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Fig. 1 Flowchart of the photogrammetric processing of planetary remote
sensing images based on fast geometric rectification
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Fig. 2 Illustration of back projection of linear pushbroom images
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Table 1 Basic information of the test images
AAML EA SIS 8] 43R /m MR R MG ER

M1303619844LE 2019-02-01T00:22:59 0.88 5064x52 224

M1303619844RE 2019-02-01T00:22:59 0.87 5064x52 224

LRO NAC

M1303640934LE 2019-02-01T06:14:29 1.18 5064x52 224

M1303640934RE 2019-02-01T06:14:29 1.13 5064x52 224

h7289 nd2 2009-09-08T00:05:37 14.01 5176x21 168

h7289s12 2009-09-08T00:05:06 14.80 5176x21 168

MEX HRSC h7289 s22 2009-09-08T00:06:08 15.06 5176x21 392
h7289 p12 2009-09-08T00:05:17 21.52 2 584x10 584

h7289 p22 2009-09-08T00:05:58 21.76 2 584x10 640
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Fig. 3 Illustration of tie points distribution of MEX HRSC images
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Fig. 4 [Illustration of tie points distribution of LRO NAC images
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Table 2 Image residuals of bundle adjustment results

5 WEMGR
R K i _—
Tm BT
MI303619844LE  0.36 0.07
LRO NACH % MI303619844RE  0.22 0.09
(Chang'E-4% i X)) M1303640934LE 0.46 0.06
MI303640934RE 032 0.08
h7289 nd2 0.23 0.26
h7289 512 0.17 0.39
MEX HRSCH
17289 522 0.14 0.27
(Mars 2020 i X ) s
h7289 pl12 0.24 0.35
h7289 p22 021 0.41
05 T wsrras
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£ 03
= O
=~
S0}
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Fig. 5 Image residuals of the bundle adjustment for LRO NAC images
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Fig. 6 Image residuals of the bundle adjustment for MEX HRSC images
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Fig. 7 The posterior geometric accuracy of tie points for LRO NAC images
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A Fast Photogrammetric Processing Method for Linear Pushbroom

Planetary Remote Sensing Images

GENG Xun"’, XU Qing’

(1. College of Geography and Environmental Science, Henan University, Kaifeng 475004, China;
2. Henan Industrial Technology Academy of Spatio-Temporal Big Data, Henan University, Zhengzhou 450000, China;
3. School of Geospatial Information, Information Engineering University, Zhengzhou 450052, China)

Abstract: Planetary photogrammetry is widely used to derive the mapping products of extraterrestrial planets. However, the
existing planetary photogrammetric methods exhibit low efficiency and poor applicability for long strip linear pushbroom planetary
images. We developed photogrammetric processing method as well as corresponding software modules for linear pushbroom
planetary images based on fast geometric rectification. Based on the rigorous sensor model of linear pushbroom planetary images, the
fast back projection algorithm is used for orthophotos rectification, and multi-threaded programming technique is also used to further
improve the computational efficiency. To derive control network for linear pushbroom planetary images with large amount of data,
we first conduct image matching on approximate orthophotos that derived from fast geometric rectification to acquire tie points, and
then convert the matched tie points into original image space using rigorous sensor model. Experiments were conducted using Lunar
Reconnaissance Orbiter (LRO) Narrow Angle Camera (NAC) and Mars Express (MEX) Hight Resolution Stereo
Camera (HRSC) images, and the corresponding DOMs and DEMs were derived. Compared with the planetary image processing
software USGS ISIS, the developed method significantly improves the processing efficiency of linear pushbroom planetary images.

Keywords: planetary photogrammetry; lunar mapping; Mars mapping; geometric processing

Highlights:

e We developed a geometric rectification method for linear pushbroom planetary remote sensing images based on a fast back

projection algorithm.

e The tie points are acquired through image matching on approximate orthophotos, which helps to improve the automatic processing

capability in establishing control network of linear pushbroom planetary remote sensing images.

e The digital orthophoto maps and digital elevation models for the landing site of Chang’E-4 and the candidate landing site of Mars

2020 were derived, which demonstrated the feasibility of the developed technical process.
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