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ABSTRACT

The diffusion‘of odorous chemicals from the industry has aniimpact on the
surrounding community. In~Rayong province; for .example, this is mostly due to
leakages of volatile-organic compounds (VOQ) in-the petrochemical industry, leading
to potentials | environmental' and, health: problems./ The :VOC ‘analysis |in air is
technically advanced ‘with requirements: of ' specialists and -expensive  tools. An
electronic nose (E-nose) isran-odor detection system, ‘generally with nanostructured
gas sensors of many different types, then data-processed using, pattern recognition
analysis such as the principal compoﬁent analysis (PCA). "It is low-cost, yet easy to
use and capable of rapid analysis: This research has been aimed to construct E-noses
consisting of metal, oxide 'semiconductor gas-sensors-of seven commercially available
types, with a long term objective to develop a large 'scale environmental monitoring
of VOC with a network of home—built electronic noses-to.nose electronic network.
This work has focused on two issues. First,-the-measurement of diffusion of VOCs in
one dimension was investigated using three electronic noses located in a tunnel at 1,
3, and 5 meters. The diffusion of various VOCs, including acetone; toluene and
acetone mixture of toluene, was studied. The results indicate that the E-nose can
demonstrate the higher rate of diffusion of acetone than the toluene. However, a
mixture of acetone and toluene cannot be separated clearly by the principal
component analysis. Secondly, in order to reduce the work for calibration of a large
number E-nose units in the network, a method to transfer VOC calibration data of
many different VOCs and their mixtures from one E-nose to another is explored using

linear transformation-methods! The results ‘indicate' that'an: accurate" transfer-of ‘the

III



calibration data requires at least one measurement of the average response of each
new gas sensor to each VOC in the set, which will enable a transfer of the rest of the
calibration data from the VOC mixtures. With a complete work, this investigation will
demonstrate an application of nanotechnology with a network of E-noses to

investigate issues of real concerns to the industrial and the environmental sectors.

Keywords: Electronic nose, Volatile organic compounds, Diffusion, Chemical

database transfer
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1. ﬂfju Non-chlorinated. ~VOCs  *#38 Non<halogenated Hydrocarbons aun ﬂfrju
lelasmfveusemeiilifesnanaassmenniululinana asnguiingndadaindon nsilnd
nesuee wanadn Yan a1siavhazaidngYan Seiliinadedeguainuesflasuderilivae
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- ﬂfj:umi AliphaticHydrocarbons Wiy Fuel oils, IndustrialSovents, Propane,
N 1,3-Butadiene, Gasoline, Hexane
- mﬁums Alcohols, Aldehyde, Ketone L EthylAlcohol, MethylAlcohol,
Formaldehyde |
- ﬂfjumi Aromatic Hydrocarbons L Toluene, Xylene, Benzene, Naphthalene,
Styrene, Phenol
2. ngu Chlorinated VOCs 38 Halogenated Hydrocarbons éiun ngulslasaisuey

seeifloznanvassnaassululuanalduwnarsiednldduaseilugnamnssuansnguilialig

Wuiwnnndweziadesludauandsuuinndtanslunguans Non-chlorinated  VOCs - Hiufe
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- 1,1,1,2-Tetrachloroethane - Bromoform - Glycerol trichlorohydrin

- 1,1,1-Trichloroethane - Bromomethane - Hexachlorobutadiene

- 1,1,2,2,-Tetrachloroethane - Carbon tetrachloride - Hexachlorocyclopentadiene
- 1,1,2-Tetrachloroethane - Chlorodibromomethane - Hexachloroethane

- 1,1-Dichloroethane - Chloroethane - Methylene chloride

- 1,1-Dichloroethylene - Chloroform - Neoprene

- 1,2,2—Triﬂuor6éthan’e(Freon 113) —ChlSfomethanie —Pentachlofoethane -

- 1,2-Dichloroethane <Chloropropane - Perchloreethylene

- 1,2-Trans-Dichloroethylene - Cis-1,3-dichloropropane . --Frichlorotrifluoroethane

- 1,3-cis-dichlor-1-propane __.-Dibromochloropropane: - - Menochlorobenzene

- 1-Chloro-2-propene - Dibromomethane - Tetrachloroethylene

- 2-butylene dichloride - Dichlorebromomethane - Trichloroethylene(TCE)

- Acetylene tetrachloride - Dichloromethane(®@CM) - Vinyl chloride

- Bromodichloromethane - Ethylene  dibromide - Vinyl trichloride

- 1,3-trans-dichlopropene = Fluorotrichloromethane(Freon11) = Vinylidene chloride

2.1.1 HANTENUYBENTDUNSE s hda R InADy
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fuvssenags shmihiingagiaegaslalaian (V- uddhs vocs Ilalilelsuuudy
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| [ [y e o . . . ! .
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1 VA [y} U QI 1 Y 3 na' ‘s d,! 1 L. 1 s

Tuidenunnigiegvlnaniidsedluvinatuu 4 SlafuunFuunnsietusgredaau

A o [y ala i P I3 1 '
vonanfidfiadensnvesUssnnsieglnduesiifiwinnniaeiidmfonvmndlungul ssang
a
negvislnasenly

2. wansEnumeszuUUTZEY Nskisuans VOCs agiiliifinain1smensnadssanm
waneeEna W MIeue Jadsudsee Tuadvserunadla elasuuiugazeihlitinaunndu

o ' v A = 1 4 %
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7 :i" :l -7 3 A 1 aa A :‘t( [ 4:! a
HUALFAURN T 5U\'1ﬁ]q@W]ﬁ]g'gﬂuuﬁmau‘bﬂﬁﬂﬁqﬂﬂ'ﬁnﬂ%ﬁqﬂumﬁiaﬂuqﬂsﬂuﬂUzﬂLLU"U mmmmngﬁ]ﬁ
P Yy a e o 4 = 1% | a o
W']ﬂ'ﬂﬂﬂ?ﬂﬂq@{]UV]WVﬂIﬂiﬂ LN@NﬂWii%QW?LW@ﬁ']iEEJ%VHQ %uqﬂTaQQQﬁﬂﬂﬂLUUL%M‘U@Q
DAMDTELARA TEHENTENINA P = (Py, Doy o Pn) ¥0E Q = (01, 0z, -, Gn) W EARANANY

A s2ylaRIENnN 2.6.1

V1 —91)% + (P2 — 4202+ + (Pn — An)? = Y21 (Pn — An)? 2.6.1

szggmdlurun 1 37

ANIMITZEZNNIENIN 27 Aetuauin 1 d8 P = (p,) waw.Q= (qy) Mszeenalaca

AUATN 2.6.2

v (px— qx)2 = |px — Gxl 2.6.2

szgsMeluuan 2 36 7 -

AIMTLBLVNITENIN, 2 AR 2 TR P = (py, Py) WA Q = (Gy, gy) MTzezn1le

AIFUNIT 2.6.3

J Qo —9) * IXBrE0y 1§ 2.6.3

AruUadlugUssuURAEENIE P = (5, 8,) Wag Q = (ry, 8,) nsstenalansalms 2.6.4

1P+ v =21 r,c08(0, — 83) 2.6.4

L9 IUVUAA. 3 Hf
N18UENIITEVIN, 240 LUAUIR 3 T8 P= (05, Dy, ;) B8 0= (Gx, @y q7) 9

SEuENRNIENNIT 2.6.5

\/(px i qx)2+(py o Qy)2+(pz - QZ)Z 2.6.5

seeemeludLnRaefif
NTVTEEENNTENIN 2 RIUVUNANAETR P = (pg, P2, -, Pn) %8¢ Q = (1, q2) ) @)

MSEULNNIAPIENNTS 2.6.6

V1 — 01)*+ (@2 — @2)*+(Pn — Gn)? 2.6.6
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Laojiao 45% (V/V) : “®”, Zhuangjiayuan 42% (V/V) : “o”, Adul-terated distilled spirits
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Mixing fan

Gas sampler

A o o a a
U 2.7.8 wnudsnsveassfiuszuuayndidnnsednd

NaN1SUSTUNUANETHDS U AR baR 3N ATIENR B TEUY
1 -4 a a [ | ' .
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Swarm Optimization : P eural'ﬁ‘e@ N139 AU (trainin
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sampleshoiiuysy winTIAmaY ! MTIVABUATT
g cm— £ /
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, e | T
Q== Chaos with Gaussian map § 1 —O— (haos with Gaussian map
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E 08
'E 06
|
02
1 ) 3 4 5 6 7 g 9 10
Test samples Validation samples
(a) FMBEIINITRTIVEBY (b) WinUsEansn 1w PSO Neural network
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A 1 a Q‘ _a o 1 a 1
AN 2 - 2 uansARanaansiiuUsEAE A W s uelasnIetneysEamane ey [14]

Estimation models Relative prediction error (%)

Formaldehyde Benzene

Train Test Validation Train Test Validation
Single BP 46.55 4038 58.37 27.18 16.53 2971
Logistic map-BP 2835 28.89 32.34 1657 1215 17.96
Tent map-BP 2978 30.27 49.49 8.910 13.12 19.16
Gaussian map-BP 30.06 23.06 50.64 11.62 11.73 1331
Standard PSO-BP 29.94 29.56 47.06 12.49 1221 16.08

o 1 a a a a & da ' a
NN 1N 2 - 2 LLﬁﬂQﬂ’]NﬂWﬁ']ﬂ‘UiNﬂ']ﬁLWNUizﬂﬂﬁﬂWWﬂﬂa’Jg WUIINTTLNWA

UsednEnmeaeds Logistic map - BP dfdawa1an1sviiunedngn 32.34% veangunng
ATIERUMBENAITHETINAA LR 1nanasaInio Single BP 26.03% Wazis Gaussian map — BP

Y a o 5 ' o ' - aa
Uﬂﬂﬂﬂwaqﬂﬂqiﬂ'\uqﬂm%’j‘ﬂ 13.31% ‘U'ENﬂq&lﬂ?iﬁi?ﬂ]ﬂﬂUW?@UqﬂﬂﬁiLUu%u IﬂﬂaﬂﬁﬂqqﬂQﬁ

3 o q = ' PO
Smgle BP 16.14% tU®991NTEUULAIDUIBUTYE I UAIINANATDULLENLLARELNFAIUUNIT

Uszqnﬁl%’fmum’%ﬁ%msﬂss
U
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msmamﬁuﬁumﬂmaaynﬁLﬁnmaﬁnéﬂismmé’mﬁ%’aﬂawmmmL{J’uﬁu'lu
a a6 1 . 1 g ‘o’
AN15DUNIITEMBENEL: VOCs Mixture LU (09148 + 1), (UNUBa + 11) way (Lenupa+
o al
LUNIUDA) AIAISIN 2 - 3

S a = Yo w v - = Y ' ) v v v
wnansiiiluenansianulidwsunisidanunenisfinyvingu ldeygaliihlulddssleviaunism
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A oy 1 = 1
P51 2 - 3 wansUSunuesdrunalluansdunidsemiedns [15]

VOC mixture in % mixture in ml
20 - 100 2-10
40 -100 4-10
60 - 100 6-10
80 - 100 8-10
100 - 100 10- 10

szuvlumisnsiata Manlunisguiduiges (sensing element preheating time) 20
a o < v P g 1 a_ w1 ¢ 5 v
Junfiwazifiuaeiniewinday 1 uii wazifiualaensanmensueanageanuaundluluszuy

= o a < o e o
250 ppm lunilsseumsialdinaise 20 Juiiislszuuiiiaosnmuazdudindoya 1 u¥l fa
a
3N 2.7.12

2.00E-03
1.60E
1.2 3
8

Conductivity(G)

Ui 27.12 s %ﬁﬁut
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a (3 4 (4 (3
NT3ILATITUNEN 4 £NDIAUITND

% u.a&u a 100%

an (RCA @“@)’ 13 Tpunuuou
(PC1:58.19%) WARIDIAIAILILL 'J?lﬂﬁ@ppaﬂzhﬂt APC2 25.68%)uanaE
AAULUSUTIUANNADARDIVDIY AL Leanesednauiuih, wmiuea
naufuth uazuoanasadHALILMIUER

S 2 - v o @ ] - = L ! ¥ o Y %% ¥
nansiiluenansianulidmsumsldanuienisdinwivintgu leygalmhluldusslesimunism
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5
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o ¥ ¥
UM 2.7.13 wane PCA Score plot-uas.e Aouaanagadnanyl, m.Aeluniusangai,

U9

em AoleanagednNalivIuea kagiavalasiduanudndursEsaniuLn [15]

S| ) o v a a¢ ] .
HNT1N 2 - 4 LAAINTNINUAAIIULINIUUDIENTDUNT YT L LRI INEN [15]

vocC Ethanol + Water Methanol + Water Ethanol + Methanol
mixture in % Mean RMS (Er +/-) Mean RMS (Er t/-) Mean RMS (Er +/-)
20-100 20.62 -99.90 2.61-1.97 21 -99.67 1.19-121 20.5-99.5 1.77-1.64
40 - 100 39.00~99.87 185-1.72 40.25 - 100.1 1.03-1.14 40.75 <100.23 1.16 -1.15
60 - 100 60.50 - 100.00 1.06.1.26 60.3 - 100.00 0.75-0.89 59.87-99.89 1.24-1.10 -
80-100 80.00 -99.89 1.19=1.15 79.62-100.00 0.51-047 79.5~100.11 0.53-0.64

100 - 100 99.89 —100.10 0.90 -0.78 99.79 - 10012 040-0.36 99.5-100.05 0.37-028
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Gas sensors
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: TGS 825 |
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I

i . i MCuU
! N Boagd
| 1L T”i :

') [rGes2600 !
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3.1 mseniidengunsaluazniseanuuuaieayndidnnsating

3.1.1 wiaduiees Aediuveanisiinsivdeuniuvesayndidnnseindianiiy
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' a aa val a [ ¢ a & ¢
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v L a g =i
AIUAU 7 YUARINITIN 3-1
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Wuwes L) MaaTIviale ANAZIBEA
TGS825 H2s =T Hydrogen sulfide S5ppm.
TGS830 €FCs ares 100ppm.
TGS2600 Air eohtamiinants VIOCs, hydrosen,/ethanol; iso-hutang 1 ppm
TGS2610 We, < 1SO-butafe/Prépane, Metharegy Hydrogen 100 ppm
TGS2602 Air contaminants VOCs, Totuene, Aydrogenssulfide 0.1ppm.
TGS2444 NH3 Aenia 0.5ppm.
TGS4161 CO2 Specific to carbon dioxide 350ppm.

v
a <
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aa 5 = [ i 4 o/ - o Y N Qs Y oa [
Aimeaay Uy INT gigsivat dan pwon e\ T undsad taedar daladonld IC
LTC2408 pu3UN B.1:3 MIAeueNusiag

-:d' 1 v a 4 d o 1 2 €
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7 4 3 ‘z.n iw
ADCIN | Veer Ve
3| cHo g™ jf: SERIAL DATA LINK
—-—ﬁ 23 MICROWIRE AND
10 | cH1 —1 SP| COMPATABLE
11 | cH2 Swux |2
ANALDG | T2 [ o m
INPUTS | ] 48-CHANNEL 24817 SCX ~
~0.12Vgee 10 MUX AL ADC GLK MPU
1.12Vige 14 | CHS" | Ow 2 N
24
15 | CHE* 500 .
17 | CHT* Yoo
P T « INTERNAL OSC/50Hz REJECTION
GND Fo = { Ann« EXTERNAL CLOCK SOURCE
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1.5,6.15.1!.212],23-L aca T
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3.1.4 lulaspeulnsaiass ( MCU Ldonld MCU 16 / 32 bit nsgna ARM 7 TDMI -
s Core LTC2368 fiausilunisuszananaga TndanumnarannsnyiauLuy multi
tasking ¥ RTOS faguil 3.1.4 Fellapuaniine

-~ MCU fvtheanuinlusunsunuy Flash au1a 512KB, Static RAM 1@ 58KB

- MCU mmmﬂssmawaﬁmmmL%aqaqmﬁ 72 MHz

. fheasdeans RS232 4 4n
1 A/D 3.3 V. 10bit 6 %89
12C 3

|

- SPI 2 4

- 31 GPIO: general purpose-ifiputreutpet wesslpuaYsEasA ’ga’s’jﬂlﬁ 70 port
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N13ASIVEDULUALADS (Battery check)
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Press to “Continue”
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N13M3TBUENUY GPS (GPS check)

4] < A' L A A L ¥ ! o 1
bUBDITUU GPS‘WUﬂTuwauaswmuamaauwuaznaﬁ)UTC)wgnmaauasnwanwusnﬂiawumwuwua

L4

andaszhanuly “Active”  Fsluaniuzdaziiull LED nsenSuaseusatusoaenne Lol

Y
¥

fudu “Void” nazlinsznwsu

Void = no GPS
Active = correct
GPS Status position reading

: 2012/03/12
UIC Time ... : 05:16:28
Longitude .. : 10046.9681
Latitude ... :1343.33390

N15ARNASLUSINSY EnoseAir

1. run W& setup.exe

2. \den directory dASUARFULUTHATILASTWNNG “NexE

¥ EnoseAirUBE

Destination Directory
Select the primary installshon drectory.

Select a folder @E

[ 3 EnsuiUE e
Al soitware will be nstalied n the lollowing locaions To rstall soltware o & m P ot =
different locabons. chck the Browse bulton and select another drectory Nl

Dj ToseAsUBE —>
\Program Fles\E nosedwJBEY T ’] m’

e —

]

Directory for Nationl Instruments products Folder D:\EnoseAs_UBE

C \Program Fles\Nabonal Instruments\
[ cssotdirasou = I |




3. ®DUSU License agreement TGRS

]
7 EnoseArUBE Lol - s
R S T S R e T

License Agreement

You must acoapt the kcanses displayed below to procsed

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT ~

INSTALLATION NOTICE: THIS IS A CONTRACT. BEFORE YOU DOWNLOAD THE SOFTWARE
|AND/OR COMPLETE THE INSTALLATION PROCESS, CAREFULLY READ THIS AGREEMENT. BY
IDOWNLOADING THE SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO
(COMPLETE THE INSTALLATION PROCESS, YOU CONSENT TO THE TERMS OF THIS
AGREEMENT AND YOU AGREE TO BE BOUND BY THIS AGREEMENT. IF YOU DO NOT WISH TO
BECOME A PARTY TO THIS AGREEMENT AND BE BOUND BY ALL OF ITS TERMS AND
ICONDITIONS, CLICK THE APPROPRIATE BUTTON TO CANCEL THE INSTALLATION PROCESS,
DO NOT INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE WITHIN THIRTY
(30) DAYS OF RECEIPT OF THE SOFTWARE (WITH ALL ACCOMPANYING WRITTEN
MATERIALS, ALONG WITH THEIR CONTAINERS) TO THE PLACE YOU OBTAINED THEM. ALL
IRETURNS SHALL BE SUBJECT TO NI'S THEN CURRENT RETURN POLICY.

The software to which this Natienal Instruments license applies is EnoseAilJBE.

4. UNSAARINA “Finish”
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