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Moving Things: When did it started?

: le Dﬁ:. 28, 1926. | 1:612!427
UNITED STATES PATENT OFFICE.

HARRY FLURECHEIM, OF PARIS, FRANCE.
RADIO WARNING SYSTEM FOR USE ON VEHICLES.

Application flled November 13, 1923, Serial No. 674,489, and in France December 5, 1922,
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Connecting Vehicles

Why communication in the
roads?

mobile data
WiFi offloading solutions
to cope with traffic
growth

continuous connectivity
Connectivity anywhere,
everytime

connected cars
All Internet-based
services in the cars

S Self-driving

universidade
de aveiro




Connected Vehicles Applications (ITS.DOT Source)
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. Responder Vehicles
Wams on-scene responders o
of vehicies approaching the
g, Incident zone at speeds of in
* kanes that pose a high risk to
their safety,




ITS Applications with Real Vehicular Communication

Virtual Traffic Lights

~Revisiting in EU 5GinFire with Video Transcoding as VNF

a0, Rereira,. Miguel Diaz-Cacho, Susana Sargento, André Zuquete, Lucas Guardalben, Miguel Luis, “Vehicle-to-Vehicle Real-time Video Transmission thr,
de aveiro Driving”, IEEE 2018 IEEE 87th Vehicular Technology Conference VTC2018-Spring, Porto, Portugal, May, 2018 j
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Connected Vehicles Applications: Self-Driving
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Vehicular Networks: How?

_______________________________________________________________

Fixed Infrastructure

IEEE 802.11g/n
Access Points
(s

IEEE 802.11p
Access Networ

e m e e e e e e - -

instituto de
telecomunicacoes

NSTITUICOES ASSOCIADAS
universidade
de aveiro




Network Mechanisms

GPS + |IEEE 802.11p + WiFi + GPRS + 3G/4G

Smart connection manager for heterogeneous
networks

Seamless handovers, multihoming

Multi-hop vehicular mesh networking

M2M Delay tolerant data management
Security mechanisms for connected vehicles.
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Real Platform for Vehicular Networks
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HarborNet: Small-scale

25 trucks

2 tow boats, 2 patrol vessels
10 road side units

Several plug and play units

Data Analytics Remote Control | | Code Deployment
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Harbor Pilot Results

« Latency in the IEEE 802.11p network < 10 msec
« Latency in congestion < 100 msec

* Handover time < 100 msec

« Coverage > 600m in LoS
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Carlos Ameixieira, André Cardote, Filipe Neves, Rui Meireles, Susana Sargento, Luis Coelho, Jodo Afonso, Bruno Areias, Eduardo Mota, Rui Costa, Ricardo Matos, Jodo Barros,
In “HarborNet: A Real-World Testbed for Vehicular Networks”, IEEE Communications Magazine, ISSN: 0163-6804, Vol. 52, Issue 9, September 2014, pp: 108 - 114.
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CityNet: Large-scale

Porto: 608 vehicles, 57 road side units, 23 sets of Sensors; NYC Slngapore

~780.000+" m7M+ | 43M;
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City Pilot Results

« Bandwidth = 8 Mb/sec

« Latency in the IEEE 802.11p network < 10 msec

« (Congestion latency < 100 msec

« Handover time < 100 msec

« Density of vehicles in rush hour (in the map, 1Km?): >9.'Owuses

. ' J',::& ‘. :'J'Lr- ! -I_ﬂ-%;«" ......
« Coverage > 600m in LoS LY o S

« Up to 6 videos in the bus,
simultaneously

« Many internet access users
« Offload > 50%
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Pedro Santos, Jodo Rodrigues, Susana Cruz, Tiago Lourengo, Pedro M. d’Orey, Yunior Luis, Susana Sargento, Ana Aguiar, Jodo Barros, “PortoLivingLab: an loT-based Sensing Platform for
universidade Smart Cities”, IEEE Internet of Things Journal, ISSN: 2327-4662, January 2018. instituto ae
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How to make 1t work?
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Multi-Network Connection Manager: AHP and
Optimization

Level 1: Goal Select the Best Connection
Level 2: Criteria Price RSS Backdrop
/N
Level 3: Subcriteria User Operator Nr. of Hops Availability Exp. Contact Time

/N /N /N /N /N

Level 4: Alternatives Alternative 1 (X X Alternative N
_ - N N y 7 ~ <
-~ \ / >~ ~
4 (Prlce User ) (_Price Op. )\ / CPrlce User ) (_Price Op. )\
( (Exp. C. Time) I (Exp.C.Time)
\ CAvallablllty) C Nr. Hops ) / \ CAvallablllty) C Nr. Hops ) /

Susana Sargento, André Cardote, Carlos Ameixieira, Filipe Neves, Jorge Dias, “Method and apparatus for Multi-Network Communication in Vehicular Networks”, US Patent
NSTITUICOES ASSOCIADAS: US9439121 B2, 6 September 2016.

universidade
de aveiro

instituto de
telecomunicacoes




Mobility and -Handovers

Handover Latency IEEE
802.11p (msec)
N-PMIP [20 , 60]

LISP [40 , 60]
DMIPA [60 , 80]

(o) () ()

Network!

N-PMIPv6++
- multi-hop
- |[EEE 802.11p

- Broadcast

- Cellular

INSTITUICOES ASSDEIADAS: - Diogd Lopes,_Susana Sargento, Ricardo Matos, “Improving Mobility Management over Vehicular Networks”, US Patent US9717104 B2, 25 July 2017.
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Multihoming and Mobility

B
.. End-user Terminal
i with MH caqpabilities

PMIPvE (MAG 1) P 1
with MH Support

P2
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PMIPv6E (LMA) 3 o
with MH SuppﬂrtQQQ /4/"/ P
802.11b . . ‘
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PMIPwG (MAG 2)
pm—— with MH Support
802.11b Input rate = 500 [pps] (2 GWs) Input rate = 250 [pps] (2 GWs)
2 1.4 T T 0.25 —r T
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- (GW 1, GW 5) ] - (GW 1, GW 5)

Network 2 1.2

Delay[s]
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User §
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elson Capela, Susana Sargento, “An Intelligent and Optimized Multihoming Approach in Real and Heterogeneous Environments”,
Springer Wireless Networks, ISSN: 1022-0038, Volume 21, Issue 6, pp 1935-1955, August 2015.
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Multthoming and Mobility

((]11 WAVE/WIFI

= Vehicles can
send/receive traffic
through more than

one Interface
simultaneously
= Example

= |[EEE 802.11p and
Cellular for real-time
communications

= |[EEE 802.11g/n for delay )
tolerant communications -
= Make use of Network :g
Coding 5l
870—

20

Packet losses (%)

E universidade Christian Gomes, Miguel Luis, Susana Sargento, André Zuquete, Rui Lopes, “Multi-technology Vs Single-technology Architecture for N instituto de
de aveiro Coding in VANETSs”, IEEE International Symposium on Computer and Communications (ISCC), Natal, Brasil, June 2018. j telecomunicacoes
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Security

x1 = 2 VUs associated x2 = 2 VUs associated x3 = 2 VUs associated x4 1 VUs associated

T = MAX(x1,x2,x3,x4) = 2

y=3, {x1x2x4}

lo = [logs(7)| = 2 W

R=r(t) )y ~"""7""7°° > ________ ""u.*
»*’
*e
.
[

¥ & N
symmetric s(t-1), KDC | asymmetric

5 Wi VANET

~.| Concatenate
—| x| t|CTRL(t)

nstiruico=Pedre, Girne, André Zuquete, Susana Sargento, “TROPHY: Trustworthy VANET routing with group authentication keys”, Elsevier Ad Hoc Networks, ISSN: 1570-8705, Vol. 71, pp:

45-67, March 2018.
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Vehicles as Data Mules?
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UrbanSense Sensors

Meteorological

! Temperature
Humidity
Luminosity
Rain
Wind
Solar radiation

. Air Pollution

‘‘‘‘‘‘‘‘‘‘‘‘ ‘ - . . Ozone (03)

: Particles

E

e
; O@O

[0 ©

nnnnnnnnn

= Noise

WIiFi connectivity

_ _ Backoffice
Data Collection Unit Backhaul AP Fixed hotspots
Sensor 1 Fixed WiFi . Porto Digital
Control . .
Sensor 2 | RPi “))) BusNet o Mobile hotspots
_Board- o= .
Sensor N D Vehicular Network

Cellular .

— Cellular hotspots

Storage

«Pedro M, Santos, Tanjia Calcada, Diogo Guimaraes, Tiago Condeixa, Susana Sargento, Ana Aguiar, Jo&o Barros, Platform for Collecting Data From Urban Sensors Using Vehicular
Networking”, ACM MobiCom Workshop on Challenged Networks - CHANTS , Paris , France, September 2015.
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Sensors Data (4th December 2018)

MAIN NAVIGATION
@ Dashboard
9 Map

O Metrics
0 Alerts

# Rules

©» Citizen area
OTHER INFO

@ Help

INSTITUICOES ASSOCIADAS:

universidade
de aveiro

Dashboard ceneralinformation

Filter

@ Dashboard

Temperature Lighting

Average: 17.36¢ >75%: 1

Maximum/Minimum: . . 50 to 75%: 0
Streams active/all: 2 / Streams active/all: 1/1

Last reading: Dec. 4, 2018, 7:01 p.m. Last reading: April 10, 201

Noise

Max: 70.04

Average: 70.0
Streams active/a [ Streams active/all: 1/1

Last reading: Dec. 4, 6:19 p.m. Last reading: Dec. 4, 2018, 7:01 p.m.

More info ©

5 p.m.

More info ©

Radiation

>7UV:0

4t0T7UV:0
Streams active/all: 1/4

Last reading: Dec. 4, 2018, 7:01 p.m.

More info ©

Air
Average (CO2): 63.0 ppm

Maximum/Minimum:

Streams act

People counter
>75%: 0
50to

Streams active/all: 1/1

Last reading: June 8, 2018, 6:06 p.m.
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How do Build Protocols Using Vehicular
Networks’ Data ?
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Assisted Driving




Integrating Crosswalk Awareness in Safety-oriented
Wireless Vehicular Networks (VRUS)

Backscatter modulation and

Crosswalk awareness is
disseminated to all the
vehicles of interest using
IEEE 802.11p/WAVE

The information is displayed to
the driver, alerting for
possible pedestrians

INSTITUICOES ASSOCIADAS:
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Integrating Crosswalk Awareness in Safety-oriented
Wireless Vehicular Networks

VANET O Notification
OBUs receive the information from the O If the vehicle is in a Zone of Interest for
RSU next to the crosswalk that crosswalk, the driver is notified
Geographical information and heading about its status
can be used to filter and control the
dissemination process

CrosswalkApp
B8 BB AR 1

— | I AR 2R AR 1
=1 | L HIEEETEELTE
M I I 1 1
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A [ CLEAR PATH CAUTION
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Integrating Crosswalk Awareness in Safety-oriented
Wireless Vehicular Networks
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Data Gathering through Mobile Vehicle

Sensing the City.— collecting and
disseminating a large amount
of data through vehicular net.

Opportunistic Communications
— delaytolerant transmission

Heterogeneity. —.An-infrastructure
capable of serving as a
testbed for a wide range of
applications and services.

Using vehicles data to predict the
best vehicles to
forward&disseminate the
traffic to the infrastructure

- Connectivity do RSU
- Location and mobility
- Aging Social-aware (contacts

INSTITUICOES ASSOCIADAS:

with neighbors and RSUSs)

od é‘éfgs:g?%%ida, Rui Oliveira, Miguel Luis, Carlos Senna, Susana Sargento, “A Multi-technology Communication Platform for Urban Mobile Sensing”, S
Journal, MDPI Sensors, ISSN: 1424-8220, April 2018.

DELIVERY RATIO (%)

o N

——ASAR
66 ~——HYBRID

SCENARIO 1 SCENARIO 2 SCENARIO 3
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Data Dissemination through Mobile Vehicles

Videos, software updates, touristic information

Advertisement packets are used to know the required content in each vehicle

High delivery ratio; but
Excessive number and size of advertisement packets: control overhead

Data‘is transmitted between vehicles

Only some vehicles shall disseminate information, or
Vehicles send redundant information: data overhead

Use vehicular network data to predict the best vehicles to disseminate the content to other vehicles —
connectivity, neighboring, mobility

‘ Fixed Infrastructure

CONTENT SERVER

3" !t
0] fiid T

IEEE 802.11p
Access Network

IEEE 802.11p
Access Network

? !

OBU OBU

INSTITUICOES ASSOCIADAS:
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Data Dissemination through Mobile Vehicles

Content distribution approach through the vehicular network

Encode information about which data to send (the one ~ Emulated Scenario: 200
Most-useful in-the vicinity)
Bloom filters AR
Bit arrays .‘.;.':f.‘“.,,;..

Tests In real scenarios

90% reduction of control overhead Real nOﬂ-ConyO”eC,,,!
>50% reduction of data overhead Scenario
:OmuseuMam;z;Q\ ’II? ’
2ol

Joana Conde, Carlos Senna, Susana Sargento, “Content Distribution Optimization Algorithms in Vehicular Networks”, IEEE International Symposium on Computer and Communications
INSTITUICOES ASSOCIADAS: (ISCC), Natal, Brasil, June 2018.
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Mobility Prediction-Assisted Over-The-Top Edge
Prefetching

OTT Content
Origin Server

Connectlon Estimation

5
Regional Server -~~~ BSUID =35
9 OBU |Time | Prob 4
Prefetching 18 1 064 8
21 | ter |0.81 =,
___________________________________________________ e — 'c
SU Transmon Prob. Matrix %
() 3 OBUID =10 E£2
RSU | Time | Prob E
s o ~ W/O-Lat
¥ ¥ ] .
A - refetching(500ms
DSRC DSRC | -_1 21 t |02 .
= R e = 3 5 10 15 20
-==)|==0) > [EIER {21 [t |005 Tioe (min)

Hybrid Markov chain: 15t and 2"d order

Zhongliang Zhao, Lucas Guardalben, Mostafa Karimzadeh, José Silva, Torsten Braun, Susana Sargento, “Mobility Prediction-Assisted Over-The-Top Edge Prefetching for Hierarchical VANETSs”,
IEEE Journal on Selected Areas in Communications (J-SAC), ISSN 0733-8716, Vol 36, Issue 8, Page(s): 1786 — 1801, August 2018.
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What can we learn for ITS?
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Case Study for City Management

Critical area o Marcode 2017

Comparison REQUESENDE Avenida da Boavista Direction

Nothing to compare

Avenida da= -] 8-on - y 8-9h
Boavista — RAppL0E

[ | [l 0-60m

Compare ‘

Dias de

Q== =@ —_—
E semana

manha boavista .

update ‘ ‘ Add to comparison | } Save

CEDOFEITA s

034 kmih

@ speed (median)

T T T T T T T T |
4500 4,000 3,500 3,000 N 500 1,500 1,000

T
2,500 500
Distance in meters

Jorge Pereira, Susana Sargento, José M. Fernandes, “Decision Support Dashboard for Traffic and Environment Analysis of a Smart City”, 4th International Conference on
s pecn Vehicle Technology and Intelligent Transport Systems (VEHITS 2018), Funchal, Portugal, 16-18 March 2018.
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Predicting Buses Time

Buzzer CityHub Profile from the line 300 CIRC.HOSPITAL DE S.JOAO-ALIADOS

The following chart bellongs to the line 300 with direction 0, which makes the route CIRCULAR HOSPITAL DE S.JOAQ-ALIADOS.

|8 Bus Line Performance

+ Live Map Best value First quartile [[___] Third quartile [[___] Worst value [T This match
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Leandro Ricardo, Susana Sargento, llidio Oliveira, “An Information System for Bus Travelling and Performance Evaluation”, 4th International Conference on Vehicle Technology and
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Intelligent Transport Systems (VEHITS 2018), Funchal, Portugal, 16-18 March 2018.
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Can we improve public transportation?

= Bus Stats

erna P

g
8 2

Online Dashboard — Bus Stats

v, 0

Next Stop Rua da Alegria Combatentes Destination

Stats

Next Stop

- g T
T &

0/s0 13:50
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Fog Computing for Smart Mobility Applications in

VANETS

Cloud Layer

Fixed Access
Net Infrastructure

Ad-hoc Mobile

Communication Infrastructure

RSU Access Point
(WIFI, WAVE) (WIF1)
N
L)
[ ]
OBU

Infrastructure i III I [I] m

| last

35-

30-

Error (%)

10-
5- |I II
0-
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|

Fog Application Platform

Master Cloud Layer
Orchestration
4 4; N\
RSU
m) Service Fog Layer
L Y, Static Nodes
" f L]
'3 4 u
RSU RSU RSU
Application Application ‘ Application
Cellular Instance 1 Instance 2 Instance N
(4G, 5G) [ I s
g— H I 1 Fog Layer
(=~ : : i Mobile Nodes
Q ; i i
OBU OBU OBU OBU
Application Application Application
Instance Instance Instance

rsu [l cloud [l 50% rsu + 50% last [JJf] 50% cloud + 50% last

J. Pereira, L. Ricardo, M. Luis, C Senna, S. Sargento, Assessing the
reliability of fog computing for smart mobility applications in VANETS,
Future Generation Computer Systems, Vol. 94, No., pp. 317 - 332,

May, 20

&
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Can we use the Knowledge to other
Types of Networks?

INSTITUICOES ASSOCIADAS:




Data Gathering through Mobile Vehicles: cars, boats
and bicycles

Fig.1: Architecture Overview

Seamless integration of any object with the
Internet

Sensing the City = collecting -and disseminating a large
amount of data through heterogeneous elements.

Multi-technology

Aquatic Drone with WiFi

G Carwith WiFi

é_é) Bicycle with LoRa and WiFi

(‘A’) Gateway station

INSTITUICOES ASSOCIADAS:
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Aquatic Monitoring

II ‘ ----------- :

-l i Message Dispatcher |
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Delivery ratio (%)

Network Mean Delay (sec)

Aquatic Monitoring
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Arial drones: control and communication

= ;
- i
s . (71
Database Dashboard
Server Drone
") %)
Q : .9

a : "
A+ a+ 7
Civilians @ Security Forces

Data Collect Units
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Experiments: collaborative sensing

Followed paths

Nuno Paula, Bruno Areias, André Reis, Susana Sargento, “Multi-drone Control with Autonomous Mission Support”’, Workshop on UNmanned aerial vehicle Applications in the Smart City:
r“f‘rl(‘)m Qpi\qamn‘c;le, technology to enhanced system Interaction (UNAGI'19), IEEE International Conference on Pervasive Computing and Communications (IEEE PERCOM), Kyoto, Japan, March
NSTITUICOES ASSOCIADAS 2019
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The need‘fo»r,_m'oving networks in ITS and beyond

Vehicular networks have a great potential for ITS, but also beyond...

~ Vehicular networks can go much beyond cars: boats, drones (aerial
and aquat,ic), trains, bicycles, and others.

Enormous types of use cases with connected moving vehicles

From self-driving and autonomous cars, to environmental monitoring
in aquaculture;

From rescue scenarios in remote areas to smart cities;
Many more...

Vehicular communications with endless possibilities for a near-term
future!
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The Role of Moving Things in Beyond 5G Networks

Thanks!
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