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Abstract—This paper presents the design of a robust framework 
for body sensor network. In this framework, sensor nodes 
communicate using 6LoWPAN, running on the Contiki operating 
system, which is designed for energy efficiency and configuration 
flexibility. Furthermore, an embedded router is implemented 
using a Raspberry Pi to bridge the information to a Bluetooth 
capable smartphone. Consequently, the smartphone can process, 
analyze, compress and send the data to the cloud using its data 
connection. One of the major application of this framework is 
home patient monitoring, with 24/7 data collection capability. 
The collected data can be sent to a doctor at any time, or only 
when an anomaly is detected. 

I. INTRODUCTION 

With the recent development of the Internet of Things, 
patient health monitoring is gaining more focus in recent 
research. While a single sensor can be easily connected to a 
smartphone using Bluetooth, managing several sensors can 
become complex and inefficient due to the nature of the 
protocol. The recent release of the Bluetooth Low Energy 
(BLE) protocol greatly diminished the limitation of the 
previous versions, but other alternatives are to be investigated 
before settling on this protocol. 

One of the reasons the Bluetooth was chosen for this kind 
of application is not only the existence of a profile dedicated 
to health application, but also the compatibility with current 
smartphones. The presence of Bluetooth on almost all the 
present-day smartphones makes them a perfect platform for 
data collection and transmission to the cloud. It is to be noted 
that all the communications using Bluetooth are encrypted, 
preventing the unauthorized collection of the data collected by 
the sensors. One of the minor drawbacks of Bluetooth is the 
necessity for pairing the devices to a phone which could be 
solved using different techniques including Near Field 
Communication (NFC) tags facilitating the pairing process. 
Furthermore, once paired with one device, the sensor 
exclusively exchanges data with this device. 

Another protocol described in this paper is 6LoWPAN. 
This protocol is based on IEEE802.15.4 MAC layer, which is 
also used by the ZigBee protocol. It offers advantages such as 
the possibility of creating a mesh network, or the compatibility 
with other packet switched networks, such as internet. 

Additionally, it offers an optional encryption for the 
communications using AES algorithm, as well as provides the 
network discovery and routing capabilities offered by IPv6. 
Another important aspect is the power consumption, which 
can be as low as Bluetooth Low Energy (BLE), and offer 
comparable performances in terms of power consumption and 
data throughput [1]. 

In this paper, we describe the implementation of a 
Wireless Body Sensors Network (WBSN) using simulated 
data on different 6LoWPAN enabled nodes. A Raspberry Pi 
board is used as a border router, which collects, organizes and 
then transmits the data to a smartphone using Bluetooth. 
Figure 1 shows the organization of this type of network. 
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Figure 1. Organization of a Wireless Body Sensor Network with 

6LoWPAN 

Section II describes the implementation of the different 
6LoWPAN nodes used, while section III discusses the 
reliability of the communications between the nodes and the 
border router. Section IV describes the implementation of the 
border router and its data collection functionality. Section V 
discusses the interfacing with the smartphone, and how the 
data is formatted. Section VI concludes this paper. 

II. 6LOWPAN NODES 

The nodes are the devices containing the sensors placed 
on the body of the patient. These microcontroller based 
devices have limited computing and memory capabilities. 
Therefore, the nodes run a special operating system, called 
Contiki. Contiki is an open source operating system dedicated 
to the implementation of communication stacks on devices 
with limited capabilities, such as low memory availability or 
non-32 bit architectures. 
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Figure 3.  IEEE 802.15.4 Superframe structure with GTSs [3] 

 
C. Reliable Transport Layer 

 
The IPv6 protocol proposes both TCP and UDP, already 

widely used in IPv4 for all IP data communications. In order 
to be more efficient, the 6LoWPAN protocol proposes 
compressed version of these two protocols in order to reduce 
the complexity and increase the battery life of the nodes. They 
directly implement the process of resending the data in case 
the receiver does not acknowledge the transmission. However, 
it requires maintaining synchronization between the 
transmitter and the receiver. However, the UDP protocol does 
not implement such a process. If a packet is lost, there is no 
retransmission. Although simpler, it requires more program 
code in the application layer to implement the reliability 
features. This leads to a more flexible implementation that 
could, for example, hold the data until the next scheduled 
transmission, rather than directly resending the data. It is to be 
noted that the IEEE 802.15.4 protocol already implements an 
acknowledgement feature in the MAC layer that is used on 
some system to retransmit the data automatically. 

IV. BORDER ROUTER 

The border router used in this study is based on a 
Raspberry Pi 2 board. It uses a Bluetooth dongle to connect 
with a smartphone, and an IEEE 802.15.4 radio module for the 
6LoWPAN communications. The Linux distribution used is 
Raspbian, in which the kernel is recompiled to include the 
6LoWPAN stack and drivers. It also includes the linux-zigbee 
tools. Despite the name, these tools allow the IEEE 802.15.4 
radio to be used as a network interface. 

Furthermore, the border router implements the server that 
collects the data from the nodes. It monitors any UDP or TCP 
connection and automatically detects new devices in the 
network. On the first connection of the node, the server 
requests information about the type of sensor connected. 
When the smartphone is connected, it gets a list of connected 
sensors. From this list, a particular sensor or a set of sensors 
can be selected, from which the data will be collected. 

The Raspberry Pi 2 board is equipped with a 900MHz 
quad-core CPU, and therefore can efficiently execute signal 
processing algorithms. This means that despite the data 
collection, the server can perform the required data 
processing. For example, from ECG data, the server could 
derive the heart rate and save bandwidth on the link to the 
smartphone. Another improvement could be to compress the 

data collected from many sensors before transmitting on the 
single Bluetooth link. 

Additionally, the border router can be equipped with Wi-
Fi so that it can upload the data directly to a remote server 
when it is within a known network, without the use of a 
smartphone. 

V. BLUETOOTH SMARTPHONE INTERFACE 

The Bluetooth protocol is one of the wireless 
communication options available on all standard smartphones 
available today. The Bluetooth is easy to connect from one 
device to another, and offers multiple concurrent connections 
among devices [4]. Especially when forming a personal area 
network for the WBSN, the Bluetooth protocol is adequate to 
collect body sensor data to the smartphone. Generally, the 
Bluetooth connection between one device to another uses 
Serial Port Profile (SPP) which is defined to set up virtual 
serial ports over the Bluetooth transceivers [5]. Through this 
profile, binary data and framing techniques can be employed 
for efficient network communication. In our previous work 
regarding sensor data collection in the WBSN environment, 
the system was operating on this profile when collecting body 
sensor data through the Bluetooth protocol [6]. This protocol 
was suitable enough for real-time body sensor data 
transmission. 

By incorporating the standard Android smartphone, we 
utilize another standard feature on the device to provide more 
efficient and simple method to establish Bluetooth connection. 
The Bluetooth requires a special sequence called ‘pairing’ to 
be able to communicate between two different devices. The 
pairing sequence needs to be completed by the user prior to 
transmitting any data through the Bluetooth protocol. 
However, this manual process can be altered to an automatic 
process by utilizing NFC tags. The NFC reader on the Android 
smartphone is not originally designed to play a role in the 
Bluetooth pairing process. By recording a simple data 
(Bluetooth MAC of the target to be connected to the phone) on 
an NFC tag, and reading this tag on the Android smartphone 
enables the automatic Bluetooth pairing process. In our 
design, the NFC tag will hold the Bluetooth MAC address of 
the Bluetooth transceiver installed on the border router. 

Body sensor data collected through the Bluetooth can be 
displayed on the smartphone screen using a user-friendly 
interface. This helps the user to completely identify their 
current health status. Furthermore, the Android smartphone is 
interoperable in multiple communication protocols. Thus, the 
body sensor data can be transmitted to a distant location in 
real-time, via the Internet. 

Since the border router is collecting data from different 
kinds of body sensors, the Android application software on the 
smartphone must be able to distinguish and identify the data 
types. This means that the information sent through the 
Bluetooth from the border router must contain additional 
information apart from the body sensor data. This depends on 
the Android application implementation, and the sensor data 
rules between the body sensors and the border router. On the 
body sensor level, additional data that contains the identity of 
the body sensor must be included and transmitted all the way 
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to the Android application software. However, this data should 
not impact the data transmission performance over the 
6LoWPAN environment, and the Bluetooth connection. 

VI. CONCLUSION 

In this paper, we presented the design of a robust 
framework using a combination of 6LoWPAN and Bluetooth 
to interface a Wireless Body Sensor Network to a smartphone. 
It uses a Raspberry Pi as an intermediate between the 
6LoWPAN network of sensor nodes and the Bluetooth link for 
the smartphone, while capable of sorting, processing and 
compressing the data from the sensors. Furthermore, a Quality-
of-Service is implemented to ensure that no data will be lost 
and also to efficiently manage the power consumption. 
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