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Abstract
Objectives: This Study tackles how the process of Neuro-fuzzy control that allows observing and controlling the steam 
pressure and temperature than conventional PI at drum boiler in the power station. It is used to increase the thermal 
efficiency of the boiler while it has helped to maintain the Turbine not to reach wet vapor which is considered the best 
method, more accurate compared to the basic conventional method of PI. Methods/Statistical Analysis: The method of 
hybrid control was used by Neuro-fuzzy in model design simulation by the Matlab program, which led to data training 
and testing. It is compared with conventional method of PI (Rise Time (sec) – Settling Time (sec) – Overshoot (%) Peak – 
Peak Time (sec)) by tracking the temperature, steam pressure and to reach the degree of vapor in less time and accuracy. 
Findings: ANFIS tracks the path of parameters (Temperature – Pressure) more accurately and superior than the traditional 
method PID and this leads to enhanced, improved and more thermal efficient performance in a drum of the boiler. It shows 
that the ratio of the overshoot in the PI is 15.68 for the temperature while in the steam for pressure 13.22 bars either 
in Neuro-fuzzy is in both parameters zero. Thus, ANFIS seems to be more accurate in tracking and shorter time and the 
absence of the ratio Overshoot compared to the basic conventional method of PI. Application/Improvements: Strategy is 
presented in the promotion and development of control of drum steam boilers through the simulations model, which was 
constructed using the hybrid theory and compared to the main theory PI as shown in the results.

1. Introduction
The boilers are one of the most important instruments in 
thermo-electrical power station especially the main burn-
ing process happens on it. As all we known, in the boiler 
the steam water is heated and converts to superheat steam 
by burning any amount of fuel. There for it is necessary to 
protect this part and available safety operation conduc-
tion and that’s was by controlling in some parameters of 
steam water that entering the boiler and the fuel1-2. 

Figure 1 Show you the boiler in one of the thermo-
electrical power station. A boiler is a closed vessel in 
which contain grid from pipes they’re passing through its 

steam water from inters point and to end that convert to 
superheat steam to enter the turbine. Addition of these 
grids the boiler including many (in and out) let’s pipe used 
for fuel. The steam generators are integral components of 
steam turbines which are used as prime movers to drive 
generators to produce electricity in all thermal. Adaptive 
neural-fuzzy inference system of artificial intelligence 
methods where application is described as neuro-fuzzy 
method to improve thermal efficiencybymonitoring tem-
perature of dry flue gas and steam pressure. The most 
common losses are the discharge of the hot chimney gas 
into the atmosphere through the chimney. The aim of this 
article is used to increase the thermal efficiency of the 
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boiler by tracking the temperature, steam pressure And to 
reach the degree of vapor in less time and accuracy, which 
also helps to maintain the Turbine not to reach wet vapor 
by using Adaptive Neuro-fuzzy Inference System method. 
Which is considered the best method, more accurate in 
tracking and shorter time and the absence of the ratio 
Overshoot compared to the Basic conventional method 
of PI.

Figure 1. Steam boiler in power plant AL – Dura.

2. Neuro-Fuzzy Model 
Neural–fuzzy model is involved with deciding the samples 
of the numeric data that are running system behavior. This 
type of modeling has two purposes: Primary, providing a 
model allows for monitoring and possibly predicts a way 
unknown system secondary producing a model for the 
best perception of the non–linear system. The model, in 
this case, is established on the rules; Fuzzy logic has been 
used to contain a set of rules represented “IF – THEN”. 
The ability to learn from feeding forward networks sup-
port bleeding if model the architecture of the network, 
once properly, must to rules without losing information. 
Many have studied this idea accurately the authors began 
with the beginning of the 1990s3-11, remains an important 
research area. Neuro-fuzzy is available in MATLAB12.

3. ANFIS Architecture
The architecture at ANFIS belongs to artificial intel-
ligence networks, which are concerned with the best 
control, accuracy and durability of fuzzy and neural. This 

will explain the mechanics of the installation and work 
of the Neuro-fuzzy system for each layer of layers where 
each layer consists of two inputs X–Y and one output Z. 
Surgeon fuzzy model has represented in rules as Figure 2.

•	 rule1: IF x is  and y is ,

•	 Then f1 = x + y + 

•	 rule2: IF x is  and y is , 

Then  = x + y + 

Each layer containing the node would be associated 
with the fuzzy-neural system with a particular step in the 
fuzzy inference process. 

 

(a) 

 

(b) 

Figure 2.  (a) Reasoning type of sugeno fuzzy, (b) Architecture 
of equivalent ANFIS.

Layer 1: Adaptive nodes include that produce a degree 
of membership value based on premise parameters, using 
a proper parameterized membership function, such as 
that the generalized bell function:

(x)=
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Where: the degrees of membership functions are  

and 
 
for the fuzzy sets  and , respectively and 

the parameters of a membership function are { , , } 

that lead to change the format of the membership function. 
Layer 2: Includes in this layer, the node is called the 

circle node and is symbolized as  and is fixed which is 
not adaptable. The output node is the result of multiplica-
tion of the signal coming into the node and delivered to 
the next node. In this layer, each node is represented by 
firing strength for each rule. Operator T-norm with general 
performance, such as the AND, is applied to get the output.

  = (x)  (x)    i=1,2

The output is represented by firing strength of each 

rule ( .

Layer 3: This layer all nodes will be fixed and sym-
bolized by N. the output is normalized firing strengths. 
Where the ratio of firing strength to the sum of the firing 
strengths of all rules is called output node. 

   i=1,2

Layer 4: The adaptive nodes calculate the rule outputs 
based upon consequent parameters using the following 
function:

 =  =  (  x +  y +  )
Where:  is the normalized firing strength from layer 3, 

and { , ,  } is the consequent parameter set of the node.
Layer 5: The last layer will be Single node is a con-

stant node O5,1(output), which computes all output as 
the aggregation of all incoming signals:

 = output = 
When premise parameters are fixed:

F =  +  =  + 

This parameters are linear in the consequent p ( , 

, , ,  and ). 

4. Water Tube Steam Boiler ANFIS 
Model
Boiler water and steam unit 6 of AL – Dura power plant is 
a major structure from the thermoelectric power stations, 

origin Germany. In thermal sketch of the thermoelectric 
power plants, show in Figure 3.

Figure 3. Thermal sketch of the thermoelectric power plant 
AL – Dura.

For the purpose of training and testing the installation 
of ANFIS model for Boiler steam following the behavior 
of the available parameters: pressure (bar), Temperature 
(°C), water level (m3/h), gas flow (m3/h), air/ fuel, and 
flame. However, those parameters are available during 
system data monitoring. In Figure 4 are visible in the 
super heaters. The drum as component part of the steam 
boiler and the water circuit from the boiler input as far as 
the working steam which is collected on the steam main. 
As principal perturbation is that the water injection cool-
ing system for the steam temperature management from 
the drum output as a way because the operating steam 
and that acts between the boiler steam heating stages.

Figure 4. Monitoring data for power plant AL – Dura.

For the purpose of training and testing the installation 
of ANFIS uses the tools of fuzzy logic of the MATLAB, 
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which includes these tools adaptive neurological learning 
techniques11. Here the behavior of steam boilers derived 
from model 201 data. The manual counting process was 
70% training and 30% testing. The basis of the idea of 
Adaptive Neuro-fuzzy is very easy, to the intent of calcu-
lating the parameters (steam pressure and temperature) 
of the membership functions that allow for the superior 
system of fuzzy inference connected with tracking the 
input and output data given. In this Figure 5 simulation 
ANFIS steam boiler and in block of structural simulation 
of temperature ANFIS controller Figure 6.

Figure 5. Simulation ANFIS steam boiler.

Figure 6. Block of structure simulation of temperature 
ANFIS controller.

When training data exists types of membership func-
tion (triangular, trapezoidal, bell shaped, Gaussian) a 
lower error rate would be the best type. Temperature 
operating point is max and min respectively (520–550) 
0C is the best type mf Gaussian, average error =0.0098757 
while steam pressure of operation point is max and min 
respectively (130–140) bar is the best type mf Triangular, 
average error =0.000242

5. Simulation Analysis and 
Discussion
The steam vapor generated by the temperature and 
pressure steam where used in this paper to control it 
and entered in turbine stages by using the Neuro-fuzzy 
Inference system simulation model of the Matlab (2014a) 
program and obtained the following results as showed 

Table 1. Training error of temperature

Type mf N. layer N. Iteration Average Error Error
Constant

Triangular 6 50 0.093401
Trapezoidal 6 50 1.82522
Bell shapped 6 50 0.0484182
symmetric Gaussian function 6 50 0.243195

Linear
Triangular 6 50 0.099521
Trapezoidal 6 50 0.122364
Bell shapped 6 50 0.0376103
symmetric Gaussian function 6 50 0.00987576 Best
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in the Figures 7-9. Training Error of Temperature and 
Pressure steam as indicated in Tables 1-2.

Figure 7. Block of structure simulation of pressure ANFIS 
controller.

Figure 8. Temperature of membership function plot.

Now, the showing of the proposed controller has dis-
cussed the point of temperature in the drum boiler that 
temperature regulation by neuro-fuzzy controller is veri-
fied for point of step input of 550oC. The performance 
graphs are presented in Figure 10. The adaptive neuro-
fuzzy inference system tracked temperature precisely and 
during the less period of time. This representation the 
delicate performance of the proposed controller in track-
ing the temperature thus good regulation, compared with 
PI controller while it shows that the performance of the PI 

controller is having large overshoot and more time than 
ANFIS controller for the first peak, as shown in Table 3.

Figure 9. ANFIS surface of temperature.

Figure 10. State response curves under dry flue gas 
temperature.

Figure 11. State response curves pressure.
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Also, the performance of the proposed controller has 
debated the point of pressure steam in the boiler drum. 
The regulation trajectory of pressure steam by using 
neuro-fuzzy controller to prove for point of step input for 
the size of 140 bars. The performance schemes are shown 
in Figures 11-13.

Figure 12. Pressure membership function plot.

The neuro-fuzzy controller tracked steam pressure 
precisely and within the minimal period of time. This 

Table 2. Training error of pressure steam

Type mf N. layer N. Iteration Average Error Error
Constant

Triangular 6 50 0.0057646
Trapezoidal 6 50 0.380415
Bell shapped 6 50 0.0231001
symmetric Gaussian function 6 50 0.0231521

Linear
Triangular 6 50 0.000242203 Best
Trapezoidal 6 50 0.000906069
Bell shapped 6 50 0.00236316
symmetric Gaussian function 6 50 0.0011645

Table 3. Comparison parameters between ANFIS and PI for temperature of steam boiler

Parameter Rise Time
(sec)

Settling Time
(sec) Overshoot Peak

Peak Time
(sec)

temperature
ANFIS

PI

1.8137

1.267

4.2284

6.091

0

15.68

548.4

636.24

20

2.7

Table 4. Comparison parameters between ANFIS and PI for pressure steam

Parameter Rise Time
(sec)

Settling Time
(sec)

Overshoot
%

Peak Peak Time
(sec)

pressure
ANFIS

PI

2.8087

1.292

5.1472

4.3477

0

13.22

138.19

158.52

20

2.7
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shows the accurate performance of the proposed con-
troller in tracking the pressure thus good regulation, and 
also to make compared with PI controller to prove bet-
ter controller in intelligent Artificial and it shows that the 
performance of the PI controller is having large overshoot 
and more time than ANFIS controller for the first peak, as 
shown in Table 4.

Figure 13. ANFIS surface of pressure.

6. Conclusion 
The temperature parameter for steam boiler was regu-
lated at the thermal station by ANFIS control. 201 data 
were used, and the best Gaussian function was used after 
training as shown in Training Error of Temperature, 
when it was a membership function: 6, and Number of 
epochs: 50, ANFIS was obtained better and more accurate 
in tracking and controlling the temperature path than the 
PI conventional, and it is shown in Comparison param-
eters between ANFIS and PI for temperature of steam 
Boiler where the ratio of the overshoot is 0 and the rise 
time is greater For its speed and peak time is smaller than 
PI. Also pressure steam was regulated by Neuro-Fuzzy 
controller when data were used 201, triangular function, 
as presented in Training Error of Pressure steam while 
Comparison parameters between ANFIS and PI for pres-
sure steam. It shows the accuracy and durability of ANFIS 

from the traditional method from through best overshoot. 
Peak time is best and the least time period.
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