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Abstract

We introduce 4D-City and System for Wearable Au-
dio Navigation (SWAN) where computer vision and
wearable computing technologies are introduced to
augment urban user experience. The goal of our work
is to provide users with (1) an interactive 4D model
of a city which is automatically acquired from a large
set of images, and (2) proactive auditory guidance
system on a wearable computing platform which lo-
calizes robustly even under the noisy sensor signals
within the urban environments.

The preliminary results on combination of both
works demonstrate the potential impact where the
users can interact intimately with one’s own urban
environments while revealing unknown history of a
city with additional enhanced auditory support.

1 Introduction

We introduce 4D-City and System for Wearable Au-
dio Navigation (SWAN) where our goal is to provide
users with the ability to intimately interact with the
surrounding urban environments via the introduction
of computer vision and wearable computing technolo-
gies.

Our first work, 4D-City, addresses the problem
of constructing a spatio-temporal model of a city
through which a user can interact in three dimensions
and time, a 4D interactive immersion in a collection
imagery [4, 5]. The proposed system can offer a rad-
ically different and much more powerful user experi-
ence than the traditional search/browse paradigm.

Secondly, SWAN is a highly functional auditory
guidance wearable system which robustly localizes in
the urban environments which include GPS, inertial
sensors, pedometer, RFID tags, RF sensors and com-
puter vision. The robust localization capability and

Figure 1: A sample of 3 historical photographs from
the Atlanta History Center’s collection. All images
contain the historic Candler building.

developed auditory interface let us to address the
problem domains where the system can benefit the
user experience. For example, the system can aid
people to navigate in the unknown environments, let
users know interesting or secret stories about historic
sites or proactively provide useful information about
current location.

The two systems above can potentially be com-
bined and autonomously improve their functionali-
ties by updating the 4D models of cities based on the
incoming streams of images and other sensory sig-
nals collected from SWAN, which will, in turn, aid
the users with endlessly updating 4D models of the
environment.

2 4D City : Interactive Archive

The 4D-City work focuses on constructing a 4D
spatio-temporal model of urban environments. To
highlight the educational, cultural and historical
value of 4D-City work, consider the three images in
Figure 1, which show the sample images of the his-
toric Candler building in Atlanta, the first headquar-
ters of the Coca-Cola Company.

From the sample images, a 3D building structure
can be obtained via multi-view computer vision tech-
niques [2], some of which are illustrated in Figure 2.



Figure 2: Three images of the Candler building taken
from three different view points where the 3D models
are overlayed.
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Figure 3: Estimated vanishing directions for two com-
plex urban scenes containing multiple pairs of hori-
zontal orthogonal vanishing directions

In addition, Figure 3 shows that the vanishing di-
rections of complex scenes can be automatically esti-
mated using probabilistic inference method [4]. Itera-
tively, a rich set of computer vision techniques are ap-
plied to correctly estimate the time-varying 3D model
of the city from a large set of images available.

The preliminary results of the 4D estimation work
can be seen in Figure 4 where it shows a screen shot of
the developed prototype kiosk application. The sys-
tem will be able to allow users to navigate through
the model interactively, both temporally and spa-
tially with the advent of powerful graphics processors
(GPUs) on every desktop. The potential impact of
4D City work would be even more substantial when
we imagine the time point when the built 4D model
is open to the public via Internet services, and allow
the users to actively contribute new information into
the model. Such a model would create a new aug-
mented reality space which would be maintained by
the residents of the city, which would truly result in
a 4D space with collective intelligence.

Figure 4: Screen-shot of a prototype kiosk application
developed at Georgia Tech, which shows a sample im-
age of the preliminary results on 3D model acquisition

Figure 5: Prototype SWAN system. The helmet is
equipped with multiple camera rig and the system
aids users through auditory interface.

3 System for Wearable Audio
Navigation (SWAN)

SWAN is a wearable computing platform where the
system is targeted to aid users with location specific
information through auditory interface. The system
is equipped with multiple types of sensors which in-
clude GPS, inertial sensors, multiple camera on the
helmet, to name a few. The the prototype system is
shown in Figure 5.

The overall functionality of SWAN system criti-
cally depends on two main factors which are local-
ization ability and effective auditory interface.

It is well known that the robust localization in ur-
ban areas relying solely on GPS signals is very chal-



lenging, due to signal occlusion and reflections on
the building surfaces. To resolve localization ambi-
guities, we developed a probabilistic localization al-
gorithm which incorporates the available geometric
map information and reliably localizes the system
[3]- Although the geometric map information is being
obtained through rather manual process within the
boundary of Georgia Tech for now, the 3D models
acquired as the result of 4D-City work will be consid-
ered as plausible inputs once 4D City work achieves
results with sufficient accuracy.

Once the user’s location and heading direction is
determined, SWAN uses an audio-only interface, a se-
ries of non-speech sounds called "beacons", to guide
the listener along a path, while at the same time in-
dicating the location of other important features in
the environments.

To develop the auditory interface, we have also
built a virtual reality test environment in which we
can try out new audio features, study usability, learn-
ability, and develop training and practice regimes [6].
For example, SWAN includes sounds for the following
purposes (for the full listing, please see [6]) :

e Navigation Beacon sounds guide the listener
along a predetermined path, from a start point,
through several waypoints, and arriving at the
destination.

e Object Sounds indicate the location and type of
objects around the listener, e.g., furniture, foun-
tains, doorways and etc.

o Surface Transition sounds signify a change in the
walking surface, such as sidewalk to grass, carpet
to tile, level corridor to descending stairway, and
etc.

e Locations, such as offices, classrooms, shops, bus
stops, are also indicated with sounds.

In addition to the functionalities mentioned above, we
can easily imagine that the robustly localized wear-
able system can help people to navigate in the un-
known environments, tell users interesting/secret sto-
ries about historic sites or proactively provide useful
information on current location.

Moreover, SWAN might be used to record the
user’s experience in the form of an automatic diary,
as partly studied in [1], which will time-stamp the
user’s daily activities and potentially generate image
diaries of user experience using the cameras equipped
on the system.

4 Conclusion & Future Work

We introduced our collective work which targets to
enhance user’s interaction with surrounding envi-
ronments virtually via 4D-City, and physically via
SWAN. The preliminary results of 4D-City system
demonstrates that the proposed way of constructing
a structured knowledge archive from the exponen-
tially increasing, however densely connected, images
can benefit our daily lives by providing us with an
alternative way of searching and browsing the infor-
mation associated with environments.

In addition, the studies on SWAN suggests that
the wearable computer users can be greatly benefited
through the pro-active auditory interfaces which pro-
vides a large range of services based on the location
of the users.

There are some future work worth mentioning.
First, the two systems above can be combined to pro-
duce evolving knowledge archives which can collect
new images and additional commentary information
from SWAN end-users to update the 4D-City mod-
els. On the other hand, SWAN systems will be able to
provide enhanced and up-to-date knowledge base by
retrieving the necessary information from the newly
evolved 4D-City models. The combined model would
potentially generate a new ways of information shar-
ing and collective intelligence which are not bound
within desktop environments anymore.
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