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ABSTRACT 

Introduction: In this paper, using look-up table control strategy, 
a fuzzy logic controller is designed for controlling the temperature 
of  steaming room in terrazzo tile plant corresponding to dedicated 
process diagrams. Methods: In the proposed method, the tempera-
ture and error of  temperature are considered as inputs to control 
the duration of  valve open time to decrease the activation times of  
valves in order to increase their longevity. The strategy considers 
an off-line trained look-up table for setting the time of  opening 
valve in the specific temperature. A fuzzy controller with fifteen ex-
tracted rules is designed for controlling the duration of  valve open 
time. Results: Results show that the number of  switching of  valve 
reduces compare to intuitionistic or expert rule extraction. Conclu-
sions: Simulations provide more compatible steaming process rout 
compare to PID controllers.
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INTRODUCCTION 

For tile manufactures, the strength of  tiles is very 
important. Following the process curve is provide by 
better controlling of  steaming room. The quality of  
product after choosing composition of  proper raw 
material and preparing enough pressure depends on 
the method of  designing controller and extraction 
of  rules. 

Three characters which are important regarding 
these controllers are nonlinearity and unclearness: 
Nonlinearity and ill system definition is a challenge 
in various industrial plants (1). Steaming room and 
similar industrial plants suffer lack of  well-defined 
mathematical model. Usually, designers simplify such 
systems by ignoring a lot of  main parameters. On 
the other hand, a wide-spread problem in on-off  and 
proportional valves which causes lower durability of  
industrial valves is static friction. Proportional valves 
are found everywhere in control industrial systems 
(2). On of  challenges which recently focused on by 
scientists is valve stiction detection (3), (4). Normally, 
there is variation of  threshold voltage in industrial 
valves which causes hysteresis (5). This paper propos-
es a fuzzy controller extracted by look-up table to re-
duce number of  activation times of  industrial valves. 
In this research, it is considered that the hysteresis 
model is defined in advance. The proposed control-
ler controls the autoclave temperature by controlling 
the time duration that valve is open (6).

It is applied fuzzy controller to specific industrial en-
vironment to overcome high nonlinearity ambiguity 
(7). Todays, designing trends are toward data based 
extraction compare to expert based system defini-
tion.  Because, in dynamic systems, measuring high 
number of  data helps to extracting a well-defined 

structure which is more compatible with the process. 

An expert expresses the situation by several simple 
rules, but using look-up table usually clarifies that 
still more than experts discover about a system (8). In 
case of  subconscious level of  expressing a system, 
the system is considered as a black box. The expert 
only specifies a short demonstration of  the main sys-
tem behaviors. But, we can use measured data pairs 
for extracting rules. Look-up table exactly, is that sys-
tem which provides a routine process for extracting 
the effective rules between total possible rules (9).

MATERIALS AND METHOD

Measured Data Pairs and applying Look-Up 
Table method 

There are a set of  input and output measured data, 
the main aim is to design a fuzzy rule-based con-
troller considering of  presence of  N input-output 
pairs. For achieving this goal there are 5 steps which 
is proposed by Wang (10).

Step 1: A specific number of  fuzzy sets with equal 
supports divide all input and output universe of  
discourse.

If  our input is located between of  x0 and xn, and 
output is located between y0 and yn, the N fuzzy 
sets are assigned for X and N fuzzy sets are assigned 
for Y.  

For example, there is a measured data pairs shown in 
below table. It is divided the input and output range 
to two equal triangular fuzzy sets shown in below 
shape (the membership functions are all triangular). 
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Table 1: An example of  Input and Output data

X (Input) Y(Output)  

1 2 
2 4 
3
 

5 
4
 

3 
5
 

8 
6 3 
7 0 
8 9 
9 9 
10 10  

1 

1

U 

X 

Low High 

0 

1 

1

U 

Y 

Low High 

0 

Figure 1: Dedicated Membership Functions

Step 2. Rule description for each pair of  input and outputs.

For all X numbers in above table, the membership degrees are calculated based on considered membership 
functions. The same thing is done for Y numbers of  the table.  Each membership in X side is considered as 
an antecedent of  a rule. On the other hand, each Y membership function in Y side is considered as conse-
quent of  the same rule. For example, there are four possible rules for above structure:

• If  x is low then Y is low          Rule:1
• If  x is low then Y is High        Rule:2
• If  x is High then Y is low        Rule:3
• If  x is High then Y is High      Rule:4

10X

High
1

10

U

Y

Low
High

0
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Step 3: All rules take a validation value.

Each rule must evaluated for each data pairs. The evaluation degree of  each rule is calculated by multiplying 
corresponding membership degrees of  X and Y.

P in below formula calculates the power of  each rule: 

P(rule) = =∑ μA = ( x 0 ) * ( y 0)
=1

 

Now, conflicting rules are omitted. What is conflicting rules: The rules with the same antecedent may activate 
with different activation degrees. In this case, the rule with lower activation degrees are omitted. The rules 
with higher activation degree are winners.  Sometimes, human expert may interfere to omit a rule with higher 
activation degree or maintain a specific rule with lower activation degree. 

Selecting the maximum degree of  membership for each rule and choosing the maximum amount of  mem-
bership rating for each rule via below calculations:

Table 2: Power of  Rules Calculations

Available Points  UL X UH X UL Y UH Y Rule 1  Rule 2  Rule 3  Rule 4  

P1: (1,2) 0.9 0.1 0.8 0.2 0 0 0 1

P2: (2,4) 0.8 0.2 0.6 0.4 0.02 0.08 0.18 0.72

P3: (3,5) 0.7 0.3 0.5 0.5 0.08 0.12 0.32 0.48

P4: (4,3) 0.6 0.4 0.7 0.3 0.15 0.15 0.35 0.35

P5: (5,8) 0.5 0.5 0.2 0.8 0.12 0.28 0.18 0.42

P6: (6,3) 0.4 0.6 0.7 0.3 0.40 0.10 0.40 0.10

P7: (7,0) 0.3 0.7 1 0 0.18 0.42 0.12 0.28

P8: (8,9) 0.2 0.8 0.1 0.9 0 0.7 0 0.3

P9: (9,9) 0.1 0.9 0.1 0.9 0.72 0.08 0.18 0.02

P10: (10,10) 0 1 0 1 0.81 0.09 0.09 0.01

The power of each rule 3.48 2.02 1.82 3.68

 

Step 4: Rule Extraction.

Non-conflicting rules are chosen as main part of  the rule base. The other parts of  rules are chosen between 
conflicting rules. The method of  selecting conflicting rules are based on the fact that higher activation degree 
rule is the winner. The third part of  selected rules are the rules which are selected by human expert between 
total conflicting rules based on environmental information he/she has.

Assign degrees to rules and choose the maximum amount of  rules and eliminate conflicting rules choose the 
maximum amount of  rules and eliminate conflicting rules. 
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Choosing Rules: According to Table 2, two rules win the process.

Table 3: List of  rules with maximum power

Rule: 2 If x is low then Y is High    

Rule: 3 If x is High then Y is low         

Step 5: Using extracted rules for constructing the desired fuzzy controller

Each fuzzy system has a rule base and three main blocks fuzzifier, Inference motor and defuzzifier block. 
There are several methods for implication that we can use as main operator in inference block such as min 
and product. Our option in this research is Min operator.   Between various defuzzification methods, center 
of  gravity is chosen.
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x 

 

y 
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Figure 2: Calculation of  activation degree

As a one fast tool in MATLAB, the research used ANFIS to tool, as well as look-up table for extracting rules 
and make a comparison between them. The artificial neural fuzzy inference system technique called artificial 
neural networks (ANFIS). ANFIS falls under the umbrella of  artificial intelligence. ANFIS approximate the 
structure of  the human brain based on making some decision functions. The human brain performs func-
tions in a parallel processing method. Therefore the brain is capable of  handling complex task in comparison 
with computers. In contrast, digital computers are very fast in many cases (11). 
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Create a Fuzzy Rules and Fuzzy System Base Draw a chart by selecting a desired point: 
 

y 

 

10  
y 

 

10  

y 

 

10  

(MIN)  

 
 

 

x 

 

y 

 

1
0 

1
0 

L  

µa  
µa  

(0, µa)  

(10, 0)  

(0, µa)  (10, 0)  

  

Figure 3: Centre of  gravity
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Create a Fuzzy Rules and Fuzzy System Base Draw a chart by selecting a desired point:

   

x 

 

y 

 

10  10  

H 

µa  µa  

(10, µa)  (0, 0)  

  

(10, µa)  

(0, 0)  

Figure 4: Product-sum defuzzifying

Create a fuzzy rules and fuzzy system base using the center of  gravity for defuzzification:

 

Extracting the rule base of  applied fuzzy con-
troller

A type one fuzzy controller, based on above de-
scribed knowledge and simulations is designed for 
applying to steaming room. Input of  the controller 
is the temperature. The universe of  discourse of  real 

measured temperature is divided between three tri-
angular membership functions which they overlap 
each other symmetrically.  

The output of  the controller is the activation time of  
the valve. The interval of  time activation is -166 to 
166 which is divided between five equal and symmet-
ric triangular membership functions (12).
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Figure 5: Under control system
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Figure 6: Assigned Membership Functions
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The number of  all possible rules are 45 (3*5*3). Using Look-up method 15 rules are extracted. The control 
surface of  proposed controller is shown in Figure 7.

 
Figure 7: Control Surface (Basic T1FLC).

The comparisons and details for one specific two dimension curve of  the control surface are shown in Figure 
8.

Figure 8: Error calculation.
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If  Excel adds data from Excel 10 to data up to 84, then the result is displayed as shown below.

Error chart

 

Figure 9: Error Curve

Simulating two inputs and an output system with 1000 data with a lot of  data in the MATLAB

 

 

mv (A) 

Op (B) 

Rules Tout (E) 

Figure 10: Input and Output graph with 10 membership members
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evident that problems hard to be treated by PID 
modeling can be solved in the way of  look-up table 
modeling with more ease.

Table 4: Comparison of  proposed method with other applied methods.

Controller 
Number 

Controller 
Type 

Switching 
Number 

Percentage of Time Duration that 
Valve is Closed to Total Time Emax ERMS 

1 PID 283 -10.6% -2.0˚c +0.2˚c 

2 T1 FLC 203 -21% -4.8˚c -3.1˚c 

3 Proposed 163 -6% -2.6˚c -2.1˚c 

CONCLUSION

A look-up table fuzzy model applying novel control 
strategy proposed in this paper. It consists of  fif-
teen if-then rules that extracted from real steaming 
rule data. The testing of  the system confirms that 
extracted rules provides a rule-base which is define 
the system in an optimum way. The steps of  look-
up method to extracting rules using measured data 

pairs are presented. The effectiveness of  model to 
simulate the steaming process curves and provid-
ing a well-defined system is verified. We applied this 
method to controlling the time duration of  valve 
activation. Simulation results show that the generat-
ed fuzzy model system is capable of  approximating 
steaming process function. It also shows that the ac-
tivation times of  valve can be greatly improved by 
selecting the longer intervals of  time regions.

The same problem is designed with 1000 real sam-
ples data with two inputs and one output and the 
same problem as 1000 data is tested with two inputs 
and one output with ANFIS.

The Proposed FLC has applied to steam room. Pro-
posed controller because of  realization with low 
number of  rules provided lesser time of  valve ac-
tivation, low power consumption and much higher 
inference speed (13). Moreover, proposed controller 
is much more accurate than expert-based control-
lers. Type one fuzzy controller undertaken has been 
analyzed with clustering modeling and fuzzy look-
up table modeling. Steam temperatures and mass 
flow rates of  room are the reciprocal effect on the 
maximum point of  the entry of  compressor (14), (15). 
Maximum temperature is found to be smaller using 

look-up table fuzzy modeling analysis as compared 
to clustering modeling. Lesser times value opening 
is always desire in steaming room. So new approach 
of  fuzzy modeling is better than the clustering mod-
eling. It can establish more efficient control of  the 
temperature. A look-up table fuzzy model has been 
developed to control the thermal performance of  
steaming room. Comparison of  look-up table model 
and clustering model shows that look-up table mod-
el has better precision and lesser valve destruction. 
This model is giving lesser activation times of  value 
for the same range of  steam temperature and high-
er mass flow rate. Control based on look-up table 
fuzzy modeling will be more efficient as it improves 
the temperature at entry of  steaming room. It is also 

Input and Output graph with 10 membership 
members
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