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Abstract

This paper presents a model of the heat exchanger temperature
control using artificial intelligence approach. Atrtificial
intelligence based controllers used in this study is a fuzzy logic
controller. Heat exchanger is a device used to perform the
process of mixing a fluid having a different temperature. In this
case the temperature control becomes very important. Fuzzy
logic control is applied to the heat exchanger so that the mixed
fluid having a constant temperature. Model of fuzzy logic
control in this study combined with neural network techniques.
Fuzzy logic controller models are simulated in Matlab
software. The results show that the control of the fuzzy logic
controller capable of stabilizing the temperature of the heat
exchangers well.

Keywords: Atrtificial Intelligence, Fuzzy Logic Controller,
Heat Exchanger, Temperature Controller.

INTRODUCTION

Application of artificial intelligence-based techniques in the
control system has become an important issue in the last two
decades. One technique based on artificial intelligence are
widely used in the control system is a fuzzy logic techniques
[1]-[5]. Fuzzy logic is a development of the primitive logic that
is only recognizes two states, namely "yes" or "no". With the
fuzzy logic, it can recognize linguistic variables like rather
large, large, very large, and so forth. Thus, the application of
fuzzy logic will lead to more adaptive system [6]-[11].
Controlling temperature is an important process in the industry
such as light bulbs, the dairy industry, the pharmaceutical
industry, incubators, and others. During this time the
temperature control is still using the on-off switch manually
[12]-[16]. This research attempts to simulate the use of neuro-
fuzzy method, which is often also known by the method of
Adaptive Neuro Fuzzy Inference System to control the
temperature in the heat exchanger.

This study aims to learn more in-depth method of neuro-fuzzy
through networking concepts and adaptive inference systems
fuzzy logic, and create a software-simulated control the
temperature of the heat exchanger at the reactor clams using
neuro-fuzzy, which developed in the software of Matlab-
Simulink. The main contribution of this study is to the world of
education and research community or another (industry,
banking, and companies) that have a great interest or interest,
directly or indirectly. More concretely, the contribution is that
by using the model to be made in this research, users can learn
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concepts and workings of Neuro Fuzzy on intelligent
systems, especially in the temperature control problem [17].
Another contribution is that by overcoming the problem of
temperature control heat exchanger in chemical reactors, the
production process errors can be minimized so as to increase
the productivity of industries for example the dairy industry,
lights, and medicine .

The use of the method in the field of neuro-fuzzy control has
been widely used. Control methods by applying the
principles of fuzzy logic called FLC (fuzzy logic controller)
[18]-[19]. How it works is similar to the control of an
operator control, do not pay attention to the internal structure
of the plant, just observe set-point error as the difference
between the system outputs and change the control panel
settings to minimize the error [19]-[22]. An FLC consists of
defuzzification unit, fuzzy knowledge base, and fuzzy
decision engine. Application of the neural-network in solving
various problems that are controlling the system of which
have been successfully carried out in [23] which makes
artificial neural network and fuzzy system to control of
power flow, and in the [24] that suggests the artificial neural
network with fuzzy approach for control of PSS.

The subsequent development of artificial intelligence systems
are integrating the artificial neural network with fuzzy logic,
which is known by Neuro Fuzzy. Neuro Fuzzy has been
accepted as a credible method and it is believed will continue
to evolve in order to address the need for intelligent systems.
Neuro Fuzzy is a fuzzy logic inference system that is
implemented on a system of adaptive network [25]-[27].

An understanding of Neuro Fuzzy can be started from the
basic principles of fuzzy logic system [28], neural networks
artificial [29], the network neuro fuzzy [30], to the concept of
Neuro Fuzzy and its application [31]. Neuro fuzzy system is
a network of connections that realize the plural layered basic
elements and functions of the control system or traditional
fuzzy logic decision [32]-[34]. Because neuro fuzzy systems
are universal approximator the neuro fuzzy control system is
also universe approximator, because of its functions
constitute an isomorphic with traditional fuzzy logic control
system [35]-[37].

FUNDAMENTAL THEORY

Heat Exchanger

Heat exchanger is a device used to perform the process of
mixing a fluid having a different temperature. Heat
exchangers are widely applied in the dairy industry,
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medicine, and others. In this process the expected is that the
fluid that has been in a tank when mixed with new fluid input,
then the total fluid in the tank must quickly reach a desired
temperature.

Figure 1 shows the typical of a heat exchanger while the
control scheme of a heat exchanger is shown in Figure 2. For
cases where the available media hot liquid, such as water, the
required heat exchanger with high efficiency. To design a
controller in the heat exchanger, the exact mathematical model
of the process is determined. Most of the industrial system of
non-linear in its application can be approximated as a first
order system with the added time delay (first order plus time
delay, FOPTD) or models of the second order plus time delay
(second order plus time delay, SOPTD). The general shape and
SOPTD FOPTD models can be expressed respectively in
equation (1) and equation (2) as follows:

Fuzzy Logic Control System

Neuro-Fuzzy parameters are separated into two parameters:
parameter of premise and parameter of consequences. The
adaptation process is done in order to obtain these parameters
in order to form an adaptive network that represents the
desired inference systems. The search process parameters and
parameter premise consequences are often known as learning
or training process. The training process for Neuro-Fuzzy
used in this research that back propagation (propagation) and
hybrid (combined propagation and least squares estimation,
LSE).

Neuro-Fuzzy architecture depends on the type inference
system to be implemented. As an example of fuzzy logic
inference systems first order Sugeno’s type with two inputs
and two rules as follows, as shown in Figure 3.

If xis Alandyis B1 then f1 = plx qlx +rl

Kpe-t If x is A2 and y is B2 then f2 = p2x g2x + r2
_ Zpe7™DS y p2xq
G(S) T TS+1 (1)
Sugeno fuzzy logic model as shown in Figure 4 can be
G(s) = Kpe~tps @) implemented on adaptive network that consists of five layers.
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Figure 2: Control scheme of a heat exchanger
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Figure 4: Neuro-fuzzy architecture of Sugeno type
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Figure 5: Control scheme of a heat exchanger
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Figure 6: Control scheme of a heat exchanger as a process in Matlab environment

RESULTS AND DISCUSSION
Model of Heat Exchanger Temperature Control

Heat exchanger temperature control model in this study were
made in Matlab software is shown in Figure 7.
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Figure 7: Model of temperature control of heat exchanger

In Figure 7, it appears that in general the GUI (Graphical User
Interface) consists of three components, namely:
1) Model temperature control system,
2) Diagram transfer function, and
3) Graph feedback control results.

Open Loop Control

Model

In this simulation test the temperature of the heat exchanger
system without a controller, as shown in Figure 8. Shown in
the graph in Figure 8 that the response of the system is very
bad, which are indicated by the signal response of the system
(y) deviate from the reference signal (u).
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Figure 8: Model system without controlling the temperature
of heat exchanger

Feedforward Control Model

In this simulation, testing of temperature in the heat
exchanger system with feedforward controller types is done,
as shown in Figure 9. Shown in the graph in Figure 9 shows
that the response system is already delivering results that are
slightly better than without a controller, which is
characterized by a system response signal (u) already
approaching the reference signal (y), which takes 45 seconds
to get up to the magnitude of the desired temperature (i.e. 1),
and finally achieved his 100th sec.
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Figure 9: Model temperature heat exchanger system with
controller Feedforward
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Feedback Control Model

In this simulation, testing of temperature in the heat exchanger
system to control what type of feedback is done, as shown in
Figure 10. As shown in the graph in Figure 10 that the
feedback system is already delivering results that are slightly
better than without controllers, although relatively worse than
feedforward controllers. This is indicated by the signal
response of the system (u) is approaching the reference signal
(y), which takes 55 seconds to get up to the magnitude of the
desired temperature (i.e. 1). Furthermore, oscillation occurs
until the second-to-150 to reach temperature stability. In the
application of this control overshoot as high as 20% of the
magnitude of the expected temperatures, although only occur
in a relatively short time span of 25 seconds to lead a stable
condition. Response result this type of feedback control is
relatively slow compared to the response of the feedforward
control, since feedback control work that always have to
evaluate every previous output in the loop so computationally
relatively longer than the feedforward controller.
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Figure 10: Model of heat exchanger temperature system with
controllers Feedback

Feedback and Feedforward Controls

In this simulation, testing of temperature control in the heat
exchanger system with combined type feedforward control and
feedback is shown in Figure 11. As shown in the graph of
Figure 11, it can be seen that the feedback system is already
delivering results that are slightly better than the results with
previous controllers. This is indicated by the signal response of
the system (u) is approaching the reference signal (y), which
takes 45 seconds to get up to the magnitude of the desired
temperature (i.e. 1). Furthermore, oscillation occurs until the
second-to-120 to reach temperature stability at a desired
magnitude is 1. In the application of this control overshoot as
high as 20% of the magnitude of the expected temperatures,
although only occur in a relatively short time span of 20
seconds to lead a stable condition, Response results combined
feedforward and feedback control is relatively fast compared to
the response of feedback control, because the work is not
purely feedback controllers always have to evaluate each of the
previous output in the loop. Thus the computation required is
relatively shorter than the feedback controller.
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Figure 11: Model of temperature heat exchanger system with
a combined controller Feedforward and Feedback

CONCLUSION

In this study conducted a simulation test system temperature
in the heat exchanger with the type of feedforward
controllers, control the results obtained are relatively better
compared with feedback control, especially in the speed of
response to the situation stable. This is due to the
feedforward control requires computational load is relatively
small compared with the feedback control.

In the simulation with a combined feedforward and feedback
control, found that the system response is already giving
results that are slightly better than results with feedforward
control and feedback control. This is evident from the 45
seconds it takes to rise to the magnitude of the desired
temperature. The next time of oscillating were relatively
minor and lasted for a short time to get to a state of stability
which is 20 second.
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