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Abstract

An electronic nose, utilizing the principle of surface acoustic waves (SAW), was used to differentiate among different wines of the same
variety of grapes which come from the same cellar. The electronic nose is based on eight surface acoustic wave sensors, one is a referer
sensor and the others are coated by different polymers by spray coating technique. Data analysis was performed by two pattern recognitic
methods; principal component analysis (PCA) and probabilistic neuronal network (PNN). The results showed that electronic nose was abl
to identify the tested wines.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction resonant element in a delay line (DL) oscillator circuit and
measuring the frequency shifts due to the vapour sorption.
Electronic noses have made their appearance inthe market To perform an analysis of complex samples it is neces-
for almost a decade. They are preferred to routine laboratorysary to use an array of several gas sensors with different
analysis for chemical vapour detection because they aresensitive layers and partial selectivities to various gaseous
rapid, simple and easy-to-handle when compared with components. The appropriate choice of coatings coupled with
analytical techniques. Several authfits3] reported appli- an adequate pattern recognition method lead to a selective
cations of electronic noses for detection of food flavours. chemical analysis.
However, due to high cost and complexity in interpreting Several materials are used as sensitive layers. The most
results they have been confined to food research laboratoriesused are polymers like phtalocianind$, ciclodextrins[5],
Surface acoustic wave (SAW) devices have shown promisingorganometallic compoundg] and rubber polymer$7].
characteristics as chemical vapour sensors due to their smalAlthough metals and semiconductors are employed as sensi-
size, low cost, high sensitivity and fast response. The basictive layers[8,9].
principle of SAW sensors is the reversible sorption of In the present work rubbery polymer films have been
vapours by a sorbent coating which is sensitive to the vapouremployed as chemical coatings because of their high sensi-
to be detected. The vapour is sorbed by the sensitive layertivity, fast vapour diffusion and reversible responses. A SAW
resulting in a mass increase which alters the surface wavesensor array with different polymers has been used to dis-
velocity in the device. The velocity changes are measured criminate several types of wines.
indirectly with good precision using the device as the

2. Experimental
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The mass change of the coating due to the film is detected
by a change of the wave velocity and measured as a fre-
quency shift of the oscillation frequency. The film thickness
was controlled by measuring the frequency shift with a HP
8510B network analyzer during film deposition. If the film is
non-conductive and thin, it can be neglect the electrical and
viscoelastic effects and the coating thickness can be calcu-
lated from[12]

RS
=k +k2) S0

where Af is the frequency shifif; the oscillation frequency,

k1 (—9.33x 10 8m?s/kg) andk, (—4.16x 10-8 m?s/kg)

the constants of the substrate gnés the polymer density.
Table 1shows the corresponding frequency shifts due to poly-
mer coating for each sensor of the array. This table include
coating thickness and attenuations before and after polymer
deposition. As it can be seen, in general, the losses are higher
when the polymer thickness is higher.

The coated and uncoated devices were introduced into a
test chamber of 114 chin two rows on a printed circuit
board (PCB) over a Peltier device, which kept the devices
at a fixed temperature (230.01°C). A platinum resistance
(Pt100) was glued to the PCB to measure the temperature.
The oscillator circuit for each device was connected to the
back side of the chamber. The flow rate was 200 ml/min and
157 MHz which means a 30m wavelength. The chosen the carrier gas was nitrogen.
design of the delay lines, optimized previou$h0], was The sensor response, given by the frequency shifts, was
A =100 for the aperture (W) and for the distance (L) between measured with a frequency counter HP 53131, connected to
the interdigital transducers (IDTs) and 100 finger pairs. The microwave switch system, Keithley S46, which allows the
IDTs were made of aluminium by RF magnetron sputtering, frequency display of the eight sensors. The software devel-
using standard photolithographic techniques. The thicknessoped in-house for data acquisition gives the frequency of each
was 200nm and the finger width and spacing wasb device and the frequency difference between each one and the
(Fig. 1). reference. It was used for real-time visualization, storing and

The sensor array is made up of eight SAW sensors (Fig. 2); analysis of these data. The experimental setup of the SAW
one of them is a reference device. Each sensor has its owrsensor system is shown ig. 3.
oscillator circuit. Four bottled wines from the same cellar (Bodegas Cen-

The polymer films were deposited by spray coating using tro Espdiolas, Tomelloso, Ciudad Real) were selected. Wine
an airbrush with a solution of the polymer in the appropriate samples came from the same variety of grapes (Tempranillo)
solvent. Four rubber polymers were used: polyepichloro- and the same geographic origin (Castilla-La Mancha). They
hydrin (PECH), polyetherurethane (PEUT), polybutadiene differ in the different evolution which took place after the fer-
(PBD) and polydimethylsiloxane (PDMS). They are all mentation. Studied samples wefélozo 2002 (young wine),
commercial polymers for SAW sensor applications with Allozo Crianza 2000 (aged for a year in American oak barrel
adequate physical and chemical properties in order to obtainand 6 months in bottle\llozo Reserva 1998 (aged for 18

4 mm

Fig. 2. View of the sensor array in the measuring cell.

fast vapour diffusion and reversible respoftsf. The poly- months in American and French oak barrel and 18 monthsin
mer concentrations were as follows: PECH (1.25 mg/ml), bottle) andAllozo Gran Reserva 1997 (aged for 24 months
PEUT (2.5 mg/ml), PDMS (10 mg/ml), PBD (5 mg/ml). in American and French oak barrel and 36 months in bottle).
Table 1
Frequency shifts, attenuations and coating thickness of the eight devices
Sensor 0 Sensor 1 Sensor 2 Sensor 3 Sensor 4 Sensor 5 Sensor 6 Sensor 7
reference PEUT PEUT PDMS PBD PECH PDMS PECH
Af (KHz) - 200 300 400 500 200 200 400
I (nm) 0 60 90 120 150 44 60 88
|S12l0 (dB) 19.0 15.4 15.0 14.3 14.1 17.0 14.4 16.3

[S12]pol (dB) 19.0 22.9 24.2 25.1 25.0 20.4 26.3 21.6
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Fig. 3. Experimental setup of the SAW sensor system.

Wine samples (10 ml) were kept at 20.1°C for 30 min
in a flask. After that time the headspace was injected in the
measurement cell for 10 min. This time was enough for the
sensors to reach equilibrium. Measurements were made each
30 s. Experiments were made five times in order to have more
data for the later wine classification. The measurements cor-
responding to each type of wine were conducted in different
days to make sure that the differences in response patterns
were not due to signal drifts.

---m--- Alfozo 2002
—-4—- Allozo Crianza 2000
—-+—- Allozo Reserva 1998

3. Results and discussion

S5 - S4 —-B- Allozo Gran Reserva 1997

The response of each sensor (frequency shift) was sub-
tracted from the reference device frequency shift in order to
compensate for temperature and pressure variatiigs4
shows the response of SAW sensors to a sampiliefo of samples wines. Each sample has its characteristic organic
2002 young wine. As it is seen in this figure, each sensor Volatile compound profile.
shows different response to the wine studied. Response time ~ The data obtained were pre-processed by centering about
and recovery time are quite fast, approximately of 2 min. the mean and scaling with the standard deviation before per-

The response to the four types of wine was also testedforming a principal component analysis (PCA). The PCA
(Fig. 5). The sensor responses to four wines are normal-results of the four types of wine are illustratedHiy. 6. It
ized to response ofllozo Gran Reserva 1997, due to this ~ €an be seen that all types of wines are well separated.
wine exhibits the maximum response. This polar plot shows
the differences among the studied samples. The variationin 25

Fig. 5. Polar plot of SAW sensors to the studied wine samples.
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Fig. 6. Principal component analysis plot for the four winéBozo 2002,
Fig. 4. Response of SAW sensors to a samplélbizo 2002 young wine. Allozo Crianza 2000, Allozo Reserva 1998 andAllozo Gran Reserva 1997.
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Fig. 7. A probabilistic neuronal network (PNN) with 3 input variables, 4 classes and 20 training examples (5 belonging to each class).

A probabilistic neuronal network (PNN) has been trained Gran Reserva 1997 samples wittAllozo Crianza 2000 sam-
with the above data in order to perform the classification. This ples.
network is composed by four layers. In the input layer there
are three elements that correspond with the first three com-
ponents of the PCA. The next layer is the pattern layer. This
layer has a number of neurons equals to Fhe training pattern A SAW multisensor has been developed in order to detect
vectors, grouped by classes, where the distance between the

test vector and a learning pattern is assessed. The purposgqlat"e organic compounds (VOCs) coming from different

. . ) . : wines. Samples coming from the same cellar (same grape
of this layer is to measure and weight with a radial func- : . :
. 4 . . ..~ variety and same geographical region), although they have
tion the distance of the input layer vector with each training . ’ . .
) . .Y been subjected to different evolution after fermentation. Sam-
set element. The third layer, the summation layer, contains

. ples differ in the time passed inside the oak and bottle.

one neuron for each class. This layer adds the outputs of o

. . Chosen polymers as sensitive layers showed goods prop-
the pattern neurons belonging to the same class. Finally, the_ . . L
. AR erties to be used as adequate coatings, due to their high and
output layer” is simply a thresholder that seeks for the max- T
. . . . _fastresponse. PCA showed a good discrimination among the
imum value of the summation layer. Then the highest one is

ifferent wines. As well, the classification performance by

selected and takes one as result. The others outputs are s NN was satisfactory (95% success rate)
to 0. It has been validated with the leave-one-out method. In '
Fig. 7a schematic diagram of the PNN network is shown.
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