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Abstract— This article exposes the methodology used and the 

results obtained from an analysis in real time volume rendering, 

specifically volume ray casting implemented in a GPU using 

OpenGL. The research consisted in three stages which involved 

research on the subject, definition of the best approach to obtain 

real time responsiveness, implementation and experimentation. 

I. INTRODUCTION 

olume visualization involves all the techniques and 

methods by which meaningful information from 

volumetric data is extracted and represented with images.  

Volume data is able to represent the inner structure of an 

object, making it a more accurate representation of reality, 

facilitates Boolean operations and has procedural capabilities 

mainly used for terrain reconstruction [1]. 

Real time volume rendering techniques need to be developed, 

since they facilitate visualization of realistic data and allows 

users to generate more complex models. 

Volume representations and volume rendering techniques 

have been slowed because of highly complex algorithms, 

memory footprint and lack of computational power. Since they 

have a finite resolution a trade-off has to be made between 

resolution and performance.  

II. OBJECTIVE 

Huge datasets require simplified algorithms, efficient data 

structures and progress in current hardware to be able to be 

processed. This research intends to provide a performance 

analysis of ray casting as an algorithm for volume rendering by 

implementing a real time visualizer of 3D datasets in the GPU. 

 Hypothesis: Applying image order volume rendering 

algorithms such as ray casting and parallel computing will 

make possible to render medium grained three-dimensional 

data (256 x 256 x 256 voxels) in real time; specifically in a 

range between 20 to 30 frames per second. 

III. KNOWLEDGE TOPICS 

A. Volumetric Data Representation 

Volume data is represented in a 3D matrix. The data is 

discretized at uniform distances and represents the values 

sampled at corresponding points in the object. Each indivisible 

element in the three dimensional grid is called a voxel (volume 

element). Voxels are arranged uniformly in the 3D grid, one on 

                                                           

 
 

top of each other with no free space between them. Voxels do 

not contain information about their location, it is implicit in the 

3D grid but they have scalar or vector values about properties 

of the modelled object [2].  

B. Volume Rendering 

There are two main techniques for volume rendering, indirect 

and direct rendering. Indirect rendering algorithms like 

marching cubes pre-defines a set of surfaces that are then 

matched to each voxel and rendered using surface graphics [11]. 

Direct rendering creates an image directly from the 3D 

dataset. This technique is subdivided into object order and 

image order techniques [3]. Image order algorithms are ray 

casting and shear warp but we’ll just focus on the first one [4].  

Ray casting consists in firing a ray through each pixel of the 

raster image and sampling the voxel data at certain intervals, 

finally the samples are composed to determine the final color of 

the pixel. The ray is defined by two points, the position of the 

pixel in the image plane and the observer [8]. 

IV. EXPERIMENT 

Ray casting was chosen as the algorithm to analyze because 

it is an image order algorithm so it is easily parallelizable since 

each pixel can be computed independently. The values sampled 

across the ray can be composed into a color with transparency, 

showing the inner structure of the volume. Finally, the number 

of samples obtained across the ray can be reduced by modifying 

the level of detail using space partitioning structures.  

A. Methodology 

The volume data used consisted of raw bytes, this data was 

procedurally generated to have a better control over its 

resolution and each voxel occupied 1 byte.  

The prototype was executed 5 times doubling the resolutions 

of the volumetric dataset from 32 to 512 per dimension and with 

the same environment. These executions lasted 500 frames and 

rotation transformations were applied to the proxy geometry to 

have a qualitative measurement of the real time responsiveness.  

B. Ray Casting Implementation 

Since ray casting takes advantage of the SIMD architecture 

of current GPU’s [5] it was implemented in OpenGL shaders 

using GLSL and the volumetric dataset was implemented as 3D 

texture to take advantage of trilinear interpolation. 

The ray casting algorithm was implemented in 2 passes of 
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rendering. This algorithm relies on a cube made of triangles 

which is used as a proxy geometry. Each phase renders either 

front or back faces and the fragment shader stores the 

interpolated vertex position in the triangles as colors. The 

direction of the ray is calculated using these two positions and 

is then used to traverse across the volume.  

The voxel values are translated into visual properties with a 

transfer function implemented as a 1 dimension texture with 

256 texels. Finally, the color is composited with alpha-blending 

front to back to obtain the final value of the pixel.  

V. RESULTS 

A. Compute Time per Frame 

Each test in the experiment recorded the compute time of 500 

consecutive frames and for means of practicality the average 

time was calculated along with its standard deviation as 

measurement of error. 

The previous plot shows a dispersion that increments with 

the resolution. This is mainly because of the rotation transform 

that was applied, depending on the angle a different amount of 

rays intersects the voxels resulting in different compute times 

per frame. The transformation was not discarded because it is 

essential in the demonstration of the real time responsiveness. 

Finally, the relationship between the resolution and the time to 

compute a frame has an exponential behavior. 

B. Framerate 

The framerate was calculated with the amount of 

milliseconds available per frame and the monitor refresh 

frequency.  

In Plot 2 it is possible to observe the non-linearity of the 

framerate metric. The first three resolutions have a framerate of 

30fps because each frame takes more time to be computed than 

the limit determined by the screen’s refresh rate (16.67ms), 

therefore the graphics driver must wait for the next frame to 

finish and maintain in the screen the current image. In this case 

it takes two frames to compute the final image and this why the 

framerate is halved.  

C. Hypothesis Validation 

Based on the results obtained it is possible to say that 

hypothesis is refuted since the average framerate for a voxel 

dataset with a resolution of 2563 is 15fps. Despite this, the 

results show that for resolutions of 1283 and lower the 

techniques implemented are enough to develop a real time 

volume rendering application in regular hardware. With a more 

qualitative approach the responsiveness of the prototype with a 

2563 resolution was acceptable. 

VI. CONCLUSIONS 

Based on the results obtained in this research it is possible to 

confirm that volume rendering techniques are now possible in 

regular hardware. This is important because it makes this 

technology available for areas like medicine, scientific 

visualization and videogames.  

Even though the hypothesis was not validated the research 

was useful to determine a benchmark of the ray casting 

algorithm applied to volume rendering.  Based on the results it 

is possible to render volumetric datasets of up to 1283 with a 

framerate of 30 fps which is appropriate for real time 

applications. With resolutions of 2563 it is possible to obtain an 

acceptable framerate of 15 fps.  

To conclude, volume rendering techniques applications and 

usages are increasing because volumetric representation allows 

to visualize the inner properties of the objects being modelled 

and because current personal PC’s have the hardware to run this 

type of graphic applications on real time making it easier and 

cheaper to implement this technology. 
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Fig 1. Resulting Images with resolutions of 2563 and volumetric model. 

 

 
Plot 2. Average framerate per resolution. 
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Plot 1. Average time per frame vs Resolution in each dimension. 
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