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2 Chapter 1 Introduction to Control Systems 

Finally, we introduce the Sequential Design Example: Disk Drive Read System. This 
example will be considered sequentially in each chapter of this book. It represents a very 
important and practical control system design problem while simultaneously serving as a 
useful learning tool. · 

1.1 INTRODUCTION 

FIGURE 1.1 
Process to be 
controlled. 

Engineering is concerned with understanding and controlling the materials and forces of 
nature for the benefit of humankind. Control system engineers are concerned with under­
standing and controlling segments of their environment, often called systems, to provide 
useful economic products for society. The twin goals of understanding and control are 
cOmplementary because effective systems control requires that the systems be understood 
and modeled. Furthermore, control engineering must often consider the control of poorly 
understood systems such as chemiciu process systems. The .present challenge to con~ol 
engineers is the modeling and control of modem, complex, interrelated systems such as 
traffic control systems, chemical processes, and robotic systems. Simultaneously, the for­
tunate engineer has the opportunity to control many very useful and interesting industrial 
automation systems. Perhaps the most characteristic quality of control engineering is the 
opport.unity to control machines an:d industrial and economic processes for the benefit of 
society. 

Control engineering is based on the foundations of feedback theory and linear sys­
tem analysis, and it integrates the concepts of network theory and communication theory. 
Therefore control engineering is not limited to any engineering discipline but is equally 
applicable to aeronautical, chemical, mechanical, environmental, civil, and electrical engi­
neering. For example, quite often a control system includes electrical, mechanical, and 
chemical components. Furthermore, as the understanding of the dynamics of business, so­
cial, and political systems increases, the ability to control these systems will .increase also. 

A control system is an interconnection of components forming a system configuration 
that will provide a desired system response. The basis for analysis of a system is the foun­
dation provided by linear system theory, which assumes a cause- effect relationship for the 
components of a system. Therefore a component or process to be controlled can be repre­
sented by a block, as shown in Fig. 1.1. The input-output relationship represents the cause­
and-effect relationship of the process, which in tum represents a processing of the input 
signal to provide an output signal variable, often with a power amplification. An open-loop 
control system .utilizes a controller or control actuator to obtain the desired response, as 
shown in Fig. 1.2. An open-loop system is a system without feedback. 

An ~en~loop .. control system utilizes an actuating device to control the 
process diredly without using feedback. 

Input ~Output 
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FIGURE1.2 
Open-loop control 
system (without 
feedback). 

FIGURE1.3 
Closed-loop 
feedback control 
system (with 
feedback). 

FIGURE1.4 
Multivariable 
control system. 

Section 1.1 Introduction 

Desired output response 

Desired output 
response 

3 

Output 

In contrast to an open-loop control system, a closed-loop control svstem utilizes an 
additional measure of the ac.tual output to compare the actual outout with the desired outout 
response. The measure of the output is called the feedback signal. A simple closed-loop 
feedback control system is shown in Fig. 1.3. A feedback control system is a control 
system that tends to maintain a prescribed relationship of one system variable to another 
by comparing functions of these variables and using the difference as a means of control. 

A feedback control system often uses a function of a prescribed relationship between 
the output and reference input to control the. process. Often the difference between the 
output of the process under control and the reference input is amplified and used to control 
the process so that the difference is continually reduced. The feedback concept has been 
the foundation for control system analysis and design. 

A closed-loop control system uses a measurement of the output and 
feedback of this signal to compare it with the clesired input (reference 

or command). 

Due to the increasing complexity of the system under control and the interest in achiev­
ing optimum performance, the importance of control system engineeriQg has grown in the 
past decade. Furthermore, as the systems become more complex, the interrelationship of 
many controlled variables must be considered in the control scheme. A block diagram 
depicting a multivariable control system is shown in Fig. 1.4. 

Desired 
output 

response 
Controller 

l 
Process 

Measurement 
~ 

Output 
variables 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


