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APPLICATION OF l!ODERN CONTROL THEORY FOR THE POWER-SYSTEl! ANALYSIS AND CONTROL

DR, l!ULUKUTLA S, SARHA and DR. EARL D. EYHAN
Department of Electrical Engineering
University of Iowa, Iowa City, Iowa 52242

Abstract
\Uth the current rise in the demand of elec-

trical energy, present-day power systems which
are large and complex, will continue to grow
both in size and complexity. Also, our dependence on electrical energy is so great that
it is essential to have uninterrupted supply
of electrical power within set limits of frequency and voltage levels,. and that it becomes
a dire necessity to develop methods for effective control and operation of power systems.
Hodern control theory concepts have been ef-

fectively used and will continue to be utilized for the power system analysis and control. This paper attempts in assessing the
present situation in this regard and indicates
the future trends.

Introduction
Present-day power systems are large and complex.
Modern power systems represent the largest manmade system in existence from the viewpoint of
invested capital and offer a great challenge to a
control-systems engineer. A typical power system
may require thousands of state variables for adequate description. The changing character of the
system on a daily and yearly scale, the vulnerability to environmental influences of ~tatistical
nature in view of the geographical spread, difficulties in data transmission, impossibility to
conduct meaningful full-scale system tests due to
the 211-hour operation, the mixed nature (continuous as well as discrete) of control inputs, powersystem reliability not attaining the 100% level,
and the range of system dynamics over a very broad
bandwidth (line transients of the order of milliand micro-seconds; short-circuit phenomena of the
order of milliseconds to seconds; generator-rotor
swings and frequency transients of the order of
seconds to minutes) are but some of the unique
features of a modern power system. The control of
such a power system is a many-faceted complex
problem, including several operational actions
which have as their final objective to maintain
the system in its normal operating state and deliver uninterrupted supply of electrical power
within set limits of frequency and voltage levels.
The availability of the computer is drastically
changing the role of the human operator and the
computer is taking over more of the decision-making

job, As more and more of the various sub-controls
have been made automatic, man 1 s role has changed
accordingly, but he has never been fully replaced
by machines. Han has always been an integral part
of the control of power systems and will continue
to have an increasingly important role in the
future control centers.
It is the purpose of this paper to discuss briefly
the present status of power systems control, look
into the future and point out various areas of
probable development in the power-system analysis
and control with the application of modern control
theory.
Present Status
Frequency and voltage control are the primary control functions 1 in all power systems. The load
frequency control (LFC) or megawatt-frequency (PF)
control2 maintains a continuous close balance between generated and demanded real power by detecting the frequency error. This enables the pOHErr
demands to be met at all times at the various load
points and the sytem frequency to be ~aintained
within very rigid limits. Frequency control is
thus probably the most important single power system control function.
The megavar-voltage (QV) control maintains a balance between the demanded and generated reactive
power3 by detecting the voltage errors, and helps
in achieving a specified voltage profile throughout
the network. If the system is a part of a power
pool, it is also necessary to keep th.e tie-line
powers or the poHer exchanges with the neighbors
at certain fixed values. This is accomplished by
adding to the control signal of the load-frequency
control system an error signal corresponding to
the deviat1ons in the specified power exchange to
neighboring pool members.
The frequency and voltage controls are performed
these days automatically in closed loop fashion,
It is interesting to note that the turbine torques
which are the control forces in the frequency control have little or no effect on the voltage magni"
tudes which are the state variables in the voltage
control. Similarly the manipulation of oxcitation
voltages has little effect on the frequency. Also
the voltage controls of individual generators saographically dis~ersed internet only weakly. Thus
the frequency and voltage controls are essentially
non-interacting.

The control system design for power systems has
been developed by the philosophy of decomposition.
As it is not possible to design a single central
control system to perform the overall control of
a complex pm.;rer system, the overall system is subdivided into smaller, manageable parts which are
simple enough to lend themselves to analysis and
understanding, Natural lines of division such as
the real and reactive power controls can be found
by intuition. Time response of different phenomena is another important decomposition base, besi~es the geographical and functional features of
the sytem, Sensitivity snalysis 4 is particularly
useful in determining the basis for decomposition
Besides the_ frequency and voltage control channels
that have been mentioned already for the normal
mode of operation, the control systems may be divided along the lines of automatic switching, system splitting, fault-clearing, automatic feeder
restoration, load transfer, and load shedding to
take care of the fault and post-fault states of
the overall system,
Impact of the Computer
The human operator used to keep a vigil over the
system frequency and command appropriate position changes of the generator turbine valves,
before the frequency control loops have gone
automatic. Hore and more of the several subcontrols went automatic in the recent years.
The control jobs during the normal mode of operation for the 99 per cent of the time have been
made almost entirely automatic. This may seem
to indicate that the human operator has become a
passive observer and the impact of the computer
is to render man superfluous. But this is just
not the case. However, the role of the human
operator is undergoing drastic changes. 'The
availability and proper use of the computer make
it possible for the operator to predict how the
system is going to behave in the minutes ahead and
take appropriate corrective measures in anticipation. TI1e human operator ,.,ill have an increasingly important role in the future control centers
in exercising a constant vigil over the system
trends and formulating the best strategy decisions.
No computational robot can ever replace the human
operator, but only enhance his ability in decision
making.
A modern dispatch center may typically monitor
line loads, perform load-flow analysis and econoic dispatch oPtimization, compute unit commitment
and pool scheduling, send generation commands to
the generator units under control, perform load
forecasting and reserve analysis besides data logging. Almost all the modern dispatch centers
enjoy a large computer facility, This computer
performs several simultaneous tasks, depending
upon the sophistication of a given system and the
quality of the data transmission system in use.
The dispatch center usually has a large display
map showing transmission network, generator stations and bulk power substations. All important
components are indicated with symbols, giving the
operator instantaneous vis~al information of system interconnection status. Individual generations, tie-line flows, frequency, loads etc. can
t.tsually be seen on chart recorders,

The human operator has to maintain a constant
vigil on the progress of the system operation and
make sure that uninterrupted supply of electrical
power is delivered within set limits of frequency
and voltage levels, Preventative reeasures have to
be taken by foreseeing the possible troubles,
based on the data outputs from charts, display t
and the computer programs. On-line computation of
load flow, power angle and frequency dynamics are
predicted to increase system security. In spite
of the operator's best efforts, should the system
develop a fault, corrective measures must immediately be taken to clear the fault and to see the
system return quickly back to the normal mode of
operation.
The impact of the availability of computational
robots has been tremendous in the field of powersystem analysis. Computer methods 5 in powersystem analysis have become extremely popular in
several areas including short-circuit studies,
load-flow studies,6• 7 economic dispatch 8 and unit
commitment, and system stability. To mention a
few examples, nonlinear programmfng has been_ used
for the dynamics of load-frequency control systema9
and optimal short-term unit cornmitment,lO while
the maximum principlc,ll geometric programming as
well as functional analysis 12 have been applied
for the economic dispatch optimization. Security
evaluation 10 in steady and transient states of
power systems using pattern recognition is becoming popular. On-line transient control of capacitor switching, 13 determined by optimal control
theory concepts, to improve system stability, online identification of interconnected equivalents
from operating data utilizing the system identification and parameter estimating techniques 1 sensitivity analysis for decomposition, and hierarchical control of p0"1er systems are but some of the
areas of current research interest.
Future Trends
Future trends include on-line load-flow displays,
computer monitoring 1 ~ of power systems, improved
data acquisition and state estimation, dynamic
rescheduling and control, dynamic stability
assessment, dynamic energy balance, 15 and using
the computers for more of the decision making jobs,
including as a part of the protective relay system.16t17 A brief discussion about these probable development directions will now iollow,
\lith the availability of the present-day fast
load-flo\ot computation techniques, it is quite conceivable that the on-line load-flow displays will
be a reality pretty soon. The visual minute-byminute display of the load flow as an overlay on
the wall display will help the dispatch-center
operator to spot the critical lines and take appropriate preventive measures.
The most recent area of computer application in
the pm.;rer industry is that of operational control
and scheduling, which include system security nnd
monitoring, equipment control, operational scheduling, forecasting, on- and off-line studies. Thin
application area is most likely to grow in the
future, !\'Idle the off-line programming has beon
very well advanced, present trends indicate thnt

the majority of new application will be in the
on-line real-time mode.

State estimation techniques are being applied
these days to acquire more reliable data. After
all, the completeness and accuracy of the input
data determines the quality of operation of any
control system. The data collecting process is a
difficult problem in power systems because of the
distances involved. The amount.of data can sometimes be so large that it becomes difficult to
choose really significant data, interpret it, and
utilize the same. Also the control signals have
to respond in a few cycles of the 60 Hz system
frequency, Thus one can see that much research
work can be done in this direction.
When a situation of overheated or overloaded lines
develops or when dynamic stability is impaired,
there is a need to reschedule the generators within a limited time so as to obtain a new and. better
load flow configuration. Thus dynamic rescheduling
is another area of research interest, Also dynamic stability assessment is highly desirable and
this may be done by means of real time computation
of swing curves. Transient instability is probably the greatest potential operating danger and
one has to look for improved means of continuous
assessment of the stability margins. The problem of frequency transients is closely related
to the problem of dynamic stability, Dynamic
energy balance concentrates on frequency rather
than rotor angle dynamics and is another new
area that is being developed.
Control and operation of bulk power system control
centers are now being accomplished through the use
of the latest in computer systems. \·:hile more and
more sophistication will be incorporated in the
future dispatch centerst local control would also
not lose its significance. t>lini-computers would
be used to process the local data and perform local control in generator stations, substations,
and local load centers. l>Iini-computers may also
be utilized as a part of the protective relay system and for assessing and diagnosing instantaneously the actual situation under complex fault
situations.
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Concluding Remarks

The control of a modern power system is a manyfaceted complex problem, offering a great challenge to a control systems engineer. Several concepts of modern control theory have been utilized
and_ will continue to be used for the power system
analysis and control.
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