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A system which uses 
input data measured by 
sensors to control output 
is a control system        

When the output 
from a control 
system changes the 
input, we say the 
system uses 
feedback. 

 
 
 
 
 
 
Control systems occur in all kinds of situations. For instance,  

a burglar alarm is a type of control system;  
a domestic central heating system is a form of control system;  
an automatic washing machine is another form of control system;  
your body contains numerous control systems. 

 
 
 
 
 
 
 
 
Each of these examples has three major features that classify it as a control system: 
 

• an input to the system 
• one or more sensors which measure the input 
• an output from the system which depends on the input 

 
The burglar alarm uses motion detectors (the sensors) to detect movement  
(the input) which triggers an alarm (the output). 
 
The domestic central heating system is a control system in which the temperature of the air in a 
house (the input) is regulated. Thermostats (the sensors) measure the temperature of the air. A 
boiler produces heat (the output). The thermostats switch the boiler on when the temperature drops 
control system   below a required level, and switch it off when that level has been attained. 
The automatic washing machine uses a very similar process to control the heat of the water. 
 
The human body contains a muscle control system which allows you to accurately pick up objects. 
Your eyes (the sensors) measure the distance between the object and your hand (the input). The 
distance between your hand and the object determines the movement of your arm (the output). 
 
There are two main types of control system. 
Open-loop control 

The burglar alarm is an example of the simplest type. It is called an open-loop control system 
because the output is not used to change the input. The motion detectors simply trigger the alarm  
they have no direct effect on any movement that has been detected. 

 
Closed Loop control 

On the other hand, with closed-loop control systems, the input is directly 
affected by the output. With the central heating system, for example, the 
heat produced by the boilers (the output) increases the air temperature (the 
input). Thermostats sense the air temperature and control the boiler 
accordingly. This input-output loop is called feedback. 
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A system which measures 
and records data obtained 
from sensors is a data 
logging system 

 
Anenometer 

 
Control systems often use computers but many do not. For example, domestic central heating 
systems do not usually use a computer. The system can be controlled simply by thermostats that 
turn the boiler on and off. The thermostats contain switches that are directly activated by heat. 
 
In computer control systems, a computer uses data from the sensor in order to maintain the outputs 
of the system at certain levels. In these systems there may be many different sensors providing a 
wide range of different kinds of data. There may be a number of devices that produce different 
outputs. A computer is usually necessary to control such complex systems. 
 
 

For example, in a chemical plant it may be necessary to control the temperature of a vat of 
chemicals. At the same time the pressure in the vat may have to be 
controlled, and the concentration of a number of chemicals may 
also have to be carefully adjusted. This probably would be an 
exceedingly difficult task to control accurately without using a 
computer. 

 
There are many instances where the data provided by sensors simply needs to be recorded. The 
sensors are not used for control purposes. 
 

For example, a rotating vane anemometer might be used to record wind 
speed data over the duration of an athletics meeting. The intensity of 
ultra violet light might need to be recorded over a period of several 
weeks or months in a scientific study. A person's blood pressure might 
need to be recorded  over 24-hour period. These are all instances of data 
logging systems.  

 
We now discuss the components of control and data logging system and then go on to describe 
applications of them in a number of areas. 
 
System components 
Control and data logging systems may use the following components : 
 
Sensor(s) to monitor the process. 

The type of sensor depends on the process being monitored. Examples include sensors for 
detecting temperature, pressure, humidity, wind speed and light levels. 
In the case of control systems, they feed back the necessary messages to adjust the process. For 
example, if a boiler's temperature exceeds the maximum set by the system, the processor sends 
a signal to switch the heating mechanism off. Conversely, if the temperature falls below a 
lower limit, a signal is sent to switch the heater on. 

 
The computer or processor which controls or logs the process. 

This may be a general-purpose computer running the control program, or a processor dedicated 
to the system may be built into the equipment This is commonly the case in control systems for 
car engines, washing machines and so on. These are called embedded systems. 

 
Output device(s) to report on the process. 

Examples are meters, digital displays, lights and loudspeakers. 
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Devices that convert 
other forms of 
energy into electrical 
signals are called 
Input Transducerrs    

Interconnecting devices.  
These include analogue to digital converters (ADCs) to convert measurements from sensors 
into the digital form required by a computer,  and amplifiers to convert small electrical signals 
from sensors into larger, more usable, electrical signals. 
 
Measurements of temperature, pressure and wind speed, for example, are continuously varying 
(analogue) and cannot be handled directly by digital computers. The measurements must be 
sampled, amplified and digitised by an ADC before input to the computer. 
 
 

Transducers 
Input and output devices used in control systems are usually called transducers. Sensors are forms 
of input transducers and output devices are forms of output transducers. 
 
All transducers convert one form of energy into another, but the most  useful transducers are often 
those that convert forms of energy, such as heat, light or pressure, into electrical energy. This is 
because it is relatively easy to transmit and amplify electrical energy. 
 
If a computer is to be used to process the information provided by a transducer, then it is essential 
for whatever is being measured by the transducer to be converted into an electrical signal. 
 
Some transducers are simply switches which turn an electrical signal on and off. For example, 
domestic thermostats used in electric kettles and heaters turn the electricity supply on and off. 
However, many transducers used in computer control systems are measuring devices, rather than 
just switches. These devices are used, for example, to provide the computer with the temperature of 
some substance or the rate of flow of a liquid. 
 
Input transducers 
Input transducers, or sensors, are frequently used to supply data to a computer control system by 
converting forms of energy such as heat, light or sound energy in to electrical signals. Once in the 
computer these electrical signals have numeric values which can be processed. 
 
 
There are many different types of input transducers 
 

• Proximity switches are used to turn an electrical signal on or off 
depending on the near presence of objects. The type of object can be 
detected, its distance from the detector and the speed of response 
depend on the particular type of transducer. 

 
• There are several types of transducer that operate using heat energy. An example is a 

temperature gauge in which a spiral metallic spring converts heat into a mechanical 
movement of a dial pointer. 

 
A thermostat is a device that automatically regulates the temperature of a system by 
maintaining it at a constant level, or varying it over a specific range. Thermostats are widely 
used in industrial furnaces, in heating systems, and in other engineering applications in 
which a process must take place at controlled temperatures. Thermostats are also frequently 
used to control the water flow through the cooling systems of automobile engines. 
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Devices that convert 
Electrical signals into 
other forms of energy 
are  called output 
transducers 

 
Other devices, such as thermistors and thermocouples, use small variations in the electrical 
properties of the sensor to operate the system controls or the display element. 

 
• Just as the electrical properties of some materials are affected by heat, so other materials are 

affected by visible light. Transducers which rely on varying light for their operation are 
often called photo detectors. 

 
• Shaft encoder. This device is used to measure angular rotations. It consists of a disc 

attached to a rotating shaft. The disc has a set of equally spaced radial lines on its surface. 
As the shaft rotates the disc rotates with it. An optical sensor is used to detect the radial 
lines, incrementing a counter each time a mark is detected.  The value of the counter allows 
the angular position of the shaft to be determined. 

 
• Strain gauges. The resistance of metal changes according to the strain applied along its 

length. This change of resistance can then be converted into an electrical signal whose 
strength is proportional to the strain being applied. 

 
 

• A microphone is a device used to transform sound energy into electrical energy. 
Microphones are important in many kinds of communications systems and in instruments 
for measuring sound and noise. 

 
 
Output transducers and display devices 
The transducers described so far are used as input devices, but there are also 
many transducers that are used for output purposes. For example, a 
loudspeaker converts electrical signals into sound waves, a solenoid converts 
electrical energy into mechanical movement, and a light-emitting diode 
(LED) converts electrical energy into light. Even computer displays can be considered to be 
transducers in that they allow electrical representations of binary data to be converted into their 
equivalent visual forms. 
 
Other obvious forms of output devices used in control systems include heaters for increasing 
temperature, fans for reducing temperature, warning lights, and valves for controlling the flow of 
liquids and gases. 
  
 
 
Review Questions 
1. There are two main types of control system described in the text as open and closed loop systems. 

a) what is the principle difference between these two types of system. 
b) identify and describe one more of each type of system. 

2. What is a transducer? 
3. Name three different types of input transducer. 
4. Name three different types of output transducer. 


