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Abstract In order to study the thermal effect on spectral- line shift of aerial imaging spectrometer, the
characteristics, mechanism and manifestation of the instrument temperature load airbrone environment are
analyzed, and the spectral-line shift characteristics of the spectrometer are studied. According to the characteristics
of the temperature load in airbrone environment, the finite element method is taken to calculate the deformation
and rigid body displacement of the mirror of the optical system at a temperature load, combined with the least
squares method and coordinate transformation method. Ray tracing to the deformed optical system are carried out
and its spectral-line shift characteristics are studied. The thermal-optical test and calibration test during flight is
taken to prove the theoretical analysis. The results show that within the range of +10 C, there is only shifting in
the spectral direction, no tension or compression effects. During the calibration test of flight, the average line offset
is 0.248 nm, satisfies the need of 1/3 of the accuracy (calibration accuracy is 1 nm). No further spectral calibration
or correction is needed in the later imaging.
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Fig.1 Optical construction of the spectrometer system
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Fig.3 Temperature curve of temperature measure points on
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Fig.2 Weather of the day on light imaging test VNIR focal plane module
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Table 1 Spectral line—shift on the spectral dimension at +5 “C temperature load

AS,../ pm _
A /nm AS, /pm
Field of vien /(°)
-45° -40° -30° -20° -10° 0° 10° 20° 30° 40° 45°
1000 -49.6 -49.6 -49.6 -49.6 -495 -495 -49.5 -495 -494 -494 -494 -49.51
800 -49.6 -49.6 -49.6 -49.5 -494 -495 -49.5 -493 -493 -493 -493 -49.45
600 -49.5 -494 -494 -494 -494 -494 -494 -493 492 492 -49.2 -49.35
400 -49.5 -49.4 -493 -493 -493 -493 -493 -492 492 -49.1 -49.1 -49.27

Shift /pixel
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Fig.4 Spectral line=shift at +10 °C temperature load
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Fig.5 Schematic diagram of thermal optical test for imaging spectrometer
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Table 2 Space between the absorption peak of the reference spectral line at different temperature

Space between different reference spectral lines/pixel

T/C
A Ass Ay Ass
15 30.97 11.31 12.16 14.30
20 31.02 11.40 12.20 14.48
25 30.96 11.39 12.18 14.46
30 31.05 11.41 12.34 14.53
35 31.18 11.59 12.42 14.55
Mean 31.04 11.42 12.26 14.46
Extreme difference 0.22 0.28 0.26 0.25
Average deviation of each pixel 0.01 0.02 0.02 0.01
#3 AF LT 2% 1% & 0 A X A &
Table 3 Relative shift of reference spectral line in different conditions
AT /°C Spectral line shift/jm Relative error /% Absolute error/pixel
Measured value Calculated value
-10 107.0 98.6 7.9 0.22
-5 52.5 49.4 6.0 0.16
5 -52.8 -49.5 6.2 0.17
10 -107.6 -98.9 8.1 0.23
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Fig.6 Calibration spectrum deviation during flight
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