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Pervasive electronics

-

* Microelectronics: expanded computing capabilities at reduced size and price
* Efficient communication infrastructures: Bluetooth, WiFi, 5G ... Internet

e Sensors

Throttle HVAC Steering
Corsrllgg riSne;_sor Position  Sensor Sensor Fuel Level |
Differential torque Sensor -

Non-Contacting
Angle Sensor

Motor '&
L 25

e

Position
Sensor

Wheel Speed
Sensor

Mirror
Sensor

Accelerator Pedal
Angle Sensor

Headlight =
Range ‘@

Transmission
Sensor Sensor

Corporal sensor |
{heart rate, blood Microf
pressure. temperature, .} |

Smariphone 8§
ith AAL App.

Smart
People

Smart
Security

wil L

Smart
Mobility

Smart

©

Smart
Governatr



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiC4qLKxfHeAhXQsqQKHf77CsYQjRx6BAgBEAU&url=https://bstassen.wordpress.com/2015/02/24/the-internet-of-things-iot-will-improve-quality-of-life-ambient-assisted-living-aal/&psig=AOvVaw2eI1OjrZGfVja025Cbmq19&ust=1543303982661011
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiPxtuSxfHeAhXRsqQKHXUmBVsQjRx6BAgBEAU&url=https://www.researchgate.net/figure/E-Health-sensor-shield-with-ten-sensors_fig3_297987431&psig=AOvVaw1IxDF0BK8ZJBhA9theaEFS&ust=1543303886001052

Microsensors

- Integrated sensors

Silicon technology
(microelectronics) enables the
fabrication of integrated systems
where both the sensitive element
and the electronics are integrated in
the same chip. MEMS (Micro Electro
Mechanical Systems)
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PROCEEDINGS OF THE [EEE, VOL. 70, NO. §, MAY 1982

Silicon as a Mechanical Material

KURT E. PETERSEN, MEMBER, IEEE
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miniaturized mechanical devices and components must be
integrated or interfaced with electronics such as the examples
given above.

Thz continuing development of silicon micromechanical

Sealing
region

ross section view

is only one aspect of the current technical drive
toward miniaturization which is being pursued over a wide
front in many diverse engineering disciplines. Certainly silicon
microelectronics continues to be the most obvious success in
the ongoing pursuit of miniaturization. Four factors have
played crucial roles in this phenomenal success story: 1) the
active material, silicon, is abundant, inexpensive, and can now
be produced and processed controllably to unparalleled stan-
dards of purity and perfection; 2) silicon processing itself is
based on very thin deposited films which are highly amenable
to miniaturization; 3) definition and reproduction of the
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Ubiquitous sensing

* Sensors data available to anyone and anywhere:
Internet of Things

* 10'2 connected sensors

* BigData

Trillion Sensor Visions
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Analytical Chemistry = Chemical Sensors
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Chemical Sensors

Specium

Optical
sensors
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Nature: a paradigm for sensors development

In living beings there are two main approaches to
chemical sensing

-specific receptors for few selected molecules
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Pheromones
- Technological analogue: Biosensors

non-specific receptors for unpredictable compounds

« inliquid: gustatory receptors - tastes (clustered in
five classes)

« in air: olfactory receptors - odors (millions)
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- Technological analogue: Electronic Noses/Tongues

™ Floriano et al. PNAS, 2000
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Combinatorial selectivity and the Electronic Nose/Tongue principle

Arrays of olfactory neurons: Array of sensors:

* Many ORNs each with a different pattern of * Many sensors each with a different
sensitivity pattern of sensitivity

* Protein chemistry offer a biologically efficient * Synthesis of organic and inorganic
method to build different ORNs with the same materials may provide the basis for the
building blocks development of suitable sensors.
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Porphyrins as receptors for sensor arrays

Porphyrins may host a number of simultaneous interaction
sites harboring different mechanisms

They can be used to bind, either chemically or physically, a
great diversity of guest molecules.

- The molecular structure can be modified by functional groups.
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Porphyrinoids for Chemical Sensor Applications
Roberto Paolesse,®” Sara Nardis,” Donate Monti,” Manoela Stefanelli,” and Corrado Di Matale®*
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Porphyrins based electronic noses
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QMB electronic nose applications

Medical Diagnosis

Food Quality and Control Capuano et al. Sci Reports 2019
Compagnone et al. Sens Actuators B 2015 Capuano et al. Sci Reports 2018
Pizzoni et al. J Food Eng. 2015 Murdocca et al. Oncotarget 2016
Eifler et al. PLoS ONE, 2012 Capuano et al. Sci Reports 2015
Santonico et al. Food Chem, 2010 Santonico et al. Lung Cancer 2012
Santonico et al. Sens Act. B 2008 D’Amico et al. Skin Res. Techn. 2007
Olafdsottir et al. Trends Food Sci Tech. 2004 D’Amico et al. Lung cancer, 2010
Saevels et al. Posth. Sc. Techn. 2003 Montuschi et al. Chest, 2010

Di Natale et al. Bios. Bioelec. 2003

ISS 2011

Spacecraft air quality control

Martinelli et al. Microgravity Sci Techn. 2008
Fortezza et al. Acta Astronautica, 2006

1SS 2005




Vegetable oils
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Examples of food applications
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Fig. 1. Plot of the first two principal components of the PCA model built with
electronic nose data related to flavoured and non-flavoured custards based or
three different compositions (milk fat content and type of sugar).

PC1 (67.46%)

Fig. 5. Plot of the first two principal components of the PCA model built with the

electronic nose data measuring the temporal evolution, from day 1 to day 12, of
flavoured custards made with fat and skimmed milk.
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Fish freshness
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Artificial Quality Index: cods
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Medical diagnosis

/ specific fingerprint \

Analytical approach
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Lung cancer

{8 IEO
o Istitute Europeo
di Oncologia

Malaria in murine models

;herapy effects on tuberculosis
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Santonico et al. Lung Cancer 2012
Capuano et al. Scientific Reports 2015
Gasparri et al. J Breath Res 2016

Stem cells differentiation in-vitro and in-vivo

2

Capuano et al. Sens Actuators B 2017
Capuano et al Scientific Reports 2019

PC1: [90.612 %]

5
Zetola et al. J Infections 2017
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Micro-organisms in cereals

Lo . A fusarium species
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Fig. 3. Second experiment: the class (A) related to the blank (non-moistened); E:Iti'“a“d

(B) related to blank samples with ay, =0.85; (C) related to blank samples with True value value

ay, =0.95; (D) related to samples with a,, = 0.85 inoculated with P. chrysogenum; F. culmorum  F. F. redol F. cerealis

(E) related to blank samples with ay, =0.95 inoculated with F. verticillioides. £ 9 o o o
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(4) sample inoculated with P. chrysogenum and a,, = 0.85; (5) sample inoculated

with P. chrysogenum and ay, = 0.95; (6) sample inoculated with F. verticillioides Samples with incubation times of 5 to 10 days were dassified as low, samples
and a,, =0.95 with 15 days as high. Classification was done by PLS-DA.
w =0.95.

Paolesse et al. Sens Actuators B, 2006 Eifler et al. PLoS ONE, 2011
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Wireless sensors nodes

Plant stress monitoring Wild animals tracking
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Combinatorial selectivity in liquid:
Potentiometric electronic tongue

v

Di Natale et al. Sens Actuators B 1996

Vlasov et al. Pure Appl. Chem 2005

Lvova et al. Frontiers Chemistry 2018
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Multimodal Electronic tongue
Potentiometry and colorimetry

PCA classification of olive and seed oils .
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IMPAQT project
Integrated MultiTrophic Aquaculture

Integrated Autonomous Data
Acquisition System (IADAS)
".f.l)f
1. In situ sensors a\. S )
- Physical
- Chemical

www.impaqtproject.eu ‘rr*r i

IMPAOT

Imledlien! Menagement Syster far Inteqrated Mulbti-trapnic bquaculture

S
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IMTA production systems
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S. Vibrational spectroscopy

Microfluidic systems for automatic optical and electrochemical measurements

Example: Nitrites sensor

Automatic water sampling

Manual filler buttons
Reagents

Pump drivers

IADAS connection
Waste

Microfluidic chip
and optical sensor

Microcontroller






