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Inverse Kinematics of a Reclaimer: Redundancy and a Closed-
Form Solution by Exploiting Geometric Constraints

Keum-Shik Hong*, Young-Min Kim**, Chintae Choi*** , Kitae Shin***

ABSTRACT

The inverse kinematics problem of a reclaimer which excavates and transports raw materials in a
raw yard is investigated. Because of the geometric feature of the equipment in which scooping buck-
ets are attached around the rotating disk, kinematic redundancy occurs in determining joint vari-
ables, Link coordinates are introduced following the Denavit-Hartenberg representation. For a
given excavation point the forward kinematics yields 3 equations, however the number of involved
joint variables in the equations is four. It is shown that the rotating disk at the end of the boom
provides an extra passive degree of freedom. Two approaches are investigated in obtaining inverse
kinematics solutions. The first method pre-assigns the height of excavation point which can be
determined through path planning., A closed form solution is obtained for the first approach. The
second method exploits the orthogonality between the normal vector at the excavation point and the
z axis of the end-effector coordinate system. The geometry near the reclaiming point has been
approximated as a plane, and the plane equation has been obtained by the least square method con-
sidering & adjacent points near the point. A closed form solution is not found for the second
approach, however a linear approximate solution is provided.

Key Words: Inverse Kinematics(%7173}), Extra Degree of Freedom (% #-2-#-),
Geometric Constraint(718+838 F<), Normal vector(8 4 8)
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Fig. 10 2-Dimensional projected contours
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Fig. 11 View of the cylinders contacting a raw material
heap
{View direction {(x, v, z) = (0, =1, <0.44))
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Table 1 Given excavation point (800, ~19545, 27898)mm

we
LER L Qs R Q& €78
N T
dimm) | §olrad) | &orad) ) Bdrad)|  x(mm) y{mm) 2{mm)
Ex R 53160 | 0457 | 0170 | 0816 | 29983 | 190680 | 262260
Y 1 454440 6455 | 0173 | 0970 | 2034 | 190040 | 261190
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