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1

Class Number in class Class Number in class
Hydrocarbons 31 Phenols 44
Alcohols 19 Furans 108
Aldehydes 28 Thiophenes 26
Ketones 70 Pyroles 74
Acids 20 Oxazoles 28
Esters 30 Thiazoles 27
L actones 8 Pyridines 13
Amines 21 Pyrazines 79
Thiols, sulfides 13 Others 31
TOTAL is670
(mass flow controller, MFC)
MFC

1%

7
n
(array)
(odour delivery system)
(headspace sampling)
(flow injection)
( 01 10uL 1 25mL)
30 °C
(dilu-tion)
10
| T Flow out
Flow in
Odour n
; —» | Sensor | Sensor
g?g%’:,:‘y chamber 7 ”| electronics
Analogue
signal
Visual Micro- Digital
display processor | - Binary converter
signal
Digital o
feature
PARC
&
Memory
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Sensory Testing Methods (resolution)
(flame ionization
| Analyical tests | |Hedonic tests| detector, FID) (thermal conductivity
detector) GC
| Discriminative tests | |Descriptive tests|
Paired i Duo-trio test itati ipti
aire: Comparlson| | uo-trio es| S#;;git:"ve descriptive GC-MS
v
|Triangular| | Flavour/odour profile | GC
(fragmentation
8 patterns)
GC-MS
Mellon Maarse o
2%
GC-MS
(amplify) (condition)
0 5Vdc. 4 20mA dc. (hedonic test) (analytic test)
A/D 38
RS-232 (seria port)
GPIB

(gas chromatography)
Spectrometry)
evaluation)

(mass
(human sensory

(GC column)

(discriminative test)
(descriptive test)

paired comparison

triangular test
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92

duo-trio test

Input odour of class j

(Odour Sensor

metal

oxide conducting polymer MOSFETs  SAW

Array)
(Odour Pattern
Recognition Techniques)
9
c(t) ( class )
n
yi(®) SeNsor pre-processor
4--- SENSOR — - - - >4 ----- PROCESSOR =~ - B
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0 2 (t) yy (t) [Processor | xy
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:gt]esfiglz Slir(]:fr(())rnizcs pre- > Array ~
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2. ( Gardner and Bartlett, Electronic Noses, Oxford,
129 (1999) )
Method Generalised formulae Sensor type Specific formulae Reference
Difference % = (Vs —Yo) SAW %; = (f,— o) Ohnishi et al. 1992
Difference X = (Ya—Yo) BAW X = (f.—1o) Hierlemann et al. 1995
Difference X = (Ya—Yo) Metal oxide resistor X =(R—-R) Hoffheins 1989
Difference X = (Ya—Yo) Metal oxide resistor % = (G.—Gy) Jones 1987
Relative %i = Y!Yo Metal oxide resistor X =R/R Takahata 1988
Relative %i = Y!Yo Polymer resistor X =R/R Ihokura and Watson 1994
Fractional change X = (Ya=Yo) /Yo Polymer resistor % =(R-R)/R Persaud et al. 1990
Fractional change X = (Ya=Yo) Yo Metal oxide resistor % = (G.—Gy) /G, Gardner 1991
Fractional change X = In(Y—Yo) Metal oxide resistor % = IN(R/Ry) Abeet al. 1987
X array pre-
processor
X; (multivariate
X; analysis technique)
(supervised
(time-dependent) learning) (unsupervised learning)
(pre-process)
2
Yo baseline 10
output v, C output
MLR  PCA
PLS DFA
(statistical)
A/D X; (neura network)
yi(t) PCA
baseline shift (principal component analysis) BP (back-
propagation)
PCA
G

(normalization)

BP
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Multivariate
analysis

(weight)

Quantitative. Supervised — MLR

J—
Statistical oLe
Pattern ~ Unsupervised — CA
analysis PCA
| Supervised — DFA
Template
antitative_ Supervised
Quantitative_ Supervi BP
Neural
twork i
_network [ Unsupervised, o\,
Pattern
analysis | Supervised ’_LVQ

(network error)
11

94

1990

1993

90.6

©

Self-supervisedE

BP

FLVQ
GA

ART

10.

(linear techniques

in bold type and parametric techniques in
italic type)
( MLR: multuple linear
regression, PLS: partial least squares, CA:
cluster analysis, PCA: principal component
analysis, DFA: discriminant function analysis,
Template: aso known astemplate matching/,
BP: back-propagation, SOM: Kohonen self-
organising map, LVQ: learning vector
guantisation, FLVQ: fuzzy learning vector
guantisation, GA: genetic algorithm, ART:
adaptive reasonance theory)

2000
12
Alpha MOS
(desktop)
13

3. BP
Predictedclass | A | B | C | D | E

Real class
A (no taint) 6 3 0 1 0
B (1%) 1 4 3 2 0
C (2%) 3 3 3 1 0
D (3%) 1 2 1 5 1
E (4%) 0 0 0 0 10




Input layer Hidden layer (1) Output layer

[ sse[o unopo :indino

Input: odour veetor x;

11

National

(oral checker)

12. ( Alpha MOS Cyrano conduct-
) ing polymer sensor)
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4,

Product name | Supplier Started Sensor no. / type | Comments
Aromascanner | AromaScan Plc, UK 1994 32 CPresistors | Medium sized company. Market leader in 1997.
Autosampler and air conditioning unit available
Bloodhound University of Leeds 1995 32 CPresistors | Small company. Instrument based on research at
Innovations Ltd. Leeds University.
e-NOSE 4,000 | Neotronics Scientific 1995 12 CPresistors | Medium sized company. Available with auto ssmpler
and sister company to Neotronics Ltd. (UK)
Fox 4,000 AlphaMOS, France 1993 18 MOS Medium sized company. Autosampler and air
conditioning unit available.
Moses | Lennartz Electronics, 1996 MOS/QCM Modular system based on research at University
Germany of Tubingen, Germany.
Olfactometer | HKR Sensor systeme | 1994 6 QCM Small company. Based on research at University
of Munich, Germany.
Scentinel Mastiff Electronic - 16 CPresistors | Small company. Instrument based on research at
Systems L td. Leeds Univerdty aimed a sniffed pams for persona
identification.
Rhino USA 1994 4MOS Early instrument may no longer be available.
ScanMaster Il | Array Tec 1996 8 QCM Small company. Launch November 1996
Dr. J. Gardner
Electronic Noses
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