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Workshop Program 

Noble Amphitheatre (Room B032), FEUP  

08:30 - 09:00 Registration 

09:00 - 09:15 Opening Session 

09:15 - 10:15 

Oral Presentations - Optical Networks 

Cátia Pinho, Optimized Photonic Integrated Solutions – via design, packaging, and testing 

Celestino Martins, Low Complexity DSP Techniques for Coherent Optical Systems 

Joana Tavares, Experimental Evaluation of Resonant Tunnelling Diode Oscillators Employing Advanced 
Modulation Formats 

Rui Gomes, Analysis and Design of a Polar Digitally-Modulated CMOS PA based on Switched Constant-

Current 

10:15 - 11:00 

Oral Presentations - Networks & Protocols I 

Asad Ur Rehman, Shaping Future Reliable and Critical Communications Using Virtualization 

Technologies 

Eduardo Nuno Almeida, Estimating the Quality of Service of Aerial Wireless Networks using 

Convolutional Neural Networks 

Hadeel Abdah, Mobility in Software Defined Telecommunications Networks 

11:00 - 11:15 Coffee Break 

11:15 - 12:15 

Oral Presentations - Wireless Communications I 

Akeem Mufutau, A realization of a SDR based RAN for an Open 5G Testbed 

Fatma Marzouk, Energy Efficient Virtual Resource Management for shared RANs 

Filipe Borges Teixeira, Long-range Broadband Maritime and Underwater Wireless Communications at 

Remote Ocean Areas 

Hugo Santos, Meander-Line Monopole Antenna With Compact Ground-Plane for a Bluetooth System-In-
Package 

12:15 - 13:00 
Keynote Speech I 

Dr. Mário Costa (Huawei Technologies Finland), Wavefield Modeling in 5G Networks and Beyond  

13:00 - 14:15 Lunch & Poster Session 

  Ehsan Shahri, A Survey of VANET: Protocol Stack, Architectures, Applications and Challenges 

  Ivo Silva, Self-healing Radio Maps of Wireless Networks for Indoor Positioning 

  Sanaâ Finich, New Advanced Antennas for Terahertz Technologies 

14:15 - 15:00 
Keynote Speech II 

Dr. David Hillerkuss (Huawei Technologies Duesseldorf GmbH), Continuous Variable Quantum Key 
Distribution 

15:00 - 16:30 

Oral Presentations - Wireless Communications II 

Jéssica Sanson, Waveforms and Algorithms Design for Use in Dual Communication/Radar Systems 

João Rodrigues, Extracting 3D Maps from Crowdsourced GNSS Skyview Data 

Luís Rodrigues, Visible Light Communication Systems Architectures for the Internet of Things 

Pedro M. Tomé, Compensation of Long-Term Memory Effects in GaN HEMTs  

Sherif Busari, A Novel Generalized Hybrid Beamforming Framework for THz Massive MIMO Networks 

Stephen Ogodo, Development of a Signal Waveform suitable for Satellite Communication, Navigation and 
Remote Sensing 

16:30 - 16:45 Coffee Break 

16:45 - 17:30 

Oral Presentations - Networks & Protocols II 

José Quevedo, Internet of Things Discovery in Interoperable Information Centric and IP Networks 
Orangel Contreras, End-to-End Delay Analysis of a Wireless Sensor Network Using Stochastic Network 

Calculus 

Rui Fernandes, Cost Definition for Multimedia Adaptation Execution 

17:30 - 18:45 

Discussion Panel 

Invited Companies:  

Altice Labs - Dr. Francisco Fontes, Proef Group - Eng. Rui Alheiro, Wavecom - Eng. André Branquinho 

Invited MAP-tele Graduates: 

Dr. Daniel Malafaia (Vestas), Dr. Sérgio Figueiredo (Altran) 

18:45 - 19:00 Closing Session 

19:00 - 19:30 Porto D' Honra 
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MAP-Tele Doctoral Programme  

 

The MAP-tele Doctoral Programme in Telecommunications is a joint venture of University of 

Minho, University of Aveiro and University of Porto, three Portuguese Universities with a 

strong tradition in the area of Telecommunications Engineering. The programme represents a 

fusion of the doctoral offers in Telecommunications in the three institutions and constitutes a 

unified effort to prepare highly qualified human resources in Telecommunications. The 

programme is supported by an academic staff of more than 150 PhDs whose research and 

development activities covers a wide range of topics, ranging from theoretical and fundamental 

aspects to the experimental and applied areas of Telecommunications, and comprehends wide- 

ranging collaborative work with leading industries in this country and abroad. The MAP-tele 

Doctoral Programme in Telecommunications targets both national and international audiences 

and is designed for excellence and competitiveness at the international level. It aims to prepare 

selected students for leadership in research and development careers in industry, academia and 

independent entrepreneurial initiatives. 

 

The MAP-tele Workshop is organized by MAP-tele first year students and intends to attract 

original, pertinent and relevant contributions on the technological, organizational and 

management dimensions of the largely multidisciplinary field of Telecommunications and 

Information Systems and Technologies. 

 

Submissions to the workshop are mandatory for MAP-tele PhD students. Specifically, Second- 

year students present their work as a Poster and Third-year (and above) students as Oral 

presentations. Research centres affiliated with the three Universities (IT, INESC TEC, 

CISTER, ADEETC, CeDRI) as well as leading companies associated with the programme are 

also invited to present their work at the Workshop. 

 

This year's edition (11th edition) of the MAP-tele Workshop is hosted by Faculdade de 

Engenharia da Universidade do Porto on 18th September, 2019. 

 

 Organization Team  

 

Workshop Chairs Logistics Committee: 

André Coelho André Coelho 

Ivo Silva Ehsan Shahri 

 

Communications Committee Scientific Committee 

André Coelho Amir Hossein Farzamiyan 

Ivo Silva Sanaâ Finich 

  

 

Steering Committee                 

Prof. Aníbal Ferreira 

Prof. Adriano Moreira 
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  Keynote Speech I  
 

Wavefield Modeling in 5G Networks and Beyond 
 

Dr. Mário Costa 

Senior Researcher & Data Scientist at Huawei Technologies Finland 

Abstract 
 

This year marks the 25th anniversary of the seminal paper by Miriam Doron and 

Eyal Doron in which wavefield modeling was proposed. This talk reviews wavefield 

modeling in the context of multiantenna wireless communications, starting from 

direction-finding and the invention of MIMO to 5G and future wireless networks. 

The role wavefield modeling has had in double-directional radio channel modeling, 

near-field antenna measurements, harmonic analysis on the sphere, and 

multiantenna radio positioning, are described along with future research directions. 

 

 
 

Speaker Biography 

 

Dr. Mário Costa received the M.Sc. degree (Hons.) in communications 

engineering from Universidade do Minho, Portugal, in 2008, and the D.Sc. 

(Tech.) degree in electrical engineering from Aalto University, Finland, in 

2013. From 2007 to 2014, he was with the Department of Signal Processing 

and Acoustics, Aalto University. In 2011, he was an External Researcher 

with the Nokia Research Center, Connectivity Solutions Team, and in 

2014, he was a Visiting Post-Doctoral Research Associate with Princeton 

University. Since 2014, he has been with Huawei Technologies Oy 

(Finland) Co., Ltd., as a Senior Researcher. 

Dr. Mário Costa has nearly 50 scientific peer-reviewed publications in 

IEEE journals and conferences, including one book chapter (Elsevier), and 

he was the inventor or co-inventor of around 20 patent applications. His 

research interests include statistical signal processing and wireless 

communications. 

http://www.ucy.ac.cy/en/
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 Keynote Speech II  
 

Continuous Variable Quantum Key Distribution  
 

Dr. David Hillerkuss  

Senior Researcher & Data Scientist at Huawei Technologies Duesseldorf GmbH 

Abstract 
 

Continuous variable quantum key distribution (CV-QKD) offers the secure 

exchange of encryption keys while leveraging the highly developed and mass-

produced core technologies of coherent optical communication systems. In this 

talk I will introduce CV-QKD and show the development of CV-QKD 

prototypes and resulting field trials at Huawei Technologies. 

 

 
 

Speaker Biography 

 

David Hillerkuss received his degree as Dipl.-Ing. from University of 

Karlsruhe in 2008 and as Dr.-Ing. in electrical engineering in 2012. During 

this time, he focused on communication systems and device research, 

achieving several world records in optical transmission. He subsequently 

moved to ETH Zurich to build up a research group on optical 

communication systems. There, the main focus of research was on 

development of low complexity and high performing algorithms for 

coherent optical communication systems and on the development and 

testing of advanced optoelectronic devices. In 2016, he joined Huawei 

Technologies in Munich, working on quantum key distribution. Since 2019, 

David Hillerkuss is working in innovation management, standardization, 

and leadership development to help drive the development within Huawei. 

David Hillerkuss has published more than 170 papers, has an h-index of 30, 

and has filed more than 10 patents. He also serves as reviewer for 

numerous journals, has been on the committee for ECOC, CLEO, and 

SPPCOM, has served as program chair for SPPCOM 2019 and general 

chair for SPPCOM 2020. 

 

http://www.ucy.ac.cy/en/
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Abstracts (Oral Presentations) 
 

 Typical polar digital power amplifiers (DPA) employ unit-cells operated in class-E 

or D  

Rui Gomes 

University of Porto 

Denoting a switched-resistance operation which degrades linearity. Besides introducing 

higher demand on digital predistortion (DPD) it also requires extra quantization bits, 

impacting the overall efficiency and system design complexity. To address this, the present 

work makes use of an optimized constant-current cascode unit-cell which is combined 

with reduced conduction angle to achieve linear and efficient operation, while minimizing 

the effort on DPD and/or calibration. A design strategy is developed which focus on the 

cascode bias voltage and transistor relative dimensions as design parameters, allowing 

cascode efficiency optimization without comprising linearity or reliability. A single-ended 

polar switched-current DPA is implemented in 180nm standard CMOS. Continuous-wave 

measurements performed at 800MHz demonstrate an output power of 24dBm with a PAE 

of 47%. The DPA dynamic behavior was tested with a 64-QAM signal with 10MS/s, 

achieving an average PAE of 20.9% with a PAPR of 8.7dB and ACLR = 40.34dB. These 

results demonstrate comparable performance with prior art while using only 6-bits clocked 

at 100MHz sampling frequency. 

Experimental Evaluation of Resonant Tunneling Diode Oscillators Employing    

Advanced Modulation Formats     

Joana Tavares, L. M. Pessoa, and H. M. Salgado 

University of Porto | INESC TEC 

The performance of Resonant Tunneling Diode (RTD) oscillators with an optical window 

is evaluated experimentally, in the transmission of advanced modulation formats using 

electrical and optical modulation, for the first time. Additionally, the impact of phase noise 

in the transmission performance is also assessed.  
 

Low Complexity DSP Techniques for Coherent Optical Systems    

Celestino Martins, 

University of Aveiro 

The rapid growth of bandwidth-hungry traffic demand is pushing the speed of each optical 

channel to beyond 100 Gb/s. In order to cope with these increasing bandwidth 

requirements, a new transmission paradigm for optical systems is now being addressed, 

with bit rates per optical channel up to 1 Tb/s. A cost-effective solution to accomplish 

these requirements has been based on coherent optical technologies associated with high-

order modulation formats and advanced DSP, which enables an extensive system capacity 

increase, along with improved \ac{SE} and transmission reach. This becomes particularly 

important for the linear and nonlinear impairments mitigation through \ac{DSP}-based 

algorithms. In alignment with the aforementioned issues, the goal of this PhD thesis 

comprises the investigation of new technological paradigms in terms of signal generation 

and digital processing for the next-generation flexible and high-capacity transport optical 

networks.  Our main focus is to develop advanced DSP subsystems for linear and nonlinear 

equalization of fiber impairments in optical transmission systems, taking into account the 

complexity and power consumption requirements for the hardware implementation. 
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Optimized Photonic Integrated Solutions – via design, packaging, and testing   

Cátia Pinho, Mário Lima and António Teixeira 

Department of Electronics, Telecommunications and Informatics (DETI) 

University of Aveiro | Instituto de Telecomunicações (IT) 

 

Enhanced integrated photonics appears as a promising solution for the current demand for 

flexibility and reconfigurability in optical systems and telecommunications networks. 

Photonic integrated circuits (PIC)-based optical communication systems offer an efficient 

and cost-effective solution to data transmission driving to a significant boost in the 

segment, with an expected annual growth rate of 25.2% in the PIC market [1]. 

Nevertheless, PIC development and assessment pose challenges, such as design, 

packaging, and testing. This study presents an overview of the authors’ contribution to the 

development of optimized integrated photonic solutions addressing the different PIC 

challenges identified. An optimized design model of multimode interference (MMI) 

structures in silicon nitride (Si3N4) based platform for photonic integrated data 

compression applications is developed. Different MMI geometries were accessed, and the 

best building block (BB) performance presented an excess loss (EL) metrics of 0.0003 dB 

and a length footprint improvement of about 1/3 with reported literature [2]. The first 

test/characterization of PIC solutions implementing the Haar transform (HT) for 

compression applications in indium phosphide (InP) based platform and in a new organic-

inorganic di-ureasil hybrid material is also provided [3]–[5]. Additionally, a new concept 

to use a spatial light modulator (SLM) as a flexible platform for feeding photonic 

integrated processors in order to address the PIC packaging and characterization process 

is proposed. The capacity of the SLM to dynamically reconfigure light is used to feed 

and/or receive information to the PIC and can be used as a parallel implementation of 

optical transforms realized in the optical chip [6]–[8]. Furthermore, a collaboration with 

the Optical Communications and Photonic Integration Group (OCPI), from University of 

California, Santa Barbara (UCSB) led to the development of an extended reach PAM-4 

transmission enabled by a photonic integrated tunable lattice filter dispersion compensator 

with application as a low-cost interface for data center interconnects (DCI) [9]. Also, a 

radiofrequency calibrated Mach-Zehnder interferometer (MZI) to measure ultra-narrow 

linewidth chip-scale Brillouin laser resonator properties was built, and performed the 

Brillouin gain measurements, through Lorentzian fitting analysis which contributed for 

[10]–[12]. voltage. During last year a couple of papers were published reporting the 

research achievements, and presently a journal paper has been written and a few more are 

being planned for the near future. 

Shaping Future Reliable and Critical Communications Using Virtualization 

Technologies   
Asad Ur Rehman, J. Filipe, D. Corujo, R. Aguiar, JPB Barraca 

University of Aveiro | Instituto de Telecomunicações (IT) 

The concept of reliability in traditional static networking environment must be 

transformed to adapt to the highly dynamic future virtualized networking environment. 

Lightweight virtualization such as Containers and Unikernels are introduced to make 

server footprint smaller and increased performance. Because of faster booting time and 

reduced image size, Containers and Unikernels can provide low latency for mission-

critical scenarios. However, achieving high-reliability (99.999%) and low-latency are 

challenging specifically, in mission-critical communications. Designing and testing to 

deploying these virtualization concepts in virtual networking environments and cloud-

native applications have not been explored comprehensively. There is a need to 
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investigate, for instance, virtualization technologies used vs resource contention, high-

reliability mechanisms to guarantee the delivery of message and automation. For this 

purpose, we have considered an NFV based scenario in which industrial cooperation is 

hosting critical VNFs at an Internet Service provider (ISP).  As an example of such a 

scenario is the provision of the firewall in a critical environment. We have implemented 

VNF based firewall and measured the impact of using Container (Docker) and Unikernel 

(Include OS) with regard to memory, Central Processing Unit (CPU) and delay of 

stop/start for each technology in the resource-constrained device(s). 

Estimating the Quality of Service of Aerial Wireless Networks using Convolutional 

Neural Networks  

 Eduardo Nuno Almeida, Rui Campos, Manuel Ricardo 

University of Porto | INESC TEC 

The increasing number of online services and applications available in mobile devices, 

from text chat to Ultra High Definition video streaming, is pushing to the limit the need 

for always-on broadband Internet connectivity. Yet, always-on broadband Internet 

connectivity is still not available in Temporary Crowded Events (TCEs), where the Quality 

of Service (QoS) observed by the users is significantly degraded. TCEs, such as music 

festivals and outdoor festivities, pose challenging issues in network design due to the 

variable movement and traffic demand of high densities of users. To solve this problem, 

we propose an aerial wireless network named Traffic-Aware Multi-Tier Flying Network 

(TMFN). The TMFN is composed of Unmanned Aerial Vehicles (UAVs) acting as aerial 

Wi-Fi access points, which can be physically repositioned according to the users traffic 

demands. We present a traffic-aware Network Planning (NetPlan) algorithm, which 

determines the positions of the UAVs in order to improve the users’ aggregate throughput. 

Simulation and experimental evaluations of the NetPlan algorithm are presented in this 

work. In order for UAV placement algorithms to determine the positions of the UAVs that 

maximize the QoS, they may need to estimate the QoS for a given network setup. In this 

sense, we present a novel paradigm for estimating the QoS in aerial wireless networks by 

proposing an ML-based QoS estimator which predicts the average throughput, delay and 

packet delivery ratio provided to the users for a given network by considering the UAV 

positions, the user positions and their offered traffic. We demonstrate the usefulness and 

applicability of the proposed QoS estimator with an ideal UAV placement algorithm. 

Simulation results show that the QoS estimator has an average prediction error lower than 

5%. 

Mobility in Software Defined Telecommunications Networks  

Hadeel Abdah, João Paulo Barraca, Rui Aguiar 

University of Aveiro | Instituto de Telecomunicações (IT) 

The fifth generation of networks is being architected to support low-latency operations 

and services. Thus, technologies such as Software Defined Networks SDN, Network 

functions Virtualization NFV and Mobile Edge computing MEC are being introduced as 

the main enablers of 5G network. Operators are targeting less than 1ms of latency and 

zero interruption time of the service. Fulfilling such demand in a mobile environment calls 

for radical changes in both users’ mobility management and cloudified service allocation. 

To ensure a continuous, Qos-aware service for mobile users, we attempt to move the 

service instance preceding to the users’ mobility taking advantage of the cloudified feature 

of 5G services. This instigates the development of a new mobility prediction mechanism 

and the design of a new decision-making algorithm to estimate whether the service should 
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be migrated or not.  

We forecast the mobile user's mobility exploiting user-network association pattern and 

users ́ profiling. We perform a series of tests and experiments on real-world data to 

demonstrate the mechanism feasibility and assess the impact of implementing this 

prediction model for service migration in MEC. 

 

A realization of a SDR based RAN for an Open 5G Testbed      

Akeem Mufutau,  

University of Aveiro 

To minimize the cost of deployment of future mobile networks, virtualization and 

softwarization of some network entities are key enablers. Consequently, an open source 

software-based LTE testbed will allow a variety of applications and use cases to be 

investigated to foster research activities. In this article, we present a demonstration of a 

testbed with two LTE networks configured differently for joint communication in which 

they employ an alternative fronthaul to the CPRI. This demo shows the capability of the 

OAI-based LTE system to emulate a real mobile network. 

 

Energy Efficient Virtual Resource Management for shared RANs      

Fatma Marzouk, 

University of Aveiro 

In this research work, we built on the vision of Multi-RAT mobile small cells based RAN 

that is shared among multiple Mobile Virtual Network Operators (MVNOs). Particularly, 

we aim to design Energy Efficient Multi-Operators Virtual Resources Management (EE-

MO-VRM) schemes, where resources are Radio Remote Head (RRH) antenna elements as 

well as Baseband (BB) computational resources by exploiting the combination of 

virtualization techniques (SDN/NFV) and self-organization network features. 

 

Long-range Broadband Maritime and Underwater Wireless Communications at 

Remote Ocean Areas          

Filipe Borges Teixeira, 

University of Porto 

The exploration and exploitation of the ocean has increased in recent years with new and 

relevant activities including environmental monitoring or deep-sea mining, which 

complement traditional activities such as fishing and maritime transportation. The 

harshness of the ocean requires expensive resources and logistics for supporting manned 

missions, especially at remote ocean areas, either over and underwater. The use robotic 

platforms, such as Autonomous Underwater Vehicles (AUVs) and Autonomous Surface 

Vehicles (ASVs) is seen more and more as a cost-effective means to carry out underwater 

missions, easing these missions and solving the hassle and hazard of using cables to deploy 

sensors.  

Due to the long endurance of the vehicles, AUVs and ASVs may collect large amounts of 

data, such as video and bathymetric data, in the order of GBytes. This data needs to be 

transferred to shore to be processed, analyzed and stored. Remote ocean areas are 

characterized by a lack of communications infrastructure, where the services typically 

present on shore, such as Wi-Fi or cellular coverage, are not available. Thus, the 

communications are limited to HF/VHF radio and satellite links, which are narrow-band 

and expensive to run. Underwater communications are also affected by the lack of 

communications infrastructure. Acoustic communications are currently the most effective 

solution for kilometer-range communications. However, they provide low data rates, in the 

order of a few kbit/s, making them unsuitable for large data transfer. Optical 
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communications are able to provide higher throughputs, in the order of dozens of Mbit/s. 

Still, when used for medium-range communications (over some dozens of meters), optical 

communications are severely affected by turbidity and require clear line-of-sight and beam 

alignment mechanisms to operate properly. Radio Frequency (RF) communications can 

only be used for short-range communications as a consequence of the strong attenuation of 

RF signals underwater.  

In this work we propose a novel solution to enable broadband communications between 

the AUV, operating underwater, and a station on shore by using a surface station (e.g. an 

ASV or a buoy) as a relay. The broadband communication at sea surface relies on a multi-

hop airborne network, which raises the antenna height and overcomes the Fresnel zone 

clearance and the earth curvature. A height optimization is proposed in order to take full 

advantage of the sea reflections and increase the performance of the network. The 

underwater broadband link is performed by a combination of a delay-tolerant network and 

small AUVs acting as data mules, which transfer the data using a short-range high bitrate 

wireless link (eg. optical or RF) and are coordinated through a long-range, low bitrate 

acoustic link. The proposed protocol and an algorithm for scheduling the data mules ensure 

the highest possible equivalent throughput.  

Our simulation and evaluation results show that the underwater delay-tolerant network can 

outperform the acoustic solutions and achieve an equivalent throughput that exceeds 1 

Mbit/s for 2 km range, while the airborne network is able to provide a broadband 

communication link of 1 Mbit/s at distances over 50 km, enabling a broadband end-to-end 

communications between underwater vehicles and shore. 

 

Meander-Line Monopole Antenna With Compact Ground-Plane for a Bluetooth 

System-In-Package    

Hugo Santos, Pedro Pinho, Rui Pedro Silva, Márcio Pinheiro and H. M. Salgado 

University of Porto | INESC TEC, ADEETC 

In this paper a packaged compact meander-line monopole antenna for Bluetooth 

communications, manufactured in Low-Density Fan-Out technology, is presented. A 

combined size for the antenna and ground-plane of 0.1λ0 × 0.06λ0 × 0.008λ0 is obtained. 

Such small antennas are usually designed considering their connection to an evaluation 

board with a large ground-plane which improves their gain and bandwidth, but in this work 

the antenna is designed so it can work standalone without any further connection to printed-

circuit-boards. The challenge of designing such a compact antenna is surpassed by 

performing a detailed modelling of the radiating meanderline element altogether with its 

finite ground-plane, a tuning inductor and an inductive coupling feed. The antenna model 

is developed in Ansys HFSS using the finite element method, which is later validated 

experimentally. Measurements of the return loss radiation pattern are carried out, and final 

results show a -6 dB bandwidth of approximately 110 MHz and a gain of -8.7 dBi, at 2.42 

GHz. 

 

Waveforms and Algorithms Design for Use in Dual Communication/Radar Systems 

Jéssica Sanson, Atílio Gameiro, Daniel Castanheira 

University of Aveiro | Instituto de Telecomunicações (IT) 

This PhD project aims to use multidirectional (OFDM) technology for radar, to obtain 

orthogonal waveforms that allow the simultaneous operation of radar and communication 

functions on the same device (used in 4G and 5G). Using discrimination tools for 

communication reflexometry in the time and frequency domains. The focus of the work is 

the processing of signals and algorithms that can be used to enable the radar function 

together with communication system. The fundamental novelty of this work is to explore 
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signal processing techniques to improve the problems present in real environments, which 

limits the practical applicability of the use of Radar/Communication in some situations. 

The results obtained during the PhD will have considerable value in many industry 

segments, especially in the areas of separation, detection and reporting of targets, with 

applications such as communications and vehicle radar, as vehicle for infrastructure (V2I), 

Vehicle for vehicle (V2V) and vehicle for any object (V2X). 

 

Extracting 3D Maps from Crowdsourced GNSS Skyview Data     

João Rodrigues, 

University of Porto 

3D maps of urban environments are useful in various fields ranging from cellular network 

planning to urban planning and climatology. These models are typically constructed using 

expensive techniques such as manual annotation with 3D modeling tools, extrapolated 

from satellite or aerial photography, or using specialized hardware with depth sensing 

devices. 

In this work, we show that 3D urban maps can be extracted from standard GNSS data, by 

analyzing the received satellite signals that are attenuated by obstacles, such as buildings. 

Furthermore, we show that these models can be extracted from low-accuracy GNSS data, 

crowdsourced opportunistically from standard smartphones during their user's 

uncontrolled daily commute trips, unleashing the potential of applying the principle to wide 

areas. 

Our proposal incorporates position inaccuracies in the calculations, and accommodates 

different sources of variability of the satellite signals' SNR. The diversity of collection 

conditions of crowdsourced GNSS positions is used to mitigate bias and noise from the 

data.  

A binary classification model is trained and evaluated on multiple urban scenarios in the 

city of Porto using data crowdsourced from over 900 users. Our results show that the 

generalization accuracy for a Random Forest classifier in typical urban environments lies 

between 79% and 91% on 4m wide voxels, demonstrating the potential of the proposed 

method for building 3D maps for wide urban areas. 

 

Visible Light Communication Systems Architectures for the Internet of Things     

Luís Rodrigues, 

University of Aveiro 

 

During the last decade, everyday objects have been including Internet connectivity, 

providing additional features that can offer life comfort and increased performance. For 

instance, a smart temperature control system for a house may consider additional variables, 

different from room temperature, such as outside temperature changes and room occupancy 

routines. Although a single system can include such features, the required information may 

be already available in the Internet (weather reports and smartphone location, for example). 

The ubiquitous information is a consequence of IoT, where every objects are connected to 

the Internet, providing or acquiring data as required. 

Conceptualy, IoT is a network between machines, humans and the Internet, allowing new 

system dynamics to improve productivity, energy efficiency and profit while providing 

confort and new technology applications. Future IoT networks will require nodes with 

progressively smaller sizes, cost, complexity and power consumption. Current IoT systems 

have been adopting RF technologies such as BLE and ZigBee. However, RF IoT systems 

can present performance issues concerning lack of spectrum, collisions during data 

transmission, high power consumption and security issues. 
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Visible Light Communications (VLC) is a technology that uses visible light to 

communicate and it has been developed during the last years. It provides advantages over 

RF such as unregulated spectrum, wide available bandwidth, spacial confinement, 

electromagnetic interference free, among others.  

In the context of IoT systems, VLC can improve power consumption, bandwidth reusage 

and security when used in small network cells such as individual rooms within a building. 

This work aims at the development of a VLC based IoT system exploiting m-CAP 

modulation to allow multiple-user access. Such modulation scheme makes use of matched 

filters, implemented with FIR filters, which generate orthogonal sub-bands. The main 

advantage is that m-CAP does not require the usage of FFT algorithms, which has high 

power and resource demand. The proposed system includes several IoT devices, such as 

sensors and actuators, using LEDs and photodiodes as optical frontends, respectively. The 

devices are connected to a LED light fixture with acts as a gateway, using LEDs to transmit 

and a photodiode to receive the signal. The architecture alse considers error detection and 

flow control, as well as networks discovering and registration protocols. At the end, it is 

expected to have a demonstrator using the proposed architecture. 

 

Compensation of Long-Term Memory Effects in GaN HEMTs    

Pedro M. Tomé, Telmo R. Cunha, Filipe M. Barradas 

University of Aveiro 

Fifth-generation (5G) telecommunications networks are expected to bring about a 

tremendous increase in connection density and speed and a similarly significant decrease 

in connection latency. In order to enable these breakthroughs, a new class of low power 

distributed transceivers with massive multiple-input multiple-output (MIMO) interfaces 

will be required. Due to the need for these transceivers to be tightly integrated and very 

power efficient, a variety of undesirable phenomena such as antenna coupling and amplifier 

nonlinearities need to be compensated for. It is, thus, the objective of this doctoral research 

work to analyze and characterize these phenomena and develop new solutions for 

improving the performance (linearity, power efficiency, insensitivity to antenna coupling, 

etc.) of MIMO transmitters targeting 5G wireless communications. 

 

A Novel Generalized Hybrid Beamforming Framework for THz Massive MIMO 

Networks   

Sherif Busari, Kazi Mohammed saidul Huq, Shahid Mumtaz and Jonathan Rodriguez 

University of Aveiro | Instituto de Telecomunicações (IT) 

Hybrid beamforming (HBF) array structure has been extensively demonstrated as the 

practically-feasible architecture for massive MIMO. From the perspectives of spectral 

efficiency (SE), energy efficiency (EE), cost and hardware complexity, HBF strikes a 

balanced performance tradeoff when compared to the fully-analog and the fully-digital 

implementations. Using the HBF architecture, it is possible to realize three different 

subarray structures, specifically the fully-connected, the sub-connected and the overlapped 

subarray structures. In this work, we propose a novel generalized framework for the design 

and performance analysis of the HBF architecture. A parameter, known as the subarray 

spacing, is introduced such that varying its value leads to the different subarray 

configurations and the consequent changes in system performance. Using a realistic power 

consumption model, we investigate the performance of the generalized HBF array structure 

in a cellular infrastructure-to-everything (C-I2X) application scenario (involving 

pedestrian and vehicular users) using the single-path terahertz (THz) channel model. 

Simulation results are provided for the comparative performance analysis of the different 

subarray structures. The results show that the overlapped subarray implementation 
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maintains a balanced tradeoff in terms of SE, EE and hardware cost when compared to the 

popular fully-connected and the sub-connected structures. 

The overlapped subarray structure, therefore, offers promising potential for the beyond-5G 

networks employing THz massive MIMO to deliver ultra-high data rates whilst 

maintaining a balance in the EE of the network. 

Development of a Signal Waveform suitable for Satellite Communication, Navigation 

and Remote Sensing   

Stephen Ogodo, Sergio Cunha 

University of Porto 

 

The development of miniature satellites poses certain constraints due to limited resources 

in volume, mass, energy and envelope surface area. Therefore, the integration of 

communication with navigation and remote sensing in the same hardware is highly 

desirable. To this end, this thesis addresses the development of a signal waveform which 

proves simultaneously suitable for data communication, navigation and remote sensing. 

This presentation addresses both the design of the waveform, exhibiting its properties, and 

preliminary test results concerning the communication functionality. The laboratory setup, 

based on Software Define Radio equipment, used to validate previous simulations is also 

covered. The experimental result shows a bit error rate (BER) close to the simulation result 

for the test conditions. Ongoing work is focused on enhancing the performance of the 

waveform with respect to communications. It will also be tested for ranging and echo 

detection, supporting navigation and remote sensing applications. 

 

Internet of Things Discovery in Interoperable Information Centric and IP Networks  

José Quevedo, Rui Ferreira, Carlos Guimarães, Rui L. Aguiar, Daniel Corujo 

University of Aveiro | Instituto de Telecomunicações (IT) 

The Internet of Things (IoT) has been enabling the deployment of new scenarios where the 

physical and digital worlds interact in unprecedented new ways. These interactions have 

manifested inadequacies of existing infrastructures and protocols, showcasing the need for 

evolutions, or more disruptive technologies. New architectures, such as Named Data 

Networking (NDN), offer new ways to interact with content at the networking layer, which 

have prompted the interest for IoT scenarios, but are not compatible with existing 

approaches. This letter presents a solution that provides interoperation and enhanced 

publish-subscribe content-centric mechanisms, allowing the NDN and IP worlds to co-

exist, in IoT scenarios. 

 

End-to-End Delay Analysis of a Wireless Sensor Network Using Stochastic Network 

Calculus   

Orangel Contreras, 

University of Porto 

Understanding delay performance is essential for successful development and deployment 

of real-time networked sensing applications. In this work, we characterize the end-to-end 

delay on a multi-hop Wireless Sensor Network (WSN) with an analytical method based on 

Stochastic Network Calculus (SNC) 

with Moment Generating Functions (MGF). The particularity of the sensing scenario is 

that all nodes generate and cooperatively forward their traffic through the network to a 

main location, known as the sink. We tackled the problem by modeling the service process 

of fading wireless channels from a high-layer perspective with Finite-State Markov Chains 

(FSMC). Numerical performance bounds are provided for an example WSN with IEEE 

802.11g ad-hoc links in which the effects of delay bound violation probability, per-node 
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offered load, data rate and fading speed are quantified for different network sizes. Finally, 

the presented analysis is validated through a comparison between analytical and numerical 

simulation results. 

 

 

Cost Definition for Multimedia Adaptation Execution     

Rui Fernandes, M. T. Andrade 

University of Porto | INESC TEC, CeDRI 

Given the amount of available multimedia content and the current network connectivity 

ubiquity, content consumption has become massive. However, the conditions throughout 

the consumption chain may not allow the content to be consumed in its original format. It 

may be necessary to use fewer resources in the content representation – achievable by 

content adaptation. Since there exist several different adaptations that can be executed on 

the content [1], the decision-taking engine, to define the adaptation plan, can be designed 

(1) to try to maximize the Quality of Experience (QoE) the user gets or (2) to try to 

minimize the extra workload the service provider has to do, to implement the adaptation. 

This decision requires information from the content characteristics, the consumption 

environment limitations and the user preferences. Option (1) is defined based on user 

preferences and option (2) on the computational cost of executing the adaptations. 

We present a method to define the adaptations costs to be used by the adaptation decision 

engine through a feed-forward neural network, that uses perceived QoE information, 

compiled from the data presented in [2], as well as data (time and CPU load) retrieved from 

the adaptations execution (50 executions for each adaptation). This data was translated into 

adaptation costs by (1) generating costs inversely proportional to the perceived QoE (users 

perspective) and (2) yielding costs proportional to the adaptation execution times (service 

provider perspective). 

The neural network was trained using all available data and it was, afterwards, applied to 

a multimedia consumption scenario. Results from the simulations are consistent with what 

was expected: more restrict adaptations have higher costs, considering the calculation 

parameters for both approaches. However, sometimes, these two approaches do not yield 

opposing adaptation costs as one might think it would happen, for instance, there are 

adaptations with different implementation costs that have equal perceived quality costs. 

This means that these two approaches can be used together for the adaptation cost 

definition. 

Future work establishes the expansion of the input data of the neural network to include 

characterization/classification of 3D multimedia content, with the creation of a 

classification metric based on disparity/depth information. 
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 Self-healing Radio Maps of Wireless Networks for Indoor Positioning  

 Ivo Silva, Adriano Moreira 

University of Minho 

Industry 4.0 is demanding the need to create new solutions for controlling all parts of the 

industrial processes which include tracking and monitoring of vehicles in indoor 

environments. Very few solutions explore Wi-Fi radio signals for the indoor positioning 

of vehicles because usually these systems have demanding requirements i.e. high 

accuracy, support for multiple vehicles, scalability for large buildings and low 

convergence time. In order to track the movement of a vehicle, several sensors are needed 

to measure the travelled distance and the heading of the vehicle (direction of movement) 

which, in turn, are used by dead reckoning methods. This information can be combined 

with information from other sources to provide improved position estimates. 

Positioning systems based on Wi-Fi fingerprinting take advantage of the already existing 

WLAN infrastructure to provide position estimates of the tracked object, therefore they 

can be used to support the indoor localization of vehicles if some of its limitations can be 

overcome. 

Wi-Fi radio maps are used in indoor positioning because a Wi-Fi sample (set of signal 

strength values of detected APs) collected at a known position uniquely identifies that 

location, hence positioning techniques such as Wi-Fi fingerprinting provide position 

estimates by comparing Wi-Fi test samples with a previously collected radio map 

constituted by many Wi-Fi samples. Generally, radio maps are usually manually created, 

a time-consuming task that requires the mapping of reference points and the collection of 

Wi-Fi samples at each reference point. Over time, radio maps become outdated because 

radio signals are influenced by propagation effects (reflection, refraction, diffraction, 

scattering and multipath) and other factors that cause variations in the radio map, therefore, 

it needs to be periodically updated. Several monitoring devices continuously collecting 

Wi-Fi samples allow to detect anomalies in the radio signals, and to correct the radio map 

(self-healing) as conditions keep changing. Anomalies (i.e. high signal strength variation, 

AP channel change, etc) in radio signals are detected once data from these devices is 

gathered and analysed. Since these devices are deployed in known locations, one can use 

that information coupled with signal strength measurements to interpolate the radio map 

using Radial Basis Function [1], LDPL [2] or other models [3, 4], eliminating the need for 

human intervention in the creation of the radio map. 

Tracking vehicles in indoor environments requires the use of sensors. Considering sensor 

fusion of data from potentially low-cost sensors for indoor positioning poses several 

challenges, i.e. noisy sensors, drift in the heading sensors, estimation of absolute heading 

and the ability to measure displacement. Particle filters or Kalman filters may be used to 

overcome some these challenges. 

The main objectives of this work include the development of a self-healing radio maps 

solution with the ability to monitor the variations in the radio environment and act over 

them, and the ability to keep itself updated when the radio environment suffers variations 

in WLAN signals. Furthermore, this solution should be used to support the indoor 

positioning of industrial vehicles equipped with low-cost sensors for tracking the vehicles’ 

movement. 

A solution to detect variations in radio signals is already deployed. It classifies radio 

signals from APs using some metrics, which were defined based on Wi-Fi data, 

continuously collected by several monitoring devices installed in a test scenario (DSI 
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Department at UMinho). Current tasks include: the development of a solution to 

automatically create radio maps; the evaluation of positioning error for radio maps without 

blacklisted APs; the analysis of results from preliminary positioning tests; and, performing 

tests to validate if mobile APs are properly detected by the developed solution. 
 

 New Advanced Antennas for Terahertz Technologies  

Sanaâ Finich,  

University of Porto  

The growth in the application of wireless communication systems and the need for the 

large bandwidth, sub-terahertz and terahertz band are a good candidate to get that 

requirement. In this paper, an overview of the sub-terahertz and terahertz antenna is given. 

The applications and the challenges of the terahertz antennas are discussed. Next, we 

presented the most relevant results from the literature and the opportunities in this interest.  
 

 A Survey of VANET: Protocol Stack, Architectures, Applications and Challenges  

Ehsan Shahri, Manuel Ricardo 

University of Porto  

In recent years, many kinds of research on transportation region have been done to make 

it safer and more efficient, leading to the development of Intelligent Transportation 

Systems (ITS). In ITS there is a multilateral link between vehicles, drivers and the 

transportation infrastructure, based on dedicated networks that referred to as vehicular ad-

hoc network (VANET). Vehicular ad hoc networks, as a subset of Mobile Ad-hoc 

networks (MANETs), is known to be one of the most fascinating investigations with 

applications such as road safety, passenger comfort, and traffic management. In this 

technology, vehicles are equipped with various sensors, Onboard Units (OBU) and 

wireless communication equipment that able to exchange information with other vehicles 

and Road Side Infrastructure (RSU) and thus provide many benefits to achieve the 

mentioned goals. Due to the specific characteristics that exist in VANET, especially highly 

dynamic topology, there are great interesting and exciting challenges to research in this 

area. The main idea in this survey is to explain the current details of various aspects in the 

vehicular ad-hoc network. This paper is started with presenting a summary of VANET’s 

structure and an overview of its protocol stack. Then VANET’s main components and 

some of the most important applications are explained. This article is ended up by an 

analyzing on the current VANET’s challenges. 


