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Abstract 
The process of projecting a three dimensional dataset to a two-dimensional image plane for gaining an understanding of 
the structure contained inside the volumetric data is referred to as Volume Visualization. Direct volume rendering is an 
important visualization technique. Raycasting is the widely used technique. Texture mapping, which is heavily used 
when rendering polygonal data, has received only limited consideration in the area of volume rendering. 3D texturing 
alters the overall appearance of an object, but it doesnot control the display of surface details. Parameterization of the 
volume to a (u,v) domain is needed for texture mapping. A volumetric parameterization approach in order to allow a 
unified integration of 2D and 3D texture mapping into the volume rendering process .  

Keywords: Volume Rendering,Raycasting,Texture Mapping,Parameterization. 

1. Introduction 

 
Three-dimensional arrays of data are a convenient and widely-used representation for information. Medical 
imaging technologies such as magnetic resonance (MR) and computed tomography (CT) produces 3D 
arrays of data that contains detailed representations of internal organs. For large 3D arrays data 
visualization techniques are needed. One technique is volume rendering, a method for producing an image 
from a 3D array of sampled scalar data.Visualizing complex volume data renders selected parts of the 
volume semitransparently so that inner structures of the volume can be seen. So this presents a challenge 
for volume rendering methods to produce images with depth ordering perception. Volume visualization 
method display volumetric datasets, represented as sample points on computer screens,head mounted 
display etc.[4] Two types of approaches can be used for volume visualization 

• Indirect Volume Rendering: The volumetric dataset is converted into polygon isosurfaces and 
rendered with polygon rendering hardware 

• Direct Volume Rendering: The Direct volume rendering offers the opportunity to visualize 
all of a three-dimensional sample volume in one image. 
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Since volumetric regions and material boundaries are both considered as equally important features within 
a volumetric data set in many cases a unifed 2D and 3D texturing approach is desired.A volumetric 
parametrization model interactive rendering approach in order to allow a unifed integration of 2D and 3D 
texture mapping into the volume rendering process is proposed. A meaningful parametrization of 
volumetric objects has to be found. The overall structure of material boundaries contained in a volumetric 
data set is given by the data. The actual position of the volume data might have been shifted due to the 
selected rendering parameters. Thus, a parametrization has to be appropriate for the potentially shifting 
surfaces of interest and still has to be meaningful for nearby structures[1].  Volume objects are composed 
of several nested layers and each of these layer have its own texture. So it can be desirable to interpolate 
between the textures assigned to layers, and sometimes no interpolation is necessary. 

 
 
2. Proposed Method  
 
Volumetric parameterization problem refers to parameterization of both the interior and boundary of a 3D 
model[1]. It is a much harder problem compared to surface parameterization where a parametric 
representation is worked out only for the boundary of a 3D model (which is a surface)[1]. Volumetric 
parameterization is typically helpful in solving complicated geometric problems pertaining to shape 
matching, morphing, path planning of robots, and isogeometric analysis etc[1]. The overall algorithm of the 

method is given: 

 

2.1 Raycasting 
 
In ray casting, rays are cast into the dataset. Each ray originates from the viewing (eye) point,and penetrates 
a pixel in the image plane (screen), and passes through the dataset. At evenly spaced intervals along the ray, 
sample values are computed using interpolation. The sample values are mapped to display properties such 
as opacity and color. A local gradient is combined with a local illumination model at each sample point to 
provide a realistic shading of the object. Final pixel values are found by compositing the color and opacity 
values along the ray. The composition models the physical reflection and absorption of light[6]. 
 

2.2 Skeletonization 
Skeletons are important shape descriptors in object representation and recognition. Typically, skeletons of 
volumetric models are computed using iterative thinning. However, traditional thinning methods often 
generate skeletons with complex structures that are unsuitable for shape description,and appropriate 
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pruning methods are lacking. Skeletons of volumetric models is computed by alternating thinning and a 
skeleton pruning routine. This method creates skeletons parameterized by two user-specifed numbers that 
determine respectively the size of curve and surface features on the skeleton[16]. 

 
2.2.3 Volumetric Cuts 
Volumetric cuts are needed, which penetrate the whole volume in order to be able to map it into the cube-
shaped parameter space. When dealing with surface parametrizations, cutting is required to be able to 
embed an arbitrary surface into the plane. Similarly, a volume has to be cut in order to embed it into the 
cube-shaped parameter space . To generate the required volumetric cut in step 3 of our algorithm, we take 
into account the computed skeleton-tree, and generate a seam-tree on the outermost surface of the 
volumetric object. This outermost surface is the same one as used for the skeleton-tree extraction[1]. 
To be able to unfold the nested layers coherently and to fit them together with the volumetric regions into 
the parametrization volume a volumetric cut is performed using cut geometry. The actual cut geometry is 
represented by a triangle strip between all skeleton-tree segments and the corresponding seam-tree 
segments. Segments of the skeleton-tree and the corresponding segments of the seam-tree typically do not 
have the same length. To account for this, some voxels on the curve-skeleton are connected to multiple 
voxels on the cut to form a triangle fan with them and vice versa. The algorithm used to generate the 
triangle strip can be illustrated by two cursors, one marching along the skeleton-tree and one along the 
seam-tree. The cursors start at one end of the segment and at each iteration one of them moves one voxel 
forward until both reach the other end. To synchronize their movement, a move which results in a shorter 
distance between the cursors is preferred[1].  

 
2.2.4 Parameterization 
For the < u; v > boundary parametrization computed in next step, the convex combination approach is used 
which  results in a mass-spring parametrization with reduced distortion properties. This results in a 
parametrization hull. To ensure that the boundary parametrizations remain planar, their w coordinate is not 
affected during this relaxation. In general, the outermost surface of a volume contains more voxels than the 
centerline. This results in an uneven distribution of springs, which directly inuences the achieved w 
distribution. To prevent this, a w distribution adaption is applied[23]. 
Since here only  linear parameterization with fixed boundaries is considered, this method can be seen as a 
spring and mass model where each vertex of the mesh is a mass and each edge of the triangular mesh is a 
spring. By constraining the boundary of this model, the interior vertices will relax to the minimum of spring 
energy. The first step of linear parameterizations with fixed boundary is to choose the image of the 
boundary points in the parametric space. The most common strategy is to fix the boundary points on a 
convex shape. Indeed it guarantees the bijectivity of the parameterization if positive barycentric weights are 
used. For these reasons, most of linear parameterization with fixed boundary take a square, or a circle as 
parameter domain. 
There are many ways to solve sparse linear sytems Ax = b, but all methods can be classified into two 
categories: 

• iterative solvers starting from an initialized solution x0, the solution is iteratively updated until 
convergence to the solution x. The difference between these methods reside in the way to update 
the solution xi. 

• direct solvers factorize the matrix A into a product of matrices that are simple to invert. For 
example, a LU decomposition consists in finding the lower triangular matrix L and the upper 
triangular matrix U such that the product LU is equal to A of the system to be solved. Then 
solving the linear system is equivalent to solve easy triangular systems[23], i.e. 

Ax = b  
LUx = b  
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L .y = b 
U .x = y 

3. Results 

The proposed method is implemented using VTK CMAKE and CGAL. VTK and CGAL are c++ libraries 
used for visualization purposes. The CGAL output is visualized using Qt 4.8.8. The volume is read from 
cow.vol file. And the generated volume is given to the skeletonization module. The volume is cut and the 

parameterization is cut and the texture is mapped. The outputs are shown below: 

  
Fig 3.1 Result of Raycasting Module (Two views of raycasted cow model) 

 
Fig 3.2 Result of Skeleton generated from Cow.vol 

 

Fig 3.3 Mesh Generated from cow.vol 
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Fig 3.4 Parameterized (u;v) values of cow.vol 

 

 
Fig 3.5 Result of texture mapping on parameterized surface 

4. Conclusions  

A novel approach, which allows a unifed 2D and 3D texture mapping of volumetric objects was proposed. 
To achieve this, a volumetric parametrization was generated, exploiting the curve skeleton of volumetric 
objects as well as a novel 3D seam generation algorithm. This is approach allows a unifed application of 
2D and 3D textures. The proposed parametrization algorithm allows global volume parametrization concept 
for arbitrarily shaped data sets of that are homomorphic to disk. Using this parametrization interactive 
volume visualization can benefit from texture mapping 

 
References 
 
[1] Timo Ropinski, Stefan Bruckner, Klaus Hinrichs, and Eduard Groller. “Unifed BoundaryAware 
Texturing for Interactive Volume Rendering”. IEEE TRANSACTIONS ON VISUALIZATION AND 
COMPUTER GRAPHICS, 18(11):1942-1955, November 2012. 
[2] Michael Meibner, Jian Huang, Dirk Bartz, Klaus Mueller, and Roger Crawfs. “A Practical Evaluation 
of Popular Volume Rendering Algorithms”. In Proceedings of the 2000 Volume Visualization Symposium, 
October 2000. 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 4, April 2014, Pg: 240- 245 

Aswathy Mohan, IJRIT  245 
 

[3] Xu-Ping Zhu, Shi-Min Hu, and Ralph Martin. “Skeleton-based Seam Computation for Tri angulated 
Surface Parameterization”. In Proceedings of 10th IMA International Conference, September 2003. 
[4] Donald Hearn and M Pauline Baker. Computer Graphics C version. Pearson Education, Second edition, 
2003. 
[5] David A forsyth and Jean ponce. Computer Vision-A Modern Approach. Prentice Hall, Second edition, 
2002. 
[6] Levoy M. “Display of surfaces from volum data”. IEEE Computer Graphics and Applications, 
8(11):29-37, 1988. 
[7] Barillot C. “Surface and Volume rendering techniques to display 3-D data”. IEEE Engineering in 
Medicine and Biology, 12(1):111-119, March 1993. 
[8] Klaus Hinrichs Jrg Mensmann, Timo Ropinski. “An advanced Volume raycasting technique using gpu 
stream processing”. In GRAPP, pages 190-198, 2010. 
[9] T Todd Elvins. “A survey of algorithms for Volume visualization”. In ACM SIGGRAPH, volume 26, 
pages 194 - 201, August 1992. 
[10] Kai Hormann, Bruno Lvy, and Alla Shefer. “Mesh parameterization: Theory and practice”. In ACM 
SIGGRAPH, number 1, 2007. 
[11] Muzhir Shaban and Shokan Mahmoud H. “3D visualization based on surface estimation techniques”. 
International Journal of advances in Engineering and Technology, 6(2):606-612, May 2013. 
[12] Richard Satherley and Mark W. Jones. “Hypertexturing complex Volume objects”. The Visual 
Computer, 18(4):226-235, June 2002. 
[13] Nicu D. Cornea, Deborah Silver, Xiaosong Yuan, and Raman Balasubramanian. “Computing 
hierarchical curve-skeletons of 3D objects”. The Visual Computer, 21(11):945-955, October 2005. 
[14] Kai Burgera, Jens Kruger, Rudiger, and Westermann. “Direct Volume editing”. IEEE 
TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, 14(6):1388-1395, 
DECEMBER 2008. 
[15] Gunther H. Weber, Scott E. Dillard, Hamish Carr, Valerio Pascucci, and Bernd Hamann.“Topology-
controlled Volume rendering”. IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER 
GRAPHICS, 13(2):330-341, MARCH 2007. 
[16] Yu-Shuen Wang and Tong-Yee Lee.” Curve-skeleton extraction using iterative least squares 
optimization”. IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, 
14(4):926 -936, MARCH 2008. 
[17] David Ebert and Penny Rheingans.” Volume illustration: non-photorealistic rendering of volume 
models.” In VIS '00 Proceedings of the conference on Visualization, pages 195-202, 2000. 
[18] Alla She_er, Emil Praun, and Kenneth Rose. “Mesh parameterization methods and their applications.” 
IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, 2(2):105 - 171, January 
2006. 
[19] Johannes Kopf, Chi-Wing Fu, Daniel Cohen-Or, Oliver Deussen, Dani Lischinski, and TienTsin 
Wong.” Solid texture synthesis from 2D exemplars”. ACM Transactions on Graphics (TOG), 26(3):105 -
171, July 2007. 
[20] Felix Manke and Burkhard Wnsche.” Texture-enhanced direct Volume rendering.” In Computer 
Graphics Theory and Applications GRAPP, pages 185-190, 2009. 
[21] Youngser Park, Robert W. Lindeman, and James K. Hahn.”X-ray casting : Fast Volume visualization 
using 2D texture mapping techniques.” In IEEE Visualization, 1996. 
[22] Terry S. Yoo, Donald Bliss, Bradley C. Lowekamp, and David T. Chen. “Visualizing cells and 
humans in 3D”. IEEE Computer Graphics and Applications, pages 39 - 49, 2012.  
[23] Arnaud Gelas1, Alexandre Gouaillard2. “Parameterization of Discrete Surfaces”. Insight 
Journal.November 21, 2007 


