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Abstract: Objectives: Aiming at the problem that the straight line extraction effect is poor due to the
strong illumination condition during the in—orbit calibration, so a brightness weighted inter—partition
straight line extraction method for in—orbit calibration of planetary rover is proposed. Methods: A line ex-
traction method with brightness—weighted partitions for planetary rover in—orbit calibration is proposed.
First, the gradient magnitude and direction are counted, the gradient direction distribution model is ob-
tained, and the adaptive interval division is carried out according to the standard deviation of Gaussian distri-
bution. Then, taking the brightness of pixels as the weight basis, the gradient threshold of each interval is
determined and the initial edge chain is extracted. The seed points of each edge chain are determined according

to the histogram of gradient direction, and the initial detection of straight lines are completed by dynamic
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tracking. Combining with the constraint of the final end point distance and the consistency of the center of
gravity, the straight lines are connected, and the Helmholtz criterion is used to complete the straight lines
verification. The solar panel navigation images of Chang’e—3 are used to carry out the experiments of line ex-
traction, matching and in—orbit calibration under the constraint of lines compared with the classic line seg-
ment detector and edge drawing lines methods. Results: Through several line extraction methods, the line
extraction results of navigation images show that the correct straight line extraction of this method is im-
proved by 62.35% and 43.21% at the maximum and 37.96% and 27.76 % on average, and the accuracy of
stereo vision system calibration with line constraint is improved by 6.45% , which is 4.38% and 2.30%
higher than that with other two line extraction results. Conclusions: The line extraction method with bright-
ness—weighted partitions can assist in the in—orbit calibration of planetary rover stereo vision system with
higher accuracy.

Key words: solar panel navigation images; brightness-weighted partitions; interval gradient threshold;

line extrac—tion; in—orbit calibration
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Table 1 MSE Calculation Results of the Proposed
Method and Adaptive Canny and ED drawing Methods

- MSE/dB FEfRit  FEfRLL
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Table 2 PSNR Calculation Results of the Proposed

Method and Adaptive Canny and ED drawing Methods
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D-R4  49.364 49.706 50.006 1.30 0.60
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Fig. 12 Line Detection Results of Different Line Extraction Methods
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Fig. 13 Statistics of Different Types of Straight Line Segments in Each Group of Stereo Images

M 35 4 3R TR 40 59.26 % F143.21%,
PO R AR F W B 3B RN R IR R R
JIE I, RRAE PR A R BEAIG L LSD T8 ¥k 3R B AT 42
(9 Fh 5 0 AT X 3R 8 K EDLines J7 % th 6 % 4K
B iR N B ) Rl A AT G B L AR SO S 3 43
DX [ AT AR M F B R 300 2 B IS SR O B A
Sl 3 g ST S A Rl SR R AT B IR A
W, 25 G 2 F 4 RARAIE T 7T 5 2k RRAE Y o o
I

Z-R6 X-R2 C-R3 D-R4
BXI G5
(b) FH H A MGt

23 H&LRMSHENRE

Shy 58 IE AR SC HL 2k B T ik ) nT S M R AL
P ) 3 T 28 BT B9 BLZR DT I 3k X §2.2
pNEE #ﬁLhﬁmﬁ%#&ﬁmhﬁnmﬁ AR
3BT T Y TR A A, S M AT B4 VT fC S5
ANTRI S AL ) H 2R DL fic 4 %ﬁnl@m@?mﬁ%l@
TR RN W £ B4k 43 33l Ry 1 o DG fC 19 4 L 4k R
BLH 2, IR AR E 68005 R0 8 6 80 AT S
o MAEVEECEE R, o gt E R
D P XoF 50, e v h &b SR A 15 B, B il 3R R £ T



%50 &5 14

VW45 - T AT B AR PR A8 B9 5 BE A 23 DX ) B 2R 4R TS 15 129

(o) ARSI 4RIV E ZR UL e 45 R
Pl 14 A [ 458 3 S A 1 0 DC L 5 2R
Fig. 14 Matching Results of Stereo Pairs at Different Photographing Stations

80

[ B3

(=)
(=]
T

2R BLUL 0 #
N
S

33
(=]

R
EFINE A
(a) KHZE

120

100

e}
(=]
T T

LR BLULAC S
5 8

3]
(=]
T

(=]
T

D
2 INIRE IR
(b) FH H LB

K15 AR HL ISt
Fig. 15 Matching Statistics of Different Types of Straight Line Segments

BC 2SR, 9\ Bl > T 4 1F 0 DC e X 58

A LA b PR 2 ST 1A 52 5 X TE i L £ DT BE B0 mT
% T 7 0 S B VE e 45 R IR AE AR SC Lk 4R
B2 T FRB 41 % 1 # 19 4 HZR DR X, 38 ED-
Lines LSD $& Bt 45 R 43 5| Z VL BT 1 9 X} A1 17 X,
BT 25K 41.46% F121.95% . X T4 HLR TR,
AR ST B4y A K Z VL BE T 63 X% 58 X, UL
fic $2 TR 1k 57.43% F162.38% . H1 K BH AE B X
Bl R R 5 FE BRI ) D ol B AR VT e 25 R AT A 6 T
K T 26 RN S 2K % 1E B D JE s e 480, AR S iR 4
% EDLines \LSD Z VL T 23 X i1 30 % , DT e

TR Ny 65.22% I 50% o LA WX SLARFEAL 3
Tt 7 3 ) T 2488 4R ORI DG JE 455 5 Wl 6, X6 4 B 25
SRR R L B B AR P B LR, AR SO i ]
PEATRCAT R B 35 N B EL, 3 LSD i EDLines H A7
—E WM

VB 1 T2k A5 B AT Sy S 0 A B A R 4
R T 5 A R SR o T R 5 A BILTE A
RAEMES 2 o ARG B2 4R BUR DT Fl 45 5, 481 1E
i DG T L 4 o o o s A B R B S LA R L
B8 65 O TR R R A B 24 SRR 1R RO R
- 25 AHAIL R 5 AL, I ) B /I 3 O 22 5K i



130 DR 22 A (R BB 2 D

202541 H

BLA PR ZEAE AR E R S B 455813
JEBE  ARFE AN ] 75 vk ) B2k $2 4G SR 2R A7 S AR
PR E 5256, I TH A AR A E 0 AU iR 22
BEAT AR E N B 0 A, 38 5 4 4 2 R fel A R 22
7 RE R B AR B T AR, ELAR U SRR AR I L
PE R P S8 AHLAR 2 o EAh, 5T B 2R
R AIE A 45 Ik okt = D T i Xt B AT ORI B
T 5 B LI A5 8 AR O3 A B35 5 1 22 A5 1)
PR G5 F BEINARE | AR T 48 TH R i 45 2R (9 K5 2
R A 1, T 06 TR A0 BRI T £k 249 SRR R A 31 14
B E BRI R 22 G5 R AN SR 3 T .

®3 AEEL&DH THEIGERRE
Table 3 Mean Square Error of Camera Calibration Under

Different Linear Distributions
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Table 4 Statistics of True Value Deviation of Lunar
Rover Visual Positioning and Experimental Field

Coordinates Under Different Calibration Models
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