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Y Motivation

* Capturing a point cloud of a scene

might require multiple depth sensors

* Due to occlusions, capture volume, etc.

* Results in unregistered point clouds

* To merge the point clouds, a
registration (= extrinsic calibration) is

required
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Y Previous Work

* Usually color- or IR-images are

used to detect a registration target.

* Not applicable, it:

* Color or IR image not available.

* Different projections are used.

* E.g. Orbbec sensors [Reyes-Aviles 20]

» Therefore, our approach only relies

on the depth image.
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@ Our Approach

* We designed:

1. Alattice as registration target which |

is visible in the depth image.

2. An algorithm which robustly detects
this lattice and it‘s unique feature

points in the depth image only.

» We use hole centers as feature points
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W Algorithm Overview
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U Algorithm Overview

1. Identify the region of the lattice

Gaps along Cluster of gap Filtered lattice
scanlines segments candidates

Depth image

Segment Set<Set<Segment>>
int y;
int xStart;
int XEnd;

Set<Set<Segment>>
gapClusters;

latticeCandidates;

depthImage[640][576];

Set<Segment> gaps,;
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Algorithm Overview
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. ldentity the region of the lattice

2. Feature point recognition and

lattice pose estimation
3. Unique hole center identification

4. Extrinsic calibration
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U Algorithm Overview

2. Feature point recognition and lattice pose estimation

Point Cloud within

Lattice Candidate region of scanlines

Lattice points Raw hole centers

Set<Set<Scanline>>
latticeCandidates; ot <Point3t N Set<Vector2is Set<Point3f>

inlierCoordina ‘g b2 ="enterCandidates;
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U Algorithm Overview

2. Feature point recognition and lattice pose estimation

Lattice pose estimation ale cente
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U Algorithm Overview

Incorrectly found hole centers
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U Algorithm Overview

Incorrectly found hole centers
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U Algorithm Overview
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U Algorithm Overview

Create proximity graph on hole centers
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Introduction Previous Work Overview
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U Algorithm Overview
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U Algorithm Overview

Introduction Previous Work Overview

)
IR
b . ,"'l
4 3 e ——— * i
™ . g H"'-\..__H' F_“H_-'
- r
p ] oy
3 “-
I'. f
!
§ i '
[
il b
f

Details Results Conclusion 16



Bremen

U Algorithm Overview

Introduction Previous Work Overview
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U Algorithm Overview

Select the median of each of
the two largest clusters as the
x-axis and y-axis directions
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U Algorithm Overview

Select the median of each of
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U Algorithm Overview

Select the median of each of
the two largest clusters as the
x-axis and y-axis directions

/ Axes directions
\

Outliers removed based on cluster

_____—— membership of neighboring edges
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U Algorithm Overview
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U Algorithm Overview
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U Algorithm Overview
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? Center of these points
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U Algorithm Overview
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Introduction

Center of these points

Previous Work

Overview

Details

Points around lattice
(usually the hands)

x-axis | (flipped towards hands)

T

y-axis (aligned by x-axis
and z-axis)

z-axis is plane normal by RANSAC
(points always to the depth sensor)
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2. Feature point recognition and lattice pose estimation

Pose estimation

Raw hole centers
heuristic

Set<Point3f> :
holeCenterCandidates; nt < PG
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lattice pose estimation
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3. Unique hole center identification
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Algorithm Overview

. ldentity the region of the lattice

2. Feature point recognition and

lattice pose estimation

Find transformation
between both
coordinate systems

3. Unique hole center identification

4. Extrinsic calibration
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4. Extrinsic estimation

Sensor 1: Matched | |
correspondences Registration

Sensor 2: Matched

correspondences
11 w12 - 4«5
] al7 I18 «19 20 -1 " :
16 w10

nl »8 9
121 =22 =23 =24 25 L

a1 «12 <13 #1415

16 =17 18 «19 =20

Point3f 221 222 223 =24 25
correspondences[25];

Point3f
correspondences|[25];

Introduction Previous Work Overview Details Results Conclusion

e

!., )
".n-aj ﬁ*‘v:f
'4.‘7.,.‘ k.
®



bremen

Y Video

Registered Pount Clouds
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W Virtual World Registration

* Register point cloud into virtual

world (for use with HMD)

* Cast shadow by real geometry in VR.

* Point cloud avatars.
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W Virtual World Registration

* Requires correspondence points
both between World Space and

Camera Space:

e Use Motion Controllers to estimate

lattice pose in WS

Bracke tg

e Use lattice for CS DOINtS in CS

registration

Points in WS
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U Results

* Method:

Optitrack

* Azure Kinect as depth sensor. y
markers

* Optitrack for ground truth measure.

* High precision optical tracking (accuracy

of =0.7mm in our case)

* Detalils: See paper.
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U Results

* Registration into Ground Truth CS:

* Mean registration deviation about

3.8 mMmm to 4.4 mm

* Below expected error: > 10 mm

* Rotational stability:

* Lattice was detected in a range of

approx [-55°, 55°]
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U Results

e Robustness:

* Precision: > 0.99

* Runtime:
* AVG: = 21 ms per sensor (Single core)

* Depends on distance between lattice

and sensor.

* See paper for more informations
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W Conclusion

* Registration procedure requiring only depth images
* Fast (avg. 21 ms per sensor)
* Very robust and precise (= 4 mm)

* Further work:

* Registration between RGB- and Depth-Sensor

* Integrate with time synchronization [Beck et al. 201 7]
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Thank you for your attention!
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