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Abstract

Due to increasing developments of medical science, early detection and receiving exact
information in treatment of diseases and preventing them are very important. Body Area
Networks (BANSs), a subset of Wireless Sensor Networks (WSNs), deliver vital signs of
patients to physician by collecting data applying different types of medical sensors. One of
the most significant challenges faced, is the design of a link aware routing algorithm with
different data priority. In this paper, a new link aware and energy efficient routing algorithm
is proposed to select the efficient next hop node for the packets. Next hop node selection is
based on the type of the packets. Results of simulation show that the proposed algorithm
improves energy consumption, path loss and throughput compared to the similar routing
algorithm.
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1. Introduction

Achievements and new technologies in the field of electronic and wireless
communication have empowered the development of the sensors with low energy
consumption, small size, and reasonable price. Wireless Sensor Networks (WSN) are used in
different applications such as security systems, military systems, monitoring systems, traffic
control, medical care, and environmental control [1]. Body Area Networks (BANs) as special
type of WSNs are applied in different fields especially in medical science for monitoring of
the patient’s body. Traditional health monitoring system copes with the high cost of
healthcare. Small and smart sensors are attached to the human body as a result of the
development of microelectronic and microelectromechanical systems. These devices collect
vital signs of patient and send them to medical personnel such as pharmacists and nurses for
more experiments and analysis [2, 3].

The main idea behind BANs is to monitor patient’s body on the hospital environment,
and the working area of the remote location. Many improvements in technology give us the
opportunity of merging all systems into one chip with the lowest cost. Another aspect
discussed in BANs is merging the network with technologies, such as mobile phone, PDA
and so on, using more attractive aspects such as fast delivery and a secure transformation of
different information. BANs with fewer sensors may implant sensors in the body. Depending
on the required parameters, different sensors and different network topology are essential.
Another important point is that the wireless network should provide a proper action for a long
time without battery recharging or replacing, especially in the body. Therefore, it is necessary
to examine a well-designed network for its energy waste. Most of the essential aspects of the
system’s energy consumption include the main source of energy, continuous transmission of
data, single hop communication, and distance between the nodes. In the case of
communication, nodes that are far from the sink are less likely to be depleted, while in the
multi-hop communication manner, the energy consumption of the nodes which are closer to
the sink is higher than other nodes. Another challenge in this regard is the fact that in
designing, routing protocols should consider the energy consumption and link utilization [4].

A number of energy efficient protocols [5-8] have been proposed for BANs and health
monitoring which consider mobility of the body. However, the protocols do not consider
priority of data generated by the sensor nodes on the body. Authors in [9] use priority of data
but do not take into consideration path loss and link utilization. In this paper, a link aware and
energy efficient routing algorithm has been proposed for BANSs. In this algorithm, packets are
classified into two categories: high priority and low priority packets. For the high priority
packets, next hop node selection is based on the minimum hop counts and delay of the
neighboring nodes to the sink. Furthermore, next hop selection for the low priority packets is
based on two parameters: distance to the sink and path loss of the neighboring nodes.

Furthermore, we point out a brief review of related works on routing protocols in Section
2 and in Section 3, we discuss our proposed approach. Section 4 shows details of our
simulations and evaluates the performance of the proposed approach. Lastly, Section 5
reveals the conclusion.
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2. Related Works

A number of studies have been conducted in the field of sensor networks with the aim of
improving the performance of these systems. Nabi et al. [5] provided a robust protocol for
wireless networks which is capable of transmitting power with high conformity. They
proposed a multi hop protocol to monitor the health of the human body. The proposed
protocol is resistant against frequent changes in network topology due to changes in the status
of the wireless link quality and its diversity. Techniques for implementing transmission of
sensor nodes at runtime make it possible to optimize power consumption to ensure the
reliability of outputs for each node in the network. Nabi et al. [6] provided a mobility model
that could be adjusted to BAN. In their action, a set of model was defined, as mobility model
to evaluate the relationship of super BANs. Implementation of state position and active nodes
on a particular situation in the model can be used on a wide variety of applications.

In another study, braem et al. [7] analyzed the requirements of body support mobility in a
wireless network. This analysis was conducted in two categories: support of mobility, in
particular the independence of locations, and increasing the resilience of the suspension time.
The simulation results showed that the network in both cases had to enrich and motivate the
location independence. Javaid et al. [10] provided energy-efficient model with new routing
protocol for BAN. A new routing protocol in wireless sensor networks implemented for a
heterogeneous body, which thermal threshold-based adaptive mobility took place with
M-attempt protocol. Sandhu et al. [11] provided a mobile model in BAN and presented a
mathematical model in order to stimulate nodes due to changing state. Yousaf et al. [4]
introduced CEMob and emergency transfer of data to support mobility in BANs. Their work
in this area reflects the fact that the proposed protocol CEMob, used as a routing layer
protocols, to support network critical data transfers to emergency services with mobility in
BANs. CEMob also prevent ongoing transmission of information, conserving energy in
nodes. Ovesh et al. [12] investigated LAEEBA routing protocol in BANs. They changed
LAEEBA (Link Aware and Energy Efficient protocol for wireless Body Area networks)
protocol to enhance the performance of the protocol. Eight sensor nodes with similar
capabilities and computing power deployed in the human body, and the sink node placed in
the waist. Different nodes were used to measure various activities such as glucose.

Birari et al. [13] provided interference-free and reliable communication models with
wireless mobility model in BAN's. Wireless mobility management in the mobile wireless
network systems monitors the patient's body. In this model, a high level of electromagnetic
radiation interferes with device’s performance, mobility, wireless and reliable communication
method is adopted for the patient. Vallejo et al. [14] provided instruction in the control of
active and reactive power in order to save their physical energy in wireless sensor network.
Ahmed et al. [15] evaluated the performance of BANs with Co-LAEEBA (Cooperative Link
Aware and Energy Efficient protocol for wireless Body Area networks) protocol. Smail et al.
[16] introduced energy-aware routing protocol for wireless networks with sustained structure.
In This protocol they used a model with energy-efficient road link. The simulation results
show that in the protocol, the upper limit energy consumption was improved. Kavita et al. [17]
provided a transmission path in terms of energy efficiency programs for BAN.
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3. Proposed approach

The proposed approach is the improvement of Co-LAEEBA's protocol. In this Protocol,
a path with the lowest hop counts is chosen. In the proposed approach, the multi-hop path is
used for data transferring. Relay nodes can easily transfer incoming data to the sink just with
their participation. Co-LEEBA is a protocol on the principles of partnership, in which the
number of nodes act as coordinating nodes. The ordinary nodes are allowed to send their
information in each round. Input and output data except the source node must be equal to
each peer node. A path between peer nodes and sink has a high data transmission capacity.

In the proposed approach, the packet is divided into two groups: high and low priority
packets. For high priority packets, node which has the lowest hop counts to the sink and the
least delay to the next node is chosen. For low priority packets, node which is closer to the
sink and has the lowest path loss is chosen.

3.1. Network topology

In the network, the sink is located on the human body. The network is heterogeneous,
which means that there are two types of sensors: sensors with high priority and sensors with
low priority. Figure 1 shows the position of sensors in the human body related to the X and Y
coordination. The blue sensors represent the normal sensors while the red one represents the
sink node.

Y(m)

0.5

X(m)

Figure 1. Position of sensors in the human body

3.2. Initialization

In the initialization phase, the assumptions are as follows:

* Each node is aware of the position of its neighboring nodes.
» Nodes are well aware of their situations.

* All possible routes as well assessed.
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* In each node, a packet that includes ID information, location and initial energy is
transmitted.

After network configuration and parameter setting, routing and relations between
cooperative nodes are determined. After identifying the possible routes, function optimization
is performed.

3.3. Routing and participation

In order to describe the routing phase, a pair of origin-destination node is considered to
be separated by a space. All stages of work are done in two phases shown in Figure 2. In the
first phase, the source S simultaneously sends data to the relay node R and destination D. In
the second phase, node R receives information transmitted from S to D. The distance between
the relay node and the source node is dl and the distance between the relay node and the
destination is equal to d2.

ysD

Combiner
VSR®VRD=B (ysr) Output YD

ORETAT =1

Figure 2. Linear three-sensor system model

Information received from the node R and D of origin, in the first phase, can be
calculated as follows:

Ysr = hsg Xs + Ngg (1)

Yspo = hsp Xs + Nsp (2)

where Xg is the transmitted data symbol from S, hsg and hgp are the wireless medium
characteristics from S to R and S to D. These parameters are modeled as a random variable
with Gaussian distribution. Ngr and Ngp are noise nodes introduced between nodes of S to R
and S to D. In the second phase, R transmits incoming signal from S to D, after processing on
it.

3.4. The route selection

To reduce and to balance the energy consumption, peer nodes are chosen as the sender
node. Sink node has all information about ID, distance and remaining energy of all nodes.
These nodes calculate the cost function of all nodes and then decide which node is a perfect
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choice as cooperative nodes and which nodes are able to send your data directly to the sink.
Cost function of nodes can be calculated as follows. If E.(S) > E.(R), communication is in
direct communication, else communication is based on multi-hop manner.

In order to maximize the remaining energy and if there is more than one R node for S,
then R nodes with more E,. and shorter distance from S node are chosen. Nodes with this
condition are chosen as peer nodes.

3.5. Energy

The power consumption in a single hop, calculated as follows:
E s-hop= (P amp,so + Ps + Pp) / Ry 3)

where Pump, sp i1s the power consumed by the transmit amplifier, which is used for the
peak-to-average rate modulation scheme and the accuracy of the transmission. Ps and Pp is
power consumption for transmitting and receiving. Ry, is a data transfer rate, measured in bits
per second. In a multi hop connection, the total energy consumption can be calculated as
follows:

Emtor = (Pampsp + Ps+2PRr)/ Ry + (Pampsp + Ps+2Pp)/ Rp (4)

where the first term corresponds to the transmission from S to R, and the second term
corresponds to the transmission from S to D.

3.6. Packet Prioritization

In the proposed approach, data packets are categorized into two categories: high-priority
and low-priority packets. High priority packets should transfer data to the sink faster. Thus,
for high priority packets, nodes are chosen as the next hop, which have the lowest number of
node interface to the sink and the least delay to the next nodes. For the low-priority packets,
nodes, which are closer to the sink and their path loss are minimum, are chosen as the next
hop nodes. The assumption is made that each node is aware of the number of neighboring
nodes as well as the delay and loss of the path.

3.7. Selecting the next hop node

Selecting the next hop is based on the priority of the packets. The way of choosing the

next hop node for low-priority packets is presented in algorithm 1. NH has a set of neighbor
nodes with the lowest number of hop counts to the sink (line 2). If the value of NH is null
(line 3), the next hop is empty (line 4). In this situation, there is no neighboring node to send
information. If NH has one member (line 5), that member is elected as the next hop (line 6).
If there is more than one member NH (line 7), the nodes are selected for the next hop with the
minimum path loss (line 8).
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Algorithm 1 : Next hop selection for low priority packets

1 INPUT : N

2 NH = {n & N|nis the neighbor with minimum hop counts to sink }
3 if (NH ==NULL) then

4. NH; = Null

5. else if (NH ==1)then

6 NH. =n

7 else if (NH >1) then

8 NH={m e NH | m hasminimum path loss}
9 end if

Next hop node selection for the packets with high priority is shown in algorithm 2. The
set of NH is the neighboring nodes with the lowest hop counts (line 2). If the value of NH is
null (line 3), the next hop is empty (line 4). This condition occurs when no neighboring node
exist for sending information. If the set NH has one member (line 5), that member is selected
for the next hop (line 6). If there is more than one member in NH (line 7), the members with
the lowest delay to the neighboring nodes are selected as the next hop node (line 8).

Algorithm 2: Next hop selection for high priority packets

Else if (NH > 1) then
NHH = {m € NH| m has minimum delay}

1. INPUT: N

2. NH = {n & N |n is the neighbor with minimum hop counts to sink}
3. If (NH== NULL) then

4. NHH = Null

5. Else if (NH==1) then

6. NHH=n

7.

8.

9.

End if

4. Performance Evaluation

The improvement of Co-LEEBA is implemented and evaluated in this section. The most
important difference in the proposed approach and Co-LEEBA is the division of packets into
two groups with high and low priority. For packets with high priority, the node with the
lowest delay and the lowest hop counts to the sink is selected. For packets with lower priority,
node selection is based on the lowest distance from the sink and the lowest path loss. In order
to evaluate the proposed approach, energy consumption, path loss and throughput diagrams
are calculated and the results are compared with Co-LEEBA.

Figure 3 shows the final result obtained by applying Co-LEEBA to the network. In this
figure, the green lines represent the routes between the nodes and red lines represent direct
routes from the nodes to the sink.
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Figure 3. The final result of routing in the CO-LEEBA algorithm

We use MATLAB (2016) simulator to simulate the proposed approach. The most
important parameters used for simulation are presented in table 1. The initial energy of the
sink is supposed to be unlimited.

Table 1. Simulation parameters

Parameter Value
E. 36.1 nJ/bit
Ey 16.7 nJ/bit
Eamp 1.97 pJ/blt
EDA 5 nJ/blt
Freq. 2.4 Ghz
Initial energy 0.6J
Packet size 1000 b

As mentioned, in the proposed approach, in addition to the assumptions which is
considered in the CO-LEEBA algorithm, it is assumed that the packet has high and low
priority. Figure 4 shows the results of the proposed approach and its performance on the
network. In this figure, the red routes, belongs to the node containing low-priority packets. As
it can be seen, in these nodes, packets have moved to the shortest distance from the sink.
Yellow routes belong to the nodes that contain high-priority packets. It can be seen that the
nodes have chosen other nodes as the next destination with the lowest number of hops to the
sink and also has the lowest delay to the next node.
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Figure 4. An example of routing in the proposed approach

In the proposed approach, there are two types of sensor with high and low priority.
Figure 5 shows the residual energy of the network over time. At first, the residual energy of
the whole network, which is equal to the total residual energy in sensors, is equal to 8 joules.
During the network activity, this energy is gradually reduced. Figure 5 shows the remaining
energy diagram in the network for two routing approaches. As it can be seen, the proposed
approach saves system’s energy over time, in greater amounts than Co-LEEBA could save.
This is because in the proposed approach, minimum hop counts to the sink for next hop
selection causes energy conservation. Furthermore, in time of 10000s the nodes for
Co-LEEBA and in time of 12000s for the proposed approach, the nodes run out of energy.
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Figure 5. Residual energy(J)
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The energy consumption of the proposed approach and Co-LEEBA is shown in Figure 6.
As it can be seen from the diagram, the proposed approach has the lower energy consumption
related to the Co-LEEBA. This is because; in the proposed approach next hop selection is
based on the minimum hop counts to the sink. Moreover, for high priority packets, next hop
selection is based on the lowest path loss leading to the lower retransmitted packets and the
lower energy consumption.

9
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-
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o0 2000 4000 B000 2000 10000
Time (5)

Figure 6. Energy consumption (J)

Path loss analysis presented in Figure 7 and the proposed approach compared with
CO-LEEBA approach. As can be seen from the figure, the path loss of the proposed approach
reaches to zero at time 5000s while in Co-LEEBA reaches to zero at time 8000s. Results
show that the proposed approach, compared to Co-LEEBA approach, has the better
performance in reducing path losses during the time. This path loss reduction is a result of
considering nodes with minimum path loss for low priority routes.
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Figure 7. Path loss (dB)
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Throughput is defined as the number of packets that are successfully received in the sink.
According to Figure 8, it is clear that the proposed approach has higher throughput than the
base approach. The reason for this increasing is that in the proposed approach, the route with
the minimum path loss is selected, which will result in more packets to reach the destination.
Throughput of the proposed approach is about %37 lower than that of the Co-LEEBA
approach.

«10*

Throughput (Bits/s)

Co-LEEBA Our approach

Figure 8. Throughput (Bits/s)

5. Conclusion

In this paper, packets were categorized into two priorities: high-priority and low-priority.
High priority packets need to be forwarded to the sink faster. Therefore, they were designed
in a way which the number of intermediate hops to the sink was minimized and had the
lowest delay to the next node. For packets with the lower priority, the nearest node to the sink
as well as the node with the lowest path loss was selected as the next hop node. The results
presented in the simulations showed that the proposed approach has the lower energy
consumption than Co-LEEBA because of the efficient next hop node selection. Furthermore,
the proposed approach had lower path losses over time and greater throughput (about %37
more than Co-LEEBA). In the future, we are interested in implementing Quality of Service
requirements in WBANs. Additionally, thermal-aware routing can be integrated with
link-aware routing.
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