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Abstract: The increase in usage of wireless networks 

and the continuous miniaturization of electrical devices 

has increased the development of Wireless Body Area 

Networks (WBANs). Sensor systems are controlled by 

the amount of energy utilised in transfer of data. This 

paper has concentrated on making enhancements by 

formulating computationally-productive and better 

lossless compression algorithm on the node from which 

data is coming. These minimise the information to be 

sent in the system, having benefits in saving energy and 

it increases with the number of times information goes 

through the network from hops. If sensor network 

developers need to compress information, they should 

either create algorithm specific to an application or use 

other algorithms that are not intended for resource 

controlled sensor hubs. This paper examines the issues 

with executing compression algorithms that are 

particularly designed for sensor hubs. We demonstrate 

how different intensity of compression can change the 

saving of energy on both the compressing node and all 

through the system. 
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1.  Introduction 
 

WBAN or a Body Sensor Network (BSN), is a wireless 

network of wearable computing devices. BAN gadgets 

might be installed inside the body, could be surface-

mounted on the body in a definite position or might be 

used with other gadgets which people can put in 

various positions, in garment pockets, on hand or in 

different bags. While there’s a pattern towards 

shortening the size of gadgets, including systems 

comprising of many small Body Sensor Unit (BSU) 

along with one Body Central Unit (BCU). Larger 

devices (tab and pad) still play an essential part as an 

information centre point, information entry and giving 

an interface to take a better control of BAN 

applications.The start of WBAN technology begun 

around 1995 around the arrangement of utilizing 

Wireless Personal Area Network (WPAN) to execute 

communication on, close, and around the physical 

body. In six years the expression "BAN" came to use 

wherever correspondence is completely among, on, and 

inside the quick nearness of a person body. A WBAN 

framework will utilize WPAN as a way to be used in 

longer ranges. Through gateway gadgets, the wearable 

gadgets on the human body can be connected to the 

web. Using this, medical experts can get the patient 

information using web without depending on the 

location of patient. 

 

2.  Related Work 

 

The Flemish IBBT IM3-paper (Interactive Mobile 

Medical Monitoring) concentrates on the examination 

and usage of a wearable framework for health checking 

[2]. Patient information is gathered utilizing a WBAN 

and analysed at the hospital. On the off chance that an 

occasion (e.g. heart issues) occurs, an alert is sent to a 

specialist who can see and examine the information 

remotely. 

3.  Proposed Method 

 

Data compression techniques can be classified as 

lossless compression technique which does not involve 

any loss in data while compressing, mostly suitable to 

applications such as health checking, executable 

programs, source code etc., and lossy compression 

methods which overcomes loss of data in small 

amounts during compression. In this paper we have 

used LZW compression technique in wireless body 

area network.  

    

4.  Overview 

 
Lempel Ziv Welch (LZW) is a lossless, word reference 

algorithm to create dictionary when information is 

taken in from information stream. It is suitable for 

sensor network frameworks considering the fact that 

the structure of dictionary empowers it to conform it is 

suitable for any information and endeavour emphasis in 

the information. 

     Initially the dictionary is given 256 entries to assign 

one for each 8-bit character. Then the algorithm is 

executed. The algorithm used is computationally 

simple .The sender of the packet of data and the 

receiver of data packet, both uses the same dictionary 

and new word references are made in perspective of 

existing lexicon entries, the receiver of data packet can 

make copies of dictionary as the information to add is 

received. 

     For decoding an entry, regardless, the decoder 

should have all past entries. Sensor hubs never pass on 

100% of information to the source. Subsequently, our 
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calculation isolates the information stream into self-

sufficient pieces so in case a package is lost it only 

impacts the information that tails in specific blocks. 

For implementing the technique for sensor hubs, word 

reference is kept in hash table having the base sections 

as the basic lexicon. Memory need could be kept 

sensible by keeping dictionary size little. 

     The algorithm takes the first alphabet from input 

and appends next alphabet to string. If string is in 

dictionary it checks for more data in the input else it 

encodes all the string except the last character .If there 

is more data in the input string it attaches next alphabet 

to string else it encode string .Once all the string is 

encoded except the last character in case if string is not 

in the dictionary ,it checks if there is more data .If it is 

there it adds this string to the dictionary and goes to a 

new string with last alphabet from this one and appends 

the next character to the string else it encodes the last 

letter of the string . 

 

4.1. LZW for Sensor Nodes (S-LZW)  

 

Three noteworthy points should be considered for 

applying LZW for hubs: size of the dictionary, the 

length of the information to be compacted, and the 

convention to follow when lexicon fills. 

     To start with, memory requirements need to keep 

the estimated size of dictionary as small as could be 

expected under the circumstances. As specified, 

compression and decompression of little pieces of 

information might be done. 

     Both of those issues gives us a third choice 

concerning what to attempt once the lexicon fills. The 

two decisions are freezing lexicon and utilize it as it is 

to pack the remaining information or reset it and begin 

again. Sensor information is dynamic, so after some 

time when the word reference is full, lexicon entries 

won’t exactly match the information being compacted, 

toward the finish of the block. In any case, that is 

typically not an issue if the information piece is little. 

 

4.2. Dictionary Size 
 

The dictionary size consists of 512, 768, 1024 entries 

and for correlation, a vast scope of arbitrary entries. 

Strings encoding is done in 9 bits though the lexicon is 

having 512 entries. With big amount of information, 

however, the compression proportion size will 

increment with lexicon estimated size. For instance, in 

compacting Znet information which is of 4 pages, there 

is more than 12% loss for utilizing a 512 section word 

reference rather than a 1024 entries sized lexicon. In 

compacting more pages like 10 the loss is 14.3%. The 

loss occurs due to extensive information blocks, the 

lexicon fills and is settled before packaging of complete 

block. In the meantime, the sensor information keeps 

changing after some time, so when the algorithm comes 

by the last part of the block, the block inside the 

dictionary is no longer storing all the information being 

compacted. Considering these outcomes and memory 

imperatives, S-LZW can utilize a 512 entry lexicon. 

 

4.3. Data Size 
 

The amount of information to pack has to be 

considered. The calculation is assessed for different 

information block of variable sizes. Generally 

speaking, the time expected to gather the information to 

compress ought to be adjusted with proportion of 

compression and time of execution. 

 

4.4. Data Compression in BAN 
 

WBAN environment consists of sensor nodes 

connected in a human body environment using 

different communication technologies such as Zigbee. 

There is a receiver node and all other are sender nodes. 

Each node consists of different functional modules. 

Radio module receives data from wireless channel and 

sends to MAC module. Mac (Media Access Control) is 

used to forward data to Routing module which routes 

the data further to application module. Application 

module deals with the user based application code and 

transfer the information to other modules as per the 

user instructions. Furthermore, application module 

sends the data to Sensor Manager which interacts with 

the physical process and resource manager. 

     For examining the performance of compression 

algorithm we transfer different packets of data at 

varying sending rates and record the parameters such as 

energy consumed by each node while transferring 

packets of compressed data from one node to another. 

Other recorded parameters include packets received per 

node, breakdown of packets. 

     For checking the performance of compression 

algorithm in real time the standard sets of data used are 

sensor scopeT. Schmid and Vetteri. [11], GDI dataset 

R. Szewczyk and Culler [8], and ZNet P. Zhang and 

Martonosi [6] deployments. Also as a benchmark 

dataset from Calgeo T. C. Bell and H.Witten [10] was 

used. Different portions of sensor network area can be 

represented using this dataset that include indoor, 

stationary, outdoor networks and mobile networks. 

 

4.5. Simulation     

 
Castalia is a discrete event based simulator that was 

used in this paper for simulation of Wireless Body Area 

Network WBAN .The process starts when a node tries 

to send a packet of data. It first goes to the wireless 

channel. From there it is decided which node is going 

to receive the packet .Also, this nodes are connected to 

the physical process that they are monitoring. There is a 

module for each physical process that holds "true" for 

the process it is monitoring .This node monitors the 

process by sending signal to a corresponding module to 
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get sensor readings . Different physical processes can 

be represented by different sensing devices present in a 

node .Node module has compact structure .Internal 

diagram of node is shown in figure 1. Transfer of 

message is shown by solid arrows while the dashed 

arrows are used to represent the function. As an 

example, the consumption of energy by different 

modules can be signalled by calling a resource manager 

function. For implementing a new algorithm, a new 

module can be created by changing the application 

module .Also to implement a new routing algorithm or 

pattern changes can be made in Routing, Mobility 

Manager and Communications module. 

 

 
 

Figure 1. Modules in a sensor node 

 

5.  Results 
 

The simulation of WBAN is performed using Castalia 

Simulator. The simulation results are read using a tool 

CastaliaResults which are given in below table. 

Different modules record different output which is 

parsed by using the tool CastaliaResults. For example , 

output such as latency and packet received are the 

output produced by Application module 

.Representation of output is of the form NxM, where 

different number of modules used to produce output is 

represented by "N" .Also modules which are initialised 

once only will have N=1 and if n times then N=n. A 

single module output is denoted by "M" .Index 

parameter can be given while defining an output .This 

can be used to differentiate output obtained in different 

nodes. As an example "Packets received per node" tells 

about the packet sender.  

 

Table 1. Output recorded by different modules 

 

Module Output Dimension

s 

Application Latency at Application 

level , in ms 

1x1(31) 

 Packets received per 

node 

1x5 

Communicati Fraction of time 5x1 

on.MAC without PAN 

connection 

 Beacons received 1x1 

 Beacons Sent 1x1 

 Packet Breakdown 5x1(5) 

Communicati

on.Radio 

RX pkt breakdown 6x1(5) 

 TXed pkts 6x1 

ResourceMan

ager 

Consumed Energy 6x1 

wirelessChan

nel 

Fade depth distribution 1x1(14) 

 

 

5.1. Packets received per node    

 
A simulation is ran to test performance of Zigbee when 

the Guaranteed Time Slot (GTS) is on or off , also 

when there is variation in temporal path loss as 

compared to when there is not in the wireless channel 

.Sending rate of packets is varied in all these cases . 

The graph is shown in figure 2.    

     GTS is a TDMA-based scheme that 802.15.4 is 

using. 16 slots are present in our case. Total 15 devoted 

slots to TDMA are there because every node out of 5 

requests and get 3 slots. The one that is remaining is 

always the first one after beacon and use contention 

based access. In the GTS off condition all of the 16 

slots uses the same scheme.    

     A wireless channel having temporal variability is 

shown using general configuration so "General" config 

is used vs a noTemporal config that describes a 

noTemporal channel. 

 

 
 

Figure 2. Packets received per node 

 

     Y axis represents the number of packets received 

per node. Only node 0 is the receiver node. The x-axis 

represents how many packets are sent in a second for 

every node .If 30 packets are sent per second and there 

is no loss of packet then we can reach around 1500 

packets received per node .In general the noTemporal 

performs better with GTSOn case as can be seen in the 

case of 16 packets received per node that is low traffic 

the curve get maximum. 

 

5.2. Application Level Latency    
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The GTSoff case i.e. when only contention based 

access present is shown in figure 3. As per the graph 

majority packets have a latency of 100ms which further 

explains that their sending was done in the first MAC 

frame after their production. In this particular BAN 

simulation the MAC frame is set to 120ms. 

NoTemporal is performing better. The invalid part of 

packets at [600] predicts the upcoming saturation of 

General temporal case. 

 

             
 

Figure 3. Application Level latency in ms                  

      (GTSoff,rate=24) 

 

     Figure 4 shows even more pronounced effects. A 

large part of packets with delay is present. Almost all 

the packets are received in the first frame .It also means 

a saturation, with buffer overflow, this also explains the 

low points in the figure 2. 

 

 
 

Figure 4. Application Level Latency in                   

ms(GTSon,rate=24) 

 

5.3. Packet Breakdown at MAC Level   

 
Figure 4 explains the better performance of noTemoral 

case. The actual change that occurred is a part of 

packets that failed as noAck got received , as it was a 

direct consequence of deep fade effect and connectivity 

loss .If rates is set to higher it result in overflow of 

large number of packets , the breakdown discussed 

deals at MAC level .  

     Figure 5 shows GtsOn Case (TDMA-based access). 

No packet loss occurred as channel is busy because we 

haven’t considered contention-based access in this 

case. Also it can be shown that number of packets 

overflow is more for General case in comparison to 

when GTSoff case. It is in agreement with the latency 

curves. 

 

 
 
Figure 5.  Packet Breakdown (GTSoff) 

 

 
Figure 6. Packet Breakdown (GTSon) 

 

In figure 6 packet Breakdown (GTSon) increase largely 

as in the General case (i.e. Temporal), a portion of 

packets fails due to very low received signal. This 

classification is not even present in noTemporal case 

.Because node 0 radio is in wrong state it results in the 

failure of small number of packets. Here it only means 

that even though the radio is transmitting, but the 

carrier sensing is not working in the other nodes 

 

5.4. Evaluation of Local Energy   

 

It means the saved energy on the compressing node 

immediately as compared to the node that is just 

transmitting data when not using any compression 

mechanisms .When without compression case is to be 

considered consumption of local energy is simply the 

required energy to transmit complete amount of data. In 

case of a compressing node, it is total of required 

energy to transmit compressed data, microcontroller 

energy .Downstream Energy to compress data and flash 

module consumed energy. The following factors were 

analysed during the paper: 

1. Energy required by the microcontroller for 

compression. This is calculated as the energy consumed 

with time taken for the process of compression. 
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2. Energy required for transmission through radio 

.This basically consists of the energy of radio and the 

microcontroller. 

3. Energy for starting and shutting down the radio. 

The start energy is derived from the power  

 

measurements. As soon as radio is turned off, the 

shutting down is comparatively faster. 

 

5.5. Energy in Downstream    

 
Compression stores a big part of energy into the 

downstream nodes. It means the energy saved in 

transmitting nodes while transmitting data in compact 

form instead of uncompressed version. Because there is 

no compression work done by this nodes, so they 

always store energy, considering the size of data 

compressed is less than the uncompressed. 

     The following factors were noticed during this 

paper: 

1. Energy required for transmitting packets from 

radio. 

2. Energy required for starting and shutting down the 

radio. 

3. Energy required by the radio to receive packets. 

This energy is defined by the time taken to capture all 

data along with the power required for it. 

 

6.  Conclusion 
 

The energy and design factors were explored in this 

paper to implement lossless compression algorithm on 

WBAN sensor networks. S-LZW is implemented 

which uses patterns of data in sensor networks that 

helps in reducing energy usage by greater than 1.5 

times and other transformation of data that uses 

structure of data to minimise the consumption of 

energy by 2.5 times .This algorithm plays a vital role in 

hardware of sensor networks and application part . This 

compression is tested from different real time scenarios 

and the changes that occurred are evaluated on radio of 

different input powers. With the increase in energy of 

radio, the compression benefits also rise because every 

byte saved becomes important. 

     From this calculations, the energy savings by 

compression can be observed at the nodes while the 

data is transferred within different hops in between 

source and sink .Also the benefit of compression can be 

observed in networks having poor reliability. The rate 

of packet delivery in multi-hop network could be less 

than 50% and in case of mobile network the reliability 

decreases as the distance of transmission increases .In 

this condition the network saves energy greater than 

double as of the need for retransmissions of packet 

.Thus Compression of data allows to use lower 

bandwidth to transfer large amount of data. 

 

7.  Future Work 
 

We would wish the deployment of lossy compression 

algorithms in real time environment and other networks 

that comprises of low energy consuming devices. This 

algorithms can be used to minimise calculation while 

keeping the accuracy level high, for which predictor 

algorithms can be used or by using the techniques from 

video and audio compressors. The lossy compression 

algorithms can be applied to data which is coming from 

different nodes. In case if the network is able to check 

total relationship in data from different nodes having 

less energy values , an approach could be made for 

savings of energy in network by compression and 

aggregation with lossy approach at neighbouring hops. 

Also the energy could be saved by data compression on 

the supply node using lossless approach. 
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