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INTERNET & DATA SCIENCE LAB
GHENT & ANTWERP

+500

Collaborations with innovative
industry

300

Internet experts and data
scientists

IDLab focuses Its research on internet technologies IDLab collaborates with many universities and
and data science. We develop technologies research centres worldwide and jointly
outperforming current solutions for develops advanced technologies with industry
communication subsystems, high speed and low (R&D centers from international companies,
power networking, distributed computing and Flanders' top innovating large companies and
multimedia processing, machine learning, SMEs, as well as numerous ambitious startups).

artificial intelligence and web semantics.

40+ Professors, 40+ Post Docs

Total income (projects): 15 M€/Y
Fundamental: 3 M€
Strategic: 3,5 M€
EU projects: 4 M€
Local industry: 4,5 M€
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Amsterdam
220 km
& 2020

Paris
290 km
& 2000

www.idlab.technology

www.idlab.uantwerpen.be
www.idlab.ugent.be



http://www.idlab.technology/
http://www.idlab.uantwerpen.be/
http://www.idlab.ugent.be/

c\ IDLAB - RESEARCH FOCUS — 3 LAYERS

ACT
INTELLIGENT THINGS WITH LEARNING CAPABILITIES

AUTONOMY
OPTIMIZING
CONTROL
MONITORING

DELIVER
GUARANTEED NETWORK AND CLOUD SERVICES

APPLICATIONS ON SENSORS, GATEWAYS, CLOUDLET AND CLOUD

CONNECT
e )) ENSURE WIRELESS PERFORMANCE

SENSORS, ACTUATORS, CYBER PHYSICAL SYSTEMS, GATEWAYS
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CONNECT : WIRELESS COMMUNICATION

& DELIVER : WVIRELESS LOCALIZATION
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€> WHY WIRELESS FOR ROBOTICS?

Wireless Wireless Wireless
e 4 base unit

¥ M slave unit |™T7TTTTT
i Com. #
ST || | |

Twist-pair cable, -
¢ 500m VDSL com.

Inside of reactor building

WIRELESS

Avoid drilling holes

Support systems that can freely

Direct interactions with
move around (ground, air)

environment (workers, sensors, ...)

Localisation
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€ WHICHWIRELESS SOLUTION TO PICK?
CRITERION: THROUGHPUT AND RANGE (IN AIR)

Rate (kbps)
o000 4 @FIE

10000 Video, audio...
@ 2.4, 5, 60GHz

1000

VA tigeee 1562 "5 museutw
WirelessHART

'R DASH

ALLIANEE

802.11ah HaLow

(low-power) long range duty-cycle
limited traffic @ 868MHz (also

433Mhz, 169MHz)

10 100 1000

Distance (m)
BAN/PAN LAN MAN/WAN




€€ \WHICHWIRELESS SOLUTION TO PICK?
OTHER CRITERIA

<1MS
Latency
(determinism ((“;’Z&
) s
Topology /
O’ infrastructure
Reliability /
diagnostics

Localization
capabilities

€

Cost
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EXAMPLE | «

RELIABLE & ROBUST DRONE COMMUNICATION Reliability /

diagnostics

Traffic types: control, monitoring, other

DJI Matrice 100 Mini-PC gateway/router
D3I Manifold batteries, switch, 4G uplink
Wi-Fi (.1In, 2 monopole antennas) Wi-Fi (.11n, 2 monopole antennas)
|. Real-time diagn ostics of wireless RocketMs (2 cloverleaf antennas) RocketMs (2 cloverleaf antennas)

communication links

ll. Advanced communication strategies:
* Redundancy: combination of different
complementary technologies
* New technologies: LTE unlicensed ol
* Traffic handling: classification,
priorities...

mae aan wen mea ees e wan
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EXAMPLE 2 —
A FLEXIBLE AGY NETWORK ARCHITECTURE Topology /

infrastructur
e




C(,‘ EXAMPLE 2 oy
A FLEXIBLE AGV NETWORK ARCHITECTURE Topology /

infrastructur

7 wp T X\
¢ QI
PP MesH \

() f
() =

/V

REQUIREMENTS / —
* Timely deliver broadcast traffic (< 20ms) | | RELAY I
e Deal with mobility —
* Function in absence of infrastructure, exploit i
when present — AGV-to-AGV ¢
* Handle coverage problems — relay via AGV o6
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C(,‘ EXAMPLE 2 oy
A FLEXIBLE AGV NETWORK ARCHITECTURE Topology /

infrastructur
e

MIXED MESH/AP MULTI-INTERFACE
SOLUTION
* Fully configurable
* Low-latency broadcast over mesh
* Handling coverage problems via meshing

. <20ms

10

REQUIREMENTS
* Timely deliver broadcast traffic (< 20ms)
e Deal with mobility
e Function in absence of infrastructure, exploit
when present — AGV-to-AGV ’
* Handle coverage problems — relay via AGV

Latency (ms)
(=2

Packet ID

Low-latency broadcast traffic
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EXAMPLE 3
DETERMINISTIC SHUTTLE COMMUNICATION Latency
(determinism)

£

CONTINUOUS &
RELIABLE WIRELESS
COMMUNICATION

In a challenging
wireless environment
and in the presence of

continuous mobility.

Which technology?
Network planning?
Determinism?
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<1MS

DETERMINISTIC SHUTTLE COMMUNICATION Latency

(determinism)

E‘\ EXAMPLE 3

MEASUREMENT CAMPAIGN TO ASSESS COVERAGE
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EXAMPLE 3

<1MS

DETERMINISTIC SHUTTLE COMMUNICATION Latency
DESIGN OF NOVEL 802.15.4E-BASED ARCHITECTURE iyl

£
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Seamless mobility support and determinism

- * Fully synchronized

* Uplink slots shared with all APs

* Dedicated downlink slots known by all APs +
central intelligence

but no mobility support

Vlaanderen-Nederland
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@ EXAMPLE 4 ;Q

ACCURATE INDUSTRIAL LOCALIZATION Localization

capabilities

Variety of tests
Mobile Tags On-Trolleys & Dynamic Env.
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Accuracy Test
50cm
—

50cmH
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EXAMPLE 4 ;,Q

ACCURATE INDUSTRIAL LOCALIZATION Localization

capabilities

Accuracy Pozyx Dynamicity/mobility Quuppa On track - Quuppa
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DELIVER & ACT
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@ THE INTERNET OF ROBOTIC THINGS
WHAT MAKES ROBOTICS HARD?

Let the loT environment

Real-world .
cal-wo command and assist the robot
Let a robot learn instead of
executing a program
Controlled § a Prog

environment

Single task Multiple task

iterrey

EUROPESE UNIE

Vlaanderen-Nederland

Europees Fonds voor Regionale Ontwikkeling



EXAMPLE: IOT SENSOR FUSION FOR ROBOT CONTROL

MODULAR DEEP REINFORCEMENT LEARNING
0 OSGl-based middleware for
¥ robots, sensors and the cloud
http://dianne.intec.ugent.be

~

£

Off-board
LIDAR

—p>

> On board Vs

Task execution

> Deep Q-learning

Fusion of on-board and off-
board sensors

> Modular approach
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Vlaanderen-Nederland

i le Ontwikkeling



<

EXAMPLE: OPEN IOT STANDARDS

Cllent

LWM2M Security

Instance 0
LWM2M Server URI
Bootstrap Server
Securtty Mode.
Public Key or Identity

OPEN loT STANDARD-BASED s

* Discovery
* Device and network management
* Data access and data exchange

SMS Binding Key Paramators
SMS Binding Secret Keys
LWMZM Server SMS Number
Snont Server 1D

Client Hoid Off Time

LWM2M Server

Instance 0

porprne’
RGEEE

CONNECTED

OPERATOR CONVEYOR SYSTEM

LWM2M/IPSO
CoAP

IPvé/v4

o
2
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‘Tom
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2D-SHUTTLE

Shuttle Control / SCADA

nnnnnn

WareHouse

HYBRID TAG
for localization

CoMi-based
network
management

LwM2M / IPSO Resources
*  Shuttle Status

* Shuttle Position

* Navigation Commands




@ DRONE RESEARCH

Reliable software

dependable executiofin
harsh/hostile environments

4 class | drone pilots in
<150kg, <90m height

iiterreg

Vlaanderen-Nederland

Europees Fonds vo

Drone assista
dren
§1d tracking assets

Drone lab: ~20 drones
(3DR, dji, Parrot)




‘C:t* EXAMPLE: INDUSTRIAL OPERATOR ASSISTANCE

Drone-fleet autonomously tracking labeled goods

Planning of drone charging / relieving for uninterrupted view on tracked goods

Industrial
Operator

3 Relieving Operational
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c\ CONCLUSION
ROBOTICS IS A MULTI-DISCIPLINARY DOMAIN

ACT
INTELLIGENT THINGSWITH LEARNING CAPABILITIES

AUTONOMY
OPTIMIZING

CONTROL
MONITORING

i D La b DELIVER

INTERNET & DATA LAB GUARANTEED NETWORKAND CLOUD SFRVICES

APRLICATIONSON SENSORS GATEWAYS CLOUDLET AND CLOUD

CONNECT
™ )) ENSURE WIRELESS FERFORMANCE

SENSORS ACTUATORS CYBER FHYSICAL SYSTEMS GATEWAYS

Collaborations w.r.t. robotic hardware (sensors, actuators, mechanics, etc.), domain
knowledge, user interfaces, etc.
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