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AVILUS project

• metaio is a technology provider in the AVILUS research project
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3D reconstruction for industrial applications

• Measurements between real and virtual
• Collision detection
• Minimal distance measurement
• Discrepancy check

• Correct AR visualization (occlusion, …)
• Reverse engineering of real to virtual
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First approach
• Automatic generation of a 3D point cloud and 

meshing of this 3D point cloud

• Laser based/dense point clouds (vision-based on 
well textured environments) 
=> good results in the mesh creation

• Fully automatic vision based point clouds       
=> sparse point clouds
=> poor results in mesh creation
• Lack of textures
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• Lack of textures
• Auto-occlusion
• Cluttered background
• Man-made objects

• Industrial partners prefer:
• Workflow based on mature approaches
• Clear, under full monitoring of user, interactive
• Capable to reconstruct any objects
• Basis to integrate more advanced approaches



Preparation of reconstruction

• 3D reconstruction based on registered images
– Calibration of camera intrinsic parameters

• 2D calibration pattern of known geometry for general usage
• 3D calibration with accurately measured geometry grid for high 

accuracy need (e.g. AICON system)
• Quality feedback: variance of camera intrinsic parameters

– Estimating camera extrinsic parameters
• Any tracking system, highly accurate
• Marker-based is recommended
• Marker network of same COS: Inter-marker calibration
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• Marker network of same COS: Inter-marker calibration
– Quality feedback: corresponds to residual of non-linear minimization

• Image acquisition for 3D reconstruction
– Each vertex visible in min. two images -> triangulation
– Clusters with translation parallel to surface ->auto-

matching
– Fronto-parallel image -> texturing
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Interactive 3D reconstruction (1)

• Integrated in GUI based AR-System (Unifeye)
– Loading and undistortion of images based on camera 

calibration
– Image registration based on tracking configuration
– Rendering of virtual objects on top of images based on 

tracking results 

• Model generation
– Interface to interact with and monitor current reconstruction
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– Interface to interact with and monitor current reconstruction
– Creation of 3D vertices of environment
– Creation of faces based on reconstructed 3D vertices



– 3D reconstruction based on 
optimal viewing ray intersection
• Quality feedback: RMS 

reprojection error

Interactive 3D reconstruction (2)

• Reconstruction of 3D vertices
– 2D-Point specification

• User defined click in the image
• Automatic matching 

– Similarity measure of patches by SSD
– 1D-search along the epipolar line in the 

rectified image
– Patch with smallest SSD is taken, if 

second smallest is significantly bigger
– Quality feedback: NCC
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Interactive 3D reconstruction (3)

• Reconstruction of faces
– Valid face: 

• Min. three vertices
• Ordered set of vertices 

– Two consecutive vertices define an edge
– Faces normal is defined CCW

• Face is closed: starting and ending 
vertex is the same

• Face lies in a plane

– Texturing:
• Selection of image

– User specifies an image
– Automatic selection based on orientation 

of faces normal and size of face

• Reprojected vertices of face define 
ROI of texture patch

• Patch is copied to texture image and 
new texture coordinates are computed
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Results (1)

• Toy example done @ metaio
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Results (2)

• Reconstruction of an industrial facility done @ metaio
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Results (3)

• Reconstruction done by AVILUS partner
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