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Abstract: In order to simulate dynamic scenes with high accuracy and high reliability, a short-wave infrared
(SWIR) and mid-wave infrared (MWIR) multiband catadioptric common-aperture optical system is designed.
The system combines the advantages of reflection, refraction, and common-aperture optical paths. The sys-
tem includes a main optical system, a short-wave optical system and a mid-wave optical system, all designed
independently. The initial structure of the optical system is obtained according to theoretical calculation, and
the optical parameters are further detailed by optical design software. Finally, the sub-systems are combined

according to the principle of pupil matching. The system’s image quality is further optimized, and the system
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design's rationality is verified by the simulation of the modulation transfer function (MTF) and distortion.

The designed short-wave optical system has a field angle of £0.107°, a focal length of 2500 mm, an entry pu-

pil size of 300 mm, an MTF that reaches the diffraction limit, and less than 0.3% distortion. The mid-wave

optical system has a field angle of £0.65°, a focal length of 750 mm, an entry pupil size of 300 mm, an MTF

closes to the diffraction limit, and less than 1% distortion. The system has good image quality, small size and

strong practicability. It has great application potential in the field of photoelectric tracking and space detec-

tion.
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Tab.1 Main parameters of the catadioptric common-

aperture optical system

Num. Specification Short-wave system  Mid-wave system
1 Wave band/ pm 1.0-1.7 3.7-4.8
) Channels | 3.7-4.0,4.1-4.35,

4.35-4.6,4.55-4.8

3 FOV/o +0.107° +0.65°
4 Focus/mm 2500 750
5 Entrance PD/mm 300 300
6 Exit PD/mm 1300 1300
7 Image size / The same size/4
8 Distortion <0.3% <1%

E: Entrance PD= Entrance Pupil Diameter, A i ] +}'; Exit PD=Exit
Pupil diameter, H[#EHEE
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Fig. 1 Flow chart of the optical system design
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Fig.2 Optical design diagram of the off-axis two-mirror

main system
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Tab.2 Optical design parameters of the main system

Mirror Curve radius Distance Semi-diameter ~ Off-axis
Num. /mm /mm /mm /mm
1 -1500 -900 170 300
2 300 40 —58
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Fig. 3 MTF curves of the main optical system
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Fig. 4 Optical path configuration of the mid-wave main sy-

stem
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Tab.3 Optical design parameters of the mid-wave ma-

in system
Mirror  Curveradius  Distance  Semi-diameter Off-axis
Num. /mm /mm /mm /mm
1 —1500.00 -900 170.00 300
2 300.00 40.00 —58
3 207.93 19 33.33
KBR
4 —128.33 0.50 33.10
5 —754.76 10 32.36
SILICON
6 776.51 0.50 32.13
7 234.00 20 32.19
KBR
8 —-89.34 0 31.84
9 —89.34 17.20 31.84
GAAS
10 —148.50 200 35.36
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Fig. 5 MTF curves of the mid-wave main optical system
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Tab.4 Optical parameters of the short-wave back-end

@RS
Mirror  Curveradius  Distance  Semi-diameter .
Materials
Num. /mm /mm /mm
5 —533.78 11 45.87
H-ZF88GT
6 476.42 35.99 45.19
7 —4768.94 10 45.16
H-LAF55
8 —329.67 436.70 45.19

F U 5 v e 2E RS 9 MTF il 26 Fil s
A g an &l 7. & 8GR & UL T F W) BT o
F MTF M4 ml LLE it R 40 11 MTF $#:38
P AR PR o 30 e A £ T T R G T AR

system
Num. Specification Short-wave system
1 Wave band/ um 1.0-1.7
2 FOV/n(°) +0.54
3 Focus/mm 500
4 Entrance PD/mm 60
5 Image size /
6 Distortion <0.3%
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Fig. 6 Design diagram of short-wave back-end optical sys-

tem
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Tab.5 Design parameters of the short-wave back-end

optical system

Mirror  Curveradius  Distance  Semi-diameter .
Materials
Num. /mm /mm /mm
1 229.09 20 50.61
H-LAF55
2 -192.78 431 49.90
3 -177.10 12 48.22
H-LAF50B
4 —1950.66 6.70 46.73

“5-0.000 107%.

(l)g | % —+— FOV: 0.000 0°; meridian beam
0.8 FOV: 0.000 0°; sagittal beam
= FOV: 0.433 3°; meridian beam
o 0.7+ FOV: 0.433 3°; sagittal beam
= 0.6 —=— FOV: 0.216 7°; meridian beam
= 0.5} FOV: 0.216 7°; sagittal beam
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Fig. 7 MTF curves of the short-wave back-end optical sys-

tem
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Fig. 8 Distortion curve of the short-wave back-end optical

system
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Tab. 6 Design parameters of the mid-wave back-end

optical system

Num. Specification Mid-wave system
1 Wave band/ um 3.7-4.8
2 FOV/e +3.23°
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3 Focus/mm 150 L[_I- 0.6 “h% —=— FOV: 1.615 0°; meridian beam
4 Entrance PD 60 s 05 %g»\ FOV: 1.615 0°; sagittal beam
5 Image size The same size/4 8; :
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Tab.7 Design parameters of the mid-wave back-end

optical system

Mirror  Curve radius Distance Semi-diameter .
Materials
Num. /mm /mm /mm
1 168.31 29.02 47.50
SILICON
2 229.17 9.64 42.54
3 6736.72 15.00 4143
GERMANIUM
4 773.91 102.20 40.61
5 820.84 26.25 35.63
SILICON
6 —330.43 7.58 34.56
7 —214.63 18.00 31.30
GERMANIUM
8 —446.58 0.10 31.49
9 79.49 22.50 30.22
SILICON
10 69.43 230.28 23.24

H R St RGOS 9 MTF i £k F i
AR ANTE 10, 11 CRE P DL TR RO BT o

Fig. 11 Distortion curve of the mid-wave back-end optical

system
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Fig. 14 Distortion curves of a five-way system
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Tab.8 Machining and fitting tolerances

Num. Tolerance classification Tolerance value
1 Aperture 2
2 Thickness (spacing)/mm 0.02
3 Refractive index 0.0003
4 Dispersion coefficient 0.005
5 Local aperture 0.2
6 Single-mirror tilt/(") 1
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i, MTF {E T B 8%, B M T IR/ T 8%, 45
BRI RGEERA T L MMRET, el
T SR A 2R
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