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ABSTRACT

In this paper the root locus technique is used for stability analysis of the control
system. It gives the trajectory of poles which plays an important role in transient
and steady-state response of the system. This method helps to adjust controller
parameters to satisfy the required specification even in the presence of noisy
atmosphere. Time delay is another factor which affects the performance of the
system. These systems are also analyzed using MATLAB.
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1. Introduction:

In the field of robotics the role of control systems and their stability is
very important. The objective of control systems is to control physical
variable to achieve required dynamic response (steady state error and
transient response) and to make system stable even in transient disturbance
[1].

The root locus is one of the methods to analyze stability and dynamic
behavior of control systems [1]. It is a graphical method which shows
the trajectory of poles of closed loop systems in complex plane. All the
characteristics of the system, depends on the location of poles in s-plane
[2]. It is also observed in control systems that due some processing
delay, system may become unstable. Delayed transfer function of the
system can be written as:

G(s) =¢S5 (1)
Where “s” is a complex variable and ¢ is phase shift [3].

To achieve main objectives of control system, including percent overshoot,
settling time and steady state error, we have to select parameters of
controller on the basis of root locus to get optimal response. The current
paper presents stability analysis of open loop and closed loop systems
with and without controller using MATLAB and SIMULINK.

The next section of this paper introduces control system for robotic
applications including overview and performance parameters of controller
under investigation. Section 3 is focused on simulations to investigate
stability of the control system by varying conditions. Results and
discussions are presented in section 4 which is followed by conclusion
in section 5.

2. Control System for Robotic Applications

In general, closed loop control systems are employed in robotic
applications. However, open loop systems are also considered for
comparative analysis of stability using root locus technique in both
configurations [9]. This intended work is based on simulations in
MATLAB for which control system’s overview and performance
parameters are discussed in this section.

2.1. Control System Overview

The overall block diagram of the control system under investigation is
presented in Fig.1 in which plant represents dc motor [6]. Dc motor is
the part of overall control system and manipulator is operated by multiple
motors such that one motor is used at each axis [8]. The motor is
controlled by Proportional, Derivative, Integral or combination of them
depends upon desired performance and accuracy [3]. System’s output
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is continuously measured and compared by comparator with reference
value. The difference is applied to controller for desired response.

Reference + PID
- — " Plant |~ T Output

Controller
Fig.1. Overall Control System Block Diagram

It is clarified from Fig.1 that PID controller is placed for which parameters
are required to be controlled in a careful manner [7]. The details about
such parameters are discussed in section 2.2.

2.2. Performance Parameters of Controller

The controller play main role in stability and performance of the control
system [4]. Mainly PID controller as shown in Fig.2.1t is used when the
plant is continuous or it is difficult to find mathematical model of system.
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Fig.2. PID control System
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The values of settling time, overshoot and steady state error will change
when the values of gain parameters ( Kp, K d, Kj) are changed [5]. The
output of PID of controller is given in equation (2) and its transfer
function in equation (3).

In this paper root locus method is used for stability and performance of
proportional and PID controllers.
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3. Simulation Based Stability and Performance Analysis

In the light of PID transfer function in equation (3) and plant described
in previous section, the stability and performance of dc motor is analyzed
using MATLAB.
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4. Results and Discussions:

Simulation performed on open loop, closed loop with proportional
controller, closed loop with PID controller with different gain values.
On the basis of root locus and step response given in Fig.3 to Fig.7 it
is clear that if any single pole of the system lies on right half s-plane,
the system will become unstable. By setting gain parameters of controller
we can get stable system with desired response. If we increase these
gain parameters the overall effect on dynamic response is given in
Table.1

Table.1
Parameters Rise Time Overshoot Settling Time Steady State
Increases error
[P Decrease Increase Small Decrease
Decrease Increase Increase Eliminate
small decrease Decrease small
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5. Conclusion

The root locus method for stability analysis and setting controller
parameters is introduced for control systems in robotics. Simulation
results verify that the location of poles of a closed loop system play an
important role in stability and overall dynamic performance of the
control system. For stability all the poles must lie on left half s-plane.
By combining three controllers we get a system which has acceptable
performance. The desired angular position of armature controlled dc
motor can be achieved by tuning three gains of PID controller [10]. The
stability and gain parameter setting can be done with rltool and sisotool
of MATLAB.
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