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Abstract 

 
In this paper, we present a framework that enables 

patient mobile monitoring by using biometric 

devices (e.g., glucometers, blood pressure meters) 

to send data to a mobile phone via technologies 

such as WiFi, NFC or Bluetooth. An ontological 

architecture has been created in order to catalogue 

the framework elements. In addition, we provide a 

predictive model for managing patient history 
based on an analysis of past situations in order to 

predict future difficulties (variations in vital 

signs). In general, a MoMo (Mobile Monitoring) 

framework uses mobile phones and biometric 
devices to facilitate patient monitoring. Data are 

recorded in a central server and stored in a 

database to be used by the architecture.  

1. Introduction 

The European population is aging, as nearly 40% 

of the population is expected to be between the 

ages of 65 and 80 years old between 2010 and 
2030. In order to address the economic and social 

challenge raised by this demographic change, the 

Commission proposed to launch a plan of action 

titled “To age well in the information society" in 
June, 2007.  

The objective is to use the Technologies of 

Information and Communication (TIC) to provide 

a more efficient, social and sanitary assistance.  
The goal is also to increase opportunities for 

communication and innovation of auto-assistance 

and healthcare. 

The Commission’s plan of action is accompanied 
by a new research and development program 

(I+D) that intends to use TIC in order to raise the 

quality of life for  people known as “Ambient 

Assisted Living”. [1] 

In order to improve people’s lives, we are 

developing a mobile monitoring system that 

allows patients to have constant feedback 
regarding their vital sign tendencies as well as 

direct communication with their doctors. As part 

of our proposal, we have included a recommended 

diet and a prevention module. These aim to ensure 
a healthy lifestyle without frustrating surprises for 

the patients. This is our motivation for developing 

the framework architecture for patient monitoring 

via mobile phone. Mobile devices represent an 
important technological advance because we use 

them for more than 60% of our daily activities. 

Our MoMo (Mobile Monitoring) framework for 

patient monitoring is based on communication 
between mobile devices and biometric devices. 

An ontological classification has also been created 

for the doctor and patient modules. Classification 

knowledge is collected through these modules. 
This ontological knowledge is used by the 

framework to generate applications for the 

patient’s mobile phone’s and the doctor’s pc. 

2. Related Works 

In recent years, researchers have contributed to 

this area because of its importance for improving 

people’s daily lives. Mei [2] propounded the 
development of a framework to represent patients’ 

vital signs. This framework facilitates the 

representation of the different existing standards 

to represent vital signs (FDA [3], CEN [3], HL7 
[4], DICOM [5]). However, it only proposed a 

vital signs representation obtained by the mobile 

devices. Our proposal is not based on 

representation of vital signs, but rather is based on 
the control and interpretation of these. LATIS 

Pervasive Framework (LAPERF) [6] provides a 

framework and automatic tools for the 

mailto:vladimir.villarreal@utp.ac.pa
mailto:jose.bravo@uclm.es
mailto:ramon.hlucas@uclm.es


  

 

development and implementation of applications 

in pervasive computing. It is designed through a 
system based on rules, which filters rules not 

contemplated in the system.   

Nirmalya [7] offers the idea of a framework 

supporting the merger of efficient context-aware 
information for healthcare applications assumed 

as in ambiguous context. It provides a systematic 

approximation to derive fragments of the context 

and to handle the probability of ambiguity existing 
in this context. In our case, we do not have 

ambiguity in the data. We achieve this by defining 

a profile for each patient, and the functionality of 

our architecture depends on this profile.  
Broens [8] proposes the development of a 

framework that incorporates the use of context 

information. This system sends messages to 

different dependences associated with the 

framework. In an example case, a patient has 

symptoms of a possible epileptic seizure. Those 

symptoms are reported to the patient by means of 

an Epilepsy Safety System (ESS) called Body 
Area Network (BAN), which monitors the patient 

twenty four hours a day. The system reports to the 

patient who has variations of symptoms that can 

lead to an epileptic seizure. Our architecture 
facilitates patient mobile monitoring by involving 

the doctor, patient, and mobile phone 

communication. The mobile phone belongs to the 

patient and is the key element in their 
communication and self-control.  

Preuveneers [9] has investigated how the mobile 

phone platform can help individuals diagnosed 

with diabetes to manage their blood glucose levels 
without resorting to additional systems (i.e., 

beyond the equipment they currently use). For 

example, they do not need to add any activity 

sensors, such as pedometers, accelerometers or 
heartbeat monitors, because the mobile phone is 

able to monitor the location and activity of the 

patient. Participants in this study were people 

diagnosed with Type-1 diabetes. We have 
evaluated this method of patient monitoring, and 

we propose that it is not necessary to record the 

location of the patient, but it is crucial to monitor 

the patient’s activities. This information allowed 
us to learn for future situations. Our case study is 

Type-1 and 2 diabetes. Mamykina [10] presents a 

framework called MAHI (Mobile Access to 

Health Information), which is an application that 
monitors patients diagnosed with diabetes and is 

capable of acquiring reflexive thought skills for 

social interaction with diabetes educators. Our 

proposal involves an endocrinologist who knows 
the patients’ specific profiles. Managing the 

reflexive analysis of past experiences is one of the 

most essential skills in controlling diabetes. 

MAHI is a mobile-distributed application that 
includes a conventional glucometer and a mobile 

phone that communicates with the glucometer. In 

contrast, Bravo [11] proposes a patient tele-

monitoring process. He proposes that when using 
a monitoring device, a person (patient or assistant) 

should be able to touch a NFC (Near Field 

Communication) tag on the phone in order to 

launch the mobile phone application. Touching 
the NFC tag activates the monitoring device, and 

measurements are sent to the mobile phone 

through a Bluetooth connection. The mobile 

phone is able to make a recommendation when it 

obtains the measurements from the monitoring 

device. Incorporating such technologies may be 

feasible  due to their low cost and low energy 

consumption. 

3. A Patient Mobile Monitoring 

Framework 

We have developed an architecture to provide 

continuous monitoring for different diseases. In 

figure 1, we present this architecture, which is 

comprised of four important elements: Mobile 
Monitoring Framework Structure, Layer 

Structure, Predictive Model and Multi-Mobile 

Monitoring System [12]. 

A. Mobile Monitoring Framework Structure: 
The framework initially defines a common 

structure for every patient´s data (ID, Name, 

Address, Phone Number, and others). Next, the 

data generated by the common structure are 
customized for each patient´s profile, which 

corresponds with each patient’s measurement data 

(disease, doctor, and others).  Secondly, the 

framework allows for the definition of all modules 
deployed by patterns (design guide), thus 

establishing relationships among each module and 

taking into account the individual profiles. With 

each module’s definition, a relationship among 

them and individual profiles is possible, which 

enables the generation of correspondent mobiles 

applications. Third, the communication structure 

defines the protocol for device measurement, 
tendency management and modules. 



A. Mobile Monitoring Framework 
(MoMo)

C. MoMo Predictive Model

B. MoMo Layer Structure

App embedded on the 
mobile phone

 

Figure 1.   Mobile Monitoring Architecture with all elements 

The device works by collecting data from sensors 

and sending it wirelessly. Next, the mobile phone 
automatically formalizes the received data by 

retrieving it in an XML document that is deployed 

by the framework module in a corresponding 

application.   
B. MoMo Layer Structure: All framework 

elements are defined in the MoMo Layer 

Structure. We have placed the devices (mobiles 

and biometrics) in the first layer of the 
architecture. In the second layer, we have included 

the ontology defining diseases, modules, devices, 

etc.   

The third layer uses a predictive model that is 
explained in the next section. The fourth layer 

includes the generation of mobile applications, 

and this is the most important element of the 

framework.  
We have used a design guide for the first through 

fourth layers of our framework by defining 

different characteristics of design in these layers. 

Finally, the last (fifth) layer is used to define the 
communications structure. 

C. MoMo Predictive Mode: We propose the 

implementation of a predictive model because the 
framework must be capable of generating mobile 

device modules for patient control according to an 

individual’s profile and vital signs. In addition, 

this predictive engine will provide 
recommendations based on past and similar 

situations. We can determine, in detail, that the 

measurements from a specific moment (Data Day 

X) can be compared with stored measurements in  
the patient’s record. The patient’s record contains 

the activities, physical conditions, and other 

information from previous situations. The 

predictive model (Data Day X + 1) allows for 
patient control by sending an alarm to him/her.  

D. Multi-Mobile Monitoring System: we used a 

server to store the information about the patient’s 

profile, modules and ontologies. This server 
receives and sends data using WiFi, Bluetooth and 

other wireless technology. 

 



  

 
4. Defining ontologies in the design of the 

framework 

According to Steve´s classification [13], the 

proposed ontologies in the development of a 

framework belong to a specific domain, and this 
domain is intended for the mobile monitoring of 

patients with chronic diseases.  

Our proposed architecture includes three key 

elements: PatientProfile, ModuleDefinition and 
CommunicationStructure. The PatientProfile 

defines each patient’s data. The ModuleDefinition 

elements are generated according to each patient’s 

profile, and the ComunicationStructure defines the 
communication between the mobile devices and 

the framework. For a better understanding of each 

of the elements in the architecture, an ontological 

classification of the patient´s profile is provided in 

addition to the ModuleDefinition. The framework 

uses the three key elements. The Module 

Definition obtains information from the Diseases 

and Food ontologies. The elements that comprise 
our application are illustrated in figure 2. 

The architecture contains ontological 

classifications of the following elements: 

PatientProfile: Defines each patient’s data and is 
created by the CommonProfile (stores the shared 

information of a patient for the different diseases 

he or she might suffer) and the IndividualProfile 

(stores information associated with each of the 
patient’s diseases). 

Diseases: A range of classified diseases to which 

our framework can be applied. The diseases have 

been classified as follows: by rapidity, by 
frequency and by origin.  

ModuleDefinition: These elements are generated 

according to each patient’s profile. The 

ModuleDefinition contains the following 
information: Care activities, Clinical State and 

Medical Treatment.  

Food: This ontology classifies the different types 

of food that a patient can consume.  
These ontologies allow the framework to extract 

the necessary knowledge. In addition, the 

ontologies are interpreted by the modules to allow 

interoperability between each of them and the 
application. 
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Figure 2.   General ontologies diagram of patients’ mobile monitoring 



5. Functionality of the architecture: A  

case study 

In figure 1, we have provided a general scheme 
that gives us an overview of  our architecture’s 

functionality that is based on the scheme in figure 

3 but personalized for a patient who uses our 

architecture. 
A patient visits his/her doctor (who strives to 

make the best decisions for every type of disease) 

who has an application that is generated by the 

framework for patient control. The information is 
updated in the patient’s profile according to the 

recorded measurements and  diseases that the 

patient may have. 

After the update is finished, the framework 
application generates the corresponding modules 

of control, which are diet, recommendations, 

activities, alerts and education, among others. 

These modules are organized by the final 
application that is embedded on the patient’s 

mobile phone using the following communication 

technology: Bluetooth, WiFi, GPS or LAN. The 
patient then returns to his/her daily activities while 

the mobile phone is in constant communication 

with the biometric device, which sends feedback 

in pre-established intervals of time. When the 
mobile phone detects variations in the desired 

levels of the patient’s vital signs, it executes the 

corresponding modules that have been installed in 

this one. 
In the event that important variations are detected, 

for example, blood sugar levels in diabetic 

patients, this one can activate alert signals.  The 

doctor and patient receive a report of these 
variations, which allows an immediate 

readjustment of the modules in the mobile phone. 

This update can be done immediately by using a 

communication network or it can be addressed at 
the next doctor visit. 

The framework stores the periodicity of these 

fluctuations in a prediction engine that will infer 

new changes to each module when visiting a 
doctor. 
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Figure 3.   Functionality of the architecture with the patient and doctor 



In developing our research, we classified our work 
in many phases associated with the software 

engineering method according to the advances 

that are reached and by relating some of these 

phases to other methods. 
In the first phase of our research, we carried out 

an exhaustive study of the literature regarding 

patients' mobile monitoring that was based on the 

aspects of the development of applications, area of 
study and use of devices, among others. 

The first phase focused on two aspects: the first 

one being a conceptual evaluation on theories, 

technologies and informative material on concepts 
associated with patient care, classification of 

diseases and use of devices; and the second aspect 

being the evaluation of the works developed in 

these fields. We were then able to identify the 
most important researchers in this field, the latest 

advances and discoveries, the important problems 

in this area and the limitations of the researches. 

We then proposed new designs and 
improvements. 

In the second phase, we designed an architecture 

for patients monitoring by mobile devices. We 

have also proposed a layer model that allows 
communication through each element of the 

framework. The layer model allows us to develop 

and update this architecture. We also designed 

ontological classifications in the following areas: 
PatientProfile, Diseases, modules of control, 

measuring devices classification and finally the 

generation of applications. 

Design guides allowed us to generate applications 
and establish the relationship between each of the 

elements. These design guides allow the 

generation of modules and applications in addition 

to ensuring the correct location of each element 
that is generated in different mobile devices 

(mobile phone, PDA, etc.).  

In this phase, a predictive engine was defined, 

allowing our architecture to make decisions 
(always guided by the medical specialists) based 

on variations in vital signs and then to update the 

application on the mobile device. Our architecture 

is also able to use some technologies that allow 
for generating a predictive engine with future 

information based on past actions.  

In the third phase, we developed the architecture 

and the visualization interface for the biometric 
and mobile devices. 

Finally, in the fourth phase, we  developed the 

evaluation of the framework architecture. We  

applied our architecture to cases that included 
patients with specific diseases and that also 

included medical specialists who were dedicated 
to the patient’s healthcare. In this phase, we were 

able to evaluate the efficiency and functionality of 

our architecture. 

6. Conclusion 

Our main goal for this project is to improve the 

everyday life of people with chronic conditions. 

This paper describes the development of our 
framework. 

This framework provides continuous patient 

monitoring in order to improve the 

communication between patients and doctors. We 
have generated an automatic architecture to create 

individual profiles for each patient, aid in self-

control and provide education modules 

corresponding to the patient’s chronic diseases.  
This architecture has been developed for the 

mobile monitoring of patients via biometric 

devices and mobile phones. We have developed a 

framework including intervening elements with 
ontological classifications. Some of the aspects 

that are modeled in the ontologies are diet, 

definition, medical treatment, care activities and 

patient profile. These ontologies allow the 
framework to provide an accurate interpretation 

and to generate the correct applications. 
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