EEEE e

EEERIK

R R £T 5 e HE 4T S S0 I W S T

—[g’?’v }§§9 ’%:‘\Lga ’—J{/J‘J@N@a “F?/ﬁ:
B H BRI R 5 5 R 2B, Ak K& 130026
WE MR EIE B ARE L AN B (1300~2500 nm) 63k 58 5 3 B 75 BT 7 [0 R0 » Ko il s 49 52 1 S5 4 i
RIAMIER L 500 CHESEFEMR G4 AFHRD Jmi Bbs, Wit T E &0 T &R B AR 0°~ 7074 R
ETEAR S B B LU . R 7 25 5 AT RIF S e e 2T A e B S B R S HL A T I RO SR FH /N ek S R IR
HFs 7 %40 B 52 B TH G MR AR (A . SER 25 R R 76 B K a=0. 01 &M T . A
W5 4 TR ARAEAS [RS8 R IO TS S o B 38 7 A 1 2 25 5 5 SR T /N e » 8 P46 00 R 800t w8 18 B A 19
YRS S B U TG LA B KT 0. 95, FSTRMA &R AR SR AR HAT 5 I S Y T TR RO 5 A B A
ISP B T ) 550N AN BRI R AR AR T AR A, 6 TR AR DG 1 4 0 272 85 T 1) 00 L 32 10 1 AT Wl 5 T b B 10 7 1] O 1 2o
S SRR (0°~T0D M EIEH LR,

KR ik LA SRR EE H AR T s 5 2550

FESEE 0433 MEREE A doi: 10.3788/A0S202242. 0130001

Directional Effect of Shortwave Infrared Spectroscopy Radiation of
High-Temperature Target

Cao Yu, Pan Jun, Jiang Lijun*, Sun Yehan, Bian Yutao
College of Geoexploration Science and Technology, Jilin University, Changchun, Jilin 130026, China

Abstract This paper explores whether the spectral radiance of high-temperature targets in the shortwave infrared
band (1300—2500 nm) has a directional effect and the relationship between the spectral radiance and the radiation
zenith angle. Using 500 “C graphite and metal (304 stainless steel) plates as the high-temperature targets, this
paper designs an experiment of spectral radiance measurement with 0°—70° radiation zenith angles of the high-
temperature targets in a dark room. The variance analysis is applied to study whether the radiance in the shortwave
infrared band gives a directional effect, and the least squares method is adopted to fit the directional spectral radiance
of the high-temperature targets and thereby explore its variation rules. The experimental results show that under the
condition of significance level @ =0. 01, the spectral radiance at different radiation zenith angles is significantly
different for both the graphite plates and the metal plates. In light of the least squares method, the exponential
function is used to fit the directional spectral radiance of the high-temperature targets, and the fitting accuracy is
greater than 0.95. The results demonstrate that the metal plate has a more prominent directional effect than the
graphite plate. The directional effect of the spectral radiance of the metal plate is affected by wavelength whereas
that of graphite is not. The directional spectral radiance of both the two materials has an exponential relationship
with the radiation zenith angle (0°~70°).
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variance analysis
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Fig. 1 Schematic diagram of radiance
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Table 1 Results of graphite variance analysis at 0°~70°

Angle group F F,(a=0.01) Angle group F F,(a=0.0D)
0°, 70° 1555. 206 6. 90077 (30°, 35% 4,761 6. 90077
0°-70° 390. 972 3.09148 (35°, 40% 4. 826 6. 90077
(0%, 59 9. 628 6. 90077 (40°, 45%) 9. 567 6. 90077
(5%, 109 9.017 6. 90077 (45°, 50 18. 480 6. 90077
(10°, 15%) 11. 379 6. 90077 (50°, 55%) 11. 291 6. 90077
(15°, 20%) 11. 420 6. 90077 (55°, 60% 0. 697 6. 90077
(20°, 25%) 4.719 6. 90077 (60°, 65%) 35. 337 6. 90077
(25°, 307 9. 206 6. 90077 (65°, 70% 29. 666 6. 90077

2 0~T0"BIEMR T 24
Table 2 Results of metal plate variance analysis at 0°~70°

Angle group F F,(a=0.0D) Angle group F F,(a=0.01)
0°, 70% 1760. 334 6. 90077 (30°, 357 0. 941 6. 90077
0°=70° 535. 972 3.09148 (35°%, 40% 3. 947 6. 90077
(0%, 5% 312. 369 6. 90077 (40°, 45% 5. 607 6. 90077
(5°, 10% 3. 341 6. 90077 (45°, 50%) 26. 139 6. 90077
(10°, 157 0.122 6. 90077 (50°, 55%) 34. 236 6. 90077
(15°, 20 0. 149 6. 90077 (55°, 60 54. 336 6. 90077
(20°, 25%) 0. 629 6. 90077 (60°, 65°) 75. 687 6. 90077
(25°, 307 0. 261 6. 90077 (65°, 70 153. 523 6. 90077
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Table 3 Radiance effect indexes F$, and F3 of graphite and metal plate

Wavelength /nm F$ X Wavelength /nm F$ FM
1300 0. 023353 0. 059971 1900 0. 022980 0. 060926
1400 0. 023044 0. 060332 2000 0. 022957 0. 060625
1500 0. 022667 0. 061155 2100 0. 022978 0. 060003
1600 0. 022670 0. 061679 2200 0. 022742 0. 059146
1700 0. 022475 0. 062024 2300 0. 022334 0. 058149
1800 0. 022189 0. 062009 2400 0. 022378 0. 056742
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Fig. 8 Spectral radiance ratio of high temperature targets with different materials. (a) Graphite; (b) metal plate
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Table 4 Variance analysis of directional spectral radiance ratio of graphite for different bands

Angle / F(1400 nm, F (1600 nm, F(1800 nm, F (2000 nm, F(2200 nm, F (1400 nm, F(1400- F, F,
@) 1600 nm) 1800 nm) 2000 nm) 2200 nm) 2400 nm) 2400 nm) 2400 nm) (1, 98) (5, 294)

5 0. 031 0.017 0. 000 0. 028 0.032 0. 106 0. 056 6.901  3.091
10 0. 001 0. 047 0. 110 0. 004 0. 050 0. 026 0. 041 6.901  3.091
15 0.015 0.018 0. 068 0. 000 0.022 0. 007 0. 034 6.901  3.091
20 0. 005 0. 005 0.139 0. 000 0. 001 0. 049 0. 057 6.901  3.091
25 0.014 0. 060 0. 145 0. 003 0. 002 0.012 0. 042 6.901  3.091
30 0. 068 0. 086 0. 225 0.011 0. 054 0.171 0.092 6.901  3.091
35 0. 028 0.122 0.179 0. 044 0. 116 0. 356 0.118 6.901  3.091
40 0.076 0. 111 0. 229 0.071 0. 241 0.678 0.194 6.901  3.091
45 0. 044 0.129 0. 546 0.099 0. 288 0. 359 0.185 6.901  3.091
50 0. 026 0. 189 0. 717 0. 097 0. 292 0. 267 0. 203 6.901  3.091
55 0. 086 0. 208 0. 806 0. 065 0. 383 0. 426 0. 257 6.901  3.091
60 0. 095 0. 158 0. 782 0. 050 0. 207 0.212 0.213 6.901  3.091
65 0.152 0. 260 0. 631 0. 050 0. 409 0. 797 0.311 6.901  3.091
70 0.182 0. 265 0.571 0. 051 0. 321 0. 823 0.323 6.901  3.091

5 BmARA BB TT ISR ST S T 22 5 b

Table 5 Variance analysis of directional spectral radiance ratio of metal plate for different bands

Angle / F(1400 nm, F(1600 nm, F(1800 nm, F(2000 nm, F(2200 nm, F (1400 nm, F(1400— F, F,
@) 1600 nm) 1800 nm) 2000 nm) 2200 nm) 2400 nm) 2400 nm) 2400 nm) (1,98) (5,294)

5) 0. 362 0. 842 1. 672 4. 254 1.974 31. 500 10. 634 6.901  3.091
10 0. 346 0. 755 1. 441 3. 419 2.027 28.024 9. 265 6.901  3.091
15 0. 263 0.525 0. 760 1. 898 1. 161 17.999 5.632 6.901  3.091
20 0.513 0.732 0.773 1. 917 1. 099 21.737 6.515 6.901  3.091
25 0. 936 1. 191 0. 905 2.284 1. 148 29.125 8. 641 6.901  3.091
30 1. 136 1. 249 0. 599 1.611 0. 744 24.785 7.215 6.901  3.091
35 1. 387 1.403 0. 282 1. 087 0. 299 18. 931 5. 690 6.901  3.091
40 0. 991 0. 758 0. 030 0. 255 0. 000 6. 345 2.163 6.901  3.091
45 0. 704 0. 280 0. 008 0.018 0. 502 0. 441 0. 667 6.901  3.091
50 0. 147 0. 001 0. 386 1. 248 2. 655 4. 274 2. 288 6.901  3.091
55 0. 054 0. 095 1. 031 2.576 4. 459 12. 224 5. 318 6.901  3.091
60 0. 002 0. 306 1.538 3.138 3. 676 19.516 7.499 6.901  3.091
65 0. 096 0.733 2. 687 5. 462 5.795 40. 779 14. 375 6.901  3.091
70 0. 395 1.252 3. 900 7.434 7.441 59. 999 20.512 6.901  3.091
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Fig. 9 High temperature target curve fitting for different

materials (2200 nm)
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Table 6 Comparison of fitting accuracy of high temperature target curves for different materials

Wavelength / Graphite Metal plate

nm a b ¢ d R? a b ¢ d R?

1300 2. 862 —0.0051 —1.865 —0.0079 0. 978 0.9915  —0.0001 —0.0003 0.0969 0.997
1400 3.755 —0.0053 —2.757 —0.0073 0. 978 0.9915  —0.0001 —0.0003 0.0973 0.997
1500 3.598 —0.0053 —2.600 —0.0074 0. 979 0.9912  —0.0002 —0.0003 0.0981 0.997
1600 36. 880 —0.1364 —35.900 —0.1396 0. 979 0.9908  —0.0002 —0.0002 0.0994 0.997
1700 139. 100 —0.1374 —138.100 —0.1383 0. 979 0. 9902 —0.0003 —0.0002 0.1012 0.996
1800 46. 180 —0.1357 —45.190 —0.1382 0. 979 0.9895  —0.0003 —0.0002 0.1038 0.996
1900 2. 647 —0.1120 —1.663 —0.1662 0. 980 0.9884  —0.0003 —0.0001 0.1055 0.995
2000 13. 920 —0.1344 —12.940 —0.1431 0. 981 0.9873  —0.0004 —0.0001 0.1081 0.994
2100 22. 040 —0.1359 —21.050 —0.1413 0. 981 0.9858  —0.0004 —0.0001 0.1119 0.992
2200 64. 080 —0.1375 —63.090 —0.139%4 0. 980 0. 9842 —0.0004 —0.0001 0.1167 0.989
2300 45. 210 —0.1371 —44.230 —0.1397 0. 980 0.9826  —0.0004 —0.0001 0.1214 0.986
2400 2.612 —0.1126 —1.627 —0.1686 0. 979 0.9817  —0.0004 —0.0001 0.1256 0.953
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ST G 22 JEE R 0° ~ 70° 3 K TH A4 965 Pl 49 64 5 T
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