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ABSTRACT

Classification and recognition of odor via electronic nose can be done by various
statistical analysis. Principal component analysis (PCA) is one of the most important techniques
that are widely used in odor pattern classification. In our previous research, only one electronic
nose device was used for odor detection. However, odor analysis from other interested locations,
additional electronic nose devices have to be installed in each location. In order to analyze the
odor from many electronic nose devices, the data differences between the collected sample and
reference odor from each devices have to be taken into account. In this work, we develop an
evaluation method to plot the data directly from PCA analysis, from many electronic nose
devices, without considering the difference of data and reference value. The experiment was done
at Sawangkaniwatt, Thai Red Cross Society, Samut Prakan Province in order to investigate the
pollution source. The electronic nose devices were installed in Sawangkaniwatt building and the
suspected odor sources including the midden, animal bone plant, tanning factory, leather dryer
yard, and shuttlecock factory. Odor data measured by wireless odor sensors are delivered via
ZigBee network to a database station where displayed real-time data, data storage and odor
classification by PCA implementation. The results show that the signal from tanning factory is
isolated from other data and not affected to the pollution in Sawangkaniwatt, while other 4

sources cause pollution at Sawangkaniwatt during 6-8 p.m.
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PCA (Principal Component Analysis)

an a e s Y L. . g ad
A3IEMIUATIZHRNAUTZABUNAN (Principal Component Analysis : PCA) (Tu35a15114
aag 9 9 =) 4 t . . e
analraauaIngueanmulsilsusan (Covariance Matrix) nndeyaniw ga1 114 luans

o o oy P ) i ° a ¢ o o ¥
‘U'Uﬂﬂ‘U@Halla;’ﬂ’liﬁi’]ﬁﬂ'lWL],U'ﬂu"Iulal,ﬂu (Elgen Faces) Li'lu'lﬂ'li']lﬂi'lgﬁaﬂﬂllixﬂ'ﬂ‘ﬂﬂﬁﬂll'lel“lf
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m=w*h; n=number of vector  (7.1)

o a ) o oy y o Py, e g &
Wa\iﬂ'lﬂlﬂiﬂl]‘uaEaliﬂusaﬂlla’lﬁ']u'ﬁﬂﬂ’luqmhlﬂﬂ']usuuﬂauﬂ\iﬂaulﬂu

Lewauaunasluuaazvan

Mj=%§Aij I<j<m (7.2)
2. ﬁmamﬁuﬁmmummjm
C,=4,-M, 1<i<ml<j<m (7.3)
3. @514 Covariance Matrix
S = %Z”:C,CZ' (7.4)
i=]

4.9 Eigen value

A=8s" (7.5)
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5.8 Eigen Vector
&4
e= 7 we C= I:C'J:] (7.6)

o d 3 aa
fredimsinTziesntsznounuy 2 in (2D Principal Component Analysis)

s =Y o a d' . aa ] 4 1
L. Lﬂﬂﬂlﬂgﬁﬂﬂﬂ\‘lﬂ'ﬁﬂiJﬂTiLllﬁElulL“lJﬂ\1ﬂWNﬂﬂﬁiuﬂ?iﬂﬂﬁ@ﬁLmﬁzﬂid YU HANITNATDY

9 o ] :‘; 2’/ g’; o L4
210015NAa04 2 31 1ananisnaasslumsiuaazasnnnanug 15 639 gt

afiinansa it 352
1 10 10.7
2 10.4 9.8
3 9.7 10
4 9.7 10.1
5 1.7 1.3
6 1 10.8
7 8.7 8.8
8 9.5 9.3
9 10.1 9.4
10 9.6 9.6
11 10.5 104
12 - 92 9
13 11.3 11.6
14 10.1 9.8
15 8.5 9.2
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Z,n:l X"

n

X =a1unasuoddsnl =10.0

a¥aiinaaos (A (Y -7)
! 0 07
2 0.4 -02
3 -0.3 0
4 -0.3 0.1
5 1.7 1.5
6 ! 03
7 -1.3 -l1.2
8 0.5 -0.7
9 0.1 -0.6
10 -0.4 -04
n 05 0.4
12 -038 -1
13 1.3 1.6
14 0.1 -02
15 -1.5 -0.8
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3.11191 Covarian Matrix

¥
an v @

A 9 a = .. = -
UB1NUDNYAN 2 UARAIUUIZY Corviriance Matrix 934UUIR 2x2

co cov(x,x) cov(x,y)
“Leov(y,x) cov(y, )

var(X)=cov(X,X)= Zi:l(Xi _X)(X,- -X)

(n=1)
n iyt .
2l H R
cov(X,Y) =
(n—-1)
(Xi _ X)

X id N BS{FZs mil gl a0,

10 10.7 0 0.7 0
10.4 9.8 0.4 -0.2 -0.08
9.7 10 -0.3 0 0

9.7 10.1 0.3 0.1 -0.03
1.7 1.5 1.7 1.5 2.55

11 10.8 i 0.8 0.8
8.7 8.8 -1.3 -12 1.56
9.5 9.3 -0.5 -0.7 0.35
10.1 9.4 0.1 -0.6 -0.06
9.6 9.6 -0.4 -04 0.16
10.5 10.4 0.5 04 0.2
9.2 9 -0.8 E -1 0.8
11.3 11.6 1.3 1.6 2.08
10.1 9.8 0.1 -0.2 -0.02
8.5 9.2 -1.5 -0.8 1.2
Total 9.51

Average 0.679286

A191491 7.3 LAAIATTHIAT Covariant Matrix @TNANATTN 7.7
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AgLY
"X XX -X) (X -X)
cov(X,X):z"=‘( ! )X )=Z"=l( ! )
(n=1) (n-1)
V(X X) = 0% +0.4" +(=0.3)" +(-0.3) +1.72 + 1 +...+ 1.3 + 0.1’ + (-1.5)

15-1

cov(X,X)=0.7986

WURSINUNY cov(Y,Y)

0.7 +(-0.2)" +0% +0.1° +1.5* +0.8? +...+ 1.6* +(=0.2)" +(-0.8)"
15-1

cov(Y,Y)=

cov(Y,¥) =0.7343

cov(X,¥) = Zf=1(Xf‘X)(X—Y)
(n=1)

=5 =] M ¥
wiulen (X, - X)) annsalfaamnifuesnsauadui lddaiy
cov(X,Y)=cov(Y, X)

DA X, XN =) To g1

1NA1T N 18 =0.679286
n—1 15-1
cov(x, x 5
o ok (x,x) cov(x,y)
cov(y,x) cov(y,y)

[ d' 9) 3 = a o
Llﬂuﬂ1ﬂﬁ1llﬂﬂ\111&1?’]’3']1581&&]715ﬂ’{“f

0.7986 0.6793
cov =
0.6793 0.7343
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4.9 Eigen vector Uia2 Eigen value 910 covariant matrix

. [ 1.4465 j
Eigen value =

0.086383

. -0.72362  0.69019
Eigen vector =
-0.69019 -0.72362

. dn g P v @ ) o &
7 Elgen Vector 'VlIlﬂLlﬁﬂ\ﬂﬁlﬁuﬂ'J'liJﬂlJWU‘ﬁ‘UﬂQ‘UE]Hﬁﬂ\‘iu

(7.7

. cosf,, cosb,
Eigen vector = -

cosd,, cosb,,
s
cosf, =-0.7236  cosé,, =0.69019

cos,, =—0.69019  cos@,, =—0.72362

£

Wy Hﬁﬁmnﬁmmu&amn X upgyeall
6, =COS™ -0.72362 = ~43.65° , =C0OS™'0.69019 = 46.35°

6, =COS™ -0.69019=-4635° @, =COS™ —0.72362 = —43.65°

ot
~

\ ,//
12} /‘

\ ~
A

.
P

\\
9 Xox
% 8, =-43.63 \ - / x\
= or /“"\_’

/
ar s G 53 \
,/

Methodt

51 7.2 anuduiusveedrutszno Bigen vector il
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data
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31U 7.3 namannuduinusvesduilszney Eigen vector 12

< Y Y ' . o & Yo 4
5. nsvesudeyaliedluunudiudseneuves Eigenvector MadaamuaumsFans 18eati
Z, = (Eigen'[M Ly
i Igen [ eanmethodl,methodZ] (7.8)

; [-0.72362 0.69019]
Eigen vector =

-0.69019 -0.72362

Transpose Eigen vector

Eigen vector' = 20.72362 -0.69019
a 0.69019  -0.72362

* PGA NOT USE FUNGTION
.6 [-

x

<] a
n o N
®K
X
x
p

Second component(5. 646%)
=}
'S
x

0.6}

_08 1 1 1 1 1 1
2.5 -2 -1.5 -1 05 Jul 0.5 1 1.8 2

First component(94.534%)
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PCA FUNGCTION
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Development of Wireless Electronic Nose for
Environment Quality Classification
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Abstract- The mnbicnt aiv quality in the live stoch Taem has
an effect heath of animal. Therefore, we have developed a
device Tor monitori vuality of eaviromment, In this work,
iveless clectronic nuse has developed by deploying eoaumercial
o sensor % icrocontrollers and  ZisBee  wircless
network. They system is applicd for cuviromment Nsific
in various kthoratovies including biological, chemical amd clean
vanms. Air data measured by multi-sensor array are delivered
via ZigBee uetwork o a database station where PCA uas finear
explorative techaique anuly s used to shtain udor dispersion
sl enviromment predietion. The i covironment of various
laboratovies has been successtully classificd by the developed

ar

N

systean. Thas, the wireless electranic nose appraach is potential
for antumatic cavironneent maonitoring with numy indastrial
applications including livestoch Burm environmental coutrol,

L INTRODUGCTION

Maonitoring and clussification of° ambient wir quality in
various workplaces bas been increasingly importunt due
covicomoental — problems.  Thus,  amospherc
pullution from fuctory should be regularly monitored and
controlled. For o particulue industries such as livestock
production, ambicnt udor needs o be managed for quality
angl s

clevated

ety contrel. For special warkplace such as chemical
laboratory, there s safety concern tor researchers and

operators exposing (o chemieals.  However, cflorts in

ambicnr air quality control hirve been tmpeded by the Tack of

svience-base approaches to identify and assess ambicat air
yuality and wdar.

Off:
measuring edur strength and offensive, This conventional

tory human panel has been used in most studies for

methwd is expensive and sufters tram individual bias and
adaptation. (E-nose)
develaped 1o replace human ol factory and it has been proven

odor Electronic  nose has  been
useful for tood freshness identification and environmental
classification | 1{. E-nuse system should be implemented with
wireless system so that signal fram isolated locations can be
expediently combined and processed at a database server.
Leilic Pan and Stimon X. Yang §2] developed environment
monitoring  from various waorkplaces based on 24-Gllz
[LAN. The LAN utilized MPR2400
embedded module including o microprocessor, radio and
batery. However, embedded module MPR2400 is expensive
and requires two AN banterics, which are not necessary.
Morcuver, the reparted electronic nose did not used gas

wircless wircless

978-1-4244-5607-9/1(¥325.00 ©2010 ECT1

reference for odor measurenment, resulting poor odor sensing
capablity.

In this  research
developed based on (1
envireniment

wircless  clectronic

work,  wircless  clectronic nose s
802,154, or the so-called Zighee
for I various
The system
perform remote multipeint odor tonitoring and integrated

and  tested classification

labortorics. nuse can
soltware suite providing data analysis capabilities that would
cnvironment
practice. Odor data measared by wircless  c-nose e

assist user’s decision making  on cantrol
delivered via ZigBee wircless network Lo a database station
where real-tinie data display, data storage, date analysis and
ador dispersion model are implemented. Other repored
wireless networks  operate  using
communication 10 300 meters,
platfonm must employ a lot of nodes in order o cover large

SCNSOE & .\'ll()l‘l-lilllgt

between () wure such
arca of familand. We instead auployed a Zigliee neowork

using long~range point-to-point communication.

1. ME1noporaGy

In the experiment, wireless electronic noses were installed
o monitor air from vadous kinds of laborataries under
MEMS laboratory  division at. NECTEC building.  These
included Biological arca, Chemical room 1, Chemical room
2 and Clean room. E-nose da wer sent o database station
through Zighiee wircless network. A MySQLE. base was used
lor storing data. Figure 1 shows the implenmentation: of
Zighee wircless electronic nose system in MEMS laboratory.

Ileewonics room :
e M
¥ y
# Storage - Chemical | snom
datu Hialogicsl room

v
]

Chemical 2 mom

Fuygure |, Zaglee nade of wircless electionic mose network.

0



The destgn of wireless electronme nose systent can he
divided into A4 parts mduding electronic hardware, gas Now
control, Zegltee network and dat anadysis
o Llecteonie Hardware

Inthis section, sensars sclecthon and circuit systene for
clectronie nase are deserthed. The diagrane of clectronie
systenn s shown i Fig. 2

TS 3 » abeas
\‘ihlb =ar : 4 I nc.u:nam
Sensor ) system

EADCF Y
Array
Tempd P
Hurmdity | 1
Scnsar - X-Bee
F— Wireless
— . Netwaork

e M Haock < amal wielew cleciomes no

Micracontroller PICISFISS was used to acquire gas
sensor datia through analog o digial converter (A1)
miter fice and send the data o ZigBee wireless network. Real
e clock (R1CY i nuerocontroller was also implamented
1o statp date and tne of the transmitied data: In addition,
nucrocontroller as atihized w0 control solenoid - valve ol
preunate systenethal was used to ninage air flow systent.
Ihe photograph ol acwal wireless clectronte nose is shown
m Ferare 3

P b 1 hto gap Fe ol s Cless ¢ I o sy systom

Fivie mas seisors were selected  frome comiereiadbty

sosensors, which were desigened 1o be particatiarty
dillerent

availably

sensilive (o esmcludige carbon monoxide,

carbon diexade, hydrogen sallide, animone and oxygen as

Listed we Table ] I adduaon, emperature and - hunudity
sensorswer also meluded o wdentily enviconneental
conditions.

LALLT L

SENSORSEISEDFOR TR DENVELOPED L TRONIC NCS)

Nittwe ol sensors Compound to be detect

LGS IR A Lanhon memaxicde

LGS Lol Carthon dwide

1GSK!S Hydiopen sultide
1SR 6 Aronia
Ki.-2S Cxypeen
SHEEES Temperalure s
SHS Hnudily Sereen

/

=

Caax I low Szt

vans

Acm

renre 1 Cas How sy stem

Cras Now

system as shown in Fig 1 contains two solenowd
villves that control the flow of relerence aw and e sample.
Farst, i anr ssample was dinwn iito the sysiem by an electne
pump. Nexto the sample was spht mto two lines passing
through two vidves: In the Tiest line, e passing through
vilve bowas filiered by wctivated  carbon o construet
relerence atrand aie in the other lnes just passed through
valve 2 I the odor esting process, valve 1 was Tirst apened

to relerence air ows into the chamber o allow gas sensors
beconie stabilized for fivemimutes. Valve 2 was then opened
W expose the sensors o the ate siumple Tor three nunutes.
Valve 2 was thenclosed, and the gas sensors will soon raum
W s ortginal steady stne witly reference aire The sensor
stgnal an o of voltage and current were continuously
menitored and processed by the nicracontraller.

C Principad Component Anadyxis (¢4}

Prncipal component awalyses [3] isia stanstiical way 1o
whennly and express patterns m dak 1 can be deserthal as a
wanstomation ol e mven set ol osdanensional
ERECALH
lornuta betow

wipu

veclons X o s vector y accondog 1o than

R ) {h

This formuta coables us to formea suuple Tonmula (1), but
s pecessary 1o keep o the nond that cach row ol the veetar
X consists ol 2 values helonging o one mput. The vector
X m bge () as the veclarol mean values ot all inpul
virtables defined by relation
X

: -
3 n - 12
Matnx At gD i detemuned by the covimanee nuirix
C,. Rows mthe A matrix are fonued Trom the crgenvectars
of [ ordered according 0 corresponding cigenvalues i
deseending order. The evaluation of the € miatrix is possible
according 1o retation.
x —
Var(X) (X, Y (3)
Rl
As the vector ol imput vartables s n-dimensional, it is

ahvious that the swe of Cyas 7 vne The clements of Cy lying
n therr niain diagonal are the variinces ol x.



N v -vy

il »

ClXaX
(X, X)) “)
Other values CALY) detenme the covaranee between

wipat vacables x, v, as e the Tormuala

COvYy YN, X, 5
a1
Hhe Recael of PCA defined by T (1) las several other
ntcrestiung: properiies resalong from the watox theory winch
can be used o classily the quality of environment
e POA process consists ol ive nain steps The iest siep

s data acqusiton. I this case, gas concentration data set s

read Trom cach sensor via ADC and the dataos stoeed in 2-D
artay veesus samiplig tone Next, dat tor cach sensor e
subteacted by thew mean values amd covaranee mateix ol the
ol

ciecnvalues of the covarnnce matnix e then galealated

subtracted A computed. The agenvectors and
Fually, the prmepal components are ghiosen and-Feating

vectors are Tormed.

1y ABee dechnology

/iliee technology s based oo the Tl X205 4 standard,
wlich also ceprescias the personal aica wireless ‘uctwork
(PAN) [H] Z1gBeenis famous Tor its lows cost, low power
Ihe - ZigBee  stack
architecturg defines two layers, nancly, the pliysical fayer
the Zigliee
allinee provide the network Tayer il dlic Tramework e the

consumption - amd  mumaturizanon

andthe medinm access control sub- layer

appheatton iyver o Fhe physical layer supports thiree public
frequeney bands: 20 GHZISM band (woddwide). 915 Ml 1z
ISM band (Amenica). and 868 MI, band (Furope). The
Zieliec modide, Xbee PRO sertes, from Mavsireans was used
uethis works Ty modale provides an ATcommand  set
AL fanctions 15].
speatheanions: the hne ol sight distance of dus module can

togetha with foe —control Itom
extend up ol il wath power consumption of S0 mW. i
addigon, the: Nbeehmodule fram - Maxstrean can - provide
vanous Tunetons asny UART pinc conbiguration. The AT
reh o configure PAN 1D,

caniel sean Tunction, e to join the mctwork, destination

comnmunds were used i tus fese

address, hoppmg pacimctess, dat Baad aite, sleep mode
luncnon ete Muoreover, tas module has the exierrl pins for
spectal hardware-comtrol sach as RES (request to send), CES
(elear @ send) and BRSST (receve sigual strange indicator),
Thus ZneBee imodule uses a Trequency band at 24 GEH 2 and
T bies ol PAN T, We have camployed achiph g extenal
antcnnas The photograph of ZigBee module s shown 1w

Frgue S

Figre 5. Ziphice nade
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I Jighce Vopology
In general, o ZigBee network can be wnplementad using

one \ll‘lupnhl;}:lu\', asdepreted in Fiao

& °
4 @
.
@ e @ (]
‘ ®
N ® ° ®
(A\) () ()

Bizore & Papoloyy of Ziebice wirckess netwanrhs @) Mosh, (b Star
and () bree
I'he mesh topology allows nodes o lave as many paths as
possible Torcommumcation. As a result, the mesh topology
15 very rehiable and extension of the network size can be
done with simplest recontipugation. However, tus aciwork
topology requires cach node to beawake for most ol the tine,

accordhngly cousuming more caergy than other wpologic
Fhe s topology works andec a pomt to multi-point
commumeation scheme Fach deviee e thas aetwork model
can_communicate only via a PAN coordinator that allows
most nodes W operate under cacegy-saving sleep mode. The
tree, or cluster tree topology, combines the beaetit off mesh
and stae topologices. This hietarchical stoucture assumes o
high devel of eeliabiluy and o Tong power lifc provided that
only the router nodes are always awaken The routing under
tns pology 15 a combmation between the mesh and star
topologics as displayed 10 Fig. o

I this work, we have adopted teee topology . Oue reasons
are as follows, Fieste we wanted 0 minimize the number of
nodes cmployed e the fickd but o stable mesh actwork
requites (oo many ol them Secoud, the aboratony arca in
thisexpermentas wat symmetncal as olian seguired by Star
topulogy. Ludertree topology, the Zighee nodes can be
classiticd o theee classes, aamcly, cod device (or node).
router node and base (or coordmator) nade. Tree topology
hielps w rediee cost on sokar cells on e emd nodes because
this type of vodes operates under sleep mode most of the
time. e eond nodes acquire conose data and send them to the
router nodes and Hnally the base node. The routa node also
has 1t own c-nose sensors. Theretore, it ustally combiaces its
1 with data trom the end nodes and ransmats the data

owil (
(o the base node using the sane PANS The base node s only
the mmn receiver colleetng data Trom all nodes i the
uctwork.



e resin oS

L this study., live gas sensors were used to test air from
Kinds of laboratories MEMS  laboratory
TEC building. Uypical dys

various under
(1
*sensing measucement is shown i the
be noted that the lirst 1200 sceonds was the start-up period

division at

nic respaitse of’
wure 7.0t should

whuen power has recently been applial o the system, The
sensor s heating ap and aot stable Tor operation. After the
st up pecrod, pulses ol aic sample are applivd w the sensuocs.

6 can be seen that five gas sensors pive considerably

Nl

ditferenr gas seusing responses o an aie sample. (o paticadar,
ad G
fhe results unbheate e dos set ol

suitable
applications because they have distinet responses o an air

26 yawve high but opposite gas sensing

behuvior. 0N sensoe

should e for r monttaring  clectronic nose

sample.

1

Brigme 7. Notusafized of data el Qiom wocless cloctionic nose.
Data of electronic nuse i the biboritory were sent through
|

ZigBee wi uetwark (o database server, The dilTereace

between gas-seasing data at cach node ol ZighHee could not
dircetly be visuatized from dynamic response because the
sensing patiern was geacrally complex. To identify the
dilleeence, the data are analyzed by PCA echnique. Figure §
demonsteates. PCA - plot beoween the (irst and second

principal component ('O amd 1°C2), The results show that
ait inaliflerent vooms can be well distinguishal by the PCA
the Piest and third
). Similarly, the data for

atalysis. Figure 9 shows 'CA plot betwe
prncipal component ('C1and PC
are lrom dileeent tooms can be separaad in domain PCL-
PO bat the separation 1s gotas cleac as thatin domaiu PCL-
Figwe L0 illustites 30 PCA plot Tor PCE, PC2 and
O3 The 30 plot provides aoee comprehiensive pictorial ol
datar disteibudion in PCA sp

N\, Clean fuomn,
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N

x \Hiclogical
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\ Cheicad 2 (pom
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Fignre ¥ 1°C

Fignre 4. PCA plol betseen PC T and 1C

et o
Ve e C o

Figure ¥b, 30 PCA plot among 1O, PC2 and X 3

IV, CONCLUSION

I conclusion, wircless electronic uose bas developed and

foe covironment  classification in various

demonsteated
tabormories. Ve system combines commercial gas sensar
artays and microcontrollers with Zagl
Odor data measured by multi sensor artay are delivered via
aBee nctwork o a database station where PCA as inear
plorative techniyue nalysis s ased o obtin wdor
dispersion and environsient prediction. The aie covironment
of wvarious rooms in laboratory hay becn suceesstully

e wircless nctwork,

classilicd. Therefore, the wircless clectronie nose approach
can astumatically monitor civiromment of air and there 15 o
potential for many industeial applications including livesuwk
lacm monitoring.
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