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Temperature characteristics of SWIR spectrometer based on AOTF
and data pre-processing model for deep-space exploration application
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Abstract; AOTF has become an important dispersive device in the field of deep-space remote sensing because of its charac-
teristics such as small size, light weight. For the purpose of developing a method to obtain high-precision spectral inversion
data from SWIR spectrometer based on AOTF under the condition of wide temperature range in deep-space exploration,
firstly, the principle of AOTF, as well as the configuration of SWIR spectrometer based on AOTF were introduced. Then,
the temperature effect on AOTF, RF amplifier and InGaAs detector with TEC in the spectrometer was analyzed theoretical-
ly. Through the temperature simulation experiment, a date pre-processing model for temperature effect correction was set up

and validated finally, which provided a guarantee for acquiring high-accuracy data in deep-space exploration application.
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Fig. 1  Diagram of SWIR Spectrometer based on AOTF
(SWIR channel of VNIS)
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Table 1 Main parameters of SWIR Spectrometer based on
AOTF (SWIR channel of VNIS) !
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Fig.2 Data inversion process of spectrometer on ground
and in deep-space
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Fig.3 Standard temperature curves in lab radio-
metric calibration (Test @ 23 +1C), T,(A) and
Tpr(A) are temperature curves of InGaAs detector
and RF amplifier respectively
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Fig. 4  Experiment of temperature effect on
VNIS. (a) Design of temperature environment
experiment. (b) Configuration of temperature
experiment
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Table 2 Effect on AOTF diffraction efficiency with output
power of RF amplifier under different frequency
75.585 MHz 72.92 MHz 56.902 MHz 53.935 MHz 46.56 MHz 44.49 MHz

2W  6.51% 8.59% 34.38%  31.42%  29.30%  27.17%
2.5W  8.22% 11.29%  45.29%  40.12%  37.17%  271.33%
% 1.26 1.31 1.32 1.28 1.27 1.28
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Fig.5 Data from temperature experiment of electric
control box. (a) Distribution of DN curves. (b) Dis-
tribution of RF amplifier temperature
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Fig. 6 Normalized temperature responsivity

curve based on performance of RF amplifier at

room temperature (23C)
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Fig. 7 Data from temperature experiment of spec-
trometer probe. ( a) Distribution of DN curves.
(b) Distribution of InGaAs detector temperature
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Fig.9 Spectrum curves of the same light source ac-
quired by SWIR spectrometer based on AOTF under dif-
ferent temperature condition. (a) Before data pre-pro-
cessing. (b) After data pre-processing
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x3 ERATAERRANE, AEHEEFAREERXEES
BRIRFE (25°C) LE X4 4R 2 (900 nm ~ 2 100 nm )
Table 3 Average deviation between test data under different
temperature condition and 25°C from 900 nm to
2100 nm, before and after data pre-processing

THAFRSEIR B SR i 22 SRR 3 2
-19C 11.71% 3.89%
-4T 7.43% 3.95%
6T 6.31% 4.15%
16T 5.13% 3.95%
45C 11.23% 4.60%
55C 22.66% 5.99%
4 Zig
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FAE F SR 98 18 BE Vi B L P 4R AR , O i
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YErR KX AOTF 176 58 5 BE Vi B T MR Mt AT
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