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Abstract

A remote air pollution monitoring system is developed in this project. The system consists of
3 main parts; measuring unit, data transfer unit and data processing unit. The system can work in 2
modes. One is for a not too long distance which connect the measuring unit and the data processing
unit with an electrical wire. And the other connects the measuring system and the data processing via
modem which can be worked as far as the telephone line can be reached.

Up to 5 gas sensors could be installed in the gas measuring unit to collect data for both
qualitative and quantitative analysis of the samples. The gas sensors are made from semiconductor
material. The system is a flow system which could be measured samples in both gas and liquid phase.

2 types of data transfer unit were developed. The first one is for the case which is applied for
pot too long distance and the modem was not used. The latter is for the long distance measurement
which modem is used to transfer data at a speed of 9600 bps. The unit could be sampled as fast as
52 Hsec per 1 data, However in this project, the sampling speed of 0.6 second/data is sufficient for
data collection.

The data processing unit will control the data transferring in the system and also arialysis the
saples. ‘There are 3 types of analytical methods which could be applied; a analysis using back-.
propagation neural networks, a analysis using radial basis neural networks and chemometrics. In the
analysis procedure, the effective using of response characteristics of sensors( rise-time, peak and fall-
time of the response curve) is proposed.

The system was tested in 2 modes; qualitative and quantitative analysis of the samples. 5
types of samples, namely de-ionized water, alcohol, amonia, acetone and acetaldehyde, with the
concentration in the range of 0.01% - 0.1% by volume, are used.

The analysis resuits shows that the using of radial basis neural networks provided 100%
accuracy in quzmtitativé analysis. The qualitative analysis with a"ccuracy upto 100% could be obtained

from the back-propagation neural networks.
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ﬂWSNﬁ 5.6 waawﬁﬁ1@’1’%1mmaﬂﬁuﬂluwmaaﬂmaam'smamqﬁaau S1=12, me=50,000

CAYIRLURY wadwi 13T ueen |
Tnuaf 1 | Twuait2 | Tuuefi 3z | Tnuefia | dritansdu
ﬁym%w%‘( -0.0003 -0.1214 0.1299 -0.0626 0,0,0,0
PHAILEANDIOA 0.01% | 0.2486 0.0100 -0.1636 0.9360 0,0,0,1
PRALDANDEBA 0.05% 0.3340 0.5787 0.7370 0.4587 0,0,1,0
_. pHaLeandaod 0.10% 0.3077 0.3222 0.8926 0.8255 0,0,1,1
215 1Al 0.01% | -0.0580 0.7825 -0.1551 0.9526 0,1,0,1
9% lau 005% | 0.0589 0.9669 0.8734 0.1231 - 0,1,1,0
1% lau 0.10% | -0.0024 0.9308 0.9692 0.7734 0,1,1,1
uou lueiiy 0.01% 0.9225 0.0673  -0.0445 0.5279 1,0,0,1
uou Tuwile 0.05% 0.9921 0.1275 0.9790 0.1509 1,0,1,0
wou Tty 0.10% | 09784 -0.1691 0.9959 0.9264 1,0,1,1
LEAAdan 188 0.01% | 0.4159 0.4511 0.1993 0.8795 1,1,0,1
pzIydadan 188 0.05% | 0.5957 0.6597 0.9123 -0.1953 1,1,1,0
pzI¥Raoan 188 0.10% |  0.7003 0.7671 0.9971 0.6945 1,1,1,1
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a15 10 5.7 wadnii ldnaudaz Inualutuvioenveasdegafiaol S1=12, me=100,000

NIV wadnER I8l uo0n
Tuuait 1 | Twuaii2 | Tnuaits | Tnuei 4 | driiensdi
1{111??3%%’ -0.1161 -0.0875 0.0724 -0.0394 0,0,0,0
PARIPANDI0E 0.01% |  0.2323 0.0661 -0.2063 0.9319 0,0,0,1
PNaNeanssod 0.05% | 0.1669 0.5059 0.7831 0.2955 0,0,1,0
ioilauoanesed 0.10% | 03106 0.2341 0.9146 08827 | 0,0,1,1
1 lau 001% | 0.1545 0.8824 -0.3210 0.9410 0,1,0,1
01% Loy 005% | 0.0748 0.9829 0.8451 0.1150 0,1,1,0
917 lay 0.10% | 0.0297 0.9686 0.9695 0.9053 0,1,1,1
o Tty 001% | 09818 0.1686 -0.0786 0.7976 1,0,0,1
pouTwdly  0.05% | 09980 0.1540 0.9925 0.1197 1,0,1,0
o lanily 0.10% | 0.9918 -0.1971 0.9993 0.9293 1,0,1,1
PLIYFROAA 188 0.01% |  0.6410 0.5412 0.0286 0.9044 1,1,0,1
PLIFAAOAR 187 0.05% |  0.6879 0.6763 0.8784 -0.0526 11,10
BLIHFABDA 18A 0.10% |  0.7468 0.9008 0.9980 0.9114 1,1,1,1

{ o et 5 R :ll as ] 3
9’!"]'51\3"7{] 5.8 NaaWﬁ'ﬁié‘%"!ﬂL&ﬂﬁg o?7‘1!@114‘!5‘14!1‘?@8ﬂ“d’i’]ﬁﬁﬁiﬂ’)ﬁ]ﬂ'ﬂﬁﬁ@ﬁ S1=12,me=125,000

MIFIBEN wadnE 18 luFuoen
Tuuait 1 | Twuafi2 | Tnuaii 3z | Tuuafi 4 | sritensidu

ﬁym?qw%" 0.0491 -0.1355 0.0980 -0.1079 0,0,0,0
AaeaNeI0d 0.01% 0.1187 0.0179 -0.1543 0.9124 0,0,0,1
PHaueanssnd 0.05% | -6.0070 0.3936 0.8173 0.0995 0,0,1,0

| pHaueanssed 0.10% | -0.1675 0.1691 0.9272 0.8583 0,0,1,1
1% oy 0.01% 0.0964 0.8828 -0.2978 0.9321 0,1,0,1
1% 1oy 005% | -0.0804 0.9829 0.8662 -0.0388 0,1,1,0
1% o 0.10% | -0.1183 0.9730 0.9745 0.8976 0,1,1,1
woy Tuiily 0.01% 0.9835 0.1074 -0.0295 0.7818 1,0,0,1
won Tty 0.05% 0.9984 0.0967 - 0.9941 -0.0373 1,0,1,0
wou Tuty 0.10% | 0.9928 0.2452 0.9995 0.8993 | 1,0,1,1
LIYAasan 189 0.01% | 0.6157 0.5320 0.0465 0.8924 1,1,0,1
DLIYRAEAR 186 0.05% |  0.6395 0.6535 0.8881 -0.1785 1,1,1,0
| ovidiadadlad 010% | 07159 09178  0.9984 0.9021 1,1,1,1
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19191 5.9 wadnH Idnnusas Tnualudunesnyssmsiiotfiaey S1=12,me=150,000
A5HI8614 wodvin R lusuioon
Truafi 1 | Tnuadi 2 | Tvuaii 3 | Tnuedi 4 | siinosidiy
ﬁym%w? 0.0915 -0.0991 0.0701 -0.0687 0,0,0,0
Haueanesod 0.01% 0.1453 0.0622 -0.1693 0.9189 0,0,0,1
NaLeaNssed 0.05% 0.0058 0.3500 0.8227 0.1098 0,0,1,0
phaueaneged 0.10% 0.1987 0.1863 0.9277 0.8817 0,0,1,1
21% 1oy 0.01% | 0.1909 0.8994 -0.3357 0.9459 0,1,0,1
1% 1o 005% | -0.0569 0.9850 0.8673 0.0113 0,1,1,0
21F lau 0.10% | -0.0841 0.9791 0.9748 10.9225 0,1,1,1
wou Tuiily 0.01% 0.9879 0.1277 -0.0481 0.8156 1,0,0,1
wou Ty 0.05% 0.9989 0.1124 0.9944 0.0079 1,0,1,0
oy Tuiily 0.10% | 0.9953 -0.2226 0.9996 0.9081 1,0,1,1
DLIYAROAA 18R 0.01% |  0.6790 0.5833 -0.0032 0.9140 1,1,0,1
PLI¥AAO0A 1A 0.05% |  0.6888 0.6781 0.8819 -0.1104 1,1,1,0
viwfadan 198 0.10% |  0.7636 0.9388 0.9985 0.9244 11,11
a1919# 5.10 HamsInTERamsiei il lumsaou
AINI0H NIRRT asRaee deudls$nundelumsaoy
20,000 50,000 100,000 125,000 150,000
‘151'11?@%’1% ok ok ck ok ok
PHaIANBIOs 0.01% | unknown ok ok ok ok
lenaueanod E)ﬁ 0.05% uhknown unknown unknown ok ok
zaﬁauaaﬂaaaﬁ 0.10% unknown ok ok ok ok
1% Iy 0.01% ok ok ok ok ok
01% laud 0.05% ok ok ok ok ok
1% 19U 0.10% unknown ok ok ok ok
wou Tanily 0.01% unknown unknown ok ok ok
o Tadio 0.05% ok ok ok ok ok
oy lauile 0.10% ok ok ok ok ok
BUIFATODA 1@5 0.01% unknown unknown unknown unknown unknown
pziydasad lof 0.05% ok unknown ok ok ok
avIHGa0aR 188 0.10% | unknown ok ok ok ok
PR HISUTLA 46% 70% 85% 92% 92%
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5.3 MynsIed lae3nin luuasn( Chemometric )
WsnlSeufeunanisias iz laons 1szvuasetsssamuuul¥danadaunasunau
s a o ot A < 9 o ~ s 9 ~ v & 9/ .
AUMIAATIEH IaedTou 39 lavmmslasizd laolda lumadnuuuaieg 3 nuufeld  K-matix,
P-matrix 182 Q-matrix WORITNATDUUEAIAINITIN 5.11 - 5.13 wazyiln 59 - 511 lagdaavly
4:; i =% d’ Qs o
a13190 511 - 5.13 wannwWamInnsed uazgUil 59 - 5.11 uaegluuunITNTZIIBVOIHTANT
Taetnasmualfnadnsoinmsiasigvuaateanuuiy 4 Tvuadsninanluride 52 wehay
= =1 as 9 ar =S & 9/ P} 5 = 9 s = A 1)
My alFsudmsusu Idsunsasie lasldszuuinsselsyamn ¥ aneaaumandeunay
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5 P= ] oA 9} = o 9 A 1 Py ¢ as a &
lavuiiansznegenindldninnisinsei lagldsruuniennlszamnlddansdaumsmou
o o LAY YR A = = o 4 o =Y 9
ndy wadninlavsAanma lonnandy  waziivaensdin lhaunsoszsuunyiauazanuduy
Fuld dansabwudl luwulunstiniane laoldeumaiothedszam  Sonaznan1dms s
. T P o - = I 1 dy
K-matrix dmanzeunezihnidlumsiasies sl
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as o1 da !1 i ° Q ~ Y a ] dy o [~ I:lsl 13 o
yosdyanuvieanszininnanain lornfneuiiuiesiesaunn YNNIV b9 DHITA
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YN 5 msnaaeums inseisesun

{ as i1 EN r's ;
A15197 5.11 HaanIN 199nmsng1e¥ 1ae1d K-matrix

ATA9E18 wadnsR 18l uvoen
Tnuafi 1 | Tnuafi 2 | Tvuafi 3 | Twuafi 4 | sifieosdly
ﬁwﬁqm? 0.8573 -0.8638 -0.8035 2.5594 0,0,0,0
iaeansssd 0.01% 0.2559 0.5224 -0.3846 1.9390 0,0,0,1
PRALEANDERT 0.05% 0.4011 1.1061 0.3430 09786 | 00,10
eaueansssd 0.10% | -1.1200 -0.1944 1.3244 0.8643 0,0,1,1
| o lau 001% | 0.9837 1.7412 -0.5193 1.4720 0,1,0,1
1%¥ 1A 0.05% 1.6226 2.0418 0.2508 0.3917 0,1,1,0
1% Iy 0.10% -0.0928 0.4673 1.3610 0.3201 0,1,1,1
wou lutly 0.01% 27115 1.4292 -0.8749 1.3022 1,0,0,1
wouTuitio 0.05% 2.2144 0.6861 0.7199 0.1432 1,0,1,0
won Tantly 010% | 1.1172 -0.6374 1.1130 0.6615 1,0,1,1
BUFASAA 1EA 0.01% 0.5001 1.1730 -0.0489 1.2960 1,1,0,1
BUFADER 18R 0.05% 0.2517 1.0881 0.8112 0.5236 1,1,1,0
pUYRTA 1A 0.10% -0.4405 -0.3269 1.8958 0.1933 1,1,1,1

AT 5.12 HAaWST 1a91NN15 A1 1a01F Pomatrix

ARV wodniR 18 ludunenn
Tuuait 1 | Tuuafi 2 | Twuait 3 | Twuaii4 | sisiaosdy
“ﬁym?qw%’ 0.6128 -0.2872 -0.0011 0.4349 0,0,0,0
PHaUeanogos 0.01% | -0.0903 0.2352 0.0495 0.8926 0,0,0,1
PAaIeaNs0s 0.05% | -0.1143 -0.0265 0.9052 0.1285 0,0,1,0
Pfinueansgsd 0.10% | -0.1370 0.1237 1.0777 0.6473 0,0,1,1
% Lau 001% | 0.1737 1.0138 -0.1873 1.2506 0,1,0,1
91% 1Al 005% | 0.0930 0.7260 0.9011 0.3069 0,1,1,0
1% Iaus 0.10% | 0.0665 0.8372 1.1578 0.9278 0,1,1,1
wou ludly 0.01% 0.8684 0.1290 0.0550 0.4386 1,0,0,1
o Tuiily 0.05% 1.0678 0.0032 0.9765 0.1566 1,0,1,0
| wouTwile 0.10% | 0.9889 0.0470 0.8735 1.0233 1,0,1,1
DUBABAA 188 0.01% 0.6754 0.8774 0.0983 1.0304 1,1,0,1
DUBADDA 188 0.05% 0.7517 0.7674 1.0155 0.0145 1,1,1,0
puUARTAR 186 0.10% 0.9781 0.8391 1.0274 0.9537 1,1,1,1
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= o a o 9/ .
A1 5.13 HadHD N 14T ARy 1ae Y Q-matrix

N300 wadnEilalusunenn
Tnuad 1 | Inuefi2 | Tnuafis | Tnuadi 4 | sriensidiu
Thusani 26794 44190 141445 25746 | 0,000
pfiaieanosod 001% | 04085 54426 173138 35990 0,0,0,1
iiauoaneaod 0.05% |  0.4013 5.6835 19.8531 3.4832 0,0,1,0
ohaloaneaed 0.10% | 05716 60438 203182 37686 0,0,1;1
2% T 0.01% | 09874 6.5253 179993 41305 0,1,0,1
¥ lau 0.05% | 1.1446 70756 206665  3.6386 0,1,1.0
| oo 0.10% | 2.1631 7.4523 20.9103 3.9845 0,1,1,1
woulandle  001% | 2.6284 48780 163932 3.7180 1,0,0,]
wouTudls  005% | 23937 53834 204635 42816 1,0,1,0
uoulanfio 010% | 3.7391 57984  20.6008 49243 1,0,1,1
PUANTAA 184 0.01% 2.8307 6.3497 173417 38517 1,1,0.1
PUFATAR 194 0.05% 25669 69531 19.6279  3.0057 1,1,1,0
puwATad lad 0.10% 2.5803 70807 218443 45293 1,1,1,1

1IN 5.14 wansamevriianarasdretuile 1ia TuunSnaiind1ae

NIHI081 AEmrianey

K-matrix P-matrix Q-matrix
ﬁym’?qw%’ fault fault fault
L@ﬁﬁm}aﬂﬂ?}@i{ 0.01% unknown unknown unknown
nausansa Gﬁ’ 0.05% unknown unknown unknown
Phaueansgod 0.10% ok unknown unknown
1% lau 0.01% fault ok fault
1% 1o 0.05% fault ' ok fault
219 1aU 0.10% ‘ unknown ok fault
wou lwily 0.01% fault unknown fault
wou Tautly 0.05% fault ok fault
woulwile  0.10% ok ok fault
DUFASAA 184 0.01% unknown ok fault
DuANTAR 186 0.05% unknown ok fault
BUFATAR 186 0.10% unknown ok fault
AU 15% _ 63% 0%
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A15190 5.15 WaawiN 1ae1nn13 a2 Iaeld Radial Basis Neural network

MIA70814 wasniR 8 lusuanonn

Tnuafi 1 | Tnuafi 2 | Tuuefi 3 | Twuaii 4 | drdinosiiy
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Novel Technique Using Response Characteristics
to Identify Volatile Organic Compounds

Mana SRIYUDTHSAK*, Nirand LERTNIMITTHUM and Suvit NAKPEERAYUTH
Department of Electrical Engineering, Chulalongkorn University,
Bangkok 10330, THAILAND, smana@netserv.chula.ac.th

SUMMARY

A novel technique using response
characteristic curves from sensors to identify volatile
organic compounds is proposed. The data obtained
from rise-time, peak-time and recovery-time are used
as representatives for the characteristics of the
response curves. The measuring system consists of 3
semiconductor gas sensors. Then, 9 data points are
obtained for each measurement. Volatile organic
compounds(VOCs), such as ethyl alcohol, acetone,
ammonia, acetaldehyde are used as samples to be
identified. 1t is found that the VOCs are effectively
identified with this technique. !

Key words: response characteristics, gas sensors,
volatile organic compounds{(VOCs)

INTRODUCTION

It is known that the kinetic interactions
~ between sensors and samples are specific and play
. key roles on the response characteristics. The rise-
time from the response curve usually represents the
speed of adsorption of the gas molecule on the
sensor surface.  The peak value of the curve
represents maximum interaction or reactivity of the
sensor to the gas. And the fall-times of the response
curve represents the desorption process of the gas
from sensor surface. We believe that these three
information are valuable representatives for the
overall response characteristics. Among these three
information, only peak value of the response curve is
commonly used as an information for data
processing. The information of rise-time and fall-
time are not effectively used in the conventional
measurement.

Here, we propose to use the three response
characteristics information, the rise-time and fall-time

0-7803-3829-4/97/$10.00 ©1997 IEEE
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together with the peak value, for the identification of
samples. The measuring system consists of 3 types
of semiconductor gas sensor. The three
characteristics from response curve, obtained from
the measuring of the VOCs, are input to the artificial
neural network( ANNs ). '

EXPERIMENTAL SETUP

The measuring system consists of 3
semiconductor gas sensors ( Figaro TGS800,
TGS813 and TGS822 ), head space type flow
through cell and personal computer as shown in
figure 1. 20% oxygen, obtained from mixing of
oxygen gas to nitrogen gas, is used as a carrier and
flushing gas. The vapor of each VOCs sample is
flown to the sensors for 90 seconds, then is flushed
out for 120 seconds using the carrier gas. All the
process is computer controlled. Conductivity change
of the gas sensors is measured from the voltage drop
across series resistors. The signals are then forward
to personal computer for further data processing.

E)Edromagnetlc valve

Carrier gases

Sample bottle Personal Compater

Figure 1. Measuring system for volatile organic
compounds identification.
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Output voltage

. Fall-time data
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fsoJ‘ 96 —
gas ON

120sec |
gas OFF

Figure 2: 3 data points from response characteristic
curve which are extracted for processing.( rising,
peak and recovery data are extracted af 117, 120
and 180 second from starting).

Since the three gas sensors have different

response to each samples, three response
characteristics curves for each sample are obtained
simultaneously. Then the three information from the
response characteristic curve, namely rise-time, peak-
value and fall-time, are extracted from each response
curve. The times which are used to extract the
response characteristics from the response curve is
indicated in figure 2.
With this method we gain more 2 information relate
to the adsorption and desorption process. Since 3
. sensors are used, then 9 extracted data can be
obtained from each measurement. The data are
normalized before input to the neural network for
further processing. The network has 9, 36 and 5
nodes in input, hidden and output layer, respectively.
0.01%, 0.05% and 0.1% of each sample (volume by
volume in water) are measured 5 times and used for
training the network by the conventional back
propagation technique. The learning rate,
momentum weight and bias rate are set to be 0.15.
The target outputs for each sample are designed as
shown in Table 1.

Results and Discussions

Figure 3 shows the typical response curves of
the three sensors. It can be seen that the rise-time
~ data, peak data and fall-time data are different for
each sensors. Thus these different response

TRANSDUCERS '97
1997 International Conference on Solid-State Sensors and Actuators
Chicago, June 16-19, 1997 .

characteristics are effectively used to identify the
kind of samples.

Table 1: Training samples and designed output

Sample Designed output node

Water 0 0 0 0 1
Ethy! alcohol 0 0 0 1 0
Acetone 0 0 0 1 1
Ammonium 0 0 1 0.1 ©
Acetaldehyde 0 0 1 0 - 1

968

V (Volt)

Time (min)

Figure 3: The typical response curves of the three
SeNnsors.

To test the performance of the trained
network, untrained samples with concentration of
0.03% and 0.07% of each VOCs are measured. Each
sample i1s measured for 5 times as shown in figure 3.
The first 4-data are use for training the ANNs. The -
last data is used to evaluate the self-test performance
of the system. Figure 4 shows the result of self-test.
It is found that the network can recognize each
sample with the error at each output node less than
2% from the teaching data: _

These data are input to the network for identification
test. The results are shown in figure 5 and 6. It is
obvious that the system able to recognize acetone,




ammonium and ac

o 3C3.09P
etaldehyde quite well. For ethyl 5. However, the error at each output node are less

alcohol, there were some error appear at node 3 and  than 8% for each kind of sample.

0.8

0.4

Output node val

0.2

0.6 1

Ethyl aleohol Acetone Ammonia Acetaldehyde
Type of volatilé organic compound

Figure 4: Self-test resulls of each sample with concentration of 0.01%..

Output node val

m T

Ethyl alcohol Acetone Ammonia Acetaldehyde
Type of velatile organic compound

Figure 5: Recognition pattern from outpul nodes of networks for sample concentration of 0.03%.
Training sets for ethyl alcohol, acetone, ammonia and acetaldehyde are (0,0,0,1,0),

(0,

0,0,1,1), (0,0,1,0,0), (0,0,1,0,1), respectively.
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08 +
0.6}

0.4 +

Output node val

02 |

FEthyl alcohol Acetone

Ammonia Acetaldehyde

Type of volatile organic compounds

Figure 6: Recognition pattern from output nodes of networks for sample concentration of 0.07%.
Training sets for ethyl alcohol, acetone, ammonia and acetaldehyde are (0,0,0,1,0),
(0,0,0,1,1), (0,0,1,0,0), (0,0,1,0,1), respectively.

This paper proposes a novel effective method
using characteristics of the response curve for the
identification of VOCs. Here, only three
information of the rise-time, peak value and fall-time
are used as representatives of the response
characteristics. The results imply that these data are
sufficient and effectively useful for identification of
our samples. It is believed that the networks which is
trained with these three information will remember
the interaction characteristics between the sensors
and the sample gas. = Then when the sensors are
exposed to the sample gas again, they will easily
recognize the kind of gas which they have been
trained. We suggest that in some cases, more
information from the response curves may be
necessary for the identification.
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‘Abstract

Identification of organic compounds using

* “quartz crystal microbalances (QCMs) together

'with radial basis neural networks is presented.

‘;'?.4‘QCMS~with different sensing surface were

used as sensors. Ethyl alcohol, chloroform,

~acetone and de-ionized water were used as test

- samples.

b
{
t

Response characteristics from the
- response curves; namely rise-time data, peak
idata and fall-time data, were effectively used in
«the identification procedure. These data were

sfed to the networks for identification. It is

"'found that with this technique, the test samples
- .are effectively identified.

Y

o

¥4

3
:

T

:

,I ‘many problems{1-2].

-

1. Introduction

v It is known that most of sensors are lack of

jsdectivity in measurement. This is one of the

.reason why sensors array together with data

. processing technique are introduced to solve

In the conventional
fmethod, the peak of response curve is used as a
‘data. . Hence, if N sensors are used in the

‘measurement, one can obtain N data

« ‘simultaneously. These N data are used as input
.;:,"“i'nformation for the data processing. Recently,

;;the technique using response characteristic te

e -

-.;}identiﬁed volatile organic compounds [VOCs]

. was proposed[3]. This technique uses rise-time

data, peak data and fall-time data to represent
the data characteristics. With this technique, 3
data are obtained from one sensor, then 3*N
data are obtained from N sensors. It means
that this technique can obtain 3 times
information more than the conventional
technigue. ~ With more information, the
identification of sample becomes easily.
However, the back propagation algorithm was
used in this report. This consumed processing
time very much. '

In this paper, we propose to use the
response characteristics, from QCMs, together
with radial basis neural network for the
identification of VOCs. With this technique,
the identification of sample can be done 1n a

short time.

2. Materials and method

20MHz QCM with silver electrodes( Meiden
Co,Ltd.) were used as sensors to detect the
VOCs.

sensing materials as shown in table 1.

Their surfaces were modified with
The
materials were coated on the sensors electrodes
by dipping technique.

~ Flow through type measuring system is used
in the measurements. Fig.1 shows the diagram
of the measuring system. Ethyl alcohol 99.5%(
Junsei Chemical Co.,Ltd. ), chloroform 99% (

189



Showa Chemical Inc., ), acetone 99.8% ( Kan-
toh Chemical Co., Ltd.), de-ionized water(
Organo, puric model R) were used as VOCs

samples. 5 ml of all samples were filied into 20
ml bottle.

Table 1. Materials used for modifying QCM

sensors and the frequency change.

Sensor Modified Frequency change
No. material by modified material [Hz]
1 SnCly -13825
2 5% wt. PdCly -6640
_ in SnClp
3 PdCly -68535
4 None 0

Control valves

Frequency.

Sample _counter.

Compressed air

Figuré I Diagram of measuring system

Head space measurement were performed
using air flow rate of 60ml/min.  The
experiment was carried out at 25 °C.

Firstly, the compressed air was flown to the
The

measurement was started by flowing air 30

sensors till they reached steady state.

Flow cell

second. Then the vapor from the sample bottle
was flown for 30 second and followiryg by 4

flowing air for 120 second to clean the sensor ::;

surface
for each sample.
were obtained for each sample.
defined as dayl data. The same experiment was

performed again on the next day. With this

procedure, we obtained another 16 data for

each sample. And we defined these last group

of data as day2 data. Frequency shift -of the

QCMs were measured using frequency counter

and then send to microcomputer for monitoring

and recording.

3. Results and discussions

3.1 Response curves

Figure 2 shows a typical response curves: of

each sensor to chloroform.
has different

characteristics to sample. However, it was also

each sensor response
observed that the sensors has some drift in their
responses and do not completely return to their
initial condition. These were observed.'m both
dayl and day2 data. Moreover; the amplitude
of response curve of day2 data also changed

from dayl1 data.

3.2 Recognition procedure.
From the response characteristic curves, the
sensors start to response to the sample gas

This procedure was repeated 4 times &
Hence, 16 response curves

These are *

)

It is obvious that

4

when the gas was flown to them. And then

they will return to their imtial condition when

air was flown to clean the sensor surface.
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one cycle then we obtained 4 sets of data for

Q3:Chloreform
each sample.

, 2;“80 r Figure 3 shows the frequency change pattern

E‘ .......... Sensor of the 4 sensors at rise_-tjme , peak and fall time
= #2 data for each sample for the dayl data. The
% ...... Sensor different response patterns for each gas can be
E‘ P & observed obviously except for the ethanol and
= ~--~— Sensor acetone. This means that the samples could not
E s be identified using simple pa_tiern recognition

690 technique.
Then the dayl data and day2 data were used

. Time{sec] . to classify and recognize the kind of samples
: i imejsec ] . .
‘ . using radial basis neural network.

j Figure 2 Typical response curve of the sensors

as the data at 60 second after stop flowing

to chloroform 120 + Chloroform
‘ 5 100

: It can be seen from figure 2 that the response = 80

speed, the maximum response and the recovery = 60

speed of each sensor are different for each gas. E 40

‘ Then we extracted these information from the % 20 -

E résponse curves and defined as rise-time, peak IE 0 -

L and fall-time data. The definition for each data 230 -

¢ are'as follows. N ciisor
i The rise-time data is defined as the response

value of the sensor at the mid-point of gas Acetone
i flowing. This data will represents the speed of —

L interaction between sensor and sample. The gﬁ.

§ peak data is defined as the value of the response =

Er before stop flowing gas to the sensors. These E’

data will represent the sensitivity of the sensors %

.[ to samples. We defined the fall-time data 5

. sample gas(60 second after flowing air to clean

. the sensor). This data will represent the

desorption speed of the sample from the sensor. Figure 3 Response pattern of sensors to 4

Since we measured each sample for 4 timesin ;4o ¢ samples (to be continued).
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Ethyl alcohol propagation NN in both training time and

. 120 - recognition, though it needs more memory for -
g 100 computation. Then the RB-NN was applied for
% 80 the  recognition of the data. A 2 layers
2 - architecture of the RB-NN was designed as "
§ follows. 5 types of RB-NN is conﬁgured as
g 40 shown in table 2. The first layer, with different §
= 20 number of input node, will receive the rise-time
0 data, peak data and fali-time data from the 4
20 sensors. The output layer has 2 nodes which
Sensor their combination correspond to the 4 samples
as shown in table 3. 3
7op o De-ionized water Table 3 Output nodes and correspondent gas
g 600 - f‘ vapor —
& 500 2 Node | | Node 2 | Correspondent gas vapor | .
g 400 - ?‘ ORT 0 1 ¥ Ethanol ,d
§ izg 1 EPK 0 1 Chloroform
5.100 | CIFT 1 0 Acetqnle
i g 1 1 ‘De-ionized water
Sensor The first 3 data sets from day! data were usl_t_‘:d

to train the RB-NN. The training was »;';_
terminated when the sum-square error ( SSE y
of the RB-NN was less than 10", A spread

constant of 12 was used for the training

Figure 3 Response pattern of sensors to 4
kinds of samples (RT: rise-time data, PK: peak

data, FT: fall-time)(continued) o
procedure. It was found that the training took

less than 10 nds when Pentium-150
3.3 Identification performance o5y Han Tosenics wag CHHHm=E%

The radial basis neural network ( RB-NN } is

known to have higher performancé than back

computer was used.

3

Table 2 5 types of RD-NN using in the recogpition of sample ?

Type Input information Input nodes | Output nodes | 3

RT Rise time data 4 2 . 3

PK Peak data 4 2 g
FT Fall time data 4 2

RP Rise time and Peak data 8 2

A Rise time, peak and fall time data 12 2
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Table 4 Recognition result for the 4™ data set from day!1 data and expected values
when different RB-NN were used.

Sample Ethanol Chloroform Acetone De-ionized water
Expected valug (0,0) (0,1 (1,0) (1,1
_RT (033,0.17) | (-0.18,1.09) | (0.91,-0.01) (1.00,1.00)
PK (0.08,0.01) | (0.08,0.97)) (0.95,0.03)) (1.02,1.02)
FT (-0.25,-9.46)| (-0.71,-3.94) | (2.32,-4.64) (-0.32,-0.82)
RP (-0.04,0.10)| (-0.10,1.00) | (0.96,-0.01) |  (0.97,1.00)
A (0.02,0.09) | (0.02,0.99) | (0.98,0.00)) (0.99,1.00)

The 4 data set from the dayl and 4 data
sets of the day?2 data were input to the trained
RB-NN to evaluate the network performance.

Table 4 shows the result of recognition for the

4™ data set from the dayl data and their

expected values. From table 4, it can be seen

~that the recognition were not good when only

TR

:_ the rise-time data (RT type) or fall-time data (

+ FT type) were used. However, the recognition

results were better when the peak data(PK

| type) or the rise-time data together with peak

And the best
recognition were obtained when all data were

data(RP - type) were used.

used as input information to the RB-NN (A
. type).

This trend was more obvious when the

. networks were used to recognize the four data

sets. from day2 data. Figure 4-7 shows the
results of recognition of the 4 data sets from

series 2 using different type network. It was

"fou‘nd; that the samples were clearly classified

into 4 groups by almost types of RB-NN,

- except for the FT type. The results from output

. node 1 and 2 were still quite different from the

| expected values as shown in table 3.

These

-error came from the drift and degradation of

;j:_,sensor which could be observed from the

response curve. However, it is obvious that the
results obtained from the A type RB-NN is
clearly separated with the maximum SSE less
than 5%. The average and standard deviation of
SSE in the recognition of 16 samples were
1.92+1.66%, which is acceptable for the
recognition. This is much more better than the
PK type RB-NN which has sum-square error of
80%. ‘

Falli time data
A 10

L 4

A9

Node 2
|
L

-10
Node I

& Ethanol [l Chioroform AAcetone ¥ Water

Figure 4 Identification of samples using fall-
time data.
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Rise Time data Rise Time data & Peak data & 7 r

5 1.2 — - Fall Time data ]
1+ X 1.2 |
By = 4 ‘ | |
0.8 T W :
o 0.6 + N 0.8
~ .
2 0.4 T _g 0-6 ’
| ;g 0.4 +
0.2 - ‘ _
6.2
A B ———on — £
o028 1 2 05 -02 6 0.5 1
N()de 1 NOdC 1

& Ethanol Bl Chloroform A Acetone X Water
@ Efhanol B Chioroform A Acetone X Water
Figure 5 TIdentification of samples using rise- ‘
time data. Figure 7 Identification of samples using rise- |

time, peak and fall-time data

~f1

Peak data Rise time data & Peak data - x :

1.2 1_ : 1-2 T . N 'j ‘

B i+ . " i

? {4 X = 5 wx X 3

4] X 0.8 + RS

87 . 0.6 + o

E o = ol B &

“ sl 02 1 4

d ™, o oA ; :

0.2 + 1 @ USRS

= -0.2 & 1 i

M Ak g

e l——— Node 1 ‘

-1 0 1 @ Ethanol @ Chloroform A Acetone X Water ,} @

Node 1 . b}

© Ethanol @l Chloroform A Acctone X Water . ‘ S q
Figure 8 Identification of samples using risé-
Figure 6 Identification of samples using peak time, peak and fall-time data “a
data : .
J \:,:
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This result demonstrates the effectively uses
of the

characteristic curves, not only the peak data,

information from the response

could drastically enhance the recognition .

With this technique, it is
obviously that the drift and degradation of

periormance.

sensor response could be solved.

‘4. Summary

“Ve propose here the effectively make use of

rise-time, fall-time information and the peak

value together with the radial basis neural

network for the identification of unknown
samples.  The wvolatile organic compounds
samples were use to evaluate the technique.
With these three information and the radial
basis neural network, we could classify and
identify four types of samples with sum-square
error less than 5%.

We believe that the recognition using these
three information with neural network is similar
The

networks were trained to remember the pattern

to the way of human recognition,

‘of response for each sample from the rise-time,

peak and fall-time data, which we used as

¢, training data. Then even the sensors have drift(

 EEETETETY

equivalent to position change of the pattern ) or
degradation ( equivalent to the zoom in or
zoom out of the pattern ), the network still
could recognize them easily. Comparing to the
case of using only the peak value, it is difficuit
for the network to recognize the samples if
there are drift and degradation.
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