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Abstract For the demands of light weight and small size, wide field of view (FOV), high resolution, and real-time
imaging of the unmanned aerial vehicle (UAV) optical payload, we designed an optical system suitable for the UAV
camera using a folding cascade optical structure. The basic components of this system are a front monocentric folding
objective and a relay imager. The front monocentric folding objective captures a spherical intermediate image with a wide
FOV that is located in the monocentric sphere of the front monocentric folding objective. The relay imager array completes
field subdivision, fine correction of residual aberration, and a high resolution relay image on the spherical intermediate
image. After optimization, we obtained a folding cascade optical camera system with a full FOV angle of 109.6°, an
instantaneous FOV of 7. 8", and a tube length of only 107 mm. In the full FOV, the root mean square radii of ray tracing
points on the image plane are all less than 1. 1 pum. At the spatial frequency of 230 Ip/mm, the values of the modulation
transfer function are greater than 0.4, and the image quality of the system is close to the diffraction limit. The folding
cascade structure UAV airborne camera optical system has a wide FOV, high resolution and compact structure, and can be
used in the field of UAV remote sensing. While obtaining a high resolution optical image in a wide FOV , it can also realize
the miniaturization and weight reduction of the optical system, which has broad application prospects.

Key words optical design; folding cascade optical structure; unmanned aerial vehicle payload; wide field of view; high

resolution; light weight

KRB, 2022-01-15; fEEBH. 2022-02-19; FABH. 2022-03-03; MEBE X BHH: 2022-03-13

EETIA: HRKA AR S (61405134, 61340007) | [ By % fifi BL 4 71 J] (JCKY2018414C013) (VL5 4 H R B} 5 0 &
(BK20161512) (L5 i A A 2 B g i T R2 W% B30 H (PAPD)

BIS1E#E : jiyiqun@suda. edu. cn

0522004-1


https://dx.doi.org/10.3788/LOP220743
mailto:E-mail:jiyiqun@suda.edu.cn
mailto:E-mail:jiyiqun@suda.edu.cn

L5l B

TR B H AL Pl SR E R, Bz
Np HE TR AT R B 2 i, IR ARk B T A
ML A0 B2 A A 25 40035k 1 A W R Ak, AT T AHLI A
AR AT 1Y) R ER O B AK E R A R TR
Oy BESCIE R R R T A S5 B B R R K
FUNAY AR

1% 55 11 B L AR 62 28 G0 AR M [) st S Jot 5 49037 0 v
DaRE2, By oted s =ON Eh w7 v s 2l 1 N 5 2 N 3
i R BE Sk ORE S B BE L3 AR L (H R B O 2R R
IR RN 2 - (R T € S DR e R e
KN &S PR G, W B AR KRS
P4 3 FRL DA T S 0 5 0 3 AR s 43 AR, 3X AR
J7 AL IR 22 LA S5 A8 52 2%k LAl 2 JC A BIL 2k ey 52
Aot A B 4 4 3h A A5 BRI/ R A R

2009 4F , ¥k % K 2% Brady 2507 VB T SR T YUBE 2
P4 1406 2% 22 0 A% JE A8, 3 b 45 4 32 2 pl i TRD 0
55 R HR 2 B 455 B [ A7) AL K, TR0 4 B T AR B
i W 1 4 PSR R BRI B AR, T P gk AR08 B R
) ) BR T ] AT A S Al g R R AR 25 K OE .
2014 4, Marks 25 HGE 19 AWARE-10 FHHLE 2 R 40
R R e 20 W6 25 4 1) il 5 AR, 3% (FOV) 35 3
100°, Bk L7 0 57, f K 290 286 mm, SE 8L T 98 i 4%
ST 5 2 BEs A% . 2017 4F , Pang %5 R H — A AR &
S e 1] 4% ) 40 R s TR 2 16K S 24 25 K I AR AL 2
RGeS 6 A KRR a3 A
LA SN MHEE X, 7 2 =M A LG 2
Ao MBI AE X EBEK S5HE .
2019 4F , Schuster 55" 3 F 9L B 6 27 45 W B8 31 T Bk
ML 2 R G, % 7 G0 0 R 180GE 5 R 5 4 Ol vh 44
BEARE B B 0 DT A S0 4 e T K B FE AL A oy ) A%
T BG4kt B S e O 17 D0, 52 i AH 4R F LR
[ A PF 42 . 2021 4F 2 VT B8 45 HRGE T AR T Bk LR
SERBIT I — AL R R R G, R T
MLER RS E R 3 BT, 1% R G A WLER QAT I BB 58 A 120°#1
Y 30 1 P S B R A%, T4 24 300 mm, [RI4E 28 i 2
LU RS | Hpas AL a3 X s UL, 8 3 O Gl T 3k
T IR0 G B A5 B AR ) B8 7 5 = A BEDLER A AL 2 &R
e, WEHE L 7,97 KA 245 mm, 3 3 GO T
RPN S AR ARE SRR B X RN
] AT g B 44 RE ST B Ok 132719 YE R 37 v 40 M L it
WAL

B A G R GE AR BB R M DL JE TE A LA
AR A EE A 5 R R /N SR Y [R) R, AR S T R AR
% Z2 5,482 P8 NP2 450 B B AR 8 R IE
PR AR F G e L R A BRI TRV S B R G R
INFUAR A TC AL s P A AR /N U AT 300 Ay 4 AL R
R,

F 605 FSH/2023 FE3 A/HASBTFZHRE

Pr & PO EF 2540 12 fh i & P & RO W R
H AR AR OB B MRS L . B S 2R TR 25 BB T R T
BT WO W B 000 A6 A5 R i AR Ak s T O 0
LAV R3] T S A & WO W . RS
1 53 B vp 4k B A5 05 B B A B AR R A AR BT TR
Wi A2 V837 0 h AR AR B SRS . d e AR DG e DT
e S D, o A1 25 R0 W 5 5 b A I AR 0 B B 1) AT B
G AR TT , 3 T A I AR G TR Ak A O Ak 3T S [
DY S PR AR BRI A E R 8 T AR
9 53 mm . F ¥ 3.0 83 /1 2 110° | Bk B 9 3 K
7.8" ALK 107 mm B FE 7 4 BE B /NG
1B PR S5 H TC AHLHLEAR PG 22 R G (LU il BR 47
BRWOCFERG) A TC ANHLAT A &0 B &2 H
e -

2 SR E O Y B BT

1 B [ 00 W) B — A b BR A DU & i R 4, H 4
KA 151 1 Ca) Bir 7, 325 B2 20 9 A5 3R 11 3R T 3 it Sl
Je 2 T g - T L B - T B S B (3 — P RO
A B IOBE R/ IR R UBOL A T 1A
¥, 28— T B B S S I P e R T L O AR
W T(h) B, i 31X b S5 A AT RO 1 L B A
152 BRER O B9 B T LU O R GE R OGN, DY I RE
AR I L7 Y 1B P A8 22 03 A 2 2 I BR TR

1 Pl o s e ik as f 1 Ca) AR I 5 (b) OR 49 1]
Fig. 1 Structure of optical layout of folding monocentric

objective. (a) Side view; (b) top view
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Fig. 6 Imaging principle of relay lens array. (a) Side view of single channel of folding cascade optical system;

(b) schematic diagram of relay lens array
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Table 1  Parameters of multi-channel folding cascade optical system

Item Specification
FOV of full channels /(%) 109. 6
FOV of one channel /(") 5.6
Number of channels 21
Cone angle of a relay imager /(°) 5.2
Overlap FOV for neighboring relay imagers /(°) 0.4
Overlap rate /% 14.3
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