$30% s wqOANOM R Vol.30 No.5
2024 £ 10 H Manned Spaceflight Oct. 2024

I 1 e N D S B 8 BL B 5 05 T R 5
5 T XY SR

i? 72’&1’2’3 ’ /—;uiX)/l , %%%1 , \)J:]/ &911,2,3 , }%7_}(3{1,2,3 , i%} 7//(1’2’3 ,
O, Ehg
(1. [RIBR2M2: 5 MRS B2, 11 200092 2. 1 1 T T I 22 1 ok 5 23 ) 4000 2 A S e =
i 200092 3. LTI E A BRI A& 05 oL, i 200092
4. hEBRE B K TGS SIS W EF T, K35 130033)

WE AT BRA R R E R F P Z BN EAE TR E 5 o945, A AR LA &R A8
RGELMNEHEAZHEL O ZFMEALEA, RE—FEGBEAKAZ T TE AL A 484
A RAR T ik TR AL R B AR SR T Fr it A2 A AR AE S F R HIR £ BIR
JEYE B BAAIR RGP SFE B Y E ARG ARG B Atk Al 3R T Rk e AR L R T
BEOTEAEIARANTFRT ARAALELH TN R L EBHEBERELS R, 5206
ORB-SLAM2 kst 47ibdr, R R A TR B0 k4 TR ALK R R HIBE R BIRIF E
g EALLE R A S B 2 IR RABE 3. 1%, T IIET ®ALE FRAAIEME
RIS R ARG R T T4,

KB BRAIKA ; WAL, TALK,; WL FEAL

FESES.VI9 XEiRiIEA. A XEHS1674-5825(2024)05-0652-07
DOI:10.16329/j.cnki.zrht.2024.05.004

Research and Ground Validation on Visual Localization Methods
with Wide-baseline Stereo Cameras for Manned Lunar Exploration

XU Xiongl’z’3 , CEN VVelrlguang1 , CAO Zilong1 , XIAO Charlgjiangl’Q’3 , FENG Yongjiul’z’3 ,
XIE Huan'?*, WANG Dong', TONG Xiaohua'?""

(1. College of Surveying and Geo-Informatics, Tongji University, Shanghai 200092, China; 2. Shanghai Key Laboratory
for Planetary Mapping and Remote Sensing for Deep Space Exploration, Shanghai 200092, China; 3. Shanghai Integrated
Innovation Center for Manned Lunar Exploration, Shanghai 200092, China; 4. Changchun Institute of Optics, Fine
Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: The manned lunar rover typically operated at relatively high speeds and required high
precision for long-distance measurements. The wide-baseline stereo cameras could be installed to im-
prove the measurement accuracy and enhance its positioning capabilities. In this paper, a wide
baseline stereo cameras based visual positioning method for manned lunar exploration was proposed.
The feature point extraction and image matching processes based on the characteristics of wide base-
line imaging were built. By optimizing feature point reprojection errors and depth distance thresh-
olds, more distant object points were retained for pose estimation. Based on the designed wide-base-

line stereo cameras, datasets were collected for the following visual localization experiments with dif-
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ferent baselines. Compared to the classical ORB-SLAM2 algorithm, the experimental results demon-

strated that the proposed algorithm achieved better positioning results for wide baseline experimental

data, with the relative position deviation index at the endpoint was less than 3. 1%. This research

validated the potential of wide baseline cameras to be applied in planetary exploration.

Key words : manned lunar exploration; stereo vision; wide baseline; visual localization
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Fig.1 Calibration image
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Fig.2 Framework of the proposed method
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Fig.3 Illustration of the pose optimization procedure
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Fig.4 Wide-baseline stereo cameras
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Fig.5 Simulation field of Lunar and deep space ex-
ploration
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Fig. 6 Experimental results with the baseline of 1.2 m (xy direction)
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Table 1 Comparison results of the datasets with a baseline of 1.2 m

g H ﬂiiZJ or - HEygor  H ij%bﬁ 02 Y02 kiizj 03 k203 ki% 04 KIEY 04
ORB-SLAM2  AXH#  ORB-SLAM2  AHIE  ORB-SLAM2  AXHE  ORB-SLAM2  AHIE
ATE g/ m 4.515 4.127 4.910 4. 481 2.182 2. 140 2. 464 2.571
RE/% 7.13 1.91 5.70 2.15 9.28 1.75 28. 66 3.03
SEIREE/ % 77.32 100. 00 85.29 100. 00 69. 49 100. 00 61.65 100. 00
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Fig.7 Experimental results with the baseline of 0. 9 m (xy direction)
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Table 2 Comparison results of the datasets with a baseline of 0. 9 m

S AR 05 Hﬁﬁ% 05 A kY 06 FJ;%%}Z: 06 kY07 kEE'% 07 KB 08 J@'iﬁ 08
ORB-SLAM2  ACH#  ORB-SLAM2  ACH¥E  ORB-SLAM2  AXHL  ORB-SLAM2  ARCH %
ATE g/ m 7. 644 5.474 7.221 6.213 1.247 1.267 1.885 1.814
RE/% 8.24 2.38 31.2 1.42 5.28 0.95 11. 11 0.71
SENE % 100. 00 100. 00 36.33 100. 00 78.93 100. 00 77. 45 100. 00
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