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NAPAPORN PIMPRU : DATA COMPRESSION IN WIRELESS SENSOR
NETWORKS USING ARTIFICIAL INTELLIGENCE TECHNIQUES.
THESIS ADVISOR : ASST. PROF. FLT. LT. PRAYOTH KUMSAWAT,
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DATA COMPRESSION/ NEURAL NETWORK/ WAVELET TRANSFORM

This research presents data compression in wireless sensor network by using
artificial neural technique. The aim of this research is to reduce size of data
transmission wireless network of smart farm system. An environmental data that
affect the growth of plants such as temperature, relative humidity, soil moisture and
light intensity have been collected for use in simulation study. To find the optimum
compression ratio for Haar wavelet transform algorithm, the collected data are then
used as input to the back propagation neural network in which the training process is
done by different compression ratios 10% to 90%. The experimental results show that
the proposed data compression technique yields recovered signal with good quality.
This technique can be applied to compress the collected data to reduce the data
communication as well as the energy consumption of the sensor. So, the lifetime of
sensor node can be extended. This research also searches for node faults in wireless
sensor network by using back propagation neural network. Then, the data learning test
is performed to check the operation of the sensor node. If the fault of sensor node

occurs, the algorithm can correct it rapidly.
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2.5.2 mandaanvlidauuylineiifo (Discrete Wavelet Transform; DWT)
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 Scalling function spectrum (¢))

cork Wavelet spectra (¥)
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N-1
DWT,(j, k) = \/LN [2,-0/2 Z F(X)SQ)x — k) (2.6)
x=0
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= waoaj ' s w @ s I Ao .
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lefu!ﬂﬂ?ﬂﬂﬂ?iﬂﬂﬂllﬂﬂﬁuﬂﬁgﬁ‘ﬂ‘ﬁﬂ13ﬂ5@\1ﬁi‘giy1ﬂ‘l guMsNINFUNWaaUN AsgunIsNn

2.15

2
M(x) = Z h; P (—x — k) (2.15)
k=—o00 i
1 ; 0<t<1
P(x) = {0 ; otherwise (2.16)

o v P < =] ' J g’ @
1. 1/11mimmm1/\|ﬂﬂ%um/\|mmmmagiugﬂgmummwaiammmﬁmqumuﬂ

@

Hansunadamasylugumsuiag

o)

Wy (t) = Z h,\2P(2t — n)

n=—oo

Wy(2x k) = ) hEPORIx - k) =)

n=-—oo

= Z hoV2P(20 ' x — 2k —n);k =2k +n

n=-—oo

= Z Am-V2P(27*'x —m); n=m—2k (2.17)

n=-—oo
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2. ihilansunidauiuimsudasnian

¥
DWT; - Zf(x) Z A2 V2P (27 x — m) (2.18)

n=—oo

4
=

o [ = [l 1 o Aa < I
3. fmMsdaisesaums Ivuaznunmsulasdulseansnaadumsuilaauuy
S o v A a ) . 1 o a = U do I (Y
Wudduninaainmsasu11gdu (Convolution) seuINdNszanFveadlanduniaauuny

J

o a a a3 { 1 9 o ' o ] . P4
duiszansidandinanaunil 1azRiINITaANITINA29819 (Down Sampling) A28

J
04A1)52n0V (Factor)

1 S+ .
DWTj=—=> D 27 f(hn-sP 'z =m)

[e%) JtlN-
2

= z hm_szEf(x)P(zf“x m)

= D e DWT

m=—oo

= Z A2k~ (=mpPWTj11m

m=—oo

=h_m * DWTj+1,m|m=2k,k20 (2.19)

v s v ' v
%

[ Aa a [ 1 o ] d v < [P=V= I~ [ a Q‘f
umauilszansvesarnruihmin lulansunidauidduiuaduilseans

[

[

v 4
AINTOIFAYUIUUULD l,!,fl3ﬂ"liLL‘]_]E‘NE‘Tll‘]Ji$E‘T‘VI‘ﬁﬁ]gﬁiﬂﬁﬂWﬂ’J"liJﬁllwu‘gﬂlﬂﬂﬁilJﬂﬂil!ﬂ“]J@]TJ

99
i
=

1UAUDAT (Approximation  Function; hiy (—m)) HagAINT09AMUD Y (Detail

U

RNt

9

. £ v A =\ £ £ [ A o a 4 o
Function; hD (—m)) FINAANTLHADIWUIATINUIVITYYIUNUINIUATIEN UASTTNITON

nsmlasde lledruiludiduvesniiuaziden daaaslugli 2.12- 2.14 i l¥awise
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3

DWTwjam
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=
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B
S}

DWT, D)i,m

DWTwyom
NS

DWTpyam
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S
|
3
=
4

12

4
-
S}

il

~ o o a <
517 2.12 Fupeumsuilasdulsza@nswiaauuy Multi Resolution

[ a v 4
(DIRNT WNNNAT, 2552)

A

I
|
< D WT(A)j-l,m >|
|

DW(A)/_z,m DWT(D)]’-Z,m

I
I
I
i

S -
[\S)

» Frequency (red)

=
N

[ Y
2.13 MIuadadIuaNua lumInsewaas e T (93903 3IAAANAS, 2552)
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Original Main
Signal Information
LP
o a o {0
(M) Fyuouna () HAAWFNITNTDIANNDAM
HP
A
\/ \/ Details
() Wqﬁ%’uminimmmﬁqq

9
o

A <] @ (% a Jdo 4
E‘lh’l 2.14 Yusoumsudaslidauuuvaisszau (990917 WANNAT, 2552)

255 MyIaamnueamsiiuoadeya

U

MINMTAINUNINYDITBYATAINIIAdoUNRIUM s TUdATNS 1FauNTaINY

a '

A B o Y v o Y o A
WOUIAUNTN G]NT@EJ‘V]’JI‘]JJLm’)sl,uﬂTi“H1ﬂmiﬂW"U@Q%@Hﬁﬂ%Wﬂ?iﬂﬂﬂ1ﬁﬂJQ’ﬂﬂ!@l UHRUUNIO

o—

T
o =

9 1
untieunuarvesdaaissuniuinaiu Felunszuaunisiudadoya

Be .9

9y
VB ya
-

anmuadevrzinamsgadsiuiilddesmguamvesdynin Taglunislszuiana

[Y] a Y1 o 1 [ 1 [} [ =

dyanatonlsmdandiudyanadodyanasuniy (SNR) Tumsmigummwuesdya o i
1 a A a = o Y A ~ ~ 9 A Y [ @ 9

NITUIAIAITUAANDIANINAVINNITUVIAVDY A LlJ’E)HJﬁfJ‘]JLﬂﬂﬂﬂlﬂyjﬁﬂﬁﬁiﬁﬂﬁﬂﬂﬂmﬂy‘ﬁ
v 9

9 o ' A A o w 1w ~
AURVUIINAIANUADNAAADUIRAINIAITDY (RMSE) 1agN1snIA10aI1NsUUoaUaya

U

(Compression Ratio; CR)

% U U -
2.5.5.1 AU IMADAYNIUIUNIU (SNR)
A " W 1 ' o ' [ = ] I a
SNR fo A1das1dusenINdyyIaaodyaIasuniu Uniledluas
wa a1 SNR donldlumsmqaunimvesdyniuilszinna199 119991n041000015%1
AuMnveIdy Y Feeusadiuialaninaunisn 2.20 TMu191091U358909 Weerayuth

Khunrattanasiri et al. (2010)

SNR = 10log,, (2.20)

Ox
7
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A o W 9

Tash o2 = AuRAsMaIaoIveUDYya

= Y [}

02 = AundehasdesveInNuLANA ST INToyaduatiunudeyaignasanay

U u

2.5.5.2 ANNAAIANADUINAYMN AT (RMSE)

RMSE flomanunaianaeunasidiasvasvoyaduniiy (Original

U

v 9 A ) [ . & Y 2 Y 1A
Data; Data,) NUU9aN)nNaI1NnNay (Reconstruction Data; Datag) FID1UATHDIILUAAINY

ANugNABIvaItayaNn dansafua Idanaunis 2.22
Error =Datay — Datag 2.21)

uae

™ (Data,, - DataRi)2
n

RMSE = (2.22)

1o i A A111UIYD9 Sample Data

Y

n A9 UV Sample Data NINUA

2553 dnMsvudateya (CR)

[

= 9

CR Ao sasrduszrindeyansumsiudanudeyangnadanauan

A o Y o T W A o 9 2 9y
N1SUVIAvBYD “lumimuammmamwmi‘uuamaga “D’Q“H”Illﬂﬁ]”lﬂﬁﬂﬂﬁ 2.23 (’QJ'EZEJVI‘E FITU

FAUdS, 2011)

_ Size of Original Signal

CR (2.23)

~ Size of Compress Data

2.6 sTUVANDINANIA (Embedded System)

o @ = y a Jd 1
5EUVAN0INANIA (Embedded  System) 1Soutaiiouaiosnoununosaiuynna

Q

9
[ v A

A A o ) a ' ') 9
(Personal Computer) ¥159A0UNUNDTINNAN (Notebook) mﬂumuiwtygﬁmuaﬂmmnmuu
1 o o I [l A A Jq ¥ I A =\
LlﬁizﬂﬂﬁﬂaﬂﬂaFJ\W]’J%Sl,‘]J'Llﬂ']iﬂﬂlﬂi@\?ﬂ@NWUL@@ﬁ‘lﬂLaﬂﬁQIﬂﬂlﬁa@LWfNLLN\T'JQﬁ]i

ad a 4 < ad 9 1 [V Jd v 9
DLANNIDUNTUVUIALANUASUUANIUTINITDUDYNIN ’mqﬂizﬁmwaﬂmmmﬂ%mmzuu
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o Y o 1 P o [ wvAa o
auonaisdrnei 1l lalugdnssindesms I ldwelaed a Tudaaiiouiauesnaile
o ' ' g 4 Aa o w ' 9 ] A v Y Y '
aregmelulineziilugdnssinuguludialsziriusu vdonedn wiesdndidion (gu
o Aa o JA A Y an 9 Aa v o A o A A v Y 1
990302) Inifnnilons ndoIATnoa NAOIIANAN nIogUnTalAuALNNANUT UG UITY

[ gl % A 4 9 Y I 9 R < P2
szuumugumsneiurTemaslusooud onaeu laudy Wudu sunuldnszuy

U W Yo a 0 Y o 1 A ~ <
anenailedn Idsuanutenlumsiszgnaldnuszuuniuguas  iesaniivuiamnuaz
~ a a o 3 Aav dyd 9 o U W ’q Y
Hdszansnm daiuauiseissdihszuuanesnadednilszgnaldlumsesnuunszy

1 A 1 S ¥ A Y a Aa a LY o
augua 9 TuaTevremusres 13d1e e ldinadszadnsnmgaga szuuauosnaiedalu

L 1 4 % Aaov 3 Y
miﬂizqﬂm1%”1141&1%Guwwuwai{”l%'awuﬁmﬂlugﬂﬁ 2.15 Fanuidei 1d 145z uuaueanails
o @ ' { v ad I
i lumssudeyaaniminadeunazdidoyaanimuadonn1d lldugsvines ssuvausna

Hledai1¥auil 3 uesa fie Uosa FIO Std DoTA Waijung tiaz Tuga SIM300CZ

chip

I ADC Microcontroller
Sensor >
Conversion (Fio Std)

I
Analo g:

Wireless

Transmitter

f

Wireless

Sensor! ————d-——————————4 - |

I
I
: Receiver
I
I

Power Supply (battery and Solar cell)

51/ 2.15 szvvavesnailsddlunov oo 19e18 (Mohsen Nasri, 2010)

2.6.1 U93A FiO Std
VDT FiO Std (Aimagin, 2010) 1 uganaasslasldlulnsnounsaiany
STM32TM ARM 32-bits Cortex TM M3 Processors ‘]J'E)ﬁ(ﬂ FiO Std f;ﬂmgﬂmamﬁ'mmm
WA T1sunsu MATLAB Simulink 18 FiO std iflunesananssdiannsodiad yaiau
¥oeUesa FiO Std Ap m3lFauiideTaommzdums@euTsunsuiteannifumsdou
1150n5U1VY Graphic Programming #14 Simulink Faradandouiu MATLAB i1 Module

dl d' 1 o Y o 9 o c?/‘ 1
nigned luTsunsy MATLAB i lvansasianudilamsianuveslasenunaludiu
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o 1 a A 1 o a R =
ﬂ"lﬁVlN']u*U’éNQﬂﬂ'iﬂ‘lﬁ"N 9 ﬂ'liﬂﬂ@@ﬁ’é)ﬁ"l'i'igﬁ'J'NQ‘iJﬂiﬂ!@'ﬂﬂf)'i“ﬂllﬂ'lil‘llflujﬂillﬂﬁﬂlmz

A
U

51/#1 2.16 UBFA FiO Std (Aimagin, 2010)

AaENliAnanveIVa3A FiO Std fietaii
1) Built-in RapidSTM32 Native-Support Bootloader
2) ARM 32-bit CortexTM-M3 Processor (STM32F103RET6)
3) oaGIaNes 2 A2
4) usafumeluvesa 3.3 V regulator up to 800mA
5) HU2IAINTT 496K bytes available flash memory
6) now InduazanTvaasnTuifAile 14 Blockset
7) viaen LED 3 @1 fio duad divdes dilien
8) 2 user logic (H/L) input jumpers Mode selection switch
9) Anudumulsumla 10K
10) IC VA IUIAINIATFIY (0.33F) capacitor as RTC backup battery
11) %041d Micro SD
12) Four built-in operating modes selectable via jumper settings

13) RoSH compliant (Real Time Operating System)
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AIAUVBIVBIA FiO Std 11ay RapidSTM32Blockset
1) fimsdsuTdsunsufihodosnmiumadouTdsunsunuunin (Graphical
Programming)
2) IMsadeduuumIiianelded1939a157 (Rapid Prototyping, Simulation &
Model Based Design)
3) 1umswﬁﬁﬁmﬂ%&'unuﬁw
4) ﬁmﬂ%’amcﬁaWﬁgné{ﬁgﬂummgmqmmm‘iu (MATLAB, Keil)
5) ﬁmﬂ%’amaﬁmnffﬁgﬂummgmqmmﬂiiu (ARM-Architecture Processor)
solnilFay
1) RapidSTM32 Blockset version 0.3.6.1beta ﬁ§®L36§§uﬁ1ﬁﬁﬂj1
2) Matlab 32-bits 2009a (Version 7.8) w?anaé’cﬁ"ummjﬂiw
3) Simulink 2009 (Version 7.3) Wiereiauiilmin
4) Real-Time Workshop 2009 (Version 7.3) N501703" %Juﬁslﬂijﬂ’h
5) Real-Time Workshop Embedded Coder 2009 (Version5.3) N501703" %Luﬁslwﬂﬂ’h
6) Real View MDK for ARM version 4.0 #3011034ud 111in 1
7) Microsoft Windows XP SP2 #3p1a05duiilnsinin

Ja A [l 1
8) Microsoft .Net Framework version 3.5 n3anassunlnunn
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EXT UsB J5 Select Extemal or
E USE as the source of
E power supply

—— External supply input
/ (15VDC Maxinmn)
"=

CND +

R5232 connector (to
USARTI Module)
= ==

33V (upto E00mA)
GND Tz Rx

regnlatad output for

internal’extamal circuits

T3 USE coanact
dizconnect pin

15w +
Conpect mfmw] A3 ol c7
! E ca I'_| y | Bower ot LED

Discorrect [N Ad C6
l;nﬂLa Jﬁa
. e 1128 EIEY o8
TSE dataline Hrs - LED-’E\a Omtput from 10X
comrect/'disconnect LED‘ potentiometsr
a1l a1z an an || A7 EE]D \eca @ @ c3
am = 2 1 LED ‘_I—GQ_ Onpboard LED user
== EI g L _/HES YR inprut enabled’ disabla
Discommes:  Connect 9 ] E3 ({,i.\» C1 | ey
A10 E ki 5
Owbosrd LED || AT1 Y - F‘%‘ RETY ) =aable €6 copacirar
ensble/disable sertinz || a1z | [ i I T3 | et ta e
- 13 viov2 ckup [
A3 - Je12 o
16/77 Crboard digital [ | ufy d " k‘l}”ﬁﬂ‘l c11 .
nser input Ensble Dizable

m Pl FiO Std v.2 % s
Low HEM pz B2 D‘EE%IE‘H 3 ce 813
16 17 T —

A1S Ed o /oo
= || o ElL @3 ma chma 4 O

High capacitance
capacitor C6 as RTC
backup batrery

B3/
B CN1 — 1 Program Maode
Mode selection switch ) LED

(s2e details undar BS

OPERATING MODES || gg MicroSD eard )
section) ,__l Reeset switch
B7 -
D2 /
Micro 5D card slet |/ | Program switch

__________________________________________________

Mods Salect 79 E ; E
USB RS232 : User MED
IA® IAP | TRG

31/#1 2.17 FiO Std PCB LAYOUT (Aimagin, 2010)

o LYY J
iﬂﬁ!!ﬂﬁll MATLAB aMiUNHUIV95a FiO Std
I~ a 3 o (% o
MATLAB (Jun1m1aouiinaesduge (High-level Language) d1m5Un1sf1uIm
A A 9 o A o a A o 9 o A Y
‘Vl'l\‘lW]ﬂ‘Hﬂ‘V]‘iJigﬂ’f)‘]_lﬂ'lﬂﬂ'lﬁﬂ']u'lmmffi@?mﬂl ﬂﬁTV\Iﬂ‘VI“D'U“B@u !La&’i!ﬂﬂﬂWiﬁ]’lﬁ’ﬂ\‘lLW@ﬂlﬁ
<3 1 @ 4 (] A
1]'0\1LWUﬂ']WuléI}QWﬂllﬁg%ﬂlﬂu%@mﬂﬂ MATLAB 8941910 Matrix  Laboratory !ﬂili‘ﬂﬁllﬂiﬂ
ya 2 A qu ° . A . Ao
MATLAB ll@lLﬂlﬂuﬂlulWﬂi%iuﬂTiﬂ?u?ﬂ!‘ﬂ]ﬂ Matrix ‘Viﬁ@!ﬂu Matrix Software NWAIUIIN
Project 1%0 LINKPACK 1182 EISPACK
T1/5un53 MATLAB e iinaeunsesionl¥lunmsmaineuisenii Toolbox Tag
Ti5unsy MATLAB 91 Toolbox Tutidaza1v1 151 n1silszuranadyyio (Signal
Processing  Toolbox) n15szulananIn (Image Processing Toolbox) 3¢ UUAIUAN (Control
System Toolbox) 159418152 @17 (Neural Networks Toolbox) %% a0 3 n (Fuzzy Logic
Toolbox) NHtan (Wavelet Toolbox) N5 AnaBdDEs (Communication Toolbox) 0 (Statistics
A [ I = d v 1 A A 9 o
Toolbox) U a1v19Us NInNUY meﬂu Toolbox Lmazmmﬂﬂzuﬂﬁﬂ%umm NNYIVoNINY

Yoy o Y A Jq 9 S o
msudtymluavniug Idendszgnd ldanuiudaumnn
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Simulink
4 { o (% a 4
T1lsunsy MATLAB Tineaiionlddmsumsinszvuaznaaouszun lagnis
o £ 4 QA . . < 4‘ Vo - .
$19099UIN%INAD  Simulink 11 T5unTNNAIVYAY MATLAB ¥uilussuy Interactive
) o o a J a 1 A g a Y . 1 a 9
Fmsumssasaaz inszriszuy lawinans q MduszuuBady (Linear) szvv ¥ audu
3 { a3
(Nonlinear) Simulink (311115117351 Mouse-Driver 7 1¥3z 101 Tuaa Iagmsnavaen laszunsy
o o o o
vuIen MM 1N ln 1sunsy MATLAB d@wnsoiimssiassszuu ldnategiuny
] A g a 9y . 1 a 9 . ' A . . ]
@Y uUUNIWFUBFY (Linear) TuFadu (Nonlinear) 13819191184 (Continuous-Times) a1 ly
' A . . @ . £ 1 A o Y
A91U D3 (Discrete-Time) LAZ TS UUHANYDAT (Mulu-Rate)mgmazgﬂuuuwmmmw
0 a B N 9 q & 0 < ] < D,
puuiraeslunmsinsiziiidldrzdesdinnudn lanugiumsiauvesuasnusazuaon Ia
< 1A 9y A o
Wued19a aaoadud laszuu lagsnvosnunaznszii
I A { A a I 1< ) o
Blocksets (Hudaiiauanly Simulink Tngazidlu lausisvesvaondimsums
4 ] a 1 4
UYszgnaIaniy 15U N15AAA0AD 13 (Communications) N15UszuIanWadoya (Signal
Processing) UagT gy Inihdds (Power Systems)
< ! 3
Real-Time Workshop Wuldsunsuiadia € Codednudonlaozunsyuas
o w <3 a .
a1sonseinuuasnlaezunsy ldnainaleal8szuUIA1959 (Real-Time Systems)
~ [ £ o’j a 9
Tisunsy MATLAB 1pg#a18 Version &4 Version A41aNv0311/51n051 MATLAB 9z 14911
Ao o [} o v Ya = a saq va 1o & 9 ddyd'
Uu DOS Amsdn ligeenmingdmiudisuane aeunaaesnlgn lusuiludesdinugi
] o Y] A 3 o 1 [y do A o =\ o
nueANuswn 19 14t CPU Nlaus 181 ualdardenoilansuniiunldauiidesii 19
= A A @ 9 9 A A ~ Aa a <
weuldsunsunianududeuldluaminalrsmsizidszansanuazanusilunis

a Aa

Uszunawadl aeuudoszuuiaonlylauinuiedei 19 ldsunsy MATLAB fidszdansan

H 4 ' 4 Y

uazlinnuaninlumsiszananaiii 1y Version i ldkimsdsuaza lnaildaaudio
9 Y

1F9mDu Windows 143 140anuazainlunmsldauuiniu defves Version Tniiide

ee

)}

a A d'dd?l Ao 9 = < d? Ao o 1 Y
Uszansnmnavu fﬂiTJ'581]’)’(,1WﬁIﬂi!lﬂillﬂ%ﬂ%@uhﬂ’ﬂh!i’njﬁlu uazanwumm i
k4

1
A 9 1 (=7 Y o a sAN A A 1 o =
maniﬂummmm UINUIY Lmﬂﬁ’f)\islcb’ﬂﬂﬂﬂllw’J!Gl@i‘ﬂll‘W‘L!ﬂﬂLl’JEJﬂ’NllﬂWll1ﬂ CPU U

A

< s ' S
A157g4 T Simulink 923 Blocksets vanagiuuy Fevzuiia Idillugail
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- Add-On Modules
vaen Simulink fAeglunuianyiilszneudas COM Configuration Real-Time

Block  Host  HID Receiver Host COM Send LED SDCard Character LCD sprintf tt81& ADC

Simulator 11E/A3A931/7 2.18

ﬂLibrary:rapidstnﬁz_addon_lih - EI|5|
File Edit Wew Format Help

DEEHS| b B (e 1|2 h@mE

[Hest PC]
COh2 RT Step
115200 bps 0 T05eE  pqineg
moned a0 Bloddng: on
Little Endian Erp—
COM Configuration Bladk Host HID Receive
CoMz Fush Button
Binary BintE Index: 1 Ts0sec  Dluwintls
Ts: O sec . Active: Lo (03
Blacking: on Te:0sac
Host COM Receive Button Host HID Send
Filename
D1 uintlE
un gumz LED: Red Wode: Binany
inans Index: 1 Append 12 bytespkt
TsOsec X i
. Ts0sec Ts:0see
DZidouble  Blocking: on > 1:double
Host COM Send ER SDCard
cmd M CLED Std
pos 318, 3.3V, 4-bits
Chi:B pin: [3 9 10 1]
YPOF Data:Bopin: [12 13 14 15
- T 0sec
Character LGD
B 12bits
D20%d)  Busize: 64 bytes o VEFEIV g
Method: raund
Ts:0sen
D3 IELET
sprintf ADC Simulator _I
=
Ready 100% Unlacked A

317 2.18 Add-On Modules (Aimagin, 2010)

- List of Add-On Modules Blocks

< { 1 1 Y
vaon Simulink Noglunuinnyiivzisznoudie Setup System Clock &
A <] o 09/}

, . .
SysTick 118 Compile and Download Control 31142 vaen dududesldarunnaseniinig

o 4 . 4 IS o T @
MANUUUVBIA FiO Std Lﬁmmmﬂumimwmmmm Glﬁ)ﬂﬂigﬂ‘ﬂ


http://www.aimagin.com/learn/index.php/File:Addonmodules.png
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E!Library:rapidstm32_cunfig_lib - |EI|5|
File Edit Wiew Format Help
= :
DeEHE| LER | 4=k EE
[FiD Std]
SYSCLKSource: PLL Compiler RWhiDl
OSC: 8MHz Aute Compile: ON
SYSCLK: T2MHz Executable type: bin
HCLK: 7ZMHz Optimization: 03
PCLKA: 36MHz Use MicrollB: ON
PCLKZ: 72MHz Auto Dewnload: USBE
Tz 0 zec
Setup System Compile and
Clocks & SysTick Downlead Contral
Feady |10 |Locked v

gﬂﬁ 2.19 List of Add-On Modules Blocks (Aimagin, 2010)

- On-Chip Peripherals
VAN Simulink ﬁafﬂuﬁmwyjﬁ%ﬂszﬂ@uﬁw Digital Output PWM Target
HID Send Digital Input USART Configuration Target HID Receive ADC Configuration Target
USART Send Arbitrary-Function Generator USB Virtual COM Receive Convert Onboard AN16
Volts to Temp C Target USART Receive DAC Configuration Real-Time Clock Uag USB Vertial

COM Send Baannsadon I lFnulimunzansuauisela


http://www.aimagin.com/learn/index.php/File:Deviceconfiguration.png
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E!Lihrary:rapidstn132_onchip_|ih o |EI 5'
File Edit ¥iew Farmat Help

D SHES R4 2@ E

|»

Out GFI0A CH1(AE)  PURM: Default

a0 Fush-Full TiM3 ) 2 bytasupkt
50 MHz Eeriod: 0.02 D1:uintlB TXTOS: None
TeOsen CHE (A7) o e TsOsen
Digitsl Dutput Uit Target HID Send
In GRICA USARTH 2 bytalEypht
Float A0 115200 bps RETOG: Az Dluintls
Ts:0sec S-None-1 Ts: 0 sec
Tigital Inpal USART Canfiguration T Y=m—
ADE .
Out: Voltssingley 18 USAR?S;':JEK Mode: pactz DR AP
Res: 12 bits PR R 4mswpkt Loop OF: on
DMAT CHA 7 mee s Butfer OP: an
wiraf: 3.3 T pin: 22 TsOsen
B Atz T4 0 se : DAC2 (A5)
T=: 0 zec
ADC Configuration Target USART Send Arbitrany - Funetion
Benarator
USB Virual COM Receive
USARTI: Binary D1:uintd Mode: Binary D1:dauble
B byterpkt :
vin T(C) 0.52 mseopht 14 bytedpid
B i A1 1.22 maipkt
o D2ing TeOssn DZ:uint1E
Conwvert Onboard AN1G
Voltsts Temp ©

Target USART Receive T

Input Volts
s it RTCENT Mode: Binary
BACTGA®)  Realigned Countiz o1 dauble :ZD:V‘:PE
ief 3.3V Rresat 04 meipl
Ts:0 ses
Ts 0 ses
Real-Time Clod ——
DAC Configuration irtual en
=
Ready 100% Unlocked b

3 17 2.20 uang On-Chip Peripherals (Aimagin, 2010)
2.6.2 Y93 Waijung
VDA Waijung ¥ 5 STM32F4DISCOVERY (Aimagin, 2010) ¢ 1 11 % @ 1 a1 11
TuTasneuInsamesvuia 32 i vesuiEn ST Tuaszgalvi STM32 ARM CORTEX-MA4F
Tagluuesarzlsznoudie 2 daundn Ao ga ST-LINK/V2 14lunisarnilnaaTdsunsy

uagiinludaluTnsnouInsames STM32F407VGT6 fnglunesa Aiuntiwesa USB
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51/f1 2.21 UoFA STM32FADISCOVERY (Aimagin, 2010)
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1) ﬂTiLGIﬂ’JﬁJ@]@ﬂUQﬂﬂﬁmﬂ@NW'ﬁlﬁﬂi
- Ethernet 10/100 (with LAN/RJ45 Connector)
- RS232 (with dedicated RS232 Transceiver + Male DB9 Connector)
- SPI and I2C Port Pinout
2) Micro SDCard Socket
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3) ﬂTiL‘le)?Jﬁ’e’)ﬂ‘lJl%ﬂﬁli\ﬂu



44

- 8 DIP Switchs

- 3 Push Buttons

-3 LEDs (Red, Yellow, Green)
4) Onboard 3.3 V 800 mA LDO Regulator
5) 11 Socket @S UIHSUUDSA STM32FADISCOVERY
6) 5VDC 2.0 mm Main Power Socket

7) Prototyping Area
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3191 2.22 aMG F4Connect without STM32F4DISCOVERY (Aimagin, 2010)

2.6.3 TugadeasinunietnaInsawnnasui
Tugadomsmiumiotte InsAnsinaoun (GSM Module) W3oUDIA ET-GSM
SIM300CZ (ETT, 2012) 1 ugaiSoudnazwaurszuunisaoars1iaie Taoldluga
! = ¢ o & <
GSM/GPRS 31 SIM300CZ ¥83 “SIM Com Ltd.” 1Juginsainan &3 SIM300CZ 11juTuga
Ape552 U1 GSM/GPRS ¥11A1an 5995053 UUADENT GSM AINA 900/1800/1900 MHz Tag
dauiunanesadoasoynIn RS232 A104AMds AT Command d113013zgnd i

lavannategluny endaedrawu MssuaIdya MUY Voice, SMS, Data, FAX 11az 84

= A Y v
FIAIUDINITAD T3R8 Protocol TCP/IP 98
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31 2.23 YesA ET-GSM SIM300CZ (ETT, 2012)

poauiiAveluga SIM300CZ
1) 3095UAWH GSM/GPRS 900/1800/1900MH
2) 59450 GPRS Multi-Slot Class10 1182 GPRS Mobile Station Class B
3) 5895U3NAT 3 A AT Command
4) 50951 SIM Applications Toolkit
5) R mns iy 3.4V 14,5V
6) 5095 UM Foudoniouen
- 1% 14f Y SIM 3V uag 1.8V
- 12995 Analog Audio (MIC & Speaker) 311U 2 *A
- 39931 5x5 Keypad Interface & SPI LCD Interface
- 11521 RTC W3 012995 Backup
- fidaderneImenisueniL Connector 1A ATOUABLIUY PAD

SEYEERTS! Battery Charge Tudn

2.7 91/n30in5299 (Sensor)
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o [ . <
179 1159IN19NA (Force) ANUAUUITTIINTA (Pressure) 5282 NT2IA (Displacement) AT

(Speed) CRRFIER (Acceleration) SZAVVOIVDILHAN (Liquid Level) HazdnI1INIg Ma (Flow
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1 13.13 0.42 13.56 3.28
2 13.02 0.39 13.02 0.03
3 15.95 0.42 13.56 14.98
4 8.73 0.39 13.02 49.09
5 15.07 0.43 13.74 8.83
6 16.07 0.56 16.08 0.07
7 13.77 0.38 12.84 6.75
8 14.02 0.53 15.54 10.81
9 12.47 0.36 12.48 0.11
10 14.56 0.43 13.74 5.65
11 20.07 0.75 19.46 3.04
12 16.38 0.65 17.69 8.02
13 16.57 0.59 16.60 0.16
14 14.58 0.50 14.96 2.60
15 17.068 0.71 18.73 9.74
16 14.989 0.65 17.76 18.49
17 17.723 0.67 18.01 1.62
18 15.413 0.56 16.04 4.07
19 13.558 0.67 18.07 33.28
20 12.663 0.62 17.20 35.83
21 17.456 0.64 17.47 0.08
22 15.455 0.55 15.95 3.20
23 17.92 0.56 16.12 10.04
24 18.59 0.72 18.87 1.51
25 18.48 0.56 16.14 12.66
26 19.19 0.73 19.15 0.21
27 17.86 0.55 15.82 11.42




65

25.00

20.00

15.00

A A v
IAIBINDIA

Y
aNuFuIuaY (%)

10.00

- RS
5.00

0.00

1 3 5 7 9 11 13 15 17 19 21 23 25 27

Sample

A o ~ I ay a
ETJ‘VI 3.10 msUsueussosiannusuluau

3.2.2.3 MIFDUABHIAHDS IAA NNV
v 9 I SAq Yo a Yy
U3 IanTuua ulwswwes nl¥ialSuiaunnuduue
a 7 4 4 % o { { v o3| @
uaverniad Inaldginsal 10 1dwaa (Photo Cell) Fahmvnilasundsnunauilundsanu
1 -4 (Y { [ 4 1
T Tasamanudumudvediuasiannsznuuua W Tdaad uaauinsznuas 1
AN umud1 5o laawssau luihdr) uad ludnaanannsznuaz ldainnudiuniu
1 [ @ 1 [ I [ 1

g9 (ldawseduTihgo dygrunldnnnsasniadudygraveuraon Tagkiu
[ I~ @ Aan 9 9 v 9 a 9
nizvaumsulasdyanauewaoniudyaiuainea ldmsdhswadeyavuia 12 4a 9214

Foyannuduuasiidlunveaussuih



66

A A ' o ] Y o o A
gﬂ‘ﬂ 3.11 MIFDUNDLEULYDTIAANUAUNUFTUVINVUDIA FiO Std

manuunasnda laluniisve s au i aansowudaadua

9 ' v % Aq 9 ° ' Y] A~ '
ﬂmiJL"lJiJLLE’NGI,uWu’JfJGIJENaﬂGIf (LUX) l‘lﬂ ﬁilﬂ'liﬂclé]fﬁl,uﬂ’liﬂ’luqmﬂ']ﬂ'T]Nl"]]ll!lﬁ\jﬂllwuﬁﬂ

9
=

I [ I o
Wuansuag

' 9
NITHUIATIAIUATUNIU

Vsense X 2200

R = &z _ NN (3.6)
33— Vsense

Aq Y ' 9
AUNTNIF UM ITHIAANUVULLE

fR(-l.SOS)
o 3200 = R = 0 (Q)
R(-1.395)
X = el 12000 = R > 3200 () 7
R(-1.305)
STEEst R > 12000 ()

A 9 [ ~ J Y 9 [ A [ Y
aunsnlylumsdsumenalignasanumisdinnNuYLHEINIATFIY

(Illuminance, LUX) 8¥® Digital Lux Meter 34 LX1010BS



67

X7 300 > X >0
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a A
5) NI ITOUY
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Abstract

In this paper, we proposed an efficient data compression
strategy exploiting the multi-resolution characteristic of the
wavelet transform. We have developed a sensor node called
“Smart Sensor Node; SSN". The SSN is made up of four basic
components such as a sensing unit, a processing unit, a
transceiver unit and a power unil. FiO Std evaluation board is
chosen as the main controller of the SSN for its low costs and
high performance. The software coding of the implementation
was done using Simulink model and MATLAB programming
language. The experimental results show that the proposed data
compression technique yields recover signal with good quality.
This technique can be applied to compressing the collected
data to reduce the data communication as well as the energy
consumption of the sensor and so the lifelime of sensor node

can be extended.
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Wavelet-Based Data Compression Technique for
Wireless Sensor Networks

P. Kumsawat, N. Pimpru, K. Attakitmongcol and A.Srikaew

Abstract—In this paper, we proposed an efficient data
compression strategy exploiting the multi-resolution characteristic of
the wavelet transform. We have developed a sensor node called
“Smart Sensor Node; SSN™. The main goals of the SSN design are
lightweight, minimal power consumption, modular design and robust
circuitry. The SSN is made up of four basic components which are a
sensing unit, a processing unit, a transceiver unit and a power unit.
Fi0Std evaluation board is chosen as the main controller of the SSN
for its low costs and high performance. The software coding of the
implementation was done using Simulink model and MATLAB
programming language. The experimental results show that the
proposed data compression technique yields recover signal with good
quality. This technique can be applied to compress the collected data
to reduce the data communication as well as the energy consumption
of the sensor and so the lifetime of sensor node can be extended.

Keywords—Wireless sensor network, wavelet transform, data
compression, ZigBee, skipped high-pass sub-band.

I. INTRODUCTION

IRELESS sensor networks (WSN) is a self-organized

distributed intelligent system comprising low-cost, low-
power, multifunctional sensor nodes that are small in size and
communicate with each other in short distances. The
development of such networks was originally motivated by
military applications such as battlefield surveillance. Recently,
a lot of research related WSN have been conducted and people
have been realizing theirs unlimited applicability. For
example, WSN can be used for data collection purposes in
situations such as environment and habitat monitoring,
healthcare  applications, home automation, structural
monitoring, and equipment diagnostics. However, WSN face
many challenges, mainly caused by communication failures,
limited storage capability and computational constraints and
limited power supply. Therefore, the technology of WSN is
requiring more extensive research and development before it
becomes practical.

In previous work, Watthanawisuth et al. [1] proposed a GPS
tractor tracking system using ZigBee multi-hop mesh network
for data communicate in the farm. The system can help farmer
for managing and reducing the resources for tractor or other
vehicles in the farm.

P. Kumsawat and N. Pimpru are with the School of Telecommunication
Engincering, Institute of Engincering, Suranaree University of Technology,
Nakhon Ratchasima, 30000, Thailand (phone: +66-4422-4392; fax: +66-4422-
4603; e-mail: prayoth(@ sut.ac.th).

K. Attakitmongcol and A. Srikaew are with the School of Electrical
Engineering, Institute of Engineering, Suranaree University of Technology,
Nakhon Ratchasima, 30000, Thailand.

Data compression is a process that reduces the amount of
data in order to reduce data transmitted and/or decreases
transfer time. Due to the limited processing and storage
resources of the sensor nodes, data compression in sensor
nodes requires the simple and lightweight algorithms. In
recent years, people have done a lot of research work on data
compression algorithm and proposed many compression
algorithms for WSN [2]. In [3], Kulakov and Davcev proposed
data acquisition through hierarchical two-level architecture
with algorithms using wavelets for initial data-processing of
the sensory inputs and neural-networks using unsupervised
learning for categorization of the sensory inputs. This
architecture provides a big dimensionality reduction and in the
same time additional communication saving, since only
classification IDs (small binaries) are passed to the cluster
head instead of all input samples. In [4], Gohet al. proposed
the compression of neuronal recordings in real-time using a
novel discriminating Linde-Buzo-Gray algorithm (DLBG) that
preserves spike shapes while filtering background noise. The
technique is implemented in a low power digital signal
processor (DSP) which is capable of wirelessly transmitting
raw neuronal recordings. Depending on the signal to noise
ratio of the recording, the compression ratio can be tailored to
the data to maximally preserve power and bandwidth. In [5],
Nasri et al. proposed a signal compression approach in WSN
consisting of technique to skip computation of certain high-
pass coefficients of the discrete wavelet transform (DWT)
called SHPS (Skipped High-Pass Sub-band). The simulation
results show that the proposed scheme optimizes network
lifetime, reduces significantly the amount of required memory
and computation energy. In [6], Kimura and Latifi proposed
five different types of data compression schemes which have
been specifically designed for WSN: coding by ordering,
pipelined in-network  compression, JPEG2000, low-
complexity video compression, and distributed compression.
Even though those compression schemes are still under
development, experimental results indicate that their
compression rate and power reduction manners are quite
impressive. In [7], Chichi et al. proposed new data
compression algorithm inspired from Run Length Encoding
called K-RLE. The authors also evaluate and compare
compression algorithms on an ultra-low power microcontroller
from Texas Instrument within the MSP430 series used for
designing wireless sensor networks.

Recently, the wavelet-based approach has attracted much
attention from researchers due to simplicity and high
compression performance. In [8], Nasri et al. proposed an
alternative image transmission approach in WSNs, based on
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JPEG2000 image compression standard. This approach is
based on discrete wavelet transform (DWT) and embedded
block coding with optimized truncation (EBCOT) which uses
a better order of transmission. Performance of the proposed
image compression scheme is investigated with respect to
image quality and energy consumption.

In [9], Manhas et al. proposed an efficient image
transmission  strategy  exploiting the  multi-resolution
characteristic of DWT. The authors use selective decodes-and-
forward (SDF) cooperation. The experimental results show
that the overall energy consumption can be considerably
reduced, with a negligible decrease on the average image
quality. In [10], Rajput et al. provided a brief survey of
advantage of using WSN in agriculture. The challenge in
using WSN for apple farming is discussed. In [11], Kohvakka
et al. proposed a mathematical performance analysis and
simulations of IEEE 802.15.4 LR-WPAN in a large-scale
WSN application with up to 1560 nodes. The network is
formed in a beacon enabled cluster-tree topology according to
ZigBee specification. The performance of a device and a
coordinator are analyzed in terms of the average power
consumption and throughput. In [12], an extensive survey of
computational intelligence applications to various problems in
WSN from various research areas and publication venues is
presented in the paper.

In this paper, we propose a signal compression approach in
WSN, based on wavelet transform called SHPS. This
approach does not require computing high-pass coefficients in
order to reduce the number of executed operations and
therefore save computation energy used during the wavelet
compression process. We have developed embedded software
implementations based on the compression algorithm
described in [5]. Due to its simplicity, this algorithm is very
fast and can be easily implemented. The computational blocks
in these realizations are implemented in the Simulink model
and MATLAB programming language. We also implement
the hardware of the smart sensor node using various
components.

I1. PRELIMINARIES

A. Wavelet Transform

The wavelet transform has received a tremendous amount
of interest in many signal processing and image processing
applications. The principle objective of the wavelet transform
is to hierarchically decompose an input signal into a series of
successively lower frequency approximation signal and their
associate detail signal. Suppose ¢(¢) and w(r)are the scaling
function and the corresponding wavelet respectively with
finite support[0,/], where / is a positive number. It is well

known that ¢(¢) and satisfies the following dilation equation:

o) =2 Y h(kyp(2t k) )
K==z

and
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p()=2 Y gkp(2-k) @)
ke—m

where the /i(k)and g(k) are constants called low- and high-

pass filter coefficients, respectively. We will use the following
standard notations:

2712427~ ) (3)

“)

¢j.k(’)

w0 27y -k)

"

Each wavelet y ,(f)is generated by translating and
dilating of function w(t) called mother wavelet.

Consider the subspace V' ; of L* defined by;

V.=Spanip,, . ke Z} (5)
and the subspace W of [ defined by
W.=Spaniy .k e Z} (6)

the subspaces V;,—o0 < j<oc, form a multi-resolution of I
with the subspace W, being the difference between ¥ j and
2 e
V.- In fact, the L” space has or the normal decomposition
as;
w0

® W, 0]
i

2
L =v;
In most practical applications, one never explicitly
calculates the scaling function ¢(r) and wavelet function (1)
but performs the transform using the scaling coefficients (k)
and the wavelet coefficients g(k). In forward wavelet

analysis, a J -level discrete decomposition can be written as

SO =Y ¢, 0lt-n)

ZZ"'(wn(’)*’zzdv..kv,t(’)
T

=

®)

where the coefficients ¢; , andd ; ; at resolution j are related
to the coefficients ¢, at level j—lby the following
recursive equations;

€y = ZC_,_“ h(n-2k) 9)

d, =Ye, an-2k) (10)
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for j=12,...J . In (8), the first summation gives a function
that is a low resolution or coarse approximation of f(r),
which represents the smooth part of /(). For each increasing
level j in the second summation, a higher or fine resolution
function is added, which represents the detail part of /(7).

In backward wavelet synthesis, a reconstruction of the
original fine scale coefficients of the signal can be made from
a combination of the scaling coefficients and wavelet

coefficients at a coarse resolution. Because all of these
functions are or the normal, we have

¢joik =T uhk=2m)+3d; 4 g(k—2n) an
n n

The synthesis operation of (11) is equivalent to up-sampling

the coefficients ¢, , and d ;. , d in the coarser level j+1,

and then convolving with /(k) and g(k), individually, to
obtain the scaling coefficients in the finer level j. The
synthesis process can be recursively continued to the original
level. The analysis and synthesis procedures lead to the
pyramid-structured wavelet decomposition [13]. The block
diagrams of a wavelet decomposition and reconstruction are
shown in Fig. 1, where //(z) and G(z) are the z transform of
h(k) and g(k), respectively.
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Fig. 1 The block diagrams of two-level wavelet (a) decomposition and
(b) reconstruction

B. ZigBee

ZigBee is a specification for a suite of communication
protocols based on the IEEE 802.15.4-2003 standard, which
targets wireless personal area networks. We note that ZigBee
operates in the network layer using as a transport layer. These
services are provided by the IEEE 802.15.4-2003 protocol.
Actually, the IEEE 802.15.4 defines two physical layers which
operate in three frequencies. The physical layer operates at 2.4
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GHz with a maximum transfer rate of 250 kbps. There are no
restrictions for using this band around the world.
There exist three types of ZigBee devices as follows:

e The ZigBee Coordinator (ZC): This is the most powerful
ZigBee device. The coordinator can be seen as the root of
the network topology and it can also be utilized as a
gateway to other piconets. Sometimes, the coordinator is
used as a trust entity that can maintain the system’s key
repository.

e ZigBee Router (ZR): This device can execute a common
application and can work as intermediate router in order
to send data to other ZigBee devices.

e ZigBee End Device (ZED): This device has limited
functionalities such as exchanging information with the
ZC or the ZR devices. A ZED cannot forward data to
other devices. The main feature of this device is that it
keeps the device stay in the low-power consumption
mode most of the time. This allows the saving of
significant battery life time. This device requires less
amount of memory and is the cheapest ZigBee device.

Example of a network of ZigBee devices and the
comparison of several wireless sensor network technologies
are shown in Figs. 2 and 3, respectively.

T 45
e WP °
& ‘.-‘ )
o

o Zigbee End Device . »
© Zigbee Coordinator . SN/ .o

@ Zgbee Router .

o \ b
°

Fig. 2 Example of a network of ZigBee devices
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days days hours years

Effective 100m 10m 30m 10-~75m

range

Transmission | 5.5/11 1-3 40-600 2014025

Rate Mbit's Mbit's Mbit's 0 Kbivs

Adoption 802.11b 802.15.1 802,154

agreement

Communicati | 2.4GHz 24GHz 3.1-10.6 | 868MIHz

on channels GHz 915MHz
24GHz

Fig. 3 Comparison of several wireless sensor network technologies

I1I.  PROPOSED METHOD

In this section, we first give a brief overview of the WSN
embedded system architecture and signal compression
algorithm in the wavelet transform domain. The main
motivation of our work is based on the idea proposed in [5].
The computational blocks in these realizations are
implemented in the Simulink model and MATLAB
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programming language. We also implement the hardware of
the WSN using various components.

A. WSN Embedded System Architecture

Fig. 4 shows diagram of a wireless mesh network. Mesh is
one of many network topologies and forms inherently the most
reliable and scalable network. Each node has routing
capabilities and not only passes on packets but also decides
which is the best path and ignores any broken nodes.

In Fig. S, the main controller of the SSN is the FiO Std
evaluation board [14]. The microcontroller unit (MCU) is
ARM 32-bits Cortex™ —M3 processor (STM32F103RET6). It
contains also read only memory (ROM), random access
memory (RAM), a 12 bit analog to digital convertor (ADC), a
12 bit digital to analog convertor (DAC), timer and few
comparators. We have integrated sensors such as relative
temperature and humidity sensor, light sensor, soil moisture
sensor to the FiO Std evaluation board. The temperature and
relative humidity sensor is Sensirion SHT11 with accuracy of

+04°C and 3% on the temperature and humidity,
respectively. This sensor is connected to the MCU through the
I’C interface. Other analog sensors, such as soil moisture
sensor and light sensor can be easily connected to the ADC
interface of the MCU. The SSN is powered by solar panel
with 10.0 W. The RF module is ZigBee and takes
responsibility of transferring data in the networks. A high
power integrated module which covers distance range up to
1.5 Km is suitable for farmland monitor.

B. Wavelet-Based Signal Compression Algorithm

Signal compression is a process that reduces the amount of
data in order to reduce data transmitted. Numerous of signal
compression techniques have been developed in the past few
years, and the wavelet transform techniques have already
achieved great success in the signal compression field. The
wavelet transform is a time-scale analysis. The signal is
analyzed at multiple frequency ranges with different
resolutions by decomposing the signal into a coarse
approximation and detail information.

In order to save computation energy, we propose a wavelet-
based signal compression approach in WSN which does not
require computation of certain high-pass coefficients of the
discrete wavelet transform. This technique is called “Skipped
High Pass Sub-bands; SHPS” [5]. Following the same process
given in [5], we use Mallat’s pyramid algorithm [13] to
implement the DWT. The resulting wavelet coefficients are
then encoded using the SHPS technique.

Fig. 6 illustrates the distribution of low-pass coefficients
(approximation coefficients) and high-pass coefficients (detail
coefficients) after applying 1-level Haar wavelet transform to
the temperature signal. The low-pass coefficients represent
approximation of the original signal whereas the high-pass
coefficients represent detail information of the original signal.
We notice that the high-pass coefficients are generally small.
Based on the numerical distribution, we can estimate the high-
pass coefficients to be zeros and hence avoid computing them.
The reconstruction signal without using the high-pass
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coefficients is shown in Fig. 6 (d).The computational blocks in
these realizations are implemented in the Simulink model as
shown in Fig. 7.

Star Network

Fig. 4 Diagram of a wireless mesh network
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Fig. 5 Implementation of a wireless mesh network
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Reconstruction signal without High-pass coefficients
pt - a - - -

H
|
" ¥ JJI;
5. 23] wiy
i : |
5 g |
" /
b £
é, S f \
Z. ks J \_
i ] Y
) W
e w s
(¢) (d)

Fig. 6 (a) Original signal (b) numerical distribution of low-pass
coefficients (¢) numerical distribution of high-pass coefficients and
(d) reconstructed signal without using high-pass coefficients
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Fig. 7 Simulink model

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS

In order to evaluate the performance of the signal
compression algorithm based on discrete wavelet transform,
we use MATLAB as simulation tool. To demonstrate the
effectiveness of our proposed method, a series of experiments
have been conducted. The compression ratio (CR),
percentage root mean square difference ( PRD) and quality
factor ( OF' ) are used as performance measures to quantify the
difference between the original signal and the processed
signal[15].

The compression performance of the proposed algorithm is
evaluated in terms of the CR which is defined as the ratio of
the amount of uncompressed data size to the amount of
compressed data size. The CR is defined as;

ne ssion siz
CR = Uncompression size (12)

Compression size

In WSN signal compression, quality of the reconstructed
signal is an important issue. In this paper, the PRD is usually
used for quality criterion. The PRD is defined as;

Y (aln)-i{n])
Y ¥

(13)

PRD = x100%

where x{n] and X[n] denote the original and reconstructed

data, respectively, and N is the number of samples within one
data segment. Finally, OF is defined as;

2

CR*

= (14)
PRD

OF

A. Result of Software Simulations

For performance evaluation, four kinds of time series data,
namely ambient temperature, light intensity, relative humidity
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and the moisture content of soil are selected as the
experimental data series, with different data fluctuation
characteristic. They are collected by four mesh nodes at 5
minutes intervals from a farm at Suranaree University of
Technology. The length of each data series takes 288 points
and they are shown in Fig. 8.

The choice of wavelet is important in decomposition
process and the selected wavelet should be simple and feasible
for implementation in a resource-limited MCU. In addition,
the fundamental of choosing low-frequency coefficients is to
select them in an appropriate decomposition level. As a result,
we investigate the choice of the most appropriate mother
wavelet for SHPS signal compression technique. We have
tested 3 wavelets: Haar, Daubechies’s type 4 (DB4) and
Daubechies’ type 8 (DBS8). The SHPS technique has been
carried out using single level, 2-level and 3-level wavelet
decomposition. In this section, we used time series data, and
measured the CR, PRD and QF of the compressed signal.
The results are presented in Fig. 9. It can be seen from Fig. 9
that the choice of mother wavelet and decomposition level
have effect on the CR , PRD and OF of the compressed signal.
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Fig. 8 Original signals used in simulations (a) temperature, (b) light,
(¢) humidity and (d) moisture

The experiments also demonstrate that the SHPS technique
allows us to choose signal quality of wireless service by
changing the number of wavelet decomposition levels. Thus,
there will be a tradeoff between the signal quality and
computation complexity because the more levels of wavelet
decomposition, the algorithm performs, the more
computational time it takes. In this work, Haar wavelet at 2-
level decomposition has been chosen for this implementation.
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(a) (b)

(c)
Fig. 9 (a) CR (b) PRD and (c) QF as a function of the mother

wavelet and decomposition level

B. Result of Hardware Implementation

In this experiment, we demonstrate the efficiency of this
scheme under real-world applications with limited number of
data samples. The four SSNs were deployed in a farmland
environment, all within single-hop range of the receiver
device. The compression and transmission is done
automatically at the SSN base station. After compressing, the
compressed data is transmitted to the web server. However,
the transmission to the web server can be wired or wireless
based on the application and necessity.

The comparison of the original signal and the recovery
signal of the temperature and light intensity at the compression
ratio 1.7 are shown in Fig. 11 and Fig. 12, respectively. It is
obviously shown that the compressed data can be
reconstructed effectively. Although some of the reconstructed
data has some difference from the original data, there is almost
no influence on the data series and the total trends of data
series are well illustrated. Therefore, the algorithm proposed
in this paper can be applied to compress the collected data and
reduce the data communication as well as the energy
consumption of the SSN so that the lifetime of SSN can be
extended.

V.CONCLUSIONS

This paper proposed an efficient data compression strategy
exploiting the multi-resolution characteristic of the wavelet
transform. We have developed a sensor node called “Smart
Sensor Node; SSN™. The main goals of SSN design are
lightweight, minimal power consumption, modular design and
robust circuitry. The SSN is made up of four basic
components which are a sensing unit, a processing unit, a
transceiver unit and a power unit. FiO Std evaluation board is
chosen as the main controller of the SSN for its low costs and
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high performance. The software coding of the implementation
was done using Simulink model and MATLAB programming
language. The experimental results show that the proposed
compression algorithm yields recover signal with good
quality. Further research can be concentrated on the
development of the optimization technique of compression
algorithm by using the artificial intelligent techniques.

Fig. 10 SSN base station (Coordinator) installation in SUT farm
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Fig. 11 Comparison of the original signal and the recovery signal of
temperature with N = 64

Light
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Fig. 12 Comparison of the original signal and the recovery signal of
light intensity with N = 64
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