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Abstract: The new products or tools development are often based on already existing products, prototypes or physical models, mostly very complex shapes. Such free form surface can be accurately reconstructed only on the basis of a large number of measuring points. By the classic measuring methods, it is very difficult or impossible to measure sufficient number of points. The digitization is realized by and ATOS measurement systems. A result of digitization with optical measuring system ATOS is detailed poligonized mesh or point cloud.

Depending on application, creating of the model’s surface is carried out with introduction of certain assumptions and approximations, based on knowledge of processing technology of model whose geometry is reconstructed. All commands necessary for reconstruction are placed in CATIA Workbenches under group Shape. The presented procedure is hardware- and time-consuming. It generates accurate digitized object’s surface, mathematically defined by NURBS.
Key words: Optical 3D digitization, 3D surface reconstruction, Reverse Engineering, Product development, CAD/CAM/CAE
1. INTRODUCTION
In order to satisfy contemporary requirements in the functional, aesthetic and ergonomic reasons products are complex shapes. Tools or new products development are often based on already existing products, prototypes or physical models. In the parts processing, especially in fabrication of pressed parts, sub-areas of the surface resulting from flat sheet metal panels are not transformed in the precisely defined mathematical surface. They should be reconstructed in one of the CAD program in order to obtain a computer model suitable for further design, construction of tools and production preparation.

In this paper, emphasis is specifically placed on accurate reconstruction of the surface of physical model. Number of surface areas is in fact a free form surfaces. From the standpoint of Reverse Engineering (RE), we are trying to describe a lot of sub-areas of the surface by the basic geometric entities: planes, sphere parts, cylinder parts, cones, etc.

Through the shown process, we extract the digital shape of any physical object [1-4]. The physical model of the surface is reconstructed and very accurately describes the complex geometry of manufactured items.
The importance of their implementation is very noticeable in the finite element method, in which the use of these areas to create models that describe the geometry is made, not the ideal obtained by 3D modeling. In practice, it is known that very often geometric imperfections of the real model cause events that would not be caught observing the idealized model - CAD model.
2. 3D DIGITIZING PROCESS
Classic measuring methods provide insufficient number of points for precise products surface reconstruction, because such free form surface can be accurately reconstructed only on the basis of a large number of measuring points. Non contact digitizing is done through optical measuring systems [5], [6], which captures hundreds of thousands of points in a single shot of the object. These measuring results provide very accurate computer reconstruction of shape, and so reduce development time and increase product quality. Reconstruction problems of this sort occur in diverse scientific and engineering application domains.
2.1. Theoretical Background
In order to digitize a 3D surface, at least two deferent views of the object’s surface are necessary. Using the knowledge of the projection matrix of the cameras, it is possible to generate a depth estimate by triangulation. The process of triangulation is well understood, and is fairly straight forward. The accuracy of the triangulation is higher if the angle between the rays is increased, this means that ideally the cameras generating the stereo images should be very far apart. The problem is the finding of the same point on the surface in both images. This is known as the correspondence problem. The correspondence problem is one of the main problems in stereo vision, and there are no fool proof ways around the problem for unassisted vision. By assisting the vision process by using structured light, the correspondence problem can be greatly reduced though. The structured light method uses a technique where the surface to be digitized is lit by a light source emitting light in a known pattern. This can be achieved by using a projector emitting for example a checker pattern on the surface. This method is most effective when the emitted light is the only light source, and this is often not the case for real environments, and certainly not for outdoor use.

Dense stereo is a relatively simple way to do stereo vision. In its simplest form it tries to match every pixel in one of the stereo images to every pixel in the other picture. This simple form is very ineffective, and is never used in practice. Matches are typically sought on what are called epipolar lines in the pictures. The use of this technique requires that the cameras are mounted side by side, since it assumes that point on the surface will be at the same height on both stereo images. Another way to generate stereo data is sparse stereo, this approach tries to minimize the number of pixels that has to be checked for correspondences, and thereby the correspondence problem by only looking at parts of the images that are likely to be recognizable from one image to another. One such method is looking at the perceived edges or lines in the images.
The main deference between dense and sparse stereo, is that in sparse stereo, comparison is not done on a pixel by pixel basis, but groups of pixels defining a feature. An edge of an object in the image would for example be defined by at least two pixels. The fact that more pixels are involved reduces the correspondence problem, since the comparison is based on more data.
There are several issues that makes problem of finding points in the stereo images that corresponds to the same point on the surface of an object difficult. It is likely that the surface looks different from different angles, this is typically caused by the fact that views from different angles are subject to different lighting conditions. Shiny object for example can look very different from different angles because of the highlight effect on the surface. This problem can be a limiting factor on the distance the stereo cameras can be placed from each other, and thereby the achievable depth accuracy.
In order to convert 2D coordinates in the stereo images to 3D coordinates, a method for intersection of 3D lines has to be used. As long as the correspondence problem is solved, the 2D to 3D conversion should be a fairly simple problem to solve, since it’s only a matter of solving simple linear equations. 

Once the 3D surface points have been tracked over individual measurements, and their relative positions have been determined to an acceptable level, the collections of tracked points needs to be combined in a way that can represent the surface that is spanned between them. 
One representation of the surface is a mesh spanned by the tracked points. In order to generate this mesh, triangles have to be spanned between the tracked points, in a way that fills out the surface between the points. One can think of spanning a graph between the point nodes. 

Another simpler method is to augment a quadratic mesh of a given number of nodes, by the known surface points. This could be done by interpolating the mesh points between the known surface points, and on essence wrapping the mesh around the known points.
2.2. 3D Digitizing Workflow by System ATOS
As example, we consider automotive industry part.
In order to meet requirements defined by optical measuring system, object is properly prepared for 3D digitization process. In this measuring project, measuring object is prepared from the point of its application for accurate generation of a point cloud. Measuring project must provide a precise determination of the rotational axis, and allow the determination of the position ATOS sensor in all individual measurements necessary to digitize the complete surface. As the measuring object is not painted, its direct exposure to light source (projector) causes the appearance of too large illuminated (overexposed) areas of measuring images. In order to resolve this problem, the surface is sprayed by material which reduces the degree of reflection. This is done by applying spray titanium-dioxide (TiO2) on the surface of the object to be digitized.

Based on dimensions of measuring object, required accuracy, and density of the point cloud, it is chosen appropriate measuring volume. The measuring volume is part of the space in front of the measuring sensor where whole measuring object or its part, is placed during the digitization, Figure 1.
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Fig.1. Measuring Volume of Optical Measuring System
ATOS (Advanced Topometric Sensor) [7] is an industrial, high resolution, optical 3D scanner. Instead of measuring single points, full part geometry is captured in a dense point cloud or polygon mesh describing the object's surface and primitives precisely. The ATOS system is a white light optical scanner which scans three-dimensional objects and converts the images to high density point clouds. This allows accurate measurement and capture of the shape and size of the visible surface of almost any 3D object. The scanning is based on optical triangulation and stereo-viewing. A projector is used to project striped fringe patterns onto the object's surface. These images are captured simultaneously by the two measurement cameras from different angles. Throughout multiple individual measurements the entire area is recorded. ATOS digitizing sensor calculates its 3D coordinates based on visible reference objects - uncoded reference points. This stereo-setup supports an easy and very accurate 3D capturing of the reference objects. Reference point diameter and strategy of points applying to object’s surface are function measuring volume used. With the help of digital image processing, 3D-coordinates are computed fast and with high accuracy for up to 4 million camera pixels using the supplied high end System PCs. The captured scan data is then automatically integrated in the predefined reference marker framework.

The additional data captured with two cameras of the ATOS system are used to verify the calibration of the system, detect movements and high ambient light changes during the measurement and verify the matching accuracy of the individual scans into the global coordinate system. 

Configuration of measuring system for 3D digitizing ATOS, used in digitizing, is given in Table 1. 

Table 1. Configuration of Digitizing System
	Item
	Property

	Optical Measuring System
	ATOS IIe 400

	Sensor Configuration
	Measuring volume:

250x200x200 [mm x mm x mm]

Reference point size:

3 [mm]

Projector lense, focal length:

17 [mm]

Camera lenses, focal length: 
23 [mm]

	Calibration Object
	Calibration Panel 250

CP20/MV250x200mm2,

SN: CP20/250/D05470,

Aluminium 22.9x10-6mmK-1

	Application software
	ATOS v602


Measuring process is carried out through sufficient number of individual measurements. All individual measurements are made at an angle 45°-60° relative to the plane in which lies the measuring object.
3. 3D SURFACE RECONSTRUCTION
Broadly speaking, the class of problems we are interested in can be stated as follows: Given partial information of an unknown surface, construct, to the extent possible, a compact representation of the surface.
Depending on application, creating of the model’s surface implies the introduction of certain assumptions and approximations, based on knowledge of processing technology of model whose geometry is reconstructed. The process of generating NURBS surface consists of procedures for point cloud processing (importing and filtering of points in point cloud, mesh generation, smoothing, cleaning, filling of holes on mesh, decimation and optimization), and procedures for generating smaller surface areas (creating and joining of 3D curves, basic patch creating, creating of surface’s parts over patches, filleting, blending and joining of surface’s parts). 

3.1. Point Cloud Processing
Point cloud is imported in Open Source software MeshLab. Cleaning of mesh, removing spikes, discontinuities and other errors in point cloud is done in order to make regular mesh. Next, poligonized mesh is generated, over resulting point cloud. Triangulated mesh consists of 42570 points and 85140 triangles, Figure 2. In many cases the reconstructed model contains too many elements (triangles, edges, vertices) to be amenable for further processing. A widely used method decimates the model by contracting edges with their incident triangles.
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Fig.2. Point Cloud generated by Optical Measuring System ATOS
All these phases include some distortion in working data, so software ATOS and MeshLab have possibility to compare mesh with source point cloud (which very precisely describes digitized surface) in form of labels, sections or complete deviation field.
Point Cloud generated by Optical Measuring System ATOS is located in random coordinate system, Figure 2. Model transformation in an appropriate coordinate system is performed using 3-2-1 transformation, Figure 3.
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Fig.3. 3-2-1 Transformation
3.2. 3D Surface Generating
The creation of the accurate surface approximation is a complex task, and therefore fairly hard to solve. 3D surface reconstruction is performed in software CATIA V5. All significant commands are placed in Workbenches under group Shape (Digitized Shape Editor, Quick Surface Reconstruction, Generative Shape Design, Free Style, ICEM Shape Design, and Automotive Class A). Fully Reverse Engineered model is depicted in Figure 4.
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Fig.4. Reconstructed NURBS surface 
based on digitized data
Since surface was then modeled using a combination of 3D CAD packages, to make sure the CAD data fit the scan data in the needed tolerance ATOS software built-in quality checking tools provide immediate visual quality control. Deviation checking between surfaces or curves and underlying polygon mesh is performed, Figure 5. Deviation is calculated as shortest (normal) distance between reconstructed and scanned surface.
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Fig.5. Deviation of as built to the Reverse Engineered

Surface as a color coded cloud of data
4. CONCLUSION

The world's leading PLM software integrate modules for handling and processing of the point cloud, and then generating of the surface over the cloud. This fact points to the importance of this topic in the industry and R&D.
This article presented the development of a model to fit 3D surfaces to point clouds acquired by a non-contact optical sensor. In other words, problem is to digitize outlines and reconstruct the three-dimensional surface of the structure of interest.
It is presented and discussed a technique to generate 3D surfaces from point clouds by using parametric NURBS surfaces in CATIA software. The construction of a proper 3D triangulated mesh has essential impact on reconstruction process.
This method offers: (a) Quick and accurate data capture (even of a relatively large object), (b) Confidence that the data reflects the "as built" state, (c) Data that can readily be imported into the desired CAD software for planning and design purposes, and (d) Savings in time and cost compared to more traditional methods.

The integration of ATOS in industrial development and production processes helps: (a) Reduce production start-up times, (b) Optimize component quality, (c) Speed up the time to production, (d) Maintain high level of quality assurance throughout the entire manufacturing process, (e) Establish early trend analysis within series production processes, (f) Reduce rejects and rework, thus saving valuable time and money, and (g) Automated quality control; improving overall quality assurance, requiring fewer personnel and considerably increasing performance.

Results showed that the system accuracy is fairly enough to guarantee excellent quality with sub-micron errors.
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