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A portable electronic nose (E-Nose) system using PDA device
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Abstract

The electronic nose (e-nose) has been used in food industry and quality controls in plastic packaging. Recently it finds
its applications in medical diagnosis, specifically on detection of diabetes, pulmonary or gastrointestinal problem, or
infections by examining odors in the breath or tissues with its odor characterizing ability. Moreover, the use of portable
e-nose enables the on-site measurements and anatysis of vapors without extra gas-sampling units. This is expected to widen
the application of the e-nose in various fields including point-of-care-test or e-health. In this study, a PDA-based portable
e-nose was developed using micro-machined gas sensor array and miniaturized electronic interfaces. The rich capacities
of the PDA in its computing power and various interfaces are expected to provide the rapid and application specific
development of the diagnostic devices, and easy connection to other facilities through information technology (IT) infra.
For performance verification of the developed portable e-nose system, Six different vapors were measured using the
system. Seven different carbon-black polymer composites were used for the sensor array. The results showed the
reproducibility of the measured data and the distinguishable patterns between the vapor species. Additionally, the
application of two typical pattern recognition algorithms verified the possibility of the automatic vapor recognition from
the portable measurements. These validated the portable e-nose based on PDA developed in this study.

Key. Words : portable electronic nose (e-nose), medical diagnosis, volatile organic compound (VOC), vapor recognition,
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Fig. 1. Si-based gas sensor array. a) each of 16 micro-
machined well has sensing electrode and heater
within the substrate. Actual dimensions are shown.
b) only 8 of 16 sensing channels are installed with
the CB polymer composites through dispensing.
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Table 1. CB polymer composites used for gas sensor array

Ch. Polymer 1.D.

1 poly(4-vinyl pyridine)

2 poly(vinyl butyral)-co-vinyl alcohol-co-vinyl acetate

3 poly(vinyl stearate)

4 Ethyl cellulose

5 polystyrene-b-polyisoprene-b-polystyrene
6 hydroxypropyl cellulose

7 cellulose acetate
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Fig. 2. Gas sensor interface circuitry. a) laboratory size circuit board, b) portable circuit modified from the previous one
in (a), ¢) sensor array chip and miniaturized pump are integrated on portable circuit board.
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Fig. 3. Schematic diagram of gas sensor interface circuit. a) amplifier for sensor response singal, b) unipolar to bipolar
converter for amplifier power supply using ADM660 and 3 V regulator for dc motor pump using MAX603.
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Table 2. Specification of hardware and software equipments

Hardware Software
PDA IPAQ5550 (Compaq) Pocket PC 2003 (Microsoft)
PCMCIA expansion pack Labview PDA module (National Instrument)
Data acquisition DAQG6062E (National Instrument) DAQ for Pocket PC (Microsoft)
PC Pentium IV Labview for Windows (National Instrument)
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Fig. 4. The PDA-based portable e-nose developed in this
study. a) miniaturized gas sensing module and
PDA are combined, b) the operation of PDA
application software dedicated for e-nose system.
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Fig. 5. Vapor measurement using the developed e-nose. a)
variable resistors are used for initial balancing of
sensor response signal. Vapor samples are
measured using usual vessel without any control of
temperatures and concentration, b) vapor signals
are displayed on the PDA screen.
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Fig. 7. Radial plots of maximum sensitivities extracted
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A 8FE R A 148 A23E, 2005

4% - BE% - H3

Fol 2A47te feom, w273 Fole AA7} 27
ez B0l & AEE A=7 97 87121
wlo} 271 (in) 39 OB =EAK F ZHL R
3T AR B F71E 7170l AR WIS A
o FYshA Bek.

D. Al2 &3 HIole] Tj& % PCAo| 28t =H &
4 gol

CoAlA 29L& 2HZA3Z PCol A48T, maximum
sensitivity'S FZ31] 19 79l WA T EZE e
Witk 282 7 vaporrlth ¥HEE SHAAE 5
UehR 3 Q) 3 o] 7 patterne 7|WHOZ PCAT
Z E3) 9& vapors2] 3 (grouping or clustering)
e 27 8ol YERNRITE FHA e-nosedllA HF
272 3l &= A5 vapor $14)0] 7HAIE ER)
317] 93 EA QA HEAA &31=]E2 BPNN 7
A2 23S B2 = SVME F 833 AMgE
BPNN-& 170 ¢] hidden layers} 7/1¢] hidden nodeE
e FxoH, &Y = Mg 74 7, 64 ol
t}. BPNN9| 79 w& el 4% JriEve
PDA e-nose’} 3743 dlo|g] &9 ti=kx el +i&
7Ved-& BHrheke Zlo] B o|EE, hidden layer %
hidden node®] 7= dutd o7 Elgsiria g
alof] wlel G 3lHTh SVM-2 internet public domain
o] Z70¥ Vapnik®] SVM routineS AHE-sl$ith. F o
B2 diglE EF PCOA Matlab (Mathworks,

0.8 v T T T T
83
0.7+ -
chicroform % .
0.6} g
m 4%‘69 tenzens
1] 4 aoetons i
041 g
o
£ ®
08 ethanot T
B0
D2f -
01 -
mthanc!
ol b oycichexane |
™ L

01 L L L ) L ! T

0.8 0.6 04 02 o (13-4 04 08 0.8

PGH

33| 8. M E t}E vapors 52 HE PSS PCA & 53
FRISIATE. B4 9] HAE S 2 Hell 542
EME BABRE WSS B3E
Fig. 8. Different patterns from different vapors are verified
by PCA. Every measurements are numbered for
convenience.

— 74—



Aol o ©er] (PDA) & 7]4lo g & Fol¥ E-Nosed] /)% 13

¥ 3.BPNN 3 SVMZ359HE 283 vapor 919l 214] 3}, confusion matrix®] zF & A vapord] £7E, 2+ &
= 425 98 BEH vapord) EFE JeRITH
Table 3. Vapor recognition results by BPNN and (SVM). Each row implies the measured vapor species, and each column
implies the recognized species
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