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Abstract—Utilizing the novel User Interface (Ul) technology of
Augmented Reality (AR) in mobile phones provides significant
advantages for Location Based Social Networks (LBSN) via
powerful Ul that allows the user to see the world through AR view
rather than via a traditional map view. Compared to use of a map
based interface, it is much easier for the user to understand where
the nearby friends and points of interests are located when using a
mobile AR interface to access the information of LBSN services.
Recent development in the commercially available high end mobile
phones has made it a viable device to use globally available AR
services, but there still exist some limitations when it comes to
LBSN services. Especially demanding is the need to include
constantly moving friends reliably and accurately as annotated
objects into the AR view of a user. In this article we show for the
first time that mobile phones can be utilized to create mobile AR
based LBSN services and create an experimental system to
validate this. We present the most important use cases of the
mobile AR based LBSN services, define the key requirements for
the system, and analyze how the current high end mobile phones
meet these. We point out the main challenges in position and
orientation accuracy, data transfer and power consumption, as
well as solutions to improve these. We present results from
end-user studies and our experimental system we have created to
study mobile AR interface for the LBSN services, and conclude
that the mobile phones can be used for creation of these services
when the key challenges are resolved.

Index Terms—Augmented Reality; Registration;
Location; Mobile; Social Network; User Interface

Context;

I INTRODUCTION

Augmented Reality (AR) is one of the most promising new User
Interface (Ul) technologies for applications in mobile phones
and other similar devices. AR has been proven to provide
benefits over traditional mobile phone Ul in user interaction and
representation of visual content in mobile phones [1], [2], [3],
[4], [5], [6], [7].- AR offers significantly higher degree of
immersion than traditional Ul and enables efficient completion
of tasks with the system. Interacting with the real world is a task
that naturally suits the mobile device usage scenarios.
Additionally, AR typically has less side effect of nausea than
fully virtual systems [8]. Creating a basic video see-through AR
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view requires less processing power than complete Virtual
Reality (VR) view, due to only the annotated objects needing to
be generated by the system, which makes it better suited for
mobile devices. In the case of mobile AR, these annotations
typically indicate either the location of an object, information
related to an object or instructive data. The annotations are
placed into the view of the user based on the location of the
object of interest, location of the user and orientation of the user
[9]. In the case of dynamic objects, such as friends in a LBSN
service, the end-to-end transmission time needs to be fast
enough to provide accurate registration. Because AR is mainly
based on reality, the registration of annotations needs to be more
accurate than corresponding fully virtual environment, which
causes a challenge for implementation of mobile AR services.

In this article we show that mobile AR is suitable for creation
of LBSN services using commercially available high end
mobile phone devices. Our earlier research on mobile AR has
concentrated on enabling mobile AR based personal navigation,
global information services, and robot control, as well as
evaluation of system level performance of these applications.
We have shown that the most feasible path towards consumer
mobile AR services is achieved via implementing the services
using mobile phone devices, and determined the basic
requirements for the devices [6], [7], [10]. Mobile phones
benefit from better usability provided by AR, especially when
creating services that require the user to map annotations to the
surrounding environment, for example personal navigation, and
finding the location of items [7], [11].

The basic service of being able to see a set of fixed points of
interest as annotations in AR enabled device is already taking its
first commercial steps in mobile phones [12, 13]. In the existing
mobile AR implementations for mobile phones, such as Layar
[12], the objects of interest are stationary, which makes their
implementation easier, and requirements for data transmission
less demanding than in mobile AR based LBSN services. In
another type of AR application, the Google Goggles [13],
mobile phone is used for taking a picture of a real world object,
which is then used for searching further information about it.
This type of mobile AR service does not have any real-time
requirements — it is sufficient for the user that the perceived
system performance is satisfactory, and the waiting times are not
too long. In LBSN services the mobile AR use case becomes
much more challenging, because the objects of interest (i.e.
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friends) are allowed to move, thus introducing the need to
dynamic and real-time transfer of data for annotated objects.
The use case of LBSN services is often finding out where your
friends are, where they have been, what and where they have
done (context based status updates), as well as what is near you.
Thus the system is required to be able to provide accurate
enough registration also for dynamic objects, as we show in this
article.

Utilizing mobile AR for LBSN provides significant
advantages, as the Ul allows the user to see the world via AR
view rather than traditional map view. AR makes it intuitive for
the user to find friends and services by simply looking at the
world via the AR view. Compared to using a map based
interface, the direct benefit of mobile AR based interface is that
the user no longer has to be able to understand the concept of a
map, as he is able to see the virtual items annotated to the correct
position in the view of the real world. The benefit of easier
usability in mapping the surroundings and immersive
experience is expected to be sufficient to drive wide adoption of
AR in mobile services as soon as the technology is ready to
provide rewarding end user experience, which is already
starting to happen for the simple AR services such as being able
to see fixed points of interest annotated to mobile AR view [14].
In order to create commercially successful services, the end user
experience has to be good, which means that the annotations
need to be placed accurately within a margin accepted by the
user, annotations should not unnecessarily move around in the
AR view, service has to be responsive, and not to consume too
much system resources. If these characteristics are
compromised, the end user experience degrades and renders the
service less desired by end users.

In this article, we first have a look into LBSN and mobile AR
at their current state, after that we discuss what mobile AR user
interface means for the LBSN services, and determine basic
requirements for creation of mobile AR services with good user
experience. With these requirements, it is possible to
benchmark new mobile AR services and to validate if their

performance is satisfactory for providing the desired experience.

We present our experimental system called LocTrac, that allows
the users to use a mobile phone to view friends and services in
their current location respective to the users' own position and
orientation via true AR user interface. We benchmark our
experimental system against the defined basic requirements and
show that current high end mobile phones allow implementation
of mobile AR LBSN services, but can not yet provide good user
experience in all conditions.

1.  LOCATION BASED SOCIAL NETWORKS AND
MOBILE AR

Augmented Reality has been studied a lot during the past two
decades and applied to several domains [9], [15], [16], [17].
Especially maintenance and service tasks have been commonly
found as good application areas for mobile AR [18], [19], [20].
Similarly, other domains in which AR is used to point the user’s
focus to a specific part of the real world, such as personal

navigation [7], [21], [22] and guidance [23], [24], [25], [26]
applications, are commonly seen to benefit significantly from
mobile AR based user interfaces. All these applications are
generally characterized by annotation of fixed points or items
that are moving with the predicted area. In these systems
tracking is achieved either via a specific limited area tracking
system, utilization of machine vision and markers, or via global
coordinates of the item. When the tracked items are stationary,
there is no significant real-time requirement for transfer of
location info, which is needed when the user or the object of
interest are moving. In addition to the basic use cases, mobile
AR based techniques can also be used in creation of
entertainment applications, such as games [1], [27], [28].
Games have been found to be a good application area for AR
research, as they typically do provide quite strict real-time
requirement, but also allow the known system level inaccuracies
and shortcomings to be hidden from the users, thus allowing to
concentrate to the studied items. In the context of LBSN, the
games are an important peer group, as many of the networked
games are also social networks.

By definition a social network is a social structure made of
individuals connected by one or more specific types of
relationships [29]. Social network service is defined to be
focused on building and reflecting of social networks or social
relations among people [30]. Social Network Services are
typically Internet based services for managing one’s social
networks, that allow constructing a public or semi-public profile
within a bounded system, articulating a list of other users with
whom they share a connection, and viewing list of connections,
and the connections made by others within the system [31].
Recently the Social Network Services have become widely
utilized, as people find those valuable and feasible tools to keep
in touch with friends and acquaintances. Using these internet
based services, it has become much easier to be in contact with
people that one does not physically meet. Being able to share
experiences is important to individuals, and most persons find
this user created and personal content more valuable than such
content that has been created for public use.

Current Location Based Social Networks include a number of
experimental and commercial services that merge the social
circles of the user with context gained from the location of items
within the service. Context is defined to mean any information
used to characterize the situation of an entity [32]. For creating
context, adding location and time typically completes the
meaningful context for an item or incident [33], [34]. As context
is very valuable to the end user, it is likely that essentially all
social networks will contain it to some extent in the future.
Currently, the most common examples of LBSN are 1. the
possibility to see where your friends are at the moment, 2.
receiving a notification when your friend or someone who fits
the pre-defined profile is within a range from you, and 3. finding
services. It is likely that all social networks will eventually
become context aware — and often also LBSN systems.

Augmented Reality brings the value of anew Ul to LBSN ina
similar way as it enhances the user’s experience in the common
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AR applications. For LBSN the main use case of mobile AR is
the possibility to see the fixed and moving objects annotated to
the AR view of the world. These annotated objects are gained
from:

1. Point of interest repositories of different service
providers (such as Google), that already contain either
specific coordinates or an address that can be converted
to coordinates

2. User created content inside the LBSN service, such as
personal points of interest (i.e. landmarks)

3. User created content of friends inside the LBSN service

4. Friends’ current location as known by the LBSN service

The three first categories are static, while friends are dynamic,

i.e. the location of friends changes constantly inside the system.
The mobile AR user interface makes it easier for the user to
utilize all these categories, and enabling the user to see friends
through the AR view offers significant benefits in the friend
finding use case.

I1l.  MOBILE AR REQUIREMENTS FOR LBSN

Creation of mobile AR based LBSN service is a lot more
challenging than creation of such AR system that only shows
fixed points of interest. Especially the possibility for the
annotated items to move freely magnifies the challenge of
creating the service. This causes the need for close to real-time
transfer of information between two mobile users, which is
challenging as there always is some level of delay caused by the
data transmission, and frequent transmission consumes a lot of
system resources. Additionally, AR greatly increases the needed
accuracy of the location information compared to web and
mobile web based LBSN applications, where it sometimes is
enough to know the location based on the current cell where the
user’s phone is located, or on the internet address used by the
home computer. Mobile AR requirement of being able to render
both fixed and moving annotations correctly also when viewed
by moving user, specifically mandates high accuracy for both
position and orientation detection. The applications may use
different approaches, especially in the visual appearance, to
render the virtual objects of the service, but they all serve the
typical use cases and requirements. Examples of different
visualization of virtual objects are: using icons or pictures to
mark the place or direction towards the annotated object,
rendering information such as service details or notes, showing
an arrow or similar marker to visualize the path towards an item,
and adding animated avatar representation of friends to the
user’s AR view, just to name some possibilities.

Based on the typical mobile AR LBSN services we can define
three categories of use cases:

1. Fixed objects annotated to mobile AR view

2. Moving objects annotated to mobile AR view

3. Supplementary LBSN tasks such as messaging, settings,

content creation etc.

Key functionality of annotating objects to the user’s view of
the world is very similar in LBSN as it is in personal navigation,
and we can align registration requirements with the previously

well studied personal navigation use case. In mobile AR based
personal navigation, the focus has been in showing annotations
for specific location, and in guidance applications in showing
the direction and path towards the specific point [7], [16], [22].
The main requirements are spatial accuracy and orientation
accuracy. When extending the requirements towards annotation
of friend locations, the demand for transfer of information with
a known and small enough delay becomes significant. In the
case of annotating friends both the service provider (i.e. the
friend) and the user are allowed to move. Specifically, when
implementing the mobile AR LBSN services, these form the
basic functional requirements. For practical usability and
feasibility with the available technology, there is very important
non-functional requirement of power consumption, and the
related battery life of the device. Security and privacy are
important requirements for any networked system, especially
one containing personal information of the user — all LBSN
services have stringent requirements for security and privacy.
Mobile AR does not, however, significantly add or remove any
of these compared to the traditional LBSN services. Thus we do
not concentrate on these, or any other important, but not mobile
AR specific, requirements in this article. We define the mobile
AR specific requirements of Location Based Social Networks in
four main categories:

1. Spatial accuracy

2. Orientation accuracy

3. Data transfer

4. Power consumption

Many experimental AR systems can operate only within a
fixed usage environment [1], [11], [23], [24], [25], [35], [36],
[37]. There it is much simpler to implement accurate positioning,
detection of head orientation, and to use markers and machine
vision for accurate placement of annotations. Our goal for
mobile AR is to take it out from the laboratory and to create
globally usable services, which makes it impossible to use the
marker based orientation tracking solutions used in many fixed
area AR systems. Machine vision and intelligent indexing
algorithms can assist in determining the orientation via
detecting certain objects such as buildings, provided that there
is a global database for objects [4]. Due to its use cases mobile
AR LBSN services do not need so precise placement of
annotations as, for example, medical applications [9]. Thus it is
feasible to rely on less accurate position and orientation
detection methods than markers or precision tracking equipment.
As it is not possible to use markers, the best approach to create
the mobile AR LBSN services is to have sensors for detecting
the position and orientation. Most high end mobile phones
already provide orientation and position sensors, and the
services can rely on the electronic compass and the Assisted
GPS (Global Positioning System) or similar, if they provide
sufficient accuracy needed for reliable registration of the
annotated objects.

Data transmission requirements in mobile AR LBSN services,
especially due to the real-time nature of the dynamic
information, are significantly different from those in such
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mobile AR applications that show only fixed items such as
information services and personal navigation. In these
applications the situation is quite similar to web browsing, in
which the user just wants to have fast response times for
convenience, but the LBSN use becomes impossible if the
information is delayed. As the dynamic objects move, they are
not in the same position any more, when the information of their
position is received through the system, thus leading to incorrect
registration of the annotation. For example, in the use case of
two friends looking for each other in a crowd, say outdoor
concert or around a city, we need to have fast enough end-to-end
transfer of position information in order for these friends to find
each other. Due to the non-deterministic nature of movement,
using path detection algorithms and giving advance in the
registration may lead to incorrect placement of the annotation.
In the case of objects moving with walking speed, the delay
typically does not prevent friend finding operation in the
optimal operating conditions. However, specific focus has to be
put into data transfer as well as consequences of frequent
transfer such as power consumption and the amount of data
traffic. In the case of faster moving objects, or task that requires
more precision, the performance can be improved via
peer-to-peer communication instead of one user updating the
position to server and the other reading it. This reduces the
end-to-end transmission time to less than half of what can be
achieved in server based setup. Downside of peer-to-peer
communication is increased system complexity in a social
network use due to the need to share information with multiple
friends within the community. Thus, it is preferable to use a
server based approach, as long as it can be made to comply with
the required performance.

In order to determine how much registration error a user will
tolerate in a typical LBSN mobile AR use case of finding a
friend, we conducted a test with 30 persons. In this test each
person was shown two alternative views through our mobile AR
application and asked how much the maximum error they
tolerate is in this situation. Each person placed the annotation of
a friend into the place in the screen that was the maximum error
they can accept. The test views were created so that the situation
A was a view from an open area and situation B was a view
within the city streets. In both of these situations the friend was
located 100 meters away from the user. Field of view was 51°,
which is the same amount we have used in our experimental
system, described later in this article. We showed the test users
where the friend is, marked it with an arrow, and measured the
distance of the annotation to the location of the friend. The size
of the friend from distance of 100 meters was less than 2 mm in
the screen.

The users generally demanded more accurate registration in
situation B (street). Only 23% of the test users wanted better
accuracy in situation A than in situation B, and out of these 10%
were within one meter to the value they wanted in situation A, so
it can be stated that 87% of the users wanted same or higher
accuracy in the street (situation B) than in an open area
(situation A). We can determine that it is natural for a user to

desire that the annotation is close enough for him to find the
right path to the friend and close enough not to mistake the
friend annotation to some other item in the view. Table 1
presents the findings in the test.

TABLE 1: RESULTS OF THE TEST FOR MAXIMUM REGISTRATION
ERROR ACCEPTABLE BY A USER.

Situation A | Situation B
(open area) | (street)
Acceptable error (average) 6,4° 5,2°
Standard deviation 3,8° 3,4°
Median acceptable error 5,1° 3,7°
Min acceptable error 1,7° 1,1°
Max acceptable error 15,6° 14,6°

Based on these tests we have the result that, on average, the
users can accept error of 6,4° in an open area and 5,2° in the
street for friend finding use case. There were some users who
would accept higher amount of error: 13% said that for them it is
enough that the system shows the right direction. But the
majority wanted to have accuracy close to the average (if these
13% are not counted, the remaining user base results into
standard deviation of 2°). As the situation B (street) requires
more accuracy, we shall use it to define the requirement for
registration accuracy of mobile AR based LBSN service friend
finding use case to be 5°. The other main use cases of mobile
AR based LBSN services require similar or less accuracy.
Therefore we define the system level requirement for
registration accuracy based on the friend finding use case.

Based on these requirements we can calculate, how the
inaccuracy accumulates relatively fast causing significant
registration problems, and thus determine the requirements for
position and orientation accuracy as well as end-to-end data
transmission. The total registration error is a factor of four
components: 1. positioning accuracy of the user, 2. positioning
accuracy of the friend, 3. orientation accuracy (of the user) and
4. transmission delay. Commonly achieved maximum accuracy
of 5 m for AGPS positioning and 1.5° for electronic compass
orientation already results to 12,6 meters worst case inaccuracy
for a distance of 100 meters, i.e. 7,2° maximum error when both
users are standing still. As it is a rare case that both users are
maximally opposite to each other for the spatial accuracy, we
use average error value as the position errors of the users. In the
case of 5 m error for positioning of both the user and the friend,
and 1.5° error for orientation, this results in combined error of
4,4°. Because users are typically mobile the resulted cumulative
error is higher. For a similar setup with the friend moving with
walking speed of 5 km/h parallel to the user results in 5,1°
average error with end-to-end transfer delay of 1 second. In the
otherwise similar scenario, but with the friend moving 40 km/h,
combined with end-to-end transmission delay of 1 s, the
resulting worst case error already becomes 10,6°. Table 2
presents the errors in typical usage scenarios.
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TABLE 2. REGISTRATION ERROR ACCUMULATES BASED ON
POSITION AND ORIENTATION ACCURACY AND TRANSMISSION
DELAY. DISTANCE TO ANNOTATED OBJECT IS 100 M. OWN SPEED IS
0 KM/H.

Position Orientation | Transfer Friend Average
Accuracy | Accuracy Delay Speed Error
3m 1° 1s 0 2,7°
3m 1° 1s 5 km/h 35°
3m 1,5° 1s 0 32°
3m 15° 1s 5 km/h 4,0°
3m 1,5° 2s 5 km/h 4.7°
5m 1° 1s 0 39°
5m 1,5° 1s 0 4.4°
5m 15° 1s 5 km/h 52°
5m 2° 1s 5 km/h 5,6°
5m 1.5° 1s 40 km/h 10,6°
5m 1,5° 2s 5 km/h 5,9°
10m 15° 1 5 km/h 8,0°
10m 2° 1 5 km/h 8,5°

If the end-to-end transmission delay grows to 2 seconds in the
scenario where the friend is moving 5 km/h, orientation
accuracy is 1,5° and positioning accuracy 5 meters, the resulting
error is 5,9°. In the case of slightly non-optimal accuracy of 10
meters in positioning and 2° for orientation with the friend
moving walking speed of 5 km/h parallel to the user, we can
calculate the resulting error to be 9,0°. Figure 1 presents an
example how the registration error accumulates as a factor of
the errors in Position (P) and Orientation (O) accuracy as well as
delay in end-to-end Transfer of information (T).

FRIEND FRIEND
ACTUAL  ANMNOTATION

USER
Fig. 1. Annotation of moving objects can not be accurately placed due to errors
in Position (P) and Orientation (O) accuracy as well as delay in end-to-end
Transfer of information (T).

As an example of how the error accumulates as a sum of
errors in Position (P), Orientation (O) and delay caused by
Transfer of information (T), we look into the case where
positioning accuracy P = 5 m, orientation accuracy O = 1,5°,
delay in transfer of friend’s position T = 1 s and friend is moving
with speed of 5 km/h parallel to the user with a distance of 100
meters. Position accuracy P = 5 m corresponds to 2,9° error in
the angle. Error caused by transmission delay is the distance
travelled by the friend in the 1 s it takes to transfer the
information about the position to the user, which in this case is
1,4 m corresponding 0,8° error. Thus we gain the total error of
5,2°assumofP,Oand T.

Due to the nature of typical LBSN mobile AR use cases the
requirement for registration accuracy for the annotated objects

is not strict and minor registration errors can be tolerated. Based
on our studies the user is able to tolerate an error of 5° in the
friend finding use case LBSN service. The friend finding use
case utilizes mobile AR view to provide a path towards the right
direction, and the user naturally corrects the direction along the
way. It is sufficient that the user approaches the friend towards
the approximately right direction and the absolute error gets
smaller when the distance is reduced by the friends approaching
one another. User experience is hindered if the annotated
objects unnecessarily move in the AR view, which shall be
avoided to the extent possible. Based on the combined error in
registration, the required positioning accuracy needs to be better
than 5 meters and orientation accuracy better than 1,5° for
mobile AR LBSN applications. We now define the key
requirements for mobile AR LBSN solutions as depicted in
Table 3.

TABLE 3: REQUIREMENTS FOR MOBILE AR LBSN SERVICES

Operating
Environment
Disturbance
Sensitivity
Registration Accuracy | <5°

Global, Primarily outdoors

Medium

Spatial Accuracy <5m
Orientation Accuracy <15°

End to end data <ls
transmission time

Device Size Pocketable

Device Features AGPS, Digital compass, Gyroscope
(preferably), 3G cellular network connection,
Orientation sensor, Display (preferably wide
screen), Camera for video see through AR,
Sufficient processing power

No significant degradation of battery life

Power Management

Compared to registration related requirements for certain
other mobile AR use cases, such as personal navigation and
information systems [7, 12, 13], the requirements for mobile AR
based LBSN are more demanding. This is due to additional
sources of dynamic error based on the end-to-end transfer of
information and spatial accuracy of the friend. For the mobile
AR based information services, such as display of annotation of
information related to a building, there are two sources of
dynamic error:

1. spatial accuracy of the user, and

2. orientation accuracy of the user,

Respectively, in the mobile AR based LBSN services there are
four sources of dynamic error:

1. spatial accuracy of the user,

2. orientation accuracy of the user,

3. spatial accuracy of the friend, and

4. end-to-end transfer delay.

These, combined with the typical size of the object of interest,
cause the registration related requirements for mobile AR based
LBSN services to be more demanding. The size of the object of
interest is relevant for the user’s perception of the accuracy. As
shown, the user desires the annotation to be placed on top or
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near the object. This causes LBSN to be more demanding, as the
small size of a human compared to the size of a building adds
the challenge of placing the annotation accurately to correct
place in the screen.

Looking at the capabilities of modern cellular phones we can
see that some models are already close to the basic AR
requirements for LBSN services. For example, Apple iPhone
3GS[38], HTC Hero [39] and Nokia N8 [40] all provide AGPS,
digital compass, 3G network connection, orientation sensor,
display and camera for video see through AR, as well as
sufficient processing power. Optionally to the 3G cellular
connection the services may also use Wireless Local Area
Network (WLAN) for data transfer. While not available
everywhere, there are, however, many city areas where WLAN
can be used. The requirement for end-to-end transmissions with
WLAN is the same as with 3G, as their characteristics from
mobile AR LBSN viewpoint are similar.

Utilization of mobile phone as the device to access mobile
AR services brings the benefit of user feeling better immersion
due to the real world always being perceived as it is, and not
generated virtually [14]. An additional benefit is the possibility
to decide, based on the need, how transparent the annotations
are. With optical see through it is not possible to make
non-transparent annotations, but the video see through approach
allows any amount of transparency. Critical mobile phone
requirements for mobile AR are accuracy of orientation and
position sensors, both of which can reach the mobile AR
requirements in optimal conditions. The electronic compass of
iPhone, for instance, has nominal accuracy of 1,4° on all three
planes [41]. Similarly, AGPS can currently reach positioning
accuracy of a few meters in good conditions. The electronic
compass alone, however, may not be sufficient to provide
reliable orientation information. Typically, the electronic
compass provides changing orientation values even when the
orientation is not changing due to disturbances in the magnetic
fields. This results in difficulty for knowing, which of the values
are correct and which are an error caused by some disturbance.
The effect of erroneous values can be reduced via effective
filtering, but a very extensive filter leads to reduced capability
to react to real changes in orientation. A gyroscope can be used
to provide more reliable orientation information, but such is not
currently available in most mobile phones. For mobile AR
based LBSN services it is recommended to equip the mobile
phone with gyroscope. In non-optimal conditions also the other
sensors are not accurate enough and a disturbance, for example,
in positioning accuracy can cause mobile AR services not to
provide the expected end user experience.

In addition, if the service is needed also indoors, positioning
technologies beyond Assisted GPS are mandatory. Advances in
WLAN based positioning systems are likely to make global
indoor positioning feasible in the future. For system
requirements our basic assumption is that for a friend and object
finding use case the requirements for indoor use are similar to
the currently studied outdoor scenario. WLAN based
positioning technologies with learning capability are seen as the

most potential path towards this in the future [42]. With WLAN
based indoor positioning fingerprinting approach already
provides typically sufficient accuracy of a few meters. For a
globally available system the challenge with WLAN based
positioning is availability and coverage of fingerprint database.

Other important aspects of implementing mobile AR services
with  commercially available mobile phones are power
consumption and data transmission. When looking into a typical
LBSN mobile AR use case of finding a friend we can estimate
the power consumption of the device based on the electronic
components that need to be active. This service actually needs
almost all of the most power consuming components active:
display and backlight, camera and camera processor, AGPS,
compass, data transfer via 3G modem and significant load to the
main processor. The result of this unusually high load is greatly
increased power consumption and thus significantly reduced
battery life. The transfer rate of 3G cellular network is generally
sufficient for transmission of data needed in mobile AR LBSN
services, but transfer of real-time data is a challenge. The delays
caused by network congestion, protocol overheads, service
architecture and implementation need to be managed in order to
meet the required end-to-end transmission time. In order to have
seamless end user experience and mobility, the service
architecture needs to be optimized for mobile AR [10]. To avoid
unnecessarily stressing the system, frequent transmission of
position information, as well as keeping the positioning sub
system of the mobile phone active, shall be conducted only
when needed. The system activates these for the user and the
friend when the friend finding use case is active, thus allowing
the system to save power when less frequent updates of position
information are needed.

From the user interface viewpoint we see that mobile AR is a
great added value for LBSN services, but not the only needed
interface. Due to limitations of mobile AR input methods with
the currently available mobile phones, the common browser
based approach is much more practical for many typical social
network functionalities than using the AR interface. VR and AR
techniques provide greatest added value for increasing the
feeling of immersion, assistance in navigation and the use of
context. For other common functionalities, such as reading
messages, updating one’s status and settings, the traditional web
based interface is well suited. With the increase of mobile phone
capabilities it is likely that these supporting functions can also
benefit from AR user interface, but the dual approach with
mobile web browser and AR view is currently the best solution.
With this the user can, for example, get an indication of a friend
being near on a traditional Ul and use AR to see where the
closest friends and services are located. Such dual approach has
already been utilized in our experimental mobile AR LBSN
system.

(AVA EXPERIMENTAL SYSTEM

In order to study the actual use cases of mobile AR user
interface for LBSN, we have created an experimental mobile
LBSN system that supports AR view for a friend and service
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finding use cases. This system, called LocTrac, has been built
using common web technologies that allow utilization of readily
available building blocks and standard interfaces for data
transfer. Furthermore, we have prioritized use of open-source
components in all parts and built both the server side system and
the client on top of commonly known and widely adopted
open-source building blocks. We have used HTTP protocol as
transport and common web technologies for the main system Ul
that is accessible with both desktop and mobile browsers. For
the AR view we have created a custom client that receives JSON
[43] encoded coordinate data over HTTP protocol for frequent
updates of the location of annotated items as well as on the need
based fetch of graphical items such as annotation icons.
Rationale for using JSON array has been to achieve better
performance via reduced amount of data to be transmitted
compared to XML, while still maintaining the benefits of a
standard choice to technology.

Common web technologies and HTTP transport have been
used also as the bearer for supporting data, such as information
about the services, as well as traditional map navigation
functionality. The basic service setup has been based on Apache
HTTP server [44] and Glassfish application server [45], both of
which are commonly used and provide reliable operating
environment for the experimental system setup. System
functionality has been implemented with Java Enterprise
Edition techniques on the server side. We have utilized MySQL
relational database for data storage [46]. For mapping
technology we have used Google maps, and the nearby service
search has been implemented based on Google’s service point
repository [47]. The user created content as well as the position
of the friends is provided by the actual users in our experimental
system. Figure 2 presents the high-level logical architecture of
our experimental system.
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Fig. 2. High-level logical architecture of the experimental system.

We have implemented experimental mobile AR application
for the Android mobile platform, but characteristics of the most
modern mobile devices would allow similar level of
functionality with, for example, Symbian, MeeGo and iPhone
OS based devices. The client application has a view controller
engine that handles use of the device sensors as well as data
transfer with our experimental LBSN server. The application Ul
is created by view part of the experimental client, which uses
display and camera to render the AR view for the user. Figure 3
presents our experimental mobile AR LBSN running on a
commercially available HTC Hero mobile phone [39].

Fig. 3. Experimental mobile AR LBSN service in use.

With the LocTrac service the user can share his location using a
mobile client, and see where his friends are by using the web
based interface with either a desktop or a mobile browser, or via
the mobile AR UI. LocTrac functionality includes all typical
LBSN features, such as inviting friends to use LocTrac and
sharing own location with friends when desired. Additionally
functionality of LocTrac includes seeing the trails of friends,
interacting with messaging, boundaries and landmarks, setting
boundaries to receive alerts when crossed by friends, searching
for nearby services, seeing the friends and points of interest
located on the map or AR view, and creating landmarks for the
user and friends to see.

For the server side setup and system architecture the web
technology based approach gives a user the benefit of being able
to access system functionality both with normal web browser as
well as with our custom mobile AR application. This dual
approach enables the user to utilize basic system tasks with
non-AR view that is more user friendly for tasks that require
user input, such as composition of messages or creation of
landmarks, due to lack of necessary AR input mechanisms in
current mobile phones.

When needed, the user can activate the AR based friend or
service finding use case by simply lifting the device into
horizontal orientation. Then the camera is activated and
video-see-through AR view is generated. In the AR view the
objects are rendered into the screen on top of the captured video
of the direction the user points the device. Information of the
location of the augmented objects is received from the LocTrac
server in WGS84 format [48]. Based on this information, as
well as position and orientation of the user, the system
calculates the correct position of the objects in the video see
through AR view on the display of the mobile phone. The
objects are placed into the center of the view when the device is
fully vertical. When the user moves around with the device, the
different annotations become visible, thus enabling the user to
have a 360° view of the surrounding world with a 51° field of
view. We do not use the Z coordinate in our current
implementation, but for the future it is beneficial to see also the
altitude of the annotated items. Currently we adjust the vertical
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position of the annotations based on the data received from the
device orientation sensor. With this approach we can simulate
the missing Z coordinate in most of the typical usage scenarios.

We have created three operating modes for the AR client: by
holding the device level with the ground in the hand the user
sees a normal map with own location and friends annotated in
similar fashion as with the desktop web browser, by lifting the
device to about 90° angle in horizontal orientation the AR view
is activated and the user sees the objects annotated into
video-see-through AR view of the real world, and finally by
holding the device vertically the user sees the same data in a
traditional list view with a possibility to launch web browser for
additional functionality. Example mobile AR views captured
from the device screen during operation of our experimental
system are presented in Figure 4.

L
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Fig. 4. Two example Mobile AR views with the LocTrac experimental system

In the mobile AR view we have created three main Ul
components on a full screen video-see-through view of the
world. On the top of the screen there is an area with details of the
currently focused augmented item. In the middle of the screen
the user sees display of the real world annotated with friends,
landmarks or services. Distance to the annotated item is shown
in meters in the top of the screen alongside with the name of the
item. On the bottom of the screen is a carousel type of a control,
with which the user can select what category of items are
annotated. In the experimental system we have offered three
types of categories: Friends, Landmarks and Services. The
Landmarks are static items created by the user and his friends.
The Friends category is naturally the friends of the user, i.e.
moving annotated items. The Services category in the example
view includes a search for the nearby hotels, restaurants and
bars. In each of these categories the system shows items within
the user defined range.

Landmarks and services are non-dynamic by nature. While it
is, of course, possible for some new services or landmarks to
appear during the use of the system, they are handled as static
and non-moving objects. When the user selects a category the
items based on this category are displayed with the annotation
icons coming from the system based on the images defined by
the user and his friends inside the LocTrac service.

Friends are dynamic by nature and annotating them reliably is
a key item for the success of any true mobile AR LBSN service.
In our experimental system we have taken the approach to keep
their data constantly updated during the time the user has the
Friends category active in the AR view. Constant updates of the
position of a nearby friend can be received with maximum
frequency of 10 updates per second in optimal conditions, i.e. it
takes less than 100 ms to transfer the data from the server with
the experimental system client using 3G cellular network
connection when the session is active. For each update the
experimental mobile AR client application also sends its current
position to the server thus allowing friends to see the position of
the user. Naturally the constant updates consume the system
resources heavily, but this is the best way to reliably transfer the
updates of the position of the annotated objects in our current
experimental system. With the maximum frequency of 10
updates per second it takes on average 250 ms to get the
information of friend’s location transferred. The additional
delay caused by the server is only a few milliseconds and it
always sends the most recent data it has of the location of a
friend. In our experimental system pilot we have used update
frequency of 400 ms as the default value as it results into
average end-to-end transmission delay of 1 second. This
frequency does not use the maximum resources of the client and
provides tolerance to minor network performance problems.

Based on the received information on the position of the
annotated objects, as well as on the data received from the
AGPS, compass and orientation sensor of the device, the client
application calculates the position into which the annotation is
placed in the AR view. Typically both the position sensor
(AGPS) and electronic compass provide slightly varying values
even when the device is not moving. In order to reduce the
unnecessary movement of annotations, based on the variation of
position and orientation data, our experimental system uses
filtering and averaging algorithms. For the position data we use
the average of three latest position values from the AGPS when
calculating the correct place of the annotations. For reduction of
normal variation in orientation sensor data we use recursive
noise filtering. In order to discard occasionally appearing
sudden large deviations of the electronic compass sensor data
the client calculates average of latest six samples and compares
the new value to this average. If there is more than 10°
difference the value is discarded as the user is not able to make
such sudden movements. Even with this filtering we sometimes
experience the annotations moving unnecessarily around the
screen due to disturbances in magnetic fields causing the
electronic compass to provide erroneous orientation values.
Having a gyroscope would solve this problem, but such was not
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available in the HTC Hero device we used in the experimental
system. One possibility to improve filtering could be to use the
orientation sensor for measuring whether or not the device is
moving when the orientation value changes. It is not as good as
gyroscope, but could assist in reducing the unnecessary
movements of the annotations.

We have conducted a comparative test in order to study how
our experimental system fills the user expectations, and to see
how the additional error affects the friend finding use case. In
this test two peer groups, five persons in each group, performed
the same friend finding task. Test area was a small public park
with dimensions of 100 by 100 meters. The park contained
several pathways in many directions all around the park, as well
as a lot of vegetation that prevented direct view to the friend
until within a few meters away. In the beginning of each test the
friend was located diagonally across the park 140 meters away
from the user. The user was instructed to walk towards the
friend visible through the AR view of our experimental system.
The friend was walking alongside the edge of the park, thus
requiring the user to change the direction in order to find the
friend. As the users were not able to see the friend during the test,
the only indication of the way to walk was from the annotation
in the AR view of the park. For each test the setup was similar,
but for group B the registration error was made higher by
increasing end-to-end transfer delay.

During the test we had position accuracy of average 9 meters
provided by the AGPS, and orientation accuracy of 1,5°
provided by the electronic compass. Device used in the test was
HTC Hero mobile phone connected to a 3,5G cellular network.
In order to reduce the possible uncontrolled delay due to
network congestion, we used end-to-end transfer time of 2
seconds for group A. This was compensated by reducing the
friend’s walking speed to 3 km/h, which resulted in 2 minutes
walking duration along the edge of the park. The friend was
instructed to stop at the edge of the park. None of the users
reached the friend before he stopped, but many were very close.
The absolute error caused by orientation sensor changed based
on the distance, and was on average 1,8 m in the test. The
average total registration error for group A was 10,1° as a result
of 9 m positioning error, 1,8 m orientation error, 2 s end-to-end
transfer time and 3 km/h walking speed. For group B the total
average registration error was doubled by increasing the
end-to-end transfer time to 20 s, thus resulting to 21,4°. The
results of the test are illustrated in Table 4.

TABLE 4. RESULTS OF
EXPERIMENTAL SYSTEM.

FRIEND FINDING TEST WITH THE

Group A Group B
Registration error 10,1° 21.4°
Average time 02:46,2 04:13,4
Standard deviation 00:21,1 00:34,3
Median time 03:15,0 05:07,0
Min time 02:20,0 03:38,0
Max time 02:42,0 04:07,0

The test results very clearly show how the increased
registration error affects the friend finding use case. On average

it took 52% more time for group B to complete the task. Also it
should be noted that none of the five test person in group B were
faster than any of the five test persons in group A. The test setup
was successful and all ten test persons conducted the test as
expected. The experimental system worked well during the tests
— there were no problems caused by the experimental system.
We only had to restart the devices once between the groups to
perform the change of end-to-end transfer time. Due to AGPS
position error of 9 m during the experiment, we were not able to
reach the registration accuracy of 5°. With the accuracy of 5° we
would expect the test to be conducted with even less time than
for group A.

The users were asked for feedback after the test and, in
general, they liked the system. We did not tell the users that the
other group had intentionally higher registration error. Main
problem reported by all users was unnecessarily moving
annotations caused by changes in the orientation provided by
the electronic compass. As discussed earlier the electronic
compass is very sensitive to all kinds of errors in magnetic fields,
thus providing constantly changing values even when the
orientation is not changing. Result of this is unnecessary
movement of annotations even after the filtering our
experimental system performs. In addition to LBSN service,
some test users indicated that they would like to use the
application for a hide and seek game.

V. CONCLUTIONS

We have used commercially available high end mobile phone
devices as the mobile AR terminal in our experimental system.
As we have predicted earlier these devices form a naturally
available and familiar way for users to access globally available
mobile AR services [6], [7]. Our experimental system proves
that it is already feasible to utilize these devices to create LBSN
services with mobile AR UIl. There exists, however, some
limitations that make it difficult to yet achieve wide consumer
adoption. The main challenge is related to the current devices
only meeting the defined mobile AR requirements in optimal
case. If there are buildings hindering the AGPS accuracy, metal
structures to disturb the electronic compass, congested network
conditions to cause transmission delay, or other processes using
system resources, the mobile AR performance degrades rapidly.
The inaccuracy caused by these disturbances can be really
significant — especially the electronic compass may
occasionally point to a completely wrong direction, and
typically provides slightly changing orientation values even if
the user is not moving. These disturbances can be reduced via
filtering and the accuracy can be a bit improved via averaging
the values gained from the sensor as explained in this article.
Without this filtering the annotated objects can not be
accurately placed, as the raw values gained from the orientation
sensor are not stabile. For LBSN services the filter for
orientation can not be made too strict as it would cause delay in
interpreting the real orientation changes. Thus it is
recommended that the mobile phones are equipped with a
gyroscope to provide better quality of orientation information.
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Beneficial to the creation of these services is also the natural
ability of a human to correct the error of the annotated object
placement during the task of navigating towards it. Even if the
object is significantly incorrectly placed in the mobile AR view
initially, the user will naturally navigate towards it as long as the
systems keeps indicating the location and reduces the amount of
absolute error as the user gets closer to the object. Our results
show that registration error of 5° can be tolerated by the users of
mobile AR LBSN services in the most common friend finding
use case. We have presented the requirements for mobile AR
LBSN services and that these can typically be achieved in
optimal conditions by the commercially available mobile
phones. The performance of the sensors and the combined error
of position, orientation and transmission results to the accepted
registration error. With efficient averaging, and statistically
removing erroneous values, the quality of sensor data for both
position and orientation can be improved to some extent, thus
helping accurate placement of annotated objects and reducing
the effect of annotations unnecessarily moving in the AR view,
as we have done in our experimental system. To further improve
the accuracy and experience we see it as one possible approach
to use machine vision to determine which position an annotation
belongs to. By averaging the position for a while it is possible to
map the annotation based on items from the video stream, thus
keeping it in a constant position on the user’s mobile AR view.
While this approach can assist in keeping the annotations of
fixed points of interest stabile, it is however more difficult to
apply to LBSN service friend finding use case. Being able to
identify a specific human (i.e. the friend) from a long distance is
demanding for the camera resolution compared to identification
of certain shapes in a building, for example.

Another significant problem with mobile AR LBSN services
is the power consumption of operation. Regular use of the
mobile AR view quickly drains the battery leading to drastically
reduced operating time. Mobile phones achieve long battery life
through efficient power saving when the user is not using the
device or some part of the device. During the mobile AR use
case all of the device’s most power consuming components are
in essence active and, due to high real-time requirement of the
information, it is not easy to save power. Additionally, the
friends need to have certain parts of their devices active in order
to provide close to real-time information of their location. And
in the case of a user navigating towards a friend, the frequency
of position updates by the friend’s device also needs to be
increased, thus resulting in increased power consumption. In
order to result to acceptable battery life, the system needs to
activate and deactivate the frequent position updates based on
need. When a friend finding use case is active, the mobile device
of the friend is required to send position updates according to
the requirements presented in this article. For times when no one
is requesting the frequent position updates, the mobile device
can send only periodic updates indicating roughly where the
user is.

The user is accustomed with certain applications such as
games, video and navigation to consume power, but the power

consumption of mobile AR LBSN services is much higher than
any of the common high power consumption use cases, So care
should be taken in order to create the services in such way that
all unnecessary power consumption is avoided. Before reaching
wide commercial acceptance, the mobile AR LBSN services
must be created in such way that they do not significantly reduce
the battery life of the device. We see that the problem with
battery life is solved by three main developments. Firstly, the
mobile AR LBSN services can be made to consume less power
than our experimental system, which is also an area we consider
looking more in the future. Secondly, the HW components of
mobile devices are continuously evolving to consume less
power to provide similar performance. And thirdly, the battery
technology is advancing thus being able to pack more energy
into the same size and weight.

To achieve seamless end user experience, specific focus has
to be put into data transfer due to the real-time requirements of
position data. In a mobile AR LBSN system not all data has to
be transmitted real-time. There are some items that just need to
be efficiently transmitted in order to avoid the user needing to
wait for the AR application to initialize, and other items that
require close to real-time transmission for the service to be
usable. For all non-dynamic data, such as location of fixed items,
and item data such as descriptions and images, as well as
supporting data of the system, a fast one-time transmission is
required. The user accepts similar delays as there are for web
pages to load, and goal should be to minimize the waiting time.
Better performance is needed to handle the dynamic data related
to moving objects such as friends, which needs to be transferred
with 400 ms frequency to meet the requirement of one second
end-to-end transmission delay when actively used. It is possible
to reduce the error caused by the data transmission by
estimating the position of the friend at the time the user receives
the position information. As the path of the friend is
non-deterministic, it is not a good solution to rely too much on
an estimated advance, but rather to keep the transmission
frequency high enough to provide acceptable end-to-end
transmission time for the position information. If the end-to-end
transmission time grows above the one second requirement, the
cumulative error caused by it and the sensor inaccuracy causes
the registration of annotations to contain too much error for the
service to be usable. By improving position and orientation
accuracy it is possible to utilize less frequent transmission and
to achieve the same combined accuracy, or to improve the
registration accuracy by keeping the one second end-to-end
transfer requirement. Having less frequent position updates
directly benefits the energy consumption, and requires less
processing power for the application. When the user is not
actively using the mobile AR view, or when the friends are far
away, there is no need for as frequent transfer — just periodic
updates allowing fast start of the application when the user
begins to use it. Consequently, the mobile AR LBSN service
must understand the situation to provide excellent performance
when needed, and to save power and data transfer the remaining
time.
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Based on our research and the experimental system we have
created, we can determine that utilizing mobile AR as Ul for
LBSN services is possible already to some extent with the
commercially available high end mobile phones, thus
supporting the studies predicting growth for mobile AR based
applications [14]. The initial results from test use of the system
indicate that there is significant added value especially for the
friend or service finding use case. It is much more natural for a
user to look at the world through the mobile AR view in order to
find the right path towards an object, than to determine the path
from a map. The augmented object does not necessarily need to
be an icon annotated on top of a video see-through AR view — it
may be an arrow showing the right path, an avatar representing
the friend, or a widget displaying additional information. Using
mobile AR enables the users to navigate towards a friend or a
service in natural way, whereas using a map based Ul requires
the person to be familiar with the concept of a map, as well as
concentration on the task. Figure 5 shows a comparison of
mobile web and mobile AR view of our experimental LocTrac
service.

http://loctraci.digia.com/ >

Fig. 5. LocTrac experimental system allows access to the same service with
both mobile web and mobile AR user interface.

Mobile AR view allows users to easily see where the friends
or points of interest are located, and thus to determine which
way to go. For the other parts of the Ul, such as managing the
social circles, sharing experiences, reading what friends are
doing and similar, the added value of mobile AR is not so
significant, particularly with the limitations of currently
available input methods of the mobile phones. Certain aspects,
especially being able to see context specific user created content
in relation to the real world, are clearly benefits of a mobile AR
view. When the input methods of mobile phones improve to
better accommodate AR, the user can take advantage of the
complete system efficiently via an AR interface. Before this it is
better to use the system with a dual Ul approach such as in our

experimental system. Those tasks that are best done with mobile
AR, are conducted via the AR interface and others, mainly
supporting tasks, are conducted with a traditional Ul rendered
e.g. as mobile web ULI.
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