Introduction

1.1 PRELIMINARY CONSIDERATIONS

A control system may be defined as a collection of interconnected components that can be
made to achieve a desired response in the face of external disturbances. The “desired
response” could be the tracking of a specified dynamic trajectory, in which case the control
system takes the form of a servomechanism. An example of this type of control system is a
robot arm that is programmed to grasp some object and to move it to a specified location.
There is a second class of control system termed the regulator, for which the “desired
response” is to maintain a certain physical quantity within specified limits. A simple example
of this kind of control system is the thermostat.

There are two basic ways in which a control system can be made to operate. In open-
loop mode, the response of the system is determined only by the controlling input(s). As an
example, let us suppose that we wish to control the temperature of a room in winter with the
use of a fan-heater that heats up and circulates the air within the room. By setting the
temperature control to “medium,” for instance, we should be able to get the room temperature
to settle down to an agreeable level during the morning hours. However, as the day progresses
and the external environment becomes warmer, the room temperature will also rise, because
the rate at which heat is added by the fan-heater exceeds the rate at which heat is dissipated
from the room. Conversely, when night sets in and the external temperature falls, the
temperature in the room will decrease below the desired level unless the heater setting is
raised. This is a fundamental limitation of open-loop control systems. They can perform
satisfactorily as long as the external conditions do not affect the system much. The simple
example we have described may be considered a physical analog of thermoregulatory control
in poikilothermic or “cold-blooded” animals. The design of the thermoregulatory processes
in these animals does not allow core body temperature to be maintained at a level independent
of external conditions; as a consequence, the animal’s metabolism also becomes a function of
external temperature.






