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Precise positioning online trajectory planner design and
application for overhead cranes

HE Bo, FANG Yong-chun†, LIU Hai-liang, SUN Ning

(Institute of Robotics and Automatic Information System, Nankai University, Tianjin 300350, China)

Abstract: For an industrial overhead crane, it is usually very difficult for its asynchronous motors to track the planned

trajectories exactly, which results in large positioning errors when employing an off-line trajectory planner on the system.

Motivated to solve this problem, this paper proposes an on-line trajectory-planning method based on phase plane analysis.

To achieve the objective of precise positioning, the parameters of the constructed trajectory are updated based on the trolley’s

position measured by laser rangefinders when the overhead crane is under operation, and the operating time for different

stages of the trajectory are optimized according to the distance between the trolley and the target position. Experimental

results show that this method simultaneously achieves the requirements of rapid swing elimination and precise positioning

of the trolley, improving operating efficiency of overhead cranes. The designed trajectory planner is successfully applied to

a standard 32 tons industrial overhead crane and achieves satisfactory performance.
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Fig. 1 Motor tracking performance for a preset trajectory
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Table 1 Relationship between initial braking velocity

and braking distance

vb db

0.15 0.03

0.12 0.024

0.1 0.02

0.08 0.017
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Fig. 2 Low-speed behavior of a typical asynchronous motor
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(Online trajectory-planning method

consider overhead crane properties)
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(M +m)ẍ+mlθ̈ cos θ −mlθ̇2 sin θ = F, (1)

ml2θ̈ +mlẍ cos θ +mgl sin θ = 0, (2)

: M m , x(t)

, θ(t) , l , F (t)

. [20]
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a , (1)–(2)
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g
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√
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a0t, 0 < t � t1,

vmax, t1 < t � t1 + t2,

vmax − a0t, t1 + t2 < t � t1 + t2 + t3,

vmin, t1 + t2 + t3 < t � t1 + t2 + t3 + t4,
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Fig. 3 Velocity curve of online planned trajectory
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θ(t0) = 0,
θ̇(t0)
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3 . 1
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O1 ω
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t1 =
2π

ω
. (6)
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a0t1
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. , t3
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Fig. 4 Phase plane analysis based trajectory planning for a

practical crane system
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4 (Experiment and applica-

tion)
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Fig. 5 Experimental platform
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Fig. 6 Automatic planning process of the experimental plat-
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Fig. 7 Automatic planning process of the experimental plat-

form
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Fig. 8 Velocity curves of online trajectory planner and PID

control method
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Fig. 9 Vibration curves of online trajectory planner and PID

control method
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Table 2 Comparison of positioning errors of online and

offline trajectory planning

/m e1/m e2/m

0.002 0.165

6 0.004 0.120

0.003 0.138

0.005 0.131

8 0.003 0.095

0.005 0.118

5 (Conclusions)
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