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Abstract

The aim of this paper is developing a Fuzzy Logic Controller (FLC) to control climate with evaporative
cooling system in model of poultyr house. In recent year, many studys show that FLC has good
performance and simple to apply with a complex system and poultry house climate control is nonlinear
system which is complex and difficult to control. Thus we apply FLC to control this system. By internal
temperature and relative humidity, important index indicating thermal comfort, is feedback signal.

In the design, 2 FLCs used for controlling fans and pump. Both FLCs use the structure of 4 inputs and
1 output. The error and the error derivative of temperature and relative humidity are the input of the
system. These are translated to linguistic valuables by the membership function and through fuzzy
processes according to If-Then rule which based on phase plane analysis to arrive at single value,
and then defuzzification to get value of the change of ventilation rate and moisture production rate.
The maximum and average error is collected to propose FLC comparing with a conventional control
system. The result shows that FLC can control temperature in + 1.5 °C range and relative humidity
control in = 20% range. The FLC has better performance than a conventional system. For the future
work , to improve relative humidity response the finer membership function should be apply.

Keyword: Evaporative cooling system: Chicken house: Pad-fan cooling: Automatic control system
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1. Introduction

In Thailand, the demand for chicken is
expected to increase, so suppliers try to improve
themselves for competitiveness. Animal welfare is
potential for increased productivity and profit in the
farm sector [1]. Poultry needs a suitable
environment. The heat stress stimulates the central
nervous system (CNS), which reduces feed intake,
weight gain and carcass quality of poultry [2].
Temperature and relative humidity are essential
factors that have to maintain at a comfortable level.
Because of hot and dry weather in Thailand, poultry
meat production uses an evaporative cooling
system for controlling inside climate. The difficulty
of controlling is uncertainty from disturbance that is
the changing of the external climate. Providing a
method for accuracy controlling is essential for
animal husbandry.

Fuzzy logic was first introduced by Loffi A.
Zadeh (1973), he proposed the fundamental of
fuzzy sets [3-4]. And then Ebrahim Mamdani (1975)
introduced the fuzzy interface system to control a
stream engine [5]. It involves fuzzification and
defuzzification of crisp input variables to derive
crisp output variables. Fuzzy interface system had
widespread acceptance.

Fuzzy control is a

popular control technique because of its
performance and simplicity. It is much closer to
human thinking and natural language [6]. It

converts the linguistic control strategy based on
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human-like decision making in to an automatic
control strategy. Fuzzy Logic Controller (FLC)
consists of three stages fuzzification, rules base and
defuzzification based on Mamdani fuzzy set [6]. In
closed loop control system, the system error and
change of error are input variables. FLC assigns
these crisp variables in to linguistic variables which
are national language words defined by
Membership Functions (MFs) [7]. This conversion is
fuzzification. And the next stage is the fuzzy rule
base which is relation between input and output
variable in form of IF-Then. There are many
techniques for constructing a fuzzy rule base with
the heuristic method [8]. The common technique is
the Phase-Plane Trajectory method. King and
Mamdani (1977) introduce a useful method for
control rule by referring to a closed system
trajectory in a phase plane [9]. In last stage,
defuzzification, fuzzy outputs are converted to crisp
value as control signals. During the past several
years, there are many related works of a FLC design
for controlling temperature or humidity in building
and agricultural usage [10-12]. They concluded
that FLC has better control quality occurred.

This study develops the FLC to control
evaporative cooling system. The poultry house
model in Lopburi province, Central of Thailand from
previous work [13] is provided for simulation. The
conventional control method is week by week

schedule for fans and pumps. We intend to find a

simple and optimum method to manage the
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operation time of actuators for better controlling

temperature and relative humidity than the
conventional control which is current used in actual
plant. In this study, the fuzzy logic method is applied

to get higher accuracy.

2. Materials and Methods

2.1 System definition
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Fig. 1 Elements of the poultry house

Elements of the poultry house are shown in
Fig 1. Pad-fan evaporative cooling system is used
for controlling the climate in the poultry house.
Poultry house case study is in Lopburi, Central of
Thailand. A mathematical model of the actual
plant for this study is obtained from Uachaba T.
et. al., 2016 [13].

In this study, internal temperature (T, in °C)
and humidity ratio (w,, in kgHZO/kgDry air)
represent the internal climate condition.
Dynamics model of the poultry house is

described with heat and mass balance

equations by:
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where T, is external temperature [°C]

Weyxt 1S external humidity ratio

N_, is the number of animals

UA is overall heat transfer coefficient [kW/K]

A is heat vaporization of water [kJ/kg]

P, is air density [kg/m’]

Cp is the specific heat of air [kd/kg-K]

V. is active mixing volume of air inside [m%]

V,, is the effective volume for humidity [m?]

V is ventilation rate [m*/s]

W, is moisture production rate from the
evaporative cooling system [kg/s]

V. and W_ are control signals from fans and
pump, respectively.

As these actuators operate without an
inverter, signals aren’tanalogue. The next section
is focused on a control technique that handles the

nonlinear system with on/off actuator by FLC
2.2 Design of fuzzy logic controller

FLC is a means to convert the linguistic
control strategy form human expert knowledge
into an automatic control strategy. Its advantage
is simplicity, especially when the implemented
system is very complicated. It is accessible for
dealing with a highly complicated nonlinear

system. The methodology of FLC consists of
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three processes, fuzzification, rules-based and
defuzzification [6].

The simulink model of controlling the poultry
house is shown in Fig. 2. There are two FLCs
used for controlling fans and pump. Both FLCs
have 4 inputs and 1 output. The inputs variables
are temperature error (TE), temperature error
derivative (TDE), relative humidity error (HE) and
relative humidity error derivative (HDE). These
inputs variables are transformed into three
linguistic variables, N : Negative , Z : Zero and P:
Positive. These linguistic variables represent the
type of number: negative number, zero number
and positive number. The outputs are the change
of ventilation rate (DVR in m%s?) and moisture
production rate (DWev in kg/sz) for first and
second FLC, respectively. These output variables
are transformed into three linguistic variables,
same as the input variables. The triangular
membership functions of input and output
variables of FLCs are shown in Fig. 3.

A total of 36 rules is tabulated in Table 1-4. The
first and second FLC rules are tabulated in Table
1-2 and 3-4, respectively. These rules are built for
the most essential variable temperature followed
by relative humidity. Thus the weight of
temperature rules (Table 1,3), 1, is more than the
weight of relative humidity rules (Table 2,4), 0.1.
Considering the equation (1) and (2) conclude

that increasing the ventilation rate generated by

the fans decreases the temperature and relative
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humidity. Increasing moisture production rate
generated by the pump, providing water for the
cooling pad, will reduce temperature but
increase relative humidity. This knowledge is
used to build FLC rules with a understanding of
parameter-adjusting based on phase plane [6].

The rule base of Table 1 can be described in
IF-THEN form as:
Control rules when the error is negative, so
DVR is positive:
IF {TE is N AND TDE is N} THEN DVR is P
IF {TE is N AND TDE is Z} THEN DVR is P
IF {TE is N AND TDE is P} THEN DVR is P
Control rule at equilibrium point, so DVR is
unchanged.
IF {TE is Z AND TDE is Z} THEN DVRis Z
Control rules when the erroris positive, so DVR
is negative:
IF {TE is P AND TDE is P} THEN DVR is N
IF {TE is P AND TDE is N} THEN DVR is N
IF {TE is P AND TDE is Z} THEN DVR is N
Control rule when the error is zero, so DVR is
opposite to TDE for reduce the overshoot.
IF {TE is Z AND TDE is P} THEN DVR is N
IF {TE is Z AND TDE is N} THEN DVR is P
The FLC rules in Table 2-4 is built in the same
way as Table 1, but be changed follow the

relation of input and output variables.
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Fig. 3 The membership functions of input and output variables of FLCs

The simulation for climate controlling in the poultry house uses 3-days historical weather data from
the chicken house from 16" to 18" August 2019. The parameters of equation 1 and 2 are listed in
Table 6. The simulation compares temperature and relative humidity responses between the proposed
FLC and the conventional control logic, which is currently used in the plant. Conventional control logic
plan for controlling fans and pump are shown in Table 5. The control table is for 8-10 days-age chicken.

On/off period for fans and pump are 90/120 s/s and 60/420 s/s, respectively.
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Table 1 The fuzzy temperature rules of the first FLC Table 6 Parameter values of the case study
TE Parameter Value
DVR
N z P Nan 19000
N P P N A 2257 ki/Kg
TDE z P z N Vr 4900 m®
p p N N Vy 4900 m*
Pair 12 kg/m3
Table 2 The fuzzy humidity rules of the first FLC
Gy 1.006 kJ/kg-K
HE
DVR U 37 KW/K-m?
N z P
A 1680 m?
N P P N
W, 0.9 kg/s for turn on pump
HDE z P z N
Ve 5.66 m® /s-fan (max 12 fans)
P P N N

Table 3 The fuzzy temperature rules of the second FLC

TE
Dwev
N Z P
N P P N
TDE z P VA N
P P N N

Table 4 The fuzzy humidity rules of the second FLC

HE
Dwev
N z P
N N N P
HDE z N A P
P N P P

Table 5 Conventional control logic for actuators

Internal

Temperature Nur;;):sr of Pump status
(0
<28 4 off
28 5 off
29 6 on
30 7 on
31 9 on

32 12 on

3. Result and discussion

The comparison of temperature and

relative humidity responses for the FLC and the

conventional control logic is shown in Fig. 4

and 5. From these Figs, outdoor temperature

varied from 26 to 37 °C and outdoor relative

humidity varied from 45 to 90% with changing

outdoor condition FLC maintains temperature

and relative humidity in less than £ 1.24 °C and

+ 20% from the set point 28 °C and 80%.

Table 7 Comparison of average and maximum error

Method Avg. error Max. error
Temperature (°C)
Proposed FLC 0.54 1.24
Conventional system 1.12 2.40
Relative humidity (%)
Proposed FLC 15.44 20
Conventional system 17.76 20
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Fig. 4 Temperature curve from setpoint, outside, inside by conventional system and Fuzzy logic controller
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Fig. 5 Relative humidity curve from setpoint, outside, inside by conventional system and Fuzzy logic controller

According to Table 7 FLC has less average

error and maximum error in temperature

response, while take more 1% average error than
the conventional system in relative humidity
response. The result indicates that the FLC
provides better temperature response, lower
error and  better

performance  against

disturbance. A similar result for research on the
comparison of fuzzy and on/off controllers for
winter season indoor climate management in a
model poultry house by Mirzaee-Ghaleh, et al
[12]

that the fuzzy logic controller has good

performance.



‘ FEAT JOURNAL

‘ July — December 2020; 6(2) : 137 - 146

The relative humidity response from both
control techniques reach a high level (100%)
because of poultry and surrounding. This result is
consistent with the research of Kamis, et al. [10]

on closed-house chicken ban climate
control using a fuzzy inference system that
provides slightly high steady state error for
relative humidity. We can conclude that this
system lacks of controlling internal humidity with
the accuracy temperature. In a further study, the
finer membership function of FLC may be

proposed to improve RH response.

4. Conclusion

The thermal comfort is a potential factor for
increase poultry weight gain and carcass quality
because heat stress reduces feed consumption
and increases the risk of disease and death. For
high productivity, suppliers have to control the
internal climate of the poultry house. This study
simulated controlling internal temperature and
relative humidity of a poultry house by Fuzzy logic
controller compared with the conventional logic
control. The chicken house in the central of
Thailand, Lopburi province modeled by Uachaba
et al. [13] simulation

was provided for

experiments. The results shown that the
proposed fuzzy logic controller can control
internal temperature higher accuracy than the
conventional control under the changing of

outdoor conditions. The accuracy response of
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relative humidity may be improved by a finer

membership function.
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