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Abstract— A control system with uncertainty or 

unpredictable disturbance needs more effort to be controlled. A 

conventional PID Controller is the most popular method used in 

industries. It was tuned and adjusted by the designer, and it has 

fixed parameters during operation. However, the disturbance 

effect causes the desired system performance unreachable. By 

using a self-tuning controller, the problem should be tackled. In 

this paper, the PID-Genetic Algorithm (PID-GA) controller was 

proposed and tested with the steam drum water level control 

system of a steam power plant. Variation in power load causes 

noisy water level characteristics and should be maintained at + 

0.4 meters from the setpoint to prevent the power plant trip. 

From the simulation, PID-GA can reduce disturbance of the 

minimum, nominal, and maximum load with perturbation 

peaks 0.18 m, 0.22 m, and 0.26 m respectively. 

Keywords— genetic algorithm, NWL, PID-GA, steam drum, 

steam power plant. 

I. INTRODUCTION 

The steam power plant is a type of power plant that uses 
steam potential energy to turn the turbine as the prime mover. 
The steam is produced from water in the boiler. The steam 
drum is part of the boiler that stores and separates between 
water and steam [1]. The changing of the steam flow rate that 
blows out from the steam drum might cause disturbance 
effects such as fluctuation of the water level from its normal 
condition or called Normally Water Level (NWL) [2]. The 
excess water level in the steam drum could damage the turbine 
blades. Meanwhile, if the water level is too low, it can damage 
boiler pipes. It should be maintained at an appropriate level so 
that it can produce steam within specifications [3].  

Power plants usually use the conventional Proportional-
Integral-Derivative (PID) controller to control the processes. 
Because of disturbances, we would not be able to get 
satisfactory results using that controller. When it is used to 
control nonlinear and variable processes, the parameters have 
to be continually adjusted [4]. Research on the application of 
the genetic algorithm (GA) that combines with the PID 
controller to the liquid level control system to meet the 
specifications has been done. The proposed method can 
determine the controller parameters automatically and 
appropriate system performance [5]. 

 

 

Fig. 1. Representation Scheme of Steam Drum Modelling 

The steam flow rate out of the steam drum is time-varying 
or has different value every time, it causes the degradation of 
the system performance. A steam drum water level control 
system is expected to overcome the effects of this disturbance 
during operation. Therefore, the PID-GA controller is 
designed to adjust the steam drum water level to be able to 
maintain the water level at NWL point when there is a 
disturbance. 

The organization of the paper is as follows: In Section II 
the modelling steam drum water level control system 
components are derived. PID-GA controller design 
procedures are proposed in Section III. The simulation results 
in the form of response and system performance are discussed 
in Section IV, as well as the conclusions are discussed in 
Section V. 

II. METHODS 

A. Modelling of Steam Drum Water Level Control System 

Components 

This section explains the derivation of steam drum 
modelling based on its first principal law. It is started by 
recalling the mass-in and mass-out flow rate passing through 
the steam drum, then followed by the fluid coupling, boiler 
pump, piping, and level transmitter modelling that is 
elaborated on Subsection A to E. Drum type boiler leverage 
the steam drum to separate the water and steam. The drum 
modeling scheme can be seen in Fig. 1. The water level should 
be maintained at the NWL point. If the water level is too low, 
then the boiler will trip to avoid damage to the boiler pipes 
that connect to the steam drum [3]. Steam drum water level 
control system components that are involved including steam 
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drum, fluid coupling, boiler pump, pipes, and level 
transmitter.  

1) Steam Drum Modelling 
The mass balance in a steam drum can be expressed by (1) 

or (2) [6]. Variables and parameters used in water level control 
system modeling are described in Table I and II. 

 

TABLE I.  VARIABLES OF STEAM DRUM 

Symbol Description Unit 

𝑑𝑀

𝑑𝑡
 Accumulation flow rate kg/s 

𝒇𝒊(𝒕) Flow rate that enters the system m3/s 

𝒇𝒐(𝒕) Flow rate that out from the system m3/s 

�̅�𝒊 Constant water flow rate in steam drum m3/s 

�̅�𝒐 Constant steam flow rate in steam drum m3/s 

�̅� Constant water level in steam drum m 

𝒉(𝒕) Water level in steam drum at steady state m 

𝑯(𝒕) Steam drum water level m 

𝒇𝒊𝒏(𝒕) Water flow rate that enters steam drum m3/s 

 

TABLE II.  PARAMETER OF STEAM DRUM 

Symbol Description Value Unit 

𝝆 Liquid density 833.69 kg/m3 

𝑨 
Cross section area of steam 

drum 
22.79 m2 

𝑽 Steam drum volume 20.46 m3 

 

𝑀𝑎𝑠𝑠 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =  𝑀𝑎𝑠𝑠 𝑖𝑛𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 −
𝑀𝑎𝑠𝑠 𝑜𝑢𝑡𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒          (1) 

𝑑𝑀

𝑑𝑡
= 𝜌[𝑓𝑖(𝑡) − 𝑓𝑜(𝑡)]          (2) 

 

If assumed pump flow rate is constant, then obtained (3). 

𝐴
𝑑𝐻(𝑡)

𝑑𝑡
= 𝑓𝑖(𝑡) − 𝑓𝑜         (3) 

In the steady-state condition, the inflow and outflow rate 
of the steam drum is constant that causes the water level to 
remain constant. Deviation water level and water flow can be 
described by (4) and (5).  

𝐻(𝑡) = ℎ(𝑡) − ℎ          (4) 

𝑓𝑖𝑛(𝑡) = 𝑓𝑖(𝑡) − 𝑓
𝑖
          (5) 

Substitute (4) and (5) to (3), then the steam drum water 
level equation can be represented as (6) 

𝑑𝐻(𝑡)

𝑑𝑡
=

𝑓𝑖𝑛(𝑡)

𝐴
           (6) 

The steam drum transfer function can be obtained by using 
Laplace transform to (6), therefore the transfer function that 
can be obtained in the system is (7). 

𝐺𝐷(𝑠) =
𝐻(𝑠)

𝐹𝑖𝑛(𝑠)
=

1

𝐴𝑠
=

1

22.79𝑠
         (7) 

2) Fluid Coupling Modelling 

The fluid coupling is the main equipment to transfer 
rotation motion or torque [7]. Generally, the power plant uses 
the fluid coupling to control the flow rate of the boiler pump. 
Fluid coupling modeling has an objective to obtain the gain 

value of that equipment that has a symbol, 𝐾𝑉. Gain value of 
the fluid coupling can be obtained using (8). 

𝐾𝑉 =
Span of mechanical power (𝑘𝑊)

Span of voltage input (𝑉)
        (8) 

𝐾𝑉 =
7100-0

10-0
= 710𝑘𝑊/𝑉   ......(9) 

 

3) Boiler Pump Modelling 

The flow rate of the boiler pump depends on the 
mechanical power of the motor that is accepted by fluid 
coupling. Mathematical modeling of fluid coupling is used to 
obtain the gain value of that equipment. The gain value of the 
boiler pump can be calculated using (10) [6]. 

4) Pipe Modelling 

Flow rate in boiler pipe suffered a delay due to the length 
of pipe that is passed. Pipe modelling aims to obtain the 
transfer function of that equipment that can be calculated 
using (12) [2]. 

𝐾𝑃 =
Span of feedwater flowrate (𝑚3/𝑠)

Span of mechanical power (𝑘𝑊)
       (10) 

𝐾𝑃 =
0.2186−0

7100−0
= 3.1 × 10−5𝑚3𝑘𝑊/𝑠      (11) 

𝐺𝑃(𝑠) = 𝑒−𝐿𝑠         (12) 

Delay time can be represented in another form by means 
of first order Padѐ approximation in (13) [8]. 

𝐺𝑃(𝑠) = 𝑒−𝐿𝑠 ≅
1−

𝐿

2
𝑠

1+
𝐿

2
𝑠
        (13) 

𝐺𝑃(𝑠) =
1−15𝑠

1+15𝑠
       (14) 

5) Level Transmitter Modelling 

Level transmitter is a transducer that has a function to 
measure and then change it to transmission standard signal [6]. 
Level transmitter modelling has an objective to obtain gain 
value of that equipment, which has symbol, 𝐾𝐿. Gain value of 
level transmitter can be calculated by (15). 

𝐾𝐿 =
Span of output voltage (𝑉)

Span of water level (𝑚)
       (15) 

𝐾𝐿 =
10−0

1.27−0
= 7.874𝑉/𝑚       (16) 

B. Design of PID-GA Controller 

PID-GA controller is a modified PID controller that has a 
self-tuning mechanism using GA based on error input as 
shown in Fig. 2. GA is used as an optimization method to find 
optimal parameter value according to the objective function 
that has been determined. In this case, the objective function 
is to minimize the error between setpoint and process value. 
Controller parameters in initial condition are determined 
randomly, then used as initial PID parameters [9].  

 
 

Fig. 2. Steam Drum Water Level Control System with PID-GA Controller 

Block Diagram 
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The rest of this section describes the design step of GA 
algorithm, especially for optimizing PID controller 
parameters, written on Subsection A to F. The system is 
operated using initial parameters, then it is evaluated towards 
fitness function for each pair of parameters. Pair with the 
highest fitness function will be selected to the reproduction 
process that include selection, crossover, and mutation. Whole 
of PID-GA controller mechanism can be illustrated by 
flowchart in Fig. 3. According to steam drum data operation, 
water level inside of drum must be maintained below + 0.4 m 
from NWL point [10]. If the water level is out of allowed 
values, the boiler is in hazardous condition. This condition 
will trigger the protection system in the power plant to 
activate, and then the boiler will stop operating, or it is called 
trip. 

1) GA Parameters 
GA has several parameters that can be used in the 

optimization method, which are the type of GA, selection 
operator, mutation operator or crossover operator, and the 
probability of their operator, etc. The parameters used in the 
PID-GA controller in this paper are shown in Table III. 

 

 
 

Fig. 3. Online Tuning PID-GA Controller Flowchart 

2) Individual Representation 
The PID-GA controller parameter in this paper is 

represented by binary numbers. The individual size is set as 
30 bit and the size for each of the parameters are 10 bit. The 
optimal solution consists of three pairs of values that are 𝐾𝑃, 
𝜏𝑖, dan 𝜏𝑑, so that one individual in GA can be illustrated by 
Fig. 4. 

 

 

 

 

TABLE III.  GA PARAMETER 

Parameter Type/Value 

GA Type Simple GA 

Selection Type Tournament 

Crossover Type Single point 

Mutation Type Flip 

Maximum Generation 40 Generation 

Population Size 30 Individual 

Chromosome Size 30 bits 

Crossover Probability 0.6 

Mutation Probability 0.02 

3) Individual Representation 
The PID-GA controller parameter in this paper is 

represented by binary numbers. The individual size is set as 
30 bit and the size for each of the parameters are 10 bit. The 
optimal solution consists of three pairs of values that are 𝐾𝑃, 
𝜏𝑖, dan 𝜏𝑑, so that one individual in GA can be illustrated by 
Fig. 4. 

 

Fig. 4. Individual in GA 

4) Objective Function and Fitness Function 
The default of objective function used in this paper is a 

combination of three performance indices, which is Integral 
Squared Error (ISE), Integral of Absolute of Error (IAE), and 
Integral of Time Multiplied by Absolute Value of Error 
(ITAE). The performance indices participation factor is 
represented by a weighting, 𝑤 . The participation factor for 
ISE, IAE, and ITAE denoted as 𝑤1 =  0.5, 𝑤2 =  0.2, and 
𝑤3 = 0.3.  

The fitness function, 𝑓 = 𝑔(𝐽) , is generally used to 
transfer value of an objective function for measuring the 
resilience of an individual. The purpose of this objective 
function is to minimize the system error, to obtain greater 
individual fitness value when solutions are more appropriate. 
The objective function and fitness function that are used 
sequentially expressed by (17) and (18) [9]. 

𝐽 = 𝑤1(𝐼𝑆𝐸) + 𝑤2(𝐼𝐴𝐸) + 𝑤3(𝐼𝑇𝐴𝐸)      (17) 

𝑓 =
1

1+𝐽
         (18) 

Controller parameters are represented by binary numbers, 
so it needs some mechanisms to change binary numbers to real 
numbers representation, so it can be implemented to the 
system. Equation (19) is used to change binary number to real 
number representation [11]. 

𝑥𝑖 = 𝑥
𝑥𝑚𝑎−𝑥𝑚𝑖𝑛

2𝐿−1𝑖 𝑚𝑖𝑛
       (19) 

5) Selection Operator 
The selection is an important part to determine the 

individual to be used to create a new population. The purpose 
of the selection operator is to make sure that the selected 
individual to perform reproduction has higher fitness values 
or more appropriate to the solution. Several types of selection 
operators are called the roulette-wheel, tournament, and 
ranking. 

The principle of the tournament is to choose individuals 
randomly from the population, then the competition is done in 
the form of a comparison value of fitness as illustrated in Fig. 
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5. Individuals with higher fitness values will be chosen to 
participate in the reproductive process. 

 

Fig. 5. Tournament Selection Mechanism 

6) Crossover Operator 
The principle of crossover operator is to exchange some 

information from individual-to-individual partner. Crossover 
operator has several types like single point that is used in this 
paper, multipoint, uniform, intermediate recombination, and 
line recombination [12]. Single crossover is a simple 
crossover mechanism with an election of individuals 
randomly from the population selection results to produce a 
new individual with a mechanism as shown in Fig. 6. 

 

Fig. 6. Single-point Crossover Mechanism 

7) Mutation Operator  
The mutation operator contributes to maintaining the 

diversity of the population by changing the information on an 
individual. There are several types of mutation operator in 
GA, such as insert mutation, uniform mutation, and flip [13]. 
This work uses flip mutation with change information 
mechanism as shown in Fig. 7. 

 

 

Fig. 7. Flip Mutation Mechanism 

III. RESULTS AND DISCUSSION 

The proposed method performance evaluated with the 
steam drum boiler model as derived in Section II. The system 
is perturbed with three different load criterions as described in 
Subsection A. Before the controller is applied, the closed loop 
system stability was tested by obtaining the poles and zeros as 
shown in Subsection B. The PID-GA also tested with load 
variation simulations which is presented in the Subsection C, 
D, and E. To determine the optimization performance, three 
different fitness function is selected and tested differently as 
presented in Subsection F. The GA optimization has 
numerous hyperparameters that affects the system 
performance and it is arduous to be tuned. Therefore, some 
parameters: number of generations, crossover probability, and 

mutation probability is evaluated further by varying the values 
as discussed in Subsection G, H, and I respectively. 

A. Load Criterion 

Load in the steam drum water level control system is in the 
form of a steam flow rate because it can affect the water level. 
The load criterion used in the simulation in this paper is 
described in Table IV. 

TABLE IV.  LOAD CRITERION AND STEAM FLOW RATE 

Load Power (MW) 
Steam Flow Rate 

(m3/s) 

Minimal 297.48 2.21 

Nominal 349.42 2.63 

Maximal 399.16 3.10 

B. Closed Loop Configuration 

The addition of feedback components can improve system 
stability. Differences in the actual level and setpoint generate 
an error signal. According to the closed-loop configuration 
block diagram in Fig. 8, the closed transfer function can be 
obtained as (20). Based on (7), (9), (11), (14), and (16) 
obtained the closed-loop transfer function of the water level 
control system (21). 

𝐺(𝑠) =
𝐾𝑉𝐾𝑃𝐺𝑃(𝑠)𝐺𝐷(𝑠)

1+𝐾𝑉𝐾𝑃𝐺𝑃(𝑠)𝐺𝐷(𝑠)𝐾𝐿
       (20) 

𝐺(𝑠) =
−112.9𝑠3−8.9×10−16𝑠2+0.5𝑠

1.2×105𝑠4+1.5×104𝑠3+519.4𝑠2+3.9𝑠
      (21) 

 

 

Fig. 8. Closed Loop Configuration Block Diagram 

The closed-loop transfer function (21) has input as 
voltage. The input of that system can be converted by 
multiplying 𝐷(𝑠)  with 3.226 Vs/m3, to obtain the transfer 
function with steam flow rate as input (22). The disturbance is 
added as external input to closed-loop system simulation in 
the form of minimum load. 

𝐺(𝑠) =
−364.1𝑠3−2.9×10−15𝑠2+1.6𝑠

1.2×105𝑠4+1.5×104𝑠3+519.4𝑠2+3.9𝑠
      (22) 

The steam flow rate is represented by a unit step with an 
initial value of 0 and a final value is 2.21. System performance 
with minimum load can be seen in Fig. 9. The response of the 
water level initially in the opposite direction from the steady-
state condition because there are zeros of the system is in the 
right half-plane of the imaginary axis. This condition is called 
the inverse response phenomenon.  This system has four poles 
and three zeros located on the real axis. Poles are located on -
0.0667; -0.0104; -0.0486; and 0, while zeros are located on -
0.0667; 0; and 0.0667. 
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Fig. 9. Response Curves of Closed Loop Configuration with 𝐾𝑃 =  1, 

𝑅(𝑠) = 0, and 𝐷(𝑠) = 2.12 

C. PID-GA Controller with Fixed Load 

The steam drum water level control system has 
disturbance as a load effect from the steam flow rate. The 
disturbance may change abruptly when the dispatcher or the 
distribution and load control center changes the demand of the 
power generation. Fixed load represented by unit step. 
Response curves of water level using the PID-GA controller, 
have perturbation peaks smaller than conventional PID 
controller as shown in Fig. 10 and the performance of the PID-
GA controller is presented in Table V. 

 

 
 

Fig. 10. Response curves with PID-GA Controller (Fixed Load) 

TABLE V.  PERFORMANCE OF PID-GA CONTROLLER (FIXED LOAD) 

Load ISE IAE ITAE 𝝆 (m) 𝒕𝒓𝒔 (s) 

Minimal 96.9 129.2 1.3×104 0.16 296 

Nominal 136.7 149.7 1.4×104 0.19 288 

Maximal 200.4 186.2 1.9×104 0.23 335 

D. PID-GA Controller with Random Load 

The random load is applied to analyze system performance 
during the normal operation of the power plant since in the 
real system it is also unpredictable depending on the user 
power demand as described in [14]. The addition of a 
parameter tuning mechanism with objective function 
minimize performance index has better performance than the 
conventional PID controller. In this paper, a simulation of 
water level control system using the PID-GA controller has 
response curves as in Fig. 11 and performance in Table VI. 

 

 

Fig. 11. Response Curves of PID and PID-GA Controller (Random Load) 

TABLE VI.  PERFORMANCE OF PID AND PID-GA CONTROLLER 

(RANDOM LOAD) 

Controller ISE IAE ITAE 𝝆 (m) 𝒕𝒓𝒔 (s) 

PID 169.7 378.4 4.9×105 0.185 340 
PID-GA 147.2 373 4.9×105 0.16 283 

E. PID-GA Controller with Change of Load Criterion 

This study is used to analyze system performance with the 
PID-GA controller, when receiving changes of the load from 
minimal to nominal, nominal to maximum, or maximal to 
minimal. Based on simulation results, obtained responses as 
in Fig. 12 with performance in Table VII.  

 

Fig. 12. Response Curves of PID and PID-GA Controller (Change of Load 

Criterion) 

TABLE VII.  PERFORMANCE OF PID AND PID-GA CONTROLLER 

(CHANGE OF LOAD CRITERION) 

Controller ISE IAE ITAE 𝝆 (m) 𝒕𝒓𝒔 (s) 

PID-GA 137.5 174.4 3.1×104 0.19 250 

PID-ZN 154.1 176.8 3.1×104 0.22 296 

F. Varying of Objective Function  

This simulation analyzes system performance related to 
changes in the objective function. Response curves of water 
level are shown in Fig. 13 and system performance in Table 
VIII. Simulation results show that an objective function with 
chosen combination weighting factor has perturbation peak 
0.15 so, it is more capable to reduce disturbance from other 
objective function that has been simulated. 
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Fig. 13. Response Curves of PID-GA Controller (Varying of Objective 

Function) 

TABLE VIII.  PERFORMANCE OF PID-GA CONTROLLER (VARYING OF 

OBJECTIVE FUNCTION) 

Objective 

Function 
ISE IAE ITAE 𝝆 (m) 𝒕𝒓𝒔 (s) 

ISE 99.2 122.9 1.2×104 0.153 282 
IAE 99.4 130.7 1.3×104 0.165 308 
ITAE 92.9 124.5 1.2×104 0.156 290 
Combination 93.2 127.6 1.2×104 0.151 302 

G. Varying of Generation Number 

The main purpose of this study is to analyze system 
performance with the PID-GA controller related to variations 
of generation number. Based on the simulation, generation 
number does not have a significant impact on system 
performance, response curves can be seen in Fig. 14 and 
performance in Table IX. However, generations numbers 
affect the length of computing time. Simulation time for 10 
generations is 71 seconds, 100 generation is 600 seconds, and 
1000 generation is 5839 seconds. 

 

 

Fig. 14. Response Curves of PID-GA Controller (Varying of Generation 

Number)  

TABLE IX.  PERFORMANCE OF PID-GA CONTROLLER (VARYING OF 

GENERATION NUMBER) 

GA 

Parameter 
ISE IAE ITAE 𝝆 (m) 𝒕𝒓𝒔 (s) 

Gen = 10 26.3 29.7 2865 0.184 296 

Gen = 100 26.2 29.6 2859 0.185 296 

Gen = 1000 26.7 29.8 2858 0.189 296 

H. Varying of Crossover Probability 

This simulation aims to analyze system performance with 
varying crossover probability at the PID-GA controller. Based 
on the simulation, the response curves of the steam drum water 
level did not change significantly for different crossover 
probability. Response curves can be seen in Fig. 15 and the 
performance in Table X.  

 

 

Fig. 15. Performance of PID-GA Controller (Varying of Crossover 

Probability) 

TABLE X.  PERFORMANCE OF PID-GA CONTROLLER (VARYING OF 

CROSSOVER PROBABILITY) 

Parameter GA ISE IAE ITAE 𝝆 (m) 𝒕𝒓𝒔 (s) 

PCross = 0.2 26,4 30,59 3079 0,179 313 

PCross = 0.4 26,3 30,56 3082 0,181 313 

PCross = 0.8 26,6 20,66 3081 0,183 313 

I. Varying of Mutation Probability 

The varying mutation probability in the PID-GA controller 
aims to analyze system performance for different mutation 
probability. Based on the simulation, mutation probability 
affects the controller parameter update and has no significant 
effect on system performance. Greater mutation probability, 
more frequently the controller parameter change expressed by 
the standard deviation in Fig. 17. This is appropriate to 
mutation mechanisms, that it will change information on the 
solution. Response curves and system performance for 
different mutation probability is as in Fig. 16 and Table XII. 

 

Fig. 16. Response Curves of PID-GA Controller (Varying of Mutation 

Probability) 

TABLE XI.  PERFORMANCE OF PID-GA CONTROLLER (VARYING OF 

MUTATION PROBABILITY) 

GA Parameter ISE IAE ITAE 𝝆 (m) 𝒕𝒓𝒔 (s) 

PMut = 0.001 25.79 28.68 2662 0.188 285.9 

PMut = 0.01 25.83 28.76 2681 0.188 286.3 

PMut = 0.1 27.29 29.56 2770 0.187 290.2 

 

  

 

Fig. 17.  Parameter Update of PID-GA Controller (Varying of Mutation 

Probability) 
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IV. CONCLUSIONS 

The PID-GA controller is an effective self-tuning 
controller to achieve system performance. It has a perturbation 
peak of fewer than 0.4 meters when there is a steam flow rate 
out of the drum. PID-GA controller reduces the disturbance 
better than the conventional PID Controller that is tuned with 
Ziegler-Nichols Method. When the system is loaded at a 
minimum, nominal, and maximum, the perturbation peaks 
obtained from simulation are respectively 0.16 m; 0.19 m; and 
0.23 m. Recovery time from each load is 296 seconds; 288 
seconds; and 335 seconds. 
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