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Abstract: Aim at traditional ray casting algorithm existing the problems that powerful computing capacity and slow ren-

dering velocity, an improved ray casting algorithm is presented in this paper. To reduce the number of voxels in recon-

struction process, the image segmentation is introduced to volume rendering. A segmentation algorithm based on multiple 

structure elements is proposed to process ICT slice images original data field. The original voxels are divided into two 

parts: the target voxel data set and the background voxel data set. Then, the target voxel data set is constructed as a new 

data field, and using the ray casting algorithm to it. This reduces the number of voxels and accelerate the efficiency of ray 

casting. The results of reconstruction show that this algorithm can greatly reduce reconstruction volume data and improve 

the efficiency of ray casting. 
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1. INTRODUCTION 

Visualization in Scientific Computing (ViSC) is a new 
important research direction of computer graphics. The main 
idea is converting a large number of engineering test data 
which generated by engineering operations into 2D graphics 
or 3D images by using the basic principles of computer 
graphics [1, 2]. Visualization technology in ICT converts 2D 
CT test data into 3D stereo images, which intuitively reveal 
workpiece defects. It makes engineering staffs have multi-
angle and multi-level observation. Also, it can enhance the 
ability of detection and provide more comprehensive and 
precise analysis results to non-destructive testing [3]. There-
fore, visualization technology in ICT has important practical 
significance and research value. javascript:void(0); 

The ray casting algorithm is the classic algorithm of vol-
ume rendering technology, which has been widely re-
searched and applied. The simple principle and the easy re-
alization are the main advantage of the ray casting algorithm. 
It can also keep the details of 3D image, enhance the overall 
rendering effect and generate high quality images to display. 
But visualization speed still can not satisfy with constantly 
improving in industrial imaging device resolution and huge 
volume data field. Seeking to speed up the rendering speed, 
improve the rendering quality, have become the focus in the 
3D visualization technology [4]. 

Different from the traditional ray casting algorithm, this 
paper uses a segmentation algorithm based on multiple mor-
phological structure elements to process ICT slice images 
original data field in the image preprocessing stage. The new 
algorithm can solve the problems of powerful computing 
capacity and slow rendering velocity. 

 

 
 

2. ALGORITHM DESCRIPTION 

2.1. The Ray Casting Algorithm Principle 

The general flow of ray-casting algorithm is: data classi-
fication and color assignment -ray tracing and data resam-
pling -image composition. Firstly, a viewing ray casts into 
the data set from each pixel on the image plane and intersects 
the volume data set. Secondly, along

[4, 5]. The schematic dia-
gram is shown in Fig. (1). 

The ray casting algorithm can show very rich internal in-
formation. But in order to get better rendering effects, it is 
needed that more light projection data and sampling many 
times for every light, which have greatly affected rendering 
speed. Volume rendering method can't change external light 
and perspective flexibly. Each change means that the whole 
drawing process needs to start again. 

2.2. A Segmentation Algorithm Based On Multiple Mor-
phological Structure Elements 

2.2.1. Basic Theory of Mathematical Morphology 

Mathematical morphology is developed from set theory 
and extended to image analysis by Serra. Based on set the-
ory, mathematical morphology is a very important theory, 
whose operation must be defined by set arithmetic. Its basic 
idea is to use a certain form of structural elements to meas-
ure and extract the corresponding shape of image in order to 
achieve the right image analysis and recognition purposes. 
The basic mathematical morphology has four basic morpho-
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logical operators: dilation, erosion, opening and closing 
operator

 
[6]. 

 
Fig. (1). Sketch map of ray casting algorithm. 

The morphologic operations work with two images: The 

original data to be processed and a structure Element. In the 

following, we introduce some basic mathematical morpho-

logical operators of gray-scale images. Suppose f(x, y) is the 

function of a gray-scale image in R2 or Z2, suppose B(x, y) is 

defined structure elements in R2 or Z2: 

The dilation of a gray-scale image f(x, y) by a gray-scale 

structure element B(s, t) is defined as 

( )( , ) max{ ( , ) ( , )}f B x y f x s y t B s t= +
      (1) 

The erosion of a gray-scale image f(x, y) by a gray-scale 

structure element B(s, t) is defined as 

( )( , ) min{ ( , ) ( , )}f B x y f x s y t B s t= + +
      (2) 

Opening and closing of a gray-scale image f(x, y) by a 

gray-scale structure element B(s, t) are defined respectively 

as  

( )f B f B B=
             (3) 

( )f B f B B• =
             (4) 

Dilation is a transformation of expanding, which filters 
the outer image, while erosion is a transformation of shrink-
ing, which filters the inner image. But both of them are sen-
sitive to the image edge whose gray-scale value changes 
obviously. Moreover, the opening suppresses the sharp capes 
and cuts the narrow isthmuses of the image object, whereas 
the closing fills up its thin gulfs and small holes. Therefore, 
morphological operation is used to detect image edge and 
denoise the image at the same time [7]. 

2.2.2 Traditional Morphological Edge Detection 

Morphological edge detection operators can be obtained 
by combining the four basic operations according to some 
rules [8, 9]. Supposes E as the edge of image, the formula is 
expressed as: 

dF f B f=
              (5) 

This is known as dilation residue edge detector, detecting 
the outside boundary edge. Similarly, the interior boundary 
edge detector is denoted by: 

eF f f B=
              (6) 

This is also known as erosion residue edge detector. 

The morphological gradient of image f(x, y), which de-

noted by G(x, y), can also be defined as the ifference set of 

the dilation and erosion, and denoted by 

( , ) ( ) ( )G x y f B f B=
           (7) 

The morphological gradient highlights sharp gray-level 
transition in the input image, and therefore, it is often used as 
traditional morphological edge detector. It is simple and easy 
to implement, but there are also disadvantages. Due to the 
single structure element and the poor antinoise capability, 
the edge detected is not complete. We proposed an method 
as following, to improve noise suppression capability, and 
detect the edge completely. 

2.2.3. Multiple Structure Elements Morphological Edge 
Detection 

Modify the above traditional mathematical morphology 
edge detection operator, as follow. 

  
F

max
(x, y) = max{F

d
(x, y), F

e
(x, y),G(x, y)}       (8) 

  
F

min
(x, y) = min{F

d
(x, y), F

e
(x, y),G(x, y)}       (9) 

max min( , ) ( , ) ( , )bF x y F x y F x y=        (10) 

The improved mathematical morphology edge detection 
operator is denoted by :  

( , ) ( , ) 0.5 ( , )e bF x y F x y F x y= +         (11) 

The improved operator can effectively restrain noise and 
preserve image edge information as superposition of some 
edge details. In addition, we need to optimize and choose 
multiple structure elements to filter noise and keep image 
details simultaneously. The developed algorithm is detecting 
the image edges with different direction structure elements, 
and each structure element detects an image edge. So, the 
exact image edge with detail character can be obtained by 
combining different orientations, ideal edge can be obtained 
by choosing different structure elements. 

The choosing of structure element is a key factor. The 
size and shape of structure elements decide the final detected 
result: the smaller structure element has weak ability to filter 
noise, but can detect the edge details; the larger structure 
element has preferable ability to filter noise, but the edge 
detected is thicker than expected. Generally speaking, the 
3 3, 5 5 and 7 7 window are usually used, among of which 
3  3 window is the fastest, and whose edge is the most ex-
quisite [10, 11]. 

In this paper, we choose: 
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where B is 3 3 square window, B1 is the adjacent pixel tem-

plate, B2 is the weak pixels template, and the direction angles 

of B3 – B6  elements are 0°, 45°, 90°and 135°. These struc-

ture elements comprise almost all the directions of lines ex-

tend in the image. By using morphological gradient edge 

detector respectively, we will get 6 different edge detection 

results, and the final edge result is got by image fusion using 

weighted average method. 

The improved multiple structure elements morphological 
edge detection algorithm is compared with several existing 
edge detection methods by Fig. (2). 

The result indicates that the traditional edge detection 
operator can not availably detect the image edge while the 
image contain noises, so that the edge is fuzzy and include a 
great deal of noise. Fig. (2a) is the original ICT image. Figs. 
(2b-d) are the results of Sobel edge detection, Canny edge 
detection and the traditional morphological edge detection 
respectively. Sobel detector can’t detect the edge integrally 
and continually. Though Canny operator detects the edge 
more continually as shown, it can’t differentiate the edge 
from noise. The traditional morphological edge detector can 
detect the edge details better than them, but can’t filter the 
noise or detect integral edge. As shown in Fig. (2e), the edge 
detected by the improved morphological edge detection is 
more pinpointed, integral and continual than others, and the 
edge information is more abundant. Moreover, the improved 

algorithm can filer the noise more successfully than other 
operators mentioned above. 

2.3. The Improved Ray Casting Algorithm 

In the ray casting algorithm, the more the number of 
sampling points, the better image quality, but too many sam-
pling points will greatly affect the rendering speed. Gener-
ally, the data which can reflect the structure characteristics 
and composition of the volume dataset are just one part of it. 
If the data are screened out before rendering and only the 
voxels which contribute to the rendered image are processed, 
the three-dimensional images can be rendered quickly and 
accurately.  

To reduce the number of voxels in reconstruction proc-
ess, the segmentation algorithm based on multiple structure 
elements is introduced to volume rendering to process ICT 
slice images original data field. The original voxels are di-
vided into two parts: the target voxel data set and the back-
ground voxel data set. Then, the target voxel data set is con-
structed as a new data field, and using the ray casting algo-
rithm to it. So, the reconstruction volume data can be re-
duced and the efficiency of ray casting has greatly improved. 
The flow chart is shown in Fig. (3). 

3. EXPERIMENTAL RESULTS AND ANALYSIS 

The development platform of this paper is Visual Studio 
2008 and VTK tools. Using the C + + language program for 
core algorithm and VTK tools for visualization. 

According to the above steps to improve the ray casting 
algorithm, experiment to 512 * 512 * 512 motorcycle engine 

    

(a) Original ICT image          (b) Sobel detection  

       

 (c) Canny detection        (d) Traditional method detection    (f) improved method detection 

Fig. (2). Edge detection results. 
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industry CT data, the results as shown in Fig. (4). The ren-
dering time of the engine images is reduced to 28693 ms. 

4. ANALYSIS OF BENDING 

In this paper, a segmentation algorithm based on multiple 
structure elements is proposed to process ICT slice images 
original data field. Only meaningful target voxels and nodes  
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Fig. (3). Improved ray casting algorithm flow chart. 

      
 (a) Front display       (b) Rolled side display      (c) Rolled display 

Fig. (4). Experimental results. 

for 3D reconstruction are processed and rendered to speed up 
the rendering speed. The results show that the improved al-
gorithm spend less time, and the effect of the 3D display is 
satisfactory. 
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