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GeoW@re: A Multipurpose Geo-Based Groupware
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Abstract: This paper describes an integrated groupware platform, called “GeoW@re”. GeoW@re approach tends to
coordinate competitive works launched by various independent organizations; the main issue is to increase organizations
productivity by sharing knowledge. It deals with multipurpose geo-referenced entities (i. e., urban, construction geographic-
related projects). GeoW@re can be seen as multipartite inter-organizations coordinator (coordination-board). It incites
organizations to adhere to some devoted business rules (a specific coordination protocol). GeoW@re is urban-planning
stereotyped tool; most of the concerned organizations apply GIS facilities. GeoW(@re consists of an open component-based
system, built on top of Linux/Apache technologies. It provides an easy internet support integrating groupware and data
warehousing facilities. It was prototyped and validated with satisfaction. Future works consists to find out an ad-equation
between GeoW(@re and e-learning discipline.
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1. Introduction

Day by day, knowledge market is becoming more
competitive.  Today,  technologies  supporting
computerized information systems are strongly
diversified and, boundaries separating computer
societies (organizations) become complex to manage.
So, the issue is if and how collaboration between
organizations improves productivity?. The GeoW@re
that we propose is an integrated approach trying to
answer such issue.

However, collaboration by sharing knowledge
increase organizations' potential and reduce efforts, but
sharing process may become expensive and difficult to
realize due, on one hand, to the nature and complexity
of required knowledge and due, on other hand, to the
degree of interdependence between organization'
projects. Organizations that we consider are
diversified, and shown as domain-like partners. In
urban planning domain we meet, for example,
ministries of transport and electricity and some
specialized companies, but in human medical care
domain (i. e., anatomy-learning and medical
operations), we find academic hospitals and
universities. In both examples, partners try to realize
some competitive/collaborative projects, called “co-
projects”, on a certain common area.

In the above domain-examples, knowledge that we
consider is geo-referenced. The key element, for the
urban-planning case, is the geographic features while
for the medical case, the key element is human-organs
characterized by some geometric forms and locations.

Reconstructing, for example, a modern city is a
complex process. In such process, partners are
specialized; each one has its own production tools. A
specialized  organization digs for telephone
installations, a second organization wishes to renew,
on the same area, the water-network, and a third
organization plans another project. If organizations
operate independently and without coordination, a
production problem may probably occur; there is no
formal guarantee to uncompromise the durability and
integrity of the produced work as shown in Figure 1.
However, independent constructions are difficult to co-
exist on one area. A construction project may influence
other competitive projects, which imply considerable
losses.

Problems of co-projects constantly appear as long as
organizations do mnot adhere to some common
coordination protocol. In practice, sharing knowledge
and coordinating organizations' work-plans require the
application of a certain process (protocol); such
process should solve the inter-dependences between
competitive projects. It will be characterized by
project’s segmentation and serialization. The
common area (Figure 1) that results must integrate, in
certain manner, effects of P1, P2, ..., and Pn.

We mainly consider three fundamental technologies
supporting the aimed GeoW@re platform: Geographic
Information Systems (GIS), web facilities and
groupware techniques as follows:

e GIS plays an important role in any kind of geo-
referenced-based  application. However, GIS
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capabilities represent the ideal environment for
providing spatial mapping facilities.

e The Web is now an integral part of most public
wide applications. It also represents an easy way
reducing deployment costs and facilitating the
partner adherence.

e Groupware platform integrates a huge number of
sophisticated tools, supporting of course cooperative
work requirements; video conferencing, competitive
project managing, etc. Groupware applications need
to combine and unify knowledge in order to form
user-friendly and business-optimal services. So, a
knowledge-management center integrating data
warehousing techniques is strongly required.

CommonA rea
Before Applying
Projects P1, P2 ...

P1 Pn
P2

CommonA red™...p| P
After!

Figure 1. Co-projects and coordination issues.

This paper presents a new approach called
GeoW@re, in which the above technologies are
combined. In the proposed approach, a GIS-like
groupware dialog model is used, it is intended to assist
project planners and support project progress
monitoring. The transaction message-based
competitive model is also adopted. Such model
performs system analysis regarding organization-
projects interdependencies (required in the realization
phase). In one word, GeoW(@re can be shown as
integrated (environment [1]) technologies forming a
high sophisticated groupware platform.

This paper is organized as follows. We present in
section 2 a bibliographical study flying over the related
research. Section 3 is devoted to the GeoW@re
approach, we present the GeoW@re solver model as
well as the system design and prototyping model.

Finally, section 4 formulates our self critical
conclusion.
2. Related Research

Collaboration methods and intended contribution to
minimize conflicting processes incite researches to
explore this domain. Recent escalated events such as
natural disasters like Tsunami (December 2004) and
Katrina (August 2005) argue the need for collaborative
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work with geo-spatial/position data. The term
collaboration is widely used in many varying contexts
such as sciences, education, art and business, very little
research has been carried out to discover this process’s
properties [15].

Attempts to provide collaborative frameworks have
been reported by many initiatives and researches, most
of them are specialized in urban and spatial planning
[8, 12, 17, 19, 20]. Some others are web-based learning
tools [5, 6], such tools can be subject to integrate in
one contextual collaborative framework. In the context
of GIS, [2, 3, 18] observe that such frameworks require
Computer Support Cooperative Work (CSCW) like
tools in one hand, and in the other hand they should
apply some workflow modeling and collaboration
management policy.

The term “geocollaboration”, for example, is
recently used by some researchers in order to describe
the collaboration approach. A useful bibliography is
reported in [15], we extract some useful studies.
Collaboration is very important to coordinate efforts.
One level of collaboration in a geospatial context
involves sharing of data and/or applications by and
among various organizations. An example of a
collaborative GIS tool that has been developed to
support multi-agency cooperative work with geospatial
data is the Geospatial One-Stop (GOS). It uses the
approach of providing portals or channels to various
web sites that support sharing of geospatial data and
applications.

The GOS' is a helpful site. It provides information
about latest natural disaster like hurricane Katrina.
Data inside are organized by categories such as
geological features and processes, agriculture and
farming (soil resources, water resources), fire mapping,
etc. One example of an application that is accessible
from GOS is “the interactive hurricane Katrina disaster
viewer®”, this viewer is a hyper map-like. Another
example is the GeoMAC wildfire information website.
GOS site reports that: “The Geospatial Multi-Agency
Coordination Group or GeoMAC, is an Internet-based
mapping tool originally designed for fire managers to
access online maps of current fire locations and
perimeters in 12 western states. Using a standard web
browser, fire personnel can download this information
to pinpoint the affected areas”.

According to [17], most geospatial technology has
been developed to support a single user at a time. More
research is needed to support group decision-making
processes based on geospatial data visualization,
especially in a synchronous (real-time) communication
mode. There has been little progress made in the field
of commercial software to provide collaborative tools
that are integrated with geospatial analysis activities.
Examples of geocollaboration tools:

'http://www.geodata.gov/gos.
*http://arcweb.esri.com/sc/hurricane_viewer/index.html.
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e GeoConnections® initiative in 2002 trying to make
“Canada's geospatial databases, tools and services
readily accessible on-line”.

e The GeoCAS’, Pacific Disaster Center (PDC)
system is based on a distributed data sharing
network, it is built on top of Integrated Decision
Support System (IDSS). It has been developed by
PDC.

However, an interesting aged web-based mediation
approach, called GeoMed, is reported in [8], GeoMed
was a pilot project launched by the European
community in January, 1996. It is based on the Zeno
system [11] (for same firm; mediation on Internet;
spatial planning). Zeno run on network of computers, it
was developed within German National Research
Center for Information Technology, System Design
Technology Institute (GMD) in 1995. GeoMed applies
the “online map” concepts of [23]. It can be considered
as a good example of coordination assistant tool.

Moreover, in the context of geo-referenced
knowledge sharing, some learning tools should be
considered. As reported in [5, 6], the digital anatomist
project done by the University of Washington is a
repository of annotated static 2D images. The human
body seen as a hypermap, learner can easily browse
and navigate through the organs by clicking on small
icons. Neither 3D images nor video are supported, the
spatial relationships between organs are under
perceived. However, tools like [13] remedy the gap, it
fully invest on the multimedia effects, like 2D and 3D
animated images, film and movies as well as text and
sound are also used. As learning e-anatomic tools, [13]
can be considered as a very good tools, it is
recommended to be extended in order to support
collaborative web-based learning and real-time
medical operations monitoring tools.

In one word, each one of the above studied
approaches can be shown as a dedicated tool but never
as multipurpose platform integrating multiple
technologies. Finally, the inter-organization issues like
data sharing and data integration aren't yet solved and
can't represent the object of this current paper. Useful
bibliography is reported in [7, 9, 22].

3. GeoW@re Approach

GeoW@re that we propose is a collaboration platform
applying the coordination aspects reported in [21].
GeoW@re is able to be customized. GeoW(@re tends
to be a public-participation information system
involving a group of computer-sites (partner
organizations). It represents a partnership assistant tool
coordinating organization’s competitive works.

*http://www.geoconnections.org/CGDI.cfim/fuseaction/
home.welcome/gces.cfm/index.http.
*http://www.pdc.org/iweb/index.jsp.

3.1. GeoW@re S.V. Other Approaches

GeoW@re can't be seen as any above discovered
approaches, it breeds, in certain way, for example
GeoMed, and anatomist leaning and monitoring tools.
In other hand, GeoW@re can provide viewing services
similar to the Katrina disaster viewer. However, rather
than the “be customized (platform)” characteristic,
GeoW@re mainly differs, from other approaches by
the introduction of the “general committee of
coordination (virtual organization)”. Such committee
meets the “collaborative  workspace;  virtual
environment” reported in [2, 25].

3.2. GeoW@re As a Coordination Board

GeoW@re can be seen as a general inter-organization
planning committee (coordination board). It may be
considered as a specialized virtual organization (Figure
2). The issue is to incite organizations to participate to
a common and formal inter-site agreement.

Partner
Site-1

Knowledge Base
(Data Warehouse)

Coordination
Manager

PartnerSi
te-2

Partner
Site-N

Figure 2. GeoW@re; a general committee of coordination
(coordination board).

So, such committee applies a set of
management/business rules and mechanisms which
formulating the “coordination protocol”. In [23], we
speak about virtual environment as a shared project
workspace that uses shared databases, a set of
collaborative functions and collection of digital files
and permits definition of group members’ roles.

However, the elaboration of such protocol requires
considering and assuring the following fundamental
assumptions:

o Sites-Independencies: Guaranteeing a high degree of
transparency.

o Knowledge Sharing and Availability: Knowledge
stay consistent against competition, interoperability
and standardization issues.

e Personalized and Site-Friendly Environments:
Facilitating site integration and site adherence.

Finally, GeoW@re consists of a huge and great amount
of information distributed through tens of computer-
sites. It can be characterized by merging groupware
mechanisms and data warehousing facilities.
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3.3. GeoW@re Solver Model

GeoW@re system plans competitive works (projects)
and tracks progress. Information that GeoW@re
manages is very huge. It applies the following basic
features:

o Multipurpose Entity (ME): An ME represents an
elementary and encapsulated set of interrelated
information. In urban planning case, ME may be a
road, or any kind of urban entities.

e Shape: Usually contains a great amount of MEs.

o Organization (Partner). Can be seen as a computer-
site having an armada of materials, dedicated
equipments and software packages (i. e., GIS, etc.).

o Conflict-ME: An ME requested from multiple
organizations.

o Competitive-Project (C-Project): Sequence of
actions initiated by a certain organization. Usually, a
CP involves some conflicting MEs within certain
shape.

3.3.1. Formal Competition Model (FCM)

Basically, organizations establish construction-sites by
applying project engineering management techniques.
GeoW(@re readapts the project life cycle in order to
provide a multi-partite competition model. The
organization launching project has to initiate a
cooperative  pre-preliminary  study. Such task
decorticates any conflict between each parties; it
allows to avoid cases such that seen in Figure 3-a when
projects P1 and P2 share the same area and sub-shape.

Formally, the equation is: S, = P; (S,), b < a, where
a and b are time representations, P;, process translating
a shape S, into a new shape S,, the process is launched
by one organization "i".

o Serialisiblity: If project Pi and Pj share nothing, we
say that Pi and Pj are parallel, if not (above case), Pi
and Pj must be serialisable. Projects owner are
invited to negotiate some agreement by providing
an adequate scenario, for example P1 then P2 or P2
then P1 as shown in Figure 3-b.

o Segmentation: Conflict projects can be segmented
(decomposed) into sub-projects. Result appears in a
new graph looks like activity network graph (e. g.,
PERT chart). Then, the competition solving process
is rerun.

3.3.2. Formal Data Distribution Model (FDDM)

Computer sites representing partner organizations form
together the groupware network; such network is
represented by means of a directed graph: Nodes
represent the participating sites, and links are labeled
expressing data sharing between sites (Figure 4).

Sites are of two categories according to considered
ME:s: Producer and consumer:
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e A producer site “Sp”, also called master, of an ME;
means that Sp administers the primary and up-to-
date version of such entity.

e A site is consumer “Sc”, or client, when it seeks a
ME from one Sp. Sc applies reading and/or writing

operations.
Sb: Shape >\
Before

Sample:
S1 {S2.a, b, e, S3.d} @& Site of Type Sp
S2 {a, S3.c, f} .
S3 {S2., ¢, d} 8 Site of Type Sc

Figure 4. Formal data distribution configuration.

The network of sites seen as a complex
configuration, sites of type Sp are numerous and the
distribution of load is not homogeneous. We
distinguish two main configurations (topologies) as
follows:

e C(Centralized; they are one and only one Sp site and
several Sc sites.

e N-centralized or hyper-centralized direct graph;
links such <S5, S4, £> should not exist, because S4
is of type Sp on f; it will be replaced by <S5, S2, £>.
So, every site may be of type Sp and/or Sc. Each Sp
constitutes a sub-centralized configuration, it
maintains a proprietary local data distribution
catalog; S2 and S3 as Sp sites should maintain
properties such as the example: <S3/Sp, {SI,
S2}/Sc>, <S2/Sp, {S1, S3, S4 et S5}/Sc>, etc.

A brief pros/cons analysis leads to opt for the hyper-
centralized configuration. Local catalogs all together
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constitute the global “GeoW@re data distribution
catalog”. Such crucial metadata will, constantly, be
solicited by any knowledge-sharing related operations.

3.3.3. Knowledge Sharing Approach

Knowledge sharing is the main issue of GeoW@re.
With respect to inter-site independency criteria, many
questions should be fixed; especially, which kind of
MEs format to consider? And how MEs can be
transited?

Actually, each site (organization) may have some
proprietary MEs format. So, to answer the first
question, GeoW@re opts for a common and public-
wide data exchange format, such that (for example)
used by ESRI products for any GIS purposes. Partners
are even invited to comply with such GeoW@re
requirement.

However, once MEs are GeoW@re reformatted;
they can easily be shared by applying an offline up
and/or down-loading, on demand operations. Data
transition is, of course, done with respect to the
GeoW@re coordination model.

Moreover, GeoW@re MEs as well as any
proprietary entities such that describing C-projects,
shapes, shortcut links, etc. should be archived. So, in
the course of time, a huge amount of data will appear.
Such data constitutes the GeoW@re devoted data-
warehouse [16].

3.3.4. Coordination Model

Coordination between sites is done by mean of a
specific protocol; it consists of a set of operational
rules mainly inspired from the technique of transaction
managing. GeoW@re distinguishes three major
operational phases (Figure 5) as follows:

o Subscription: Where organization adheres to the
system,

e Activity: Where organization becomes member of
the general coordination committee and tends to
realize projects.

e Retirement: Where organization quit definitely the
working group.

In detail, during the phase “activity”, organization
submits projects and constitutes working sessions, this
phase consists of three successive stages as follows:

e Preparation “Pre-Session”: Terrain and electronic
negotiation using multimedia facilities. They lead to
elaborate a cooperative project plan.

o Opening Session: Project will be registered. Target
ME:s (elements of project's shape) will be locked.
By looking at the repository, partners would be able,
during the working period, to follow and track
evolutions on the considered area.

o Closing “Post-Session”: Posting new versions of
the considered MEs (become primary, each on the

owner site), unlocking entities, re-synchronizing
ME versions (alert partners), archiving project,
closing down the project.

This model constitutes a huge and complex process
merging between groupware techniques and project
competition philosophy. This coordination model
requires to be installed on an offline transactional or
message-like mode.

3.4. System Design

GeoW@re approach is characterized, on one hand by
the integration of multiple software components, and
on the other hand by a reliable application model.

3.4.1. Component Based Architecture

The software architecture of GeoW@re mainly
consists of a dedicated repository and four specialized
interrelated managers supporting the above models
(Figure 6) as follows:

o GeoW(@re Repository: Supporting two data groups:

e Up-to-date global catalog describing the
repartition of the shared MEs.

e Repository system-database tracing the various
projects working sessions.

o Sign in Manager: Administering partners life cycle;
adhesion and retirement.

e Project Submission Manager: Mainly supporting,
for each submitted project, the pre-session phase
and any related process.

o Session Manager: It administers partner sessions
and applies any groupware-like operations: Online
dialogue, video conferencing, messaging, planning.
Competitive  projects are supported via a
transaction-like dedicated controller.

o Data Warehousing Manager: Providing inter-site
data transfer facilities (download, upload, etc.).
This manager, also, archives up-to-date details on
any public devoted activity inside GeoW(@re; e. g.,
C-project’s features, latest MEs development, etc.

GeoW(@re can be seen as an open system; new and
dedicated components can be added with respect to the
new technologies. GeoW @re applies a transaction-like
protocol supporting competition and multipurpose data
(MEs) re-synchronization. Such protocol is message-
based respecting a total independence between
organizations.

Finally, the repository database is used by the
system in order to describe working sessions. It forms
a support of auditing, monitoring and following-up of
current projects. Moreover, the data-warehouse sub-
system is the advanced engine supplying all GeoW@re
users with any post-projects information.
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Figure 5. Inter-sites coordination protocol.
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Figure 6. GeoW@re general software architecture.

3.4.2. Applied Architecture

GeoW@re is established around an integrated engine
supporting groupware services. It mainly considers
knowledge sharing between independent organizations.
GeoW@re is characterized by reliable deployment
architecture; it also applies a dedicated dialog model.
GeoW@re deployment architecture; two types are
considered as follows:

e Centralized: Only one site hosting GeoW@re. It
means that, despite of numerous Sp sites, all
knowledge sharing issues are routed via this special
site.
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o Distributed: Where every Sp site establishes its own
well set-up sub-GeoW@re. Now, GeoW @re will be
seen as a hyper-centralized system (Figure 7).

Beside the complexity and the knowledge
resynchronization issues, the distributed solution
requires some specialized and dedicated inter-
GeoW@re links. Such solution is so expensive and
difficult to maintain, thus, the centralized option site
where GeoW(@re is hosted is recommended.

GeoW@re dialogue model is, on one hand,
groupware-like model manipulating with descriptive
information from repository meta-data, and on another
hand, GeoW(@re is a GIS-like graphical user interface
(Figure 8); it applies techniques of type hyper-map as
follows:

e Shapes are seen as cartographic view of the
considered working areas.

e Shared MEs, partner-sites on considered MEs,
active projects, geo-positioned cameras, etc. are
seen as reactive, on shape, graphical objects.

e Updates from-repository hyperlinks and navigation
facilities.

GeoW@re distinguishes two main site profiles; one for
partners of type Sp and the second for partners of type
Sc. Members of GeoW@re community are able to:
Submit projects, follow up current projects, video
conferencing partners, upload and download MEs, etc.

Finally, we consider that any GeoW @re entity is the
cooporation between content and GeoW@re
compatible interfaces. GeoW@re opts for the object
advanced technology; shared entities are assimilated to
exchangeable software components.

Sub-GeoW@re

'.l-...

*
*

. H
Ll
8 ““
“
.
*
*

Sub-GeoW@re

*
i Q
. 0
'-‘ ~
. amm
n tee.
]

Figure 7. GeoW@re implementation approaches.

4. Prototyping and Validation

Diversity and independency of partner sites, cost
issues, reliability, easy-deployment and maintainability
of the intended system are considered in our process to
find out costless technical solution. All of these criteria
lead to opt for the web technology as main
development platform.

Web technology meets the main fundamental
GeoW@re business requirements: Mobility and online
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issues, easy to become operational, no need to install a
dedicated network, maturity and evolutionary of
adopted technology.

General Options and Shortcut Links

On Map Groupware-Like Features

On Map
Thematic
Features

Cooperative Map
"Conflict Areas
and Reactive Shapes (MEs),
C-Projects and Partners"

Figure 8. Hypermap [4] and GIS-like user interface.

4.1. Prototyping Packages

GeoW@re first prototype is assimilated to a 3-tier
coupled architecture (Figure 9) as follows:

1.

One devoted web site, it was validated using the
Linux technology (the fist version is down using the
Microsoft technology): Apache web server, most of
graphical user interface facilities are implemented
by mixing PHP and java features.

. MySQL repository database.
. Application server hosting all GeoW@re business

requirements, and supplying any groupware-like
and multimedia facilities.

Web
Interfaces

Software Links

Occasional Links

GeoW@re

usiness
Server

Business
Interfaces

Data

Warehouse

Figure 9. Component-based prototyping configuration.

Finally, a fourth outside late component (data

warehouse) is added in order to provide a future data
mining support.

4.2. Testing and Evaluation

GeoW@re was tested by creating many sample

organizations

(masters and customers) and, by

performing the following main operations:

e Deeply exploring considered area and entities by

both categories of users.

e Submitting/launching projects by some customers.

GeoW@re: A Multipurpose Geo-Based Groupware Platform Using Integrated Approach

Managing requests from customers by master users.
Scheduling conference between certain customers.
Exploring/updating entity status by master users
(Figure 10-a).

Dialog interaction between some group partners.
Exploring entities of other organizations.

The following forms (Figure 10) briefly demonstrate
the collaboration main issue; a multiple projects (box
links in Figure 10-a) can easily be coordinated and
followed-up inside one GeoW @re cooperative map.

First results are encouraging; subscription, projects

submission, sessions and projects follow-up were
implanted with satisfaction, other services are planned.
A multimedia extension is planned also; geo-installing,
on construction-sites, a network of digital cameras.
Finally, the question “how GeoW @re contributes to e-
learning discipline?” is under study.
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(b). Master exploring shared entities by a certain customer.

Figure 10. Forms of collaboration.

5. Conclusion

GeoW@re approach tends to be a powerful platform; it
is seen as an inter-organizations coordination-board.
Organizations operate in common geo-referenced
areas. The main issue was to increase productivity by
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sharing knowledge, reducing efforts
coordinating works.

GeoW@re integrates numerous technologies; it is of
type  groupware dealing with  independent
organizations. It also deals with multipurpose geo-
referenced entities and, applies the most advanced
knowledge sharing and competition techniques. It uses
hyper-map features. Data warehousing facilities are
integrated by means of an after partner-working
sessions archive. GeoW@re, is assimilated to a 3/4-tier
web site, mainly built on-top of Linux technology;
Apache, MySql. Prototyping and evaluation phase
confirms and validates the intended issues; it
demonstrates how many such approach is useful.
Briefly, results are very interesting.

However, it is so difficult to apply a full automated
coordination process. We notice that, a “GeoW @re-
master”, administering inter-organizations dialog, is
required. Finally, rather than the data warehousing
techniques, finding out an ad-equation between
GeoW@re and e-learning discipline should influence
our future works.

and by
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