55 41 355 11 AND/ NS Q= o 1 Vol. 41, No. 1
202242 1 J. Infrared Millim. Waves February,2022

XE4HS:1001-9014(2022)01-0199-11 DOI:10. 11972/j. issn. 1001-9014. 2022. 01. 014

ETR&EETHREIFERAXBBGLERILMARE
hETTiE
SR, BN, TRES, AR

(1. ERBUM & ETFFEBE , WilL AT 310024
2. ERE R RELL AN A e, I 2000835
3. R EREBE R AR YT T 20D S S AR TSR %, LI 2000835
4. hERERE R, ALaT 100049)

WE AN TERANERBERZ SN L EAHATREGAETF EELINATAEEZBIEE R A, EET
—MET AL BTN K LI EIRRGNERINARGE T E T . EARBELFRAEMRARGEE HET K
L P BARBEO AT R A R, T L0 E44s . DOM F2 DEM 3 8 # 45 , Bt k& F R ER P A
FERATBOMEENZARBRRGGE &5, BB TET B ELEENUEARR T &, B EE g
ARG THESRAMEE. CREFXN, ZF AT LAK LN BARRGUNEERECE Y LITREFE,
MREFESGREMEERT2MET. ZAEN R F R AR R G ERET 5B, R G E
EZRMM AR T EHEEAEEE L.

X B Wk E; LARR; K&FIEE; AENG L&BET

FESES . P236 SCERFRINAD . A

In-orbit geometric imaging simulation based on ray-tracing for long-
linear-array and whisk-broom thermal infrared imager
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Abstract: In order to solve the problems of image quality evaluation, imaging link analysis and subsequent processing
algorithm verification due to the lack of in-orbit data before satellite launch, an in-orbit geometric imaging simulation
method for long-linear-array and whisk-broom (LLAWB) thermal infrared imager (TIRI) based on ray tracing is pro-
posed. Firstly, according to the structure and imaging characteristics of the optical system, the rigorous geometric imag-
ing model of the LLAWB TIRI is constructed. Then, based on the simulation attitude and orbit parameters, auxiliary
DOM and DEM data, the spatial projection and imaging simulation of pixel visual vector are realized by ray tracing and
re-projection algorithm. Finally, a geometric calibration method based on "generalized" correction matrix is proposed to
modify the positioning model and improve the positioning accuracy of simulation images. Experimental results show
that the proposed method can be used to simulate the geometric imaging of any orbit position for the LLAWB TIRI, and
the positioning accuracy of the simulation image is better than two pixels after calibration. This research provides a new
idea for in-orbit geometric imaging simulation of space optical payloads, and is of great significance to the error analy-
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sis, geometric positioning and calibration of imaging links.
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Table 1 Orbit parameters of SDGSAT-1 and specifications of LLAWB TIRI

SDGSAT-1 TIRT
Ttems Design indexes Ttems Design indexes
Orbit type Sun-synchronous Swath 300 km
Orbit 505 km Resolution 30m
8-10.5 um
Local time of descending node 09:30 Bands 10.3-11.3 pm
11.5-12.5 pm
Orbit period 94. 7 mins Pixel size 30 wm
Inclination 97.4° Scan period 7.48 s
Eccentricity 0.0 Field of view(FOV) along-track/ cross—track 7.0°/233.1°
Revisit interval ~10. 5 days F# 1.94
Life >3 years Focal length 505%(1£5% ) mm
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Table 2 In-orbit geometric imaging simulation based
on ray tracing for LLAWB TIRI

Input: Sensor model, Referencing DOM & DEM, simulated atti-
tudes and ephemeris, GCPs

Output: Simulating images
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Fig. 3 Referencing data (a) upsampled AwiFS images with 30 m resolution, (b) 30 m ASTER GDEM, (c) 30 m Landsat8 ortho-

image

Table 3 Simulating ephemeris and attitudes of SDGSAT-1 minisatellite in J2000

Time (UTCG) X (Km) Y (Km) Z (Km) " W Ve Yaw (°) pieh Roll (*)
(km/sec) (km/sec) (km/sec) )

02:44:00.000 -2033.84702 ~-5244.47193 3967.55830 -2.70240 -3.59556 —6.13805 111.822 17.186 ~-127.108
02:44:00. 100 -2034. 11679 -5244.83103 3966.94527 -2.70215 -3.59492 —6.13854 111.820 17.188 -127.102
02:44:00.200 -2034.38653 -5245.19006 3966.33219 -2.70190 -3.59428 —6.13902 111.818 17.190 -127.096
02:44:15.800 -2076.16107 -5300.41366 3870.10448 -2.66276 ~-3.49389 -6.21363 111.531 17.555 -126.135
02:44:15.900 -2076.42688 -5300.76260 3869.48390 -2.66250 -3.49324 —6.21410 111.529 17.557 ~-126.129
02:44:16.000 -2076.69267 -5301.11148 3868.86327 -2.66225 ~-3.49260 —6.21457 111.528 17.559 -126.123
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Fig. 4 The simulation image and GCPs matching results (a)
the simulation images of two scan periods, (b) GCPs match-

ing results of the simulation image and reference image
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Fig. 5 Distribution comparison of geometric positioning errors of simulation images: (a) positioning errors in X before calibra-
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calibration, (e) positioning errors in Y after calibration, (f) positioning errors in Z after calibration
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Table 4 Geometric positioning accuracy comparison of simulation images before and after calibration

Positioning error before calibration Positioning error after calibration
Ttems
X(m) Y(m) Z(m) XY-plane(m) X(m) Y(m) Z(m) XY-plane(m)
Maximum 656. 543 567.579 821.984 784.353 186. 959 293.231 231.615 473.753
Minimum 0.115 17. 808 43.964 34. 601 0.051 17. 808 0. 069 2.782
Mean 216. 651 245.243 261.516 350. 416 34.234 49. 563 31.511 63. 875
Median 257.013 247.215 241.014 349.778 30. 270 49.283 29.533 61.733
RMSE 153. 061 47.074 78. 831 181. 837 34.145 40. 471 30. 366 39. 876

FT LA b SEER 45 2R AR A T R A TR A AR BUL IR T vk 0 TR A AR B A R BEAT BRI
Hij , 3853 DOM \DEM ZZ5di A i Hag 8, 55 SEBRTE PUBLR I Al 07 B0 45 R AR AR OC S 8
TET 47 1] it ] 0 T A S ) A3 AR LA S AR S AR R UL LR R BRI RR (L, T DRI G (E
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Fig. 6 Distribution comparison of planar geometric position-
ing errors of simulation images: (a) planar positioning errors
before calibration, (b) planar positioning errors after calibra-

tion
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