§20% 6 e K TR Vol.29 No.6
2021 4E 6 A Optics and Precision Engineering Jun. 2021

XEHS 1004-924X(2021)06-1260-10
BXFHGESRREANEORRNEEZRS

EEWL K KL EASLE B 54"
(1. FEMFR KELFRENME WEEH, FM4 K& 1300335
2. FEIFFRAF, 4 100049)

FE O T S0 e B B BT S E AR AR I R R R B A IR R T — RO T EOR S R i gn A R D AR BRI D 2
RYE . W T OG04 O AR DN 2 48 04 1A 53R A - OG0 FE R, 6k AR SR R R AR B B R 1 AR AR
AT T 0. R R-C o2 2 40 M 5,5l i U i A7 40 (8, S 3000 0 o I 21 A1 U B 2% 3 48 I SR i A o ke 1
TE ST IOEO B 3 BN LGB 38 S 05 B0 BT I E T /LG B 2% G A B o 38 ek R B ke R Rl AR L
/2 AP I AR BRI 3R 40 HL A5 R AT A AR 0T 2, r i S S 0 R ) A% 88 bR IR 0. 28(@20 Tp/mm) o FH B AL 58
TR RAL SN R 52 56, S 06 45 SR W], 122 2R 45 AT SN e B 8 T TROPL A0 A SR T A R B, R B B 3k 225 km
Vb Rl R AL A AT R 5 i TR R 0 45300 372 BE 8 T A 1 05 R 0 A 00 B oK

X B O\ AFARAARF;ERTFHOE; P o2 LR R R R B AR

FE 225 :0439; TH745 XERARIRAS A doi:10. 37188/OPE. 20212906. 1260

Common aperture optical system of single photon laser and
medium wave infrared

WU Hong-bo'*, ZHANG Xin', WANG Ling-jie', YAN Lei', SHI Guang-wei"

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences ,
Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)
* Corresponding author, E-mail:sgwzhy@126. com

Abstract: A medium-wave-infrared (MWIR) and single-photon-laser common-aperture optical system
was developed to realize target detection, tracking, and ranging of long-distance civilian aviation aircraft.
In this study, the working principle of the laser/infrared common-aperture system was presented, and the
target radiation characteristics, system operating range, and size of the aperture were analyzed. An R-C
optical system with a dichroic lens as a secondary mirror was used to realize the dichroic design of the com -
mon-aperture system. A small aperture was set in the path of the single-photon laser, and the stray light
suppression of the aperture was verified by modeling and simulation. High-precision assembly and line-of-
sight calibration revealed that the laser/MWIR common-aperture optical system exhibited high-quality im-
aging. The modulation transfer function of the laser/MWIR optical system was measured to be 0. 28(@

20lp/mm. The prototype was used to detect and track a civilian aviation aircraft, and the results of the ex-
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periment revealed that the range of the common-aperture system exceeded 225 km. The proposed device

can satisfy the application requirements for early warning and ranging of long-distance targets in aviation,

aerospace, and ground detection.

Key words: optical system design; single photon laser; midium-wave infrared; common aperture; small

aperture; long-distance detection

1 3 =

AR Sk G B S 55 B AR i B0 5 00T
T AR A 52 TR . BE B O E BRI R
AWk AR X 4T T B H 38 2 AL, i g2
Ph 2B 85 B AR K F-AS W & R 4l A 5% K 1
L H 3552 2%, B o 248 TR0 380 500 A e R Al 7k ok ik
(SR R W b S S RN OB) G2 NN
DR VAN SIS I =) 5| A (= S N A ) 1
SER7I

B — P A TE VR PR AL H AR 4 O 005 L
B — A A A A R 32 1 A I A
WA B ST A . ZHANG %3 17 0l ok
FAC e LT A0 0 WL B R R 8 MA SR8 T
O AR AT DL 2T A U B N R A R I o AR
Wi T LA OB R 2= K 3 I B AL AR A R
Git AL AMRAG B R R R R U
1o AR R, RE DU AR IR BT 0 H BR AN R AR 2
¥ 45 H AR s B, R 4T 40 55 30 59 B A B
CL vz TR I B g 5 H bR AR I R g
R GEARE 2T Ah R AR B B AR D7 A5 S A H %
S P AR B H AR 0 BB MR B, A A T A Rk
RWGE B2 B As B AME BE B 5 7 iz B 3
58 AT 3k ) 0 S A 4% 0 B R O K A B
RFER FE NN Sy TE T OGO I R
MR ZE TAE . BT 0B e £ R B & R %
1R D AR AR LRI AR AR R AL 7E 100 km DA 1
) 36 R 0 BB O v R AR T E I B RE ) %
TR F MR, K& EEEIFRT A
O 5 O A IR AR B A iE
L2 E R O RN BT B T O 5 a4
AT Ok /AN D R B
Jei i VAT I B AT O B AT O R AL A Y
ST, RGN E 42 HOR R T O E i 4
e LT A1 I T SRR S AR & T ROk

(€)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

T HOCHN

N Y RE S T At A D B P SR A e A R R
2 R B BE L B BT TEAL H AR, A SCR A
I £L AN A S Ot O T B A B R A
il e T ARG S A B a3 AR R
75 3 R HAE RO o3 77 36 ML 220 1
ALV T RAREOL S A E G HN RS, IF
M i 19 B 3 A Al s E PR SE T O /20 4
EARM ARG o %A IR GRS R
L RN R I RORS R R, Rz T T
23 LR B i T ) R

2 RGM R P ITAEREE

2.1 RETIERE

WO S M DRI RS h £ R A sh
HAFFBOCHMHR . RGN TAR I 8
F RGN KR H R E B H b5 09 I 2050 5 G
AE B FIEOE FE 5 IR TE R B AR — R0 & &
B8 S W SN L LA 8 = | EA N R SN
A BOG B S BN A . BT R B O
AR B AR E A2

th LD A ARG B% S T R ORI i T

A==
=
Ji”
S
"‘/Mﬁ§%§3
Dichroic lefs §>

RS EEE AN

Fig.1 Principle diagram of co-aperture detection system

—— Laser channel
—» MWIR channel

A

http://www.cnki.net



1262 e K TR

29 %

FEH WO I AE 2843 )5, ) T 7 45 4 D' I 7 1k
P&, B&WERm T ERGEW )7, [ 85%
SR WO A 7 A v i
2.2 BETImEEENEET(EEIE

B - O DN R SR P R R R I
AR T H0F Ge T B B 1) AR 56 PO T8
£ N R S SR 2 W ot 7P B e
O ik ot Rz A R L SRR R 2 A Tk
B SR RE 5 SR A7 B b BE FEAR H 0 #4551 A
W [ 96 15 5 EL AR 5 98 A 15 [) 2 P 19 ok o 45 5 4
XL T B0 JE A [ RO T B A
ARTR] , Bt )R A G 1 P 48 BB ofe i 3 5
A5 B0 O Ik b 198 B 20 3K B 220 B AT AR A 1 R
BER,
2.3 BRESHERERERS W

AL CHLFE % (3. 7~4. 8 pm) P BE iy £ 2
T E R AN T ALk R SIHLACE 344 .
KA A, B AR IR KA 260~390 Ko A4
Wi % o8 BEURK 26 2 R, ¥ B bR IR D 300 KIH5
133 ML H AR R P52 8 W /st P

FA S B ERES AT RE DR
55
Al-t,-A,-7,-D,”
N.-(Ay-Af)V2-SNR
R AR IR B s AT N H bR 575 548 5 o i
Z AN IGF R YR A 1E A SNR 15 M L
{8 5 D, SR 4000 2% 19 57 35 LU BRI % s 7, 7, 40 90 o
KA RGN E % Ny HARTESR I &% 1
PR AR TCE ;s AF R B0 25 11 e 75 55 300 9
A KR W TCTHE AL 0 S R RTE G R EL

Sk S B BT RAIL A R B (AN /N F 200 km)
B 15 Wt (SNR=15) 8 sh 48 0, 2% 58 b oo i
£LORERCR MR AWM E, Ra A /D
F 275 mm,

R* =

exp(—oR), (1)

3 kb v 2IEM A Skt

3.1 ®itEH
LN RGE M BARIEAR T -
(1)(}}2& :3.7~4.8 pms

(€)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

(2)194%£.280 mm;

(3)F/%:2;

(4H)MTF (@20 Ip/mm)=0. 25;

(5) R 5 BB : 640 X 512,25 pm.,

BWOCH RGN ARG FR R -

(1) #0142 : 280 mm;

(2) P61 064 nmj;

(3 POCHWM % >0. 28 mrad;

(D FWOBEF 42 : 200 pum;

(5)JELF A FLAE : NA=0. 2;

(6)£LA1 5 306 I Bl AR KRS BE < 50 prad.
3.2 dREFRFZIEGIT

Ry 52 IO K e i B A 8 B it [ AR
il RGEEF, ERGE R R-CHHF RGNV
SEA HEAT PR AL BT R G R IR B AT
Fe 520 hh o, g e T KU BE Y R 34y 6 )
AR SE 8 T RGN T, Rt R,
W L1 A0 B B — R A T ) AE T A TR, BE T
DL /N 3 B 0 AL R GERCR 5 e ) B 4 T
R G WU T IR RE Ty o LA BUR AL E
BE R BE M A R BEHEAN, FHENBEEMEL K
BE A SRR, 37 B ARG ) R i R L RE CRE
Hovp B 0B B 10 G 2 E BT o AE R T, B TR OE
AME 2 . B 2R AR LD R B
e o

Primary mirror

Lens group

Secondary
mirror =
i

K2 Lot R s i
Fig. 2 Layout of MWIR optical system

Kl 3~I[&1 6 N £L ANy 2 e iR B ise i 245
For  MTF 2300 47 S5 A BR , 4= 40 37 4 X o 22 4 T
520, JUT i3 BERT /T2 HLBE, i 3 g o

http://www.cnki.net



5 6 0]

FPEYE 5 HOE T HOL S TP AL AN DR RN RS

1263

BURE AR TP AL T 7100, R L S H R B4

R K

Diffraction MTF
IR

% 2 4 6 8 10 12 14 16
by Spatial frequency/(cyclesmm)

F3 MTF ik

FLDiff Limit
FL(RIH.000 mm
F2T(RI)2950 mm
FIR(RIH)2.950 mmy
~ FAT(RIHM.920 mm
F3:R(RIH)M 920 mm)
F4T(RIF0.890 mm
F4:RIRIH)S. 8§90 mm)
FET(RIHP.540 mm
FSRORIH? 840 mm)

18 20

Fig.3 Curves of MTF

LONGITUDINAL ASTIGMATIC
SPHERICAL ABER. FIELD CURVES
IMG HT
‘ | 7100 T od
| |
LM 0.75 738
\ -
i\
|
x‘k 0.50 19
1
\L il
W
| Ho2s 246
!
[

ABOD.0000 KM
2000000 WM
3000000 M

DISTORTION

MG HT
984
/

738
il‘l
4o

i
1246

T T T 1 T T T 1
0,100 -0.050 0.0 0,050 0,100 -0.100 -0.050 0.0 0,050 0.100
Focus/imm Focus/mm

T T T 1
=50 25 00 25 50
Distortion/%

23-Dec-20

4 BRk2= il R AR 2%

Fig.4 Curves of spherical aberration, field and distortion

FIELD
FOSITION

0.00,1.00 L {

0.000, 9.840 MM @
0.00,070 |

0.000, 6.890 MM @
000,050 |

0.000, 4920 MM @
000,030 |

0.000, 21950 MM @
0.00,000 |

0.000, 0:000 MM ®

_500E-01 MM|

:DEFOCUSING 0.00000
H IR

K5 e Rk

03-Jun-2019
S = 0.006212

RM
1100% = 0.021948

RMS = 0.008409

1100% = 0.024403

Fig.5 Spot diagram of optical system

(€)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

Ditfraction encircled energy
R

=
oo

=
o

— FL(RIH) 0.000 mm
— F2i(RIH) 2.950 mm
— F3(RIH) 4.920 mm
— F4:(RIH) 6.890 mm
— F5(RIH) 9.840 mm

=
S

Encircled energy fraction

=
)

G0 0.020.040.060.080.10.120.140.160.180.20.22
. Diameter of circle/mm

6 REhtdk Rz 2k

Fig. 6 Curves of encircled energy

3.3 BAXFERFIEIT

BOG WO 5 £ g2 Rk H Rl il Je X85 M
L, WE 7R . BT HOEFERD g8X R GO0
I A 2R v DAL Ik g YOG 4 WA i B A T 1 T
TR AR T, A UG T AL B E N LG TR
ANFLOG TR P 32 R g i, BLAE R B2 & R 40
BRI BE Sy 09 AR AT S B O M AO6
R

Laser receiving
part [[

=

Narrow bandpass filter

‘I"- Little stop
m

Laser receiving
part |

/
M7 WOLHOLE R GOtk

Fig.7 Optical layout of laser receiving system

8~ & 10 43 il S ¥O6 #: O % & G2
MTF £k \fig & 4 vh 2 i A e 18 . Ot 4
W GE 1 0 W 3 45 5T 3k B4 S AR B L WT R TR
6T OB RE I 1 R R AR
3.4 HABUBRSZERXSH

X O WCR G 2ot se O kAT T
EC M, ok FH S UR % 8T (Point Source Trans-
mittance, PST)AE M 48 45 . & 48 22 617 1
http://www.cnki.net



1264 ¥ HE TR 529 %
PST $& Tt 7 4 ¥ 9, ik 3] 107 By 7K F A &L
1
DS o EE T 560 T MO HE R 00 9 2
g R anratume
0.6 7:;’:223;:23333
% v NG
S04 Toame
.\.m-oonm
2Cl,2 FET (ANG) 00080°
- F5:R (ANG} 0.00807
— F6.T (ANG) 0.0060°
0 i F6:R (ANG)H0.0006°
50 100 150 200 250 300 350
- Spatial frequency/(cycle-mm™)

8 WOLHBOLE RGN MTF 4

Fig.8 MTF curves of laser receiving optical system

Diffraction encircled energy
aser

8

2

g 0.8

p=]

;a_>ﬁ 0.6 —FL: (ANG) 0.0024°
2 — F2: (ANG) 0.0040°
k! —F3: (ANG) 0.0056°
-8 04 —F4: (ANG) -0.0080°
E] —F5. (ANG) 0.0080°
= - ¥
202 F6: (ANG) 0.0000
o

0 0.01 0.02 0.030.04 0.05 0.06 0.07
Diameter of circle/mm

by
K9 fet gLk
Fig. 9 Curves of encircled energy
FIELD
POSITION 03-Sep-2019

0.00,-1.00 | ® | RMS = 0.001404
0.000, -.010 DG 100% = 0.003996

0.00,1.00 | ® | RMS = 0.001404
0.000, .0100 DG 100% = 0.003996

0.00,0.80 | ® | RMS = 0.001060
0.000, .0080 DG 100% = 0.003236

0.00,-0.80 | ® | RMS = 0.001060
0.000, -.008 DG 100% = 0.003236

000,056 | ® | RMS = 0000763
0.000, .0056 DG 100% = 0.002339

0.00,0.40 RMS = 0.000716
0.000, 0040 DG/ ® 1100% = 0.002301

0.00,0.24 RMS = 0.000727
0.000, 0024 DG ® 1100% = 0.002240

0.00,000 | RMS = 0.000751

0, p—

0.000, 0.000 DG 200E- Ol MM 1100% = 0.002144

:DEFOCUSING 0, 00000

H New lens from CVMACRO:cvnewlens.seq

10 WOGHEWOLS 2 e i Bk &

Fig. 10 Spot diagram of laser receiving optical system

AL 11 s o AR A A 0 F (9 05 45

UL 1,PST-1 81 PST-2 4 51 R JG/NFLOG B A
ANFLOG R O BRI R G PST . AT 0L, iy
R T /AL G B 2% 0 Ok IR S

(€)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

F11 #Ob/ M REAoeli K
Fig. 11 Stray light simulation of laser/MWIR optical sys-
tem
R1 RFEREAGEER
Tab.1 Results of stray light simulation
9/(%) PST-1/10"° PST-2/10""
10 5.32 1.64
20 6.45 2.52
30 7.33 4.64
40 3.89 1.75
50 3.37 0. 56
60 5.16 0.14
70 8.21 0.15
80 9.82 0.16
3.5 RERBEENMSH
3.5.1 NESHER
X3 ARG RGEHEAT N 259007, 4% U Y

ANZEHO I 2, MTF B3R ih & 12 frow , &
Gy 2 BA TR LM

K2 NESE
Tab. 2 Tolerance allocation
82/ MWy /mm R/ (") JEE/ RS
BT 1
mm X Y X Y /mm
ESV € AR
EHE0.03 S 0.05
FAR 7S
WH 0.02 0.01 0.01 30 30 g o9
HMBEEAL 0.01 0.02 0.02 30 30 otimks.
WOGEEE4l 0.01 0.01 0.01 20 20 0.01

http://www.cnki.net



St A OO S TR i A AN ORI 2 R G 1265

Wavefront differential tolerance analysis
R
00 =

o
=

~F1, 20 cycles/mm, tan
—F2, 20 eycles/mm, tan
—F3, 20 eyeles/mm, tan
F4, 20 eyeles/mm, tan
F5, 20 eveles/mm, tan

P
[=1

[
=

Cumulative probability/%
(=3
=

0
08 07 06 05 04 03 02 01 O
Modulation transfer function

K12 224504 MTF 5t £
Fig. 12 Probability density curves of MTF by tolerance

¢

analysis

3.5.2 BEZERMHHSIER

L1 50 Z2 G0 AR T A2 R R A R T T, R S
i ot A A8 7 ORI R A o AR [ R I
WAL A RGP S DL R 3 Pirzs o F T £5

ZH Y OGO 18] B9 A sh S B0 U £ #E — 30 “CA
65 Cl AR J7 & 48 10624 % 3 sR B an 1| 13 firos
BB 5 G2 A% 358 oR BUATS SR 12 T AT B A PR

R3 HEANRGEAREEMNNEEE
Tab.3 Focusing distance of MWIR system at different

temperatures
i )& /°C PR /mm

—30 0. 86
—10 0.51

0 0.34

10 0.17

20 0

30 —0.17

40 —0.34

65 —0.73

Diffraction MTF
IR

. F1: Diff. Limit
—F1: (RIH) 0.000 mm

0.8

a

151 B L
£0.6 —F2: T(RIH) 2,950 mm
= -- F2: R(RIH) 2.950 mm
£ —F3: T(RIH) 4920 mm
3 0.4 - F3: R(RIH) 4.920 mm
= — F4: T(RIH) 6890 mm

02 - F4: R(RIH) 6.890 mm
;i F3: T(RIH) 9.840 mm
F3: R(RIH) 9.840 mm

0 2 4 6 8 10 12 14 16 18 20
Spatial frequency/(cyclesmm™)

Diffraction MTF

IR

F1: Diff Limit
I F)(RIH) 0.000 mm
F2: T(RIH) 2.950 mm

“F2: R(RIH) 2950 mm
= F3: T(RIH) 4,920 mm
0.4+ F3: R(RIH) 4,920 mm
F4: T(RIH) 6.890 mm

02- F4: R(RTH) 6.890 mm
x = F5: T{RIH) 9.840 mm

F5: R{(RIH) 9840 mm

Modulation

0 2 4 6 8 1012 14 16 18 20
. Spatial frequency/(cycles-mm™)

(a) MFETIRE -30°C
(a) Environment temperature is 30 °C

(b) FETIR I f165 °C
(b) Environment temperature is 65 “C

FI13 4T Ah 22 eI B VA 45T 1102 1% 1o e 5
Fig. 13 MTF of MWIR system after focusing

3.6 RERPASWMERE

T 25 VR 2R T 38 5 4 A 286 8 R, Sl AR IR R
W 5 WO Ry SRR B2 SR T O 2 5 15 58 LAY
0 5% RS B 1 B T A R 0 A O O AT R A
HEAT R Go b A, R S 7 HUE S R G0k
bR 2 0 R o 20 AP R B AR AR B LM R
s b3 I WL RS R 5 OE 6 R DG A
WA HE A B T R S IO . &R G IR Bl AR
LGP A A B

(1)L i

3 P I 2 A A B A 0 RS e (A S AR
G S PR 2 0 O R R R S B A A R O
LF O A OB N R GRS
WOCCBEAL TG+ "8 h8 1Y bl 58 OO

(€)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

FELHNE #% B9 G RIORL S 1 o P 14 B 7 D #E AR 1Y
ZLAN AR P15 7 S B AR Ak ) OGO B

K14 HEARLZLAM L
Fig. 14 MWIR image of target

http://www.cnki.net



1266 i % TR % 29 %

ﬂ A% S0, 6 5 km a1 H bR g AT AR, L R G
- WA 17 077 . T 18 o 52 00 3R 42 10 B 4%, 7T 335 Wi
Sy HARANTT W UE T ARG AR A HE R AN AR 1Y
Lo

Laser receiving

K15 HUARAL B WL L HE

Fig. 15 Laser spot on target

[Processing
unit

(2) 85 %t 17 WOtS P LA O AR SO 52560 R 4

. B Fig. 17 Experiment system for laser-MWIR co-aperture
16470048 B0 48 b A i R OO IR A

detection
TN 2 A SR FH G 8 X 38O D' B A 4R 1 B o
AT 82 0, SO BT 7 5 A BB (AR 6 48 ) — s B2k
1 e i fe K [ B B O 0 SR 404 R G A
PRAG I O AR R A B S BUR 3E HOR E  0 h
PR o
4 MEE®EERHSH
4.1 MTF iz
L BRSO i MTF #9470, 76 20 Ip/mm
Ib R G- MTFE 4 0. 28, MTFE 32t th £& 4n 14
16 r 7 o
4.2 EHEEBHFEKBGRLR
R YR LT A FR G 0 AR e T T B
%&(J}dtil‘atmnf% 7 18 5 km i85 AL % 52 56 F 1%
1) s . N RIS wasich o T-Trace . Fig. 18 Test image of target at 5 km
I
N el
60 : : oo 4.3 ZEEE EHRENEE
ig o o - B e R 2 G T b
o 0 N A O S W e B U 2 UG T e T
T S s S s B 4k WA R 19 T 5 . SCI 25 0] WOE /4 A
T . 20000 S 1RO 5 R G 1 B R R S i
16 MTF I 2 225 km PA b, Al 52 B0 I B RO RML A AT L
Fig. 16 Measured curves of MTF R .

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



FUEE,AF O T ROL S P AL AR RIS R G

1267

E19  BRA QAL 52 56 B 1% (225 km)

Fig. 19 Test image of civil aircraft at 225 km

SH WK
[1] ZHANG L Z, LAIJJ, HUANG Y. Design of visi-

[2]

[4]

ble/long-wave infrared dual-band imaging optical

system [Cl. Advanced Optical Design and Manu-

facturing Technology and Astronomical Telescopes

and Instrumentation. Beijing, China. SPIE, 2016,
1015: 101540V.

MA Z P, WANG H, SHEN Y, et al. Design of
visible light / LWIR dual-band common aperture im-
aging optical system[C]. Proc SPIE 11341, AOPC
2019: Space Optics, Telescopes, and Instrumenta-
tion, 2019, 1134: 1134101.

RE sk, REEA, FEA, F. ARG/ KK
AL RGBT I]. w5 H, 2020, 27
(4): 98-102.

CHEN G Q, QIN X K, LI'Y K, et al. Optical de-
sign of an IR/SAL/MMW system with common ap-
erture [J]. Electronics Optics & Control, 2020, 27
(4): 98-102. (in Chinese)

AR, Bk, BN, L m AR O R
FHER[T]. #ok 5ok, 2019, 49(3): 273-281.
HUW W, LIY L, GU X K, ez a/. Remote laser

ranging technology and its development[J]. Laser &

(€)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

A SCEE R A BE B R AT R AL B Ar A IR LR
3 RN B oK 42 T O ORI R S vk
ZLAN UG S A W BRI I, B T O 06
SO g Rz, 225 RHAKEER
SR TntE SEEL T R G0 U B2 Ok I Y 4
BTt I /INFLOG B 2206 % 0 T O
RGN AR KPR T AN RN . &
Je L 56 BT R B ML Y A Al bR L v RE I L
PE B AR R R B R S G, ST A5 R,
% F G ] S A O R I AL A A AR T N
B, R B Gk 225 km DL b, AT R A AS AT
R T b T 4 000 450 0T S8 BE B E B ) 0 B A
bR

Infrared, 2019, 49(3): 273-281. (in Chinese)

(5] K& . shh ok sk LSRN X8R KRR

(D). B o E R B B R W) BB 5E AT,
2017.
SONG SH. Research on Key Technologies of Infra-
red and Laser Dual-mode Compound Detection
[D]. Shanghai: Shanghai Institute of Technical
Physics, Chinese Academy of Sciences, 2017. (in
Chinese)

[6] =4 . WOtSLNEGHWMHLARBIEID]. &% 8
2% Tk K5 ,2013.

WANG ZH. The Research of the Laser Scanning
and Infrared Compound Detection[D]. Xi'an: Xi'an
Technological University, 2013. (in Chinese)

[7] Rt KA H S HRLIN/BEALELF R

A D] IR MR BE Tl R, 2013,
CONG HJ. Complex Optical System Design for In-
frared/Laser with Large Field of View and High
Resolution [D]. Harbin: Harbin Institute of Tech-
nology, 2013. (in Chinese)

[8] =Z4t. WoLLShEWHAEZ S FEIRE[I]. TBE X
%, 2013, 6(4): 536-543.

WANG R. Compound guided system with active la-
ser imaging and passive infrared imaging [J]. Chi-

http://www.cnki.net



1268

e KW TR

29 %

[10]

[11]

[12]

[13]

[14]

[15]

nese Optics, 2013, 6(4): 536-543. (in Chinese)
LIU X, CHANG J, FENG S, et al. Optical design
of common-aperture multispectral and polarization
optical imaging system with wide field of view [J].
Chinese Physics B, 2019, 28(8): 084201.
FHA, &4, KT, F. OB EHOCES RGEWN
ot SR Ak S, 2015, 8(2):
220-226.
LIYJ, JING, ZHANG Y, et al. Co-aperture op-
tical system for imaging and laser transmitting [J].
Chinese Optics, 2015, 8(2): 220-226. (in Chinese)
FHE, KB WO E /AN N A RO
FRGVI[T]. ashE K, 2016, 38(1): 77-80.
YIN N, ZHANG Y Q. Design of an active laser/
infrared common aperture compound imaging opti-
cal system [J].
(1): 77-80. (in Chinese)
Katdh, TRA, B F, F . 5N BOIY)
WA S E RGBT T]. kF A TR, 2020, 28
(6):1283-1294.
ZHANG HW, DING Y L, MA Y I, et al. De-

Infrared Technology, 2016, 38

sign of infrared dual-band/dual-FOV imaging early
warning system [J]. Optics and Precision Engi-
neering, 2020, 28(6): 1283-1294. (in Chinese)
CHETOE T R Ry I

Ak, 2016, 43(5) :

Fik, WaH, KW,
T BE RO Rk ]
0514001.

LUO Y, HE Y, GENG L M, et al. Long-dis-
tance laser ranging lidar based on photon counting
technology [J1. Chinese Journal of Lasers, 2016,
43(5): 0514001. (in Chinese)

e BT T Y I AR WO T BE RORBIF Y
[D]. k. R4 X%,2020.

PAN SH G. Research on Remote Laser Ranging
Based on Photon Counting[D]. Shanghai: Dong-
hua University, 2020. (in Chinese)

RER, FEM, FAEH, F.OMACHLLIME G
Frfk Ry AT )] K A b 48 a4,
2014, 39(8): 26-29, 33.

CHAI SH J, TONG ZH X, L1J X, et al. Infra-

red radiation characteristics and detection of stealth

[16]

[17]

[18]

[19]

[20]

[21]

(€)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

aeroplane[J]. Fire Control & Command Control,
2014, 39(8): 26-29, 33. (in Chinese)

ERY, TEM, FRA, F . LN
B FAR M ARWEFE[T]. #5209k, 2011, 41
(9): 996-1001.

WANG CH ZH, TONG ZH X, LU Y L, et al.
Study on the airplane's infrared radiation character-
istics [J]. Laser & Infrared, 2011, 41(9) : 996-
1001. (in Chinese)

Rk, R#by, FRE, F . WHLHRLIMES
FEEBT T BUR MR [T]. 2o sh3 K, 2017, 39(2)
105-115, 124.

KANG L. ZH, ZHAO J S, L1 ZH H, et al. The
overview of the research work developments on in-
frared signature of aircrafts[J]. Infrared Technolo-
gy, 2017, 39(2): 105-115, 124. (in Chinese)
A, Ht, Bk, F . FSELIRGEEINE
BB R AT, b A% A2, 2020, 28
(6): 1295-1302.

WANG W J, HUANG J, YUAN G F, e al.
Modeling and application analysis of operating

range of air-based infrared system [J].

2020, 28(6) :

Optics and
Precision Engineering, 1295-1302.
(in Chinese)

Flwesk, #d, BRE, & —Fdr L8N HOG
ZaES9IOE¥ RGBT 2R RS, 2019,
40(6): 987-992.

ZHOU X B, SUN H, YUAN Q, e al. Design of
catadioptric infrared/laser compound seeker optical
system [J]. Journal of Applied Optics, 2019, 40
(6): 987-992. (in Chinese)

B, AR T, AR U TR l OCE i EE R AR X AL

BHMLBGERERITI]. AFE HE LR,
2020, 28(8): 1651-1660.
LU B, LIUW Q, DONG D Y. Optical system

design for coaxial camera with large compression
and large relative aperture [J]. Optics and Preci-
sion Engineering, 2020, 28(8) : 1651-1660. (in
Chinese)

JEONG D, LEE J H, JEONG H, et al. Infrared
dual-field-of-view optical system design with elec-

http://www.cnki.net



55 6 1) St A OO S TR i A AN ORI 2 R G 1269

tro-optic/laser common-aperture optics [J]. Cur-

rent Optics and Photonics, 2018, 2(3): 241-249.
[22] Asp, $EK, EEE. —FBOLSLNES

e RGBT [J]. sk 5 e sk, 2018, 48(1):

EEE .

Rt (1970—), 5, B ir i A,
T B 5T R B FRBE 5T 0L, 2010 4E
2013 4F F b 5t B LR 2 4 A 3R A5 2+
FAR 2= A, E BN F LI R G
% 3t BF % . E-mail: wuhongbo(@ci-

omp. ac. cn

BIREE:

BITYE(1983— ), B BIBILKEE A,
T BB SE B2, 2006 45 F 18 2R 5 T
KA RAG 227, 201 1AF F v = B
2 BE AR ARG R B ML W ST Y B
PRAF W L2 AL, FENF O RGK
AR 22 BLIE 9 3F 58 o E-mail: sgw-
zhy(@126. com

104-108.
XIANG J SH, PAN G Q, MENG W H. Design of
laser and infrared compound optical system[J]. La-

ser & Infrared, 2018, 48(1): 104-108. (in Chinese)

SUmE T

B (1968— ), F, #FH ME FH M
NS RS B A R, 1991 48
T AR R 2 AR 2 2 7, 2005 4F F
Hp R 2 e 4 A oA R DL S A B
W T AR AT W 2= 0, 322N 2
R VR AR B M H il
R SE J5m A U % . E-mail: opt-

lab@ciomp. ac. cn

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



