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Abstract —The rapid pace of technological advances in recent microfabrication have enabled a new generation of wireless
years has enabled a significant evolution and deployment of sensor networks suitable for many biomedical applications
Biomedical Wireless Sensor Networks (BWSN) which have the 117
important impact nowadays. Related technologies have variety of
applications, and they are key enabling technologies of loT
(Internet of Things) in the field of e-health. 10T solutions, based

on different mobile platforms, offering cost efficiency, flexibility

Biomedical Wireless Sensor Networks (BWSN) are a
subcategory of wireless sensor networks (WSNs) which
operate in a pervasive manner for on body applications,

and simplicity of development, can be used in BWSNs as sensor€SPecially for health and medical aims. This network is
nodes or gateways. The current paper aims to summarize the designed to work independently and to make the link between

challenges related with the collection, manipulation and different medical sensors attached to the body or implanted in
exploitation of the data generated by these networks, using it. These sensors have wireless capability with a central
mobile platforms as sensor nodes. The biomedical data security, sensor, giving it any information on the state of the body.

the type of communication and the sensor node's software, also Once receiving the information, they transmit it to a central
will be considered in terms of increasing the efficiency of data

transmission in BWSNSs.

Keywords —Biomedical Wireless Sensor Networks (BWSN),
mobile platforms, sensor node.

|.INTRODUCTION

controller, which processes it and forwards it to an external
device, which displays the collected information. Biosensors
can be replaced by a variety of devices, called mobile
platforms, which can also be used as a central node or
gateway of BWSN. Mobile platforms represent development
boards, such as raspberry pi, arduino and intel galileo, which
can be used for various applications in biomedicine,
depending on the software and the necessary configurations
[2]. The architecture of BWSN is illustrated in Fig.1.

With the swift progress in wireless communication and

semiconductor technology, the sensor networks are ] H 2
developing rapidly, covering areas of different applications, imil Hospital .
including in medicine. Rapidly growing number of various B ? .

wearable health monitoring devices in recent years is used for | w—t} b
a wide range of medical and healthcare solutions. These "& Web Portal
devices provide continuous and real time health monitoring to
patients, users, doctors or medical centers and they are 8974 pvsiiam A
responsible for collecting, processing and transmitting data | g Emergency / i X

from a wide range of body-sensors such as: blood pressure, ' g ﬁ jl\ “
heart rate, respiration rate, electrocardiography (ECG) for the
heart health, Electromyography (EMG) for the muscle
control, electroencephalography (EEG) for the brain signals,
oxygenation signals, and temperature. Some of the lates

research in this area are focused on the wireless, mobile,

easy to wear solutions to make this monitoring more us
friendly since the wires may limit the user activities and lev
of comfort and also influence significantly the measur

results. Nevertheless, the technology advances
miniaturization and integration of microcontrollers, phys

ic

sensors, embedded radio interfaces, wireless networking
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SFig. 1. Architecture of Biomedical Wireless Sensor Network

EActuaIIy the biomedical sensor nodes integrated into
SN, can provide a novel information technology that will
£ able to support early detection of abnormal conditions and
revention of serious consequences. Today BWSN offer many

€ dvantages like the mobility of the users, flexibility and

integration. Thus, today’s body sensor networks are very

Aseful to offer assistance to the users, patients, and also
apﬂe sons with disabilities. That's why a large number of novel

biomedical sensors are proposed by different companies to
cover the requirements of a wireless sensors node especially
in terms of high accuracy, small scale factor, high integration,
multisensory versatility and low-power consumption [3].

The aim of this paper is to consider the different types of
biomedical sensors used in BWSN and categorized them
according to various addictions. The characteristics of some
mobile platforms are discussed and there is comparison
between them and various wireless sensor nodes in order to
examine their ussage as biomedical sensor nodes in BWSN.
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1. BIOMEDICAL SENSORNODES - Depending on the deployment positions of sensor
nodes:

The key components of BWSN are sensors, because theypiomedical sensors in BWSNs can be divided into three
connect the physical world with electronic systems. They af@tegories according to the deployment positions of sensor
mainly used to collect the information about physiology angodes [8]: sensors, which can be implanted into the body,
the surrounding environment. Some of the sensor nodes h&t#h as a camera pill, called implantable; wearable sensors,
a sensor as their main part, and they are responsible $§€h as accelerometers, temperature sensors and pressure
processing information by format conversion, data storagg€NSOrs; sensors which can be used to recognize behawors and
logical computing, and transmitting. One sensor nodeollect information about the surroundings is placed
generally comprises a sensor module, processor moduigirounding peoplesuch as visual sensors. N
wireless communication module, and power supply module - Depending on the automatic adjustment ability:

[4]. The sensor module is responsible for collecting the statusBiomedical sensors can be divided into two types,
of measurands and converting data from physical quantities&gcording to their automatic adjustment ability: self-adapting
electrical signals. anq non-self—agiaptlng sensors. First type can automatically

The building blocks of BWSN are sensor nodes and consfdjust processing method, order, and parameters, boundary
four basic elements shown in Fig. 2: the sensor ungonditions or constraints according to _data pha_lrac_terlstlcs,
processing unit, communication and power units. make themselves adapt to the statistical distribution and
structural characteristics of the measured data, in order to get
the best treatment effect. Second type are simple to design and

Sensing Unit Processing Unit . ’ . . .
L — | : need no consideration of self-adjusting function, and they are
[ Sensor e Storage I T widely used in BWSNs at present.
i i f f - Depending on the role in the network:
‘ Power Unit Sensors in BWSNs can also be classified into three types
based on their role in the network: Coordinator which is a

gateway to the outside world or another BWSN; End Sensors
Fig. 2. Sensor Node architecture which are only capable of performing their embedded
application; Routers are intermediate sensors which have a
Sensor nodes are the small, low power single boaRdrent sensor and a few child sensors through which they
computers with a radio for wireless communication. Numbéglay messages.
and types of sensors depends on the applications. Sensor
nodes collect and t_ransfer data using four_ stages: collecting 1. MOBILE PLATFORMS
the data, processing the data, packaging the data and

communicating the data [5]. The use of IoT standards in BWSNs allows the system

designer to re-use application layer programs; presenting
sensing data and actuation commands to software developers

. L in a generic manner. The challenges however remains for
In practical applications, the type of sensors and the num§W

Classification of Biomedical Sensors

r . .
of sensors a BWSN system employs depend largely on Stvig\:kollg\slleginers operating at the gateway level and sensor

particulgr application scenario and system infra_structure [ " A sensor node is a smart sensor that is capable of gathering
Many different types of sensors can be used in BWSN’.E%nsory information, performing some processing, and

complete the detectipn of physiology signals, human beha.\"%mmunicating with other connected nodes on the network.
and the surrounding environment. Because of vanoi

application-specific requirements, the biosensors in BWS pnsor platforms such as Arduino allow users to connect
PP b .q ' nsor and communications modules to a base platform.
can be of many types:

~ Depending on the type of measured signals: Gateways perform protocol translation between different

= . i networks. A gateway can operate at any network layer, and,
In [7]. the auth(_)rs divide sensors in BWSNs Into tWQ,iike a router or a switch, a gateway can communicate using
categories, according to the types of measured signals.

. - ) .mare than one protocol. PCs, servers, and M2M devices can
first category sensors collects signals continuously, plac'?l%}ction as gateways, although they are most commonly

more emphasis on real-tllme S|gr)al acquisition. The SECORSind in routers. In a sensor network, a gateway is responsible
category coIIect.dlscrete time-varying physmlogy §|gnals. ._for interfacing the data from the sensor nodes to another
- Depending on the types of data transmission media:

. . network that uses a different protocol, and deliverin
One of the most commonly used biomedical sensors P ! g

L . mmands back from that network to the nodes.
BWSN.S can be d_|V|de_d, depe.“d'”g on the types .Of (.ja AMobile platforms, also called Single board computers
transmission media, into radio frequency identificatio

devices (RFID). wireless sensors. which emplov wirele SBCs), that use a Linux based operating system provides the
.( . ), . ’ ploy nefits listed below: Re-usable operating system drivers for
communication technologies such as Bluetooth or Zigbee a

: ; . : tworking, file storage and other peripherals; An abundance
Ultra Wideband (UWB). Removing wires completely will be - : :
an inevitable trend for BWSNSs [8]. of software packages are readily available and actively

maintained to accelerate functional software component
development; Gateway devices can be monitored and
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administered with existing IT infrastructure monitoring Arduino is an open-source physical computing platform
systems; IT network administrators already have the necessapsed on a simple microcontroller board, which can affect its
skills to implement and maintain Linux-based devicesurroundings by controlling lights, motors, and other
Gateway hardware can be exchanged for a more powerldtuators. The microcontroller on the hardware board can be
solution in a domain specific application; improving thgrogrammed using the Arduino programming language and
flexibility of the solution. the Arduino Integrated Development Environment (IDE).
Using the system design and key benefits listed above theduino supports two working modes, stand-alone or
Raspberry Pi, BeagleBone Black and Arduino Uno (Fig. &onnected to a computer via USB cable [11].
was selected for comparing with sensor nodes used in BWSN.

IV. MOBILE PLATFORMS’S PERFORMANCES AND
CONSTRAINTS

In next steps mobile platforms performances will be
compared with following wireless sensor nodes [12]:

- MicaZ — is based on the Atmel ATmegal28L which isa
low-power microcontroller and runs MoteWorks from its
internal flash memory.

- TelosB - bundles all the essentials for lab studies into a
single platform including: USB programming capability, an
IEEE 802.15.4 radio, a low-power MCU with extended
memory and an optional sensor suite

BeagleBone Black - Iris — is used for enabling low power WSN.
- Cricket - is a location aware version of the popular
Fig. 6. Mobile Platforms MICA2 low-power Processor/Radio module.

- Lotus - is based on the NXP LPC1758, 32-bit ARM
All these devices are popular mobile platforms fofortex-M3 based microcontroller.
experimental use and run a Linux kernel based operating

system. The logical separation of software and hardware A. Size & Cost
components is a key requirement for scalability, cost and
performance.

. . ) The physical size and cost of each individual sensor node
On the following table is shown a comparison between theys 5 significant and direct impact on the ease and cost of
mentioned mobile platforms and other similar boards. deployment. Physical size impacts the ease of network
deployment because smaller nodes can be placed in more
locations and used in more scenarios. One of the main goals
of every network is to collect data from as many locations as
Features | RaspberryPi-B BeagleBone Arduino | Panda Board | BeagleBone Black| Intel Galileo MK802111S pOSS|b|e W|th0ut exceed|ng f|Xed budget A reduct|0n |n per—
roadcom - mel - intel Quark Sof ~ . . ™
oo | souws |Tstereavsi 8 miomeense) mswsravias | awireran]  node cost will result in the ability to purchase more nodes, to
5;;‘5::22’ Single-core/ | Single-core/ |Single-core/ | Dusl-core/ | Single-core/ | Single-core/ | Single-core/ dep|0y a collection network with h|gher density, and to collect
700 MHz 720 MHz 16 MHz 1,2 GHz 1GHz 400 MHz 1GHz . . . . . .
e more data. The comparison of size, weight and cost is given in
Nelwurklng Ethernet Ethernet No o Ethernet Ethernet Wi-Fi
il Table Il (the smaller values are better).

RAM 512 VB 256 MB 2KB 1GB 512 MB 256 MB 1GB
Price 0-45% 50-795 0-495 4005, 50-795 50-795. 50-795

TABLE |
THE COMPARISONBETWEEN MOBILE PLATFORMS

frequency

TABLE Il

Raspberry Pi is a small, powerful, cheap, hackable and THE COMPARISON OFSZE. WEIGHT AND COST

education-oriented computer board. The platform contains a

processor and graphics chip, program memory (RAM) and Name Size | Weight [Cost per node
various interfaces and connectors for external devices [9]. : (mm) (g) uss
. . Raspberry Pi 85.6%53.98*17 45 25-35
Like any other computer, the Raspberry Pi also uses an BeagleBone Black 63533 | 39.08 =
operating system and the “stock” OS is a flavor of Linux Arduino (Uno) 75+53°15 30 30
called Raspbian. Linux, as a free and open source program, is Micaz 58732%7 18 39
. TelosB 65*31%6 23 99
a great match for Raspberry Pi [S]. s see32+7 . s
BeagleBone Black is a single-board computer based on Cricket 58%32°7 18 225
low-power Texas Instruments processors, using the ARM Lotus 7873477 18 200
Cortex-A8 core. It is a small credit card-sized computer which
can run an operating system such as Linux/Android 4.0. The B. Power & Memory

main difference between it and Arduino is that it can run a

small operating system, thereby practically converting it into & The main goal of the biomedical sensor nodes is low power
minicomputer that can run programs on these operatiggnsumption in order to meet the multiyear application

systems. BeagleBone is designed to function at a much highgguirements. Also, algorithms and protocols must be
I10el and it has far more processing capacity than Arduino.
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developed to reduce radio activity whenever possible. This V. CONCLUSION

can be achieved by using localized computation to reduce the

streams of data being generated by sensors and througB\wsNs and the arranging sensors in, on and around the

application specific protocols. . human body, realizes the detection of human action and
The CPU is the main component of the mobile platformghysiological information, which has been widely used in the

responsible for carrying out the instructions of a computgg|ds of health care, social welfare, sports, entertainment, etc.

program via mathematical and logical operations. Regardifge ybiquitous network is coming with the method of taking

the storage, the device should have sufficient memory in ordgsman body as a part of the communication network. One of

to store the collected data. the main issues in BWSN is the design of sensor nodes, which
Comparative analysis of platforms and sensor nodes’s CP{jould be paid to node size minimization and energy
memory and power is given in Table Il1. consumption reduction.
Mobile platforms’s performances are compared with are
TABLE Il compared with some popular sensor nodes on a general level

* . . .
THE CoMPARISON OFCPU,MEMORY* AND POWER by computing power, size and overall costs of the solutions.

para—— Based on performed analysis, it can be stated that Raspberry

Name Processor RAM  Imemory| Pover Pi has the best performances among considered mobile
RaspberryPi_ | ARMBCM2835 |256-512MB| 2-64GB| S5V/USB platfrms. The ultra-cheap-yet-serviceable computer board,

AM335x 1GHz . H

BeagleBonedlack| [ TV | s1ame | acs | sv/use wnh support for a large number _of _input and output
ATMEGAS, peripherals, and network communication is the perfect
Arduino imigiz: 1632k | 328 | 7-12v /USe platfprm for mterfacmg WIFh many different devices and using
v in wide range of applications. In other words, the Raspberry

Py ATVEGALE ake T sy Pi brings the advantages of a PC to the domain of sensor
Telost TI MsP430 10KB_ | 43KB 5V network, what makes it the perfect platform for interfacing

'ri; ATMEGA1281 BKB | 128KB| 5V with wide variety of external peripherals.

Cricket ATMEL128L 4 KB 512 KB SV . .

o e sl ek Temre T ey Even there are large differences between stated platforms in

their ideal use cases, energy requirements, OS, etc., it can be
noted that all of them can be very successively applied as
biomedical sensor nodes.

* (The higher value is better)
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