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Inverse Kinematic Analysis of a Three Dimensional
Binary Robot Manipulator

Gilha Ryu*, Ihnseok Rhee*

ABSTRACT

A three dimensional binary parallel robot manipulator uses actuators which have only two stable states and
its structure is variable geometry truss. As a result, it has a finite number of states and fault tolerant
mechanism because of kinematic redundancy. This kind of robot manipulator has some advantages compared to
a traditional one. Feedback control is not required, task repeatability can be very high, and finite state
actuators are generally inexpensive. Because the number of states of a binary robot manipulator grows
exponentially with the number of actuators it is very difficult to solve an inverse kinematic problem. The goal
of this paper is to develop an efficient algorithm to solve an inverse kinematic problem of three dimensional
binary parallel robot manipulator using a backbone curve when the number of actuators are too much. We
first derive the coordinate transformations associated with a three degree of freedom in-parallel actuated robot
manipulator. The backbone curve is generated optimally by considering the maximum roll and pitch angles of
the robot manipulator configuration and length of link. Then, the robot manipulator is fitted along the

backbone curve with some criterion.

Key Words : binary robot manipulator(23l =% =] & ©|E]), inverse kinematic analysis(%} 7]t
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Table 1 Eight configurations of each module
state of |center position of I itch v
case|joint upper plate ro pl}‘ . yaw
(gnaeaet (x, v, z) (degree)
1 10 0 0100 0.0, 00| 00. 00, 00
2 10 0 110045 0078 3.655|-13.449. 7.648, -0.903
310 1 00045 -0.078, 8665 | 13449, 7.648  0.903
111 0 0]-0091. 00. 8665 00 -15437, 00
511 1 00045, 0078 09332 13508, -7.680. 0911
6 [ 1 0 1]0045 -0.078. 9.332|-13.508. -7.680, 0911
7 10 1 1]0091, 00, 9332 | 00, 15503, 0.0
8§11 1 1400, 00 100 0.0, 00, 0.0
Table 2 Result of inverse kinematic analysis
target . state vector of actuators at cach
. dist.
position module
error
(xr v zo) 1| 2| 31 4 5{ 6/ 7/ 8| 91 10
a | (40,35,50) | 2.092 |000 [011/011/001{0011001003111 |0011101
b | (80.80,80) [56.8412]001 {001]01110011113{ 11111131000 | 113|000
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