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AT MOST UNIVERSITIES in the United States, 
graduate education in automatic control is 

the responsibility of each of the traditional 
engineering departments-chemical, electrical 
and mechanical. This situation is partly a result 
of the rapid growth of control during the past 30 
years, which has emphasized limited areas of ap­
plication and, thereby, created groupings such as 
process control, servo control and flight control. 
In spite of these groupings, there has been con­
siderable emphasis at the graduate level on mathe­
matical aspects of automatic control and less 
emphasis on practical questions of system model­
ing and control implementation.1

, 
2 This emphasis 

has led to the distinction "classical" or "modern" 
control which, in turn, has magnified the gap 
between theory and practice. It is generally 
recognized that sole emphasis on mathematics 
does not necessarily provide the best preparation 
for a career in automatic control. In addition to 
an appreciation of mathematical abstraction, a 
broadness of perspective toward system design is 
needed in order to solve the emerging problems 
of our society. According to the late L. Hyldgaard­
Jensen: 

"Engineering education of the future should realize 
that our industrial systems are becoming so large 
and so complex that knowledge of the parts taken 
separately is not sufficient. On the contrary we can 
expect that, often, the interconnections and inter­
actions between the system elements will he more 
important than the separate elements them­
selves . . . Therefore the teaching of design in 
automatic control will exhibit an increasing em­
phasis upon new, explicit, and highly organized 
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techniques for dealing with system structures. The 
shift in viewpoint from analysis of systems to de­
sign of systems and the formal emphasis upon the 
process of interconnecting elements into total 
systems will bring about a new tendency in auto­
matic control education."a 

At North Carolina State University (NCSU), 
a broad outlook toward Systems and Control is 
encouraged by its centralization within Opera­
tions Research (OR). Although the association 
of automatic control and operations research is 
not new,4 the unique feature at NCSU is that OR 
is a graduate program of multidisciplinary nature, 
supported by faculty from most branches of 
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engineering and the physical sciences. Study in 
OR can be undertaken in one or more of the fol­
lowing areas : mathematical optimization, sto­
chastic systems, econometrics, information and 
computer sciences, and dynamical systems and 
automatic control. Students in OR usually have 
degrees in engineering, mathematics, statistics 
or computer science. 

The main characteristic of Operations Re­
search during its brief history is that it is inter­
disciplinary. That is, it draws on mathematics, 
economics, physics and engineering and distills 
from among these disciplines, techniques which 
apply to the system under study with the objec­
tive of gaining understanding of the system so 
that it may be controlled and harnessed for man's 
needs. The natural means for broadening the 
scope of automatic control education at NCSU, 
therefore, has been to associate it with the Opera­
tions Research Program. An important benefit of 
this association is the rich heritage of OR with 
mathematical programming and numerical opti­
mization techniques which interfaces directly 
with the theory and computational methods of 
optimal control. 
DYNAMICAL SYSTEMS and Multivariable 

Control is a one semester, first year graduate 
level course in the Systems and Control option of 
the Operations Research Program. Prerequisites 
are a knowledge of differential equations and 
linear algebra as usually contained in an under­
graduate engineering curriculum. A rudimentary 
knowledge of the Fortran language and card 
preparation is also required. The customary pre­
requisite of an undergraduate course in single­
loop feedback systems and frequency response 
methods is intentionally omitted in order that the 
course can be taken by non-engineers. Most 
students with a major in OR also have back­
grounds which include advanced calculus and 
probability theory. 

This course is _fotended to (1) provide an in­
troduction to analytical modeling, control and op­
timization of dynamical systems, (2) create an 
awareness of the wide range of application of 
Systems and Control and (3-) provide ex­
perience in computer-aided analysis and design. 
Both state space and transfer function descrip­
tions are developed early in the course so that the 
student is not led to regard either approach as 
"classical" or "modern." Emphasis is placed on 
linear, stationary models with parallel develop­
ment of continuous-time and discrete time 
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representations. Topics include state variables, 
transforms, flow graphs, canonical forms, system 
response, stability, controllability and observ­
ability, modal control, non-interacting control 
and fundamental concepts of optimal control and 
estimation. Multidisciplinary applications are 

The emphasis on the mathematical aspects of automatic 
control has magnified the gap between theory and 

practice. It does not necessarily provide the best 
preparation for a career in automatic control. 

chosen from biological, chemical, electrical, me­
chanical and socio-economic systems. 

TABLE 1 

Course Outline 

System Representation- State variables, state equations, 
transfer functions, Laplace and 
z-transforms, canonical forms 
and transformations of linear 
systems. 

System Response-

System Stability-

Multivariable Control 
Systems-

Linear Stochastic 
Systems-

Optimal Control 
Systems-

Vector differential equations, 
transition matrix, eigenvector 
analysis, controllability and ob­
servability, phase plane, system 
simulation. 

Equilibrium points and stabili­
ty concepts, Direct Method of 
Lyapunov, construction of Lya­
punov functions, Routh-Hur­
witz criteria, root locus. 

State space formulation, matrix 
transfer functions, decoupling 
and non-interacting control, 
feedforward and modal con­
trol, observers. 

Statistical concepts in time and 
frequency domains, Gauss-Mar­
kov random processes, mean 
square estimation and optimal 
filtering. 

Maximum Principle, Dynamic 
Programming, linear systems 
subject to quadratic criteria, 
combined optimal control and 
estimation. 

INTERDISCIPLINARY SPIRIT 

T HERE ARE PRESENTLY several excellent 
textbooks that combine the state variable 
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Although the association of automatic control 
and operations research is not new, the unique feature 
at NCSU is that OR is a graduate program of 
multidisciplinary nature, supported by faculty from 
most branches of engineering and the 
physical sciences. 

and transfer function approaches at an intro­
ductory level. Most of these books, however, 
emphasize applications from electrical engineer­
ing. In keeping with the interdisciplinary spirit 
of this course, the textbook by Takahashi, Rabins 
and Auslander5 provides an effective treatment 
of the material while keeping a good balance be­
tween mathematical abstraction and physical 
reality. The first half of the course includes use 
of a computer program for obtaining time 
response, system reduction to canonical form, 
system sensitivity by root locus, etc. This pro­
gram is an expanded version of a package for the 
analysis and design of linear state variable feed­
back systems. The user's manual is reasonably 
complete and gives sample problems for testing 
the routines.6, 7 

The second part of the course is concerned 
with use of the system theoretical concepts 
studied previously and is intended to serve as an 
introduction to topics which may be studied in 
more advanced courses or independent study 
basis. The topic of multivariable control treats 
both state variable and transfer function ap­
proaches, although advanced frequency response 
techniques such as the inverse Nyquist array 
method have not been included due to lack of 
time and need for additional preparation in com­
plex variable theory. 

The topics of stochastic and optimal systems 
survey, in the remaining time, certain funda­
mental concepts of these areas and present some 
current applications which have included power, 
ecological and transportation systems. Several 
class sessions and homework exercises are also 
devoted to the use of a computer program, the 
Variable Dimension Automatic Synthesis Pro­
gram (V ASP), for implementing some of the 
optimal estimation and control algorithms.8 Ex­
perience gained from working with these com­
puter-aided design programs has been a valuable 
means of integrating theoretical concepts with 
physical reality, particularly when a student is 
forced to discover why his program bombed! 
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The class meets three hours per week for 16 
weeks. About 6 weeks are devoted to system 
representation, response and stability. The re­
maining time is divided equally among the topics 
of multivariable control, stochastic systems and 
optimal control. A graduate student teaching 
assistant is responsible for setting up the com­
puter exercises and serves as programming con­
sultant. 

The brief exposure to system optimization is 
intended to interface with related OR courses 
which included linear and nonlinear programming, 
dynamic programming, optimization of engineer­
ing processes, variational methods in optimization 
techniques, vector space methods in system op­
timization, and computational algorithms of 
mathematical programming and optimal control. 
Cognate courses such as process dynamics, 
economic decision theory, biomathematics and 
statistical communication theory provide depth 
in more specialized topics. 

Centralization of this course within the Operations 
Research Program avoids the usual groupings such as 
process control, servo control or flight control and, there­
by, encourages a broad outlook toward applications in 
the Systems and Control area. An important benefit of 
this association is the rich heritage of OR with mathe­
matical programming and numerical optimization tech­
niques which interfaces directly with the theory and 
computational methods of optimal control. D 
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