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Abstract: The number of products that simplify people’s lives are increasing with the enormous development of the technology. Mobile
devices have a great importance for the provision of communication which is one of the most significant need of human beings. Mobile
devices have gone beyond to be used originally as a mobile phone purposes and they have begun to be used as a smartphone by taking in
charge of computers. They are not only used for communication but also they are used like camera, photo camera, notebook, television
and reminder. Google's Android platform is a widely anticipated open source operating system for mobile phones. Google’s Android
Operating System (AQOS) in mobile phones are still relatively new, however, AOS has been progressing quite rapidly. The increasing
number of smartphone users has prepared the ground for the emergence of new ideas to make life easier. Recently, especially some
applications in health sector have reflected one of the most important samples. Some of the mobile applications in this field used by
humans are about hearing test, vision test, diabetes, pregnancy, and doctor appointment. This paper focuses on following of drugs, taken
by patients, through mobile phones. The application running on the AOS provides the use of drugs on time with the alarm system. In
addition to this, the application gives information (time, dosage, and name) about drugs by reading data matrix located on the medicine
box. Thanks to visual and understandable interface and easy usage, many difficulties experienced in drug intake can be eliminated with

this application. Finally, the percentage of drug intake on time can be increased in the future.
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1. Introduction

Mobil devices (tablet PC, smartphone, and etc.) are rapidly
increasing and they are becoming an essential part of human life
due to its efficient and useful properties. Mobile users can benefit
rich experience of various services from mobil application like
google maps, which runs on the devices. Emerging technology is
becoming widespread in the field of health as it is in every field
of our life. In this context, providing access to health records with
the communication networks and mobile devices from the desired
location has been suggested as a growing business value in the
health field[1]. The drug which is one of the most important thing
in the field of health disorder is one of the most effective methods
used for immunity. For this purpose, following of the medicine
becomes more difficult and it reveals a dangerous situation in
terms of health for patients. All these problems have emerged the
idea of mobile drug tracking system. The main purpose of drug
tracking is to prevent disease by providing medicine taking in the
right time.

Positive impacts of the market of mobile applications in the
health sector are increasing day by day. Elderly population has
led to increase the health expenditures in a remarkable way.
Until 2030, health spending is expected to absorb %15 of the
gross domestic product of developed countries. These countries
such as Brazil, Russia, India and China anticipate that 175-200
billion dollars will be saved in the management of chronic
diseases using mobile health applications actively. This means
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that the area of the mobile health will gain more importance in
the future.

There are some systems for tracking up chronic illnesses
developed by mobile operators such as “Turkcell Health
Monitoring Service” and “Avea Patient Status Tracking System
with Chronic Illnesses” in Turkey.

In literature, there are numerous examples of mobile applications.
Hacer and Kiirsat[2] developed a web based mobile application
of child tracking system. In their study, GPS (Global Positioning
System) technology was used to provide location data. Another
mobile application developed by Yuce et. al. [3] focused on
asthma, a chronic disease which can be controlled with patient-
doctor cooperation involving frequent medical review and regular
self-monitoring by basic indicators. In their study, they proposed
to help patients by keeping their asthma under control and enable
doctors to reach their patients. There are some mobil applications
which are used for education of childen. One of them which is
carried out by Kural and Kilic[4] is an intelligent mobile drawing
platform. In their study, basic steps were explained by using
SVM (Support Vector Machine) and mobile platform.They aimed
to develop basic education skill and hand-eye coordination of the
children with supportive feedback. Finally, Kato and Tan[5]
reviewed the six 2D barcodes and then use an extra metric - a
first-read rate - to quantitatively verify our earlier results and
better gauge reading reliability.

The rest of this paper is organized as follows: In this section,
some mobile applications used in different fields are briefly
reported with their basic properties. Then, some fundamental
concepts about barcode and data matrix standards are given in
Section 2. In Section 3, we introduce our mobil application in
terms of how does it works with important functions. Moreover,
screenshots of the mobil application is presented to make the
application more umderstandable. Finally, we summarize and
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conclude this study in Section 4.

2. Barcode and Data Matrix Technologies and
Standards

Barcode technology is one of the information coding standard.
They are interface elements that provide access to encoded data
via optical reader. As seen in Figure 1, barcodes, consisting of
vertical lines and spaces of different thicknesses, is a method
used to transfer data automatically and error-free manner to
another environment.
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Figure 1. Sample barcode labels

The use of barcode system has provided great advantages in daily
life and business. This technology provides fast and accurate data
reading. In addition to this, it provides time saving in the
processes such as data update.

There are many types of barcode which have the serious areas
and development process from past to present. Generally, the
basic characteristic that distinguishes species from each other is
the amount of information that the code can hold. Figure 2
demonstrates the types of barcode used in literature.

In this paper, data matrix is preferred because of its use in the
pharmaceutical industry. Some basic information about data
matrix is given as follows.

BARCODES

2D BARCODES

ShotCode
Visual Code
Color Code

QR Code

Vs

1D BARCODES

Code 11

Code 25 Data matrix

128/A/B/C Maxicode
EAN 2/5/8/13

MSI

Code 39
Onecode

Figure 2. Some barcode types[6]

Data Matrix: Data matrix code is a two-dimensional matrix
barcode consisting of black and white "cells" structured in either
a square or rectangular pattern. Encoded information on the data
matrix can be text or numeric. The number of cells in the matrix
determines the length of encoded data.

Data matrix which can save 3116 numerical or 2335 character
can hold more data than one-dimensional barcode. On data
matrix, while each black cell refers “1”, each white cell refers “0”
mathematically.

One of the most fundamental characteristics of QR code is that it
accelerates the sharing of information. Instead of keeping

information in mind or taking notes about the things that you see
in a magazine, website link or contact information (map, phone,
and etc.), you can record the information immediately and use it
whenever you want thanks to a simple application in your smart
mobile device. From this point of view, QR code is one of the
most effective visual element of accelerating information to share
in the digital world.

3. System Architecture

In this study, we propose a system which consists of an
application to be installed on the mobile device with Android
operating system, a database where the drug information is
stored, and a Windows Communication Foundation (WCF)
service which provides the data exchange between them.

3.1. Database

SQL Server Express is a database system developed and
distributed by Microsoft, which can be used to provide a basis for
the applications running on desktop and small servers.
Microsoft's Azure cloud infrastructure and application platform
provide easy way of moving SQL Server databases to Azure. The
database is designed to be moved to cloud in the future.

SQL Server serves the majority of the database and management
tasks. Because of such facilities SQL Server has been the
preferred database server for our application.

3.2. WCF Service

The main objective of WCF is to enable the communication
between applications on the network or internet. Representational
State Transfer (REST) is an architecture to provide the data
transfer between client and server via Hyper-Text Transfer
Protocol (HTTP). REST services are platform-independent,
language-independent and easy scalable, so this architecture is
preferred in our system. The return types of REST Services can
be used as Extensible Mark-up Language (XML), JavaScript
Object Notation (JSON) based on the need. JSON is preferred in
our application because it can transfer smaller pieces of
information while transferring data in the application, and it is
easy to use on the mobile platforms. As an example, the barcode
number and drug information which is sent to the service is
illustrated in Figure 3 in JSON format. Likewise the database
system, the service is also designed to be moved to the cloud.

[} localhost/BarcodeDrug® X |

€ = C [ localhost/BarcodeDrugService/DrugSenice.svc/rest/GetDrugByBarcode/8699717010093 s =

{"GetDrugByBarcodeResult": [{ "Barcode": "8699717010093" , "Contraindication": "Parasetamole karsy asiry duyarlilik ve
karaciger hastaliklary olan kisilerde kontrendikedir.”,"Drugld":13296, "Formula":"Parol tablet; her tablette 500
mg parasetamol icerir.","Indication":"Bas ve dis agrilari, migren, dismenore, miyalji, nevralji, tim
miskiloskeletal ve tonsilektomi agrilaranda analjezik; soguk alganligy, influenza ve diger bakteriyel ve viral
enfeksiyonlarda ise hem analjezik hem de antipiretik etki gdsterir.”,"Interactions":"Tedavi dozunda etkilesin
belirlenememistir, Yiksek dozda ve uzun sireli kullanimda antikeagilan ilaclarin etkisini arttirmaktadir. Uzun
sreli yiksek dozlarda kullanilan parasetamol, kumarin, indantoin trevleri ile fenotiazinlerle etkilesebilir,
irinez, S-hidroksi-indol asetik testinde yanlis pozitif sonug verebilir.","Name":"Parcl 500 Mg 30

Tablet", "OverDoseAndTreatment” :null, "Pharmacological”:"", "Price":303.00, "SideEffects": "Parasetanol nadiren
alerjik ve asir1 duyarlalik resksiyonlarina ve makillopapiiler dokintilere neden olabilir. Vine cok nadir olarak
mide bulantisy gorilebilir. Bu yan etkiler ilaq kesildiginde ortadan kalkar. Uzun sireli kullaninda nadir olarak
hemolitik anemi, trombositopenik purpura ve agranilositoz vakalar: kaydedilmistir.","Summary”:"Verli, Beseri bir
ilagtar.Recete ile satilar.","UsageAndDosage":"Doktor tarafindan baska bir sekilde tavsiye edilmedifi takdirde;
12 yasindan biiyiik cocuklarda ve yetiskinlerde tavsiye edilen Parol Tablet dozaj1, gerekli cldukca her 4-6 saatte
bir 508 mg - 1 gr (1-2 tablet)'dar. Maksimum ginlik doz 6 tablettir. 6-12 yas arasy cocuklarda ise gerekli
oldukga her 4-6 saatte bir 250 mg - 500 mg (11/2-1 tablet)'dar. Maksimum ginlik doz 4 tablettir. Cocuklarda 4
saatten daha sik aralarla ve 24 saatte toplam 4 dozdan daha fazla verilmemelidir. 6 yasindan kicik cocuklarda
kullanilmamalidir.", "Warning": "Anemili veya kardiyak, pulmoner, renal ya da hepatik hastaliklar: olan kisilerde
doktor kontroli olmadan kullanilmamalidar, Analjezik ilaclar doktora danigilmadan uzun sire kullanilmamalidar,
Karacigeri etkileyen diger ilaclar ile tedavi edilen hastalarda doktor dnerisi ile kullamilmalidir, 5 ginden
uzun siren agrilarda, atesi 38.5°C"den fazla olanlarda, 3 ginden daha uzun siren ateste ve tekrarlayan ates
vakalarinda doktor tavsiyesi olmadan kullanilmamalidir. Hamilelikte kullanim: Hamilelikte dikkatli ve doktor
kentrolii altinda fayda-zarar iliskisi gézéninde bulundurularak kullanilmalidir. Emziren annelerde kullanim:
Parasetanolin site gegip gecmedigl bilinmemektedir. Bu nedenle dikkatli kullanilmalidar."}]} v

Figure 3. JSON Format
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3.3. Mobile Application of System

In the design phase of the mobile application, it is important to
specify which operating system will be used for running the
application. According to operating system, it is necessary to
make custom design and coding. Android, the open source
operating system, is used and Android Studio is preferred as an
editor. The purpose of this mobile application is to let the users
doing medication tracking via Android mobile devices. One of
the most important features of the application is to notify the user
when it is medication time and to let the medication is taken on
time. The medication alarm can be set manually as well as via the
QR code on the drug. In addition to this, multiple alarms can be
set.

The QR code on the drug is created to enable drug tracking. The
QR code consists of the barcode number for the drug (GTIN:
Global Trade Item Number) and a Serial Number (SN). By
integrating the Batch Number (BN) and the Expiration Date (XD)
to this unified record system, the obtained information is written
on the drug.

In this mobile application, information about drugs can be
gathered not only by their names but also by their barcode
number. For this solution, application needs a barcode scanner.
There is a library for barcode scanning on mobile devices called
Zebra Crossing (ZXing). In order to read the QR code, ZXing
library is used. ZXing is an open source, multi-format 1D/2D
barcode image processing library implemented in Java. This
library enables users to scan and read the QR code on the drug,
utilizing the camera on the mobile devices.

On the opening screen of the mobile application, the list of
tracked medications takes place, as shown in Figure 4. To add a
new record to this list, we press the ‘“Plus” button. In the screen
which is seen in Figure 5, a drug reminder can be set through
entering the activeness, title, hour, repeating days of the
medication reminder, the ring tone, and whether the vibration is
on or off, or by reading the QR code in Figure 6, and clicking the
“SAVE” icon. After this stage, the application is redirected to the
screen in Figure 4.

= w364 G0 511em

Drug Alarm 7

17:11
EveryDay

[ Parol 500 Mg 30 Tablet

Figure 4. Home Screen
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Figure 5. Drug Addition Screen
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Figure 6. Data Matrix Reading

In case of the drug is wanted to be deleted or the drug
information is wanted to be updated, the deletion or update can be
accomplished by selecting the item from the list in the opening
screen and using the screen in Figure 5. In order to delete the
record easily, the item is pressed and hold for a while in the
opening screen.

Either by clicking the “DRUG” icon on the opening screen or
through the QR code reading screen shown in Figure 6, the
information about the drug can be seen as demonstrated in Figure
7.
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Drug Alarm

Name:

Parol 500 Mg 30 Tablet

Formula:

Parol tablet; her tablette 500 mg parasetamol igerir.
Pharmacological:

Indications:

Bag ve dig agnlari, migren, dismenore, miyalji,
nevralji, tim miiskiiloskeletal ve tonsilektomi
agrilannda analjezik; soguk alginhg, influenza ve
diger bakteriyel ve viral enfeksiyonlarda ise hem
analjezik hem de antipiretik etki gésterir.
Contraindications:

Parasetamole kargi asin duyarliik ve karaciger
hastaliklan olan kisilerde kontrendikedir.

Warnings / Precautions:

Anemili veya kardiyak, pulmoner, renal ya da hepatik
hastaliklan olan kigilerde doktor kontroll olmadan
kullaniimamalidir. Analjezik ilaglar doktora
danisilmadan uzun siire kullanilmamalidir. Karacigeri
etkileyen diger ilaglar ile tedavi edilen hastalarda
doktor onerisi ile kullamimalidir. 5 giinden uzun siiren
agrilarda, ategi 39.5°C'den fazla olanlarda, 3 giinden
daha uzun siliren ateste ve tekrarlayan ateg
vakalarinda doktor tavsiyesi olmadan
kullaniimamalidir. Hamilelikte kullanim: Hamilelikte
dikkatli ve doktor kontrolii altinda fayda-zarar iligkisi
gozoniinde bulundurularak kullaniimalidir. Emziren
annelerde kullanim: Parasetamoliin siite gecip
gecmedigi bilinmemektedir. Bu nedenle dikkatli

Figure 7. Drug Information Screen

Temizle

Figure 8. Notification for the drug time

Finally, notification is received when drug time is approached as
seen in Figure 8.

As it was presented visually in the previous parts, the mobile
application of drug follow-up information system with data
matrix reader has a simple interface, therefore all the world and

his wife can experiment it easily.

4. Conclusion

With the increased use of mobile devices, mobile applications
have made a quick entry into our lives in many areas such as
education and health. Health applications attract the interest of
both health workers and patients.

Application makes possible to add up to the required medication
reminder record. The reminder of each drug is shown separately
and when desired a reminder notification can be added for each
drug. The most important benefit of this application is that nearly
almost problems about drug intake (dosage, time interval, and
etc.) will disappear. As a result, receiving time of the overall drug
percentage will be raised by this application.
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