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Table 1 Calibration parameters of the lunar rover’s stereo cameras in the ground field

JUEZ) xo.yo(RFK) BIMBAESHL BB ESHL WO ESHp, i 0> W5 A5 2 8,
e S 1181.4 3.1, 115 -2.1597x107* 3.1118x107"* 1.4603x1077 -3.1304x1077
A S 1196.6 -1.0, -18.4 -2.2209x107® 3.0968x107'* -5.3254x107° —2.8598x1077
Wik oo s 3395.8 -18.0, 4.5 —2.7444x107° 3.0343x107"° 6.3701x107" 4.6876x107*
s s 3395.6 -17.3, -0.4 3.4428x107° 3.4532x107"¢ 4.3370x1077 -3.3783x1077

F2  AEKHLEN S L AANIBEYELRAMN F TR
Table 2 Baseline and relative orientation elements of the lunar rover’s stereo cameras®

P HLL (mm) u(rad) v(rad) o(rad) ao(rad) Kp(rad)
FATAHBL 269.2 -0.0022 —0.0340 -0.0054 0.0078 0.0003
4 FAHBL 271.4 0.0140 -0.0369 -0.0055 0.0005 0.0001

a) i, v, gu, el B I T SEARFR LA AR XS 7 L e R
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Figure 1 Connection points of stereo images at the adjacent stations. (a), (b) Images of the lunar rover taken at the top of the lander; (c), (d) images of
the lunar rover taken in the detection point X, the white wire as the connection points
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Table 3 Summary localization results of the lunar rover prototype in the indoor testing field

e - . R 2t %5f 5 AR BE (m) AR E AR BE (%)
Fik1 Jrk2 Tl 52
1 B24x it B4 5 13.830 0.422 0.301 3.05 2.18
2 B2l B4 5 13.830 0.809 0.854 5.85 6.17
3 B44: 5t B35 5.760 0.139 0.230 2.41 3.99
4 B24 5% C2-X 5l 6.079 0.399 0.409 6.56 6.73
5 B25fiil C2-ASHi 8.633 0.223 0.204 2.58 2.36
6 C25:4it C2-BFiii 4.806 0.387 0.309 8.05 6.43
7 C2-B:fiil C2-CHfiii 6.711 0.240 0.210 3.58 3.13
8 C2-C:fii C2-D&Hiit 5.377 0.280 0.337 5.21 6.27
9 C2-DFlit C7-15:45 6.476 0.242 0.367 3.74 5.67
10 C7-159:M C7-2FMii 7.331 0.196 0.102 2.67 1.39
11 C7-254it C7-S15:4it 9.581 0.258 0.218 2.69 2.28
12 C2-B:/iil C7-S14%5¢ 6.994 0.189 0.203 2.70 2.90
13 C7-245% C4-045¢ 16.680 0.590 0.417 3.54 2.50
14 C7-254t C4-0F:1ii 7.384 0.220 0.133 2.98 1.80
15 C4-04x 5t C4-14: 5t 9.025 0.224 0.149 2.48 1.65
16 C4-04: %5 C4-1'3fi 9.025 0.330 0.453 3.66 5.02
17 C4-03 M1 C4-15:40t 10.190 0.545 0.396 5.35 3.89
18 C4-1%fit C4-2Flit 9.427 0.390 0.682 4.14 7.23
19 C4-045% C4-245¢ 18.320 1.100 1.214 6.00 6.63
20 C4-24: % C4-3F:1li 9.808 0.170 0.112 1.73 1.14
21 C4-25Hii C4-4 51l 9.756 0.844 0.793 8.65 8.13
22 C4-24: %5 C4-5Ffii 11.090 0.362 0.130 3.26 1.17
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Table 4 Number of statistical localization and relative
localization precision of the rover prototype

R £ AEXT E 5745 BE CE41E) (%)
AE X P B N
FENLIREL Jrig T2
SRR B 10 4.05 4.07
R R 8 4.00 3.81
KRR 4 4.61 437

RS5O R THE R R (ms)”

Table 5 Calculation time of the two rover’s localization methods (ms)”

- IR SORET 2
s I‘J_i* M ! \
ERRHE ik i
5 1 563
6 1 568
9 1 591
12 1 584

a) KA Ay K 3 5% M Intel(R) Core(TM)i5@2.50 GHz, 2 GB
WAE R 5L
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Figure 2 (Color online) Moving path and location path of the
Chang’E-3 lunar rover
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Table 6 Statistical correction results of the telemetry location
datas using the rover’s localization methods (m)
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High precision localization of the Chang’E-3 lunar rover
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High-precision localization technology is an important component for conducting scientific explorations in the Chang’E-3 lunar rover
mission. In this study, the exact stereo images strips network localization (SISNL) method is proposed to solve the localization
problem of the lack of high-precision control points on the lunar surface. First, we obtained the camera calibration parameters using the
bundle adjustment algorithm in a ground field with some known control points. Hence the baseline and relative orientation elements of
the stereo cameras were acquired. Second, after building the stereoscopic model using feature matching and forward intersection, the
stereo images strips network was generated, using the sequence of connection points at different stations. Third, based on the
weighting matrix of the coordinate observations of the connection points, and on the extended orthogonal Procrustes theory, the least
squares adjustment algorithm was used to solve the mathematical model of the images strips network. The lunar rover’s position and
attitude information was then acquired directly. At the end of the study, we compared the SISNL method with the traditional bundle
adjustment method using the indoor testing field data. Though the two methods have equivalent localization accuracy, the comparision
results show that the SISNL method was superior to the latter in terms of both stability and efficiency. On this basis, the SISNL
method was successfully applied to the Chang’E-3 lunar rover teleoperation system and satisfied the demand for lunar rover
localization.
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