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signalling unit

receptor

What i1s a chemical sensor?

“a small device that as the result of a chemical interaction or
process between the analyte and the
sensor device, transforms chemical or biochemical information
of a quantitative or qualitative type into an analytically useful
signal’

Stetter JN, Penrose WR, Sheng Y. Sensors, chemical sensors, electrochemical
sensors, and ECS. J Electrochem Soc 2003;150:S11-6
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PROSitT M Innovative sensitive materials

Graphene

50 nm

—

Reduction

Graphene Reduced graphene
oxide oxide
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DELLA SALUTEE

PROS‘%TM Fabrication of sensors

GO films were deposited by drop casting; for temperature sensing, GO films were

reduced by a water solution of ascorbic acid (25 mg/L, 20 minutes at 80 °C).
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P. Salvo et al. Temperature and pH sensors based on graphene-like materials for monitoring chronic wounds, Biosensors & Bioelectronics 91 (2017) 870-877
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PROSTM From sensors to biosensors

PROMOZIONE DELLA SALUTE E INFORMATION TECHNOLO

)L H/O\H — om0+ 2 W s -
i S, * carbon dioxide Ammonia Urea [uM] Repeatibility Reproducibility Reproducibility in
o o fabrication*
RSD% RSD% RSD%
25 7 4 20
50 7 7 14
100 4 8 21
300 6 8 15
500 3 7 14
*Calculated on 8 devices measured over 6 days
Graphite Electrode HOSPITAL LAB SENSOR
Venous pressure 180 - 120 -
) monitor r's
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Fabio Di Francesco A. Bonini et al. A Graphenic Biosensor for Real-Time Monitoring of Urea during Dialysis, IEEE Sensors Journal 20 (2020) 4571 — 4578. 6
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PROS%‘TM May artificial intelligence help solving open issues?

DELLA SALUTEE

* Reproducibility in fabrication

250
* Reproducibility in measurements 0
* Chemical interferences and noise .
» Biofouling 100
* Sensor ageing and stability over time : “
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N. Poma et al. Remote monitoring of seawater temperature and pH by low cost sensors, Microchemical Journal 148 (2019) 248-252.



WHAT IS SMART SENSOR ?

Smart sensors are defined by the IEEE 1451 standard as sensors with
small memory and standardized physical connection to enable the
communication with processor and data network.
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Advancing Biosensors with Machine Learning

PROMOZIONE DELLA SALUTE E INFORMATION TECHNO!

WHAT IS SMART SENSOR ?

Smart sensors are defined by the IEEE 1451 standard as sensors with
small memory and standardized physical connection to enable the
communication with processor and data network.

A sensor producing an electrical output when combined with interfacing
electronic circuits iIs known as “Smart
Sensor”.
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PROMOZIONE DELLA SALUTE E INFORMATION TECHNO!

WHAT IS SMART SENSOR ?

Smart sensors are defined by the IEEE 1451 standard as sensors with
small memory and standardized physical connection to enable the
communication with processor and data network.

A sensor producing an electrical output when combined with interfacing
electronic circuits iIs known as “Smart
Sensor”.

It is a combination of both sensor and actuator. [sensor +
Interfacing circuit = smart sensor]
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PROMOZIONE DELLA SALUTE E INFORMATION TECHNOLO

WHAT IS SMART SENSOR ?

Smart sensors are defined by the IEEE 1451 standard as sensors with
small memory and standardized physical connection to enable the
communication with processor and data network.

A sensor producing an electrical output when combined with interfacing
electronic circuits iIs known as “Smart
Sensor”.

It is a combination of both sensor and actuator. [sensor +
Interfacing circuit = smart sensor]

Capable of logic functions, two-way communication and
making decisions.
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WHY SMART SENSOR ?

e Self calibration: Adjust deviation of output of sensor from desired
value.
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WHY SMART SENSOR ?

Self calibration: Adjust deviation of output of sensor from desired
value.

Communication: Broadcast information about its own status.
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s WHY SMART SENSOR ?

Self calibration: Adjust deviation of output of sensor from desired
value.

Communication: Broadcast information about its own status.

Computation: Allows one to obtain the average, variance and
standard deviation for the set of measurements.
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WHY SMART SENSOR ?

Self calibration: Adjust deviation of output of sensor from desired
value.

Communication: Broadcast information about its own status.

Computation: Allows one to obtain the average, variance and
standard deviation for the set of measurements.

Multisensing: A single smart sensor can measure pressure,
temperature, humidity, gas flow and infrared chemical reaction surface
acoustic vapour etc.
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WHY SMART SENSOR ?

Self calibration: Adjust deviation of output of sensor from desired
value.

Communication: Broadcast information about its own status.

Computation: Allows one to obtain the average, variance and
standard deviation for the set of measurements.

Multisensing: A single smart sensor can measure pressure,
temperature, humidity, gas flow and infrared chemical reaction surface
acoustic vapour etc.

Cost improvement: less hardware and reduction of repetitive testing
make smart sensor cost effective.
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The intelligent sensor concept is based on adding the possibility of
processing the sensor data, the flexibility to reconfigure embedded
functions, and also to aggregate external sensors’ data.
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PROST! WHAT IS INTELLIGENT SENSOR ?

The intelligent sensor concept is based on adding the possibility of
processing the sensor data, the flexibility to reconfigure embedded
functions, and also to aggregate external sensors’ data.

Since it is an evolution of smart sensors, no penalties in term

of cost and performance are expected.

Antonio Lanata
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PROMOZIONE DELLA SALUTE E INFORMATION TECHNO!

The intelligent sensor concept is based on adding the possibility of
processing the sensor data, the flexibility to reconfigure embedded
functions, and also to aggregate external sensors’ data.

Since it is an evolution of smart sensors, no penalties in term
of cost and performance are expected.

The outcome is the combination of a sensor, a small microcontroller, the
necessary memory- flash, RAM and ROM, and an optimized architecture
for sensor applications.
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PROMOZIONE DELLA SALUTE E INFORMATION TECHNO!

The intelligent sensor concept is based on adding the possibility of
processing the sensor data, the flexibility to reconfigure embedded
functions, and also to aggregate external sensors’ data.

Since it is an evolution of smart sensors, no penalties in term

of cost and performance are expected.

The outcome is the combination of a sensor, a small microcontroller, the

necessary memory- flash, RAM and ROM, and an optimized architecture
for sensor applications.

The main issue of the intelligent sensor is the software
partitioning with the applications processor

" Antonio Lanata
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STRUCTURAL DIFFERENCE

Applications
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Smart Sensor

Digital Embedded
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PROSHT M Advancing Biosensors with Machine Learning E @i‘ﬁ' -
direct and fast readout
mine interrelations between iiproved rellability
signals or bio-events _
aid to design intelligent improvgd Seias).
better biosenso biosensor (objective recognition)
detect improved specificity
anomalies A analyze (pattern recognition)
sort the on receptors 2utomatically ultrasensitivity
signals T -~ (single molecule detection)
reduce the noise
biosensor Al/ML
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A Raw data

L J

Data preprocessing

b \ 4

Train/validation/test
datasets split

|

training of ML model

Y

validation of ML model

\

testing of ML model

B 4

Loss

— Trinngsst Predicted Class | MSSA/MRSA classifier'
Test set .
Class 1 | Class 2
g
True | False 3
§ Class 1 | Positive [Negative| ¢
& / 5 (TP) | (FN) | @
| I Overfitting | @ False True
Underfitting |~ E Class 2 PO(;l;l)VO Ne(gmat;vo
: l » ge ¢
EpOCh Specificity
_TP+TN
C  Accuracy = Total
" TP
Precision =
TP+FP \ E) 8cores 2 x Precision x Recall
Recallor _ TP _ Precision + Recall
Sensitivity TP +FN
/, ROC Curve = Sensitivity vs. (1 - Specificity)
Specificity = TN + FP
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pROS}TM Spectra-Based Biosensors

SERS spectrum of Rhodamine 800
Convolutional

: Neural Network Rhodamine 800 Model Predictions
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SERS spectrum was converted into pixels which were bundled into pixel maps with the size of 8 x 8,
CNN model converted spectrum into concentration value.
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PROSIT Pﬂ/ Fluorometric and Colorimetric Biosensors

PROMOZIONE DELLA SALUTE E INFORMATION TECHNO! Lo
7

A
(A) Analysis of uneven light images
by Mask R-CNN model and
threshold segmentation.

(a) Image with uneven light from the
real experiment.

B Training stage , est stage (b) Results of threshold
Training set AA concentrations AA concentrations .
SRR (mg/L) Test set ~ (mg/L) segmentation.
- e sl TENN outpy: | A41:37:07 (c) Results of the Mask R-CNN
-. - m (38.54, 19.49, 343 28,31 ,287.60) - (Trained model) : Af\ 2 1(949
a1 prea s e siamsesmen] | - AA 4. 374.04 model.
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o l. . i J - :. -------- .: -
(Error backpropagation)
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< . ® © 9 . -
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j R4 A
74.4
1 C)
® ® O\O
RS - .
(No 0(1:857.E2M2~::2249:'xc|s) 2%‘;:;‘;’;:'0" gévﬁggﬁzgfﬂ R3 [403.35] ) [337.42] Copyr-lght 2020 The Royal SOCIety Of
Do incanar e oo B or (Voctors: ) ARy Chemistry.
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PRO§‘¢TM BIOSENSOR NETWORKS AND MULTI-
BIOSENSOR DATA FUSION

Input Biological processes tomf?:;l\y ngzﬂgetyr::nt Apply Al
Patient Arrest Trained Model .
tumor cells ﬂ Metastatic

; i index
| ! . EE y
Extravasating Corvert o g g' — >a
or o S ilw 3D mesh &
olonizing

@ uBBN DEDEDED 6@ Al algorithm FPR
Cancer chip
cell line @ @

Bulk Single cell

ML-assisted ex vivo blood brain barrier organ-on-a-chip model to investigate brain metastatic
spread of cancer
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Comblned tlmellne of ML and biosensor

Semiconducting SWNT )

Non-invasive

Tooth sensor for

Clark oxygen glucose Enzyme-Coated b e e T — T
electrode monitoring Carbon Nanotubes e s il csrielsandms
Mediated enzyme
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2009 2017
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Machine
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Support Vector Machine,
Lona short-term memorv

ImageNet
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Questions?

Thank you for your attention!

antonio.lanata@unifi.it

fabio.difrancesco@unipi.it
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