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Redundant Robot Control by Neural Optimization Networks
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Abstract- An effective resolved motion control method of redundant manipulators is pro-
posed to minimize the energy consumption and to increase the dexterity while satisfying
the physical actuator constraints. The method employs the neural optimization networks,
where the computation of Jacobian matrix is not required. Specifically, end effector move-
ment resulting from each joint differential motion is first separated into orthogonal and
tangential components with respect to a given desired trajectory. Then the resolved motion
is obtained by neural optimization networks in such a way that 1) linear combination of the
orthogonal components should be null 2) linear combination of the tangential components
should be the differential length of the desired trajectory, 3) differential joint motion limit
is not violated, and 4) weighted sum of the square of each differential joint motion is mini-
mized. Here the weighting factors are controlled by a newly defined joint dexterity measure
as the ratio of the tangential and orthogonal components.
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Fig. 2 Orthogonal and tangential vectors of the
differentical position vector with respect
to dTp
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Fig. 3 Orthogonal and tangential vectors of the
differential orientation vector with
respect to d7Q
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Fig. 4 Dexterous ability measure for the posi-
tion control of end effector when both i-th
and j-th joints are rotated by Ag
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Fig. 5 Differential position vectors of the end
effector in a singular point.
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Fig. 6 T :Current end effector Coordination.
T : End effector Coordinate when a joint
is rotated by Ag
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Fig. 7-a Straight line trajectory tracking. e, =0.
06, @.=0,06, a;=0,06)
Initial degree : g, =50, ¢.=—50,
qs=—>50, Line Equation:
Y=—0.477x+1, 149,
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Fig. 7-b Joint velocity trajectory tracking. (@, =
0,06, @.=0,06, as=0,06)
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x=6.975

Fig. 8-a Stralght line trajectory tracking.(a,=
0.06, 2:=0,06, a:=0,06)
Initial degree: ¢, =160, ¢.=140, ¢:=
100, Line Eq.: Y =0, x=0.447~
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Fig. 8-b Trajectory of the joint velocity. (a; and
Trajectory are same as Fig. 8-a)
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Fig. 9-a Srtaight line trajectory tracking.(q, =
0.06, @>=0,06, a;=0,06)
Intial degree: (@, =0.06, a:=0.086,
as;=0,06), Line Eq.: Y =0,
x=0.447~x=6.975
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Fig. 9-b Trajectory of the joint velocity. (@7 and
Trajectory are smae as Fig. 9-a)
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Fig. 10 Circular trajectory rracking (@1=0, 06,
@2=0,06, 23=0,06)
Equation : (x —3.85)2+ (y—2,817)?=2,
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