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Abstract

This paper proposes an image denoising system based on FPGA and USB3.0, which addresses the
issues of blurred image edges and poor real-time performance in the process of image denoising.
The system includes two denoising algorithms: Gaussian filtering and bilateral filtering. Experi-
ments were conducted on these two algorithms, and comparative analysis was conducted. The de-
sign of this system fully utilizes the high parallelism of FPGA and the high-speed data transmission
capability of USB3.0, providing strong support for real-time processing. The experimental results
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show that the bilateral filtering algorithm can better preserve image edge information in denois-
ing and meet the requirements of real-time processing. The innovation of this system lies in its
comprehensive use of hardware acceleration and high-speed data interfaces, providing an effi-
cient and reliable solution for image denoising.
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Figure 1. Diagram of the overall system block
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Figure 2. Diagram of the 2D Gaussian distribution curve
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Figure 3. Diagram of the bilateral filtering for decomposition
in flat and edge regions
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Figure 4. Diagram of the three X principle of 3-window generation module
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Figure 5. Diagram of similarity weight calculation block
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Figure 6. Diagram of normalization calculation of bilateral filtering weight block
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Figure 7. Diagram of the USB3.0 overall circuit block
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Figure 8. Diagram of the Gaussian filtering algorithm simulation
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Figure 9. Diagram of the bilateral filtering algorithm simulation
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Figure 11. Diagram of the comparison of gaussian filtering and bilateral filtering results
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