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Introduction: Terminology

What is a Machine or Equipment?
It is an engineering made structure, which consists of systems 
and subsystems to perform certain functions.

What is a System?
It is a collection of interconnected components that are 
designed to achieve a desired purpose.

What is a Control System?
It is an interconnection of components forming a system
configuration that will provide a user desired setpoint or a 
response.

What is a Process?
• A Process or a device or a plant is a system under control. 
• The input and output relationship represents the cause-and 

effect relationship of the process.



What is Control Engineering?

Application Example

• Consider an industrial steam heating unit (i.e. 
System) as shown

• This unit represents a dynamical system (Liquid 
Tank) and a Control System (Heater, Valve, 
Sensor and Controller)

• Control Objective: Maintain a liquid in the tank 
at a user set point defined temperature



What is Control Engineering?

• How to accomplish the control objective?
• Process 

• Primary Control Element (i.e. Steam Heater): needed to provide the required thermal energy 
to affect the liquid’s temperature in the tank.

• Secondary Control Element (i.e. Globe Valve): needed to change the steam flow rate to affect 
the amount of heat transfer between the steam and the liquid through convection.

• Actuator (i.e. a device to give a work): needed to partially open and close the valve (such as 
diaphragm or piston actuator or electrical motor…etc.).

• Sensor (i.e. Temperature Measured Value): needed to measure the temperature of the liquid 
and it is required by the controller to make proper decisions.

• Controller (i.e. Decision maker): needed to provide two decisions                                                  
to be carried by the actuator (i.e. Control Law).
• To open or close the valve

• How much to open or how much to close



Types of Control Systems

• Control Systems maybe classified                 
into two types:
• Open Loop (i.e. without feedback): The 

controller maybe set to provide a desired 
process variable value (i.e. output). However, 
the process variable could be affected by 
changes in load or disturbances.

• Closed Loop (i.e. with feedback measured  
sensor value of the process variable): The 
controller monitors the process variable 
through the feedback sensor measurement 
and adjusts its decision accordingly. This 
enables the system to handle load changes 
and external disturbances



Control Objectives

Typically all controllers have the 
following objectives or functions

• Stabilizing unstable systems

• Rejecting external disturbances

• Enhancing Performance
• Speed of response
• Overshoot
• Steady state error (accuracy)
• …etc.



Control History



Dynamical Systems

Characteristics of a Dynamical System

• The system output depends on the current 
input as well as previous inputs/outputs

• The system has internal memory

• It can be represented mathematically using 
differential equations

• Typically the system order usually 
corresponds to the number of independent 
energy storage elements in the system.

• Examples on energy storing elements: Mass, 
Spring, Capacitor, inductor, ….etc.



Laplace Transform

• Using the Laplace transform, it is possible to 
convert a system's time-domain 
representation into another domain, where 
the output/input representation is known as 
the transfer function, provided having zero 
initial conditions.

• It transforms the governing system 
differential equation into an algebraic 
equation which is often easier to analyze.

• The technique maybe applied to any linear 
system with constant coefficient differential 
equation representations

• Note that:

Dynamical System 
Time Domain DE

Dynamical System 
Laplace Domain 
Transfer Function G(S)

Input r(t)

Output y(t)

Input R(S)

Output Y(S)



Laplace Transform
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Laplace Transform



Transfer Function

• A transfer function is the Laplace transform of the system’s 
differential equation with omitting initial conditions

• Hence, it is a rational function of the variable ‘s’

𝐺 𝑆 =
𝑌(𝑆)

𝑋(𝑆)
𝐼𝐶𝑠 = 0 System Transfer 

Function    G(S)

Input X(S)

Output Y(S)

• If the coefficients ai and bi are constants, the system is linear time invariant (LTI)
• The highest order n of the denominator is referred to as the order of the system.



Matlab Representation

Application

• Try to enter the following transfer function into Matlab

• Also, find the step and impulse response: use step(G) and impulse(G)



Dynamical System Response

• The time response of a linear dynamic system consists of the sum of the transient 
response (Natural response) which depends on the initial conditions and the 
steady-state response (Forced response ) which depends on the system input.

• Note that these correspond to the free (homogeneous or zero input) and the 
forced (inhomogeneous or non-zero input) solutions of the governing differential 
equations, respectively.



First Order System

• Consider the following First Order System (FOS) transfer function

• Where the sigma represents the location of the system pole

• The impulse response will be an exponential function: U(S)=1

• The order of a dynamic system is the order of the highest 
derivative of its governing differential equation.

• Equivalently, it is the highest power of s in the denominator 
of its transfer function.



Effect of Pole Location



Stability of FOS



Finding Stability using Matlab



First Order System



First Order System



FOS: Step Response



FOS: Time Constant



FOS: Matlab Simulation



FOS: Matlab



FOS: Settling Time



FOS: Rising Time



Applications on System’s Time Constant



System Dynamics

• What is dynamical systems modeling?
• Modeling is the processing of finding a mathematical representation of the

dynamical system (i.e. physical model) that captures its dynamical behavior.

• Mathematical Model is a mathematical formula that is used to represent a 
dynamical system, typically a Differential Equation.

• Modeling utilizes basic Engineering Formulas and concepts to derive the 
Mathematical Model, such as
• Energy conservation and mass balance

• Kirshoff laws, Fourier laws, Newton laws, …etc



Applications: FOS

• Derive the mathematical model for the Tank Level problem

• Mass Balance







Applications: FOS

• Drive a cars mathematical model in terms of its speed



Applications: FOS

Time Domain

Laplace Domain

• Drive the RCL circuit mathematical model 


