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Abstract To study the thermal effect on spectral-line shift of spaceborne imaging spectrometer, the relation
between spectral-line shift and rigid-body motion of the mirror is analyzed, and the theoretical model, which is
verified and corrected by simulation and thermal-optical test. is established to describe the spectral-line shift
property. The mathematical model based on linear optics model is established to describe the relation between
spectral-line shift and rigid-body motion of the mirror, and the Mont Carlo method is employed to do the verification.
The finite element analysis (FEA) method is used to get the rigid-body motion of mirror under different thermal
loads. Code V API functions are used, in Matlab environment, to calculate the variation of the spectral line caused by
rigid-body motions, and the spectral-line shift property is studied at the same time. The spectral-line shift model is
corrected and verified by thermal-optical test. The results show that spectral-line integral deviation without extension
and compression under the temperature from 8 C to 28 C . Spectral-line shift values obtained by the thermal optical
test are well coincident with the ones calculated by theoretical model. The maximum deviation between theoretical
analysis and thermal optical test is not exceeding 12% . The new spectral-line shift model, corrected by the test data,
realizes a high precision spectral line shift forecasting. The relative error is less than 5% and the absolute accuracy is
better than 0.2 pixel.
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Fig. 1 Structure of spectral imaging system
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Table 1 Spectral-line shift in spatial direction with 10 C thermal load

Spectral FOV /C Max /
shift /ym —0.7 —0.6 —0.5 —0.4 —0.3 —0.2 —0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 pm
1000 —35.15 —34.92 —34.68 —34.44 —34.21 —33.97 —33.74 —33.51 —33.28 —33.04 —32.81 —32.58 —32.35 —32.12 —31.90 3.26

940 —35.18 —34.94 —34.70 —34.47 —34.23 —34.00 —33.76 —33.53 —33.30 —33.07 —32.84 —32.61 —32.38 —32.15 —31.92 3.26

880 —35.20 —34.96 —34.73 —34.49 —34.26 —34.02 —33.79 —33.56 —33.32 —33.09 —32.86 —32.63 —32.40 —32.17 —31.95 3.26

820 —35.23 —34.99 —34.76 —34.52 —34.29 —34.05 —33.82 —33.58 —33.35 —33.12 —32.89 —32.66 —32.43 —32.20 —31.97 3.26

760 —35.26 —35.03 —34.79 —34.55 —34.32 —34.08 —33.85 —33.62 —33.39 —33.15 —32.92 —32.69 —32.46 —32.24 —32.01 3.26

A /nm 700 —35.30 —35.07 —34.83 —34.59 —34.36 —34.12 —33.89 —33.66 —33.43 —33.19 —32.96 —32.73 —32.50 —32.28 —32.05 3.26
640 —35.35 —35.12 —34.88 —34.64 —34.41 —34.17 —33.94 —33.71 —33.47 —33.24 —33.01 —32.78 —32.55 —32.33 —32.10 3.25

580 —35.42 —35.18 —34.94 —34.71 —34.47 —34.24 —34.00 —33. 77 —33.54 —33.31 —33.08 —32.85 —32.62 —32.39 —32.16 3.25

520 —35.50 —35.27 —35.03 —34.79 —34.56 —34.32 —34.09 —33.86 —33.63 —33.39 —33.16 —32.93 —32.70 —32.48 —32.25 3.25

460 —35.63 —35.39 —35.15 —34.92 —34.68 —34.45 —34.21 —33.98 —33.75 —33.52 —33.29 —33.06 —32.83 —32.60 —32.37 3.25

400  —35.81 —35.58 —35.34 —35.11 —34.87 —34.64 —34.40 —34.17 —33.94 —33.71 —33.48 —33.25 —33.02 —32.79 —32.57 3.25
Max /pm —0.66 —0.66 —0.66 —0.66 —0.66 —0.66 —0.66 —0.66 —0.67 —0.67 —0.67 —0.67 —0.67 —0.67 —0.67 3.91

#2 10 CIRIHMEMT eIy m a4 it =
Table 2 Spectral-line shift in spectral direction with 10 'C thermal load

Spectral FOV /C Max /

shift /ym —0.7 —0.6 —0.5 —0.4 —0.3 —0.2 —0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 pm
1000 18.19 1821 18.23 18.25 18,27 18.29 1831 18.33 18.34 18.36 18.38 18.40 18.41 18.43 18.44 0.25

940 18,21 1823 18,25 18.27 1829 18.31 18.33 1835 18.37 18.39 18.40 18.42 18.44 18.45 18.47 0.25

880 18.24 18.26 18.28 18.30 18.32 18.34 18.36 18.38 18.39 18.41 18.43 18.44 18.46 18.48 18.49 0.26

820 18.26 1829 1831 18,33 18.35 18.37 1838 18.40 18.42 18.44 18.46 18.47 1849 18.51 18.52 0.26

760 18,30 18.32 18.34 18.36 18.38 18.40 18.42 18.43 18.45 18.47 18.49 1850 18.52 18.54 1855 0.26
A/nm 700 18,33 18.35 18,37 18.39 18.41 18.43 18.45 18.47 18.49 18.51 18.52 18.54 18.56 18.57 18.59 0.26
640 18,37 18,40 18.42 18.44 18.46 18.48 18.50 18.52 18.53 18.55 1857 18359 18.60 18.62 18.64 0.26

580  18.43 18.45 18.47 18.49 1851 18.53 18.55 1857 18.59 18.61 18.62 18.64 18.66 18.68 18.69 0.26

520 18.50 18.52 18.54 18.56 18.59 18.61 18.62 18.64 18.66 18.68 18.70 18.72 18.73 18.75 18.77 0.27

460 18.60 18.62 18.64 18.66 1869 18.71 18.73 1874 18.76 18.78 18.80 18.82 18.84 18.85 1887 0.27

400 18,75 18.77 18.79 18.81 18.83 18.85 18.87 18.89 1891 18.93 1895 1897 1898 19.00 19.02 0.27
Max /pym 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.58 0.84
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Table 3 Sensitivity coefficient of spectral-line shift caused by rigid-body motion in spatial direction

Composition of Sensitivity of different freedoms

spectrometer Si Si.2 Si.3 Si4 Si.5 Sil6
Collimating mirror 0.9281 0. 0000 0. 0000 0. 0000 3.4536 0. 0000
Prism 1 0. 0000 0. 0000 0. 0000 0. 0000 2.5222 0. 0000
Prism 2 0. 0000 0. 0000 0. 0000 0. 0000 —0.6665 0. 0000
Prism 3 0. 0000 0. 0000 0. 0000 0.0001 —5.3926 0. 0000
Imaging mirror 1.0777 0. 0000 0. 0000 —0.0001 3.9121 0. 0000
Folding mirror 0. 0000 0. 0000 0.0001 0.0000 —0.7823 0. 0000
Focal plane —1. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0.0084

A4 OEIE T SR REUE R

Table 4 Sensitivity coefficient of spectral-line shift caused by rigid-body motion in spectral direction

Composition of Sensitivity of different freedoms
spectrometer Si1 Si.2 Si.3 Sii Si.5 Si6
Collimating mirror 0. 0000 1.0244 0.0200 —3.8915 0. 0000 0. 0000
Prism 1 0. 0000 0. 0000 —0.0167 —3.2398 0.0001 0. 0000
Prism 2 0. 0000 0. 0000 0.0029 0.9217 0. 0000 0. 0000
Prism 3 0. 0000 0. 0000 —0.0165 6. 2940 —0.0001 0. 0000
Imaging mirror 0. 0000 1. 1378 —0. 0454 —4.1540 0. 0000 0. 0000
Folding mirror 0. 0000 0. 0000 1. 5893 1. 2484 —0.0003 0. 0000
Focal plane 0. 0000 —1. 0000 —0. 2765 0.0023 0. 0000 0. 0001
4 i E/\ﬁ BT 8C.,12C.16 C,20 C.24 C.,28 CH:6F L
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Fig. 3 Schematic diagram of thermal optical test for imaging spectrometer
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Table 5 Space between the absorption peak of the reference spectral line in different conditions

Space between different reference spectral lines /pixel

Folding-mirror position

t/C

A AT AT Ay—s N

8 7.04 5.99 6.23 18. 35 6 AA5

12 7.11 5. 86 6. 14 18. 56 6FA3

16 7.07 6.03 6.19 18. 39 74A3

20 7.19 6.02 6.00 18. 56 7915

24 7.00 5.93 6.27 18. 35 7TEA1

28 7.11 5.81 6.15 18. 55 83A0
Mean 7.09 5. 94 6.16 18. 46 —
Standard 0.07 0.09 0.09 0.11 —
Extreme difference 0.19 0.22 0.27 0. 21 —
Average deviation of each pixel 0.03 0. 04 0. 04 0.01 —

R 6 AR T 258 AR R &

Table 6 Relative shift of reference spectral line in different conditions

Spectral line shift /pm

At /C Relative error /% Absolute error /pixel
Measured value Calculated value
4 —53.3 —57.4 7.6 0.11
8 —105.8 —114.9 11.9 0. 34
12 —154.6 —163.8 6.0 0. 26
16 —208.9 —229.8 10.0 0.58
20 —270.6 —287.3 6.2 0. 46
BT BIEGIELERE IR UK R
Table 7 Predicted precision of the corrected spectral-line shift model
. . Spectral-line shift /pm Forecasting error
Temperature Folding-mirror

changes At /C  position changes AN Measured value

Calculated value with

Relative error /%  Absolute error /pixel
corrected model

1278 —53.3
8 2558 —105.8
12 3696 —154.6
16 5116 —208.9
20 6395 —270.6

—53.6 0.6 0.01
—107.4 4.6 0.13
—152.6 1.3 0.06
—214.8 2.8 0.16
—268.5 0.8 0.06
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