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Getting Meshes from Real Objects




Getting Meshes from Real Objects

e Many models used in Graphics are obtained
from real objects

— Well known Stanford bunny model




Reverse Engineering

Real Object

!

CAD/Graphics Model

!

Build new object



Data Acquisition




Structure of Data
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Scan Conversion

e Main phases

— Sensing - capture raw data
* Point set
* Boundary contours
e Voxels

— Conversion to polygonal model
 Followed by

— Surface reconstruction

— Mesh improvement
e Simplification
e Smoothing




Different Acquisition Systems

e \Volumetric scanning
e Photogrammetry
* Range scanning



2.1 Volume Scanning

e Build voxel structure by scanning slices




Volume Scanning

e Build voxel structure by scanning slices




2.2 Photogrammetry

e Reconstruction from photographs

http://www.debevec.org/campanile



Photogrammetry

e Reconstruction from a series of photos (video)
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2.3 Range Scanning

e Reconstruction from point cloud

Physical real Acquired point Reconstructed
model cloud model



Range Scanning Systems

e Passive: stereo matching




Range Scanning Systems

e Active: structured light acquisition




Range Scanning Systems

* Active: laser scanning




Examples of Scan Systems




Range Scanning

Active systems are superior
Accurate calibration is crucial
Multiple scans required for complex objects

— scan path planning
— scan registration
Scans are incomplete and noisy

— model repair, hole filling
— smoothing for noise removal



Range Scanning: Reconstruction

Set of raw scans Reconstructed model



Sensors

* Scanner types
— Laser
— Imaging (2D/3D)
— Probing
— Mixed
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Sensing Technologies
- Probing

* Probing
— position probe on object
— record the location

e Output
— point cloud data

* Problematic

— Labour intensive
— Error prone




Sensing Technologies
- Imaging

e Capture multiple 2D images

 Use image processing tools to create initial
geometry data

* Requirements
— Many cameras
— Specific locations




3D Imaging

 Wave based sensors
— Ultrasound
— Magnetic Resonance Imaging (MRI)
— X-Ray
— Computed Tomography (CT)
e Alternative - slice object, take photographs of
slices
e Qutputs
— volumetric data (voxels)
— contour lines (use imaging techniques)




Range Scanners

Laser/Optical range
scanner provides 2D array
of depth data

Some capture color
(texture)

Multiple views for
complete object scan:
— Rotate object

— Rotate sensor

Output — point set




Model Generation

= Generate mesh = Direct processing
=« Point set = 2D Images
= Graphics = Vision
« CAD = Voxels
« Contours = Visualization
= Medical Imaging

= Voxels
=« Medical Imaging




Contours

= Stack contours
= Triangulate “strips” between contours
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= Note: contour topology can change



Voxels

= Define iso-surfaces (between data values)

= Triangulate iso-surface / 7
= Marching Cubes
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Triangulating Point Clouds

= General Idea
= Connect neighboring points into triangles

Foint cloud data Feconstructed surface

s JSsues

= Connectivity — manifold? connected?
= Efficiency — (David 32GIGA)



Surface Reconstruction

 Parametric approaches
— Neighborhood searching
— RBF approximation
— Delaunay triangulation

 Implicit approaches
— Distance field

— Level set
— Marching cube



Limitation

e Acquire only visible portions
e Sensitivity to surface properties
* Confused by interreflections



Challenges

e Geometry acquisition
— Alignment
— Error controls

* Properties acquisition
— Texture
— Color
— BRDF
— BTF



Recap: Digital Media

Dynamic
Geometry




Acquisition of Dynamic Objects




3D Animation Scanner

* New technology
— Record 3D video

— Active research area

e Ultimate goal

— 3D movie making
— New creative perspectives



What is Depth Image (DI)?

e A pair of aligned maps
— a texture map I: gives the color of all visible points

— a depth map D: gives the distance to each visible
point




Time-of-flight (ToF) Camera

A camera system that creates distance data with
help of the time-of-flight (TOF) principle
— Light pulses
— Can measure depth scans at video rate

e Relatively new devices

— Become more popular (for everyday users)

FOTORIC-ETO by Fotomic SwissRanger 4000 by MESA  FMD[+i=zien] CamCube by UZE-powered TOF camera
Imaging FMDTechnologles out of the European
ARTTS project



Range image with height
measurements

e Provide 2.5D structure of the scene




Advantages

* Asingle depth image
— Provide 2.5D structure of the scene

 Aset of depth images
— Might provide hole-free 3D scene



Set of Depth Images

3D modeling of scene




Problems with Depth Images

* Pros
— Not only 2D image (2.5D)
— Easy acquisition

* Cons

— Substantial sensor level of random noise

* low quality data

— Non-trivial systematic bias




New Trends: Dynamic Geometry Data

 Time-of-flight (ToF) Camera
 Microsoft Kinects




Introduction to Kinect



Project Natal

e Play game without controller

— Use your body!
* Proposed in 2009

u




Microsoft Kinect + XBOX 360

e Released in Nov. 4, 2010
— Cheap: only 150 USD

* A controller-free gaming system
e Sales 8 million in its first 60 days

— Breaks Guinness World Records
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Kinect Data

e Low resolution 640x480
* Very noisy

* Human skeleton




Kinect as Scanners

e Kinect fusion [Siggraph 2011 Sketch]

Fawidaepth

3D reconstruction 3d reconstruction
(surface naormals) (texture mapped )




canning Human Bodies

[Cui et al., 2011] [Anguelov et al., 2011]



Scanning Bodies using Three Kinects
[IEEE VR 2012]




Kinects are popular...

 More applications
e Controller everywhere

* Many opportunities...



Q&A
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