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[E¥8t57—=<] GAN (Generative Adversarial Network)
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Overview of GAN
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Synopsys® Synplify Pro® /Premier

Synopsys® Design Compiler®

Mathworks® MATLAB® /Simulink®

Xilinx Vivado® Design Suite
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Smile conversion system using CGAN

Shiroma Ryuya, Tamotsu Kosei,

Taira Tokitsune, Tamaki Hiyori

2994-2 lkehara Okinawacity Okinawa, 904-2141, Japan

Email address: j2421307@okinawa-pc.ac.jp

j242521310@okinawa-pc.ac.jp

j242521312@okinawa-pc.ac.jp j242521314@okinawa-pc.ac.jp

Abstract  This paper presents a lightweight FPGA-oriented
conditional GAN (CGAN) for smile conversion. To enable
hardware implementation under resource constraints, training
is performed on a PC while generator inference is designed
for FPGA deployment. The network adopts a fully connected
architecture (288—170—144) with fixed-point arithmetic.
Experimental results using 12 X 12 emoji images confirm
stable training and successful smile generation. The proposed
architecture demonstrates the feasibility of compact CGAN
inference suitable for FPGA-based implementation.

Keywords_ Conditional GAN (CGAN), FPGA, Smile
Conversion, Fixed-Point Arithmetic, Lightweight Neural
Network
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Real-Time Neural Audio Synthesis:
A GAN-Based Waveform Generator on FPGA (Basys 3)

1 Introduction 2.2 Audio Output Path

Generated samples are buffered and looped at a selectable

This project presents a GAN-based audio waveform gener
'S project p Hdio wav 9 undamental frequency: 125, 250, 500, or 1,000Hz. An

tor targeting a low-cost FPGA (Basys 3, $150). A two-layer

generator network produces 64 audio samples per wavefor ternal RC low-pass lterf,  15kHz) reconstructs the
period from a 4-dimensional latent vector. Eight timbres—an":llog waveform from the PWM output.
sine, sawtooth, square, triangle, kick drum, snare, bass, and

pluck—are trained of ine and stored in BRAM for run-time 2.3 |/O Mapping

selection.
The design is fully hand-coded in Verilog-2001 using

Q8.8 xed-point arithmetic. Audio output is provided Control Function

through an 8-bit PWM DAC, and a UART interface streams SW[3:0] Latent vector (16 timbral variations)

waveform data to a PC visualizer. SW[6:4] Timbre select (8 sounds)
SWI[15:14] Pitch (125—-1000 Hz)
PMOD JA[0] PWM audio output

. USB-UART Waveform data to PC
2 System Architecture LED[15:0]  Status + VU meter

3 Training

A Python/NumPy golden model implements the full GAN
training loop with backpropagation and BCE loss. Xavier
initialization seeds all weight matrices. Each timbre is
trained independently for 3,000 epochs against analytically
generated target waveforms. Converged weights are quan-
tized to Q8.8 and exported as hexadecimma¢m les for

BRAM initialization.
Figure 1: System block diagram on Basys 3.

4 Results

The generatorgudio_waveform_generator ) imple-

ments a fully-connected MLP:
i 4.1 Waveform Accuracy (Golden Model)

’ 4 inputs‘ I ’ 16 hidden (ReLu*! ’ 64 outputs () ‘ Table 1 reports the MSE between target and generated wave-
forms after Q8.8 quantization in the Python golden model.

Fixed-point: Q8.8 signed (16-bit), 32-bit MAC accumu- _ .
Table 1: Reconstruction MSE per Timbre

lators

» RelLU: sign-bit multiplexer (zero logic cost) Timbre MSE  Timbre MSE

* Sigmoid: 256-entry combinational LUT, time- Square 0.0000 Kick 0.0055
multiplexed across all 64 output neurons Snare 0.0013 Sine 0.0084

* Weights: BRAM via $readmemh, 1,168 params per tim- Pluck 0.0049 Triangle 0.0108
bre, 9,344 total for 8 timbres (18.3 KB) Sawtooth  0.0120 Bass 0.0132

2.1 RTL Modules

e audio_gan_top  — top-level controller, /O mapping,
12-state FSM
« audio_waveform_generator — neural network in-

ference engine with multi-timbre weight banking

e pwm_dac — 8-bit PWM DAC (390kHz carrier at
100 MHz)

e uvart_ tx - 115,200 baud transmitter for PC waveform
streaming



Figure 2: Target vs. GAN-generated waveforms (golden model, 64 samples/period).
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Communication Behavior Anomaly Monitoring System Using
WGAN-GP

Takumi Okuma, AKkito Isa,

Yuuri Oyakawa, Shunnya Matida

Department of Advanced Electronics Information Technology for Production System,
Okinawa Polytechnic College

2994-2 lkehara,
Email address:

Abstract— This paper presents a communication behavior
anomaly monitoring system based on WGAN-GP. Normal
traffic feature distributions are learned using WGAN-GP, and
the trained Critic model is implemented as an IP core on FPGA
for high-speed inference. Network packets are captured and
converted into feature data, which are processed in real time on
the FPGA. By combining machine learning and hardware
acceleration, the proposed system enables fast and efficient
communication behavior monitoring.

Keywords—WGAN-GP, FPGA implementation, IP core,
packet capture, real-time processing, network anomaly monitoring
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