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3D Reconstruction from Images

Infinite-dimensional optimization
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Optimization in Computer Vision TI_ITI
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Non-convex energies
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Optimization and Convexity TI_ITI

Non-convex energy Convex energy
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Classical Keypoint Approach
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Overview

Autonomous quadrocopters Multiview reconstruction

Realtime dense geometry Large-Scale Direct SLAM  Reconstruction on the fly
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Overview

]

Autonomous quadrocopters
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Autonomous Quadrocopters

Quadrocopters juggling Swarms of quadcopters
Muell er, Lupashin, RaAhtdegev| RUSI|I bllhger

- Controlled environment
Drawbacks: - Marker points

- External sensors / mocap systems
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Realworld Environments
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Can we use visual SLAM for autonomous quadrocopter navigation?

Can we reconstruct the world from autonomous quadcopters?
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Gesture-Control of a Nanocopter

Dunkley, Engel, Sturm, Cremers, IROS 2014 Workshop on Nanocopters
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eadd a Cameram

Dunkley, Engel, Sturm, Cremers, IROS 2014 Workshop on Nanocopters
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Dunkley, Engel, Sturm, Cremers, IROS 2014 Workshop on Nanocopters
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The Parrot AR.Drone

available online @ 260U
no hardware / onboard software modifications

connected to ground station via WLAN

Onboard sensors:
« front camera (320 x 240 @ 18fps)

s Inertial measurement unit

s ultrasound altimeter

« onboard, optical-flow-based velocity estimation

Realtime structure and motion / visual SLAM:
Chi uso et al . | ECCV 0600, Favaro
Ni st er, | CCV 003, Davi son, | CC
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A e Sensor Fusion TI-ITI
Open source mono-SLAM system PTAM (Klein & Murray '07)

= Control Video
P @100Hz @18Hz
.1
i Monocular |
TN, —
MU
@200Hz
Our contributions:
E}{tende_d B
. camera-based autonomous navigation Kalman Filter
« enhanced reliability by incorporating IMU data
» ML scale estimate using ultrasound & velocity
— PID Control

Engel, Sturm, Cremers, IROS 2012
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Autonomous Flying & Hovering

Chmern w plnar soare Ad rams spaceber 13 At tracking for nRin See
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Engel, Sturm, Cremers, IROS 2012
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Improvement by Sensor Fusion

ERFE trajectory raw odometry target trajectory

Engel, Sturm, Cremers, IROS 2012
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Dunkley, Engel, Sturm, Cremers, IROS 2014 Workshop on Nanocopters
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Overview

Multiview reconstruction
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Solutions via Energy Minimization TI_ITI

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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Kolev, Klodt, Brox, Cremers, 1JCV 2009
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Super-Resolution Texture Map TI-ITI

Given all images Z; : £2; — R3, determine the surface color T : S — R3

mln Z/ .@ Ii)de—l-)\/SHVSTHdS

blur & downsample back projection
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Gol dl ¢ c ke, Cremer s, | CCV 0009
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Closeup of input image Super-resolution texture
* Best Paper
Gol dl ¢ c ke, Cremer s, K * | Award
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Silhouette-Consistent Reconstruction TI_ITI

f

Koley Cremers, EGQ@CM:ou8, PAMI
Theorem: Provably silhouette-consistent reconstructions can be computed

g by convex optimization over convex domains.
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Silhouette-Consistent Reconstruction Tu.“

mSin/pdA st. m(S)=5; Vi=1,...,n
S

u = ling s
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Kol ev, Cremer s, ECCV 0608, P
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Silhouette-Consistent Reconstruction Tu.“

mgn/pdA st. m(S)=5; Vi=1,...,n
S

u = ling s

min/ p(x) |Vu|dr = min sup /udiv&da:
v Jv

u€ |¢)<p
S.t. (Mu .V — [0, 1]

3 < / u(x)de >1 ifj €8S, Vi, j
— R

(]

f u(x)de =0 ifj&8;, Vi,j
. JR

(]

Proposition: The set Y of silhouette-consistent solutions is convex.

Kol ev, Cremer s, ECCV 0608, P
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An Efficient Saddle Point Solver TI.ITI

Given the saddle point problem

min max (Ax, ,x) — (h,
mecy€K<aﬁy>+<g$> (h, y)

with close convex sets (' and K and linear operator A of norm L.

Proposition: The primal-dual algorithm

@t = Ne(an —7(A*y" T+ g))

fn—l—l — 2$n—|—1 e

\

converges with rate O(1/n) to a saddle point for o T L? < 1.

Pock, Cremer s, Bi schof |, Chambol |l e
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-~ Reconstructing the Niobids StatuesTuTI

Kolev, Cremer s, EC1IY 60 8, PAM
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Reconstructing Dynamic Scenes TI_ITI

Oswald, Stihmer, Cremer s, ECCV 014
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Action Reconstruction
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Oswal d, Cremer s, | CCV 013
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Realtime dense geometry



Multiview Reconstruction

|
31
o
( . .
Can we do realtime dense reconstruction
s from a handheld camera?

Daniel Cremers
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Optical flow field

Input video

Wedel |, Poc k|, Bi schof , Cr emer



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

Input video

Wedel |, Poc k|, Bi schof , Cr emer



e t ®Realtime Dense Reconstruction TI-ITI

W’/LLW
Brightness constancy:
/T !
o o@= (7 (g:(u)) )

v
g;
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minZ/ ‘Io(.’L‘) — Ii(w(gi(fu, : m))‘ dx —I—/ |Vu (e de
L Q Q

ww
+5 [@0?det [19o@)ds
5 9

Stuehmer, Gumhol d, Cremer s,
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Stuehmer , Gumhol d, Cremer s,
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Realtime Dense Reconstruction

Newcombe et al . | WEGUWebdlEt al . |
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3D Modeling from a Quadrocopter

Mapping on Demand:
Dense 3D Reconstruction

Frank Steinbrucker, Jurgen Sturm,
Jorg Stuckler, Daniel Cremers

October 2014

Computer Vision and Pattern Recognition Group
Department of Computer Science
Technical University of Munich
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Large-Scale Direct SLAM




Real-time Visual SLAM

Structure from Motion Causally Integrated Over Time.
Chiuso, Favaro, Jin, Soatto; PAMI 002.

Visual Odometry.
Nistér, Naroditsky, Bergen; CV PR

- Scalable monocular SLAM.
Eade, Drummond; CVPR 0606.

Parallel Tracking and Mapping for Small
AR Workspaces. Klein, Murray; | SMA -~

MonoSLAM: Real-time single camera SLAM.
Davison, Reid, Molton, Stasse; PAMI 0607.

. Scale Drift-Aware Large Scale Monocular SLAM. §S
«t Strasdat, Montiel, Davison;, RS S§
i.z DTAM: Dense Tracking and Mapping in Real-Time.

! Newcombe, Lovegrove, Davison; | CCV 011.
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REMODE: Probabilistic, Monocular Dense Reconstruction §
in Real Time. Pizzoli, Forster, Scaramuzza; | CR,
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Real-time Visual SLAM TI_ITI

Keypoint-Based Direct (LSD-SLAM)

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

keep full image

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

Map: e Map:
est. feature-parameters Rl est. per-pixel depth
(3D points / normals) B iy (semi-dense depth map)
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LSD SLAM: Large-Scale Direct SLAM I I I

"._,

Engel, Sturm, Cremer s, | CCV 013,
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Realtime Reconstruction from a Car TI_ITI

00:00:00.000
(2x speed)

keyframe depth™ s
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Reconstruction on the fly



Realtime Dense Camera Calibration TI.ITI

,‘,\,ﬁw
/

— /
~ =" Jcsem)

Lie algebra representation of rigid body motion:

g =exp (§), £eR°

Photo-consistency:

2
min /‘Io(a?) — I (f(gé-(u : a;')) dx
<2

£CRO

Steil nbruecker, Stur m, Cremers ¢(
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Realtime Dense Camera Calibration TI_ITI

Photo-consistency:
2
B(© = [ |lo@@) ~ Li(n(ge(u- )| do
<2

Taylor expansion:

~ e T i % 2
E(ﬁ)f\! Io(x) — I, — VI (dgg)(dg)g dx

Optimal solution:

dE(£)
dg

= AL +b=0 =—> =_A"1p
Solve In coarse-to fine manner.

Steil nbruecker, Stur m, Cremers ¢(
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Realtime 3D Modeling

g o=

- AlLl8
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s 8 wd
— N = 3 ” 'A.A

Downldad demo http://v\ANW.faintec.com
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Download demo @ http://www.fablitec.com
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A e Realtime 3D Modeling

Download demo @ http://www.fablitec.com
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Realtime 3D Modeling

n": ; ’ /“R :
@ http://www.fablitec.com
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Reconstruction on the Fly TI.ITI

Byl ow, Stur m, Ker | | Kahl |, Cr
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Large Scale: Octrees
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Stei nbr ¢cker, Ker | | Stur m, C
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