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ADAPTIVE CONTROL OF A THREE-LINKMANIPULATOR AT END-EFFECTOR
MOVEMENT ON OPTIMAL TRAJECTORIES
POLIAKOV, A[leksandr] M[ykhaylovich]; KOLESOVA, M[arina] & CHEPENYUK, O[lena]

Abstract: In this paper we present a solution of the adaptive
control problem of the manipulator of robot Mitsubishi RV-1A
at the end-effector motion on the optimal (in terms of a set of
criteria) trajectories. For the trajectories planning a minimal
torque changes criteria and a minimal discomfort criteria,
founded with a biomechanical point of view was used. Control
system that uses a linearized manipulator model is designed on
the basis of the method proposed by H. Seraji. The law change
of error vector of the trajectory tracking and the vector of
torques which realize the trajectory close to optimal were
obtained. A program that allows to calculate the points coordinates of the optimal trajectory in the manipulator workspace
and realizes this control system can be used at the control of
various mechanical devices with articulated rigid links and, in
particular, in the control of prosthetic limbs with a heterogeneous knee mechanism.
Key words: manipulator, quality criterion, optimal trajectory,
adaptive control system

1. INTRODUCTION
Trajectories planning of the robot arm end-effector - one of
the most important tasks of robotics. Its solution is necessary,
above all, to manipulator control in the performance of typical
or atypical features. In fact, the problem of the manipulator
control is divided into two subtasks, one of which is the task of
the trajectories planning.
There are many concepts of the trajectories planning, based
on kinematic or dynamic principles. However, the most interesting among them is the concept of optimal planning. Thus, in
manipulator workspace are searching for the trajectories which
are optimal in terms of various quality criteria (LaValle, 2006).
Among the set of optimal planning criteria we shall distinguish those justified from a biomechanical point of view, for
example: minimum jerk, minimum torque change, minimum
metabolic energy and others (Engelbrecht, 2001). Since the
manipulators are devices that replicate the movements of the
person’s hand, the use for their trajectory planning biomechanical criteria contributes to reproduce the end-effector movements that are similar to movements of the hands. From many
points of view, such movement can be considered optimal.
For human hands trajectory planning in a horizontal plane
Y. Uno and colleagues proposed a minimum torque change
model (Uno et al., 1989) and later – a minimum commanded
torque change model (Nakano et al., 1999). F. Crevecoeur with
colleagues has applied these models to study the human arm
movements in vertical plane (Crevecouer, et al., 2009).
Use of criteria, grounded in terms of these models allows
generating a trajectory characterized by the parameters observed in the free movements of human hand. However, with
relation to the redundant manipulator the solution of this problem turns out to be ambiguous, because these criteria do not
allow choosing the formal optimal boundary conditions that
characterize the trajectory. This contradiction can be resolved
by introducing an additional criterion, such as prohibiting the
arm to accept the boundary configuration, or close to it.

In this paper, for the end-effector trajectories planning in
the workspace of three-link manipulator of robot Mitsubishi
RV-1A a set of criteria was used: minimum torque change and
minimal discomfort (Marler et al., 2005). Such trajectories were
considered later as etalon.
Synthesis of control system for realizing the etalon trajectories is based on the method proposed by H. Seraji, which distinguishing feature is the use of the manipulator inversion in
feedforward controller.
The main objective of work is to study the possibility of
practical realization of the trajectories observable in human
hand movements at the end-effector motion in the workspace of
redundant anthropomorphic manipulator.

2. TRAJECTORIES PLANNING
The task of the end-effector trajectory planning at motion in
sagittal plane is considered on the example of robot Mitsubishi
RV-1A.To solve this task we used the dynamic equation of the
manipulator of robot with rotational degrees of freedom, which
in the general case is as follows:
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A necessary condition of its extremum is the system of EulerPoisson equations:
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which solution, in turn, is a column vector of generalized coordinates t  as a function of time, which uniquely determines
the desired trajectory of the manipulator end-effector. The
boundary conditions that uniquely determine the initial and
final configuration of the manipulator are determined by the
criterion of minimal discomfort (Marler et al., 2005)
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the equation (1); et    d t    t  - error column vector of the
position tracking; K p and K v

- matrices of the feedback

coefficients of position and velocity respectively.
In (Seraji, 1987) it is showed, that et  can be represented
in the form of n isolated second order differential equations of
the form
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qi , qiN , qiU , qiL – current, neutral, maximum and minimum
generalized coordinate values, respectively;

 i – weight

coefficients and G – some constant.
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where D1  diag2ii  ; D2  diag i ;  i , i , i  1,..., n -

previously taken by the designer damping factors and eigen
frequencies tracking error, respectively. Then K v  AD1  B
and K p  AD2  C .
This control system can be implemented enough simply in
practice.

4. CONCLUSION
Simulation of the manipulator end-effector movement on
optimal trajectories was performed in two ways: by using a
Cosirop program, supplied with the robot Mitsubishi RV-1A
and internal control systems, as well as with the adaptive control system described above.
Simulation results demonstrates efficiency in tracking of
optimal trajectories of the end-effector. By choosing the appropriate values i , i , can be obtain the minimum value of the

Fig. 1. One of the variants of the planned trajectories of the
manipulator end-effector in accordance with a set of criteria (2)
and (5)
Fig. 1 shows one of the optimal (in accordance with the criteria
(2) and (4)) trajectories, passing through three given points of
the workspace.

3. CONTROL SYSTEM
In accordance with (Seraji, 1987) the total control signal
needed to track the optimal trajectory, consists of three components

ut   u ff t   u fb t   uax t  ,

(5)

where u ff t  – signal generated by the feed forward controller,
which uses the inversion of the manipulator; u fb t  – signal

generated by the feedback controller at the operating point Pj ;

uax t  – additional signal generated in accordance with the
 t at a
parameters of the operating point P  T t ,  t , 
j
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certain time movement t j .
Complete manipulator control law has the following form
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the coefficients of Taylor series of the left side L , 

tracking error vector at different end-effector velocities
Thus, the proposed approach allows us to generate and implement trajectories are optimal from the perspective of different quality criteria, including biomechanical criteria. Such
control system is planned to be used in control systems of a
prosthetic limbs with a four-bar heterogeneous mechanism of
the knee.
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