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A touch-free gesture recognition system powered by Edge AI
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Outline

❖Introduction

❖Wearable demonstrator with gesture recognition using Edge AI

❖Edge AI functional and non-functional requirements

❖Implementation

❖Results

❖Future research and conclusions
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Introduction

❖Gesture-based wearable device

❖Motivation
➢Touchless
➢Edge AI for security, ease of deployment and

independence of a permanent connection

❖Develop a platform with multiple objectives
➢Hardware: platform supporting

different sensors and a display
➢CSEM RT operating system
➢Edge AI deployment

❖Edge AI to convert raw sensor data to UI inputs
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Existing solutions

❖Camera-based
➢Large amount of data → requires significant processing power

➢Privacy risks

❖Inertial Measurement Unit (IMU)
➢Separate device held or attached to the hand
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Our choice

❖Camera-based
➢Large amount of data → requires significant processing power

➢Privacy risks

❖Inertial Measurement Unit (IMU)
➢Separate device grabbed or attached to the hand

❖4-by-4 distance array sensor
➢None of these problems

➢Validated using development boards and machine learning in Python
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Edge AI requirements

❖Functional requirements
➢Input: a live stream of sensor measurements

➢Output: one of the expected gestures

❖Non-functional requirements
➢Code footprint

➢RAM usage

➢Latency

➢Gesture classification robustness

➢Software library maintenance

➢Software library license
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Machine learning

❖Data acquisition
➢Movements by 25 persons, 5 gestures (up/down/left/right/push), 10 times

➢Replications using symmetries

➢15 frames per movement

➢Automatic movement detection

❖Tensorflow model
➢Long Short-Term Memory (LSTM)

➢Temporal Convolutional Network (TCN) 
▪ 3 convolutional blocks (conv1d, normalization, activation, dropout)

▪ 2 dense layers, last one with softmax activation to get gesture probability

❖Post-training quantization (32-bit float → 8-bit int)
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Performance evaluation

❖Dataset split
➢3/4 for training

➢1/8 for validation during training

➢1/8 for final evaluation on unseen data
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LSTM model
Size (int8): 36 KB
Accuracy: 98.7%

Size (int8): 95 KB
Accuracy: 96.5%
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Implementation

❖Conversion to Tensorflow Lite

❖Validation in Python

❖Model dump as “.tflite” format (flatbuffer),
compiled with the Tensorflow Lite Micro C++ library
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Model size 36 KB

RAM footprint (TFLite arena size) 9.9 KB

Inference time (Cortex-M33 160 MHz) 9.6 ms
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Demonstrator
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Gesture sensor
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Demo
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Future Research

❖Gesture recognition
➢Improve detection performance of gestures to make them more fluid
➢Add other gestures (moving finger clockwise and counterclockwise)
➢Broader training dataset
➢Better splitting between training and validation data
➢On-device further training for personalized gesture tuning

❖Hardware refinements
➢Electronic board revision
➢Housing optimization wrt. gesture sensing

❖Software refinements
➢Energy consumption (suspend gesture recognition when possible)
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Conclusion

❖Gesture recognition subsystem
as the input device of a wearable device

❖Demonstrator where gesture recognition is integrated seamlessly
 with other inputs (buttons) and output (display)

❖Edge AI application
➢Functional and non-functional requirements
➢Temporal Convolutional Network
➢Training on desktop computer in TensorFlow
➢Deployment as TensorFlow Lite Micro in a task in CSEM RTOS
➢Application GUI based on LVGL
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Thanks

Other team members:

 Ismail Mohammed Ben Salah

  Jona Beysens

   Alex Ferragni

    Gabriel Kafi

     Benoit Knuchel

      Jean-Marc Koller

       Dany Sousa Lemos

        Pascal Liechti
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yves.piguet@csem.ch

Thank You
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EAI
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Charting the Future of Edge AI Workshop
Functional and Non-Functional Requirements in the Age of Generative AI 

Barcelona, Spain, 21 January 2025

https://www.hipeac.net/2025/barcelona/#/program/sessions/8190/

The Workshop on Charting the Future of Edge is part of the HiPEAC 2025 Conference held in Barcelona, Spain. 

The workshop is co-organised by large-scale Chips JU EdgeAI and Horizon Europe dAIEDGE projects to exchange ideas for 
providing a set of reference comprehensive benchmarking solutions by bringing together a diverse community of experts, 
researchers, and industry leaders to collectively address the future edge AI technologies and applications.
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Workshop Topics

❖ Edge AI trends and technological advancements. 

❖ Edge AI evolution from perceptive, enhancive to 
generative.

❖ Fundamental aspects of system engineering applied to 
edge AI technologies. 

❖ Synergies between edge AI and generative AI.

❖ Challenges for edge AI technology developments. 

❖ Demystify edge AI functional (FRs) and non-functional 
(NFRs) requirements. 

❖ Edge AI FRs and NFRs examples, types, and best 
practices. 

❖ Performance, key performance indicators (KPIs) and 
measures.

❖ Future Edge AI technologies and applications trends.
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