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Abstract

This project presents the design and simulation of a high-throughput pulsed-radar signal
processing architecture implemented on FPGA, targeting ultra-wideband (UWB) radar
applications in military environments. The work is divided into two phases.

In Phase 1, a Verilog-based simulation of UWB radar data acquisition is developed, focusing on
dual-channel analog-to-digital conversion (ADC), subsampling, and buffering strategies. This
phase aims to understand the data throughput, memory buffering, and timing requirements
associated with high pulse repetition frequency (PRF) radar systems.

In Phase 2, a complete FPGA-based signal processing pipeline is proposed to handle real-time
processing of up to 9,000 radar pulses per second per channel. The pipeline includes key digital
signal processing (DSP) components such as averaging, windowing, and interference
suppression, all implemented in Verilog RTL and simulated using Model Sim. MATLAB is used
for validating signal quality, evaluating signal-to-noise ratio (SNR), and verifying throughput
constraints. The proposed system is inspired by recent advancements in FPGA-based radar
processing systems that aim to match the real-time data rates of modern radar sensors. This work
has strong implications for advanced military radar systems, particularly in scenarios requiring

low-latency and high-precision detection under interference-prone environments.

Keywords: Ultra-Wideband (UWB) radar, Analog-to-Digital Conversion (ADC), Digital Signal
Processing (DSP), MATLAB, Signal-to-Noise Ratio (SNR).
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1. Introduction

The project titled "Verilog-Based Simulation of UWB Radar Data Acquisition for Pulsed-Radar
Signal Processing on FPGA (Military Radar)" will be focusing on real-time signal processing
solutions for defence-grade radar systems. This work was carried out under the broader theme of
Pulsed-Radar Signal Processing on FPGA for Military Applications and implemented in two
distinct phases.

In Phase 1 (Mini Project), we implemented the initial part of the project under the title "Verilog
Simulation of UWB Pulsed-Radar Data Acquisition". The objective was to simulate the ADC
data capture process, subsampling mechanisms, and buffer handling using Verilog. A
dual-channel sampling model was developed to evaluate the data throughput and buffering needs
associated with UWB radar systems used in military scenarios.

Building on this groundwork, Phase 2 (Major Project) was titled "High-Throughput
FPGA-Based Signal Pipeline for UWB Radar". This phase focused on designing a complete
radar signal processing pipeline capable of handling 9,000 radar pulses per second per channel. It
incorporated operations such as pulse averaging, windowing, and interference suppression to
enhance signal quality and reduce noise. The design was implemented using Verilog RTL and
simulated in Model Sim, while MATLAB was used to validate system throughput and
signal-to-noise ratio (SNR). The project was inspired by recent advancements in real-time radar
data processing published in MDPI journals.

Research Objectives and Methodology

Key Technical objectives of this project include:
e Modelling a dual-channel high-speed data acquisition system for UWB pulses.
e Implementing subsampling and buffering techniques to manage the data rate within
FPGA limits.
e Ensuring deterministic timing and latency control through digital synchronization

circuits.
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e Validating the design via simulation tools (e.g., Model Sim, Vivado Simulator) to verify
timing, functional correctness, and edge behavior in clock-sensitive blocks.

The Field-Programmable Gate Array (FPGA) platform is ideal for this task due to its
parallelism, configurability, and ability to implement pipelined architectures. Using Verilog for
RTL simulation allows researchers and engineers to optimize the design for speed, area, and
power before committing to silicon or real-time FPGA prototyping. Ultimately, this simulation
study serves as a foundation for future implementation in real-time radar systems where
low-latency, high-bandwidth, and precision timing control are essential. It also contributes to
academic and industrial research on digitally enhanced radar front-ends, enabling

next-generation systems in wireless sensing and intelligent communication.

2. Literature Survey

Ultra-Wideband (UWB) radar technology has evolved significantly over the past two decades,
particularly in terms of its data acquisition front-end, subsampling strategies, and signal
processing architectures. The transition from analog-intensive systems to digitally efficient
FPGA- and SoC-based designs has driven advances in military-grade radar systems, medical
imaging, and through-wall detection. This section reviews both conventional and recent
advancements, structured into three key technological axes: sampling, buffering, and real-time

simulation.

3. Methodology

Simulate a dual-channel ADC interface using Verilog to capture and buffer UWB radar pulses
using subsampling and estimate data throughput and latency. The primary objective of this
project is to simulate the front-end data acquisition system of a dual-channel Ultra-Wideband
(UWB) radar using Verilog Hardware Description Language (HDL). The focus of this
simulation is on replicating and analysing key functionalities typically found in real-time radar

signal acquisition systems.
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Figure. 1: General Block Diagram of UWB Radar Signal Acquisition and Processing
Experimental Setup and Implementation

To establish the reliability and practical relevance of the simulation, the design was rigorously
benchmarked against both theoretical models and hardware-oriented architectural practices. Each
core feature of the system was validated to ensure alignment with real-world radar acquisition
requirements and digital signal processing principles.

Subsampling: The system employed 1/4 Nyquist subsampling, a technique grounded in
well-established bandpass sampling theory [1], enabling significant reduction in ADC
sampling rate without compromising signal integrity.

Dual-Channel ADC Interface: The Verilog model accurately emulated a 12-bit dual-channel
ADC, generating realistic digital output streams that mirror hardware ADC behavior and timing.
FIFO Buffers: Independent 1024-sample FIFO buffers were implemented for each acquisition
channel. The design incorporated synchronized read/write logic, and its capacity was verified to
be sufficient for a PRF of 9 kHz, with no observed data loss or overflow during simulation.
FPGA-Compatible RTL Design: The RTL modules were architected using best practices for
FPGA synthesis, including the use of finite state machines (FSMs), pipelining, and

timing-aware coding to ensure portability to real hardware platforms.
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Tool-Based Simulation Validation: All RTL components were tested and verified using Model
Sim SE 10.5b, which confirmed the functional correctness, timing accuracy, and data
integrity of the system under expected and stress-tested conditions.

This validation confirms that the simulation is not only theoretically sound but also practically

implementable on FPGA-based radar platforms.

4. Result Analysis:

The simulation produced several key performance metrics that validate the functionality and
timing behavior of the UWB radar acquisition system. With a configured Pulse Repetition
Frequency (PRF) of 9,000 pulses per second, the input pulse interval was measured at
approximately 111.1 microseconds, aligning with theoretical expectations. Due to the 1:4
subsampling strategy applied to the 100 MHz base clock, the effective sampling rate was
reduced to 25 mega-samples per second (MSPS), which is sufficient for capturing the main
lobe of narrowband UWB pulses. The measured latency from the ADC Emulator to the FIFO
buffer ranged between 40 to 60 nanoseconds per pulse, depending on timing jitter and
interleaving. The buffer write time was calculated as 10.24 microseconds, based on writing
1024 samples at a 100 MHz clock rate (10 ns per sample). Notably, throughout the
simulation, there were no FIFO overflow events observed for PRF values below 10 kHz,
confirming that the system architecture can reliably handle high pulse rates within its buffer
and subsampling constraints. These results demonstrate the effectiveness of the proposed

RTL-based radar front-end in maintaining data integrity and real-time processing capability.
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Figure. 2: Conceptual Illustration of Full-Rate versus Subsampled UWB Radar Signals in the
Time Domain

Conclusion

The research titled "Verilog Simulation of UWB Pulsed-Radar Data Acquisition"
successfully demonstrates the design, simulation, and validation of a high-speed, low-latency
radar signal acquisition system using RTL modelling techniques. Through the integration of
subsampling techniques, dual-channel 12-bit ADC emulation, and FIFO-based buffering,
the architecture effectively captures ultra-wideband (UWB) radar pulses while significantly
reducing the data acquisition complexity and hardware requirements. Simulations conducted in
Model Sim SE 10.5b confirmed the functional correctness, temporal alignment, and zero
data loss of the system under operational stress, including a PRF of 9 kHz and injected timing
jitter. The use of 1/4 Nyquist subsampling proved effective in preserving the essential features
of the radar pulses for applications such as Time-of-Arrival (TOA) estimation and target
detection. The RTL design follows FPGA-synthesizable coding practices, ensuring that the
simulated architecture can be directly ported to hardware platforms for real-time deployment.

Overall, this work validates that a well-structured, resource-efficient Verilog simulation can serve
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as a reliable foundation for implementing high-throughput UWB radar data acquisition systems

in modern embedded environments.
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