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Advancing Neuromorphic Computing with NeuroBench
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Outline
❖ Introduction

❖ State-of-the-art: Benchmarks in ML and Neuromorphic Computing

❖ NeuroBench Initiative

❖ NeuroBench Algorithm Track

❖ NeuroBench System Track

❖ Outlook and Conclusion

3



Copyright © 2024

Introduction

❖Neuromorphic Computing
➢… brain-inspired algorithms for information processing and learning
➢… emulation of neurons and synapses in hardware
➢… applications with event-based sensors
➢… promises energy-efficient an low-latency AI processing

➢… introduced in 1980s but still no commercial breakthrough
4

Rebuild, Learn and Apply

Spiking Neuron



Copyright © 2024

State-of-the-art: Benchmarking

Machine Learning
❖Datasets like ImageNet are drivers of 

ML algorithm research

❖Benchmarks (Dataset + Model) like 
MLPerf monitor and drive hardware & 
software advancements

Neuromorphic Computing
Datasets

❖N-MNIST [1]

❖DVSGesture [2]

❖Spiking Heidelberg Digits [3]

Limitations

❖Tasks are too simple or commercially
not relevant

❖Missing universal metrics, e.g.
„every new chip defines a new metric
where it is best“

5

[1] https://doi.org/10.3389/fnins.2015.00437
[2] https://doi.org/10.1109/CVPR.2017.781
[3] https://doi.org/10.1109/TNNLS.2020.3044364

https://doi.org/10.3389/fnins.2015.00437
https://doi.org/10.1109/CVPR.2017.781
https://doi.org/10.1109/TNNLS.2020.3044364
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NeuroBench Initiative

NeuroBench started as community effort in 2022
• Collaborative: lead by community, not single companies

• Fair: standardized, transparents metrics and evaluation tools

• Representative: choose representative, challenging task suitable for neuromorphic
computing

• Iterative: step-by-step add more benchmarks and solutions
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Website: https://neurobench.ai/ Arxiv Paper: https://arxiv.org/abs/2304.04640

98 authors in final submission!

https://neurobench.ai/
https://arxiv.org/abs/2304.04640
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NeuroBench Overview
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Develop neuromorphic / brain-inspired
algorithms and compare to conventional
algorithms

Deploy brain-inspired algorithms on neuromorphic
hardware and compare to conventional HW+SW 
solutions
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NeuroBench Algorithm Track – Release V 1.0
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Benchmarks
1. Keyword Few-Shot Class-Incremental 

Learning (FSCIL)
2. Event Camera Object Detection
3. Non-human Primate (NHP) Motor 

Prediction
4. Chaotic Function Prediction

Metrics
1. Solution-agnostic metrics

Quality/Correctness (depends on Task)
2. Complexity metrics

• Memory footprint
• Connection sparsity
• Activation sparsity
• Synaptic Ops / MAC Ops

Benchmark Harness
Software tool in Python with
1. Modelwrapper
2. DataLoader
3. Benchmark execution
4. Evaluation (metrics)
https://github.com/NeuroBench/

Reference solutions
For each benchmark:
• 1 conventional solution (e.g. DNN)
• 1 neuromorphic solution (e.g. SNN or

Echo-State-Network)

https://github.com/NeuroBench/
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Algorithm Track Benchmarks

Task Dataset Metric Domain

Keyword Few-Shot Class-
Incremental Learning 
(FSCIL)

Multilingual Spoken Word 
Corpus (MSWC) *

Accuracy Audio, consumer,
On-device learning

Event Camera Object
Detection

Prophesee 1MP 
Automotive

COCO mAP Automotive, event-based sensors

Non-human Primate 
(NHP) Motor Prediction

Motor cortex recordings of
primates reaching on 
touchscreen *

R² (coefficient
of
determination)

Neuroscience

Chaotic Function
Prediction

Mackey-Glass time series * sMAPE Dynamic time-series forecasting 
(markets, climate, signals, etc.). 

9

* Dataset assembled for NeuroBench
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Event Camera Object Detection
Application
Real-time, energy-efficient / always-on 
automotive object detection, 
autonomous driving

Dataset 
Prophesee 1MP Gen 4 Automotive 
Detection dataset (14.65 hours, 3.5TB 
uncompressed).

Task 
Detect car, two-wheeler, pedestrian. 
[train / val / test] split of [11.2 / 2.2 / 2.2] 
hours.

10

Video by PROPHESEE
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Event Camera Object Detection
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Conv2D ConvLSTM SSD Head

RED ANN from original dataset publication [4] 

[4] https://papers.nips.cc/paper/2020/file/c213877427b46fa96cff6c39e837ccee-Paper.pdf

Hybrid ANN-SNN LIF

https://papers.nips.cc/paper/2020/file/c213877427b46fa96cff6c39e837ccee-Paper.pdf
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NeuroBench System Track
System Track Objectives

• Choose industry-relevant applications

• Benchmarks at different scales (wearable, edge, cloud)

• Standards and tools for measuring power & performance

• Track progress of neuromorphic software and hardware

12
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NeuroBench System Track ... is about SOLUTIONS
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Dataset/Task

Algorithm

Software

Hardware

System Metrics

Defined by
NeuroBenc
h

Co-Optimization of
neuromorphic solutions
(or conventional solutions)

System Metrics
• Correctness
• Performance: throughput or

latency
• Efficiency: power or energy

Tasks
• Acoustic Scene Classification 

(DCASE [5])
• QUBO: quadratic unconstrained 

binary optimization
• (more to come)

[5] https://doi.org/10.48550/arXiv.2005.14623

Relation to MLPerf
• System track similar to MLPerf Open Division
• NeuroBench will adopt power measurement

methodology from MLPerf

https://doi.org/10.48550/arXiv.2005.14623


Copyright © 2024

Future Research
❖ Algorithm track:

NeuroBench V1 release planned end of this week

➢ Benchmark Harness: https://github.com/NeuroBench

➢ Arxiv Paper: https://arxiv.org/abs/2304.04640

❖ System track:
➢ Define more tasks

➢ Develop benchmark harness for system track

➢ Official release of system track + paper planned by mid 2024

14

https://github.com/NeuroBench
https://arxiv.org/abs/2304.04640
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Conclusion
❖ NeuroBench as open initiative to advance neuromorphic computing

❖ Representative, challenging tasks

❖ Standardized metrics and evaluation tools

❖ Neuromorphic computing should not stay in its niche:
➢Submit to standard ML challenges, benchmarks, conferences

➢Always compare to state-of-the-art solutions

➢Encourage non-neuromorphic solutions to NeuroBench

→ Get involved at https://neurobench.ai/

15

https://neurobench.ai/
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bernhard.vogginger@tu-dresden.de

Thank You
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EAI
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Driving Next-Gen Edge AI Technologies Workshop 
Munich, Germany, 17 January 2024

https://www.hipeac.net/2024/munich/#/program/sessions/8129/

The Workshop on Driving Next-Gen Edge AI Technologies is part of the HiPEAC 2024 Conference held in Munich, Germany. 

The workshop is co-organised by large-scale Chips JU EdgeAI, ANDANTE, REBECCA, CLEVER, NEUROKIT2E 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 tackle the intricacies of 
benchmarking in edge AI.
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Workshop Objectives
o To address the latest developments in the implementation 

of edge AI technologies and present and discuss the 
advances in intelligent embedded devices across the edge 
AI computing continuum from micro- to deep- and meta-
edge. . 

o To advance the field of smart embedded devices by 
systematically evaluating and comparing technologies for 
edge AI.

o To identify the needs and current issues hampering the 
benchmarking of edge AI systems and develop 
methodologies and tools to enable fair and reliable 
verification, validation, testing and performance 
assessment across various use cases and domains.

o Th event plans to address these challenges head-on, 
bringing together a diverse community of experts, 
researchers, and industry leaders to collectively tackle the 
intricacies of benchmarking in edge AI.
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Projects Involved
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dAIEDGE is the European Network of Excellence for distributed, trustworthy, efficient, and scalable AI at the Edge and 
promotes the application, development, and deployment of Artificial Intelligence (AI) on edge computing platforms. 

NEUROKIT2E (Open source deep learning platform dedicated to Embedded hardware and Europe) proposes a Deep 
Learning Platform for Embedded Hardware around an established European value chain (AI HW/SW). The solutions 
developed support neural network design, optimisation, and implementation on constrained HW. 

NEUROKIT2E

ANDANTE leverages innovative HW solutions to build strong HW/SW platforms for artificial neural networks (ANN) and 
spiking neural networks (SNN) processors for future edge computing products, combining extreme power efficiency with 
robust neuromorphic computing capabilities and demonstrate them in key applications. www.andante-ai.eu 

EdgeAI (Edge AI Technologies for Optimised Performance Embedded Processing) develops new electronic components 
and systems, processing architectures, connectivity, software, algorithms, and middleware through the combination of 
microelectronics, edge AI, embedded systems, and edge computing. www.edge-ai-tech.eu 

REBECCA (Reconfigurable Heterogeneous Highly Parallel Processing Platform for safe and secure AI) aims to democratize 
the development of edge AI systems and create a complete hardware and software stack centered around a RISC-V CPU, 
which offer higher performance, energy efficiency, safety, and security than existing systems. www.rebecca-chip.eu  

CLEVER (Collaborative edge-cLoud continuum and Embedded AI for a Visionary industry of thE futuRe) proposes 
innovations in hardware accelerators, design stack, and middleware software that revolutionize the ability of edge 
computing platforms to operate federated, leveraging sparse resources that are coordinated to create a powerful 
swarm of resources. www.cleverproject.eu   

Chips Joint Undertaking supports research, development, innovation, and future manufacturing capacities in the 
European semiconductor ecosystem. Launched as part of the Chips for Europe Initiative, it confronts 
semiconductor shortages and strengthens Europe's digital autonomy, engaging a significant EU, 
national/regional and private industry funding of nearly €11 billion. www.chips-ju.europa.eu 

http://www.andante-ai.eu/
http://www.edge-ai-tech.eu/
http://www.rebecca-chip.eu/
http://www.cleverproject.eu/
http://www.chips-ju.europa.eu/
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