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Abstract
In most of the large scale industrial applications, the controlling and optimization of the parameters has to be done efficiently so as to
attain the smooth operation of the industry. In this paper, the main control parameters of any process industries such as level of feed
water, steam temperature and flow of steam were optimized by using ANFIS with PID controller. An ANFIS system is an adaptive
network in which each node perform a particular function with respect to the incoming signals, with parameters are updated
according to the given training data and a gradient-descent learning procedure. The simulation is done in MATLAB software. By
using Neuro-fuzzy controller with PID, the transient response was improved and the settling time was reduced.
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1. INTRODUCTION

In large scale applications, the boiler is an essential part that
generates steam at particular temperature which is used for
process and environmental heating. Thus, it is important to
optimize the main parameters of the boiler such as level of
feed water, steam temperature and the flow of the steam.
Optimization of the above parameters reduces the running
costs and improves site operations. For the optimization, it is
necessary to consider both the steam and feed water system.
At present, Pl (proportional-integral) Controllers have been
commonly used in the process industries. Because of the
uncertainties, a good control scheme is not necessary, but a
well tuned PID controller is efficient. Conventional
controllers like PID controllers were used in the industries.
The proportional action adjusts the controller output with
respect to the error, the integral eliminates the offset and the
future is anticipated by derivative action.

The introduction of artificial intelligence itself made the
system close to the human intelligence. The human expert
knowledge is based on the heuristic information gained in the
relation to the plant operation. Its inherent vagueness gave a
powerful tool for the modelling of a complex system. Neuro-
fuzzy is a combination of neural network and fuzzy system
resulting in a hybrid system. It is capable of reasoning and
learning in an uncertain and imprecise environment. Neuro-
fuzzy is said to be a universal estimator. The system will be
more precise when neuro-fuzzy is used, because it contains
human like reasoning style and learning and connection
structure also, thereby utilizing the advantages of both neural
network and fuzzy system. The ANFIS is the abbreviated form
of Adaptive Neuro-Fuzzy Interference System. The
performance of this method is similar to both ANN (Artificial

Neural Network) and FL (fuzzy logic). In both ANN and FL
case, the inputs are passed through the input layer (by input
membership function) and the output is obtained from the
output layer (by output membership functions). ANFIS
performs the membership function parameter adjustments.
ANFIS provides a method for the fuzzy modelling procedure
to learn the information about given data to compute the
membership function parameters that best allow the associated
fuzzy interference system to track the given input/output data.
This is used for controlling of MISO (Multiple-Input-Single-
Output) systems. In this paper, the process optimization uses
the advantages of fuzzy system and adaptive learning system
of ANFIS with the PID controller.

2. SYSTEM REQUIREMENTS

When PID controller is used, there occurs a high over shoot
and high settling time. In order to reduce these high overshoot
and high settling time, ANFIS with PID controller is used.

2.1 Block Diagram

The block diagram consists of an ANFIS and PID controller
connected with the process. ANFIS will train the values by
using fuzzy interference system. The trained values are given
to the PID controller for the proper optimization of the process
parameters.
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Fig -1: Block Diagram using ANFIS with PID controller in
the process

The feedback from the process is compared with the set point
value and the error value generated is trained by using ANFIS
tool and given to the PID controller for the optimization of the
process. The Figure 1 shows the block diagram using ANFIS
with PID controller.

The basic architecture of ANFIS is shown in Fig.2. The steps
involving the change from classical fuzzy logic to the neuro-
adaptive learning approach is described as below.
e  Determine initial fuzzy structure
) Initialize the fuzzy structure to meet desired
performance by using ANFIS and thus update the fuzzy

parameters
e Under different operating conditions, the action is
evaluated
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Fig -2: Basic Architecture of ANFIS

Membership function parameters can be chosen automatically
using ANFIS tool in MATLAB. Using ANFIS, a fuzzy
interface system ANFIS, a fuzzy interface system can be

applied for which a collection of input/output data parameters
sets are present. The structure of ANFIS is shown in figure 3.
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Fig -3: Structure of ANFIS

The steps to create an ANFIS tool, to train the values are
explained as below.

e Datais loaded, plotted and cleared
e  The initial FIS structure is generated or loaded
e  FISis trained
e  The trained FIS is validated
2.2 Boiler

A boiler is an enclosed vessel that provides a means for
combustion of heat to be transferred into water. The water or
steam under pressure is then usable to transferring the heat for
the steam requirements of process industries or for power
generation.
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Fig -4: Block Diagram of Boiler describing the temperature
and feed-water level to be optimized
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The block diagram is shown in figure 4. The basic block
diagram consists of two controllers to control the valve ad the
temperature element connected to control the valve and the
temperature element connected to the process i.e., boiler. The
level of the boiler is determined using the pressure transmitter
and compared with the set point and then the error generated is
fed back to the controller for controlling the valve. For
temperature control, the same process goes on. The
temperature in the boiler is transmitted using temperature
transmitter and compared with the set point. The error
generated is controlled using the temperature controller.
The boiler is to be controlled due to the following reasons.

e Increase uptime and availability
Reduce flue gas emissions
Maintain boiler safety
Control operating costs

In this paper the main parameters to be optimized using soft
computing techniques were feed water level, steam flow and
the steam temperature.

2.3 Level Control

In the controlling of boiler- turbine unit, it is necessary to meet
the requirement of water in the steam drum to a desired level,
in order to prevent the drum over heating of steam line
flooding. The drum level should be controlled to limits
specified by the manufacturer. If the limit of level exceeds,
water will be carried over to the super-heater or the turbine
may cause damage resulting in the increase in the maintenance
cost. Again, if it is low below a certain prescribed level, tubes
are over-heated and thus causes rupture in the tubes. This
causes serious accidents and even causes death.

To ensure good quality steam which is produced safely and
efficiently, the level of the boiler is to be controlled carefully.
The heat for generating steam is produced by the combustion
of fuel in the furnace. The heat generated is transferred to
water in the boiler furnace. Thus the steam is produced under a
certain pressure. If the boiler works with insufficient water,
explosion may take place. For this reason, controlling of boiler
is required to (a) monitor and control the water level and (b)
detect if the water reaches less than the desired point and takes
appropriate action.

2.4 Temperature Control

The steam temperature has to be kept under control in order to
avoid the excess usage of feed water in the boiler. Also, the
steam temperature should be in the desired range.

The temperature control system consists of a process, a
temperature transducer, feedback controller and a temperature
element. The temperature transmitter transmits the
temperature from the process, which is then compared with
the set point value. The error generated is then given to the

controller. The temperature element produces an appropriate
action to minimize the error value. Temperature requirements
for heating water vary with the outdoor temperature. While
considering the controlling of steam temperature, the
surrounding temperature is considered.

2.5 Flow Control

The flow control loops can be in the flow into the boiler
burners, burner draft airflow, feed water into the boiler or
steam out of a boiler. The feed water flow can be controlled,
when the feed water level is being controlled. In this paper, the
steam flow is being controlled by using ANFIS with PID
controller. Control valve is the control element of the flow
control system. The flow control system consists of a process,
a flow transducer, feedback controller and a control valve.
From the process, the flow rate is measured by using a flow
transducer which is fedback to the controller. This is compared
with the set point value and according to the error the control
element produces an action.

3. RESULTS

The simulation of the optimization of the boiler parameters
such as level of feed water, the steam temperature and the
flow rate of steam were done in MATLAB software. The
name MATLAB stands for Matrix Laboratory. It is high
performance software for computation. The model was created
in the Simulink of MATLAB.

The results obtained for the simulation block diagram were
shown in Fig 5to 7.
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Fig -5: Output Waveform of Level Control

The level of the liquid in the boiler furnace was controlled in
between the set point values, 0.5 to 1.5 with an overshoot.
The flow of steam from the boiler has been settled at 1 m?s.
The steam temperature reaches 150°C.
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Fig -6: Output Waveform of Flow Control
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Fig -7: Output Waveform of Temperature Control

The set point for the system for controlling level is 0.5 to 1.
The output is obtained in between those values with little
overshoot showing that it is beings controlled in the range of
given set point as shown in Fig.5.

The flow rate has to be controlled at 1m®s. The set point is
given as 1m%/s. The peak overshoot obtained is 1.4 as shown
in Fig.6. The temperature has to be controlled to the set point
value of 150°C. The simulation is done by considering the
outside environment temperature which is set to 20°C. Hence,
it is shown in Fig 7, in which the initial point starts at 20. It is
done with the help of ANFIS with PID controller.

4. CONCLUSIONS

In this paper, the main parameters are optimized by using
ANFIS with PID controller. The main parameters include the
level of the feed water in the boiler, the steam temperature and
the flow of steam. The level has been optimized in between
0.5 and 1.5m, the flow of steam is controlled to 1m%s with an
overshoot of 1.4, and the temperature of the steam is
controlled to a constant value of 150°C, also considering the
outside temperature. The settling time of steam flow rate, the

temperature and the feed water control are reduced. This result
shows a significant improvement in maintaining the
performance over a range by using ANFIS with PID
controller. The transient response was improved and the
settling time has been reduced.
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