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1. Information:;

PhD student: Maria Teresa Verde
DR number:
Date of birth: 21th May 1991
Master Science degreeVeterinary Medicine University: UNINA Federico I
Doctoral Cycle: XXXVII
Scholarship type:PON Dottorati di ricerca su tematiche dell'innovazione e greefAzione
V.5 (Green)
U Period abroad goes from 1 October 2023 to 31 March 2024 (6 months), atdimany
Castelluccia (CE) under supervisor Giuliano Cacciapuoti.
U number of months spent abroad in the current year: 3 months
U number of months to be spent abroad in the nextigeamonths
0 Tutor: Leopoldo Angrisani
i Co-tutor: Francesco Bonavolontabd

et ent i et et i e

2. Study and training activities:

Activity Type! | Hours | Credits Dates Organizer | Certificate?
AlLa ter mogr g Seminar | 1 0.2 02/03/2022| ASPA, Y
strumento di precisione Commission
nell'allevamento degli e Precision
ani mal i da r Livestock
Farming Dr.
Fabio
Abeni
ATransdairy | Seminar | 7.5 15 Prof. Luigi Y
Open Day ICT & Bio Zeni
Nanotechnol o
Picariello Lectures on Dat| Seminar | 2 0.4 11/04/2022| Picariello Y
Science 1l Cycle Ethics Lectures on
and Politics ofA.l, Prof Data Science
Mark Coekelbergh i 1l Cycle
Picariello Lectures on Dat{ Seminar | 1 0.2 28/02/2022| Picariello Y
Sciencé Il Cycle Can a Lectures on
Textto-Speech Data Science
Engine Generate Human i Il Cycle
Sentiments?
Protozoi Intestinali com¢ Seminar | 0.5 0.1 02/03/2022| INNOVET Y
ospiti sgraditi: Giardiasi ¢ ITALIA Srl
Trichmoniasi nella pratic: Tommaso
clinic Furlanello
Elementi di Automazione | Seminar | 1 0.2 07/03/2022| Prof. Y
e Introduzione al concetto Francesco
di domotica.Smart Bonavolonta
Building e vantaggi del
sistema nelle strutture
ricettive. | sistemi di
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comunicazione e la
connessione tra i
dispositivi. Il concetto di
attuatore e di cavo bus.
Running towards Car Seminar | 2.5 0.5 16/05/2022| Salvatore Y
Electrification, ST Cannavacciu
MICROELETRONICS olo
Artificial Intelligence @ Seminar | 6 1.2 01/06/2022| UNINA, Y
The Deep Edge DIETI
Augmented reality for Seminar | 1.5 0.3 24/05/2022| 5G Y
remote use of ACADEMY
measurement
Instrumentation
Powe Electronics: control| Seminar | 15 3 8/07/2022 | STMICROE | Y
and architecture. A mini LETRONIC
Campus. S
I futuro della medicina Seminar | 2.5 0.5 15/11/2022| Il Sabato Y
alla luce de delle idee
del Il 6intelli
e della robotica
Focus on di Ginecologia | Seminar | 3 0.6 4/11R2022 | SIVAR Y
Piattaforme di misurae | Courses | 30 6 28/04/2022| Corso di Y
monitoraggio basate su dottorato in
Internet of Things. Ingegneria
Industriale
iFeder
I 1 0:
Big Data Architecture and| Courses | 16 5 29/06/2022| Proff. Y
Analytics Giancarlo
Sperli,
Giovanni
Improta, Jari
Haukka,
Peter van
Ooijen
Sensori e Trasduttori di Courses | 72 9 29/06/2022| MsD Y
Misura Electronic
engineering
Sensori e Smart Bering | Courses | 72 9 20/062022 | MsD Y
Electronical
engineering
Intelligenza Atrtificiale Courses | 48 6 07/07/2022| MsD Y
Smart clothes and Seminar | 2 0.4 30/1/2023 | UNINA- Y
wearable technology. ACCADEM
IA DELLE
BELLE
ARTI DI
NAPOLI
Power and Analog Seminar | 15 3 4-5-6 STMICROE | Y
electronics: Design, LUGLIO LETRONIC
Control and Architecture 2023 S, F.Pirozzi
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ACor so f or mg Seminar | 15 3 5/9/2023 al| Istituto Y
specialistico Classyfarm 7/9/2023 | Zooprofilatti
per veterinari aziendali: co
Modulo specialistico Sperimentale
bufala da | g del
Piattaforma per la Mezzogiorn
rilevazione, la raccolta e |3 o (12S)

elaborazione dei dati
relativi alle seguenti aree
di
valutazione:biosicurezza;
benessere animale;
parametri sanitari e
produttivi; alimentazione
animale; consumo di
farmaci antimicrobici;.

Kick-off meeting della Seminar | 2 0.4 25/7/2023 | Prof. Enrico | Y
Task 5.3.8 (Living Labs) Sturaro
Spoke 5 AGRITECH, in UNIPD
modalita telematica (via Prof.
piattaforma ZOOM). Francesco
Bonavolonta
Misure su Sistemi Courses | 72 9 3/7/2023 | Prof. Y
Wireless Angrisani,
A2
Data Uncertainty Courses | 48 6 5/12/2023 | Prof. Y
Angrisani,
A2

1) CoursesSeminar DoctoralSchool Research, Tutorship
2) ChooseY orN

2.1.Study and training activities - credits earned

Yrl Courses Seminars Research Tutorship Total
Bimonth1 3 3
Bimonth2 6 2.6 3 11.6
Bimonth3 23 2 3 28
Bimonth4 6 3 3 12
Bimonth5 6 6
Bimonth6 11 6 71
Total 35 8.7 24 67.7
Expected 30-70 10- 30 80- 140 01 4.8

Yr2 Courses Seminars Research Tutorship Total
Bimonth1 0,4 6 6.4
Bimonth2 9 9
Bimonth3 9 9 18
Bimonth4 3.4 9 12.4
Bimonth5 6 3 9 18
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Bimonth6 1.5 3 45
Total 15 8.3 45 68.3
Expected 30-70 10-30 80- 140 0i 4.8
Total Yrl 35 8.7 24 67.7
Total Yr2 15 8.3 45 68.3
Total 50 17 69 136
Expected 30-70 10-30 80- 140 01 4.8

3. Research ativity:

Descibe the topic, methodology and resultsheeresearchcarried out in the current year

The goal of my Ph.D. project, funded by the National Operational Programme on Research and Innovation
20142020 of Italy, entitled Smart farm in buffalo farm ", is to study and develop new measurement
sensors, instruments, and equipment for Precision Livestock Farming (PLF) applications. The final
objective of PLF is achieve significant improvements in tesins

1 quantity and quality of animal production;
1 animal welfare conditions;
9 environmental sustainability (reduction of methane and ammonia emissions)

by means the use of new frontiers in livestock management and engineering technologies.
My research activity focused overall on the creation diagnostic tools that can early detect animal health
issues, without animal manipulation (contactless andimeasive data gathering).
The ability to recognize a disease outbreak days before other any traditional method, allow to limit
economic negative impact of livestock disease and reduce animal stress.
One of the most frequent problems affecting dairy buffalo farms (70% of Livestock diseases) is mastits,
a severe inflammation of the mammary gladdstits reduces the number and activity of milk producing
epithelial cells, reduces quality milk, and increases cost for treat@entent tools for diagnosing
mastitis are mainly based on tests performed directly on milk:

1 Somatic cell counts (significant relationship between somatic cell count in collected milk samples

and severity of Mastits);
9 Bacteriological culture.

Abnormal
Mastitis milk

Bacteriological culture
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They are slow and expensive. Moreover, they are effective in diagnosing clinical mastits, detected too
late, when milk is abnormal and animal health compromised.

To reduce their negatiiepact, it is important to detect mastitis early, even in the absence of visual

signs and symptoms.

Mastitis Infections

Subclinical Absence of visual signs and
mastitis symptoms

Abnormal milk

Swelling of the teat
or udder, heat, pain
and/or redness

Severity of mastitis

Acute Toxic Mastitis
Fever, anorexia, shock

To this aim, by considering that udder skin surface temperature increases at the onset of inflammation,

the use oinfrared (IR) imaging technologyfor Early Detection of MastitigSubclinical Mastits), has

been studied and evaluated.

Two group were considered:

A Control group (when the level of SCC is less than 400,000 cells/mL, threshold to classify a
subclinical mastitishealthy casés

A Pathological group 1 (when the level of SCC is greater than 400,000 cells/mL, but visual sign and
symptoms of mastits asbsence)

As well as for somatic cell count in collected milk samples, the udder surface temperature increases with
the severity of inflammation.

Temperature Distribution

Control group

29+1°

: Pathological group 1
(subclinical mastitis)

UniNA ITEE PhD Program Https: //itee.dieti.unina.it



Training and Resech Activities Report

PhDin InformationTechnology andlectrical Engineering
Cycle: Author:

However, some areas near udder of dairy buffalo, such asthé egmp er at ur e ar eas of
abdomen, cleavage, and inner thigh, may lead to inaccurate target detection, resulting in errors in
temperature extraction and affecting the accuracy iof taffalo mastitis detection.

Therefore, for each thermal image to be analyzed, a Region of Interest (ROI) coincident with the udder,
from which to carry out extract temperatures, must be set up.

This operation, since no predefined ROI is available for the udder, must be performed freehand (as
example by means a graphics tablet, as shown in the videos below) and is therefoomsuming.
Moreover, its accuracy depends heavily on the operattityabi

UniNA ITEE PhD Program Https: //itee.dieti.unina.it
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The limited automation of these method makes its unsuitable for thesleafgepractical needs of detecting
mastitis in dairy buffalo.

In recent years, with the rapid development of deep learning in computer vision, neural networks have
achieved significant success in target detection scenarios with complex backgrounds.

We proposed a UNet model to achieve the accurate automatic segmentation of buffalo udder to solve the
above problems and further promote the detection accuracy of buffalo mastitis.

segmentation

round Thah Mak

UNet _segmentation

Firstly, a dataset of udders thermal images was constructed, thanks to an Automated Data Acquisition
System consist of:

1. Fixed Infrared Cameras (FLIR A700)|located on the rear side of the milking robot;

2. 2. AlLogic Control Unit, that is responsible for detecting when buffalo enter the robot, and
triggering Infrared Camera, just before the start of milking, to obtain reliable udders thermal
images.

UniNA ITEE PhD Program Https: //itee.dieti.unina.it
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Automatic Milking

L

74

L T T

L7777,

“T-V
s —_—

Arm

Logic Control Unit

First, to take a picture we have to know when the Buffalo is in the rdbanks to a@hotoelectric
Sensorsinstalled on the top of the milking robot, @entrol Unit can detect when a new Buffalo enters
or leaves the robot (after milking).

-

ﬁ PHOTOELECTRIC
SENSOR
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When a Buffalo enters the robot, tAbBotoelectric sensors outpuswitch from:LOW -SIGNAL (0 logic)
to HIGH -SIGNAL (1 logic)

STEP 1
0->1 logic

oy

However, the milking can start only ihe Buffalo completely enters in the box, assuming a correct
position, and the entry gate close.

ENTRY GATE
CLOSED

Correct
Position

Incorrect
Position

Then, after a few seconds the closing of the entry gate, the robotic arm moves towards Buffalo udder, to
attack the milking cluster and began milking routine.

UniNA ITEE PhD Program Https: //itee.dieti.unina.it
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The buffalo, before assuming a correct position and allowing the entry gate to close, can take several time,
even minutes.

It is then during this short interval of few seconfis sec), betweethe closing of the entry gateand
therobotic arm moving, that atrigger signal for Infrared Camera must be generated to take a reliable
and useful thermal image just before milking

In the nexiphotos an example at theorrect and incorrecpoint of trigger is shown

UniNA ITEE PhD Program Https: //itee.dieti.unina.it
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Thermal camera has digital inputs in the back pattels capable of taking a thermal snapshot at an
external trigger signal.

back panel FLIR A700

The heart of the Automatic Data Acquisition System (ADAS) is the Control Woitsists of a
Microcontroller.

UniNA ITEE PhD Program Https: //itee.dieti.unina.it
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The entry gate status is

PHOTOELECTRIC monitoring by means a
SENSOR Magnetic Contact
MAGNETIC Sensor

CONTACT
SENSOR

Microcontroller

NPT L L v
19 !,:-E-." 1;

Output trigger signal

The Firmware running on Microcontroller is based on a Finite State Machine (FSM) that takes two inputs,
Photoelectric Sensor (P) and Magnetic Contact Sensors (M) and generate a single output, i.e., the suitable
trigger signal (T) for the Infrared Camerahieh captures a thermal snapshot of the udder.

UniNA ITEE PhD Program Https: //itee.dieti.unina.it
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Finite State Machine (FSM)

_ _ S2:
START P_l/T_O R.BUSY M=1/T=1
G.OPEN
S3:
P:O/T:O R.BUSY
G.CLOSED
S4:

R.EMPTY

M=0/T=0 "¢ cr0sED P=0/T=0

The thermal cameras is powered via a power over ethernet and are configured to send the image taken
each time to the local server with File Transfer Protocol (FTP) protocol where they are historicized and
processed.

Each image is distinguished by the date and time of the shot. An appropriate algorithm allows the image
to be associated in the platform with the Buffalo ID and weather data.

The Dataset was split into Training and Test sets: 80 and 20% respectively.
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