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Inverse Kinematics of a Serial Manipulator : Redundancy and a
Closed—form Solution by Exploiting Geometric Constraints
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An inverse kinematics problem of a reclaimer which digs and transports ironstones or coals in the

raw yard is investigated. Because of the special features of the reclaimer of which scooping buckets are
attached around the rotating drum at the end of boom, kinematic redundancy occurs in determining the joint
variables For a given reclaiming point in space the forward kinematics yields 3 equations, however the number
of involved variables in the equations are four. A plane equation approximating the surface near a reclaiming

point is obtained by considering 8 adjacent points surrounding the reclaiming point.

One extra equation to

overcome redunduncy is further obtained from the condition that the normal vector at a reclaiming point is

perpendicular to the plane.

An approximate solution for a simplified problem is first discussed, Numerical K

solution for the original nonlinear problem with a constraint equation is also investigated. Finally a closed form
solution which is not exact but sufficiently close enough is proposed by exploiting geometric constraint.
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4. Deficiency of DOF
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