ARTIFICIAL CHEMICAL SENSES -
ELECTRONIC TONGUE & ELECTRONIC NOSE

Patrycja Ciosek



Human senses

Physical
"2 71 Vision

/ - 7 Hearing
Hearing ' ,_ 2 Touch

Smell Z2Chemical

Vision W 2 Smell
A Taste

-
Tuu{h

Artificial Chemical Senses - Electronic tongue & Electronic nose Patrycja Ciosek




Bionics
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ELECTRONIC TONGUE / ELECTRONIC NOSE
(ETongue, ENose)

72 systems for automatic analysis and
recognition (classification) of liquids or gases

2 Electronic tongues - liquid samples

2 Electronic noses — gaseous samples

72 The result of analysis: the identification of the sample, an
estimation of its concentration or its characteristic properties

7 many advantages: problems associated with human senses, like
individual variability, impossibility of on-line monitoring,
subjectivity, adaptation, infections, harmful exposure to
hazardous compounds, mental state, are no concern of it.

7 Synonyms: artificial tongue, taste sensor, artificial nose,
olfactory system
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Electronic tongue / Electronic nose
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Sensor arrays
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Applications
Foodstuffs Industry

72 food quality control during processing and storage (water, wine,
coffee, milk, juice...)

7 optimization of bioreactors
7 control of ageing process of cheese, whiskey
7 automatic control of taste

Medicine

7 non-invasive diagnostics (patient's breath, analysis of urine, sweat,
skin odour)

72 clinical monitoring in vivo
7 identification of unpleasant odour of pharmaceuticals

Quality control of air in buildings, closed

accommodation (i.e. space station, control of ventilation
systems)
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Applications
Safety

7 searching for chemical/biological weapon
7 searching for drugs, explosives
72 friend-or-foe identification

Environmental pollution monitoring

72 monitoring of agricultural and industrial pollution of air and water
7 identification of toxic substances
7 leak detection

Chemical Industry
71 products purity
7 in the future - detection of functional groups, chiral distinction

Legal protection of inventions - digital "fingerprints"
of taste and odours
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SENSING METHODS APPLIED

/1Potentiometric 2 Conductivity
Sensors SEeNSOorIS (MOSFET, CP)
AMeasurements of 7 Piezoelectric

SENSOIS (QMB, SAW)

conductivity
/1 Optical sensors

AVoltamperommetry

/1 0Optical sensors @
/1Blosensors
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Pattern recognition

The electronic tongue or nose system
performance is dependent on the quality of
functioning of its pattern recognition
block. Various techniques and methods can
be used separately or together to perform the
recognition of the samples. After
measurement procedure the signals are
transformed by a preprocessing block. The
results obtained are inputs for Principal
Components Analysis, Cluster Analysis
and/or Artificial Neural Network.
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Data Analysis - Data matrix

7 Each sample is characterized by unique and typical set of data, forming
"fingerprint”" of an analyte in m-dimensional pattern space.

Following sensor signals

Pattern

vector

Following samples
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Data Analysis - Preprocessing

2 linear transformation on the data matrix is
performed (without changing the dimensionality of
the problem) in order to enhance qualitative
information.

2 Typical techniques: manipulation of sensor
baseline, normalization, standarization and scaling
of response for all the sensors in an array.
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Data Analysis - Preprocessing

2 Specific
transformations

2 Meancentering

7 Autoscaling
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Principal Components Analysis
and Cluster Analysis

2 A multi-sensor system produces data of high
dimensionality - hard to handle and
visualize

7 Principal Component Analysis (PCA) and
Cluster Analysis (CA) are multivariate
pattern analysis techniques reducing
dimensionality of the problem and reducing
high degree of redundancy.
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Principal Components Analysis (PCA)

linear feature-extraction technique finding most influential,
new directions in the pattern space, explaining as much of the
variance in the data set as possible.

This new directions - called principal components - are the
base for a new data matrix. Usually 2 or 3 of them are
sufficient to transfer more than 90% of the variation of the
samples.
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Data Analysis —
Principal Component Analysis (PCA)

2 DIMENSIONS
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Cluster Analysis (CA)

The base principle of Cluster Analysis is the
assumption of close position of similar
samples in multidimensional pattern space.

5 —
g Similarity between each 2
5 ‘ samples is calculated as a

- function of the distance
between them - usually in
Euclidean sense - and

. displayed on a dendrogram.

CLUSTERS
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Artificial Neural Network (ANN)

7 information processing structures imitating
behaviour of human brain

7 main advantages: adaptive structure, complex
Interaction between input and output data, ability
to generalize, parallel data processing and
handling incomplete or high noise level data
=>useful pattern recognition tool

7 many possible architectures and algorithms
available in the literature

71 the most common in measurement applications
Is feed-forward network and back-propagation
learning algorithm.
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Artificial Neural Network (ANN)
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The base units of artificial neural networks are neurons and synapses. Neurons

are organized in layers and connected by synapses. Their task is to sum up their
inputs and non-linear transfer of the result, which is then transmitted via synapsis

with modification by means of the synapsis weights - this signal, in turn, is the
input for the next layer of the network
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Artificial Neural Network (ANN)
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Artificial Neural Network (ANN)

The learning The testing The production
phase phase phase

72 network is forced to .
vnetwork is

provide desired vverification of the

. capable of
outputs corresponding generalization propviding outputs
to a determined input capability of corresponding to

7 adjusting the network any input
synapses' weights
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Electronic tongue developed at
Warsaw University of Technology

Sensor
array

lon-selective electrodes (ISEs)

*Selective
*Partially selective

Data analysis

2 Extraction of information
from multidimensional
measurement data

*PCA
*ANN

*SIMCA (Soft Independent Modeling
of Class Analogy)

*PLS (Partial Least Squares)

More...
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Juice brand recognition

All brands
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Juice measurements — PCA & ANN
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Miniaturized flow-through
electronic tongue

Reference | ko]
electrode ;
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Beverages recognition
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Commercial Systems

AAromascanner (Aromascan, UK)
2 Fox Intelligent Nose (Alpha MOS, France)

2 Taste sensing system SA401
(Anritsu Corp., Japan)

cost :

20 000 - 100 000 $
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Comparison of natural

and artificial chemical senses

Natural

Sample delivery - periodical

Receptors
7Non-selective

7High redundancy
7Biochemical transduction
7Signal: pattern of spikes

Signal processing — data
synthesis

Data analysis
7Wide database
7High integration with other senses
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Links

Commercially available e-noses/e-tongues:
http://www.alpha-mos.com/
http://www.detect-measure.com/neo.htm
http:/ /www.osmetech.plc.uk/
http://www.appliedsensor.com/

http://www.airsense.com

http://cyranosciences.com/
http://estcal.com

http://www.hkr-sensor.de/

http://www.lennartz-electronic.de/
Chemometrics:

2 http:/ /ull.chemistry.uakron.edu/chemometrics/

7 http: //www.spectroscopynow.com/Spy/basehtml/SpyH/1,1176,2-
0-0-0-0-home-0-0,00.html/
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Summary

22Novel method in chemical analysis

2 Application of chemometrics,
mathematics, statistics, artificial
intelligence

Z Elimination of subjective, human
estimation

Artificial Chemical Senses - Electronic tongue & Electronic nose Patrycja Ciosek




	ARTIFICIAL CHEMICAL SENSES -  ELECTRONIC TONGUE & ELECTRONIC NOSE
	Human senses
	Bionics
	ELECTRONIC TONGUE / ELECTRONIC NOSE (ETongue, ENose)
	Electronic tongue / Electronic nose
	Sensor arrays
	Applications
	Applications
	SENSING METHODS APPLIED
	Pattern recognition
	Data Analysis - Data matrix
	Data Analysis - Preprocessing
	Data Analysis - Preprocessing
	Principal Components Analysis and Cluster Analysis
	Principal Components Analysis (PCA)
	Data Analysis – Principal Component Analysis (PCA)
	Cluster Analysis (CA)
	Artificial Neural Network (ANN)
	Artificial Neural Network (ANN)
	Artificial Neural Network (ANN)
	Artificial Neural Network (ANN)
	Electronic tongue developed at Warsaw University of Technology
	Juice brand recognition
	Juice measurements – PCA & ANN
	Miniaturized flow-through electronic tongue
	Beverages recognition
	Commercial Systems
	Comparison of natural and artificial chemical senses
	References
	Links
	Summary

