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Abstract: - Control algorithms for flexible manipulators are usually designed to calculate the torques which are 
required to move the manipulator along a specified trajectory. In this paper, a method is presented for flexible 
redundant robot manipulators for generating a trajectory which minimizes some objective functions such as 
elastic deflection, measured over the entire motion while tracking a prescribed tip trajectory. Although there 
has been much work in the design of controllers for flexible manipulators to follow a specified tip trajectory, a 
little work has been done in trajectory planning itself. In the present work, the optimal trajectory-planning prob-
lem for flexible redundant manipulators will be formulated by globally minimizing the elastic deformation of 
flexible links during the motion. 
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1   Introduction 
Most industrial robots in use today, are composed of 
heavy and stiff links to satisfy the required accuracy 
in robot motion. These links, therefore, have inher-
ently a large inertia, requiring in turn a long time to 
complete the motion and more power consumption 
in the actuators. Hence most existing manipulators 
have very low payload to total weight ratio. How-
ever, to increase productivity by fast motion and to 
have less energy consumption, robot arms are re-
quired to have light and consequently flexible struc-
tures. 
 The vibration produced by these flexible arms 
causes difficulty in the robot motion. This vibration 
leads to an error in motion of the manipulator tip 
along a given trajectory and especially after reaching 
the manipulator to the desired end goal point. Since 
this vibration needs additional settling time before 
any task can begin, an effective method should be 
employed to reduce the vibration and strain energy 
of the robot manipulator. 
 Although there has been much work in the area 
of controlling flexible manipulators to follow a de-
sired tip trajectory [1], a little work has been done in 
choosing the trajectory itself. Such a choice is neces-
sary either for point to point motion or for resolving 
the redundancy of robots with more degrees of free-
dom than necessary to follow the given tip trajec-
tory. Meirowitch and Chen used LQR control to re-
duce the elastic disturbance for a flexible redundant 
robot [2]. Eisler et al. considered joint torque bounds 
and determined minimum time trajectories to mini-

mize tip tracking error for a flexible redundant robot 
[3]. However these works have been based on mini-
mizing a cost function independent of elastic deflec-
tions and velocities. 
 The use of redundancy in robot manipulators to 
achieve additional performance while tracing a 
given end effector trajectory has been extensively 
examined. The self motion capability of redundant 
robot manipulators which allows link motion while 
maintaining a fixed end effector position has been 
proposed as a tool for a wide variety of robotic prob-
lems and may be used for vibration reduction of 
flexible robot manipulators. Shigang analyzed the 
effects of initial configuration in vibration reduction 
of flexible robots with kinematic redundancy [4]. 
Although the problem of optimizing the joint motion 
for rigid, redundant manipulators has already re-
ceived much attention from researchers, there has 
been a little work concerning flexible redundant ma-
nipulators. 
 Global optimization, in the sense of minimizing 
a cost functional evaluated along the entire trajec-
tory, provides the most desirable measure of the ma-
nipulator’s performance. However, optimizing an 
objective function evaluated locally, "local optimiza-
tion", involves less complexity and requires less 
computational effort. In the previous works, some 
schemes have been developed on optimal path gen-
eration for flexible redundant manipulators by local 
optimization of some objective functions [5], and in 
the present work, we will propose a method for op-
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