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1. Information‌ ‌ 
‌ 

Massimiliano‌ ‌Gargiulo,‌ ‌Master‌ ‌Degree‌ ‌in‌ ‌Telecommunication‌ ‌Engineering‌ ‌–‌ ‌University‌ ‌of‌ ‌Naples‌ ‌“Federico‌ ‌II”‌ ‌ 
‌ 

XXXIII‌ ‌Cycle‌ ‌-‌ ‌ITEE‌ ‌-‌ ‌Università‌ ‌di‌ ‌Napoli‌ ‌Federico‌ ‌II‌ ‌ 
‌ 

Tutor:‌ ‌Prof.‌ ‌Giuseppe‌ ‌Ruello‌ ‌ 

‌ 

2. Study‌ ‌and‌ ‌Training‌ ‌activities‌ ‌ 
‌ 

During‌ ‌my‌ ‌first‌ ‌year‌ ‌of‌ ‌the‌ ‌PhD‌ ‌I‌ ‌have‌ ‌taken‌ ‌the‌ ‌following‌ ‌courses:‌ ‌ 
‌ 

✓ Ad‌ ‌Hoc:‌ ‌Matlab‌ ‌Fundamentals‌‌ ‌  
Lecturer:‌ ‌Dott.‌ ‌Stefano‌ ‌Marrone‌ ‌ 
Period:‌ ‌February-March‌ ‌ 
‌ 

✓ Ad‌ ‌Hoc:‌ ‌PROFESSIONAL‌ ‌SKILLS‌ ‌IN‌ ‌CLINICAL‌ ‌ENVIRONMENT‌ ‌ 
FOR‌ ‌BIOMEDICAL‌ ‌ENGINEERING‌ ‌ 
Period:‌ ‌November-December‌ ‌ 
Lecturer:‌ ‌Prof.‌ ‌Ing.‌ ‌Giovanni‌ ‌D’Addio.‌ ‌ 
‌ 

✓ Ad‌ ‌Hoc:‌ ‌Innovation‌ ‌management,‌ ‌entrepreneurship‌ ‌and‌ ‌intellectual‌ ‌ 
property‌ ‌ 
Period:‌ ‌September-October‌ ‌ 
Prof‌ ‌:‌ ‌Pierluigi‌ ‌Rippa.‌ ‌ 
‌ 
‌ 

‌ 

and‌ ‌I‌ ‌have‌ ‌attended‌ ‌the‌ ‌following‌ ‌seminars:‌ ‌ 

‌ 
✓ Title:‌‌Computational‌‌Biology:‌‌Large‌‌scale‌‌data‌‌analysis‌‌to‌‌understand‌‌the‌‌molecular‌‌bases‌‌of‌‌                         

human‌ ‌diseases‌ ‌(Credits:‌ ‌0.2)‌‌ ‌  
Lecturer:‌ ‌Prof.‌ ‌Michele‌ ‌Ceccarelli‌ ‌ 
Date:‌ ‌April‌ ‌4th,‌ ‌2020‌ ‌ 
‌ 

✓ Title:‌ ‌How‌ ‌to‌ ‌Get‌ ‌Published‌ ‌with‌ ‌IEEE‌ ‌(Credits:‌ ‌0.4)‌‌ ‌  
Lecturer:‌ ‌Eszter‌ ‌Lukacs‌‌ ‌  
Date:‌ ‌April,‌ ‌20th‌ ‌2020‌ ‌ 
Title:‌ ‌SAS‌ ‌Analytics‌ ‌ 
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Lecturer:‌ ‌Dr‌ ‌Cinzia‌ ‌Gianfiori.‌‌ ‌  
Date:‌ ‌14th‌ ‌May‌ ‌2020‌ ‌(Credits:‌ ‌0.4)‌‌ ‌  
‌ 
‌ 

✓ Title:‌ ‌Telemedicina‌ ‌in‌ ‌Italia:‌ ‌casi‌ ‌di‌ ‌successo‌ ‌(Credits:‌ ‌0.6)‌‌ ‌  
Organizer:‌ ‌Prof.‌ ‌Ing.‌ ‌Giovanni‌ ‌D’Addio‌ ‌ 
Lecturer:‌ ‌Dott.‌ ‌Maurizio‌ ‌Nardi‌ ‌ 
Date:‌ ‌November‌ ‌17th,‌ ‌2020‌ ‌ 
‌ 

✓ Title:‌ ‌Campi‌ ‌elettromagnetici‌ ‌pulsati:‌ ‌dal‌ ‌meccanismo‌ ‌ 
d’azione‌ ‌alle‌ ‌applicazioni‌ ‌cliniche‌‌ ‌  
Lecturer:‌ ‌Simona‌ ‌Salati.‌ 
Organizer:‌ ‌Prof.‌ ‌Rita‌ ‌Massa,‌ ‌Prof.‌ ‌Giuseppe‌ ‌Ruello.‌‌ ‌  
Date:‌ ‌15th‌ ‌May‌ ‌2020‌ ‌(Credits:‌ ‌0.3)‌‌ ‌  
‌ 

✓ Title:‌ ‌Sensing‌ ‌ 
Lecturers:‌ ‌Jerome‌ ‌Wenger,‌ ‌Carsten‌ ‌ 
Rockstunhl,‌ ‌Leonetta‌ ‌Baldassarre,‌ ‌Monika‌ ‌Fleischer.Organized‌ ‌by‌ ‌ 
the‌ ‌SIOF‌ ‌working‌ ‌group‌ ‌Plasmonic‌ ‌&‌ ‌Nano-Optics.‌‌ ‌  
Date:‌ ‌20th‌ ‌May‌ ‌2020‌ ‌(Credits:‌ ‌0.8)‌‌ ‌  
‌ 

✓ Title:‌ ‌Applicazioni‌ ‌mediche‌ ‌dei‌ ‌campi‌ ‌elettromagnetici‌ ‌ 
basate‌ ‌sull’incremento‌ ‌di‌ ‌temperatura:‌ ‌ipertermia‌ ‌e‌ ‌ablazione.‌ ‌ 
Lecturer:‌ ‌Marta‌ ‌Cavagnano.‌‌ ‌  
Organizer‌ ‌:‌ ‌Prof.‌ ‌Rita‌ ‌Massa,‌ ‌Prof.Giuseppe‌ ‌Ruello.‌‌ ‌  
Date‌ ‌22th‌ ‌May‌ ‌2020‌ ‌(Credits:‌ ‌0.3).‌ ‌ 
‌ 

✓ Title:‌ ‌Non‌ ‌invasive‌ ‌Mapping‌ ‌of‌ ‌Electrical‌ ‌Properties‌ ‌using‌ ‌ 
MRI.‌‌ ‌  
Lecturer:‌ ‌Riccardo‌ ‌Lattanzi‌‌ ‌  
Organizer:‌ ‌Prof.‌ ‌Rita‌ ‌Massa,‌ ‌Prof.‌ ‌Giuseppe‌ ‌Ruello.‌‌ ‌  
Date:‌ ‌11th‌ ‌June‌ ‌2020‌ ‌(Credits:‌ ‌0.3)‌‌ ‌  
‌ 

‌ 

In‌ ‌the‌ ‌following‌ ‌table‌ ‌is‌ ‌depicted‌ ‌a‌ ‌summary‌ ‌of‌ ‌the‌ ‌activities‌ ‌presented‌ ‌above:‌ ‌ 
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3. Research‌ ‌activity‌ ‌ 
‌ 

In‌ ‌the‌ ‌three‌ ‌years‌ ‌of‌ ‌my‌ ‌PhD‌ ‌I‌ ‌focused‌ ‌the‌ ‌research‌ ‌activity‌ ‌on‌ ‌two‌ ‌main‌ ‌topics:‌ ‌ 

a. Deep‌ ‌Learning‌ ‌approaches‌ ‌in‌ ‌specific‌ ‌Remote‌ ‌Sensing‌ ‌Applications‌ ‌ ‌   

b. 5G‌ ‌Channel‌ ‌Modeling‌ ‌in‌ ‌an‌ ‌urban‌ ‌environment‌ ‌ 

‌ 

Here‌ ‌I‌ ‌briefly‌ ‌explain‌ ‌each‌ ‌of‌ ‌which:‌ ‌ 

‌ 
The‌‌first‌‌research‌‌topic‌‌is‌‌designing‌‌and‌‌implementing‌‌a‌‌deep‌‌learning‌‌framework‌‌applied‌‌to‌‌remote‌‌sensing.‌‌                               
Remote‌‌sensing‌‌techniques‌‌and‌‌applications‌‌play‌‌a‌‌crucial‌‌role‌‌in‌‌observing‌‌the‌‌Earth‌‌evolution,‌‌especially‌‌                             
nowadays,‌ ‌where‌ ‌the‌ ‌effects‌ ‌of‌ ‌climate‌ ‌change‌ ‌on‌ ‌our‌ ‌life‌ ‌is‌ ‌more‌ ‌and‌ ‌more‌ ‌evident.‌‌ ‌  
A‌‌considerable‌‌amount‌‌of‌‌data‌‌are‌‌daily‌‌acquired‌‌all‌‌over‌‌the‌‌Earth.‌‌Effective‌‌exploitation‌‌of‌‌this‌‌information‌‌                                 
requires‌‌the‌‌robustness,‌‌velocity‌‌and‌‌accuracy‌‌of‌‌deep‌‌learning.‌‌This‌‌emerging‌‌need‌‌inspired‌‌the‌‌choice‌‌of‌‌                               
this‌ ‌topic.‌ ‌   
‌ 

The‌ ‌conducted‌ ‌studies‌ ‌mainly‌ ‌focus‌ ‌on‌ ‌two‌ ‌European‌ ‌Space‌ ‌Agency‌ ‌(ESA)‌ ‌missions:‌ ‌Sentinel‌ ‌1‌ ‌and‌‌                             
Sentinel‌ ‌2.‌ ‌Images‌ ‌provided‌ ‌by‌ ‌the‌ ‌ESA‌ ‌Sentinel-2‌ ‌mission‌ ‌are‌ ‌rapidly‌ ‌becoming‌ ‌the‌ ‌main‌ ‌source‌ ‌of‌‌                               
information‌‌for‌‌the‌‌entire‌‌remote‌‌sensing‌‌community,‌ ‌thanks‌‌to‌‌their‌‌unprecedented‌‌combination‌‌of‌‌spatial,‌‌                           
spectral‌‌and‌‌temporal‌‌resolution,‌‌as‌‌well‌‌as‌‌their‌‌open‌‌access‌‌policy.‌‌The‌‌increasing‌‌interest‌‌gained‌‌by‌‌these‌‌                                 
satellites‌ ‌in‌ ‌the‌ ‌research‌ ‌laboratory‌ ‌and‌ ‌applicative‌ ‌scenarios‌ ‌pushed‌ ‌us‌ ‌to‌‌utilize‌‌them‌‌in‌‌the‌‌considered‌‌                               
framework.‌‌The‌‌combined‌‌use‌‌of‌‌Sentinel‌‌1‌‌and‌‌Sentinel‌‌2‌‌is‌‌crucial‌‌and‌‌very‌‌prominent‌‌in‌‌different‌‌contexts‌‌                                   
and‌ ‌different‌ ‌kinds‌ ‌of‌ ‌monitoring‌ ‌when‌ ‌the‌ ‌growing‌ ‌(or‌ ‌changing)‌ ‌dynamics‌ ‌are‌ ‌very‌ ‌rapid.‌ ‌ 
‌ ‌  
Starting‌‌from‌‌this‌‌general‌‌framework,‌‌two‌‌specific‌‌research‌‌activities‌‌were‌‌identified‌‌and‌‌investigated,‌‌leading‌‌                           
to‌ ‌the‌ ‌results‌ ‌presented‌ ‌in‌ ‌this‌ ‌dissertation.‌ ‌Both‌ ‌these‌ ‌studies‌ ‌can‌ ‌be‌ ‌placed‌ ‌in‌ ‌the‌ ‌context‌ ‌of‌ ‌data‌ ‌fusion.‌‌ ‌  
‌ 

The‌‌first‌‌activity‌‌deals‌‌with‌‌a‌‌super-resolution‌‌framework‌‌to‌‌improve‌‌Sentinel‌‌2‌‌bands‌‌supplied‌‌at‌‌20‌‌meters‌‌                                 
up‌‌to‌‌10‌‌meters.‌‌Increasing‌‌the‌‌spatial‌‌resolution‌‌of‌‌these‌‌bands‌‌is‌‌of‌‌great‌‌interest‌‌in‌‌many‌‌remote‌‌sensing‌‌                                     
applications,‌ ‌particularly‌ ‌in‌ ‌monitoring‌ ‌vegetation,‌ ‌rivers,‌ ‌forests,‌ ‌and‌ ‌so‌ ‌on.‌ ‌ 
‌ 

The‌ ‌second‌ ‌topic‌ ‌of‌ ‌the‌ ‌deep‌ ‌learning‌ ‌framework‌ ‌has‌ ‌been‌ ‌applied‌ ‌to‌ ‌the‌ ‌multispectral‌ ‌Normalized‌‌                             
Difference‌ ‌Vegetation‌ ‌Index‌ ‌(NDVI)‌ ‌extraction,‌ ‌and‌ ‌the‌ ‌semantic‌ ‌segmentation‌ ‌obtained‌ ‌fusing‌ ‌Sentinel‌‌1‌‌                         
and‌‌S2‌‌data.‌‌The‌‌S1‌‌SAR‌‌data‌‌is‌‌of‌‌great‌‌importance‌‌for‌‌the‌‌quantity‌‌of‌‌information‌‌extracted‌‌in‌‌the‌‌context‌‌                                       
of‌ ‌monitoring‌ ‌wetlands,‌ ‌rivers‌ ‌and‌ ‌forests,‌ ‌and‌ ‌many‌ ‌other‌ ‌contexts.‌ ‌ 
‌ 
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In‌ ‌both‌ ‌cases,‌ ‌the‌ ‌problem‌ ‌was‌ ‌addressed‌ ‌with‌ ‌deep‌ ‌learning‌ ‌techniques,‌ ‌and‌ ‌in‌ ‌both‌ ‌cases,‌ ‌very‌ ‌lean‌‌                                 
architectures‌‌were‌‌used,‌‌demonstrating‌‌that‌‌even‌‌without‌‌the‌‌availability‌‌of‌‌computing‌‌power,‌‌it‌‌is‌‌possible‌‌to‌‌                               
obtain‌ ‌high-level‌ ‌results.‌ ‌ 
The‌ ‌core‌ ‌of‌ ‌this‌ ‌framework‌ ‌is‌ ‌a‌ ‌Convolutional‌ ‌Neural‌ ‌Network‌ ‌(CNN).‌ ‌CNNs‌ ‌have‌ ‌been‌ ‌successfully‌ ‌applied‌‌ ‌  
to‌ ‌many‌ ‌image‌ ‌processing‌ ‌problems,‌ ‌like‌ ‌super-resolution‌ ‌[1],‌ ‌pansharpening‌ ‌[2],‌ ‌classification‌ ‌[7],‌ ‌and‌‌                         
others,‌ ‌because‌ ‌of‌ ‌several‌ ‌advantages‌ ‌such‌ ‌as‌ ‌(i)‌ ‌the‌ ‌capability‌ ‌to‌ ‌approximate‌ ‌complex‌ ‌non-linear‌‌ ‌  
functions,‌‌(ii)‌‌the‌‌ease‌‌of‌‌training‌‌that‌‌allows‌‌to‌‌avoid‌‌time-consuming‌‌handcraft‌‌filter‌‌design,‌‌(iii)‌‌the‌‌parallel‌‌                                 
computational‌ ‌architecture.‌ ‌ 
Even‌ ‌if‌ ‌a‌‌large‌‌amount‌‌of‌‌"labelled"‌‌data‌‌is‌‌required‌‌for‌‌training,‌‌the‌‌CNN‌‌performances‌‌pushed‌‌me‌‌to‌‌this‌‌                                     
architectural‌ ‌choice.‌‌ ‌  

‌ 
 ‌To‌ ‌reach‌ ‌this‌ ‌aim,‌ ‌the‌ ‌following‌ ‌references‌ ‌have‌ ‌been‌ ‌mainly‌ ‌considered‌ ‌and‌ ‌studied:‌ ‌ 
‌ 
‌ 

[1]‌ ‌Chao‌ ‌Dong,‌ ‌Chen‌ ‌Change‌ ‌Loy,‌ ‌Kaiming‌ ‌He,‌ ‌and‌ ‌Xiaoou‌ ‌Tang,“Image‌ ‌super-resolution‌ ‌using‌‌                         
deep‌ ‌convolutional‌ ‌networks,‌ ‌“IEEE‌ ‌transactions‌ ‌on‌ ‌pattern‌ ‌analysis‌ ‌and‌ ‌machine‌‌                   
intelligence,‌ ‌vol.‌ ‌38,‌ ‌no.‌ ‌2,‌ ‌pp.‌ ‌295–307,‌ ‌2016.‌ ‌ 

[2]‌ ‌Junfeng‌‌Yang,‌‌Xueyang‌‌Fu,‌‌Yuwen‌‌Hu,‌‌Yue‌‌Huang,‌‌XinghaoDing,‌‌and‌‌John‌‌Paisley,‌ ‌“Pannet:‌‌A‌‌                             
deep‌ ‌network‌ ‌architecture‌ ‌for‌ ‌pan-sharpening,”‌ ‌pp.‌ ‌5449–5457,‌ ‌2017.‌ ‌ 

[3]‌ ‌Kaiming‌ ‌He,‌ ‌Xiangyu‌ ‌Zhang,‌ ‌Shaoqing‌ ‌Ren,‌ ‌and‌ ‌Jian‌ ‌Sun,‌‌“Deep‌‌residual‌‌learning‌‌for‌‌                           
image‌ ‌recognition,”‌  ‌pp.‌ ‌770–778,2016.‌ ‌ 

[4]‌ ‌Charis‌ ‌Lanaras,‌ ‌Jośe‌ ‌Bioucas-Dias,‌ ‌Silvano‌ ‌Galliani,‌ ‌Emmanuel‌‌Baltsavias,‌ ‌and‌‌Konrad‌‌                     
Schindler,‌ ‌“Super-resolution‌ ‌of‌ ‌Sentinel-2‌ ‌images:‌ ‌Learning‌ ‌a‌ ‌globally‌ ‌applicable‌ ‌deep‌‌                   
neural‌ ‌network,”‌ ‌arXiv‌ ‌preprint‌ ‌arXiv:1803.04271,‌ ‌2018.‌ ‌ 

[5]‌ ‌S.‌ ‌t.‌ ‌Wu‌ ‌and‌ ‌S.‌ ‌A.‌ ‌Sader,‌ ‌“Multipolarization‌ ‌SAR‌ ‌data‌ ‌for‌‌surface‌‌feature‌‌delineation‌‌and‌‌                               
forest‌‌vegetation‌‌characterization,”‌‌IEEE‌‌Trans.‌‌Geosci.‌‌Remote‌‌Sens.,‌‌vol.‌‌GE-25,‌‌no.‌‌1,pp.‌‌                       
67–76,‌ ‌1987.‌ ‌ 

[6]‌ ‌Tianxiang‌ ‌Zhang,‌ ‌Jinya‌ ‌Su,‌ ‌Cunjia‌ ‌Liu,‌ ‌Wen-Hua‌ ‌Chen,‌ ‌Hui‌ ‌Liu,‌ ‌and‌ ‌Guohai‌ ‌Liu,‌ ‌“Band‌‌                             
selection‌ ‌in‌ ‌Sentinel-2‌ ‌satellite‌ ‌for‌ ‌agriculture‌ ‌applications,”‌ ‌in‌ ‌Automation‌ ‌and‌‌                   
Computing(ICAC),‌ ‌2017‌ ‌23rd‌ ‌International‌ ‌Conference‌ ‌on.‌ ‌IEEE,‌ ‌2017,‌ ‌pp.‌ ‌1–6.‌ ‌ 

[7]‌ ‌Y.‌ ‌Du,‌ ‌Y.‌‌Zhang,‌‌F.‌‌Ling,‌‌Q.‌‌Wang,‌‌W.‌‌Li,‌‌and‌‌X.‌‌Li,‌ ‌“Water‌‌bodies‌ ‌mapping‌ ‌from‌ ‌sentinel-2‌ ‌                                     
imagery‌‌with‌‌modified‌‌normalized‌‌difference‌‌water‌‌index‌‌at‌‌10-m‌‌spatial‌‌resolution‌‌produced‌‌                       
by‌ ‌sharpening‌ ‌the‌ ‌SWIR‌ ‌band,‌ ‌“Remote‌ ‌Sensing,‌ ‌vol.‌ ‌8,‌ ‌no.‌ ‌4,‌ ‌pp.‌ ‌354,‌ ‌2016.‌ ‌ 

[8]‌ ‌Donato‌ ‌Amitrano,‌ ‌Gerardo‌ ‌Di‌ ‌Martino,‌ ‌Antonio‌ ‌Iodice,‌‌Daniele‌ ‌Riccio,‌ ‌and‌ ‌Giuseppe‌ ‌                       
Ruello,‌ ‌“Unsupervised‌ ‌rapid‌ ‌flood‌ ‌mapping‌ ‌using‌ ‌Sentinel-1‌ ‌GRD‌ ‌SAR‌ ‌images,”‌ ‌IEEE‌‌                     
Transactions‌ ‌on‌ ‌Geoscience‌ ‌and‌ ‌Remote‌ ‌Sensing,‌ ‌vol.‌ ‌56,‌ ‌no.‌ ‌6,‌ ‌pp.3290–3299,‌ ‌2018.‌ ‌ 

‌ 
‌ 
‌ 

The‌‌second‌‌research‌‌topic‌‌is‌‌related‌‌to‌‌the‌‌mm-Waves‌‌that‌‌have‌‌been‌‌identified‌‌as‌‌a‌‌promising‌‌technology‌‌                                 
since‌ ‌higher‌ ‌data‌ ‌rate,‌ ‌lower‌ ‌latency‌ ‌and‌ ‌lower‌ ‌power‌ ‌consumption‌ ‌than‌ ‌4G‌ ‌technology‌ ‌are‌ ‌achieved.‌‌                             
However,‌‌the‌‌bottleneck‌‌of‌‌the‌‌use‌‌of‌‌such‌‌high‌‌frequencies‌‌is‌‌related‌‌to‌‌attenuation‌‌and‌‌penetration‌‌through‌‌                                 
buildings‌ ‌to‌ ‌allow‌ ‌outdoor-indoor‌ ‌communications.‌ ‌Therefore,‌ ‌it‌ ‌is‌ ‌important‌ ‌to‌ ‌provide‌ ‌a‌ ‌complete‌‌                         
characterization‌ ‌of‌ ‌the‌ ‌wireless‌ ‌channel‌ ‌to‌ ‌the‌ ‌above-mentioned‌ ‌transmission‌ ‌frequencies.‌ ‌This‌ ‌research‌‌                       
activity‌ ‌has‌ ‌been‌ ‌carried‌ ‌out‌ ‌in‌ ‌several‌ ‌phases.‌ ‌Furthermore,‌ ‌it‌ ‌is‌ ‌crucial‌ ‌a‌ ‌proper‌ ‌design‌ ‌of‌ ‌the‌‌antenna‌‌                                   
patterns‌‌in‌‌the‌‌5G‌‌context‌‌because‌‌of‌‌its‌‌requirements.‌‌In‌‌the‌‌first‌‌phase,‌‌the‌‌classical‌‌study‌‌of‌‌the‌‌channel‌‌                                     
modelling‌‌in‌‌urban‌‌environments‌‌has‌‌been‌‌approached‌‌and‌‌I‌‌have‌‌tested‌‌the‌‌deterministic‌‌ray-tracing-based‌‌                           
channel‌ ‌model‌ ‌(that‌ ‌is‌ ‌already‌ ‌used‌ ‌in‌ ‌the‌ ‌3G‌ ‌and‌ ‌4G‌ ‌case)‌ ‌on‌ ‌EXACT+IDL‌ ‌software.‌ ‌Then,‌ ‌in‌ ‌order‌‌to‌‌                                     
extend‌‌the‌‌case‌‌of‌‌study,‌‌I‌‌have‌‌considered‌‌the‌‌atmospheric‌‌attenuation‌‌by‌‌gases‌‌in‌‌a‌‌complex‌‌environment,‌‌                                 
in‌ ‌particular‌ ‌water‌ ‌vapour‌ ‌and‌ ‌oxygen.‌ ‌Furthermore,‌ ‌the‌ ‌attenuation‌ ‌by‌ ‌rain‌ ‌is‌ ‌also‌ ‌included‌ ‌in‌ ‌the‌ ‌model.‌ ‌ 
Finally,‌ ‌some‌ ‌simulations‌ ‌have‌ ‌been‌ ‌carried‌ ‌out‌ ‌in‌ ‌order‌ ‌to‌ ‌compare‌ ‌the‌ ‌results‌ ‌in‌ ‌the‌ ‌presence‌ ‌or‌ ‌in‌‌                                   
absence‌‌of‌‌the‌‌atmospheric‌‌attenuation.‌‌Besides,‌‌we‌‌conducted‌‌some‌‌simulations‌‌to‌‌compare‌‌the‌‌5G‌‌vs‌‌4G‌‌                               
systems‌‌when‌‌we‌‌utilized‌‌a‌‌very‌‌directive‌‌antenna‌‌vs‌‌a‌‌sectorial‌‌antenna.‌‌In‌‌the‌‌first‌‌case,‌‌we‌‌tested‌‌that‌‌the‌‌                                       

Università‌ ‌degli‌ ‌Studi‌ ‌di‌ ‌Napoli‌ ‌Federico‌ ‌II‌ ‌ 

‌ 



Training‌ ‌and‌ ‌Research‌ ‌Activities‌ ‌Report‌ ‌–‌ ‌Third‌ ‌Year‌ ‌ 

PhD‌ ‌in‌ ‌Information‌ ‌Technology‌ ‌and‌ ‌Electrical‌ ‌Engineering‌ ‌–‌ ‌XXXIII‌ ‌Cycle‌ ‌ 

Massimiliano‌ ‌Gargiulo‌ ‌ 

‌ 
signal‌ ‌level‌ ‌to‌ ‌the‌ ‌users‌ ‌is‌ ‌higher‌‌than‌‌in‌‌the‌‌second‌‌case,‌‌but‌‌the‌‌interferences‌‌are‌‌lower‌‌because‌‌of‌‌the‌‌                                       
beamforming‌ ‌strategy.‌‌ ‌  

‌ 
To‌ ‌reach‌ ‌this‌ ‌aim,‌ ‌the‌ ‌following‌ ‌references‌ ‌have‌ ‌been‌ ‌mainly‌ ‌considered‌ ‌and‌ ‌studied:‌ ‌ 

‌ 
[1]‌  ‌Robert‌  ‌E‌  ‌Collin,‌ ‌Antennas‌ ‌and‌ ‌radiowave‌ ‌propagation,‌ ‌McGraw-Hill,‌ ‌1985.‌ ‌ 
[2]‌ ‌Theodore‌ ‌S‌ ‌Rappaport,‌ ‌Yunchou‌ ‌Xing,‌ ‌George‌ ‌R‌ ‌MacCartney‌ ‌Jr,‌ ‌Andreas‌ ‌F‌ ‌Molisch,‌ ‌                         

Evangelos‌ ‌Mellios,‌ ‌and‌ ‌Jianhua‌‌Zhang,‌ ‌“Overview‌ ‌of‌ ‌millimetre‌ ‌wave‌ ‌communications‌ ‌                   
for‌ ‌fifth-generation‌ ‌(5G)‌ ‌wireless‌ ‌networks‌ ‌with‌ ‌a‌ ‌focus‌ ‌on‌ ‌propagation‌ ‌models,”‌ ‌arXiv‌‌                       
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