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Overview...

Topics:
w Subdivision Surfaces
w Implicit Functions
w Variational Modeling

«PointBased Modeling<—
~ Alntroducton
A 3D Acquisition Techniques
A Data Processing Pipeline
A Point Cloud Registration Algorithms
A MovingLeast Squares Techniques

A PointBased Modeling
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Point-Based Modeling
Introduction



Modeling Zoo
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Parametric Models

.
mplicit Models Particle Models

~Geometric ModelingSoSen?010 ¢ Point-Based Modeling 41142



3D Scanning

3D Scanning Devices:
w Typically based on poiwise distance measurement
w Almost all scanners output point clouds
wWe need further processing to create a useful model
w0 5 zilcj)l- 3/3/)})[3 A a 2y§ 2 1 Ll-Ké
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A Topology agnostic multesolution modeling is probably the

other important one (e.g., rendering complex scenes like forest
In reaktime).
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Problems

Point cloud (3D scanner data) related problems:

w Glve a set of points, how does this define a continuous
surface?

Y Surface reconstruction
w How to assemble partial scans to a full model?
Y Surface registration
w How to estimate normals, curvature, etc.?
Y Patch fitting, MLS
w How to deal with noise & outliers?
Y Surface smoothing, outlier detection

w Can we do modelingist with points?
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Acquiring Point Clouds
3D Scanners



Types of 3D Scanners

Scanning Techniques:

w Timeof-flight
A Timeof-flight laser scanner
A Time-of-flight depth cameras (dynamic)

w Triangulation
A Laser line sweep
A Structured light

w Stereo / computer vision
A Passive stereo

A Active stereo / space time stereo
A Other techniques
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Time of Flight Laser Scanner

photosensor

aser F iHE ------------------------------------------------ object

Measurement Principle:

w Send out laser beam
A Modulated at about 330 Mhz (phase length 1000m)
w Measure phase difference with a photosensor (PLL)
A Can resolve distances up to (modulo) phase length
A Measures distance to a single point
w Application: Outdoor scanning, buildings,
drive-by / fly-by scanning
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xample Scans (Similar System)




Example Scans (Similar System)
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Acquisition Systems

Acquisition Systems:

w Rotating scanner head
A Rotating mirror for vertical scanning (calibrated)
A Rotating scanning head (incl. rot. mirror) for horizontal scannin
A Mode of operation:
i Position scanner
i Push a button and wait a few minutes
i A panoramic depth map is acquired
w Drive-by systems
A 2D laser scanners (one rotating mirror)

A Mounted on a vehicle with positioning system
(GPS, rotation/acceleration sensors, aux. scanners)
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Drive-by System
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[Biber et al. 2005]

A pull-through measurement
device T can acquire complete
buildings in a few hours

~Geometric ModelingSoSen?010 ¢ Point-Based Modeling 13/ 142



This is what you get...

Corridor¢ CS Building
University of Tubingen (6.5 GB)
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Time of Flight Depth Cameras

Realtime depth camera:

w Sends out modulated light
(similar frequencies, O(Mhz))

w Measures phase in every pixel
wAcquire moving geometry in

[PMD redime time#fflight camera]

reattime
» Quality is much worse than = | ¥
static scans (lots of noise) T 1 photosensors

-
G : (chip)

array of charges
(switching at modulation frequency)
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Example Scenes
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Triangulation Scanners

laser
w/rotating mirror

object

g

Measurement Principle (laser sheet scanners):
w Light the object with a light sheet
w View with camera from an angle
wWe can compute the depth
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Example Device
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Structure Light Scanner

|dea:

w Replace laser by projector

w Project log() binary stripe codes instead
of nlight sheets

w Faster acquisition (exponential speedup)
A Precision: Projector might be harder to focus

w Coding: Gray code

A Any single bit error leads
only to a shift by 1

—— -
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Computer Vision Based Techniques

video _/

camera #1 HI/.,

object
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Stereo Matching
w Match points by similar color / shading
w Very general technique

w But: An inherently #posed problem
A Typically bad reconstruction quality
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Stereo Data

multi view matching (8 cameras) ~ Mmulti view matching (6 cameras)
(piecewise smooth variational surface (photo-consistent space carving)
on presegmented images
solved with Bayesian belief propagation) [Data set: Christan Theobald, MPII]

[Data set: Zitnick et al.,
Microsoft Research, Siggraph 2004]
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Improvement: Active lllumination

Stereo with active illumination:
w Project random pattern on the object
w Improves matching performance (more edges to match)
WA{ LI OSTS [ ISNB2E
A Project a new random pattern each frame

A Capture with two or more cameras
A Gives good results, fully dynamic (animations)
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Space Time Stereo

[Data set: James Davis, University of Santa Cruz]

[Davis et al. 2003]
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Other Techniques

Other acquisition techniques:

w Computer vision:

A Shape from shading

A Shape from defocus

A Shape from contours

A Fluorescent fluid immersion scan

(reflective / transparent objects)

w Other techniques:

A Mechanical sampling

A Radar (planes, satellites)
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3D Scanner Point Cloud Processin
Data Processing Pipeline



Processing Pipeline

We get:

w A big cloud of sample points
A Position, probably also color / laser intensity values

w Typically: A set of depth images

What we want in the end:
w!' ayAOSé¢ aAdz2NFIF OS NBLINBASY
w Typically: Triangle mesh
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Processing Pipeline

Processing Pipeline:

1.

Outlier removak throw away norsurface points

(cause by scanner noise, dark surfaces, reflections etc.)
Registratiorng transform all scans into a common
coordinate system

Surface smoothing remove local noise

Normal direction estimatiolg needed for shading,
reconstruction

Unify normal directions (maybe: look up depth images)

Surface reconstruction
A Convert into triangle mesh

A Alternatively: estimate sample spacing / resample and render
points directly (for example tangential ellipsoid splats)
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Processing Pipeline

Processing Pipeline:
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Automatic Outlier Removal
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Automatic Outlier Removal
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Algorithm

Very simple outlier removal algorithm:
w For each point compute its 20 nearest neighbors

w Compute the principal component analysis
(plane fit with total least squares)

w If the third eigenvalue (normal direction) is larger than
1/(1+e) times thesecondeigenvalue, delete the point as
an outlier
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PCA Plane Fitting (Recap)
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Reminder:

w PCA can be interpreted as fitting a Gaussian distribution
and computing the main axes
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PCA Plane Fitting (Recap)

Plane Fitting inR3:
w Sample mean and the two
directions of maximum eigenvalues

w Smallest eigenvalue

A Eigenvector points in normal direction
AAspectratio(s//,0 A& | YSIFadaNBE 2F aF
(quality of fit)
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w Total Iea_st squares optl.mal (/1 1) small
normal direction(up to sign)
given by eigenvector with smallest S
eigenvalue LT

(/,/ /7 larger
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Processing Pipeline

Processing Pipeline:

1.

Outlier removak throw away norsurface points

(cause by scanner noise, dark surfaces, reflections etc.)
Registrationg transform all scans into a common
coordinate system

Surface smoothing remove local noise

Normal direction estimatiolg needed for shading,
reconstruction

Unify normal directions (maybe: look up depth images)

Surface reconstruction
A Convert into triangle mesh

A Alternatively: estimate sample spacing / resample and render
points directly (for example tangential ellipsoid splats)
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Surface Registration

more details on this later...

[Implementation: Martin Bokeloh (Diploma thesis
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Processing Pipeline

Processing Pipeline:

1.

Outlier removak throw away norsurface points

(cause by scanner noise, dark surfaces, reflections etc.)
Registratiorng transform all scans into a common
coordinate system

Surface smoothing remove local noise

Normal direction estimatiolg needed for shading,
reconstruction

Unify normal directions (maybe: look up depth images)

Surface reconstruction
A Convert into triangle mesh

A Alternatively: estimate sample spacing / resample and render
points directly (for example tangential ellipsoid splats)
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Geometry Smoothing

Smoothing:
w This example: Bilateral geometry filter
w Removes noise while preserving sharp features
w More details on this later (MLS surface reconstruction)...
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