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Abstract
In this paper, present a design method for determining the 
optimal PID controller parameters using the Particle Swarm 
Optimization (PSO) and Genetic Algorithm (GA) is presented. 
This paper also demonstrated in detail how to employ the PSO 
and GA method to search efficiently the optimal PID controller 
parameters. The liquid-level tank system  limitations and it is 
difficult to control optimally using only PID controller as the 
parameters of the system are changing constantly. We take the 
liquid level of three water tanks for object, and use MATLAB to 
design GA and PSO Control. Then we analyze the control effect 
and compare it with the effect of GA and ZN also in general 
ISE is preferable for quick settling time than GA. 
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I. Introduction
In industrial applications liquid level control is very important as 
in dairy, filtration, effluent treatment, nuclear power generation 
plants, pharmaceutical industries, water purification systems, 
industrial chemical processing and spray coating and boilers 
in all the industries [2]. 
The level control is a type of control method for common in 
process system. It must be controlled by the proper controller. 
The objective of the controller in the level control is to maintain 
a level set point at a given value and be able to accept new 
set point values dynamically. The conventional proportional-
integral-derivative (PID) is commonly utilized in controlling the 
level, but the parameter is not enough for efficient control 

II. PID Controller
PID stands for Proportional-Integral-Derivative. This is as type 
of feedback controller whose output, a control variable (CV), 
is generally based on the error (e) between some user-defined 
set-point (SP) and some measured process variable (PV). Each 
element of the PID controller refers to a particular action taken 
on the error

A. P-Controller
In P-control, the output of the controller (control signal) is 
directly proportional to the error signal. 
U(t) = K(t)
where K is controller’s gain. Often P-control is not enough to 
make the output go to reference and there will be steady-state 
deviation.

B. PI-Controller
In PI-controller, there is another term in the controller 
equation. 

where TI is integration time constant. If the controller is tuned 
to be slow and TI is large, then the controller first acts like 
P-controller, but later the as the integration starts to affect, 
the steady-state deviation goes slowly to zero. In PI-control, the 
steady-state deviation will finally go to zero. If the controller is 
tuned to be fast and TI is small, then both terms (P and I) affect 
the control signal all the way from the beginning. The system 
becomes faster, but the output signal might oscillate.

C. PID-CONTROL
The equation of PID-controller has three terms, P,IandD-terms.                                  

where TD is derivation time constant. The derivation term acts 
like predictor, because the speed of change of the error signal 
affects the control signal. The derivation term has a large 
effect in systems where disturbances are present, because 
disturbances are often fast. This means that fast changes in 
error signal (=disturbances) might even push the process to 
unstable state. On the other hand, the D-term might speed up 
the controlled system. 

III. Genetic Algorithm (GA)
A GA is an intelligent optimization technique that relies on 
the parallelism found in nature; in particular its searching 
procedures are based on the mechanics of natural selection and 
genetics. GAs were first conceived in the early 1970s by Holland. 
GAs are used regularly to solve difficult search, optimization, 
and machine-learning problems that have previously resisted 
automated solutions [5]. They can be used to solve difficult 
problems quickly and reliably. These algorithms are easy to 
interface with existing simulations and models, and they are 
easy to hybridize. GAs include three major operators: selection, 
crossover, and mutation.

 A. Genetic operators

1. Selection
The main idea behind the selection mechanism is better 
individuals get higher chance. There are many methods 
reported such as Roulette Wheel selection, Stochastic 
Universal sampling and Tournament selection, etc. In this paper, 
Tournament selection is used as selection mechanism in order 
to avoid premature convergence. In tournament selection, two 
individuals are chosen randomly from the population and the 
best individual is selected as parent. This process is repeated 
as often as individuals must be chosen.

2. Crossover
Crossover is a mechanism, which creates new individuals by 
combining parts from two individuals. Crossover is explorative; 
it makes a big jump to an area somewhere “in between” two 
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(parents) areas. Single point, multi point and uniform crossovers 
are available. In this work, simulated binary crossover (SBX) 
proposed by Deb and his students has been used. SBX crossover 
creates children solutions in proportion to the difference in 
parent solutions.

3. Mutation
Mutation is a mechanism, which creates new individual by 
making changes in a single individual. Mutation is explorative, 
it creates random small deviations, thereby staying near (in 
the area of) the parent. Only mutation can introduce new 
information. In this work polynomial mutation has been 
applied.

4. Stopping criteria
There are many no of stopping criteria are reported such 
as Maximum number of generation, Maximum number of 
functional evaluation, Convergence criteria, computation time 
etc. In this work, Maximum number of functional evaluations 
has been used as stopping criteria.

5. Values of genetic parameters
Population Size 50 Max.
No of Functional evaluation 500
Crossover rate 0.7
Mutation rate 0.08

IV. Particle Swarm Optimization 
Particle Swarm Optimization, first introduced by Kennedy and 
Eberhart, is one of optimization algorithms. It was developed 
through simulation of simplified social system, and has been 
found to be robust in solving continuous nonlinear optimization 
problems [1]. The PSO technique can generate a high quality 
solution within shorter calculation time and stable convergence 
characteristic than other stochastic methods.
PSO is a population based search process where individuals, 
referred to as particles, are grouped into a swarm. Each particle 
in swarm represents a candidate solution to the optimization 
problem. In PSO technique, each particle is “flown” through the 
multidimensional search space, adjusting its position in search 
space according to its own experience and that of neighboring 
particles. A particle therefore makes use of best position 
encountered by itself and that of its neighbors to position itself 
toward an optimal solution. The effect is that particles “fly” 
toward a minimum, while still searching a wide area around 
the best solution. The performance of each particle (i.e., the 
“closeness” of a particle to a global optimum) is measured 
using a predefined fitness function, which encapsulates the 
characteristics of the optimization problem.
Vi

k+1=WVi
k+C1rand1(…)(pbestiSi

k)+C2rand2(…)
(gbest-Sik) 
 Xi 

k+1= Xi
k + Vi

k+1

Where i is a particle number, j is the PID parameter specie 
number, k is a iteration number, x is the PID parameter, v is a 
moving vector, pbest is a personal best of particle i , gbest is a 
global best of all particles, w, c1, and c2 are weight parameters, 
rand() is a uniform random number from 0 to 1.
Parameter of PSO
In this work, following parameters are chosen.
No of particles = 50. c1 and c2 =2
Wmax =0.9 &
Wmin =0.4

Vmax =25% of range of parameter
Max. No of functional evaluation=500

V. Description of the plant
Three-Tank Water Level instrument is a typical nonlinear time-
delayed process control system; a lot of plants can be modeled 
globally or partly as a Water System. So the research based on 
the Three-Tank Water Level System is very meaningful.
Based on the input and output Three-Tank Water Level System, 
three different control techniques will be used Ziegler Nichols 
technique, Genetic Algorithm technique and Particle swarm 
optimization technique are used to approximate the dynamic 
character of water level system. Simulations are made to test 
the effectiveness of the identified models. A simple structure of 
the water tank is shown in Fig.1. In this device, there are three 
tanks: tank A, tank B, and tank C. Tank D is the main tank, 
which provides the water for the pump. The control actuator is 
an electric valve. Change the open range of the electric valve 
from 0% to 100%. Different open range of electric valve means 
the different water flow rate.

Fig. 1: Simple structure of water level system

From the simple structure of fig.1, the main principle of water 
level system can be explained as following: Driven by pump, 
the water in tank D is piped to tank A, B and C. Water level 
will be measured by pressure sensor at bottom of each tank. 
The difference between actual level and set-point value is 
calculated by which, the control input can be obtained by PID 
algorithm. The control input will be feedback to electric valve 
to change the flow rate, and then the level of water in each 
tank can be controlled [3]. 

A. Modelling of Lower Water Tank System
To analyze the mechanism of Water Level System, the following 
symbols should be given first:
Q1—inflow of water tank;
Q2—outflow of water tank;
A— area of tank’s section;
VO— valve’s opening range;
LH— water level height;
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K1—valve flux proportional coefficient;
K2—flux proportional coefficient;
Here only the dynamic character of Tank C is analyzed. Consider 
that A= 20 , K1=2 , K2=5 are constant,VO0, LH0 are the input 
and output value of an equilibrium point, then from fig. 2.  we 
have:

Fig. 2: Water level system with control valve

As we give delay of 0.5 in each tank than the system will come 
out to be third order dynamics model with time delay. Desired 
transfer function of three tank water level system is

VI. Simulation test results
In this method, the GA and PSO is used to search for the optimal 
PID parameters that will minimize the ISE & IAE value when 
the process is in steady state. Therefore, the parameter tuning 
problem of a PID controller using GA and PSO can be considered 
by selecting the three parameters Kp, ki and kd such that the 
response of the plant will be as desired as shown in fig. 4.
Fitness function =  ISE 

 Fig. 3: Block diagram of Intelligent PID controller

0 100 200 300 400 500
-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Time(s ec)

Ta
nk

 w
at

er
 H

ei
gh

t (
m

)

Three tank water level s ys tem-with P ID

 

 

P ID
P I
P
G A
P S O

Fig. 4: Comparision between simulation results of  P, PI, PID, 
GA and PSO

Table 1: PID values of   ZN, GA, PSO.
P PI PID GA PSO

   
P 0.742 0.02351 0.031347 0.0387 0.747

   I 0 0.00035 35.65750 0.0002 0.0004
   
D 0 0 8.91437 0.5400 1.2611

Table 2: Performance  indices of P, PI, PID, GA and PSO.
     P     PI    PID   GA   PSO

Peak 
Over 
Shoot

0.1534 0.4752 0.4858 0.1533 0.0750

Rise
Time 25.9493 21.2750 15.9394 20.1166 

sec
19.4550 
sec

Delay 
Time 37.0660 39.4977 30.1540 27.1647 

sec
22.1647 
sec

ISE 500.0 36.27 26.51 19.78 16.12

VII. Summary and Conclusions
This paper proposed an intelligent PID controller with different 
subsections of different parameters, by using the particle swarm 
optimization and Genetic Algorithm to optimize the parameters 
of the PID controller. The results show that the intelligent PID 
can be easily applied to the third-order three tank liquid level 
systems with time delay, do not rely on mathematical models, 
and PSO performance is also better than the GA and Ziegler 
and Nichol. In addition, the proposed method would be applied 
in much industrial process with better performance.
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