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R :
D Reconstruction from Images

Infinite-dimensional optimization
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Number of possible configurations:
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Realtime dense scanning Visual SLAM
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Multiview reconstruction
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utlohs via Energy Minimization

a0 aan! ‘r—*‘,_-_f-":;"

Photoconsistency function:

pZR3—>[O,1]

Determine a surface S of optimal photoconsistency by minimizing

E(S) = /p dA
S
4 N
Kol ev, KI odt |, Br ox, Cremer s, |l nt . J.
Theorem: Globally optimal surfaces can be computed via convex relaxation.
. J
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- Optimization and Convexity

Non-convex energy Convex energy
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Global Optimum

Kolev, Klodt, Brox, Cremers, I1JCV 2009



Super-res. textures




2kt ﬁfmguﬁé’*r Resolution Texture Map TI_ITI
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Given all images Z; : £2; — R3, determine the surface color T : S — R3
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blur & downsample back projection
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* Best Paper
Goldl ¢cke, Cremers,” | CCEVQ093



Closeup of input image Super-resolution texture

* Best Paper
Goldl ¢cke, Cremers,” | CCEVQ093




Free-viewpoint TV




Ritite

al-A'T3A1
i )!\{’{\

f

.

Kol ev, Cremers, ECCV 0608,
Theorem: Provably silhouette-consistent reconstructions can be computed

by convex optimization over convex domains.
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vies @i Action Reconstruction
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Oswal d, Cremer s, | CCV 013
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vies . #Reconstructing Dynamic Scenes TI_ITI

Oswald, Stuhmer, Cremer s, ECCV 014
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Can we do realtime dense reconstruction
from a handheld camera?

Daniel Cremers
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overview

Realtime dense scanning



Optical flow field

Input video

Wedel |, Pock, Bi schof |, Cr emer



| Optical flow field”
Input video * 60 fps at 640 x 480 resolution

Wedel |, Pock, Bi schof |, Cr emer



Stuehmer , Gumhol d, Cremer s,




Stuehmer, Gumhol d, Cremer s,




Stuehmer, Gumhold, Cremer s, DAGM 061
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viee @ Realtime 3D
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Sturm, Bylow, Kahl, Cr emer s, GCPR 013
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Sturm, Bylow, Kahl, Cr emer s, GCPR 013
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. Realtime 3D Modeling

Hightech Summit
Bayen ..

RYINE
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viee s Reconstruction on the Fly

o

Byl ow, Stur m, Ker | |, Kahl , Cr
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Scale: Octrees

s —
A\ S

.v\ (".’ Y

. AN AR

ity AR
SN

Stei nbr¢cker, Ker | , St ur m, C
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At -.ﬁnggiﬁrﬁéLargeScale Reconstruction TI_ITI
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Large-Scale Reconstruction

Steit nbr¢cker, Ker | , St ur m, Cren
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overview

Visual SLAM




Erwin Wilhelm Kruppa (1885 - 1967)

Kruppa 1913:

Two views of five points are
sufficient to determine both
the camera motion and the
3D location of these points
up to finitely many solutions.
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Re"al time Visual SLAM

Structure from Motion Causally Integrated Over Time.
Chiuso, Favaro, Jin,Sodtto t ' aL QnH @

Visual Odometry
Nistér, Naroditsky, Bergén / *t

Scalable monocular SLAM.
Eade, Drummond / xt w Qnc &

Parallel Tracking and Mapping for Sir r
AR Workspace&lein, Murraff L { a !-* "= &

MonoSLAM: Redime single camera SLAM.
Davison, Reid, Molton, Sta3se t ! aL QnT1 ®

Scale DriHAware Large Scale Monocular SL/
Strasdat, Montiel, Davisdn w{ &

' DTAM: Dense Tracking and Mapping in Haake.
Newcombe, Lovegrove, Davion L/ / £ QmMmM®
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LTI

Direct (LSESLAM)

Extract & Match Features
(SIFT / SURF / BRIEF /...)

keep full image

Track: 7 Track:
min. reprojection error min. photometric error
(point distances) =) l‘, (intensity difference)

Map: Map:
est. featureparameters est. perpixel depth
(3D points / normals) TR (semidense depth map) |

Daniel Cremers Multiple View Reconstruction: A Short Introduction 40



Engel ,
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Camera-Based Navigation
of a Low- Cost MAV usmg LSD-SLAM

Lukas von Stumberg, Jakob Engel, Jorg Stuckler, Daniel Cremers

Computer Vision Group
Department of Computer Science
Technical University of Munich

Von Stumber g, Engel , Stg¢ckl e
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.. Direct Spars©dometry TI_ITI

Engel , Kol tun, Cremer s, ANDirect
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_' _ Direct Spars©dometry TI_ITI

Engel , Kol tun, Cremer s, ANDirect
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50 sequences
105 minutes
190k frames



