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Why + Lessons + Directions
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Why + Lessons + Directions
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Challenges latency, reliability, security, 

data privacy and trust …
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Motivations

Consolidate Cloud & IoT

Bridge the Gap
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Enabling Techniques

“Edge Intelligence: Empowering Intelligence to the Edge of Network”, Proc of IEEE, Vol 109, No 11, 2021
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But Where Are They ?
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Holistic View
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Cloud Layer

Edge Layer

IoT & End 

Devices

Cloud View

Convergence of Edge Computing and Deep Learning: A Comprehensive Survey, IEEE COMST 2020
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What exactly is it ?
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Edge Paradigm

IoTEdge
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Example
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Problem Solved !?

Why Bringing Intelligence to Edge

Are You Sure …?
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Future Computing – Edge AI 2.0

“Roadmap of Edge AI: A Dagstuhl Perspective”, ACM SIGCOMM CCR 2022
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Why + Lessons + Directions
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Tiny but not Wasted: Circular Economy?

“Roadmap of Edge AI: A Dagstuhl Perspective”, ACM SIGCOMM CCR 2022
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Case: Tiny IoT 

what I see is what i Configure
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“ I don’t get what’s this 

really useful for …”

“ Why those BLEs are ever 

needed ? Why configure 

them ? ”
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Starting on Campus

• Live testbed on campus

– Office room context monitoring (IoT boards)

– Proximity reasoning (BLE beacons)
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How to Configure ?

• Complications started

– No backend, no fixed connectivity

– Poor UI

– Purely manual 

– Error prone

– Time consuming 

• Scalable ?
– 10-20, perhaps doable

– 100+, will drive people mad
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Where to track ?

• Distributed across buildings

– Paper, manual logs got lost…

– Lack of tools, process

• Management nightmare
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Usability Study

• Basic smartphone tool

– Six times longer, manual vs. automatic

– Lowest rate 58% + only 1/3 got entirely right
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Challenges behind

• The issues of being tiny

– Battery only

– No wire connectivity
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What’s missing ?

• Device life cycles

– Registration: location, tags 

– Configuration

– Update

– Monitoring

– Debugging

• More automation
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iConfig

• For configuration automation

– Portable frontend + central backend
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Does it work ?

• Testbed experiments

– ~2.2s per beacon

– Password 25%

But not enough: 

• Novelty ?

• Another App ?
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Wait …

• Something’s missing

– Conventional design

– Web UI, cloud backend

– Old-fashion interaction

– Poor usability
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Next shot

• Voice!

– No hands

• Use cases

– Configuration Automation

– Debug + Monitor

– Energy-aware management

what I see is what i Configure
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Sky is the limit ☺

• Drone based IoT management

– ACM SIGCOMM MAGESys
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Lesson #1

Tiny things hard to manage

Recycle is a MUST for Sustainability

Tools (Edge) are Missing
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Bigger but not Static: Programmable ? 

“Roadmap of Edge AI: A Dagstuhl Perspective”, ACM SIGCOMM CCR 2022
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Lesson #2

“ What’s Killer App on the Edge? ”  
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Case: Crowd Intelligence on Edge

• Societal impact of past years

• Responding and coping with emergency/pandemics 

• Urban activity/mobility sensing on the edge
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Motivation

• Low cost and scalable

• User equipment

• Deployment and coverage

• Passive (non-intrusive)

• No need to force user interactions nor mandatory engagement

• Privacy-aware/friendly

• Balance fidelity and data (local) regulations

Gap: high fidelity entails 

high cost, infrastructure 

dependency, privacy 

intervention
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Design

• SDR: Software Defined 

Radio

• Cellular signal probing

• Paging requests (PR, BS-

signaling)  and location 

update requests (LUR, MS-

signaling)

• International Mobile 

Subscriber Identity (IMSI) 

for sensing purpose

• R-Pi with Noolec NESDR 

dongle, spectrum (900MHz)
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Unexpected   

• Project ends…

• Regulatory and legal considerations

• Privacy in local context 
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Reusable is Key

• Reflections

• Privacy on Edge?  regulations and legal

• Difference across countries

• Programmability has saved us

Where is my Tag? Unveiling Alternative Uses of

Apple FindMy Service
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Lesson to Action

Industry + Academia

EU Horizon Project

Score: 98/100  |  Rate: 8%
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Huge but not Monster: Energy ?

“Roadmap of Edge AI: A Dagstuhl Perspective”, ACM SIGCOMM CCR 2022
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Aaron Ding, Marijn Janssen, Jon Crowcroft. “Trustworthy and Sustainable Edge AI: A Research Agenda”, IEEE TPS
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Sustainable Edge AI

• EU Marie Curie grant of €4M

• 20+ industrial academic partners

Approximate Computing for Power 

and Energy Optimisation

APROPOS Project

Sustainable AI

Score: 14.5/15  Rate: 3%
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Vehicular Data

• Data increases 

• Electric cars: battery life matters!

750MB per second, as Google's driverless car prototype reported
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Lesson #4

Safety Critical
vs

Energy Saving

There is no free lunch

Can we strike both ?
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Energy Awareness

• Adaptive Approximation
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Why + Lessons + Directions ?
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Tiny but not Waste: Safe, Circular

“Roadmap of Edge AI: A Dagstuhl Perspective”, ACM SIGCOMM CCR 2022
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Tiny but not Waste: Safe, Circular

“XAI for Accountable MI Detection in IoT Emergency Communication 

Systems”  ACM IoT 2023,  Best Paper Runner-up   

“Where Is My Tag? Unveiling Alternative Uses of the Apple FindMy Service”  

IEEE WoWMoM 2022,  Core A

“IoT-KEEPER: Detecting Malicious IoT Network Activity using Online Traffic 

Analysis at the Edge”  IEEE TNSM 2020,  Q1 Journal  IF 4.7  

“Context-dependent Trade-offs around Platform-to-platform Openness: The 

Case of IoT” Elsevier Technovation 2021,  Q1 Journal  IF 11.1  

“ARASEC: Adaptive Resource Allocation and Model Training for Serverless 

Edge Computing”  IEEE Internet Computing 2024,  Q1 Journal  IF 3.7
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Bigger but not Static: Trust + Reusable

“Roadmap of Edge AI: A Dagstuhl Perspective”, ACM SIGCOMM CCR 2022
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Bigger but not Static: Trust + Reusable

“Characterising the Role of Pre-Processing Parameters in Audio-based 

Embedded Machine Learning”  ACM SenSys 2021,  Core A*

“Bias Propagation in On-device Machine Learning Workflows”  

ACM TOSEM 2023, Q1 Journal  IF 6.6  

“Bias Detection and Generalization in AI Algorithms on Edge for Autonomous 

Driving”  ACM/IEEE SEC 2022

“Bias in Automated Speaker Recognition”  ACM FAccT 2023

Best PhD Paper 

“SPATIAL Architecture: Gauging and Monitoring the AI Inference Capabilities 

of Modern Applications”  IEEE ICDCS 2024,  Core A*



49

Huge but not Monster: Approximate AI

“Roadmap of Edge AI: A Dagstuhl Perspective”, ACM SIGCOMM CCR 2022
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Huge but not Monster: Approximate AI

“Test-time Specialization of Dynamic Neural Networks”  

IEEE CVPR MAT 2024,  Best Paper Award 

“Nimbus: Towards Latency-Energy Efficient Task Offloading for AR Services”  

IEEE TCC 2023, Q1 Journal  IF 5,3 

“Transfer Learning-Based Outdoor Position Recovery with Cellular Data”  

IEEE TMC 2021,  Q1 Journal  IF 7.7 

“Approximate Edge AI for Energy Efficient Autonomous Driving Services”  

IEEE COMST 2023, Q1 Journal  IF 35,6  

“Approximating Vision Transformers for Edge: Variational Inference and 

Mixed-precision for Multi-modal”  Spring Nature Computing 2025,  Q1
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Takeaway

“Trustworthy and Sustainable Edge AI: A Research Agenda”
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ACM SIGCOMM CCR, Vol. 52, No.1

Outlook
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