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1. ¥sszetettk®miai- (®sg§z-) ®rz®kelŖrendszerek ®s

®rz®kelŖsorok(m§trixok).

2.Szag®rz®kel®s,elektronikus orr.

3.ĉz®rz®kel®s,eletronikus nyelv.
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ELEKTRONIKUS ORR £S NYELV:

SZAG-£S ĉZ£RZ£KEL£S

Egyedi szenzorok: egy-egy param®tert®rz®kelnek,®scsak

egyjellemzŖrŖlny¼jtanakinform§ci·t.

Szenzor rendszerek (szenzor m§trixok): p§rhuzamosantºbb

param®tert®rz®kelnek,®sa v§laszjelekegy¿ttes®bŖla

vizsg§ltobjektum vagy folyamat minŖs®g®re,§llapot§ra,

egy®bkomplex jellemzŖirevonatkoz·annyerhetŖ

inform§ci·.

Szag®rz®kel®s:g§z§llapot¼rendszer.

ĉz®rz®kel®s:folyad®k§llapot¼rendszer.



4

ELEKTRONIKUS ORR

Az elektronikus orr (electronic nose, E-nose, artificial nose)

k¿lºnbºzŖ(egym§st·lelt®rŖ)karakterisztik§j¼®sszelektivit§s¼

(k®miai-, g§z)®rz®kelŖkbŖl,jelfeldolgoz·®sadatgyŤjtŖ

rendszerbŖl®svalamilyen alakzatfelismerŖalgoritmusb·l§ll.

MŤkºd®seazon alapul, egy adott szagotnagysz§m¼k¿lºnbºzŖ

vegy¿lethat§rozmeg. A k®miai®rz®kelŖsoregy ennek

megfelelŖv§laszjelsorozatot szolg§ltat,mindegyik szenzor a

saj§tszelektivit§sit®nyezŖivels¼lyozva,melyet a k®rd®ses

szagotjellemzŖvegy¿letekkombin§ci·jahat§rozmeg.

Annak ellen®re,hogy az egyes szenzorok szelektivit§sailletve

a v§laszjelekspecifikuss§gagyenge, a v§laszjelekegy¿ttese

nagy inform§ci·tartalommalb²r,mely lehetŖv®teszi az egyes

szagokmegk¿lºnbºztet®s®t.



DIGITĆLIS ILLATOK

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 ñtrainedòproperly it can

recognise the individual gases in mixtures

(chemometrics).
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ELEKTRONIKUS NYELV

Az elektronikus nyelv (electronic tongue, artificial tongue)

l®nyeg®bengyeng®nszelekt²v®sgyeng®nspecifikus

(kereszt®rz®kenys®g)k®miai(ion-szelekt²v)®rz®kelŖk

(oldat/folyad®kkºzeg)egy¿ttese,melyhez megfelelŖ

alakzatfelismerŖalgoritmus, kalibr§ci·srendszer, stb.

kapcsol·dik.
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ELEKTRONIKUS ĉZ£RZ£KEL£S

ALKALMAZĆSI P£LDA

ÅSamples

ï50 Belgian and Dutch beers of different types

ÅSensory evaluation

ïtrained sensory panel has estimated 

72 attributes in total 

ïbeer aroma

ïtaste

ïmouthfeel 

ïappearance 

ïglobal quality
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ELEKTRONIKUS ĉZ£RZ£KEL£S

ÅSensor array

ï29 potentiometric chemical sensors of different types

ïmultichannel custom-made voltmeter

ÅSample preparation

ïfiltering

ïdilution

ïthermostatting at 270C;

ï7-9 replicated measurements



Instrumental measurements of 
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K£MIAI-(GĆZ) £RZ£KELŕ MĆTRIXOK

A g§z-, ion- ®s§ltal§nosana k®miai®rz®kelŖknem

el®gg®szelekt²vek. Az egyes ®rz®kenys®gifaktorokat

m§skomponensek jelenl®tebefoly§solhatja. ErŖseka

hŖm®rs®kleti®sm§sk¿lsŖt®nyezŖkhat§sai.

A szenzorm§trixegyenlete

m = S p

p - a j -ik komponens mennyis®geparci§lisnyom§sa

(pj);

S - az®rz®kenys®gim§trix,elemei Sij;

m - az i -ik®rz®kelŖ§ltaladottv§laszjel(mi).
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K£MIAI-(GĆZ) £RZ£KELŕ MĆTRIXOK

Ide§lisesetben az Sij ®rz®kenys®gim§trixdiagon§lis. A

val·s§gbana m§trixnem-diagon§lis,az Sij elemek nem

ismertek pontosan, az egyenlet nehezen kezelhetŖ

pontosan.

Kvalitat²villetve f®lkvantitat²velj§r§sa rendszer

kalibr§l§sa(neur§lish§l·zateset®n"betan²t§sa")a

lehets®gesbemeneti jelkombin§ci·ktartom§ny§ban,

majd a m®rtjel illetve a kimeneti jelek kezel®se®s

anal²zisemegfelelŖalgoritmusok, pl. fuzzy-logic,

alakfelismerŖalgoritmusok, stb.felhaszn§l§s§val.

Egy ®rz®kelŖtºbbf®let²pus¼inform§ci·tis adhat, pl. a

stacion§riusv§laszjel,a tranziens fel- ®slefut§s

karakterisztikus ideje vagymeredeks®ge,stb.
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SZAGLĆS

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.
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EMBERI SZAGLĆS

Szelektivit§s: kb. 10000 k¿lºnf®lemolekul§ttud megk¿lºnbºztetni

alevegŖben.

£rz®kenys®g: kb. 1 : 1012.
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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/m3, (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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SZAGLĆS: KVANTIATĉV ASPEKTUSOK
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 detectedðrecognition 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 detection

threshold.
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ELEKTRONIKUS ORR 

FUNKCIONĆLIS VĆZLATA
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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.
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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 is a high degree of redundancy in these 32 dimensions.

Accordingly, it is convenient to project the 32 onto a few

informative 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).
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ALKALMAZĆS

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.
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ELEKTRONIKUSORR: SnO2 SZENZORSOR
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SnO2 GĆZ£RZ£KELŕ

Az ®rz®kelŖm§trix8 db vastagr®tegtechnol·gi§j¼SnO2

(PbOx adal®kol§s)g§z®rz®kelŖbŖl§ll. Az egyes ®rz®kelŖk

egyediszelektivit§s§tkatalitikusf®moxidr®tegalak²tjaki.
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£RZ£KELŕMĆTRIX 

Nyolc elemŤSnO2 ®rz®kelŖm§trixv§laszjeleik¿lºnbºzŖ

illatanyagokra.

Katalitikus bevonatok: Aïnincs, BéH:k¿lºnf®le
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ILLAT/AROMA AZONOSĉTĆS
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£RZ£KELŕELEMEK 

(PELLISZTOROK) KARAKERISZTIKĆI
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MULTIKOMPONENS ANALĉZIS

Multikomponens anal²zis eredm®nyei
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MULTIKOMPONENS ANALĉZIS
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GĆZKEVER£K ANALĉZISE

N®gyg§zb·l(met§n,prop§n,but§n,hex§n)§ll·g§zelegy

fŖkomponensanal²zise.
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ELEKTRONIKUS ORR: SZENZOR-

TECHNOLčGIĆK
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ELEKTRONIKUS NYELV

Az elektronikus nyelv (electronic tongue, artificial tongue)

l®nyeg®bengyeng®nszelekt²v®sgyeng®nspecifikus

(kereszt®rz®kenys®g)k®miai(ion-szelekt²v)®rz®kelŖk

(oldat/folyad®kkºzeg)egy¿ttese,melyhez megfelelŖ

alakzatfelismerŖalgoritmus, kalibr§ci·srendszer, stb.

kapcsol·dik.

ElsŖdlegesfontoss§g¼az ®rz®kelŖkstabilit§sa,®s

megfelelŖkereszt®rz®kenys®ge,azaz az®rz®kelŖv§laszjele

legyen reproduk§lhat·min®ltºbbk¿lºnbºzŖgerjeszt®sre.

MegfelelŖ®rz®kelŖrendszerrel®smegfelelŖenkalibr§lva

("betan²tva")az elektronikus nyelv alkalmas

tºbbkomponensŤoldatok kvalitat²v®s kvantitat²v

anal²zis®re.



DIGITĆLIS ĉZEK: ELEKTRONIKUS NYELV

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

ñtongueòthat can ñtasteò,and hence warn of the presence

of, toxicity.



What is an electronic tongue?

Taste cell

Nerve cell

Taste compounds

Electric 

responses

Brain

Taste

reception

Biological taste system

Artificial liquid system - electronic tongue

Sensor 

responses ComputerSensor 

array
Pattern

recognition

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



35

ELEKTRONIKUS NYELV ALKALMAZĆSAI

MinŖs®gianal²zis:

- italokt²pusszerintimegk¿lºnbºztet®se

-k§v®km§rkaszerintimegk¿lºnbºztet®se

-narancsl®kminŖs®gszerintimegk¿lºnbºztet®se

- stb.

Mennyis®gianal²zis:

-k§v®f®les®gekoszt§lyoz§sasavass§gszerint

- modellv®rplazmaºsszetevŖinekmaghat§roz§sa

- stb.
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ELEKTROK£MIAI CELLĆK MINT 

£RZ£KELŕK

Az elektrok®miaicell§katelterjedten haszn§lj§kk®miai

mennyis®gek(pl. ionok ®soldott g§zokkoncentr§ci·ja)

meghat§roz§s§ra,valamint ¼jabbanaz enzimatikus ®s

immun®rz®kelŖkben.
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ELEKTROK£MIAI CELLĆK MINT 

£RZ£KELŕK

AlegegyszerŤbbesetben az elektrok®miaicella minimum

k®telektr·d§b·l®sa kºzºtt¿kl®vŖionvezetŖanyagb·l

(elektrolit)§ll.

Membr§n: v®kony¿veg

r®teg.

Mindk®telektr·davezetŖ

elektrolittal vantºltve.

Amikor ionok diffund§lnak

§ta membr§non,potenci§l-

k¿lºnbs®gjºnl®trea

membr§nk®toldal§n.
M®rendŖ kºzeg (az elektrolit 

a cell§ban
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ELEKTROK£MIAI CELLĆK MţK¥DTET£SE

MŤkºdtet®s:

egyens¼lyivagystacion§rius§llapotban,

tranziensv§laszokis®rz®kelhetŖk

¦zemm·dok:

potenciometrikus,

amperometrikus (voltammetrikus),

vezetŖk®pess®gm®r®s(konduktometria)



Potentiometric electronic tongue

analysed

solution

multiplexor

computer

measuring device

reference

electrode

sensor

 array

V



Electronic tongue ïlaboratory version



Composition of chemical sensor array for 

electronic tongue

ÅPolymer based  

ïPVC, plastisizer and active substances

ÅChrystalline based

ïAg2S with different additives, LaF3

ÅChalcogenide glass sensors

ïAs2S3, GeS2, AsSe with various additives

ÅTotally: up to 40 sensors



KNO3

0,1M

\

Schematic of flow-injection electronic 

tongue
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M£RŕCELLA



Sensor response parameters in FIA

Dt(c )

t
b

H(mV)

T

t
a

 

ta- time before sample   

enters measuring cell

ʊïtime of sample pass 

through the cell

tbïpeak width

Dt- recovery time

ʅïpeak height



Discrimination of taste substances

ÅObjective

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

ÅSamples: 10mmolL-1 individual solutions of substances

ïbitter: quinine, caffeine, drugs A and B

ïsweet: acesulfam K, aspartame, sucrose

ïsalty: sodium chloride, sodium benzoate, drug D

ÅMeasurements

ïET comprising 20 sensors

ïat least 3 replicas of each sample in random order

ÅData processing

ïdiscrimination

ïLDA

ïPCA
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Discrimination of taste substances
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MOSES II ELEKTRONIKUS ORR

MOdular SEnsor System


