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Abstract

This chapter surveys the area of markerless 3D trading, specifically online and
monocular, targeting Augmented Reality. Mathematical tools that are recurring in the
development of markerless 3D tracking methods are presented. A taxonomy of
markerless Augmented Reality techniques is described, explaining their main concepts.
Outstanding techniques are detailed, with focus on model based methods, addressing
operation, pros and cons. The model based markerless tracking categories are also

evaluated taking into account different metrics, such as performance, processing load,
accuracy and robustness.

1.1.Introduction

The subject of this chapter is developing Augmented Reality (AR) systems using online
monocular markerless 3D tracking. Tracking is required in order to correctly positioning
virtual information relative to the real environment.

In the following subsections, some definitions regarding AR and 3D tracking are
presented, as well as the motivation for using online monocular markerless 3D tracking.
Finally, the structure of this chapter is given.

1.1.1.Definition

AR systems support the coexistence of real elements (that are part of users’ world) and
synthetic ones (computer generated) in the same environment [Haller et al. 2007].
Nowadays, this kind of user interface has obtained more attention due to the fact that it
allows users performing tasks in a more intuitive, efficient and effective way.
Interactive AR interfaces may augment users’ perception of the real world by adding
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virtual information to it. In addition, users’ interaction with the system may be
augmented, making the computer as seamlessly as possible, by exploring the use of real
objects for interaction with the application. Therefore, they may augment actions that

users are capable to perform in the real world, both in quantity of tasks performed and
their quality [Trevisan et al. 2002].

AR interfaces superimpose virtual information — 2D or 3D, textual or pictorial —
onto real world scenes in real-time, registered in 3D, and allow users interaction with
real and virtual elements simultaneously. In this kind of interface the real environment
takes part of the application context. Figure 1.1 illustrates an AR system that verifies a
mobile user actual coordinates in the real world, and permits him/her visualize
information regarding visible places located in his/her neighborhood (for example,
stores, restaurants, etc.) [Bonsor 2009]. This information is updated in real-time as the
user moves in the real world. The system uses a Global Positioning System (GPS) to
track user position, and he/she visualizes the real scene and the virtual information
wearing a Head Mounted Display (HMD). An important aspect to be observed is that
the synthetic elements are correctly registered in 3D with the real scene.

Q300 How Stuff Works

Figure 1.1. An example of an outdoor AR system [Bonsor 2009].

In AR the technical challenges lie in determining, in real-time, what should be
shown where, and how. The latter problem is especially important when the visual
appeal of the result is crucial. Then substantial effort must go into seamlessly fitting the
information into the scene, according to the objectives of the system [Ferwerda 2003].
Ideally, AR proposes that the user must not be able to distinguish between real and
virtual information, demanding that the virtual elements show both geometric (correct
placement, correct size, occlusions identification) and photometric (shadowing, mutual
reflections, chromatic adaptation to scene illumination) consistency. Even under
simplified conditions these problems cannot be trivially solved.

The problem related to correctly positioning virtual information relative to the
real environment, called registration, is solved by tracking the environment so that the
synthetic elements can be adequately registered with the real scene. There are diverse
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tracking technologies available, such as optical sensors, movement sensors, thermal
imaging, ultrasound, magnetic sensors, GPSs, among others [Azuma 1997]
[Azumaet al. 2001]. They capture features from the real world, and based on this

information the AR system determines when, where and how the virtual scene should
be exhibited.

Optical tracking is often used for this purpose due to cost, accuracy and
robustness requirements. Two types of optical tracking can be cited: marker based and
markerless. Marker based tracking is a more well established approach for registration.
It makes use of known artificial patterns placed along the environment in order to
perform camera pose estimation. On the other hand, markerless tracking differs from the
former one by the method used to place virtual objects in the real scene. In markerless
AR any part of the real environment may be used as a marker, since the system exploits
natural features present in the real scene to perform tracking. Markerless AR has
received more attention from researchers in the latest years, and presents important
challenges to be overcome. This chapter describes in detail how online monocular
markerless 3D tracking works in the context of AR systems.

1.1.2.Motivation

As mentioned above, markerless AR systems use natural features instead of fiducial
markers in order to perform tracking. Therefore, there are no ambient intrusive markers
that are not really part of the world. Furthermore, markerless AR counts on specialized
and robust trackers. Another advantage is the possibility of extracting from the
surroundings characteristic information that may later be used by the AR system for
other purposes.

In this chapter, we address an online monocular markerless AR approach.
Optical tracking presents some advantages when compared to its counterparts, such as
higher precision and less sensibility to interference. Besides that, the use of a single
camera allows lower cost and more compact systems. Calibration issues are also easier
to be managed [Azuma et al. 2001].

Nonetheless, it is important to mention that tracking and registration techniques
are more complexin markerless AR systems.

In several AR application scenarios, markerless tracking is mandatory or at least
desirable [Lima et al. 2008]. An example of such goplication is an AR system for
equipment maintenance [Platonov et al. 2006]. Using markers for tracking the
equipment presents many disadvantages: tracking failures can occur due to occlusion of
markers by the user’s body and tools; the markers can hide important parts of the
equipment; the equipment pose has to be calibrated with each marker present at the
scene. Therefore, a markerless tracking approach is strongly advised in such scenario.

1.1.3.Qutline

This document is structured for introducing the concepts related to online monocular
markerless AR and describing the main model based 3D tracking techniques. In this
section, the definition of online monocular markerless AR was presented and the
motivation for using this technology was introduced. The remainder of this document is

organized as follows.
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Section 1.2, Mathematical Background, describes the main concepts of camera
representation and robust pose estimation, required for performing markerless 3D
tracking for AR, and more specifically model based tracking. Markerless AR systems
major characteristics and the classification of techniques developed for online
monocular markerless 3D tracking for AR will be presented by this document in
Section 1.3, Markerless Augmented Reality. Diverse model based techniques, using
recursive tracking and/or tracking by detection approaches, will be described in the
section Model Based Techniques Description. In Section 1.5, Model Based Techniques
Evaluation, some metrics are defined and used to analyze the model based techniques
described in the previous section. Finally, the section Final Considerations draws some
final considerations about the technology presented here, based on authors’ experience
in developing and using markerless AR systems.

1.2.Mathematical Background

Some basic concepts regarding camera representation and robust pose estimation for
markerless 3D tracking are presented next. These topics provide the foundation for
developing the techniques described in Sections 1.3 and 1.4.

1.2.1.Camera Representation

Camera tracking, which is a fundamental aspect in tracking and register phases, comes
from recovering information that correctly describes a virtual camera used to position
virtual objects in the real scene and to render these objects in the image. There are many
models for projecting 3D objects onto 2D images, varying between simple pinhole
(perspective) camera models to complex lenses models that simulate human eyes
[Forsyth and Ponce 2002]. In this work, it was considered the pinhole camera model
without distortion factors (lenses), which is a well known simple model that correctly
approximates a virtual camera in terms of geometry.

In all camera models, virtual objects are defined in a general coordinate system,
also called world coordinate system (w...w..w_}, in away to have a generic description

that does not depend on the camera system used (c,.c..c.;. The camera system
corresponds to the world coordinate system after applying a rotation and translation
transform and, because of that, it is necessary to get object coordinates from the world
coordinate system to the camera coordinate system before projecting it onto the image
plane (see Figure 1.1). This affine transform is described by the composition of the

rotation M-, and translation ==,. matrices, resulting in a "% t];_. matrix When
applied to the homogeneous coordinates of the 3D point, the composed matrix leads to
the same 3D point in the camera coordinate system. This matrix is called extrinsic
parameters matrix because of its relation with the virtual camera model movement.

It is also important to observe that, for other purposes like pose estimation, there
are many ways to represent the rotation transform. One of them is the axes-angle
representation, which corresponds to a vector representing a fixed rotation axis

wo.w, w )%, and its norm refering to a rotation angle 7. This representation has an

one-to-one correspondence to the M-.- form by using the Rodrigues and inverse

Rodrigues formula [Brockett 1984].
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