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Abstract- Many industrial processes in different industries requires precise control of temperature and humidity
guarantee constant product quality. Industrial heating, ventilation and air conditioning (HVAC) control schemes are
used to retain the requisite operating conditions for the industrial process even if changes of the ambient atmospheric
conditions are prevalent. This paper presents the improvement of temperature and humidity control strategy for
HVAC based on INFIS control. The goal of the INFIS based temperature control is to fulfil the control strategy. The
simulation test results are satisfactory in control strategy better than FLS (Fuzzy Based System) or conventional PID
controller. The main objective of the study is to shed light on new but highly promising approach of adaptive neuro
fuzzy interface system in control system. The system provides variation of energy consumption by changing input
parameter. The stability of system is defined by settling time, rise time etc.
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1. INTRODUCTION

To ensure the comfortable air quality for humans,
using the HVAC (heating, Ventilation, air
conditioning) system in big residential and
commercial center buildings is extremely important.
The two main parameters related to the design of the
controllers for two channels of the HVAC are
temperature & humidity of the indoor air. Their
control is paramount for human comfort as well as
industrial automation. In view of the above, In this
study we considered three intelligent controllers for
controlling  the  temperature and  humidity
environment of buildings using MATLAB platform.

A Control scheme for Indoor Room
temperature and humidity is proposed based on the
continuous monitoring of the thermal and climatic
variables. The dynamic behavior of the relevant
variables is determined and expressed in terms of a
system transfer function. In this study, the indoor
temperature control loop has been implemented using
a fuzzy logic, ANFIS & then compare it with
conventional PID controller.

The HVAC system is designed so that a
favorable atmosphere for human as well as industrial
systems is achieved. HVAC system controls air

purity Temperature, humidity and air motion. It has
been identified that factors leading to the comfort are
temperature, relative humidity, air ventilation. Out of
which temperature and relative humidity are factors
to be controlled.

AC systems are so aimed that they provide perfect
temperature control with the suitable humidity in
some suitable domain, some industrial and scientific
systems need accurate control of temperature and
humidity. Energy consumption has increased with
demand of air conditioning systems. The energy
consumption pattern constitutes nearly half of the
world energy consumption by (HVAC) equipment in
industrial and other buildings

Buildings other than industrial one’s account
for nearly 1/3rd of the total electrical energy spent in
India. More than half is consumed by (HVAC)
systems.

It is therefore necessary to find means to
impROVE SYSTEMS EFFICIENCY.

2. PROBLEM STATEMENT
Essential parameters which are to be
controlled independently and accurately in HVAC
system is temperature and relative humidity for First
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air is cooled to intended definite humidity. Then
temperature is increased to the desired value. But by
this way consumption of energy is enhanced. As per
theories of transfer of heat, flow rate of chilled water
and the airflow rate supplied choose the system
cooling capability together. The controller has direct
effect on the air-conditioning system. The objective
is to tune the cooling ability of plant as per the
fluctuating heat load. PID controllers have been the
widely used and have been found valuable and
reliable in HVAC applications .Al like fuzzy logic
and Artificial Neural Network (ANNSs) has been used
to get better results. These techniques are better than
PID controllers. In this Paper implemented
controllers like fuzzy logic and ANFIS are examined
for their utility in the control of temperature and
humidity in air-conditioning systems.

3. MODELING OF HVAC SYSTEM

A commercial chilled-water all-air system has been
planned. Experiments were piloted on the system
(simulated on MATLAB) to investigate the control
method. The control strategy has to be examined
theoretically before final application.

T Exhaust air

m'
Return

Cooling coil Humidifier |
/ dehumidifier,

Y
SN

l

A
Y

Qutdoor air > 2 m |
— = ! F(r Supply
S é . —

Filter \

Cooling tower Air handling wnit

A

Chiller

Lo

Condensing
water

S
Chilled water

Figure 1 Chilled water AC system

The chiller, which yields the ice-cold water, is the
scheme’s cooling resource. The cooled water is
provided to the chilling coils in the (AHU) where the
water removes hotness from air. This cool managed
air is then delivered to the conditioned controlled

space. Thus, the controlled area is maintained at the
required state.

4. MODELING OF THE AIR-HANDLING
UNIT

The ice-cold water is made to flow in the cooling
coils and the air passes over. Some of the water vapor
will condense as they are getting temp below due
point. So, cooling and dehumidification take place
simultaneously. The process is plotted on the
psychometric chart [1].
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Figure 2 Cooling and dehumidification

Above figure shows Cooling and dehumidification
where the humid air is cooled and dehumidified. The
air is in the cooling coils at state a, and dry bulb
temp. 6, and humidity ratio W. The device dew point
B2, is below the humid air dew point 8, The water
vapor gets condensed and the air leaves with lesser
moisture at state B, corresponding to a dry-bulb
temperature 0, and humidity ratio W. The air velocity
gets lowered, the curve drawn on the psychometric
chart showing coil situation becomes steeper,
showing more dehumidification per unit of cooling

[2].

Figure 3 shows heat exchange thro tube wall. The
actual process varies as per prevailing conditions.
Heat is transported from the air to the chilled water.
Heat transfer coefficients on both sides dictate heat
flow rate. These tell the surface temperature of the
coil.
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Figure 3 Cooling coil
5. ADAPTIVE NEURO-FUZZY

INTERFACE SYSTEM

It was revealed that fuzzy logic could be effectively
applied to room temperature and humidity control.
However, the FLC is constructed on linguistic rules
based on human experience. If there is not enough
initial data available than this system is not
applicable. Also, initial fuzzy rules may be incorrect.
The fuzzy rules assumed for one system may not be
pertinent to other system. Under these circumstances,
tuning of fuzzy controller is needed [3]. However,
tuning of fuzzy systems is not a direct task. We can’t
ascertain how to attain the optimum membership
functions and the fuzzy rules. These shortcomings are
covered by Neural networks which have the ability of
self-learning. This presents a self-tuning fuzzy
controller incorporating fuzzy logic with neural
networks. The fuzzy controller and neural network
structure go hand in hand. The parameters of the
fuzzy controller were taken as the connecting weights
in the neural network. Thus, tuning of the fuzzy
system was done through self-training of the neural
network.

The fuzzy logic system has been built with a
multi-layer feed-forward neural network [4]. Figure 2
shows fuzzy neural network (FNN) architecture. Here
we have two input variables and one output variable.
In all there are 49 layers in the network. X; and X,,
are two input variables to the neural network. X,
Nodes in the1® layer transfer input variables to the
next layer with unity connecting weights. Nodes in

Layer 2 are membership nodes or membership
functions. Each membership node maps an input
linguistic variable into a probable distribution for that
variable. Each node in the 3" layer matches a fuzzy
logic rule. All nodes taken together in this layer form
the rule base of fuzzy. The last layer node gives the
final output.
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Figure 2 MATLAB Simulink flow diagram of
neural network

For achieving differentiability, the Sum-Product
inference method is implemented in place of Max-
Min method and for defuzzification weighted sum is
implemented. With the firing strength of a rule
defined and as the consequent of the rule, the output
of the output node is then found from the weighted
sum of its all inputs [5].

6. SIMULATION & RESULT ANALYSIS

In this part of the paper, we implemented a fuzzy-
logic controller for the air conditioning system in
commercial buildings to control both the room
temperature and humidity ratio.

FUZZY CONTROLLER
CIRCUIT FOR CONTROL
TEMPERATURE AND HUMIDITY
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Figure 3 MATLAB Simulink Block diagram of
Office room temperature with fuzzy controller

Figure 3 represents the HVAC model. It is used to
control enclosed space temperature and humidity.
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For understanding this HVAC block Diagram

Set point: Figure 3 MATLAB Simulink Block
diagram of set point to maintain temperature and
humidity, set point is used to set temperature of
office room and controller maintain its temperature in
block diagram we can see set the temperature at 20
°C and humidity 9, this set value helps to controller
as a reference value.

Controlled Humidity (water vapor per cubic meter volume of air) by ANFIS Controller

value easily as compare to other control techniques
[7-8].

Table 1 and 2 shows the comparative
analysis of PID, Fuzzy and ANFIS controller
techniques which are used to control Temperature
and Humidity control of office buildings.

Table 1 Temperature Control using PID, Fuzzy and
ANFIS controller

Time {seconds) 10"

Figure 4 Controlled Humidity graph by adaptive
neural network fuzzy interface system

Controlled Humidity graph by adaptive neural
network fuzzy interface system represents vertical
axis in humidity and horizontal axis is in time in
seconds. Now Humidity is set at 8.85 by adaptive
neuro fuzzy interface system. It has very less steady
state error. It reaches to set value easily as compare to
other control technique [6].

Controlled Temperature (*C) by ANFIS controller

Fig 5 Controlled Temperature graph by adaptive
neural network fuzzy interface system

Fig 5 represents Controlled Temperature graph by
adaptive neural network fuzzy interface system,
represents y- axis in temperature in degree Celsius
and x-axis is in time in seconds. Now temperature is
set at 20°C by adaptive neuro fuzzy interface system.
It has very less steady state error, it reaches to set

Sr.No. | Parameters PID Fuzzy Neuro

Controller Controller Fuzzy
Controller

1. Overshoot 30% 6% 5%

2. Rise Time 20 Secs 5 Secs 5 Secs

3. Steady 10% 2% 2%

State Error
4, Peak Time 30 Secs 4 Secs 3 Secs

Table 2 Humidity Control using PID, Fuzzy and
ANFIS controller

S.No. | Parameters PID Fuzzy Neuro

Controller | Controller Fuzzy
Controller

1. Overshoot 40% 10% 4%

2. Rise Time 40 Secs 15 Secs 5 Secs

3. Steady 40% 10% 4%

State Error
4. Peak Time 50 Secs 20 Secs 6 Secs

From comparative analysis, in case of temperature
control, it was found that ANFIS controller was
better than other intelligent control techniques due to
improvement in certain parameters like overshoot, it
becomes 5% from 6% and peak time is reduced to 3
sec from 4 sec in comparison to Fuzzy controller.

In case of humidity control, it was found that ANFIS
controller is better than other intelligent control
techniques due to improvement in certain parameters
like overshoot is 4% from 10%, rise time is 5 sec
from 15 sec, steady state error is 4% from 10% and
peak time is 6 sec from 20 sec which is less than
Fuzzy controller and much less than PID controller
for temperature control of office building. So ANFIS
controller is the best intelligent control technique in
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comparison to PID and Fuzzy controller for
temperature and humidity control of office buildings.

7. CONCLUSION

In this work, firstly experimental and theoretical
analysis of the HVAC system at commercial building
was done, and then we implemented the intelligent
control techniques for temperature and humidity
control of office building. This adaptive scheme was
firstly used to build the PID controller for controlling
the temperature and humidity control of office
building but found some variations in set point.
Furtherance improvement was done using artificial
intelligent control techniques such as Fuzzy
controller and ANFIS controller for controlling the
temperature and humidity control of office building.
ANFIS controller gave better results in comparison to
other intelligent control technique with the
improvement in peak overshoot, rise time, steady
state error and peak time.
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