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Design of airborne dual-band common aperture

photoelectric aiming optical system

Chen Xiaoyang, Gao Ming’
(School of Optoelectronic Engineering, Xi'an Technological University, Xi'an 710021, China)

Abstract: Aiming at the problem of central obstruction and assembly difficulties in the reflective imaging of the
airborne dual-band common-aperture photoelectric sighting system, a common-aperture optical system with front-
light path refraction imaging was designed. The initial structure of the optical system was calculated using the
two-component zoom theory. Based on the Minimum Resolvable Temperature Difference (MRTD) model, the
operating distance of infrared system was analyzed, and the compensation residual error of forward image motion
was analyzed according to Rayleigh criterion. When the airborne dual-band common-aperture photoelectric
aiming optical system worked in the waveband of 0.38-0.76 um, it can achieve 5x continuous zoom from 36 to
180 mm. When it worked in the 3-5 um waveband, it can realize three fields of view transformations, and the ratio
of the three focal lengths of the three fields is 3. The working F number was 4. The design results show that, in
the working environment of —40-60 °C, the optical system undergoes optical passive athermalization treatment,
which meets the requirements of system imaging quality.
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(a) Ideal lens group construction for visible light system
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(b) Ideal lens group construction for mid-wave system
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Fig.2 Optical system structure diagram
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(a) Spot diagram at focal length of 36 mm
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Fig.3 Spot diagram of visible light imaging system
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Fig.5 Zoom curve of visible light imaging system
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Fig.6 Spot diagram of mid-wave infrared imaging system
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Probability MTF Probability MTF
90%= 0.21376904 90% = 0.22377023
80%= 0.24542885 80%= 0.24953061
50%= 0.28844132 50%= 0.28550645
20%= 0.35394512 20%= 0.30674293
10%= 0.396094 08 10%= 0.31060533

MR AT LLE W, X REHITAZE AP, 7T
JER LA 90% HIHEREIE MTF {H7E 0.21 LU L, sk
LN RGAT 90% AR LIE MTF {5 7E 0.22 LA L,
JERGIN T AP ER
43 RNESFSH

T2 ZR G0 RN B B 2R 1T R G i EE AR, ]
B2 RS S &  — AN EEIE AR AR, 7T
WIC RGN MERE 5 KA . AR SRk &
J62 RGN RE i DA RN B MR RE S A G, T Lok
2 RGN A,

1. Eypt,C?
R=—In=" 14
e 4FE,, (14)

e e AHIHG R, FTARYE KA AR WL R 25+ 30K A,
£=3.912/d (REWJE d,=10km); E, N5HIRERE, B 20 000 Ix;
p N EFRRETR, 035 10 W ¥ RGBS F, K
74.83%; C i B 575 S LU EE, L 0.45; F/4; By,
SR PRI 5 1 Fre /N T BERE, B 0.1 Ik AT DO 2
ARG MPRIEE 2SR 12.67 km.
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LA R G BRI GE 1 5 R AW . HAn iR SR

JE | 6 R G RE  RE 1 DA RS T RS A M RE S A

Ko A /INAT 43R 22 (MRTD) Al Johnson | 1]

T 2T A R GE RN L U5 BEIBE 1. MRTD 19
& S LY W L

T

MRTD(f)=4 N

NETD By \'*
MTF(f) (reprfnrd) (>

s SNRpy R DN AE 2 50% Bsf 19 ) L 15 Mk L, B
2.8; fh G525 [ 4 3 5 NETD Ry M 75 25 300 2%, B
25 mK; MTE(f) I RZGAL 3R EG B 5 y WG RGN
KO- B 3 5 5 BRI 5 ¢, S AR AR 3 1
R 0.2 s; f, J WA, HL 60 Hz; Af, 9 2% 25 Wk 74 258 300t
B 7y HRINER A B R R . W&l 10 BT, Bl 45 (R
B f 3R, MRTD A E Rk K . 24 MRTD AY{E
T IC55 K, W28 [ 40 383K B T 2050 & G2 00 #E I
R, RN E] T L08R G R

2

SNRDT f

1400

1200 r

1000 r

800 r

600

MRTD/mK

400

200

0

0 1 2 3 4 5 6 7
Jfleycles mrad™

& 10 ZS[A45%R 5 MRTD A9 R &

Fig.10 Relationship between spatial frequency and MRTD

b 3& MRTD #5 B1 2 76 BRI B0 T 45 219, S2Br
JO7 RT3 5 5 I8 AR G0 B WL A8 4 (RN U3 %
S0) AN TR EETIAE 5 T 1) B (B IR L S PRy SRt B2
BRI T ISR, ) MRTD A5 84 i g ™,

R
MRTD(1,R) =SNR- ——-
(r.,R) N7

nz'sz ﬂ’yne
MTF (f)-T2 \| 2-a-t. t;-f,

F2

To- \/Ad-nx-fr(z,R)D* )
Ay

(16)
aMA

da
or

A SNR A SEBRE 0T 1 B RS M b s R AR R
B HNBRE R T, B sRE; T, 0 BAniE
n, N BEARERARBOE; o S BAR B TE L ¢ IR A
R Ia] s F ol FRG 10 NGCF ARG RE LR,
77.07%; Ay P B0 TG T AR5 ng R 2R G HR I 48 T K
[ e Ry D 0 T AR K R 3
IR BEVEAN 8 bR . RIS (16) v] 8 ST A ] 25 [[] 45
RN, AR BB B % R B B /N ] 4 R 22

11 251 T B 50%, A RS 49% (1R
b I 1A I 1 Y A N i <9 ey 15171897 N i O £ g
TR B e /N AT R 2% . R S g T X HAREY
WAL G R R PRM WG OL T, Z 50 0 I8 i 4% 15 pR A 55
T 0.3 B, X7 2SR AR £=3.15, AS Rl 300 B 2 T A4 A
INT Ay R 2%

5000
4000

3000 |

MRTD/mK

2000

1000 |

0

6 4 2 g5 4 3 2 10
Jfleycles-mrad- R/km

P11 2[RRI AR RS & MRTD 5
Fig.11 Relationship between spatial frequency, transmission distance

and MRTD

x5 FMEEEF MRTD #1&
Tab.5 Detection distance and MRTD value
R/km 2 4 5

MRTD/mK 155.6746 311.3492 389.1865

AR T, B 5T R iR gt KRG

W lUE , BIA LA R G0 T 22 %R 45 T4 )
HFE T B MRTD g%,

AT’ = AT -7, (R) > MRTD(f) (17)

K AT A HER ST R 2, B S5.25 K; o(R) AR

FEE R R BT R A& % . I H LOWTRAN 4k {4,

£ 1976 3 E bR R ABT, A R B AE R (kK
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0~2 km), LR E s M A TE Y R B VIS=10 km A ECHMERE K S E AR, ] LR G S5 R

MG OLN, TS ERINEE 258 S km B, RGBT HEH
0.2196, ML BN L1 7 RGE 0250 1.1529 K, KT
He/NAT A3 HEIR 2% 389.1865 mK, ] LAY AR 5 km fY
FEPRER

g5 B M S5, LB B 1A F il 7 A
1§ R G AT WG R GEHR I B KT 12 km, 21 4
ZREHRMBEE KT 5 km, B B ER SR .
44 BBSH

HLERE H o AR R 48 5 b Tt H A 22 (B A7 ZE A
Xt iz gy, 45 A ALAE BURat # b, AR AL B A5 AR
5EUGA Bl = AR RN, BB AETERRIL T R4
AR T B, (A5 R o BRI, BT LA B
it BUIR R G AT RS MR 22 00 1T o MU R S
1) A B RTERN #8 RA5 OT RS — 2 ), I ) AR 8 A M2 5%
ZE RN T Te AL AT BE ARG B2 L o B ARG B
DY LIRS INC SRl

BREAMET LR

V.= —F (18)

Y.

H
w1 P i A
%N

Py, nl LA BIAR AR A 2 1 %

AVC:E-AV+V'F
H H?

-AH (19)

DUV HT o] fR B8 MR 228
Al=AV,-T (20)
BERATER B A 100 m/s, 800 =5 FE R 2 km, 3 B
KEEE N 0.2 m/s, R B 22 5 m, WX 1) WoE R4,
B KB G RIS 30 ms, £E 1% 180 mm, /i 17 /2%
AMEFR 220 1.215 pm; X FHIE AN R S, B R i
JEIFE] N 16 ms, £E8E K 108 mm, Fif [6] {4 F% £z 5k 2%
7 0.3888 um. S GBAME G, BB AMER2ZE /N T
1/2 BRI IR o AR s Ji )0 90 T 0, D' Fb I o 1R
ARG AZNGFAMET, PSR G H AR A SR 5
Ve

5 & it
SCH R T — HONL R U B 1A% 5 L o A

BARY. 1Z§2Lﬁu§7‘6%ﬁéﬁﬁ?ﬁ§ﬂ‘itﬁﬂ%, ] fifp e [e]
BB S AEAE D L BRI/, LR R il B S

GRS R I RGN i 2K . 7ERARE L
JERT 10 km, AHXSRREE /N T 60% I, AT 0O &R G i)
PRI R 25 KT 12 km; #245 Johnson HEN], XT 4158 R 48
#4T MRTD 4387, RGEAETRM B Ry 5 km 5 (9 /)
AT 3 FR I 25 (A R BRI B B K T 5 km BB TR AR 2L
R, [ G AE AMEETR 22 70 T R IR A AR Ge vl &) H bs
LI PR o X RGAEA 225 s R, W
AT R Ad K
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