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2015 4, i [E A9 Kompsat-3A 12 B iz JBAH HL
K H T Korsch B 22 254, HAE Ry 8.6 m, L2 N
0.8 m, & 55 & 12 km, 7] 3545 0.55 m 43 HE R (1 0] WOk
P K 5.5 m 2 BER A28 SRR o 2015 48, 3& H (1)
“EM—T I A RIS B R PR A AR
[ 4 = 2 e 2m g A ARl 7.98 m, 14258 0.6 m,
W 5 R 11.6 km, {H 4> 68, 53 B M X 84K, AR T
0.72 m. 2018 4F, X FRIEIT T — i@ BotFak fr7,
ARG MEE N 25m, 04K 04m, #3754 0.6°%
0.6°, HiR F [l ik = J2 62745 #3400 377 90 31 B
TR, AP TH R B AT B O, SRS R
bo AR ¥ =R 0 S A RN T4 o1 L AR A ST B
A2 3RAS 0.8, 2.5, 6.8 m M 4 BER A AT WG, T
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PR P Je TT UL O 4 R S iy R BE & D 4 0 R
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Tab.1 Technical specification

Sequence number Technical index

Visible-light imaging module Medium-wave-infrared imaging module Visible-light searching module

1 Wavelength/um 0.45-0.9
2 Entrance pupil diameter/mm 800

3 Full field of view/(°) 0.4

4 Effective focal length/mm 4200

5 Ground resolution/m <045

6 MTF/Ip'mm™ =0.2@133

3.7-4.8 0.45-0.9
800 130
0.4 10 (linear)
4000 945
<32 <8
=0.2@20 =0.2@33
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Fig.1 Structure of visible light search module
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Fig.3 MTF curves of visible light search module
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Fig.2 The surface shape of M2 and M3 free-form mirror after fitting. (a) Mirror M2; (b) Mirror M3
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Fig.4 Structure of visible light imaging modul
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Fig.5 Spot diagram of visible light imaging module
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Fig.6 MTF curves of visible light imaging module
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Fig.7 Structure of medium wave infrared imaging module
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RESF RN K 25 pmx25 pm, 7] 3R A5 H 2% 48 3 e A 5
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MR ECBE X S T BE N . I 9 nf LA W,
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Fig.8 MTF curves of medium wave infrared imaging module
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Fig.9 Spot diagram of medium wave infrared imaging module
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Fig.10 Optics system configuration
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Fig.11 Light trace of incident rays on M1
FH SiC B A4, JFARYESEBR i 250, # B 8+ 11
PRI 25 7 45 RO Bty i BB, AT SR O R
SR T 205 140 kg
2% ) TR SRR AL B0 5 o 500 km, Hrbal i
SN 2T AP AR AR AR 0.4°0 4 37 T LI, 43
SHNF 2.813 km>x1.879 km 1 1.228 kmx0.922 km i [X.
SR AT ORI, G e nT D AR H  b TET 43 BER AL T
0.45 m, i Z1Ah UG (4 1l 1 3 BE A T 3.2 mo
T RBHAE IR AN 10278 B PH LA 8 m 1) 1 T 43 ¢
RIE R 33 km R B8 A HEF AR
RS E AR OB ERENE 0 =405
MR R & 2 — D RGH, (15 RG L5 TE Ry R,
HHEA RAFIGT, GBI & R 5000 K48 2 A
W 2 I B e 43 BRI 5 5K

3 RESM

3.1 RERRAESN
N 2253 B R S HIL A TR 2 A2 e 4 AR

RS HH. SR, WL m o B B ER 1
TN 22 BRI AN 22, Sl i 2 Rk 3

x2 THEMMIAE

Tab.2 Machining tolerance of components

Item Parameter
Fringes +1.0
Thickness/mm +0.02
Surface tilt/(") +0.5
Surface decenter/mm +0.02

R 3 THHREAE

Tab.3 Assembly and adjustment tolerance of
components
Item Parameter
Interval/m +0.02
Element tilt/(") +0.5
Eccentric element/mm +0.02

ARG, ERER) RMS T RIR 22 8 1/50@633 nm,
HoAth 627 68 A9 RMS 187 3% 22 8 /15@633 nm, H.
F BT ICF O A R 107 R “MTF £ 44 F-1
BN A 22 53 B VRN A o, I I 5848 R I
XF 1000 2H 558 Sk B #4740 B, AT DG UG B H K
W LT AP AR PR 28 22 43 B 45 3 o3 il n 3k 4 Rk 5
PR

R4 RABGRRAZESTER

Tab.4 Tolerance analysis result of visible light image

module
Title Result
Traceable Monte Carlo generation number 1000
The name of the MTF value 0.367
The average MTF 0.285
MTF value of 98% lens >0.214
MTF value of 90% lens >0.240
MTF value of 80% lens >(.258
MTF value of 50% lens >(0.288
MTF value of 20% lens >0.313
MTF value of 10% lens >0.323
MTF value of 2% lens >0.338

H1 3% 4 RISk S AT LLE ), 248 8 A 220 i,
A LGRS HA 98% HYMER M MTF #£ 133 Ip/mm

202300667
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Tab.5 Tolerance analysis results of medium wave

Title Result

Traceable Monte Carlo generation number 1000
The name of the MTF value 0.396
The average MTF 0.283
MTF value of 98% lens >0.201
MTF value of 90% lens >0.212
MTF value of 80% lens >(.245
MTF value of 50% lens >0.290
MTF value of 20% lens >(0.341
MTF value of 10% lens >0.361
MTF value of 2% lens >(.385

AE KT 0.214, 1 BHIRAREER ;s 2 i 2 Ah UG AR
BN 2236 R R B, A7 98% 1Y ME S fifi 15 FL MTF #£
20 Ip/mm Kb KT 0.201,
32 BEREHRAESN

I e oy T PR R T e X AR, xR R,
X AT T AR AT S E 2, AU 25 2 48 I T
JE TR S AR Y 25 R, A SR BOER R
Givkfe R, RO, X FRGEH Y 1 ER A T A
N 53T LA 8 VR IR 225 [l . Zemax D2 FF
AL G BR T S AR BRI AT T LN 22 404, (B T A

045  (a)
040 |
035 |
030 |
025 |
020 |
0.15 |
0.10 |
0.05 |

MTF

0 5 10 15 20
Sample

HH T A TP A AT A AR R BR R o R, S R BB L
Geituokxs B o e T I 8 25 3 e
R [ 51 5% M2, M3 Sk Biconic Zernike F
P T, G 7R AR A, AR A el T Y S U
AN 5 R T BT B S R Sz, M
zij = f(xiyi) 3)
7 B) EIA—ABEHLAE 5 Az, j, A ZR7s T
L FR A A T R R 22, AT SR S AR N
7, =2+, &)
;H\:EP:
Az ;= Hrpyy &)
Ao H O TR R 22 VAR5 rf 0~1 X [H] Y BE AL
AR5 ABEL 52219 B e it py 8 A, FT L
A BUE R B ER O R R A TSR, RS
AR Zemax A F Y RBHADLAERE
RIEFEHLGE Tk, IR B PAS B e it 2%
TH A B35 22 W (B H 43531 0.25 pum 1 0.17 pm(3 &
PR 2R S8 E WK N 0.587 um). & 12 O 78 X} B
H T YRR 20 2020 22 F 19 MTF £8 o S8 R
MTF 7£ 33 Ip/mm 4b¥) KT 0.2, 77 UL A F i i 6 i 754
WG FE A 2203 T G B
0.50
045 |
040 |

035 r
0.30

025 | W
0.20

0.15
0.10

0.05 r
0

(b)

MTF

0 5 10 15 20
Sample

P12 REAKL 20 40 F BIAS A il T B9 A 22007 () H 4 0.25 pm R REHEE M2 (1) MTF 434ii; (b) H 4 0.17 um N R 58 M3 1) MTF 4304
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Optical system design of common-aperture multimode remote sensing camera

Peng Liwei, Zhang Minglei, Chen Yu', Jiang Lusong, Dong Dapeng

(School of Opto-electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract:
Objective

Scenery changes on the earth are utilized for space remote sensing cameras to perform imaging

during flying around the earth. The larger field of view a space remote sensing camera has, the larger observation

area on the earth the system will obtain. However, high-resolution imaging is usually achieved by using an optical

system with large aperture, which will lead to more aberration. This will further limit the field of view of the

system. At present, the remote sensing cameras equipped in most satellites cannot have both large-field-of-view
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detection and high-resolution recognition. Aiming at this problem, a compact space remote sensing camera with

large-field-of-view search and multi-band high-resolution imaging is designed in this paper.

Methods The integrated optical system with functions of large-field-of-view search and high-resolution imaging
is shown (Fig.10). A primary mirror with large aperture is shared by the large-field-of-view search module and the
high-resolution imaging module, to reduce the weight and overall size volume of the system. Cassegreen structure
is adopted in the high-resolution imaging module, involving a visible-light imaging module and a mid-wave
infrared imaging module, which are splitted by the secondary mirror. An off-axis four-mirror structure is adopted
in the large-field-of-view search module. Two freeform mirrors with the Biconic-Zernike shape are used to

correct the aberrations.

Results and Discussions In this paper, an optical system for a compact space remote sensing camera with both
large-field-of-view search and high-resolution imaging is proposed. The overall weight of the optical system is about
140 kg, and the overall volume is 0.8 mx0.8 mx1.1 m. The focal length of the large-field-of-view search module is
945 mm with field of view in the sagittal direction of 10°. The diameter of the entrance pupil is 130 mm and the
working waveband is 0.45-0.9 pum. The optical structure is shown (Fig.1). The resolution of 4 096x
4 096 for the detector is adopted with pixel size of 15 pmx15 pm. When the orbit height is 500 km, the system
can search the ground with line width of 33 km and ground resolution of 8 m. The high-resolution imaging
module is composed of a visible light imaging module and a mid-wave infrared (MWIR) imaging module. The
focal length of the visible-light imaging module is 4 200 mm. The resolution of 6 2524 176 for the detector is
adopted with pixel size of 3.76 umx3.76 um. The MWIR imaging module has a focal length of 4 000 mm, a
detector resolution of 384x288 and a pixel size of 25 pmx25 pm. A large-aperture primary mirror is shared by a
visible-light module and a MWIR imaging module, with the same diameter of 800 mm. When the orbital height is
500 km, the visible-light and MWIR imaging modules can image the area of 2.813 kmx1.879 km and
1.228 kmx0.922 km respectively, within the full field of view of 0.4°. The ground resolution for the visible-light
imaging module and MWIR imaging module are better than 0.45 m and 3.2 m respectively. The tolerance values
are given according to the processing requirements. The tolerance analysis of the system is then carried out, in
which the random-statistical method is used in the search module to perform surface-tolerance analysis on
freeform surfaces. The analysis results show the MTF values of the visible-light imaging module, MWIR imaging
module and search module within full FOV are all greater than 0.2 at Nyquist frequency (133 lp/mm, 20 Ip/mm

and 33 Ip/mm). The optical system can meet the requirements of actual processing and assembly.

Conclusions With the rapid development of space remote sensing technology, space remote sensing cameras
need to obtain larger field of view and higher resolution. In this paper, an optical system in remote sensing camera
is proposed, involving a high-resolution imaging module and a large-field-of-view search module, which has the
functions of both large-field-of-view search and multi-band high-resolution imaging. The system has a compact
structure, which is beneficial to realize miniaturization and lightweight of the system. The optical system has
certain reference value for the design of multi-mode satellite optical payload.

Key words: optical design;  integrative optical system;  remote sensing camera; — multi-waveband
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