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Abstract

The paper deals with the DICOM images reconstruction which is initially very useful for production of customized
anatomical implants by using rapid prototyping technology. The researchers are always focusing on biomedical 3Dimaging
reformation. The mat lab image processing has been strongly developed and almost implemented in every modern
thomographical modalities. The CT slices of interested region of customized implant in DICOM format are initially pre
processed using developed MATLAB code. In the next step the images are imported in Invesalius. It is a open source
medical software used to reconstruct structures of the human body. Based on two-dimensional images, acquired using CT or
MRI images. This software generates three-dimensional models corresponding to anatomical parts of the human body. After
reconstructing three-dimensionally DICOM images, the software allows the generation of STL files. These files can be
further used for Rapid Prototyping. This project in biomechanical area has been developed to provide the facility in very
cheap expense with highest technological support comparatively with expensive imported facilities and software. This paper
shows first step results of discussed project of implementing fundamental problems in DICOM medical image
reconstruction for medical imaging and designing a preprocessing noise removing software for reconstructing DICOM
image from a set of CT/MRI images using MATLAB image processing tool & RP.

Keywords

Matlab Image Processing, DICOM, Invesalius, Rapid Prototyping

1. Introduction

Medical image diagnostic equipments such as CT scanners,
MRI, ultrasound etc. have been used worldwide. The outputs
of these equipments are useful for production of customized
anatomical implants. But this is possible only at some high
quality hospitals and medical diagnostics centers. These
equipments have been alternatively assisted by information
technology, which need strong computers with dedicated
softwares for maintaining patients specific data.[2,3] The
initial data required for customized implant is taken from
locally available low grade medical scanners(single or double

slices) & then by using developed MATLAB code these
images are filtered for getting optimized results. Then the
output files are imported in open source software for further
3D reconstruction of anatomical model. This paper
introduces first step results of building 3D image
reconstruction softwares, which are very necessary tools for
medical image processing. [1, 4]

2. Fundamental Theory

An image may is considered to contain sub-images referred
to as regions-of-interest. DICOM image reconstruction is a part
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of a field called revelation. This concept reflects the fact that
images frequently contain collections of objects each of which
can be the basis for a region. In a sophisticated image
processing system it should be possible to apply specific image
processing operations to selected regions. Thus one part of an
image (region) might be processed to suppress motion blur
while another part might be processed to improve color
rendition. It is the data presentation by pictures in order to
helps users to understand and manipulate data by a visually
enhanced way [5]. Now a days, revelation especially with aids
of computers has been applied in a lot of fields such as
simulation, education, economy etc. This processing technique
may be Image enhancement, Image restoration, and Image
compression. [6, 7]

Image enhancement: It refers to sharpening, of image
features such as edges, or contrast to make a graphic display
more useful for display & analysis. This process does not
increase the inherent information content in data. It includes
gray level & contrast manipulation, noise reduction, edge
crispening and sharpening, filtering, interpolation and
magnification, pseudo coloring, and so on.

Image restoration: 1t is concerned with filtering the
observed image to minimize the effect of degradations.
Effectiveness of image restoration depends on the extent and
accuracy of the knowledge of degradation process as well as
on filter design. Image restoration differs from image
enhancement in that the latter is concerned with more
extraction of image features.

Image compression: It is concerned with minimizing the
number of bits required to represent an image. Application of
compression are in broadcast TV, remote sensing via satellite,
military communication via aircraft, radar, teleconferencing,
facsimile transmission, for educational & business documents,
medical images that arise in computer tomography, magnetic
resonance imaging and digital radiology, motion, pictures,
satellite images etc.

2.1. DICOM Images and Reconstruction

All recent medical image reconstruction techniques create
3D images from sets of 2D slices, which can be recorded by
various modalities such as CT, MRI, ultrasound etc. Each
type of scanner has his own uniqueness due to substantial
principles of image recording, e.g. images of CT scanner are

often parallel slices with high contrast, images of ultrasound
scanner are either parallel or divergent slices with low
contrast etc.[8,9] Thus there are different 3D reconstruction
techniques for each type of data (fig. 1).
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Fig. 1. (a)Parallel and (b)Divergent types of 2D slices

However, the general principle of 3D reconstruction is

composed of following steps:

»  Step 1: 2D data slices need to be read and set exactly
with the real spatial positions, the result is a data
volume. This data volume is saved in other memory
of computer.

. Step 2: use rendering techniques to visualize data
volume as 3D image. Usual rendering techniques for
DICOM image are multiplanar rendering (MPR),
surface rendering (SR) and volume rendering
(VR).[9,10]

2.2. Rendering Techniques

2.2.1. MPR Technique

MPR does not require too many calculations, so it is
suitable for low configuration computers. This technique
can be used to reslice structure, i.e. with axial slices we can
use MPR technique to reslice according to different
directions such as coronal, sagittal or diverse figl.1.

Fig. 1.1. MPR technique for reslicing.
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2.2.2. SR Technique

SR technique visualizes a 3D object as a set of surfaces
called iso-surfaces. Each surface contains points which have
the same intensity (called iso-value) on all slices. This
technique is used when we want to see the surfaces of a
structure separately from near structure, e.g. skull from

slices of head, blood vessel system from slices of body etc.

SR technique is often used for high contrast data. Two
main methods for reconstructing iso-surfaces can be well
thought-out as follows:

. Contour based reconstruction: Iso-contours, which are
extracted from each slice can be connected to create
iso-surfaces.

. Voxel based reconstruction: Iso-surfaces are built
directly from voxels having identical iso-value

2.2.3. VR Technique
VR method is used to visualize the total volume
transparence of the object. Images will be performed by
projecting rays through volume data. Along each ray,
cloudiness and color need to be calculated at every voxel.
Then information calculated along each ray will to be
aggregated to a pixel on image plane. This technique helps
us to see comprehensively an entire compact structure of
the object. One of disadvantages of this technique is
enormous amount of calculations, which requires strong
configuration computers. This technique is appropriate for
low contrast data.
Two main methods for rays projecting can be considered
as follows:
e Object-order method: Projecting rays go through
volume from back to front from volume to image plane.
. Image-order or ray-casting method: Projecting rays go
through volume from front to back from image plane to
volume. There exists some other methods to composite
image, appropriate methods depending on the user’s
purposes. Some usual methods in medical image are
MIP (maximum intensity projection), MinIP (minimum
intensity projection), AC (alpha compositing) and
NPVR (non-photorealistic volume rendering).

2.3. Reconstruction from a Set of Parallel

Slices
G ek stack of
images
| o - o
e _4_: .
| o8 ‘
e
——%—1 % ‘
[ * ®
voxel
(data sample) one image

Fig. 2. Arrange slices to a volume data

Set of parallel slices can be recorded by CT scanners,

MRI scanners etc. In reality, the distance between 2
consecutive slices is about 0.5 to 2 mm. Reconstructing 3D
image from CT data is easier than other types of data
because of high contrast of CT images.[11]

Usual configuration can be considered is isometric
volume data (fig. 2), in which the distance between two
successive slices is equal to real distance. Value of each
voxel is the value of the correlative pixel, which is often
the gray level of pixel. After arranging of parallel slices,
rendering techniques will be selectively use to perform the
volume data.[12]

The following are the comparative data which can gain
by spiral scanners of different brands shown in tablel.

Table 1. Comparative of Measuring Parameters Of Different brands

Measuring Toshiba GE 750 Philips Siemens Duel
Parameters HD ICT Source

Row Thickness 0.5 0.625 0.625 0.6

Detector Rows 320 64 128 64

Spatial Resolution 035 0.24mm 0.34 0.4mm
Detector coverage 160 44mm 80 38.4mm
Speed of Rotation 350 350 Ms 270 Ms 280Ms

3. Programming

Software for reconstructing DICOM image from a set of
CT images was built by using matlab code & image
processing tool. A DICOM image contains high frequency
noises that cannot be removed easily by using any medical
modelling software. Thus it is essential to filter/reconstruct
image first though written matlab code & then further
processed using Invesalius open source medical modelling
software [13].

3.1. MATLAB Image Processing

An algorithm is an effective method for problem solving
using a finite sequence of instructions. In computer science,
algorithms process numbers using mathematical operations.
In radiology too, algorithms process numbers representing
tissue information and radiological density in the case of
conventional MRI and CT and primarily generate images by
mapping quantitative results as a gray-scale or color
parameter. The creation of new and customized visual
representations by applying mathematical algorithms using
MATLAB to the original data is called a reconstruction
technique. Many techniques have been developed to post-
process CT volumetric data. The simplest techniques extract
one single parameter of the volumetric data and produce two-
dimensional (2D) reconstructions highlighting a desired
structure. The most commonly used of these simple
techniques are: the average projection, MIP, and Min IP .
More advanced operations process volumetric data, creating
an elaborate 3D model, which can be further manipulated for
visualizing complex structures.[14,15]
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3.2. Programming

3.2.1. Structure
CT slices of customized region in DICOM format are
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initially pre processed using MATLAB programming. Fig. 3
illustrates the flowchart structure of the software for
preparing 3D anatomical model.

Fig. 3. Structure of software & Flow

3.2.2. Interface Design (fig. 4)

Invesalius generates 3D medical imaging reconstructions
based on a series of 2D DICOM files acquired with CT or
MRI equipments. The main user interface of the software is
functionally similar to some professional medical image
softwares. It contains a screen on the right to display

original and processing images. This screen can be
displayed with different modes. General toolbars are placed
on the top and control panel on the left. However, due to
the main educational and training purpose of the software,
it contains some more control components.[17]

Fig. 4. Main screen of Invesalius V-3.0

3.2.3. Functions

Invesalius provides multi-platforms & performs main
functions are as follows:

*  Image manipulation facilities

. Segmentation based on 2D slices

*  Pre-defined threshold ranges according to tissue of

interest
. Edition tools based on 2D slices
. 3D surface creation
. 3D surface connectivity tools
. 3D surface exportation
. High-quality volume rendering projection
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. Pre-defined volume rendering presets
. Volume rendering crop plane
. Picture exportation

3.2.4. Problems

Program runs gradually with and there are not a lot of
functions yet, e.g. no function for data pre-processing.
Invesalius provides a semiautomatic image segmentation
feature. This segmentation is done using the Hounsfield scale,
a quantitative scale that describes radio density. The scale
sets grayscale values according to the density of the region to
be segmented, thus distinguishing air, fat, water, muscle,
contrast and bone.[19,20] Many kinds of imperfections may
be found on images before segmentation. Some cases are due
to noise generated by metallic material (amalgam, titanium
plates, shrapnel from firearm bullets etc.) found in the
patient's body. In other cases, tomography equipment without
proper calibration generates images in which hard tissue and
soft tissue densities present approximately the same grayscale
values, 1i.e., low contrast. This induces InVesalius
semiautomatic segmentation to, for example; incorrectly
segment some pieces of soft tissues when it should select
only hard tissue (bone).[21,22]

4. Rapid Prototyping

Thus after completing all the reconstruction procedures the
cad model of implant made ready & by converting it into stl
file a solid model is manufactured. This model “in hand” is
needed for easier collaboration between designer and surgeon.
The implant model made by RP technology based on
sectional medical images is helpful for researchers to know
about configuration, position and anatomical structure of
surgical location, to measure geometric parameters of
bones[23]. RP operates on the principle of depositing
material in layers or slices to build up a model, rather than
forming a model from a solid block. The space between the
layers is typically 0.05 to 0.10 mm. The smaller the space,
the more accurate the product and more time for fabrication.
Stereolithography apparatus (SLA), laminated object
manufacturing (LOM) and fused deposition modeling (FDM)
are typical RP systems [24]. This method greatly shortens the
design cycle and the time span from sectional image files to a
final exact-fit implant product to within a few days.

5. Conclusion

The project of designing medical modelling i.e.
customized medical implants has been developed in order to
provide master biomedical image processing technology and
to develop compatible products to some extent taken place of
standard imported products. This paper introduces first step
results of partially mentioned project & implementing
essential problems in 3D medical image reconstruction for
medical imaging such as DICOM reconstruction, algorithms,
rendering technique, etc. And designing a new code for
reconstructing 3D image from a set of CT images. The high

frequency noises from series of DICOM images has been
successfully removed & by using Invesalius software a
customized medical model has been developed & made ready
for manufacturing by rapid prototyping.
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