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Development of a Motion Control Algorithm for the Automatic
Operation System of Overhead Cranes
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Abstract

A search algorithm for the collision free, time optimal transport path of overhead cranes has
been proposed in this paper. The map for the working environment of overhead cranes was
constructed in the form of three dimensional grid. The obstacle occupied region and unoccupied
region of the map has been represented using the octree model. The best-first search method with
a suitable estimation function was applied to select the knot points on the collision free transport
path to the octree model. The optimization technique, minimizing the travel time required for
transporting objects to the goal while subjected to the dynamic constraints of the crane system,
was developed to find the smooth time optimal path in the form of cubic spline functions which
interpolate the selected knot points. Several simulation results showed that the selected estima-
tion function worked effectively in searching the knot points on the collision free transport path
and that the resulting transport path was time optimal path while satisfying the dynamic
constraints of the crane system.
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Table 1 Cost function and dynamic contraints for the optimization

Objective function

Find the time interval set X={h), h, ---,

which minimizes the cost function

hy o}

-1
J(X’> :tN_‘tl:iElh!

Velocity constraints

[ X (1) 1< Vimax
‘ Yi (t> ! gv\’mﬂx

Constraints

‘ Zz (t) ) g\/vaux
| X | < dxmax
Acceleration constraints [Y: (1) | < @ymax

| Z'I (t) |£almax
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Table 2 Flow chart of the optimal solution using the flexible polyhedron search method

STEP Job Description

Set k=0 & kk=0. Select constants §,, &, 8, 1, &

@ Set OLD X,=[00 - 0],

@ Compute a feasible solution X * using Eqn. (16).

Compute the other (-1) vertices, X % X 3% ---, X ,* using Eqn. (17). These set should
consist of the feasible solution elements.

From the n vertices of X}*, determine X* and X* which satisfy J{X*}=mnJ{X*} and J{X
@ =g (X

©)

® Calculate X, *= n%[# Xk~ X’g“}.

® Compute the parameter X, "= Xo"+ (X — X ) where ¢>0.

IF J{X,. < J{X<, then do a), b) and ¢) below; else go to STEP ®.
a) IF A<1, set X*=X,.,* then set k=k+1 and go to STEP @3; else do b) below.

@) b) Calculate X, s*= X"+ 7 (X" — Xa.") where 7> 1.
o) IF X, <)X} set Xk =X,..5 else set X*=X,.;" Set k=k +1 and go to STETP
@.

IF (X < J{X¥ ) for some Xi*=X.*, set

® v
X=X, and k=k+1. go to STEP @.
@ Set ng:Xn+2k
{0 Calculate Xn.o* =X, 4+ (X~ Xo%) where 0< g<1.
@ IF J{X, ) < J{XX), set X=X, Then set k=k+1 and go to STEP @.
@ Substitute X* by X.5+0.5(X*—X¥) for i=1, -, n.
@ IF Z'}H Xk~ XX < e, then go to STEP @; Else go to STEP @.
IF | X,*—OLD X.*| < &, then the optimal solution is X and STOP the program. Else set
X=X OLD X,=X. Then set kk=kk+1, k=0, and go to STEP 3.
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when the weighting factor is set to (1, 0, 0)
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(a) Three dimensional view
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(a) Three dimensional view
Fig. 8 Collision free trajectory of the crane load

when the weighting factor is set to (1, 1, 0)
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