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Abstract 

 
 Consistent monitoring of vital health parameters is an important issue in the Medicare systems. With recent technologies, it 

allows communication between a patient and medical personnel using a smart-phone. The process presents a fast data retrieval in 

case of emergencies. Paperless environment is required in healthcare systems for reducing time and loss of records.   

This paper presents a data mining approach including clustering methods to the healthcare system and the Near Field 

Communications (NFC) technology. 

We propose two-phase approach to help the hospital finding or identifying patient outliers and their identification. 

In phase one, we use clustering methods and establishing a comparison among them to find the common outliers.  We use 

WEKA software with the most known five clustering techniques.  

In phase two, we propose the m-Health solution model.  In this work, we attach an NFC tag to an elderly patient that has the most 

5 relevant records. With a simple interaction, which involves touching tags with mobile phones, it is possible to manage the 

information easily. This yields a fast treatment for patients who fall down unconsciously.  However, the critical information 

stored in tags is very limited, as future work; we will propose a database integration that retrieves more patient records for better 

decision. We derive recommendations and future research.  
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   1. Introduction  
Data mining on medical data has great potential to improve the treatment quality of hospitals and increase the 

survival rate of patients. Clinical study has found early detection and intervention to be essential for preventing 

clinical deterioration in patients at general hospital units.   

Mobile – Health is delivering health, defined as the state of complete physical, mental and social well being, via the 

mobile channel. No agreed industry definition for m-health. Note m-health is not a subset of or mobilization of e -

health. Mobile devices have unique attributes, including being personal to the patient, always with the patient, and 

always on and as well as helping to provide social context, e.g., location. This makes mobile a more appropriate 

channel for delivering health than any other mass media. In the past few years, mobile health, or m-health, has 

drawn a lot of interest. This isn‟t surprising as it‟s one of several sectors, where mobile really makes senses and 

make a difference in myriad situations, from the persons who falls [1].   Data mining on electronic medical records 

EMR has attracted a lot of attention but is still at an early stage in practice.  

Knowledge of such subgroups of patients is valuable for tailoring and implementing quality initiatives in hospitals. 

The growing adoption of information technologies in healthcare and the availability of more patient data and related 

healthcare variables provide new opportunities for using analytics to impact health outcomes. Most hospitals have 

some type of healthcare information technology in place EMR, which allows them to measure and capture patient 

data in real time and at the point the care [2]. 

The paper proposes a NFC based design for fast record retrieval. Different patient monitoring NFC based modules 

have been proposed pertaining to patients admitted to hospitals, self-care patients, patients suffering from memory 

loss diseases like Alzheimer, etc. With advances in medicine and technology, the focus is on creating better 
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healthcare systems. With NFC technology, hospitals can better track patient information and update doctors' notes 

thus improving patient monitoring. Wearable health-related devices, ranging from heart monitors to biosensors that 

read body temperature, blood pressure etc. transmit critical information in real time to the patient's NFC tag. The 

doctor can then easily tap his/her device at the tag and then obtain the data. NFC is used to implement Electronic 

Medical Records (EMR) which aims at simplifying the process of keeping medical records. The specialized 

software stores patient history including digitized copies of x-rays, lab results and prescriptions. With the help of 

NFC tags, the patient's EMR can be synchronized and stored temporarily at the hospital for easy access by the 

physician. Further the patient's records and doctor's prescriptions for that day can also be updated. 

 

1.1 Importance of Healthcare  
 These are the some important features in Healthcare [3].  

  ● Access all the patient records and rapidly detect anomalies,  

  ● Analyze data using an automated system, which is useful in the case of major and repeated anomalies,  

  ● Boost productivity and care quality through remote, shorter and more frequent consultations,  

  ● Interact quickly and easily in a structured way via tools shared between the primary care provider and day-to-day  

       patient   monitoring,  

  ● Provide motivational support for patients who desire it,  

  ● Contribute to biomedical research through the tool‟s healthcare database. 

 

The objective of this study is to provide useful rules and compare different clustering methods.  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 1: An overview of the steps that composed the KDD process. 

 

The above figure is used to analyze and interpret these data. Moreover, the paper proposes a two-phase approach to 

solve the above difficulty. 

In phase one, we use clustering methods, Simple KMean, EM (Expectation Maximization), FarthestFirst, SIB 

(Sequantial Information Bottleneck) and Xmeans [4]. Comparison among classifiers is conducted. In phase 2, we 

propose the best mHealth (Mobile Health) solution model. In a health care context, the use mHealth technology can 

be employed for not only bringing down health care costs but also facilitate automating and streamlining patient 

identification processes in hospitals and use of mobile devices like PDA, smart phones, for design a health care 

management systems.  

In this paper, we outline mHealth concepts which enable patients suffering from chronic diseases to keep in touch 

with the healthcare system anywhere and anytime. To meet these requirements a user interface concept based on 

mobile phones and medical sensor devices enabled with Near Field Communication (NFC) technology was 

developed, linked to a web-based telemonitoring system and evaluated in clinical field trials with patients suffering 

from different chronic diseases like diabetes and heart failure. The elderly patient may fall any time or be confused.  

The hospital staff that has a mobile phone that has NFC technology, they can instant access to information (medical 

history) for fast treatment in case of emergency. 
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 2. Related Work  
 Process mining was originally conceived to analyze and visualize event logs from non-healthcare related industries, 

and so it is not built for handling specific relationships medication-outcome that are seen in healthcare, but process-

mining related techniques for visualization may inform our own future techniques for clinical data analysis [5]. 

Many studies combine process mining with other data mining techniques, such as clustering methodologies based on 

Hidden Markov Model transition matrices and k-means clustering to identify regular, infrequent, and outlier clinical 

cases, as well as spectral clustering to identify the major activity patterns in an emergency department [6][7].   Other 

studies that apply process mining to healthcare are reviewed elsewhere [8]. 

 Few studies related to medical diagnosis and survivability using data mining approaches like decision trees [9][10].     

Khan and other in [11], they used decision trees to extract clinical reasoning in the form of medical expert‟s actions 

that are inherent in a large number of electronic medical records. The extracted data could be used to teach students 

of oral medicine a number of orderly processes for dealing with patients with different problems depending on time. 

Sung and other in [12], they utilized a C4.5 algorithm to build a decision tree in order to discover the critical causes 

of type II diabetes. They have learned about the illness regularity from diabetes data, and have generated a set of 

rules for diabetes diagnosis and prediction. Petrus and other in [13], they discovered „treatment pathways‟ through 

mining medical treatment procedures in the emergency department. They found that the workload in the emergency 

department varies depending on the number of presented patients, and is not affected by the type of procedure 

carried out.  Chandraprakash and other in [14], they proposed an advance analysis and implementation of data 

clustering using K-Means and customized algorithms. A comparison was established. Baghat and other in [15], they 

proposed an effective solution for retrieving a cancer patient‟s medical history in hospitals. They used the NFC 

technology and database server for storing the database. Araar and other in [16], used data mining and RFID 

technology for identifying the bad bus drivers in Emirates transport. Quratulain and others in [17] used the NFC 

tags-based notification system for medical appointment. 

In this paper, we use real data of elderly patient‟s records from the RAK hospital for a combination of a data mining 

and NFC technology.  WEKA is used as a tool to generate results with different clustering techniques. The NFC is 

used to retrieve and store data into tags for patient outliers. Suggestions and recommendations are derived. 

 

3. Experiment Setup   
3.1. Data Collection and Preprocessing 
    Data Preprocessing is an essential part of Data Preparation. Different methods of data preprocessing were used to 

the patient‟s data in this paper. Data Preprocessing involved many tasks such as data aggregation, feature selection 

and creation, and normalization.     

 After preprocessing, the cleaned dataset has 40 attributes.   Attributes are created based on the real data which has 

been collected as shown in Table1 and Table 2. Dataset then is formatted to the ARFF (Attribute-Relation File 

Format) that describes a list of instances sharing a set of attributes.  Table1 and Table2 describe the attributes and 

the nationalities respectively. 

                                                             Table 1: Attributes of the dataset  

No Attribute name No   Attribute name 

1 Patient_Number   21 OLD_CVA 

2 Age   22 POST_RTA 

3 Nationality   23 Quadriplegia 

4  Gender  24 CANCER 

5 Data of admission  25 DVT 

6 Bed Number 26 MRSA+VE 

7 CVA  27 BEDSORE 

8 HTN 28 CHB 

9 PEG 29 IHD 

10 RLS 30 Motor_Neuron_ disease 

11 OSTEOPOROSIS 31 ANEMIA.ABS 

12 DM 32 BPH 

13 OLD_PTB 33 CA.BLADDER 

14 DEMENTIA 34 CELEBRAL_ PALSY 

15 SENILITY 35 MR 
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Table 2: Nationalities and their codes 

 

 

 

 

 

 

3.2 WEKA Toolkit 
The WEKA (Waikato Environment for Knowledge Analysis) is an easy to use graphical user interface that 

harnesses the power of the WEKA software [18]. The major WEKA packages are Filters, Classifiers, Clusters, 

Associations, and Attribute Selection is represented in the Explorer along with a Visualization tool, which allows 

datasets and the predictions of Classifiers and Clusters to be visualized in two dimensions [19]. 

The following figure shows the summary of the methodology of this study. 

 

 

Figure 2:  Simplified Methodology of the process 

 

 

 

16 IHD.DM 36 CKD 

17 EPILEPSY 37 BPH 

18 IHDONPACE_maker 38 Old_potts_disease 

19 AF 39 PARAPLEGIA 

20 MENTALY_SUBNO

RMAL 

40 BEDRIDDEN 

Code Nationality Code Nationality 

1 UAE 7 No papers 

2 GCC 8 African 

3 Yemen 9 Middle East  

4 India 10 North Africa   

5 Pakistan  11 Europe  

6 Iran  12 Others  
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4. Experiment Results  

4.1 Phase 1: Clustering analysis  
 

We apply 5 clustering methods for detecting the common outliers [20]. We selected iteratively a number of clusters 

for each methods [21][22]. Table 3 shows the distribution of outliers among methods.  

 

  

 

 

 

Table 3:  Distribution of outliers among the five clusters 

 
 

Table 4 provides a summary of the common outliers. The patient 13, 38, 43, 55 and 56 are the common outliers 

from 4 different methods among the 5 methods. They will used as a prototype for phase 2. 

                                                                     

                                                                Table 4:  A summary of common outliers   
Outlier(s) Number of 

Clustering 

Methods found 

Simple-

K Means 

EM Further 

First 

sIB X-Means 

Patient13  3 1   1 1   

Patient38  3   1 1 1   

Patient43  3 1   1   1 
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Patient55  3     1 1 1 

Patient56  4 1 1 1 1   

                                                                 

 

4.2 Phase 2: Mobile-application to health monitoring 
The elderly patient may fall any time or be confused.  The hospital staff that has a mobile phone that has NFC 

technology, they can instant access to information (medical history) for fast treatment in case of emergency. Figure 

3 views the Two-Phase approach. 

 

 Phase 2: 

NFC Elderly patients 
1. Emergency aid for patients 

2. Reading/writing patients 

information into tags 

3. Paperless environment and 

fast retrieval 

 

Phase 1: 

Identification of outliers 
Clustering methods  

and comparison 

 

 

 

 

 

 

Figure 3: The Two-Phase approach 

 

Near field Communications to work, the mobile phone needs to come with bundled with the technology at the time 

of manufacture. There would be a chip inside the mobile device which holds the details of patient‟s information. 

Near field communication is the technology of the future to make payments through mobile phone devices. Besides 

that it can be used to pay for mobile ticketing in public transport, device acting a debit/credit card to make payments, 

read RFID Tag [23].  

 

 

 

 

 

 

 

Figure 4: NFC bracelet tags 

 

The Tap2Tag Medical information tag comes as a wristband, key fob, sticker for the house or car or the more 

traditional card. The information is not stored directly on the device by in the cloud and the owner can decide how 

much information should be shared in an emergency. The type of data that can be stored includes [24][25]: 

 Name 

 Allergies 

 Current medication 

 Organ donor status 

 Date of birth 

 Doctor names 

 Blood group 

 Relatives 

The goal is to give the first responder some basic information so that they can carry out emergency treatment while 

waiting for the arrival of more qualified medical staff. The information is also available to paramedics, hospital staff 

and doctors. 

Once the information is accessed, alerts can be sent to next of kin and other family members.    
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4.3 NFC Data Exchange Format (NDEF) 
NDEF message is presented by the following figure. It contains 3 records, and every record has a header and a 

payload. For our case the NFC tag is limited to 5 records only. 

 

 

 

 

                        

 

 

 

                         

 

 
                                                                                                                                                      (b) 

                                                                                                                                               

                                

                                (a) 

                                                Figure 5: (a) general NDEF message,  (b) NFC tag per patient                             

 

 

4.4 NFC Implementation  
To build an NFC application, we will follow the steps below: 

 

 

                              

 

 

 

 

 

 

 

 

 

 

 

 

                                                                           Figure 6: Steps of the implementation 

 

Figure 6 describes 8 steps for implementing an activity and editing data into a tag or reading as well [26] [27].  

The RAK hospital patients may fall any time or be confused.  We use the NFC technology to the 5 outliers.      Since 

the size of token is limited to 5 fields, we select the most relevant emergency information to be stored in the tag for 

fast treatment, see table 5. 
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Table 5: Emergency information 

 
No Patient 

code 

Disease condition  Medication 

Taking 

Doctors Relative 

contact  

1 MOH-

00003863 

IHD.DM,AF,HTN,Epile

psy 

atorvastain , bisoprolol , calcium 

carbonate 

Abd 

Allah  

050 6634985 

2 MOH-

00001352 

Motor  Neuron Dis., 

Anemia  

, multivitamin , lactulose Ahmad 050 3263265 

3 MOH-

00001369 
CVA, Sensibility  

acetaminophen , metformin Ahmed 050 2166810 

4 MOH-

00001374 
CVA,CKD,BPH 

bisacodyl , TNF MED Abd 

Allah 

055 2031096 

5 MOH-

00001378 

OLD Potts Dis.  

Paraplegia  Bedridden  

clobettasol topical , ferrous sulfate   Ahmed 050 2333311 

  

 

 

The emergency information output for the 5 patients is displayed using Samsung Galaxy with NFC application.   

For the operation mode,  the NFC device can read and write on the passive tag attached into patients. 
 

 

Figure 7:  Emergency information output display 

  

Figure 7 shows the display of the 5 relevant records for the 5 outlier patients. Doctors can make fast decisions for 

any elderly or chronic patients who fall down unconsciously. 

 

5. Conclusion and Future Works  

This paper presented a data mining approach including knowledge discovery process and clustering methods to the 

health care system in RAK hospital. 

We proposed two-phase approach to help the hospital finding or identifying patient outliers and their tracking. 

In phase one, we used clustering methods and establishing a comparison among them to find the common outliers.  

We used WEKA software with the most known five clustering techniques. Based on the data, we discovered 5 

patient outliers.   

Clustering is a descriptive technique. The solution is not unique and it strongly depends upon the method. We 

described how it is possible to combine different results in order to obtain stable clusters, not depending too much 

on the criteria selected to analyze data.  Various types of clustering algorithms are then reviewed. Determining the 

optimal number of clusters and interpreting and validating the resulting clusters are also covered in the discussion on 

using cluster analysis in medical resource.  We need to do experiment on more data to have accurate results.   

In phase two, we proposed the best m-Health solution model.  

 In this work we proposed the adaptation of Near Field Communications (NFC), applying it to elderly patients for 

instant access to information and fast treatment. With a simple interaction, which involves touching tags with mobile 

phones, we managed the critical information easily.  
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Future work includes improvement of the accuracy of the current result as well as further utilization of recognized 

news and comment messages.  Since a tag can hold only 5 fields, we propose the following figure, where the mobile 

device can read data directly from the RAK database as follows: 

 

 

 

 

 

 

 

                      
 

 

 

 

 

 

Figure 8: Proposed NFC database integration 

 

From figure 8, the mobile device read the patient code from the NFC tag.  Using the network, we can map the 

patient data from database with the patient code as a primary key [27] [28].   

1. Reading patient code from NFC patient tag 

2. Using PHP to fetch the Database data from the server 

3. The android application searches for data from the database  and it receives data from the database and 

displays the appropriate patient records 

Based on Figure 8, library application for mobile phone for Android OS will connect to current library system. The 

purpose of this integration is to ensure all transactions using a mobile phone will update automatically into the 

library system. All transactions must be executed on the real time and internet connection is required. 

Also as future work, this work can also be extended to:  

1. More number of records for a period of 3 to 5 years for better analysis. 

2. Data mining for other hospitals in UAE, 

3. Multimedia database MM-DBMS will be used instead of relational DBMS, we can include 

 Cardiograms/ECG is incorporated in the Electronic Health Record (E.H.R.) as radiographs. 

 Radiographs/ X-Rays 
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