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54910167: MAJOR: INFORMATION TECHNOLOGY; M.Sc. (INFORMATION
TECHNOLOGY)
KEYWORD: APPLIANCE CLASSIFICATION/ WIRELESS SENSOR NETWORK/ DATA
MINING/ DECISION TREE
WORACHET BUASUWARN: DECISION-TREE BASED APPLIANCE
CLASSIFICATION VIA WIRELESS SENSOR NETWORK FOR ENERGY SAVING. THESIS

ADVISOR: NUTTHANON LEELATRAKUL, PH.D., 113 P. 2013.

This research presents a system for appliance classification by analyzing each
appliance’s electricity usage. To measure actual electrical power consumed by each device, we
designed sensor circuits, each of which is deployed inside each power outlet. The measured data
are sent to a centralized system via a wireless sensor network. The system uses the data to classify
a type of each appliance connected to each of the outlet aiming to save energy.

Since this research is to be detecting electrical usage at each outlet (instead of at the
main circuit), the system can be developed further to help identifying the abnormal operation of
each electrical appliance, and to automatically recognize the device. As a result, it could provide
the energy savings without affecting users’ normal behaviors.

The test result from 40 electric devices show 1) standard deviation of measured
electrical current is an important metric for deriving efficient classification rules, and 2) the
proposed system can classify appliances correctly with 5.73% error if a decision tree derived by
C4.5 is applied

This thesis has been published and presented at The 9th National Conference on
Computing and Information Technology (NCCIT2013) with the subject “Appliance Classification
to Monitor Power Consumption with Wireless Sensor Network for Saving Energy” and this

research was supported by research grants of the faculty of informatics, Burapha University.
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mmﬁsﬁmé’fﬂ!ﬂ%ﬂhmiuwa%"l%'mﬂ Wireless Sensor Network (WSN)

G a3sel s otduimed1as Wireless Sensor Network (WSN)
Tumsoansuiasgiu IEEE 802.15.4 (Zigbee) Fuiisudparinisinyideyaieninldly
NUITBAIN Zigbee and Xbee BASIC, The comparison of Wi-Fi Bluetooth and ZigBee
(http://www.sena.com/blog/?p=359), ZigBee Software Architecture(http:/www.jennic.com/-
elearning/zigbee/files/html/module3/module3-4.htm), Hands-On ZigBee: Implementing 802.15.4
with Microcontrollers (Fred Eady, 2007) 8¢ XBee Datasheet LﬁaﬁJummixﬁmé’fﬁlumi
T uazdsfinunisii Zigbee ulszgndlFniuszuuduy Tueldee Taold Zigbee Security
Automation with Zigbee U84 nansal N?‘fﬁﬁﬂzm‘%,agﬁ AU (http://www.vcharkarn.com/-

. . Yy & y g @ 1 ¢
project/view/386) 9nAY Failsznoumedoyaiuazidn aase il

WINSFGIUM3 TS Zighee (IEEE 802.15.4)
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WPAN) 19 5995Un159119141/521AN Low Data Rate 14ag Long Battery Life &uilugilnsal
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Sensor iNEITRIRUAUMIUNNS gaeMnssu uazmsSnuanulaoasy
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A15199 2 GTIUAMUDUBY Zigbee

EUANNE | Yesdmygna | dmmiuasdiaya

2.4 GHz 16 Channels 250 Kbps

915 GHz 10 Channels 40 Kbps

868 GHz 1 Channel 20 Kbps
868MHz/ Channel 0 Channels 1-10
915MHz " F
PHY T

'. . 3 . .
] K .'”'1 : ?:‘|'il ru":ﬁ..

2.4 GHz
PHY

JEGH

18

o

AR LT

Channels 11-26 - oo Shz

SRR RRRNRRERERRED

AT 18 61UANUDVD Zigbee (81989 Zigbee/[EEE 802.15.4 Summary [8])

Taeaud 2.4-2.4835 GHz awiseldauldnalan uazanud 868-870 MHz

ﬂg‘ { o a o
ung 902-928 MHz 1F1uld lunufvesensnunile, gls, eodasife uaziizduaud Tae
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a1519% 3 MmaFeudenluinesgiumaluladmsdoas iaw

Zigbee Wi-Fi Bluetooth
Range 10-100 meters 50-100 meters 10 — 100 meters
Networking Topology Ad-hoc, peer to peer, | Point to hub Ad-hoc, very smali
star, or mesh networks
Operating Frequency 868 MHz (Europe) 24 and 5 GHz 2.4 GHz

900-928 MHz (NA),
2.4 GHz (worldwide)

Complexity (Device and | Low High High

application impact)

Power Consumption Very low (low power | High Medium

(Battery option and life) | is a design goal)

Security 128 AES plus 64 and 128 bit
application layer encryption
security

Typical Applications Industrial control and | Wireless LAN Wireless
monitoring, sensor connectivity, connectivity
networks, building broadband Internet between devices
automation, home access such as phones,
control and PDA, laptops,
automation, toys, headsets
games

) 1 A 5 < 1 a4 v w
Zigbee U 1981UAMNA 2.4 GHz FuilUe 1R INUND Bluetooth 130 Wireless

1 [ v = Xa g 1 v o w v
LAN Fosdaanaioiuanud 2.4 GHz Hideniuiludululnsnd vandragvesdluTasnw
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#25uNUAIES (Line of Sight) 399z Iam1dedegege dmsuddedevesdil XBee ju Pro 314
e Wi 50-60 Tadiad uazsudedoyaldlnads 1.5 Alawns oy Line of Sight windl
4 a YR a S o o Y Yy &
fafavaeszozmsiudeazanas 51 XBee Mlunvududagindonld seliceormeluds 2
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Inssaeveslnilnnon Zigbee

1. Application layer ﬁJu%’uﬁﬁdaumeﬂﬁuﬂﬂmamwé {3811 Application
framework 108§} Zigbee Device Object (ZDO) Vnthfilumssanis lumshd s 1damly
“l?ﬂ‘llm Application layer

2. Application support sub-layer ﬁ1ﬁﬁ1ﬁ1um’iﬁ $ralsuaes Application layer
ua:'ﬁmﬁ’wﬁ‘lumﬁudaﬂ’f@y‘amuﬁaﬂﬁ%‘"ﬂmsﬁ'msshm fiRerdoay Application layer

3. Network layer ¥1111551711911n15 routing foyanindumelalsadarenisiion
agneTunIeveReIny Wiemanseusny

Application i
. Level

Application
Object 1

Application
Object 240

- - - Application Support Sub-layer (APS) :
ZigBee ZD0
Stack Level Management
Plane

Network (NWK) Layer

PhysicallData [
Link Level

2NN 19 Zigbee Protocol [9]

a ¢
¥iavedainsal Zigbee [10]
og 2 yHaAwanalumsan 4
. . = aa A 1Y
1. Full Function Device: FFD 1il1 Router Miludonaralumsasdoyaain
oS Y w . o o o A 1
gilnsaidu 9 19waaam91n power line ¥11911 181U Topology uazamsahidiugaeuse
2. Reduced Function Device: RFD mu1zunmseunsnielumioie 14
M A ' ' 9 A Y o W Y A 1 ad
waUIINLLAMes Limuisogieneateyaningilnssiouald hlddeluaSedeiiily

WYY star
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A15199 4 ¥HAYDY Zigbee

Device Type Services Typical Power Typical Receiver
Offered Source Configuration
Full Function Device (FFD) Most or all Mains On when Idle
Reduced Function Device (RFD) Limited Battery Off when Idle

3 d
niNvegnses Zigbee [11]
1 Y A R <] [ ~ Y A
AsoutaniNves Zigbee aaniilu 3 Uszinnaauaasluaisieil s wihfives
Zigbee Ao
. . <3 a A 1w ° Y A v a Y
1. Zigbee Coordinators i ugailszeuieudany shuihlumssanudoya
Tuinsevre¥ou loaunI9418521219 End device A1 Router ¥138 Coordinator N1l Coordinator
H 1 1 L} %’ -7
#1281 W3 BCoordinator A1l Router 111 UA address 1911 device fiaguaunsavieluldanu
Y A . Y 2 A Yo
QUATAN15i389A13 Routing tduN19 Fuieudnu FFD
. o Y Ao Y 9 A v ]
2. Zigbee Routers ¥vthinsan1sidunussdonnuiideiiunelulaseiie
T .I é P} 9
szranegued Inua laq Fuiien ldny FFD
g iy ' g o
3. Zigbee End Devices 111 Tnuafiogludiuvesdldan dlugilnsaidalonmaga
: @ w { { [ ° o =
Favz 195 ud 121910 Sensor NUaten1e Taed ldnwdsarud lumsiem Tasausaidu’la

¥ 3 1o Hq @
N3 RFD g FFD 9488N1 sensor ‘Vl‘]f]f

] v A .
MITNN S UUINVDY Zigbee

Zigbee Protocol Device IEEE Device Type Typical Function

Coordinator FFD One per network Forms the network, allocates

network address, holds binding table.

Router FFD Optional, Extends the physical range of the
network, Allows more nodes to join the network.
May also perform monitoring and/or control

functions.

End FFD or RFD Performs monitoring and/or control functions
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msilszgnalday Zigbee
1 k) 1 = ' A
utuenauilszinnvesdoyainies Jeg 3 LuU Ao
;Y . . Y =1 v [ v
1. Uayauuy Periodic Yoyaiiluaiauia Tusunsuauisanluguensiniseds
[y v e by d 9 o 9 9 rA ‘ Yo W 4
uazdInsIudygunszqu Wadoyauazihlddeyn lundenlna lddwsvmuyeduas
o 4
Ninos
v . . 3w et 1o Y A o Y '
2. UeyauUY intermittent (HudanyueNUMITIRIUToYADUNS 1Y 13U
a3ad vl
-4 . e Y 4 g Y
3. Uayalllll Repetitive low latency ¥ uarundoanis latency Ha#° Taons
fomsaz1di5vaassvourn uazaseldna lnuuy GTS esuilsziuganinaesns

135 1 e wu and 13

mawendeilulassneveaunsetvendiuses1Zare (Network Topology) [7]
Mnua TaonInsg M Zighee amsaadeszuuniovinld 3 suluuy Ao
1. 4WUUA? (Star Topology) MII¥OUADLLUATI (Star) (MiBUNTAOUADLLY
1 £ ) [y v [ 4 ' o
13991837 (Piconet) dmiunsotougys awweaaslugl Tasmsfemsssningilnsal
=] o o ] 4 .
e’ 13 a1oa13nvih le laur1ugilnsel Personal Area Network (PAN) Coordinator %139
Gateway Node
2. UIUSEAULAED (Peer-to-Peer Topology) N151H0uABNULITEALIAYT (Peer-to-
< 4 3 4 v Y 4 Y
Peer) (Hunsioudaniiiovesrn Inssinaliniesn 11 duwaasluzyl Taslumsiendein
Y . & A ' Vo ¢ o @t ] .
A9 PAN Coordinator “NL"H@Nﬂ’E'J’EJgﬂ“ﬂ’e’;ﬂﬂiml"lfm"lf’f]iﬂim’lmﬁmﬁﬂLml (Full-Function
. Y . o o 4 e
Device) 1Un151U&UNIT (Routing) uazgilnsaliguwasuuuiiinnuainisoanad (Reduced-
. . A Y L) d A a & 2 ol
Function Device) dzt¥oudenugilnsaiflinnuanisaiaudniinils  ginsalnd
S - ' Yo o A g oA A Y o A
anvasaauiou 1dnuglnsalugysuuy Master NlinvNFounnAU Master 42919
A Y a A 1 A ]
e ldinamIouen lngau
3. Ul Cluster tree Topology Tun15e¥1952 VY Cluster tree PAN Coordinator 9%
s = - ' . < L4
T¥aouilu Cluster 15n38NI1 Cluster Head (CLH) 410¢ Cluster Identifier (CID) (Hugud

[ %’; o . [ . @ 4
NR991NUUYIIN5100N PAN Identifier HAZINIG Broadcasting Beacon Frame "lﬂmqﬂﬂim

P}

4 < o o o v { ¥ o [
fhafios nazilogilnsaidadu 185Nz de Request 117 CLH 91011y CLH hinsveniuuaz

A A o . 3 1 . 4 o ' A A
iuFogilnsallu Neighbor List wuiilugniie (child) lusmziginsaindunlnizinie



hinneaya UM Inenaeysm

rﬂ.nﬁuqm 8.4i04 2.%03)3 20131 23

o & . . 1o LR ar Y g, T @ C4
CLH ¢711 14 Neighbor List 311]1i1418 (parent) #83310UUAYINTHS Beacon 1l6agilnsel
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’ Zigbee Coordinator (FFD) /C)
‘ Zigbee Router (FFD) ‘ O
C) Zigbee End Device (RFD or FFD) \(
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<« Star Link
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MIMBUAAIAIUBY Xbee AT15unsH X-CTU

X-CTU fhu T sunsudildlumsaaaiinseues Xbee Tnoausadmualdvas
861991 TMuAN13¥1197% PAN (Personal Area Network) 11/ud uazdaaunsal#iily Serial
Terminal I8 3nveanansaldlisunsuiiMenaseuszoema (Range Test) N155U-d9909 Xbee
1&5nd0 Ta Interface vasT1l5un30 X-CTU (9 wfi 21) swsamniTnan X-CTU 187

http://www.digi.com
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v SR -~ e (o0 covsix o R - - =
H .’.'.:i_.-: Parameter Prcfile Remote Cenfiguration...  Versions... : ‘ioder Parameter  Profile  Remote Cenfiguraticn...  Versions... i
N PC Setiings | Range Test | Termina! ModemCorﬁguralionl 3 | PC Settings | Range Test | Terminal ModemConﬁgu!ann|
| Modem Paiameter and Fismware PaiameterView | Profle , Versions - J i| Modem Parameter and Fimware Pa(ame{e,\ﬁgw\ Piofle - - - Versions- —- -
| Read } Witte J Heslmef‘ Cleas Screen | ,* Save ‘ . Download new | | Read ‘ . | Heslole| ClealScleen|‘ Save [{ Dawnloadnew
| T b dse e Sonbdods] lowd ] | Yo |||} 7 AvysUpdne e, Shonbolads] | “Losd ][} _ vesore |
' Modem XBEE _ Function Set ersion | || viogeme T Famtemsel T mion
|x32423 J | ZIGBEE COORDINATOR AT | [20a7 ] ,| I -
33 -1 )
" H 100D -PAN D D X09-019 -
£ (FFFF)SC - Scan Chanmels 1A zarcos
£ 13150 - Scan Dualion =5 a2
B (0)Z5 - ZigBee Stack Prolde ’ l, XB24-8 iz
" B [FF) 4 - Node Join Time [ XB24C |
B [100) OP - Dperating PAN 1D i ¢
B (80901 - Operating 1664 PAN 1D | 82478
- B (17)CH - Operating Channe! I XBPOS-DP —_
B4 (A)NC - Numbes of Remaining Chidien | XBPOS-DM
' 2 2y Addiessing XBPOIDP
£ (124200) SH - Sericd Mumbes High gopoasst
B3 (403C1507) SL - Sesial Humber Low XBP24-8 i~

" [ O)MY - 16ba Metwork Addiess
B3 (0) OH - Dectination Address High
[3 (FFFF)DL - Destination Address Low

@ DEJHH - Masimum Hops
[~RUELE Broadca t Radius
B1 ER1AR . Menitr Nins Bneidn fraadese) Time

Change nelwoiking «elhngs

!
!
|
i
|
£ (MAXCOOR) M - Mode idertifier [

Press ‘Read 1o discovers an altoched modem of séfect the modem type above.

COMg~ " B7g008MAFLOWMONE 7" 0 & 7 7 Tl llcoMs is7e008H FLOWNONE T T

amii 21 Talsunsy X-CTU

dm3%u Xoee W1 Tuudaziuezd firmware i 1sunsunudaninnielssan G
L'immwﬂmﬂmm"lﬂiﬂtl”lﬂw Tab Modem Configuration 4t43na1J1 Read ¥1n1il1 Xbee Pro
Series 1 1313% Gl’fNLﬁ’Oﬂ firmware version ‘Vlsl‘b"i’nJﬂ‘u fo 1081 , 1082 , 1083 ,1084 , .... “-?N
firmware 1gAEgn set 17 Tnoda Tuild (mideyafos fimware 19 uudaziu 1don
www.digi.com #3091 Datasheet ) ¥nifion Xbee jUT35UA1 (14 Pro) 3zdoudion group
XB24axccx Sudulal dau §udendu Pro 11 doufion XBP2axax 151 Tuusaz series 1y

seaathe limiloudu i series2 ZB 3iilu XB24-ZB

aNSisInUsEuUaNeInadefis Embeded System (Arduino)
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@ Production | Arduino 0.1

File Edit Sketch Tools Help

4 Production

#include "SoftwareSerial.h'
Finclude "Statistic.h”
Finclude "EnonLib.h"

E EnergyMonitor emonl:

| softwareserial mySerial(3, 2); ¢/ K<, T-
Statistic elecStats;

conzt int currentPin = 0; // Analog A3
int i;

void setup(void)
{
Serial.begin(9600);
mySerial.begin(9600) 2
analogReference (EXTERNAL) ; |
emonl.current{currentPin, 15); /¢ Currznt: input pin, calibrarion. For S0T-013-030 Cur Consr= Rat|
// ewnonl.currenti3, 29): // Current: input pin, calibration, For %CT-012-230 Cur Conste Pacm/surc%
i=0; |
Serial.praintin{”"):
mySerial.princin(”");
Serial.printin(”,,I,HIN,NAX,HEAN,AYG,DEV, IRNS,") ;
nySerial.princln(*,,I,NMIN,HAX, NEAN,AVG,DEV, IRNS, )
elecStats.clear{); //=uplicirly srarc clean

}

«wo1d loop (void)
{
elecStats.add(z2nalngRead(currentPiny);
// Show Qurpur
it (elecStats.count() == 4000)
{
i=14L;
doubls Irms = emonl.calclzms(1480); // Calculate Iruz only
/7 -- Berial vo Couputer --//
Serial.printc(“#,”):
Serial.pranc{i):
Serial.princ(”,”):

— ]

Arduino Leonardo on COM14

7w 23 mMsnan TdsunsuTasldia509iie Arduino IDE
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A 1 [~ £y A o ] 1 a
FoMIUVUBYNTY 184 FIUYD4 loop() (Hlu InaTilsunsunhaiu wu ewdune dszutowa
<& o ' ° v A g w Yy A At o
AU NA 404 TagaaumnuamiEauauay Awlls azdeudsunauilvesllsunsy
t =R W XY g’; o 9 0 R R w a da =y o ] w A ¢ o 9
ABUTIRININTU UBNINUUEIADIAITHITIAINUAWEAN WU Inal vasdulsuasvodensuld

Qﬂ#’l’ BN (ﬁﬂwﬁ’agmﬁmﬁﬂﬁ’ i http://arduino.cc/en/Tutorial)
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Sampling rate Lﬂuﬂ‘%mmﬁuﬂ%zgﬂ‘l%ﬂu Analog to Digital Conversion %9

o3| o T a { 1 o3| .. ) [y
Sampling rate 11U 1HIUYBIIAIADIUINNTQY Y Analog gnitlaeinily Digital Code d11151

AuauLAYDI Analog to Digital Conversion A171118e¥1gAUDA Sampling rate VA UTlUaDUI
~ 9 cg’ Y]

¢=‘ 4 A : = = o . .
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rate £ Sampling frequency Yeonaeuivainnud Analog ﬁq&ﬁQﬂ HGL Aliasing error

@ A

13 o ~ ~ ¥ i Qs
YU Aliasing error i]zm“lﬁ’mﬂmmNmﬁaummmmﬁqwmﬁmmm 1H99910A7 Spectral YD

gy

os = . & .. [ o A 1
Feyau1uign Sampling &9 Aliasing error (Huil51ngnisal ATaungu1n duilsznavves

vt
A a Qo

ANUANNAUUINT YY1 Sampling WPAABALNINAINANLD UBITYUAIUNITYN Sampling

v
a

a 4 .. Y Y < . a g . .
11T INITANITHANAYN Aliasing  error Ulﬂiﬂﬂﬂ’liﬂl‘ﬁﬂ’ﬂllﬂ Sampling NUBENI 2 (N1UBY

Analog frequency f (1} f qa (N 7 24)

A s(t)

AT l || .

A 24 BATINTTTUAIBEN

amdidesduntnsainsoTanszuanlih (acs712 30a)

ACS712 Current Sensor Carrier £30A (i1 Sensor as293anssuald 1c wes Acs712
Saldanszualsl DC waz AC annsasanszuaiilvald 2 fisna Rasunnuazaiay 48
4170 30A (230A) 1¥iA1 Output 1§14 Analog Voltage 66 mV/A 1audl Center 11 2.5V (ifin
typical error o1 1.5%) mhfidudasesudyanalitulylnsaouInsaneid
ansginsansunszualuihildluandsuilidlu 1c wed Acs712 $el$wdnmsves Hal
effect sensor Tumsnsrosunszua i Wesalwnszuaady ouput 7il§ooninazily vac
fi3seyun 2.5V DC H99219 Controller  Tumis asavduar vac #ilduduasnduidlud

aszua Wi ndald
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2 25 gulnssinsadunszuatiii (Current Sensor) Ju ACS712

o A
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aw gs}nw oo £y 3/ 3 2 o & 3 A 9 o
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1A9 Arduino 1M FUNATRUMLABIgUnIaldaNInTgIU

#include "SoftwareSerial.h"
#include "EmonLib.h"

EnergyMonitor emonl;

SoftwareSerial mySerial(3, 2); // RX, TX

Statistic elecStats;

const int currentPin = 0; // Analog AQ

int i;

void setup(void)

{
mySerial.begin(9600);
analogReference(EXTERNAL);

emonl.current(currentPin, 15); // <-- Adjust Value

}

void loop(void)
{
double Irms = emonl].calcIrms(1480); // Calculate Irms only
// -- Serial to Xbee --//
mySerial.print("IRMS =");
mySerial.printin(Irms, 2);

// -- Clear Stat --//
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A15199 9 1AA Arduino §1M51U9ITATIITUNAT

71

1A Arduino §IMSUNITATIVIVAAES

#include "SoftwareSerial.h"
#include "Statistic.h”
#include "EmonLib.h"

EnergyMonitor emonl;

SoftwareSerial mySerial(3, 2); / RX, TX

Statistic elecStats;

const int currentPin = 0; // Analog A0

nt i;

void setup(void)

{
mySerial.begin(9600);
analogReference(EXTERNALY),

emon|.current(currentPin, 15);

// Current: input pin, calibration. For SCT-013-030 Cur Const= Ratio/BurdenR. 1800/62 = 29,

i=0;

mySerial.println("");

mySerial.println(",, LMIN,MAX, MEAN,AVG,DEV ,IRMS,");

elecStats.clear(); //explicitly start clean

void loop(void)
{

elecStats.add(analogRead(currentPin)); // keep current data

/I Show Qutput
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if (elecStats.count() == 4000)

{
i=i+1;
double Irms = emon].calclrms(1480); // Calculate Irms only

/[ -- Serial to Xbee ~-//

mySerial.print("#,");
mySerial.print(i);
mySerial.print(",");
mySerial.print(elecStats.minimum(),0);
mySerial.print(",");
mySerial.print(elecStats.maximum(),0);
mySerial.print(",");
my Serial.print((elecStats. maximum()+elecStats.minimum())/2, 2);
mySerial.print(",");
mySerial.print(elecStats.average(), 4);
mySerial.print(",");
mySerial.print(elecStats.pop_stdev(), 4);
mySerial.print(",");
mySerial.print(Irms, 2);
mySerial.printIn(",");
/[ -- Clear Stat --//

elecStats.clear();
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deunuLIATFIY (Standard Deviation) YDA 4000 A1NID W lawanginsainsrndanseud

¥ H ¥
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)
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4 a S ) A
1. dotla TilsunsuumdrdouaonlWdndeenisaztiudin uaziden Serial Port 1
({@8UAR21/5 281U (Coordinator) 1102IYUA Baud Rate 1¥AT4azNATjY Open Port

o LY a t4 . @ g P
Tsunsuazsihinissudeyanaawnnngnsaidaienis (End Device) 1iufinasInd (nwd 74)

: Manage Senal Port Selection N r "j|
[ s Diveta fanse ) Compot: comie v, Baudale: §7600 ;[ Openpot || B P
i; Read Data I}JY\, |')\§,»\ ’ A v !
| L) &) W

~ ¥ 4 @ Cs R
i 74 msasa Isunsuewouiudoyaangnsaialenie (End Device)

4 o 1A G4 .
2. e Tsunsuvirnunndanaingnssitatenis (End Device) azuaaswalu
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@7UUDY Read Data ttazyinmatiuiinad lWd (awh 75)
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L
Baudmte: S7I7 Ext
| Read Data

i,
I
|
2013/05/15 4:33:19 PM.7.314.509,511,510.00,510.1805.0.3561.0.73, !
2012/05/15 £:23:20 PM.%.215.505.511,510.00.510.1875.0.33 i
2012/05/12 4:32:21 PI1.=.316.509.511.510.00.510.1558,0.4012.0.03.
2012/05/19 £:33:23 P11.%.317.505.512,510.80.510.1795,0.3565.0.03,
2013705719 4:32:24 PIM.2.318.509.511.510.00.510,1713.0.28285.0.03.
2012/05/15 £:33:25 PIM.2.319.505.511,510.00.510.15£0.0.4035.0.03.
2013/05/19 4:33:27 PI.5.32(.505.511.510.00.510.1772.6.285C.0.03.
2013/08/19 £:32:28 P11.%.321,505.511.510.00.510.1763.0.3835.0.03.

Manage Serial Port Selection
Save: 0:\da.~‘a;fNan.bd B D Compot: L

i
[
2013705719 4:33:31 P10.2.223.505,511.510.00.510.1913.0.4058.0.03,
3:32 PIN.%,324.509,511.510.00.510.1763.0.3501.0.03.
2012/05/18 4:32:35 P14,=,326,809.511,510.00.510.1802,0.38€5.C. 03,
2012/05/1% £:23:25 PIM.5,327,509,511,510.C0,510.1620,0.2283,0.03,
Z012/05/1% 4:33:37 P11, 328,505.511.510.00.510.1773.0.3516.0.03.
2012/05/19 4:33:39 PM,%.323,509,511,510.00.510.1785.0.352E.0.03,
2012/05/15 £:23:40 P14.%2,320.509,511.510.00.510.1215,0.3857.D.03,
2012/05/19 4:32:41 PM.%.331,505,511,510.00,510.1838,0.3522.0.03,
2012/05/18 4:33:42 PI1.7.332,505.511.510.00.510.1855.0.3585.0.02.
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& y =% s g ~ 4 4 gy P=% =N 4 & Gy =%
1 71913 2 wi wasnniu naadaiwes 2 191390 2 Wil uaznaaimwes 3 7191380 2 widi au
ASUNATOIUE UaznA1jY Close Port
o 1 4 o a ¢ °
4. &N 1dvzaglugaluny Text File sio1h1 114 lunmsnszimsduunlsenan

aa'll (mMwii 76)
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Fle Edit Farmat View Help

l:m 3,05:19 4:33:19 PALZ,314,509,511,510.00,510.1805,0.3961,0.03,
2012 05719 3:33:20 PAL=,315,509,511,510.00,510,1875,0.3995,0.03,
2013-05/19 £:33:21 PAL=,516,509,511.510.00,510.1958,0.1015,0.03,
2013.05/19 4:33:23 PAL=,317,509,512,510.50,510,1795,0.3966,0.03,
2013:05-19 $:33:23 PML=318,509.511,510.00,510.1715,0.3885,0.03,

2013:05719 4:33:25 PAL=,319,509,511,510.00,510.1940,0.4036,0.03,

2013.05/19 4:33:27 PAL,=.320,509,511,510.00,510.1773,0.3890,0.03,

20130519 4:33:28 PAL=,321,509,511,510.00,510.1763,0.3895,0.03,
2013/05:19 4:33:29 PAL%,522.509,511,510.00,510.1§25,0,3971,003,
2013,05 19 3:33:31 PAL=.323,509,511,510.00,510.1913,0.1058,0.03,
2013 05/19 4:33:32 PAL=,324,509.511,510.00,510.1763,0.3901,0.03,
2013.05-19 4:33:33 PAL=.325,509,511,510.00,510.1625,0.3861,0.05,

|| 2013-0519 4:33:35 PAL=,326,509,511.510.00,510.1802,0.3966,0.03,

2013.05719 4:33:36 PAL=.327.509,511.510.00,510.1620.0.3883,0.03,
2013-05/19 4:33:37 PAL=.325.509.511,510.00,510.1773.0.3916,0.03,
, 2013.05:19 $:33:39 PAL.=329,509.511,510.00,510.1785,0.5926.0.05.
2013:05/19 $:33:40 PAL=,530,509,511,510.00,510.1515.0.3957,0.035,
2013 05019 4:33:31 PAL%,331,509,511,510.00,510.1838,0.3924,0.03,

203 3.05¢19 £:33:32 PAL=.332,509,511,510.00,510.1§95,0,3959,0.03,

|| 2013.05:19 4:33:44 PAL=,333.509,511,510.00,510.1813,0.3936.0.03,
] 20130519 £:33:45 P11,=.351,509.511,510.00,510.1975,0.045,0.03,

=

4 { o
i 76 deyafinusiusanlugiuuy Text File

ginsalIvfhgnusiailu 2 S1wan fe galnsal IWih wuvaesaniue (Binary State)

t4 as {
uazginssiuuvaloanIue (Multiple States) A3A15199 11

{ o d =Y
A15199 11 dnyaens I9nuuazaauzvelnsaiuaazsiia

< [y v
gilnsas anwaclynu ADIUY
9

G ER AuTdIUIIY Binary State

4 o a A 1 .
WsesuIngvimd | aullaiausiuy Binary State

< A ° .
quu dlashaunaoaia1 | Binary State
waau AUNFIUTI Multiple States
GERRSIN AUNTIUT W Multiple States
TREL AUNTINTIW Binary State
wetluTasnd | Aalduazilaws Binary State

4 ) 4 a1 1 .
IA30IADNAAADS | AUTAIUT I Binary State
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U

v
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1w { {1 @ o @ A { v
sznovdie ariuiuaznaieiu sWagilnsal ussiafie1u arige Argega Aunde A
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Wesuuninsgu uazanszud IWihadald

a 9 = A 1 as L4 s Y
M19719N 12 GU'E'qullﬁVILﬂ'i’E'NLLllsU'IEJ'i‘l_INT%TﬂQﬂﬂﬁmﬁiﬁﬂﬁﬂqﬁﬁ'lﬁl

Date Time EQU | LINE | MIN | MAX | MEAN | AVG | SD | IRMS

2013/02/26 06:59:56 | #U1 1 509 | 510 | 509.50 | 509.54 | 0.50 | 0.04

2013/02/26 06:59:57 | #U1 2 509 | 511 | 510.00 | 509.55 | 0.50 | 0.04

2013/02/26 06:59:59 | #U1 3 509 | 511 | 510.00 | 509.53 | 0.50 | 0.04

2013/02/26 07:00:00 | #U1 4 508 | 511 | 509.50 | 509.53 | 0.50 | 0.04

2013/02/26 07:00:01 | #U1 5 509 | 511 | 510.00 | 509.54 | 0.50 | 0.04

2013/02/26 07:00:03 | #Ul 6 509 | 510 | 509.50 | 509.54 | 0.50 | 0.04

2013/02/26 07:00:04 | #U1 7 430 | 511 | 470.50 | 484.94 | 30.72 | 2.39

2013/02/26 07:00:05 | #U1 8 430 | 510 | 470.00 | 484.04 | 30.91 | 2.30

2013/02/26 07:00:06 | #U1 9 430 | 510 | 470.00 | 484.01 | 30.87 | 2.28

2013/02/26 07:00:08 | #U1 10 431 | 511 | 471.00 | 484.34 | 30.74 | 2.28

2013/02/26 07:00:09 | #U1 11 431 510 | 470.50 | 484.59 | 30.66 | 2.31

2013/02/26 07:00:10 | #U1 12 431 | 510 | 470.50 | 484.32 | 30.79 | 2.32
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Z = Y . 1 - ' Y 1
qluﬂ@l:lﬂ’lilﬂiﬂuqlﬂu“ﬂ (Data preparatlon) ﬂﬁJ‘uW%zﬁﬂﬂl‘lﬂ’gﬂizu’mmiﬁ"l

a

@ a A a ¢ 4 a o A I 2 A N 9/
ganesnuuaznsizn dusuasuididguintiownanduduasuitloudunadi iy

g

b4
IS

Aate Idiaenld Tdsunsy

U

v v
szuunselisunsulas T sunsui1dlunissiiauideluass
J 4 2 o J 4 o { Y ar v
Weka 1955U 3.6.2 Fuiluzendinidumsimiesdoyan lasumssonsunazunsvate
Y 4 T 4 g’l 1
mlanTagTilsunsuiuuiluay Fie) Aogluziluuungndos minuudsiunszuaumsiy
mMahmsuunilsnn
Y Y vy e .
msﬁsNTNmaswuuazmsaamaga (Building Models and Train Datasets) 013
= Y a . . 3 A YR Y o 9 o as
FouHUVAMIAIUAN (Supervised  Learning)  (Humsisauiaasaliyadoyadiniuns
~ 9 .. 2 A g’; 9 Ad a o 9 P [Y) <3
5oud (Training Data) Fefinsyadoyaniluduns uozio1aye gadoyadl ldu191nnIsIHY
b4 ]
sasamdoyail 63 lueglugiveuniesnalSoui (Machine Leaming Pattern)  1w5128914iT)
aa o . i o s g o = v ¥
AMAUENS 1A (Class attribute) MiluaavenaamzIuiluginsal TWdhete Tnu dsiulums

o

a Y A qu A4y Y ° Y
msamagmwa‘lwmau‘luﬂizmum'i‘nﬂﬁamwaﬁﬂﬂwmammmumsmuuﬂqjayamsm

= ¥ 2 Y A ° aa o Y ¥ A
mileadoya  Fedeadinisdivuaaaigueniion luaiuaigavssdoya (5031
t 2 a o o y § {
CLASS_STATE) Tawtisuen desiiagilnsel lui naz State vo9ginssl IWilniuq neuflaz
o ¥ N ° o Y o Y 1 9 A &£
hdeyarunszuumsswunsznanluadeda lu dredsdeyauaslu ais1en 13 Heaz

191451053 Weka Flunsoeilalunssuunisznnas li

m13e7 13 redistoyaildninmansiaiainan

Date Time EQU [ LINE | MIN | MAX | MEAN AVG SD IRMS CLASS_STATE
2013/02/26 06:59:56 #Ul L 509 510 509.50 509.54 0.50 0.04 FAN_STATEO
2013/02/26 06:59:57 #U1 2 509 511 510.00 | 509.55 0.50 0.04 FAN_STATEO
2013/02/26 06:59:59 #U1 3 509 511 510.00 509.53 0.50 0.04 FAN_STATEO
2013/02/26 07:00:00 #U1 4 508 511 509.50 509.53 0.50 0.04 FAN_STATEO
2013/02/26 07:00:01 #U1 5 509 511 510.00 509.54 0.50 0.04 FAN_STATEO
2013/02/26 07:00:03 #U1 6 509 510 509.50 | 509.54 0.50 0.04 FAN_STATEO
2013/02/26 07:00:04 #U1 7 430 511 470.50 | 484.94 | 30.72 2.39 FAN_STATE!
2013/02/26 07:00:05 #UI 8 430 510 470.00 | 484.04 | 30091 2.30 FAN_STATEI
2013/02/26 07:00:06 #Ul 9 430 510 470.00 | 484.01 | 30.87 2.28 FAN_STATEI
2013/02/26 07:00:08 #U1 10 431 511 471.00 | 484.34 | 30.74 2.28 FAN_STATEI
2013/02/26 07:00:09 #U1 11 431 510 470.50 | 484.59 | 30.66 2.31 FAN_STATEI
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with wireless sensor network for saving energy
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Abstract

This research presents a Rule-based system for
appliance classification by analyzing each appliance’s
electricity usage. The data are measured by sensor nodes
and sent to a server through a wireless sensor network.
To measure actual electrical power consumed by each
device, we designed sensor circuits, each of which is
deployed inside each power outlet. Then, the measured
data can be sent to the centralized system via the wireless
sensor network. The system use the data to classify a type
of each appliance connected to each of the outlet based
on rules derived by experts aiming to save energy. Since
this research is to be detecting electrical usage at each
outlet (instead of at the main circuit), the system can be
developed further to help identifying the abnormal
operation of each electrical appliance, and to
automatically recognize the device as it is moved to
another outlet, making possible automatic on/off control
of each device. So, it will provide the energy savings
without affecting to normal behavior of the users. The
test result from 40 devices show 1) standard deviation of
measured electrical current is am import metric for
deriving the efficient classification rules, and 2) the
system can classify correctly with 5% error.

Keyword: Appliance Classification, Wireless Sensor

Network, Rule-Based, Expert System.
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