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Thesis Title Data Compression for Wireless Sensor Networks
Author Mr. Pakawat Tinsirisuk
Major Program Computer Engineering
Academic Year 2015
ABSTRACT

Data compression algorithm on Wireless Sensor Network is developed in order to
save energy, increase transmission rate and data security. Because of the varities of data type in
WSNss, the original data compression algorithm is unsuitable.

This research represents a new compression algorithm which can compress the
various data type for more flexibility and less overhead. The designed algorithms included DZ, SZ
and SZAVG have the same concepts. However, they are different in term of data partitioning and
suitable pattern. Thus, the buffer management is able to be implemented separately. The selected
algorithm is designed and developed on FPGA to assess the size of circuitry and performance.

Tested data included humidity, temperature, electroencephalography (EEG) and
picture are deployed. From the experimental result, we found that our proposed algorithm gives the
best performance when it compresses the data likes EEG and image than CoXoH around 3.8 — 5.5%

and consume less hardware resource than CoXoH 5 times for slice LUTs and 9 times for register.

KEYWORDS: Data Compression, Wireless Sensor Networks, FPGA
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// Prediction part.
Mn = P(Reg);

// Output creation part.
Sn,Fn = AbsSub(Dn-1, Dn);
if (Mn e {Dzo, DzZ1})
Rn = Dn;
// Result size = 8 bit.
else if (Mn | Sn != Mn)
Rn = {1, Dn};
// Result size = 9 bit.
else if (Mn | Sn == Mn)
Rn = {0, Fn, Sn(Mn bit)};
// Result size = 3 - 7 bit.

// Update part.
Update(Reg, Sn);
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// Prediction part.
Mn = P(Reg);

// Output creation part.

if (Mn € {Dz0, DZ1})
Rn = D[0:7];

else if (D[@] == 1°b1l)
Rn = D[1:8];

else if (D[@] == 1°b0)
Fn = D[1];

O 00 N oo U1 b W N BB

I = S =
w N P e

Sn

D[2:2+(bit 1 of Mn)];
Rn

=
i

Rn-1 + pow(-1,Fn+1)*Sn;

[y
v
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16 Sn = AbsSub(Rn-1, Rn);
17

18 // Update part.

19 Update(Reg, Sn);

20
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9y v Y
A159191UY09 SZ WU W HTOUAUAD DZ UAIZIANTI1UIU Register 191103U Tagazil
2
Pseudocode Tuaiuinsa wazdiuneasvia aell

1 // === === Encoder === === 1 // === === Decoder === ===

2 2

3 // Prediction part. 3 // Prediction part.

4 Mn = P(Reg); 4 Mn = P(Reg);

5 5

6 // Output creation part. 6 // Output creation part.

7 Sn,Fn = AbsSub(Dn-1, Dn); 7 if (Mn e {Sze, Sz1, Sz2})

8 if (Mn e {Sze, Szi, Sz2}) 8 Rn = D[0:7];

9 Rn = Dn; 9 else if (D[@] == 1°b1)

10 // Result size = 8 bit. 10 Rn = D[1:8];
11 else if (Mn | Sn != Mn) 11 else if (D[@] == 1°b@)
12 Rn = {1, Dn}; 12 Fn = D[1];
13 // Result size = 9 bit. 13 Sn = D[2:2+(bit 1 of Mn)];
14 else if (Mn | Sn == Mn) 14 Rn = Rn-1 + pow(-1,Fn+1)*Sn;
15 Rn = {@, Fn, Sn(Mn bit)}; 15
16 // Result size = 3-7 bit. 16 Sn = AbsSub(Rn-1, Rn);
17 17
18 // Update part. 18 // Update part.
19 Update(Reg, Sn); 19 Update(Reg, Sn);
20 20

NEATRRETR Pseudocode $19AUIIED 9z wmwumumimqmmmuﬂuﬂu
DZ maumwm mdﬂmwmmim‘ﬂ g vosd s wa FuusIiafl 7 vesdaunensia
windu Fapnmuaneail favnyTina Register A iy Fezdamalilsz@nsamlunis
Tuoadoyauana1enuale

3.2.5 Single Zero with Average (SZAVG)
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4 4 : ) . C 4 . A awmy 4
sUMUDAYAWDLINNFA UA SZAVG 1 92INSMIA NSV Register 10 14 18 luaaiiog

R-€

4 - . 4 o 2
nnaniga Tagligaslumsmuianivon lumaasil

Model = 0(0SZ) + 1(18Z) + 2(28Z) + ... +8(852) G.1)
oaet = 0SZ + 1SZ + 257 + ... + 857 :
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9 9 2 =2 1A 1 . a A
TAgaINgATV19AU 0SZ WY 9z HN8DIAINDY 11U Register 0SZ tazTunsain
o A v v ¢ < o o A g o a o @
armsuaudu o waansvoanamsidu 0 siun eilesnumanalarininmsnimaans
F4
11nm3s 118 1ngasdeduamnsonaasiedislumsmuam lusadail
1 Y
mvualddeyanogniolu Register a19 9 AT 052 =1,1S2=0,28Z =1,
3SZ=1,4SZ=8,55Z=2,6SZ =3,7SZ =1 uaz 8SZ =1 HI91NV0ya4 AU A1W1TDUNUAT

Y
Tugas1d asil

0 +10)+2(1)+3(1)+4(B) +5(2)+6(3)+7(1) +8(1)

Model = 14+0+1+1+842+3+1+1

Fanmsunumsedu a¢ 1dnadwsiihu 80/18 = 444 Fuile ldnadnioonu
e Wihmsidaeaiuas i ldnasnsidlu 4 vienae 18 Tuaaidlu 457

TudM9aM TIPS SZAVG 111 uennmIAmna Tuaauda dauau
12 Lifianuuand1991n SZ 1o nadaudh e nardruneasia 1% Pseudocode 94
SZAVG milouiuriy sz fleunnlszms duaasde l1il

1 // === === Encoder === === 1 // === === Decoder === ===

2 2

3 // Prediction part. 3 // Prediction part.

4 Mn = PAVG(Reg); 4 Mn = PAVG(Reg);

5 5

6 // Output creation part. 6 // Output creation part.

7 Sn,Fn = AbsSub(Dn-1, Dn); 7 if (Mn e {Sze, Sz1, Sz2})

8 if (Mn e {Sze, Sz1, Sz2}) 8 Rn = D[0:7];

9 Rn = Dn; 9 else if (D[@] == 1°b1)

10 // Result size = 8 bit. 10 Rn = D[1:8];
11 else if (Mn | Sn != Mn) 11 else if (D[@] == 1°b0)
12 Rn = {1, Dn}; 12 Fn = D[1];
13 // Result size = 9 bit. 13 Sn = D[2:2+(bit 1 of Mn)];
14 else if (Mn | Sn == Mn) 14 Rn = Rn-1 + pow(-1,Fn+1)*Sn;
15 Rn = {0, Fn, Sn(Mn bit)}; 15
16 // Result size = 3-7 bit. 16 Sn = AbsSub(Rn-1, Rn);
17 17
18 // Update part. 18 // Update part.
19 Update(Reg, Sn); 19 Update(Reg, Sn);
20 20
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Power
Resource
(W) (%)
Clock 0.002 5.56
Core Dynamic Logic 0.002 5.56
BRAM 0.000 0.00
DSP 0.006 16.67
1/0 10 0.012 33.33
Device Static 0.014 38.89
Total 0.036 100.00
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// Prediction part.
Mn = P(Reg);

// Output creation part.
Sn,Fn = AbsSub(Dn-1, Dn);
if (Mn € {M@, M1, M2})
Rn = Dn;
// Result size = 8 bit.
else if (Mn | Sn != Mn)
Rn = {1, Dn};
// Result size = 9 bit.
else if (Mn | Sn == Mn)
Rn = {0, Fn, Sn(Mn bit)};
// Result size = 3 - 7 bit.

// Update part.

Update(Reg, Sn);

// Prediction part.
Mn = P(Reg);

// Output creation part.
if (Mn € {M@, M1, M2})

Rn = D[0:7];
else if (D[@] == 1°b1)
Rn = D[1:8];
else if (D[@] == 1°b0)
Fn = D[1];
Sn = D[2:2+(bit 1 of Mn)];

Rn

Rn-1 + pow(-1,Fn+1)*Sn;

Sn = AbsSub(Rn-1, Rn);

// Update part.
Update(Reg, Sn);
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Abstract— Wireless sensor nelworks (WSNs) is well known
and widely use in many applications. The main factor is power
consumption, which most used in data transmission [1], because
of red of power will give more life time to
sensor node. This paper present data compression in WSNs to
reduce of data ftr: is s d d for compress
different data kind. 3 algorithms called Double Zero, Single Zere
and Single Zero with Average are designed and test with 3
difference data levels compare to Adaptive Huffman algorithm.
This paper cover to FPGA circuit design for compare amount of
resource used and calculate power in the luture.

L INTRODUCTION

WSNs have been developed in many ways such as smaller
size higher performance and less power consumption which 1s
very important beeause of it affect to Tife time of sensor nede.
Sensor node use power for computing, sensors reading and
data communication which use most power as 80% [1]. In this
peint, if we can make system transmit less data, system will
save more energy and it is reason to compress data before
send it out.

Data compression in WSNs must have specific design
because of normal compression algorithm cannot provide
highest compression ratio for WSNs data such as climate
monitoring system, health care system |2] and picture
transmission |3][4]. This is reason why not we can’t use
normal compression algorithm to compress WSN data
directly. Some papers have to modify existing algorithm to be
more suitable for WSN. Popular algorithm, which is modified
and compare, is ITuffman algorithm and Adaptive ITuffman
algorithm [5][6][7] because of this algorithm is simple and
give high compression ratio. Point of research is not only to
compare compression ratio but cover to compare amount of
hardware resource used and power consumption by simulate
of FPGA circutt [8](9]10].

This paper present compression algorithm, which can use
to compress serial continuous data by provide an acceptable
delay for keep data up to date. This algorithm aims to be
general purpose compression algorithm for compress
difference kind of data and provide less compression overhead
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Computer Engineering, Faculty of Engineering,
Prince of Songkla University,
Hatyai Songkhla 90112 Thailand.
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to prevent load increased hased on lossless compression. By
this reason, it describes why ITuffman algorithm, which must
have much data to able to compress, is not suitable for this
system.

This paper present Double Zero (DZ) algarithm, Single
Zero (S7) algorithm and Single Zere with Average (SZAvg)
algorithm compare compression ratio to Adaptive Huffman
algorithm by 3 different data level such as low change. medium
change and random change (30 sample for each data level}.
This paper covered to circuit simulation on FPGA for compare
amount of hardware resource used to be database for calculate
power consumption in next step of rescarch (simulation based
on FPGA Spartan 6 XC6SLX9).

II.  COMPRESSION ALGCRITIIM

Principle of both three compression algorithm is use data
statistic like data frequency to predict next data. After that, find
different value between previous data and current data and
compare to predicted data for select model of compression
result. D7, algorithm. 87, algorithm and SZAvg algorithm have
same structure but have difference mn amount of statistic
register and predictive model.

start —
ail ¥
End€— Receive 1 byte Data

& success
( Pradict ]—) [ Compare }

*
?

Difference Value

Replacer

“alse

Fig. 1. Algorithm flow chart.

I———»
(o )
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Figure 1 Show process of compression of DZ, S7 and
S7.Avg algorithm by step follows :
» Tnitial Register @ this process use o initial register value
such as reset statistic data and set value of previous data

(Dp-9).

® Receive 1 byte Data : get 1 byte of data (D) to send to
next state.

e Data Difference : Tind absolute of different value
between previous data and current data (|D,_y — Dy )
and keep Sub Flag (0 when D,_; = D, and 1 when
Dn-i = Dn)-

e Predict : use statistic data to predict model of next data.

e Compare : use to compare data from Data Difference
and Predict and give 3 type of result (void : don’t
change because compression model don’t give positive
compression ratio, true : predicted value same to data
difference, false : predicted value don’t same to data
difference).

® Replacer : replace value to compression model depend
on result of Compare (void : §{D,}, true : {0.Sub Flag,
Replace}, false : §{1.D,}).

e TUpdate Data Frequency : use result of Data Difference
to update statistic information for next prediction.
DZ, SZ and SZAvg algorithm are same but difference on
statistic model, comparison and prediction.

A. Double Zero algorithm (DZ algorithm)

Statistic information of DZ algerithm is amount of couple
of zero bits which is result of Data Difference state. Statistic
information keep in register called 4DZ, 3DZ, 2DZ, 1DZ and
0 DZ. Categorization of data is in follows :

o [ result of Data Difference is 0000 0010, categorize to
3DZ.

o If result of Data Difference is 0011 0100, categorize to
IDZ.

o If result of Data Difference is 0000 0100, categorize to
2DZ.

» Tl result of Data Dilference is 0100 0010, categorize Lo
O0DZ.

Predict state use highest frequency of DZ register to select
model of prediction. After that, compare prediction model with
result of Data dilference. Tn case of prediction madel is 007
and 1DZ, compression model will be § Dy }. If prediction model
match to result of Data difference, compression model will be
{0,Sub Flag, |Dp_y — Dy liz0;}. Any things else, compression
model will be §{1.Dy}. Match or not match are from prediction
model (Cx : 3DZ : 0000 QOLL, 2DZ : 000 1111, IDZ : 0011
1111) “and” operation with result of Data Difference, match if
result of “and” operation 1s equal to result of Data Difference.

Example, start at initial 0DZ, 1DZ, 2DZ, 3DZ and 4DZ to
0. At the first time, model of prediction will be ODZ (1111

909

1111) and assume previous data (D,_;) is 1010 0001 and
current data (D) is 1010 0111, soresult of Difference Value 1s
[Dy_y — Dp| = 0000 0110 and Sub Tlag is 1. Result of
Prediction is 0DZ model and it is match to result of Ditference
Value (0DZ model “and” operation with difference value =
difference value), so compression result will be 1010 0111
(D,.) and update statistic dara (2DZ is 1, other is 0). When next
data come m, prediction madel will be 2D7, because of 207, 1s
most frequency. If current data is 1010 1110, so result of
Difference Value will be 0000 0111 and Sub Flag is 1 that
mean compression result will be {0, Sub Flag,
IDn-y = Dylpxey} = {0 101115

B. Single Zero algovithm (SZ algorithm)

This algorithm is same to DZ algorithm but different on
amount of statistic information. DZ algorithm have five
register (0DZ, IDZ, 2DZ, 3DZ and 4DZ) but SZ algorithm
have nine (0Z. 1Z, 2Z_ ... , 8Z) such as 0000 0110 it is 2DZ in
DZ algorithm but 5Z in SZ algorithm. In Predict part, if result
model is 0Z, 1Z or 2Z then compression result will be
{D, } Ifresult model is 3Z, 4Z, ... , 8Z and match to result
from Data Difference then compression result will be {0,
Subflag, |Dy_; — Dy lpeo;}. if not match, compression result
will be {1, }.

C. Single Zero with Average algorithm (SZAvg algorithm)

Amount of statistical data of this algorithm is equals to SZ
algorithm but difference on Predict part. DZ and SZ algorithm
select statistic data which have most frequency to be model of
prediction but SZAvg algorithm use average value of all
statistic data solve by equation follows :

0(02) + 1(12) + 222) + - + 8(82)
0Z +1Z+2Z +-~+82

Average =
Result will be float number. so cast it to integer by rounded
down such as 4.31 rounded down to 4 and predict model is 4Z.

III.

Purpose of circuit simulation is to calculate amount of
hardware resource used and use to calculate power
consumplion in next rescarch. Both three algorithm have same
hardware structure.

o - )=

Fig. 2. Top view of cirouit design.

CIRCUIT SIMULATION

Replace

|:> Data Out

Tahle

Figure 2 Show circuit is formed by 2 modules called Pre-
Process and Replace. Pre-Process use to receive data and
calculate absolute of dillerence between Dyp_; and Dy
(1Dp_s = Dy|) including calculate Sub Flag then send to
Replace which use to collect statistic information, predict and
compare absolute value with predicted value.
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Dataln

Fig. 3. Pre-Process circuil design.

From figure 3, Data In send to C-Data and go pass to next
state then calculate Flag from compare C-Data and P-Data.
Aller that, use Flag 1o select result of [Subl. This module gives
3 values tonext state including Data, Flag and [Sub .

1ssbl = Add REG

Compare

{1,Data}
{0,Flag, |Sub|}

Fig. 4. Replacer circuit design.

Register

|Sub]

Data

Data

DataOut

Flag
|sub]

From figure 4, afler receive data from Pre-Process,
Compare will compare value from Predict and Sub| then the
result of compare use to select model of result and send it out.
Tinally, add [Sub (o register for predict in next round.

IV. REsuLT

3 levels of data called Low Change, Medium Change and
Random Change are used for test. Each level has 30 groups of
data and each group has 1000 byte. FEach data level has
different property as follows:

e TLow Change : mean of variance is 36.50 and mcan of
difference is 11.06. This data is smooth tone of gray
scale picture.

e Medium Change : mean of variance is 51.71 and mean
of difference is 15.73. This data is little detail of gray
scale picture.

e Random Change : mean of variance is 73.99 and mean
of difference is 85.24. This data is random data.

—> Flag

and C ications (ITC-CSCC), Phuket, Thailand, July 1-4, 2014

§ _ [Ex-m? 5
pata  Variance calculate from § = . and difference

S ;| X5 — K x " -
calculate trom D = M.Commesmm ratio of each

algorithm has show in ﬁéllre 5.

30 19 Yo %
9%,

% %

—_ & &9
20 0 X0

_:_:_ ENEN %

£ 104 i 9,

& i @

§ o r . = Double Zero

E ey 0, u Single Zero

s

£ ? u Single Zero (Avj

S 20 Loy % (Ave)

= Adaptive Huffman

50 - %

lowChange  Medium Change Random Change

DataType

Fig. 5. Compression Ratio of each algorithm.

Compression Ratio (CR) of each algorithm calculate from
Numbs

CR=(1- ==

From figure 5, SZAvg algorithm is give highest CR 20.88%
for Low Change, 13.04% for medium change and -0.01% for
Random Change.

Circuit simulation tesied by compare amount of hardware
resource used of cach algorithm reference to FPGA Spartan 6
XC6SLX9. Result show in figure 6 and 7.

1200

1014

1000
800

=
5 600 m Double Zero

400 m Single Zero

m Single Zero (Avg)
200

0

Slice Register Slice LUTs

Resource Type

Fig. 6. Amount of Slice Resigler and Slice LUTs used.
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90 8181
80 74

® Double Zero

Unit

W Single Zero
= Single Zero (Avg)
10Bs

LUT-FF pairs DsP

Resource Type

Fig. 7. Amount of LUT-FF pairs, IOBs and DSP used in each
algorithm.

From figure 6 and 7, DZ algorithm use less resource and
not use Data Signal Processing (DSP) but SZAvg use most
hardware resource and use DSP because use divide operation
for find average value.

V. CONCLUSIONS

Limit of power on WSN is strong problem that need to be
solved because of it directly affect to system life time. One
way to do that is to reduce amount of data transmission
because of data transmission consume most power. So data
compression on WSNs is one choice that can be possible. This
paper present compression algorithm which suitable for WSNs
although this compression algorithm give little compression
ratio as 10% — 20% but it is stability and less overhead
including use little hardware resource. But this paper isn’t
guaranties to be reduced power consumption.
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