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ABSTRACT

A controller canonical form for both linear and nonlinear dynamics is provided. The theorem of
differential algebraic primitive elements is used to arrive to this result. Multivariable nonlinear
input-output inversion has gained new insights into synthesis issues, especially those that include
control-dependent state transformations, thanks to this field of mathematics. There is no way to
use our controller form derivation for linear systems with more than one variable that are always
constant. In some respects, this means that these systems are more complicated. unless time-
varying control-dependent linear systems are allowed, more complicated than the structure of
time-varying linear systems and generalised linear systems Constant linear systems are studied via
transformations. All nonlinear dynamics can be accurately described by our transforms.
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1.0 Introduction

A controller canonical form for both linear and nonlinear dynamics is provided. The
theorem of differential algebraic primitive elements is used to arrive to this result. Multivariable
nonlinear input-output inversion has gained new insights into synthesis issues, especially those
that include control-dependent state transformations, thanks to this field of mathematics. There is
no way to use our controller form derivation for linear systems with more than one variable that
are always constant. These systems must have a more complicated structure as a result. unless
time-varying control-dependent linear systems are allowed, more complicated than the structure of
time-varying linear systems and generalised linear systems Constant linear systems are studied via
transformations[1-5]. All nonlinear dynamics can be accurately described by our transforms.
Accordingly, a variety of distinct design approaches are shown here. Although practising engineers
have employed some of these notions as ad hoc solutions, no official study has been done on others,
such as nonlinear advances. Jingging Han’s groundbreaking nonlinear control research laid the
groundwork for future researchers. Nonlinear PID mechanisms and a unique active disturbance
rejection scheme are among the inventive and practical design techniques explored in the following
sections. Practical applications are used to demonstrate their applicability and effectiveness. Notably,
this research is far from complete. An alternate path for control technology development is suggested
instead: break away from the constraints of current control practise and theory, and aggressively
research alternative control design methods that are not too dependent on mathematical models. Such

*Assistant Professor, Department of Mechanical Engineering, SR Institute of Management and Technology,
Lucknow, Uttar Pradesh, India (E-mail: onuda@rediffmail.com)



Designing of Linear and Nonlinear Controler for Controlling
Multiple Links Manipulator

efforts benefit greatly from the rapid evaluation of novel ideas made possible by computer-aided
design tools like Matlab/Simulink. In fact, the methods outlined here were first developed in this
way[6-10].

2.0 Linear Controller Modelling

A PID controller is used to govern the dynamic model of a robotic manipulator with two
connections, and an input sine wave is used to check whether the output follows the reference wave or
not. Manually adjusting the gains allows for self-tuning. Each link in the manipulator arm and the
plant has its own PID controller, one for the first link and the other for the second link. Similarly, the
outputs of connections 1 and 2 are designated as theta 1 and out 2, respectively. Using scope, a graph
may be constructed.

Figure 1: Block diagram of Controller

3.0 Non-Linear Controller

Robotic manipulators are increasingly being driven using linear controllers. It’s possible that
no nonlinear controllers will ever be created, or that only a small number will be. With its ability to
handle slow time variable mistakes and a wide variety of unknown parameters, this controller has the
potential to revolutionize nonlinear models. Feedback control is achieved by regulating the PI. It
allows for faster response times because of the unexpected nature of the situation. Has the ability to
calm and restore balance to a system that has fallen out of balance before. There are several
advantages to the new controller over prior versions, including quicker, more precise, and more
trustworthy ones. Since the controller has a high transient response and is robust enough to manage
nonlinearity, it is possible to remove all steady-state flaws using the PI controller combination. Using
an integral gain, all of the time-varying nonlinear component’s random uncertainty may be taken into
account. Industrial control has traditionally relied on PID controllers, which are proportional-integral-
derivative (PID). The widespread usage of PID controllers may be due in part to its user-friendliness
and great performance. PID controllers have been employed in a wide range of dynamic systems,
from industrial processes to aviation and ship dynamics . Self-tuning, generic predictive control,
fuzzy logic, and neural network method are some of the solutions available for boosting the flexibility
and robustness of linear PID controllers. For industrial applications, nonlinear PID (N-PID) control is
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widely considered to be one of the most effective and straightforward procedures. Nonlinear PID
controllers include the following, for example:

Figure 2: Block Diagram of Nonlinear Controller

4.0 Comparitive Performance Evaluation Between Linear and Non-Linear Controller

In this section a comparative performance has been carried out between linear and nonlinear
controller four parameters have been tested in order to check the robustness among the controller so
in the below table it can be analyzed that settling time of non linear controller is less than linear
controller ,peak time and delay time are also low in comparison to non linear controller although the
rise time is more in the linear controller in comparison to non linear controller the graph for the same
has been shown below

Table 1: Comparative Performance Evaluation of Controller

Parameters Linear controller Nonlinear controller
Settling time 0.01 0.004
Peak time 0.02 0.005
Delay time 0.003s 0.002
Rise time 0.006s 0.04

Figure 3: Gaph Representing Various Parameters of System
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5.0 Conclusion

One can see that the non-robust controller cannot face the disturbance and leads to an

unstable system. However, the robust controller leads to excellent tracking performance despite the

existence of the large disturbance. It takes a long time for linear controllers on nonlinear systems to
seamlessly transition between different control gains because of linearization. There are situations

when simple PID controllers fail to offer high-performance control, necessitating a more complicated
controller. Additional safeguards are needed to prevent spikes and instability in system states in the
absence of them.The linear controller is unable to cope with nonlinearities and disturbances in the
system, despite the application of correct system equations.
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