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Abstract— Drum Boilers are an important component of many modern industrial facilities. Generally, the simulation of tailor-
made Drum Boilers starts up at each steady-state condition inside each operation region. The problem of such systems is the 
control of parameters, as level and pressure, around a reference value. The design of control algorithms can be accomplished using 
intelligent techniques such as Fuzzy Logic and Genetic Algorithms. This paper proposes a Fuzzy Controller, optimized by Genetic 
Algorithms, able to control Drum Boiler dynamics. Genetic procedures are used to obtain optimal Membership Functions and 
Fuzzy rules. The results show that the timing performance of the control system are improved reducing the settling time and the 
rise time. Moreover, the system shows good robustness to different reference values. 
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I. INTRODUCTION  

Pressure and water level are critical parameters in Drum 
Boilers control. In order to avoid water carryover, the Drum 
level must lie within the limits specified by the boiler 
manufacturer. A too low water level could cause Boiler 
damages. On the other hand, the pressure determines the 
steam flow rate value which is required to feed the turbine to 
produce output power. If the steam temperature is greater 
than the permitted one, a metal overheat can occur with 
contingently microscopic metal fractures. Naghizadeh et al. 
[1] proposed a simple procedure to extract the model 
parameters of a real steam power plant Drum Boiler based 
on heat balance map and thermodynamic tables for power 
system dynamic stability studies. A careful attempt has been 
made to derive the complete mathematical model of a Drum 
Boiler in the state space domain [2].  

This paper takes into account a Drum Boiler simulator 
using the nonlinear P16-G16 Drum Boiler model, the 
dynamics of which are presented in [3] and its valve 
actuators in [4]. These researches were based on the Boiler-
turbine plant P16/G16, which is oil-fired and the rated power 
is 160 MW, at the Sydvenska Kraft AB Plant in Malmo, 
Sweden. The challenge of this work is to counteract the 
effects of Drum Boiler disturbance inputs with a suitable 
Fuzzy Logic Controller. The idea is to design a Fuzzy 
Controller (FC), powered by Genetic Algorithms, able to 
keep the level close to a reference level taking into account 
disturbances. 

II. LITERATURE SURVEY 

Many efforts have been made to monitor the Boiler 
temperature and pressure by means of Programmable Logic 
Controllers (PLC) [5]. Zhuo et al. [6] designed a control 
scheme of feed-forward Proportional Integral Derivative 

(PID) control for Drum water level. However, PID 
controllers are not adequate when there are fluctuations and 
changing environment in the system to be controlled. These 
situations require a different approach to solve the control 
problem. Intelligent techniques such as Fuzzy Logic can be 
applied to improve the control performances. Dey et al. [7] 
designed a water level controller using Fuzzy Logic. The 
water level control of Boilers can be monitored by suitable 
Fuzzy controllers [8]. The Fuzzy controllers can solve the 
problem of external disturbances in Circulating Fluidized 
Bed (CFB) Boilers [9]. Fluctuant temperatures conditions are 
unfavorable for power generation: an optimal Fuzzy 
controller is proposed to solve such problem [10]. The 
feature of this approach is the Fuzzy rules reduction from  27  
to 3, with an improvement of the rules evaluation time. 
Corrosion Boiler parts can be avoided using Fuzzy Logic to 
control the temperature and pressure entrance into the Boiler 
itself  [11]. 

Intelligent techniques such as Genetic Algorithms (GA) 
are used to control the Boiler parameters. Relevant results 
have been achieved by Dimeo et al. [12] for the control of a 
Boiler-turbine plant. Thanks to the application of GA to the 
control system, good steady-state tracking results have been 
achieved. The problem of designing a controller for a highly 
coupled constrained nonlinear Boiler turbine system is 
addressed by Wu et al. [13]. In this work, a GA has been 
implemented as an online discrete time tool to solve the 
nonlinear model predictive control problem. Hassanein et .al. 
[14] proposed a good solution to control both the 
water/steam temperature and the water level control loops of 
a Boiler. In this work, Fuzzy Logic and GAs were applied to 
optimize the width and the scaling factors of Membership 
Functions.  

Fuzzy Logic and Genetic Algorithms approaches have 
been applied to various research fields. One of the main 
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problems in electrical distribution systems is the reactive 
power flow. This problem causes active power transmission 
reduction, power losses decreasing, and the drop voltage 
increase. A good solution is proposed by Nasri et al. [15] by 
employing two algorithms: a Fuzzy Logic Controller 
algorithm for critical nodal detection and Genetic Algorithm 
Optimization for optimal capacitor seizing. Advanced pH 
control schemes have been designed through intelligent 
controllers for the pH neutralization process [16]. Suitable 
combinations of intelligent techniques have been proposed 
by Pelusi for different applications. [17], [18], [19], [20], 
[21], [22], [23], [24], [25]. 

Among several research projects oriented to determine 
the power plant dynamics, the following ones can be 
considered: a 600 MW-US power plant based on a forced 
circulation Drum Boiler [26], and a 160 MW-Sweden P16-
G16 power plant with a natural circulation Drum Boiler [27]. 
In addition, low-order models for model based control design 
are also available, see e.g. [3], [28], [29] and [30]. 

 

III. DESIGN AND OPTIMIZATION OF THE FUZZY 

CONTROLLER 

Inspired by the computational thinking (see [31]), this 
paper uses on a tailor made simulator of very important 
industrial processes which are sourced with heat flows (see 
Figure 1).  

For the special requirements of the steam power industry, 
International Association for the Properties of Water and 
Steam (IAPWS) also maintains a separate formulation for 
industrial use. This paper inserts and uses the XSteam file for 
Matlab, which is an implementation of the IAPWS IF97 
standard formulation [32]. It provides accurate data for water 
and steam and mixtures of water and steam properties from  
0:1000  bar and from  0:2000  deg C. 

The model includes not only the Drum Boiler model but 
also valve actuators dynamics, and linear dynamics for 
sensor transmitters are inserted. The Drum Boiler control 
requires two valves: one to control the feedwater mass flow 
entering the Drum and another to control the fuel oil mass 
flow to burners. The steam mass flow rate measuring is 
necessary to perform a feedforward control. Instead of 
feedback and feedforward strategies, Pelusi and Vazquez 
[17] proposed intelligent algorithms to control Drum Boiler 
dynamics [33]. Following this research line, further 
investigations lead to the design of a Fuzzy Controller 
optimized through GAs. 

The first choice to design a Fuzzy Controller is the 
Membership Functions shape. As in [17], we consider 
triangular/trapezoidal shapes, but good results have been also 
achieved using Gaussian MFs in signal processing 
applications [25]. Moreover, to define the number of MFs for 
each Fuzzy input/output, we take into account the findings of 
Chopra et al. [34]. The aim is to design a Fuzzy Controller 
with a smaller number of rules leading to a shorter 
computational time. Therefore, to find a good compromise 
between the complexity and the control goodness of the FC, 
seven MFs for each input/output are chosen. The 
Membership Functions are: Negative-Big (NB), Negative-

Medium (NM), Negative-Small (NS), Zero-Error (ZE), 
Positive-Small (PS), Positive-Medium (PM) and Positive-
Big (PB). 

In order to control the level  y  of the Drum Boiler, we 
consider the Fuzzy inputs error  e  and change in error  de , 
defined as 

 
e(i)=y(t_1)-l_r     (1) 
 
de(i)=e(i)-e(i-1)     (2) 
 

where  t_1 lies in [0,t]  and  i=1,2,...,n , with  n  number of 
comparisons between  y(t_1)  and the reference level  l_r . 
Moreover, we refer to  o(i)  as the output of the FC. 
According to [34] and [17], the Fuzzy rules of Table I are 
defined. The rules of this table are of the form, ``If  e  is NB 
And  de  is NB, then  out  is NB''. 

In order to reduce the difference between the level of the 
Drum Boiler and the reference level, fuzzy inputs with 
membership functions number greater than  3  are chosen. In 
this way, the precision of the fuzzy system is increased. In 
fact, the parameters of the Drum Boiler such as pressure and 
level need high precision. The optimal precision is achieved 
by using seven MFs. 

 

 
Figure 1.  A computation structure for tailor made Drum Boiler simulator 

development. 

TABLE I.  FUZZY RULES OF THE FUZZY CONTROLLER 

e/de NB NM NS ZE PS PM PB 
NB NB NB NB NM NS NS ZE 
NM NB NM NM NM NS ZE PS 
NS NB NM NS NS ZE PS PM 
ZE NB NM NS ZE PS PM PB 
PS NM NS ZE PS PS PM PB 
PM NS ZE PS PM PM PM PB 
PB ZE PS PS PM PB PB PB 

 
Having defined the Fuzzy Controller architecture, it is 

very important to optimize the MFs and the rules. In the 
literature, there are techniques which employ genetic 
optimizing procedures [25], [35], [36]. Pelusi [24] proposed 
evolutionary search procedures to find the best Fuzzy rules 
to improve the control of industrial processes. Therefore, we 
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apply Genetic Algorithms to Fuzzy Controller to improve the 
performances of the control system. 

The genetic algorithms are search methods based on the 
darwinian theory of fittest survival. They search a solution 
space for an optimal solution to a problem [37]. In our case, 
the best MFs and the more relevant rules of the FC must be 
researched. In order to do this, a suitable fitness function has 
to be defined. The choice of the fitness function is problem 
dependent [38], [39], [40]. Because our target is to reduce 
the difference defined in (1), the following fitness function is 
defined: 

 
f(x)=1/(1+x^2)     (3) 

 
where x is the sum of i from 1 to n of e(i). This means that, 
the genetic procedure searches the best value of  f  to make  
y(t_1)  very close to  l_r .  

 

 

Figure 2.  Block diagram of optimization architecture. 

Now, we describe the optimization process of the MFs 
and the rules of the Fuzzy Controller. Figure 2 shows the 
block diagram of the optimization architecture. The sum 
node computes the difference between the output level  y  of 
the Drum Boiler and the reference level  l_r . In others terms, 
the error  e  defined in (1) is computed and sent to the  du/dt  
and  GA  blocks. The  du/dt  block calculates the change in 
error  de  (see (2)) whereas the  GA  block supplies to the 
Fuzzy Logic Controller block the MF parameters and the 
weights of the Fuzzy rules.  

 

Figure 3.  Drum Boiler Simulator. 

The Fuzzy Logic Controller, taking into account the 
outputs of  du/dt  and  GA  and the input  e , tunes the control 

inputs of the Drum Boiler through its output  o . In particular, 
the Fuzzy Controller changes the parameters step time and 
final value of  qfw  input of the Drum Boiler Simulator [33] 
(see Figure 3 and the Appendix). The Drum Boiler gives a 
new value of the level  y  which is newly compared with the 
reference level value  l_r  through feedback. Subsequently, 
the process restarts.  

Once that the optimal value of the fitness function (3) is 
achieved, the Fuzzy Logic Controller is optimized and ready 
to work. 

 
IV. DISCUSSION OF THE RESULTS 

 
In order to simulate the described optimization structure, 

Matlab-Simulink development environments are used. The 
Fuzzy Controller is based on the Mamdani Fuzzy inference 
and the ``centroid'' is the defuzzification method. The 
Genetic Algorithm is characterized by a population equal to  
100  and a generation equal to  20 . The last parameters have 
a huge influence on the convergence time of the system to 
the optimal solution. To avoid computer time problems, the 
comparison number  n  (i.e. the number of times which 
feedback occurs) is equal to  10 . Moreover, a value of  
1.35m  is established for the reference level  l_r .  

Figures 4 and 5 show the optimized MFs of the Fuzzy 
inputs  e  and  de , whereas Figure 6 shows the optimal MFs 
of the Fuzzy output  o . Note that, the MFs shapes of the 
Fuzzy inputs are very narrow: this means that the control 
system needs of good precision to work. 

In Table II the optimal weights values of the Fuzzy rules 
defined in Table I are shown. The least relevant rule is ``If  
e  is NM and  de  is PM then  o  is ZE'', which has a weight 
of  0.0090 . Observing Table II it follows that rules with 
error  e=PM , have poor relevance on the optimization of the 
control architecture.  

Having obtained the optimal MFs and the rules, the 
control system is ready to work for each reference value of 
level. The goodness of a control system depends on the 
settling time, the rise time and the overshoot in a step 
response. In Figure 7 the step response of a system without 
FC is shown. Note that, the overshoot is zero, the settling 
time is  57.7s  and the rise time is  32.0s  (see also Table 
III). Using the optimized FC, the values are reduced to  
12.8s  and  7.1s  for the settling and the rise time 
respectively. Therefore, the settling time and the rise time 
are reduced by  44.5% . Figure 8 shows the step response of 
the Drum Boiler with Fuzzy Controller. It is obvious that 
the Fuzzy Controller improves the timing performances of 
the system (see Table III). 

To evaluate the robustness properties of our system, we 
consider two different reference values:  l_r=1.55m  and  
l_r=1.05m . Remember that the level reference established 
for the optimization process is  l_r=1.35m. Figure 9 shows 
the trend of the Drum Boiler level over time with  
l_r=1.55m . The solid line represents the level without the 
FC, whereas the dashed line is the level using the optimized 
FC. Note that the curves have the same trend up to  t=40s . 
Subsequently, the dashed line is under the solid one up to  
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t=55s . For time values greater than  55s  and less than  120s 
, the level tuned by the FC is over the level without FC. 
From  t=120s  forward, the dashed line is under the solid 
line. The results show that with a reference value of  1.55m , 
the qualitative trend of the Drum Boiler level is the same. 
We test the performance of the FC establishing a reference 
level less than  1.35m. Figure 10 shows the trend of the 
level with  l_r=1.05m. The results are opposite to the 
previous ones because where the dashed line was under the 
solid one, now it is over and vice versa. Similar results are 
achieved considering various values of  l_r : this means that 
a good level of robustness is achieved. 

 

 
Figure 4. Optimized Membership Functions of the Fuzzy input  e 

 

 
Figure 5. Optimized Membership Functions of the Fuzzy input  de 

 

 
Figure 6. Optimized Membership Functions for the Fuzzy output  o 
 
 

TABLE II.  OPTIMAL WEIGHTS OF THE FUZZY RULES 
e/de NB NM NS ZE PS PM PB 
NB 0.8801 0.8632 0.6069 0.5266 0.4741 0.6023 0.4753 
NM 0.6727 0.2124 0.3895 0.9352 0.1297 0.0090 0.6042 
NS 0.7564 0.0808 0.8929 0.2839 0.7562 0.0812 0.5132 
ZE 0.3986 0.7782 0.8332 0.7008 0.7482 0.2133 0.3924 
PS 0.7188 0.3082 0.0369 0.0407 0.5423 0.9156 0.3683 
PM 0.0631 0.4676 0.6069 0.7469 0.1712 0.0980 0.0781 
PB 0.9471 0.0298 0.5295 0.4699 0.3907 0.6348 0.3208 

 
 

Figure 7. Step response of the Drum Boiler without Fuzzy Controller 
 
 

 
 

Figure 8. Step response of the Drum Boiler with Fuzzy Controller 
 
 

TABLE III.  COMPARISON OF THE SETTLING AND THE RISE TIME 
WITHOUT AND WITH FUZZY CONTROLLER 

 Drum Boiler without FC Drum Boiler with FC 
Settling time 57.7s 12.8s 

Rise Time 32.0s 7.1s 
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Figure 9. Level of the Drum Boiler with reference value of 1.55m 

 

 
Figure 10. Level of the Drum Boiler with reference value of 1.05m 
 

V. CONCLUSIONS AND FUTURE WORK 

Industrial processes need of controllers able to keep a 
reference value, independently by disturbance inputs. 
Intelligent techniques are useful to design optimal control 
systems. As an example, suitable combinations of Fuzzy 
Logic and Genetic Algorithms give good results. The 
proposed Fuzzy Controller, powered by Genetic Algorithms, 
assures a better timing performance with the reduction of the 
settling time and the rise time of about  44  per cent. 
Moreover, the optimized architecture shows a good 
robustness to various reference levels. Further research 
works will concern the design of controllers based on 
intelligent techniques such as the Neural Networks. 
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APPENDIX (SWEDEN POWER PLANT [27]) 

- Active power:  160 MW  
- Steam mass flow rate:  138.9 kg/s  
- Drum pressure:  15 MPa  
- Drum water temperature:  342.1 у  
- Feed water temperature:  300 у  

Drum boiler dynamic [3] 
 

-   [V_{wt},P,A_r,V_{sd}]^T : State variables 
-   [q_f,q_p]^T : Control input variables. 
-   [T_f,q_s]^T : Disturbance input variables 
-   [Y,P] : Output variables. 
-   [Y_r,P_r] : Set-points variables. 
 
-  V_{wt}   [m^3] : total water volume. 
-  Y   [m] :  drum water level 
-  P   [Bar] : Drum pressure. 
-  A_r   [Non   unit] : the steam quality at the riser outlet 
-  q_f   [kg/s] :  feedwater mass flow rate 
-  q_p   [kg/s] :  Fuel oil mass flow rate. 
-  q_s   [kg/s] : Steam mass flow rate 
-  T_f   [ C] :  feedwater temperature. 
-  q_{cd}   [kg/s] : Condensation mass flow rate. 

 

TABLE IV.  DRUM BOILER CONSTRUCTIVE PARAMETERS 

 
 
Notations of Table IV: 
 

-  A_{dc} : Area of the cross section of downcomer tubes 
-  V_r : riser volume. 
-  k : friction coefficient in downcomer-riser loop 
-  T_d : residence time of steam in drum. 
-  V_t : Total volume of the drum, downcomer, and risers. 
-  m_t : total metal mass 
-  CP : specific heat of the metal 
-  m_r : total riser mass. 
-  m_d : Drum metal mass. 
-  \beta : Parameter in an empirical equation 
-  V_{dc} : downcomer volume. 
-  A_d : wet surface, i.e., drum area at normal operating 
level. 

TABLE V.  STEADY STATES VALUES 
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Actuator dynamic [4] 
 
- See Table VI 

TABLE VI.  MAIN PARAMETERS IN ACTUATOR DYNAMIC 

 
Sensor transistors dynamic [33] 

-  G_{STP} : Transfer function for pressure sensor-
transmitter 
-  G_{STY} : Transfer function for level sensor-transmitter 

 

 

 
 


