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A Study on the Inverse Kinematic Analysis of a Binary Robot
Manipulator using Backbone Curve

Gilha Ryu*, Thnseok Rhee*

ABSTRACT

A 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 the following 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 when the number of actuators are too
much or the target position is located outside of workspace. The backbone curve is generated optimally by
considering the curvature of the robot manipulator configuration and length of link.  Then, the robot

manipulator is fitted along the backbone curve with some criteria.
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Fig. 1 A planar binary robot manipufator
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Fig. 3 Generation of a backbone curve
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Table 1 Result of inverse kinematic analysis

case a b C d
o, of 110 10 10 30
e (20300 | (1510) | (5050) | (15,100
distance 0 43713|7.06641 1186142 068120

110 | o1l | 110 | 100 110 011
001 | 110 | 110 | 001 110 110

state | 100 | 100 | 110 {001 110 110
vector of | 40 | 110 | 110 | 000 110 000
actuators |\ 410 | 119 [ 101 | 101 110 111

10 | 110 | 101 | 001 110 100

[ adxsl ] 100 | 110 | 001 | 100 111 000
ol 10| 110 | 100 | 101 110 101
100 | 110 | o000 | 000 100 011

100 | 110 | 101 | o011 111 100
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Fig. 4 Configuration of case(a)

Fig. 5 Configuration of case(b)

Fig. 7 Configuration of case(d)
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