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Abstract. Mobile devices and systems reached almost every part of
our daily life. Following the mobile computing trend, also business logics
of distributed, cooperative applications started to move into the mobile
client applications. With this shift, the cooperation aspect may also ex-
ploit the user’s location and situation context and capabilities of the
mobile device and integrate it into the actual cooperation and collabo-
ration. In this paper, we present an approach for a Collaborative Map
that exploits the spatial context of the member of a distributed group
as a means to visualize and provide collaboration functionality. Then,
a number of location-related cooperation methods become feasible such
as getting an overview of the spatial distribution of the team members,
identify an ad-hoc meeting place nearby, or chat with a group member
who has a certain expertise in his or her profile. With CoMa, we move
from standard collaboration tools that marginally consider spatial in-
formation towards context-aware mobile collaborative systems that can
support a wide range of applications such as emergency response, main-
tenance work or event organization where human resources have to be
coordinated in a spatial context and tasks need to be assigned dynami-
cally depending on capabilities and situation context.

Keywords: mobile collaborative working environments, location-based
services, map visualization, spatial distribution.

1 Introduction

Collaborative Working Environments (CWEs) are designed to support the work
on collaborative tasks within groups of users. These workgroups may be ei-
ther co-located or spatially distributed. However, people were used to remain at
the same place for work in both cases. Through increasing dynamics in today’s
working world, the mobility of working people becomes more important every
day. This not only includes people working from multiple locations but also po-
tential movement during their activities, which implies a dynamically changing
context. Advances in technology and an increasing number of available mobile
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devices with sufficient computing power for collaborative working promote this
development. Beyond that, more and more mobile devices provide appropriate
hardware for spatial positioning. Recent approaches in research consider the in-
creasing mobility of today’s workpeople. They focus on collaborative solutions
based on mobile network technologies, but they do not yet address the utiliza-
tion of location-awareness in spatially distributed workgroups. This leads to the
question of how to benefit from location-awareness in a CWE. Traditional col-
laborative tools like file sharing, discussion boards, chat or calendar hardly offer
fitting means to make use of a user’s location.

The idea presented in this paper is to bring the location aspect into CWEs
by integrating maps with location-aware collaborative functionalities for the use
on mobile devices. Using a map in a collaborative context enables to visualize
the location of a user, the locations of others who participate in the related
workgroup as well as points of interest (POIs). Furthermore such a map can link
the users’ position and POlIs to traditional collaborative tools within the CWE
to support a location- and context-related interaction. This approach allows to
work collaboratively with other people on spatially located tasks. The approach
of a location-aware mobile collaboration supported by an interactive map is ap-
plicable for a wide range of application scenarios with a spatial context. Potential
professional application areas are, e.g., the coordination of workforce in emer-
gency response, disaster management, construction and maintenance works or
event organization scenarios where human resources have to be collaboratively
coordinated in a spatial context and tasks need to be assigned dynamically
within workgroups. The following scenario is presented exemplarily as it shows
a potential application case for a CWE that incorporates spatial information:

The organization of public events is always a big challenge for the involved
actors and groups. E.g., open-air music festivals of several days’ duration take
place in terrain that is not familiar to all participating workers. Additionally the
masses of visitors make it difficult to keep the overview on everything that hap-
pens. During the actual event many different activities have to be performed by
different professional groups. For example, members of the organizational staff
arrange performing the festival program and take care for the general coordina-
tion. Technicians re-arrange the stage set up and fix technical problems. Security
forces react in case of trouble and support emergency services. The involved pro-
fessional groups are coordinated by team leaders in different granularities while
the whole event is headed by the festival coordinator. In certain cases tasks
are assigned to workers by the coordinator or by team leaders, in other cases
self-coordination is applied within the groups. Furthermore, the members of the
professional groups interact with each other to solve appearing problems. So the
members of all involved professional groups form a number of redundant work-
groups. An established way to coordinate the working at such events is by radio.
This offers no visual representation of the people and the area as well as no meta-
information for the tracking of tasks like, e.g., a task priority. Furthermore, the
communication is complicated by noise. The high dynamics of emerging work
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in the heavy-crowded event area require for spontaneous assignment of tasks to
the performing and supporting workers.

A mobile collaborative application with dynamic location- and context-aware
assignment of tasks would help to improve the coordination task. The involved
people would receive a real-time spatial overview of teams and workers, their
current tasks and the work progress as well as additional information like a
worker’s profession. Coordinators would be able to assign specific work tasks
to teams or workers by their availability, location and profile information. This
would improve the collaboration between teams and workers among each other
and with the coordinators.

The next section presents related work in the field of mobile and dynamic
collaboration as well as map-based location-aware systems where people can
meet. In Section [B] we present our concept of a Collaborative Map. Section M
introduces the mobile CWE platform POPEYE upon which the prototype for a
Collaborative Map is built. The realization of the Collaborative Map is described
in Section[Bl Before we conclude this paper Section[@lillustrates ideas for potential
future development of the Collaborative Map.

2 Related Work

Currently, both computer supported collaborative work and mobile applications
based on location-aware services are active research areas. In the following, we
present related projects and approaches.

The aim of the CQR (Collaboration at rural) project [9] is to provide collab-
oration tools for rural communities to support and catalyze the development of
and in rural regions. As result a flexible worker-centric collaborative platform is
envisaged. The definition of the platform will happen in cooperation with other
CWE communities.

The POPEYE (Peer to Peer Collaborative Working Environments over Mobile
Ad-Hoc Networks) project [14] aims to allow collaboration over mobile ad-hoc
networks. Within its scope a middleware was developed that is extensible through
plug-ins and allows to collaborate without any present network infrastructure.

The main objective of the WORKPAD (An Adaptive Peer-to-Peer Software
Infrastructure for Supporting Collaborative Work of Human Operators in Emer-
gency/Disaster Scenarios) project [16] is to develop an innovative software in-
frastructure for supporting the collaboration of human operators in emergency
situations. A major focus of this project lies on the adaption to connection
problems and task deviations of team members in these scenarios equipped with
mobile handheld devices. In this context Bortenschlager presents in [4] a con-
cept for geo-spatial collaboration on mobile devices based on geo-data provided
by external GIS servers. The paper mainly concentrates on connectivity issues
between the mobile client devices. Collaborative aspects of this approach and
the user interaction are not further elaborated.

New collaboration models will be developed in the CoSpaces (Innovative Col-
laborative Work Environments for Design and Engineering) project [8] and a dis-
tributed software framework will be realized. By means of this framework users
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in industrial environments will be able to easily create CWEs for collaboration of
distributed workers and teams. The focus of the project lies on support for com-
plex processes in order to produce complex products.

The inContext project [I2] aims to enable dynamic collaboration of knowledge
workers in a number of different projects at the same time. Therefore, a very
flexible form of collaboration and the spontaneous emerging of new teams with
dynamic interaction have to be supported. New techniques and algorithms are
explored in this project to allow for such kind of collaboration.

The project GeoCollaborative Crisis Management [5J6J13] aims at supporting
the management of large scale and distributed crises as it is a priority for gov-
ernment agencies. It uses geospatial map applications to display crisis events,
affected resources and actions taken to handle these critical situations. While
its approach is very domain specific, it does not consider overall collaboration
areas.

Location based services represent an emerging class of computer systems
nowadays, as the authors of GeoHealth [7] state. Their approach is to take advan-
tage of this evolution by combining geographical location information, provided
by mobile devices, with home healthcare services. Their prototype is provid-
ing distributed healthcare workers with a spatial view on their co-workers and
patients and, if needed, further information about their patients’ illnesses and
injuries. While their prototype is web based, mobile devices are used in order to
update the current position of each user.

The goal of BuddySpace [II] is to combine instant messaging and geo-
referenced map presentation in order to solve problems involving collaborative
group work practices. Through having the online status of other users and these
users themselves displayed on a geographic reference, the actual user of Bud-
dySpace is always aware of the presence or absence of his buddies. Though the
online status of the user’s buddies is updated in real-time, their location isn’t.

Mobile G-Portal [I5] is a client application for Personal Digital Assistants
(PDASs) to collect, to temporarily store and to transfer data from geography
fieldwork. The main focus lies on collaborative collection of data and learning
of the fieldwork. The system takes advantage of positioning and maps based on
raster data to record and display the location of collected data.

Besides these research approaches, there are commercial navigation and map-
ping solutions such as Qir and TomTont3. In addition to map-based navigation,
these platforms allow their users to see their buddies on the map and allow for lim-
ited interaction with them. Mostly, this interaction is restricted to writing short
messages. Thus, they do not enable real collaboration in working environments.

Most of the projects and approaches presented above focus on collaboration
of stationary users and systems but they do not consider spatial information
and mobility. Some first projects already combine collaboration and mobility.
However, they are not location-aware in the sense of taking advantage of in-
formation about the current position of the user. They are not able to provide

! http:/ /www.myqiro.de/
2 http://www.tomtom.com/
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location-based services or to react on the contextual changes resulting from work-
ers’ movement. One of these few projects that already address both collaboration
and mobility is GeoHealth [7]. Its use is restricted to its application domain and
it is for this reason not applicable for a broad variety of different scenarios. The
devices used in the GeoHealth project are Laptops integrated in cars, while there
is no support for mobile handheld devices such as PDAs that are ready to hand
at any time.

3 Concept of the Collaborative Map

The goal of this work is to support collaborative workers and groups in dynamic
distributed working environments in which the status of the workers, the tasks,
and the locations are not static but changing over time. To efficiently collaborate,
the current situation and the location have to be considered when working on
common objectives, coordinating tasks, or communicating with each other. This
can be supported by context-aware and location-based services on digital maps
which allow interaction and collaboration while keeping the spatial overview.

We propose the concept of a Collaborative Map, in the remainder also
called CoMa, which is not tailored to any specific domain to be applicable in
a wide variety of application areas. The main goal of CoMa is to provide a spa-
tial view on a collaborative workgroup and to offer location-based functions for
collaboration within this workgroup. It is also designed to be capable for inte-
gration with other collaborative tools within an underlying mobile CWE system.
CoMa enables collaboration support in highly mobile and dynamic environments
in which persons do not have access to stationary computers or can not carry
Tablet PCs or notebooks along. Therefore, CoMa focuses on mobile handheld
devices such as PDAs or cell phones.

In the context of CoMa, a workgroup is a group of persons collaboratively
working together on a shared task or a common topic. The members of such
a group can be spatially distributed. The workgroup itself has a profile which
describes its tasks or the topics the members work at. Each member of a work-
group has a certain role. One person is the creator of the workgroup and is able
to invite others as well as to define its goals and profile information including the
assignment of roles to members of the workgroup. Furthermore this person can
define the set of tools which will be available for the group and grant additional
rights for administration and coordination to other members. A workgroup con-
sists of workers, also called members, that can be spatially distributed. Besides
a location, each of the members has an own profile with information in differ-
ent categories, e.g., research areas, topics of interest or skills. The profile data
entries of these profiles can be set as private or as public. The public subset
of the profile information can be accessed by other workgroup members. Tasks
that the workers work at currently or in the future do have certain locations
and corresponding conditions and parameters. They are specific objects that
can have a state such as unassigned or delayed, a time interval in which they
are valid, and further the task describing information. These information can be
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entered manually or be generated automatically based on the current situation.
Besides tasks, specific locations such as meeting points, dangerous places, or
POIs are important objects within CoMa. They also do have a location and can
be enriched with additional data such as a title or a short description.

The Collaborative Map allows for support of collaboration and coordination
within a workgroup. This is achieved by a map-based visualization of a work-
group considering the location and dynamics of mobile working environments.
CoMa visualizes all of its objects on a geo-referenced map. In the case of a
displayed worker, both the location and status is represented. Members can be
presented differently according to their activities such as on the way to task’s
location, working at task or unassigned. A task’s visualization considers its cur-
rent state. At a glance coordinators and other members of the workgroup can see
whether a task has been assigned or not. Specific locations’ representations give
the viewer a general idea about what type that location is of. Thus, a meeting
point is displayed in another way than a dangerous place is.

CoMa allows to interact with all entities visualized on the map. By exploring
the map, users are able to learn these entities’ locations and states, and monitor
changes of those. Users can communicate with other members of the workgroup
by means of a chat. This chat can either be one-to-one or one-to-many. Also,
further information about each member can be retrieved as long as the member’s
profile is publicly available. Tasks can be created, modified or deleted. When
a task is created or modified, the task can be described with a title and a
description, its initial state can be chosen, and it can be assigned to a member
of the workgroup. As a shortcut, tasks can be assigned to workers depending
on the situation’s context. Either the closest member can be assigned or the
nearest member whose profile fits with the task’s description. This assignment
can either depend on the location or the task’s description. The user can also
mark specific locations on the map. They offer the same functionality as tasks
except they cannot be assigned to members.

Collaboration is supported by these interaction possibilities. Coordinators are
supported in decision making through having access to the profiles of the work-
group’s members. The profiles enable them to assess who can be assigned to
tasks depending on, e.g., availability, proximity, current activity, or skills. Users
can arrange meetings, talk about shared tasks, or ask for help by using the
one-to-many chat. Contrariwise they are able to use the one-to-one chat in sit-
uations where bothering the others is inappropriate or a private matter has to
be discussed such as discussing a specific task and resolving unclear issues. The
context aware assignment of tasks to the nearest or the most appropriate mem-
ber supports and simplifies the self-coordination of the workgroup. Members can
create tasks and relay the assignment decision to the system. This also allows
the coordinator to quickly response on changing situations. Besides tasks, users
are able to place meeting points on the map. These meeting points can be ei-
ther made visible to all other members or to a specific subset of the workgroup.
They are thus able to collaboratively plan their further actions such as the next
physical meeting.
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4 The POPEYE Platform for Collaborative Applications

The work of CoMa is embedded in a larger context. The idea evolved within the
POPEYE [14] project. In Section [5.4] this paper will show how CoMa is realized
based on the POPEYE platform.

POPEYE is a Specific Targeted Research Project (STREP) in the New Work-
ing Environment of the European Commission’s 6th Framework Programme
which aims to enable dynamic, spontaneous, peer-to-peer collaborative group
working environments, over heterogeneous mobile ad hoc networks (MANETS).
The result of the project is a middleware called POPEYE [I0] that offers collabo-
rative services for frameworks that aim to enable spontaneous collaboration over
P2P wireless ad hoc groups. POPEYE integrates a communication platform and
context-aware, secure and personalized core services to enable the design and the
usability of collaborative applications in mobile environments. The platform of-
fers different kinds of basic services, such as group management, communication
within groups of peers as well as between single peers and data sharing services
while considering the flexibility and spontaneous character of mobile ad hoc
networks. Furthermore, it provides extensibility by its plug-in infrastructure.

In POPEYE users meet in so called Workspaces. The term Workspace (WS)
designates a group of users and the data and applications they share. The
Workspace corresponds with the workgroup presented in the concept section.
Users can search for and join existing WS or create new ones and invite other
available users to join for collaboration. Sharing of data between all members of
the WS is supported by the Shared Space which is associated to each WS. The
applications the users employ for collaboration (e.g. file sharing, group calendar,
whiteboard, etc.) can be plugged into the POPEYE environment at runtime. In
POPEYE those applications are called plug-ins and their instances each asso-
ciated to one specific Workspace and having a specific configuration are named
(plug-in) Sessions. Based on the characteristics presented above, POPEYE offers
suitable conditions to realize the CoMa concept.

5 CoMa Realization

To test the approach, the Collaborative Map has been realized as a POPEYE
plug-in. It builds up on the infrastructure and system components provided by
the POPEYE platform. In the following, the realization of CoMa is described.
The concepts of the map-based visualization as well as the interaction possibili-
ties of the user are presented. In Section [1.3] the implementation of collaboration
aspects is illustrated. In the last step a detailed view on the technical aspects of
the integration of CoMa with POPEYE is given.

5.1 Map-Based Visualization

The design approach of CoMa was to identify a graphic presentation of the map
that is common to most users. Major decisions were taken based on our previous
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experiences in location-based pedestrian applications [IJ2I3]. It had to be decided
what type of map would be displayed. One option is to use vector maps. There are
several data formats for vector maps that allow storing different information such
as plain geographic data or, in addition, topological relationship information.
Besides, vector maps allow a fully scalable presentation. As semantically enriched
maps are not necessary for the purpose of CoMa and most open and standardized
vector data formats such as Geography Markup Languageﬁ have a comparatively
big overhead, it was decided to use raster maps at the cost of continuous zoom
but with the benefit of performance increase. The position of users is crucial for a
map application whatever it is used for. CoMa gathers the user’s current position
from a position receiver connected to the mobile device. It is automatically sent
to the other Workspace members to enable them to see the position on their
device. The position data is currently based on GPS (Global Positioning System)
signals. When developing software for mobile devices such as PDAs the screen’s
resolution and size are both crucial for the user interface design. Because of the
small display, the user has to have the possibility to toggle what is shown and
what is hidden from the current presentation. Therefore, different visualization
layers have to be implemented to present different types of information that can
be added to or removed from the view. Besides a map layer, there is a user
layer and a POI layer. Here users, tasks and specific locations are displayed by
appropriate icons that change according to their state.

5.2 Interaction with CoMa

The Collaborative Map plug-in was realized as application for mobile handheld
devices with touch screen interaction. Hence, the users are able to pan the map
by dragging it. This is a very popular operating method at common mobile
location-based systems, such as TomTom.

Also, users are able to center the map view on them and will thus not lose
track of their own position. Also, they are able to zoom in and out of the map
according to their personal preferences. These functionalities are accessible by
using the buttons on the main interface (see Figure[Il(a)). As described in Section
Bl users can interact with CoMa by clicking on every position on the screen. This
results in a context sensitive popup window that reacts on what was clicked on.
As example, Figure [[b) shows the window that pops up after a click on the
map. Here the users can select to either start a chat or to set a new object on
that position of the map.

If users choose to set a new object, they firstly can select what type of object
they want to use, e.g., a task or a POI. After that, they can enter a title which
is visible directly on the map. If users wish to provide further information, they
are also allowed to enter a description. As Figure Bla) shows, the map will be
hidden and a new view is presented to the user if the create POI-option has been
chosen. In this view the title (Label) and the description (Description) can be
entered. Besides this, the users are able to select to make the object visible either

3 http://www.opengeospatial.org/standards/gml
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(a) The main interface of CoMa (b) Context aware interaction

Fig. 1. CoMa’s main presentation to the user
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(a) Creation of points of interest (b) Communication by chat

Fig. 2. Two types of interaction with CoMa

to all other users or just to one specific. If, contrariwise, the create Task-option
has been chosen, the creator is able to manually or automatically assign the task
to a member of the Workspace. Also, the task can stay unassigned. When the
user chooses the chat option from the popup window, another view is brought
up that is shown in Figure 2(b). Common unicast chat (one-to-one) as well as
information broadcast by multicast chat (one-to-many) is supported within the
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related Workspace. Thus, the users have to select whom to send the message to,
right in the same manner as when choosing the visibility of a new object. Besides
chatting and creating POlIs, users are able to request further information about
other members of the Workspace. In order to do this, they have to select the
receive Profile-option from the popup window that shows up when clicking on
another user’s icon on the map. All profile information about this user, which is
publicly available in that Workspace, will then be presented to the inquirer.

5.3 Implementation of Collaboration

Collaborative work is supported by the afore-mentioned interaction possibilities.
The user has got a spatial overview of the workgroup, its tasks and other specific
locations based on a reference map. This allows for the assessment of the spatial
aspects of the current working environment and the location-based assignment
of tasks. Also, the arrangement of meetings is simplified. On one hand, it is eased
by being able to discuss all of the meeting’s circumstances via chat. This discus-
sion can be done privately between two coordinating persons or publicly between
all Workspace members. On the other hand, meeting points can be placed on
the map and be provided with a title. At a glance all Workspace members can
see where the meeting will take place and what its topic will be. Tasks can be
created and assigned to members of the Workspace. Through this, the work-
group is supported in its self-coordination. Members of the workgroup are able
to create new tasks if needed or let the system choose whom to assign these tasks
based on the current context. Also coordinators of the workgroup are supported
in their work. They no longer have to concentrate on finding workers with ap-
propriate skills but can focus on identifying the actual tasks. Users can retrieve
profile information about other members of the Workspace. This supports coor-
dinators in decision makings and planing further actions. Members benefit from
becoming aware of the profession and skills of other workgroup members and
thus know whether they can request help from that person or not. Furthermore,
objects displayed by the Collaborative Map can refer to other tools within the
surrounding CWE for perfoming specialized collaborative tasks.

5.4 Integration of CoMa with POPEYE

The architecture of the POPEYE platform presented in Figure [3lis designed as
a layered architecture with vertical macro-components for security and context.
The layers group the components for network abstraction, middleware, applica-
tion level and user interfaces. The plug-in concept that has been integrated in
the POPEYE architecture allows easy extensibility of the platform’s functional-
ities. So, being implemented as a POPEYE plug-in, CoMa is able to make use
of the infrastructure provided by the POPEYE platform. To add a new func-
tionality to POPEYE a new plug-in has to extend the basic Plug-in class and
must provide an appropriate Plug-in-specific Ul component. In Figure Bl the box
named CoMa shows where a Collaborative Map plug-in takes place within the
POPEYE architecture.
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Fig. 3. The location of CoMa within the POPEYE architecture

The Plug-in API represents a well defined interface that encapsulates the
set of those lower level functions which are to be accessed by (third party)
application plug-ins like CoMa. Application plug-ins are not allowed to use all
administrative functions of POPEYE components like, e.g., the Workspace Man-
agement, which controls the lifecycle of Workspaces and Sessions. The User Man-
agement component provides profile information about participating users of all
Workspaces. CoMa consumes these information from the local instance of the
User Management component, which acquires the information from other peers
over the MANET. Which data is provided by each user is managed in association
with the POPEYE Security modules.

As application plug-ins run within Sessions each CoMa instance is associ-
ated to one specific Workspace. Consequently, the access rights defined for this
Workspace are also applied to CoMa. The communication between two instances
of a CoMa plug-in Session on different peers occurs by means of the Communi-
cation Services component. The main part of this component is the Communi-
cation Channels that are associated with Workspaces. Named Communication
Channels represent a dedicated way for sending messages for a specific purpose,
i.e., they enable Workspace-specific and Session-specific communication between
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different peers. CoMa employs Communication Channels to broadcast messages
to all peers in the Workspace as well as to send messages to single peers. In
that way CoMa distributes the profile and position information of users, POI
information and chat messages to all members of the Workspace or just to spec-
ified ones. Building up on the Communication Services the Publish/Subscribe
Services component offers a fully-decentralized topic-based subscription mech-
anism, where durable and non durable topic subscriptions are supported. It is
suited for instance for plug-ins’ synchronization, i.e., in future work CoMa will
be able to forward to other application plug-ins and to interact with them within
POPEYE by means of Publish/Subscribe Services.

6 Future Work

For the future development of CoMa a number of extensions of the current
prototype is planned. One idea to emphasize the collaborative character of CoMa
is to create a whiteboard overlay for the map so that users can use a ”paint”-
feature to show routes, areas or locations on the map to others in an intuitive way.
Another collaborative approach is to allow users an interactive geo-referencing
of plain pictures that are shared within a Workspace, e.g., a building plan where
users can mark their own location and in that way annotate a valid position.
From a certain number of annotated positions CoMa would be able to calculate
the necessary data to generate a geo-referenced map from the picture. In a
similar approach also users without valid location information may be allowed
to appear on the map by placing themselves manually, even if no GPS signal or
indoor positioning is available. A further option is to allow POIs to be associated
with additional data like, e.g., external sensor or inventory information. Finally,
the usability and the interaction have to be evaluated in detail.

7 Conclusion

In this paper, we have shown how the Collaborative Map (CoMa) allows for en-
hanced interaction and mobile collaboration of spatially distributed workgroups
by means of location-based services. CoMa is targeted towards mobile handheld
devices which are at hand in most situations, even in very mobile and dynamic
environments. The provided tools for collaboration and coordination of common
tasks are quickly accessible via an easy-to-learn map-based interface with an
interaction designed and adapted to the challenges of mobile devices and envi-
ronments. The realization is based on top of POPEYE which is a platform for
the development of mobile collaborative applications. CoMa extends the POP-
EYE functionality with location-based services and sets the existing plug-ins for
typical CWE tasks in a spatial context for the workgroup. In return, CoMa takes
advantage of the functionality already provided by POPEYE. The integration
of the CoMa map-based view can thus be used to support mobile collaboration
scenarios.
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