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Abstract At present, optical remote sensors are developing in the direction of large aperture and wide field of view.
With the increase of the remote sensor’s diameter and field of view, corresponding calibration devices need to be
developed to meet the radiometric calibration requirements of full aperture and full field of view. Therefore, a ultra-
large aperture (3.2 m ) uniform light source system is developed. Firstly, the spectral radiance of exit aperture is
designed based on the integrating sphere theory and Plank theory, and the LightTools software is used for the
simulation design of the exit uniformity and Lambert properties of the built-in light source distribution. Then, a set
of radiometric performance measuring devices based on multi-detectors is developed to solve the problem of ultra-
large aperture uniform light source measurement. The calibration algorithm is applied to make multi-detectors
consistent. Finally, the new device is applied in the testing experiment of ultra-large aperture uniform light source .
and its test uncertainty is analyzed. The results show that the integrated spectral radiance of 0.8 m exit aperture is

more than 600 Wem ?esr !

, the spatial uniformity of 3.2 m exit aperture is more than 98.362% , and the Lambert
uniformity in central point of +45° is more than 98.810%. The newly developed ultra-large aperture uniform light
source meets the design requirements.
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Inner source power 80 kW

Inner source type Tungsten halogen

3000 K
=600 Wem “esr !

Color temperature
Integrated radiance (0.45~0.9 pm) for @0. 8 m exit port

Internal monitor detector

Spatial uniformity (@3. 2 mm aperture) >95%
Lambert uniformity >95%

HR2000+, Si detector
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Table 1 Requirements of ultra-large aperture uniform light source
Name Requirement
Inner diameter 8 m
Aperture diameter 0.8m; 2.5 m; 3.2 m
Sphere coating reflectance (0.3~1.0 pm) >95%

0410003-2



2.1
, [20]
)
L. ==, 4(0"— s 1
YonA, 1= (—10 D
A,
— 2
S/ A. (2
A 9LA 9@} ’ Ox ’f
,A\ aAp ° a@/\
SN
C1 1 QO
b = L. o« 20 3)
XN exple,/QT)]—1 oT! (
€, =3.7413X10 " Wepm °, ¢, =1.4388X10" ym+K, T , D, ,
6=5.6686X10 * Weym K *, (D , ,
s ( Spectralon  Spectraflect) ,
1 .
1 Spectralon  Spectraflect
Fig. 1 Spectral reflectance curves of Spectralon and Spectraflect
1 , Spectraflect, Spectralon ,
Spectralon , ,  Spectralflect
, 0.8,2.5,3.2 m, 2 .
(3) , 0.45~0.9 pm 4 , (0. 45

2 (a)0.8 m (b)2.5 m

Fig. 2 Ultra-large aperture uniform light source with (a )®0.8 m aperture and (b )®2.5 m aperture
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Table 2 Integrated radiances of different wavebands
Waveband /pm Integrated radiance /(Wem Zesr ')
0.45~0. 90 711. 44
0.45~0.52 62.8
0.52~0. 60 96. 4
0.63~0.69 105. 29
0.76~0.90 279. 87
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Fig. 4 (a) Simulation result of Lambert characteristics ; (b ) simulation result of uniformity
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Fig. 6 Schematic of traditional method of Lambert uniformity test
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Fig. 11 Integrating sphere exit port test model of Lambert characteristic test method
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Fig. 12 (a) Calibration experiment of uniformity test detector ; (b) calibration experiment of

Lambert test detector
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Table 3 Comparison of designed and tested spectral radiance of different wavebands

Waveband /pm Designed integrated radiance /(Wem Zesr ') Tested integrated radiance /( Wem Zesr ')
0.45~0. 90 711.51 671.92
0.45~0.52 62.79 47.61
0.52~0. 60 96. 39 72.09
0.63~0.69 105. 31 93.95
0.76~0.90 279.91 306. 62
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Fig. 15 (a ) Oblique view of uniformity test result ; (b ) vertical view of uniformity test result
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Table 4 Uniformity test results of different aperture light sources
Diameter /m Uniformity /%
0.8 99. 69
1 99. 42
2 98.96
2.5 98. 65
3.2 98. 36
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Fig. 16 (a ) Oblique view of Lambert characteristic test result; (b) vertical view of Lambert characteristic test result
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Table 5 Uncertainty of uniformity test
Uncertainty source Value /%

Stability of detector 0.008
Uncertainty of data collection 0. 005
Inconsistency 0.292
Miscellaneous light effect 0.105
Total uncertainty 0.310
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Table 6 Uncertainty analysis of Lambert characteristic test

Uncertainty source Value /%
Stability of detector 0. 008
Uncertainty of data collection 0. 005
Inconsistency 0.187
Miscellaneous light effect 0.105
Total uncertainty 0.217
(12)
O = /o1 + & + 8 + 61 = +/0.008 +0.005° +0.187" 4 0. 105" /100 = 0. 217 %, (14)
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Fig. 17 Application scene of ultra-large aperture uniform light source
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