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ABSTRACT
Most mobile navigation systems focus on answering the question,
“I know where I want to go, now can you show me exactly how to
get there?” While this approach works well for many tasks, it is not
as useful for unconstrained situations in which user goals and spa-
tial landscapes are more fluid, such as festivals or conferences. In
this paper we describe the design and iteration of the Kartta system,
which we developed to answer a slightly different question: “What
are the most interesting areas here and how do I find them?”
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1. INTRODUCTION
Navigating an unfamiliar, eventful environment such as a fes-

tival or conference can be challenging. It can be hard to decide
what to see, and when you have decided where to go, it can be
difficult to know how to get there. While several research projects
have investigated the mobile navigation of physical environments,
past work has focused on extracting general landmarks from rel-
atively static sources, such as structured maps. In this paper we
describe a system, Kartta, that derives points-of-interest and associ-
ated landmarks from user generated content captured onsite. With
this approach, Kartta helps users navigate standard environments
as well as temporary events, such as festivals and fairs. Using so-
cial network and preference information, the system also reflects
a more personalized set of points-of-interest. Furthermore, unlike
past work, the system supports a diversity of landmark representa-
tions, including text tags, images, audio and video clips.

The initial idea for Kartta evolved from a brainstorming session
with 15 participants that revealed that people need a mobile tool
to help them navigate unfamiliar environments that 1) reflects the
interests of their colleagues; 2) can be understood at-a-glance, and
3) provides simple aids to help users find areas of interest. Kartta
accomplishes these goals by pooling content generated by groups
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Figure 1: The Kartta mobile interface showing a user (blue
dot, upper left) making her way toward a cluster of interest
areas. Kartta chose the image shown automatically as the best
media to direct users toward this cluster (it is associated with
the interest area with a yellow center). Text below the image
are unique tags from interest areas in the cluster.

of users into clusters and visualizing those clusters as a translucent
layer on top of a traditional map. Kartta also automatically analyzes
uploaded media and associated metadata to reveal landmarks.

In the remainder of this paper we review past work and describe
the Kartta system in more detail, showing how we used a combina-
tion of simulations and field pilots to iterate the tool.

2. RELATED WORK
Past work in mobile location-based media has focused on cre-

ating summaries of collected media, descriptions of static envi-
ronments, or non-spatial visualizations of user-generated content.
Jaffe et al. built a system that uses location and other contextual in-
formation to select key photos from a collection [6]. However, their
work focuses on summarization rather than navigation. Grabler et
al. developed a prototype that automatically generates maps based
using building textures, road geometry, and external landmark in-
formation [5]. In this work, the authors focus on static structures
and landmarks rather than temporary environments. Finally, stud-
ies by Baus et al. showed that audio landmarks can aid navigation
tasks, but their work did not involve user generated content [1].
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Figure 2: Data flow in the Kartta system. Using the mobile application, participants upload media, positive or negative votes for
specific locations, and associated metadata to the server. Synchronously or asynchronously, other participants request a map from
the server, optionally sending location and orientation information. The server finds and ranks clusters, selects media within each
cluster, generates routes, and sends the updated information back to the mobile client.

Some map-based interfaces are used for retrospective purposes,
and in many cases they can also be used for long-term planning.
One example is EveryTrailTM(http://www.everytrail.com/)
which allows users to upload GPS tracking information as well
as GPS-tagged photos. The system automatically plots that infor-
mation on Google maps and offers a variety of social interactions
around uploaded media (comments, ratings, etc.). However, the
tool is not designed to collate and redisplay automatically informa-
tion from multiple users.

Many other projects have explored synchronous mobile media
sharing. Fono’s and Counts’ Sandboxes application displays col-
laboratively captured multimedia on mobile phones [4]. However,
this work does not address organization (i.e., it does not utilize con-
text to structure captures). Furthermore, as the interface is temporal
rather than spatial it does not provide any navigation or map-based
support. Similarly, in Clawson et al.’s Mobiphos system users cap-
ture pictures and share content with other proximate users, but the
application does not visualize data spatially [2].

In contrast to all of these systems, Kartta helps users navigate un-
familiar environments using information culled from multiple par-
ticipants in real time.

3. KARTTA
Kartta provides users a map showing them nearby areas they are

likely to find interesting. To do this it gathers and analyzes both
explicit and implicit recommendations of specific locations.

Kartta is composed of a server and a mobile application built us-
ing Mobile Python. The mobile application can be used to capture
content and context data which are sent to the server automatically.
The server uses this information to create a map of the immedi-
ate region around a user, highlighting points-of-interest as well as
landmarks to help the user navigate. The mobile application polls
the server regularly for a new map and set of landmarks.

The mobile application visualizes not only the augmented map
returned by the server but also the users’ current location (Figure
1). Users can configure the interface either to show media captured
by an explicit list of friends, or to show only their own captures.
Because, as Fleck et al. point out [3], mobile users often feel that
capturing media is too distracting, the application includes a sim-
ple, one-button interface for recommending that other users visit an
area (a positive vote) or avoid it (a negative vote). A positive vote
is represented on the map as a green dot and a negative vote a red
dot. Over time, votes implicitly create an interest-map of a place.

Mobile users can also launch media capture applications with
another button. The mobile application sends media to the server
along with context information (if available) including phone tilt
(up, level, or down), compass orientation, time-of-day, and loca-
tion. Context data can also be recorded continuously. The applica-
tion currently senses location information via either embedded or

attached GPS devices. While GPS currently affords only a gross
estimate of location, we believe that it is sufficient since our appli-
cation depends on aggregated data (votes). Furthermore, users can
add tags to disambiguate areas of interest. Finally, media captured
at a location automatically corresponds to a positive vote for that
place (similar to the approach in [6]).

The server ingests media and votes sent from mobile devices,
finds clusters of media, selects representative captures for each clus-
ter, and generates routes (see Figure 2). The server saves mobile
media in a database, and a set of ingest and access services produce
multiple downsampled representations of uploaded media: thumb-
nails of photos, keyframes and lower resolution copies of videos,
and copies with lower sample rates for audio clips. The mobile ap-
plication can use these different representations to provide tiered
access to media.

To organize captured media, the server first finds and ranks clus-
ters of interest areas, ranks media within each cluster, and then gen-
erates route information.

3.1 Finding and ranking clusters of interest
areas

In this step, media captures and votes, or interest areas, are
grouped spatially using a simple connected components approach
(see Figure 3a). After finding clusters of interest areas, the server
calculates the importance of clusters. This calculation ranks higher
clusters that the user will likely be interested in and that are also
close to the user. Specifically, clusters are ranked higher if they in-
clude more net positive captures (after subtracting negative votes),
include more distinct users who contributed to the cluster (similar
to the approach in [6]), are closer to the current location of the user,
and are not areas the user has already visited. The mobile tool uses
this rank to vary the visual intensity of each cluster (see Figure 3b).
Lastly, tags from all interest areas are pooled into one list.

3.2 Selecting media within clusters
In this step, the system selects a representative media capture in

each cluster. This is an important step toward avoiding excessive
download times. Because our focus is on mobile navigation, not
media summarization, this algorithm selects media that helps the
user orient to and find the cluster. Specifically, media is more likely
to be selected if at the time of capture the camera was directed
upwards (detected by the accelerometer), the night/day information
matches the current user’s context (as determined by time-of-day
and sunrise/sunset information), and the compass direction matches
user’s current context. Also, if the user has contributed media to
a cluster, all other media will be removed from this ranking. This
further reduces bandwidth while helping the user to recognize areas
she has already visited.
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3.3 Generating routes and sending informa-
tion to the client

In the final step the server maps trails to connect the most im-
portant clusters. Since a completely automated approach would be
extremely difficult and error-prone, the server generates smoothed
routes from the continuous location capture information from each
user. The server exposes the route, cluster (and associated tag lists),
and media metadata as an XML file via a web service. Mobile
clients can poll the server with updated location and compass in-
formation to gather new clusters and routes. Clients download se-
lected media from the server using URLs embedded in the XML.

3.4 Graceful degradation
While the server can utilize context information to rank clusters,

select media from clusters, and select routes, no metadata is re-
quired other than the location of media captures. If a metadata is
missing (such as the compass or orientation), it is simply assigned
an average value. Similarly, if GPS logging is not available, route
information is removed, but clusters are still calculated. This grace-
ful degradation allows the server to provide useful information to a
variety of mobile and non-mobile users. For example, a user could
download route and capture information to his desktop and forward
that data to an external service, such as EveryTrailTM, to either plan
an event or review captures from a past event.

4. SIMULATIONS AND FIELD PILOTS
We built a desktop-based simulation of the server algorithms to

test their viability and a simulated mobile application to pilot test
before conducting field experiments. Our desktop-based simulator
takes as input a map and a set of parameters specifying high-level
capture information, including the number of captures, the number
of users, and the percent positive votes. The simulator extrapolates
pseudo-random captures from this initial information. The user is
given a location and orientation on the map that is adjustable via a
mouse. The simulator can also accept additional points on the map
that act as “attractors”, allowing it to simulate conditions in which
there is a main thoroughfare or gathering point (such as a food court
at a festival). The simulator can then selectively apply the ranking
and selection algorithms.

This approach allowed us to tune our algorithms rapidly and
uncovered some important design decisions for the mobile client.
Based on experimentation with the simulation we decided to utilize
non-linear drop-off for ranking clusters to reduce clutter; adjusted
weights so that popular areas retain their high ranking even if the
user is far away; smoothed user-generated routes using splines, and
allowed mobile users to select clusters in rank order.

We also conducted an informal critique of an early version of
the mobile application running in a simulator with two experts in
mobile application design. Both participants found usability issues,
and one expert pointed out that we should have a backup location
sensor in case one became too slow or stalled altogether. For this
reason, we deployed the application on phones with embedded GPS
sensors (Nokia N95s) while also providing an external sensor to
each participant in the studies described below.

4.1 Field pilots
Massimi et al. used a scavenger hunt for evaluating mobile col-

laborative systems [7]. We felt this approach would be particularly
useful because it blends the control of a laboratory study with the
realism of a field experiment via a lightweight and well-understood
game. We adapted this approach to test our system, focusing on
understanding how well the interface helps users find specific way-
points in recommended areas as well as avoid poorly rated areas.

4.1.1 Initial pilot
In our first pilot, four users recruited from our lab were divided

into two teams of two, and we gave every user a device running
our system. We used a simplified version of the mobile application
that did not include route information, showed one tag per capture
rather than several per cluster, and inferred orientation from a GPS
trace rather than relying on an external sensor. The goal of the ex-
ercise was to find colored balls (30 in total) that had been scattered
around an office complex. We wanted to incentivize teams to split
up to find items while still encouraging them to use the map to see
what their teammates had found, and furthermore to communicate
information about found items via messaging, taking a picture, or
tagging a place. To that end, teams were given 10 points if either
member found and took a picture of a ball, and another 6 if both
members took a picture of the same ball. Two researchers followed
participants during the study, taking notes and helping if users were
completely stuck. Also, we held a focus group session with all par-
ticipants after the study focusing on potential features.

Results.
Participants collectively captured 66 total targets and submitted

45 tags over one hour. Ultimately, we found that the interface was
not yet at a stage to judge its usability for groups, but participants
provided a host of recommendations in the focus group. Partici-
pants overall felt that the interface required too much attention, and
requested vibratory and auditory alerts. They also suggested that
the map may not be necessary at all, and that the visual interface
might consist only of hotspots as well as paths to those spots. They
also suggested audio tagging, list views of recorded tags, and ori-
entation controls and views.

Methodologically, we found that our attempts to encourage both
individual search and group communication had mixed results. While
participants clearly used the tagging feature to signal information
about a target to the other group member, in other cases participants
simply met up physically to discuss the location of targets, and in
still other cases ignored the map altogether.

4.1.2 Follow-up pilot
Given the difficulties we encountered in the first study, we de-

signed another, more focused experiment that eliminated collabo-
ration issues. Furthermore, inspired by Baus’ et al.’s finding that
audio can be useful for navigation tasks [1], we wanted to include
a variety of media types. In this experiment, six single users re-
cruited from our lab were asked to use Kartta to find and record
objects of interest in a semi-familiar, semi-urban environment. We
pre-recorded objects using a mixture of media – four photos (two
tagged), two audio with no tags, two video with no tags, two tagged
negative votes, and two tagged positive votes. Participants were
given a device with the Kartta application and all but three of the
votes and media pre-loaded and were asked to take a photo of the
object they thought was being recorded or tagged at each location
(for example, one hotspot was linked to an audio clip of the chimes
of a clock, of which participants were to take a photo). Media cap-
tured by participants was saved to the device locally and uploaded
to the server in a separate thread. A few minutes into the study,
the application downloaded and displayed the remaining votes (we
added a vibrated alert to signal updates). Participants were also
asked to avoid areas marked with negative votes.

One researcher shadowed the participant both to record behav-
ior and to answer questions about the interface in case the partic-
ipant got stuck. Since the task took place in an uncontrolled en-
vironment we did not incentivize the participants to complete the
study quickly. Instead, we asked them to signal to the shadower
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Figure 3: Simulated clustering example. (a) Original interest areas. (b) Interest areas clustered, ranked, and captures selected. (c)
Routes added. (d) User cursor moved from center to upper-right – note the change in cluster rank.

when they believed they had completed the task. At the end, we
asked participants several follow-up questions designed to deter-
mine which media was most helpful for navigation, the ease of
navigating the map, and their ability to avoid negative areas.

Results.
Despite there being no incentive, all participants completed the

study in the time allotted. However, only one participant success-
fully captured photos of all objects, and one captured only five. On
average, participants captured eight out of ten objects. Media in the
set that only appeared after the start of the experiment were those
most likely to be left out. All participants chose photos as either the
first or second most useful media for navigation. Four chose tags as
the first or second most useful. One participant commented that it
was easier to find those media that he could at least “roughly make
out from a distance.” Overall, participants found it useful that the
interface reflected their orientation as well as location (four on a
five-point scale on average), and they found it easy to navigate the
map (also four out of five).

Participants had few questions for the shadower during the task.
Though it did not affect participant’s ability to complete the task,
network reliability was also an issue, and we relied on media re-
trieved from the device for analysis. In general, participants had
fun with the task, one noting that it was “like virtual geocaching.”

5. DISCUSSION
Our overall experience with the simulations and field pilots indi-

cate that user generated content can help people navigate unfamiliar
events. In particular, participants seemed to find it natural to move
toward “hot spots” on the map given rich representations of per-
ceptible landmarks. However, more work is necessary to support
unconstrained environments. Our experiments revealed a tension
between aggregating content on one hand and reducing clutter and
transparency on the other. For example, it may not always be possi-
ble to track a user’s location because of interference. Other sensors
may also be available only sporadically. In these cases, the server
should automatically adjust the weights used to calculate cluster
importance. We were also surprised that users in the field study
preferred photos and tags considerably more than audio and video.
However, past work used audio in an ambient way to indicate that
the user was along the right route [1], rather than using audio as a
representation of the end point.

Also, we found simulating behavior to be a crucial step in rapidly
iterating not only our algorithms but also the resulting visualiza-
tions. While historically considered a first-class methodology [8],

the approach is not often used to evaluate mobile applications. Given
the difficulty of conducting realistic evaluations, though, we are
convinced that simulations are a key tool.

6. CONCLUSION AND FUTURE WORK
While our experiments are limited, we have shown that it is pos-

sible to gather interest areas and landmarks from user generated
data. Also, because of our focus on fluid, informal environments
we made design decisions that allow users to derive some value
from the system with only minimal input, including one-click loca-
tion voting, automatically capturing metadata, and generating visu-
alizations of captured media.

Additionally, we found simulations to be a critically valuable
tool in prototyping this social mobile application. After running
more complex simulations, the next step for this work is a full-
fledged field experiment with a group or friends or colleagues in an
unconstrained environment.
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