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The thyroid gland plays a major role in many metabolic activities of the human body. Thyroid disease,
which is quite common in humans, affects people's quality of life significantly. Early diagnosis is very
important for taking precautions. The mobile diagnostic system can be the solution for early diagnosis
especially in rural areas or without going to health institution. This study has been proposed to enable
people with mobile devices to obtain quick information about the disease or to seek medical assistance in
any matter without going to the hospital. Functional thyroid diagnosis system is designed using mobile
device, Android based software application, Database (SQL) and Server (MATLAB based decision
algorithms). With the system, functional thyroid disease can be diagnosed using an android based mobile
device. Different classification algorithms were searched for the most accurate diagnosis and Ensemble
method which has a high success rate for thyroid disease was used in the system. Ensemble classification

technique reached a success rate of 99.06% and 99.08% for the first and second data group, respectively.
These success rates were calculated by using gold standard test and results were compared with the
literature. Obtained test results showed that, the proposed mobile diagnosis system could be used for the
diagnosis of the functional thyroid. At the same time, this system can be developed for different diseases.

Doi: 10.24012/dumf.687898

Introduction Some of the prefixes to new developments in

Mobile devices enable people to benefit from the Mobile technology are as follows. Mobile

advantages of current technology independently ~ applications such as devices and sensors that
of places. Cell phones in the field of operate based on cloud systems and facilitate

communication, table computers in the field of ~communication between health specialists in case

education, hand terminals that collects orders in  ©f eémergency were developed. Among these are
the commercial field, indexers used for devices which psychologically satisfy smoking
electricity, water and gas billing are just a few addiction, inform famll_y _members_and medlcal
examples. Mobil devices have also become f€ams about the elderly living on their own in case
popular in the field of health recently. Mobil of emergency, collect information about calorie
health services are generally designed for two Purnt, blood oxygen amount and cardiac rhythm
purposes. The first one is for the diagnosis, during exercises and monitor numerous vital
treatment or monitoring of the disease status of activities in daily life. Many different software’s
the sick people. The other produces solutions for ar¢ developed for mobile devices or hybrid
the health system. For example, health expert systems. Sometimes systems (mobile and other

support, patient data sharing, etc [1-5]. issyztr??;; %ﬁlgﬁ%{]‘gd to work together. Our study
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In this study, an accessible decision support
system for functional thyroid diagnosis was
developed. The Android application to be written
in Android operating system was installed on a
mobile device. The individual blood values
(medical information) are entered on the designed
system via a mobile device and sent to the
database. The listener on MATLAB operating on
the side of the server controls the database on
regular intervals and receives the data to evaluate
them via the algorithm based on the decision
system. Following the evaluation, it sends these
data from the database to the client device. Thus,
the individual can reach preliminary information
about whether s/he suffers from thyroid or not.

Various data classifications techniques are used
in order to evaluate data on thyroid in the
algorithm of mobile diagnosis system. This study
uses ensemble classification technique which
yields better accuracy rates. Ensemble method is
based on the idea that the decisions made by
multiple people (such as a society or council)
instead of a single person will be more accurate
[6].

Fulfilling a vital function in the human body,
thyroid is a 25-gram endocrine gland located in
the lower neck and anterior trachea in a healthy
adult body. The thyroid gland regulating all
organs in human body through its hormones, it is
considered as the main regulator of the body’s
metabolism. Thyroid diseases are widespread
around the world and poses an important problem
for humanity. Medical screenings carried out
demonstrate that thyroid diseases affect life
quality. Similar to other endocrine diseases,
females suffer more from thyroid diseases
compared to males. In addition, thyroid diseases
are directly proportional to aging [7, 8]. The
diagnosis is usually made by medical specialists
as normal, hypo or hyperthyroid, based on blood
values. In this study, a decision support system
has been proposed with the ensemble classifiers
considering the decisions of the experts from the
blood values. They will be able to see the results
by entering their blood values on the web to the
mobile decision support system which has been
made ready for use.

Materials and Methods
Materials

The data belonging to thyroid disease used in this
study were obtained from machine learning

database = of  University of  California
(ftp://ftp.ics.uci.edu/pub/machine-learning-
databases/thyroid-disease/). The thyroid datasets
are divided into two groups as follows:

a) First Group Data: This group contains blood
values obtained from 215 individuals. Five
characteristics related to the thyroid disease exist
in each sample. The data set is divided into three
classes as Normal (euthyroid), Hyperthyroid, and
Hypothyroid. As shown in Table 4, there are
numerous studies on this data set in the literature.

First group data set consists of 150 normal (class
1), 35 hyper (class 2) and 30 hypo (class 3) data
and each sample contains five feature consisting
of blood values as follows.

Feature 1: Level of unsaturated thyroxine binding
globulin in serum thyroxine level.

Feature 2: Total serum thyroxine level measured
via isotopic displacement method.

Feature 3: Total serum triiodothyronine level
measured via radioimmunoassay method.

Feature 4: Basal thyroid stimulating hormone
measured via radioimmunoassay method.

Feature 5: The highest absolute difference
between TSH and basal levels following a
thyrotropic hormone (TSH) injection of 200 mg.

b) Second Group Data: This data set consists of
7200 samples/data belonging to three classes.
There are seldom studies on this data set in the
literature.

This data set consists of 166 normal (class 1), 368
hyper (class 2) and 6666 hypo (class 3) data.

Each sample contains 21 features. 1% feature
contains individual’s age (between 0 and 1) from
whom sample is obtained, and 2" to 16™ features
(15 features) consist of 0 or 1 coded via binary
number system. These features consist of
responses regarding the individual’s medical
conditions such as gender, thyroxine, anti-thyroid
drugs, thyroid, hypothyroid, hyperthyroid,
pregnancy, diseases, tumor, lithium and goiter. 5
features between 17 and 21 have a value between
0 and 1. These features were obtained via blood
test measurements during thyroid diagnosis.
These tests consist of values obtained from blood
tests such as TSH, T3, TT4, T4U, FTl and TBG.
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Figure 1. The flow diagram of the system
operating on MATLAB in the host computer

Ensemble Classification

Ensemble technique is based on the idea that the
decisions made by multiple people (such as a
community or council) instead of a single person
will be more accurate. Ensemble method can be
also defined as a combination of models or mean
of several different models. The mean of different
models was developed with neural networks in
early 1990s. The idea was put forward by Krogh,
it was stated that generalization error of ensemble
is lower than mean generalization error of single
ensemble members. The ensemble technique
forms a group of learners with a classification
method and these learners are trained with 'x'
training data. The decision of each trained learner
on the 'x' test data is evaluated and the joint
decision of the learners constitutes the final
decision of the method [9-12].

The mathematical expression of the ensemble
method for the test sample 'x' can be written as
follows;

class(x)= mode{L1(x), L2(x), La(x)...La(X)} (1)

where n is the number of learners in the ensemble.
Ln(x) is the final decision of the n-th learners in
the ensemble [11].

Decision Trees (DT) method

Decision tree (DT) is a commonly used
classification and pattern identification algorithm
in the literature. This approach is very similar to
human reasoning and is easy to understand. The
decision trees method has ease of use, fast and
high accuracy rate in data classification [13-16].
Due to the successful features of the decision tree
method, it has been chosen as an individual
decision-making algorithm for the diagnostic
support system.

Application and Experimental Results

The data to be analyzed are entered by the user in
Android based mobile device called client, and
are stored in MSSQL database. The general
structure of mobile decision-making system is
described as shown in Figure 2. The listener on
MATLAB operating on the side of the server
controls the database on regular intervals. If there
are new data in the database, the parameters sent
by the user through the mobile client are used to
operate algorithm. MATLAB sends the results
(decisions) obtained from the algorithm to the
database. Interacting with the database, the
android application displays the decision and
evaluates thyroid data via mobile diagnosis
system.

a 1 2
Y 5 F 5
SQL Server

Client MATLAB

Figure 2. The general structure of mobile
diagnosis system

Database

Numbers 1, 2, 3 and 4 shown in Fig. 2 show the
sequence and steps of the mobile diagnostic
system. These; 1: The information entered by the
user to the mobile device is sent to the Database
(SQL). 2: Information received from the database
is sent to the MATLAB for processing. 3: The
decision resulting from the information processed
on the MATLAB is sent to the Database. 4: The
decision from the MATLAB is sent to the
relevant mobile device. Thus, the user will be
informed about his or her illness by looking at the
decision of the trained algorithm received on the
mobile device.

First stage

An Expert system designed in MATLAB medium
that interprets incoming thyroid data and
produces results. Ensemble classification method
is the basis of the expert system. AdaBoostM2
was used as multiple classifier method and
Decision trees were used as learner. Information
on ensemble classification is readily available in
the literature. It is therefore summarized here.
Highest accuracy rate of Ensemble classification
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was obtained with 257 training cycles in the
application with thyroid data (the first group data:
215 samples, the second group data: 7200
samples). Thyroid data was classified with
optimized Ensemble classification. Table 1
shows the distribution of the first group of data
and Table 2 shows the distribution of the second
group of data. Table 3 shows the accuracy of
Ensemble classification results according to the
Gold Standard test system. In Table 4, the results
of the model are compared with the literature.

Table 1. Application results for the first group
data

215 samples  Normal Hyper Hypo Total
150 Normal 148 2 0 150
35 Hyper 0 35 0 35
30 Hypo 0 0 30 30
Total 215
Error (%) 0.94
Accuracy (%) 99.06
The number of inaccurate diagnosis 2
The number of accurate diagnosis 213

As shown in Table 1, the accuracy rate of the first
group data reached 99.06%. Here, the classifier
diagnosed 2 out of 150 normal samples as
Hyperthyroid. 35 Hyperthyroid and 30
Hypothyroid samples were diagnosed accurately.
Only 2 out of 215 samples were inaccurately
diagnosed.

7200 samples were used for the second group
data. The classifier diagnosed 166 normal
samples accurately. All of 368 hyperthyroid
samples were diagnosed as hyperthyroid. Out of
6600 hypothyroid samples, 6600 samples were
diagnosed accurately while 50 samples were
diagnosed as hyperthyroid and 16 samples were
diagnosed as the normal. The accuracy rate of the
classifier was 99.08% for this dataset.

Table 2. Application results for the second group
data

7200 samples  Normal Hyper Hypo Total

166 Normal 166 0 0 166
368 Hyper 0 368 0 368
6666 Hypo 16 50 6600 6666
Total 7200
Error (%) 0.92
Accuracy (%) 99.08

The number of inaccurate diagnosis 66
The number of accurate diagnosis 7134

It is underlined in the medical literature that the
function of thyroid gland can be best explored by
the blood TSH level and that TSH upper limit is
4 mlU/L in the healthy youth population [17]. The
present study yielded consistent results with this
figure. The decision tree classifier used in this
study determined the first branching criterion
based on TSH attribute and measured its level as
3.7 mlU/L.

In this study, real diagnosis results were
compared to get “gold standard test” [18] results
in order to test the reliability of diagnosis
performed pre-existing dataset.

Table 3. Gold standard test results of ensemble
classification method for 1st and 2nd group data
sets.

1t Group 2" Group

dataset  dataset
Sensitivity 1 0.9906
Specificity 09866 1
False positive rate 00133 0
False negative rate 0 0.0093
Positive predictive value 0.9701 1
Negative predictive 1 0.7155
Accuracy 0.9906  0.9908

When Table 1, 2 and 3 are analyzed, it can be
noted that ensemble classification technique can
yield quite accurate results for functional thyroid
diagnosis. There are numerous studies on these
data set in the literature, and the comparison
results of the present study and recent studies are
summarized in Table 4.
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Table 4. The comparison of the present study and other studies in the literature carried out via 1%

group data set

Author(s) Method Accuracy (%)
MLP 36.74 (test data)

Serpen et al. [19] LVQ 81.86 (test data)
RBF 72.09 (test data)
PPFNN 78.14 (test data)

Ozyilmaz and Yildirim [20]

MLP with back-propagation
MLP with fast back-propagation
RBF

86.33 (mean-3-fold-CV)
89.80 (mean-3-fold-CV)

CSFNN 79.08
91.14
LDA 81.34 (test data)
C4.5-1 93.26 (test data)
. C4.5-2 92.81 (test data)
Pasi [21] C4.5-3 92.94 (test data)
MLP 96.24 (test data)
DIMLP 94.86 (test data)
AIRS 81.00 (mean-10-fold-CV)
Polat et al. [22] AIRS with Fuzzy weighted pre- 8500 (mean-3-fold-CV)
processing
Keles and Keles [23] ESTDD 95.33 (10- fold -CV)
Kukkurainen and Luukka [24] Level set classifier 96.44
MLNN with LM 92.96 (3-fold-CV)
PNN 94.43 (3-fold-CV)
LVQ 89.79 (3-fold-CV)
Temurtas [25] MLNN with LM 93.19 (10-fold-CV)
PNN 94.81 (10-fold-CV)
LVQ 90.05 (10-fold-CV)
AIRS 94.82 (10-FCV)
Kodaz et al. [26] IG-AIRS 95.90 (10-FCV)
Dogantekin et al. [27] ADSTG 93.77 (10-FCV)
Dogantekin et al. [28] GDA-WSVM 91.86 (test data)
Chen et al. [29] FS-PSO-SVM 97.40 (mean-10-fold-CV)
Liu et al. [30] FKNN 98.82 (10-FCV)

. 97.73 (mean-10-fold-CV)
Li et al. [31] PCA-ELM 98.10 (10-fold-CV)
Dina et al. [32] CBR 99.53
Kaya [33] ELM (70-30% training-test) 96.79

e . 99.06 (215 data set)
The present study ENSEMBLE Classification 99.08 (7200 data set)

After it was understood that the proposed system
for thyroid diagnosis could be used in mobile
applications, the next step was taken. The
successful methodology was in the server in a
trained state in order to classify new data to be
evaluated. Users can send their blood values to

the online database for diagnosis thanks to the
Android application in their mobile devices.
MATLAB in the host computer receives new data
sent by the user via mobile devices and sends
them back to the mobile media following the
processing.
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Second stage

At this stage, the system was operated thanks to the interaction between mobile devices, MATLAB

and database.

(a)
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Figure 3. Application for mobile system; a) Matlab program in the server, b) Information from the

database.

Images taken from Matlab and database while
mobile system is running were given in Figure 3
(@) and (b). Program codes prepared in Matlab
environment, intervals and its control on the
database are shown in Figure 3 (a). Figure 3 (b)
shows the database where the evaluation results
of the data entered via mobile devices are stored.
The application system running on mobile device
is developed with Linux based open source

Android operating system. Database code is
written in C language.

Third stage

The android based mobile software to be operated
in the mobile device was written in the third stage.
This application to be installed in the mobile
device enables the user to enter data regarding the
disease in the mobile device which will be
evaluated by the system.
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T4 Globulin Level 134 T4 Globulin Level 134

St T4 19 T4 19 T4 1.9
T3 03 T3 03 T3 03
TSH 18.4 TSH 18.4 TSH 18.4

TSH (200mg) 8.2 TSH (200mg) 8.2

HEE

Contacts

Phone Messaging Internet Apps

(@) (b)

Evaluate Evaluate

(d)

Figure 4. Mobile device applications: a) Image of the mobile application logo on mobile device
screen, b) Screen interface where the user enters data in the mobile application, c) Evaluation process
of the system, d) Results displayed on the mobile device screen following the data evaluation.

Images of the mobile diagnosis system logo and
interface are shown in Figure 4 (a), (b), (c) and
(d). Thyroid data of each patient based on their
blood values are entered in the related section of
this application. When the user touches the
“evaluate” button, the system sends the user’s
data to the database. MATLAB operating in the
server controls the database on regular intervals,
applies the decision making algorithm to the new
data and sends the results to the database. The
application operating on the client mobile device
displays the related result sent by the database.
Thus, the user’s client mobile device can evaluate
data regarding functional thyroid disease thanks
to the mobile diagnosis system. The data on the
application screen belong to the important blood
values for the thyroid diagnosis.

Thanks to the methodology proposed in this
study, a successful (nearly 99%) mobile decision
support system for thyroid diagnosis was created
using the thyroid data obtained from UCI
database. The feasibility of the system was tested
and the results indicated that it can be used in
practical applications.

Discussion

Studies aimed at increasing the quality of life lead
to the development of artificial intelligence and
take more place in human life. This implies that
in the near future biological data (informations on

disease symptoms, pictures, sounds etc.) will be
interpreted by artificial intelligence-based
intelligent devices. In our work, it is aimed to
evaluate live data by experts or specialized
intelligent machines. For this purpose, the blood
data about the thyroid disease were evaluated
with the mobile device and accurate results were
obtained.

With our application, the diagnosis of thyroid
disease was successfully performed using a
mobile device. It should be noted here that disease
data is standard. Many studies have been done to
show which algorithms used as decision
mechanisms will be more successful in which
disease. In this study, data set of thyroid
functioning disease was evaluated online via
mobile device. Our work has been done for
multiple purposes. First, the most successful
expert system for functional thyroid disease has
been identified. Then a mobile application was
written and a diagnostic system was created. This
system allows the evaluation of disease data at
another center in rural or undeveloped areas
where no facilities are available. At the same
time, the developed mobile diagnostic support
system can be used for different diseases. The
central labs integrated with the system can
evaluate disease data with mobile devices. People
can download the designed android application to
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their mobile device and use the system. In
particular, doctors working in rural areas will be
able to use this practice as a decision support
system to assist physicians in evaluating disease
data. With this system, any person can be
informed about the disease through the mobile
device if they have their blood data about thyroid
disease. Our work will also provide additional
information to the physicians who will evaluate
the data obtained from the samples when they are
installed on blood analyzers. So in fatigue,
intensity or emergency situations, it may also
reduce the possibility of making false
interpretations of humans. Our work has the
infrastructure to solve all the processes on the
mobile device. However, current work requires
internet access. Data standards are needed to
evaluate disease data and it needs to be constantly
updated to prevent over-learning of the algorithm.

Conclusion

In this study, mobile diagnostic system was
created by using mobile devices, database and a
server. With the designed mobile diagnostic
system, functional thyroid disease data were
evaluated and accurate diagnoses were made. The
proposed system was developed via Linux based
open source Android operating system. This
application accurately evaluatesthe data entered
via mobile devices and displays the evaluation
results on the mobile device screen.

The classification accuracy of first and second
data group for functional thyroid disease via
ensemble classification technique are 99.06% and
99.08%, respectively. Highest accuracy rate of
ensemble classification was obtained with 257
training cycles in the application for thyroid data.
Ensemble classification system detected 2 of 215
samples incorrectly in the first data group. In the
second data group, 66 of 7200 samples were
detected incorrectly. The performance results of
the proposed the functional thyroid diagnosis
system is superior than the previous studies given
in Table 4 [34-36].

This system can be used as a mobile health
application and mobile support system for
functional thyroid diagnosis or other diseases.
Mobile diagnostic system can be developed and
used for different diseases. When the mobile
diagnostic system is operated in parallel with the
blood analyzer, human-induced errors can be

minimized by informing doctors of all possible

diseases.

Table 5. Directory of abbreviations

SQL . Structured Query Language

MSSQL : Microsoft SQL Server

UCl or . The University of California, Irvine

UC Irvine -

DT . Decision Tree

MATLAB : Matrix Laboratory

X-ray . X-radiation, a form of high-energy
" electromagnetic radiation

MRI . Magnetic Resonance Imaging

TSH . Thyroid Stimulating Hormone

T3 . Triiodothyronine

T4 . Thyroxine

TBG : Thyroid Binding Globulin

FTI . Free Thyroxine Index

TT4 . Total Thyroxine

T4U . Thyroxine Uptake
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