Real-Time Manipulation of a Hybrid
Serial-and-Parallel-Driven
Redundant Industrial Manipulator

The real-time implementation of path planning, trajectory generation, and servo
control for manipulation of the prototype UPSarm are presented in this paper.

H. H. Cheng The prototype UPSarm, which is primarily designed for studying the Seasibility

Assistant Professor, of loading packages inside a trailer, is a ten degree-of-freedom hybrid serial-
Department of Mechanical and and-parallel-driven redundant robot manipulator. The direct, forward, inverse,
Aeronautical Engineering, and indirect kinematic solutions of the UPSarm using three coordinate spaces:
Unlveggywsofg:lggglg, actuator space, effective joint space, and world Cartesian coordinate space are
Assoc. Mem. ASME derived for real-time path planning, trajectory generation, and control. The

manipulation of the UPSarm is based upon a general-purpose path planner
and trajectory generator. Provided with appropriate kinematics modules and
sufficient computational power, this path planner and trajectory generator can
be used for real-time motion control of any degree-of-freedom hybrid serial-and-
parallel-driven electromechanical devices. A VMEbus-based distributed comput-
ing system has been implemented for real-time motion control of the UPSarm.
A PID-based feedforward servo control scheme is used in our servo controller.
The motion examples of the UPSarm programmed in our robot language will
show the practical manipulation of hybrid serial-and-parallel-driven redundant
kinematic chains.

1 Introduction

-Most industrial robot manipulators are designed with se-  Sugimoto, 19887; Zhang and Song, 1991). Lee and Shah
rial kinematic chains which can provide large workspaces. (1987) presented the forward and inverse kinematic solutions
Much work on kinematics and real-time manipulation of for a three-degree-of-freedom fully in-parallel drive mecha-
robot manipulators with serial kinematic chains has been nism. In general, the workspace volume of the robot arm
reported in the literature (Cheng and Gupta, 1991; 1992;
1993; Featherstone, 1983; Hollerbach and Sahar, 1983; Luh
et al., 1980a; 1980b; Pieper, 1969; Tsai and Morgan, 1985;
Wang and Chen, 1991; Whitcomb et al., 1991; Whitney,
1969). However, a robot manipulator with a serial kinematic
chain generally provides less rigidity and load-carrying ca-
pacity in comparing with a robot with closed kinematic

consisting of only parallel kinematic chains is relatively
small. Currently, there has been an increasing interest in the
design of hybrid serial-and-parallel-driven robot manipula-
g p p
tors which can provide good features of both serial and
parallel kinematic chains. Hunt (1983) investigated possible
combinations of series and parallel kinematic chains. Wal-
chains. The design and analysis of robot manipulators con- d-r gneL s, (.1989) systematicaily pcrfon_ned pnematxc analy-
s . . : ; sis for a six degrees-of-freedom hybrid serial-and-parallel
sisting of four-bar-linkage-type closed kinematic chains are . . L . .
also available (Bottema and Roth, 1979; Litvin et al., 1986), Manipulator system with first three joints in serial drive and
The fully parallel manipulators such as the Stewart-platform Inst thrcejom_ts . fully p_ar.alle] gonﬁguratron. The manip Ul?'
have been investigated by many researchers (Fichter, 1986:  ©F they studied in detail is a six-degree-of-freedom hybrid
serial-and-parallel-driven robot manipulator, and they indi-
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1993. Associate Technical Editor: H. Kazerooni. The prototype UPSarm shown in Fig. 1 is a ten degree-of-
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