 0.063
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Fig.5 Finite element analysis model
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Fig.6 Transfer function simulation
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Fig.7 Primary and secondary mirrors
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Fig.9 MTF measurement of system
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Tab.4 Result of MTF measurement

Field of view MTF
AB,C A-0.245, B-0.262, C-0.243
D,EF D-0.259, E-0.267, F-0.248
GHI G-0.251, H-0.263, 1-0.244
MTE = DNpeak - DNvally Tt (7)
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