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ABSTRACT

In this paper, an interactive application tool has been developed for creating 3D
models of anatomical organs and other body structures from 2D medical imaging
data. 3D models are generated by using reverse engineering algorithm and Planar
Contour method by SolidWorks developed in Visual Basic Language. The research
includes transferring Computed Tomography (CT) and Magnetic Resonance Imaging
(MRI) images into digital matrixes, entering digital matrixes into SolidWorks
environment, building feature library for 3D reconstruction, creating medical rapid
prototyping models. 3D reconstruction is created by edge configuration generation
and triangulated cube configuration generation in capturing section contour points
from medical image per slice, creating B-spline curve with the control points in each
layer, producing solid model construction in Planar Contours method. Medical rapid
prototyping models are performed in SolidWorks. The results of this paper are to
develop image processing 3D visualization in SolidWorks Application Programming
Interface (API) using Visual Basic Language. The results reveal that the accuracy of 3D
reconstruction is acceptable.
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1 INTRODUCTION

The three-dimensional (3D) reconstruction of human anatomical organs and structures from a series
of cross section image has been an intriguing problem in recent decades. New challenges have been
created in the field of image analysis and pattern recognition by the introduction of modern image
data collection techniques such as Computed Tomography (CT) and Magnetic Resonance Imaging
(MRI). With the development of advanced bio-medical techniques, 3D geometric representations of
human anatomical organs rather than the two-dimensional (2D) photographic images using CT or MRI
are frequently required. These 3D geometric models, either simulation generated by computer or 3D
Rapid Prototyping (RP), can be used for diagnosis of physical disorders, visualization of anatomical
organs for surgical planning, and the implantation of human organs and other structures. RP is the
process of converting a 3D Computer Aided Design (CAD) file into a 3D physical model. Medical Rapid
Prototyping (MRP) is the production of the medical models using rapid prototyping methods [1-3]. The
application of RP techniques is an invaluable contribution of engineering technology to the field of
medicine [2].
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Reverse engineering is an important method in constructing a CAD model from an existing
physical part during part or product design [4-5]. Most of the proposed solutions for RE are realized in
two steps. In the first step, the physical part is measured or digitized by a measuring device such as a
coordinate measuring machine (CMM), and surface points are captured in 3D coordinates. During the
second step, curves or surfaces are fitted to the measured points.

For digitizing [6] summarizes most of the digitizing techniques and the measuring principles they
use for reverse engineering [7] introduces most of the commercially available digitizing systems. When
the digitized points are available, the CAD model could be constructed by NURBS curves or surfaces
fitting which is a method commonly available and widely used. Many papers have been published [8-9]
about constructing CAD models by fitting NURBS curves and surfaces to data points [10] presented the
algorithm for NURBS curves and surfaces fitting that automatically identifies the control points and
their respective weights: the weights of control points are first identified through singular value
decomposition, the control points are then determined by least squares minimization. Because the
creation of surfaces in most practical applications is usually not a stand-alone project, they must
always be subjected to boundary conditions [11] discussed the RE from digitized points subject to
boundary conditions based on conventional surface fitting algorithm introduced in Ref. [10].

Based on our developed work [12-13], a method of RE modeling using digitized points subject to
boundary conditions is presented.

Fig. 1: General biomodeling and medical rapid prototyping process path.

2 REVERSE ENGINEERING APPROACH

Although non invasive modalities, such as CT, Micro-CT, MRI and Optical Microscopy can be used to
produce accurate 3D models of anatomical organs. In general, activities in anatomical modeling
design, analysis and simulation need to be carried out in a topology-based modeling environment,
such as using a Computer Aided Design system and CAD-based solid modeling, which is usually
represented as ‘boundary representation’ (B-REP) and mathematically described as Non Uniform
Rational B-Spline (NURBS) functions. Unfortunately, the direct conversion of the medical imaging data
into its NURBS solid model is not a simple task. In the last few years some commercial programs, for
example, SurgiCAD by Integraph ISS, USA, Med- Link, by Dynamic Computer Resources, USA, and
Mimics, by Materialise, Belgium, were developed and used to construct a CAD-based model from
medical images. However, none of these programs has been efficiently and widely adopted by the
biomedical and tissue engineering community due to the inherent complexity of the tissue anatomical
structures. Effective methods for the conversion of CT data into CAD solid models still need to be
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developed. We have evaluated process path for generating a CAD model from Reverse engineering
interface approach.

2.1 Reverse Engineering Interface

The reverse engineering interface approach uses a 3D voxel model as the starting point created from
the region grow process. The 3D voxel model is converted to point cloud data form and are loaded
into the reverse engineering software. The points are then used to create triangular facets to form a
surface model. The faceted model is further refined and enhanced to reduce file sizes and unwanted
features. The freeform surfaces of NURBS patches are used to fit upon the outer shape of the model.

Fig. 2: Process definition to arrive at a CAD model from CT and MRI data.

2.1.1 Iso 10303(step) based NURBS Representation

Non-Uniform Rational B-Spline (NURBS) are the industry standard tools for the representation and
computer aided-design of freeform models [14] in the field of automotive design, ship design etc.
Within STEP files, solid and surface models may be represented as rational or non-uniform rational B-
spline surfaces. Unlike STL files where the facet information of the triangle is used to obtain the slice
contour, direct slicing works by using the exact mathematical representation of the freeform shapes in
computing the slice contours or tool patterns. A rational B-spline surface is expressed parametrically
in the form.
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Where the values of k
uj

and k
vl

are defined by the knot vector associated with the NURBS surface in
the u and v direction respectively. The STEP file contains all information that is required to define the
NURBS uniquely and a STEP reader is employed to extract the relevant information. An ID is given to
each control point as contained within the CARTESIAN_POINT statement. This is followed by the
definition of the B-spline surface in terms of the parameters needed to define it degree of surface in u
and v direction, multiplicities and knot vectors in u and v direction and the weight associated with
each control point.

2.1.2 Iso-surfacing Reconstruction

The majority of the reconstruction techniques produce planar approximations of the data set. This
class of surface reconstruction methods initially constructs planar contours in each CT and MRI data
slice and then connects these contours by a triangulation in three dimensional spaces. The
triangulation process is complicated by the occurrence of multiple contours on a data slice. Fig. 3.,
shows the approximation method. The method consists of joining points of neighboring contour lines
to triangles in such a manner that one obtains triangular planar elements, which delimit a polyhedron
approximating the surface of interest.

Fig. 3: Method of planar contours.

The limitation of Planar Contours is that the connected contour algorithms throw away the inter-
slice connectivity that exists in the original data.

3 3D RECONSTRUCTION BY PLANAR CONTOURS

As mentioned above, 3D reconstruction models are very rough and limited, which takes time to
improve the quality of 3D models. To get better 3D medical models in SolidWorks, Planar Contours,
which use contour lines to approximate complex surfaces, will be employed for computer modeling
and rapid prototyping. The initial planar contours method is to connect these contours by a
triangulation in 3D space. The triangulation process is complicated by the occurrence of multiple
contours on a data slice. In this research, planar contours method constructs 3D models by using loft
command in SolidWorks, which saves the time and improves the quality. The key steps in Planar
Contours approach include capturing section contour points from medical image per slice, creating B-
spline curve with the control points in each layer, and producing solid model construction.

3.1.1 Section Contour Points Capture

Each section image was imported into SolidWorks and placed on corresponding sketch plane. A set of
sketch planes parallel to a reference plane was created in SolidWorks. The distance between two
adjacent sketch planes was set to be identical to the distance between two corresponding sections
obtained from adjacent CT or MRI slices. These section contour points for teeth per slice from CT scan
of a head were created, as shown in (Figure 4).
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Fig. 4: Section contour points capture in SolidWorks.

3.1.2 B-Spline Curve Creation

The second step was to creation of spline, with the fit spline command in SolidWorks. This digitization
was conducted by properly marking points along the exterior contours and using the point option of
the spline mode in SolidWorks. Handles appeared at each spline point with arrows that controlled the
vector leaving that point. Technically known as Bezier (B-spline) handles, these little arrows shape the
B-spline curve. B-spline curves were formed in SolidWorks using the curve fitting technique, which
employed the least square fitting for discrete points measured on a pre-selected section of an object.
The best fitting curve can be obtained by minimizing the distance sum between the curve and the
geometric points, as shown in (Figure 5). The shape of the B-spline curve depends on the directions of
tangent vectors. Spline can have as few as two points and can specify tangency at the end points. B-
spline curves are used to provide accurate interpolation of the intersection data points. To achieve
higher accuracy, a larger number of linear segments are needed for the approximation.

Fig. 5: B-spline curve creation.

3.1.3 Solid Model Construction

After B-spline creation, the solid model was created using the loft features in SolidWorks. The loft
feature created a solid model (Figure 6.b) by connecting multiple closed curves on parallel planes
(Figure 6.a). The guide curves were selected along the loft direction to enhance the smoothness of the
loft features. The loft solid model created in SolidWorks is smoother and finer surface, which was
helpful and convenient for further biomedical rapid design and manufacture.

Fig. 6: (a) Layers closed curves selected for a loft feature, (b) Solid model by planar contours method.
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The ability to produce physical models from the scanned data in SolidWorks is an important
contribution from engineering technology to the medicine. Biomedical rapid design and manufacturing
in SolidWorks could help surgery to plan, manage, and manufacture concurrently. Because 3D
reconstruction is performed in SolidWorks, the fields of Finite Element Analysis, MENS, and Mechanical
Engineering can be combined with the areas of surgical planning and implantation. The combination of
3D reconstruction and Rapid Prototyping will have a significant impact on biomedical engineering and
surgery.

4 CONCLUSION

The results of this paper are the first step towards 3D reconstruction from original CT and MRI scan
data. The manufacturing of Medical Rapid Prototyping will serve as the initial clinical study. The true
advantages of 3D reconstruction in SolidWorks have yet to be determined through long-term study and
clinic application. 3D reconstruction in SolidWorks can provide STL format data for Medical Rapid
Prototyping manufacturing to help plan implant surgeries because SolidWorks can export STL files for
direct reading by Rapid Prototyping machine.

REFERENCES

[1] Ashley, S.: Mechanical Engineering, 1995,117 (7): 62-68.
[2] Koch, R. M.: A Framework for Facial Surgery Simulation, ETH Zurich, CS Technical Report, 1999,

#326, Institute of Scientific Computing
[3] Zonneveld, F. W.: Progress in Clinical Radiology: Decade of Clinical Three- Dimensional Imaging:

A Review, Part III, Image Analysis and Interaction, Display Options, and Physical Models,
Investigative Radiology, 1994, 29 (7): 716-725. doi:10.1097/00004424-199407000-00009

[4] Yan-Pin, Lin; Cheng-Tao, W.; Ke-Rong, D.: Reverse engineering in CAD model reconstruction of
customized artificial joint, Medical Engineering & Physics, 27 (2005), 198-193.

[5] Musik, K.; Chang-Su, K.; Lee, K. M.; Lee, S. U.: Progressive encoding of binary voxel models using
pyramidal decomposition, J. Vis. Commun. Image, R.15, 2004, 44-64.

[6] Carsten, M.: Proceedings of the International Conference on Geometric Modeling and Graphics
GMAG’03

[7] Nielson, G. M.; Huang, A.; Sylvester, S.: Approximating Normals for Marching Cubes applied to
Locally Supported Isosurfaces, IEEE Visualization, 2002, 1: 459-466.

[8] McGurk, M.; Potamianos, P.; Amis, A. A.; Goodger, N. M.: Rapid Prototyping Techniques for
Anatomical Modeling in Medicine, Annals of the Royal College of Surgeons of England, 1997, 79:
169-174.

[9] Li, J.; Agthoklis, P.: a Case Study of Isosurface Generation in 3D Visualization, Rim’93: 622-625,
IEEE Pac.

[10] Vivodtzev, F.: Hierarchical Isosurface Segmentation Based on Discrete Curvature, Lars Linsen,
Georges-Pierre Bonneau, Bernd Hamann, Kenneth. Joy, and Bruno A. Olshausen, 2003, 249-303
Proceedings of the Symposium on Data Visualization.

[11] Kanitsar, A.: CPR- Curved Planar Reformation, Dominik Fleschmann, Proceedings of the
Conference on Visualization, 2002

[12] Hacene, A.; Mekki, A.: Interpolation by Bezier curves and NURBS Strategies of Machining of
Complexes Surfaces In CNC Milling, American Institute of Physics AIP Conf. Proc. Volume 1107,
2009, pp. 342-346

[13] Hacene, A.; Mekki, A.: Modeling of Standard Teeth in CAD/CAM Bio-Cad Dentistry, 2008, 4, 269
Algerian Journal of Advanced Materials

[14] Piegl, L.; Tiller, W.: The NURBS Book, Springer-Verlag Berlin Heidelberg, 1995 and 1997.


