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CONTEXT

\. DIERRE . . 8 = The Pierre Auger Observatory detects cosmic

rays indirectly by observing the particle
showers they create when colliding with the
atmosphere. It uses two complementary
techniques: a network of over 1,600 surface
detectors (water tanks that record Cherenkov
light produced by passing particles) and
fluorescence telescopes that capture the
faint light emitted by excited air molecules
during the shower's development. This
combination allows precise reconstruction of
the cosmic rays' energy and incoming
direction.




CONTEXT

The ANDES Underground Laboratory is being planned and designed to be one
of the largest and most shielded laboratories in the Southern Hemisphere,
which will be located in the Andes Range, in the area of the current Paso Agua
Negra that connects the provinces ot San Juan (Argentina) and Elqui (Chile).

The diversity of experiments that are being planned, including experiments for
the direct and indirect search ot dark matter and neutrino precision physics,
requires a precise knowledge of the flux of high-energy atmospheric muons

within the laboratory.



SPECIFIC OBJECTIVES

In the context of these two major projects, the specitic objective of this
Thesis Plan is the design, development, and calibration of a new
readout electronics system for photon detection in scintillation
modules for both types of muon detectors mentioned above. In
particular, the work tocuses on the synchronization, data acquisition,

(digital Back-End), employing one or more
customized Application-Specific Integrated Circuits (ASICs)

specifically designed for this application.
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Figure 6: Basic Schematic of Top Level of ANDESPix
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ACQUISITION SYSTEM REQUIREMENTS

1.Convert LVDS signals to single-ended.

2.Deserialize incoming data into 64-bit words.

3.Store data using DMA channels.

4.Add headers and format data streams.

5.Transmit data over TCP/IP to a remote client.

6.Provide a UART and TCP based menu for system and chip configuration.
7.Configure the chip via I*C through the TCA6416 expander.

8.Display contfiguration bus values for veritication.

9.Allow independent reset of internal modules.

10. Capture event-triggered data windows (512 samples before and after the trigger) with a second DMA for
oftline analysis.

NON-FUNCTIONAL REQUIREMENTS

1.Support input data rates up to 160 MHz without data loss.
2.Ensure reliable TCP/IP transmission with data integrity.
3.Provide clear and user-friendly UART interface.
4.Guarantee safe reset of modules without affecting others.

5.Maintain consistent 64-bit word formatting across acquisition, transmission, and decoding.
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POST-PROCESSING REQUIREMENTS

l.Receive raw data files in .bin (Hexadecimal format) from the Zyng system.

2.Decode binary data into pixel matrix format (rows x columns) according to the addressing scheme defined
by the acquisition system.

3.Reconstruct image frames from the decoded pixel matrix.

4.Analyze pixel intensity values across the frame.

5.ldentity and mark pixels related to detected events of interest.

6.Store processed and annotated data into a structured database for later retrieval and analysis.

NON-FUNCTIONAL REQUIREMENTS

1.Ensure decoding is fully compatible with the Zyng data output format.

2.The matrix reconstruction must preserve spatial alignment (row/column consistency).
3.Post-processing must handle large data files efficiently (scalability).

4.The database must support queries for event-based retrieval.

5.Ensure reproducibility: same .bin input must always generate the same decoded and processed output.
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SUBJECTS
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ADVANCED DIGITAL DESIGN

The main objective of this work is to
design and implement a lig ’rweir\%\ilﬁ
convolutional neural network (C

optimized for real-time image
classitication, whose filter-polynomial-
like structure allows deployment on any

digital sgs’rem, from low-cost FPGAs to
oMs, SoCs, and ASICs
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Abstract—Since current neural network development systems
in Xilinx and VLSI require co-development with Python libraries,
the first stage of a convolutional network has been implemented
by developing a convolotional layer entirely in Verilog. We
analyvze the limitations of numerical representations and compare
onr implemented architecture, smallnet. with its computer-hbased
counterpart.

I. INTRODUCTION

With the advancement of image processing technologies and
the growing imtegration of control systems. a new paradigm
has emerged—one that increasingly relies on processing large
volumes of image data for both training and inference. This
shift has underscored the need for efficient algorthm imple-
mentations. especially as hardware platforms become  more
aecessible and uhiguitous.

The rapid rise of machine learming. particularly deep lean-
ing techniques. has furnher accelerated innovation in image
processing. However, deploving these algorithms on embedded
systems remains a significant challenge doe w theirr high
computational and memory demands [1]. Most existing im-
plementations rely on high-performance, power-intensive hard-
ware., which makes them accessible primanly 1o well-funded

institutions. or organizations, and lmits their apphicability in
resource-constrained or cosl-sensitive environments.

In this context, the present locuses on designing a
lightweight convolutional neural network entirely hand-coded
in Verilog. deployable on low-cost FPGAS and free of IP cores.
Unlike solutions that rely on pre-built IP cores or high-level 1i-
15 developed from
seratch, with an optimized pipeline that achieves a significant
pecdup compared w CPU execution. These characteristics
le the deployment of neural networks in embedded. low-
Bzl environments—where CPU- or GPU-based alternatives
impractical due o cost and energy constraints—or serve
first step toward ASIC implementation.

The main objective of this work is 1o design and implement
a lightweight convolutional neural network (CNN) optimised

braries, cach functional block in this des

for real-time image classification, whose filter—polynomial-like
structure allows deployment on any digital system, from low-
cost FPGAS 1w SoMs, SoCs, and ASICs.

As goals and tasks toward the main objective, we consider:
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smallNet: Implementation of a convolutional layer
in tiny FPGAs

Alan Ezequiel Fuster
Facultad Regional Buenos Aires
Universidad Tecnoldgica Nacional
Buenos Aires, Argentina
alan fuster@iteda goboar

+ To reduce computational complexity by simplifying the
network architecture. leveraging technigues such as max
pooling o downsample feature maps and decrease pro-
cessing overhead.

+ To optimize hardware resource usage W ensure compal-
ihality with resource-constramed., low-power FPGA de-
vices while maintaining acceptable levels of classification
accuracy.

o To demonstrate real-time performance by implementing
and vahdating the design in a practical embedded envi-
ronment.

« To promote accessibility by providing a cost-effective
solution suitable for deployment in environments with
limited computational or financial resources.

This work is organized as a pipeline, with the following
structure: Section 11 reviews related work and prior approaches
e implementing CNNs on embedded systems. Section 111
intridduces the proposed architecture, including key design
considerations and optimization strategies for low-cost FPGA
platforms. Section IV presents the experimental setup and
discusses the results in terms of accuracy, performance. and
resource usage. Finally, Section V concludes the paper and
suggests directions for fulure research.

I BACKGROUND

A CNN is a type of deep neural network composed of cas-
caded convolutional layers, pooling layers, and fully connected
layers. During the feed-forward phase, each convolutional
layer applies a set of kernel functions—weight matnces of
dimension % »x k—which slide over the imput image with a
certain stride. Each kernel convolves with o corresponding
ko k& owindow of the input o produce one pixel in the
subsequent feature map. This operation extracts spatially lo-
calized features by applying learned fillers across the input
[2]. Pooling layers perform downsampling by agg
values within a receptive field into a single output, effectively
reducing the spatial dimension of the feature maps. Similar
1o convolutional lavers, the pooling window shifls across the

spaling

input by a sinde value. This process enhances spatal invan-
ance by combining features and disregarding minor distortions
or shifts in the input data. Moreover, pooling reduces the
dimensionality and computational complexity for subseguent




PRINCIPLES AND APPLICATIONS

OF THE MONTE CARLO METHOD

Q% _ Looks good on the surface? HMC uncovers what the
\'4 - encoder gets wrong.

In this work, we explore the latent space of a denoising
variational autoencoder with a mixture-of-Gaussjans
prior (VAE-MoG). To evaluate how well the model

captures the underlying structure, we use Hamiltonjan =
Monte Carlo to draw posterior samples conditioned on = B e O S ST

mogarov—Smirnow (K5) tests an each la-  noise.

On the Shape of Latent Variables in a
VAE-MoG: A Posterior Sampling-Based Study
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of a denaising wariational autoencoder

clean inputs, and compare them to the encoder's
outputs from noisy data.
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with a mixture-of-Gavssians prior (VAE
MalG). To evaluate how well the modsl
captures the underlying structore, we use
Hamiltonian Monte Care to draw poste
riar samples conditioned on clean inputs
and compare them ta the encoder’s owt

rewed from clean data (zye.e). To test
this, we:

[h0] Fit a Bayesian Gawssian Mixtre
Model (BGMM) to zip... repessenting
the reference pesterion.
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|h1] Sampled from the BGMM wing
Hamiltonian Monte Carla (HMC) ta

tent dimension d < |1, ., O} e =

[h3] Asswemed weak inter-dimensonal
dependencies, allowing mangnal compar
ions 458 3 prosy for pomnt alignment

Smece marginal KS tests asume weak
dependence betwesn dimensions, we as
sesied pairwnse correlations to venify this
condition. As shown in the figure belaw,
the correlations are bow, supperting the
reliability of the marginal testing strat
By
Results

The consstently high KS statistes inds
cate significant differences between the
twe distributians, a8 illustrated in figures
above. These findings reweal a system
atic discrepancy betwesn the encoder’s
cabputs and the true posterior, suggest
ing that despite wisually sccwrate
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Future Work

The current BGMM prior alse fals o
capture key structwral features. To ad
dress the, we propote explonng flexible
priors [eg., normalizing flows]. apply
mg latent regularization techniguees. like

MD oo adwersarial penalties, pruning
unstable dimensions, and refining the de
cader architectire.
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E N OF CRYOGENICS
REFRIGERATOR FROM CLASSICAL
DESCRIPTION TO SINDY /KAN

'.We model' and analyze a cryogenic refrigerator using both

physics-based = and  data-driven  approaches. = Thermal
parameters are first identified from experimental step
responses through least-squares fitting. Then, Sparse
Identification of Nonlinear Dynamics (SINDy) and Kernel
 Adaptive Networks (KAN) are applied to capture nonlinear
behavior directly from data. This hybrid framework links
physical insight with data-driven modellng, enabllng accurate
and m’rerpre’roble sys’rem characterization.
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acquiré the knowle.d?e and skills necessary
to design a CMOS infegrated circuit using & SYNTHESIS, MODELING, ANALYSIS AND SIMULATION

commercial technology. ThrO.UQhQUT .he METHODS, AND APPLICATIONS TO CIRCUIT DESIGN
course, students carry out a project in which

’&ﬁ\)brgus’rhpldn,BdesTlﬁn, simdulc:’rfe, J?hnd verity a = d
chip. e end o e course
undertaking the design of o%plica’rion—
specitic integrated circuits (ASICs) for
research projects, their doctoral theses, ot
gs (|J tool “for innovative technologica i e | |
evelopments. 'E DEVELOMPMENT OF XQOR
y , ) 'NEURON CMOS TECHNOLOGY
Dr. Mariano : e N i |
Garcia-Inza o This work presents a comparative i
; development of XOR |oqjlc g%o’res implemented
A using neuron CMOS technology. The study
evalUates design strategies, performance
metrics, and potential ddvantages in terms of
ower efficiency ﬁfeed, and area compared
o conventional CMOS implementations.
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é Engineering. His research spans microelectronics,
4 solid-state physics, and the study of ionizing radiation

effects on semiconductor devices, with a particular
, focus on the physics and behavior of MOSFET and

CMOS technologies for integrated circuit design and
~ optimization.
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