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Research on operation planning and position & pose optimization
method for bridge inspection robot
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Abstract: Aiming at the operation difficulty of disease manual detection on the bottom of the bridge, the working principle of the bridge
inspection robot is introduced. Combined with the structural characteristics of the bridge and the constraints of visual inspection shooting
parameters, the operation planning and position & pose optimization method of bridge inspection robot are studied. Firstly, a position and
pose planning method for shooting operation of bridge inspection robot with the best shooting model constraint is proposed. Based on the
optimal shooting planning method, aiming at the folding structure on the bottom of the small box girder bridge and T beam bridge, a
shooting position and pose optimization method with the safety shooting model as constraint is studied. The weight function combining the
shooting angle and shooting distance is designed. The optimization algorithm formula is derived and the convergence provement is given.
Then, through the configuration of different shooting parameters, the simulation of the shooting operation position and pose planning
method for hollow slab bridge is carried out. At the same time, on the basis of the simulation results of the position and pose planning,
the simulation of the position and pose optimization method is also carried out. Finally, taking the developed bridge inspection robot as
the target, field test and verification were carried out. The simulation and experiment results show that the proposed planning and
optimization method meets the requirements of bridge shooting detection, and has good robustness and real-time performance.
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Fig.1 Common disease cracks in bridge
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Fig.2 Working principle of the bridge inspection robot
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Fig.3 The “long vertical and short horizontal” cycle

acquisition mode of the bridge inspection robot
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the bridge cross section
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Fig.6  Position and pose planning model of optimal

shooting parameters
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Table 1 Simulation parameters of position and pose

planning method for visual shooting on the bridge bottom

s MK
e Lmm WA 60, EGERR /%
1 2 500 20° 70
2 1 500 38° 70
3 1 500 60° 70
4 2 500 60° 70
5 1 500 20° 50
6 1 500 38° 50
7 2 500 38° 50
8 2 500 60° 50
9 1 500 20° 30
10 2 500 20° 30
11 2 500 38° 30
12 1 500 60° 30
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Fig.11  Simulation results of optimal shooting position and pose planning for hollow slab bridge with different parameter combinations
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Table 2 Data results of optimal planning for hollow slab bridge

FABE A Y At Z ey Jr i A
e ¥/ mm 2;/mm Bi(*)
1 0 -2 500 90
2 -1220.1 -2167.0 52
3 -1952.7 -804. 8 14
4 -1661.2 -1774.2 14
5 -474.6 -3528.3 52
6 910.6 -4 255.3 90
7 2115.8 -4 255.3 90
8 3320.9 -4255.3 90
9 4526.1 -4 255.3 90
10 5731.2 -4255.3 90
11 8295.9 -3528.3 =52
12 9482.5 -1774.2 -14
13 9774.0 -804. 8 -14
14 9041.3 -2167.0 -52
15 7821.3 -2 500 -90
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Fig.12 Data results of optimal planning for small box
girder bridge
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Fig.13  Relationship between shooting point planning
position and safety boundary line for small box girder bridge
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Fig.14  Optimization result of the position and pose
data of No. 12
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Table 3 Relation comparison of scale weighting factor and

position & pose data optimization result

12 S 44 B; = 157°,L,=2 000 mm

r?% & B;bes//( o) L;[mu/mm
1 0.10 117.72 2 000
2 0.15 117.72 2 000
3 0.20 117.72 2 000
4 0.25 117.72 2 000
5 0.30 117.72 2 000
6 0.35 117.90 2 001
7 0.40 117.90 2 001
8 0.45 117.90 2 001
9 0.50 117.90 2 001
10 0.55 117.90 2 001
11 0. 60 118. 62 2 014
12 0. 65 122.58 2 098
13 0.70 127. 62 2232
14 0.75 132. 66 2 404
15 0. 80 137. 88 2 636
16 0.85 138. 06 2 646
17 0.90 138. 06 2 646
1000 -
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Fig.15 Shooting position & pose planning and optimization

result for small box girder bridge
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Fig.16  Application scene photo of the bridge inspection robot
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Fig.17 Planning optimization result of the bridge inspection

robot software interface
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