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Analysis on Detection Capability of Airborne Optoelectronic System
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Abstract The technology of monocentric multiscale imaging provides an effective approach to overcome the
contradiction between resolution and field of view in traditional optical imaging. In this paper, the model of
monocentric multiscale imaging is applied in the airborne optoelectronic detection system to achieve the wide field of
view and high-resolution detection of the target. We comprehensively analyze the characteristics about the space
distribution and transmission of the target radiation, and the imaging performance of optical system. Then we
establish the theoretical model of detection capability of the monocentric multiscale imaging system to obtain the
variation relationship between the detection capability of the system and the parameters such as the aperture, focal
length, and distance of the element lens. The actual optical system is designed by using the optical design software
Zemax, and the response characteristics of the signal to noise ratio (SNR) of the spectral signal of the incoming
moving target is numerically simulated. The results show that appropriately increasing the focal length of the
objective lens, reducing the focal length of the eyepiece, increasing the aperture of the system and reducing the
detection SNR threshold of the monocentric multiscale imaging system can effectively improve the detection
capability of the imaging system.

Key words optical design; monocentric multiscale; wide field of view; target radiation; detection capability

OCIS codes 220.3630; 220.4830; 000.4430

1A = AR AR AT B A O B TH A ROR B R RO
ARGV ARSI | 73 B A L L R 4 M e it

RGP A R R BE T T RS B IE S8 7062 UG SR AR A T
TRILEEWE RN, HERZHA MO ERE  SRGERAREE  SAPR SRS /MR KA

WFsEHEA: 2017-09-11; WKEMEKFBHEE . 2017-11-12

ESTH: HEHAREE4S (61377007,61575152,61775174) [ By H AL B %] (JCK Y2016208B001)

EE B A RAEHE(1992—) 5 - EH A, FENSOLE ARG RIS E T HMFE . E-mail: wuxx1992@126.com

SURE A ERAE Q76— B 4 #dz WA S0, FENSOLR AR RS LR AR R E R 5 T
M HAESE . E-mail: xrwang@ mail. xidian.edu.en GE 5B R A

0422001-1



Es i

X A A R R . Hrh AR BRI A 2 6o i
BRGNS CEEF AR FE bR . I 5 o
IR — A R TRUE AR | 22 4 W 458 55 el ia
SR S A R T 22 500E R R G LBk Y
il 29 AL 58 R R G2 0 1k ) B S B 5 1 5 v 4y
B UR . BB = BB AR SRR YL 88 A 1 R
Ji& o 4% 10T A= 0 AR T R Y L T L | )
R AR, R AT b BRI S A TE 4 5
PG — M DL AR &R GE . JF X LRI B8 ) i 47 B 5
38T .

HAiOSW R IIF 2950 5 & g — it
A 5. B, Sargent 565 58 i A H &5 43 HEAH
BLA 8 09 5 AR A 98 3 5 o3 PR AR AR R 4
FRI) T e 5 T 5 ot =2 () A 6 B[] 1) s, A3 5
TH# &Y 5 ; Suntharalingam 26138 1 $f $ £ 4~ 5
TN 25 FRAT 32 232 11 T KA R0 28 55 B KA 37 1 43 B
BUAG s AR AR 25 38 FH 1 B U I ' A IR A5 1 i
M6 AR AP TE P AE B, AR U BRI AP TE B
DX 5 I=) o] 2 20 S a4 £ IR B R T R, 0
A5 T A7 AE R A, R AR | TE T SR I — U B
00 H i S X ™ E R 46, 15 B R K
Wilburn %58 555 4l F AR AL 945 571 [5] B 3K B — % %)
A AN ) 1 TGS B e 38 15 DR 2 5 30 5 0 4
A AR B % TR AR AL ) g 3R SE R R,
A K

AR, 92 [ AL T K24 1 Brady iR T £
REESG2E 8t i R AL — A KRBy W) 5 F1— £ 5
/NG TCAR A Y 22 FLAR T Ak AR [ 51 25 4 L 4R
BT W08 0 R R B g 1 R 2 5L AR vh 4k 1% R 5
SER R R 22 ERE T . (AR X R G Z LR RE
B ER AN TR) 08 56 2% 0 40 AL B AR 7 R0 2 T B 3 TR
Pt Brady 485 SR W 5 0o L0 BROE W) 85 L 0B
RO 22 RUPE AR 5 4 3 R 22 £L A% [ 90) A [] o7
)62 T 58 X FR— 2, IR0 2 REREA K
B =B R HILA AWARE-2, AWARE-10
& AWARE-2 AHOLHN A B35 R 120° X 507, f1 45
BERA 40 prad™ , AWARE-10 FHLHIA 100° X 60°
IR A4 e Ny 25 prad ™), BLTF L SEBE T S5 AR
Y oy B OB & 15 F g .

[0 22 RURE BUAGARSE =2X B y b sl F 17 o TR0 2%
PHERDL2E I — R R Bk 2 LT
Fa B BT Nz — . TS s
H A 0 05 08 AR SORE [R] 0 2 RO R &R 52 0
TSR R G, 738 1 B b5 5 28 0] 43 1

L ARG R BT T R G AR N BE 77 5 241 B 0T B B
(9 AR ERED RBE S SR M SE R N RGOk
B B AR L O BE B T = ok R iz s B
B (0 63545 55 R L (SNRO Wi o7 RFAE , $2 11 T 48
RGERMAE T 0I5 .

2 HLEOL R B R SR i B

Xt HLEOE H AR R GEHR I R 1 B o3 BT 5 2B
FUREA RGUERBR IR 1 ST OK R AR I BE B B0 2 1)
A ol 25 [ H A B 3 sl 23 KOs IR 0% . H dn i
4 2 36 BE B2 T L B B4 S R B A 2 ) A i — B g
JRHEASCE TR R GE . 5 AL 5 A7 R (CCD) 1 4R
- T F iR b e S AR B S e o 4 R (R B
A LA 5 s SR TR BOR B A B B T X LA 5 R AT R
EYISLINS A (s ER AN IVEZ SRS RIAY:

PLEOE SR R SR I B AN 8] 1 o, (48
b3 9 B 5 A0 FT B R 0 R U L e 2 R 1R
e AR b A R B A A bR B A O A
FI b 2 T8 S S 5 S o B8 W 98 7 . B SR R 22 220
Xt bR THT A S S S5 o RE A 0 A o R R S A
SR BVA T 55 T B AR AE SR G AR 7E B AR R 5
b S R SR O R G Y N B S AR A

KRBT
sun
radiation target
™| reflection © = X
ground atmospheric |, | imaging
radiation target transmission system
radiation l
responded photoelectrons
of the signal
SNR target
SNR threshold | | detection
responded photoelectrons
of the noise

P 1 AL AR R G PR R A
Fig. 1 Detection principle of airborne

optoelectronic imaging system

2.1 BHREEHEEZEHLSH

b 1 S o B A 5 AR LB 08 8 SR S5 Y
TR . SO R AR SRR B R SOk U TR
b TET R AR S DA B T RN R R R R R A
N7 bR R S R R Y 25 R A A an 2 s, [
T OXYZ KR Lhzs v H Aw v o s s 19 B AR AR bR
Fia R KMGEEM, pRRHEBRIAM. B TH
SRS 2 B bR SO R 52 A% L T A 4y BT, B
XOY K180 M YOZ 3 110 #4750 B 7 WL =
i Ol o

0422001-2



Es i

sun radiation

atmosphere reflective
radiation of sun

earth radiation

earth reflective
radiation of sun

2 HAR BS54 A
Fig. 2 Distribution of reflected background

radiation of the target

2.1.1 = B AFSEMNAIALT B —K-F @

e H AR 5 400 AH HLAE [R] — oK P T N CRI 7R
XOYFmWM), Hbr e 5 St T 82 R H &
AR PR S 002w . AR 525 B brall % K B AT,
KIEEEAN ava € (0,7/2) o H AR5 B A HLK
RN B RE (0,m/2), H AR BRI AR HL A AR X 7
BWE 3 Fiw, TRAE XOYKFmEN B b 5
10 5 5% 8 I 5 B8 45 (6] 43 A

Fi=EAnasina cosffep+

L yound (Apeaacos B+ Ageesin ) « p, (1)

P E L 7R K PH 4R S BRBE L A Lo T A o 2300 FROR
H bn AR Sk 90 B 5 T AR AV B 5 T AR o Ros H
B BT Y S L L ronna RN SRR ST 52 L

K3 BAR S HMAHYLAL T [ — 7K 7
Fig. 3 Target and detecting camera located at the same plane
HAR A B 56 5 FBORIE T H bn 5 5L L R 1
RIS . % 0 e RS S A 005 B AR (@ hs
JE MO R
2nhc’ 1
M= A° {exp[kc/(AkT)]—l} ’ (2
b Ry B 5 B o O HL S OB R O 3R %%
S HR T O H bR B 2 R R, AT A TR A B
T B AR AR AR AL A . i B AR A 5 R 5T
4 2 (8] 73 A1 AT 27

M M
Foa= (*A head €OS B+ —A g4 sin ,8) , (3
T e

Krp e KR BARM LT,
2.1.2 =P B AAL TR AT

H 5 5 400 A HLAS 7 8] — K SF-18 245 H AR AL T
PEMAHPL T J7 0 K BH CATAS & 4 iR .o K
PR BE s € (0, m/2) . B0 H A 5 45 I AH HIL Y IR AT
Je s, pE (0 m/2), HAR T 2 S5 A LRI AH AL
() G e B AT DL ZmE R T, R RS AR L R
SRR R DU AR ML A 8 S e L DU A B SR ) A A
J&E 53 A1
Foi=E[A,sin(B—a) + A.gcos(B—a)]o+

L yound (Ausin B+ Ajeasin o 4)

K AR BARA R b 5 1E AR

Z
Y
Z Pl -
’ _- X
P, -~
’ -
///
ﬁ// --7
N _-
- Y
L
X

B4 AR THRMAYLT T7

Fig. 4 Target located below the detecting camera
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