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Hardware Acceleration

Introduction: Shaping the Future of Edge Al

The CLEVER project is spearheading next-generation technologies in edge computing and Al
acceleration. Deliverable D3.2 (published at the end of the 2" year) outlined significant
progress across hardware and firmware developments, with a focus on neuromorphic
processors, optical engines, Al system-on-chips (SoCs), and high-performance edge
communication systems.

Here are some of the developments described in the document:

1. Neuromorphic Processors: Brain-Inspired Computing at the Edge

Led by Innatera, the development of ultra-low power Spiking Neural Processors (SNPs)
marked a major step forward. These chips mimic the behavior of biological neurons and
synapses, enabling efficient, always-on edge Al for sensor-based applications.

Highlights:
¢ Mixed-signal analog/digital architecture.
¢ Full software stack for model training and deployment using PyTorch.
¢« Real-time data encoding and on-the-fly downscaling to optimize memory and power.

o Targeted use in Digital Twins (UC1) and Augmented Reality for Shopping Sites (UC4) use
cases.

Challenges & Outlook:

Optimization efforts focus on memory constraints and initialization bottlenecks. Future
enhancements include flash memory integration and algorithmic compression.

2. Optical Engines: Light-Speed Al with Optical Neural Networks

The Eindhoven University of Technology is pioneering Optical Convolutional Neural Networks
(OCNNSs) to overcome traditional computing limitations in speed and energy efficiency. By



leveraging Fourier optics, these systems perform image convolutions using light, drastically
reducing latency.

Key Achievements:
e Optical setup classifies MNIST images with 92.2% accuracy.

e Achieved an 8x latency improvement and 100x energy efficiency compared to digital
alternatives.

¢ Modular design supports scalability to full deep neural networks.
Target Use Cases:
¢ Smart Agriculture (UC2): Real-time fruit classification and crop monitoring.

« Augmented Reality for Shopping Sites (UC4): Rapid visual processing in smart retail
environments.

Next Steps:

Hardware and software integration for real-time image processing and control via SPI
interfaces, synchronization refinement, and broader dataset support.

3. Al System-on-Chip (SoC): Scalable Intelligence for Multiple Applications

Synopsys developed a configurable Al accelerator IP that can be embedded in edge devices for
a wide array of tasks—from image recognition to natural language processing.

Technical Advances:
o Flexible architecture with support for CNNs and Transformer models.
¢ Includes an advanced Neural Network Software Development Kit (NNSDK).
o FPGA-based validation platforms and performance simulation tools.
Use Case Applications:
¢ Demonstrators in agriculture and augmented reality.
« Real-time Al inference at the edge with minimal power consumption.

Roadmap:
A wider operator set and optimized compiler capabilities are in development through 2025,
with demonstration-ready hardware by end of 2024.




4. High-Capacity Edge Communications: Enabling Federated Learning

CNIT and MLNX are cooperating to tackle the challenge of fast, low-latency data transmission
across distributed edge nodes via Remote Direct Memory Access over Converged Ethernet
(RoCE).

Key Features:
e Integration with Data Processing Units (DPUs) for kernel-bypass communication.
e RoCE enables shared memory and efficient coordination across edge-cloud systems.

e Demonstrated use in Augmented Reality for Shopping Sites applications (UC4),
supporting virtual try-ons in real-time.

Challenges:

Managing congestion and optimizing packet size for best performance. Future work includes
deployment in distributed smart shopping platforms and deeper integration into CLEVER
testbeds.

5. Dual-Standard Wireless Transceivers: Enabling Edge Connectivity

CORTUS developed a highly integrated NB-loT and Bluetooth 5.3 transceiver, essential for
linking edge devices in loT environments.

Progress Highlights:

e Development of MARC100FET and MARC100FED chips to support flexible
communication.

e Custom DSP and digital front-ends for low-power, high-output performance.
e Compatibility with CLEVER’s testbed and ecosystem.
Challenges and Goals:

Thermal management, multiband support, and minimizing interference remain technical
hurdles. Future designs aim to fully integrate all components into a single SoC (MARC200SIP).




Conclusion: A Roadmap to Smart, Decentralized Al

Deliverable D3.2 reflected the CLEVER consortium's collaborative success in pushing the
boundaries of edge Al, from hardware design to system integration.

With multiple innovations on track for demonstration by June 2025, CLEVER is building the
foundation for intelligent, responsive, and energy-efficient edge computing systems tailored for
industry, agriculture, and retail.

Stay tuned as the CLEVER project moves toward its final demonstrators, bringing cutting-edge
research one step closer to real-world impact.



