Tabriz Journal of Electrical Engineering (TJEE), \&8, no. 3, 2025 Serial n0113
DOI: 10.22034/tjee.2025.66018.4970

Architectural Design and Hardware Implementation of Smoothing Filters in 3D Images
Jalal BabaigAlireza Behradt

Electrical Engineering Department, Faculty of Engineering, Shahed University, Tehran, Iran
E-mails:jalal_babaie@yahoo.carhehrad@shahed.ac.ir
" Corresponding author

Abstract

In recent years, 3D technologies have experienced significant growth and have impacted various fields such as rokaiticsernteurveillance,

and security. One of the critical processes in this domain is smoothing filters in 3D models. In tHighegpaper presents two fix@adint, parallel,

and pipelinebased hardware architectures for two smoothing filters: the mean and Gaussian filters. In the proposed architectutree during t
preprocessing stage, 3D image data is represented approprlatelydifferent hardware architectures are proposed for the preprocessing stage.
Additionally, two distinct hardware architectures are proposed for the mean and Gaussian filters, differing in thecft@Btdega representation

during preprocessing. Fhrmore, a lookup table method is used to compute the exponential function for the Gaussian filter. The proposed architecture
are implemented using the Verilog hardware description language and simulated and synthesized using ISE and Vivadesaf8iammage with

299 vertices and 562 faces, the operating frequency for the mean filter with coordinate and vector length structureémately® MHz, and the
achieved processing rates are 37,367 and 28,081 images per second, respectively.dtmmstae fdter, the operating frequency is around 19 MHz,

and the obtained processing rates are 37,299 and 28,336 images per second, respectively.
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Introduction

Image smoothing is widely used in numerous applications of image processing and machine vision, including object randgnitge matching.

Although thehardwaremplementation of 2D image smoothing filters has been explored in various studies, its extension to 3D images has been less
addressed. In 3D images, tools that generate 3D models may introduce noise, which can create challenges for measprecesitsggaiderefore,

there is a need for fast and efficient algorithms that preserve the iyestracture of the model[ 2]. Consequently, this paper focuses on the hardware
implementation of smoothing filters for 3D images ahdpes using mesh representation and introduces novel architectures in this field.

Proposed Workand Methodology
This paper focuses on the hardware implementation of smoothing filters for images and 3D shapes using mesh represéntatthrcesmew
architectures in this field. In summary, the main innovations of this paper are as follows:
1 Two new architectures for the mean filter with two different structures: 1) coordinatsl structure and 2) vectengthbased structure are
introduced.
1 Two new architectures for applying the filter based on two different structures, including coebdiseteand vectdength-based, are presented.
1 The proposed architectures are implemented using the hardware description language Verilog, simulated and syntheSiEeahdsifigddo
software, and tested with numerous images.
The proposed architectures are implemented in Verilog and simulated/synthesized using ISE and Vivado software. For avBD 28@gertices
and 562 faces, the mean filter operates at approximately 19 MHz, achieving processing rates of 37,367 anthg8s0pér second for coordinate
and vectoflength structures, respectively. Similarly, the Gaussian filter operates at around 19 MHz, with processing rates otiZ82286amages
per second for the respective structures.

Conclusion

In comparing the proposed architectures for sparse representation of mesh data, the second proposed architecture astatiebeahesources

of the first architecture. The second architecture is about 38 times faster than the first. For thetenémpl&mentation, the vecttengthbased
architecture consumes about 26% fewer resources than the cooldisatearchitecture. Inn terms of speed and frames processed per second, the
coordinatebased architecture is 1.3 times faster than the wsrigth-based architecture. For the Gaussian filter implementation, the Vectth

based architecture consumes about 33% fewer resources than the cebafirdtarchitecture. In terms of speed and frames processed per second, the
coordinatebased architeure is 1.3 times faster than the vedtargthbased architecture.
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