Lecture#1 Handout
Introduction
A system or a process or a plant is a segment of environment that is under consideration
(working definition).
Control is a term that describes the process of forcing a system to behave in a desired way in
order to achieve certain objective(s)/goal(s).

Examples :
•
•
•
•
•

Temperature control.
Pressure control.
Attitude control of spacecrafts
Cruise control
Human body implements sophisticated control strategies for various purposes such as
body temperature regulation, hormone level control, etc.

Control systems
Control system is an interconnection of components forming a system configuration that will
provide a desired system response. These components are:
•

Plant has one or more inputs and one or more outputs, which can be represented by a
block, as shown below.
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•

Actuator the device that causes the plant to provide the output. Or simply, It provides the
motive power to the plant.

•

Sensor the device that provides information about the output of the plant (not in every
control systems is present ).

•

Controller is the brain of the system. It may be a computer program, electrical or
mechanical device, etc.

•

Reference is the desired outcome of the control system.

Example 1 : Manual control system for regulating the level of the fluid in a tank [1].

In this control system:
The reference is a desired level of fluid that operator is instructed to maintain.
The actuator is the valve that opens or closes the fluid flow out.
The sensor is visual.
The controller is the operator.

Example 2 : Magnetic Levitation [1].

Computer

In this control system:
The reference is the position of the iron ball.
The actuator is the electromagnet.
The sensor is the gap sensor.
The controller is programmed in the computer.

Open-loop and closed-loop control systems :
Depending on configuration, control systems can be categorized into mainly two classes:
i)
ii)

Open-loop control systems;
Closed-loop (or feedback) control systems.

Open-loop control systems:
An open-loop control system utilizes a controller or actuating device to obtain a desired
response directly without using feedback.
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Example: Controlling the position of a missile launcher from a remote location [2].
The input is the desired angular position of the missile launcher, and the control system consists
of potentiometer, power amplifier, motor, gearing between the motor and missile launcher, and
the missile launcher.

Closed-loop (Feedback) control systems:
The structure of a simple closed-loop feedback system is shown below. In contrast to an openloop control system, a closed-loop utilizes the additional measure of the actual output to compare
the actual output with the desired output (reference or command). This additional measure of the
output is called the feedback.
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Example: Controlling the position of a missile launcher from a remote location [2].

The previous example is modified by introducing a position feedback loop. Should an error exists,
it is amplified and applied to a motor drive which adjusts the output-shaft position until it agrees
with the input-shaft position, and the error is zero.

Example: Automobile steering control system [1]

In this feedback control system:
The reference is the desired path.
The actuator is the steering mechanism.
The sensor is the visual.
The controller is the driver.
The plant is the car.

Example: James Watt’s steam engine (1769) [1]
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In this feedback control system:
The reference is the desired speed of the engine.
The actuator is the steam valve.
The sensor is the pulley & gear sets.
The controller is the governor (fly ball).
The plant is the steam engine.

Example: Depth control of a submarine [2]
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Suppose the captain of the submarine wants the submarine to ”hover” at a desired depth, and sets
the desired depth as a voltage from calibrated potentiometer. The actual depth is measured by a
pressure transducer, which produces a voltage proportional to depth. The deference between the
desired and the actual depth is amplified which then drives a motor that rotates the stern plane
actuator angle θ .

Example: Water-Level regulator [1]

Is this a feedback control system ?
The reference is …...
The actuator is …….
The sensor is …… .
The controller is …….
The plant is …….

Example: CD drive control [1]

Is this a feedback control system ?
The reference is …...
The actuator is …….
The sensor is …… .
The controller is …….
The plant is …….

Given a process, how to design a feedback control system?
Three steps:
•
•
•

Modeling. Obtain mathematical description of the systems.
Analysis. Analyze the properties of the system.
Design. Given a plant, design a controller based on performance specifications.

The course spans each of these steps in that sequence.
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