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Abstract. In this paper, we designed a patient-centric cloud based diabetes lifestyle management system. It is composed of three layers namely sensing, communication and user interface. The goal of this cloud based diabetes lifestyle management system is to provide Type-2 diabetes mellitus patients useful information to remind user’s blood sugar level. The function of the sensor networks in this framework is to collect the data from human body and human activity as well as environmental information that may have effects on the healthy statement of the diabetes patients. The communication and central server part will handle the data exchange and data analysis that help to generate a final decision data and sent to user interface to remind the user of valuable information. Different from traditional e-health system, due to the diabetes patients are prone to effect by weather and environment varying. Therefore, the presented approach provide a rule algorithm which enables the rescue decision in the cloud server and transmit through the communication level, and finally provide a integrated user interface for diabetes users. An early warning user interface for diabetes patents has been designed and presented in this paper.
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Introduction
Type 2 diabetes mellitus (T2DM) is a metabolic disorder that results in hyperglycemia (high blood glucose levels) due to the body being ineffective at using the insulin or unable to produce enough insulin. T2DM was formerly known as non-insulin-dependent or adult-onset diabetes due to its occurrence mainly in people over 40. However, in recent years, T2DM is now becoming more common in young adults, teens and children and accounts for approximately 90% of all affected patients worldwide. According to the International Diabetes Federation (IDF) figure [1], more than 387 million people across the globe have diabetes and this figure is predicted to rise to over 550 million by 2030. T2DM is a serious medical condition that often requires the use of anti-diabetic medication, or insulin to keep blood sugar levels under control. 
A diagnosis of T2DM is made if a fasting plasma glucose concentration is > 7.0mmol/L (> 126 mg/dl) or plasma glucose 2 hours after a standard glucose challenge is > 11.1mmol/L (> 200 mg/dl). The development of T2DM and its side effects, such as heart, kidney eye diseases, can be prevented if detected and treated at an early stage. Many factors affect how well T2DM is controlled and most of these factors are controlled by the person with diabetes, including how much and what is eaten, how frequently the blood sugar is monitored, physical activity levels, and accuracy and consistency of medication dosing [2-4]. 
Nevertheless, to effectively prevent or manage T2DM, it is important to understand how to balance dietary, physical activity, and medication. The lifestyle improvement is one of the most important issues in the prevention and management of T2DM. An efficient T2DM lifestyle management system can sustain positive effects on weight and cardiovascular risk factors [5]. To achieve well protect and control T2DM, the continuous recognition of dietary activities from patients, balance dietary, physical activity, and medication every day have immediate and long-term effects to the patient to prevent with type-2 diabetes. However, lifestyle management for patients to prevent and control T2DM is difficult in routine primary care and traditional face-to-face specialty care solutions are not feasible for immediate and long-term implementation. 
Recently research found that T2DM and climate change are directly and indirectly interconnected [6]. For example, climatic extremes such as drought, disasters and long periods of extreme heat increase people’s exposure to diabetes risk factors. Therefore, supporting a better quality diabetes lifestyle self-management system (DLSMS) may need to conduct using a range of Machine-to-Machine (M2M) communication technologies. Due to self-management strategies to be sustainable in the long term, patients require a sense of having a stake in their management that is appropriate for their beliefs and perceptions, timely information and support, and an overall sense of empowerment in managing their diabetes in relation to other aspects of their life. Thanks to the Micro-Electro-Mechanical-Systems (MEMS) technology, its combined low power integrated circuits and wireless communication and made this new generation of body sensor networks (BSNs) possible. The wearable body sensor device could allow inexpensive and continuous healthcare monitoring health condition of the diabetes patient, and human activities with real-time updates of body signs via Internet. Moreover, the environment sensor will be deployed to collect surrounding environment conditions, for instance, climate sensors, humidity sensors and air-condition sensors. 
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Figure 1- Diabetes Lifestyle Management System Diagram

As shown in Fig.1, with integrate these body and environment sensors nodes with Machine-to-Machine (M2M) [7] technology, our DLSMS system can provide patient-centric e-health system and delivering actionable information with minimal human intervention. The e-health is the use of information and communication technologies (ICT) to enable health improvement and healthcare service. Remainder of this paper is organized as follows: a brief review of background and related works is presented in Section II. Rule based diabetes lifestyle management system architecture is described in section III. Our design outline will be present in section IV and finally conclusions and future work are explored in Section V.
Related Work
In this section, we provide an overview of a selection of related mechanism and algorithm that have been developed to e-health system related to diabetes management. To the best of our knowledge so far, only limited papers have tried to address T2DM issue in e-health application. Van Puffelen et al. [8] have developed the ‘Living with diabetes’ course: a group-based self-management support program specifically tailored to T2DM patients and their partners in the first years of living with diabetes. They aim to support both patients and partners in successfully integrating diabetes (care) into their daily lives and, hereby, enhancing self-management and diabetes-specific health-related quality of life in T2DM patients. Given the importance to intervene at an early stage in T2DM and the promising results of previous studies based on the Common-Sense Model, psychological and social aspects, including perceptions and attitudes, empowerment and social support, are integrated in the course because of their known important role in behavior change.
Sumi [9] proposed a new concept “SODA”, representing service oriented device architecture. It provides us an attractive and detailed scenario of the application of the architecture to display the fancy outcome of the proposed idea. It expounds the device integration in “SODA” with DDL (device description language) and propagates a clear and comprehensive framework of personal tele-health management system. While it ignores the inspection of the environmental factor which may has decisive effects on the data collected by the M2M communication system and the detailed solution for certain kind of healthy topic, for instance diabetes, has not been mentioned.
Lupu [10] proposed a framework for automatic management of body-area sensor networks. It utilizes the concept of self-managed cell, which consists of event bus, discovery service, role service, and policy service. The event-bus design, however, risks at detecting unnecessary events lead to more power consumption and they do not clarify who should be responsible for producing the policies. Sebestyen [11] proposed a web service-based data transfer solution for remote patient monitoring.  It adopts a gateway (e.g. a PDA or smart phone) to bridge the body area network and the central server. Communications are web service based, ensuring modularity and interoperability. This work, however, is designed for passive monitoring of health conditions, rather than actively providing context aware advices to patients. 
Forjuoh [12] carried out an experiment with PDA (personal digital assistant) to assist diabetes patients on self-care. Their study observed a significant glycosylated hemoglobin (HbA1c) decrease among patients who reported using their PDA more often, suggesting a positive role that PDA like information technology tools play in glycemic control. Jensen [13], they proposed a DiasNet Mobile, which is a personalized advisory service targeting at type-1 diabetics.  It is implemented using a Bluetooth enabled blood glucose meter and a mobile phone. This service could estimate patients’ blood glucose level based on three factors: insulin, carbohydrate intake and BMI (Body Mass Index) measurements. Based on the estimated blood pressure, glucose, BMI and waist circumference advices are shown in Table 1. Table 1 display of each evaluative result which is in accordance to the range of measurement values for blood pressure, blood glucose, BMI, and waise circumference. 
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Table 1. Classifications of Blood Pressure, Diabetes and Obesity

Unlike existing systems, we propose a cloud-based e-healthcare service model that can enable environment sensor nodes and wearable m-health devices to recognize the relationship between mutual diseases and risk factors and apply the autonomous assistant model to helping T2DM patients take care of themselves in their living environment. Our framework tries to achieve the following two goals: 
· Make the system autonomous by reducing user input as much as possible. 
· Be context aware by bring in additional information of human activity and surrounding environment. 
In addition, our framework not only offers a monitoring platform but also actively provides feedbacks to patients on the context base.
Diabetes Lifestyle Self-Management System Model
In this section, we introduce the design architecture of the proposed DLSMS. The DLSMS would be merged into patients’ daily lives, collecting, analyzing, body sensors information. At the same time, we also collect surrounding environment information such as climate sensors, air condition sensors to care a patient health from various aspects in his/her daily life then deliver this sensing information with M2M communication to the back end for further data analyze. Hence, there are three information entrances in our DLSMS: user input, body sensor input and environment sensor input. Body sensor input includes body sugar test result, the GSP information, video sensors input, etc., while environment sensor input includes temperature, humidity and so on. Users can communicate with the smart phone to record the intake food and physical exercise through voice controlling, photograph or even word typing.
A. Rule Structure
There are three information entrances in the DLSMS: body sensor input, environment sensor input and user input. For example, body sensor input includes body sugar test result, such as the Glycosylated Serum Protein (GSP) information, while environment sensor input includes temperature, humidity and so on. Users can record the eating food and physical exercise through voice controlling as his/her personal input data.  Most of all, our system adopts the event-driven paradigm. Major activities are triggered by certain events. In the context of diabetes management, these events include, but not limited to, high blood glucose, low blood glucose, severe exercise, and purchasing high sugar food. When one of the aforementioned events occurs, certain corresponding conditions are checked. If the conditions are satisﬁed, one or more actions may be taken. Otherwise, no actions will be taken. We bind the three elements: triggering event, conditions and actions together to form a set of rules. Functions of our system are based on the rule evaluations. Fig.2 illustrates the rule composition of our system.

	Device Identity
	Event Message
	Case List
	Validation Period



Figure 2 – Rule Composition Format

Fig. 2 shows the rule composition. To ensure ﬂexible and platform-independent evaluation of rules, all rule elements are described using XML language. An interpreter should be used for rule evaluation. 
· Device Identity: Each device identity is represented as a sensing function which enables connection to the machine-to-machine (M2M) network.  In terms of the blood pressure glucose (M2MBG), only the measured blood glucose is not displayed. Instead, the data on obesity measured by the weight scale (M2MOB) are requested to acquire the result.
· Event Message: Each rule has one and only one predeﬁned event. For instance, the sample rule will be evaluated when the blood glucose is greater than 7.0 mmol/L. The event element would be feed into an event detect, which will trigger the rule evaluation when the speciﬁed event occurs.
· Case list:  The case list consists of at least one case. Cases are indeed conditions and actions pairs. Each case consists of a nonnegative number of conditions.  All conditions are jointed by the ”AND” operator, implying that all conditions have to be satisﬁed in order for the corresponding actions to be performed. There has to be at least one actions associated with each case.  Furthermore, we can specify whether the actions are executed sequentially or concurrently with the <sequential> or <concurrent>tag. Note that all cases have to be evaluated. Furthermore, it is the responsibility of the entity, which generates the rule, to ensure that different cases do not contradict with each other.
· Validation period:  This element specifies a time period, during which the rule is considered valid. For instance, the sample rule will be valid forever since its creation. The <repeat> element deﬁnes which the rule should be evaluated repeatedly or not. If its value is equal to false, the rule will only be evaluated once. Fig. 3 sketches a sample rule, which will be used to illustrate the detailed rule deﬁnition. Each rule is composed of the following three elements:
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Figure 3 – Sample Rule Diagram


B. Event Driven Model
Event-driven model is appropriate for many intelligent applications, especially in M2M network since it has to take measurement by different sensor devices while collecting data by the use of network. Therefore, as it is displayed in Fig. 4, the application is constructed as 5 major events and their event handlers for processing. The first event is a boot event; this boot event will occur when the power is turned on and it initializes the M2M device and broadcasts the “join message”. In the measurement event which occurs when measurement button is pressed to measure the medical data, Data.Req message is sent and measurement function is activated. 
Data Acquisition event occurs when the measurement becomes terminated and the measurement data is acquired from the sensor. Furthermore, Receive event also occurs when Data_Ack or Data_Nak sent from other device becomes received. Accordingly, Receive event must make progressing according to the types of received message. Join and Leave messages cause for M2M Member list available from the network to become added or deleted. Additionally, if the type of the received message is Data_Req, it is the request to send risk factors (measurement value or assessment result) of the patient designated in the Payload. Therefore, risk factor table is searched and Data.Ack (or Data.Nak) message is composed and sent. Moreover, this algorithm was structured so that it does not suggest measurement value immediately upon the occurrence of DataAcquisition event and pass through assessment process after fixed timeout. In order to receive all the messages from other IOT devices in the network, time delay is needed. 
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Figure 4 – Event Driven Model

C. System Architecture 
As the diagram shows in Fig. 5, the entire system consists of two parts: the server and the mobile application. Communications between the mobile app and the server is facilitated by web service. In the rest of this section, we are going to introduce each system components and their corresponding functionality. The server provides four services for the mobile app:
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Figure 5 – System Architecture Diagram

· History update service:  the mobile app could use this service to commit historical sensor readings to the history database (DB), which locates on the server. Instead, on the mobile phone, we only cache short-term sensor readings. The historical sensor readings can be utilized to generate, say weekly health report. Furthermore, we can apply machine learning or data mining techniques on the historical data for rule generation. Rule generation based on historical data could provide personalization features [13] .
· Report generates service: this service is used to generate personal health report, this healthy report can be weekly or monthly basis. 
· Condition check service: during rule evaluation, the mobile application may call this service to validate some condition clauses.  The reason why we need this service is because some conditions clauses may need to be validated based on data which is not available on the mobile phone, e.g., some historical sensor data and whether information. If the conditions can be checked with local data, which is available at the mobile phone, this service would not be used.
· Rule update service: the mobile application uses this service to retrieve new rules or update old rules. 

Apart from the four services provided by the server, it is worth mentioning the rule generator, which automatically generates a set of rules based on historical sensor data, and information stored at the hospital customer relationship management (CRM) system. For instance, the rule generator discover a treatment in the CRM system, it should generate rules to reminder the patient to take the treatment on time. Automatic rule generation, however, is not the only way of rule update. We also allow manual rule update. Doctors or researchers may manually code their experience or research results into rules and dispatch the rules to patient. On the mobile phone side, it consists of the following components to carry out rule evaluations:
· Local rule DB: it stores a set of rules to be evaluated. 
· Mobile user interface: users could use this interface to conﬁgure the rule DB, e.g., disable some rules or change the notiﬁcation methods. Furthermore, users can also retrieve and view the health report through the interface.
· Event detector:  when a rule is added into the local rule DB, it should register its event to the event detector, signaling which event it is interested in.   Accordingly, when the rule is disabled or removed, appropriate deregistration should be carried out. The event detector is responsible to monitor the sensor readings and detect those registered events.  Note that only registered events will be detected, but not others
· Rule evaluator:  when the event detector detects an event, the rules that register the event will be triggered for evaluation, which is coordinated by the rule evaluator.
· Condition checker: this component is used to check each condition clause.   In case, the local data is not enough to validate the condition, it should contact the condition check service at the server to evaluation the condition.
· Action executor:  it the conditions clause is valid, the corresponding actions should be executed, which is carried out by the action executor.  Apart from noticing users through either multimedia message, or phone display, the action executor may also adaptively update the local rule DB by adding new rules or modify rule parameters.
With the aforementioned system architecture, actions are trigger by contextual events, reducing the amount of human intervention.  More importantly, it shifts the advisory system from the pull-based paradigm to the push-based paradigm. The right advices can be delivered to users based on the current context without user awareness. The extensive adoptions of sensors free users from manual input, which is quite inconvenient for handhold devices such as smart phones. Furthermore, with sensor, we can acquire data at a much faster speed, allowing more accurate advices.
The system capability is limited by the sensor capability. For instance, the system can only get intermittent glucose sensor readings, as the most of the current glucose meters cannot achieve continuous monitoring. With the modular design, our system, however, allows gradually upgrading of sensor and incorporation of new sensors. Note that our system is not a mission critical system. Instead, it is more likely an assistant system, which provides users with suggestions or reminders. Therefore, even if in case some sensors are not sophisticated enough, we can still exercise the best effort to help users.
We use a real life scenario to illustrate how our system architecture works. Suppose we have a rule as shown in Fig. 6, which is generated based on good medical practices and updated manually to the rule update DB located on the server. The mobile client periodically poll new rules from the server using the rule update service. When this new rule is synchronized to the local rule DB located on the mobile client. The local rule DB will register the event speciﬁed by this rule to the event detector. In this particular case, the event that this rule is interested in is high blood glucose (> 7.0 mmol/L).
Next the event detector will detect the registered event. It periodically poll sensor readings, based on which events are detected. The sensor that triggers this particular event is the blood glucose meter. Unlike normal sensor, which can monitor patient’s condition continuously, most existing blood glucose meters require patients to prick the skin manually. We could overcome this shortcoming by continuously simulate the blood glucose level based on the discrete glucose meter reading input. When the blood glucose exceeds 7.0 mmol/L, the rule evaluation is triggered.
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Figure 6 – Logical Diagram of System Architecture

The rule evaluator component is responsible for coordinating the rule evaluation. It enumerates each case element of the rule, and uses the condition checker to check the corresponding conditions. For instance, in the ﬁrst case of the example rule, we have three conditions to check.  If all three conditions are satisﬁed, say the last blood glucose value is less than or equal to 7.0 mmol/L (otherwise, the actions will be constantly ﬁred whenever the glucose level is larger than 7.0 mmol/L), it is two hours after the last meal, and today is sunny, the corresponding actions speciﬁed by the case element will be executed by the actions executor. 
The action executor executes the actions in the designated order.  In this case, it would reminder the patient that his/her blood glucose level is too high, and suggest him/her doing some exercise to lower down the glucose level. Meanwhile, the action executor will schedule a timer task, which reminder the patient to re-test his/her blood glucose in two hours.
With the above scenario, we could see clearly how different system component interact with each other. The whole process is largely automated and event triggered. In the above example, the only two steps that involves user input is the rule generation based on good medical practice and the blood glucose measurement by pricking the skin. The rule generation, however, is once and for all. The manual blood glucose measurement can be improved with non-intrusive glucose measurement equipment when they get into the market.  Furthermore, new features in our system are added into the name or rules, which do not require system upgrade and reboot, making it very easy to use for non-technical users.
Evaluation
As is shown in the Fig. 6, the user interface shows the concept of DLSMS that aim at provide a friendly and patient-centric e-health care system. This system can be divided into two parts namely sensing and communication. In sensing part, body sensors will attached around the human body to collect the information on the healthy statement of the user and environmental sensors aiming at those surrounding factors which will affect the patient’s healthily condition. In the communication part, these body sensors will communicate to each other by utilizing ZigBee or Wi-Fi standards to transmit or relay the sensing result to the gateway. A gateway can be mobile devices such as smart phone to coordinate the operation of the body sensor network and collect environment information as well as communicate with the central server via 3G communication system. Once the central server received the information from DLSMS, the central server is in charge of data analysis and decision making support. Ultimately, these analyzed data will be sending back to user interface to remind the user of useful information.
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Fig. 6 – Diabetes Lifestyle Management System User Interface 
Conclusion and Future Works
In this paper, the proposed concept of   diabetes lifestyle management system is a patient-centric e-health care system. Its aim at provides a friendly user interface to provide useful information and alert user while they need. This system can be divided into two parts namely sensing and communication. In sensing part, body sensors will attach around the human body to collect the information on the healthy statement of the user. Weather and environmental sensors aim at those surrounding factors which will affect the patient’s healthily condition In our future work, we consider to implement our system and integrate hospital customer relationship management (CRM) system to provide a better complete solution for diabetes patients. And through user interface, the diabetes patients can also adjust the reminding mechanism according to their preference. The communication and central server part will handle the data exchange and data analysis, which help to generate a final decision data and sent to user interface to remind the user of valuable information. 
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