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Abstract— This paper briefly discusses the various implementation, advantages, disadvantages of the energy efficient 
routing algorithm model for the wireless body area network. This case study investigates three different routing protocols in 
detail and gives an overview on the success and the possibility of the failure associated with each of the protocol. This paper 
also attempts to make a comparison amongst the three routing protocols on the various parameters that are considered to be the 
most influential in body area networks. The proposed study is carried out on the body area network routing techniques with an 
aim of improvising the protocols to make it fully energy-aware. The study gives an insight on the parameters that should be 
taken care to make the entire system power-aware and energy-efficient. 
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I. INTRODUCTION 
 
The wireless body area network is very sensitive areas 
of the research as it deals with the online health 
monitoring of any ailing patient. The sensor network 
that is used for the body area network is implanted in 
the patient’s body and the central coordinator controls 
all the sensor nodes. There is a personalized dedicated 
server for communicating the information sent by this 
sensor network with the back-end health care unit 
servers. The main aim of this personalized server is to 
collect and transmit the data to the back-end and is 
usually a Personal Device Assistance (PDA) or any 
mobile node. The centralized controller is said to be 
called the master node. This is this master node which 
controls and coordinates the function of all other 
sensor nodes that is implanted in the human body. It is 
with this master node all the data is transferred to the 
personalized server. This personalized server 
communicates with the back-end health care unit’s 
server and delivers the information of the sensor 
nodes. The main aim of the body area network is to 
make all the communication that happens between the 
sensor nodes power-aware. Since all the nodes operate 
under the constraint of limited availability of energy 
and in-vivo nodes (nodes planted inside the human 
body) operate under the constraint that the power 
available is fixed over the entire life-span of that node, 
the energy-efficient routing techniques become 
indispensible. The main aim of the paper is to 
compare each of the existing energy-efficient routing 
protocols and discuss its strength and weakness 
thereby paving the way for an efficient design that 
suits all the requirement of the body area networks.  
The main issue with any wireless body area network 
are as follows, 

 The energy associated with the each node is almost 
restricted to its life time of the node as the node might 
be planted inside the human body (in-vivo nodes). 
 All the information pertaining to the ailing patient 
i.e., the medical data has to be routed to any physical 
device such as the PDA in an energy efficient manner. 
 All the path that are identified must be 
energy-aware and must also not produce much heat as 
nodes are directly planted into the human body. 
 The main problem that could be associated with the 
energy efficient route location is the complexitiy of the 
algorithm being implemented. 
 These attributes to the process of the selection of the 
energy-efficient path – the main challenges associated 
is to find whether the node to which the medical data 
transferred must be energy-aware and sufficient. 
 The main issue in the context of these sensor nodes 
implanted in the human body which forms the body 
area network is the limited availability of the energy. 
The main constraint that haunts anybody area network 
is the unavailability of continuous power supply to 
them.  Also the same case becomes complex for the 
in-vivo nodes that are planted inside the human body. 
These sensor nodes operate under the constraint of 
availability of energy and with limited opportunity of 
intense mobility (expect the fact that these nodes are 
considered mobile individually based on the postures 
of the human body). So the routing and controlling 
process must be highly energy-aware to achieve 
longevity of these sensor nodes. All these factor 
combinedly led to the factor that the routing algorithm 
designed must not only be energy-aware but also must 
address the factors such as -flooding of the routing 
paths, high latency, time in route finding and slow 
reaction on failures.  
 
II. EXISTING SYSTEM 
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BASN nodes create an interface to humans, typically 
encap-sulating an energy source, one or more sensors, 
a mixed-signal processor, and a communication 
transceiver. Some nodes also support data storage or 
feedback control to body-based actuators, such as an 
insulin pump or robotic prosthetic. Although BASN 
and WSN nodes have sim-ilar functional architecture, 
differences in their operational characteristics 
—sens-ing, signal processing, communication, 
caching, feedback control, and energy harvesting 
—present unique challenges and opportunities for 
BASN nodes Sensing is fundamental to all sensor 
networks, and its quality depends heavily on industry 
advances in signal condition -ing, micro 
electromechanical systems (MEMS), and 
nanotechnology. Sensors fall into three categories. 
Physiological sen-sors measure ambulatory blood 
pressure, continuous glucose monitoring, core body 
temperature, blood oxygen, and signals related to 
respiratory inductive plethys-mography, 
electrocardiography (ECG), electroencephalography 
(EEG), and elec-tromyography (EMG). 
Biokineticsensors measure acceleration and angular 
rate of rotation derived from human movement. 
Ambient sensors measure environmen-tal 
phenomena, such as humidity, light, sound pressure 
level, and temperature. BASN users are likely to 
tolerate and accept some degree of burden if they 
per-ceive enough value in doing so. The sensor nodes 
are generally hetrogeneous and insensitive to 
placement error. BASN sensors, in contrast, are few, 
heterogeneous, and require specific placement.  
Indeed, ineffective placement or unintended 
displacement from movement can significantly 
degrade the captured data’s quality. Such 
requirements call for strategies that will minimize and 
detect placement error, such as better packaging 
combined with on-node signal classification. 
Commercial sensors exhibit a wide range of power 
supply requirements, calibration parameters, output 
interfaces, and data rates. Figure 3 shows the power 
con-sumption and data rate across a sampling of 
commercial systems for continuous, ambulatory 
monitoring. Engineer-ing BASN nodes to 
accommodate this breadth of sensing requirements 
could necessitate an application-specific approach 
that minimizes the design space, improves ef-ficiency, 
and amortizes cost over a single application.  
Likewise, BASN nodes designed with a high degree of 
con-figurability could amortize cost over a much 
larger range of applications, including those 
unforeseen. Standardizing BASNs is not easy. 
Because of their hier-archical nature, they exhibit 
significant communication asymmetry, and all BASN 
nodes exist within range of each other, so they are 
likely to hear the entire network’s transmissions. 
Another challenge is that BASN nodes will likely 
exhibit differences in transmitted data rates. Finally, 

BASNs that span application types, such as 
life-critical and non-life-critical, must coexist, and 
will require some scheme for prioritizing and 
encrypting messages. Address-ing all these challenges 
is likely to require new approaches to media access 
and protocol design. A Wireless Body Area Network 
consists of small, intelligent devices attached on or 
implanted in the body which are capable of 
establishing a wireless communication link. These 
devices provide continuous health monitoring and 
real-time feedback to the user or medical personnel. 
Furthermore, the measurements can berecorded over a 
longer period of time, improving the quality of the 
measured data. 
 
III. CASE STUDY – THREE DIFFERENT 

PROTOCOLS 
 
Once it is implanted, the nodes are expected to operate 
in a long period of time. For nodes that are attached on 
the human body, the same requirement applies. 
Although it is not as strict as the in-vivo nodes, it 
might be inconvenient for the user if he has to 
frequently change the nodes battery. At the network 
layer, the design of routing protocol contributes to the 
network energy consumption and lifetime. How the 
route is chosen or whether or not a node participates in 
a packet routing are some of approaches used by the 
routing protocols. The routing protocols to be 
presented here are the routing protocols that take the 
energy efficiency as its main objective. They can also 
be called as energy-aware routing protocols. The 
intended application of these protocols is for on-body 
sensor nodes, which are attached on the human body 
 
IV. TIME ZONECOORDINATED SLEEP 

SCHEDULING 
 
TImezone Coordinated Sleep Scheduling is a cross 
layer based routing protocol whose objective is energy 
efficiency. It only supports a single star topology 
network, and it does not provide any mechanism to 
avoid the hidden terminal problem, or to coordinate 
sleeping patterns in multi-hop peer-to-peer networks. 
TICOSS aims to mitigate these issues and provide the 
shortest path routing for packets from a node to the 
closest gateway or sink node. An important feature of 
TICOSS is timezoning. The nodes in the network are 
divided into timezones in which every node that has 
the same hop distance to the coordinator node falls 
into the same timezone. The concept of this 
scheduling is that every two timezones are paired into 
a pair of Transmit (Tx) - Receive (Rx) zone. The upper 
timezone start transmitting data to its downstream 
zone in one slot, and in the next slot, is the lower 
timezone's turn to transmit data. Each node only 
wakes up and transmits during its timezone schedule; 
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otherwise, it will turn into sleep state. This 
mechanism saves energy consumption. 
  
V. ENERGY EFFICIENT LOCATION 

ROUTING 
 
One of the problems in WBANs is the mobility of 
nodes due to body movements as it will degrade the 
network performance. Proposed a routing protocol 
based on position information, It was assumed that 
every node in the network is equipped with a GPS 
(Global Positioning System) so that each node's 
location is accurately known by the network. Another 
assumption is that each node knows the energy level of 
the other nodes in the network. By using these 
assumptions, an energy efficient routing protocol is 
proposed. There are three phases in this protocol: 
advertisement phase, conditional reply phase, and the 
route selection phase. In the first phase, a node creates 
a virtual routing space. Let point K is a virtual point 
created by node L which lies on the shortest segment 
between node L and node O. The routing space of node 
L is the intersection area between the two circles.  
This protocol is also an on-demand routing protocol 
because it collects information on neighbors only 
when nodes need route discovery. Then, node L 
transmits the advertisement message, which contains 
information of the shortest distance from node L to 
sink node and the location of intersection area. In the 
next phase, each node that receives advertisement 
message from L will decide whether or not to reply it. 
Only nodes that are inside the intersection area will 
reply the advertisement message. In the last phase, 
node L will choose among nodes that answered his 
message, which node will be its next hop node. The 
selection is made by considering a node that has 
higher energy level and shorter distance to sink node. 
The whole idea of this protocol is to transmit the data 
closer to the destination node as simple as possible.  
 
VI. HYBRID INDIRECT TRANSMISSION 
 
Hybrid Indirect Transmission is a protocol that uses 
clustering as its network topology. It is a combination 
or hybrid between two well known clustering 
protocols: LEACH and PEGASIS. The protocol is 
intended to be used in bioelectric computer interfaces, 
namely forsensing electromyogram (EMG) and 
electroencephalogram (ECG) signal. HIT combines 
the two protocols and introduces two major features. 
The first one is that HIT utilizes one or more clusters 
to reduce the number of transmission from sensor 
nodes to remote base station. Second, the transmission 
can be done in parallel in spite of the existence of 
adjacent clusters. The key point here is the TDMA 
schedule calculation. After every node gets the same 
information about the whole network, they 
independently calculate their TDMA schedule in such 

a way that when they transmit a packet, no other nodes 
will be interfered. This is why the parallel 
transmissions are made possible although adjacent 
clusters exist. 
 
VII. BODY POSTURE BASED ROUTING 
 
Nodes mobility could pose a problem especially in 
energy efficiency. Therefore, an opportunistic routing 
is proposed to overcome this movement problem. 
Actually, the idea of this protocol is simple; it is how 
to transmit data in LOS (Line of Sight) condition as 
long as possible. The idea could be realized by using a 
relay node placed in a right place. In this proposal, it is 
assumed that the sink node is located on wrist and 
there is a sensor node placed on chest. While the 
person is walking, his hand will go back and forth that 
sometimes the sensor node transmit a LOS signal 
(when the wrist is in front of the body), while at other 
times, the signal is a NLOS signal (when the wrist is 
behind the body). In NLOS situation, energy 
efficiency is degraded because the sensor node has to 
transmit with higher power in order to overcome the 
propagation loss of the body. Therefore, a relay node is 
placed on the waist in such a way that it will always 
have LOS condition either to sensor node on the chest 
or sink node on the wrist. So, when the hand node is in 
LOS position, the sensor node will transmit the data 
directly to sink node, while when the hand node is in 
NLOS position, the sensor node will make use of relay 
node - which is in LOS position to both sink and 
sensor node - to send data to the sink node. The sensor 
node will opportunistically use the relay node in order 
to be able to transmit data in LOS condition as long as 
possible. 
 
VIII. COMPARISION AND ANALYSIS OF 

THE FOUR PROTOCOLS 
 
Hybrid Indirect Transmission (HIT), takes advantages 
from both LEACH and PEGASIS. If each node in the 
network transmit the data directly to the sink node or 
base station, the energy consumed by the 
communication will be high since the farther the 
distance between the node and the sink node, the 
higher transmit power is used; thus, it is not efficient. 
As LEACH does, HIT solve this issue by forming one 
or more clusters in the network and choose cluster 
head node for each node. The cluster nodes are the 
only nodes sending the data to the sink node and 
therefore reducing energy consumption significantly. 
Inside the cluster, the chaining topology adopted from 
PEGASIS is used to further reduce the energy 
consumption. With the assumption of nodes having 
capability to adjust the transmit power level, a node is 
able to use the minimum amount of power to send the 
data to its next hop node. The HIT’s TDMA 
scheduling mechanism is important. It is used in the 
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long steady state, in which the nodes are transmitting 
data. The schedule is calculated in such a way that 
when a node transmits data, it will not interfere nor 
get interfered by other nodes. This makes parallel 
transmission becomes possible in the network in spite 
of the existence of adjacent clusters. It is worth noting 
as well that inside the cluster, the data is always fused 
by each node before transmitted to the next hop node. 
This way, the size of the data becomes smaller and 
thus, save energy and network bandwidth.  
In TICOSS, the network is clustered into timezones. 
In every time slot, all nodes in the same time zones 
transmit the data to the next time zone nodes. The 
other nodes who are not involved in this particular 
time slot are turned into sleep mode to reduce the 
energy consumption. The data transmission is always 
begun from the nearest time zone to the farthest one 
and then the direction is reversed. As in HIT, the sink 
node (in TICOSS it is called PAN coordinator) does 
the data aggregation to reduce the packet size before 

transmitting it to an external network. TICOSS is also 
considered as a cross-layer routing protocol as it works 
closely with MAC protocol.  
The Energy Efficient Routing protocol employs 
simple ideas to reach the objective. Energy Efficient 
Routing uses location information of other nodes to 
always send the packet toward the direction of the sink 
node. However, the use of GPS on the nodes here is 
still questionable because most of the times the nodes 
are used indoor while the GPS needs Line of Sight 
(LOS) position with the satellite. It might be possible 
with the help of GPS assisted system where the nodes 
can get information from cellular base station. EER is 
light in term of computing power requirement because 
of its simplicity. Nevertheless, it introduces higher 
delay compared to the other protocols. This is 
probably due to the on-demand characteristic of the 
protocol which requires the nodes to broadcast 
advertisement message and calculate the best next hop 
node every time they need to transmit data.   

 
Protocols Supported In Routing Technique Approaches Decision Strategy 

Energy Efficient Routing Flat and Star Dymanic on the position 
of the node 

Positioning of node using 
GPS 

Reactive 

TImezone Coordinated 
Sleep Scheduling 

Hierarchial Networks Static Time coordination and 
Sleep Monitoring 

Proactive 

Body Posture based 
Routing 

Flat and Star Dymanic on the link 
availability 

Link Avilability Reactive 

Hybrid Indirect 
Transmission 

Hierarchial Networks Static  Clutering Proactive 

Table 1. Comparision of Energy Efficient Protocols (Four Different Protocols) 
 
The comparison is only with pure single-hop and pure 
multi-hop routing. As for the routing part itself, it is 
not complicated. It only utilizes a relay node whenever 
LOS path is not possible due to blocking or body 
movement. That being said, the energy saving is 
achieved by reducing the need to transmit using high 
power level to overcome the path loss. However, the 
challenge here is to find an appropriate position for 
the relay node so that it will have LOS path to both 
sensor node and sink node. In general, these routing 
protocols do not consider the heating issue in their 
routing decision metrics whereas in WBANs, actually 
this is the most important factor as WBANs relate 
closely to the human safety. The second thing is that 
the link between nodes is assumed to be bi-directional 
while in fact, the link between nodes is likely to be 
uni-directional due to the node heterogeneity. 
 
CONCLUSION 
 
This paper completely deals with the need for new 
energy-efficient routing techniques by describing the 
available energy-efficient parameters available and 
the routing protocols in place. The motivation for the 
need for new energy aware routing protocols that 
could arise after an detailed study energy-aware 

routing cum routing path selection i.e., 
communication establishment with the Personal 
Device Assistant (PDA) are as follows, 
 Dynamic selection of the Master Node – the node 
that is in communication with the PDA of the body 
area network for the message transfer to the health 
care units. 
 Dynamic routing path selection that would be based 
on the available energy levels of the neighboring 
nodes. Achieving the enery-aware routing algorithm 
with prevention of flooding of the routing paths at the 
expense of low latency and time. 
 Also the main motivation for proposing this system 
is also to address the basic question on the routing path 
selection from the group of neighboring nodes with 
varied energy levels. This could further make the 
entire model power-aware and energy-efficient. 
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