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Abstract

Nowadays wireless communication technologies have been applied to enhance yield in
agriculture. One such application is the use of wireless sensor networks (WSNs) for agriculture
monitoring which collects physical measurements from the environment through wireless sensor
nodes embedded at various locations in the field. The collected data are then transmitted back to the
base station through short wave communication. In scenarios of large crop fields, such data are
velayed hop-by-hop within the network to the base station. A WSN is a network composed of
several small lowcost sensor nodes. Wireless sensor networks (WSNs) have many limitations such
as memory, bandwidth, low-rate radio communication, energy supply and consumption, and
computational capabilities. These limitations can affect the sensor node ability to detect anomalies
and can damage produce. Furthermore, the battery supply limitations in WSNs require minimal
energy consumption. Since radio communication in WSNs consume more energy than processing
and computing, computation with small datasets is likely to consume less energy than a large
dataset.

Therefore, this research is focused on incorporating the discrete wavelet transform (DWT)
and lifting wavelet transform (LWT) data compression schemes with one-class support vector
machine (OCSVM) anomaly detection.

Our first proposed algorithm (OCSVM + DWT) was compared with a previous algorithm
i.e., self-organizing map (SOM) + DWT. We found the OCSVM + DWT can increase the efficiency
of anomaly detection. For synthetic data, the OCSVM + DWT with low-pass coefficients (LP)
achieved 100% detection rate (DR) with marginal increase in false positive rate (FPR) when
compared with all other algorithms. For real world datasets, the OCSVM + DWT with LP
coefficients performed best by achieving nearly 100% DR although with slightly higher FPR for
datasets containing short and noise faults. These results suggest that OCSVM + DWT (LP)
algorithm is suited for short and noise faults whereas SOM + DWT (LP) is suited for short and

constant faults.



Our second proposed algorithm (OCSVM + LWT) was compared with other variants of
integration such as OCSVM + DWT and OCSVM + principal component analysis (PCA) and
OCSVM alone (with uncompressed data). For synthetic data and real world datasets with short
faults, the OCSVM + LWT performed equally well as the OCSVM alone, OCSVM + DWT and
OCSVM + PCA. For synthetic data and real world datasets with noise and constant faults, the
OCSVM + LWT [LP] and the OCSVM + DWT [LP] gave better performance than the OCSVM
alone and OCSVM + PCA. On the contrary the OCSVM + LWT [HP] with high-pass coefficients
and the OCSVM + DWT [HP] gave the worst performance. It was also demonstrated that LWT was
less demanding in terms of memory requirement and computation time than DWT. Our results
therefore suggest that OCSVM + LWT was more suitable for implementation in WSNss.
This research has also implemented a prototype for datasets collected from a bioorganic fertilizer
(BOF) plant in Suranaree University of Technology. The measured parameters include the soil
moisture and temperature which were continuously measured and transmitted to the base station.
The data collected were processed with DWT and SOM anomaly detection was used. The results
showed that the proposed algorithm with Haar as a mother wavelet using low pass coefficients can
attain 95% of true alarm rates. Our proposed algorithm also performed as equally well as the SOM
algorithm and outperformed the DWT algorithm by up to 75%.

The results showed that our proposed algorithm can maintain acceptable anomaly detection

accuracy while using just half of the input data (using level 1 DWT).
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ﬂluﬂ?ﬂﬂ?iisﬁiﬂuﬂﬁh’u!%’ﬂﬁﬂa1EJ INUUDIIMNATANYDY N IFU UIYAITUIT HUUAIAN

(bandwidth) s lendaany u,azmmmmmmqﬁ’mmiﬁmamGiNG] (Goh, el at., 2007) Tag
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Y o ' tg’ ' 9 A T A A &2 g J A o Y a a a
UD ﬂlwaﬁn!ﬁ\?WﬁiﬁﬂWﬁﬁﬂﬁWﬁquuH%ﬂﬂ@ “ﬁﬂlﬂuﬁ?u‘VIﬁHJWﬁﬂVﬂGlWLﬂﬂﬂ'ﬂllﬂﬂllﬂﬂéll@ﬂ

a a A T AAa a Y Ao Y <3 4 1 Y a
’ﬂ'ﬂ?JNﬂ‘l]ﬂ@lWi@ﬂTﬂNﬂﬂﬂﬁﬁlu‘yﬂﬂlﬂuaT]'Jﬂllﬂﬂ'lﬂjﬁumﬁlfulﬁlfﬂﬁﬂSﬁ\?Naﬁh’ilﬂﬂﬂﬂ'lll

U

9 ~ A 3 9

ligeandesiuiudoyaniiae (Rajasegarar, el at., 2008) ANNAALUAANINAYUIINTBYANT

U U

o =t ¥ a Yo a Yoo 79 ¥
mammwammmmmwmmmam&iwmmawaﬂmqmﬁmym% S?”I’Jf)fﬂ\iﬂ']iﬂﬁ%fgﬂﬁclslf

d v

1 J a 4 1 o [ 1 d’ 9 a
au wu vhinlaTas Tniinduudesmsanuududilunmsdan pH e ldlunsaruauwanaa

A +H A A I ::'9/ a o+ o g};
WiﬂﬁluIi\‘l\ﬂuﬂﬂﬂu‘ﬂiEJG]f’JﬂWWVIﬁfNﬂ']ﬁﬂ’J‘UﬂMQﬂ!ﬁQN1Uﬂi$U3uﬂ13ﬁﬂﬂﬂﬂ ANUHUNIT

E]

9 ]

o a a A o 3 ax o ] a Y
Gliﬂﬁ]ﬁ]'ﬂﬂ'ﬁ’lllW@ﬂﬂﬁiu“y@aﬁlﬂﬂawjﬂ ﬂ@ﬂ’l\?i'}ﬂﬁ?ﬂﬂgﬂTJ‘ﬁﬁ'Uﬁ’ﬂﬁ@ﬂ'JnJW@]Wﬁ']@vlﬂﬁ]ﬂ'lﬁ

=% 1 =
NUNINN
1 < A Y o o ) s I A o S Y ~
E]EJ'I\?UlﬁﬂG]'lll Lu@ﬂﬂ?ﬂﬂlﬂﬁﬂﬂ@%’lﬂﬂ’lua’lﬁ@u')iﬂlﬂ\‘lmﬁ@ﬂl'lﬁl!“]fulclfﬂiuliﬁ'lﬂiﬂﬂuﬂ'ﬂh
9 9 [ tﬂl zﬂl 1 % a . . .
@]ﬂ\‘lﬂWﬁﬁﬂﬂ”lﬁalsb'Wa\i\ﬂu IHDIIINNITADAITNIUAYYIUING (Radio communication) GLL!
A ] < S ¥ = 9 1% 1 o 9
Lﬂi@ell'lfll“lfulclfﬂivliﬁ'lﬂhﬂ?iiﬂfWﬁQ\?'lHiJ'lﬂﬂ'J'lﬂ'liﬂ?U'JmLLaEﬁﬂWi‘]JﬁﬂﬂJ'JﬁWﬁ"U@iﬁla
(Rajasegarar, el at., 2008) UNANWIY Siripanadorn, el at., 2010a i8¢ Siripanadorn, el at., 2010b

~ v 9

9 an < I ] .
l¥mstiuoadoyalasdtnsuilasnli@auuu@uniiig (Discrete Wavelet Tranform 38 DWT)

U

[

d' Y Y v a KR (% a a . . é
LW@ﬂ@uﬂl@gaﬂlﬁﬂUﬂaﬂﬂiﬂNﬂ”l'iﬂi’)ﬁ]%‘ﬂﬂﬁ?llﬂﬂﬂﬂﬁ (Anomaly Detection Algorithm) %3
axy [} 1 A a a [ a a A v dy Y o 1

smisasnanansamudszansamlunsasintuanuialng n1s? EJuhlﬂ MITADVYDAND
MIANHIVEIUNANLITEAING1 Tasn1s5aumstiueadeya DWT Amnatan1snsaauad

a Y axy A
AANRIAAIYITNITON

A o ¢ ¢ S

MANATNNEALNAD I LNTFFUARIAHTI (One-Class Support Vector 138 OCSVM) AD
ax o a aa 4 I {a ~ ] a
Fnsasatuanuaalnaniilse Temivazidunienn lideldn1udiau (prior knowledge)
MeINUMIHINUIITOYA LAz N NTANUHAIZANAUNTNeINsNTlogod1inalunioue
<3 4 [ a [ o a a
e 1318 (Wang, el at., 2010) 809314 OCSVM @131300WANLULTIa04NY AN NN

9 [ 9 ¥ a o .
yosdoyalumsiairvindoyauvvooulaiild UnAIWITE Laskov, el at., 2004, Rajasegarar et
o 9 o a R A

al. 2007; 2008; 2010, 1ta% Zhang, el at., 2009 Uszauanudusalumsl¥oanesnu OCSVM 1o

@ a a A v <3 I ¥ 9y Y a &2 & 9 aa
@]i'm%ﬂﬂ')']llwﬂﬂﬂ@]ﬁlulﬂi@"ll'lfllclfulclf’f]iuliﬁ'lflﬂﬂﬂﬁﬂﬂﬂyaﬁ]iﬂ%ﬂlﬂu%ﬂyaﬂﬂﬁﬂﬁ’]ﬂ’]iﬂ

. o o
asuadldluaamuiadeuinlasuuilainasaial (dynamic environment) 8813 13A013
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Y 9
N15398HN VI N155IWAUYBITANBINY OCSVM Hazds DWT &4 lildgniiudue deiiy

[

mqﬂszﬁﬁmammﬁﬁa msfinydmansznuLazlsz@ntnmaesnsiiudadeyatuy DWT
VUIMATANITATINTUANVAAYNARI88ANDTNY OCSVM tazd seluanumMuIzauaans
19 lund e use s 1¥aeiiininenssiia

22 mMsasduanuAadng

2 [ a ad A (3 9 A o 9 [
GU‘L!G]@L!LLiﬂGIJ’ENﬂﬁ@]535]5]‘]Jﬂ’.nllNﬂﬂﬂ@]ﬂ@ﬂﬁm@ﬂﬁillﬂiﬂlﬂﬂg‘aﬂﬁijﬁnﬂqﬂ Hasan

J v g 14
ﬂqu%’ayamamu“lugﬂmmnm@m xHeRP,u=1,2,..,n

[xH [kplY]

xh KPI¥
xH = = 2.1
xb KPIY @1

i : U

x| LKPL

(% [

A A o oA o A o o A Al A o
W9 4 ADAYUNITHIII p ﬂ@%’]u’lum@\iﬂﬁzlﬂ'ﬂﬁjllﬂﬁ HNI0 AVUYIANAITUHIDAITUTUID

. A y [ Y {
UDIIU (Key Performance Indices, KPIs) ‘Vlgﬂ!ﬁﬁ]ﬂ!,ﬁaslﬂgfjﬁ5’3%’3@]@1511‘1/‘!&0@@18%1?]?[141%

2.2.1  One-Class Support Vector Machines (OCSVM)
UNANNATY (Tax, el at., 2004) 1@ uaue3s OCSVM d1M5UNITATIITUAT
Aa a a o 9 as dy 9 am
AR1lnA UNANNIVY (Laskov, el at., 2004) TavensvouavoddIsnstim ) luismssyamy

H Y
Wiy Ni58N91 Quarter-Sphere OCSVM Tyl uAnveanes nuine n1saeudoyaais

= 4 4 o & a

Y 9
hypersphereanchore%ﬂﬂﬂuﬂﬂﬁiﬂm@ﬁ%@uﬁﬁiuﬁu AIUUNITITEUILUUTUOANUNITN I
a 4 ad

AUAFMTATVDIIFTNIT one-class quarter-sphere SVM

a 9 = 9 .

Wmimwmagamﬂamm (input dataset) X = {x*:u = 1,2,3,...,n} ¥04

J A v o U u 9 o y o 9 . D A

INABT p NUANANNU xXH = [x7, X5, X3, ..., X | AINTUYDYA U (input space) RP 11D

o

o 4 J A A

Swuvesnnmesveyalugateya X Ao n narne X vxgnidudn il lulsglaudnyas
s 1 a . . o Ia 1 '

(feature space) RY AreWar 5 TiBady (nonlinear function) waawsf laazegluglvewinmes

a 4 Ja

BN (image vectors) xg = {P(x*): p = 1,2,3,...,n} 11BUDIVBIUINIABTDUINIAD

x1) = [p(x™), d(x2), (x4, ..., d(x™)] Ta91 sz aaf i hypersphere NMNILAUAD
1 2 3 n a
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(%

L) [ 1 a A g’/ ° { o % Ia
Piplnuanvauzaleiainilsz@ninnaud R>0 Nyaqudinais FIAaoUAQUIINIADS DU

X anszuaumsasnangsauddym lded1aidse@nsam (Laskov, el at., 2004)

in R%*+ ! zn:
aegaqu,?eén vn Su
meldivenly: k(x x*) < R?* + §, 2.2)

A A o oA ) ' s ' 9 ¥

1o f# ﬂamuﬂicmawaeu“lﬁmqmummwﬂmasamm@gmnueﬂmqnau%
v A ' A o [ ' A . . ]
dals v =€ (0,1) aAomMAINA@ITUANAINAIALAA DU (Regularization Parameter) ¥ 0 &

J Ia A 1 1 1 Ia
ﬂTUﬂllﬁ"Ju"U@Q!ﬁﬂmﬂiﬁ]llllli]'i/]’f]f]@alj'luuf]ﬂﬂiﬁﬂaﬂ ﬂﬁ'I'Jﬁf]ﬁ'luell'ﬂQL'Jﬂmﬂﬁ@iJllli]ﬁ’liJ’liﬂ

Anlndald dunadn k(xk x4) = ¢(xh) - p(xM)T dmsuwesiyesinesiua (Mercer kernel)

) o A °
Iag k(x“,x“) ﬁaﬁaﬂﬂmmaima (kernel function) ﬂcl%mlumimu’smmmmﬁaumm 2

[

J A A { 1
nnaeslan lulsglinudanyae (feature space) @UN137 2.3 ADAUN139 (dual formulation) VO

[

) A 2
Yayrusuduluaunis 3.2 (Laskov, el at., 2004) aunsadiou lasail

n

min — z ayk(x#, xH)

aER
u=1

ameldteuly ¥ a, =1 (2.3)

A > A ( J . o _ 1 2 ﬂ J
o ay =0 ADAINUAINTIUY (Lagrange Multipliers) ag u = 1,2, ...,n dy¥1A1Uf (Dual

v Y
Problem) Tuaunsf (2.3) UAsamimsmaimngauBudu (linear optimization problem)

o Y

A A ] dy Ia A A I 4 dy A
Lwemsaﬂﬂtymwuu L’Jﬂl@]@i@ﬂmﬂiuﬂi{]ﬂﬂm ﬂyms%mmmmﬁﬁuﬂﬂmwmwuw Tag

[

1103 nefins e (kerel matrix) (Laskov, el at., 2004) #1411
K.=K-1,K — K1, +1,K1, 2.4)

) A ¢ ¢ { 7 ] —
1o K AomAindnesiuavuia an Nsynouale k(x4 x®) Tash o = 1,2,3,...,n ™

= v g’.} D 2
w=owldn k(xk x®) = k(xH x*) daiugld k(x4 x®) 11nmsnnaaidnd (norms)
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Ja = ] 14 1 a a
voanmesoume Tunansainy k(x4 x@) amnsam lavinlensunesiua wu wadu Tna

= 4 dy = a 4 A 1 1w A Ia
Tudiea nesiua RBF Uana1nil 1, ABIUATNGUUIA nxn UMNNAUNINY 1/7 LIDNINABDITDULND

o & = )

4 J a J < Y 1
ﬁ@ﬂuﬂﬂaﬁ ﬂ131’i1lﬂﬂ!"l’lﬂﬂﬁﬂlﬂﬂlﬂ@ﬁluﬁﬂﬂ%ulumWﬂu muummmammﬂtymﬂw@ (Dual

[

[ Y
Problem) Tuarumsn (2.7) 1daail

4 Border support vectors
% | (0<a,<1/vn)

% Non support vectors
_./’K _ (aﬂ = U)
w

% ) Outliers

& (a,=1/vn)

310 2.1 511AAIAYRITANDI Y quarter-sphere OCSVM

e {a,} vl Immatian s AT UIE @ T 0d Y (linear optimization

. Aq ¥ v J I @ Y ] A Ja A

techniques) N 1¥0819unsvia1e AWeTBuWIaNIaTalredlugln 2.2 nWeIBumAN
) ] Ay A A A Y

Usznouale a, = 0 vzagluiunvoansanan nawmesaumInlszneudIs a, > 092N

= 1 d o 4 [ 14 14 9
59071 NABTFNNDIA (support vectors) laginnesannaeslsznouaiy a, =1/vnag

v
A 1A =} 1

3 v Aa a . = a v o
lﬂum@uamwﬂﬂﬂ@] (outliers) %QNﬂWWﬂﬂﬂ@@gu@ﬂ‘ﬂﬁQﬂau ﬂ’Jme@u%@gﬂliﬂﬂ’s”ﬁl@mﬂlm}m

Rl

¢ o ¢ 2o a v 2
LINIADIHENND TN (border SuppOI‘tVGCtOI‘S) UDNITNUTANUUBINIINAUY Rﬁ’lul,ﬂi]'lﬂ R =

9 [ Jd o 14 .
k(xH, x#) 81130 Vo UIUAVDAINMDIENNOIAVDY x# (Rajasegarar, et al., 2007)
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2.2.2 Self-Organizing Map (SOM)
= d‘d 1 £% P 1 C%
gﬂgmuﬂizammﬂumumimmsuu (Competitive neural model) LBU UHNUNINTT
o o an 4 {
IATTVUUANIIBDN (Self—OrganiZing Map, SOM) ﬁWNTiﬂﬁQLLUULLNUﬂNﬁﬂ@%Wﬂlﬁﬂlﬂﬂﬁﬁﬂw“aﬁ
9 9 @ o 1 [l 9 Aaa [y o
Houdh nazidhswalaelsiannmsmugugua Tasazimsdsiudeyasiniaszauga e

[

seauiigini Taenia e 19y 2 55 Tunuunia (Siripanadorn, el at., 2010a; 2010b)

COoOO0O0000
GO O 0O 0D 00
ClOI0 O OO0
QOO0 @ OO0
CO|O O O[O0
O O OO 0|0
COOO000
(M (V)

' 2 Y 4 v & : H
317 2.2 A2961999975015 SOM () TassaHameutuuUaIRIn Geedaniigalulszamn

(3 1

Y A

~ A o ~ 9 [ A 9 A o @ Y

Moy (RAAM) NAPAATDINUIWOULIUNIL, 2 1aE 3 (V) SOM 11IN1TONAN BMU AdgiiNou1
Y A @

Indifee 1 67

k4

A any 9 v A A =
WUFIUVDIITNIT SOM UsznoualsumunInia niolszammen uaaslugll
~ 1 4 A o = g’; 4 %
3.2 (n) uaaziwaalszan i (@aad) Tgavesruaalszamlnaifos @adv1) Fudaqlu

v
=

3191 3.2 (n) (Siripanadorn, el at., 2010a; 2010b)

4 [ Jd 1 ¥ @ i A a o
L‘ﬂfﬁﬁﬂ‘igﬁﬁﬂ PACINHUINWDIDINUINUN ™ Lﬁ@ﬂﬂgﬁﬂQWMﬂmﬁﬂEmgﬂlﬂ\‘]

9 A Y Jd o 1 o J = L.
ﬂlﬂi&ﬁ‘l’lﬂ@umﬂ L'Jﬂm’f)ﬁﬂx‘iﬂﬁ”lﬁfﬂzgﬂﬂwLﬂﬂiuﬁ%ﬁﬁTﬁﬂﬁ%UﬁuﬂTﬁNﬂNu (training process)

@ v 1 ~ = a an

a0y 31N 2.2 (v) uaas soM lugdunvilszamimeunuunia 2 16 vua 444 Tagyuia
1 2= 1w 9 A 9 J < ! J 9 =
6Uf’NLLG’IE‘?SLT]'f‘lM&‘]f’)illf’]"ll‘VI"Iﬂ'IJ61]°L!"Iif"1sllf’3\ﬂli’)?&'s“l‘l/l‘]j@‘L!LGU"I GL‘L!E'IJU,ﬁﬂxﬂﬂLW‘L!'J"IL’JﬂMf’JiﬂJi’NﬂJ’O?;IJﬁ‘Vl

Y A =y Y Ll 9o’ ] A o 4 ~
ouin (IMIDINUY x) gﬂvlﬂvlumanﬂmmmaumuﬂ SOM (A@91) wraalszamnyue
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s { . o . I '
(BMU) taz wradilszamn1ndife (1-neighborhood neurons) 3¢50 asunames 1iluan

T (a@m)

o a = < 2 3 ' g = 7
ganosnu SOM vzgning1 a1 Tundaziuaeuvesnisindu nnmes
061 X' = {xtiu = 1,2,3, ..., s} ningavoya X' = {x*:u = 1,2,3,...,n} azgniden 1o
° J o ' 1w o J
TIUINVOIINIABSAIBEIN X' M0 s wazTuIuuesnnaestoyalugadoya X fio n 5oz

U

1 (Z 1 Jd 1 ’é o 3/ o v
sznIdeyadieganaznmesarnimiinnaua lusom szgndanudionis14n153a

Y
o g

] anl 1 4 A a SR [} Y o
TEYSNNUNY N AUYAIFIUIA raadseain i NUNNN0S0291IHUN mi(t) @Qiﬂﬁﬂ‘ﬂ

P D) ~ & P Y o &£ Y o= . .
nnwesniloudn xH() nga AUUNNANDITDINUINUN M (t) BI91909 Best-Matching Unit

(BMU) (Siripanadorn, el at., 2010a; 2010b)
”x“(t) —m.(t) ||= arg rr\;i,nllx”(t) - ml-(t)” (2.5)
L
A A a . 4} .
140 || ” A9IZYTNNLVVYAAA (Euclidian distance)

a 4 @ v v ) o 4
ﬁnm@iﬁ!cﬁaﬂﬂi$ﬁ1ﬂ I YNONAN TAgranmMIoNANUeg SOM A TUNNABT

d’aqﬁmﬁﬂmmmaﬁﬂimm i (Siripanadorn, el at., 2010a; 2010b)
m;(t + 1) = my(©) + nehe (@ O [xH () — my(0)] (2.6)

4 Y] ?:) 4 @ . P 4
e ¢ AeayTinse x# (t) Avnnmestloud nAvdasimsisoui h.(i, t)AeWendunoutiu
@ A <& J A A ) ! . ) ~ o ]
Y9I0aNDITNN WINFUM T HFIUINOUUIU (Gaussian neighborhood function) 1/I€J1ilgﬂu13ﬂcl°11

(Siripanadorn, el at., 2010a; 2010b) 1&un

||Tc(t)—Ti(t)I|2]

202(t) 2.7)

h.(i,t) = exp [—
A A o v < . 1 o v 2 A v A
W 7;(t) wag 7.(t) AomurUIvBusaalszaIn i 1azAIMBU ¢ AUAIAY Hazo? ADTANVDY

'
%

A Yy A A . a = Y A Y a o '
FUINDUDIUNLIAN ZTGIEJ‘VI hc(l, t) HYTUDIAITUNINUDIUNDUUTU Tﬂﬂuﬂlmmﬂ‘fgﬂmﬁ

Da

=¢

N
849 lim h.(i,t) = Ouaz limn.(i,t) = 0 #1M5U8ane3Nu convergence (Siripanadorn, el
t—oo t—oo

at., 2010a; 2010b)
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23 asdudadeya
<3 <3 [
23.1  msudasn@auuuyiuig
< 3 ] . A
nsulasnn@auuuauyie (Discrete Wavelet Transform 1139 DWT) n19

a oA o Yo A
Ll,ﬂaQVINﬂmﬁﬁ1ﬁﬁ§VILLEJﬂﬁﬂJﬂlu1m RY mﬂum@mﬁmam (fine-scale information) 1390 11%®

u

[

r'd v
duisz@nsireaziden (detail coefficients) 1LY 0YANNANO1Y (rough-scale information) N391
4' 1 [ a QQ' . . 9y A (% dyd o
Ture arduilsz@nsn15Useuia (approximate coefficients) Y9AVDINANNITHAD NMTUUTUO
ﬁ’wmmamﬁﬂﬂﬁwmﬂﬁm& (multi-resolution representation) uazﬂmﬁuﬂ’ﬁmﬁﬁﬁmamq
H Y 9
anuduaznawesdyana Tasdnanisiganainsauainsonay llasdulmildlddens
1w a £ o o 1 .. . °
I¥adudseansms sy (low-pass-cut off decomposition coefficients) 14130V 1AD
'd 1
NNANANYTZANTMITUUNTEAVNAN (middle-level decomposition coefficients) GRIIVGERE
A a a 1 dy a o
ﬂﬂ‘Wi]'l'iﬂ!'lL’iJ‘Ll ﬂluiUu'lﬂ!i‘]Jﬂ’JuWiﬂﬂ’ﬂiJWﬂ‘]Jﬂﬁ ﬁllﬂ'li@]’f]ulﬂuﬂ‘ﬁ‘]JWﬂﬂWiﬂ'lu'Jmsl,uﬂ5$‘]J'J‘Llﬂ15

1INLIIVUBI DWT (Siripanadorn, el at., 2010a; 2010b)

alT () = Xy ho(n = 2/)al™ " (f) (2.8)

A2 (0) = Zn go(n — 21)a?"" (f) (2.9)

DWT

o 2 g
demduilszansamansy (Wie Anlszaunm) aPVT gasamdndaeiu ek, tazg, iy

S @ 3 Ex o w o . .
WansunaavasWansuana (scaling function) 91WAAY »n Aodviainanal (time scaling

. A o oA 1 A ) . 9 o ] v .1
index) fADAYUNITUUAIAINIIANUD (frequency translation index) FIMTUNINIAATZAD | AN
dutlsz@nsantae gﬂammﬂmmﬂz N3 mumiu%uﬂﬂ Ajt1 ﬂiwmamwmu Tasuen

7 '
TRodlumavesennaiia viedulszansuuvaziden dPT naziampanevesduilizans

wuuAlszana aly’ (Siripanadomn, el at., 2010a; 2010b)

Y
DWT finnuamnsalumsinsiananuazideallangosuosganainsqaunun
[ a Q‘fo [ Z’, dy [ o a Y k) ] = Aa A
Fulszansardusu vonantl DWT Saauisomuiauuunansudu ldegadilszansam

2 A o w [] A v A W 9 v
G]Nllﬂ')’lllﬁ’]ﬂﬂ]ﬂ@EI'NENGI,Hﬂ’lﬁiﬂuﬂﬂﬂﬂj@m@yamu’l@iﬂﬂ]ﬂ
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o (%4

Y
2.4 YavaamriiunIInaasy

[

a Ay o a I ~ 1 A a a
MIIVGUNUNANVHANA DN Y 3 ﬂﬁ%m‘mlﬁﬂﬁﬁlugﬂ‘ﬂ 2.3 nanfo ANURAYNA

=

S
NTYYIUIUNIY (noise faults) AVHAUNATLoLTY (short faults) HazANUAAUNAA

Y
=1

(constant faults) (Sharma, el at., 2010) ANNAALUNANINFYAIUTUNIUABANUAALNATIAATU
A 1 9 <3 P dy U J o @ ]
AN 5159UV8INITOUTOYAVRUF U DI NGIVULALAIHANTENUABTIUIUAIDYI
1 A . a a g’/ A = 1 49! P Ao
ABIHBA (successive samples) ANUAANNATZEzTUABMIAEULaDUNIgIVUVRIAINIA
9 1 9 d' 1 d‘ 1 J % 1 d' é a a d‘d
1dsznindoyanaoiiiowazdinansznuaoal9d 9Nl AnuAalnansnfsaw
AalnATNNAINAIAINTIUIUNINUDINTTUAIOI UV LADIHDI

ao & R v o ¢ v Ay v v Y a
m'iaﬁlﬂu%“l“lmWﬂﬂmummummiwmgazcgﬂm@u“am"lmmmiammy‘aﬁ]’N Tﬂﬂ‘lﬁ]

q U

9 Ay v v 9 a o 9 a Aa A Y 9
Foyanlavinmsiadeyasse 3 gavzgminnldlunisisziivlszansnmw 1dun gadoya
INTEL (The INTEL Lab, Online, 2004) %@ ﬂallﬁlll“a SensorScope (The SensorScope Lausanne Urban
Canopy Experiment Project: LUCE, Online, 2006) Ll @ & 9 @ i) ¥ a NAMOS (Network Aquatic

Microbial Observing System, Online, 2006)
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14 h | L L L L L L ' o L L L L L L L L L
0 a0 100 10 200 A0 300 3480 400 450 A00 u] 000 2000 3000 4000 A000  BO00 7000 8000 9000 10000

M) (v)

2500 T T T
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000 - q

00 - B

0
i) 1007 2000 0o 4000 000 5000

(A1)

a a a J 9 < J
5‘1]7] 2.3 mmNﬂﬂﬂ@lslum’imuﬂlﬂyjaﬁummumai
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9 A
24.1  doyaiunninmsdunsiz
Foyafiinann13dans 1z (synthetic data) gnad1adunnMsHaNiusEHI
J ' 1 1
MIUINLAIUUIAFIFOU (Gaussian distributions) #28ANA1HGUIIN (0.3, 0.35, 0.45) Az
{ 2 o < 4
Weuuumasgiu 0.03 TaeldTiUsunsy MATLAB Yoyavzgnadsinldnn Tnuadsumes 15
o wa ¥ ) ) =
# nazaaauianeaosuesnnmoidoya 10sdadeniaTnuaFumes foyafisusinldse
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3.3.1 Principal Component Analysis (PCA)
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< I~} 1
332 msudasnvi@anuuyiig
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DWT

Y Y g
demdulszansmnano (e alse wa) a?WT gnsadidreiu daehy nazg, Fuily
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’ﬁiJ’]JiZfﬁ/l‘ﬁ AaNnD Fl] gﬂﬁﬂﬂll.!'lﬂa\‘l@ﬂ‘c’lZ N3 “]J’J‘L!ﬂTiu*ﬂ LLEgn a]+1 ATINUIDY N1 Iﬂﬁlllﬁlﬂ

4 '
TRodlumnvessnaiia wiedulszinsnuuazidon dy T uazaainaneuvesduilizans

wuualszana aly’

[

9 @ ~ v 9 9 ] = A
FIMIUNITUUVDAUDY A DWT 3CaAUUIAUDIVIYAAINTIV U Tuvmengang

Y9V9 KPIs Ivinamuan DWT lanuawisalumsidisiannuazideailandesvoya

a

4 9 Y
nmmmﬂ‘umauﬂsmm MAVYYU UoNINT DWT fNﬂdJ‘ﬂ’JﬁJﬁHﬂiﬂﬁ1u3ulﬁJDL’JaWLGNLESTJH

9w ]

Y ~ Aa a o A A v A o 9 1 1 <
ll@'f]fl’l\‘]llﬂi$ﬂ‘ﬂ‘ﬁﬂ’]w G]Nllﬂ')’lllﬁ"]ﬂﬂ]@fl’]\?fl\?cluﬂ'ﬁiﬂllaﬂﬂﬂj@mﬂyaﬂlu’l@iﬁﬂg fJEJNUliﬂGIm

o

A Yas o Y ) a 4 [} <3 9 A [
DWT ﬂi%?‘ﬁﬂ?iﬂﬂuilg%uﬁ@ﬂﬂTiﬂTiﬂTU’JmTI"Nﬂﬂ!@]ﬁ"lﬁ@]iﬁ“IJ'JEJﬂTiLﬂ‘]JGU’EJﬁ;l‘ﬁTHJ"Iﬂﬂ'N

LWT (Achaya, et al., 2006)
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3.3.3 Lifting Wavelet Transform (LWT)
) I ~ A
LWT gnuuauaiuganaeaveadvian (Sweldens, 1998) LWT Tunoa
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