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Hardware Acceleration of a Hybrid Canny—Deriche Edge
Detector Using Recursive Filtering Techniques

The focus of this thesis is the design and hardware acceleration of a mixed Canny—Deriche edge
detection algorithm, combining the precision of Canny’s gradient-based framework with the efficiency
of Deriche’s recursive Gaussian filtering. The goal is to achieve real-time image edge extraction with
minimal latency and optimized resource utilization on modern FPGA platforms.

This research explores the architectural design space of recursive filtering and edge detection,
emphasizing parallelization, pipelining, and fixed-point optimization techniques tailored for AMD/Xilinx
UltraScale+ MPSoC devices. By leveraging the inherent streaming capabilities of reconfigurable
hardware, the proposed design aims to deliver a throughput of one pixel per clock cycle, enabling
ultrafast edge detection suitable for embedded vision, LIDAR, and real-time inspection systems.

The methodology developed in this thesis focuses on balancing algorithmic accuracy and
hardware efficiency, providing a reproducible framework for implementing hybrid image-processing
operators on FPGA architectures. Through systematic analysis, simulation, and synthesis, this work seeks
to demonstrate that recursive filtering approaches can significantly outperform traditional convolution-
based edge detectors in both speed and scalability. The results of this research contribute to the broader
field of real-time computer vision, offering a path toward high-performance and resource-aware edge
detection for next-generation embedded systems.

PREREQUISITES:

Familiarity with:

Digital Design

Computer Architecture
HDLs (Verilog and/or VHDL)
Python

Kernel Level Development

Desirable:

Low-Level Programming (C)

Vivado Toolchain

Simulator environments (Mentor Graphics ModelSim/QuestaSim)
AXI Protocol
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https://en.wikipedia.org/wiki/Deriche edge detector
https://link.springer.com/article/10.1007/BF00123164
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https://ieeexplore.ieee.org/abstract/document/6885761/
https://nemertes.library.upatras.gr/items/f76f57da-1957-4de6-b515-7c006b27a169
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