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ABSTRACT

Sensor Nodes (SNs) in Wireless Body Area Network (WBAN) sense and forward data towards Body
Network Coordinator (BNC). Sensed data in WBAN contains information related to human physiological
signals and vital signs.  Other than sensed data, control packets are also forwarded among Senosr Nodes
(SNs) and commonly known as Hello packets which announce the status of SN to its Neighbor Nodes (NNs)
in the network.  Updated Hello packets are required to forward latest information about SNs in the network.
However, reduced number of Hello packets is the necessity as control packets generate overhead traffic in the
network. The proposed, Threshold based Hello Packet Generation (TH-HPG) scheme produces reduced
number of Hello packets and announces the availability of SN with updated status information. Performance
analysis of TH-HPG scheme with state-of-the-art schemes demonstrate the better performance in terms of
energy consumption and number of control packets generated (control overhead).
Keywords: WBAN, Control packets, BNC, QoS, Congestion

1.  INTRODUCTION

Wireless Sensor Network (WSN) is used in
many applications to improve and facilitate
human lifestyle, such as, health monitoring,
emergency relief, intelligent transportation
system, sports and entertainment [1].  One of the
most prominent and popular wireless network
nowadays is Wireless Body Area Network
(WBAN), which is also referred as remote
healthcare monitoring system. WBAN is a subset
of Wireless Sensor Network (WSN). Sensed and
monitored data in WBAN contains information
related to human physiological signals and vital
signs, whereas, Hello packets announce the status
of SNs in the network.

The Hello packets usually contain
information regarding Source ID (SID),
remaining queue, remaining energy of the SN and
number of hops to reach to the BNC [2, 3, 4].
Hello packets are required to initialize and
maintain the network functionality.  However,
Hello packets do not contain actual sensed data of
the SN, but contain information regarding SN
itself which is required to forward the data
packets in the network.

Routing schemes generate control traffic in the
form of Hello packets. SNs inform its NNs in the
network about their status information through
Hello packets. Hello packet contains current
statistics about the SN.   Conventionally, in the
WBAN, Hello packets are generated periodically.
In some studies, Hello packets generated on the
bases of remaining energy and topology change.

An efficient scheme is needed to generate
and broadcast Hello packets which consumes
energy more efficiently and produce less control
overhead traffic.   The reduced overhead of Hello
packets will lead to avoid congestion in the
network. The proposed Threshold based Hello
Packet Generation (TH-HPG) scheme produces
reduced number of Hello packets, however
announces the availability of SN with updated
status information. Reduceed number of Hello
pckets cuses reduced control overhead traffic in
the network. Whereas, provisioning of updated
status information of the SNs in the network
cause efficient energy consumption of SNs to
forward data packets. Both, reduced control
overhead and updated status information of the
SNs contribute to achieve better performance in
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the TH-HPG scheme in comparison with the
state-of-the-art schemes.

The remaining part of the paper is organized
as follows. Background study and related work
are discussed in Section 2 and 3 respectively. The
proposed TH-HPG scheme is presented in
Section 4 with methodology in Section 5. In
Section 6, simulation setup. Whereas, in Section
7, the evaluation and analysis of the proposed
TH-HPG scheme is presented. Section 8
concludes this paper.

2. PROBLEM BACKGROUND

WBAN is used in healthcare, military, sports
and entertainment purposes. In case of healthcare,
WBAN technology can be deployed within a
hospital environment or can be in the patient’s
own home. In WBAN, SNs are implanted under
the human skin or wearable over the human skin
or on clothes. These SNs are under the control of
Body Network Coordinator (BNC), also called
sink or master node [5, 6]. Huge amount of
patient’s data should be reached to the BNC
reliably and on time in the WBAN.

Energy efficiency which impact network
lifetime and delivering the huge amount of
information while considering reliability and time
constraints are the common challenges faced by
the WBAN. There is need to design a WBAN’s
scheme to deliver information with efficient
energy consumption, required QoS and increased
network lifetime and throughput [7, 8]. Basically,
efficient delivery of information, while
considering limited battery power and SN’s
storage capacity is the main objective in the
WBAN. SNs need to be designed very light in
weight and small in size to provide ease to the
patient, which leads a small storage capacity and
battery power.

To  achieve efficiency in the WBAN, there
are  many  design challenges like congestion
avoidance and control, coexistence,
interoperability, coverage area, body temperature,
movement, location of the SN, scalability, QoS,
security. The most critical challenge is to
maximize the network lifetime [9, 10]. SNs in the
WBAN, continuously sensing and transmitting
data towards the BNC. Queues associated with
SNs have very limited and fixed storage capacity
and get overwhelmed when the amount of sensed
or monitored data is more than the storage
capacity of queue and the SN is unable to forward

that data towards the BNC or intermediate SN at
the same time.  Huge amount of traffic in the
network further consumes more energy of the
SNs and leads to congestion in the network which
causes dropping of packets [11, 7, 12, 13].

3.  RELATED WORK

Besides data packets, there are control
packets in the network which commonly known
as Hello packets.  Hello packets contain the status
information of the SNs, which require to forward
data packets in the network [5, 14]. Hello packets
are required to initialize and maintain the network
functionality. The Hello packets usually contain
information regarding Source ID, remaining
queue space, remaining energy of SN and the
Number Of Hops (NOH) to reach the BNC [2-4].

Conventionally, in the WBAN, Hello
packets are generated periodically. Periodically
generated Hello packets [17-20] are broadcasted
by all SNs in the network after fixed interval of
time. The control packets are periodically
broadcasted which leads to traffic overhead in the
network. The size and the time interval of control
packets are need to be concerned due to its effect
on energy consumption. Faster depletion of
energy leads to congestion condition in the
network. Smaller the size of a control packet leads
to lower energy consumption. Whereas, short
time interval between the control packets
increases the overhead which causes more energy
consumption and leads to congestion in the
network.

There are two drawbacks of periodic
generation of Hello packets. First is the sending of
control information after the specified interval of
time even when there is no change in the status
information of SN. Second drawback is, not
updating NNs when there is a change in queue or
energy of the SN during the time interval of
periodic Hello packet generation. In
Intra-WBAN, the size of network is small, so
even in the worst scenario, when the position of
the SN changed to maximum hop count to reach
the BNC, it will not have that much impact as
compared to big size networks.

In some studies, Hello packets generated on
the bases of remaining energy and topology
changes [2, 4]. The remaining energy based
Hello packet generation considers remaining
energy of the SN to generate Hello packets. Hello
packets generation only on the bases of remaining
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energy of the SNs is not a good criteria. Other
factors like available queue space of the SN also
matters for the proper operation of the network.
Whereas, topology based hello packets are
generated when there is some topology change in
the result of the mobility of a SN to a new location
from its previous location. Topology based
generation of Hello packets does not inform
Neighbor Nodes (NNs), if there is any status
information change of SN in case of no topology
change.

Author in [15] used on-demand scheme to
generate control packet only at the time when
there is need to forward data packet in the
network. This on-demand scheme is not good for
real time data forwarding. As, this on-demand
scheme increases delay and energy consumption
due to  generation of control packets for every
individual data packet. Whenever there is need to
send data from the SN, that particular SN
generates Hello packets to learn about the status
of other SNs in the network.

Current status  of the SN  about  its
remaining queue  and  energy is  the  most
important information to select as a next hop node
to forward data packets and to avoid congestion.
If the SN will not have sufficient remaining queue
or energy then there are chances to loose data
packets. The purpose of TH-HPG scheme is to
provide better performance through efficient
energy consumption and reduced control
overhead as reduced Hello packets in the
network. The TH-HPG scheme avoids congestion
through decreased number of Hello packets
between SNs in the WBAN with updated SN’s
status information.

4.  PROPOSED SOLUTION

TH-HPG scheme uses threshold based Hello
packet generation strategy. The remaining queue
space and the remaining energy of the SN are the
key factors to decide threshold value to generate
Hello packets in the proposed scheme. In the
TH-HPG scheme, the threshold value depends on
the Queue Factor (QF) and the Energy Factor
(EF) of the SN. It provides updated reliable
information about the SN, which can be the next
hop node in future forwarding of data packets.
Besides updated status information of the SN, the
TH-HPG scheme generates and broadcast
reduced number of Hello packets only when
either one or both of the QF and EF threshold
values reached. Reduced number of Hello packets

avoids congestion in the network. The TH-HPG
scheme provides improved energy consumption
and reduced control overhead in the network
which cause congestion avoidance.

In the proposed scheme, the decision of
generating Hello packets is on the bases of the QF
and EF instead of simply remaining queue and
remaining energy of the SN. Calculation of the
QF and EF gives the more accurate and reliable
values to take decision in the selection of
threshold levels for Hello packet generation. The
QF of the SN is calculated from the following
equation. Where, and are the
remaining free queue space and the total initial
queue space of the SN respectively.

=
The EF of the SN is calculated from the

following equation. Where, and
are the remaining energy and the initial

energy of the SN respectively.

=
On the bases of the QF and EF values, Low

Threshold (LTH) and High Threshold (HTH)
levels are decided.

The proposed scheme calculates the QF and
EF from the remaining queue and the remaining
energy of the SN respectively. In the proposed
scheme uses two kinds of threshold levels and the
decision of Hello packet generation is on the basis
of these two threshold levels. In TH-HPG scheme,
two threshold levels are HTH and LTH. In
TH-HPG, value of Flag field depends on LTH and
HTH. Figure 1 shows the general representation of
LTH and HTH levels for both the QF and EF.

Figure 1: General Representation Of LTH And HTH
Levels

In the proposed scheme, LTH and HTH are
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the two threshold levels representing the values of
the QF and EF. There are certain conditions which
must be satisfied for the selection of these
threshold levels. Both threshold levels correspond
to either one or both of the QF or EF value.

The value of LTH must be greater than HTH
and less than or equal to the value one, which is
depicted in the following equation.> ≥ 1

The value of HTH must be greater than or
equal to the value zero and less than LTH which is
depicted in the following equation.> ≥ 0

Threshold  value  in  the proposed  scheme  is
based  on  either  any  one  or both of the value of
QF and EF instead of remaining queue and
remaining energy respectively. The QF and EF
give more accurate results which are beneficial for
the SN to select threshold levels and to generate
Hello packets. Adding QF and EF values in the
Hello packet gives the best opportunity to NNs to
select next forwarder node. QF and EF defines the
TH value for both HTH and LTH. The QF and EF
values are always in the range 0 to 1, which is
ultimately the threshold value used in the proposed
scheme.

5.  METHODOLOGY

The flowchart for the design of TH-HPG
scheme is shown in Figure 2. The flowchart
illustrates three phases of the TH-HPG scheme,
which are initialization, decision at LTH level and
decision at HTH level. Phases of the TH-HPG
scheme are described as follows:

i.       Initialization
The first phase of the TH-HPG scheme is the

initialization phase. When network setup initially,
each SN in the network generates Hello packets
and broadcasts Hello packets to exchange its status
information with the NNs. In the initialization
phase, all SNs generate and broadcast Hello
packets to the NNs. In this phase, SN generates
and broadcast Hello packets with the Flag bit set to
the value one and updated status information of the
SN. This Hello packet with Flag bit set to the value
one will tell the NNs that this SN is available to
receive data packets in future.

ii.       Decision at LTH level
Initially, all SNs have full queue space

available and full energy thus having the QF and
the EF value respectively equal to one. At this
time, Hello packet with Flag bit set to the value
one is generated to tell the availability of the SN to
NNs. Second time, when either one or both of the
QF and the EF of a SN decreases from HTH to
LTH then the SN again set the Flag bit to the value
one and generate Hello packet with updated status
information of the SN to broadcast it to NNs.

iii. Decision at HTH level
With the passage of time, the SN continues its

operation and there is possibility that either one or
both of the QF and the EF of a SN reach to its HTH
level. When a SN experience the HTH level it
means that the remaining queue space and or the
remaining energy of the SN is near to finish. In this
case, the SN sets its Flag bit to the value zero,
update its status information in the Hello packet
and broadcast this Hello packet to the NNs. The
Hello packet with the Flag bit set to the value zero
informs the NNs that this sending SN is not
available in future to receive data packets.

Figure 1: Flowchart For TH-HPG Scheme
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6.  SIMULATION SETUP

The simulation of the proposed TH-HPG
scheme is performed using Network Simulator-2
(NS-2) simulator [16]. The performance of the
proposed scheme compared to the Efficient Next
Hop Selection Algorithm for  Multi-Hop Body
Area Networks (ENSA-BAN) [4]. This paper
considers LTH = HTH -1. The simulation results
show that the TH-HPG scheme outperforms the
state-of-the-art scheme in terms of average
energy consumption and control overhead
(number of Hello packets) in the network. The
simulation parameters used for experimental
setup are presented in the Table 1.

Parameter Values
Area 3m × 2m
Number of nodes 16
Traffic type CBR
Mobility None
Queue length 150 packets
Initial node energy 2 joules
Packet size 60 bytes
MAC protocol IEEE 802.15.4
Simulation time 200 seconds

Table 1: Simulation Parameters

7.  PERFORMANCE EVALUATION

Performance of the proposed TH-HPG
scheme is evaluated in this section on the bases of
averged energy consumption of SNs and number
of Hello packets generated in the network. The
everage energy consumption impacts on the
network lifetime in intra-WBAN. Reduced
energy consumption causes congestion avoidance
due to long alived SNs which increases network
lifetime. Reduced number of Hello packets
reduces control overhead in the intra-WBAN.
Reduced control overhead utilizes energy and
queue space of the SNs efficiently which causes
congestion avoicance due to successful delivery
and reduced data packet loss.

Figure 3 shows the average energy
consumption in the network by using the
TH-HPG scheme with respect to the QF change.
It is noteworthy in the figure that initially there is
more energy consumption during network setup
time. Whereas, after network is in stable
condition, there is less energy consumption.

However, with the passage of time, the QF
decreases. After initialization phase, network
stabilized and there is less number of Hello
packets generated. Decreased number of Hello
packets causes decreased energy consumption in
the network which makes SNs alive for longer
time and avoids the congestion.

Figure 3 : Average Energy Consumption Considering QF

Figure 4 shows the average energy
consumption in the network by using the
TH-HPG scheme with respect to the EF change.
After the initialization phase, SNs only generate
Hello packets when there is a change in the EF.
However with the passage of time, the EF
decreases. After the initialization phase, Hello
packets are generated only when a SN
experiences threshold levels while considering
the EF change. Analysis shows that the TH-HPG
scheme outperforms state-of-the-art-schemes in
terms of energy consumption in the network.
Decreased average energy consumption in the
network help to avoid congestion. Due to
decreased energy consumption network lifetitme
increases and SNs participate longer in the
routine operation of the network which helps to
avoid congestion.

Figure 4 : Average Energy Consumption Considering
EF
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Figure 5 shows the number of control
packets transmitted in the network by using the
TH-HPG scheme with respect to the QF change.
It is noteworthy in the figure that initially there
are more number of Hello packets during network
setup time. However, when the network is in
stable condition, the number of Hello packets
decreased. The less number of Hello packets
causes reduced control overhead traffic in the
network. After the initialization phase, SNs only
generates Hello packets whenever experience
change in the QF. Reduced number of Hello
packets cause less control overhead in the
intra-WBAN, which helps to reduce overall
traffic of the network. Reduced traffic consumes
energy and queue space of the network efficintly.
Due to efficient consumption of energy and queue
space, there is less packet loss with increased
packet delivery ratio which helps in congestion
avoidance.

Figure 5 : Control Overhead Considering QF

Figure 6 shows the number of control
packets transmitted in the network by using the
TH-HPG scheme with respect to the EF change. It
is noteworthy in the figure that initially more
number of Hello packets during the network setup
time. However, when network is in stable
condition, number of Hello packets decreased.
Less number of Hello packets causes reduced
control overhead traffic in the network. However
with the passage of time EF is decreasing. After
the initialization phase, Hello packets are
generated only when a SN experiences threshold
levels while considering EF change. Analysis
shows that the TH-HPG scheme outperforms
state-of-the-art-schemes in terms of control
overhead in the network. Reduced control
overhead packets reduce the overall traffic of the
network. Reduced traffic consumes energy and
queue space of the network efficintly. Due to

efficient consumption of energy and queue space,
network lifetime increases with succesful packet
delivery ration to the destination which helps to
avoid congestion.

The proposed TH-HPG scheme outperforms
state-of-the-art scheme in terms of average
energy consumption and number of Hello packets
in case of both QF and EF threshold value change.

Figure 6 : Control Overhead Considering EF

8.  CONCLUSION

Reliability, QoS, increased network lifetime
and congestion avoidance with congestion control
are the open research issues in intra-WBAN. In
wireless networks congestion control is difficult
and constly as compare to congestion avoidance.
The congesiton avoidance has great impact on the
increased network lifetime with provisioning of
reliability and QoS. This paper presented
Threshold based Hello Packet Generation
(TH-HPG) scheme for intra-WBAN environment
to avoid congestion. The proposed scheme
calculates threshold on the bases of QF and EF of
the SN. The SN announces its availability and
unavailability inclusive of its statistics through
Hello packet depending on the two threshold
levels LTH and HTH. The TH-HPG scheme
reduces overall control traffic 32% in the network
and consumes energy of the SN 30% efficiently
which cause congestion avoidance in  the
network as compared to state-of-the-art schemes.
Simulation results showed that the proposed
scheme outperforms state-of-the-art schemes in
terms of average energy consumption and control
overhead in the network. The proposed TH-HPG
scheme need to analyze on the bases of varying
number of source nodes. More performance
evaluation metrices are need to be considered
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such as number of dead nodes, network lifetime
and throughput.
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