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ELEKTRONIKUS ORR

Az elektronikus orr (electronic nose, E-nose, artificial nose)
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An example of the electronic nose is given below,
where an array of 8 sensors output different patterns
for each gas. If the array is At r a ipnopertly Gt can

recognise the Individual gases In  mixtures
(chemometrics).

ACETONE BENZENE CHLOROFORM

SENSOR



ELEKTRONIKUS NYELV

Az elektronikus nyelv (electronic tongue, artificial tongue)
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A Samples

A Sensory evaluation

50 Belgian and Dutch beers of different types

trained sensory panel has estimated
/2 attributes in total

beer aroma
taste
mouthfeel
appearance
global quality
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A Sensor array
I 29 potentiometric chemical sensors of different types
I multichannel custom-made voltmeter |

A Sample preparation
I filtering
I dilution
i thermostatting at 27°C;
I 7-9 replicated measurements
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Instrumental measurements of
beer taste attributes usmg an
eIectronlc tongue
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The human perception of odors begins with sniffing, which
brings air samples that contain odorant molecules past
curved bony structures in the nose called turbinates. These
last create turbulent airflow patterns that allow the mixture of
volatile organic compounds (VOCs) to reach a thin mucus
layer coating the olfactory epithelium. The sensory cells for
detecting odorants are part of the epithelium. 12
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ALAPFOGALMAK

Odor: a sensation generated when odorant (gas) molecules
Interact with receptors on cilia on the olfactory neurons in the
(human) nose.

Odor recognition threshold: the minimum concentration at which
an odor is correctly identified by a subject. In practice, the value
can be determined by computing, over a representative
population, the concentration at which 50 percent of individuals
can identify the odor.

Odor unit: the odor concentration at the detection threshold is 1.0
odor unit/m?3, (European Standard (EN) Technical Committee 264).
Odorant: a chemical compound or mixture of chemical
compounds that, when sniffed by a person (or animal), engenders
the sensation of an odor. For example, charred wood is an
odorant that produces a burnt odor.

Odorant concentration: the ratio of the number of odorant
molecules to the total number of molecules in the gas sample
being analyzed.
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The concentration of an odor may be expressed as a multiple of
either its detection or its recognition threshold. The detection
threshold is defined by the American Society for Testing

and Materials (ASTM) as the lowest concentration at which an
odor is first detectedd recognition is not necessary--by 50 percent
of humans sniffing it. The detection threshold is considered the
absolute threshold of sensation for an odor. The odor
concentration at this threshold is defined to be 1.0 odor unit/m3.
The value Is established by averaging the responses over a
population of individuals.

Panels of trained human "sniffers" are the gold standard of odor
measurement. The recognition threshold is defined by ASTM as
the lowest concentration at which an odor is first identified by 50
percent of the population sniffing an odorant. In this case, positive
identification of the odor is required. The recognition threshold is
often 5-10 odor units, or 5-10 times as high as the detegtion
threshold.
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SIGNAL PROCESSING
AND PATTERN RECOGNITION

The task of an electronic nose is to identify an odorant sample
and perhaps to estimate its concentration. The means: signal
processing and pattern recognition.

Subdivision into four sequential stages: preprocessing, feature
extraction, classification, and decision-making. But first, a
database of expected odorants must be compiled, and the
sample must be presented to the nose's sensor array.
Preprocessing compensates for sensor drift, compresses the
transient response of the sensor array, and reduces sample-
to-sample variations.

Feature extraction has two purposes: to reduce the
dimensionality of the measurement space, and to extract

Information relevant for pattern recognition.
17



SIGNAL PROCESSING
AND PATTERN RECOGNITION

To illustrate, in an electronic nose with 32 sensors, the
measurement space has 32 dimensions. This space can cause
statistical problems if the odor database contains only a few
examples--typical in pattern recognition applications because of
the cost of data collection.

Furthermore, since the sensors have overlapping sensitivities,
there i1s a high degree of redundancy in these 32 dimensions.
Accordingly, it is convenient to project the 32 onto a few
iInformative and independent axes. This low-dimensional
projection (typically two or three axes)

has the added advantage that it can be more readily inspected
visually.

Feature extraction is generally performed with linear
transformations such as the classical principal components
analysis (PCA) and linear discriminant analysis (LDA). 10
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Researchers at North Carolina State University were able to
tell one coffee from another in tests of discrimination
techniques using metal oxide sensors. The horizontal axes
are the first and second projections of a linear discriminant
analysis--a feature-extraction technique. The vertical axis is
the probability distribution function of each coffee over the two
discriminant parameters. 19
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valve control personal computer

|
Y .
sensor |——— principal component
. B AD/DA .
circut [——— analysis and neural
- — network analysis
flow control ~ o

sample odor

mass flow
controller

sensor
array

clean air

activated The present odor identification system was composed of

Garbonfilter}- a SnO,-based sensor array. a flow system and a personal
computer (PC) with PCA. as shown in Fig. 2. The flow
system was controlled by PC, and a flow rate of the sample
was usually kept at 200 cm?/min. Different samplers were
connected to the system according to the aspect of samples.
The head space method was used for aromas emitted from
solid samples, such as ground coffee beans, and the eva-
poration method for vapors of vegetable oils, where a certain
amount of oil was evaporated into a certain volume of air.
Time interval required for one measurement was within
2 min, but the refreshment of the system took a little longer
interval of 3 min or less.
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T. Maekawa et al./Sensors and Actuators B 80 (2001) 51-58 57
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Fig. 11. Identification of aromas of ground coffee beans which were

produced in different countries of Ethiopia, Jamaica, and Tanzania. Fig. 13. Evaluation of long-term stability in odor identification of aromas
of rose, peppermint, and sweet orange.
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Olfactory detection of methane, propane-butane and
hexane using conventional transmitter norms

3

S. Kulinyi', D. Brandszdajsz', H. Amine®, M. Adam’, P. Firjes’, I. Barsony’ and Cs. Diicsé

Integrable microheater

SEM and microscopic views of a single pellistor formed by
self burn-inprocess Pt coated active element (rightjand its
reference pair (left)

read-out and driving electronics ol the lrommmor

P (mwW) B .
Power dissipation of a single microheater Single pe"is'OI Sensor array Chlp

dete {h)r he ; communication modul

The complete system. The reod-out and driver
electronics of the transmitter is in a simple plastic box, the
explosion-proof encapsulation houses the sensor array
chip only. The evaluation software is installed on a PC.

The integrated calorimetric sensor chip.
Three pellistors and an active heater are
opened. The reference element of the
conductivity sensor encapsulated (left) System




Integrable microheater

P (mwW)
Power dissipation of a single microheater

SEM and microscopic views of a single pellistor formed by
self burn-inprocess Pt coated active element (rightjand its
reference pair (left)

Single pellistor
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Sensor array chip

The integrated calorimetric sensor chip.
Three pellistors and an active heater are
opened. The reference element of the
conductivity sensor encapsulated (left)

detector hebdd communication modul

The complete system. The read-out and driver
electronics of the transmitter is in a simple plastic box, the
explosion-proof encapsulation houses the sensor array
chip only. The evaluation software is installed on a PC.

System
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MULTI KOMPONENS

Methane Propane Butane Hexane Moan of Mrodiction aror - L SLOGOG]
LEL FLEL SLEL FLEL 80,000~

Model Actucl Model Actual Model Actucl Model Actual 75.000~
Butone 2 0 0 0 2020 5 0 o)
Butone O 0 ¢ o [3@ 40 | 0o o sl
Butane 0 0 1 0 60 60 0 0 55.000 ~
Butane 0 0 5 0 76 80 0 0 %0,000 -
Propane 0 0 19 20 3 0 0 0 45.000-
Popone O 0 [ 38 40 | 3 c o0 o % 2ot
Propane 5 0 41 60 1 0 0 0 £ 30.000-
Propane 5 0 80 80 0 0 8 0 25,000~
Methane | 17 20 10 0 0 0 6 0 20,000~ N
Methane | 40 40 | 5 0 0 0 0 0 15.000~ ZIC’p - Cia|
Methane | 58 60 | 2 o 0 o o0 0 by =
Methone | 74 80 | 0O 0O 0 0 0 0 Sy Pe = v
Hexane 5 0 0 0 0 0 22 20 5,000 -
Hexane 9 0 0 0 10 0 42 40 10,000~ i . ' ' ) ' ' .
s 0 0 7 0 0 0 T3 50 0.00 10,00 20,00 30.00'_::?;22“5‘?.00 £0.00 70.00 £0.00
Mix 1 | 31 40 13 20 7 0 0 0
Mix2 0 0 40 40 15 20 0 0 Example: PLS single model for hexane
Mix3 0 0 19 40 25 0 28 40
Mixd | 11 20 4] 40 21 20 4 10 Fu & the sredicton evor

Cia i the octual concentraion for experiments | [gat or mishee
Cip = he predicted corcentroton by the model for espadiments | (gos or mixturs)

Predicted and measured gas concentrations for different gases and gos P& B0 turrbor'cl po0es o Be Spaiovets

Mul ti komponens anal ?zi s
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MULTI KOMPONENS ANAL

Methane Propane Butane Hexane
%LEL %LEL 2%LEL %LEL
Model Actucl Model Actual Model Actucl Model Actual

Butane 2 0 0 0 21 20 5 0
Butane 0 0 6 0 34 40 0 0
Butane 0 0 ] 0 60 60 0 0
Butone 0 0 5 0 76 80 0 0
Propane 0 0 19 20 3 0 0 0
Propane 0 0 38 40 3 0 0 0
Propane 5 0 41 60 ] 0 0 0
Propane 5 0 80 80 0 0 8 0
Methane | 17 20 10 0 0 0 6 0
Methone | 40 40 5 0 0 0 0 0
Methane | 58 60 2 0 0 0 0 0
Methcne | 74 80 0 0 0 0 0 0
Hexane 5 0 0 0 0 0 22 20
Hexane 9 0 0 0 10 0 42 40
Hexane 0 0 7 0 0 0 75 60
Mix 1 31 40 13 20 7 0 0 0
Mix2 0 0 40 40 15 20 0 0
Mix3 0 0 19 40 25 0 28 40
Mix4 1 20 4] 40 21 20 4 10

Predicted and measured gas concentrations for different gases ond gos 29
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Principal component analysis of a mixture of 4 gases.
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ELEKTRONIKUS NYELV

Az elektronikus nyelv (electronic tongue, artificial tongue)
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This Is generally the solution analogue of the electronic
nose. That is, sensors that can monitor classes of chemicals
In solution are placed in an array to output a pattern that is
Indicative of a event of interest.

EXAMPLE: an EU project to devise a bioelectronic tongue
for monitoring of water quality. The array is composed of
Individual amperometric  biosensors with  different
selectivities. The array will be trained by correlating its
response patterns to wastewater toxicity, thereby yielding a

At on ¢ghatean i t a sahcdehence warn of the presence
of, toxicity.



What is an electronic tongue?

/ Biological taste system \

Taste compounds

l l l Electric

Taste cell &w& responses Taste
‘ > > reception
\Nerve cell ><V /
/ Artificial liquid system - electronic tongue \
/- \ [|[AA e

K ® Sensor o o @ ’
Sensor + +A. responses Computer Pattern
array + recognition

A @

\ Y. Vlasov, A. Legin, A. Rudnitskaya, Anal. Bioanal. Chem. 2002, 373, 136. /




ELEKTRONI KUS NYELV AL

MIi n Ra@ail:2 z1 s
-italokt 2 pseeantime gk ¢ 1 °nb°%zt et ®s
-k 8v@&r kzarintime gk ¢l °nb°%ztet @R
-naranaoms h®Risze&mtime gk ¢ 1 °nb° zt

- stb.

Mennyilasn®@d:i? z1 s
-k 8 v ®f ®l es®g&Elkg a ¥ 8 ssaefng
-modellv ®r pl @gmaet emaRkRg maetk8 r o :
- sth.

35



ELEKTROKEMI Al CELLC
EFRZEKELT K

Az el ekt r oke®Iml ®lkegetdten h as z n S @ mBike
mennyil s(@l.gienok ®soldott g8z okkoncentr !

meghat 8§r ovaRmi®riaj, a b baa nenzimatikus ® s
| mmun®r z®k el Rkben

36



ELEKTROKEMI Al CELLC
fFERZEKELT K

Al egegysesethefdzb | e k t r adtla®miriinauin
k®e | ekt r ®dgagkh®-zl° 1 kO nveary RgDb -

(elektrolit) § | |

O
measurement reference
electrode _ electrode

7

] b __}—

A A,

x
. membrone

electrolyte

M®r endR k°zeg
a cell §8ban

Me mbr. 8\W®K o ngw e ¢
r ®t. e g

Mi ndk®tekt vedal
elektrolittal vant ° |.t v e

Amikor onok di f f und
Slamembr 8ponenc
Keéel °nbjis®g ®t rae
ne me rkge! d@l s

(az

37



ELEKTROKEMI Al CELLCK N

MTkodtet ®s

egyensagpisytiaci onl8lra pucst ban,
tranziensv 81 a ss®o lk ®k el het Rk

bzemm-:dok
potenciometrikus,
amperometrikus (voltammetrikus),
vezet Rk GpRers@sadgktometria)

38



Potentiometric electronic tongue
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Electronic tongue 1 laboratory version




Composition of chemical sensor array for
electronic tongue

A Polymer based

I PVC, plastisizer and active substances
A Chrystalline based

I Ag,S with different additives, LaF,
A Chalcogenide glass sensors

I As,S;, GeS,, AsSe with various additives

A Totally: up to 40 sensors



Schematic of flow-injection electronic

KNOs
o tongue
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Sensor response parameters in FIA

T

t_- time before sample

enters measuring cell H(mV)

U T time of sample pass
through the cell

t, T peak width
Dt- recovery time

1 T peak height t

L Dt(C)



Discrimination of taste substances

A Obijective

I Discrimination of substances eliciting different tastes
(.e. bitter, sweet and salty) and substances eliciting
the same taste

A Samples: 10mmolL-! individual solutions of substances

I bitter: quinine, caffeine, drugs A and B

I sweet: acesulfam K, aspartame, sucrose

I salty: sodium chloride, sodium benzoate, drug D
A Measurements

I ET comprising 20 sensors

| at least 3 replicas of each sample in random order
A Data processing

I discrimination

i LDA

i PCA
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