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EdgeAl in Finland: FCAI-6GENESIS
Special Interest Group

IMPACT

* “The Flagship Programme is an instrument that
promotes excellent research and versatile impact
arising therefrom.” S

1111

* Through this one-time instrument, the Academy of CDUCATTONAL
Finland has decided to fund six Flaghips in the 8-year

period of 2019-2026 A }z“

* EdgeAl is a Special Interest Group connecting two SCIENTIFIC SOCIETAL
flagships: The Finnish Center for Al (FCAI) and the
6GENESIS T

* https://fcai.fi/edge-ai ECONOMIC



https://fcai.fi/edge-ai

Challenges with application scenarios

Requirement for local computing power

Object and activity recognition, graphics rendering
Low latency

3D games and AR/VR

Industrial Internet

Autonomous vehicles
Coping with increasing bandwidth requirement

Sensor data feeds from devices and vehicles

User generated content

AR/VR

Requirement for privacy
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Internet

Mobile Edge Computing

Deploying applications near the users to avoid latency and 52823
bandwidth problems Y J

Facilitating elastic and mobile execution of network
components and application logic in COTS servers and base
stations

Mobile devices

The cloudlet architecture from CMU consists of customized

ephemeral virtual machines with soft state, and a platform computing for
. intense local

for running them

tasks

Real time delivery
of live and on-
demand content

Cloudlets and containers can even run on clusters of smart
devices (Lagerspetz et al. Pervasive Data Science on the Apps with (\

unmatched

Edge, 2020) . interactivity

loT analytic

Virtualized Multi-access Edge Computing (VMEC). st the poi
Standards: ETSI MEC, 3GPP 5G architecture

Robust low
latency for
critical voice
and data

Amazon Wavelength, FaaS (Function as a Service)



Versatile Edge Computing in 5G and Beyond

Drones and other autonomous sensors

Sensing and Al
Slice

Mobile and fixed sensing Vertical service
Calibration and parameterization

Sensing and Al
Slice

Low-cost
Sensors

Network and Slice

End-user Applications: AR and Generation
maps Sensing and Al
Slice
Als and Data
Analytics
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MEC considerations

* Impact of mobility (devices, edge servers, base stations)

* Intra and inter MEC host mobility (the application service is stateful)
* Impact of MEC host placement
* Edge gateway vs core vs closest data center

* Core deployment may increase latency and data rate variation but
reduce need for application mobility

* Dynamic placement based on required and expected service level

Unified Wide area Hot spot Massive Low latency
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Why we need Al for Edge

* Diverse requirements from different use cases = Al is needed
for optimizing the network (towards cognitive networking) and
for optimizing and supporting verticals

* Al for Edge and 5G and Beyond

Enhanced Mobile Broadband

» Radio management | — o0
* Network management and slicing Smort HomeBuilding — R
. | @ ugmented reality
* Function placement g iy sstomaton
] ) ) @ r—Mission crnitical application

* Vertical support / applications Smart e
Future IMT F

* Security s o
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* Distributed and decentralized paradigm
* Programmability of the network (QoE)
* Privacy and ethical data management



Unified Moblle Edge for loT Dewces

"Center for

EEE <

Programmatically manage and compose loT devices and services
loT hub running at the edge as an Service Function Chain (SFC) service
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Limitations of Al

* ML algorithms are typically not designed to be distributed
* Data and models are centralized
* Models are trained on the whole dataset and requite a lot of data
* Memory optimizations
* Difficulties in transporting the data across the network
* Many ML algorithms are blackbox algorithms
* Decision process is difficult to analyze

* Training requires deep technical knowledge about data and the targeted
application



Towards Edge Al

* Edge Al is key in enabling the next generation of low latency applications
and supporting the ubiquitous computing vision of invisible computing

* From distributed Al to decentralized Al
* Research roadmap:

* Application design, development and deployment need to be revisited
* Seamless edge computing across cloud infrastructures
* Data/model sharing and aggregation

* Federated learning and transfer learning as examples

* Data/models must be anonymized and privacy protected



MegaSense as an Edge and 5G Vertical Application

A 5G network slice for air pollution sensing platforms

* Sensing campaign configuration over slice and in-field calibration Al

» Connection density of more than 400 sensors per km?

 Large volume of data generated by Hyperspectral and LIDAR camera

e Accurate 3D location

* Energy efficient communication to optimize power consumption of

SENSOrs

MegaSense: Massive Air Pollution Sensing
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Reference station

(te) Mid-cost sensor
@ Low-cost sensor

Near real-time high-res

Builds on: Station for Measuring Earth Surface-Atmosphere Relations (SMEAR)
https://www.atm.helsinki.filf SMEAR/

air quality map
Green path navigation

Enabling Massive Air Pollution Sensing System
Using 5G

Requirements Solutions

High Connection Density

Big Data Volume

Location Information 5G Antennas

Optimized Power Energy Efficient
Consumption Communications



https://www.atm.helsinki.fi/SMEAR/

Directions

* Need seamless edge computing across cloud infrastructures
* Need distributed and decentralized Al and orchestration
* Two complementary environments
* Device — edge —in-network — cloud =2 distribution
* Fog environment = decentralization, opportunistic computing
 With inherent privacy properties

* Driving use cases: megacities, traffic and autonomous systems,
industry deployments

* Need to study vertical applications
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Finnish
Center for
Artificial
Intelllgence

REAL AI FOR REAL PEOPLE IN THE REAL WORLD
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www.cs.helsinki.fi

www.fcai.fi
; www.helsinki.fi/hidata
AATI = www.elementsofai.com
m = = www.mooc.fi/en/
""‘% www.helsinki.fi/megasense
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