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Abstract In this study, a wide-coverage and high-resolution airborne camera optical system is designed for wide-
area and efficient aerial work demand of airborne camera. The optical system adopts a novel cascade structure of
optical imaging consisting of a fore monocentric symmetric objective and a relay lens array. The fore monocentric
symmetric objective obtains a wide field-of-view curved surface image with uniform residual aberrations. The relay
lens array simultaneously performs the field-of-view subdivision, residual aberration correction, and relay imaging
for the curved surface image. The optical system in the designed airborne camera has 60 mm focal length, 3.4 F
number, and 132° field-of-view angle. The relationship between the imaging performance of the airborne camera
optical system and the wide-field curved image at different flight altitudes is studied herein based on the first-order
theory and aberration characteristics. A method for achieving clear imaging at different flight altitudes is also
obtained. The image performance evaluation results show a good image quality when the optimized design system

performed ground observation at low, hollow, and high altitudes. The modulation transfer function reaches 0.4 at
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the Nyquist frequency of 230 Ip/mm, and the root mean square radius of the system’s ray tracing spot diagram is

less than 1.6 pm, verifying that the designed cascade optical imaging system is suitable for airborne cameras with

different flight altitudes.

Key words optical design; cascade optical imaging structure; airborne camera; wide-coverage; high-resolution

OCIS codes 220.3620; 220.4830

1 5 El

B AR B b 1 £ B |2 F Bz —
FEEAR R S b, 53 T 345k S0 A8 L Xk LR AR HIL Y
G kSR G W . AE HEAT LA AR I A
T B B4 AR AT 71 R 7 57 A 0 £ S P R BB AS G A
Yo 8 T FR 40 A B v sk b K M 1T A T B8 H AR E
FIRE B0 5 7 5 3 0 B R AL AR AL & 95 7 55 L 5 40
R

SR, B T i A BER AL BAHILG 2 R W
] i B A R R 0 42 i LA AR 22 B O 2% R 48
PRS2 F0 T A28 ) G T 20 R 1S A0, BT ok % S5 AL AR AL
i L[] s e JB5E 5 7 35 RS 4 B R B AR T ok
H A R 22 [ P A1 2 3 60 AS TR RAT B 1 AL 48 AH HIL
e R G IT T ST, 2012 4E, ¥ &S AR
4000 X 4000 1 1H FFECF AL, B3t T — P AR EE R
90 mm 3% M A 23, 15 WA BL. B A HLAE € AT
JE2R 5000 m B B HL AR JC 4 FER K 0.5 m., 2016
AF RIS BT T — 30T WOk B i U o
PR /N T AALE AL, B2 1N 52,5 mm, L35 £
g 12° A8 RATES N 1500 m I L 1R 98 70 HE R N
0.1 m, 2019 4F, TSP BT T — 3L AHLE
K E R A ML FEHE N 4 mm, ¥ M N 106°, 76
KATEE N 500 m B HE TR G4 HER K 0.5 m.,

EE Xt B RTHLEE AL 56 B 55 L5 o0 BE R L RO
VB 4 7 FH 75 2R A SR FH B 2 20 006 I A% 5 44, 13
T A w5 o PR LA R G X R G
I )0 4 B R P Ak R B BT RS AL T
— BRI AR 25 HE L SRR AR T LA KRR 4 A
PR )0 B ) AR LB L IR AR BE 3T T RS 3R
T JE I A% 2R 40 B2 SR 1Y) B 40 3 il T A% A4 o R
[B.OW)%% ; L T Ot Y Petzval 25%), 25 & % 18 T
AP EHES AR B TR R 0.6 By
MBEQBR ARG . B A e T
—EHN 60 mm F 8O 3. 4 Mk 132° 8 58
B FA VPRI R G . EARF TR
Xt b LI s, BIF S AL R AR B 2 2R G 1 AR I 5
M R G R L 3RAS R GEAE AR AT 5 B S s
W RAR A Dy vk .l AR PR, 45 SR R L A A it

[ 2 S5 AE 6 25 L oP 2 T 86 7 AT 86 HE B A % 0L
I TR PR — B EL IR 5 0 B E T 0 4 0
1 R GE3 AR ) CAT 8 B LR AEAL
2 ARG

7 I O 2 AR R S B T AR B A 1
T H R )0 0 o 4R S B 4
B A — T A 12 3 5T B S 9
T 40 v 20 15039 e ) X 2% 0 T 19308 A 00 5 2
S5 TR AR B 1E B b 1% . TR O B LA
VR SR HE S5 B SMR IS N IR RSO R
(R G r R A T T 4% 19 25 0 3175 5 HE RE 1O
22 v 95 B 91 46 R 1S /1N R
S |3 5 O 1R 1 A 100 R — B, B A LA
Y15 60 1 119 o 44k 190 37 5 I ) 4% 3 30 1 245
i 5 2 i 5 R 3 10 6 T L A
I+ I 1 R S 5 5 W 3 M T 1 A T A 1%
25 R,

fore monocentric

wide-field curved image relay lens array
objective / s

B SR R 1R R R
Fig. 1 Schematic of cascade optical imaging system

2.1 XFAEROCYEMRLIEZIT

X BRI B[R] 00 0 5 EL A X R RO AR A5, BR 25
025 0 RGBT 2 R0 LR 22 AR 4l — B
PEIE FIN 5 25 200 AT s X R D0 4 B Y
IS HIBAL. (% B) ZEMAX 62 B B
Foe AR F I 55 i, e 1t T FE A 100 mm
M f e ik 132° B X% FR i 6O 5, HOG % 45 1
i 2 proR . xR H 4 R 58 AR BRI BRI B 4L

0222001-2



JS G AL T8 B G BRI 4 BT 3 B A BR O 2
E RS TR T 0 W B R T 55 Y ) R TR S W B
[0 RS T B AR R W s S ith TR b . fE %
il w5 L BEAT RS BT AN 3 B AN ET 3 B s 50

EalE F28/2021 F£1 B/RFFR

2B 5 MDD 25 22 18], i) DL A% 3 2R AR
PEYG A 2 BBE N . B4 Bl LT R 2215 2 17 F 4,
Brdeit RGERE] T A WA i PR ELB A 2 AR
(P RE L B I G RIR R GBI 2R,

Pl 2 R R RO 4 T B 2 A R

Fig. 2 Optical layout of fore mo

nocentric symmetric objective

@ u-0.64] |(b) OBI:0° _ OBJ: 35° _
B): 0.00 (deg) 0B): 35.00 (deg) 8:0.48 1
IMA: 0.000 mm IMA: 57.358 mm
0B): 49.00 (deg) 0B): 70.00 (deg) OBIJ: 49° . OBJ: 70° _
IMA: 75.471 mm IMA: 93.969 mm
Surface: IMA |
Spot Diagram Field: 0 35° 49 70 | Ray Fan Plot
Units are ym RMS radius: | 0.655 0.595 0.551 0.488 Maxinmm Scale: 12ym
Ariy Radius:3.891um 0.640 0.480
GEOradius: | 1.412 1412 1412 1412

K3 X ARETE RO B R SR BRI . () 51 (b)) R 22 K

Fig. 3 Image quality evaluation of fore monocentric symmetric obj
2.2 PHEKRBERMLLIET
AR 6T R i ] 0 00 5 1) e 2 2R N B A A
R YRV EOR 0 B8 T A P gk B AR08 B R Ge ik
FrARAR BT . X i i ] ) 5 A Y 5 40 37 1 T

———————— 20 mm

ective system. (a) Spot diagram; (b) ray aberration diagram

B2 h Ak AR B R G R B AR g | s
MR RGEWITN FZZIENBR2EZ —, IR
Petzval 45" VRN R G M40 1R 45 4, 3 ot 5
B O bR B R AT AR R T L A9 20 G AT R Y

Layout

2020/7/10
Total Axial Length:  95.12905 mm

relay lens.ZMX
Configuration 1 of 1

Bl 4 gk 1808 i R 40Ot A5 i &
Fig. 4 Optical layout of relay lens system

0222001~

3



EalE F28/2021 F£1 B/RFFR

WUt Petzval Z5 M9 5125, Hl 8 B4l h R G LR I A B RO R 2= L T L, &
B 2 AU G B RA RN T 3 FiE MR ERRN IR LR NT 2.3 pm, %
BRJG. A& M MHEEHN 20 37 mm, ¥ & N WA AL 2215 8 T i h R R BB R &
10. 34 mm, JCRF K 0.6, K 5 FME 5Cb) 251 B BT

(a) 2-0.486133| |(b) . J- 3.5
0B): 0.0000 mm 0B): 3.5000 mm @+0.587562 o OBJ: Omm'_: o OBJ: 3.~u1;_1“1
840.656273 I 1
8 ‘ @ \u;-:.‘é M\?‘
o 1 1
& )| )|
IMA: 0.000 mm 0BJ: 5.1700 mm IMA: -2.030 mm
(HE _ OBIJ: 5.17mm
i [
¥ ¢ 1 I
IMA: -3.045 mm [ T T
Surface: IMA
Spot Diagram Field: Omm 3.5mm 5.17mm Ray Fan Plot
Units are ym RMS radius: | 1.066 1.387 2.247 Maximum Scale: £10ym
Ariy Radius:2.396pum 0.486 0.656
GEO radius: 2.059 5.467 7.862

K5 kAR ER RGBT . (0 riFIE (b)) &G 2R
Fig. 5 Image quality evaluation of relay lens system. (a) Spot diagram; (b) ray aberration diagram

2.3 ZERERFMLLIRIT LA Ak B 150E B RIS R AT S

FE T i DG g T ek X AR TR R 0 4 B AR FEAGFE BE A2 5 55 — 7 T B 8 2R 400 110 45 4 X
R gk SR BB AT B A R, R TREREC BRYE A R A RS R AR Rk iR
AR RGAE R MG FE R H S R KL SRR SR R G B OB Bl 6 BT s L AR
LW ETET R BEREARGEES ., EH 1A R 60 mm G 5. 92°, F Ol 3. 4. KD T
MR EEBAEM 1 RFIEES ., — i ERAS 245 mm,

A
y

2224

4 100 mm

Layout

2020/7/2
Total Axial Length: 245.00000 mm

S1.2Mx
Configuration 1 of 2

B 6 IOt Z 40 38 T8 AR OT B 45 4 1R
Fig. 6 Single-channel imaging optical layout of cascade optical system
XTI A LA R 1145 21 09 G0 R 3R e B G fHIk 0.4, K 7Cc) 2 R G00  h Fi e A2 i 2k, a7 0l
AT PF A, A5 B0 L YOt 2658 i 58 &, Yh/hNF 0. 025 mm, BAE/NF 0. 1%, Bl 7(dD R
Kl 7 iR, RESCHN R ERHLET MZAR 22 B, & TUAAR 26 9745 B, R PP i it &
1.6 pm, JEH 58 R EC(MTE) i £& an & 7 (b) fir GEM R ERRIL ¢ H &M — B8 5] .
TN TEZS ZE R 230 Ip/mm 4, 23 MTF BAE T4 5 ) 35 81 0°~ 133° 1 B A% V1 Bl . 40 1%

0222001-4



EA1E F28/2021 £1 B/RFFR

@+ 0.486133
(a) ‘H-O.SUSGI
@+0.656273

08): -2.2790 (deg)

{8 -

08): 0.0000 (deg)

() 10

\

Modulus of the OTF
o
>

o 23.0 46.0 69.0 92.0 115.0 138.0 161.0 184.0 207.0 230.0
Spatial Frequency in cycles per mm

IMA: 3.099 mm IMA: 2,386 mm
08): 2.2790 (deg) 0B): 2.9600 (deg)
IMA: 0.000 =m
IMA: -2.386 mm IMA: -3.099 =
Surface: IMA
! Spot Diagnm Field: 296° 22 |00 227 296
Units are um RMS radius 1407 141 |12m 1441 1407
Ariy Radius:2.435um
GEO radius: 6002 san |23 san |60
(C) Field Curvature F-Tan(Theta) Distortion
2.96 ¥ 2.
2.0
%
1.0
o0
-0.10 0 0.10
Millimeters Percent
Fleld Curvature 0.6563) T 0.5876) T) 0.4861, T
e pm (1) um (T) pm (T)
mmmeenms 0,6563m (S) - 0.5876UM(S) =mmnemee 0.4861um(S)

MTF T DIt Limi®) — — 8
s |0 22—
@ . :
OB 296" o OB 2279,
EnEa NeHH
Py St PRy Bt
: OB 3
o OBJ:2279° i o OBE296"
Ray Fan Plot
Maximum Scale: +10um
0.640 0450

B 7 gPer B RE R BERFITEM L. (551K (b) MTF fi£k; (o)l /i 28 il 28 5 (D) OB g 2 K

Fig. 7 Single-channel image quality evaluation curves of cascade optical imaging system.

(a) Spot diagram; (b) MTF curve; (c) field curvature/distortion curve; (d) ray aberration diagram
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Fig. 13 Image quality evaluation of optical system in airborne camera at flight altitude of 1000 m after optimizing
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Fig. 14 Image quality evaluation of optical system in airborne camera at flight altitude of 100 m after optimizing

wide-field curved image. (a) Spot diagram; (b) MTF curve
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