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Table 1 Fitting results of lunar data
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Fig. 6 Phenomenon of slope reduction
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jﬂj‘j GEHZ=axX+b GERZ=axX+bxX +c
FHla EX ) FHla ES () ¥
1 1048 1641 1.040 0.079 1.388
2 1081 1298 1.064 0.073 1.099
30 1103 1498 1049 0.096 1214
4 1054 2659 1.054 0.111 2.031
5 0916 8831 0.933 0.136 6.628
6 1063 1845 1.063 0.086 1.423
7 1168 0.606 1.143 0.129 0.120
8§ LIs4 1427 1175 0.049 1242
9 1137 1285 1.108 0.116 0.889
10 1080  3.906 1.087 0.096 2.528
11 1240 0708 1212 0.109 0.328
12 1122 1051 1.078 0.119 0.734
13 L1128 0653 1111 0.126 0.306
14 LI31 0958 1111 0.080 0.735
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Table 2  Fitting results of Martian data

B LRt M CIDN 1R RN
B mmz=axX+b SRZ=axX+bxX +c

FHla FHib FHla FHb FHe
a 0.646 5.150 0.594 0.175 5.010
b 0.878 3.414 0.779 0.243 3.128
c 0.886 2.857 0.729 0.384 2.508
d 0.491 3.759 0.345 0.329 3.614
e 0.699 2.186 0.612 0.325 2.018
f 0.801 2.513 0.717 0.338 2.237
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Table 3 Evaluation of lunar data experiments
. LR AM NI AR 2L R
. e =3 o o
5%?1% RIS ) GRZ=axX+b HRZ=axX+bxX +c
i i o
Evae Ermse Eniag HMETE /% Ermse Evae FMEETE /% Ermse
1 2.000 2.377 0.855 57.3 1.272 0.842 57.9 1.232
2 1.585 1.867 0.680 57.1 0.970 0.665 58.0 0.934
3 1.762 2223 0.863 51.0 1.305 0.808 54.1 1.221
4 3.295 4.059 1.681 49.0 2.337 1.617 50.9 2.246
5 7.285 9.163 3.932 46.0 5.488 3.644 50.0 5.092
6 2.375 2.809 1.094 539 1.517 1.062 553 1.461
7 2.070 3.180 1.288 37.8 2.019 1.187 42.7 1.853
8 3.453 4.240 1.576 54.4 2.187 1.569 54.6 2.174
9 1.716 2.260 0.846 50.7 1.328 0.771 55.1 1.206
10 5.247 6.630 2.969 43.4 3.993 2.827 46.1 3.806
11 2.345 3.436 1.228 47.6 2.059 1.201 48.8 1.971
12 1.361 1.840 0.713 47.6 1.184 0.661 51.4 1.093
13 2.713 3.492 1.129 58.4 1.715 1.078 60.3 1.605
14 1.626 2.220 0.760 533 1.289 0.743 54.3 1.248
4 KERBBETN
Table 4 Evaluation of Martian data experiments
e ZEAME NI AR AR F A M
' AN (0 ,
?{”1% RAMEHES () SHRZ=axX+b GRZ=axX+bxX +c
%' - o
E\ag Erwmse E\ae AMEIEE /% Ernse Eyiae AMEIEE /% Ermse
a 4.772 5.013 1.164 75.6 1.511 1.162 75.7 1.501
b 3.101 3.616 1.437 53.7 1.858 1.381 55.5 1.791
c 2.602 3.071 1.284 50.7 1.638 1.212 53.4 1.544
d 3.273 3.547 1.016 69.0 1.311 0.995 69.6 1.279
e 1.856 2.156 0.772 58.4 1.075 0.751 59.5 1.046
f 2.049 2.402 0.899 56.1 1.232 0.812 60.4 1.104
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Table S Evaluation of compensation model for global moon
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Table 6 Fitting and validating results of graded lunar slopes
SRR ) S GUNIF L AR P 2R PR3 P 3 Y B pRAMER T

ES ES 0 FHc Eyiag Egmse Eniae Erwmse

0~3 8294 895 1.188 0.144 0.626 0.686 1.111 0.690 1.116

3~6 2 946 604 1.139 0.161 0.670 1.083 1.742 1.069 1.758

6~9 3083 811 1.109 0.157 0.852 1.338 2.084 1.321 2.095
9~12 4367 343 1.133 0.133 0.761 1.729 2.557 1.730 2.557
12~15 2744 330 1.145 0.096 0.937 2.480 3.401 2.472 3.413
15~20 1226338 1.135 0.083 1.194 2.700 3.510 2.708 3.536
20~30 120 588 1.197 0.071 1.408 2.787 3.706 2.924 3.821
>30 6277 0.860 0.045 15.228 4.238 5.399 5.194 6.754
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Table 7 Comparison analysis before and after compensation

FMEHT wMEJE
e —
Enae Ryise Eniag MR Ermse
HRSC-MOLAG & %4t &HIiRISE£(# (DTEEC_069876_2055_069942) 2.846 3.179 0.796 72.0% 1.409
HRSC-MOLA# & ##: &HIRISE4(# (DTEEC_069665_2055_069731) 3313 3.405 0.624 81.2% 0.916
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A Low-resolution Slope Compensation Method Involving Slope Change Rate

YIN Li"*, YE Lejia"*, DI Kaichang"’, LIUBin', SUN Xiaozhu', WANG Changhuan’, BO Zheng"’

(1. State Key Laboratory of Remote Sensing Science, Aerospace Information Research Institute,
Chinese Academy of Sciences, Beijing 100101, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. CAS Center for Excellence in Comparative Planetology, Hefei 230026, China;
4. Shanghai Academy of Spaceflight Technology, Shanghai 201109, China)

Abstract: To solve the problem of slope reduction caused by the lack of high-resolution Digital Elevation Model ( DEM ) on
the surface of moon, Mars and other planets, we propose a low-resolution slope compensation method involving slope change rate
factors. It is an improvement on the existing linear compensation method by incorporating slope change rate into the compensation
model to obtain better accuracy for slope compensation. In this paper, lunar and Martian data are used to verify the method. Several
lunar and Martian low-resolution DEMs covering a variety of terrains are selected and compensated using the improved method.
Then they are validated using slopes generated from the high-resolution DEMs. The results show that after applying the proposed
compensation function, the compensated slopes can represent the terrain features of the lunar and Martian surface better compared to
the original low-resolution slopes. Meanwhile, the proposed method considering the slope change rate is more effective than the
traditional linear compensation method. Based on the improved method, the overall and hierarchical compensation models suitable
for various lunar landforms are established and the low-resolution Martian slope data covering 50 kmx50 km of the Tianwen-1

landing site are compensated and analyzed.
Keywords: Digital Elevation Model; slope compensation; deep space exploration; Moon; Mars

Highlights:

e An improved method for low-resolution slope compensation is proposed. By incorporating the change rate information of low-

resolution slope to the compensation model, the compensation results of low-resolution slope are closer to the reference value of high-

resolution slope.

e The model suitable for the low-resolution slope compensation of the entire lunar surface are supplied and the graded compensation

models are supplemented.

e The low-resolution slope data covering 50 kmx50 km of the Tianwen-1 landing site is compensated and topographic analysis is

performed.
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