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Abstract

Marching cubes is an algorithm used for obtaining triangle models by voxels.
Simulation drawings in areas such as medical imaging, special effects and 3-
dimensional modeling are generated as voxel maps. In addition, voxels are used for
collision detection and deformation modeling in computer graphics. Drawings of
models in these areas are created by extracted polygonal meshes of iso-surfaces from
voxels. Marching cubes algorithm tends paralleling on account of it is applied to each
voxel separately. In this study, marching cubes algorithm is implemented by using
multi-threads by a single CPU. It's observed that, if the number of voxels which
create the model increase, then efficiency of using threads is also increased.
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1. Introduction

Designers have used computers to design 3 dimensional (3D) models for many years. Computer
technologies have been improved day by day. Virtual environments have been developed which
allows 3D modeling by using virtual reality tools. In recent years, voxel based models [1] come
into prominence in many areas such as virtual sculpting, flow dynamics, medical imaging etc.

This work is a part of the real time virtual sculpting which has implemented on one CPU. This
system uses marching cubes algorithm [2,3] for cutting edge after the voxelization process. Our
sculpting simulation reads 3D virtual models in a variety file formats such as raw and stl. These
models consist triangle polygon meshes, and our simulation voxelize models' outer surface and
interior to generate their volumetric data. The surface is reconstructed using marching cubes
algorithm.

The aim of the study is to decrease the computation time of the marching cubes algorithm. For
the purpose of saving time we have divided the job into multiple threads. The process time for
different thread counts have been observed and compared.

The remainder of the paper is organized as follows: in section 2, literature review is placed. In
section 3, we present the materials and methods. In section 4, we mention about the results. Last,
we explore the significance of the results in section 5.
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2. Literature Review

Marching cubes algorithm intends to create a surface from a 3D array of data. The idea of the
algorithm is to create a triangular mesh that will approximate the iso-surface and calculate the
normals to the surface at each vertex of the triangle [4]. Firstly, the surface is located in a cube of
eight pixels. Second, normals are calculated, and last, it's marched to next cube. Marching cubes
has been applied in many application areas, including digital sculpting [5,6], deformable
modeling [7,8], dynamics and mechanics [9], biomedicine [10,11] and natural events [12].

A multi-core processor has two or more processors for efficient simultaneous processing of
multiple tasks. Multi-threaded processors support the execution of many simultaneous threads via
a combination of the multiple cores [13,14]. Since the start of having multiple cores, central
processing units (CPUs) begin multithreading that aims to increase utilization of a single CPU
[15,16]. Multi-threading can be used on the CPU for mobile applications [17], power efficiency
[18] or the purpose of increasing the speed of simulations [19].

There are some techniques about parallelization such as cloud computing [20] which is based on
distributed system architecture. A distributed system is a collection of independent computers.
These computers need some data management dependencies to accomplish the task and
communication enhancements can cause time consuming if you have a large data.

3. Materials and Method

In this study marching cubes algorithm is used to generate 3D triangle mesh from voxelized
models. To generate a triangular mesh, marching cubes algorithm has to be performed on every
voxel of the 3D object and create suitable triangles for that voxel. When all the voxels are
processed, the triangular model is formed. Figure 1 shows different resolution voxelize models
and triangular models generated by using marching cubes algorithm.

(a) (b) (©)

Figure 1. Applying marching cubes in different resolutions. (a) 64x64x64 resolution, (b) 128x128x128 resolution,
(c) 512x512x512 resolution
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The work has simulated on an Intel Core Quad 2.50 GHz CPU. Marching cubes algorithm can be
time consuming in higher resolution. In this study this process has performed by multiple threads
simultaneously to decrease the processing time. First, voxel’s data have been split into parts
according to number of threads. Figure 2 shows how voxel’s data have been split into parts. Then
a buffer has been created to store triangles to be generated. After all preparation is done, threads
start running.
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Figure 2. Voxel’s data

Each thread will work only on dedicated buffer parts. Because of the nature of marching cubes
algorithm there is no race condition between threads. Every thread can work freely without
knowing other threads.

4. Results

Figure 3 shows four thread marching cubes processes. “Thread Control Module” is responsible
for creating threads and distributing voxel’s data among them.
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Figure 3. Processing marching cubes with four threads
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5. Discussion

As shown in table 1, using multiple threads is actually decreased marching cubes processing
time. In high resolutions, number of threads is becoming more important to decrease marching
cubes time. When thread number is equal to CPU’s core count, time difference is maximum. But,
if thread number is higher than core count then time difference is becoming to disappear. Main
bottleneck in this method is the working CPU’s core count.

Table 1. Marching cubes processing time(in seconds) with different thread count

Resolution
64x64x64 128x128x128 256x256x256 512x512x512
Thread Coun

1 0,122 0,383 1,515 6,949

2 0,093 0,130 0,651 3,842

4 0,041 0,717 0,390 1,450

6 0,037 0,596 0,287 1,331

16 0,034 0,501 0,261 1,301
Conclusions

The purpose of the study is to decrease the computation time of the marching cubes algorithm by
dividing the job into multiple threads using a single CPU. Marching cubes algorithm is suitable
for parallelized threads. While the thread count increases with the CPU 's core count, the process
time of marching cubes algorithm decreases. In this study, only the calculation power of the CPU
has been used on account of the aim to increase efficiency of a single CPU.

A real time simulator shows 30 frame for a second. With a view to simulate a 3D model which
has 512x512x512 resolution, simulator displays (512x512x512) x 30 = 3840MB data. With the
inclusion of the graphics processor, the processing time decreases in more. For this operation,
OpenCL library can be used. In addition, cloud computing can be used, on the other hand it
requires network connection which negatively affects simulation performance.
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