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Abstract

The use of expert systems Techniques were still have a great importance in the
diagnosis of diseases, thyroid disease diagnosis is one of the important classification
problems because thyroid hormones help regulation of the body’s metabolism. In this
paper, hybrid intelligent model for diagnosis is proposed which is able to assist the
physicians to take effective decisions. The behavior of two models has been described in
classification of thyroid disease and diagnosis its state (normal, hyperthyroidism, and
hypothyroidism). Firstly, training of fuzzy neural network have been used trial and error
approach, then combining it with Genetic algorithm to obtain the best parameters using
the proposed representation for the chromosomes and fitness function. Training the two
models was on the same dataset that are available on UCI dataset.

The experimental results show high classification accuracy for both systems , but the
best results have been gotten when combining with genetic algorithm obtaining smaller
structure with less number of both hidden layer and neurons for each one , also much less
error for training and testing . That is mean the proposed model can be used to facilitate

thyroid disease diagnosis in more accuracy.

Key words: Thyroid disease, Diagnosis techniques, Fuzzy Neural network, genetic

algorithm, classification.
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1. Introduction

The thyroid gland regulates a wide range of physiological functions in the body including
growth, metabolism and energy homeostasis, via the secretion of thyroid hormone (TH)
[1, 2, 3].

Two active thyroid hormones have been produced by the thyroid gland, trilodothyronine
T3, and levothyroxine T4, which are essential in the body temperature regulation, to
product of proteins, and in overall energy production and regulation [4-6].

There are two categories of disorders of the thyroid, hypothyroidism and
hyperthyroidism, according to whether serum of thyroid hormone levels (T4 and T3) are
decreased or increased [7].

Many basic organs of the body have been effected by the performance of thyroid. The
patient have been suffered from coma or thyroid attack which might lead to the death, if
the recognize of thyroid disorder was not on time. Therefore, there is quite vital in true
diagnosis of thyroid disorder (low and high efficiency of Thyroid) based on laboratory

and clinical tests (disease symptom)are quite vital .The most common Thyroid Testing

are [8]:
- Blood Lab testing.
e TSH test.

- Ultrasound of thyroid.
- Thyroid Scan.
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- Thyroid fine needle biopsy.

There is rapidly growing for using of intelligent hybrid systems in many areas with
successful applications including process control, credit evaluation, design of
engineering, cognitive simulation , and medical diagnosis .In this regard, the research on
diagnosis of thyroid disease by means of smart methods has been done by researchers.

Neural Networks are widely useful for solve problems with non-linear statistical
modeling and modeling of complex databases of medical information. A popular
approach is training algorithm for Back propagation network, which is used to adjust
weights of an ANN to minimize a cost function [9].

Both fuzzy systems and neural networks are motivated by imitating human reasoning
processes. In neural nets, the relations are coded in the network and its parameters, but
are not explicitly given. In contrast to other systems that are knowledge- based, no clear
knowledge is needed for the applications of neural networks. In fuzzy schemes, the
representation for the relationships are clearly in if-then rules [10].

In fact, the neural network fuses well with fuzzy logic, which overcome some of the
limitations for both techniques, some research tries to have given birth to the “fuzzy
neural networks” or “fuzzy neural systems” .There are a lot of ideas and theories for
combining neural networks and fuzzy logic applied in different fields [11,12].

In the same area, Genetic algorithm (GA) is subclass of an evolutionary algorithm
that utilizes biology inspired mechanism, where search space consists of elements or
(chromosomes) which correspond to a particular solution, and the best solution of a
problem is reached through an iterative procedure [9]. This paper addressed the
diagnosis of thyroid disease using mixed systems which is result from combine genetic
algorithm and fuzzy neural system.

2. Thyroid Dataset

The thyroid dataset used in this work includes 215 instances are available on UCI
machine learning as a thyroid gland database and using it as datasets for training / testing
the both systems [13]. Five attributes are founded for each instance (5 features) with its

class as shown in Table 1, the five features are: T3, Total serum triiodothyronine, Basal
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thyroid stimulating hormone (TSH), Total Serum thyroxin, and Maximal absolute
difference of TSH value after injection thyrotropin compared to the base value.
3. Combining Genetic Algorithm with Fuzzy Neural network

Using the dataset that has been described in the previous section, taking their
attributes as input data, and the class for it as output (we give 1, 2, 3 as output according
to the class) as shown in Table 1.

Table 1: Classes of thyroid state and the used output

The class Thyroid state Output

First Class 150 instances ( Normal) 1

Second Class | 35 instances( hyperthyroidism) 2

Third Class | 30 instances(hypothyroidism) 3

Firstly, the inputs patterns is transmitted from a range of values to new one, therefore the
rescaling will be performed using Min-Max Normalization [14].
X1~ Xmin

y= (xmax - xmin) * + Xmin (1)

Xmax ~Xmin
Where:
Xmax = Maximum value in input data.
Xmin = Minimum value in input data.
x1= current value want to normalize.

Initially, the data was divided into (70%) samples for training and 30% samples for
testing. the fuzzy neural network (FNN) with multilayer Backpropagation learning has
been applied depending on trial and error approach for initialize the parameters using
Gaussian membership function with 100 epochs.

This approach take a lot of time beside to some problems that appear to determine the
best initialize for training the system, therefore, combining it with genetic algorithm can
solve these problems, like how many number of fuzzy sets that are used for each hidden

layer and the initial weights, number of hidden layers, beside the initial parameters that
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used for fuzzy sets or membership functions, we used the proposed encoding and initial

population as shown in the next section. Algorithm (1) explains the overall operation.
Algorithm 1. Steps of an algorithm that used in this work

Stepl: Generate the initial population G (1) using the proposed representation for the chromosomes that is shown in figure (1), with
determine pop_ size ofindividuals and the maximum number of generations (Max _gen).

Step2:t=1.
Step3: While (Max _gennotreached) do {
Begin
- Inputs: - five features for all mput pattems (70 % samples) .
For all mputs, traming the FNN  using all individuals (chromosomes)in G (t).
Select two chromosomes (gl and g2) from G (t), which hasthe best fitness function as in Equation (2).
Perform crossover and mutationto generate new offspring.
Evaluate offspring.
Feplace anindividual from G (t) with one of offspring only if it is better obtaining Git+1).
- t=t+1 }
End while

Stepd: The result is the best chromosome which hasthe best parameters fortraming the FNN.
Step3: Testing the system using another data (30 % samples).

3.1 Proposed Encoding and Initial Population
The following considerations for encoding and initial population used for genetic
algorithm.
The representation of chromosomes that is used as explain in Figure (1).
The initial population of individuals are randomly generated with the following :
- The number of hidden layers takes a random value between [1,7]
- The number of fuzzy sets takes a random value between [1, 7]
- The output weights also take random value between [-0.5, 0.5].

- The population size is (10).

N H lay [==| H_lay H_layer . \"

fl == == b o1
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Figure 1. The used representation for the chromosomes

Where

N_ Hidden Number of hidden layers.

F| Number of neuron (fuzzy sets) for hidden layer j.
Vige——_ FNpgen 1 Initial weights for output layer.

Mean and variance Initial parameters for membership functions of fuzzy
sets.

3.2 The Fitness Function
Selecting the individual for crossover and mutations are determined using the best fitness

value. The following equation used for computing the fitness function.

fitness = fe + «

)

Z}HZI F_fuzzy sets;j
Max _N_fset *H

Where ,a are a constant in the range [0, 1], e is the output error, H is the number of
hidden layers, F_fuzzy sets; is Number of neuron for hidden layer j. and Max_N_f'setis
maximum number of fuzzy sets.

When GA has been stopped, the best chromosome which has the best fitness (a minimum

number of Hidden layer and neuron at each one, lesstraining error) will be selected.
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4. ExperimentalResults

Email: com@eps.utq.edu.iq

The chromosome that resulted from GA will contain parameters of fuzzy neural

network which are (best number for hidden layers and neurons at each one, membership

functions’ parameters of fuzzy sets and initial weights for output layer) ,which are used

for training the fuzzy neural network without trial and error approach. Table 2 shows the

best chromosome (best parameters) obtained from GA, thus Figure 2 illustrates the final

structure using the best parameters.

Table (2): The best chromosome results from GA

No.Hidde Initial weights for
No. Fuzzy sets
n layers output layer
F H layer | F_H_layer | F_H_layer
4 H_layer Vi1 V21 V31
2 3 4
0245 | | 0366

2 5 3 0.472

3 8
8
Input layer hidden Jllayers output layer

T3

TSH

Features

Total serum
triiodothyronine

Total Serum thyroxin O

Maximal absolute
difference of TSH
value

Figure 2. Structure for the network using best chromosome

Table( 3): shows two methods with best parameters and its
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training and testing error.

the Number of Hidden Range Number of Training Testing
method layers neurons Error error
FNN 6 5-10 0.0009 0.01
Genetic
4 2-5 0.00005 0.003
FNN

As we see that combining Genetic with FNN reduce the number of hidden layers
and neurons with minimum error. As shown in Table 2 and Table 3 ,that the proposed
system with genetic has smaller structure with less number of hidden layers ,less fuzzy
sets or neurons , and with more less error compared to system without using genetic

algorithm .This mean reduced time for training and testing.
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Figure (3): Desired and output during training and testing for fuzzy neural

network with and without Genetic algorithm
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Figure (4): Desired and output during training for both systems

actual
e Genetio-Fuzzy neural
—-—-- fizzy-neual
i "
250 B
2 ol i
B
1.5 =
1L bamd 1 ksses |
05 1 1 1 1 1 1
180 180 170 180 180 200 210 220

K

Figure (5):Desired and output during testing for both systems
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Figure (6):The error during training phase
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5. Conclusions

Diagnosis of thyroid disease is one among the necessary problems .To develop a
medical decision support system, in this work hybrid intelligent scheme which is result
from combining three methods, fuzzy logic, neural networks and genetic algorithm has
been proposed. Using new representation for the chromosomes to obtain the best
parameters for the network, which is useful to make it more accurate for the
classifications of the disease.

As shown in experimental results section, we conclude that Genetic Fuzzy Neural
System give good result for training and testing that mean it is benefit in thyroid disease
diagnosis. It was confirmed that proposed model reach classification performances near
optimum, because less time in training and testing as result from smaller structure and its
needed processing.
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