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Abstract: Increasing use of wireless networks has empowered the facility of whicuhealth monitoring especially in advanced
countries. Various small devices are attached to human body formisgrized wireless body area network (WBAN). These small
devices interact with each other using different radios and antenheses proposed by many researchers around the globe. However,
most of these schemes are facing problem of inefficiency due to fagidghadowing effects. We propose a novel multi-radio multi-
channel framework for efficient communication among devices in \NBFhe focus of this research is to ensure energy efficient and
reliable communication in WBAN.
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1 Introduction Due to resource constraints, routing protocols designed
for mobile ad hoc networks or wireless sensor networks
A wireless sensor network (WSN) has many applicationscannot be used in WBAN. Research community is trying
in which wireless body area network (WBAN) has gained to design specialized routing protocols for WBAN such as
significant importance. In WBANT], 2], small electronic  TARA [4], ALTR [5]. These protocols are concern with
devices are attached with human to monitor specificbody heat and to find alternate path. Few LEACH based
health related problem such as blood pressure, bloodlustered routing protocols are also present6f At
sugar level, organ movement etc. The concept of WBANMAC layer, it is useful to implement wireless sensor
is presented to facilitate the health care issues distantlyprotocols in WBAN [7].
WBAN consists of small intelligent electronic devices
termed as sensors, which are low in power andAt physical layer, WBAN normally faces significant
processing3]. These small sensors collects heath relatedsignal loss using narrow band or ultra wide bardl. [
data and communicate that data to some medical officer§urthermore, less path loss is observed in line of sight
or medical servers so that it can be analyzed and monito(LOS) communication as compared to non line of sight
the patient health parameters. This kind of mechanisntlue to capability of body fluid to absorb wavedj.[Fast
created ease in patient life to enjoy mobility and need notmovement of human can also greatly affect the signal
to stay at hospital all the time. In WBAN, three layers loss, by increasing movement and degree of movement,
play an important role for sensing precise readings ofmore signal loss occu9f11]. There are many research
patient health and transmitting accurate information toand design issues in antenna and radios that must be
medical servers, i.e. physical layer, MAC layer and resolved to enable efficient and flawless deployment of
network layer. Physical layer is concerned with energy, WBAN. In this paper we present the possibility of
antennas and radios. MAC layer has the responsibility tonulti-radio multi-channel deployment in WBAN. |IEEE
manage data rates, which network layer has a role t80211 free frequency band consists of many
search optimal route from source to destination. non-overlapping channels that can be linked together in
multi-radio to improve the overall connectivity and
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efficiency in WBAN. This kind of mechanism is capable will be main concerns due to few non-overlapping
to increase data rates in case if multimedia informationchannels at actuator end. If the medical condition of
are required to analyze patient medical condition.patient is such as which needs images or multimedia data
Multi-radio multi-channel can also improve the overall at medical servers, in such case high data rates are
end to end throughput. The rest of the paper is organizetheeded. Most of sensor nodes operate at &Hz
as follows. Sectior? discusses the concept of multi radio frequency band and uses CSMA/CA at MAC layer. MAC
multi channel assignment in wireless sensor networkslayer performs some vital tasks such as data rate
Section 3 briefly introduces possible deployment of management, load balancing, error control, power control
multi-radio multi-channel in WBAN and how it can and collision avoidance. It should be noted that there are
improve the performance of WBAN. Sectidndiscusses many contention free MAC protocols such as TDMA,
results. Finally sectiob concludes the paper. FDMA etc which can perform better under centralized
mechanism. However, as we know WBAN and WSN are
decentralized and distributed in nature. Furthermoreethes
2 Multi-radio Multi-channel mechanism contention free protocols need specialized hardware
which are not suitable for WBAN or WSN.
WBAN is currently being used in a variety of healthcare
applications. In 2], WBAN architecture is proposed for CSMA/CA is contention based MAC protocaol, it tries to
physiological signal monitoring and health consulting in reduce the collision, however it creates the issue of
ubiquitous environment. In this mechanism ZigBee ishidden and exposed node. Distributed Coordination
used to communicate mobile system and physiologicalFunction (DCF) 18] is an enhanced protocol which is
devices. Furthermore the author proposes few algorithmgroposed to resolve those issues created by CSMA/CA.
such as scanning, dynamic discovery and healthcar®CF uses NAV to assume future transmission based on
profile. Hip rehabilitation system using WBAN is RTC/CTS mechanism.
proposed in13]. In this paper, the author pointed out few
challenges such as energy efficiency, reliability, networkln multi-radio multi channel mechanisms, multiple
operation and low latency. Furthermore, hip rehabilitatio frequency bands are used to increase the throughput and
system is proposed for such patients which suffers fronreduce end to end delay. First multi radio multi channel
hip surgery. To measure the force between hip and shoenechanism was proposed using graph theds, 20].
capacitive insole sensors are used, while magnetic sensoldulti-channel mechanism increases throughput and
are used to measure hip and leg position of patients. Areduces interference among nodes.
complete survey is conducted it4). The focus of this
survey is to highlight few patient monitoring systems and
discussion about different WBAN technologies. 3 Framework
Furthermore, the author discusses recent and current
research work done in physical, MAC and network layersUsually WBAN devices are equipped with very limited
of WBAN. Some security issues and mechanisms are alsenergy and hence the size of sensor used are very small
highlighted in this survey paper. (less than &nP) [11]. The hardware used in proposed
architecture are four small size sensors which are attached
Ambulatory health status monitoring system with the helpto hands and feet, and a personal server which can be
of software and hardware architecture is presentedsmart phone or personal computer. The overall
in [15]. This system monitors body motion and heart architecture is infrastructure based with star topology.
activities using multiple sensor nodes and personal serveiThe sensor nodes used are iMotdZ|[having TinyOS
In [16], WBAN challenges and opportunities are and follows IEEE-802154 standard. The maximum
discussed in details regarding application areasyange of these sensor nodes is not more than &@h a
communication, storage, energy harvesting anddata rate of 25kbps IEEE-80115.4 is typical wireless
compatibility issues. Another body area network survey ispersonal area networks (WPAN) which operates are
presented inJ7]. In this survey, the focus of discussion is 2.4GHz frequency band. These sensor nodes are
on WBAN intra-BAN and inter-BAN communication connected with personal server. The primary objective of
modeling, different hardware and devices, physical, MACthese sensor nodes is to monitor body motion with respect
and network layer issues and energy conservatiorto time. Body motion readings are transmitted to personal
strategies. Furthermore, taxonomy of body sensorserver for further processing.
projects is highlighted.
In such cases, where a lot of body sensor nodes are used
There are two important components of WBAN, i.e. to cover various parts of patient body, more end to end
sensor nodes and actuator}. [Sensor nodes sense some delay and congestion would be main concerns due to few
specific health issue while actuators are like sink nodesion-overlapping channels at actuator end. If the medical
which take some actions based on received data froncondition of patient is such as which needs images or
sensors. However, more end to end delay and congestiomultimedia data at medical servers, in such case high data
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rates are needed. —#—Single-radio #—Multi-radio

In WBAN, some factors greatly reduce the signal strength el ——— .

such as those sensors which are placed inside humg _ @0 1‘“\

body;most of signals are absorbed by the fluid of humar| £ £ i

body. Those sensors which are placed around huma E 75 “\""‘L—--..______A
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body or obstacles. Let suppose, one sensor node is place g gg ‘""“"—--..
at the back of patient and the other sensor is placed at th 50

chest, as these nodes have limited signal strength, so it i 40

difficult for a node at the back to communicate with the -

node at the chest. This kind of lack of communication can RO B OH R e SRR A R S
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multi-radio muti-channel mechanism in WBAN. The
proposed framework is given in Figute All these radios

Fig. 2: Data delivery rates comparison of single-radio and multi-
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and channels are providing parameters to MAC layer. o =
Actuator has multi radio interface which is used to receive o0 30 60 80 120 150 180 210 240 270 300
data from each non-overlapping channel. Every sendinc
sensor node around or inside the body has channels whic
are assigned to particular radio. The sensor node which is
sending data to actuator uses particular channel.

Time (sec)

Fig. 3: Energy consumption comparison of single-radio and
multi-radio

4 Results and discussion

Successful and efficient data delivery is one of the most

desirable aspects of any mechanism. Figupresent the  in motion. As multi-radio multi-channel have many non
data delivery ratio from sensor nodes to actuator in highoverlapping channels which significantly reduced
mobility, i.e. when the patient is running. There is end-to-end de|ay as Compared to sing|e-radi0_
significant difference between data delivery by

multi-radio-multi-channel mechanism and The results show many advantages such as:
single-radio-multi-channel. The reason is that when
human body is in fast motion, there is significant drop in
data delivery in single-radio due to single channel
assignment to a radio.

—Multi-radio mechanism has more data delivery rate as
compared to single-radios

—Multi-radio mechanism has less end to end delay as
compared to single-radios

—Multi-radio mechanism can perform well in case of
mobility or interference

—Energy consumption of multi-radio multi-channel
mechanism is higher as compared to single radio
mechanisms

Figure 3 represents energy consumption during

transmission of data from sensors to actuators. It is
observed that single-radio consume less energy as
compared to multi-radio multi-channel mechanism. The

reason is that, in multi-radio multi-channel, extra radio

are participating in WBAN operations.

Figure4 represents end-to-end delay when human body isThe results are summarized in the table 1.
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Fig. 4. End-to-end delay of single radio and multi radio
mechanisms in case of body motion

Table 1: Comparison of single-radio and multi-radio

mechanisms

| Features || Single-Radio [ Multi-Radio |
Data-Delivery Rate Less More
End-to-End Delay More Less
Energy Consumption Less More
Interference Effect More Less
Noise Effect More Less
Shadowing & Fading Effect More Less
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