Special Issue- 2017 International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
ICIATE - 2017 Conference Proceedings

Augmented Reality: Tracking Methods

Archita Dad Bhavna Arora Nida Parkar Tejal Rachh
Computer Department, Computer Department, Computer Department, Computer Department,
ACE, Mumbai ACE, Mumbai ACE, Mumbai ACE, Mumbai

Abstract— Augmented reality has been an interesting area IL.TRACKING METHODS
of research for the last two decades or so. This paper presents Various tracking methods for different applications are
a brie:f overview of the recent Iit_eraFure on trackiqg methods found in literature [5]. This section provides a review
used in Augmented Reality applications, both for indoor and under three main categories of tracking methods used for

outdoor environments. AR applications which are: indoor methods, outdoor

Key Words — Augmented reality , tracking, Indoor, Outdoor. methods, and recent approaches as shown in Figure 1

I.INTRODUCTION
Augmented reality (AR) is direct or indirect live, view
of real-world environment which elements are :
augmented by computer-generated sensory input such as -
images, video, sound, graphics or GPS data. It is also @ ; Using Features (Markeriess))

defined as the extension of user’s environment with
synthetic content [1]., AR has been a topic of interest in

the field of computer graphics or virtual reality more _

than two decades as it improves human perception and ;

facilitates understanding of complex 3D scenarios [2],

[3]. AR applications and games like Pokémon Go are ‘ "."'G\cceierometers) (ovos )

now becoming more popular due to their interactive user Outdoor k.

friendly environment and capability to run on a variety

of platforms such as mobile computers and even cell T -
phones [4]. GPS

Accuracy of AR applications or realistic results is
depending on tracking method which is the process of Fig. 1. AR tracking methods.

locating a user in an environment. It takes account of the
position and orientation of the AR user. Generally, I INDOO.R TECHNIQUES .

tracking the head is the most important part as the user Indoor environments provide a structured domain for an
wears a Head Mounted Display (HMD) by which the AR appllca'Flon and user’s movements are limited on}y toa
augmented images of the real world are displayed. Due limited region. In [6], it is explained that for an indoor
to tracking accuracy of the AR system is improved and space, the dlfnensmns of the environment are unchangmg
prevents problems such as visual capture [2] and does and the user’s possible movements are more predictable.
not allow visual sensors to gain a priority over other The _structur_ed domain also provides authorlty_ for the
sensors. For example, insufficient registration accuracy tracking equipment and presents a controlled environment

can cause the user to reach wrong portion of the real [71. . . )
environment because the augmentation has been Indoors tracking is normally achieved by two methods:

displayed on another portion. The eyes of the users get outside-in and ipsidejout as explained _in [8]. Names of
used to the error in the virtual environment and after these methods give hint about the location of the sensor,

some time they start to accept these errors as correct yvhich_ can be magnetic, - ultrasonic, radio frequency
which is not desirable identification (RFID) sensors or a camera, and how the

This paper reviews the tracking methods used for AR tracking is accomplished. In the first method, the sensor is
identifies the difficulty involved and proposes future f_|xeq to a place In the environment, The user wears a hat-
research work. The paper is structured as follows: like item along with the fiducially markers are mounted. As
Section 2 discusses the tracking methods used for indoor the name advises, the sensor is located somewhere outside
and outdoor environments and a recent set of methods. the user (out5|de) buf[ I sensing the markers on the user
The restrictions of the currently used methods are (in). Vice versa fiducially markers are mounted around the
described in Section 3. Future research area that can be environment (certainly within the sensor’s range or field of

explored are proposed in Section 4 which is followed by Xew)handl, the user C"’]“mis the sensli)r in the second me':jhoq.
conclusions in Section 5. s the locations of these markers are recognized in

advance, tracking can be achieved.
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Although there are many different types of indoor
tracking methods with magnetic or ultrasound sensors,
these systems generally use both costly and difficult
hardware [9,10]. Although GPS is a good decision for
tracking user position outdoors, indoor environments like
laboratories or buildings generally obstruct these signals.
The uncertainness of GPS signal in the indoor
environments calls for more depend on vision-based
tracking systems.

A complete tracking system named Video Positioning
System (VPS) was proposed and evolved in [11]. This
system used fiducial markers. Markers are discernible
elements put in the environment so that they can be
recognized apart from other objects in the same
environment. These markers can be classified as active or
passive markers. Active markers produce a signal (e.g.
magnetic, light) which can be sensed via the sensor.
Passive markers tend to be a pattern which can be easily
separated from the texture of the environment (e.g. QR
codes). A new fiducial pattern design was introduced
which permits using distinctive patterns for accurate
position and orientation calculation. The pattern blueprint
was based on RAG (region adjacency graph) with two
elements namely key and the identifier one of which tell
that this shape is a marker and the second distinguished
between different markers in the system.

Chia et al. [12] developed a camera tracking system
depend on natural features. The system used pre-captured
reference images of the scene and then RANSAC was
used for robust matching to achieve invariance in
movements of the feature points. The system was able to
operate at 10Hz using some fiducial markers as well.

Bekel [13] proposed a viewpoint based approach for
AR. This method used Self-Organizing Map (SOM) to
instruct as a classifier which is later used to label different
types of objects by overlaying in the scene.

A different approach for pose tracking is a built-in
camera of a mobile phone was followed by Wagner et al.
in [14]. They have used SIFT for robust characteristics and
Ferns for classification. Ferns is a fast classification
method however it needs a great amount of memory.

VisiTrack system was implemented in [15] for tracking
in mobile devices by point and edge extraction jointly with
colour segmentation. Although the system was stated to
provide markerless localization a marker can be viewed in
the test sequences in the system running at 25fps.

For the indoor AR system in [16], visual tracking was
utilized. The system recognized image views of the
environment grabbed beforehand. Processing was carried
out by remote PCs using a wireless LAN.

IV.OUTDOOR TECHNIQUES

Indoor environments are usually more predictable
whereas the outdoor environments are limitless in terms of
location and orientation. As contrasting to indoors, there is
less chance for preparing the environment to track the user
while working outdoors. Moreover, already specified
artificial landmarks cannot be used and natural landmarks
need to be found.

As stated earlier, GPS is a good tracking option when
working outdoors.

A differential GPS and a compass was used for position
and orientation judgement in [17]. Latitudes and longitudes
of several viewpoints were collected in a database along
with the set of images captured at different times of the
year with varying light conditions.

Reference images were utilized for video tracking and
matching was performed to discover these reference
images for the outdoor AR system in [18]. A video image
was examined with the reference images and a matching
score was achieved. For the finest matching score, the 2D
transformation was measured and the current camera
position and  orientation were deducted. This
transformation was utilized to register the model on the
video frame. The matching technique was based on Fourier
Transformation to be robust against variation in lighting
conditions hence it was limited to only 2D transformations
like rotation and translation. This technique had a fixed
number of computations therefore it was appropriate for
real-time operation without using markers, it yet worked
on 10Hz which is a low rate for real-time display.

Inertial sensing is a widely used method because its
operation is same to the otolith stones in human ear [19].
Accelerometers are utilized for translational motion and
gyros for rotational motion. This method is usually used
together with other tracking methods as it will be given in
more specific in Fusion Strategies.

For the tracking of the user’s position in [20] in the
ancient city of Paestum in Italy, a WiFi system was
designed by installing antennas alternatively of using GPS.
However, this was not implemented because of the
opposition to changes in the original archaeological site via
the archaeologists [18].

Tracking for a walking or running user was obtained
using a custom tracking system in [21]. The system utilized
an inertial sensor, electromagnetic sensor, push-buttons in
the heels of the user and trackers in the knees in order to
obtain the actual motion of the legs. The transmitter was
mounted above user’s waist so that the relative motion of
the legs could be calculated when the user’s foot does not
ground.

V. PROBLEMS WITH URRENT APPROACHES
There are still many problems in current tracking system.
Two types of errors were mentioned in [2] namely static
and dynamic errors. Before going into details about
problems, these two important terms will be clarify.

The errors in tracking systems are known as static errors
due to the insufficient accuracy provided by the
commercial systems at the time being. Delays are known as
dynamic errors. The end-to-end system delay is the time
occupied in between the time when the tracking system to
compute the position and orientation of the user to the time
when the images show on the display.

Vision methods permits both tracking and managing
residual errors. They are not expensive. The problem with
these methods is the lack of hardiness [24]. For some
applications e.g. [23], there may be a huge probability of
incorrect matches since the texture of the ground is mostly
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similar in different areas as a repeating pattern. It was
expressed in [25] that the structure of AR models is more
difficult than Virtual Reality (VR) since the former uses
geometry not only for visualization but also for occlusion
handling and vision based tracking of scene features.

Also for visual tracking, the features to be used as
landmarks should be invariant to changes in lighting and
viewpoint.

Standard GPS has an error in order of 10m. However, it
improves when a differential GPS or real-time kinematic
(RTK) correction is used. Line of sight can be a problem
for the satellites in urban environments [19] or under dense
tree canopy due to variance [26]. Other problems with GPS
were explained in detail in [27]. The system developed in
[28] reported about the tracking problems occurring when
as a sensor GPS was used and the authors advised for using
sensor fusion or GPS dead-reckoning.

VI. FUTURE DIRECTIONS

AR has the potential for lots of different and interesting
applications including entertainment like games in [1, 29]
or cultural heritage applications in [18, 23] when talk
about outdoors are considered.Most outdoor methods
utilized GPS and inertial trackers for this purpose [6, 23,
28, 29]. Vision based tracking has also been used for
some systems as in [17, 18, 24]. Inertial sensor can be
utilized for stability and robustness in cases of rapid
motion or occlusion.

Considering the methods used today, we have come up
with the following ideas and suggest them for future
research:

1) A fusion of different sensors within a SLAM
framework is a promising approach to follow.

2) Vision-based tracking is quite useful because we
already need images of the environment for
augmentation. As we have this information source at
hand, it is wise to use it for both tracking and
augmentation.

3) The introduction of robust detectors such as SIFT or
SURF will improve the visual tracking process.
However they are considered as an important barrier to
achieve full frame-rate operation in real-time [54].

4) For performance considerations, graphics hardware or
parallel implementation are suggested.

We believe that more accurate systems for outdoors AR
tracking are feasible using the methods mentioned above.

VII. CONCLUSION

In this paper, we tried to present several application
examples of tracking methods for AR for indoor and
outdoor environments. These methods were examined
form a critical point of view considering both advantages
and disadvantages of using different sensors for the
tracking process.

An emphasis was made on visual tracking methods due
to their increasing popularity in the literature. With the
new methods developed from computer vision

community as mentioned earlier and a fusion of vision-
based methods with other sensors, we believe that the
accuracy of tracking will reach sufficient levels for real-
time rendering and augmentation.
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