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On account of the advanced technology in recent years, the increasing demand for an effective medical 
imaging system has addressed its significance in diagnosis especially in the development of three-
dimensional medical image reconstruction. Based on literature revise on various computational 
investigated, none of them show efficiency in terms of cost and computing performance. Owing to this 
fact, a method of 3D ultrasound volume reconstruction and rendering using Visualization Toolkit (VTK) 
has been proposed in this paper. The 3D reconstruction has been achieved through a series of 
computerized processes includes DICOM sources manipulation, grey interpolations, ray casting and 
volume rendering. Volunteered subject scanned on carotid arteries were collected. Experimental 
simulations were taking place on a maximum 256 numbers of two dimensional ultrasonic slices in 
DICOM storage. The result obtained indicates that VTK is an efficient open source library in performing 
3D restoration especially in the matter of volume rendering. Internal structure of carotid arteries can be 
examined explicitly in any orientation. Within several virtual slicing features, such as slider, double side 
slider and box widget, it allows certain region-of-interest (ROI) visualization. The method proposed has 
shown its future utilities in clinical application especially in CT, MRI and Ultrasound images, in order to 
provide a more informative view for hospital personnel performing a more significant diagnosis. 
 
Key words: Three dimensional, reconstruction, visualization toolkit (VTK), volume, rendering, medical imaging, 
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INTRODUCTION 
 
With the rapid development of advanced technology in 
the current health care environment, requirements in 
diagnosis technology are becoming tremendously 
demanding. Especially while MRI, CT and other large 
equipment (Ali et al., 2010; Abu Baker et al., 2007; 
Ouadfel and Batouche, 2007; Selvan et al., 2010) which 
are widely used in the medical environment, image-based 
diagnosis and processing (Lai et al., 2010; Lai and Too, 
2010; Lai and Eko, 2010) has been developing from the 
traditional two-dimensional diagnostic imaging X-ray film 
in reading digitized DR-chip technology to the current 
development of the three-dimensional diagnostic imaging 
 

technology (Rahmat et al., 2010). 
Since the American College of Radiology (ACR), and 

the National Electronics Manufacturers Association 
(NEMA) proposed the standardized and uniform 
information exchange for the DICOM 3.0 in medical 
image (Ghrare et al., 2009), the obstacles and difficulties 
where different imaging devices have different image 
formats in image exchange has been solved and can now 
been further processed with the standardized layout. 

Currently, in many large-scaled hospitals, DICOM 
images are embedded in three-dimensional reconstruct-
tion   software  which is  similar to  a  class  of large-scale 
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image processing workstation system or treatment 
planning system. A major drawback of the work station 
system is the great consumption of computing processing 
and thus demanding hardware configuration is needed to 
perform the task. Therefore, prices are usually very high 
and consequently the establishment of such workstation 
is not affordable for many other small-scaled hospitals. 
Obviously, the software is not cost effective, moreover, 
only the related companies who developed the software 
are able to carry out the routine maintenance and this 
has created many difficulties and inconvenience. 

Therefore, the development of smaller and efficient 
standard DICOM 3.0 medical image reconstruction 
system can be utilized to overcome the limitations 
mentioned above, at the same time, medium and small 
hospitals will own three-dimensional diagnostic imaging 
standards themselves (Selvaraj, 2010). This 
implementation can surely enhance the accuracy of the 
current diagnostic imaging system and perform further 
improved treatment for patients. 

The main concept of volume rendering is to assign 
each individual voxel element with its Opacity, with the 
consideration of its light transmission, emission and 
reflection for every single voxels (Barillot, 1993; 
Byeonghun Lee, 2010; Herman, 1990; Treinish and 
Goettsche, 1991; Yemez and Schmitt, 2004). 
Transmission of light depends on the opacity of voxels; 
where light emission depends on the objectness, the 
greater degree of substance, the stronger the emitted 
light; and lastly, light reflection depends on the angle of 
surface and the voxel. In principle, volume rendering 
steps can be divided into projection, blanking, rendering 
and compositing. It can handle three-dimensional regular 
data and irregular data field of volume rendering (Rani 
and Nathan, 2009). The irregular data field can also 
refers to the structured data and unstructured data 
irregularities, such as finite element analysis and 
computational fluid dynamics data generally fall into this 
category, where in this type of data, the body elements of 
shapes variability and sizes variability reducing the 
algorithms efficiency. 

So far, the research and development of irregular 
three-dimensional volume data is still remained a 
difficulty to be solved. On the other hand, the techniques 
for regular data field of volume rendering is more 
promising, it has four commonly used algorithms: Ray 
casting, Splatting, Shear-Warp and 3D Texture-Mapping 
Hardware. The basic idea of the three algorithms and 
features are elaborated below. 
 
 
Ray casting 
 

Ray casting has sparked a lot of research literature in 
volume rendering algorithm (Knoll et al., 2009; Qin, 2008; 
Ray et al., 1999; Silva and Mitchell, 1997). The basic 
theory is based on the principle of visual imagery to 
construct  an  ideal  physical  visual  model   where   each 

 
 
 
 
voxel can be seen as the transmission, emission and 
reflection of light particles, then base on its lightness 
model, according to the pixel properties like color and 
opacity, and the direction along the line of observation 
sight, finally, it forms a translucent images on the surface. 

As shown in Figure 1, ray casting involves generating 
color and opacity values for each element in the data set 
and combining the values along the path of an imaginary 
ray fired through the data set. These values of color and 
opacity are then used to produce the pixel value for the 
final image. 
 
 
Splatting 
 
This technique was specific developed to enhance the 
speed of volume rendering computing such as ray 
casting (Mueller et al., 1998; Neophytou and Mueller, 
2005; Nichols and Wyman, 2010). However, the quality of 
the rendered image is affected. It differs from ray casting 
in the projection method. The projection is in iterated 
operations on the vowel depending on the opacity and 
the color of the voxel. A Footprint function is calculated 
for each voxel projection and the intensity distributed with 
a Gaussian function, thus calculating the overall 
contribution of its image and to synthesize to form the 
final image. This method mimics the way snowball was 
thrown onto the wall leaving traces of a diffusion-like 
phenomenon, hence the name "splatting." it has the 
advantage that the volume data storage in accordance 
with the order to access the object, and only voxels 
associated with the image projection are displayed, this 
has greatly reduced the number of physical data access, 
and thus the algorithm suitable for parallel operation. 

In theory, the reconstruction functions using the same 
weights, splatting and the ray casting algorithm can 
generate the same quality of images. However, in 
practice, due to its difficulty of weight calculation, many 
approximation algorithms are used during computing and 
hence the image quality will decline. 
 
 
Shear wrap 
 

Shear-Warp is currently considered as the fastest volume 
rendering algorithms (Basso and Dal SassoFreitas, 1998; 
Jürgen and Ulrich, 2003; Lai et al., 2011). It uses a voxel 
and images based on coding scheme. While traversing in 
image voxel, opaque and transparent areas of the image 
voxel are excluded. During the pre-processing, the voxel 
is classified according to the degree of opacity. Then go 
into the Run-Length Encoded, RLE stage. It follows by 
the implementation method similar to ray projection to 
render the image. The rendering process can be 
simplified as appropriate coded by cutting out the ray 
orthogonal voxel to the voxel layer in all, using the 
bilinear interpolation in traversing the voxel layer to get 
their samples, and then converted to the screen image. 



 
 
 
 

 
 

Figure 1. Concept of ray casting. 

 
 
 

 
 
Figure 2. Multiples slices of two dimensional ultrasound images 

arranged in order. 

 
 

 
METHODOLOGY 

 
In this project, multi frames of DICOM ultrasound data were 
collected for three dimensional volume reconstructions. DICOM is 
also known as Digital Imaging and Communications in Medicine, 
which is specially used for medical digital imaging and 
communications. DICOM standard is jointly developed by the 
American College of Radiology (American College of Radiology, 
ACR) and the National Electrical Manufacturers Association 
(National Electrical Manufacturers Association, NEMA). The 
collected DICOM file is stored in 8 bit, and digital unsigned 
characteristic with the grey scale value between 0 and 255. The 
maximum numbers of frames stored are 256 frames, as shown in 
Figure 2. The order  of  these  256  ultrasound  images  need  to  be 
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arranged according to their priority in advanced. The scanned 
subject in the present studies is carotid arteries, with the resolution 
641 x 598 using trans-abdominal 3.5 MHz ultrasound transducer 
with freeze capability. 
 
 
Architecture of visualization toolkit (VTK) pipeline design 
 
Visualization toolkit is specially designed for use in pipeline 
mechanism, it can process almost all the structure type of data, and 
provides a various type of data conversion or processing for a 
number of the corresponding classes. According to the type of raw 
data, different algorithm is used to achieve the results. Design and 
visual process can be built by user where different class of data 
conversion processing can be chosen and link to each other 
through the data channel. Converting raw data into an algorithm 
module so that the data types can be processed directly and obtain 
desired visualization result ultimately.  

In the present project, vtkSource class object create a data 
source; then, vtkFilter class or its derived class process the data 
source object. It follows by vtkMapper class or its derived classes 
mapped pixel data, and then the vtkActor class or a derived class 
represents a drawing entity. Finally, the image is rendered by the 
vtkRenderer. By using VTK for three dimensional reconstruction 
developments, the main aim is to design appropriate lines, and set 
the parameters to meet the program needs. The Figure 3 shows the 
flow chart of VTK pipeline connection. 
 
 
Volume rendering computing design 
 
The raw data used in volume rendering is the DICOM format 
(Barillot, 1993; Jin and Jong, 2003; Tae et al., 2001). In general, 
volume rendering is similar to the basic flow chart as shown in 
Figure 4, but it is slightly more complicated than the surface 
rendering. The main difficulty of the proposed method is to place 
different transparency and color for each different grey value of 
image voxel. Currently, VTK making uses the class 
PiecewiseFunction to situate the transparency; such method can be 
achieved by using Add Point (grey value, transparency) algorithms, 
so that the 3D visualization effects can shows discrete grey values 
boundaries continuously. Nevertheless, to know the exact grey 
value of different organ structures is far from straight forward task, 
in other words, skin, bone, artery’s boundaries and others having 
various discrete block of grey values.Therefore, it requires thorough 
fine-tuning to find suitable range of grey values. 

In VTK, the classColor Transfer Function is used to set the color, 
which in fact provides a grey value to the RGB values of the map. It 
is used to add color to voxel with different grey scale value for 
visual effect enhancement. Last but not least, VTK volume 
rendering method is implemented by the VolumeRayCastFunction. 

 
 
Imaging interpolation with voxel concepts 

 
Voxel is the basic unit in three-dimensional where it can be formed 
by four points in each corresponding slices into a cube (Schroeder 
et al., 2006). It has the shape of a hexahedron on each side of the 
orthogonal axes; voxel uses the defined points to coordinate the 
direction of gradually increasing order, as shown in Figure 5. 

In general, image data slices obtained by medical imaging 
equipment always contains a gap in space direction, the gap is 
much larger than the distance between the pixels extends. For 
example, slice CT, the layer pixel pitch is usually between 0.5 ~ 2 
mm, while the spacing between the range of 1 ~ 15 mm. Therefore, 
we need to generate new sections by interpolation between the 
layers when we performed 3D image reconstruction. In the present 
ultrasound image experimental studies, the value is place   to  3.57, 
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Figure 3. Classical VTK pipeline mechanism for three dimensional 
rendering. 
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Figure 4. Flow chart of proposed computing pipeline for three 
dimensional volume rendering. 

 
 
 
 

 
 

Figure 5. Definition of voxel in three dimensional. 

 
 
 
where it complies with the ultrasound machine’s setting for imaging 
output generation. 

Interpolation methods are mainly divided into two sorts (Basso 
and Dal SassoFreitas, 1998; Scheipers et al., 2010) the first type 
are based on image grey value interpolation methods, such as 
neighbouring method, linear interpolation (Muthaiah and 
NeelaKantan, 2008), spline interpolation (Al Bayati et al., 2009; 
Asamwar et al., 2010; Youness and Hassan, 2008) and others. 
Another kind is based on matching interpolation method. These 
methods are essentially for the gap which contains images from the 
adjacent common feature extraction. Image interpolation based on 
grey-based interpolation is implemented in the present studies. The 
advantage of this interpolation is conservative, accelerative 
computing and less demand on computing loading. 
 
 
Grey interpolation 
 
The terminology of grey interpolation is to add a number of 
"missing" slice images in original tomography images sequences 
(Grevera et al., 1996; Higgins et al., 1996). Existing interpolation 
methods are mainly grey neighbour interpolation, linear 
interpolation and high order nonlinear interpolation. Linear 
interpolation is often assumed the grey value in the Z direction 
changes linearly through two adjacent sections, corresponding to 
the pixel interpolation intercropping to estimate the corresponding 
point on the new gap grey. Identification of a new grey value of 
pixel images needs to use information of corresponding points on 
several layers of grey level. 

Suppose the known tomography image V (xi, yj, zk) and V (xi, yj, 
zk +1) interpolation between them out in a new layer of the image V 
(xi, yj, z). Interpolation algorithm using Nearest Neighbour, the new 
image V (xi, yj, z) of the grey scale value: 
 

                           (1) 

 
Where d = z - zkas the distance between point (xi, yj, z) to V (xi, yj, 
zk). 

 
 
RESULTS 

 
The usefulness of two-dimensional image plane often 
depends on the physical structure for the region of interest
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Figure 6. Three-dimensional volumes rendering with default values. 

 
 
 
approach. However, for most of the existing medical 
imaging systems, it is difficult to generate the best spatial 
orientation two-dimensional image directly. This is 
because the structures of positioning and scanning 
orientation are generally subject to the structure and 
other physical limitations. Therefore, three dimensional 
imaging have higher value for the clinical application. In 
many occasions, it is crucial to identify and display the 
best two dimensional image plane from the three 
dimensional model. 

Figure 6 shows the resultant three dimensional 
volumes rendering without interpolation. Therefore it can 
be observed that the results are poor in quality especially 
in the matter of z dimensional or space direction. The 
area of carotid arteries, which is the region of interest in 
this case are hardly to distinguish from the three 
dimensional model. Nevertheless, within appropriate 
parameters adjustment using the sub-library 
OpacityTransferFunction, and Color TransferFunction, it 
can be greatly improved and the internal image areas of 
carotid arteries are shown clearly, as shown in Figure 7. 

When the whole volume image data are stored in the 
computer's memory, the image reorganization can be 
achieved interactively with some others external library 
such as the function of vtkImplicitPlane, which provide 
great three dimensional features like the cutting slider  as 

shown in Figures 8, 9 and 10. 
Figure 11 shows the function of vtkBoxWidget, which 

allows the users to change the view of the reconstructed 
three dimensional models. The users can also using it to 
select the region of interest, for close view, analysis and 
measurement. 
 
 
DISCUSSION 
 
The complexity of volume rendering algorithm are 
including large amount of data storage and slow 
computation time. It is always a difficult problem for three-
dimensional visualization. In the present project, the 
focus of the volume rendering synthesis is to define the 
different grey value of image voxel with different 
transparency setting. Within different transparency 
settings, the effect of final displayed image is different. 
 
 
Conclusion 
 
In summary, we have proposed a three dimensional 
reconstruction for volume rendering using VTK library. 
The volume rendering is applicable to multiple organ with 
CT, MR, or  ultrasound  scan  image  reconstruction,  it  is
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Figure 7. Three dimensional volumes rendering after adjusting specific volume property, 
however, the round area of carotid area still contains background cloud. 

 
 
 

 
 

Figure 8. The background cloud can be removed by tuning additional filter, 3D anisotropic 
diffusion.  

 
 
 

 
 

Figure 9. Front view from the cutting slider, perfect view for measurement on three 
dimensional carotid arteries. 



Wee et al.         1493 
 
 
 

 
 

Figure 10. Double side cutting slider, allow user to view from both angle (left and right) 
direction. 

 
 
 

 
 

Figure 11. Box widget allows for ROI visualization. 
 
 
 

more beneficial to observe the lesion and the normal 
organ or tissue between the spatial relationships, and it 
have a greater significance in practical clinical 
applications. Findings showed that the system is able to 
produce promising results. 
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