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Abstract Reflected point light source equipment can be applied to on-orbit modulation transfer function detection

and absolute radiometric calibration of optical remote sensors. Its high-precision pointing is the key to ensure the

sunlight reflect to the entrance pupil of remote sensors,

and the improvement of pointing accuracy can reduce the

size and weight of current point light source, which has great importance in practice. A geometric error calibration

model and a reflector normal calibration model are established, and the dependence among parameters of the rotation

matrix is eliminated. Damping Gauss-Newton method is applied to iteratively solve the model parameters. A

pointing accuracy better than 0.1° for reflected point light source is obtained. The study will lay the foundation for

high accuracy, high frequency, and full dynamic range calibration of optical satellite remote sensors.
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Fig. 1 High-precision point light source system.

(a) Structural diagram; (b) physical map
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Fig. 3 Relationships among coordinate systems of point light source systems.

(a) Relationship between camera coordinate system and reflector coordinate system;

(b) relationship between camera coordinate system and pitch coordinate system;

(c) relationship between pitch coordinate system and azimuth coordinate system;

(d) relationship between azimuth coordinate system and local coordinate system
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Table 1 Partial test data of No.1 machine

Elevating Azimuth Pixel X Pixel Y Measured  Measured Calculated Calculated Pitch Azimuth
angle of the angle of of the of the pitch azimuth pitch azimuth angle angle
sun /(°) the sun /(°) sun /pixel sun /pixel angle /(°) angle /(°) angle /(°) angle /(°) error /(°) error /(°)
50.7564 122.80939 667 587 50.4848 122.343 50.4616 122.287 0.02321 0.05600
51.4766 124.06119 391 877 45.3212 113.499 45.2959 113.528 0.02529 —0.02870
51.5697 124.22684 396 866 45.6013 113.806 45.6148 113.850 —0.01340 —0.04360
51.6325 124.33924 399 850 46.0078 113.993 46.0209 114.055 —0.01300 —0.06170
51.6926 124.44702 410 829 46.4912 114.499 46.5077 114.545 —0.01640 —0.04620
51.7471 124.54521 421 807 47.0076 115.009 47.0130 115.029 —0.00530 —0.01930
51.8124 124.66333 424 787 47.5075 115.207 47.5127 115.243 —0.00510 —0.03590
51.8722 124.77187 430 776 47.7931 115.509 47.7979 115.558 —0.00470 —0.04860
51.9509 124.91535 440 769 48.0074 116.009 48.0012 116.050 0.00618 —0.04050
56.5255 134.78822 661 485 58.5050 134.005 58.4944 134.042 0.01059 —0.03710
56.5770 134.92173 669 464 59.0049 134.500 59.0119 134.513 —0.00700 —0.01380
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Table 2 Test results of three instruments

Parameter Machine 1  Machine 2 Machine 3
Standard deviation
B 0.012521 0.010286 0.014841
of pitch angle /()
Standard deviation
0.041288 0.032504 0.035445

of azimuth angle /(%)

AT B8 UE R 3 BB 1) R i 2 1 I K — 5
MLFT R 45 1 4 3 K 3 047 S 800 3 SR A5 7 A e f%
S8 —0.0127, —0.0008, —0.0189, — 0. 0021,
0.0004,0.0001,—0.0036 rad, %1%k % Hh 679.358,

517.677, 2553.058, ¥ XS HM A (12) X, HE
AW 2 BOUT R TR SRAR 0 5 6 A AR £
53R 2 58 B UE T SR M7 kYRR et
w1

FE S BR b AR Sk BRSSP G B R RS
AN — 0 H SR AR e 1 O R A 5% R R T 2 R Ak 1)
BRSO T 7 T R Rk S LG 2 AR
EAEE IR MBS T — 2R T RGN
JE L 7E 5 A0 D7 B 0 S L A AL B TR RS
JE BB, I X B AR LT R 4 Y AR AT X
AF A B

5 4 1w

o A T S 2K O IR R A B R T RS SR A
o L AR TE U R A I L N B O R IR A A
M EESHZ —. K CCD ML A PH R %% 7E
R AT SRES X R G RN BE T 1) 2R AT g AR G 0o

0528004-5



2
¥

i

B e SCIE e B 1) 2 8, 78 BBl 14 9800 10,
10 2800 WA, FIHBHLJE Gauss-Newton J7
A EAOR RSB, 20 25 R 3R W R AUAR 4 b AR
RTHWRG, ZREWIER BT 0.1°, fE{RUETE
DR BE ARG8T 3% &R G AN AL RE X s 0 T & AT
TE 9058 555 78 A RTE 098 ] A% 328 R BRI i LT LA
A IAT VA 90 00 LA b By AR FR AN B £, Ry itk — 2P 5
PG 3 % A i T S S 2RO IR [ 9 8 AR Y B B
b W 28 AL 2 Bl

(1]

(2]

(3]

[4]

(5]

s & x
Wang Z, Xiong X X, Choi T,

characterization of MODIS modulation transfer function

et al. On-orbit
using the Moon[]J]. IEEE Transactions on Geoscience
and Remote Sensing, 2014, 52(7): 4112-4121.

Guo Y, Liu X P, Yang H. MTF analysis for CCD[]].
Spacecraft Recovery and Remote Sensing, 2004, 25(3):
25-28.

SO0E, XIBEMS, F . CCD 98 i 14 38 o6 B (MTF)
Srprl0]). MK 53R, 2004, 25(3): 25-28.
Viallefont-Robinet F, Leger D. Improvement of the
method for on-orbit MTF measurement[]]. Optics
Express, 2010, 18(4): 3531-3545.

Zheng X B, Zhang L M, Wu H Y, et al. Advanced
radiometric calibration techniques for optical remote
sensing[J]. Advances in Marine Science, 2004, 22(sl):
16-22.

HNITE, BRERW], RV T, SF. I ) OL A E B Y Se
JeiE A EAREOR [T] . PRI, 2004, 22(s1):
16-22.

Thome K, Markham B, Barker J, ez a/. Radiometric
calibration of landsat[J]. Photogrammetric Engineering

and Remote Sensing, 1997, 63(7): 853-858.

(6]

7]

(8]

[10]

[11]

[12]

[13]

[14]

0528004-6

Xiong X X, Barnes W. An overview of MODIS
radiometric calibration and characterization[]J]. 2006,
23(1): 69-79.

Schiller S, Silny J. The specular array radiometric
calibration (SPARC) method: a new approach for
absolute vicarious calibration in the solar reflective[]].
Proceedings of SPIE, 2010, 7813: 78130E.

Xu W W, Zhang L M, Chen H Y, et al. In-flight
radiometric calibration of high resolution optical
satellite sensor using reflected point sources[J]. Acta
Optica Sinica, 2017, 37(3): 0328001.

BefhAh, skBWT, PRULIE, 4. BT RO RIS
PEROLS T AL B FEPUR ST @ b ik g L] Ot
AR, 2017, 37(3): 0328001.

Xu W W, Zhang L M, Si X L, et al.

modulation transfer function detection of high resolution

On-orbit

optical satellite sensor based on reflected point
sources[J]. Acta Optica Sinica, 2017, 37(7): 0728001.
WA, SREBW], A, . BT R AR S
BFO0 % TR AL B TR HUIR ) 4% 328 sR B I [T Ok
4R, 2017, 37(7): 0728001.

M, Alarcon-Padilla D C,
Moratalla T, et al. Computing the solar vector[J].
Solar Energy, 2001, 70(5): 431-441.

Reda I, Andreas A. Solar position algorithm for solar

Blanco-Muriel Lopez-

radiation application[R]. Colorado: U.S. Department of
Energy Laboratory, 2008.

Meeus J. Astronomical algorithm[M]. Richmond:
Willmann-Bell, Inc, 1998.

Michalsky J J. The astronomical almanac’s algorithm
for approximate solar position (1950—2050)[J].
Solar Energy, 1988, 40(3): 227-235.

Zhang Z Y. A flexible new technique for camera
calibration[J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2000, 22(11): 1330-1334.



