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Abstract – Nuclear reactor automation and control is an 
essential part of nuclear reactor control rooms. Nuclear 
reactor automation and control system is defined as a 
system which monitors, displays and controls the activities 
i.e. heating process, cooling process, reactions etc of the 
nuclear reactor plants which may be installed in power 
generation nuclear reactors. Major role of automation and 
control in professional nuclear reactor is to monitor all 
major activities of processing and reporting that 
monitoring data to a display for further actions. In this 
research work, a system is designed to work in three 
modes, out of two modes are concerned with artificial 
intelligence, which has used fuzzy logic to provide 
autonomous control to heating and cooling controls of 
reactor. Proposed work concentrates on saving unwanted 
coolant resource which is being used in nuclear reactor, 
automatic thermal cut down before reaching a particular 
limit, predictions in uplifts and downfalls in amount of 
temperature, and to avoid manual control. 
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I. INTRODUCTION 
 
Nuclear reactor is a device to initiate and control a 

sustained nuclear chain reaction. Nuclear reactors are used at 
nuclear power plants for generating electricity and in 
propulsion of ships. Heat from nuclear fission is passed to a 
working fluid (water or gas), which runs through turbines. 
These either drive a ship's propellers or turn electrical 
generators. Nuclear generated steam in principle can be used 
for industrial process heat or for district heating. Some 
reactors are used to produce isotopes 
for medical and industrial use, or for production 
of plutonium for weapons. Some are run only for research. 
When a large fissile atomic nucleus such as uranium-
235 or plutonium-239 absorbs a neutron, it may undergo 
nuclear fission. The heavy nucleus splits into two or more 
lighter nuclei, (the fission products), releasing kinetic 
energy, gamma radiation, and free neutrons. A portion of 
these neutrons may later be absorbed by other fissile atoms 
and trigger further fission events, which release more 
neutrons, and so on. This is known as a nuclear chain reaction. 

The reactor core generates heat in a number of ways. 
The kinetic energy of fission products is converted to thermal 
energy when these nuclei collide with nearby atoms. The 
reactor absorbs some of the gamma rays produced during 
fission and converts their energy into heat. Heat is produced 
by the radioactive decay of fission products and materials that 
have been activated by neutron absorption. 

A nuclear reactor coolant, usually water but sometimes a 
gas or a liquid metal (like liquid nitrogen, or liquid sodium) 
or molten salt is circulated past the reactor core to absorb the 
heat that it generates. The heat is carried away from the 
reactor and is then used to generate steam. Most reactor 
systems employ a cooling system that is physically separated 
from the water that will be boiled to produce pressurized 
steam for the turbines, like the pressurized water reactor. But 
in some reactors the water for the steam turbines is boiled 
directly by the reactor core, for example the boiling water 
reactor. 

II. PROBLEM STATEMENT 
 

1. Artificial intelligence was absent to automatically 
control the coolant and furnace of reactor. 

2. Prediction of temperature was not available, and bar-
graph plotting\°C was absent. 

3. Conventional thermostats were used to capture 
temperature instead of precise solid state sensors. 

4. Able to control only one reactor at a time, with only 
one control at an instance. 

5. Whole control was manual, so it was needed to 
remove human intervention to control a reactor. 

6. Lack of automatic shut down. 
7. Lack of fuzzy logic methodology. 
8. Earlier systems were not flexible. 
9. Able to control some particular type of reactors 

instead of all, so those were not portable. 
  

III. OBJECTIVES OF PROPOSED WORK 
 
In this work the research is carried out keeping in the view 

the following objectives: 
 

1. To save overheating furnaces and save coolant 
resources. 

2. To reduce total efforts of measurements. 
3. To increase efficiency of measurement. 

http://en.wikipedia.org/wiki/Plutonium
http://en.wikipedia.org/wiki/Research_reactor
http://en.wikipedia.org/wiki/Plutonium-239
http://en.wikipedia.org/wiki/Neutron
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4. To make measurement as easy as possible. 
5. To allow a system to predict upcoming and downfall 

readings. 
6. To make use of fuzzy logic for allowing a system to 

take intelligent decisions at its own. 
7. To automatically control furnaces and coolant units. 
 

IV. PROPOSED WORK 
This system is designed to work in three modes, out of two 

modes are concerned with artificial intelligence, which has 
used fuzzy logic to provide autonomous control to heating and 
cooling controls of reactor. This system accepts the inputs 
from user (optional) to be loaded into system. When reactor 
turned on, hardware that is installed in reactor, senses the 
temperature by help of temperature sensor, and hands it up to 
a high speed MCU. This MCU hands over the temperature 
reading to computer system located in monitoring office far 
away from reactor. Reactor’s coolant and heating controls is 
also connected to MCU in reactor itself. At an instance, 
processor controls both coolant and heating devices as per the 
commands received from computer software system. MCU 
continuously extracts temperature from both nuclear reactors 
and addresses these both nuclear reactors to computer 
software to let this software recognize an individual reactor to 
be dealt with. After addressing both reactors to software, 
processor of system sends the temperature value to software 
for display and decision making processes. Software will then 
respond to processor by the mean of AI. Compositely, 
processors have following tasks to do: - 

1. Extracting temperature from temperature sensors 
via analogue to digital converters. 

2. Addressing of both nuclear reactors to distinguish 
the read values for computer software.  

3. Getting commands from AI of computer software. 
4. Controlling coolant and heating systems. 
This system can support ‘n’ number of reactors at a time. 

Application software is programmed on computer system 
which receives updated data from reactor’s MCU and display 
current temperature in it. It gets set limit values initially from 
user and whenever incoming temperature matches or crosses 
the set limits then it is fire the various outputs according to 
values set to provide amount of coolant, and decisions to turn 
the controls of reactor automatically.  

Soul of this application software is Artificial Intelligence 
which is provided by concepts of fuzzy sets or rules based 
expert systems. Intelligence of this application software is to 
drive nuclear reactor in a smart and controlled way by itself. It 
totally eliminates human interaction with controls of reactor. 
It itself decides that what amount of coolant is needed at 
which temperature range, when to turn off heating, when to 
start cooling. 

Basically the computer software of proposed work is 
broadly classified into five main modules: - 

1. User Authentication. 
2. Mode Selection. 
3. Manual Mode. 
4. Semi-Auto Mode. 
5. Intelligent Mode. 

 
A. User Authentication 
In this module, an authorized or intended user of monitoring 
office is being authenticated for his recognition and to prevent 
unauthorized access to system to stop its illegal use. A user 
has to enter his user name and password to login window of 
computer software to pass his authenticity. If user successfully 
passes his authenticity then he can easily access all the 
operational modes of system otherwise system will ask user 
only three times for his correct credentials to be entered. If 
user fails to enter correct credentials even after three attempts, 
then user will be recognized as intruder by system and system 
will lock it, and protects the controls of reactor from being 
used from a person that is not authentic. 
 

 
Figure 1: Login form to for authentication of intended user or 
supervisior. 
 
B. Mode Selection 

In this module, an authorized user has to select one from 
the three modes to monitor and control the reactor subsystems 
either in manual or automatic way. Upon selection any of the 
module, system will automatically activate the chain reaction 
by activating the heating control of reactor. Selected mode 
will send heating activation command out to processor which 
further initiates the beginning of process in reactor. Upon 
selection of a particular mode, software automatically sends 
activation code outside to MCU. 
 

 
Figure 2: Mode selection form to choose particular working 
and control  mode of nuclear reactor systems. 
 
C. Manual Mode 

In this mode, a user is provided with two halves of 
computer software system. First is nuclear reactor-1 with its 
coolant and heating controls and second is nuclear reactor-2 
with its coolant and heating controls. The whole control of 
system’s activities is in user’s hands. By using this mode, user 
himself monitors the temperature of reactor and can control 
the heating and coolant activities of reactor manually. In this 
mode, software intelligence will not work. It can only get in 



ISSN   2348 - 2249  
Volume-3, Issue-2, April-June, 2015 

International Journal for Multi Disciplinary Engineering and Business Management 
(IJMDEBM) 

 

© 2013, IJMDEBM, All Rights Reserved                http://www.ijmdebm.org/ 
~ 15 ~ 

the temperature but the automation and control operations will 
be only performed by user. 

 
1. There are thermometers at both sides which show 

the current temperature of particular reactor in 
progressive way.  

2. Space at both sides to display current temperature 
in per °C values. 

3. A timing control in form of slider at each side which 
allows user to control coolant resources in timely 
manner i.e. for how much time that coolant will pass 
to reactor. It is fascinating way to save valuable 
coolant resources.  

4. Check boxes and radio buttons at each side for 
manual control of system. 

5. Bar graph displays at each side to plot the relative 
uplifts and downfalls. 

6. Prediction display space at each side. 

 
Figure 3: Manual operating mode form to monitor and 
control the activities of nuclear reactor manually. 
D. Semi-Auto Mode  

In this mode, a user is again provided with two halves of 
computer software system. First is nuclear reactor-1 with its 
coolant and heating controls and second is nuclear reactor-2 
with its coolant and heating controls. By using this mode, user 
only instructs the operating mode by giving instructions with 
respect to coolant and heating limits which will be further 
used by AI as threshold to work upon. AI of system controls 
the heating and coolant activities of reactor system by 
matching those entered limits against incoming readings from 
MCU. 
 

1. There are thermometers at both sides which show 
the current temperature of particular reactor in 
progressive way.  

2. Space at both sides to display current temperature 
in per °C values. 

3. A timing control in form of slider at each side which 
allows user to control coolant resources in timely 
manner i.e. for how much time that coolant will pass 

to reactor. It is fascinating way to save valuable 
coolant resources.  

4. Bar graph displays at each side to plot the relative 
uplifts and downfalls. 

5. Prediction display space at each side. 
6. Slider controls at each side’s of heater control to set 

the up and down limit for AI to decide about control 
of system and scanning current temperature with 
respect to up limit and down limit slider. 

 

 
Figure 4: Semi-Auto operating mode form to monitor and 
control the activities of nuclear reactor by instructing the 

software only once and then AI works under FL. 
 
E. Intelligent Mode  

In this mode, a user is again provided with two halves of 
computer software system. First is nuclear reactor-1 and 
second is nuclear reactor-2. But there is not any control for 
user is given here to interact with the software system. 
Functionality of this mode is totally independent from user’s 
interaction and is totally dependent in AI using fuzzy logic. 

1. There are thermometers at both sides which show 
the current temperature of particular reactor in 
progressive way.  

2. Space at both sides to display current temperature 
in per °C values. 

3. Bar graph displays at each side to plot the relative 
uplifts and downfalls. 

4. Prediction display space at each side. 
5. Operation of this mode is totally handled by AI. 
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Figure 5: Intelligent operating mode form to monitor and 
control the activities of nuclear reactor totally from software’s 
intelligence by AI under FL by sensing incoming readings. 
 
F. Functional Structure of System 
 

 
Figure 6: Functional block diagram of proposed system by 
harware point of view. 
G. Features of proposed system 

1. Precision degree centigrade sensors are used. 
2. Intelligence in monitoring and control. 
3. Eight bit high-speed processor. 
4. Fuzzy logic is used as controller. 
5. Temperature is displayed, processed and controlled 

in computer software. 
6. Automatic shutdown is used to turn off associated 

controls. 
7. Three operating modes are used. 
8. Temperature prediction is used to predict uplifts and 

downfalls. 

9. Bar-graphs are used to plot relative statistics of 
particular reactor. 

10. It can be used to get readings of temperature of 
reactor and controls accordingly. 

11. It can be installed not only in nuclear reactor plants 
but also at a site where control is needed according 
to temperature. 

12. Ability to sense heating limit before reaching at 
peak. 
 

V. RESULTS AND DISCUSSIONS 
 

A. Semi-Auto Mode 
 

With respect to semi-auto mode, this system is able to receive 
instructions from supervisor or user. User only instructs the 
operating mode by giving instructions with respect to coolant 
and heating limits which will be further used by AI as 
threshold to work in fully automatic way without using any 
help from user. User can still change the instructions given to 
software system anytime as per need or readings. AI of system 
controls the heating and coolant activities of reactor system by 
matching entered instructions with incoming readings from 
MCU. So in that way user can only interact with system for 
instructions. But he cannot directly operate the heating and 
coolant processes of reactor as he can do in manual mode. 
Semi-auto mode only allows a user to give instructions to 
system and further control and processing will be handled by 
system itself. Semi-auto mode is a medium to interact with 
fuzzy logic to define various thresholds for system’s 
intelligence to act upon. It saves and uses an amount of 
coolant resource as per instruction given at coolant side. 
 
B. Intelligent Mode 
With respect to intelligent operating mode, there is no any 
control for user is given here to interact with the software 
system. User can neither control any activity of system and 
nor he can instruct the system now. Functionality of this mode 
is totally independent from user’s interaction and is totally 
dependent at AI using fuzzy logic. System now itself decides 
that what action should be taken at which point of input 
reading. System has now its own instructions in form of 
thresholds which are coded into it through which it can itself 
makes decisions to control the activities of reactor and amount 
of coolant resources to be used. Intelligent mode of proposed 
system is standalone part of system which never receives any 
input from user. It is totally autonomous and works as per 
input readings from MCU. 
 

VI.   OBJECTIVES ACHIEVED 
1. Monitored the levels of temperature in computer 

software. 
2. Over usage of coolant is avoided by using semi-auto 

and intelligent modes. 
3. Overheating of reactor has been achieved using semi-

auto and intelligent modes to avoid accidents. 
4. Temperature predictions are achieved. 
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5. Ease in measurement and control of temperature and 
hardware units is accomplished. 

6. AI as Fuzzy logic is employed as overall controller 
of proposed automation and control system. 

 
VII. CONCLUSION 

The proposed system “To implement fuzzy logic in 
automation of nuclear reactors to save coolant consumption 
and avoid manual operation” has been designed mainly with a 
focus to use fuzzy logic methodology for controlling nuclear 
reactor in completely smart and intelligent way with optimal 
and best approximate decision for coolant and heating 
processes with respect to temperature captured. This is a 
special ability to save the coolants like liquid sodium, water or 
liquid nitrogen when there is minimal need of coolant at low 
temperatures. Secondly, a feature is added besides intelligence 
of system to predict uplifts and downfalls in temperature to 
make optimal decisions for coolant and heating activities. This 
is introduced to let AI decide in advanced that which action to 
take and for how much time. Moreover, real time graphs are 
used in software with parameters of time and temperature to 
show the relative downfall and increase in temperature for 
every five seconds. 

Despite of that, this is a multithreaded system, so ‘n’ 
numbers of reactors can be simultaneously controlled in an 
efficient way, without affecting each other’s functionality. It 
uses single GUI based application control software which is a 
central hub to control and monitor all the activities, and a 
central hub to make intelligent decisions to control the 
reactors in fully smart way. Hi-speed processor and 
temperature sensors are used to extract the accurate readings 
of individual reactors. Therefore, conclusively this system is 
able to avoid the manual operation or supervision by help of 
its decision making capability for handling the nuclear reactor 
controls and can save the expensive coolant resources to great 
extent. 

 
VIII. FUTURE SCOPE 

Work done in this work can be extended in future with 
little variations. Some of the directions to this work for future 
are: 
 

1. Use of Microchip’s PIC processor for both analogue 
to digital conversion process of temperature and 
command handling from computer software instead 
of using processing unit chip and ADC chip 
separately. 

2. Use of neural network with proposed work. 
3. Use of wireless communication link such as 

ZIGBEE, ASK or FSK to transmit data and 
commands between MCU and computer software for 
extension of range. 
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