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Abstract: Steam generation systems are a crucial part of most power plants. Therefore, boiler control is an 
important problem for power plants that are frequently changing load or subject to sudden load disturbances, which 
are common in current market driven electricity industry. In the present work, the steam flow parameters of a boiler 
are controlled using fuzzy supervisory PID controller and then optimized using Grey wolf optimizer to find the best 
values of proportional gain (Kp), integral gain (Ki), derivative gain (Kd). 
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1. INTRODUCTION 
 Over the years, control of processes and 
systems in the industry is customarily done by 
experts through the conventional PID control 
techniques. This is as a result of its simplicity, 
low cost design and robust performance in a 
wide range of operating conditions[1],[2-3]. 
Although the PID controllers have gained 
widespread usage across technological 
industries, it must also be pointed out that the 
unnecessary mathematical rigoristic, 
preciseness and accuracy involved with the 
design of the controllers have been a major 
drawback. This has made it difficult if not 
impossible for designers, engineers and 
technology experts to design intelligent complex 
systems, nonlinear systems higher order and 
time delayed linear systems that can 
satisfactorily behave as expected while 
operating in the human-machine interface. 
However, various techniques and modifications 
to the conventional PID controllers have been 
employed in order to overcome these  
difficulties, this includes the use of auto tuning 
PID controllers, adaptive PID controllers and 
also the implementation of compensation 
schemes to the PID controllers [4-6]. Another 
alternative technique is the use of 
unconventional control techniques such as 
fuzzy logic, neural networks [7].  The new 
control schemes may be implemented through 
two different philosophies: the first is the direct 
use of these new techniques, whereas, in the 
second the combination between them and the 
conventional PID controller through the 
supervision philosophy[8] .In the present paper, 
we will describe the optimization of membership 
functions, its parameters and its shapes; in a 
fuzzy supervisory PID controller employing 
Grey wolf Optimizer (it is one of algorithms that 

use Artificial intelligence techniques) to control 
a complex process which is  the feed water of 
steam generation process. 
 

2. GREY WOLF OPTIMZER GW 
 
2.1 Inspiration  

in nature Grey wolf belongs to Canidae family. 
Grey wolves are at the top of the food chain... 
Grey wolves mostly prefer to live in a pack. The 
group size is 5–12 on average. Of particular 
interest is that they have a very strict social 
dominant hierarchy as shown in Fig.1. The 
leaders are a male and a female, called alphas. 
The alpha is mostly responsible for making 
decisions about hunting, sleeping place, time to 
wake, and so on. The alpha’s decisions are 
indictated to the pack. Meanwhile, such 
cooperation behavior among pack members 
has been observed, in which an alpha follows 
the other wolves in the pack. In gatherings, the 
entire pack acknowledges the alpha by holding 
their tails down. Since the alpha is responsible 
for makin decision in the pack, it is called 
dominant wolf . 

The organization process of the pack goes in 
hierarchically manner. The first level of 
thehierarchy is made up with alpha wolf; the 
alpha wolves are only allowed to mate in the 
pack.Which is not necessarily the strongest 
member of the pack however the Best in term of 
managingthe pack[9-10]. 
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Fig.1. Hierarchy of grey wolf 

 
The second level is beta wolves. The betas play 
an important role, which helps the alpha in 
decision-making or other pack activities. The 
position of beta wolf makes it so easy to be 
amcandidate to replace alpha wolf when it dies 
or becomes very old.The beta wolf receive the 
commands from the alpha and forces it onto the 
lower-level wolves.The beta wolf is the advisor 
for alpha wolf and a link between the leader and 
other members ofthe pack. 
The lowest ranking grey wolf is omega. The 
omega plays the role of scapegoat .They are the 
last wolves that are allowed to eat. 

       2.2 Mathematical Model and 
Algorithm 

The search process starts with creating a 
random population of grey wolves candidate 
solutions) in the GWO algorithm. Over the 
course of iterations, alpha, beta, and delta 
wolves estimate the probable position of the 
prey.Each candidate solution updates its 
distance from the prey. The parameter a is 
decreased from 2 to 0 in order to emphasize 
exploration and exploitation, respectively. 
Candidate solutions tend to diverge from the 
prey when > 1and converge towards the 
prey when < 1. 
Finally, the GWO algorithm is terminated by the 
satisfaction of an end criterion. the pseudo code 
of the GWO algorithm is presented in Fig. 2. The 
foloowing points should be higligted to show 
that the GWO optimizer is theoritically able to 
solve the problem of optimization  
 

1. The proposed social hierarchy assists 
GWO to save the best solutions 
obtained so far over the course of 
iteration. 

2. The proposed encircling mechanism 
defines a circle-shaped neighborhood 
around thesolutions which can be 
extended to higher dimensions as a 
hyper- sphere. 

3. The random parameters A and C assist 
candidate solutions to have hyper- 
spheres withdifferent random radii. 

4. The proposed hunting method allows 
candidate solutions to locate the 
probable position of 
the prey. 

5. Exploration and exploitation are 
guaranteed by the adaptive values of a 
and A. 

6. The adaptive values of parameters a 
and A allow GWO to smoothly transition 
betweenexploration and exploitation. 

7. With decreasing A, half of the iterations 
are devoted to exploration (|A| 1) and 
the otherhalf are dedicated to 
exploitation (|A| < 1). 

8. The GWO has only two main 
parameters to be adjusted (a and C) 

. 
 
 
 
 
 
 
 
 

 

 

. 
 

 

 

 

 

 

 

 

 
 
Fig.2. Pseudo code for Grey Wolf Optimizer  
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3. FUZZY LOGIC CONTROL 
 
In recent years, the number and variety of fuzzy 
logicapplications have increased significantly. 
The applicationsrange from consumer products 
such as cameras, camcorders,washing 
machines, and microwave ovens to industrial 
processcontrol, medical instrumentation, 
decision-support systems, andportfolio 
selection [4].Fuzzy logic has two different 
meanings. In a narrowsense, fuzzy logic is a 
logical system, which is an extension 
ofmultivalued logic. However, in a wider sense 
fuzzy logic (FL) 
is almost synonymous with the theory of fuzzy 
sets, a theorywhich relates to classes of objects 
with un-sharp boundaries inwhich membership 
is a matter of degree [11]. 
 

3.1 Fuzzy logic control  
 
Control applications are the kinds of problems 
for which fuzzy logic has the greatest success 
and acclaim.A fuzzy controller (Fig.3) is a 
regulating system whose modus operand  is 
specified with fuzzy rules. In general it uses a 
small set of rules. The measurements are 
processed in their fuzzifier form, fuzzy 
inferences are computed, and the result is 
defuzzified, that is, it is transformed back into a 
specific number [12] 

 
Fig.3. Block diagram of a fuzzy logic controller 

 
3.2 Fuzzy supervisory control 

Fuzzy Supervisory controller  is a multi-layer 
(hierarchical) controller with the supervisor at 
the highest level, as shown in the next 
Figure(Fig.4). The fuzzy supervisor can use any 
available data from the control system to 
characterize the system’s current behavior so 
that it knows how to changethe controller and 

ultimately achieve the desired specifications. In 
addition, the supervisor can be used to integrate 
other information into the control decision-
making process [9]. 
 

       Fig.4. Fuzzy supervisory controller  
 
It should be mentioned that the main difficulties 
that face the researchers during the design of 
fuzzy controllers are: 
 

1. To define the member-ship functions, 
its number and shapes. The common 
practice in defining these shapes is to 
start with homogenuous traingular 
functions and check the results. In case 
the controller present an optimal 
solution hence good results so we 
proceeed otherwise we have to try 
other shapes ( or in some cases we use 
the non-homgenuous triangular 
function) …. The main idea is that 
finding the optimal shapes is a hard and 
time consuming job. 

2. Defining the rules in the inference 
mechanism. simular to the above 
remark defining the rules and its 
number is a hard job, needs more data 
and knowledge of the considered 
process. 

However, in the last years and based on the 
development in artificial intelligence field, 
researchers developed several and effective 
optimization tools ….these tools are calssified in 
the set of meta-heuristic category. The main 
advantage of this category is  generate, or 
select a heuristic that may provide a sufficiently 
good solution to an optimization problem, 
especially with incomplete or imperfect 
information or limited computation capacity….in 
our study we use the GWO to find the shape 
and the number of rules to control an industrial 
steam generation process [7]. 

 
 

https://en.wikipedia.org/wiki/Optimization_problem
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4. PROCESS DESCRIPTION  
Boilers were a major part of the Industrial 
Revolution beginning about 1700. They are 
major consumers of industry and building 
energy consumption today. They are used for 
power generation, process heat (refineries, 
petrochemicals, paper mills, tire 
manufacturing…) and heating [13] The function 
of a boiler is to deliver steam of a given quality 
(temperature and pressure) either to a single 
user, such as a steam turbine, or to a network 
of many users. Then, a properly functioning 
boiler must satisfy the following basic 
requirements: 

1) The ratio of air to fuel must be carefully 
controlled in order to obtain good, safe, and 
efficient combustion. 
2) The level of water in the drum must be 
controlled at the desired level in order to 
prevent overheating of drum components or 
flooding of steam lines. 
3) A desired steam pressure must be  
maintained at the outlet of the drum  despite 
variations in the quantity of steam 
demanded by users [12]. The boiler drum is 
the main component of  boiler, A steam drum 
is a standard feature of the boiler water 
pipes. It is a reservoir of water/steam at the 
upper end of the tube of water. Drums keep 
the steam  

produced in the water tubes and act as a phase 
separator for mixed steam/water. The density 
difference between hot and cold water helps 
inthe accumulation of -water/and “hot” saturated 
steam into the steam drum   
The following figure (Fig 5) shows the main 
component of a typical boiler. The main 
parameters that affect the operation of boiler is 
the water flow 

 
Fig.5. Schematic Picture of an industrial drum boiler  
 

5. SIMULATION AND RESULTS 
 

The Grey wolf optimizer parameters used to 
solve our problem are summarized in the 
following table (Table 1)  
 

Table 1   GWO parametrs  

 
5.1 First stage optimization scaling factor  
 
In the first stage we will consider the IAE as a 
cost function Fig 6 shows the variations of IAE 
with respect to different iterations . 

 
Fig.6. best cost functions ( IAE) with respect to 
iterations  
 
V.2 Second stage optimization for membership 

function shapes  

As the common practice in the design of fuzzy 
logic controllers, in the major cases the inputs 
are Error (e)  ( five member ship functions) and 
Delta E ( ) ( five membership functions. Figs 
7&8 show the optimal shapes of these inputs  

Fig.7 The optimal  membership functions shapes for 
input 1  (e ) 
 

Search agent 15 

Iterations 25 
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Fig.8 The optimal  membership functions shapes for 
input 2  ( e ) 
 
And as it is described in the previous sections 
the outputs of the fuzzy PID supervisory 
controller are KP , KI and Kd ( each linguistic 
variable has two membership functions ) Figures 
(Fig 9, 10 and 11) show optimal shapes  
 

 
 
Fig.9 The optimal  membership functions shapes for 
KI  

 
Fig.10 The optimal  membership functions shapes 
for KI  
 

 
Fig.11 The optimal  membership functions shapes 
for Kp  
 
The corresponding step response , resulted 
from the application of the supervisory fuzzy 
PID controller is shown in Fig 12  

 
Fig.12 The resulted system closed loop step 
response  
 
As it is clearly indicated in the system closed 
loop response, the controller has a good 
performance in terms of speed and accuracy . 
NB. 
The rule table used in this work is the same to 
that given by the author in [12 ]. 
 

6.  CONCLUSION 
 
The work presented in this paper concerns the 
design of a supervisory fuzzy PID controller. For 
the water flow of a boiler drum. This type of 
process characterized by the difficulties that in 
general face the engineers when they use 
conventional PID controllers. In the drum there 
are two sates ( vapor and liquid states) so the 
use of a simple PID controller will create 
problems, hence the need new controllers such 
as fuzzy controllers , however the fuzzy 
controllers is used only as a supervisor and its 
outputs are the PID parameters. Another 
advance tool is presented here which is the Grey 
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wolf optimizer, which is a power full meta-
heuristic method and it is employed in defining 
the optimal membership function shape of the 
supervisory controller. 
The results show that the system present a very 
good closed response characteristics. 
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