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Abstract. In this paper, an adaptive compensation of unknown external disturbances for a 2-
DOF robotic manipulator when measuring only the outputs is presented. A 2-DOF robotic
manipulator is affected by unknown external disturbances, which are defined by the parameterizing
method. After that, the measured disturbance model is transferred into the filter model that is used to
design the adaptive compensation. The adaptive compensation algorithm is based on the Sylvester
equation. In the paper, the authors consider a specific case when the solution of the Sylvester equation
is an irreversible matrix due to the interconnections of the MIMO channel. The static decoupling
model approach is proposed for the problem solution, where the steady-state gain matrix is used as
the static decoupler. The case of the irreversible steady-state gain matrix is also considered. It is
suggested to use the pseudo-inverse of the steady-state gain matrix for this case. The results are
supported by an example.

Introduction. A 2-DOF robotic manipulator affected by unknown external disturbances is a
typical MIMO system that can be used to synthesize the new control algorithms. Besides, there are
some uncertain parameters that lead to unstable outputs. Furthermore, the hypothesis is that
measuring only the outputs causes the higher difficulty of control problems. To solve these problems,
an adaptive compensation based on parameterizing disturbances is proposed. The adaptive
compensation algorithm is designed using the Sylvester equation. There are cases when the solution
of the Sylvester equation is an irreversible matrix due to the interconnections of the channels. In the
paper, the authors suggest using the static decoupling model approach to solve the problem, where
the steady-state gain matrix is used as the static decoupler. The case of the irreversible steady state
gain matrix is also considered in the paper, and it is proposed to use the pseudo-inverse of the steady
state gain matrix for this case.

Main part. The adaptive compensation based on parameterizing disturbances of 2-DOF robotic
manipulator when measuring only the output is designed as below:
1) Finding the mathematic equations and the state-space model of 2-DOF robotic manipulator using
Lagrange equations [1].

In this part, the author uses the Lagrange equation to find the mathematical model of a 2-DOF
robotic manipulator. After that, the state-space model after linearization is found, and that will be
used in the next part.

2) Parameterizing disturbances and finding the filter model of disturbances [2, 3].

In this part, the author used parameterizing disturbances to find the model of disturbances and
the filter model, which will be used to design an adaptive compensator in the next part.

3) Checking the solution of the Sylvester equation is an irreversible matrix or not. If it is an
irreversible matrix, the static decoupling model is used [4-10].

In this part, the solution of the Sylvester equation will be checked for inversion. If it is an
irreversible matrix, the static decoupling model is used to find the static decoupling model of the
system. After that, part 2 is conducted again.

4) Designing the adaptive compensation of external disturbances for 2-DOF robotic manipulator.
[2]

In this part, the adaptive compensation of external disturbances for the 2-DOF robotic
manipulator is designed. Because it measures only the output, a state observer is also created for all
states of the system.

5) Simulating the responses of 2-DOF robotic manipulator with the proposed method.
In this part, an example is illustrated to show the effectiveness of the proposed method.



Conclusion. In this paper, adaptive compensation based on parameterizing disturbances of a
2-DOF robotic manipulator when measuring only the output was proposed. The problem of
adaptive compensation has been solved by using the static decoupling method, where the steady-
state gain matrix is used as the static decoupler to exclude the influence of interconnections of the
channels. The case of the irreversible steady-state gain matrix was also considered. It was suggested
to use the pseudo-inverse of the steady-state gain matrix for this case. The simulation results showed
the effectiveness of the proposed method.
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