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Abstract 
Driven by the advances of Wireless Sensor Network (WSN) and the 

development of low-power, autonomous sensors, Healthcare 

applications in WSN have recently led the way in scientific research. 

These applications provide pervasive monitoring and lead to a 

promising future involving improvements and expansion of the quality 

of healthcare among a wide variety of patients. This paper represents 

the simulation work of a wireless biosensor in Wireless Sensor Network 

which aims to transmit the medical data to the central database for 

analysis and evaluation. In this project, a PC and a TelosB mote together 

act as a model and are simulated to address the problem of the vast 

medical data transmission in WSN in which the data transmission is 

based on IP and compliant to IEEE802.15.4.  

Keywords: Wireless Sensor Network (WSN), healthcare, wireless bio-

sensor, Internet Protocol, IEEE802.15.4, TelosB 
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1 Introduction 
With the current advances in Wireless Sensor Network (WSN) and the 

emergence of low-powered, low-cost wireless sensors, Healthcare based 

on Wireless Sensor Network has recently led the way in relation to 

scientific research. This provides people with pervasive, remote health 

monitoring while the sensors are automatically collecting, processing 

and transmitting the medical data to the monitoring centre. 

1.1 Background and problem motivation 

Compared to traditional healthcare, WSN-based healthcare meets the 

increased demands in flexibility, intelligence, and humanity, as people 

no longer have to make an appointment with the doctors for a test but 

are, instead, able to live a normal life without worrying whether their 

physical conditions are being monitored and evaluated. On the other 

hand, it also benefits the doctors since the diagnoses and evaluations are 

no longer time and space dependent, and it becomes possible for the 

doctors or caregivers to have a clear picture of a patient’s condition and 

thus can pick up any abnormality before it becomes a problem. 

There appears to be a promising future in WSN-based healthcare and, 

various applications are being designed and proposed and, in particular, 

the wireless biosensor. The wireless biosensor integrates the wireless 

communication technology and specific medical technology in order to 

automatically collect a patient’s medical data and transmit it to the 

monitoring centre. Additionally, it organizes itself as a part of the Wire-

less Sensor Network so that the data can be shared and accessed for 

diagnose and evaluation. For example, a wireless biosensor for monitor-

ing the heart beat rate could provide information regarding cardiac 

rhythm to the doctors or the caregivers for evaluation and diagnose. 

Although it is the case that a heart attack happens suddenly without 

apparent any signs, doctors can often find disturbances in the cardiac 

rhythm before the event has occurred [1].  

1.2 E-healthcare group introduction  

The entire project group aims to form a prototype in relation to a Wire-
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less Sensor Network for a healthcare system which contains a central 

service, database, several wireless biosensors, a gateway and multiple 

devices. 

The wireless biosensors are carried by the patients in order to collect the 

medical data and then to transmit it to the gateway. They continuously 

monitor the patient’s physical condition and ensure that every move-

ment is noted and evaluated. 

The gateway is used to collect the medical data from the sensor nodes 

and to transmit it to the central service so that the Wireless Sensor 

Network is connected to the outside Internet and the data can be ac-

cessed by multiple Internet devices. In this case, the doctors or caregiv-

ers can evaluate the medical data in order to estimate whether the 

patient’s condition is good. 

Also, the collected and processed medical data are stored in the data-

base for future queries. In addition, the entire network is based on 

Internet Protocol which thus enables the provision of extensive interop-

erability and security. 

 

 

Figure 1-1 Wireless Sensor Network for E-Healthcare [2] 

Border Router 
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In this project, the author and Jun Tang are responsible for the 

simulation of a wireless biosensor which contains a PC and a TelosB 

mote for data sampling, PC-mote communication and radio 

transmission. The author will concentrate on the medical data 

transmission including the PC to mote transmission and the radio 

transmission to the root. 

1.3 Overall aim 

There are two major functions in a wireless biosensor, one is to collect 

medical data from the patients and the other is to transmit the data to 

the central service for monitoring and evaluation. This project aims to 

achieve the function of medical data sampling, serial communication 

and using the mote to transmit the data via radio. The model organizes 

itself as a part of the WSN so that it can share its data with the doctor for 

analysis and evaluation. 

The medical data collection part is simulated by a PC according to real 

medical data searched for in the Internet. In this project, there are 

several kinds of medical data for diagnosing different kinds of diseases 

in which each kind of medical data has its own specific sampling 

frequency and values. 

The data transmission part includes a PC to mote communication and 

radio transmission. Since different kinds of medical data for different 

diseases have their own characteristics and specific sampling frequencies, 

there should be distinctive transmission mechanisms which enable 

convenient data transmission and monitoring. 

1.4 Scope 

The scope of this thesis focuses on the simulation of a wireless biosensor. 

The main task is to implement the Internet Protocol on the wireless 

sensor node and to utilize the 6LoWPAN to carry IP-based communica-

tion over an IEEE 802.15.4 link. Additionally, transmission mechanism is 

designed for different kinds of medical data. 
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1.5 Concrete and Verifiable goals 

Before the design and implementations, it is important to have clearly 

defined goals and to follow the right direction in order to achieve the 

final goal. The following context show some concrete and verifiable 

goals of this project: 

 Construct a protocol stack 

 Design different transmission mechanisms for different kinds of 

medical data 

 Transmit the generated data from a PC to the mote through a se-

rial connection. 

 Send the received medical data to the root mote via radio 

1.6 Outline 

Section 2 states the related work and introduces some theories and 

information regarding the hardware and software used in the project. 

Section 3 presents the methodology. It provides the method in relation 

to how to simulate the wireless biosensor and the components that are 

used. Section 4 provides more details in relation to the implementation 

of each part and section 5 presents the results of the implementation. 

Section 6 states the conclusions and section 7 provides a discussion 

regarding future work. 

1.7 Contribution 

The contribution of the entire project is in simulating a wireless biosen-

sor which organizes itself as a part of the IP-based WSN, and co-worker 

Jun Tang is responsible for the medical data generation. The contribu-

tions of the author are in implementing the Internet Protocol on the 

sensor node which makes the node participate in the network and in 

connecting it to the outside Internet. The IEEE802.15.4 standard is im-

plemented in the link layer so as to achieve the radio transmission while 

the 6LoWPAN is used as an adaption layer in order to compress the 

packet’s header so as to make the Internet Protocol compatible to the 

IEEE802.15.4 standard. Additionally, distinctive transmission mecha-

nisms of different medical data are designed in relation to the WSN for 

Healthcare. 
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2 Theory  
In this section, some related theories and technologies are introduced 

to provide a better understanding for the reader in relation to the com-

ponents and design of this project. It also provides the basis for an 

understanding of the model and implementation part of this report. 

2.1 Introduction of the simulated medical data 

2.1.1 Blood Glucose 

Blood glucose is an essential element for diagnosing and monitoring 

diabetes from which many people are suffering. It tests the sugar value 

in the blood and can greatly assist in providing better care for the dia-

betic person. The blood glucose monitoring provides the patient’s col-

lected data to the central services for evaluation so that the doctors and 

caregivers can offer a quick response and can give the patient advices in 

relation to diet and medicine. 

Generally, people test their blood glucose twice a day, once before a 

meal and once after a meal. The following shows the normal results for 

blood glucose: 

 Before meals: 70 - 130 milligrams per decilitre (mg/dL) 

 After meals: Less than 180 mg/dL [3] 

Normal values might be slightly different owing to the test environment, 

for example, they are dependent on physical activities or medicine.  

2.1.2 Blood Pressure 

There are two values which should be tested while monitoring blood 

pressure: one is the Systolic Pressure (maximum pressure) and the other 

is the Diastolic Pressure (lowest pressure). Both of these values are 

important in order to diagnose whether the blood pressure is abnormal 

and if either one is raised this could indicate, high blood pressure. 

The blood pressure varies at different times of the day so the measure-

ments should be taken at the same time if the monitoring intends to last 
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for a long period of time. The following shows the appropriate time for 

testing: 

 Morning: The test should be taken before washing, dressing 

and taking breakfast or drinking, while the body is still resting. 

 Night: The test should be taken after finishing work.[4] 

 

Figure 2-1：Blood Pressure Levels [5] 

2.1.3 Heart Rate 

Heart rate is the number of heart beats per unit of time and it, always 

refers to the number per minute. It is an important element for diagnosis, 

and many athletes like to measure their heart rate to determine the 

maximum efficiency of their training.  

The normal heart rate of an adult is between 60-80 bpm, and the doctors 

can diagnose disease if the heart rate is too low or too high. Additionally, 

the disturbances of the heart rate might also be the sign of a disease. 
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2.2 Hardware 

TelosB mote has been developed by the University of California, 

Berkeley and it is an open source platform which supports the TinyOS 

to enable researches particularly within the Wireless Sensor Network. [6] 

                         

a                                                                               b 

Figure 2-2 TelosB [6] 

TelosB mote integrates an MSP430 microcontroller, USB programming 

capability and an IEEE802.15.4 radio with an integrated antenna. It is 

used in this project not only because of its characteristic in relation to 

radio communication and serial connection, but also because of its low-

power consumption. TelosB mote acts as a node in a Wireless Sensor 

Network and can communicate with other nodes in the network 

through an IEEE802.15.4 radio. Additionally, it provides serial 

communication via a USB to enable the connection between the Wireless 

Sensor Network and the outside Internet. In this project, it is simulated 

as a part of wireless biosensor with a PC, and is mainly responsible for 

the radio transmission of the collected medical data. 

Features include: 

 IEEE 802.15.4/ZigBee compliant 

 250 kbps data rate 

 TI MSP430 microcontroller  

 1MB external flash for data logging 
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 Integrated onboard antenna 

 USB connection 

 Open-source operating system 

 Optional integrated sensors 

2.3 Software 

TinyOS is the first lightweight open source operation system and meets 

the demands of wireless sensor networks in which the energy consump-

tion should be sufficiently low to support the sensor node’s lifetime and 

in which the resource is limited. Additionally, TinyOS supports different 

kinds of platform which makes it more attractive since it is easier to 

build sensor network applications. [7] 

The TinyOS and its applications are written in the NesC programming 

language which is designed for wireless sensor networks. NesC is a 

component-based C dialect which enables significant optimizations and 

assists in the prevention of low-level bugs. [8] 

2.4 IP-based Wireless Sensor Network 

Wireless Sensor Network has become a hot research issue over recent 

years and has been applied to many fields, such as healthcare, emer-

gency detection and so on. To reach the full potential of the Wireless 

Sensor Network, it is required to be connected to the outside Internet 

and which could thus take better advantage of the Internet Protocol. In 

an IP-based Wireless sensor network, every sensor node is assigned to a 

unique IPv6 address and connects to the Internet via the IP-WSN gate-

way which enables the connectivity between the sensor nodes and any 

IP-enabled devices including mobile, PCs and other devices in the same 

network as well as in different networks using the Internet Protocol. The 

following points show some of the advantages which are obtained by 

utilizing IP in Wireless Sensor network: 

 Interoperability:  

a) IP-WSN Network enables the communication between the sen-
sor nodes in different wireless sensor networks which are com-
pliant to the same standard (IEEE802.15.4).  
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b) Enables the connectivity of the sensor nodes in wireless sensor 
network and other IP-enabled devices in the outside Internet. 

 Security 

While integrating the Internet Protocol in a Wireless Sensor 
Network, it also takes advantage of the security mechanism 
designed in the protocol, for example, authentication and access 
control. 

 Addressing 

When the Wireless Sensor Network is enabled by IPv6, it can benefit 
from the huge address space and higher data capability which in-
creases the Maximum Transmission Unit (MTU) to 1280 bytes com-
pared to that of IPv4. 

2.5 6LoWPAN 

6LoWPAN is designed by IETF [9] and is deployed to provide an 
adaptation layer which enables the implementation of the Internet 
Protocol over an IEEE802.15.4 based network. In [10], it explains that the 
6LoWPAN adaptation layer has been so attractive not only because of 
its potential for low-power operation, but also because of the extensive 
interoperability and support for authentication and security mechanisms. 
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3 Methodology 
In order to achieve the functions of a wireless biosensor in a wireless 

sensor network, a PC and a TelosB mote are used in this project to 

simulate the data sampling and transmission. To assist in a better under-

standing for the reader, the working processes of this project are shown 

below in the simulation model: 

 

                    Figure 3-1： Model of working processes 

The system is divided into two main parts: the Internet protocol imple-

mentation and the data transmission. 

3.1 Protocol implementation 

The implementation of the Internet protocol is based on the protocol 

stack deployed by the University of California, Berkeley. It is con-

structed and divided into 6 layers: the application layer, transport layer, 

IP/routing, adaptation layer, MAC layer and physical layer. 6LoWPAN 

is utilized as the adaptation layer for packet header compression in 

order to carry the Internet protocol over IEEE 802.15.4 links.   
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3.2 Data transmission 

In this project, three kinds of medical data are considered for transmis-

sion: Blood Glucose, Blood Pressure and Heart Rate. Distinctive trans-

mission mechanisms are designed respectively since different kinds of 

medical data have their own unique characteristics. The design is ac-

cording to the basic knowledge with reference to medical data and the 

essential values for monitoring the associated chronic diseases.   

In the serial communication, a PC will be responsible for reading from 

the medical data and then organizing them into formatted packets. After 

the medical data has been obtained, the PC will transmit it to the TelosB 

mote through the USB connection. 

On the radio transmission side, the TelosB mote is used to implement 

the transceiver of the wireless biosensor. A NesC program is deployed 

in the TinyOS platform and then installed into the mote to control the 

data transmission and to implement the Internet Protocol on the plat-

form. The IEEE802.15.4 standard is implemented in the link layer to 

achieve the low-power consumption radio transmission.  

3.3 Test and Analysis 

After implementing the Internet protocol and the data transmission, 

some test and analysis are carried out to determine whether the design 

is appropriate and also to provide further instructions.  

 Radio transmission throughput 

The throughput of the TelosB mote is capable of transmitting the 

medical data in terms of different sampling frequencies. 

 Qualitative analysis of association between serial and radio 

communication of TelosB mote 

 Qualitative analysis of packet loss and delay 
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4 Implementation 
In this chapter, the designs and solutions to the previously mentioned 

concrete goals are presented. After being provided with a brief 

understanding in relation to the whole model in the Methodology 

section, this chapter will introduce the details of each step in the project 

to the readers. 

For each of the following implementation parts, some knowledge and 

theories, introduced in the Related Work part will be used for the 

analysis and in determining appropriate approaches, and this will then 

be followed by the actual ideas and solutions. 

4.1 Construct Protocol Stack 

In order to implement the Internet Protocol on the TelosB sensor node 

which can be enabled to participate in the network and to connect with 

the outside Internet, the protocol stack must be constructed and layered. 

In this project, the implementation of the protocol stack is based on the 

open source in [13] which has been developed by the University of 

California, Berkeley.  

The protocol stack contains 6 layers: Application layer, Transport Layer, 

IP/Routing, Adaptation Layer, MAC Layer and Physical Layer. Each 

layer is implemented according to some specific standards. Table 4-1 

shows the protocol stack:  

Table 4-1: Protocol Stack implemented on sensor node 

Application OpenADR, HTTP, sensor.network 

Transport UDP 

IP/routing IETF RPL 

Adaptation IETF 6LoWPAN 

Medium Access IEEE 802.15.4e 

Phy IEEE 802.15.4 - 2006 
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Application Layer: Some Internet services can be achieved in the 

application layer. For example, sensor.network could be implemented in 

the application layer which could provide several database servers to 

store the data gathered from the sensor node and the RESTful web 

service.  

Transport Layer: Enables TCP or UDP connection. In this case the UDP 

was chosen. 

IP/Routing: RPL is a routing protocol which is designed for Low Power 

and Lossy Wireless Networks. It is used to populate the routing table 

and, in addition, to decide which node is the next hop in order to 

forward the packet [13].  

Adaptation Layer: IETF 6LoWPAN is deployed as the adaptation layer 

to carry the IP-based communication over IEEE802.15.4 links while 

utilizing a header compression scheme. 

MAC and PHY Layer: It is based on IEEE 802.15.4 standard for radio 

communication. 

4.2 6LoWPAN packet compression 

6LoWPAN is the adaptation layer located between the Network layer 

and the Data link layer, and intends to compact the IPv6 packet for 

sending and receiving over the IEEE 802.15.4 based network. 

The basis of packet compression is because certain areas involve well-

known values and some could be inferred from other fields. Figure 4-1 

depicts the packet before compression. 

The Version, Traffic Class and Flow Label are removed from the packet 

header because the Version is wellknown while the traffic class and flow 

label are never used. Packet length, source address and destination 

address can be inferred from the IEEE 802.15.4 header so that these three 

fields are not necessary. The bit length of the source port and destination 

port are reduced from 8-bits to 4-bits considering only a limited number 

of ports can be used in the network. As a result, the packet could be 

condensed to some extent. Figure 4-2 below shows the 6LoWPAN 

compressed packet.  
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Figure 4-1: Packet before compression [13] 

 
Figure 4-2: 6LoWPAN compressed packet [13] 



Enabling communication between 

border router and 6LoWPAN-

based WSN for Healthcare 

Xueyun Li 

4 Implementation 

2011-05-26 

 

15 

4.3 Transmission mechanism design 

This project aims at achieving the communication between the wireless 

biosensor and the IP-based wireless sensor networks which is 

specifically applied to the healthcare system. Considering the different 

kinds of medical data transmitted through the network and which have 

their own characteristics, distinctive transmission mechanisms for those 

different medical data should be designed in order to deliver the test 

results to the caregivers so as to provide better monitoring and thus 

enable evaluation of the user’s physical condition.  

When designing the wireless transmission mechanism, two major 

aspects should be of concern: the packet payload and transmission 

frequency. The packet payload is related to the contents of the test 

results and how to arrange the vast or updated medical data for 

transmission. The transmission frequency depends on the appropriate 

time and frequencies of the testing regarding the different kinds of 

diseases. The following transmission mechanisms are designed 

respectively for three kinds of medical data, namely, blood glucose, 

blood pressure and heart rate. 

4.3.1 Packet Payload 

a) Blood glucose:  

Blood glucose is an essential factor for diagnosing and monitoring 

diabetes, and some basic knowledge about blood glucose has been 

introduced in the Theory part. In order to monitor the blood glucose, 

people generally test their blood glucose twice a day, once before the 

meal and once after a meal. Thus, the packet payload will contain at 

least two test values, and it is designed as below: 

Payload = [Sign (G), sequence number, <value 1>, <value 2>, payload 

length] 

The Sign is used to provide information as to which kind of medical 

data is being transmitted, and the sequence number is required by the 

receiver in order to identify the duplicated packet. Value1 and value2 

correspond to the two test results, one test before the meal and one test 

after the meal. 

b) Blood Pressure: 
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There are two values which should be tested while monitoring blood 

pressure: one is the Systolic Pressure (maximum pressure) and the other 

is the Diastolic Pressure (lowest pressure). Thus, the packet payload is 

designed as below: 

Payload = [Sign (P), sequence number, Systolic Pressure, Diastolic 

Pressure, payload length] 

c) Heart Rate： 

Heart rate is an important element for monitoring the cardiac rhythm 

and will be monitored for a certain period of time (here the test lasts for 

30 minutes) so that the caregiver or the doctor is able to decide whether 

the user’s condition is satisfactory. The packet payload is designed as 

below: 

Payload = [Sign (H), sequence number, Heart rate, payload length] 

 

Figure 4-3: Packet payload for radio transmission 

4.3.2 Transmission mechanism 

Since each medical data is used to monitor a specific chronic disease and 

each has different test frequencies, an appropriate transmission 

mechanism is required which fits the disease characteristics. Table 4-1 

shows the transmission mechanism designed for the three medical data. 

For blood glucose and blood pressure, the test results are single values 

and the test does not have to be taken very frequently. Therefore, the 

results will be in one packet which will be transmitted after each test. 

Considering there is a high possibility for packet loss, especially in the 

radio transmission, a repeat transmission is necessary to ensure that the 

root can receive the packet. 
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Table 4-2: Transmission Mechanism 

For heart rate, the test will last a certain period of time and generate 

large amounts of data. Additionally, the doctors or the caregivers might 

prefer to receive to the rhythm or the curve of the heart rate rather than 

a single heart rate value, because the curve and trend are more likely to 

indicate the stabilization of user’s physical condition. As a result, the 

large amount of heart rate data must be continuously transmitted rather 

than a repeat transmission of a single packet.   

4.4 Serial communication between PC and TelosB 

This project aims to simulate a wireless biosensor and thus the medical 

data comes from the simulation instead of real testing. A PC is used in 

this medical data simulation and in this project it mainly focuses on the 

serial communication with the sensor node.  

On the PC side, the serial communication program contains five parts: 

moteCommunication: moteCommunication is the control module 

which is responsible for connecting the sensor node and for calling other 

execution threads. 

 Blood 

Glucose 

Blood 

Pressure  

Heart 

Rate  

Getting 

values  

Once per 

week(Instant 

value)  

Every day 

after test 

(Instant 

value)  

After 30 

minutes test  

Serial 

Transmission 

One packet 

per time.  

One packet 

per time.  

After 30 

minutes test. 

One heart 

beat value 

per packet.  

Radio 

Transmission 

Repeat 

transmission  

Repeat 

transmission 

No repeat 

transmission.  
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moteData: moteData is designed to acquire the generated medical data 

and organize the test results into a packet format which will be ready for 

serial transmission. The following commands show the output of the 

serial communication: 

 

Figure 4-4: Output for serial communication 

The first element of the output is the command which is transmitted to 

the sensor node in order to trigger the sending thread to send the 

received medical data through the radio. The second element is the 

length of the packet payload which is to inform the node how many 

bytes are going to be received. The last element contains the medical 

data which is planned to be sent to the gateway. 

moteNetwork: moteNetwork is designed to create a UDP socket for 

remote connection with the sensor node. 

moteSerial: moteSerial is responsible for serial communication between 

the PC and the connected TelosB node. The packet payload will be 

transmitted on a character per time basis. 

shared: This module is designed to store the variables which will be 

accessed by multiple threads. 

On the TelosB node side, the program is organized as figure 4-5. 
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Figure 4-5: Program structure 

4.5 Radio Transmission 

Radio transmission is based on the IEEE802.15.4 standard which is 

designed for Low Power and Low Rate Personal Area Networks 

(WPANs). It specifies the packet format and is implemented in two 

layers: MAC layer and Physical layer. MAC layer enables the data 

service and accessing the physical channel, as well as guaranteeing time 

slots and handling node association. The physical layer mainly manages 

the data transmission service and performs channel selection and energy 

and signal management functions [11]. Figure 4-4 shows the Schematic 

view of the IEEE 802.15.4 Frame Format. 

While IEEE802.15.4 specifies the standard, CC2420 provides the 

hardware support for the RF transceiver which is compliant to the 

IEEE802.15.4 in order to achieve low-power, low-cost wireless 

communication. [12] 
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Figure 4-6: IEEE802.15.4 Frame Format [12] 

The frame payload is the medical data received by the serial connection 

and will be identified by the upper layer. After it has been passed to the 

MAC layer, the data will be packed into the above IEEE802.15.4 frame 

format to be prepared for the radio transmission. 

 
 

Figure 4-7: Add Frame Header 
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5 Results 
In this chapter, the results of the implementation of the Internet Protocol 

and software execution are presented. Some figures are shown to 

demonstrate that the data has been successfully transmitted and on the 

root node side, the received medical data are also displayed in the 

following section. 

5.1 Throughput test 

The radio throughput of the TelosB mote is tested below in order to 

show that it is capable of transmitting the medical data with given 

sampling frequencies. 

 

Figure 5-1: Throughput of TelosB 

Figure 5-1 presents the payload bytes that can be transmitted within 1 

second. Additionally, it can be observed and calculated that the average 

throughput of the payload is about 21Kbps. 

Considering that the three medical data (blood glucose, blood pressure 

and heart rate) all have low sampling frequencies and, in particular that 

the test results of the blood glucose and blood pressure  are composed of 

single values, the throughput of TelosB mote is sufficient to support the 

data transmission.  
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5.2 Serial transmission 

The first part of the medical data transmission is the serial transmission. 

There are three kinds of data that will be transmitted: Blood Glucose, 

Blood Pressure and Heart Rate. The execution results are displayed 

respectively in the three figures below. 

5.2.1 Blood Glucose 

 

Figure 5-2: Blood glucose through serial communication 

The above figure shows the blood glucose value transmitted through the 

serial connection. The first digit is the command for triggering the radio 

transmission, and is followed by the sequence number, output length 

and two values. 

5.2.2 Blood Pressure 

Figure 5-3 shows that the blood pressure and the output is similar to 

that for the blood glucose. It can be seen that both blood glucose and 

blood pressure packets are repetitively transmitted which implements 

the transmission mechanism designed in the previous section. 
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5.2.3 Heart Rate 

Heart rate data is shown in Figure5-4 and it can be seen that the value in 

each packet is different which indicates that the heart rate data is being 

continuously transmitted instead of repeating. 

 

 

Figure 5-3: Blood pressure through serial communication 

 

Figure 5-4: Heart rate value through serial communication 
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5.3 Radio transmission 

The result of radio transmission can be observed on the gateway side, 

and the following figures demonstrate that the medical data is received 

by the root node. 

5.3.1 Blood Glucose 

 

Figure 5-5: Received blood glucose packets through radio transmission 

Figure 5-5 presents the received blood glucose packets on the gateway 

side. There are sampling times and receiving times, as well as the sensor 

node ID, which is 10. The two columns on the right are the two blood 

glucose values, and the small value is the test result before the meal 

while the larger one is after the meal. 

5.3.2 Blood Pressure 

 
Figure 5-6: Received blood pressure packets through radio transmission 
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Figure 5-6 shows the received blood pressure packets at the gateway, 

and the format is similar to that for the blood glucose. The two columns 

on the right are the Diastolic Pressure and Systolic Pressure. 

5.3.3 Heart Rate 

 

Figure 5-7: Received heart rate packets through radio transmission 

Figure 5-7 displays the received heart rate packets at the gateway. The 

last column is the heart rate value. 

5.4 Qualitative analysis of association between serial and 

radio transmission 

In this project, a TelosB mote is responsible for both the serial and radio 

communication. The radio transmission is triggered by the serial re-

ceived data so that it is reasonable to believe that the serial transmission 

rate has an influence on the radio transmission. 

During the transmission implementation, it is observed that when the 

serial transmission rate is too high, the radio cannot be triggered imme-

diately after receiving the data from the serial port. This phenomenon 

might due to the following reasons. 

 TelosB mote cannot handle serial and radio communica-

tion simultaneously. 

 Packets might be lost at the MAC layer due to the high 

traffic. 



Enabling communication between 

border router and 6LoWPAN-

based WSN for Healthcare 

Xueyun Li 

5 Results 

2011-05-26 

 

26 

As a result, those medical data which are sensitive to the time and have 

very high sampling frequencies are not appropriate to be transmitted in 

this scenario because it might not result in very accurate monitoring. 

5.5 Qualitative analysis of packet loss and delay 

Packet loss and delay are significant factors which must be considered in 

data transmission. A qualitative analysis of the packet loss and delay in 

this project is now provided. 

a) Possible reasons for packet loss: 

 Radio interferences: It is highly possible that there might be other  

links, for example, Bluetooth or Wi-Fi. 

 Packets might be lost at the MAC layer due to the high traffic. 

b) Possible reasons for delay: 

 Radio transmission delay. 

 Routing and packet compression: In this project, the TelosB mote  

is implemented with the Internet Protocol so that the packet 

processing procedure is more complicated than that in traditional 

wireless sensor networks. As a result, the routing and packet 

compression procedure may lead to a certain delay. 
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6 Conclusions  
This project accomplishes the objectives in relation to the use of a PC 

and TelosB mote to simulate a wireless biosensor in a wireless sensor 

network. Additionally, it implements the Internet Protocol on the TelosB 

node over the IEEE 802.15.4 link by deploying the 6LoWPAN as the 

adaptation layer in order to compact the packet size and to be in 

accordance with the requirements for low power, low cost network.  

The concrete goals proposed in the previous section are fulfilled and can 

be verified by checking the results.  

Implement protocol stack: The protocol stack is constructed and the 

6LoWPAN is utilized to carry the Internet Protocol over the IEEE 

802.15.4 link. 

Transmission Mechanism: It has been designed and implemented in this 

project and can be verified in the Results section. The values of blood 

glucose and blood pressure are transmitted many times while the heart 

rate values are continuously transmitted. Due to the repeat transmission, 

there is an assurance that the packets for the blood glucose and blood 

pressure will be received by the root node, but there is indeed some 

packet loss during the transmission of the heart rate values. 

Serial Communication: the PC successfully sends the medical data to the 

mote and triggers the radio transmission after the mote receives the 

command. This can be observed because the mote’s LED will blink 

when it receives data from the serial connection. 

Radio Transmission: The medical data are received by the root node and 

stored in the database. 
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7 Future Work 
This project accomplishes the basic function of a wireless biosensor 

which concentrates on implementing the Internet Protocol and the 

wireless data transmission. In future work, the protocol and wireless 

transmission will be implemented on real wireless biosensors, and the 

packet loss, as well as the delay will be given greater consideration in 

order to increase the efficiency of radio transmission. Also, different 

transmission mechanisms will be designed for various medical data 

such as ECG and EEG which requires high sampling frequencies and a 

large amount of data. In addition, it will be very interesting to add more 

functions to the wireless biosensor, for example, the automatic alarm if 

there is an emergency.  
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