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Tutorial Objectives

* Understand what an odour is from a scientific perspective
* Introduce electronic noses (e-nose)

* Analyze the role of multivariate analysis

* Present standards and methodologies

* Describe laboratory experimental procedures




Ettore Massera

* Physicist — 27+ years of professional
activity

* Expert in chemical sensors, IOMS and
electronic noses

* Active contributor to UNI, CEN, ISO and
IEEE SA
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Advanced
Technologies Applied
to Air Sensors

* Solid-state gas and
particulate sensors

* Nanostructured materials
for air quality

* Artificial olfaction and
IOMS systems
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Facilities and Activities

* Controlled atmosphere sensor
characterization

e Semi-analytical instruments (GC-IMS,
LCR, GDYS)

* Low-TRL research with experimental
validation

* Projects on IOMS classification and
sensor metrology




Role In ISOEN 2026

Tutorial
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Link between IOMS technology and standards

Experience in odour detection and monitoring
regulations

IEEE SA P2520.1 and EN 13725 alignment
Key question: Artificial vs human olfaction

P2520 Standard Family

Comprises of series of olfactory standards - becoming more targeted
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The Environmental Problem

* Odorous emissions (Industry,
waste, agriculture)

* Impact on quality of life

* Difficulty of continuous
monitoring

* Limitations of traditional
methods (human panels)

* 7 Need for automated and
reliable instruments
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What 1s an Odour?

* Complex mixture of volatile

Source & VOCs ( Human Olfactory System )
Com pou n dS (VOCS) ‘ | Receptor Interaction
- ; T T A | 3, vocs 1
* Interaction with the human 1R i v
olfactory system ifﬁ'éiﬁ?s'%ﬁéi‘ e § ¥y
+ Subjecti | of 17| S
Subjective perception ; , (R S0
“ e Complex i %| Triggerng a signal
‘. 4 Mixture J

- - \
Biological Perception

Brain Centers

Odour = combination of
chemical phenomenon and

biological perception

Complex source
(e.g., blooming flower)
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e TR S Gy
Olfactory Bulb

Olfactory

nerve
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First Key Concept

Is odour a measurable quantity? v Indirect measurement:
* Odour concentration (oukE/m3)

NOT a
traditional

ohysical * Dynamic olfactometry

quantity




egu\atory Framevvork and Current

nitiatives

 EN 13725:2022 — Odour
concentration measurement (EU
reference standard)

* [tallan Guidelines on Odorous
Emissions (2023) — Art. 272-Dbis
D.Lgs. 152/200

* D-NOSES (H2020) — Overview of
odour regulations in Europe

* Global Review of Odour
Regulations (MDPI, 2021)

* MOMS24: webinar marathon on
odolrdmanagement around the
WOr

The 21°* International Symposium on Olfaction and Electronic Nose
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Few words on EN13725

A
L‘ 3 Chongging, China

EN 13725
STANDARD -
ODOUR
MEASUREMENT

Guidelines for accurate and reliable
odour testing

vy
4
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Limitations of Traditional Methods

* Inter-individual variability

o LIMITATIONS OF EN 13725 DYNAMIC OLFACTOMETRY
* Low reproducibility (PANEL METHOD)

. . HUMAN SENSORS
* High cost and time demand e -y
. | ek Fe iz:::a:::zl e
 Not suitable for continuous Odorous Ar ,
b, =

Diluted Air

monitoring

HIGH COST

$$$ PER SESSION

Need for an instrumental
approach

SET-UP, PREP, ANALYSIS
i
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Spectrum | Waves

{

Second Key
Concept ’)

} ~ . 2 ’ *

Are there instruments that record
odours?

Analogywith other sensing system:
* Microphone — sound
* Camera — image

7 Odour — 727
v Answer:
~—Anatyticatnstrumentforehem
atratysts

* Electronic nose (e-nose)
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What 1s an Electronic Nose

System Diagram

* System composed of:
* Chemical sensor array
* Data acquisition system
* Analysis algorithms

* Qutput;

* Multidimensional signature
(fingerprint)

Analysis algorithms
(e.g., PCA, neural networks)

Fingerprint
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Sensors Architecture

* Chemical Sensors array * Closed or Open architecture
* MOS e Carrier air or Zero Air
* Polymer-based
* Electrochemical GAS SENSOR TCO TECHNIQUE AND IMPEDANCE SPECTRUM

B M E 688 THERMAL CYCLING (TCO) & IMPEDANCE SPECTRUM

* Hybrid Sensors array =

- 960°C
- 800°C

+ PID |/ \/ \ 1 ==
* IMS P
* Gas Chromatography combined M A Yo
with solid-state detectors T T 1
* Multivariate Analysis of single % I
sensors y\ — & S,

20 <10 0 10 20 30
PCA (%)
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System Response

* Each sensor — electrical signal ©°¢ :
05
* Combination of signals — "
pattern 00
04
05

“Odour fingerprint”
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Multivariate Analysis

Main tools:
. . Multidimensional Data
* PCA (Principal Component 5 ElloeesroEs = .
Ana|ysis)
* LDA (Linear Discriminant ~
Analysis) Dimensionality
A Reduction

* PLS (Partial Least Squares)

Functions:
* Dimensionality reduction
* Visualization
* Classification

8 chongging, china [ May 17-20, 2026
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Machine Learning

Training & Supervised Models

Sensors

* Training on known datasets ;é";
* Supervised models Q¢ " lgad T
: o : Coﬁ:é?ion Data Set A#?;:::g‘ Random Forest Mogel
* Automatic classification : A

Examples & Classification

Random Forest Neural Networks

. c ectors ‘Q : Output
Examples: &

‘(.}. output
* SVM

Ensemble output Layets Layers Layefs
b 028.¢ 0 0 Sort in clusters
* Random Forest < AL ] (N e
* Neural N k I O A
e U ra etWO r S \ Automatic Classification ClassA ClassB ClassC CIasM)_J

NN F

Bl adimte. L&
S S 00 000N O
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Third Key

C O n C e p t Multivariate response Statistical performance

6 Confusion matrix
Metrology on Multivariate iy "y & T e | T =
data o .';}}‘ ‘;.‘ 2 :..é:"',?!::.: — —— B Negative EP N

; By, oy’ i
¢ H OW d O We eval Uate ..‘:'.:}:. ° “.?oiz ° NOF JUSt Sensitivity Specificity Robustness
accuracy? 3] Tl numerical error
Not just numerical error P S S O O \j
-6 -3 0 3 6 /J @/4'

PC1(46.2%)

Statistical

performance evaluation
required
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Validation Against Reference

| VALIDATION SCENARIOS |

OLFACTIVE REFERENCE

00
l@

N Human Sensory Panel

Olfactometer y

* Correlation
with panel

* Calibration of
E-Nose model

v

Calibration

% CHEMICAL REFERENCE

4’ ‘lll

Marker
COncentratlon

* Correlation with
chemical
compounds

" E-Nose * Chemical
differentiation

/ * Recognition and
X8 quantification

Differentiatic;n Quantification

A\
| VALIDATION COMPARISON

@ .

.
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Performance Metrics

OLFACTIVE REFERENCE CHEMICAL REFERENCE
* Confusion matrix * Precision
* Precision and recall * Accuracy
* F1-score * Clustering
* PCA

* Silhohuette Coefficient
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Repeatability and Stability

Sensor drift

* Influence of
temperature/humidity

* Long-term testing

Environmental Cross-Sensitivity and Long-Term Baseline Stability

L\l Ll ]

-
o
-

m— Sensor Qutput
+1% Drift Tolerance Band = Baseline Reference -

(5]
T

Measured Baseline
Response
o

Sr +1% Drift Tolerance Band 1
* Sensors aging 0 . - : - -
Day0 Day 10 Day 20 Day 30 Day 40 Day 50 Day 60
100% T T T T 60s

e it = we [ean Relative Sensitivity (%)
< 90% Sensitivity = 85% 505 L2
. — L
.2 - - E
= 80% g o o 40s =
- i e 3
@ T0%r oot =""" 20s &
Z o w " Typical electrochemical sensor characteristics: 20 &
= 60%¢ decreased sensitivity and slower response with age 145 &
o

50% 1 1 A 1 1 105
Month 0 Month 4 Month8 _ Month 12 Month 16 Month20  Month 24
Time (Months)

Electrochemical Sensor Aging - Long-Term Sensitivity Loss

i/ | . — 111111 — ’ 8 Chonggqing, China tg May 17-20, 2026
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Generalization Capability

* Training set vs test set
* Cross-validation
* Robustness on new samples

EXPERIMENTAL PROCEDURE TRAINING SET TEST SET
TO BE GENERALIZED

CONSISTENT
RESULTS

‘ APPLICATION TO UNSEEN CONSISTENT
CROSS-VALIDATION NEW SAMPLES RESULTS
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INnternational Standards

Importance of standardization
* Controlled procedures
* Data quality
* Reproducibility of experiments

Machine Olfaction Standards

Ensuring Reliability, Reproducibility, and Quality for Electronic Noses
& IOMS
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Experimental Setup

* Measurement chamber
* Air sampling system

* Temperature and humidity
control

* Data acquisition system

V§

AN, \
3. Data Processing
-

| Gas Data

5. PCA & Silouette
coeff. /\/ Features

Matrix
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Laboratory Procedure

[ SAMPLE PREPARATION | i TEST CHAMBER

1. Sample preparation %_, = e soow et

. . - e PROCESS STATUS RS
2. Sensor stabilization T Stae —l [ﬁ e
. T - L Ry B
3. Signal acquisition e | o, et (o
4. Baseline cleaning 22251 =i Lk & HE .,T
Gas2 [ED— g I 0

5. Measurement repetition 2 =d N | B g
lPropane 1 A 4
fco, E- [ DATA REPETITION
B+, = & CLEANING
.CO p— Bubbler ; i G = :
" /i Purgegas | Baseline cleaning B
[Master key: %] Measurement repetition =
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IS®EN 2026

Dataset

Dataset generation: Enhancement:

* Pre-processing * Feature selection

* Normalization * Environmental data integration
* Drift correction * Labelled data

* Noise filtering
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Case Study — IEEE SA P2520.1 application

* Laboratory benchmark and [
Classification of e-noses

Evaluating GC-IMS Devices According to
IEEE P2520.1 Draft Standard: Methodology,
Performance, and Insights

Ettore Massera

Ettore.massera@enea.it

ENER Qg
\ Y Sensors Council
Standards Committee
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