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Tracks
e BioEngineering — 26 projects
e ElectroOptics — 28 projects
e NanoEngineering — 47 projects
e Signal Processing — 12 projects
e Data Engineering and AI — 12 projects
e Communication — 2 projects
e Industrial Engineering — 3 projects
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TRACK SECTION

BioEngineering

26 projects in this section

All Tracks
| « BioEngineering — 26 projects

| o ElectroOptics — 28 projects

| e Nano — 47 projects

| o Signal Processing — 12 projects

| o Data Engineering and AI — 12 projects
| e Communication — 2 projects

| e Industrial Engineering — 3 projects
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Burst Prediction in Biological Neural Networks Using Dynamic Connectivity Metrics
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Development and assessment of tools for automated neuron tracing
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Machine Learning-Driven Identification of Gut Microbiome Keystone Species for Personalized
Antibiotic Recovery
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Eating Microbes: How Food Shapes Gut Microbiome Stability
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Remote Optical Sensing of Forearm Muscles for Finger Movement Recognition in Robotic Arm
Control.
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Building testing setup for cerebral blood flow optical measurement system
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Discovery and Characterization of Novel Transcript Isoforms in Renal Cell Carcinoma Using
Long-Read Single-Cell RNA-seq
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We have recently generated long-read single-cell RNA-seq datasets from Renal Cell Carcinoma (RCC)
patients, combining 10x Genomics and Oxford Nanopore Technologies (ONT). Very few such datasets
currently exist, making this resource unique and highly valuable.

Long-read sequencing allows direct observation of full-length transcript isoforms, enabling the detection of
novel splicing events that may be missed in short-read data. Identifying isoforms specific to RCC could reveal
tumor-specific RNA processing patterns and molecular mechanisms, potential biomarkers, or therapeutic
targets.

The project requires approximately half a day per week of in-person presence at the lab, with additional
remote computational work as needed.

References:

High throughput single cell long-read sequencing analyses of same-cell genotypes and phenotypes in human
tumors

https://doi.org/10.1038/s41467-023-39813-7

IsoTools: a flexible workflow for long-read transcriptome sequencing analysis
https://academic.oup.com/bioinformatics/article/39/6/btad364/7189737\

Predicting Splicing from Primary Sequence with Deep Learning
https://doi.org/10.1016/j.cell.2018.12.015

OpenSpliceAl: An efficient, modular implementation of SpliceAl enabling easy retraining on non-human
species
https://elifesciences.org/reviewed-preprints/107454v2

v'non nnon |
(1) Identify and quantify novel transcript isoforms unique to RCC. (2) Compare isoform expression with
publicly available datasets from normal kidney and nuclei from kidney tumors (when available). (3)
Investigate the origins and mechanisms regulating these splicing changes using Al-based tools for sequence
feature analysis.

DTN oxwn |

Stage 1 - Transcript Quantification and Novel Isoform Detection

1.Align long reads from our lab’s RCC datasets to a reference genome using ONT and other command-line
tools.

2.Quantify transcripts and identify putative novel isoforms.
3.Benchmark results by comparison with normal kidney and tumor nuclei datasets.

Stage 2 - Al-Based Splicing Analysis (high-risk, high-gain)
1.Use SpliceAl or similar models to predict the effects of genomic sequence features on splicing patterns.
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2.Relate predicted splicing regulatory elements to observed isoform changes in RCC.
3.Explore additional regulatory mechanisms and relevance to tumor subtype.

*Expected Deliverables*
A reproducible bioinformatics workflow for long-read single-cell isoform analysis.

A catalog of RCC-specific novel isoforms with expression quantification.
Comparative analysis results between RCC and reference datasets.
Preliminary Al-based predictions on splicing regulation in RCC.

*Methodology*
Next-generation sequencing (NGS) data processing and analysis.

Statistical inference for significance testing and confidence estimation.

Application of machine learning approaches for classification, prediction, and feature selection.

*Software: *
Linux-based computational environment.

Utilization of established bioinformatics software packages where appropriate.
Machine learning libraries.
Statistical analysis packages (e.g., Bioconductor).

*Programming languages:*
Bash scripting for workflow automation in Linux.

Python for data analysis, machine learning, and pipeline integration.

R for statistical analysis, visualization, and bioinformatics workflows.
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Co-Scientist: AI partner to accelerate research
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Large Language Models (LLMs)
Al Agents
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Advanced Al tools
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Program Nanoparticles to Find Disease
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Advanced AI tools
Nanomedicine
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High-Fidelity ML-Based Audio Reconstruction from Rolling Shutter Laser Speckle Acoustic
Sensing
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Our lab's novel method uses a low-cost rolling shutter CMOS camera to capture vibrating laser speckle
patterns and reconstruct biological signals like heartbeat, lung sounds, and speech through correlation-based
signal processing. While deep learning models have improved audio reconstruction, the overall quality of the
reconstruction remains insufficient.
07'N9N NNLVN |

In this work, we aim to enhance both the signal quality, and advance our reconstruction ability via the latest
state-of-the-art models and architectures. The metrics that will reflect the improved performance are
improved SISNR, SDR, and STOI compared to the baselines.

DY o'Rwn |
Rolling Shutter, Laser Speckle, Acoustic Sensing, Deep Learning, Generative Al
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Development of a Network-Based Mathematical Model of Brain Dynamics and Functional
Connectivity.
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Interfacing Ion-Based Integrated Circuits with On-Chip Neurons
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Machine learning and brain MRI radiomics for predicting surgical outcomes in patients with
brain tumors
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Characterizing Alternative Polyadenylation (APA) in kidney tumors using single-cell RNA-seq
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Utilizing deep learning algorithms on genomic maps from cancer tissues to uncover cell-cell
interactions.
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Using deep learning for decoding brain states from EEG recordings of brain activity
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Computational Characterization of the Tumor Microenvironment in Cancer Organoids Using
Spatial Genomics
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Machine learning for identifying dynamic brain states from electrical brain activity recordings

with high spatial and temporal resolution
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Optical non-invasive time multiplexed multichannel cerebral blood flow measurement
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fNIRS-Based Brain—Computer Interface for Decoding Words
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Functional near-infrared spectroscopy (fNIRS) is a noninvasive, portable neuroimaging technique that
measures cortical hemodynamic responses (changes in oxy- and deoxy-hemoglobin) during mental tasks.
fNIRS has been used to implement simple brain-computer interfaces (BCIs) for communication. For example,
fNIRS-based systems have enabled locked-in patients to answer yes/no questions by performing different
mental tasks (e.g. mental arithmetic vs. relaxation), achieving high binary classification accuracies. More
recently, researchers have begun exploring semantic decoding: for instance, Rybar et al. (2025) recorded
simultaneous EEG and fNIRS while subjects silently named objects (animals vs. tools) and showed that fNIRS
signals contain information distinguishing these conceptual categories. However, fNIRS faces challenges: the
hemodynamic response is slow and spatially coarse, and signals vary widely across subjects. These
limitations mean that decoding arbitrary words (colors, numbers, phrases, etc.) from fNIRS is difficult.
Nonetheless, the potential impact is high: a successful fNIRS “speller” could restore communication for
patients who cannot use speech or motor systems. In summary, fNIRS offers a safe, affordable way to
monitor brain activity during reading tasks, and prior work suggests it can support at least binary or simple
semantic decoding. This project aims to push this toward decoding specific read words.

oo nnon |

The goal is to develop an fNIRS-based system that predicts which word a person is silently reading. We will
focus on a small vocabulary and use state-of-the-art models and methods to classify the fNIRS signals. The
expected deliverables are to set up an experimental protocol and dataset of fNIRS recordings labeled with
the read words. Then, train an ML model that maps fNIRS time-series to word labels, including an evaluation
of performance.

D' oRwn |
fNIRS & EEG, Brain Signal Processing, Semantic Decoding, Deep Learning, Brain-Computer Interfaces (BCI)
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High-Fidelity ML-Based Audio Reconstruction from Rolling Shutter Laser Speckle Acoustic
Sensing

n'nin 'u1od

Moshe Berchansky :X7nn nninn ow
brachem@biu.ac.il :nn1n 7”NIT

Dr. Nisan Ozana :n/mTpx N/'RINX / nTavnn n/ux)
nisan.ozana@biu.ac.il :NTAYNN N/URY 77RIT

Moshe Berchansky :Xmn nninn ow | 107 vp'no 190n :'th7 w' Diwn?
.DNIY YR DININ YIA'WAI n7apn | Dr. Nisan Ozana :nTaynn N/ux)

o'ne? vin |
Our lab's novel method uses a low-cost rolling shutter CMOS camera to capture vibrating laser speckle
patterns and reconstruct biological signals like heartbeat, lung sounds, and speech through correlation-based
signal processing. While deep learning models have improved audio reconstruction, the overall quality of the
reconstruction remains insufficient.
oo ninon |

In this work, we aim to enhance both the signal quality, and advance our reconstruction ability via the latest
state-of-the-art models and architectures. The metrics that will reflect the improved performance are
improved SISNR, SDR, and STOI compared to the baselines.
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Kidney injury and repair modeling and analysis
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We will learn how Computational methods can be applied to study critical processes in the Kidney. Gene
regulatory networks (GRNs) can be modeled as constrained Abstract Boolean Networks (cABNs) and analyzed
with the Reasoning Engine for Interaction Networks (RE:IN), whose underlying reasoning engine is itself
SMT-based . We will also evaluare Al methods to help identify new biological data and speed up the methods

e Gerber, Y., et al. "Reasoning About Monotonic Regulation Conditions for Boolean Gene Regulatory
Networks: An Algorithmic Approach.” IEEE BIBM, 2025, Wuhan, China. DOI:
10.1109/BIBM66473.2025.11356159 https://ieeexplore.ieee.org/document/11356159

e Yordanov, B., Dunn, S.J., Gravill, C., Arora, H., Kugler, H., Wintersteiger, C.M. “The Reasoning Engine: A
Satisfiability Modulo Theories-Based Framework for Reasoning About Discrete Biological Models.” Journal of
Computational Biology, 30(9), 2023. https://pubmed.ncbi.nlm.nih.gov/37733940/

e Eitan Tannenbaum, Dana Markiewitz, Tomer Kalisky, Hillel Kugler Characterizing Gene Regulatory
Network Ensembles in Kidney Injury and Repair
ACM BCB 2025
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Learn new computational methods to model the kidney

DTN oxwn |
Computational Moeling of Gene networks
Using and developing state of the art solvers
Undertsanding how to help the kidnet repair after Injury
AI methods in Biology
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Spatial Mapping and Computational Modeling of Gene Regulatory Networks in Kidney Disease
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Acute Kidney Injury (AKI) triggers an intrinsic repair process in the kidney that can either restore normal
function or result in maladaptive repair, characterized by the persistence of FR-PTCs. These FR-PTCs exhibit
an aberrant transcriptional landscape, marked by the loss of normal proximal tubule transcription factors
(TFs) like Hnf4a and Maf, and the upregulation of injury-associated TFs such as KIf6, Creb5, and NF-kB
family members (Rela, Nfkb1).

The kidney has a highly structured physical anatomy, and the proximal tubule is segmented (S1, S2, and
S3). The S3 segment, located in the outer stripe of the outer medulla (OSOM), is particularly sensitive to
ischemic injury. While single-nucleus transcriptomics tells us what gene regulatory networks are changing, it
strips cells of their spatial coordinates. By inferring a core gene regulatory network (GRN) from multiomic
data and evaluating the activity of specific TF regulons directly onto spatial transcriptomics spots, we can
physically map where maladaptive repair dominates and how the local tissue microenvironment influences
cell fate. Spatial transcriptomics combines molecular measurements with histological tissue images, requiring
computational image processing and spatial analysis to accurately relate gene regulatory activity to tissue
architecture.

This project combines GRN inference, spatial transcriptomics, and computational image analysis. Using
single-nucleus multiomic and spatial transcriptomic datasets, students will infer the core GRNs governing FR-
PTCs and map the spatial activity of transcription factor regulons across kidney tissue sections.
Complementing this, students will use computational simulation models such as dyngen and sRACIPE to
identify stable cellular states and perform in silico gene perturbations. Depending on project progress, the
developed computational pipeline may also be applied to renal cell carcinoma (RCC) datasets. The project
provides hands-on experience with spatial transcriptomics, computational image processing, systems biology,
and network analysis.

The project requires approximately half a day per week of in-person presence at the lab, with additional
remote computational work as needed.

References:
Multimodal spatial transcriptomic characterization of mouse kidney injury and repair - PMC
https://pmc.ncbi.nlm.nih.gov/articles/PMC12354736/#Sec2

Functional characterization of somatic mutations in cancer using network-based inference of protein activity |
Nature Genetics

https://www.nature.com/articles/ng.3593

RACIPE: a computational tool for modeling gene regulatory circuits using randomization | BMC Systems
Biology | Springer Nature Link

https://link.springer.com/article/10.1186/s12918-018-0594-6
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(1) Infer a highly confident core GRN distinguishing healthy proximal tubule cells from FR-PTCs using a
single-nucleus multiomic dataset. (2) Calculate cell-specific TF regulon activity scores and project these
scores onto provided spatial transcriptomics data. Analyze the spatial distribution of key healthy (Hnf4a, Maf)
and maladaptive (Relb, Nfkb1) regulons, statistically comparing their physical dependence on kidney
anatomy. (3) Identify robust mathematical steady states corresponding to adaptive and maladaptive
phenotypes and pinpoint master transcription factors capable of destabilizing the FR-PTC state.

D'TN71 DO'RYID |

Stage 1 - GRN Inference: Utilize snRNA-seq and snATAC-seq data to extract a core GRN topology.

Stage 2 - Spatial Transcriptomics & Image Analysis: Process spatial transcriptomics slides and associated
histological images. Calculate localized regulon activity and integrate it with tissue architecture using
computational image analysis.

Stage 3 - Spatial Analysis: Correlate the spatial activity of TFs like Nfkb1 or Relb with specific anatomical
locations.

Stage 3 - Attractor Mapping & Perturbation: Input the GRN of selected regulons observed in previous stages
into sRACIPE to solve stochastic ODEs over time. Systematically perform in-silico knockouts to find targets
that move the cells from state to state.

Expected Deliverables:

A concise computational pipeline integrating multiomic network inference with spatial transcriptomics data.
Spatial maps of the kidney highlighting the localized physical activity of healthy and maladaptive regulons.
Quantification of the physical dependence of specific GRN activities on kidney anatomical regions.

A prioritized list of highly impactful transcription factors for potential therapeutic targeting.

Methods:

Single-nucleus multiomics integration and Gene Regulatory Network (GRN) extraction.

Spatial transcriptomics processing, histological image analysis, tissue segmentation, spatial clustering, and
geospatial mapping.

Non-linear dynamics analysis of ODEs using mathematical randomization techniques.

Dimensionality reduction (PCA, UMAP) and pseudo-time trajectory analysis.

Software:

Linux-based computational environment.

Python-based spatial transcriptomics and single-cell frameworks (e.g., Scanpy, Squidpy, scikit-image,
SCENIC+).

R-based bioinformatic packages for regulon activity (e.g., VIPER) and spatial visualization (e.g.,
Seurat/Giotto).

SRACIPE (R package/C++ engine for random circuit perturbation).
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3 qubit NOON state generation
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Physics-Based Modeling, Simulation, and Stochastic Safety Analysis of Laser-Sea Interaction
(In collaboratrion with the Israeli Navy)
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Atomic-integarted photonics hybrid simulator
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Remote biomedical sensing for vital bio signs based upon laser illumination
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21566-21580 (2009).
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Speckle Based Sensing with Pulse Doppler Radar for Vibrations Detection,” Sensors 18(5) (2018).
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Kalyuzhner, Z., Agdarov, S., Orr, 1. et al. Remote photonic detection of human senses using secondary
speckle patterns. Sci Rep 12, 519 (2022). https://doi.org/10.1038/s41598-021-04558-0
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Development and testing of fiber drawing system and for fabrication of in-fiber photonic
devices
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46 Tmy | 3.8.2026 :n1dTIvn noMa


mailto:sinvanm@gmail.com
mailto:zeev.zalevsky@biu.ac.il

2026-2027 | towun nrmin'zn mw | 0'opno alop

ElectroOptics | 65 :uj'N 190n

NPINOVPR NP'NA [1I7'7'0 "22WA NI7PN 1017 ANIZIT 1910 YW NIYTN NIIVID NO'Y YWin'n e
Pump-probe based photonic super resolution approach for failure analysis of silicon wafers
and integrated circuitry

n'nin 'u1d

NXI'0 NWN XN Nnann oY
sinvanm@gmail.com :nnaan 7”KIT

170277 ANT :N/MTpPNR N/'®INK / nTaynn N/
zeev.zalevsky@biu.ac.il :nTAYAN N/URY 27KIT

INI'0 NWN XM NNt ow | 65 uprno 190on T wr niwnY
.DNIY NIYINA DININ Y'Y D730 | 02T ANT (nTavnn n/ur)
o'ne? yin |
Y N7VU9N N 'U9IX OIZONPZM 'Y [IP'7'0N 1AW D710 NPINLFER NE'M *7auna 07w NINY Y DiINNA
[N7N .D"WDIN DYV 'RYID XA [IP'7'0N V721w ARNN DINNA X' probe nannn nnkn pn IRy
DNVPIRN NO'YA NRXYIND 72X [17'7'02 Y721 X7 720 2¥Naw 2N DITR X191'RA XN pUMP NIdnNn NMvn
W [I7'7'0N 12W NP0 W anN¥aw D XY DNdN NINXNY 0NN DNITDI DFTO9N N7apn IT N7 ,0"w9INn
NI5NY O YATIYW NN NN'RNNN TIXA NN NN AYI7ITIA QWD DY NISNY TWOX NAT 12 D7 "Ny
MIPN N'OSIX NMINAT? K7 MIDN2 WIN'Y 7710 0P'NO5N .07 NIND NUXPI7ORY WATID N INLR7R-111 27N0
.071Un 0*72YN2 0'Y7WD NN NUXPYORY IT N0 DIY' DNIZITY 1910 DIXY? [177'7'02
oo ninon |
NUKRT NN17 ,NTAYN2 D10 Y¥I7

DY o'Rwn |

H. Pinhas, O. Wagner, Y. Danan, M. Danino, Z. Zalevsky and M. Sinvani, “Plasma dispersion effect based
super-resolved imaging in silicon,” Opt. Exp. 26, 25370-25380 (2018).
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Incorporation of fiber-based water leakage detector
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J. Philosof, Ye. Beiderman, S. Agdarov, Ya. Beiderman and Z. Zalevsky, “Optical multimode fiber-based pipe
leakage sensor using speckle pattern analysis,” Sensors 2023, 23, 8634 (2023).
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e SystemVerilog

e Universal Verification Methodology (UVM)
e Verification Planning

e Constrained Random Verification

e Functional Coverage

e Assertions (SVA)

e Scoreboards and Reference Models
e Verification Metrics

e Digital Arithmetic Architectures

e Al Hardware Fundamentals

e RTL Verification Flow

e Debug and Coverage Closure
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HERA-AI: Secure Intelligence over Encrypted Data
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Q-CORE: A Hardware Accelerator for Post-Quantum Cryptography
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Performance Evaluation of the Tsetlin Machine in Noisy Environments
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The Tsetlin Machine is a machine learning model based on Boolean logic and interpretable decision rules. This
project will examine how different types of noise, different noise levels, and model parameters affect its
performance. Students will build an experimental environment, perform runs on several datasets, and
analyze the impact of parameters such as the number of clauses, T-value, and the ratio of clean to noisy
examples during training.

L?'NSN NINLVN |
The goal of the project is to evaluate and improve the robustness of the model in noisy data environments.
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Machine Learning
Tsetlin Machine
Python Programming
Data Analysis
Hyperparameter Optimization
Noise Injection and Robustness Testing
Experimental Design
Performance Evaluation and Visualization
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Electrode characterization in an electrolyte and the design of an electrical interface for
Iontronics circuits
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Ionic conductivity in the Bi20O3-CaF2 system
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Power Reduction, Synthesis , System Verilog , System Architecture
vp'non nnon |

Develop and validate Glitch reduction mechanisms to significantly reduce power consumption without
degrading processing performance.

D'TN71 D'RYID |

Advanced AI hardware architecture, low-power VLSI design, clockless pipelining analysis, design verification
and RTL2GDS flow
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Deep neural networks on edge devices are limited by the energy cost of moving data between memory and
compute, the "von Neumann bottleneck." Processing-in-Memory (PiM) addresses this by computing inside the
memory array itself. Existing PiM approaches trade off density, endurance, and accuracy: resistive memory
suffers from device variability, SRAM-based PiM has large bitcells, and Binary Neural Networks (BNNs) save
area but lose accuracy. Ternary Neural Networks (TNNs) add a zero weight level and recover most of that
lost accuracy while staying multiplier-free. Implementing TNNs in memory is hard because a signed ternary
product needs both charging and discharging paths on the same bitline, which creates contention. This
project builds on Gain-Cell eDRAM (GC-eDRAM), a dense, CMOS-compatible memory technology with
decoupled read/write ports, to solve this problem without modifying the memory array itself.

oo ninon |

To design and evaluate GC-TNN, an in-memory ternary neural network accelerator built on unmodified 3T
GC-eDRAM cells. The project decomposes the signed ternary dot product into two non-negative population-
count "legs" (positive and negative), resolved by a single analog comparator instead of a calibrated reference
voltage. The goal is end-to-end in-memory execution (hidden layers, batch normalization, and output
classification) with a compatibility mode for standard BNN inference on the same hardware, calibrated
against measurements from a fabricated 16nm FinFET GC-eDRAM test chip.

DTN oxwn |
Processing-in-Memory (PiM) and Processing-using-Memory architectures
Gain-Cell eDRAM circuit design and operation (3T bitcell, read/write ports, retention/refresh)
Binary and Ternary Neural Network quantization schemes
Analog comparator / sense amplifier design for in-memory sensing
Time-to-digital conversion for signed score readout
Circuit simulation and evaluation using Cadence Virtuoso (post-layout, process variation)

Hardware-software co-design and accelerator benchmarking against SOTA (TiM-DNN, TAIM, CUTIE, XNOR-
SRAM)
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A Radiation-Hardened Processing-in-CAM BNN Accelerator for Satellites
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Edge AI on satellites in Low Earth Orbit (LEO) must operate under a harsh radiation environment: trapped
protons and electrons, galactic cosmic rays, and solar particle events cause both single-event effects (bit flips
from a single particle strike) and total ionizing dose (TID) damage that accumulates over the mission.
Processing-in-CAM accelerators, which map binary neural network (BNN) computation directly onto content-
addressable memory (CAM) via XNOR and analog population count, are attractive for satellite-borne
inference because they combine memory and compute in one array. However, it was not previously known
how radiation affects such analog in-memory compute architectures, specifically whether the main risk is
corrupted stored weights (like in @ normal memory) or degradation of the analog sensing circuitry itself. This
project builds on PiC-NDM and HardCAM, two previously fabricated 65nm CAM designs from the lab, to
characterize this gap using both real irradiation measurements and modeling.

oo nnon |

To characterize and model how heavy-ion radiation, total ionizing dose, and proton exposure affect HardCNN,
a 65nm processing-in-CAM binary CNN accelerator for satellite-based natural disaster detection. The project
separates radiation effects into two evaluation vectors: degradation of the analog matchline-discharge
sensing circuit (driven by TID), and bit flips in the stored CAM weights (driven by single-event effects and
TID-induced memory aging), then evaluates their combined effect on inference accuracy, power, and mission
lifetime. A key goal is to test whether the accelerator's configurable voltage architecture can be used for in-
situ recalibration after radiation exposure, and to identify the dominant failure mechanism limiting mission
lifetime in LEO.

DTN oxwn |
Processing-in-Memory using Content-Addressable Memory (CAM) for binary neural networks

Binary Convolutional Neural Network (BCNN) architecture: XNOR, popcount, batch-norm folding

Radiation effects on silicon circuits: single-event upset/multi-cell upset, total ionizing dose, displacement
damage

Space radiation environment modeling (Van Allen belts, galactic cosmic rays, solar particle events)
Fault-injection methodology for evaluating neural network hardware robustness

Analog sense-amplifier and matchline circuit design under process/radiation variation

Silicon test-chip irradiation methodology (heavy-ion beam testing)
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GC-eDRAM memories offer high density and CMOS compatibility, but require refresh due to data leakage
over time, integrating an existing retention indicator into large GC-eDRAM arrays to enable early detection of
data degradation.
L?'NSN NINLVN |
implement and evaluate an existing retention indicator within large-scale GC-eDRAM arrays for early
detection of data degradation
DY o'Rrwn |

GC-eDRAM memory arrays, data retention time, leakage mechanisms, refresh operation, circuit-level
simulation, Monte-Carlo analysis, and array-level integration.
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Peripheral Circuit Design for a GC-eDRAM Retention Indicator
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GC-eDRAM retention indicators require supporting peripheral circuits to operate correctly within a memory
array. designing and implementing the required peripheral circuitry to control, read, and interface with the
indicator.

L?'NSN NINLVN |
design and implement peripheral circuits that enable proper control, readout, and integration of a GC-eDRAM
retention indicator within GC-eDRAM arrays.

D'TN71 D'RYID |

GC-eDRAM operation, retention indicators, peripheral circuit design, control signals, readout circuits, timing
analysis, circuit-level simulation, and memory-array integration.
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Process comparison of the performance of a Spiking Neural network
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In recent years Artificial Neural Networks (ANN) have reached maturity, and Al is becoming a technology
used everywhere. ChatGPT , Bard and Bing have vast distribution and ANN farms are growing exponentially.
The ANN attempts to mimic the human brain as closely as possible to achieve the best possible computing
power. As the brain signals are analog and spiky by nature the next step for Artificial Neural Networks is to
implement Analog Spiking Neural networks (SNN).The aim of this project is to implement a SNN which is
competitive with recent state-of-the-art publications and compare performance in 3 major process nodes :
180nm,65nm,28nm.

v'non nnon |

In this project you will compare key design parameters between 3 designs done in 180nm,65nm and 28nm
processes. The design will be based on an implementation done in 28nm and 180nm of a highly compact
matrix of Analog Spiking Neurons and Synapses that combined implements a full Analog Spiking Neural
network. The Neuron implementation will include the design of a switched-cap integrator and a comparator
with a precise programable threshold (see figure below). The Neurons and Synapses will be combined to
implement a full 2 layer Analog Spiking Neural network. You will need to learn the theory and then
implement the circuit in 65nm CMOS and compare performance to designs implemented already in 28nm and
180nm. The design includes both analog and digital blocks, which will allow you to develop skills in both.

DT o'Rwn |

In this project the student will be exposed to the implementation in 28nm and taking this implementation as
a baseline , design a full Analog Spiking Neural Network in 65nm. The student will then compare key
performance parameters between the 28nm/65nm and 180nm implemetations . The implementation will be
done using digital and analog techniques. The schematics will be prepared in Virtuoso and simulated.
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Hardware acceleration design for Al
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Extension and investigation of a cache system for a RISC-V core
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Kernel Research and Optimization Framework for Spatial AI Accelerators Using Cerebras SDK
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High-Linearity CMOS Differential Pairs: Design and Comparison
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CMOS differential pairs are fundamental building blocks in analog integrated circuits and are widely used in
amplifiers, filters, data converters and sensor interfaces. One of their main limitations is their restricted linear
input range. As the differential input voltage increases, the circuit exhibits nonlinear behavior, resulting in
distortion and reduced circuit performance. Several techniques have been proposed to improve linearity.
However, these techniques are often evaluated using different CMOS technologies, supply voltages, bias and
loading conditions, and different definitions of linearity, making a fair direct comparison difficult.

o'non ninon |
In this project, you will design and compare several high-linearity differential-pair circuits. A conventional
differential pair will be used as a reference, followed by two or more techniques selected from the literature.
All circuits will be designed in the same CMOS technology and tested under the same operating conditions.
The results will also be compared with a new circuit currently being developed by the research group.

D'TN71 D'RYID |

You will study the selected techniques and implement them using Cadence Virtuoso. DC, AC and transient
simulations will be used to compare linear range, transconductance, gain, bandwidth and power
consumption. PVT and Monte Carlo simulations will also be conducted to verify the circuit performance. The
project will provide practical experience in analog IC design and performance optimization. The successful
completion of the project may contribute to an academic publication.
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Modern digital SoCs require sub-1V bgrefs with minimal area and power consumption.

Standard current-mode topologies are highly sensitive to device mismatches and 1/f noise from the error
amplifier and current mirrors.

The proposed project is based on a switched-capacitor current-mode topology.

This topology reduces circuit area by utilizing a single current source with time-interleaving. Additionaly, it
uses an auto zero error amplifier which eliminates missmatch and noise.

L?'NSN NINLVN |
Design and simulate a sub-1V, switched-capacitor based BGREF with high sensitivity to device mismatches.
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-bandgap ref
-switched capacitor amplifier
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The current implementation of the DRAM Bender platform restricts the data written to the DUT DRAM such
that it is composed of 16 duplications of the same pattern. In order to utilize the platform as an h/w
accelerator, a capability to write arbitrary data should be added. This will require a modification of the ISA of
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Full-Chip Verification of an AI Accelerator SoC Integrating an IPU, RISC-V Management
Processor, and Cache/Memory Subsystem
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niz'1a ,Constrained Random ,Directed ni'1a n7'an e .n>wnn NiaNINNE DIMIN NINYY N7
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D'TN71 D'RYID |
e SystemVerilog

e Universal Verification Methodology - UVM

e Full-Chip and SoC Verification

e Computer Architecture

e RISC-V Architecture

e Embedded C and RISC-V Assembly

e Al Accelerators and Inference Processing Units
e Hardware-Software Co-Verification

e Cache Architecture and Cache Management

e Memory Hierarchy and Memory Consistency

e Direct Memory Access - DMA

e On-Chip Interconnects and Bus Protocols

e Memory-Mapped Registers and Control Interfaces
e Interrupt and Exception Handling

¢ Verification Planning

e UVM Agents, Sequences, Drivers and Monitors
e Constrained Random Verification

e Functional Coverage and Cross Coverage
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e SystemVerilog Assertions — SVA

» Reference Models and End-to-End Scoreboards

e Software-Driven Verification

e Data Integrity and Transaction Ordering

e Arbitration, Backpressure and Resource Management
e Deadlock, Livelock and Starvation Detection

e Reset and Error-Recovery Verification

e Regression Automation

e Debug Methodologies

e Coverage Closure

¢ Verification Metrics and Performance Analysis
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Using SSL (Stochastic Search on the Line) for the Booleanization of Tsetlin Machine
continuous inpt features
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Real-Time Object Detection Neural Network for Custom Hardware
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Trade-off Between Data Restructuring (Reshaping) Cost and Compute Utilization Benéefit in
Custom Hardware
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Accelerator design in FPGA
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During the project the students will learn how to work with Verilog and will learn how to work with FPGA.
They will write an accelerator-specific hardware and will test it using the test board FPGA.

This project introduces students to the design and implementation of hardware accelerators using Verilog and
FPGA (Field-Programmable Gate Array) technology. The primary task is to create a custom accelerator,
integrating the Mamba Architecture (selective state-space model SSM workflow) and realize it in hardware,
then synthesize the design and test it using a physical FPGA board. By the end, students will have learned
how to take a high-level hardware concept and realize it through both software and hardware stages.

v'non nnon |

The purpose of this project is to introduce students to the full design flow of hardware accelerators using
Verilog and FPGA technology

DY o'Rrwn |
.N7w SSM-n 711 Mamba nivpuDIR NNpY DX AN Tn?
JYX2NN N07UN YR NDT 700, 001Man Nt T DR 770, Verilog-a y'knn ik wnn'7i [on7
. FPGA ni7 7y 2aix'vn nx y'mon'?i tmoY
JY'RNN 72U n71won iR NIt yea?
. Al miwm 72y y'RnN N7y IR NIKY 901N, N7 NNIVPVDIXR 7M 7R DWIXA Nuwa71 TIm?
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Test and Verification Infrastructure for a Quantized Neural Network Accelerator
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TRACK SECTION

Signal Processing

12 projects in this section

All Tracks
BioEngineering — 26 projects
ElectroOptics — 28 projects
Nano — 47 projects

Data Engineering and AI — 12 projects

| o

| o

| o

| « signal Processing — 12 projects
| o

| e Communication — 2 projects

| o

Industrial Engineering — 3 projects
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Hallucination Detection for Whisper Automatic Speech Recognition
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Bibliography:

[1] https://en.wikipedia.org/wiki/Randles_circuit

[2] Doonyapisut, D., et al. "Analysis of electrochemical impedance data: use of deep neural networks. Adv
Intell Syst 5 (8): 2300085." 2023,
https://advanced.onlinelibrary.wiley.com/doi/full/10.1002/aisy.202300085

[3] Cuomo, S.; Di Cola, V. S.; Giampaolo, F.; Rozza, G.; Raissi, M.; Piccialli, F. Scientific Machine Learning
Through Physics-Informed Neural Networks: Where We Are and What's Next. J. Sci. Comput. 2022, 92 (3),
88. https://doi.org/10.1007/s10915-022-01939-z
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Recent advances in text-to-music (TTM) generation have enabled high-quality music synthesis, but existing
approaches often require substantial computational resources and large-scale proprietary datasets. This
creates significant barriers to reproducibility and limits the ability to train such models under constrained
computational budgets. State-Space Models (SSMs), such as Mamba and SiMBA, provide an efficient
alternative to Transformers by enabling linear-complexity sequence modeling. This project explores the use
of SSMs as the backbone for text-to-music generation, with a focus on reducing training cost while
maintaining competitive generation quality.

07'N9N NNLVN |

The primary goal of this project is to develop an open-source and training-efficient text-to-music generation
model that can be trained under a constrained computational budget. The project will investigate SSM-based
architectures, including Mamba and SiMBA, and compare single-stage generation with a two-stage
SSM/diffusion approach for efficient music synthesis. The resulting models will be evaluated against
established baselines using objective and subjective measures of audio quality, semantic consistency, and
text-audio alignment.

D'TN71 D'RYID |

1. We will base this project on the work presented in the preprint Training-Efficient Text-to-Music
Generation with State-Space Modeling by Wei-Jaw Lee, Fang-Chih Hsieh, Xuanjun Chen, Fang-Duo Tsai,
and Yi-Hsuan Yang (arXiv:2601.14786, 2026), submitted to IEEE/ACM Transactions on Audio, Speech, and
Language Processing (TASLP).

2. Deep Learning Architectures

o State-Space Models (SSMs), including Mamba and SiMBA.

o Transformers and Attention mechanisms.

o Efficient long-range sequence modeling.

3. Generative Models & Audio Processing

0 Text-to-Music (TTM) generation.

o Neural Audio Codecs and Residual Vector Quantization (RVQ).
o Latent Diffusion Models (LDMs) and multi-stage generation.
4. Machine Learning Efficiency

o Training efficiency and computational complexity.

o Parameter reduction and FLOPs optimization.

o Training generative models under limited computational resources.
5. Evaluation Metrics

o Fréchet Distance (FD) for audio quality.

o Kullback-Leibler (KL) divergence for semantic consistency.

o CLAP score for text-audio alignment.
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Reconstructing Typed Text from Acoustic Keyboard Recordings in Noisy Environments Using
Vision Transformers and Small Language Models
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Acoustic Side-Channel Attacks (ASCAs) exploit unintended acoustic emissions produced during keyboard
typing, potentially allowing sensitive information to be inferred from audio recordings. This project
investigates how much information about typed text can leak through such acoustic signals under realistic
and noisy conditions. While recent deep learning approaches use Mel-spectrograms and neural networks to
classify keystrokes, their performance can degrade significantly in the presence of background noise. The
project will explore Vision Transformers for robust acoustic feature extraction and Small Language Models
(SLMs) for contextual correction of noisy predictions, providing a practical assessment of the extent of
information leakage and helping identify potential directions for protecting sensitive information.

07'N9N NNLVN |
The primary goal of this project is to quantify the extent to which typed text can be reconstructed from
acoustic keyboard recordings under realistic noisy conditions. The system will combine STFT-based keystroke
segmentation, Mel-spectrogram representations, and a Vision Transformer for acoustic character
classification, followed by an SLM for contextual correction of noisy predictions. The results will be used to
assess the practical severity of acoustic information leakage and identify potential measures for mitigating
this privacy risk.

D'TN71 D'RYN |
The project will be based on the methodologies and findings presented in the following research papers:
e Julia Przybytniowska, Adam Zychowski, and Jacek Mandziuk, “Deep Learning for Acoustic Side-Channel
Attacks on Keyboards: Sterile vs. Noisy Environments,” in Proceedings of the 2026 International Joint
Conference on Neural Networks (IJCNN 2026), 2026 — focusing on robust keystroke recognition using
modern vision architectures such as CoAtNet, MOAT, and Swin Transformer, with particular emphasis on
generalization to realistic noisy environments.
e Seyyed Ali Ayati, Jin Hyun Park, Yichen Cai, and Marcus Botacin, “Making Acoustic Side-Channel Attacks
on Noisy Keyboards Viable with LLM-Assisted Spectrograms’ “Typo” Correction,” in Proceedings of the 19th
USENIX WOOT Conference on Offensive Technologies (WOOT 25), 2025 — focusing on robust keystroke
classification and the use of Large/Small Language Models for correcting acoustically induced classification
errors and improving text reconstruction in noisy conditions.

1. Side-Channel Attacks & Information Security:

e Acoustic Side-Channel Attacks (ASCA).

2. Audio & Signal Processing:

e Fast Fourier Transform (FFT) & Short-Time Fourier Transform (STFT).

e Mel-Spectrograms.

e Energy-based Segmentation.

e Data Augmentation (Time stretching, Time shifting, Gaussian noise, Frequency/Time masking).
3. Deep Learning & Computer Vision:

e Convolutional Neural Networks (CNN).

e Vision Transformers (Swin, ViT, BEIT, DeiT).

e Hybrid Architectures (CoAtNet, MOAT).

e Optimization Algorithms & Loss Functions (Adam, AdamW, Cross-Entropy Loss).
4. Large Language Models (LLMs) & Natural Language Processing (NLP):

e Error Correction / Denoising (Typo correction).

e Prompt Engineering (Few-shot prompting, Zero-shot prompting).

¢ Fine-tuning & Parameter-Efficient Fine-Tuning (PEFT, LoRA, QLoORA).

e Text Evaluation Metrics (Levenshtein Distance, BLEU, ROUGE, METEOR).
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Acoustic detection of attacking drone using DL methods
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Seidaliyeva, Ulzhalgas, et al. "Advances and Challenges in Drone Detection and Classification Techniques: A
State-of-the-Art Review." Sensors (14248220) 24.1 (2024).
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Chang, Xianyu, et al. "A surveillance system for drone localization and tracking using acoustic arrays." 2018
IEEE 10th Sensor Array and Multichannel Signal Processing Workshop (SAM). IEEE, 2018.
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Impulse Responses Interpolation Using Physics-Informed Neural Networks in Three
Dimensions.” 2. X. Karakonstantis, D. Caviedes-Nozal, A. Richard and E. Fernandez-
”,Grande, "Room Impulse Response Reconstruction with Physics-Informed Deep Learning
Journal of the Acoustical Society of America, 2024. https://github.com/xefonon/RIRPINN
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Data-Efficient Auditory Attention Decoding Through Single-Talker EEG Pretraining
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Attenion) awp 'miyon 7w m'x 12y n'7¥ian o1k anY? 7ax , (Auditory Attention Decoding)
.(Decoders
NINIX 2 MKXNN NTali?w match-mismatch 2w naopuoIx mone . Thorton et al ,91ixnn 1nxna
.(Transfer learning) awp nn'wn? Nay7? 71 1217 EEG

fine -1 ,montage harmonization ,(KUL, DTU m>) om"g 0'00nuXT? NMI0P0DIRN 27U AnXNn
L0900 7w nimpzwn nm'wnn |0 72am AAD yTn nivxnxa tuning

vp'non nnon |
Y 72U VONUKRTA IXN DX ['oPn TN T 7w AN EEG vonoxT 7w 120 niknw 71m X N2 0'non
:Zero — Shot Transfer .1 :naxn nwitw nwir a1 NIk nnn .AAD ¢ nin'wna wamw 0Nl
09NN X'M [IN'K .3 .0NAIT AW 7w D" VONLKRTA D'*1on TINK 7y Fine Tuning .2 .qon [Mm'x X77 n1ayn
N'¥OIN DY ,NU7NN NN DRI [IN'R? YT NN 7y DOKRT 7w NI NNy IN' 0"N9N .0'TINK DNIXK 7Y
NP Tan wni,'troam [ nivw 1 (Transfer) navn v np'ma oy 901 VONULKRT? N7'7dN W NPT

DTN oxwn |

Transfer learning; pre-training and fine-tuning; match-mismatch learning; one-dimensional convolutional
networks; EEG montage harmonization; speech-envelope processing; data-efficiency experiments; cross-
subject evaluation; cross-dataset generalization.
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Does Better Correlation Produce Better Attention Decoding? Deep and Multiway CCA for Two-
Talker AAD
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NN X oy T ninikl EEG nimix 7w oaixe mi? CCA (Canonical Correlation Analysis)
n'x711p nnown DMCCA (Deep / Multiay CCA) -1 DCCA n> n'7T1213-nian NIV NiZiy NI0'YW TWUKD
.T'N* NIT 7W D'UONULKRT 7V
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:DN NNQ'Y NIV'WN .0NNNRN 0NN w7 (yTnn v aixen) EEGon y1nn Yw (projection) n7unn
,cross-trial) n'pT1112 D"i7Nn 'M7aw p2w omioa nnn nnar o Linear CCA, DCAA, MCCA, DMCCA
,A¥7I72 N19'W DX PITA' VPN9N .D1IY NO7NN NN DX YAl (subject-independent splitting
niyon pirTa u9'wh n'r'am (inter-subject alignment) o'pma 2 nnxnini , (effect size) vpox nnxiy
.(AAD accuracy) awpn v
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CCA, DCCA, MCCA, and DMCCA; whitening and SVD; multimodal representation learning; PCA and filter-bank
preprocessing; correlation-based loss functions; inter-subject alignment; statistical evaluation; and auditory
attention decoding (AAD).
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Memory-Aware Native Attention for Reduced KV-Cache Inference
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op'ne? yin |
The KV cache has become the dominant memory bottleneck in large language model inference. As context
windows extend into the hundreds of thousands of tokens, storing key-value pairs for every historical token
in GPU high-bandwidth memory (HBM) becomes prohibitively expensive, limiting batch sizes, throughput,
and the practical deployment of long-context models. Recent work has attacked this problem from several
directions: trainable sparse attention mechanisms such as Native Sparse Attention (NSA) and DeepSeek's
token-granularity lightning indexer reduce the number of keys attended to per query; multi-precision
quantization (FP8/FP4) shrinks the per-token footprint; and offloading frameworks such as NOSA relocate
cache blocks to CPU DRAM under constrained transfer budgets. However, these approaches largely optimize
in isolation — sparsity, precision, and memory placement are rarely co-designed, and the interaction
between selection granularity (token vs. block) and offloading efficiency remains poorly characterized.

oo nnon |

To design, implement, and evaluate a unified KV-cache management framework that jointly optimizes
attention sparsity, cache precision, and memory-tier placement for long-context LLM inference. Concretely,
the project aims to (1) characterize the accuracy-throughput trade-offs of token-level versus block-level key
selection under realistic HBM budgets; (2) develop a natively trainable sparse attention variant whose
selection pattern is co-designed with CPU-GPU offloading constraints; and (3) demonstrate measurable
improvements in decoding throughput and memory footprint at matched task quality against strong
baselines (full attention, NSA, NOSA) on long-context benchmarks.

DTN oxwn |
Learned sparse selection, Offloading-aware selection policy, Knowledge outcomes
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Adaptive Recursive Depth in Looped Reasoning Models
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Parameter sharing through recurrence has re-emerged as a promising path toward compute-efficient
reasoning models. Architectures such as Ouro and Mixture-of-Recursions (MoR) apply the same transformer
blocks iteratively, allowing a model to "think longer" in latent space without growing its parameter count, and
to allocate variable depth per token via learned routers. Yet fundamental design questions remain
unresolved. Fully backpropagating through unrolled recurrent steps — as Ouro does — causes training
instability, requiring conservative learning rates, sandwich normalization, and hard caps on recurrence depth;
alternatives that use stop-gradient (as in HRM/TRM-style models) trade this stability for a biased training
signal. Similarly, routing mechanisms that decide per-token recursion depth involve non-differentiable top-k
selections whose gradient handling varies across implementations and is often under-documented. There is
currently no systematic understanding of how gradient-flow strategy, routing design, and recursion depth
interact to determine model quality and training stability.

oo nnon |

To systematically study and improve the training dynamics of looped/recursive reasoning models. The project
aims to (1) empirically compare gradient-flow regimes in the recurrence (full backpropagation, truncated,
and stop-gradient variants) under controlled settings, quantifying their effects on stability, convergence
speed, and downstream quality; (2) design a routing mechanism for adaptive per-token recursion depth that
is stable to train and calibrated at inference time; and (3) deliver a trained proof-of-concept model
demonstrating that adaptive recursion matches or exceeds a parameter-matched feedforward baseline at
lower inference FLOPs.

DTN oxwn |

Shared recurrent block, Depth router, Gradient-flow strategy as a studied variable (e.g., SOT), Knowledge
outcomes
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System level research into the usage of a Spiking Neural network for complex computing
applications
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o'ne? yin |
In recent years Artificial Neural Networks (ANN) have reached maturity, and Al is becoming a technology
used everywhere. ChatGPT , Bard and Bing have vast distribution and ANN farms are growing exponentially.
The ANN attempts to mimic the human brain as closely as possible to achieve the best possible computing
power. As the brain signals are analog and spikey by nature the next step for Artificial Neural Networks is to
implement Analog Spiking Neural networks (SNN).The aim of this project is to take a given implementation
of a SNN network and use it to develop a solution for different applications such as EEG, GEOPHONE, gesture
recognition , frequency analysis etc...

LP'NS5N NINLVN |
In this project you will use python and spiking-jelly platforms to utilize an implementation of a spiking neural
network (SNN) and research the advantages of using this network for various applications such as EEG,
GEOPHONE, gesture recognition and others. You will develop the code for these applications and
demonstrate key advantages of using this implementation with our state-of-the-art SNN network vs. other
SNN and ANN implementations. You will compare key performance metrics such as power-per-inference ,
classification accuracy , network size etc.. and show that this implementation has key advantages.

D'TN71 D'RYID |

In this project the student will be exposed to the spiking jelly code used for MNIST classification using our
SNN design and based on this code will implement other applications.

The student will also research possible key use-cases that take advantage of unused features inside the SNN
such as VThreshold and refractory time training and look for ways to utilize these features in new
applications , for example frequency analysis .
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Al and Intelligent Optimization for Process—-Data Alignment
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Process-guided AI: Integrating external knowledge into deep and diffusion models
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When an autonomous Al agent is created, its behaviour is shaped by characteristics defined by its
developers. These may include its prompt, memory files, goals, available skills and tools, access permissions,
and predefined behavioural profile. We usually assume that these characteristics will remain stable
throughout the agent’s operational lifetime unless a human explicitly changes them. However, it is not clear
whether this assumption remains valid after the agent operates in different environments and repeatedly
interacts with other agents. Could a risk-averse agent become more willing to take risks after observing
successful risk-taking agents? Could a trusting agent become less trusting after interacting with dishonest or
manipulative agents? Could a cooperative agent become more competitive in an adversarial environment, or
a cautious agent become more willing to use uncertain information after seeing others benefit from it? These
examples raise a fundamental question: can autonomous agents develop new and persistent behavioural
characteristics through experience and social exposure alone?

vp'non nnon |

The goal of this project is to determine whether autonomous Al agents evolve after being exposed to their
environment and to other agents, even when no new instructions are provided by a human operator. Our lab
has developed a controlled system for managing interactions among agents and for studying how their
behaviour changes over time. Using this system, we will examine which aspects of an agent’s behaviour,
characteristics, and activity profile change through social and environmental exposure, the extent and
intensity of these changes, and how long they persist. We will also investigate the mechanisms that
determine whether such changes occur, how strongly they affect the agent, and whether the agent
eventually returns to its original behavioural profile or develops a new and stable one.

D' oRwn |

Students will gain practical experience in designing and running controlled experiments with autonomous Al
agents. They will learn how agents are defined through prompts, memory, skills, tools, and behavioural
settings, and how these components influence the agents’ decisions. They will also learn how to collect and
analyse behavioural data over time, compare agents across different conditions, and distinguish short-term
reactions from persistent behavioural change. Through the project, students will develop skills in
experimental design, data analysis, programming, and the evaluation of complex Al systems. They will also
gain a deeper understanding of how social interaction, feedback, and environmental conditions can shape the
behaviour of autonomous agents.
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Object detection networks must both classify objects and localize them using bounding boxes, making their
correctness properties substantially more complex than those of image classifiers. The NFM 2026 work
“Towards Formal Verification of Deep Neural Networks for Object Detection” introduced sound and complete
robustness queries for misdetection, misclassification, and overdetection, encoded intersection-over-union
(IoU) constraints as verifier-compatible neural-network layers, and evaluated the approach using Alpha-Beta-
CROWN. The published work deliberately focused on pre-processing outputs of comparatively compact
detectors and identified large production detectors and post-processing as major limitations. This project will
carry that research forward to substantially larger and state-of-the-art object-detection systems, with
particular emphasis on the latest YOLO family and comparison with YOLO11. Students will construct an
automated translation and verification pipeline for selected YOLO models, formally specify robustness of
localization, class prediction, confidence and detection count, and develop scalable decompositions, bounding
strategies and verification-aware model abstractions. YOLO26 is especially relevant because its default one-
to-one head supports end-to-end, NMS-free inference, creating an opportunity to verify a more complete
deployed detection pipeline while also comparing it with the traditional one-to-many/NMS path. The project
will evaluate correctness, scalability, verified robustness and counterexample quality on standard and safety-
relevant datasets.

vp'non nnon |

The goal is to extend the NFM 2026 formal-verification framework from small and medium object detectors
to modern, large-scale YOLO architectures. The project will support at least YOLO26n and YOLO26s, and will
aim to progress to larger YOLO26 variants as resources permit. It will adapt the IoU and class-property
encodings to the multi-scale, multi-object outputs used by YOLO, provide a reproducible export path from
Ultralytics/PyTorch to a verifier-compatible representation, and evaluate Alpha-Beta-CROWN and optional
additional verification backends. The main research objective is not merely to run an existing verifier on a
larger model, but to design sound reductions, output filtering rules, compositional queries, bound reuse and
architecture-aware abstractions that make verification feasible without invalidating the formal guarantees.
Deliverables: e A reproducible pipeline that loads selected pretrained or fine-tuned YOLO26 and YOLO11
detectors, exports the verification-relevant computation graph, and generates formal robustness queries e
Support for formal properties covering misdetection, misclassification and overdetection, including IoU,
confidence-score and object-count constraints e Verification of the YOLO26 one-to-one NMS-free detection
head, with a clearly documented trusted computing base and supported operations ¢ A scalable query-
decomposition method for multi-scale and multi-object detector outputs, including sound candidate-box
selection or over-approximation

DY o'Rwn |
Object Detection methods
Formal verification
AI Engineering
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Hybrid AI and Mathematical Optimization for Solving Visual Tiling Puzzles
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Visual tiling puzzless require arranging a fixed set of geometric pieces so that they cover a target silhouette
exactly, without gaps or overlap. They combine visual reasoning, combinatorial search, geometry, and
optimization, and provide a compact but challenging benchmark for comparing artificial intelligence with
exact mathematical methods. This project will design and evaluate Al-based solvers for both continuous
puzzles and grid-based puzzles, compare them rigorously with mathematical optimization and exact-search
methods, and investigate hybrid algorithms that combine learned guidance with exact reasoning.

vp'non nnon |

The goal is to develop a unified experimental framework for solving Visual puzzles using AI, exact
optimization, and hybrid Al-optimization methods. The project will determine where each paradigm succeeds
or fails, and will design hybrid techniques in which AI predicts promising piece placements, variable
orderings, decompositions, , while an exact solver enforces coverage, containment, non-overlap, and piece-
usage constraints. The final system should provide solutions, visualizations, runtime statistics.
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Optimization, Formal Reasoning, Deep Learning, Tiling Algorithms
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In the setting of diffusion and flow matching models, diverse sampling has become increasingly important for
casual and professional users alike. Specifically, diverse sampling is the task of generating (or sampling) n
objects using some underlying model while maximizing some distance function between them (known as the
kernel). For example, if a Midjourney user asks to generate 4 different variants of "a teacup pink cat", they
expect the variants to be substantially different in style, scene, story, etc.

We recently devised a novel diverse sampling algorithm called EDDY that uses turbulences (or eddies) to
push apart samples as they are generated with minimal quality loss (see https://galvinograd.github.io/eddy).
As a proof of concept, we tested EDDY only on image generation and left other more exotic modalities for
future work.

For this project, we would like to integrate EDDY in 3D artifact generative models. We believe that the main
challenge would be correctly identifying which kernel best represents differences between 3D samples while
being fast and generic enough to work in practice.

0VP'N9N NNLN |
Integrating a novel diverse sampling algorithm in 3D generative models.
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Diffusion/FM models, steering and guidance, 3D generative models
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TRACK SECTION

Industrial Engineering

3 projects in this section

All Tracks

BioEngineering — 26 projects

ElectroOptics — 28 projects

Nano — 47 projects

Signal Processing — 12 projects
Data Engineering and AI — 12 projects

Communication — 2 projects
Industrial Engineering — 3 projects
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MUS NINWYA AIXY NIYYAX] D'ARYN-72210 D'OR'ND [IATNY '00MIFN WID'N
Heuristic Search for Resource-Constrained Project Scheduling via Petri Net Representation

n'nin 'u1d

['7217 1Y XM nninn DY

ido.lublin@gmail.com :nnann 7"NIT

[IXY TN ¥R SN/ MTER N/'RNR / nTavnn n/ur)
izack.cohen@biu.ac.il :nTAYNN N/UXRY 27NKIT
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(MILP) nm*%wa mixa™7 nidn (1ad ,NNNo? nitaipnn axrmooixkn niv'wil ,NP-Hard it nwa
D'VOIN NINDY7 NIYPNAI XN T YN 72Iman nianp omy? nizailo ,Branch and Bound mnniatxi
.10 AT DYdIN
Heuristic) 'vomirn wion aion n'ipx7n N1 wis'n 72v nooiann N'si7n N NIN'D 7V TIAY1 AT 0P'ND
71T qwonn nr Akt L(Petri Nets) muo ninwn niyy¥nxa ‘709 91k avimin no'axn anna (Search
LYID'N MNMIRATR N7WONY7 7'y 0'0a NNl 0" apn 070N 7w nownn axn v i
A19'wY 17vo1 0TI APnna nnisw RCPSPY? nxnim *A nnnia7y 2y 0'0aTivon 100aN' UP'N9N NNAoN
on1a 'MNNNY7 INIX 11907 NNVNA D TPN TA'Y U1 NIFV1MAIT 'ZIN,NIZ'00NI' NIN'D NIYXNANA I'VIXA
.NN%02 NI7'amn niv'Yw7

v'Non nnon |
aximn 0'a¥n anna RCPSP ntya jnno? *A ooian wio'n nnniia7x w71 19w7 X' 07'N9n NN
DNI9'Y 7W NYNLNI NIN'DA ITPAN'I DN 7TIAN DX D'VITIVON 1TAY' NTIAYN NNA0NA .'MUD NINWI NIYXAX]
DIT'A7 NI'0'AIT 'PIN NIN'D ,NI'VIVO'0AIFI NI7'AP NIFZ'VOI' NIN'S DNA ,D"TIIN D'V 190N D'INIATN
D'VIX'D NN 1WA TIPA DYANMIAZRD DNI9'WN DX IWNN' D'0ITIVON .0 TPN TIA'WI WI9'NN AN 7w 7'y!
.NIN902 NI7AIMN NIV'YWY? AXIYA N ,0"01TIV0 7' MaNn 7y

D' orwn |
Resource-Constrained Project Scheduling Problem) —p'axwn 'xi7'® nnn pro'N M n'a
(RCPSP
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People Analytics
People Analytics
N'NIN 'O
Hila Chalutz Ben Gal :X7nn nnmn ow
hila.chalutz@biu.ac.il :nnN 7"NIT

Gonen Singer :N/mMTpX N/'RINX / nTaynn n/ux)
gonen.singer@biu.ac.il :NTAYNAN N/WUKRY 77KIT

Hila Chalutz Ben Gal :X'70n nnmn ow | 124 vp'no 190n :|'tn7 w' DiwnY?
.DNIY YR DININ YI'WNI 27apn | Gonen Singer :nTaynn N/wUx)
op'ne? yin |
TBD

L?'NSN NINLVN |
Analyze Real world industry data utilizing various data sets for operational and human related insights

D'TN71 D'RYID |
TBD
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AI Adoption and Human-AI-Agents Co-work
AI Adoption and Human-AI-Agents Co-work
N'NIN 'O
Hila Chalutz Ben Gal :X7nn nnmn ow
hila.chalutz@biu.ac.il :nnN 7"NIT

Gonen Singer :N/mMTpX N/'RINX / nTaynn n/ux)
gonen.singer@biu.ac.il :NTAYNAN N/WUKRY 77KIT

Hila Chalutz Ben Gal :X'7nn nnmn ow | 125 up'no 1oon :'tn7 v niwn?
.DNIY IWINA DANIM YI'WAl n7apn | Gonen Singer :nTavnn N/ux)
op'ne? yin |
TBA
L?'NSN NINLVN |
Explore real world industry datasets to generate results on optimal workflow of human-AI agents.

D'TN71 D'RYID |
TBA
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