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The ArUco marker-based localization method for a four-wheel
cable-pulling robot in substation secondary cable laying
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Abstract: Laying of secondary cables is an important step in the secondary installation construction process of
power transformer projects. Presently, the installation of secondary cables is predominantly executed manually,

lacking effective mechanized construction means. Consequently, there are problems such as large workload,
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complex processes, low efficiency, high labor demand and high cost. Based on the application of cable-pulling
robot in the laying of secondary cables, aiming at the localization problem of four-wheel cable-pulling robot
during cable laying, this paper proposes a localization scheme of correcting inertial navigation posture by
observing an ArUco marker fixed on the wall of the cable trench with a camera. This method solves the problem
that localization methods based on vision and laser sensors and GPS-RTK cannot achieve high precision
localization of cable-pulling robot in cable trench environment. The method is to identify the ArUco markers pre-
arranged on the wall of cable trench during the movement of a four-wheel cable-pulling robot. It will select
specific frames based on its pose in the camera plane. The pose information of the inertial navigation is modified
by recognizing ArUco markers to realize the pose correction of four-wheel cable-pulling robot. The experimental
results show that the method can enable the four-wheel cable-pulling robot to achieve real-time and accurate
localization in the cable trenches. This further enhances the intelligence of the secondary cable laying process in
power transformer substations, and enhances construction efficiency and quality.

Keywords: transformer substation construction; cable-pulling robot; cable laying; ArUco markers; pose

estimation; inertial navigation
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Fig. 11 Pose correction process
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Fig. 12 Experimental environment
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Fig. 13 Real-time detection of ArUco markers to obtain

the camera pose
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Table 1 Comparison between actual distance and

distance obtained by ArUco markers recognition

AL ARBLINATHE 5 /m FSLHE /m
1 0.2007 0.2
2 0.2537 0.25
3 0.314 2 0.3
4 0.366 7 0.35
5 0.4215 0.4
6 0.477 6 0.45
7 0.536 0 0.5
8 0.5796 0.55
9 0.637 2 0.6
10 0.6756 0.65
11 0.7231 0.7
12 0.7638 0.75
13 0.8312 0.8
14 0.8723 0.85
15 0.947 4 0.9
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Fig. 14 Motion trajectories of four-wheel cable-pulling
robot under different pose correction methods in cable

trench simulation environment
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Fig. 15 Comparison of position estimation errors between
odometer, inertial navigation, and the fusion of inertial
navigation and vision in a single run
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Fig. 16 Comparison of position estimation errors between
odometer, inertial navigation, and the fusion of inertial
navigation and vision in a 2-meter long experimental

environment

TEBE 15~ 17 20 fo il 26 ok B AR 3T 05 A i
#= g Lo BE M PLE iRz E LN

5 S 0 A A BB 1E I R I TR 22
B 15t fEA s S mBE B Z 5, Wl gs A%

QAR 007 B 1R 22 ) B A R AR Ak, HL R 22 23 B I ]
PR BRSSO iR 22 T LASA B 20 mom; 45
SRS IMU 895088 m] DU B AR T B0l 5478 1E
BT IMU A AR, A B ihh i 22 d 2 pEnt
)RR H R 22 /N SE 0 P R KR 22 290 3 mm;



KB, E R sk R W Sk P AL R AN ArUco AL E 43 T ik 65

% 5
—apepi
1200 s s
ook — e B
— Ao RS R E
£ 800
£
600}
o
400
200 |
0 100 200 300 400 500 600 700
I Ta)/s
E17 6mAEFEREIT BESHBESHBEEGREH
EMITEEILE

Fig. 17 Comparison of position estimation errors between
odometer, inertial navigation, and the fusion of inertial
navigation and vision in a 6-meter-long experimental

environment
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