2025 International Conference on

Neuromorphic Systems
(ICONS 2025)

Seattle, Washington, USA
29-31 July 2025

.O I E E E IEEE Catalog Number: CFP25VN6-POD
° ISBN: 979-8-3315-8976-9



Copyright © 2025 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP25VN6-POD
ISBN (Print-On-Demand): 979-8-3315-8976-9
ISBN (Online): 979-8-3315-8975-2

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran(@proceedings.com
Web: www.proceedings.com

proceedings

com



2025 International Conference

on Neuromorphic Systems
(ICONS)

ICONS 2025

Table of Contents

Message from the General Chairs ...................ccooiiiii e X
Message from the Program Chairs .....................ooiiiiiiiiiiiiii e xi
Organizing CommIttee ...t e xii
Program Commuittee ...t xiii
Steering COmMMItee ........ ... oo e XV
REVICWEIS ..ottt et e e e e e ettt e e e e e xvi
SPOTISOTLS ...ttt et et ettt ettt e et aeaeae xvii
ICONS 2025 Full Papers

A Comparison of Custom and Standard Neuron Model Random Walks on the Ornstein-Uhlenbeck
Equation for Simplified TUrbulence ...................ccocoiiiiiiiiiiiiiiiiii e 1
Brady Taylor (Sandia National Laboratories, USA), Hemanth Kolla
(Sandia National Laboratories, USA), Felix Wang (Sandia National
Laboratories, USA), ]. Darby Smith (Sandia National Laboratories), and
Michael |. Schmidt (Sandia National Laboratories)

An Empirical Study on the Impacts of Input Distribution on Digital Reservoir Computer

Performance ..............ccciiiiiiiiii 9
Lewis Thelen (University of Cincinnati) and Vikram Ravindra
(University of Cincinnati)

Constant Depth Threshold Circuits for Exhaustive Epistasis Detection ..., 18
André Ribeiro (INESC-ID, Instituto Superior Técnico, Universidade de
Lisboa), Aleksandar Ilic (INESC-ID, Instituto Superior Técnico,
Universidade de Lisboa), and Leonel Sousa (INESC-ID, Instituto
Superior Técnico, Universidade de Lisboa)

DESTformer: Energy-Efficient Monocular Depth Estimation with Spiking Transformer for Edge
DIBVICES ... 26
Sadia Anjum Tumpa (Pennsylvania State University, USA), Anusha
Devulapally (Pennsylvania State University, USA), Chonghan Lee
(Pennsylvania State University, USA), Chita R. Das (Pennsylvania State
University, USA), and Vijaykrishnan Narayanan (Pennsylvania State
University, USA)

Do Spikes Protect Privacy? Investigating Black-Box Model Inversion Attacks in Spiking

Neural NetWOoTKS ..o e 34
Hamed Poursiami (George Mason University), Ayana Moshruba (George
Mason University), and Maryam Parsa (George Mason University)



EEvAct: Early Event-Based Action Recognition with High-Rate Two-Stream Spiking Neural
INEEWOTKS ... e 41
Michael Neumeier (fortiss GmbH, Germany), Jules Lecomte (fortiss GmbH,
Germany), Nils Kazinski (Simi Reality Motion Systems GmbH, Germany),
Soubarna Banik (Simi Reality Motion Systems GmbH, Germany), Bing Li
(University of Siegen, Germany), and Axel von Arnim (fortiss GmbH)

Exploring Dendrites in Large-Scale Neuromorphic Systems ................cccvvviiiiiiiiiiiiiis 49
James A. Boyle (The University of Texas at Austin), Jason Ho (The
University of Texas at Austin), Mark Plagge (Sandia National
Laboratories), Suma George Cardwell (Sandia National Laboratories),
Frances S. Chance (Sandia National Laboratories), and Andreas
Gerstlauer (The University of Texas at Austin)

Generating Spiking Neural Network Code Libraries for Embedded Systems ................ccccccoeeeennn... 57
Bryson Gullett (University of Tennessee, United States of America),
Jackson Mowry (University of Tennessee, United States of America),
James Plank (University of Tennessee, United States of America), Luke
Whatley (University of Tennessee, United States of America), Charles
Rizzo (University of Tennessee, United States of America), and
Catherine Schuman (University of Tennessee, United States of America)

GRASP: Dynamic and Priority-Aware Gradient Sparsification for Efficient Online Learning ........... 65
Balachandran Swaminathan (The Pennsylvania State University,
University Park, PA, USA) and John Sampson (The Pennsylvania State
University, University Park, PA, USA)

Hardware-Aware Fine-Tuning of Spiking Q-Networks on the SpiNNaker2 Neuromorphic Platform ...
74

Sirine Arfa (Technische Universitit Dresden, Germany), Bernhard

Vogginger (Technische Universitit Dresden, Germany), and Christian

Mayr (Technische Universitit Dresden, Germany)

How Activity Regularization Harms the Performance of Pruned Spiking Neural Networks ............ 82
Jann Krausse (Infineon Technologies), Moritz Neher (Infineon
Technologies, FZI Research Center for Information Technology), Klaus
Knobloch (Infineon Technologies), and Jiirgen Becker (Karlsruhe
Institute of Technology (KIT))

Izhikevich-Inspired Temporal Dynamics for Enhancing Privacy, Efficiency, and

Transferability in Spiking Neural Networks ..., 89
Ayana Moshruba (George Mason University), Hamed Poursiam (George Mason
University), and Maryam Parsa (George Mason University)

Lateral Divisive Inhibition in Analog Devices for Dynamic Gain Control ....................ceoeeoiiiiiiiiii. 98
G. William Chapman (Sandia National Laboratories), James A. Boyle
(Sandia National Laboratories), T. Patrick Xiao (Sandia National
Laboratories), Nad Gilbert (Sandia National Laboratories), Sapan
Agarwal (Sandia National Laboratories), and Frances S. Chance (Sandia
National Laboratories)

vi



Model-Free Multiplexed Gradient Descent: Neuromorphic Learning in Recurrent Networks ......... 104
Ryan O’Loughlin (National Institute of Standards and Technology,
United States), Nick Skuda (National Institute of Standards and
Technology, United States), Bakhrom Oripov (National Institute of
Standards and Technology, United States), Bradley Hayes (University of
Colorado Boulder), Adam McCaughan (National Institute of Standards and
Technology, United States), and Sonia Buckley (National Institute of
Standards and Technology, United States)

NAP: Neuromorphic Artificial Pancreas ..................ccoiiiiiiiiiiiiiiii e 112
Charles P. Rizzo (University of Tennessee, USA), Daniel Mallett
(University of Tennessee, USA), Maria Hernandez Rivero (University of
Tennessee, USA), Jamin Hanna (University of Tennessee, USA), Chris
White (University of Tennessee, USA), Steven Dao (University of
Tennessee, USA), Jonathan Tran (University of Tennessee, USA), Bryson
Gullett (University of Tennessee, USA), Catherine D. Schuman
(University of Tennessee, USA), and James S. Plank (University of
Tennessee, USA)

Neuromorphic Closed-Loop Control with Spiking Motor Neuron and Muscle Spindle Models ...... 120
Paula Stoll (ETH Zurich, Switzerland), Giacomo Indiveri (University of
Zurich and ETH Zurich, Switzerland), Chiara Bartolozzi (Italian
Institute of Technology, Genova, Italy), and Elisa Donati (University
of Zurich and ETH Zurich, Switzerland)

Neuromorphic Deployment of Spiking Neural Networks for Cognitive Load Classification in
Adr Traffic CONtIOL .........ooiiiiiiiiiiii e 127
Jiahui An (University of Zurich and ETH Zurich, Switzerland), Chonghao
Cai (University of Zurich and ETH Zurich, Switzerland), Olympia Gallou
(University of Zurich and ETH Zurich, Switzerland), Sara Fabrikant
(University of Zurich, Switzerland), Giacomo Indiveri (University of
Zurich and ETH Zurich, Switzerland), and Elisa Donati (University of
Zurich and ETH Zurich, Switzerland)

Optimizing Generalized Feedback Paths for Credit Assignment ................ccccccciiiiiiiiiiinniniininn, 135
Brian S. Robinson (The Johns Hopkins University Applied Physics
Laboratory, USA), Isaac Western (The Johns Hopkins University Applied
Physics Laboratory, USA), Erik C. Johnson (The Johns Hopkins
University Applied Physics Laboratory, USA), and Matthew |. Roos (The
Johns Hopkins University Applied Physics Laboratory, USA)

Propeller-Based Drone Tracking with a Moving Neuromorphic Camera .................ccccceeeeeiivinnnnn... 141
Kevin Murray (George Mason University) and Cameron Nowzari (George
Mason University)

vii



Quantitative Evaluation of Brain-inspired Vision Sensors in High-Speed Robotic Perception ......... 149
Taoyi Wang (Center for Brain-Inspired Computing Research (CBICR),
Department of Precision Instrument, Tsinghua University), Lijian Wang
(Center for Brain-Inspired Computing Research (CBICR), Department of
Precision Instrument, Tsinghua University), Yihan Lin (Center for
Brain-Inspired Computing Research (CBICR), Department of Precision
Instrument, Tsinghua University), Mingtao Ou (Center for
Brain-Inspired Computing Research (CBICR), Department of Precision
Instrument, Tsinghua University), Yuguo Chen (Center for
Brain-Inspired Computing Research (CBICR), Department of Precision
Instrument, Tsinghua University), Xinglong Ji (Center for
Brain-Inspired Computing Research (CBICR), Department of Precision
Instrument, Tsinghua University), and Rong Zhao (Center for
Brain-Inspired Computing Research (CBICR), Department of Precision
Instrument, Tsinghua University)

Quantizing Small-Scale State-Space Models for Edge Al ...........ccoooiiiiiiiiiiiiiiiiiee e 158

Leo Zhao (Institute of Neuroinformatics, University of Ziirich and ETH

Ziirich, Zurich CH), Tristan Torchet (Institute of Neuroinformatics,

University of Ziirich and ETH Ziirich, Zurich CH), Melika Payvand

(Institute of Neuroinformatics, University of Ziirich and ETH Ziirich,

Zurich CH), Laura Kriener (Institute of Neuroinformatics, University

of Ziirich and ETH Ziirich, Zurich CH), and Filippo Moro (Institute of

Neuroinformatics, University of Ziirich and ETH Ziirich, Zurich CH)

SpikeRL: A Scalable and Energy-efficient Framework for Deep Spiking Reinforcement Learning.... 166
Tokey Tahmid (University of Tennessee Knoxville), Mark Gates
(University of Tennessee Knoxville), Piotr Luszczek (MIT Lincoln Lab,
University of Tennessee Knoxville), and Catherine D. Schuman
(University of Tennessee Knoxville)

Spiking Neural Networks for Low-Power Vibration-Based Predictive Maintenance ...................... 174
Alexandru Vasilache (FZI Research Center for Information Technology,
Germany), Sven Nitzsche (FZI Research Center for Information
Technology, Germany), Christian Kneidl (NETZSCH Pumpen und Systeme
GmbH, Germany), Mikael Tekneyan (NETZSCH Pumpen und Systeme GmbH,
Germany), Moritz Neher (FZI Research Center for Information
Technology, Germany), and Juergen Becker (Karlsruhe Institute of
Technology, Germany)

Synaptic Sampling Networks with True Random Number Generation .................ccccoeeeeeeeeeeeni... 182
J. Darby Smith (Sandia National Laboratories), William Severa (Sandia
National Laboratories), and James B. Aimone (Sandia National
Laboratories)

Towards Energy-Efficient Adiabatic Circuits for Neuromorphic Tactile Sensing with E-Prop
LOATIINE ...oiiiiiiiiiii e 188
Simon F. Miiller-Cleve (Istituto Italiano di Tecnologia (1IT)),
Alessandro Pasin (Universita di Udine), Mirko Loghi (Universita di
Udine), Pirah Memon (University of Sassari), David Esseni (Universita
di Udine), Chiara Bartolozzi (Istituto Italiano di Tecnologia (IIT)),
and Sergio MG Solinas (University of Sassari)

Uncertainty-Aware Spiking Neural Networks for Regression ..................cccoooiiiiiiiiiiiin, 195
Tao Sun (Centrum Wiskunde & Informatica) and Sander Bohté (Centrum
Wiskunde & Informatica)

viii



Unsupervised Online Learning of Complex Sequences in Spiking Neuronal Networks .................
Younes Bouhadjar (Forschungszentrum J[iilich), Melissa Lober
(Forschungszentrum [iilich and RWTH Aachen University), Emre Neftci
(Forschungszentrum [iilich and RWTH Aachen University), Markus Diesmann
(Forschungszentrum [iilich and RWTH Aachen University), and Tom
Tetzlaff (Forschungszentrum [iilich)

Vibe2Spike: Batteryless Wireless Tags for Vibration Sensing with Event Cameras and Spiking
INEEWOTKS ...ttt

Danny Scott (University of Tennessee Knoxville), William LaForest

(University of Tennessee Knoxville), Hritom Das (Oklahoma State

University), loannis Polykretis (Accenture Labs, Accenture),

Catherine D. Schuman (University of Tennessee, Knoxuville), Charles

Rizzo (The University of Tennessee, Knoxville), James Plank (The

University of Tennessee, Knoxville), and Sai Swaminathan (The

University of Tennessee, Knoxville)

VRISP - A Vectorized Open-Source Simulator for Efficient Neuromorphic Computing
Jackson Mowry (EECS Department University of Tennessee) and James S.
Plank (EECS Department University of Tennessee)

ICONS 2025 Short Papers

A Complete Pipeline for Deploying SNNs with Synaptic Delays on Loihi 2
Baldzs Mésziros (University of Sussex), James C. Knight (University of
Sussex), Jonathan Timcheck (Intel Corporation), and Thomas Nowotny
(University of Sussex)

How to Train an Oscillator Ising Machine Using Equilibrium Propagation
Alex Gower (Nokia Bell Labs, United Kingdom and University of
Cambridge, United Kingdom)

Neuromorphic Cybersecurity with Semi-supervised Lifelong Learning .................cccccceeeeeiiiinnnn...
Md Zesun Ahmed Mia (Pennsylvania State University, USA), Malyaban Bal
(Pennsylvania State University, USA), Sen Lu (University of Michigan,
USA), George Nishibuchi (Quantum Ventura, Inc., USA), Suhas Chelian
(University of Texas at Arlington Research Institute, USA), Srini
Vasan (Quantum Ventura, Inc., USA), and Abhronil Sengupta
(Pennsylvania State University, USA)

Author Index





