 3D Project

Introduction
A website has been developed to display 3D models of objects which can be rotated and zoomed by users. The website uses a python backend running on the Django web framework and uses WebGL to display the 3D models.
Aim
The purpose of this document is to detail the processes involved in generating a model and uploading it to the website so that it can be viewed. 

Generating a Model
[bookmark: _Ref238910024]Take photos of the object to be modelled
Generation of a point cloud is most successful with photos that are taken accurately and methodically.  The following points are advised when taking photos:
· The object should be positioned in an area where you can move around it to take the photos
· The object should remain stationary while taking photos, and you should physically move around it
· The surface the object is placed on should be textured. The texture of the surface is also used for matching during point cloud generation. Figure 1 shows examples of surfaces that were used for model generation.
·  (
Figure 
1
.
 Examples of textured surfaces used to place objects on while taking photos.
)[image: ]Model reconstruction is more successful with many photos with a lot of overlap between them. In a single loop around the object, 20-30 photos works well.
· Using a tripod, 3 loops around the object works well. The first at approximately eye level to the object, the second at approximately 30˚ to the object, and the last at a high angle to capture the top. If the object has areas with complex geometrical detail, or sharp edges, it is advisable to take extra photos around that area to ensure that the model can be accurately constructed
· The EXIF information must be retained in the photos, as it is used in the mesh generation

3D Point Cloud Generation
There are numerous methods to generate a 3D point cloud from the photos. The tools that were assessed during this project were Arc3D, 123D Catch, Python Photogrammetry Toolbox, and VisualSFM.  Arc3D and 123D Catch are both web based solutions, where you upload your photos to a webservice that asynchronously processes the model and emails you the result. The Python Photogrammetry Toolbox and VisualSFM are both run from your local workstation. 

Arc3D (Tingdahl & Van Gool, 2011; Vergauwen  & Van Gool, 2006) and 123D Catch provide no user feedback during the production of the point cloud and when there are errors generating the model provide very limited feedback about why the error occurred. They also suffer from being remotely hosted and closed source. If the organisations hosting the applications decide to take them offline, there is a vital part of the workflow missing suddenly.

VisualSFM was chosen as the best tool for this purpose due to it producing the most reliable and accurate models. VisualSFM is a visual tool that will construct a point cloud on a local computer. It gives a visual representation of the reconstructed point cloud, reconstructs the position of the cameras, and allows control over which cameras are included in the generation of the model by deleting cameras that are producing erroneous data. It is free to use for non-commercial purposes, but closed source. It is also possible to script the generation of models, however that removes the ability to review the accuracy of the model while generating the point cloud. 

The Python Photogrammetry Toolbox also runs on a local computer and runs a lot of the same processes that VisualSFM does, but is open source. It does not provide a visual representation of the model as it is being generated. It has the benefit of being able to be used over remote desktop to run models, which is not possible with VisualSFM. 

Generating the 3D point clouds on a local computer is very processor, memory, and graphics processing intensive. The computer used while generating the initial models is an Intel Xeon W3670 (3.2GHz) with 12GB of Ram and a NVIDIA Quadro FX 1800 video card. Depending on the complexity of the model and number of photographs, model generation can take over 4 hours with the CPU maxed at 100% and the entire RAM used. If a workstation was being purchased for the purpose of producing these models, it is recommended to purchase a high end computer with a large amount of RAM. Once the RAM is used, the computer has to start using the hard drive to store data, which is vastly slower than RAM and increases the model processing time significantly. 

3D Model Processing with Meshlab
Once the point cloud has been generated, it can be processed to develop a 3D model of the object. The following steps outline a workflow to achieve that:

Open Project -> Load in the bundle.rd.out file created by VisualFSM, then load the list.txt file.

This opens the sparse point cloud. To double check the locations of the cameras click Render -> Show Camera. Click View -> Show Layer Dialog to edit the camera scale if necessary to view correctly. Once happy with the camera reconstruction, turn off the cameras, then right click the spare layer and select Delete Current Mesh. 

Import the mesh in, File -> Import Mesh. The mesh is in the models directory, named option-0000.ply, option-0001.ply etc. If there are multiple meshes, import all of them and flatten them into a single mesh by right clicking within the layer dialog and clicking Flatten Visible Layers, as shown in Figure 2.

 (
Figure 
2
.
 
Flattening multiple meshes
)[image: ]
Clean up the mesh by using select verticies and delete verticies to remove unneeded parts (Figure 3). It is a good idea to rotate the image and change the zoom level to check for parts that need to be removed as from some points of view the model can look good, when there are still erroneous faces present. This part of the processing can take considerable time, depending on the quality of the model that VisualSFM produces. 

[image: ] (
Figure 
3
.
 
Selecting (Top) and deleting (Bottom) 
verticies
 from the mesh
)
[image: ]



On models that have taken a lot of time to clean up, it is advisable to export the model as .ply. Meshlab crashes occasionally so that will save having to re-clean it. In the event of a crash, re-load the project files as in step 1 to re-import the camera positions, and then load the .ply mesh you exported instead of the mesh that was created by VisualSFM.
[image: ]
[image: ] (
Figure 
4
.
 Settings for the 
poisson
 surface reconstruction.
)Currently, what is visible is a point cloud representing the object. A surface for the object needs to be constructed. Click Filters -> Point Set -> Surface Reconstruction: Poisson. Change Octree Depth to 11, and Solver Divide to 9 and apply the filter (Figure 4). It will create a new layer containing the reconstructed surface. 

Clean up the resulting model by deleting any non-manifold edges. Filter -> Cleaning and Repairing -> Select non Manifold Edges, then click apply. If any verticies are selected, delete them with the same delete verticies button shown in Figure 3. If this step is not completed, the next step will not be able to be compelted.

[image: ] (
Figure 
5
.
 
Settings for parameterization from registered rasters.
)Generate a UV map of the model. Filter –> Texture –> Parameterization from registered raster, using the options shown in Figure 5. 

Generate a texture of the mesh. Filter –> Texture –> Project active rasters color to current mesh, filling the texture, using the options shown in Figure 6 (choose an appropriate filename for the texture file). 

 (
Figure 
6
.
 
Settings for projecting the active rasters colours to the current mesh.
)Export the model in .obj format. The export produces a .obj file and a .mtl file. Copy the texture file to same location as the exported .obj file(the texture file will be in \00\models\ from where the VisualSFM model is). Meshlab does not include the texture file in the .mtl file, so it must be modified. Open it in a text editor and insert “map_Kd trilobite_color.png” at bottom of file as shown in Figure 7 (with the correct name for your texture, and without the quotes). 

Import the .obj model now that it is associated with the texture file.

[image: ] (
Figure 
7
.
 .
mtl
 file with the 
map_Kd
 line added.
)[image: ]The model needs to be simplified to be able to be used efficiently with WegGL. Filters > Remeshing, simplification and construction > Quadratic Edge Collapse Detection(with texture). The target number of faces can be left as is, since the percentage reduction overrides it (Figure 8).

 (
Figure 
8
.
 Settings for 
simplifying
 the model
)Finally, transfer the texture to the verticies of the model. Filters -> Texture -> Texture to Vertex Colour. The default values should be correct. Ensure that the source and target are both the .obj that was previously imported (Figure 9).

 (
Figure 
9
.
 
Transfering
 the vertex colour
)[image: ]Export the final model to .ctm format. The CTM format is heavily compressed while maintaining good detail, making it ideal for web based delivery.



Uploading the Model to the Web Page
Upload the .ctm model to the /media directory on the server where the the 3D Viewer webpage is hosted. 
Go to the admin page. Eg. If it is running on your localhost: http://127.0.0.1:8000/admin/ and enter the admin credentials
Click on the add icon next to samples, and fill in the details of the model, as shown in Figure 10. 
Click Save when complete.
 (
Figure 
10
.
 Adding a sample to the web page
)[image: ]Limitations
The main limitations are to do with the complexity and level of detail in the model, particularly in respect to texture. The shape of most of the models sampled was reproduced very accurately, with the exception of an olivine sample (Figure 11) that is comprised of millimetre scale crystals. The reconstruction does produce the same distinction of crystal grains that is present in the original sample.

 (
Figure 
11
.
 Photo of the olivine sample (
left),
 and the model of it (right)
)[image: ]

Models with shiny surfaces are also problematic. A sample of muscovite was reproduced, but the thin, shiny surfaces of the muscovite were not reproduced accurately enough to be able to identify the mineral (Figure 12).

 (
Figure 
12
.
 Photo of the muscovite sample (
left),
 and the model of it (right)
)[image: ]
Suggestions for Improvements
[bookmark: _GoBack]The photos taken during the initial development of this workflow were all taken with the standard camera flash in a room with fluorescent lighting, or outside. Initially a lightbox was used, but it is cumbersome if the subject needs to remain stationary, since it needs to be constantly repositioned as you move the camera around the subject. Proper studio lighting or a ring flash on the camera would produce higher quality and more accurate images.
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