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Abstract: The all-sky imager is an important ground-based auroral observation equipment. Accurate optical
geometric correspondence between "object-image"” is the foundation for obtaining the structural scale of auroras
and achieving joint observations between the all-sky imager and satellites. This paper proposes a geometric calibra-
tion method for all-sky imagers based on gradient descent and star maps. This method determines the coordinates of
each star point in the star map within the all-sky image, and uses gradient descent to determine the pixel position of
the zenith in the all-sky image, as well as the relationship between the imaging radius and zenith angle within the
field of view. 26 and 22 star points were marked in all-sky images taken at two different times, respectively, and the

calibration results were verified by comparing them with the corresponding star maps. The verification results

i HEA: 2025-11-11; FERAHHA: 2026-01-04
Received Date: 2025—11-11; Accepted Date: 2026—01-04
FBEEE: R (1978, 5, BFAA, FEASEHORYEL. WRIX 2 YRR R RS AT L. E-mail:

huzejun@pric.org.cn



https://doi.org/10.19975/j.dqyxx.2025-054
https://doi.org/10.19975/j.dqyxx.2025-054
https://doi.org/10.19975/j.dqyxx.2025-054
https://doi.org/10.19975/j.dqyxx.2025-054
https://doi.org/10.19975/j.dqyxx.2025-054
https://doi.org/10.19975/j.dqyxx.2025-054
https://doi.org/10.19975/j.dqyxx.2025-054
https://doi.org/10.19975/j.dqyxx.2025-054
https://doi.org/10.19975/j.dqyxx.2025-054
mailto:huzejun@pric.org.cn

E5sE H1M

BIEIR, S5 BT BRRE R BRI B A8 R A O6 AR AU LT E bR S IR IE <121 -

showed that the absolute values of the stellar azimuth angle errors were 0.1547° and 0.206 2° on average, and the

absolute values of the zenith angle errors were 0.1076° and 0.1133° on average, respectively. This indicates that

the calibration method proposed in this paper is accurate and effective.
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Fig. 1 Zenith positioning and azimuth determination principle
(Aurora all-sky image from Yellow River Station, Date:
December 21, 2003, Time: 23:01:51 UT, Wavelength:
557.7 nm)
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Fig. 2 (a) Stellar stars point distribution in all-sky image; (b) The corresponding star chart for that time in Stellarium
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Table 2 Information of stellar stars at 19:55:01 UT on December 28, 2003
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chart at same time
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Table 3 Information of stellar stars at 23:20:21 UT on December 22, 2003
o AR J5 v Sy KI5
o X Y HHRAE/C) HIHH/°) BF/(°) /) FLIAE/°) BF/(°)
) i — 274 226 356.456 356.867 —0.412 10.562 10.675 —0.113
PR 183 218 85.789 85.902 -0.113 27.072 26.989 0.083
K 166 219 90.715 90.468 0.246 31.915 31.876 0.039
F A 180 170 65.083 64.836 0.247 37.432 37.488 —0.056
FEIH 186 157 58.949 58.846 0.102 39.506 39.740 -0.234
7L 182 136 55.273 55.895 -0.622 46.130 46.108 0.022
Jet— 249 180 30.101 30.644 —0.543 24.549 24.421 0.128
K 136 71 56.267 56.422 -0.155 76.974 76.762 0.212
Li— 347 91 354.745 354.583 0.162 62.429 62.238 0.191
R 393 161 328.248 328.155 0.093 53.809 53.850 —0.041
TR 362 281 279.464 279.737 -0.273 33.789 33.701 0.088
p i3 348 278 279.275 278.904 0.371 29.170 29.042 0.129
TR— 361 264 288.631 288.537 0.094 32.630 32.712 —0.082
R = 311 345 233.302 233.119 0.183 32.699 32.595 0.104
HAEZ 250 361 197.913 197.641 0.273 33.393 33.325 0.068
= 224 358 183.790 183.999 -0.210 34.188 33.992 0.196
T 233 410 193.195 193.074 0.121 50.510 50.559 —0.049
B 1 269 446 205.830 205.932 -0.102 63.231 63.433 -0.202
2 193 456 184.486 184.462 0.024 71.514 71.543 —0.029
! 168 403 170.938 170.878 0.060 56.592 56.704 -0.112
Jeim = 152 358 156.259 156.237 0.022 47.612 47.852 —0.240
Jem= 138 361 153.582 153.691 -0.109 51.991 51.915 0.076
F10.2062°, KT A 5 22 48 5BV 3 43518 0.107 6° -~
H10.1133°, LA AT, A SCHE A58 A5 7 v
AL T A7 R eV vl ARt B e Il A T R R 5 5K B AR
SR FEs N AT S A S g S M A B ST
HiES KR

R AR AT FE O Crp ARSI TR TR KA A 2
Hes bR AL IEAR BTk 42 R A O R B,
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