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Abstract In this paper, we propose a methodology for 3D virtual reconstruction of objects that can be applied to virtual restoration. The methodology is based on an image-based modelling technique and allows generating a textured 3D mesh from a set of images. The proposed methodology consists in the following actions: obtain images of the object, processing of the images, 3D reconstruction of the object, finishing and completing details, restoration of the 3D virtual model. First, we review several frameworks and toolkits that can be used for image-based modelling and then a detail example of 3D reconstruction is presented. The advantage of this methodology for 3D virtual reconstruction is the use of inexpensive equipment, because only common video and computing devices are needed.



Keywords: 3D virtual reconstruction, image-based modelling, virtual restoration.



1. Introduction Reconstruction of a three dimensional models needed for various applications using various techniques and technologies is a complex process. The reconstructed 3D models can be used in virtual environments for visualization applications, classification and analysis. The most common method to obtain a 3D model of an existing object is 3D scanning. Three dimensional scanning can be used to gather spatial location of points rapidly and obtain 3D coordinates of the target surface. This is a new technical method for the rapid creation of 3D image model of the object. The problem addressed 3D models of various sizes and complexity: from existing small objects to buildings. Recently, virtual reconstruction based on Virtual Reality (VR) technologies has been proposed as an improved interface for a lot of specialty areas, such as: ancient architecture reconstruction (Gaianai et al, 2001; Mehta, 2001; Lu, 2008; Popovici et al, 2008; Yao et al, 2008; Issini et al, 2009), monumental paintings of the church (Petrova et al, 2011), completion of facial image in ancient murals (Lanitis and Stylianou, 2009; Wang et al, 2011), restoring content from distorted documents (Brown et al, 2007), dentistry (Martorelli and Ausiello, 2012), tracking of human movement (Quah et al, 2005), large-scale scenes such as urban structures (Yao et al, 2010). Three dimensional scanning can be performed with equipment ranging from the most expensive to some very simple. The operation can be done with equipment based on direct contact (on mechanical principles: MicroScribe, Romer) or noncontact (ultrasound, x-ray, laser). This equipment is very expensive. In case of less demanding applications, the use of these technologies may be prohibitive. Therefore, we aimed to identify techniques and technologies that use common of the shelf equipment that is available to all users, and able to return high quality virtual objects. Based on this identified technologies we propose a methodology that can be used for teaching virtual restoration at Transilvania University from Brasov.
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2. Methodology for 3D reconstruction using photogrammetry In principle, the proposed methodology for image-based 3D virtual reconstruction of an object could be formulated as to cover the following steps (Fig. 1): Acquire a set of images. The first step essential in geometric reconstruction using principles of photogrammetry is to acquire a set of images of the object that is intended to be restored. The way in which photographs are acquired is a very important aspect greatly reflected in the quality of the final reconstruction. The object is photographed from different angles, spatially arranged in a circle or arc around the object and each photo must contain about 70-80% of previously captured image content. Generate a point cloud data from the images. The images from the data set will be used to identify the interest points and obtain the 3D coordinates of the object. The process is carried out using a specific framework. Because is a computer intensive process, using a standalone software framework require a powerful computing system. A better solution is the usage of a cloud of web service solution. A review of the actual image-based solutions will be presented in the next section. Generate a 3D mesh model. On this step the resulted point cloud will be used to generate a textured 3D mesh. For these step a dedicated library can be used (for example the free software Meshlab). A detail example of using Meshlab to generate a 3D textured mesh of the object will be presented in the section 3.



Figure 1: The proposed methodology for virtual reconstruction



3. Review of the image-based 3D reconstruction frameworks In recent years, due to the development of cloud computing, several frameworks for image based reconstruction have been developed. We review the most actual frameworks and compared their features and capabilities. In the following paragraphs we provide a brief description of each framework and we propose a framework for the implementation of the proposed methodology.



3.1 ARC3D ARC3D (Vergauwen, 2006) is a free web service that provides a standalone software application for uploading photos to the server system. The application delivers good results when a number of about 70 photographs are used. After processing the images, the results are received by a notification e-mail containing a links to the files generated. It contains two types of reconstruction data: pixel maps in *. v3d format that can be used for the manual reconstruction of 3D mesh from a generated point cloud using MeshLab software of a 3D textured mesh in *.obj format processed by the ARC3D server application (but not accurate).



3.2 Hypr3D Hypr3D (www.hypr3d.com) is a free web service similar to ARC3D that provides only a web interface to upload and download the files. Optimal results are obtained when 70-80 images are used. The advantage of this solution, compared with ARC3D, is the reduced time of delivering the reconstruction results (about 3-4 hours). The web service delivers two types of geometry: low resolution mesh in *.dae 3D format with *.jpg textures and a point cloud in *.ply format. Also a high resolution mesh in *stl format can be obtained, but without textures applied.
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3.3 My 3D Scanner My 3D (www.my3dscanner.com/) Scanner is also a free web service comparable to Hypr3D. This service can process up to 100 photos (but in a long time up to 25). The advantage of this application is the high resolution mesh delivered (up to 1000000 triangles). The drawback is the missing of textures applied to the mesh, because it contains only color information. The result delivered by the application contains a *.obj file for the 3D mesh and a *.ply for the point cloud.



3.4 Autodesk 123D CATCH 123d CATCH is a free service offered by Autodesk that uses cloud computing for the reconstruction of 3d objects from images. The management of data is made trough a standalone software application installed on the user PC. This application allows uploading images, downloading the results, rendering the processed 3D point cloud or mesh, export the result using several 3D formats (*.dwg,*.fbx,*.rzi,*.obj,*.ipm, *.las ). This service can process automatic up to 70 photos in a short time (about 1-2 hours). The result of the reconstruction process contains the point cloud, 3D mesh and texture. After reviewing the available image based reconstruction software, the usage of ARC3D and Meshlab framework was selected for the methodology that was used for teaching virtual restoration, because this framework allows manual processing of point cloud which conduct to better results and understanding of 3D processing algorithms.



4. Case study In this section is presented the methodology described in the previous paragraph used to reconstruct in a virtual environment the exterior surfaces of a monument based on a set of pictures and the software ARC3D and Meshlab. The reconstructed object is a monument from the old center of Brasov city. The ARC3D software was used to obtain a cloud of 3D points from a set of 2D pictures and Meshlab software was used for the filtering commands and the reconstruction of the 3D surfaces from the point clouds.



Price User interface Processing time Cloud processing Maximum number of images Point cloud output 3D mesh output Texture output Maximum number of mesh triangles Apply automatic texture Native 3D files format



Table 1: Comparison between photogrammetry services My 3D ARC3D Hypr3D Scanner Free Free Free Web-based + standalone Web-based Web-based software 4 – 5 hours 3 – 4 hours 10 – 24 hours Yes Yes Yes



Autodesk 123D CATCH Free Software standalone 1 – 2 hours Yes



70



200



100



60 – 70



Yes Yes Yes



Yes Yes Yes



Yes Yes Yes



Yes Yes Yes



100000



200000



1900000



150000



No *.obj/*.jpg or -/*.v3d/*.jpg



Yes *.ply *.stl,*.dae *.jpg



– *.ply *.obj –



Yes *.3dp



The first step was to take 16 pictures of the considered object from different angles (smaller than 30 degrees) in order for the ARC3D software to be able to apply the reconstruction algorithms. There were taken other sets of pictures of different monuments, but because the angle between two pictures was too large, the ARC3D software sent an error message. In order to load the pictures in the ARC3D server an account has to be created.
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The next step was to open in Meshlab the model.v3d file. Then the most significant pictures were selected and the Export PLY button was pressed. After a few minutes, the files with the *.ply extension were generated accordingly to the selected pictures. Every file was imported in a different Layer. All the Layers were united to create a single point cloud using command Filters / Layer and Attribute Management / Flatten Visible Layers.



Figure 2: Upload the images on the server using ARC3D software The points that were not part of the reconstructed monument were deleted by using the following commands: Select Vertexes for selecting the points and Delete current set of selected vertexes for deleting them.



a) b) Figure 3: Clean-up the point cloud (a) Sub sampled point cloud (b) After obtaining the point cloud that contains only reconstructed monument data, the Mesh Element Subsampling command was applied in order to increase the number of points from about 8000 to 60000 using command Filters / Sampling / Mesh Element Subsampling / Number of Samples 60000 / Apply.



Figure 4: Poisson reconstruction 3D mesh In this way a new point cloud was created with the name Sampled Mesh. From the Layer area the Sampled Mesh point cloud was selected and the Surface Reconstruction: Poisson command was applied in order to obtain a 3D mesh from the point cloud.
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The triangles generated by the previous command that didn't belong to the model were selected using the command Filters / Selection / Select faces with edges longer than and then they were deleted by applying the command Delete current set of selected faces. The final step was to apply the command Vertex Attribute Transfer and the 3D model of the monument was obtained.



Figure 5: The final result of the proposed methodology for 3D reconstruction



5. Conclusions Reconstruction of 3D virtual objects of various sizes is an important step for development of virtual restoration applications. In this paper actual techniques and technologies used for 3D reconstruction of objects were presented. For teaching of virtual restoration we identified a 3D reconstruction technique based on photogrammetry. Several software applications (ARC3D, Hypr3D, My 3D Scanner, Autodesk 123d Catch) were studied and a comparative study which highlight strengths and weaknesses of each software was conducted. Based on this review a methodology using this virtual reconstruction software was subsequently detailed. For the validation of the proposed methodology a particular application - reconstruction of statuary located on a building facade was presented. The advantage of this methodology for 3D virtual reconstruction is the use of inexpensive equipment, because only common video and computing devices are needed.
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