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thermal radiation suppression scheme. A common-aperture optical configuration capable of simultaneous
long-wave infrared and laser dual-band detection is achieved through a Ritchey-Chrétien (R-C) optical struc-
ture and a dichroic-secondary mirror with a hollow design. To mitigate thermal radiation noise, the thermal
emission characteristics within the temperature range of 230 K to 320 K were analyzed using Planck’s
law and non-sequential ray tracing. An improved detection range model incorporating noise terms was de-
veloped. The cooling strategy was optimized via dynamic programming, leading to an optimal solution where
the main mirror and folding mirror baffles are cooled to 220 K. Experimental results demonstrate that the de-
tection range at 300 K ambient temperature increases from 300 km to 430 km, and remains above 400 km
across the entire 230—320 K range. The proposed dual-band composite detection scheme and zoned cooling
methodology provide a valuable reference for the design of cold optical systems and long-range weak target

detection.
Key words: optical design; composite detection systems; self-generated thermal radiation; detection range

1 3l

e

e B ZE S L2 AT R ST, S
55 H R BRI — B SCHEROR 2 — o Bl TR X
R AL IR S 2RI X i ) fE
b, X ARG RS I 55 H bR LR Tz #
B S A5 B e R R R Bk B . BT
JO7 A2 2 BRI BE DR TR U A B >R o SE A
D), ABGERINT7 AN JCE BRI | OGER A A
B PRI A AR AR H A B s ek
B55/0 AR, DR ke 2R 5 R R e
NBFFRER N, HOL S LANE S RN R G4 &
TELANUR S O I B B DL, RERS 1 R B 2%
PF AR FARBIAS FRAE, TR Bt TRl G, 52
I 5 3 23R PRI EBORUAS Tt 0, Ay S
PRI FRAE 1 53 1) SRAEURE A ] Sk

HETE SRR GRTERE S H #H p 8
TR Z ISR B 5 22 . 75 2[RI /2 21 MR
AR GBS N AR | BOR G | BRIIFE 52
ZAMREE . BB S TR EZ TR N
FEWIX —FAMS, [ N SMIFFEHLI IE & J1 % e
AT T v PR SR 5 HE A P S i T4
EAHMEA . RGN ORI R
RIS R R R E R L, REUE D E RGNS 55
5 R R (L, {50 LU S ke T H bR A5 5
FHITESRES) o TELLANIE B, R A B IRARGTS
KIAHOEE 2N IR _EIR S B B 2N R .

MLLAMEI R GRS T3 755 1 B AR A 7880
B, UAOUE S Tas T B E 50, Sk
HirfE S, SETCEHREN . 2OAMEN RS H S
BRI LA ] s A AN 2 B LR i £ 4h
REMERMEE S . BT, #6225 H SR
ST AL 45 3 1 S5 R U Ak R BE A AR (9 B e
KRG H ST, f RGAERE % T AT LA I 55
HARFEAT BRI 387 A [/ PR S5 44 P 2% il
8 S 8 e L A 0 S i TR N et B
A7 AT B B0, ARG S5 R Tk
RIS A AR S R, (EXE LA 2 S 55 5 A
PR TR . B89 b, X e2f oo Se it fil v v] o
FEARMLIRZS A9 77 A 1 A B $AR 5, DA 85 7+
REEME AR B B0, RS 2B E R T
2T H1 22 G0 PN 2% A S X R A B A R i, {EL Bl
= AR A I B AR BRAT (AR S BE 4 7 il
RIS B R . BLAMRIV S 1k
TR 55 R BB B (AU 1 AN WA o A SRR Ol
T, A SCE a5 B AT 230~320 K X (8] Y $R
FRATRRE, I 3T 25 W ) e TV YL
SRR 2R, ol 2 AR S 2 th 8 )
R R HEAT U AC LLST- i 1 B S AR BUR &, Tt
LIHN RS I B M RR R I S

2 IAERIRA H Y%

21 IHRFEORRIERESESH
B B 00 AR AR 20 m?, K H bRl B2



674 R EDEE (FRgEso)

#19%

MR 300 Ko Jilid A (1D RD/NEFFHEE H LD
SMEFIRE B 7 AR AR,

|n-Dy-D" 7y 1 1-NA|

| 4-N-\w-Af-SNR
HH: Dy N ARG RE G 42 DR IH— AL
2R 1 R AR TSR s 7, R AGEIL 1 G
RGBT R o NIRIAS BAGIC X R Y I A
W55 SNR “Jg 22 46 1A B T 7 22 ) i /M W L5
NA N R GEBAE A LA Af NS S50 9 N oA H
FRBT 5 o080, b SNR 150 L B (E UK 3~
10; Y624 R G5 AR BUCH 100~300 mm, K55 i %
7, L 0.25, 2= RGL B R 1., L 0.88, HFRHR ST
o B HL S w/sr, D'EL 2.6x10" cm-Hz"2- W, iR &
2y E N B E NN 150 S BN 400 km
HNIZE S HARBOREI, 5 FE 3 Ol | 2R
2% KEWEEHNE, R5 048602 HR 160 mm-7,
¥ R G HARSHER RN 1 FiR,

(D

*1 EERNARRSEHIER

Tab.1 Parameter indicators of the composite detection

system
Parameters LWIR Laser receiving
Wavelength 8 um—10 um 1064 nm=10 nm
Focal length 320 mm 900 mm

100 um>100 pm,

Detector specification 640x512@25 pm

1GoTHL: 4x4
Field of view 2.86°%2.29° >600 prad
F/# 2 5.6
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Fig.2 Image quality evaluation of long-wave infrared/laser optical modules. (a) MTF of the infrared module; (b)

standard spot diagram of the infrared module; (¢c) MTF of the laser module; (d) standard spot diagram of the laser mod-

ule
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Tab.2 Properties of LWIR materials

LWIR Refractive index Transmission Absorption coefficient at

material at 10 pm range (um) 289 K and 10.6pm (cm™")
GE 4.0032 1.8-17 0.035
ZnSe 2.4006 0.5-16 0.0005
ZnS 2.2002 1-12 0.08
IRG206 2.777 1.0-17 0.03
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Tab.3 ABg parameters of common infrared structural

coatings
Materials TIS A B g
High-Absorption Coating 0.1 0.006366 1 0
Black Nickel 0.14 0.08912 1 0
7306 0.095 0.06047 1 0

3.4 LIONRGCHEI B BRSO

S Solidworks i, X & 28B4y
I R GEA R AT YRS A, InIE] SCR R L
BRI TR FT7R o B = RS 2 5 A B 2R
BRI b, WK AR B 2 T R PE S, BI5E
Jif, BRDF J& 1 WA o - [ ORAP 358 I ) ¥k o0
ZIAN R GURAL PUI, AR ZAE TARIELIRAS, SOt
IR HAMEEE .

Secondary
support rings Main baffle

imary mirror

Collapsible
s 1 Field lens mount
e2ns Collapsible lens 2

Collapsible
lens baffle

K5 LA RGOLHLA

Fig. 5 Infrared opto-mechanical system model
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Fig. 6 Schematic diagram of stray radiation analysis for the optomechanical system. (a) Stray radiation analysis of the primary

mirror; (b) stray radiation analysis of the primary mirror baffle; (c) stray radiation analysis of the folding mirror baffle

*4 TRIEETOINERFEREIAGENEFREEHT ST

Tab.4 Distribution of self-scattered radiation at the image plane for infrared system surfaces at different temperat-

ures

Component Emissivity Radiation energy received on the image plane from each surface at different temperatures (W)
230K 270K 290 K 310K 320K

Primary mirror 0.01 4.79E-08 7.64E-08 1.23E-07 1.85E-07 2.65E-07 3.11E-07
Secondary mirror 0.01 9.95E-09 1.59E-08 2.55E-08 3.84E-08 5.50E-08 6.47E-08
Lens 1 (Ge) 0.012 2.27E-08 3.59E-08 5.76E-08 8.69E-08 1.24E-07 1.46E-07
Lens 2 (ZnS) 0.0728 3.41E-08 5.16E-08 8.29E-08 1.21E-07 1.79E-07 2.10E-07
Lens 3 (ZnSe) 0.0003 7.23E-11 1.82E-10 2.92E-10 4.40E-10 6.29E-10 7.41E-10
Structure between Lens 1 and Lens 2 0.8 9.88E-10 2.37E-09 3.82E-09 5.86E-09 8.45E-08 9.98E-08
Structure between Lens 2 and Lens3 0.8 9.79E-10 2.48E-09 3.98E-09 6.00E-09 8.58E-09 1.01E-08
Stmccg‘lllr:pziemwz iZ’:lSLg:fsﬂi and 0.8 4.65E-07 7.41E-07 1.19E-06 1.79E-06 2.57E-06 3.02E-06
Main baffle 0.8 8.47E-06 1.12E-05 1.82E-05 2.74E-05 3.92E-05 4.62E-05
Secondary support rings 0.1 1.06E-06 1.69E-06 2.72E-06 4.10E-06 5.86E-06 6.90E-06
Field stop 0.9 4.39E-08 6.92E-08 1.11E-07 1.68E-07 2.40E-07 2.82E-07
Collapsible lens 1 0.01 5.10E-08 8.35E-08 1.34E-07 2.02E-07 2.89E-07 3.41E-07
Lens 4 (irg206) 0.023 3.04E-07 5.63E-07 9.04E-07 1.36E-06 1.95E-06 2.23E-06
Lens 5 (ZnSe) 0.00035 5.72E-09 8.27E-09 1.33E-08 2.00E-08 2.86E-08 3.37E-08
Lens 6 (irg206) 0.022 3.60E-07 5.87E-07 9.44E-07 1.42E-06 2.04E-06 2.40E-06
Lens 7 (Zns) 0.0768 4.67E-07 6.73E-07 1.081E-06 1.63E-06 2.33E-06 2.74E-06
Collapsible lens 2 0.01 7.65E-09 1.88E-08 3.02E-08 3.73E-08 6.51E-08 7.66E-08
Collapsible lens baffle 0.8 5.54E-06 9.64E-06 1.55E-05 2.33E-05 3.34E-05 3.94E-05
Collapsible lens mount 0.8 2.92E-07 1.84E-06 2.96E-06 4.46E-06 6.38E-06 7.51E-06
Structure between Lens 4 and Lens 5 0.8 3.34E-07 6.25E-07 1.00E-06 1.51E-06 2.07E-06 2.36E-06
Structure between Lens 5 and Lens 6 0.8 1.58E-07 3.69E-07 5.43E-07 8.15E-07 1.17E-06 1.38E-06
Structure between Lens 6 and Lens 7 0.8 3.47E-07 5.53E-07 8.88E-07 1.34E-06 1.91E-06 2.25E-06
Structure between Lens 7 and dewar 0.1 3.96E-07 6.30E-07 1.01E-06 1.53E-06 2.19E-06 2.57E-06
Total - 1.84E-05 2.95E-05 4.75E-05 7.16E-05 1.02E-04 1.21E-04
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Fig. 7 Energy distribution produced by different radiation sources at the image plane
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Tab.5 Comparison of system parameters

Parameters System in this study ~ System in other study
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