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Design of SWIR/MWIR catadioptric common-aperture optical system
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Changchun 130033, China;
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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 path, and is inde-
pendently designed into the main optical system, short-wave optical system and mid-wave optical system.
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, according to the principle of pupil match-
ing, the sub-systems are combined. The image quality of the system is further optimized and the rationality of
the system design is verified by the simulation of modulation transfer function (MTF) and distortion. The de-

signed short-wave optical system has a field angle of £0.107°, a focal length of 2500mm, an entry pupil size
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of 300mm, MTF reaches the diffraction limit, and the distortion is less than 0.3%. The field angle of the mid-

wave optical system is £0.65°, the focal length is 750mm, the entry pupil size is 300mm, the MTF is close to

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

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

tion.

Key words: scene simulator; optical design; SWIR/MWIR imaging; common-aperture optical system

1 3l

e

T HL R A R 2 ()P0 25 4508, Bl A S A
LIRSS — > 2 CHZE R IR0, H LS
ARG RPN R — | SCR 2%
2R A ), AR SR T — 22 L R 55t
BT R, S RTINS E N EREE . &
AT REPEAAY

T S ER 0 B AR R — N JCSF I
FRAS AU An T Beas A i A ik, ool R
SRR BT B T RGN TERE. X T
WAL R R G, 1 G i 2Ot 7 4544 A
AR ES G 2 | SRR BOLY Rk
FROR . FHADL, IF 5 DRAREC A 2% . I AR =
SRR ARG 42 B OB 45 o TR TE R 5
R AT REZ WS, 25 50 77 S AR 5 T T
M ESE MR, Hal R 7 2 AL TRk
)5y T AR RIOR, 3 R A AR AR AR i i R i )
M A, R T RO RO T, 2021 4F,
2R eLAE N\ R R/ s ] H AR G R I
oK, DA-RZEAR ARG g BEl, 38 i BT R4k
HAARA R 7 BT T il 2L A g A U =X
ARG, SRR R 2023 4R, FES ANET
X PRI 2 5 AR T Tl 8 B T oK, 15
TH T — 3 EUEALAR S0 BOFH (0 22 R 4y
St i 2481 2023 4F, Raad 55 \idid OSLO
(Optics Software for Layout and Optimization) /4
PP 72, FE TGl B MTF, sy LR Eor
W RR AR AR I HIT, 858 TR FERS AR I R
ARG BAER B L, AT U R G
TR T —E S0,

TEOCHL BRI . 23 )00 4 40, St Al
RGHA GBS AL, T4 555 5, 6]
i, O RGEBA ST . = PR, K

ZRHOEAF RAFBEA R TERE, P LR A
PERE, T2 M N G~ BT U A BIF 5 TR Y
PO AL RO R WA & TS &
VRIS e S aa piLI VNS W I SE 4 R EAR )
Z BN | B A BT A PR BE AR
It LA, AKEAUAS T5 S BOCEE BT R T —Fh A
T BRI AR . EE A T AR
SRS BT B MOCEEBOR, SLBR IR
Mo Besi A S e 7k, feda, i@t MTF
IR AZ S AR AR AR B B AR, Bk 1 it Ik
AR A RIS 2 B S

2 wHERERFERITRRAESTE

765 &R 5ok A 1280x1024 DMD( Digital
Micromirror Device ) 515 %, FRIM #8145 0 R~
47 10.8 umx10.8 pm, ZLAMEE R G R FE RIS
B 1 iR,

®1 IRFRAKOBAFRGETESY
Tab.1 Main parameters of catadioptric common-aper-

ture optical system

Num. Specification Short-wave system  Mid-wave system
1 Wave band/ pm 1.0-1.7 3.7-4.8
2 Channels 1 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%

7E: Entrance PD= Entrance Pupil Diameter, A i J}; Exit PD=Exit
Pupil diameter, HHEEEFES
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R2 ERGAFRITEIE
Tab.2 Main system optical design data

Mirror Curve radius Distance Semi-diameter ~ Off-axis
Num. /mm /mm /mm /mm
1 -1500 -900 170 300
2 300 40 —58

XoF T il A B I 2R G B RR A, AR R
1R 300 mm, 37 3 ST 2200 mm Ak, RS0
PR AR L 5, EHEEN 1500 mm, —
U R B -1, A4 300 mm, — kil
AR ZL R -1, EWBEZ AR FEE S 900 mm,
R TR R G S KL f AR G4
B )R, 32 5% 1Y B R RO 300 mm, BEA
e TR Es/5 183 mm v EAb, fLAE K/ R 60 mm,
HEHER AR 60 mm, BEET 3624 RS RENSH
SRR F+0.107° R, EH62E R4 K MTF
theeniE 3 s

1.0
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0.9
08l FOV: 0.000 0°; sagittal beam
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0.7
o : FOV: 0.107 0°; sagittal beam
E 0.6 —=— FOV: 0.053 5°; meridian beam
0.5} FOV: 0.053 5°; sagittal beam
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Fig. 3 Main optical system MTF curve
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Fig. 4 The optical path form of the mid-wave main system
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Tab.3 Mid-wave main system optical design data

Mirror ~ Curve radius  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 3333
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
—89.34 17.20 31.84
GAAS
10 —148.50 200 35.36

Tl RGN MTF £ 5 o, il AL
GREg ik BT R, i S AR T A BR
R L 20K

1.0
Og | % —+— 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. 5 Mid-wave main optical system MTF curve
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Tab.4 Optical parameters of short-wave back-end sys-

tem
Num. Specification Short-wave system
1 Wave band/ pm 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 Short-wave back-end optical system design
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Tab.5 Short-wave back-end optical system design

parameters
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 —533.78 11 45.87
H-ZF88GT

6 476.42 35.99 45.19

7 —4768.94 10 45.16
H-LAFSS

8 —329.67 436.70 45.19
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Fig. 7 Short-wave back-end optical system MTF curve
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Tab. 6 Optical parameters of mid-wave back-end sys-

tem
Num. Specification Mid-wave system

1 Wave band/ um 3.7-4.8

2 FOV/® +3.23°

3 Focus/mm 150

4 Entrance PD 60

5 Image size The same size/4
6 Distortion <1%
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Tab.7 Mid-wave back-end optical system design para-
meters
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 41.43

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
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04+

0.3

0.2

0.1F

0

0 20 40 60 80 100 120
Spatial frequency/(Ip-mm™)

K10 iR R Y MTE 4
Fig. 10 Mid-wave back-end optical system MTF curve
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