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Abstract 
With the continued increases in the global population, a serious problem 

will occur in relation to an ageing population. The reason for this is that 

a significant number of elderly people may suffer from serial chronic 

diseases making it difficult for them to live independently and thus they 

pose a significant economic burden for both themselves and for their 

government. In order to solve this problem, more and more E-

healthcare applications are being designed. In addition, a wide range of 

medical sensors exist, which can monitor almost all the important 

physiological parameters of the human body. However, different sen-

sors may use different communication protocols, data units and formats. 

Additionally, the elderly may use more than one E-healthcare applica-

tion at the same time and this can lead to problems if there is more than 

one data source. The project “A Middleware of Wireless sensor net-

works for Home healthcare monitoring application” is designed to solve 

these problems.  The focus of this report is on the design and implemen-

tation based on multiple modules of data acquisition. There are four 

data acquisition modules which include the ZigBee module, 6LowPAN 

module, Wi-Fi module and a Bluetooth module. Thus, multiple data 

acquisition module middleware supports the sensor by means of Zig-

Bee, 6LowPAN, Wi-Fi and Bluetooth. The tasks of the middleware are to 

collect packets from sensors, perform data processing and mapping and 

then displaying as real-time data and finally transmitting the data to the 

remote server.  

Keywords: WSN, E-healthcare application, middleware. 
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1 Introduction 
Recently, as wireless sensor network technologies have been continu-

ously developing, more and more E-healthcare applications are being 

designed to help the elderly to live independently and comfortably [4]. 

The E-healthcare application uses unobtrusive and cheap wireless 

sensors such as the Micaz mote and Telosb mote, so that the user can 

obtain their health status at home. The E-healthcare application reduces, 

not only the cost of medical monitoring, but also ensures that the daily 

life of the elderly is more convenient. Another important advantage of 

using the WSN E-healthcare application is that it provides continuous 

monitoring of physiological information which can assist in the early 

diagnosis of the chronic diseases. For example, in [1], Carnegie Mellon 

University, researchers have been involved in utilizing the test ability of 

embedded sensors so as to detect Alzheimer's disease. In [2], when 

people become elderly, the trend is for there to be a decrease in physical 

activities. Thus, using the wireless sensor to capture activity patterns 

and recognizing the start of the decline can assist people in making this 

decline to be a slower process.  

1.1 Background and problem motivation 

Although many WSN E-healthcare applications have been designed to 

help the elderly improve their lifestyle, many problems still exist. The 

survey written for this thesis has been to discuss these problems. One 

problem is that the majority of researches do not provide the motivation 

behind the decision to monitor the physiological parameters, for exam-

ple [14]. If it is the case that the parameters are unable to be used to 

detect the chronic disease or provides less information in relation to the 

early detection of the decline of physical activities then this sensor is not 

of any use and the data from this sensor will merely waste space within 

the database. Therefore, the survey [3] of wireless sensor networks for a 

home healthcare monitoring application provides a requirement analy-

sis regarding which activities and physiological parameters have more 

medical value on the chronic diseases include diabetes, cardiovascular 

diseases, epilepsy, Alzheimer's disease and obesity. Another problem is 
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that different sensors may use different communication protocols. 

Additionally, a user may not use only one application so there may be 

more than one data source used to save the user’s health data. It is 

difficult to organize all the health information for any given user and 

this provided the problem motivation for why this project. The project 

offers a middleware for wireless sensor networks for home healthcare 

monitoring application and it includes two parts. The first is multiple 

modules of data acquisition middleware; the second is multiple data 

source middleware. This thesis focuses on the design and implementa-

tion of multiple modules for data acquisition middleware. 

1.2 Overall aim 

The project's overall aim is to design and implement multiple modules 

for data acquisition middleware. The middleware is designed for the E-

healthcare application and thus the first thoughts are in relation to the 

physiological parameters which should be monitored. Following this, 

the data acquisition module is required to be designed for the desig-

nated communication protocol used in this project. A decision must also 

be made with regards to what devices can be used in this project. The 

final decision is with regards to the choice of test and assessment criteria 

in order to make the evaluation. After the design, the implementation 

can start. 

 To decide which physiological parameters should be monitored 

two questions must be considered. One is the data format, which 

means how much information should be included in the transmit-

ted packet. The other involves which physiological parameter has 

more value with regards to the monitored data.  

 To decide which data acquisition module must be designed for 

the middleware, it is appropriate to investigate which communi-

cation protocol is better suited to a small-scale personal area.  

 To decide what device can be used for the E-healthcare applica-

tion, it is necessary to use the cost-effective facilities such as Mi-

caz motes and Telosb motes. Additionally, as there is widespread 

usage of smart phones and many communication technologies, 

their choice appears to be a good one. 
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 To evaluate the middleware, it is firstly necessary to make a 

summary about the requirements of the function are and then test 

the extent the function. 

1.3 Scope 

This project focuses on the design and implementation of multiple 

modules of data acquisition middleware. There are four data acquisition 

modules which are ZigBee module, 6LowPAN module, Wi-Fi module 

and Bluetooth module. It is required to support the transmission of 

integer data such as heart rate data and array-based data such as blood 

pressure. The main function of the middleware is in collecting the pack-

ets from the sensor, processing the data and transmitting the data to the 

remote server. 

1.4 Outline 

Chapter 2 is a summary about the entire project conducted within the 

area of E-healthcare.  

In chapter 3, this paper discusses the middleware design. Chapter 3 

describes the methodology about the middleware design and shows the 

model for each data acquisition module.   

Chapter 4 consists of the both the detail about the implementation and 

results.  

Chapter 5 presents the evaluation of the middleware from usability, 

reliability, extensibility and interoperability.  

Chapter 6 is a conclusion of the project and a discussion about the future 

work. 

1.5 Contributions 

This project is part of the whole project for the middleware of wireless 

sensor networks for a Home healthcare monitoring application. The task 

of the whole group is to design a middleware to deal with all problems 

introduced in previous section. In this E-healthcare group, Xin Zhang is 

responsible for the server part, Yuan Cui is responsible for the database 
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part, Xuchen Lu is responsible for the multiple data source middleware 

and the author of this report is responsible for the multiple data acquisi-

tion middleware. So one significant aspect of this project is to design and 

implement the multiple data acquisition middleware for the E-

healthcare application. 

Other small contributions of this paper is that Chapter 2 provides a 

summary about all the work in E-healthcare group and Chapter 3 gives 

an analysis of data type, devices, and assessment criteria for E-

healthcare middleware. 
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2 Related work 
This chapter provides a summary about the entire project that we have 

done in the area of E-healthcare. The projects include Wei Shen’s work 

group, Menghan Duan’s group, Hongling Tang, Wenli Cheng, Xuchen 

Lu, Xin Zhang, Yuan Cui and me.  

2.1 Wireless Sensor Networks - Old at Home 

This project is designed by Wei Shen’s group to monitor the daily life of 

elderly people. In the system, the users are elderly who live alone. By 

using this system, the caregiver will know where the elderly is, what 

he/she is doing, and what his/ her health activity is.  

As Figure 2.1 shows, several wireless nodes are deployed in the bed-

room, living room, platform, corridor, and so on. They are fixed. Several 

sensors, e.g. light, temperature, air pressure sensor, are attached on each 

node. In particular, the NO.0 is the base station (BS), and the NO.10 is a 

mobile node which in placed with the elderly person. A pulse sensor 

used to measure heartbeat rate is attached on the node. (Attach the 

sensor on the wrist). All of the nodes are periodically sample. They use 

the ad-hoc, multi-hop wireless network to deliver samples to the BS. 

Then the BS forwards the data to the computer.  

Figure 2.1 shows the link state of the nodes. The position of every node 

there is not the true position. The green line represents good link quality 

between two nodes (not advertising packets, but sample packets). If the 

link quality is below a threshold, a gray line will be seen. 

Nodes are organized into a spanning tree rooted at the BS. Every node 

in the tree has a depth (the depth of NO.0 is 0, 1, and 2). Each node 

advertises its depth. When a node receives advertising packets from 

several nodes, and each link quality is good enough, it selects the node 

with the smallest depth to be its parent. It sends its samples and for-

wards data it received to its parent. If the link quality with its parent is 

bad, it will select a new parent. 
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Figure 2.1: Project of Wei Shen’s group: 2.1 Wireless Sensor Networks - Old at Home 

This project use Micaz motes as the test sensors and it uses ZigBee 

communication protocol to transmit data. It supports not only health 

status monitoring, environment monitoring but also location tracking. 

2.2 Integrating IPv6 based WSN for E-Health care application 

This project has been implemented by Menghan Duan’s group. There 

are four people working within this group. Figure 2.2 shows the system 
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of an uncompressed 6LowPAN packet. The WSN Controller connects to 

the Internet in order to send the data to the database. Two databases are 

used in this project which is Google Health and Sensor.network.com. 

The remote clients can access the server to obtain the data. This system 

also provides  for mobile clients. 

 

Figure 2.2: Integrating IPv6 based WSN for E-Health care application: system 

overview [8] 

Jun Tang is responsible for the data generation part. Because the group 

did not purchase the real medical sensor products in order to reduce 

costs, Jun Tang designed a simulator to generate health data. The health 

data download from PhysioBank [6] was used to ensure the authenticity 

and availability of data. Figure 2.3 displays part of the results of the 

simulator. 
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Figure 2.3: Integrating IPv6 based WSN for E-Health care application: Results of the 

simulator  

 

Figure 2.4: Integrating IPv6 based WSN for E-Health care application: Heart rate 

value through serial communication [7] 
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Figure 2.5: Integrating IPv6 based WSN for E-Health care application: Heart rate 

data real-time display [7] 

Xueyun Li is responsible for collecting the data from the simulator, then 

downloading the data to the Telosb mote and transmit the data to the 

gateway through the 6LowPAN communication protocol [7]. Figure 2.4 

shows the heart rate value through serial communication.  

Menghan Duan and Donghua Xie are responsible for developing an E-

healthcare application based on a wireless sensor network with 

6LoWPAN support. Menghan Duan focuses on the gateway part then 

perform transmitting the data processing and Donghua Xie focuses on 

the server and database which include Google Health and Sen-

sor.net.com. Figure 2.5 shows the result on the clients. The application 

supports the display of real-time data, checks history data and saves 

information of the user’s electronic record. 

Qi Zhang has designed an Android application so that the E-healthcare 

application offers a mobile client. Later, Hongling Tang implemented 

the executable version of Android E - Health Application so that more 

functions were available for the mobile client. 

This project uses the Telosb mote as the test sensor and it uses the 

6LowPAN communication protocol to transmit data. It provides real-
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time health status monitoring include heart rate, blood pressure and 

blood glucose. 

2.3 A Middleware of Wireless sensor networks for Home 

healthcare monitoring application 

This project has been implemented by Wenli Cheng, Xuchen Lu, Xin 

Zhang, Yuan Cui and Jun Tang. Figure 2.6 shows a distributed electronic 

health record system design by Xin Zhang. The system gives a standard 

data format. Thus, when data is transmitted and stored, it will follow 

the standard. 

 

Figure 2.6: A Middleware of Wireless sensor networks for Home healthcare monitor-

ing application: General structure of distributed server group [9] 

Yuan Cui is responsible for the data storage part in this project. He 

focuses on the stream data storage and transmission. Because the stream 

data such as ECG data has large amount of data and high sampling 

frequency, it is thus difficult to do the real-time transmission.  

Xuchen Lu and Wenli Cheng are responsible for the multiple data 

source middleware. All kinds of transmission data between data source 

and application will get through the middleware during the communi-

cation. The main task of the middleware is that it provides a standard-
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ized language for a common and unified data source interface. Figure 

2.7 shows the GUI of the multiple data source middleware which has 

been designed  by Xuchen Lu. 

 

Figure 2.6: A Middleware of Wireless sensor networks for Home healthcare monitor-

ing application: of the multiple data source middleware [10] 

Jun Tang is responsible for multiple data acquisition module middle-

ware. The design and implementation will be presented in the next two 

chapters. 
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3 Methodology 
In order to develop a good program, the first step is to find a suitable 

method called the named Methodology in technical research. Figure 3.1 

show the methodology of the project design for the middleware.  

The first aspect is in relation to the problem formulation. In order to 

obtain an early diagnosis of chronic disease and real-time monitor the 

physiological information for the patient, more and more biomedical 

and environment sensors are being to collect the vital signs. A large-

scale project may involve the use of many kinds of wireless sensors and 

different kinds of sensor may use different communication protocols 

which make it difficult for them to work with each other. Also, a user 

may use more than one e-healthcare application. So, there is more than 

one date source for the user to store the health data. The middleware 

designed in this project can solve these two problems.  

The second stage is researching the goal definition. In this stage, it is 

firstly necessary to find appropriate data type and transmission proto-

cols to design the middle. Then it is necessary to build a model to clarify 

the middleware system structure. Before the implementation, some 

technological preparations are necessary such as environment configu-

ration etc. After obtaining the results, evaluation is important to assess 

the quality of a project.  

So, this chapter provides the introduction of the methodology of the 

project and it includes four parts. Firstly, it will discuss the selection of 

criteria about health data, the communication protocol of sensor and the 

selection of devices. Then, the system model will be shown. After that, it 

will provide the technological preparation about the program environ-

ment and so on. Finally, test and assessment criteria will be given to 

show how to evaluate the middleware.  
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Figure 3.1: Methodology of project design 

3.1 Selection  

Because this middleware is designed for a healthcare application, it is 

important to provide the reason why it is necessary to monitor these 

types of physiological parameters. In addition, there are many kinds of 

communication protocol used within the area of healthcare applications. 

What are the reasons that this project choose ZigBee, 6LowPAN, Blu-

etooth and Wi-Fi? This section will discuss how to make the selections. 

3.1.1 Selection of physiological parameters 

The majority of the healthcare system is designed for the elderly espe-

cially those who suffer from chronic diseases. Thus, the statistics relating 

to several common chronic diseases can provide the information regard-

ing which physiological parameters are suitable for monitoring chronic 

diseases.  Table 3.1 shows the requirement analysis in relation to the 

activities and physiological parameters to be monitored for the chroni-

cally ill. This table is shown in the author’s survey and this was pre-

sented as a poster at the   SENSORNETS 2013 conference. It is clear that 

determining t blood glucose, blood pressure and ECG are important 

physiological parameters in relation to the detection of   chronic diseas-

es. However, an ECG contains a large amount of data and requires a 

high sampling frequency, which is not conducive for data transmission 

in the wireless sensor network area. Thus, the majority of the informa-

tion contained in the ECG can be used in relation to heart rate, instead. 
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For blood glucose, there is a reduced requirement for the frequency in 

diabetic patients and this is not as great as that for heart rate. Also in 

programming, the data structure is the same between blood glucose and 

heart rate. Thus this project has only chosen heart rate for the test data. 

Another physiological parameter which has been chosen for this project 

is blood pressure. The reason for this is that blood pressure includes 

both a diastolic blood pressure and a systolic blood pressure which is a 

pair of numbers which are different to those for the heart rate. Blood 

pressure should use another data type to deal with these sets of number. 

 

Table 3.1: requirement analysis about the activities and physiological parameters to 

be monitored for chronically ill [3] 

3.1.2 Selection of communication protocol and sensor devices 

ZigBee is a communication protocol based on an IEEE 802 standard 

which is usually used in personal area network systems [18]. The main 

Disease Activities to be monitored Physiological parameters to be 

monitored 

Diabetes Quantity of water intaking Blood glucose 

Quantity and frequency of eating Blood pressure 

Quantity of smoking Cholesterol 

Frequency of urination Body weight 

Medicine intaking Vision 

Cardiovascular 

Disease 

Alcohol consumption ECG 

Tobacco cessation Blood cholesterol 

Daily activity of moderate to vigorous 

exercise 

Blood pressure 

Emotional stress in day to day life Body weight 

Epilepsy Bradykinesia (slowness of movement) EEG 

Idiosyncratic motions ECG 

Alzheimer's disease  

Quantity of smoking 

Blood glucose 

Blood pressure 

Cholesterol 

Obesity Diet  

 

Weight 
physical activity 

alcohol and tobacco use 

medicine intaking 



A Middleware of Wireless sensor 

networks for Home healthcare 

monitoring application - Design 

and implementation based on 

multiple module of data 

acquisition 

Jun Tang 

Methodology 

2013-06-21 

 

21 

features are in relation to the low-speed, low-power and low-cost and 

some typical application areas using ZigBee include Home Entertain-

ment and Control and Mobile Service [11]. The Wei Shen's project uses 

this communication protocol to transmit data. And for the ZigBee com-

munication protocol, Micaz motes are used to transmit ZigBee packets. 

6LoWPAN is also based on IEEE 802.15.4 over Low power Wireless 

Personal Area Networks [19]. Because an IP protocol requires a high 

memory and bandwidth thus the 6LoWPAN has the potential for it to be 

very suitable for applications from handheld devices up to the large 

instruments [20]. The features of the 6LoWPAN include a small packet 

size, low bandwidth and low power. Menghan Duan’s project [7] is 

based on the 6LowPAN communication protocol. In this project, a 

Telosb mote is used to transmit 6LopPAN packets. 

ZigBee and 6LowPAN are both based on IEEE 802.15.4 and the features 

are low-speed, low-power and low-cost. However, both communication 

protocols were implemented in this project because ZigBee is mostly 

used in small-scale ad-hoc networks but 6LowPAN is a part of the 

Internet (IPv6) which is a large-scale network. Future trends will be to 

develop 6LowPAN. 

Wi-Fi is a popular communication protocol in a computer network and 

it is very useful with regards to the mobile phone. According to the 

existing medical sensors, many products use Wi-Fi to transmit data. Wi-

Fi is mostly used on a mobile phone, so that this project has chosen the 

Iphone as the device to transmit Wi-Fi packets.  

Bluetooth is a communication protocol that supports devices transmit-

ting data over a short-range (usually within 10m) which is also very 

popular and is mostly used on mobile phones. However, when com-

pared to ZigBee and 6LowPAN, it requires greater power consumption. 

An Android phone is used in this project for the Bluetooth communica-

tion protocol. 

3.2 Model 

As Figure 3.2 shows, the system model of middleware for the wireless 

sensor network e-healthcare application consists of two parts: data 
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source part and data acquisition part. The data source part, which is the 

red part in Figure 3.2 provides the interface and mapping for different 

data resources. The middleware has its own graphical user interface 

(GUI) for different kinds of users such as patients, doctors and caregiv-

ers. It also supports the access to other healthcare applications. This part 

is the responsibility of Xuchen Lu [10].  

The data acquisition part includes many kinds of sensor motes with 

different communication protocols and the gateway or base station 

which is used to receive the packet from motes. It parses the packet, 

maps the data, transmits and stores the data. The data will also be 

pushed to the data source middleware interface. In addition, this project 

focuses on the black part in Figure 3.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: The system model of middleware for wireless sensor network e-

healthcare application 
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Gateway Control 
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The task of the data acquisition part in the middleware involves collect-

ing the data from a variety of sensors, mapping, transmitting the data to 

the local database and pushing the data to the upper layer. The middle-

ware contains four modules namely, ZigBee module, 6LowPAN mod-

ule, Wi-Fi module and Bluetooth module which support dealing with 

the packets from the Micaz motes, Telosb motes and sensors with Blu-

etooth and Wi-Fi communication protocol.  

Multiple data acquisition module Middleware is a Java program run on 

the gateway. A PC is used as the gateway in this project. It controls the 

four modules, which are ZigBee, 6LowPAN, Wi-Fi and Bluetooth so that 

it can receive at most four kinds of packets and parse them.  Figure 3.3 

shows the work flow of the middleware. Firstly, the sensors send pack-

ets to the gateway. Different sensors may use different communication 

protocols. The gateway enables a specific listener to receive the packets 

from the sensor which have used the specific communication protocol. 

For example, Micaz motes sent packets to its base station, which con-

nects to the gateway with a USB interface.  When the base station has 

received the packet, it will push the packet to the serial port of the 

gateway, and then the Micaz listener will be enabled on the gateway to 

receive the packet.  When the gateway receives the packet, it will enter 

into the data processing stage. After parsing and mapping, the data in 

the packet will be re-defined as a uniform format then sent to the next 

stage. Finally, the user can view the real time data on the output part of 

the middleware. Also, the data will be stored in the local database and 

the user can then choose whether to send the data to the remote server 

for the further use. 

Different sensors have their own packet formats and communication 

protocols. In this project, Micaz motes are used as the tested sensors for 

the ZigBee Module, Telosb motes are used as the tested sensors for 

6LowPAN module, an iphone is used as the tested sensors for Wi-Fi 

module and an Android phone is used as the tested sensors for the 

Bluetooth module. It is also the case that the modeling for these four 

modules is not absolutely the same. The following sections will show the 

details. 
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Figure 3.3: Multiple data acquisition module Middleware of Wireless sensor net-

work e-healthcare application: work flow 

3.3 Test and assessment criteria 
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kinds of sensor may use different communication protocols. The 

middleware must provide usability for most kinds of sensor. 

 Reliability is a system that is able to produce correct results. The 

physiological parameters that the medical sensor will monitor are 

so important as they may save the user's life [16]. The middle-

ware is responsible for collecting data from various sensors and 

thus the correctness of the results must be assured. 
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 Extensibility is the ability of the system to adapt when it used in a 

new environment or it can be expanded when there are new re-

quirements [17]. The middleware now supports four modules 

namely with ZigBee, 6lowPAN, Wi-Fi and the Bluetooth commu-

nication protocol. In the future, extending more sensor interface 

modules can enable the middleware to access more devices. 

 Interoperability is the ability as to  whether the program or the 

code can be executed on different processor platforms [12]. It 

means that the middleware ought to work and should be able to 

be repeated by others in other environment and tools. 

Multiple data acquisition module Middleware is used to solve the 

problem where sensors with different communication protocols are 

unable to work together, so that it should have usability to work effec-

tively, reliability to produce the correct results, extensibility to cope with 

new requirements, and interoperability to adapt to other environments. 

Regarding the test and assessment criteria in this paper, the evaluation 

part will be discussed based on these four parts. 
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4 Design and Implementation 
This chapter will provide a   detailed implementation of the multiple 

data acquisition module Middleware for the Wireless sensor network e-

healthcare application. Before providing a discussion in relation to the 

programming, the environment configuration will firstly be shown, 

because many kinds of devices are used in this project and different 

devices require different working environments. After setting up the 

working environment, the module implementation will be introduced 

one by one. The final part will deal with the results. 

4.1 ZigBee Module 

4.1.1 Working Environment 

There are three different roles run in the ZigBee module, namely the   

sensor motes, base station and gateway. As previously mentioned, the 

sensor motes and base station are Micaz motes which require working in 

a TinyOS environment and the application must be able to write   in 

nesC. The TinyOS is an embedded operating system so that it is re-

quired to work on a Linux operating system or it can work on Cygwin 

in a Windows platform. This project chooses Xubuntu to implement the 

programming on the sensor part. Thus, a PC which runs the Xubuntu 

operating system is used as the gateway in this project and it is required 

to perform the data processing part. For the database part, this project 

uses MySQL which is a small relational database management system to 

store the data in a local database. 

4.1.2 Design 

As Figure 4.1 shows, the ZigBee module of the middleware is used to 

parse the ZigBee packet. In this project, the middleware can receive data 

from more than one sensor. Here, two Micaz motes are used as the heart 

rate sensor and blood pressure sensor. The heart rate sensor sends data 

to the base station every second and the blood pressure sensor sends 

data to the base station every eight seconds. The base station is another 

Micaz mote, which is used to receive the packet from other normal 
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motes and which then pushes the packet to the serial port and then to 

the PC. The middleware will listen to the serial port and obtain the 

packets. When the middleware receives the packets, it will enter into the 

parsing and mapping stage and then the data will be re-defined as a 

uniform format. Following this, the data will be displayed on the output 

side and is real time data. At the same time, it will store into the local 

database and will push to the remote server. 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Multiple data acquisition module Middleware of Wireless sensor net-

work e-healthcare application: ZigBee Module 
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sensor. The application runs in the Micaz motes and is written in nesC. 

The code for the Micaz motes is using the model of the TinyOS sample 
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For the data generation part, TinyOS provides many interfaces to ab-

stract the underlying communication services, and all of these interfaces 

as well as many of the components of these interfaces use a common 

message buffer and this is achieved by means of   the nesC structure.  

Figure 4.2 shows the massage format of the heart rate sensor, which 

includes node id, counter, sensor type and data. The massage format of 

the blood pressure sensor is similar to that of the heart rate sensor. 

 

 
 

 

Figure 4.2: ZigBee Module: Heart rate sensor Massage format 

 

 

 

 

 

 

 

 

Figure 4.3: ZigBee Module: components used in the sensor mote application (1: 

BloodPressureAppC.nc, 2: BloodPressureC.nc) 

After the message data structure definition, it is necessary to send the 

packets to the base station. To implement the communication part, the 

communication interfaces and components should firstly be built. The 

basic communication interface <Packet> provides basic access to the 

message. Interface <Send> provides access regardless of the address of 

the sending interface. Interface <Receive> provides the message receiv-
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ing interface. The application also uses Active Message Interfaces which 

provides multiple accesses on the radio. The AM address of a node can 

be set at   initialization. For example, make install.n or meke reinstall.n. The 

Figure 4.3 shows the components used in the sensor mote application. 

Here, the <AMSend> interface is used to send data packets. The 

<Packet> and <AMPacket> interfaces are set into the abstract data type 

of the message. The interface components are provided by <AMSendC>. 

At the same time, component <ActiveMessageC> and <SplitControl> are 

used to turn on and off the transceiver. 

Then in Figure 4.4, declare a new variable and initialize. 

 

Figure 4.4: ZigBee Module: BloodPressureC.nc declares a new variable and initial-

izes 

 

Figure 4.5: ZigBee Module: BloodPressureC.nc opens the transceiver 
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Before the timer starts, the first step is to open the transceiver thor-

oughly which is shown in Figure 4.5. 

After these preparations, the next step is to add programming logic as 

Figure 4.6 shows. It should first check”busy” mark to ensure that no 

packets being sent. Then, I use a pointer to the payload of a packet; fill in 

the data fields to the payload. Finally, “send” command is used to send 

packets to base station. 

 

Figure 4.6: ZigBee Module: BloodPressureC.nc programming logic 

Finally, the command “make micaz install,ID mib520,/dev/ttyUSB0” was 

used to install the application to the Micaz mote. 

The base station is another Micaz mote that is used to receive the ZigBee 

packet and push it to the serial port. This project uses a TinyOS sample 

application base station to receive the packet. The base station applica-

tion is one of the most fundamental and useful programs in TinyOS. It 

plays the important role between the serial port and the wireless trans-

ceiver. When the base station node receives a packet from a sensor, the 

program immediately sends a push packet to the serial port. The com-

mand “make micaz install,ID mib520,/dev/ttyUSB0” is used to install the 

base station application to the Micaz mote. 

4.1.4 Implementation of the gateway 

In the gateway part, the middleware can control the program to start to 

listen to the serial port. Thus, when the base station receives the ZigBee 
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packet, the gateway can obtain the packet from the serial port. Each 

packet contains the information that includes node id, sensor type and 

data. As Figure4.7 shows, there are two Java programs to handle the 

ZigBee packet in order to receive and process. The main function of 

Listen_ZigBee.java is “Packet Source reader ()”. This function is used to 

read a packet from the serial port so that the middleware can obtain the 

packet. After that, the packet will be sent to another program to 

Data_processing_Micaz.java. There are two functions which are “Data 

Format Processing (Packet)” and Mapping (Data_format data). By 

means of these two functions, the middleware will obtain the formatted 

data, which is re-defined as a uniform format by the middleware. Final-

ly, the data will arrive at to the storage stage. All modules use the same 

“to_database.java” to save the data to the database, which includes the 

information of node id, sensor type, data and receiving time. 

 

 

 

 

 

 

 

 

 

 

Figure 4.7: ZigBee Module: Gateway functions 
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the right motes are the base station that connects to the gateway through 

the USB. 

 

 

 

 

 

 

Figure 4.8: ZigBee Module: Micaz Motes (Left: Sensor motes, Right: Base station) 

 

 

 

 

 

 

 

 

Figure 4.9: ZigBee Module: Output Results 

Figure 4.10: ZigBee Module: Result data in the database 
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The middleware first starts to listen, then turns on the sensor motes. The 

gateway will receive the packet from the sensor motes. Figure 4.9 shows 

the output results when the sensors are connected to the gateway and 

the time when it received the data. It also shows the receive node id and 

the data. In Figure 4.9, the first data is the blood pressure data from 

node 15 and the next one is the heart rate data from node 16. The data 

will be saved into the database which is shown in Figure 4.10.   

4.2 6LowPAN Module 

4.2.1 Working Environment 

In order to implement the 6LowPAN module, the appropriate working 

environment must be built. The application in the wireless sensor net-

work has been mostly developed on TinyOS as well as for the 

6LowPAN application. TinyOS supports Linux, Windows and MacOS, 

and Cygwin is also supported to install TinyOS. However, this module 

uses BLIP, which is the Berkeley Low-power IP stack. BLIP requires 

TinyOS 2.0 and is only supported on a Linux operating system. Thus, 

Xubuntu is used for the operating system to develop the middleware. In 

order to develop the 6LowPAN communication application, an appro-

priate supported platform should be used. Blip supports 6lowpan but it 

does not support the TinyOS Active Message layer, so that the applica-

tion, which works on the sensor, requires both an IP protocol and active 

message based protocols. Here, the Telosb mote is chosen to run the 

6LowPAN communication application. 

4.2.2 Design 

The model for the 6LowPAN module is very similar to that of the Zig-

Bee module. But, the most significant difference is that the packet it uses 

is the 6lowpan-encapsulated IPv6 packet. Figure 4.11 shows the model 

of 6LowPAN module. This project uses two Telosb motes as the test 

sensor. One sensor is used as a heart rate sensor. It can send 6lowpan-

encapsulated IPv6 packets every ten seconds. Another Telosb mote is 

used as the base station which connects to the gateway (a PC with 

Ubuntu operating system) through a USB, which is used to receive the 

packets and push them to the serial port. When the gateway receives the 

packet from the serial port, it will parse the packet and map it . Then the 
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data will be displayed on the output side, stored in the local database 

and pushed to the remote server. 

 

 

 

 

 

 

 

Figure 4.11: Multiple data acquisition module Middleware of Wireless sensor 

network e-healthcare application: 6LowPAN Module 

4.2.3 Implementation of the sensor mote 

The sensor part uses a Berkeley module as the sample application so as 

to achieve the communication between the two Telosb motes through 

the 6LowPAN. The sample applications include IPBaseStation and 

UDPEcho. The only difference between the sample application and the 

test application is that this project needs to transmit the health data and 

this type of data should be added into the 6LowPAN packet. This 

project has chosen the heart rate as the transmitted data. The application 

of IPBaseStation should be downloaded into a Telosb mote as the base 

station and the  UDPEcho application downloaded into the Telosb mote 

as the test sensor through the command” make telosb blip install,ID 

/dev/ttyUSBx”, so that the installation of an edge router and a node 

router are completed. In Figure 4.12, the base station transfers the packet 

from radio to serial. The base station connects to the gateway through a 

USB. After starting the driver on the gateway, the base station begins to 

work to receive the 6lowpan-encapsulated IPv6 packets and transfers 

the packet from radio to serial. Note that before the driver starts, the 

configuration file “Serial_tun.conf” which is located at the same directo-

ry of the driver must be checked.  Figure 4.13 shows the configuration 
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file and the address is the ID of the node when the application is in-

stalled.  

 

 

 

 

 

Figure 4.12: 6LowPAN Module: work flow 

 

 

 

 

Figure 4.13: 6LowPAN Module: Configurations file “Serial_tun.conf” 

4.2.4 Implementation of the gateway 
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data. In a similar manner to that shown in   Figure 4.7, two Java pro-

grams deal with the 6LowPAN packet and these are “processing” and 

“mapping”. Though these two functions, the middleware will obtain the 

formatted data which is re-defined as a uniform format by the middle-

ware. Finally, the data will arrive at the storage stage.  
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Figure 4.14: 6LowPAN Module: work flow of gateway application 

4.2.5 Results 

Figure 4.15 shows that the 6LowPAN module uses two Telosb motes, 

one of which is the base station, which uses a USB to connect to the 

gateway, and the other is used as the heart rate sensor.  

 

Figure 4.15: 6LowPAN Module: Heart rate sensor and base station 
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When the heart rate sensor starts to send packets, the base station will 

transfer the packet from radio to serial. Then the results will be dis-

played at the output side.  Figure 4.16 shows the output results. The 

database part is almost the same and thus the results will not be shown 

again. 

 

Figure 4.16: 6LowPAN Module: Middleware output results 

4.3 Wi-Fi Module 

The Wi-Fi module uses the simple server-client model. The assumption 

is that there are blood pressure and heart rate sensors embedded in an 

Iphone device. In addition, the data has been saved in a certain file in 

the Iphone device. Thus, the gateway can access the IP address to read 

this data file to obtain the test. The task of the Wi-Fi module of the 

middleware is to establish a connection to the server and access the data. 

4.3.1 Design 

The model of the Wi-Fi Module is simple as shown in Figure 4.17. 

Iphone is used as a test sensor in this project. The assumption is that 

there is a heart rate sensor and a blood pressure sensor in the Iphone 

and that the data has been collected and stored in the Iphone device. 

Thus the gateway can access the device through the IP address and 

collect the data that has been stored in the device. Then the data will be 

parsed, mapped and finally pushed to the up layer in order to display it 
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on the output, after which it is stored in the local database and sent to 

the remote server. 

 

 

 

 

 

Figure 4.17: Multiple data acquisition module Middleware of Wireless sensor 

network e-healthcare application: Wi-Fi Module 

4.3.2 Implementation of the gateway 

The task of the Wi-Fi module of the middleware is to establish a connec-

tion to the server and access the data. In order to establish a connection, 

the gateway should firstly know the IP address of the device. Figure 4.18 

shows the URL of the data file on the Iphone. The gateway will access 

this file with its URL. 

 

Figure 4.18: Wi-Fi Module: the URL of the data file on the Iphone 
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stage. As Figure 4.19 shows, the data_processing_wifi.java includes two 

functions, namely mapping and processing. The data will re-define after 

the data processing and mapping and then it will be stored in the local 

database for future use. 

 

Figure 4.19: Wi-Fi Module: data_processing_wifi.java 
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4.3.3 Results 

In order to check the results, it should firstly be ensured that the gate-

way and the Iphone are connected to the internet through the Wi-Fi. The 

Iphone device is shown in Figure 4.20, which displays the IP address of 

the device.   

 

Figure 4.20: Wi-Fi Module: Iphone with IP address 

 

Figure 4.21: Wi-Fi Module: Output Results 

Figure 4.21 shows the output results of the Wi-Fi module. It is clearly 

visible that there two kinds of data which are blood pressure data and 

heart rate data.  
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4.3.4 Future improvement 

The Wi-Fi module of the middleware now does not support the IP 

address identification. In this project, the assumption is that the gateway 

has already known the IP address, and thus the gateway can directly 

access the client through its IP address. However, in a practical situa-

tion, the gateway may not know the IP address of the sensor devices. 

Thus, there should be a function to identify the IP address of the sensor 

device to guarantee the security of medical data. 

4.4 Bluetooth Module 

The Bluetooth module also uses the server-client model. However, it is 

different from the Wi-Fi module in that the gateway is used as the server 

and the sensor is used as the client.   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.22: Multiple data acquisition module Middleware of Wireless sensor 

network e-healthcare application: Bluetooth Module 

Sensor (Android phone) 

 
Discover UUID  

Received:  

Bluetooth MAC address of the 

server and port  

 Connect:  

Bluetooth MAC address and 

the server and port 

Send: Data 

 

Gateway (PC) 

 
Advertise UUID 

 Reply:  

Bluetooth MAC 

address and the server 

and port  

 

Receive: Data 

 



A Middleware of Wireless sensor 

networks for Home healthcare 

monitoring application - Design 

and implementation based on 

multiple module of data 

acquisition 

Jun Tang 

Design and Implementation 

2013-06-21 

 

41 

4.4.1 The Model of Bluetooth Module 

The model of Bluetooth Module is shown in Figure 4.22. An Android 

phone is assumed to be a blood pressure sensor. Actually, a Java pro-

gram runs on the android phone and there are two modules in this 

program. One is the data generation module, which can randomly 

generate a set of blood pressure data and the other is the Bluetooth 

communication module, which can set up a Bluetooth connection. At 

first, the Bluetooth module on the gateway advertizes a service which 

generates a UUID and waits for a Bluetooth client to discover it and 

connect to the service. The Bluetooth client, which is an Android phone, 

in this case, discovers this UUID and sends a request to make a connec-

tion. When the gateway receives the request, it will advertise the UUID 

and send a reply regarding the Bluetooth MAC address and the server 

port. After the Android phone receives the reply, it will connect the 

Bluetooth MAC address and the server port, and send the data. Finally, 

the gateway receives the data and then processes the data in a similar 

manner to the previous three modules. 

4.4.2 Implementation of the Android application 

There is an application which runs on the android phone, which is able 

to firstly randomly generate a set of blood pressure data, then set up a 

Bluetooth connection. The random generation of numbers is simple and 

thus only the connection part is introduced. 

Two items are required to establish a Bluetooth connection, one being an 

A Service ID or UUID so that the client and server can identify each 

other while the other is the MAC address of the server.  Figure 4.23 

shows the UUID and MAC address used in this project. Following on 

from this a pointer is set up to the remote node using its address which 

is shown in Figure 4.24. The address in Figure 4.24 is the server’s MAC 

address. Figure 4.25 shows the application establishing the connection 

and this block will continue until it connects. After the connection is 

made, the message data can be sent as shown in Figure 4.26. 
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Figure 4.23: Bluetooth Module: Android application, UUID and MAC address 

 

Figure 4.24: Bluetooth Module: Android application set up a pointer to the remote 

node using its address 

 

Figure 4.25: Bluetooth Module: Android application Establish the connection 

 

Figure 4.26: Bluetooth Module: Android application send message 

4.4.3 Implementation of the gateway 

The gateway is the server part of the Bluetooth module. It should create 

an UUID and open the service first, then wait for the connection. Figure 

4.27 and Figure 4.28 show these two steps. After the client and server 

confirm each other on both sides, the connection is successfully made. 
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The Android phone will send the data to the gateway. Thus, for the 

server part, the next step is to handle the message which is shown in 

Figure 4.29. 

 

Figure 4.27: Bluetooth Module: gateway create an UUID and service 

 

Figure 4.28: Bluetooth Module: gateway waits for client connection 

 

Figure 4.29: Bluetooth Module: gateway gets data from client 

 

Figure 4.30: Bluetooth Module: middleware, data_processing_blue.java 
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When the gateway receives the message, it will push the message to the 

data processing step. Figure 4.30 shows that the data will be processed 

by these two functions then will be in a re-defined format and stored in 

the local data base, which is the same progression as for the pervious 

modules. 

4.4.4 Results 

When the middleware Bluetooth listener runs on the gateway as shown 

in Figure 4.31, the output side displays the name and MAC address of 

the server and shows the message that the server is waiting for the client 

to connect. 

The Bluetooth module uses an Android phone as the blood pressure 

sensor which is shown in Figure 4.32. The “ConnectTest” is the applica-

tion run on the Android phone.   

 

Figure 4.31: Bluetooth Module: gateway start to listen 

 

Figure 4.32: Bluetooth Module: Android phone application “ConnectTest” 
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Figure 4.33: Bluetooth Module: Android phone authentication 

 

Figure 4.34: Bluetooth Module: Gateway authentication 

 

Figure 4.35: Bluetooth Module: Results on Android phone 
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Figure 4.36: Bluetooth Module: Results on gateway 

Figure 4.33 and Figure 4.34 show that when the application runs on the 

Android phone, there is an authentication shown in both the clients and 

servers. When it has been confirmed by both sides, the authentication is 

complete and the message will start to be sent. Figure 4.35 shows the 

Android phone generating blood pressure data and sending the mes-

sage to the gateway. Figure 4.36 shows the output results on the gate-

way in which the middleware receives the message for the Android. It 

also shows the MAC address of the client and the time when it received 

the message. 

4.4.5 Future improvement 

In this project, the Bluetooth module has a complicated equipment 

identification method. Every time the gateway and sensor device make a 

connection, both are required to make a confirmation to each other. 

Thus, it has a longer communication time and lower automation. There-

fore, this part requires to be improved in the future. An attempt could 

be made to use a log file or database to store the MAC address or some 

other unique identification information, so that when the same device 

wants to make a second connection to the gateway, it will not have to 

repeat such a complicated identification. 
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5 Evaluation 
This chapter will discuss the evaluation of the multiple data acquisition 

module Middleware from four aspects: usability, reliability, extensibility 

and interoperability. 

5.1 Usability 

The usability is used to test the middleware as to what extent it can 

complete its work effectively. Many different kinds of medical sensors 

exist for E-health applications such as blood pressure sensor, heart rate 

sensor and so on. Also, different sensors may use different communica-

tion protocols or they may work on different platforms. Thus, the extent 

that the middleware can work effectively will affect the usability of the 

middleware. 

The multiple data acquisition module Middleware includes four mod-

ules which can support ZigBee, 6LowPAN, Wi-Fi and Bluetooth com-

munication protocol. For ZigBee and 6LowPAN, common sensors such 

as a Micaz mote, Telosb mote and iris all support these two communica-

tion protocols. For Wi-Fi and Bluetooth, most of the smart phones sup-

port Wi-Fi and Bluetooth. Thus in the future, if more types of sensor a 

are embedded into the smart phone, this middleware will also be able to 

support them.  

Also, this middleware is built on four modules so that the E-healthcare 

application can choose which module is suitable for their particular 

application. In addition, if there is a new communication protocol which 

is required to be added to the middleware, it is possible to add one more 

module, which will not influence the other four modules. Therefore, 

from the communication protocol aspect, the usability of the middle-

ware is high. 

When considering the medical sensor, simple data such as heart rate, 

body temperature, blood glucose and can be easily transmitted between 

the sensors and the gateway. All the modules support the transmission 
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of simple data. Array-based data such as blood pressure, which is a pair 

of numbers based on diastolic blood pressure and systolic blood pres-

sure or, stream-based data which can also be supported by the middle-

ware but, will be difficult to display, because the middleware does not 

provide a GUI interface to show the results. However, the speed of 

display will not affect the data transmission and data processing for the 

middleware. So from this side, the usability of the middleware is high. 

5.2 Reliability 

Reliability is a system which can produce the correct results. The mid-

dleware is responsible for collecting data from various sensors; also the 

data is important for the user, so the correctness of the results must be 

assured. The middleware has been tested several times. In this project, 

the sensor in ZigBee and 6LowPAN module can continuously send the 

data. The ZigBee module can process the data in a stable and continuous 

manner. Sometimes, packet loss may occur in the 6LowPAN module 

because of a bad transmission environment. In order to solve this prob-

lem, the program on the Telosb mote supports the re-transmission of 

data, which means that when this data is sent to the gateway, it will start 

to resend it until it is turned off. However, if the lost packet is ignored, 

the middleware can ensure that after data processing all the received 

data is correct. Thus, the reliability of the middleware is high. 

5.3 Extensibility 

Extensibility is the ability of the system to adapt when it used in a new 

environment or, that it can be expanded when there are new require-

ments.  

Consideration must be given to the fact   that there are multiple sensors 

used in one E-healthcare application which can include heart rate sen-

sor, blood pressure sensor and so on. The middleware is designed to 

listen to all kinds of packets sent from a sensor with different communi-

cation protocols at the same time. Thus, if the application requires more 

sensors, the middleware will not be affected. Therefore, from this point 

of view, the extensibility of the middleware is high. 
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In consideration to the communication part, the middleware uses a 

modular design and now supports four modules, which means that the 

sensor is used with the ZigBee, 6lowPAN, Wi-Fi and Bluetooth commu-

nication protocols. In the future, extending more sensor interface mod-

ules can make the middleware access more kinds of devices. Therefore, 

from this point of view, the extensibility of the middleware is high. 

Considered from the data format point of view, the format definition 

class is, design easy-to-change. As Figure 5.1 shows, it is very easy to 

add or delete a member and function for the “data_format” class. There-

fore, from this point of view the extensibility of the middleware is high. 

 

Figure 5.1: “data_format” class of the middleware 

5.4 Interoperability 

Interoperability is the ability regarding whether the program or the code 

can be executed on different processor platforms. Thus the middleware 

is able to work and whether it can be repeated by others in other envi-

ronment and tools.  

This project is worked on the Xubuntu 4.10 operating system. The ver-

sion of TinyOS is TinyOS 2.1.1. For the Bluetooth module and Wi-Fi 

module, the middleware can work in any platform. In these two mod-

ules, the code is written in Java, which works in most platforms and 

environments. For the ZigBee module, the project uses a Micaz mote, 

which requires a TinyOS environment to program and install the appli-



A Middleware of Wireless sensor 

networks for Home healthcare 

monitoring application - Design 

and implementation based on 

multiple module of data 

acquisition 

Jun Tang 

Evaluation 

2013-06-21 

 

50 

cation. But for the middleware itself, it does not require the TinyOS and 

thus it not only works in a Linux operating system but also in Windows. 

If the medical sensor is based on mature products that it does not re-

quire programming, the middleware ZigBee module, Wi-Fi module and 

Bluetooth module can work in any platform that runs a Java program. 

However, the 6LowPAN module uses the blip, which is only supported 

on Linux and TinyOS 2.1.1. Thus, because of the weakest-link principle, 

the interoperability of the middleware is low. 
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6 Conclusions and Future Works 
In order to obtain an early diagnosis of chronic disease and be able to 

real-time monitor the physiological information for a patient, many 

kinds of biomedical and environment sensors have been developed to 

collect health data. However, different kinds of sensors may use differ-

ent communication protocols, which make it difficult for them to work 

with each other. The task of the multiple data acquisition module mid-

dleware is to solve the problem. 

From the results shown in chapter 4, the middleware works successful-

ly. The ZigBee module, 6LowPAN module, Wi-Fi module and Bluetooth 

module can receive the packets and process the data and then send it to 

the remote server. Therefore, the middleware which solves the problem 

and the E-healthcare application, which uses the middleware have the 

ability to work together. 

The evaluation of the middleware is shown in chapter 5. Multiple data 

acquisition module middleware of a wireless sensor network e-

healthcare application has proved satisfactory with regards to the usa-

bility, reliability and extensibility. However, interoperability has not 

achieved the high level condition, which was inevitable as the 

6LowPAN module can only work on Linux and TinyOS 2.1.1.  

Although the middleware now successfully works on four modules, 

there is still room for significant improvement. In the future, designing 

more modules to support more communication protocols can make the 

system work for more sensors and applications. 
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