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This thesis addresses the problem of exact generic symbolic formulation, derivation and 
solution Parameters Varying Systems (PVS) problems in control systems. Comparison 
between the exact generic symbolic mathematical approaches versus various techniques is 
investigated. The comparisons revealed that the generality and flexibility of the exact generic 
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Abstract 
 
This thesis consists of a study of Parameter Varying Systems (PVS). New 

classifications of PVS symbolic derivations mechanisms and solution methods, as well as the 
operations symbolic coding are proposed. The PVS are addressed from the physical, 
mathematical, and representation perspectives. For expediting the productivity of the 
derivation of the symbolic (or algebraic) solutions, manual, interactive symbolic derivations 
manipulation or a combination of them are considered. In this way, fully programming (one-
shot program) symbolic computation is achieved. 

 
A new generic symbolic continuous modal (GSCM) approach for formulation and 

representation of different systems in different areas is proposed. In this approach, the system 
takes varying parameters form.  The parameters are determined by sensing and feeding back 
of the parameters variations in a continuous manner using symbolic-based expressions in the 
corresponding control functions. The GSCM approach permits the simultaneous manipulation 
of system control and operation with the online changes of system parameters. The GSCM 
approach enables high system operation flexibility, while the continuous (infinite) modal 
operation ensures complete smoothing system behavior and full operation modal 
compatibility versus system varying parameters. The realization of the continuous (infinite) 
modal design is carried out through symbolic-based embedded control expressions using 
computational mathematics.  

 
The proof of concept of proposed approach is demonstrated through two illustrative 

examples as well as an application representing the experimentation of control of inverted 
pendulum system with varying cart mass operation. The results of the implementation to the 
selected application are depicted comprising the executed embedded symbolic-based 
functions using microcontroller/Proteus simulation program configuration equipped with 
functional programming facility for feedback gains expressions executions. 

 
Finally, it is recommended that shift should gradually turn towards extra exploration 

of the experimentation of symbolic-based embedded stabilization expressions within the 
framework of generic mathematical control strategies. 
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Introduction 
 

The control system is a set of components that act together and perform a certain 

function that has one or more well-defined inputs and one or more well-defined outputs. In 

studying control systems, the systems dynamics must be presented in mathematical 

formulation terms and an analysis of their dynamic characteristics is exerted. A system is 

called linear if the principle of superposition applies. Dynamic systems that are composed of 

linear time-invariant parameter components may be described by linear time-invariant 

differential equations. Such systems are called linear time-invariant (LTI) or linear constant-

coefficient systems. Systems that are represented by differential equations whose coefficients 

are functions of time are called linear time-varying (LTV) systems. [1] 

 

A system is described as linear parameter varying system (LPV) when its parameters 

are dependent on the varying signal p while the dynamic relation between input signals u and 

output signals y is still linear as shown in Figure 1.1. [2] 

 

 

 
Figure 1.1: Input-output signal flow of LPV systems. 

  

 

Linear parameter-varying (LPV) systems are linear dynamical systems whose 

mathematical description or state-space representations depends on parameters that change 

values over time. 

 These parameters are generally considered as bounded and taking values inside a set 

∆ρ. LPV systems are commonly described by equations of the form 

 

ẋ(t) = A(ρ(t))x(t) + E(ρ(t))w(t), t ≥ 0 

z(t) = C(ρ(t))x(t ) + F(ρ(t))w(t ) 

 x(0) = x0 (1.1)                                      

where x, w and z are the state, the input and the output of the system, respectively. 

The parameter vector ρ acts internally on the system by modifying its structure overtime, and, 


