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Method of multiexponential decays is used for approximation of the resistive sensor response to steep change in gas com-
position in the atmosphere. The response of tin and indium oxide thin film sensors is described by a set of the parameters
that are included into the output database of the sensor array. The dependence of these parameters on the rates of the surface
chemical processes is discussed. The output database is visualised using an original method of a two-dimensional graphical
representation that is introduced as a “portrait” of smell. Suitability of these graphical images for identification of the infected
substances and infection type is studied. Based on visual inspection of the images, the contamination of chicken meat with bac-
teria is detectable within several hours after the intentional infection. Capabilities to distinguish between the clinical infections

of wounds and to diagnose the infection by smell are studied.
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1. Introduction

It is commonly accepted now that an electronic
nose (EN, e-nose) is a qualitative, low-cost, real-time,
and portable method for reliable, objective, and repro-
ducible measures of volatile compounds and odours.
An EN-based device typically includes three main
parts, namely gas sensors, interface electronics, and a
system for sophisticated data processing. In the EN
system, a collection of chemical sensors is typically
used. Each sensor in EN measures a different prop-
erty of the sensed chemical. Until now, the response
to chemical interaction was obtained and studied in
metal oxide semiconductors, conductive polymers, sur-
face acoustic wave devices, bulk acoustic wave de-
vices, quartz crystal microbalances, chemical field ef-
fect transistors, fibre optic sensors. It has been com-
monly recognised that the metal oxide sensors are the
most acceptable type of sensors for commercial sys-
tems because these sensors are cheap, simple in use,
and acceptable for miniaturisation and integration in a
single chip. In addition, based on the well-developed
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technology, the sensitivity and selectivity of these sen-
sors to gas are easily modified and well-controlled.
The modern approach in the EN development is based
on an array of sensors that are not selective and not
highly specific to a particular gas but have a broader
response to various gases. This approach has been
inspired by novel understanding of biological olfac-
tory systems and it aims to reduce the requirements on
both the number and the selectivity of the sensors. It
greatly facillitates the development of a highly flexible
and widely applicable EN system capable to recognise
a large number of volatile compounds having features
that are defined by special training of the EN and stored
in the library of the EN. In spite of that, it has been
commonly recognised now that it is too complicated to
develop an EN for general purposes at the present stage.
Therefore, the array, signal processing, the database of
the outputs, and the construction of the system have to
be optimised for each practical application before the
EN can be used.

In an EN, raw signals from an array of the sensors
are usually pre-processed before the database of sig-
nals is analysed with the mathematical tools such as
principal component analysis (PCA) or neural network
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(NN). The aim of the pre-processing is to extract the
most useful information from the entire database of the
output signals obtained from an array of gas sensors.
Both static and dynamic responses of the sensors could
be used to build up an input database for the signal anal-
ysis. If the dynamic response is recorded, large number
of data points is collected in the output database of the
sensors. Before the recognition technique is applied,
the signals are usually pre-processed with the aim to
reduce the volume of the data. In spite of the fact
that pre-processing of transients is more complicated
procedure than measurement of the baseline signals of
steady-state response, the loss of useful information in-
cluded in the dynamic response seems evident. Possi-
bility to reveal much more features of an odour stim-
ulates the studies of the response kinetics in various
scientific groups [1-7]. This additional information is
supposed to improve the capabilities to recognise the
odours by the EN.

Numerous attempts have been made to use EN in
recognition of the odours in the headspace air of food
and drink (e.g. see references in [10]). These ENs
were mainly based on metal oxide and conductive poly-
mer resistive gas sensors. Evaluation of the quality and
freshness of the foodstuff is related to the detection of
the food spoilage and, consequently, to the monitoring
of the growth of bacteria in the organic substances. It
was found that the EN is able to recognise the presence
of bacteria in the substance and even to discriminate
among different types of bacteria (see e.g. [8—12]).
Now there is a great interest in the clinical application
of an EN mainly because of its ability to diagnose ill-
ness. It is well known that certain diseases are associ-
ated with characteristic smells. There is even a suppo-
sition that the human wounds emit individual mixtures
of the volatile substances dependent on the type of in-
fection.

Recently we have proposed a method enabling the
approximation of kinetics of the resistance response
by multiexponential decays [5,6,8]. Based on this
method, the dynamic response to an injection of gas
is described by a certain number of parameters. If the
injection of gas is strictly controlled, the parameters of
response are determined by the dynamics of the gas—
surface interaction in the sensors. Since several param-
eters are defined for single sensor, the database of the
sensor outputs is improved by important information
without any increase in the number of sensors.

Present report is focused on the analysis of kinetics
of the resistance response to a steep change in chemical
composition of the atmosphere. The response kinetics

is studied in thin film tin and indium oxide based gas
sensors. Original method for graphical visualisation of
the output signals of an array of sensors is described
in detail. Possibilities to distinguish between the non-
infected and bacteria infected organic materials is stud-
ied. Applicability of the method to discriminate among
different types of wound infection is discussed.

2. Relations to the response model

General aspects of the response mechanism are well
known for the metal oxide based semiconducting gas
sensors. Based on this, the relationship between the
parameters of surface chemical processes and the elec-
trical properties was theoretically described for the gas
sensitive films in [13]. Considering a single type of the
target gas and one type of the chemisorbed oxygen, the
resistance change R(t) induced by the gas in polycrys-
talline films might be approximated by the formula
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In (1), © 49 is the initial coverage of the surfaces with
the chemisorbed oxygen species, Z and = 4p are the
parameters related to the concentration of impurities in
the volume and the densities of chemisorption centres
on the surfaces. The parameters 7; and 72 include the
rates of the surface processes and characteristics of the
gas (e. g. the mass of the gas molecule). Time constant
T corresponds to the response time that characterises
the rise of response after the injection of the gas. De-
tails of description might be found in [13].

It might be expected that the description (1) will be
more complicated if the co-adsorption effect and a few
chemisorbed oxygen species are included in the model.
In spite of the lack of such a thorough analysis of the
processes, the phenomenological description (1) sug-
gests general ideas about the information that might
be extracted from the response signal of the gas sen-
sors. The signal is influenced by the changes in the bulk
impurities (parameter Z) or the chemisorption centres
(1, n2, and Z 4p) or the density of chemisorbed oxy-
gen (O 4p). It is evident that the sensor signal contains
mixed information about the properties of the layer and
the features of chemical interaction. The parameters of
the layer and the reaction might be evaluated by fitting
the theoretical transient (1) to the experimental results.
It is evident that this method is too complicated for
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practical pre-processing of the signals in an EN. In ad-
dition, the parameters related to the properties of layer
are not useful for the featuring of odours. The influence
of redundant parameters on the development of odour
features might be reduced if the time constants (or re-
lated parameters) are used to build up the database.

The entire length of the transient of response to the
gas usually consists of the rise and recovery intervals.
It follows from the phenomenology in [13] that the rise
(or response) time is mainly determined by the time
constant 7 included in (1). Within the phenomenolog-
ical model [13], this time constant might be described
by the following formula:

] 1/2
(2

In (2), g indicates the interval of rise and, consequently,
T = 74. Parameter ap is the rate of incident flux and
Sp is the sticking probability for target gas molecules,
(p is the desorption rate for target gas, v4p is the rate
for bimolecular interaction between the chemisorbed
target gas and oxygen species. In general, the recovery
time differs from the rise time. As it follows from [13],
the time constant 7. that characterises the recovery of
a sensor to the clean-air conditions might be described
by the following formula:
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It is clear that the difference between 7, and 7 is de-
termined by the presence or absence of the chemisorp-
tion process. It is interesting to note that the rise time
constant 7, is dependent on the amount of gas in the
atmosphere (ap ~ FPyqs) while the recovery time con-
stant 7. is independent of the gas amount to which
the sensor was exposed. In contrast to 7., the signal
R(t)/R(0) depends on the gas amount because the pa-
rameters 1, 72, and =4 g of the chemisorption centres
include the coverage of surfaces with the target gas.

Finalising it might be concluded that the rise time of
response to a gas contains information about the target
gas regarding the gas amount in the atmosphere, the in-
cident flux, and the chemisorption parameters (see def-
inition of ap in [13]). The recovery time 7. is also
defined by the specific parameters Sp and v4p of the
target gas, but these parameters do not provide quanti-
tative information about the target gas. Since the time
constants are easily obtainable from the measured tran-
sients, it seems reasonable to expect that the dataset of
such parameters will be correlated with specific prop-
erties of the volatile compounds and specific aspects

of interaction between these compounds and the sen-
sor surfaces. But in practice the method for extrac-
tion of phenomenological rates of the surface reaction
from the measured results is highly complicated. Con-
sequently, these parameters can hardly be used for the
featuring of odours, while the understanding of effec-
tiveness of the transient approach can be improved con-
siderably.

3. Experimental and analysis methods
3.1. Gas sensors and flow control

The sensor array was composed of the homemade
sensors based on tin and indium oxides. The gas sensi-
tive films were deposited by a dc magnetron sputtering
on an insulating substrate with thin film thermometer
and thin film heater. These two elements of the sensors
were used to stabilise individual temperature for each
sensor. The surfaces of the gas sensitive layers were
modified with a post-growth deposition of the metal-
lic impurities such as Pt, Cu, and Ag. Details of the
sensor technology are described in our previous reports
(e. g. [5,6]). In addition to the homemade sensors, one
standard sensor TGS800 produced by Figaro was in-
cluded in the array as a reference sensor for signal com-
parison.

A few arrays were composed of 6-13 sensors. The
arrays were mounted in a test chamber with a con-
trolled flow of synthetic air. The flow rate was constant
and typically equal to 200 ml/minute. The sensors
were periodically exposed to the volatile constituents
released from the organic substances stored in a glass
vessel. A steep change in gas composition of the gas
flow was produced by an automatic two-flow control
system. In the system, two flows with similar flow rates
were produced in two parallel channels. In one of the
channels only clean air was flowing, while the same air
in another channel carried some fixed amount of the tar-
get gas. Relative humidity of the air was similar in both
channels and typically equal to 50%. The switching be-
tween the flow of clean air and that of the target smell
produced a steep change of gas composition in the test
chamber with the sensors. The time-span of the smell
pulse was about 12 minutes while that of the clean air-
flow lasted about 20 minutes. Details on the gas control
might be found in our previous reports (e. g. [8]).

The dc voltage drop that is proportional to the elec-
trical resistance was measured for each of the sensors
included in the array. The time dependence of the elec-
trical signal was scanned at the rate of one point per
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Fig. 1. Time dependences of the resistance response of three tin
oxide gas sensors (I — TGS800, 2 — Pt/SnO2, 3 — Ag/Pt/SnO3)
exposed to the smell of fresh chicken meat.

second for each of the sensors in the array. Typical tran-
sients measured during the tests are illustrated in Fig. 1.
The results are presented for three of the sensors used
in the tests.

3.2. Smell samples

Two types of the smell samples were probed in
present study. The first type of the smell was blown
from the swabs with bacteria. The samples of the dis-
charge from wounds were taken in a hospital. The
wounds with a definite type of infection were tested.
The type of bacteria was known from the microbiologi-
cal tests. The samples were as follows: Acinetobacteria
lakmanii, Enterococus faecalis (E. faecalis), Stafilo-
cocus aureus (S. aureus), and Streptococus pyogenes
(8. pyogenes). The swabs were protected with cover-
age of the growth culture and placed in a glass vessel
connected to the two-flow system during the tests. In
the second type of the smell tests, fresh chicken mince
was intentionally infected with bacteria. Two types of
the infection were used: Pseudomonas mirabilis and
Listeria monocytogenes. Several portions of the same
chicken mince were prepared for the tests including
non-infected and infected with individual type of bacte-
ria. The samples were put into individual glass vessels
that might be connected to the flow-control system dur-
ing the tests. In both cases, a stream of the synthetic air
was let to flow through the vessel at a constant rate of
about 35 ml/minute. In some special experiments in
which the dependence of response on the intensity of
the smell was studied the flow was varied from 10 to
50 ml/minute.

3.3. Analysis of the transients

The analysis of the response kinetics was based on
the approximation of the transients by the multiexpo-
nential decays, as in [8,13]. According to this ap-
proach, the resistance change is usually described by

R R(co M
% - <1 — %) + ;ai exp(—t/m) (4)

1

with a; as weight coefficient and 7; as a time constant
for the 7th exponential component. In our present study,
the approximation with multiexponential decays is em-
ployed for evaluation of the time constants that are de-
scribed by the phenomenological model (2). The use
of this approach is based on the understanding that the
number of variables in the description of resistance re-
sponse (1) is too large. In addition, it was proved in
[13] that the resistance change (1) might be replaced
by a sum of the exponential terms (4) if the signals
are comparatively small (R(t)/R(0) < 1). Based on
the analysis of the formula (1) (see e. g. [13]), it might
be demonstrated that the longest time constant in (4)
is equal to the rise time constant (2), 71 = 7,. The
weight coefficients a; are described by some sophisti-
cated combination of parameters included in (1), but
the exact formulas are not the subject of the present
study. It is only interesting to note here that the weight
coefficients are highly sensitive to the partial pressure
of the target gas, a ~ p.

For the multiexponential analysis, an integration
method originally proposed by Tittelbach-Helmrich
[14] was used. Different methods of the analysis were
compared in [15]. Based on the selected integration
method, an original pre-processing program was devel-
oped. In it, two least squares problems were solved
using the singular value decomposition (SVD) proce-
dure, and the roots of polynomial were found using the
Muller’s method [16]. In the practical procedure of sig-
nal analysis we performed the calculations by increas-
ing the number of components extracted from the tran-
sient until the complex roots of polynomial were found.
The procedure was also terminated if negative compo-
nents were extracted. After the signal analysis, a col-
lection of pairs of the parameters {7;, a;} was obtained
for each of the sensors in the array. Time constants
and weight coefficients for each object were plotted in
the 2D7-charts. The method is described in the next
subsection. The advantages and problems of the signal
pre-processing are discussed in our previous report [8].
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Fig. 2. Visualisation of the response transient approximated by the

exponential decays in 2D7-graphical image. The point / represents

an exponential component in the two-dimensional plot: A; = 1/7;

is the length of the vector, ¢; = M~'arcsina; + ;1 is the

rotation angle for the vector; a sector attributed to the ith sensor
s =12 /M, and M is the number of sensors in an array.

3.4. Graphical presentation of responses

The characteristic parameters of the transients are
used for the composition of a graphical representation
of the sensor outputs that might be visually inspected.
Visualisation of the response signals was also found
useful for the investigations by the authors of other
studies (e. g. [17, 18]).

Based on the approximation described in Subsection
3.3, each transient was characterised with a few pairs
of related parameters, namely, the time constant 7; and
weight coefficient a;. A point in a two-dimensional plot
represented individual pair of the parameters. Recipro-
cal time constant was assumed to be the length of the
vector, while the weight coefficient defined the sine of
the rotation angle ¢ for the vector. The circle is divided
into areas, the number of which is equal to the number
of sensors included in the array. The zero edge for the
segment attributed to the ith sensor is defined by the ba-
sic rotation angle v; = i27/M for the entire segment.
Principles of the visualisation are illustrated in Fig. 2.

Each pair {7;, a;} was assumed to be the coordinates
of a point in a two-dimensional plot in Fig. 2. In the
plot, collection of a few points is representing the pa-
rameters of approximation of the transient. In general,
the time constants 7; are the phenomenological parame-
ters related to the rates of chemical reactions on the sur-
faces of sensors. Consequently, a change of a dominant
compound in the target smell must induce a change in
the constants 7. Such a change would be visualised by
a change in the distance from the centre at which the
corresponding point is plotted. The weight coefficients
a; are dependent on the intensity of the target smell,
i.e. on the concentration of the volatile compounds in

the smell. A change in the concentration would be re-
lated to a change in the rotation angle for the vector in
the plot. It seems obvious that the transient response
of even one sensor could provide several points in the
two-dimensional images of the target smell.

4. Results and discussions
4.1. Human wound infection

Typical 2D7-images of the smell for the samples
with bacteria from the human wounds are shown in
Fig. 3. The output data in the images was collected
from an array of 12 sensors. In the figure the same type
of points denotes the pair of parameters {7;,a;} ob-
tained from an individual sensor for particular 7. These
points are connected by a closed line which outlines
some shape. This shape is included in the image as an
individual layer. Several layers were collected in Fig. 3.
The layer marked as / and 2 corresponds to particular
1 in (4). Special layer labelled by S is introduced in our
graphical representation of the results. This layer S rep-
resents the stationary signals of the sensors. This sta-
tionary signal corresponds to the term within the brack-
ets on the right side in (4). Each point in the figure rep-
resents an individual stationary response of a separated
sensor in the array. The contour of this layer S repre-
sents a set of the stationary response signals of all the
sensors included in the array and demonstrates the stan-
dard approach of the stationary signals that is still used
in the commercial electronic noses. The multilayer ar-
rangement of the profiles produces the 2D7-images of
the smell.

The 2D7-images are compared for three types of the
bacteria in Fig. 3. The profiles that visualise the ex-
ponents of the same ¢ (the same label in Figs. 3(a—c))
might be easily distinguished one from another. The
shapes with labels 7 and S include the points attributed
to all the sensors in the array while only some of the
sensors are represented by the points in the layer 2 in
Fig. 3. The 2D7-images seem to be individual for each
type of bacteria.

4.2. Infected chicken meat

In Figs. 4(a—c), the 2D7-images are illustrating the
smell of the chicken meat, including the sample of fresh
clean meat (Fig. 4(a)) and the samples of the same meat
infected with Listeria monocytogenis (Fig. 4(b)) and
Pseudomonas mirabilis (Fig. 4(c)). These three im-
ages have summarised the ageing of the meat analysed
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Fig. 3. Visualised response transients for the array of 12 sensors exposed to the growth substances with different bacteria: (a) Streptococus
pyogenes, (b) Enterococus faecalis, (¢) Acinetobacteria lakmanii.

(a)

(b)

Fig. 4. Visualised transients for the array of 6 sensors exposed to a smell of chicken at different periods (closed lines indicate different layers
of the first measurement at 4 hours) after the preparation: (a) non-infected and infected with (b) Listeria monocytogenis, (c) Pseudomonas
mirabilis.

during the long-term test carried out for the period of
about 50 hours. Each of the samples was periodical
probed with the array of 6 sensors at the intervals of
about 6-8 hours. Between the measurements, each of
the meat samples was stored at +4 °C in a refrigerator
in an individual glass vessel that was connected to the
measurement system during the tests. The 2D7-image
was composed for each of the measurement performed
during the entire period of the long-term test. The se-
ries of 2D7-images obtained for the individual sample
of meat were combined into a compound image that
summarised the information about the ageing of the in-
dividual sample of meat.

The infected chicken meat might be distinguished
from the non-infected one after 6 hours following the
intentional infection by the visual inspection of im-
ages in Figs. 4(a—c). The layers of the corresponding
2D7-images are made visible by the lines in Fig. 4. It
should be noted that only the layers that represent the

exponential terms of the first and the second order are
included into the images. The layers that correspond to
the stationary signals of sensors are omitted in those il-
lustrations because these signals seemed much less spe-
cific than the other layers, as in Fig. 3. It should also
be noted that the difference between the meat samples
might be traced in the 2D7-image by a visual inspec-
tion at any period of the long-term tests.

Whenever the headspace smell of the sample meat
was analysed with the standard gas chromatography,
the difference was not traced between the samples
within a similar period after the infection. The pres-
ence of bacteria was detected by the gas chromatog-
raphy only about a few days later (depending on the
storage conditions). The results of these tests will be

discussed in forthcoming reports.
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Fig. 5. Reproducibility of the 2D7-images: the images are split into individual layers according to the terms of (a) the component number
1 =1, (b) ¢ = 2, and (c) stationary signal. The response transients measured by the array of 13 sensors exposed repeatedly to the growth-
substance with Stafilococus aureus.

4.3. Limits of the transient analysis

The experimental signals were usually interfered
with a noise. The exponential approximation should
evidently be dependent on the noise level. We have per-
formed statistical tests to determine the largest noise-
to-signal ratio (NSR) at which the method developed
by us reliably separates the components of the tran-
sient. Relative standard deviation of 10% for the time
constant and 15% for the weight coefficient has been
accepted as the criterion in the numerical tests. Two-
and three-component transients were analysed. For the
transients detected in our study, the NSR typically was
about (1073-1072). From the modelling tests it was
concluded that two or even three exponential compo-
nents could be extracted with reasonable accuracy from
typical transients detected in our experiments. Details
of these tests are presented in our previous report [8].
The influence of the noise on the results of analysis
might also be understood from the results illustrated
in Fig. 5 that are discussed in the Subsection 4.4.

4.4. Reproducibility of the images

We performed additional investigation of the repro-
ducibility of the 2D7-images. The transients of re-
sponse to the target smell of the same substance were
repeatedly measured in sequence without an intentional
delay. Typical results of this experiment are illustrated
in Fig. 5. Six measurements were performed at anal-
ogous conditions during about three hours. The pro-
files that correspond to different 7 are shown in sepa-
rate plots. The results were obtained by exposing the
array to the headspace smell of the swab with Stafilo-
cocus aureus obtained from an infected wound. Based

on the visual inspection of Figs. 5(a) and (c), the layers
of ¢+ = 1 and the stationary signals that do not vary so
much might be accepted as the same.

It is clearly seen from Fig. 5(b) that the image for
1 = 2 has varied too much from measurement to mea-
surement and, consequently, can not be used for the re-
liable recognition of bacteria by visual inspection. The
variation in the shape of this layer might be explained
by small magnitudes of the weight coefficients in the
exponential terms for ¢ = 2. The magnitudes of these
coefficients are less than the magnitude of the coeffi-
cients for ¢ = 1 by the factor of about 5-10. This
ratio is very close to the limiting value of the ampli-
tude ratio of the exponents that may be extracted from
the transients with the NSR characteristic to our exper-
iments. Therefore, the influence of accidental changes
occurring in the target substances due to some uncon-
trollable processes as well as the influence of the noise
can be accepted as the reasons of observed differences
between the images in Fig. 5(b).

On the one hand, our experiments with the synthetic
atmosphere containing Hy gas demonstrate that when
the gas content is strictly controlled even three repro-
ducible pairs of parameters {7;, a;} have been extracted
from the experimentally measured transients [19]. On
the other hand, it seems reasonable to suppose that
the composition of atmosphere is not completely con-
trolled when the sensors are exposed to the headspace
smell of organic substances. In this case, the release
of volatile components from the substances might suf-
ficiently vary due to some reasons (e. g. outbreak of a
bubble from the substance).
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5. Conclusions

Phenomenological parameters that describe the ki-
netics of response of the metal oxide sensors to a steep
change in gas composition were used as the variables
for the description of features of a target smell. Tak-
ing into account the phenomenological model of the re-
sponse mechanism, the rise and the recovery intervals
in the transient were related to the rate parameters of
chemical interaction on the surfaces of sensors. It was
demonstrated that the rise of response contains infor-
mation about the flux of molecules while the character-
istics of desorption and bimolecular interaction on the
surfaces are included in both parts (the rise and recov-
ery) of the transient. The magnitude of signal during
the recovery depends on the exposure to gas while the
time constant of the sensor recovery to the state of clean
air is independent on the amount of target gas that has
induced the rise of response.

Based on the phenomenological parameters, original
two-dimensional plots were composed for the visual in-
spection of the smell features. The method was applied
for the comparison of organic substances infected with
individual type of bacteria.

It might be summarised from these studies that the
2D7-images are in general reproducible in the tests re-
peated during some fixed period under unchanged con-
ditions. In the case of organic materials, the repro-
ducibility seems to be restricted by the ageing of the
target samples. Even a delay of an hour might be sig-
nificant in the tests with the meat or with the grown
bacteria cultures. At least a quantitative difference was
obtained between the response signals of the sensors
exposed to the same organic sample in the next run
about an hour later. The difference was much more
significant for the tests performed 10-14 hours after the
first run. In this case, the set of kinetic parameters ob-
tained for the same sensor was qualitatively different
from the initial one. It was concluded that the method
was highly effective for the comparative analysis of the
smell features while the absolute recognition of a smell
requires a thorough analysis of the changes related to
the ageing of the target material.
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PUSLAIDININKINIU DUJU JUTIKLIU PARAMETRAL TINKAMI ANKSTYVAJAM NEINVAZINIAM
ZAIZDU INFEKCIJOS APIBUDINIMUI
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Santrauka

Tirtos galimybés identifikuoti bakterini uzkrétima pagal varzi-
niy dujy jutikliy atsaka i lakiuosius produktus, iSsiskirianCius i$
uzkréstosios terpés. Tuo tikslu plonasluoksniy alavo ir indZio ok-
sido jutikliy aplinkoje yra staigiai pakei¢iama atmosferos sudétis.
Atsako i §i pokytj laikiné priklausomybé aprasyta daugiaeksponen-
¢io aproksimavimo metodu ir surasti budingieji parametrai. Dujy
jutikliy komplekto atsakas apibtidintas rastyjy eksponenciy para-
metry rinkiniu, i§ kurio sudaroma Sio atsako duomeny bazé. Ap-

tarta ty parametry priklausomybé nuo cheminiy vyksmu, vykstan-
¢iy jautriojo sluoksnio pavirSiuje, spartos. Taikant originaly me-
toda, i§ atsako duomeny bazés sudarytas dvimatis grafikas, kuris
pavadintas “kvapo atvaizdu”. Nagrinéta, kaip Sie grafiniai atvaiz-
dai tinka organiniy medZiagy infekuotumui ir infekcijos risiai nu-
statyti. Parodyta, kad pagal grafinius atvaizdus viStienos uZterStu-
mas bakterijomis nustatomas pra¢jus kelioms valandoms nuo jos
infekavimo. Nagrinéta galimybé pagal kvapa diagnozuoti Zaizdos
infekcija ir infekcijos tipa klinikinémis salygomis.



