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Abstract 
The mathematical modeling involves convectional controller which affect the performance non-Linear and 
complex control system of the Bottle water industry. The system instability can be overcome by using intelligent 
controller to control and Monitor water temperature within a specific period of time in order to avoid overshoot 
and absolute error, with better temperature tracking capability. However, most industry does not have accurate and 
reliable monitoring mechanism capable of sensing when the water Temperature increases. The fuzzy Logic is used 
to control the Temperature of Bottle water at difference time of operation. This operational failure can be overcome 
by designing a model that will monitor and control the water temperature process thereby improving temperature 
control in water bottle industry using Fuzzy Logic Controller. MATLAB Software was used to carry out 
simulations to develop Temperature control in Bottle water industry with aims of improving operational 
mechanism of the industry. This model can then be trained with result gotten from the mathematical model in 
order to monitor and control the Water Temperature. The result showed that Bottle water Temperature with and 
without Fuzzy Logic Controller were 850C and 650C respectively. The Temperature increased by 200C. With these 
results, it shows that using fuzzy Logic Controller gives a better result than when fuzzy logic is not used. 
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1.0 introduction 
Temperature regulation is a very important criterion, needed to process various control systems particularly the 
bottle water temperature regulation [5]. The utilization of non-linear control system is the most essential and widely 
applied [8] in process control industry and its use in the manufacturing of different products of drink including 
chocolate drink, milk products, fruit juice etc. Quite a number of industries utilize bottle water temperature control. 
This control mechanism is very crucial to obtain quality end-products from the production line.  Hence, it is 
important to attain the specified temperature without transgressing the specified duration in order to prevent 
outsized overshoot [3]. Temperature is a basic quantity that applies to measurement and control. The PI [13] and 
PID conventional controller [2] are often employed in temperature control system to regulate the temperature in 
order to obtain the specified temperature level. PID controller forms conventional control algorithm which is 
employed in process control discipline. The prevalent acceptance of the conventional control in process control 
has shown operational satisfaction as a result of its imperviousness to failure and overall effectiveness, spanning 
over a broad range of operating constraints, and somewhat, its simplicity of purpose. The main disadvantage of the 
conventional controller is that it is prone to alteration of system parameters, delays, non-linearity applied to acquire 
zero overshoot. Another drawback of conventional controller is that it is challenging to design a mathematical 
model which will handle unnecessary rigorosity, preciseness and accuracy. The functionality of the controller 
reduces, particularly for nonlinear and ambiguous control problems, when the mathematical model of the plant is 
not accurate. 

The difficulties described can be mitigated using an alternative technique which utilizes the unconventional 
control technique. This paperwork employs the artificial intelligence (AI) unconventional control technique to 
improve the efficiency of the controller for various plants. Artificial intelligence techniques used for effective 
control of the PID controller parameters include Neural Network (NN) [7], Fuzzy Interference System (FIS)[9], 
and Adaptive Neuro-Fuzzy Interference System (ANFIS)[6]. Rapid advancement of processing capability of 
modern digital controllers makes Fuzzy Logic Control (FLC) and Neuro-Fuzzy systems (NFS) feasible and 
attractive to industries. This paper employs a comparative study based on performance index of conventional 
controller PID and Artificial Intelligent Controllers (FLC & ANFIS) considering Absolute Error (AES)[10], 
overshoot, delay and tracking capability [4].  

 
II. Fuzzy Logic Technique  
Fuzzy logic is a form of intelligent controller, stemmed from fuzzy set theory to handle reasoning which is rather 
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estimated than precise. It was created for operational control of knowledge based systems and classifies data as 
true or false. Its ease of application has made it a widely used alternative for implementing knowledge based 
system.   Fuzzy logic implements the fuzzy sets and rules to provide system control. In contrast to the conventional 
set theory where there is a clear cut on the set to which an element belong, fuzzy set theory allows partial affiliation 
of the element in the set. Fuzzy set is a class with various grades of membership [5], [16], [18].   Fuzzy controllers 
are often classified under multi-input-multi-output (MIMO) systems because it is capable of processing several 
variables from the system simultaneously. It is controller similar to a linear or nonlinear state feedback controllers 
[12]. Objects of treatise are to a large extent allowed to be general and more complex than the object of treatise 
in the conventional logic system and probability theory [1] 
Fuzzy systems have been largely utilized in control systems. It performs control actions (output) using a rule base 
that computes some inputs (i.e. difference in errors between control variables and references. 

There are four major components of a fuzzy system which include fuzzification, fuzzy rule base, fuzzy output 
engine and defuzzification. Fuzzification entails the conversion of numerical inputs and output variables into 
linguistic terms (such as low, high, big, small, etc.) and the  matching degree of the each membership function is 
ascertained. Then, developed fuzzy rules are applied to process the output membership values. Lastly, the 
defuzzification step involves interpreting the linguistic results obtained into real values by applying the rule base 
given. The defuzzification phase handles the conversion of the fuzzy results from the fuzzy system into discrete 
values [11], [14], [15].  

The block diagram of the fuzzy logic implementation process is shown in Figure 1[10].In addition, the 
defuzzification method can be expressed mathematically as follows [16]: 
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Figure 1: The block diagram of the fuzzy logic implementation process[10] 

 
III. Materials and Methods 
This paper develops a fuzzy logic temperature controller to control and monitor the bottle water industry in order 
to stabilize constantly and effectively the water temperature.  The control unit was designed to analyzed the 
temperature of the water bottle industry with the aims of improving productivity and performance of the industry. 
The controller decides the necessary action for the water valve of liquid into the bottle. The condition of the water 
temperature of bottle industry is written in Fuzzy Logic Controller Rule Editor using MATLAB/SIMULINK and 
a Graphic User Interface (GUI) was performed for convenient input of the data. 

A. Mathematical Model of Bottle Water. 
Water enters a tank from the top and leaves through an orifice in its base. The rate that water enters is proportional 
to the voltage, V, applied to the pump. The rate that water leaves is proportional to the square root of the height of 
water in the tank. 
A differential equation for the height of liquid in the tank, H, is given by: 

HKCV
dt

dH
AV

dt

d
eq 

 
where Veq is the volume of liquid in the tank, A is the cross-sectional area of the tank, C is a constant related 

to the flow rate into the tank, and K is a constant related to the flow rate out of the tank. The equation describes 
the height of liquid, H, as a function of time, due to the difference between flow rates into and out of the tank. The 
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equation contains one state, H, one input, V, and one output, H. It is nonlinear due to its dependence on the square-
root of H. Linearizing the model, using Simulink Control Design, simplifies the analysis of this model [17]. The 
level is sensed by a suitable sensor and converted to a signal acceptable to the controller. The controller compares 
the level signal to the desired set-point temperature and actuates the control element. The control element alters 
the manipulated variable to change position of the valve so that the quantity of liquid being added can be controlled 
in the process. The objective of the controller is to regulate the level as close to the set point as possible. 
The dynamics of the Bottle water is given by: 

 
p

i VC

Q
TT

V

F

dt
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                                                                      (1) 
Where T is the can Temperature, F is the flow rate, Ti is the inlet temperature, V is the volume of the can, Q is the 

heat input, Cp is the specific gravity and   is the density of water. 
Hence, the electrical model is given by: 
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                                                                              (2) 

Where t is the time, y(t) is the output temperature in 0C, F(t) is the heat flowing inward, y0 is the room temperature. 
When the R and C are constant.  
The step response is given by: 
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                                                             (3) 

Where k is the discrete time-index, U(K) is the system input , y(k) is the system output and Ts is the sampling 
Period. 
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B. Training of Fuzzy Logic Controller  

The paper developed a program in MATLAB/SIMULINK for fuzzy logic controller model and implemented using 
fuzzy logic toolbox in MATLAB. 

The steps involved are:. 
i. Design of a membership function that analyses the bottle water industry. This is done by the fuzzification 

of variables, which involves a transformation of domain; crisp variables into fuzzy inputs. This helps to 
stabilizing the bottle water temperature. A membership function is a degree which produced input value 
to the fuzzy controller. For its directness, the linear function is embraced as the membership evaluation 
function of input/output. In this study the output membership functions are assumed symmetrical and the 
commonly used continuous centre of gravity (COG) also known as the centre of area (COA) or centroid 
method are applied to the defuzzification. 

ii. Designed of a fuzzy rule that sticks in the bottle water temperature. The output of the fuzzy controller is 
depends on position of the membership function (MF) and the fuzzy rule base (FRB). The position of the 
membership function decides the distribution of the set parameters. 

To design a fuzzy rule, the following rules are used:  In conclusion. 
 if (water level is normal) and ( valve controller  open fast) then (water temperature is very  high) 
 if (water level is normal) and ( valve controller open closely) then (water temperature is slightly high ) 
 if (water level is normal) and ( valve controller closed closely) then (water temperature is high ) 
 if (water level is not normal) and ( valve controller open fast) then (water temperature is Average) 
 if (water level is not normal) and ( valve controller  open closely) then (water temperature is weak ) 
 if (water level is not normal) and ( valve controller   closely closed) then (water temperature is poor) 

 
IV. Discussion of Result 
The simulation results are presented according to bottle water temperature without and with fuzzy logic controller: 

Figure1 shows the designed fuzzy logic controller SIMULINK model for controlling and monitoring of water 
Bottle industry. The result shows the model Simulink which can used to control water Temperature of the industry 
at difference time.  

Fig 2. Shows the Simulink steps response of Bottle water temperature with and without fuzzy controller. The 
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result shows the increase in Amplitude of Water as the time increase. The Amplitude increase when fuzzy logic 
controller is incorporated into the system compare to when is not used. 

Fig3. The Bottle Water Temperature without Fuzzy logic controller. The result reveal that as the Water 
Temperature increase , time also increase. Hence there is linear relationship between the time and the Bottle water 
tempearture when the volume of water is contant. 

Fig4. Comparing the Bottle Water Temperature of industry with and without fuzzy controller. The result 
shows the Bottle water Temperature with and without fuzzy logic controller. The fuzzy logic controller monitor 
and control the Temperature of Bottle Water with time difference at contant volume.  Its shows that the 
Temperature of Bottle water when fuzzy logic controller is not used is 650C while the Temperature of Bottle water 
when fuzzy logic controller is used is 850C. With this result it shows that there is an improvement of 200C 

Temperature of Bottle water when Fuzzy Logic Controller is used.  

 
Figure1 shows the designed fuzzy logic controller SIMULINK model for controlling and monitoring of water 

Bottle industry 
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Fig2: steps response for Bottle water Temperature with and without fuzzy Logic Controller 

 

 
Fig3. The Bottle Water Temperature without Fuzzy logic controller. 
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Fig4. Comparing the Bottle Water Temperature of industry with and without fuzzy controller 

 
Conclusion 
The instability of mathematical modeling which affect the performance of the Bottle water industry. it  is  crucial  
to  control and Monitor  water temperature  within  a specific  period  of time in order to avoid  overshoot and 
absolute error, with better temperature tracking capability. Temperature control in Bottle water industries requires 
predetermined standard Temperature in order to determine temperature level of the water when the time varies. 
However, most industry does not have accurate and reliable monitoring mechanism capable of sensing when the 
water Temperature increases. This operational failure can be overcome by designing a model that will monitor and 
control the water temperature process thereby improving temperature control in water bottle industry using Fuzzy 
Logic Controller.  MATLAB Software was used to carry out simulations to develop Temperature control in Bottle 
water industry with aims of improving operational mechanism of the industry. This model can then be trained with 
result gotten  from the mathematical model in order to monitor and control the Water Temperature. The result 
showed that Bottle water Temperature with and without Fuzzy Logic Controller were 850C and 650C respectively. 
The Temperature increased by 200C. With these results, it shows that using fuzzy Logic Controller gives a better 
result than when fuzzy logic is not used. 
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