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Abstract
For medical diagnosis, visualization, and model-based therapy planning three-dimensional geometric reconstructions of
individual anatomical structures are often indispensable. Since internal anatomical structures cannot be measured optically or
mechanically in vivo, three-dimensional reconstruction of 2D image slices remains the method of choice. This calls for an effective
volumetric image reconstruction method to find the correspondence among a sequence of 2D images and recover the 3D coherence that is
lost in the sampling process.In this work, we reconstruct a 3D volumetric model of abdominal organs from 2D slices. A two step process is
used to accomplish this (i) Segmentation of organ (ii) 3D volume reconstruction. Segmentation is done using seeded region growing. 3-D
reconstruction is done with the help of a fast volume render application which uses OpenGL surfaces developed using MATLAB. 3D
reconstruction helps in better quantitative evaluation on 3-D physical peculiarities of abdominal organs which can be very useful for
better treatment planning.
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Accurate 3D reconstruction from 2D data sets requires an

Introduction
Traditional visualization of the data by displaying 2D

accurate segmentation method for pathology zone detection and

transverse images in a grid on screen or scrolling through the 2D

extraction. Usually, to perform the manual segmentation

slices of the volume by paging up and down is yet a reliable and

medical technicians need to sketch the contours slice by slice

accurate method in most cases. Even though this method is still

using pointing devices such as a mouse or a trackball. This

the first choice of many radiologists in daily practice, it becomes

procedure is very time-consuming and the results may suffer

more and more time consuming as the amount of data increases

from intra- or inter-observer variability. In the past few decades,

from 20-30 images per patient to several hundreds, and more

many algorithms have been proposed to perform the computer-

recently up to 2000-3000 images (1-1.5GB) per patient[1]. Thus

aided segmentation. These methods usually involve complex

arises the need for 3D reconstruction.

programming and mathematics that researchers are not trained
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to perform. Furthermore, these algorithms are designed to

• Step 1: 2D data slices need to be read and arranged exactly

perform segmentation in a specific anatomical region and

with the real spatial positions, the result is a data volume. This

therefore are not easily extended to the segmentation of a

data volume is saved in any memory of computer.

different region due to their complex nature. Thus a simple but

• Step 2: Use rendering techniques to visualize data volume as

accurate method for segmentation is necessary.

3D image. Usual rendering techniques are Indirect Volume

3D visualization of the segmented region of interest is the

rendering or Surface rendering and Direct volume rendering.

second step of 3D reconstruction. It involves arranging the 2D
slices with real spatial positions to produce the data volume.
Rendering techniques are applied on the data volume to produce
3D image. Rendering is done by either using surface rendering
or volume rendering. Surface rendering produces low quality
images. Volume Rendering produces good quality images but it
has a serious drawback of high computation cost and the
Figure 1a: Parallel Slices[2]
difficulty in appreciating 3D relationships in very transparent
volume-rendered images.
The goal of 3D image visualization is to formulate and
realize concepts of an efficient architecture for productive use of
medical image data. In this work we try to explain the concepts
and methods of 3D reconstruction.

In addition to this, a

methodology is presented to perform 3D reconstruction of
Figure 1b: Divergent Slices[2]

abdominal organs from 2D slices.

Thus we see that effective segmentation followed by
efficient rendering of the segmented slices are the key steps in
3D reconstruction. The block diagram representation of the used
Methodology Used
methodology is shown in figure 2.
The general principle of 3D reconstruction is composed of
following steps
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mentioned, so that no ambiguity exists to place the pixel in
particular region.
3. The candidate pixels to include in the region, it should be 8connected to at least` one of the pixel in the region.
4. Cross-check is to be done to ensure all the pixels are tested
for allocation and then label has to be given to all regions.
The characteristics that considered for the test of
homogeneity of the region are gray level, intensity, shape etc.
3D Volume Reconstruction
The final step in proposed methodology is 3-D volume
construction from 2-D images. This is primarily used for
visualization and quantization of abdominal organs. Volume
construction reduces inter observer variability. The method used
is a fast volume render application which uses OpenGL
surfaces. OpenGL is the premier environment for developing
portable, interactive 2D and 3D graphics applications. It is
simple, multiplatform, stable and reliable and gives high visual
Figure 2: Steps involved in proposed methodology

quality and performance.

In this work, seeded region growing (SRG) method is

The 3D Volume Rendering program is developed in MATLAB.

used to segment an organ from the clinically acquired

The input to the code is a volume data that is created from the

abdominal CT and MRI images. Seeded region growing has

segmented slices. The input volume data is arranged to form a

characteristics like robustness, rapidness and is also free of

stack volume. Surface of the stack volume is created with the

tuning parameters which makes it suitable for large range of

help of OpenGL.

images. The general steps in SRG algorithm can be as follows:
1. Determine seed to start the segmentation process.
2. Determine the criteria to grow the region. In case of multiple
regions, clearly the characteristic of regions should be
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Experimental Results
The proposed method is applied on two types of dataset (i)MR
slices of abdomen (ii)CT slices of abdomen.Figure 3 shows the
result of segmenting kidney from various MRI slices of
abdomen.The 3D volume visualization of the segmented kidney,
from different angles, is shown in figure 4.
Figure 4.2: Different views of 3D reconstructed Kidney

Figure 5 shows the result of segmenting liver from various CT
slices of abdomen.The 3D volume visualization of the
segmented liver, from different angles, is shown in figure 6.

Figure 3(a): Input Slice Figure 3(b): Mask

Figure5(a): Input Slices

Figure 5(b): Mask

Figure 3(c): Kidney
Figure 5(c): Liver
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Future Scope
In future work this semiautomatic method can be improved by
making

it

fully automatic

to

avoid

user

interaction.

Furthermore, slices across a single plane are used for
reconstruction. So only the top and bottom surface of the organ
are constructed properly. Slices from frontal, sagittal and
transverse planes can be used together to construct all the
surfaces accurately. Therefore the future research work can be
focused on the improvement of smoothness of model.

Figure 6: Different views of 3D reconstructed Liver

References
Discussion and Conclusion

[1]

Olof Hansson , “Interactive segmentation of abdominal organs from
3D CT and MRI images”, Department of Science and Technology,

A methodology is designed in the proposed work to construct 3D volume of abdominal organs from MRI and CT images. It

Linköping University
[2]

Vu Cong, Huynh Quang Linh, “3D Medical Image Reconstruction”,
Biomedical Engineering Department, Faculty of Applied Science,

focuses on the two major steps of 3D reconstruction namely

HCMC University of Technology

segmentation and 3D visualization.

Segmentation is a
[3]

fundamental

preprocessing

step

for

accurate

volume

construction. An effective segmentation technique is proposed

Gonzalez RC, Woods RE, “Digital image processing”, 2nd ed.
Pearson Education 2004

[4]

Pratt KW, “Digital image processing”, 3rd ed. Willey; 2001. p. 55187

and efforts are made to overcome the major challenge of
[5]

Pal NR, Pal SH, “A review on image segmentation techniques”,

determination of correspondence between segmented slices. The
Pattern Recog 1993;26:1277-94

quality of reconstruction, completeness and accuracy are main

[6]

aspects which are considered. The technique developed for 3D

Basavaprasad B, Ravi M, “A comparative study on classification of
image segmentation methods with a focus on graph based
techniques”, International Journal of Research in Engineering and

reconstruction should produce comparable results for both MRI

Technology, eISSN: 2319-1163 pISSN: 2321-7308

and CT images unlike other techniques which produce better
[7]

results for CT.

S. Nagabhushana, “Computer Vision and Image Processing”, New
Age International Publishers, 2005

2238
All Rights Reserved © 2016 IJARCET

ISSN: 2278 – 1323
International Journal of Advanced Research in Computer Engineering & Technology (IJARCET)
Volume 5, Issue 7, July 2016
[8]

[9]

[10]

Neeraj Sharma, Lalit M Aggarwal, “Automated medical image

factorization of the viewing transformation”, Comput Graph.

1, DOI: 10.4103/0971-6203.58777

1994;28(Annual Conference Series):451–458.

Dzung L. Pham, Chenyang Xu, and Jerry L. Prince, “Current

Westover L, “Footprint evaluation for volume rendering”, In:
SIGGRAPH ’90: Proceedings of the 17th annual conference on

2000. Vol. 02 page no. 315–37

Computer graphics and interactive techniques, ACM Press, New

Zheng Lin, Jesse Jin and Hugues Talbot, “Unseeded region growing

York, NY, USA, 1990, pp. 367–376
[23]

Rolf Adams and Leanne Bischof, “Seeded Region Growing”, IEEE

Torsten

Möller,

“Direct

Volume

Weiskopf/Machiraju/Möller, CMPT 467/767 Visualization
[24]

T. Todd Elvins, “A Survey of Algorithms for Volume Visualization”,
San Diego Supercomputer Center, Advanced Scientific Visualization

Bo Peng, Lei Zhang, and David Zhang, “A Survey of Graph

Laboratory, San Diego
[25]

Muzhir Shaban Al-Ani, Shokhan Mahmoud H., “3d Visualization

M. Ravi AND B. Basavaprasad, “A comparative study on

Based On Surface Estimation Techniques”, IJAET, May 2013, ISSN:

segmentation methods for medical imaging”, Proceeding of

2231-1963

NCRIET-2015 & Indian J.Sci.Res. 12(1):302-306, 2015

[26]

Ritambhara and Deepti Mittal, “Segmentation of Liver from Abdomen
Journal of Biomedical

[14]

http://www.cs.uu.nl/docs/vakken/ibv/reader/chapter10.pdf

CT images and 3D Visualization”,

[15]

Yong Yang, “Image Segmentation By Fuzzy C-Means Clustering

Engineering and medical imaging, Vol 2 Issue 5

Algorithm With A Novel Penalty Term”, Computing And Informatics,

ISSN: 2055-1266

Vol. 26, 17–31, 2007
[16]

Rendering”,

No. 6, June 1994.

Theoretical Approaches to Image Segmentation”.
[13]

[22]

methods in medical image segmentation”, Annu. Rev. Biomed. Eng.

Transactions on Pattern Analysis and Machine Intelligence, Vol.16,

[12]

Lacroute P, Levoy M, “Fast volume rendering using a shear-warp

segmentation techniques”, Journal of Medical Physics, Vol. 35 Issue

for 3D image segmentation”
[11]

[21]

[27]

Ramin Shahidi, Stanford University Medical Center, “Surface

Jianlong Zhou, Klaus D. Tonnies, “State of The Art for Volume

Rendering

Rendering”, Institute for Simulation and Graphics, University of

Techniques and Applications”, Proceedings of

Magdeburg, 39106 Magdeburg, Germany

Visualization Conference, 1070-2385/96

[17]

http://www.byclb.com/TR/Tutorials/volume_rendering

[18]

William E. Lorensen, Harvey E. Cline, “Marching Cubes: A High

[28]

versus

Volume

Rendering

in

Medical

Imaging:

the 7th IEEE

3-D Reconstruction in Radiology by Reuven Shreiber, M.D

Resolution 3D Surface Reconstruction Algorithm”, Computer
Graphics, Volume21, Number 4, July 1987
[19]

Qi Zhang, Roy Eagleson, and Terry M. Peters, “Volume
Visualization: A Technical Overview with a Focus on Medical
Applications”, Journal of Digital Imaging, 2011 Aug; 24(4): 640–664

[20]

Drebin R, Carpenter L, Hanrahan P, “Volume rendering”, In:
Proceedings SIGGRAPH88, 1988, pp 65–74

2239
All Rights Reserved © 2016 IJARCET

