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Automatic mobile manipulator tracking of V-groove seams
on large-scale components

Lu Yuankai' Li Shuting' Chen Zhigiang' He Zuen® Li Yangsen® Wu Haibin'
(1. School of Mechanical Engineering and Automation, Fuzhou University , Fuzhou 350116, China;
2. Fujian Special Equipment Inspection and Research Institute , Fuzhou 350008 , China)

Abstract: Large-scale components in aerospace and shipbuilding industries often feature extensive V-groove seams requiring filling
processes such as welding or glue dispensing. To achieve precise identification and tracking of groove seam features on large-scale
components, a multi-station segmented automatic tracking method based on a mobile manipulator is proposed. This approach involves
sequentially capturing multi-frame point cloud images of the V-groove seam along its trajectory. A local 3D point cloud model of the
component is then generated by stitching the point cloud data using a registration algorithm combining key feature points (ISS) and the
point-to-plane iterative closest point (ICP) algorithm. Subsequently, a novel surface variation feature descriptor (SVFD) is proposed to
characterize surface concavity and convexity, enabling the identification of the V-groove point cloud set. Groove seam feature points are
then accurately acquired based on symmetry constraints and distance constraints. A uniform and discrete seam path is generated by fitting
these feature points with NURBS curves and performing equal-arc-length interpolation. To meet process requirements, the tool end-
effector orientation (e. g., glue gun pose) at each path point is further planned. Finally, considering both the manipulator’ s
manipulability and the mobile platform’ s pose constraints, the desired path for the mobile platform is planned using an equidistant offset
strategy. A hardware experimental platform was established, and glue dispensing experiments were conducted on four distinct types of V-
groove seam features. Experimental results demonstrate that the average groove seam trajectory extraction error does mnot exceed

0. 857 mm, and the average mobile platform path tracking error is within 8. 577 mm, confirming the method’ s capability for precise
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extraction and tracking of large component seams. This technique is applicable not only to welding and glue dispensing but also to

tracking analogous structural features on other large-scale components.

Keywords : mobile manipulator; automatic tracking; point cloud data processing; feature extraction; trajectory planning; V-groove seam
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Fig.1 Automatic V-type seam tracking

system using mobile robot
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Fig. 15 Comparison of seam path points obtained by the
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(a) Average extraction error for
a linear groove seam on a flat plate
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(c) Average extraction error

for a linear groove seam
on a curved plate
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(b) Average extraction error for a
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Fig. 16  Average groove seam extraction errors

across ten experimental trials
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Table 1 Groove seam extraction errors

from ten experimental trials (mm)
R 2yl FHRZE EBOKIR2%E Yy iR 2%
TR LA G 5 B 0. 698 0.901 0.705
S T AR I 2 T 45 5 4 0.740 0.978 0.752
oty A R 4 Ak 0.789 1. 127 0. 801
ol T A £ AR 25 B 0. 857 1.239 0.871
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Fig. 17  Glue dispensing effect achieved by manipulator tracking
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Fig. 18 Comparison of the desired mobile platform path points
obtained by the proposed method and actual

path points acquired by laser tracker
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(b) Average path tracking error
of the mobile platform for
a curved groove seam on a flat plate

(a) Average path tracking error
of the mobile platform for
a linear groove seam on a flat plate
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(d) Average path tracking error
of the mobile platform for a
curved groove seam on a curved plate

(c) Average path tracking error of
the mobile platform for a linear
groove seam on a curved plate
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Fig. 19  Average mobile platform path tracking

errors across ten experimental trials
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Table 2 Mobile platform path tracking errors

from ten experimental trials (mm)

GEA R TR RRRE B
F-THI AR Bk UGG A 4k 3.852 5. 682 4.006
SF-THT AR I 2R 4G A 4k 3.884 5.437 3.972
Il Tr A R RS £ i 8.012 10. 351 8. 167
il e A it e B 45 4 8.577 10. 864 8. 680
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Fig. 20  Overall glue dispensing effect on a

curved plate with a curved groove seam
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