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System Design of the Integrating Sphere Used for on-Board
Calibration of Visible-SWIR Hyperspectral Remote Sensors
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Abstract On-board calibration system is an important technical component for effectively monitoring the
performance of radiometric response of remote sensors, the development of hyperspectral technique and information
application require more advanced on-board calibration system and more high performance index, which include
challenging problems such as nonconforming to spectral distribution of solar, compact system structure and stability.
This research promoted a rather full art scheme aiming at above problems, which included tow internal lamps taken as
the light source, a minitype integrating sphere used as uniform body., a color temperature correction technique
applied for improving the spectral distribution and a standard radiometer fixed interiorly for monitoring the stability of
the system. Combining the spaceflight environment request, system design was performed and some experiment
results suitable for definite engineering apllication were abtained. The output spectral radiance in visible-SWIR
achieves 0.9 times of the radiance of exoatmosphere solar illuminating lambertian surface. The surface ununiformity
is within 0.6% and the difference of radiance within ==15°is 1.5% , and the system weight and volume are less than
1.2 kg, 0.002 m® respectively. The bootstrap stabilizing time is 5 min and the radiation output within about 200 h
keeps good stability.
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Fig. 1 Principle of on-board calibration system based

integrating sphere for hyperspectral remote sensors
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Fig. 2 Sketch of integrating sphere system composing
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Fig. 3 Sketch of integrating sphere structure
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Fig.5 Spectral radiances of tungsten lamps and solar
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Fig. 6 Surface uniformity of integrating sphere system.

(a) turning on lamp Aj; (b) turning on lamp B

B 7 FRarER R YA B E o)1k
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Fig. 8 Spectral radiance of integrating sphere system
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Table 1 Radiance after color-temperature-correction

comparison with exoatmosphere sun illuminate lambertian

Wavelength /nm 500 700 1700 2200

esr ') 18.3 42.0 5.31 2.1

I,M.n/(mW-cmZ-p,m’ esr ') 61.9 47.1 6.47 2.61
Lio/Lan 0.30 0.89 0.82 0.80

L/ (mWecm® s pym™'

L, :radiance of integrating sphere;

L., :radiance of exoatmosphere sun illuminate lambertian
4.3 BREMH

4.3.1  JFHLAR Z B 1A

JH N B 22 25 11 6 B b o 4 2 3 X AR

B9 B R RGP E 1

Fig. 9 Stability monitoring of integrating sphere system

BR ARG AL B AT S . &9 R fE I
L LR 2 S B .24 0.5 min 35 3 LRSS R A
SRIG AR PR T e a2+ AH 7 L S R S 7E 3.5 min 43
3k B HAE E Y 0. 995,0. 985, 7E 5 min 43 H1 ik
P HAEMAY 0. 998,0. 995, K. B ER7E A2 1
SE BRI TS L5 min 2 B3 BR R G0 10 IF HLAR 2 B
[P = I
4.3.2 KRfE B

B EERBRGERRGEICFREE R HEET
VES B bR IR e e e 5 H TE A4, | 10

S e FH OB TR AR P S0 0 5 SR L R A R O AT B
T A s Sy ST 960 sty oL T 5 B9 A R T 174 A
X 2% . ol LA AT I 22 TAE 300 h AH X 25 51 4
0.3%., [FIA, A b2 bn B 0 BR 2R 45 77 i i 30 0 B
JCHFZE TAF 200 h g 546 B A8 0k 1,37 %,

B 10 g B AT AR E TR I B

Fig. 10 Test of long stability for tungsten lamp

6 4 ©

2SR B I AR 0 R JE L BFSE T — T
U S b AR RN R R 0 R (6 AR (E B AR Mok T
B b RO — B R A T RS BRI th
AP R M R, S A o
TE K B3 B A 31 0.9 3 619 K 4 A BFL I S 19041
PR T s T2 AT 1k 15° U 58 A 74 £ £ B 34150 1 £
F0.99.0.985; JFHL 5 min Py ik B 8 iR A L 460 56 B
HE 200 h YA KR . BN BR R 4 T B
R AT 1.2 kg, 0,002 m’, Hf Hal o 1 it K%
HUBR 30 1735 I LR SR 6 Rl % 5 2 T L — 6 2T
N A A S

it AAXHRIMSIRETSFRERKEALES
WG AL AL TR X AR R s AT
TR RAE R R,



nz,

3550 ot 2

¥ 29 %

5 X X W

1R. O. Green, T. G. Chrien, I. J. Nieison et al.. Airborne
visible/infrared imaging spectrometer ( AVIRIS ). recent
improvements to the sensor and data facihty[ C]. SPIE, 1993,
1937. 180~190

2 S. K. Babey, C. D. Anger. Compact airborne spectrographic
imager ( CASI ). a progress review [ C]. SPIE, 1993,
1937. 152~163

3 B. M. Braam, J. T. Okkonen, M. Aikioer at.. Design and first
test results of the finnish airborne imaging spec-trometer for
different applications(AISA)[C]. SPIE, 1993, 1937 142~151

4 1. J. Rickard, R. W. Basedow, E. F. Zaiewski e al..
HYDICE: an airborne system for hyperspectral imaging [ C].
SPIE, 1993, 1937. 173~179

5 Davisco, J. Bowies, R. A. Tleathers e al.. Ocean PHIIIS
hyperspectral imager: design, characterization, and calibration[ ] ].
Opt. Exp. . 2002, 10(4); 210~221

6 Xue Long, Li Jing, Liu Muhua. Detecting pesticide residue on
navel orange surface by using hyperspectral imaging[]]. Acta
Optica Sinica , 2008, 28(12) . 2277~2280
B e, B XIRME. BT Rl R BOR 1 K R 3R R 2
BB RS OF T ()], b3 4R, 2008, 28(12) . 2277~2280

7 Yang Yuezhong, Cao Wenxi, Sun Zhaohua e al.. Development
of real-time hyperspectral radiation sea-observation system[]].
Acta Optica Sinica, 2009, 29(1) . 102~107
KL, W SCER L PhIRAE SEL TV O T A S S I UL AR G i BT
WO, k43R, 2009, 29(1) . 102~107

8 Tong Qingxi, Zhang Bin, Zheng Lanfen. Hyperspectral Remote
Sensing[ M]. Beijing: Higher education press, 2006. 40~45
WP, ok S5, A EOF. mOLIE IR M. B S BE WAL

2006. 40~45

9 M. Dinguirard, P. N. Slater. Calibration of space-multispectral
imaging sensors; areview[ J ]. Remote Sensing of Environment
1999, 68:. 194~205

10 G. McKee, S. Pal, H. Seth et al.. Design and characterization
of a large area uniform radiance source for calibration of a remote
sensing imaging system[ C]. SPIE, 2007, 6677(667706): 1~9

11 C. J. Bruegge, A. E. Stiegman., A. W. Springsteen et al..
Reflectance stability analysis of spectralon diffuse calibration
panels[C]. SPIE. 1991, 1493, 132~142

12 Xu Xiaofeng, Wang Ji, Zhang Liming et a/. . Study on uniformity
measurements of space integrating sphere [ J . Chinese J.
Quantum Electronics, 2005, 22(5): 817~820
TR, £ FE, KRB SR TR ARG Bk A A A o L]
FF 8 F IR, 2005, 22(5): 817~820

13 Xu Qiuyun, Zheng Xiaobing, Zhang Wei et al.. Radiometric
characteristics test of integrating sphere source using wavelength-
tunable laser[J]. Acta Optica Sinica, 2009, 29(5); 1310~1314
Wz, A/, 5k A S R IRIE BOE G AR 2 RO TR 4 At
BT, g 4R, 2009, 29(5);: 1310~1314

14 Zheng Xiaobin, Wu Haoyu, Zhang Junping et at.. Absolute
spectral responsivity standard detectors with uncertainty less than
0.035%[J]. Acta Optical Sinica, 2001, 21(6); 749~752
HONE, B, IR SR R LT 0. 03526 i 46 X 6 %
e 7 AR R AR L) ]. e % F 4R, 2001, 21(6) : 749~752

15 Chen Feng, Li Shuang, Wang Jies al.. Linearity measurement of
accurate photodetector [ J]. Acta Optica Sinica, 2008, 28 (5):
889~893
B K. 2 X E BEAE. EREEEOG BRI i LAk LT .
K2R, 2008, 28(5): 889~893



