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Application of on-orbit radiometric calibration technology for
interferometric imaging spectrometer
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Abstract; To improve the measurement accuracy of interferometric imaging spectrometer for space target, reduce
the response difference of each detection element in the sensor, and improve the on-orbit radiance measurement
accuracy of imaging spectrometer, we proposed a spatial calibration method based on calibration field reflectance
measurement parameters, calculation program simulation, and on-orbit measurement data comparison of imager.
Firstly, the concept of hyperspectral calibration was introduced, and a high-precision calculation method of pupil
entrance radiance under different spectral response functions and different site conditions was proposed. Secondly,
the on-orbit relative radiation correction of the interferometric imaging spectrometer was performed, so as to correct
the correspondence difference of each detection element in the sensor. The on-orbit absolute radiometric calibration
test was carried out by using reflectance-based method. The on-orbit radiometric calibration calculation model was
established for visible and near-infrared bands. The optimization design problems of test scheme including multiple
reflectivity sites and high-precision test area indication were solved, which realized high-precision on-orbit
calibration of spaceborne high-resolution interferometric imaging spectrometer. Results show that the on-orbit
measurement accuracy of imaging spectrometer reached 5% by using this calibration technology. The environmental
conditions of the calibration sites had impacts on the calculation accuracy of the model: the reflectance-based
method was suitable for large-area uniform field, while the small-area uniform field could be calculated by
introducing the adjacent pixel effect. The accuracy of reflectance measurement data could be improved by arranging
manual indication targets. The calibration technology has been applied in engineering.
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Fig.1 Relative radiation correction process based on regional synthesized uniform field

ARG AT T X 2] 5 7y X L3 O RE A B S48
IR 15 A B SE B AR P X (CR) AR B IE
FROTA X T 15 b 8 2 i 15 AR BT A SR
JUHEOLT S, AT DL — U % 58 A% J e 1) SE AR AT
55 o ABAERYS) Y MR A o A% SRS T A RN T e, 2
A D) WAHXMB IE RO TR, 2 TEE MR
B, EALRAR I ) S i R PR DL E o AHAR X
SR Z 18] X3 CR) TRIAR X IE 2 80 554 20

F NP DI () 32 200 fo H [ DI (R ) 5 3l B3I
Fe T EARARIX B () Z B BB IE R A A
JC— BV IE 4% R I () 1) 31330 69 T U
PARZIE , RV 3 [ Hh T A% I
2.2 BRIERGMUHEESEE

1 T I AR A S T Y 2 Kb YD 1A R
(VBB L FIVPIR 2) , EAT AE HUR R 40 S8 IE R BT
B T TR A O T 2R R, X A Pt A T A



5 12 3

B, S TR BOLRE TR PUAR ST E PR B A ] 19 -

YHREHEIE . I 2.3 7] IE 2, 15 1E wi RS FEAE
4[] B ) 20 25 SORTBE HIL A AL 2R 80, 18 1E 5 RS 4%

(a) BIERT (b) BIESE
B2 WRIEDINEEHETESHEERRITLE(DiEL)

Fig.2  Comparison of relative radiation correction effect of visible
and near-infrared bands ( desert field 1)
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Fig.3  Comparison of relative radiation correction effect of short
wave infrared band ( desert field 2)
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Fig.4 On-orbit absolute radiometric calibration process based on reflectance-based method
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Fig.5 On-orbit absolute radiometric calibration process based on irradiance-based method
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Tab.1 Overall test conditions

8 Wit DEXRW RO KREE/

X3, /(%) JEEBE (550 nm) - (geem ™)
6 H22 H  kAE 25.4 0.218 1.05
6 H2T H V@t 15.0 0.179 1.12
TH6H ®HX 6.7 0.219 2.12
TH2TH Xk 30.7 0.300 1.69
8H2H Xk 29.9 0.143 1.13
8H2H ®BR 29.9 0.175 1.20
8H4H Vi 10.8 0.277 1.92
8HO6H ik 6.8 0.155 1.52
8 H20 H XBE 22.6 0.176 1.75
8H20H WK 22.6 0.161 1.46
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Tab.2  Calibration coefficient in visible band ( reflectance-
based method)
P K B F5 K B

1 -0.006 610 327.001 600 ||33 .040 473 -12.764 100

2 -0.000 670 117.853 000 (|34 .041 690 —13.201 800
3 -0.000 620 102.962 000 || 35 .044 535  -13.510 900
4 -0.002 510 107.083 000 || 36 .044 775 -12.604 100
.069 331 —70.700 000 || 37 .044 394 -12.516 600
.084 628 —84.896 000 || 38 .042 351 -12.067 900
.044 121 16.717 820 || 39 .039 954 -13.010 800
.057 817 0.340 357 || 40 .039 707 —14.087 900
.052 617 —-10.373 600 | 41 .039 378 —14.394 100
.043 119 -5.390 280 |42 .037 944 -14.985 800
.043 222 -8.271 720 |43 .036 052 -15.083 600
.047 177 -13.870 500 || 44 .036 713 —14.727 500
.049 574 -11.532 000 | 45 .041 818  -15.556 100
.054 286 —-12.320 900 |46 .043 962 -15.424 800
.056 388 —10.347 200 || 47 .038 458 —10.949 500
.052309 -6.829 080 | 48 .040 351 -10.424 600
.047 080 -5.601 370 |49 .041 431  -11.071 900
.044 747  -5.123 030 || 50 .041 909 -11.502 900
.045 406  -6.538 600 || 51 .032 300 -9.915 140
.045 778  -6.361 990 |52 .035099 -10.952 000
.045360 -7.640 090 | 53 .040 829  —12.650 800
.045 369 -10.757 100 || 54 .040 876  —13.254 900
.045 343 -11.877 500 || 55 .042 424 -13.394 500
.045 480 -13.836 800 |56 .040 548  —10.757 300
.045 874 —-15.641 500 || 57 .038 503 -9.387 540
.048 098 —-17.644 100 || 58 .041 657 -9.898 850
.049 411 -18.965 200 || 59 .041 440 -9.761 610
.050 412 -19.244 300 || 60 .043 621  -10.269 900
.050 268 —-18.293 100 || 61 .050 681 -11.670 100

.045 371 -14.635 200 |62 .078 970 -16.693 700

S O O O O O O o o o o o o o o o o o o o o o o o o o o o o o o<

.042 807 -13.247 700 || 63 .118 094 —-11.663 100
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.040 437 -13.828 100

L HA K, (W/m?/st/um) /DN B, W/m?/sr/um,
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Tab.3  Response linearity of each channel in visible band

(reflectance-based method)

B Lk ¥ e
1 —-0.998 500 33 0.997 129
2 —-0.604 100 34 0.997 756
3 -0.735 010 35 0.998 025
4 -0.021 650 36 0.998 079
5 0.979 918 37 0.998 016
6 0.982 379 38 0.997 594
7 0.850 113 39 0.998 190
8 0.984 491 40 0.998 450
9 0.995 873 41 0.998 671
10 0.999 536 42 0.998 752
11 0.999 631 43 0.998 975
12 0.998 939 44 0.998 634
13 0.996 831 45 0.998 198
14 0.994 884 46 0.997 086
15 0.996 437 47 0.998 347
16 0.997 746 48 0.998 257
17 0.999 140 49 0.997 934
18 0.999 554 50 0.997 895
19 0.999 492 51 0.998 703
20 0.999 381 52 0.998 706
21 0.998 995 53 0.998 241
22 0.998 302 54 0.997 753
23 0.998 221 55 0.996 789
24 0.998 667 56 0.997 373
25 0.999 004 57 0.998 173
26 0.999 200 58 0.997 447
27 0.999 006 59 0.997 387
28 0.999 003 60 0.998 149
29 0.998 800 61 0.998 412
30 0.998 403 62 0.999 743
31 0.997 872 63 -0.910 110
32 0.997 148
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Tab.4  Calibration coefficient in near-infrared band
JF5 K B 5 K B
1 0.007 656 12.410 46 31 0.002 924  13.596 40
2 0.008 463 15.501 90 32 -0.007 250 3.190 25
3 -0.003 420 58.351 96 33 0.012 197 -4.373 55
4 0.002 972 13.954 16 34 0.014 326 -1.828 42
5 -0.001 320 26.634 13 35 0.014 232 2.967 31
6 0.008 949 6.831 22 36 -0.001 170 13.515 00
7 0.008 091 14.495 19 37 0.006 141 -0.157 59
8 0.007 296 15.770 86 38 0.005 867 3.838 06
9 0.007 296 16.381 37 39 0.005 560 3.055 51
10 0.008 085 10.758 38 40 0.005 739 1.668 00
11 0.008 031 10.290 49 41 0.005 959 1.468 54
12 0.008 015 10. 138 50 42 0.005 940 1.951 68
13 0.008 822 6.198 94 43 0.005 730 1.672 87
14 0.010 050 -0.168 05 44 0.005 450 1.225 54
15 0.010 237  -0.680 78 45 0.005 475 1.612 94
16 0.010 130 4.52525 46 0.005 930 2.906 70
17 0.011 707 9.833 95 47 0.009 200 0.268 40
18 -0.007 540 42.032 25 48 -0.013 830 2.787 21
19 0.007 046 11.966 84 49 0.002 974 -1.030 19
20 0.002 542 15.368 03 50 -0.000 820 1.205 69
21 0.006 068 7.972 41 51 0.005 486 0.423 13
22 0.007 917 5.494 02 52 0.004 793 0.333 84
23 0.007 807 3.941 80 53 0.004 262 1.124 20
24 0.006 698 6.368 28 54 0.004 900 0.908 82
25 0.006 911 6.203 54 55 0.005 019 0.473 84
26 0.007 574 3.916 55 56 0.004 979 0.036 75
27 0.007 629 2.349 08 57 0.006 096 0.158 07
28 0.006 767 5.221 76 58 0.006 910 0.552 61
29 0.006 721 7.839 88 59 0.001 755 2.791 70
30 0.007 636 9.876 31 60 -0.001 820 2.672 97

A = K, (W/m?/st/um) /DN ; B, W/m?/st/um,
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Tab.5 Response linearity of eachchannel in near-infrared band

BT R BT R
1 0.998 792 31 0. 846 370
2 0.996 621 32 -0.970 460

-0.952 750 33 0.414 228
4 0.784 095 34 0.793 059
5 -0.592 560 35 -0.004 630
6 0.814 021 36 -0.977 470
7 0.948 452 37 0.992 365
8 0.990 370 38 0.945 879
9 0.985 540 39 0.956 656
10 0.978 549 40 0.976 396
11 0.969 804 41 0.990 211
12 0.973 958 42 0.994 475
13 0.982 284 43 0.993 834
14 0.982 070 44 0.982 112
15 0.966 531 45 0.939 607
16 0.942 713 46 0.834 157
17 0.915 987 47 0.716 076
18 -0.908 060 48 -0.823 230
19 0.841 742 49 0.713 708
20 0.695 073 50 -0.658 810
21 0.794 124 51 0.999 991
22 0.925 375 52 0.975 803
23 0.995 816 53 0.960 598
24 0.999 913 54 0.971 002
25 0.999 095 55 0.978 626
26 0.983 366 56 0.987 182
27 0.938 722 57 0.993 917
28 0.880 971 58 0.997 449
29 0.871 685 59 0.442 402
30 0.862 247 60 -0.984 450
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