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ABSTRACT

The most common protocols for Wireless Body Area Network
(WBAN) like TMAC, SMAC, ZigBee MAC, Baseline MAC
protocols are analyzed in this work to evaluate the effect of
various transmitted output power of nodes. When WBAN is
used in patient monitoring, the analysis is required up to a great
extent. In critical cases very high traffic load and accuracy of
received packets is required while in normal patient health
monitoring the traffic load is lower than that of critical case.
This analysis is important in point of view of varying
requirement of WBAN according to varying conditions. On
varying the output power of nodes a considerable effect is
observed on throughput and energy consumption for MAC
protocols that is presented in the paper.

1. INTRODUCTION

Wireless Body Area Network (WBAN) is an emerging
technology that is serving medical field with comfort and highly
reduced cost. In WBAN, one node is network coordinator and
all other nodes are arranged in star topology. All these sensor
nodes are implanted on patient’s body and collecting data
related to the patient’s health to send it to network coordinator.
Network coordinator establishes connections with various
medical servers to get proper prescription and to send the
information related to patient's health. In this paper only the
communication between network coordinator and server nodes
is considered. MAC protocols for WBAN are analyzed in this
paper to observe the effect of changing the output power of
nodes. Some popular MAC protocols are TMAC, ZigBee MAC,
SMAC and Baseline MAC. TMAC and SMAC are duty-
cycling protocols Where SMAC is the previous version of
TMAC. ZigBee MAC protocol can use CSMA/CA or TDMA
schemes and gives better energy efficiency and throughput in
simple WBAN having small number of nodes. Baseline MAC
protocol employs CSMA/CA technique and its performance is
average in WBAN. These MAC protocols show large variations
in their performance when the transmitted output power of
nodes is changed. An analysis of these effects is done in this

paper.
2. RELATED WORK

Several researchers are being attracted towards analysis of
performances of MAC protocols in WBAN. In a study of
performance of MAC protocols in WBAN several protocols are
tested for their compatibility with WBAN. This study suggests
that T-MAC, S-MAC, ZigBee MAC, and Baseline MAC
protocols perform efficiently in case of WBAN [1].In another
research work author analyzed MAC protocols to suggest the
most energy efficient protocol for WBAN [3] [5] [6] [8]. In
some research works T-MAC protocol is analyzed for its better
performance than other protocols [7].
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3. RESEARCH METHODOLOGY

For analysis of 10 nodes architecture of WBAN is taken which
are numbered from 0 to 9. These nodes are arranged in star
topology and all the nodes from 1 to 9 are connected to node 0
which is working as network coordinator. Node 0 is taken as
sink in WBAN architecture for isolating it for proper analysis.
Throughput and energy consumption are most important
parameters for evaluating the performance of WBAN.
Throughput is can be interpreted by packets received per node
at network coordinator. Latency in receiving packets is also an
essential parameter in performance of a MAC protocol. These
parameters are analyzed at various output powers for various
MAC protocols and results are compared to present the effect of
change in output power of nodes.

4. MAC PROTOCOLS FOR WBAN

MAC protocols used in WBAN must be low power consuming,

accurate and with less latency. The most important thing is the
protocol should give good performance on varying traffic load.
Some popular protocols for WBAN are TMAC, SMAC, ZigBee
MAC and Baseline MAC.

TMAC: It is a duty-cycling protocol. In this protocol the node
is awaken for a particular period that is called active time. Duty
cycle changes according to the information traffic load of the
network. When traffic load is high than the duty cycle becomes
large so that nodes can handle high traffic load. When traffic
load is low then duty cycle is adjusted to small value so that
nodes can save their power reducing the problem of idle
listening. TMAC protocol is able to handle varying load with
low power consumption.

SMAC: SMAC protocol is similar to TMAC but only
difference is its fixed duty cycle. This protocol is the previous
version. This protocol is not efficient in handling continuously
varying data rates in WBAN.

ZigBee MAC: ZigBee MAC protocol can use two schemes-
CSMAJ/CA or TDMA. While using CSMA/CA mechanism this
protocol gives average performance but using TDMA
mechanism (applying Guaranteed Time Slot or GTS) it reduces
the power consumption up to a great extent. At high rates the
data loss becomes high in TDMA mechanism so it is best when
there is less no of nodes or low traffic load.

Baseline MAC: This MAC protocol uses CSMA/CA scheme.
The performance of Baseline MAC in terms of energy
consumption is not average but throughput is average.

5. PERFORMANCE RESULTS AND DATA
ANALYSIS

The performance of various MAC protocols is evaluated by
considering the following performance parameters:
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1. Throughput
2. Latency
3. Consumed Energy

These are the most important performance parameters while
analyzing WBAN as we require ultra low energy consumption
with maximum throughput and minimum delay to increase the
accuracy and lifetime of WBAN and reduce the delay of critical
information. These parameters have a trade-off between each
other so it is complicated to meet all requirements at the same
time. The effect of varying the transmitted output power is
observed further through simulation results.

Effect of Varying Transmission Output Power on
Throughput: Throughput of WBAN depends on several factors
but factors that are affected by change in Output Power are
Interference and Break down of Packets due to low sensitivity
of nodes. Throughput is proportional to the number of
successfully received packets at network coordinator per node.
Here throughput is represented through the Received packets
per node at 25kbps data rate of nodes in Figure 1.
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Figurel. Packets received per node

Baseline MAC protocol uses contention based approach so
interference plays an important role. Management and control
packets are overhead that facilitate efficiency of transmissions
at the cost of extra energy consumption. Packet loss due to busy
channel, buffer overflow and interference reduces the
throughput at a great extent. On increasing the transmitted
output power of nodes packet loss due to busy channel and
buffer overflow reduces so the throughput improves which is
shown in figure. In ZigBee MAC protocol while using
contention based CSMA/CA approach, increase in transmitted
output power reduces the packet loss due to interference and
below sensitivity. Thus throughput of ZigBee MAC when using
contention based scheme (or GTS off) increases with
transmitted output power of nodes. In ZigBee MAC protocol
while using GTS (Guaranteed time slot) or TDMA approach
throughput increases with increase in transmitted output power
as packet loss due to low sensitivity and buffer overflow
reduces. Duty-cycling protocol SMAC performs better than
Baseline MAC and ZigBee MAC protocols in terms of
throughput. On increasing transmitted output power throughput
also increases gradually at 25Kbps data rate. In SMAC at higher
data rates on increase in transmitted output power, the
successful transmissions increases and traffic load on channel
also increases which causes more collisions of packets. Hence at
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higher rates like 50Kbps and more, throughput decreases on
increasing transmitted output power more than -15dBm.

Effect of Varying Transmitted Output Power on Latency in
Transmission: In general if Latency is considered, Packet loss
during transmission is important factor that determine the
Latency of WBAN. When transmitted output power varies, a
significant variation is observed in packet loss during
transmission and hence latency is also affected. In case of
TMAC protocol, when transmitted output power is increased
from -20dBm to -15dBm, latency increases from 518ms
(latency is in milli second) to 538ms as throughput increases
and more number of packets are to be transmitted on the shared
medium. But on increasing the output power further from -
15dBm, latency reduces negligibly. In SMAC protocol latency
is more than that of other protocols due to its fixed duty cycle.
With increase in transmitted output power of nodes from -
20dBm to -15dBm then latency reduces from 7737ms to
7686ms. On increasing the power further latency increases
hence -15dBm transmitted output power is the best for WBAN
while using SMAC. On the other hand CSMA/CD based
ZigBee MAC protocol is the most efficient in terms of latency
as it is having latency around 18ms on -15dBm and on
increasing the transmitted output power up to -12dBm latency
increases as number of packets on medium to transmit are
increasing due to less packet breakdown and on increasing
further from -12dBmto -10dBm, latency reduces as number of
successful transmissions of packets increase. In ZigBee MAC
while using GTS (TDMA approach) latency increases on
increase in output power up to -12dBm and on further
increasing output power latency reduces same as that of in
ZigBee MAC using CSMA/CD but only difference is that
latency in TDMA approach is more than that of ZigBee MAC
using CSMA/CD as node has to wait for its assigned time slot.
In Baseline MAC protocol latency is reduced on increasing
transmitted output power because successful transmissions are
increased with increase in transmitted output power.

Effect of Varying Transmitted Output Power on Energy
consumption: It is Obvious that on increasing the transmitted
output power of nodes, energy consumption of the WBAN will
not effected up to a great extent. This fact is also clear in the
graph where
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it is clear that overall no significant change in energy
consumption is observed because when transmitted power is
increased successful transmissions increases and the increase in
energy consumption is balanced by the energy saved by
protocols by reducing the packet loss. On comparing the energy
consumed by various protocols it is found that SMAC and
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Baseline MAC consuming more energy than TMAC and
ZigBee MAC. SMAC uses fixed duty cycle and contention
based scheme for transmission of packets. So packet loss causes
extra energy consumption to retransmit the lost packets. In
Baseline MAC protocol the overhead of management and
control packets and contention based approach reduce its energy
efficiency even less than that of SMAC.

6. CONCLUSION

In this paper it is obvious after analyzing the results that the best
transmitted output power of nodes must be -15dBm. At this
power the performance of the WBAN with all four protocols is
good in every term. At -20dBm packet loss occurs as power of
many packets is below sensitivity of node. At higher output
powers like -12dBm and -10dBm packet loss due to interference
dominates and performance is degraded.
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