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Introduction and Motivation

« Raise efficiency and productivity
using AR

« Converting pen into
Interaction device

« Single mobile camera system

« Facilitated collaboration:
share information using projector
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Problem Description

* Objectin 2D image = Find pose in 3D space
1. Find 2D keypoints
2. Get 3D location of 2D points
3. Fit model to these 3D points

« Define object to be tracked
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Existing Solutions / Related Work

« “Vuforia” (PTC Inc.) oy f y
. “ARKit’ (Apple Inc.) proprietary frameworks

« “6DoF Object Tracking based on 3D Scans for
Augmented Reality Remote Live Support” (Rambach,
Pagani, Schneider, Artemenko, and Stricker, 2018)
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Goals of this Thesis

« Detect known object in images with single camera
« Track pose (6-DoF) of object in real-time
« Design optimal object marker (prototypes)
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Proposed Approach

Implementation
of Tracking and Detection
Algorithm

Evaluation
Design of 6-DoF Tracking
of Object Marker Including Issues and
Limitations
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Implementation: Overview

« OpenCV
« Solve PnP problem with RANSAC approach

Camera Object £ [.)OF
. : : object
Calibration Registration :
tracking
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Implementation: Object Registration

« Synthetic data creation with Unity physical camera
rendering

« Object reconstruction via 3D scanning
* Create ORB model (ORB descriptors & 3D locations)

Trace of camera positions Registration image with overlaid
mesh and ORB feature points
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Implementation: 6-DoF Object Tracking

not successful guccessiul
successful
: //_\ Frame-by-Frame
Detection / : :
START +——>» Initialization Tracking using
\// Optical Flow
+ Feature matching not successiul + Optical flow
(get 2D-3D (track points in 2D)
correspondences) » Pose estimation
» Pose estimation (PnP+RANSAC)
(PNnP+RANSAC)
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Implementation: Pencil Filter

45‘.' :C) Q"u
Without pencil filter With pencil filter

(as described by Rambach, Deng,
Pagani, and Stricker, 2018)
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Design

HD 3D Modelling >> 3D Printing >> Texturing >
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Design: Shape and Texture

Pyramid Diamond

Too Large Too Small Good
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Evaluation

« Tracking & detection quality
« Speed (frames per second)
* Issues and Limitation
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Evaluation: Frame-by-Frame Tracking
Quality
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Evaluation: Detection Quality

« ~2FPS

« 10 samples for each
distance

* Focus to infinity

« Dependent on

/ registration images

20 30 40 50
Horizontal Distance from Camera to Object (in cm)

o = N W M U 0 N 00w

=@ \ean Translation Error Mean Number of Attempts
(incm)
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Evaluation: Problems and Limitations

« Matching of features at longer distance is challenging
« Low detection/initialization speed

« Detection dependent on good illumination

* Not robust to motion blur and high reflections
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Demo Video
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Conclusion and Suggested Future Work

« Tracking and detection algorithm using
» Feature matching
» Optical flow

* Now: slow detection and only short range

e Future:

» Pose correction for frame-by-frame tracking
(e.g. Integrate threading)

» Test more complex shapes and other texture for object marker
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