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Design of wide view aerial camera system in low-light

Peng Jianwei, Chen Weining, Zhang Gaopeng’, Fang Yao, Dong Sen, Yang Hongtao
(Xi’an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi’an 710119, China)

Abstract: In order to meet the requirements of quick acquisition of aerial image information in low light
condition, a wide view imaging system which can be adapted to low-light environments was studied. Based on the
camera working mode of frame-sweep imaging, the technology route of adopting a large relative aperture and low
distortion optical system, combining a low-noise and high-sensitivity CMOS detector with vacuum cooling, and
compensating the scanning image motion by high-speed steering mirror was clarified. The design ideas of the
mechanical configuration of the camera were explained in detail, and a set of calculation methods of imaging
capabilities in low-light which can be applied in engineering were summarized. The basic principle of
compensating image motion with steering mirror was studied, and the main frame of the camera was simulated,
analyzed and calculated. According to the design and research results, the processing and assembly of the wide
view aerial camera in low-light were completed. The camera has a ground sample distance (GSD) of 0.1 meters
(height 1 km), and adaptable illumination range of 10-100000 Ix, and a large view width of 3 times the height
when the speed to height ratio is less than 0.04. The imaging quality of the system is excellent, and test results
show that the MTF of the center field of view at 77 Ip/mm is greater than 0.45. The images obtained from

laboratory and field flight tests are clear, with high contrast and resolution, which can meet the requirements of
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use. At the same time, the system is 190 mmx140 mmx140 mm in actual size and 2800 g in weight, which is light

and small.

Key words: aerial camera;  low-light;
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Tab.1 Parameter of optical system

Parameter Value
Focus/mm 65
FOV angle/(°) 14.72x12.43
F-number 1.8
MTF@77 Ip/mm =0.40
Distortion =1%
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Fig.1 Optical system diagram
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Fig.2 MTF curve of the system
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Fig.3 Schematic diagram of camera working process
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Fig.4 Explosive view of the camera
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Tab.2 Parameters of the CMOS sensor

Parameter Value
Active array size 2560x2 160
Pixel size/pm 6.5
Full well capacity 30 000e
Peak QE 55%
Read noise 2e (RMS)

Dark current 35e/pixel-s”' @20 °C
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Fig.5 Wording diagram of compensating steering mirror
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Tab.3 Natural frequency
Mode number 1 2 3 4 5 6
Frequency/Hz 643 1053 1220 1611 1733 2038

diankonghe_stp_fem1_sim?2: Solution 1 result
Subcase-Eigenvalue Method 1 modal 1, 6.431¢+002 Hz
Displacement-maximum

Minimum 0.000,Maximum 1.128,Unit: mm

1178
1034
0040

Displacement-maximum

1475
1307
1,108

R

.88l

.50

diankonghe_stp_fem1_sim2: Solution 1 result
Subcase-Eigenvalue Method 1 modal 2, 1.053¢+003 Hz

Minimum 0.000,Maximum 1.425,Unit: mm

diankonghe_stp_fem1_sim2: Solution 1 result
Subcase-Eigenvalue Method 1 modal 3, 1.220¢+003 Hz
Displacement-maximum

Minimum 0.000,Maximum 1.482,Unit: mm

1462
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1238

988

ot o a5
__-_-nin;m ___g_émn ___g_e’p:\:\
¥ 3 A \
(a) — iRz (b) —BriRE (c) ZMiRE
(a) First modal shape (b) Second modal shape (¢) Third modal shape

diankonghe_stp_fem1_sim2: Solution 1 result
Subcase-Eigenvalue Method 1 modal 4, 1.611e+003 Hz
Displacement-maximum

Minimum 0.000,Maximum 2.018,Unit: mm

Displacement-maximum

208 2302
1.850 2
1662 1818

= 1513 = 7
1.345 1.535
1977 1343
1.008 1151
nEa 0.659
&7 oy
0504 0.578
0336 0.384
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(d) Fourth modal shape
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diankonghe_stp_fem1_sim2: Solution 1 result
Subcase-Eigenvalue Method 1 modal 5, 1.733e+003 Hz

Minimum 0.000,Maximum 2.302,Unit: mm

() TH P
(e) Fifth modal shape

Bl 7 FEHERHT N B R

Fig.7 First six modal shapes of the main frame

diankonghe_stp_fem1_sim2: Solution 1 result
Subcase-Eigenvalue Method 1 modal 6, 2.038¢+003 Hz
Displacement-maximum

Minimum 0.000,Maximum 3.345,Unit: mm

3345
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2787

= 2.508
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(f) Sixth modal shape
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Fig.8 Curve of shock response
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diankonghe_stp_fem1_sim1: Response Simulation 1, Event_1 result
Displacement-maximum
Minimum 0.000E+000, Maximum 5.646E—003,Unit: mm
5.646E-003
5.175E-003
© 4.705E-003
4.234E-003
= 3.764E-003
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© 2.352E-003
| 1.882E-003
1.411E-003
9.410E-004
4.705E-004
4.0.000E+000

e

(a) N
(a) Strain contour figure

diankonghe_stp_fem1_sim1: Response Simulation 1, Event_1 result
Stress-Von Mises
Minimum 0.00, Maximum 13.98, Unit: N/mm? (MPa)

13.98
' 12.82
C 1165
10.49
8932
8.16
6.99
5.83
4.66
3.50
233
117
’d.o‘o

(b) BLH Az K

(b) Stress contour figure

P9 Wiioh i kS Ay 5 12 25
Fig.9 Contour figures of the maximum stress and strain of shock

response
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Fig.10 Wide view aerial camera system in low-light
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system
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Fig.11 Test system of dynamic imaging range

A3 %t B AR 10 Ix A1 100000 1x #E17 B R4, 3%
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G 00 106 e A B R o X 2 i i P A Sk 1) Hp
M MTF 647 T K, Bs 4 R 04 5. nl 0 2443 )
W Ry 77 Ip/mm B, S R G0 MTF i KT
0.45, 5E 4 1] LUARSIEAIHLIY BLAR B

x4 REHTERMRER

Tab.4 Test results of the dynamic imaging range

Luminance value/Ix 10 100000

Gray value 191.2 819.0

%+ 5 MTF JIlix &R
Tab.5 Results of the MTF tests

Focus F-number 60 lp/mm 70 lp/mm 80 lp/mm 90 lp/mm

65 mm 1.8 0.589 0.532 0.459 0.39

XA REEE AR ALY 23 BE R RS RO T T — &
G Sz = M AT HA s A . /] 12 FrR A 7E 20 Ix
FI bR B8 8 260 F 5 300 mm 47645 4 SR bl 14
Fo 13 R A ALF & R AT iR e ¥ AR 5 2
EIE, B 14 iR S Fa 8% S8 6% J5 3 i ok R, 1 15 f
I8 SR T AR B A B A T 3 S RIS o i 3 B D SR
2020 4F 6 ¥ = 5:30, 12050 b 8 o B VG S IR, ©ATAL
7 2 000 m, T 220 km/he MR B S AT LA H,
FEAR RS Z 1 T AL 56 S SRR SR 80 o0 BT Wi, 1 %
BURBER] . Ah s UG e AR Sk a0 WL L IE
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Fig.12 Image of laboratory test
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Fig.13 Complete aerial image of the test target
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Fig.14 Partial enlarged view of the target

P 15 R KA 7 EE
Fig.15 Image of village and farmland
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(a) Image acquired by
conventional camera
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(b) Image acquired by
low-light camera
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Fig.16 Low-light imaging contrast test
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