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Abstract 

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

and security. One of the critical processes in this domain is smoothing filters in 3D models. In this regard, this paper presents two fixed-point, parallel, 

and pipeline-based hardware architectures for two smoothing filters: the mean and Gaussian filters. In the proposed architecture, during the 
preprocessing stage, 3D image data is represented appropriately. Two different hardware architectures are proposed for the preprocessing stage. 

Additionally, two distinct hardware architectures are proposed for the mean and Gaussian filters, differing in the structure of 3D data representation 

during preprocessing. Furthermore, a lookup table method is used to compute the exponential function for the Gaussian filter. The proposed architectures 
are implemented using the Verilog hardware description language and simulated and synthesized using ISE and Vivado software. For a 3D image with 

299 vertices and 562 faces, the operating frequency for the mean filter with coordinate and vector length structures is approximately 19 MHz, and the 

achieved processing rates are 37,367 and 28,081 images per second, respectively. For the Gaussian filter, 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 recognition and image matching. 
Although the hardware implementation 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 measurements and processing. Therefore, 

there is a need for fast and efficient algorithms that preserve the geometric structure of the model [1, 2]. Consequently, this paper focuses on the hardware 
implementation of smoothing filters for 3D images and shapes using mesh representation and introduces novel architectures in this field. 

 

Proposed Work and Methodology  

This paper focuses on the hardware implementation of smoothing filters for images and 3D shapes using mesh representation and introduces new 

architectures in this field. In summary, the main innovations of this paper are as follows: 

¶ Two new architectures for the mean filter with two different structures: 1) coordinate-based structure and 2) vector-length-based structure are 

introduced. 

¶ Two new architectures for applying the filter based on two different structures, including coordinate-based and vector-length-based, are presented. 

¶ The proposed architectures are implemented using the hardware description language Verilog, simulated and synthesized using ISE and Vivado 

software, and tested with numerous images. 
The proposed architectures are implemented in Verilog and simulated/synthesized using ISE and Vivado software. For a 3D image with 299 vertices 

and 562 faces, the mean filter operates at approximately 19 MHz, achieving processing rates of 37,367 and 28,081 images per second for coordinate 

and vector-length structures, respectively. Similarly, the Gaussian filter operates at around 19 MHz, with processing rates of 37,299 and 28,336 images 
per second for the respective structures. 

 

Conclusion  

In comparing the proposed architectures for sparse representation of mesh data, the second proposed architecture consumes almost half the resources 

of the first architecture. The second architecture is about 38 times faster than the first. For the mean filter implementation, the vector-length-based 

architecture consumes about 26% fewer resources than the coordinate-based architecture. Inn terms of speed and frames processed per second, the 
coordinate-based architecture is 1.3 times faster than the vector-length-based architecture. For the Gaussian filter implementation, the vector-length-

based architecture consumes about 33% fewer resources than the coordinate-based architecture. In terms of speed and frames processed per second, the 

coordinate-based architecture is 1.3 times faster than the vector-length-based architecture. 
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¢æĊÉ ¡w{§ ć¾Å ìĉ ¿v ā¾¬þ~ Ăîĉw¬ýj ¿v wĉ ºý¾Ċòz ½v¾é ā¾¬þ~ wz ć¿vĀù āºþă¹2  

āºÉ ôĊîÊ£Ăz I I¢Åv    ºĉwz ć¿vĀù ćwă¾åwz )ºý¾Ċòz ½v¾é ā¾¬þ~ wz ć¾Å ¡½ĀÍ

Ðĉ¾Ý ÿ ¾£ºþöz Ĉúí  ćwă¾åwz Ăí Ĉ¤ĉÀù )#¾ĉĀÎ£ ôùwí Ï¾Ý ā¿vºýv Ăz$ ºþÉwz ¾£

  ¹ÿº´ù Üzwþù ¾ñv )ºþ¤Æă ¾¤öĊå ÿ ā¾¬þ~ ¿v ôê¤Æù wĄýj Ăí ¢Åv üĉv ºý½v¹ ć¿vĀù

  üîÅv v½ ¾ĉĀÎ£ ćwă¾ÖÅ Ăîþĉv ćw¬z ¾ĉĀÎ£ IºÉwz ï½Àz º³ ¿v ÈĊz ¾åwz ÿ ºÉwz

Ĉù Iºþí  ćwă½vĀý ¡½ĀÍ Ăz ¾ĉĀÎ£ ¡½ĀÍ üĉv ½¹ )ºþí üîÅv v½ wĄýĀ¤Å ºývĀ£

È¸z ć¹ĀúÝĈù Ç¿v¹¾~ ÿ āºÉ ćºþz)ºýĀÉ    ôîÉ ć½wúÞù Ă¯¾ñ,  Ĉù  ºývĀ£

Ç¿v¹¾~ ½¹ĂÅ ¾ĉÿwÎ£ ćwă ¹ĀÉ Ă¤å¾ñ ½wí Ăz ĂöÍwå ÿ Ĉú¬³ Èĉwúý wz ćºÞz  

w¤·wÅ ôĊõ¹ Ăz Èù ²ÖÅ Èĉwúý ½¹ Ĉõÿ  üĉv ¿v ā¹wæ¤Åv ûwîùv ĈĄ«ÿºþ¯ ½

)¹½vºý ¹Ā«ÿ Çÿ½ 

 

 
                        #x$                                       #äõv$ 

 ôîÉ,( ā¾¬þ~ wz ć¾Å #äõv$ Jā¾¬þ~ wz wă¾åwz ć¾Ċñ ½v¾é āĀ´ý I  #x$

 ā¾¬þ~ wz ć¿vĀù]2[  

  

  Ü«¾ù ½¹]3[  Iā¹wĊ~ ć¿wÅ  ¢¸Å½vÀåvāºÉ ĈÅ½¾z ĈÅÿwñ ¾¤öĊå ìĉ ć¢Åv  )

āºÉ ôĊîÊ£ ¾ĉĀÎ£ ÿ Ă¤Æă üĊz Üú« ÿ x¾Ñ ćwăºþĉj¾å ¿v ¾¤öĊå üĉv  Ăí )¢Åv

  üĊz ûj ¾ĉ¹wêù Ăí ĈÆĉ¾£wù ĂöĊÅĀz ¾ĉĀÎ£+    w£-00  ¢Åv $3    ûwĊz #¢Ċz

Ĉù)¹ĀÉ  üĊz ûj ¾ĉ¹wêù Ăí ĈÞz¾ù Äĉ¾£wù ìĉ ¡½ĀÎz IĂ¤Æă+  w£,   ½¹ ¢Åv

¾Úý    )¢Åv āºÉ Ă¤å¾ñ  ¾ĉĀÎ£ ìĉ Çÿ½ üĉv ½¹0,-Ĭ0,-    Ăz ć¹ÿ½ÿ ûvĀþÞz v½

FPGA    āºÉ ā¹v¹Ĉù ôĉº{£ ć½v¹¾z ôîÉ ìĉ Ăz ¾ĉĀÎ£ Ăí ¢Åv  ćv¾z )¹ĀÉ

 óvĀýwí3  Ă¤Æă ìĉ ½¹ ¾ĉĀÎ£ û¹¾í.=.    ā¾¬þ~ ìĉ.=.    ©v¾¸¤Åv ĈöÍv ¾ĉĀÎ£ ¿v

  ÿ ºýĀÉ Üú« øă wz ¾·j ½¹ ÿ ºýĀÉ x¾Ñ Ă¤Æă ½¹ ā¾¬þ~ ¾ÍwþÝ Ä Å ÿ āºÉ

Ĉù Ĉå¾Þù Ĉ«ÿ¾· ôÆîĊ~ ûvĀþÞz ½vºêù ìĉ Ä Å)¹ĀÉ 

 ¡wÕw{£½v  ĂÅ ¾ĉÿwÎ£ ½¹  ćºÞzĈù ìþ£ Äĉ¾£wù ìĉ wz ºývĀ£4  )¹ĀÉ ûwĊz    ćv¾z

ĂÅ ¾ĉĀÎ£ ìĉÈù ²ÖÅ ûwĊz wz ćºÞz  wz ćºþzn    Äĉ¾£wù ìĉ ìþ£ Äĉ¾£wù Iā¾ñ

n*n    ¾ÖÅ Ăĉv½¹ Ăí ¢Åvi    ûĀ¤Å ÿj    ā¾ñ ówÎ£v ¾òýwĊz û¹Āz ìĉ ¡½ĀÍ ½¹ ûj

i    ā¾ñ Ăzj   )¢Åv    ½¹Ü«¾ù  ],-[ I  ā¹wĊ~  ć¿wÅ¢¸Å½vÀåv  ìþ£ Äĉ¾£wù x¾Ñ ć

  ć½wúÞù ÿ Ă¤å¾ñ ½v¾é ĈÅ½¾z ¹½Āù¢¸Å½vÀåvĈù Ătv½v ½ĀÚþù üĉv ćv¾z ć )¹ĀÉ

  Çÿ½ ¿v ā¹wæ¤Åv wz ìþ£ Äĉ¾£wù Ić½wúÞù üĉv ½¹10CSR    Ăz  ā¹¾Êå ¡½ĀÍ

)¢Åv āºÉ ā¾Ċ·» ÿ Ĉĉwúý¿wz   Ĉĉÿ¹ÿ¹ ¢·½¹ ìĉ ôùwÉ ĂĊõÿv ć½wúÞù,,    wzk 

  ā¾ñ ï¾z,-  ĈùºÉwz.  ÿ ½ÿwþÉ ÀĊúù āºþþí x¾Ñ ìĉ ôùwÉ ï¾z ā¾ñ ¾ă    ìĉ

Ĉù ć¹ÿ½ÿ ā¹v¹ ā¾Ċ·» ½ĀÚþù Ăz ¡w{§ºÉwz.  ¿v ìĉ ¾ăk-1    ôùwÉ I¢·½¹ ï¾z

Ĉù ½ÿwþÉ ÀĊúù āºþþí Üú« ìĉ)ºÉwz $ āºþþí Üú«k-2  ï¾z üĉ¾£ ĈöÍv ÷v#

ĂÍĒ· ½vºù ìĉ I¢·½¹ Ĉ«ÿ¾· )¢Åv ¢·½¹ ¿wÅ,.    ĂæĊÙÿ Ăí ¢ÅvÜú« ć½ÿj  

  ó¾¤þí ćv¾z ÀĊý ó¾¤þí º³vÿ ìĉ )¹½v¹ āºĄÝ¾z v½ ĈýwĊù ¡wÝĒÕv¡½Ā~  ćwă

Ĉ«ÿ¾· ć¹ÿ½ÿ ¡wĊöúÝ üĊþ°úă ÿāºÉ Ă¤å¾ñ ¾Úý ½¹ Üú« ÿ x¾Ñ ćwă )¢Åv 

  Ü«¾ù ½¹],.[  Èõw¯ ÿ ĈÅ½¾z ìþ£ Äĉ¾£wù Ĉ£w{Åw´ù ćwĄÉÿ½ vº¤zv  ćwă

10 Compressed sparse row 
11 Binary tree 
12 Leaf node 
13 Reduction circuit 




