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Abstract: Problem statement: Efficient utilization of energy has been a coreaaof research in
wireless sensor networks. Sensor nodes deployadhé@iwork are battery operated. As batteries cannot
be recharged frequently in the field setting, egevgtimization becomes paramount in prolonging
the battery-life and, consequently, the networgtiihe. The communication module utilizes a major
part of the energy expenditure of a sensor nodecklelata compression methods to reduce the
number of bits to be transmitted by the communarathodule will significantly reduce the energy
requirement and increase the lifetime of the sensmie. The present objective of the study
contracted with the designing of efficient data poession algorithm, specifically suited to wireless
sensor networkApproach: In this investigation, the natural correlationartypical wireless sensor
network data was exploited and a modified Huffmégoathm suited to wireless sensor network
was designedResults. The performance of the modified adaptive Huffmégoeathm was analyzed
and compared with the static and adaptive Huffmdgorahm. The results indicated better
compression ratioConclusion: Hence the proposed algorithm outperformed botlicstatd adaptive
Huffman algorithms, in terms of compression ratiol avas well suited to embedding in sensor nodes
for compressed data communication.
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INTRODUCTION of the WSN which can be exploited to drastically
increase the overall network performance. The
Wireless Sensor Network (WSN) comprises ofexistence of the above mentioned correlation irsgen
several autonomous sensor nodes communicating wittiata is exploited for the development of energicieffit
each other to perform a common task. A wireless@en communication protocols well suited to WSN. Recgentl
node consists of a processor, sensor, communicatidhere is a major interest in the Distributed Source
module powered by a battery. Power efficiency isCompression (DSC) algorithm which utilizes the &dat
considered to be a major issue in WSN, becausgesffi  correlation in a sensor network for data compressio
use of energy extends the network lifetime. Endsgy WSN application requires dense sensor deployfhent
consumed by the sensor node during sensing, pingessand as a result of this, multiple sensors record
and transmission. But almost 80% of the energpénts information about a single event. Therefore it is
in the communication module for data transmission i unnecessary for every sensor node to send redundant
sensor netwofk. Sensor networks have a wide range ofinformation to the sink node due to the existente o
application in temperature monitoring, surveillanb®  high spatial correlation. Instead a smaller numbker
medical, precision agriculture. Failure of sensoden sensor measurements might be adequate to
causes a partition of the WSN resulting in criticalcommunicate the information to the sink with certai
information loss. Hence there is great interestwhby  reliability. In? a distributed way of continuously
the many researchers in extending the lifetimeeoksr  exploiting existing correlations in sensor dataelben
nodes by reducing the energy required for transomss adaptive signal processing and distributed source
Several algorithms have been proposed for energgoding principles is discussed. ©ifl hardware
efficient wireless sensor network in literature. architecture for data compression using adaptive
The spatio-temporal correlations among sensoHuffman algorithm for data compression is proposed.
observations are a significant and unique chariatiter In®*" also the spatial correlation in sensor data is
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exploited for the data compression. Though research The procedure used to generatgy@arantees that
has progressed in the area of data compression, nall the possible values have different codes. Quxes
many have worked in lossless algorithms for wirgles generated, it is appended to the bit stream wiocimg
sensor networks. Compression algorithms are mainljhe compressed version of the sequence of measiires

for data storage and therefore simple and apptinati Here <<ga>> denotes the concatenation fasd a

constrained sensor nodesira simple compression the execution of thousand instructions, just sawinly

algorithm based on static Huffman coding partidylar 2 dbit by compressing _é)]rqiginal data corresponds to
suited for memory and computational resource’® u\c/:ve pogver cor][ﬁu;nﬁ;u : d aloorithm is simpl
constrained wireless sensor node is proposed. Th'g € observe that the proposed aigorithm IS Simpie

algorithm exploits the temporal correlation in s@ns ut has an important drawback. In order to assign

. . probability, the statistics of sensor data muskibewn
data and the algorithm computes a compressed V'ers"glready Hence this algorithm may not be suitable f
using a small dictionary. f, to design the dictionary, '

- 4 o real time sensor data.
the statistics of the data are required, unlikergal
time, statistics of the data will change depending  Adaptive Huffman algorithm: Huffman coding
the event. Therefore the objective of the studyois requires prior knowledge of the probabilities of th
design a simple algorithm to compress sensor datgource sequence. If this knowledge is not available
which does not require prior knowledge of theHuffman coding becomes a two pass procedure: the
statistics of sensor data and the data compression statistics are collected in the first pass andstherce is
performed adaptively based on the temporakncoded in the second pass. In the Adaptive Huffman

correlation in sensor data. coding procedure, neither transmitter nor receiver
knows anything about the statistics of the source
MATERIALSAND METHODS sequence at the start of transmission. The tremotht

the transmitter and the receiver consists of alsingde
To establish a modified algorithm for data that corresponds to all symbols Not Yet Transmitted

compression in wireless sensor network, the fol@wi (NYT) and has a weight of 0. As transmission
simple and adaptive algorithms were simulated angyrogresses, nodes corresponding to symbols tratesimit
compared. will be added to the tree and the tree is reconfidu

using an update procedure. Considering a simplé 4 b
Simple Huffman algorithm: In the simple Huffman ADC representation for each data, then before the
algorithm proposed ifl, each sensor node measure Mpeginning of transmission, a fixed 4 or 5 bit code
is converted by an ADC to binary representation rdepending whether the symbol is positive or negaitv
using R bits, where R is the resolution of the ABGr  agreed upon between the transmitter and receiver.
each new measure ;mthe compression algorithm The actual code consists of two parts: The prefix
computes the difference @ 1, - riq, which is input to an  corresponding to the code obtained by traversimgy th
entropy encoder. The encoder performs compressiofiee and the suffix corresponding to 4 or 5 bitaibjn
losslessly by encoding differences rdore compactly representation corresponding to positive or negativ
based on their statistical characteristics. Eachisd data respectively. In the process of coding, the
represented as a bit sequencgecbsposed of two parts probability for the incoming source sequence is
s and @ where sgives the number of bits required to assigned as the elements get in to the tree foriftes.
represent dand ais the representation of €ode §sa  gives rise to a problem where the elements whicheco
variable length code generated by using Huffmann the initial stages of tree formation having kss
Coding. The basic idea of Huffman Coding is thatprobabi”ty hold smaller codes. Thereby, the
symbols that occur frequently have a smallercompression ratio obtained is lesser. The pseude co
representation than those that occur rarely. Tl  for adaptive Huffman algorithm is shown in Fig. 1.
of the bit sequence bis a variable length integer code Using Adaptive Huffman algorithm, we derived
generated as follows: probabilities which dyanamically changed with the

incoming data, through Binary tree constructionu3h
« 1f d>0, a corresponds to the tower-order bits of the Adaptive Huffman algorithm provides effective

the direct representation of d compression by just transmitting the node position
+ If di<0, ai corresponds to the lower-order bits of the tree without transmitting the entire code. Wali
the two’s complement representation qf;{d static huffman algorithm the statistics of the s#ns

* Ifd;=0, sis coded as 00 angia not represented data need not be known for encoding dia¢a.
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module adaptivehuffman_encode(diff, biree) {0} NYT
createroot( |
search (diff, buee)
if(node present) e

increment node->wt

code = waverse(node) . {-0.3,-0.2,0.2,0.3}
else o . .

prefix= waverse(nvt) NYT
Hf(diff == 0}
suffix = diff]s

if{diff < 0)
suffix = diff];
code = <=prefix, suffix=>

nvt-7lchild = createnyt() fna . 21
nyt->rchild = createnode(diff) . 1'0'3"0"-' 0"-‘ 0.3 i
nyt =nyt-=lchild

endif’

update(btree)

balance(btree) @ {-0.1 0 1]

endmodule
NYT

Fig. 1: Pseudo code of adaptive Huffman encoding , )
algorithm Fig. 2: Binary tree

But the disad_vantage in _this algorithm i§ its cosmftly _This enhances the performance in two ways:
in constructing the binary tree which makes it

unsuitable for sensor nodes. .
¢ It reduces the number of levels in the tree

Modified adaptive algorithm: In static and dynamic « It brings the maximum possible elements to the top
algorithms, the ultimate objective of compressioasw level of the tree

achieved with fixed and dynamic probabilities
respectively. The main disadvantage of Static Haffm _. T .
algorithm is that, we do not have the prior knowjleaf Blnary tree construction: Bmary tree construction
the incoming source sequence. Also the statistics ¢*S€d in the algorithm is shown in Fig. 2, whereheac
sensor data may be Varying_ In Adaptive Huf‘fmannOde consists of set of elements. CO”Slderlng the
algorithm, though the probabiliies are assignedemporal correlation in sensor data only the déffie
dynamically, because of the increased number i datof the sensor data; & r-ri; is encoded. Consider for
available in the source sequence, the number @ldev example the set {-0.2, 0.1, 0.3} is transmittedtidily

and hence the number of bits transmitted incresess  the encoder will have only the NYT node. Since -0.2
found to be effective only for very frequently afist  ccyrs for the first time, it is transmitted as 10G&nd a

occurring data. Furthermore.’ the bllnary Free canton new node which contains this data is inserted. When
is based on the order of arrival of incoming dataence, : . )
next data 0.1 arrives, the tree is traversed incheaf

both static and adaptive Huffman algorithms are ) ) ; )
observed to have some drawbacks. the nodel which contains the data 0.1 in the bitrasy.

The proposed Modified Adaptive Huffman Since the node is not available, the code correfipgn
algorithm overcomes the disadvantages of bothcstatito NYT node i.e., O is transmitted, followed by 1
and dynamic Huffman algorithm by combining the corresponding to the data 0.1. This is followedtiy
advantages of the two algorithms and ultimatelyinsertion of the nodel in the tree. So the code
increasing the compression ratio. transmitted is 01. For the next data is 0.3, tlee fis

The algorithm uses a tree with leaves that reptese yrayersed in search of the node 2 containing tha da
sets _Of symbols with the same frequency, rathen tha0_3_ Since node 2 is already available in the ttke,
|2d|V|]EzluaI symbols(.j Tfhe CO?.e for e_agh s%mbol ISpreﬁx corresponding to node traversal 1 is tramtsui
therefore composed of a prefix (specifying the set, The binary representation of the array index caoinai

the leaf of the tree) and a suffix (specifying gyenbol : . o .
within the set of same-frequency symbols). Here thc;Ixhe dgta IS transmltted-as suffix €., ,11 corresiiy ,to
3 which is the array index containing the data i8.3

Binary Tree is constructed with the incoming eletaen ' ) ) ]
and the codes framed by traversing the tree as ifansmitted. So the code is transmitted is 111.

Adaptive Huffman algorithm. Elements are grouped as  Initially the algorithm starts with subsets each
nodes and codes are specifically assigned as iit Stahaving different probability. But this does not ueg to
Huffman algorithm. At every update the weights attransmit the tree prior to decompression. We caidde
every level is checked and updated such that tijeehi that the tree is always the same when encoding or
weights will be occupying the initial stages of thee. decoding.
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module modifiedhuffman_encode(diff. btree)
Creation of root in transmitter.
createroot { )
Traversal of tree in search of node.
search (diff, btree)
if (node present)
prefix = traverse (node)
suffix = arrayindex (diff) z
increment node->wt = T

0 1o 20 30 40 50 60 70 80 90
else

Lag
prefix = traverse (nyt)
if(diff == 0) ] ) )
i St = difl Fig. 4: Autocorrelation plot for highly correlateléta
1 11 < 0}
suffix = diffls

ayt->lchild = createnyt( )
Insertion of node in the tree.

nyt->rchild = createnode (diff)
nyt = nyt -=Ichild
code = <=prefix, suffix>>
update (btree)
balance(btree)

endmodule

Correlalion

Fig. 3: Pseudo-code for modified adaptive Huffman R R

encoding algorithm

. Fig. 5: Autocorrelation plot for medially correldteata
In the proposed algorithm, once we reach a leaf

while decoding, we know how many bits are therk sti 1200+
to be read and that allows us to make a singleabiper 10004 B Medially correlated data
to get a bit string which is readily converted o a ® Highly conelated data
integer. The pseudocode of modifiedhuffman encoding
algorithm is shown in Fig. 3.

800+

600 4

400

No. olbils transmitted

Compression ratio: Compression ratio is calculated as
defined if. The formula used for compression ratio
analysis is given as follows:

200

04

Compression ratio = 100(1- compressed size/origiiza)

Static HulTman

o

Compressed size is the number of bits obtained
after compression and original size will be theattot
number of bits required without using compression

Adaptive Hullman
Modilied Hullman

Compression algorithms

algorithm. . . . .
9 Fig. 6: Compression analysis in terms of No. of bit
RESULTS transmitted
The temperature data from three locations on the ) B Medially correlated data
Squannacook river, Nashua river Watershed was 391 m Highly comelated daa

obtained frorf?! and simulations were carried out. Two
sets of data (each 200) were considered in our
simulation. One set corresponds to highly correlate
data and the other set corresponds to medially
correlated data. The autocorrelation graphs are
represented in Fig. 4 and 5 corresponds to theset®
of data, computed using PAST software.

The performance of the modified adaptive

-percenloge

Compressio
-
.
1

Huffman, Static and Adaptive Huffman compression Adeptive | swic | Modified
algorithm were analyzed in terms of compression in Fuffman - Huffman - adapive
number of bits required for transmission is shown i Compression algorithms

Fig. 6 and the compression ratio of each algorittm

shown in Fig. 7. Fig. 7: Compression ratio
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DISCUSSION

From Fig. 7, it is observed that, modified adaptiv 1.
Huffman algorithm provided better compression ratio
for medially correlated data than either static or
adaptive Huffman algorithms. Adaptive Huffman
algorithm provided only 20% compression for medgiall 2.
correlated data and its performance was good amly f
highly correlated and repeated data. Also adaptive
Huffman algorithm required more levels in Binargdr
construction which increased the complexity in
encoding and decoding. As the sensor nodes are
resource constrained this algorithm was not sugtéinl
wireless sensor node.

The performance of the Static Huffman algorithm
was found to be better for highly correlated d&at 3.
the algorithm was not adaptive for changing stagsf
the sensor data. Hence this algorithm was found
wanting when the sensor data statistics were coihgta
changing or unknown, as in a wireless sensor nétwor
The results of the proposed modified adaptive Hafim
algorithm, on the contrary, clearly prove that & i
adaptive for changing correlations in sensor dakso, 4.
this algorithm provides 10-15% improvement in
compression of medially correlated data when
compared to the other two algorithms. The binaeg tr
construction of the proposed algorithm requiress les
number of levels, simplifying the process of encgdi
and decoding. Consequently, less memory is utilized
making it suitable for embedding in a wireless sens 5.
node.

CONCLUSION
6.

A simple algorithm namely modified adaptive
Huffman algorithm which does not require prior
knowledge of the statistics of sensor data is psegdo
for data compression in the sensor network. Tha dat
compression is performed adaptively based on the -
temporal correlation in the sensor data. This niedif
adaptive Huffman encoding algorithm effectively
combines the advantages of static and adaptive
Huffman algorithms to provide effective compression™-
by reducing the number of levels in the binary tiEee
implementation of this algorithm shows better
compression ratio than adaptive Huffman algorithm.
Since the number of levels is restricted, this algm
requires less computation than adaptive huffmarckwhi
is an important requirement for wireless sensoresod
This algorithm outperforms the static and adaptive
Huffman algorithm in providing better performance i
terms of number of bits transmitted.
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