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Abstract: A steady high throughput and energy efficient 

wireless body area network(WBAN) is created in this paper. 

WBAN is quite helpful in medical health care service for early 

detection of human health problems. Heterogeneous sensor nodes 

are deployed on human body to quantify physiological parameters 

like blood glucose, pulse, EMG and so on. Sensor nodes data are 

transmitted to a sink node forwarded through intermediate nodes. 

The information available in the sink node can be accessed by end 

users for further analysis. Minimization of energy consumption 

by sensor nodes is one of the important parameter in the design of 

WBAN protocols therefore multi-bounce method of 

correspondence is used. In this paper a new cost function is 

characterized to choose a forwarder node; a node with high 

residual energy and least separation to sink. Residual energy 

parameter settles vitality utilization among the sensor node while 

least separation enhances successful delivery to sink. The 

simulation results demonstrated the proposed protocol in contrast  

to contemporary schemes, maximizes the packets received at the 

sink node i.e. the throughput of the network. 

 

 
Index Terms: Wireless body area network; energy efficient; 

Throughput; Cost function; Path loss. 

I. INTRODUCTION 

A Wireless Body Area Network (WBAN) is a developing 

innovation, a sub-field of wireless sensor network (WSN), 

specifically designed for monitoring and collecting data 

through wireless sensors. It is based on IEEE P802.15.6-2012 

standard [1]. The technology is quite promising which has 

application in many diverse areas such as habitat monitoring, 

agriculture field monitoring, smart homes, battle fields etc. 

One of the important application of WBAN is in the 

healthcare sector [2],[3] where human health is continuously 

monitored automatically and information shared to an end 

user or a server.  

In order to monitor the crucial parameters for example 

pulse, blood pressure, glucose level, body temperature, etc., 

health monitoring sensors are either attached or implanted on 

the human body. The benefits of human health habitat 

monitoring through the use of today's WBAN technology 

undoubtedly reduce inpatient expenditure [4]. With the help 
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of WBAN technology, patients are monitored by the 

physician from the hospital. In the event of a serious condition, 

the data is immediately sent to the hospital via MAN, LAN, 

etc. so that the patient is brought to the hospital on time. It is 

now quite easy with the help of WBAN to remotely monitor 

the activities and send important information of a human body 

through internet [5]. 

The main concern with WBAN is the limited energy 

resources of the wireless sensors. Energy is consumed while 

data packets are moved from secondary sensor nodes to a sink 

node, a node from where data is transmitted to a server, 

through forwarder nodes transmitted in multi-hop 

propagation mode. The selection of forwarder node is done 

based on routing protocol. Therefore, an energy efficient 

routing protocol is an important criteria in the design of 

WBAN. There are different energy efficient routing  

protocols for WSN [6] yet WBAN is compositionally 

extraordinary and therefore WSN routing protocols cannot be 

straightforwardly executed in WBAN. 

In this paper, a WBAN routing protocol is proposed for 

efficient energy consumption based on a new cost function. 

The cost function value decides which node should be 

selected as forwarder node. Energy efficient routing protocol 

ultimately improves other quality of service (QOS) 

parameters like network stability and throughput. The issue of 

minimum energy consumption and high throughput are 

reformulated as a whole number direct program. 

The rest of the paper is sorted out as follows: Section 2 

gives a brief review of the related works. Section 3 gives the 

detail of the system model utilized in the paper. Section 4 

gives the detail of the proposed work. Simulation results and 

analysis are given in Section 5 and the conclusion is given in 

Section 6 of the paper. 

II. RELATED WORKS 

A lot of dedicated research has done and still continuing in 

the design effective WBAN routing protocol. In this section a 

brief review of popular research works on WBAN is 

presented. 

The authors in [7] proposed a thermal aware routing 

protocol. The node with a minimum hop or a distance to the 

sink is selected.  

When this node, i.e. the parent node, is thermally heated, 

the child node selects the optimal route for the connection to 

the sink and this parent node goes idle until it returns to 

normal and that a connection is again established. 

A highly low delay Wireless Body Area Networks for 

multi-hop communication 

was proposed [8] 
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in which the routing technique has a spanning tree protocol 

structure. TDMA (Time Division Multiple Access) is used 

here to route the node for transmission. A node near the root 

acts as a parent or forwarder node and collects information 

from the child node. However due to overload of information 

from child node to parent node, the energy of parent node 

depletes very quickly. A reliable protocol called A 

Self-organization Protocol for Body Area Networks 

(ANYBODY) was proposed in[9]. This protocol operates in 

two phases, namely a setup phase and a steady state phase. In 

the setup phase, The nodes form a cluster and a routing path is 

setup. In the next phase it consists of two sub operations i.e. 

scheduling phase and data transmission phase. The concept of 

this protocol is to restrict direct transmission of data from the 

sensor node to the sink. 

The authors in [5] introduced DTN(delay tolerant network) 

routing for postural partitioning in body sensor network. Here 

store-and-forward protocols are developed with its algorithm 

for frequent postural positioning changes. A single hop 

communication scheme is utilized here to send information 

from the sensor node to the sink. The biggest advantage was 

energy efficiency because it works on single hop 

communication. Whereas method proposed in [10] 

incorporates extra energy for non-sensitive nodes. The 

proposed technique tolerates the energy consumption of the 

nodes and improves the lifetime of the network. 

A convention like store and forward component is 

proposed in [11] however  they integrate transmit power 

adaption scheme in the strong instance of WBAN multi-hop. 

To monitor energy consumption for transmission, each node 

must know its neighbor. Data transmission is done with stable 

link quality and minimal power consumption. A similar 

transmission power control scheme is proposed by authors in 

[12] which is a packet forwarding scheme with minimal 

power consumption in body area sensor network. By 

incorporating automatic repeat request (ARR) an increase in 

network throughput with minimal power consumption is 

achieved as lower power is required to retransmit the drop 

packets. The literatures in [13]and [14] analyzed the amount 

of data delay as they operate in a heterogeneous platform in 

WBAN comparative analysis for different medium access 

control (MAC) protocols for WBAN.  

In [15], the authors proposed a thermal aware routing 

protocol where each node tries to obtain a minimum hop to 

sink node. In this protocol if temperature of a forwarder node 

is increased then an alternate route is taken which is longer 

that will consume more power hence nodes die early in this 

protocol.  

The authors in [16] proposed a very popular protocol called  

SIMPLE: Stable Increased-throughput Multi-hop Protocol 

for Link Efficiency, protocol for WBAN. The SIMPLE 

protocol uses a cost function to decide which nodes work well 

in terms of the highest stability and throughput period. This 

protocol provides better network stability and longer network 

lifetime compared to M-ATTEMPT protocol. An 

improvement of SIMPLE protocol is proposed in [17] where 

effect of mobility is considered in the performance of the 

network. A protocol which performs better than SIMPLE, 

called NEW-ATTEMPT [18] is proposed by defining a new 

cost function that modifies and improve M-ATTEMPT 

protocol. 

Recently the authors in [19] presented selection criteria for 

WBAN protocols for healthcare applications. Other recent 

work on the development of WBAN protocols can be found in 

the literatures [20]-[22]. Authors in [21] proposed a routing 

protocol for throughput improvement in BANs. The cost 

function for selecting forwarding node is evaluated using the 

residual energy of each node and the distance of sink from all 

the nodes in the network. It is shown that network throughput 

is affected by distance significantly and residual energy has 

little effect. The recent works in [22] is based on the cost 

function defined based on distance, residual energy, failure 

probability and communication count parameters. 

It can be inferred from the above literatures that the design 

of an effective cost function is one of the important factors 

that affect the performance of WBAN. In this paper we 

proposed a new cost function for improving the routing 

protocol in WBAN for healthcare applications. 

III. SYSTEM MODEL 

This section briefly describes the overall system model 

used in the analysis of the proposed protocol. It includes 

network setup, radio model and the path loss model used in 

wireless transmission of data packets. 

 

A. Network model 

 

The WBAN is setup for health monitoring system 

application therefore  sensors have to be chosen such that all 

the essential indications of a patient can be estimated and data 

transmitted adequately. Generally eight sensors can be 

sufficient to monitor important parameters of a patient. In our 

work we have also chosen eight sensors that has to be attached 

to the body of a patient; these sensors are namely ECG, EMG, 

glucose, blood pressure, temperature, lactic acid, acceleration 

and position. The locations of these sensors are as shown in 

Figure 1. The circle dots represents sensor node while the 

rectangular dot represents sink node. It is assume that each 

node has the same power handling capabilities. The data from  

ECG and glucose sensor (node 1 and node 2 respectively) are 

transmitted specifically to the sink node with single hop 

propagation. 

 
Fig. 1: Node deployment in WBAN 

 

B. Radio model 

A radio model describes the energy consumption by the 

electronic system of the sensor. In our work we have adopted 

the first order radio model as depicted in [18] and it is as 

appeared in Figure 2. 
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Fig. 2: Radio model 

According to the radio model the equations describing the 

energy relations between the transmitter and the receiver for 

transmitting 'n' bits size data packet over a distance 'd' is 

defined  in (1)- (2). 

2

__ ***),( dnEnEdnE AmpTXElecTXTX                       (1) 

nEdnE ElecRXRX *),( _                                                 (2) 

Where TXE is the energy consumed by the transmitter and 

RXE is the energy consumed during receiving the data 

packets.
 

ElecTXE _ , AmpTXE _ and ElecRXE _  are the energy 

consumption of the transmitter electronic circuit, transmitter 

amplifier section and the receiver electronics circuit 

respectively. ‘n’  is the number of bits in a data packet and 'd' 

is the distance between a transmitter and a receiver. 

The signal suffers attenuation in the transmission path and 

its influence can be incorporated by including the path loss 

coefficient parameter 'm ' and (1) can be modified as in (3). 

 
p

AmpTXElecTXTX dLmEnEdnE ****),( __               (3) 

The energy parameters defined in (3) depends on the 

hardware used in the design of the sensors. Two most 

frequently used transceivers are Nordic nRF2401A and 

Chipcon CC2420. In our work we have use the parameters 

defined for Nordic nRF2401A because this transceiver 

consumes less energy than the Chipcon CC2420. Table 2 

features the energy parameters of the two transceivers.  

 

Table 1: Transceiver Parameters 
 

Parameters 

 

nRF 

2401A 

CC2420 

 

Unit 

ElecTXE _  16.7 96.9 nJ/bit 

ElecRXE _  36.1 172.8 nJ/bit 

AmpTXE _  1.97 2.71 nJ/bit 

D.C. current 

(TX) 

10.5 17.4 mA 

D.C. current 

(Rx) 

18 19.7 mA 

Min. supply 1.9 2.1 V 

 

C. Path loss model 

 

The decrease of power level when the signal is routed from 

the source to the destination as a factor of signal lessening is 

known as Path loss (measured in dB).  There are several 

factors that results in path loss like the changes in propagation 

surface of the wave front,  refraction, reflection during the 

transmission of the signal or the presence of an obstacle in the 

path. In the WBAN, the propagation environment is not static 

and factors such as human postures, body motion and clothing 

may affect the transmission. A simple path loss  model[20]. 

that depends on distance and frequency is  given in (4)-(5). 

 

)(*)(),( dPLfPLdfPL                                                           (4) 
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d

d
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100 log10),(                                         (5) 

where 'PL'  is the received power, 'd0' is the reference 

distance and 'm' is the path loss coefficient parameter whose 

value depends on the network environment. 'X' is a Gaussian 

random variable and 'σ' is the standard deviation. 'PL0' is the 

power received at the reference distance 'd0' and it is given by 

the expression in (6). 
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IV. PROPOSED WORK 

The main objective of this work is towards improvement of 

the overall performance of WBAN for healthcare system. The 

proposed work is an improvement over NEW ATTEMPT 

protocol. We called the proposed WBAN protocol as 

Enhanced ATTEMPT(EN-ATTEMPT). 

The proposed protocol employed both single hop and 

multi-hop propagation scheme for exchange of data. In this 

protocol a forwarder node is chosen dependent on a new 

proposed cost function which rely upon the separation and the 

dissipated energy. 

The different stages of working of EN-ATTEMPT protocol 

is depicted in the accompanying subsections. 

A. Initialization phase 

In the initialization phase the location of the sink node is 

shared to all the nodes by broadcasting a short duration 

message. every sensor nodes in the network also broadcast a 

packet containing an information about node ID, location of 

the node and the energy status. This process updates all the 

sensor nodes with respect to the area of neighbors and sink 

node. 

B.   Routing phase  

The routing of data packets from a sensor node to the 

receiver node is done through multi-hop communication in 

order to maximize performance of the network. The 

consideration is to create a balance between the energy 

consumption of the different sensors in the system. In WBAN 

with multi-hop propagation, choosing a forwarder node is one 

of the vital factor that chooses  the overall performance of the 

network. The selection of forwarder node from amongst the 

sensor is done at the sink node by evaluating a cost function. 

The sensor nodes for monitoring critical information, in our 

case,  ECG sensor and glucose sensor cannot become 

forwarder node as they transmit data directly to sink node 

using single hop. 

The cost function that we proposed for our scheme is defined 

in (7). The cost function is depending on the distance and the 

dissipated energy. In this function we considered energy loss 

as the difference between initial energy and left over energy 

i.e. residual energy after each round.  
 

p
iERiEid

iCost
).(.)()(

1
)(


                                                          (7) 

where  

Cost(i)  : cost function of i
th

 node 

d(i)       : distance between i
th

 node and sink node 

R.E.(i)  : residual energy of 

the i
th

 node 

 



 

Development of Efficient Multi-Hop Protocols for Wireless Body Area Network (WBAN) 

106 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: F12260486C19/19©BEIESP 

C. Scheduling and data transmission phase  

When the selection of forwarder node is completed all the 

remaining nodes transmit their acquired data to the forwarder 

node. This is accomplished by utilizing time division multiple 

access (TDMA) conspire by the forwarder node. Therefore all 

other nodes transmit to forwarder node in their assigned 

scheduled time slot. If a node does not have any data to send 

then it enters into idle state and wait for the next time slot. In 

this scheduling process the energy dissipation of the 

individual sensor nodes are minimized.  

V. SIMULATION RESULTS 

In this area we present the simulation result of the proposed 

En-ATTEMPT protocol. The performance of the protocol is 

eassessed through standard performance metrics which are 

defined below. 

 

Network lifetime: It is the time duration of the network 

operation until the last node terminates or die. 

Residual energy: Residual energy is the  total remaining  

average energy of a network after each round . This is 

important for evaluating the energy consumption in the 

network. 

Stability period: The duration of the network till the first 

node dies is called stability period. After the first node 

radically dies it goes to unstable state, and this period is 

called unstable period. 

Throughput: The total number of successful packet that is 

received at the sink is regard as throughput. 

Path loss: The reduction of power level when the signal is 

passed from the source to the destination due to attenuation 

of signal is referred as Path loss.  

 

 
Fig. 3: Network Life time: Number of dead nodes Vs. Rounds 

 

To demonstrate the effectiveness of the proposed protocol 

a comparative analysis is performed on  three standard 

WBAN protocols i.e. M-ATTEMPT, SIMPLE and 

NEW-ATTEMPT. The network model and the radio model 

for the simulation study is as given in Section 3. The cost 

function of the proposed scheme defined in (7) is evaluated 

for p=2, which is an Euclidean norm. The simulation results 

for the different performance metrics are shown in Figure 3, 

Figure 4, Figure 5 and Figure 6. 
 

The network life time in terms of the number of dead nodes 

as the number of round increases is shown in Figure 3. It 

reveals the average network life time of the network till the 

last node dies. It can be observed that at round 2161 the 

number of dead nodes is 3 for M-ATTEMPT. For SIMPLE 

protocols, till round 4436 the number of dead node is zero. 

With SIMPLE protocol the number of dead node increases to 

6 nodes at round 5944. In NEW-ATTEMPT protocol till 

round 2767, number of dead node remains zero. From 2768 to 

7214 rounds the number of dead node is only 1. From rounds 

7289 to 7447 numbers of dead node is 5. Thereafter it catches 

other protocol. In EN-ATTEMPT protocol till round 2938 the 

number of dead node is zero. From round 2939 to 5470 the 

number of dead node is 1. From round 5471 to 7222 the 

number of dead node is 2, after that it is similar to other 

protocols. 

 

 

Fig. 4: Residual Energy (J) vs Rounds 
 

The energy consumption of the network in terms of the 

residual energy is shown in Figure 4. The result shows that till 

1688 round residual energy of SIMPLE protocol node is 

slightly higher than other protocols but after that it is 

overtaken by NEW-ATTEMPT protocol till round 7222 and 

was later taken by EN-ATTEMPT protocol at round 7334. 

Finally residual energy goes to zero at round 7470. Thus in 

terms of residual energy EN-ATTEMPT protocol has better 

saving energy as compared to other protocol because of lesser  

lesser number of dead nodes. As compared to M-ATTEMPT 

it uncovers that SIMPLE protocol consumes lesser amount of 

energy till 60% of simulation round and 70% lesser amount of 

energy for NEW-ATTEMPT and EN-ATTEMPT. Hence 

maximum number of nodes have enough energy to 

disseminate data to the sink node. 
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Fig. 5: Packets received at sink Vs Rounds 

The throughput of the network as the total number of 

packets successfully received at the sink is depicted in Figure 

5. It can be clearly observed that the proposed 

EN-ATTEMPT protocol has most elevated throughput 

compared to other protocols although SIMPLE has overtaken 

for few rounds.  

The number of packets successfully sent to the sink relies 

upon  the number of alive nodes. More alive nodes send more 

packets to the sink, increasing network throughput. Hence, a 

shorter period of stability is the main cause of the decrease in 

throughput. Till 3000 rounds the packet received remains the 

same for M-ATTEMPT and SIMPLE protocol but after that 

there is a huge difference in the packets received between 

these two protocols. In the case of M-ATTEMPT, the total 

number of received packets is 1.74 × 10
4
, while that of 

SIMPLE is 2.8 × 10
4
. However, in the case of 

NEW-ATTEMPT and EN-ATTEMPT up to at 2200, the 

received packet remains the same. In the case of 

NEW-ATTEMPT, the total number of packets received is 

3.13 × 10
4 
and for EN-ATTEMPT it is 3.18 × 10

4
. Therefore 

it is very evident from this result that EN-ATTEMPT protocol 

is much better as compared to other protocol. Comparatively, 

EN-ATTEMPT Protocol is 45.28% better than 

M-ATTEMPT Protocol, 12.46% better than SIMPLE 

Protocol and 1.57% better than NEW-ATTEMPT Protocol. 

Thus the proposed protocol EN-ATTEMPT selects the 

forwarding node more efficiently which leads to longer 

network lifetime and higher throughput. 

 

The path loss behaviour of different sensor nodes is shown 

in Figure 6. For the simulation study standard frequency of 

2.4 GHz is chosen to calculate the path loss of each sensor, 

path loss coefficient of 3.38 and 4.1 as the standard deviation. 

Initially we can see that SIMPLE, NEW-ATTEMPT and 

EN-ATTEMPT performs well till 2000 rounds after that 

M-ATTEMPT significantly decreases because some of the 

M-ATTEMPT topology dies sooner. The protocols with 

longer stability period has more live nodes hence it is quite 

obvious that the aggregate path loss is high.  

 

Fig. 6: Path loss (dB) Vs Rounds 

VI. CONCLUSION 

An effective energy efficient with high throughput routing 

protocol wireless body area network for healthcare 

application is displayed in this work. The paper focus on the 

design of routing protocol for selecting a forwarder node in 

the multi-hop communication based WBAN. It is 

accomplished by characterizing a new cost function that relies 

upon the separation on the distance between a node and the 

dissipated energy of a node.  

We can summarized that the proposed  EN-ATTEMPT  

protocol has better performance and stability period as 

compared to three other popular protocols. The proposed 

protocol showed best performance in terms of the throughput 

of the network which is 45.28 % better than M-ATTEMPT 

Protocol,12.46 % better than SIMPLE Protocol and 1.57 % 

better than NEW-ATTEMPT Protocol. 

Finally, we can presume that EN-ATTEMPT is the best 

decision routing protocol for WBAN as compared to other 

protocols in terms of longer stability and high throughput 

without compromising the energy consumption of the 

network. 
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