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Wireless body area networks (WBANs) present a new solution to remote health monitoring. In a non-invasive WBAN 

deployment, the sensor nodes are implanted on the human body. These devices monitor health parameters such as body 

temperature, pressure, insulin levels, etc. A coordinator node is placed on body surface that collects information. The sensor 

nodes communicate monitored health parameters to the coordinator and the coordinator collects the data and forms an interface 

to other networks. An important concern here is the issue of network topology reorganization due to movement of body parts that 

enables sensor nodes to be mobile. A network topology reorganization scheme for WBANs is presented here that employs a tree 

based routing scheme wherein sensor nodes form a tree topology to communicate with the coordinator using one or more hops. 

In each hop, a node transfers the data with its immediate parent, and the data reaches the coordinator (root of the tree) in a finite 

number of hops. Here, the position of the mobile sensor nodes placed on body-parts (example, limbs- arms or legs), changes with 

respect to other nodes. This results in disruptions in communication or deterioration of received signal quality and therefore 

there is a need to reorganize the network topology. The proposed mechanism adapts the Zigbee network repair technique that 

accounts for the network topology restructuring. The proposed scheme ensures freedom from loops with reduced network repair 

time. It also accommodates dynamic changes in the network topology and thereby enables the network to scale in. 
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INTRODUCTION 

 

A Wireless Body Area Sensor Network (WBASN) or a 

Wireless Body Area Network (WBAN) is a wireless network of 

wearable computing devices including sensors that capture and 

transmit different physiological data wirelessly to a coordinator 

placed on the body which in turn, transfers data to a monitoring 

base station like laptop (Park, 2006; Latre et al., 2007). Such an 

arrangement provides access to real time personal health data by 

the sensors placed on the body surface. WBANs form a new and 
interesting area for remote health monitoring. An important 

concern in such networks is how efficiently communication is 

facilitated from sensors to the coordinator. This communication 

needs to be energy efficient and highly reliable while 

maintaining low delays (Meng-Shiuan et al., 2009). WBANs 

must also accommodate mobility of nodes due to motion of 

body parts.   

Research has identified that multi-hop communication to the 

coordinator is better suited for communication in WBAN as 

against single-hop communication (Braem, 2010) because 

single-hop communication leads to increased power 

consumption and also because the channel conditions near the 

human body can be poor and there could be increased path loss 
around the human body (Roelens et al., 2006; Latre et al., 

2004). An efficient communication technique for WBANs relies 

on a tree-based multi-hop mechanism that constructs the best 

route from each sensor to the coordinator as the root (Zusheng 

and Yu, 2010). The  parameters   that  determine  quality  of  the  
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Figure 1. A typical tree structure with the coordinator or sink at level 

0, fixed nodes at levels 0 to n-1 and the mobile nodes at level n. (Latre 

et al., 2007). 

 

 
 

 
 

Figure 2. Decreasing signal strength due to mobility. 

 

 

 

route is sensor’s residual energy, link quality and the delay 

incurred in data transfer. 

Here, the sensor nodes organize themselves into a tree and the 

communication of the data recorded by a node to the 
coordinator is achieved via a number of hops. In each hop, the 

data is communicated by a node to its immediate parent. In this 

manner, the data reaches the coordinator itself in a finite number 

of hops when the node which is the immediate child of the 

coordinator communicates the data to the coordinator itself. We 

can see a tree based WBAN in Figure 1. Each node in the 

network is being classified as follows depending on whether or 

not it has any children: 

 

Parent node 

 
If a node in the network has one or more children from which it 

receives messages and undertakes the task of message 

forwarding to the coordinator (via its own parent in a finite 

number of hops), then such a node is a parent node of its 

children. It is significant to note that in this system, every parent 

node is essentially a fixed node or in other words, no mobile 

node is the parent of any other node (Figure 1).  

 

 

 

 

Non-parent node 

 
If a node in the network has zero or no children, it is a non-

parent node. All mobile nodes which occur at the leaf level of 

the network tree topology are non-parent nodes (Figure 1). The 

sensor nodes in the network are divided into the following two 

categories: 

 

Mobile sensor nodes 

 

These are the sensors attached to the body parts that are mobile 

in nature. These body parts displace them from their original 

position from time to time. For example, nodes placed on the 

arm are considered as mobile nodes due to mobility of the arm 
itself. 

 

Fixed sensor nodes 

 

These are the sensors placed on the relatively stable parts of the 

human body such the chest, torso and abdomen. As these parts 

of the body are fairly fixed with respect to the coordinator even 

during conditions of physical mobility of the person, the nodes 

deployed on them are also relatively immobile with respect to 

their parents in the tree. However, use of a tree based protocol 

needs to address the issue of network reorganization when the 
connectivity with a parent of a node is lost or when the quality 

of the received signal is low enough, leading to loss of 

messages. Such disconnection could be due to link failures or 

the failure of the parent node itself or due to mobile nature of 

the nodes. The same has been shown in Figure 2 where we can 

see that a mobile sensor node moves from its position, the 

quality of the signal received by it from its parent keeps 

decreasing. If the signal quality goes below a threshold, it may 

become impossible to decipher the content in the original 

message. Thus, it is important to be able to rebuild the network 

and reorganize the topology upon the detection of such 

movement. We present here a multi-fold solution that is based 
on the light-weight repair scheme for Zigbee-based wireless 

sensor networks, as suggested in Meng-Shiuan et al. (2009). We 

show that the formed tree remains free of any loop all the time 

and verify experimentally using simulations that the latency due 

to network repair time is reduced. Further, we have observed 

that the number of re-association packets required during the 

topology reorganization is also minimized.  

 

 

MATERIALS AND METHODS 

 

Related work 
 

Meng-Shiuan et al. (2009) address the issue of network repair 

in Zigbee wireless sensor networks. Our scheme works by 

identifying a potential parent set that can be used when a link 

failure with the current parent occurs. We have adapted this 

solution to provide a framework for topology reorganization 

due to mobility in a WBAN. Further, we have provided a node-

initiated mobility determination and parent-finding scheme 

based   on   RSSI   and   partial  ordering  scores.  The  inherent 



 

 

 

 

 
 

Figure 3. Message types and the direction of their flow. 

 

 
simplicity of the scheme and its versatility in supporting a wide 

variety of networks in terms of tree structure renders it scalable 

for future addition of newer nodes. 

 

Motivation 

 

Our proposed communication system for WBASNs ensures that 

the trees remain free of loops at all times. This ensures that an 

outbound message from a sensor node containing bodily 

parameter reaches the coordinator as soon as possible. Also, 

loop freedom is guaranteed such that no message travels along 
any path more than once to the coordinator. This would greatly 

benefit patient monitoring systems that facilitate receipt of 

information regarding critical body parameters such as 

temperature, insulin level, blood sugar level, etc. which in turn 

enables an immediate trigger action such as summoning a 

doctor or a nurse, administer a dose of insulin in diabetes 

patients and so on. It is important to understand criticality of 

time in this environment and our loop free mechanism would 

greatly assist in expediting the transmission of critical 

information, thereby minimizing potential impact on life. 

The scheme also adopts an effective repair scheme using the 

mechanism Meng-Shiuan et al. (2009) by reorganizing the 
network topology. This ensures that the system is quickly up 

and running when the network topology changes and also 

reduces the average number of packets needed during the 

network reorganization.  

This is significant due to criticality of information as number 

of dropped messages is minimized and the number of messages 

reaching the sink is also maximized. Our scheme minimizes the 

average time incurred for network organization and also the 

number of required packets for re-association due to loss of 

connectivity to its parent. This is significant from the energy 

efficiency point of view as larger the number of communicated 
messages, higher will be the energy consumed. Further, 

criticality of timing in remote health monitoring systems 

requires that for timely action, messages sent by a node be 

available to the coordinator at the earliest. If the latency due to 

network reorganization is not low, or if the time spent in  
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repairing the network by identification of a new parent for a 

mobile sensor node is not maintained low enough, critical 
information could be cut off from the coordinator for a period of 

time and may have irreversible consequences to the patient. 

The above approach is also scalable to some extent as the 

implementation scheme is simple and adding new nodes is as 

straight-forward as repeatedly triggering the procedure used in 

re-organization phase. Thus, in a patient monitoring system, if 

many parts of the body need to be monitored of a serious 

patient, it can be easily accomplished as the setup mechanism is 

amenable to this concept (Figure 2). 

 

Technical solution 

 
In our scheme, each node is identified by an 8-bit unique 

address and each mobile sensor node maintains a candidate list 

of potential parents. Each parent also maintains an ordered set 

of its current children sensor nodes at all times. This set is a 

vector that also contains the address of each child. The 

messages communicated are classified into the following two 

categories: 

  

Data message 

 

Data message contains the actual message communicated by a 
sensor node to its parent and contains specific body parameter 

being monitored. A node transmits its data message to its parent 

and waits for an acknowledgment during a timeout. If the timer 

expires before receiving an acknowledgement, the node resends 

the message again. This is repeated a fixed number of times as 

specified by the retry limit, beyond which the node infers that 

connection to its current parent is lost and the re-organization 

procedure is triggered. 

 

Control message 

 

Control messages include control information such as 
acknowledgement messages or a node’s address transmitted 

right after a re-organization procedure. Such acknowledgement 

message is also transmitted a fixed number of times as specified 

by the retry limit, beyond which a parent simply assumes that it 

has lost connectivity with its child due to change of position. 

Note that a control message flows in opposite direction to data 

messages. This has been illustrated in Figure 3.  The system has 

the following critical phases: 
 

Node ordering phase: This is the initial phase where each node 

of the network is given a partial ordered score. This partial 

ordering is done based on the distances of the node from the 

coordinator. The key idea here is that as the distance of a node 
from the coordinator increases, its partial ordered score 

decreases. This means that the static nodes closer to the 

coordinator have higher partial ordered scores and nodes farther 

away from the coordinator have lower partial ordered scores. 

This key mechanism is accomplished using RSSI. The 

coordinator broadcasts a “HELLO” packet across the network 

and waits for receipt of acknowledgement message from all the 

sensor nodes. It then repeats this fixed number of times (we  
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have assumed 5)  and computes an average RSSI score for each 

of the sensor nodes acknowledgment. It then orders the nodes in 
the descending order of their average RSSI scores and informs 

them by a message containing their ordering in the network tree. 

The mobile nodes save this information to remember the nodes 

in their candidate parent set using the following principle: 

  

If Pi is candidate parent set of node i,  

node j  ϵ Pi if ordering(j) > ordering (i) and j is a fixed node .  

…………………………………… (1) 

 

Therefore, the nodes closer to the coordinator (nodes higher up 

in the tree) will have higher partial ordered scores than the 

nodes lower down the tree as the average RSSI values of 
acknowledgment signals from sensor nodes closer to the 

coordinator will be higher than the average RSSI values of 

acknowledgment signals from the sensor nodes further down the 

tree.  

From relation (1), we observe that the parent set maintained 

by each mobile node will only consist of those static nodes 

which do not move with respect to the coordinator. That is, 

when a mobile node (essentially a non-parent node) gets 

displaced from its position with respect to its parent, the new 

parent elected by the mobile sensor node is always a fixed 

sensor node.  
In our system, each node except the coordinator triggers re-

organization procedure if RSSI value of the received signal 

from initial parent is below the previously measured threshold 

value (in b.). This is done due to node mobility when the 

displacement from the original position causes disruption in 

communication with the parent of the sensor node. 

 

Re-organization phase: When a mobile sensor node 

determines that it has moved away from its initial position, it 

triggers the following three step procedure: 

 

1. The parent set is ordered in descending order as per partial 
ordered scores of nodes in its parent set.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

2. The node then selects first candidate parent node from its 

parent set and sends a “TRY” packet and awaits 

acknowledgement. If an acknowledgement is received, 

successful connection is feasible by connecting to this node and 

this candidate parent node becomes the new parent. It then 

terminates the procedure and initiates an address update phase. 

3. If it does not receive an acknowledgement within the pre-

specified time out interval, it simply selects the next node from 

its parent set and repeats step 2. 

 
This continues till it receives an acknowledgment in step 2 and 

exits the re-organization procedure to enter the address update 

phase. The process of re-association is illustrated in Figure 4 

where a mobile sensor node, M attempts to establish connection 

with the candidate nodes in its potential parent set: b1, b2, b3, 

b4 and b5. Upon pinging b5 with a ‘TRY’ packet, it does not 

receive the acknowledgment packet, ‘ACK’ within its time-out 

interval and its timer expires. It therefore sends ‘TRY’ packet to 

b4 and this  time, it  receives ‘ACK’  packet   and   as   a   result, 

 

 

 

 

mobile sensor node M updates its parent to b4 (Figure 4).  

 
Mobility determination phase: When the RSSI value of 

acknowledgement message received from a parent is outside 

standard deviation of the mean RSSI value associated with 

parent node, the node understands that its position has changed. 

It therefore triggers the re-organization procedure and finds its 

new parent.  

 

Address update phase: After successfully associating with a 

new parent in the re-organization procedure, the node receives 

new parent’s address in a control message and updates the same 

information in its candidate parent set. This new parent waits for 

an acknowledgement message from the child node for its 
confirmation. If it does not receive an acknowledgement within 

the time out period, it resends its address. This is done a fixed 

number of times as specified by the retry limit and thereafter, it 

is assumed that the child has shifted again from its previous 

position. 

If the mobile node does not receive an acknowledgement 

from any of the nodes in its parent set, it has to create a new 

potential parent set by broadcasting a ‘HELLO’ packet across 

the network and waiting for acknowledgement within timeout 

period. The nodes from which acknowledgments are received 

are added to the new parent set if criterion (1) is satisfied. The 
functioning of the complete system is summarized in flowchart, 

Figure 5.  
 

Simulation setup 

 

Simulation of the our proposed scheme is performed in Java 

based ShoX simulator. A set of 22  nodes are deployed within a 

field area of 225 cm × 225 cm (as average human body 

dimensions fit into this space) as shown in Figure 6. All 

simulation configuration parameters used are in accordance with 

802.15.4 standard (Timmons and Scanlon, 2004). ISM band (2.4 

GHz) (Timmons and Scanlon, 2004) wireless channel band is 
used. The bit rate used for transmission is kept at 256 kbps 

(Timmons and Scanlon, 2004). The signal power used for 

transmission is varied between 0.05 mW to 10000 mW. The 

initial deployment of the nodes is as shown in Figure 6 and the 

corresponding tree structure is illustrated in Figure 7.  

 

 

RESULTS  

 

It is observed that a minimum transmission power of 4 mW is 

necessary to keep the system adequately connected. Figure 8 
shows the plot of degree of connectivity of the sink, as a 

function of the used transmission power. At 4 mW, all sensor 

nodes are connected together and the coordinator can receive 

packets from each node in one or multiple hops. The 

coordinator cannot receive packets from some sensor nodes at 

transmission power values lower than this. We observe that the 

proposed scheme provides a guaranteed connectivity between 

all sensor nodes. This makes the configuration of the entire 

WBAN simple as a single power level is used during  the  initial 
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Figure 4. Reorganization steps 

 

 

network deployment period.  

We conducted a study to determine the average overhead per 

packet as the number of retransmissions and acknowledgements 

per packet sent for the successful receipt of each packet as the 

transmission power is varied from 0.05 mW to 10000 mW. 

Figure 9 shows the optimal performance at approximately 5 

mW where the average overhead per packet is reduced to 3 

packets. As the transmission power is increased beyond 5 mW 
upto 10000 mW, the average overhead per packet remains 

stable at 3. Thus, the proposed system offers reliability of packet 

transfer required by WBAN with low overhead. This is 

particularly important as larger overall average overhead per 

packet would lead to increased average power consumption per 

node and the nodes would run out of battery power at a much 

faster rate. In addition, greater overhead per packet would 

introduce a larger network delay per packet as each message is 

successfully received only after a larger number of 

transmissions. The low overhead per packet at low power and 

lower delay satisfies essential qualities of a WBAN and timely 

message receipt by the coordinator makes timely-decision 
making process feasible. 

Simulations are also undertaken to determine average repair 

time for the network reorganization. Figure 10 shows that the 

network repair time is bounded by 0.3 seconds while the 

average value of the same is between 0.2 seconds to 0.25 

seconds. Thus, we can observe that the network repair time is 

largely independent of the distance between a mobile sensor 

node that is trying to find a new parent and the candidate nodes 

in its parent set. This ensures that upon loss of connectivity with 
a parent node, a mobile node can determine a new parent within 

a bounded time period that is low enough such that the system 

could be set up without loss of too many packets. Due to 

criticality of information transmitted in a WBAN, too many lost 

packets during the reorganization period can prevent the WBAN 

from making timely reports of the monitored information and 

delay any emergency action. 

 

 

DISCUSSION 

 

The probability distribution function of average network repair 
times is obtained from ten thousand runs  of  the  simulation  as  
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Figure 5. Flowchart outlining the proposed scheme. 

 

 

 

 
 

Figure 6. Details of a Sensor Network on the body. 

 

 

plotted in Figure 11. The mean value of average network repair 

time is 0.23s. The network repair times for about 60% of the 

runs is within the standard deviation σ of 0.02s. The average 

network repair times for the other 40% of runs is within a 

standard deviation of 2 σ. Figure 12 shows the results of the 

analysis of the network reorganization phase. We see from 

Figure 12 that the average number of packets required for re-
association is upper-bounded by 3 while the average value lies 

between 2 and 2.5. Thus, we observe that not much power is 

expended by mobile sensor nodes while attempting to determine 

their new parent during the reorganization phase. This keeps the  

 

 

 

 

   
 

Figure 7. Tree topology of the deployment. 

 

 

overall average power consumption per node low. Fewer 

number of re-association packets also makes the parent 

determination during the reorganization phase possible sooner 

and thus the system can resume normal function faster without 

loss of too much information during the reorganization phase. 

This also helps maintaining the quality requirements of the 

WBAN that necessitate timely communication of critical 

information. Furthermore, this value is observed to be largely 
independent of the distance between the nodes. This is in line 

with the scalable nature of the network as newer nodes that may 

join in future can also employ the reorganization phase with 

bounded re-association packet transmissions regardless of their 

position of deployment.  

 

Proof of loop freedom 

 

As each node has a unique partial ordered score and as the 

candidate parent set for each node follows rule (1), it can be 

seen that the path from the coordinator to each node follows a 

strictly descending order of partial ordered scores. Thus, parent 
of each node has a higher partial ordered score than the node 

itself. As the WBAN makes it impossible for any node to elect 

as parent a node with a lower partial ordered score than itself, 

the path from the node to the coordinator will consist of nodes 

that have strictly increasing partial ordered scores from the 

bottom to the top. This renders loop formation impossible at all 

times as the messages from the node to coordinator can never 

travel along a path from a node of higher partial ordered score to 

a node of lower partial ordered score and are always strictly 

confined to one direction from bottom to top. This ensures that 

the messages transmitted by the nodes to the coordinator always 
reach the coordinator in a bounded number of hops without 

going through unnecessary loops in the  network.  This  satisfies  
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Figure 8. Degree of Connectivity v/s Transmit Power. 

 

 

 
 

Figure 9. Average overhead per packet for successful receipt. 

 

 

 

 
 

Figure 10. Network repair time v/s distance between the nodes in meters. 
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Figure 11. Probability distribution function of average network repair 

times. 

 

 

 
 

Figure 12. Average number of reassociation packets v/s distance between 

the nodes in metres 

 

 

both timely and energy requirements of the WBAN that 

necessitate lower message communication delays and smaller 

average power consumption.  

 

Possible applications in other contexts 

 

The above mechanism of network reorganization may also be 

used in vehicular area networks on freeways or roads that 

confine the driving speeds to a specified range. Vehicular area 

networks are also dynamic systems owing to the conditions of 

mobility associated with the nodes in that environment. In 

vehicular area networks, forward traffic information is 

communicated across vehicles from one vehicle to another in 

one direction. This is particularly useful to alert vehicles behind 

about adverse road conditions such as ongoing repair work, 
accidents, and slippery roads from snow during winter. In roads 

that restrict or bound the driving speeds within a specific range 

such as freeways or interstate expressways, the vehicles always 

maintain an approximate fixed distance with each other. In such  

 

 

 

 

an environment, when the connection with the vehicle ahead 

from which packet is being received is lost due to exits, we can 
quickly identify a newer vehicle to start receiving packets from 

upon the disconnection. In addition, our reorganization scheme 

ensures that data packet losses are minimized during the 

network reorganization period while reducing the average 

number of re-association packets needed for reconnection. 

       

 

CONCLUSIONS AND FUTURE WORK 

 

Simulation results show that our scheme has low average value 

of network repair time between 0.2 seconds to 0.27 seconds and 

is independent of the distance between mobile sensor node and 
the candidate nodes in its parent set. In addition, the average 

number of re-association packets is about 2 to 2.5 regardless of 

the distance between the nodes, with an upper-bound of 3. The 

freedom from any loops eliminates potential security threats 

associated with the system. This also ensures that a message 

transmitted by a monitoring sensor node reaches the coordinator 

in a finite number of hops without undergoing unnecessary 

delays due to any potential loop in the network. Future work 

could focus on a predictive scheme to understand the mobility 

patterns of the nodes so as to proactively engage in a process of 

network reorganization before any disconnection occurs. This 
would further minimize the information loss during the 

reorganization phase. 
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