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GIS FROM THE GROUND UP: DEVELOPMENT AND
IMPLEMENTATION OF A GIS FOR RAS AL KHAIMAH —
UNITED ARAB EMIRATES
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ABSTRACT

Ras al Khaimah (RAK) Emirate has historicatgpt hard copy
records of its geospatial data. In recent years, EHmirate used
AutoCAD mapping. This standalone system, as a whdié not
support additional staff responsibilities resultingm transactions and
record growth as issuing sit plan and building perapplications
increased approximately 60 percent over the paat. )@AK was
beginning to discover the potential value of Gepgreal Information
Systems (GIS) as a total data management systemfdsi@rs an
efficient decision-making process. The Emirate ldisthes enterprise
GIS project, parcel mapping and other spatial Hatee been migrated
from AutoCAD to ArcGIS, thus providing greater assdo other GIS
information. Maps and data will be available to fhblic through
ArcIMS. This paper will look at how RAK has beerlato justify and
implement an enterprise wide spatial database aigh IGIS
technologies. The paper will also demonstrate h@as B Khaimah
GIS project (RAKGIS) infrastructure was constructey analyzing
the implementation of RAKGIS project and its bentfithe Emirate.
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INTRODUCTION

Ras al Khaimah (RAK) Emirate is changing. Iths fourth largest
of the seven emirates that form the United Arab rBtes (UAE)
located on the Arabian Gulf, between Latitudes B8 @6 degrees
North and Longitudes 55 and 60 Degrees East exignolver about
3000 Sg Kms (Figure 1). The Emirate is growing biotlpopulation
and service needs. It is fast becoming a placeveofbr many new
residents who work in and commute to close Emiraié®mse new
residents are bringing with them more expectatiohgovernment
services and as with any government, the governistafit members
are expected to do more at the same or less caat ttiey have
previously done in the past. Along with this growdlre strains on
management of infrastructure and an increase ornmtion requests.

The use of a Geographical Information Systemi§S)Y@an help to
abate some of these problems, but knowing how toabout
implementing GIS successfully has been a challefaye some
municipalities (Waite, 2005). RAK officials also cagnize the
opportunities that exist when considering the immatation of GIS
both in terms of a data storage/access systemlaadaa a means to
update and streamline their existing work flow bess processes.
GIS can provide the means to track data, prioriti@ntenance and
streamline customer requests (Long&tyal, 2001). Communication
with supporting engineering operations and surroyngrivet sectors
and federal government offices would be enhancedugh GIS
implementation as well. Opportunities to determsatial trends
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would become another benefit of GIS that would ot not be
possible (Campbell and Masser, 1995).

Iran

Qatar {

United Arab Emirates

Oman
Saudi Arabia

Finmeters

Figure 1. Location of Ras Al Khaimah — UAE.

By moving to the new technology, the Ras aliKizdn GIS project
(RAKGIS) goal was to offer accurate data more efidy to the
public through ArcIMS applications and the InterriBte project was
a multi-departmental collaboration that requiredwndéardware,
software, updating geospatial data, developing &iflications and
training. Upon completion of the GIS implementati@IS data will
be more accurate, more efficiently maintained duenéw business
processes, and easier to access (McGill, 2005).e Mmople can
access the GIS data including RAK local governnmagpartments,
federal departments, and the public at large.
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The technique of RAKGIS will play a very cruciale in planning
and decision making for development of RAK. Thipgaoutlines the
implementation of a functional GIS for RAK. Begingi with a year-
long RAK Emirate has developed a base-level GI$& WEihirate data,
executed training for local government staff, amdow in the process
of implementing the turn-over of the GIS to the Eate.

OBJECTIVE

The GIS infrastructure, which RAK Emirate wants liuild, has
some characteristics that are new to the Emirateaffects the
complete directorate (technical infrastructure,amigation and work
processes); Therefore, this research aims to rethiewurrent strategy
of GIS implementation and discuss the implemenatfrocess
constraints. The initial RAKGIS implementation $tgy was to
define the public originations requirements andnthie plan and
introduce the Emirate land information system.

IMPLEMENTATION PLANNING

Implementation planning refers to the processtrahslating the
strategy into a series of specific project taskd)emv these are
completed, the organizations that plan to use GIBAK will have a
functioning GIS (Reeve and Petch, 1999). The falhgw are
explanation of each step in implementation plan:

Cadastral Data

RAK already have considerable infrastructure alninistrative
systems for better management of land and resaurBaesic
information creation processes are cadastral suingeayat identifies
land and running a Digital Cadastral Database (DLpBviding the
spatial integrity and unique land parcel identifica, registering land
that supports simple land trading (buying, sellimgertgaging and
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leasing land); running a land information systenS{ti. and GIS that

provides mapping and resource information (Nan6@42.
The 9 digit Plot Numbering System of
Ras al Khaimah

Tha Emirate of Ras al Knaimah has basn Each Sactor comprises smalar amas, The Communities have been furiher The Plots reprasent the smallest areas in
divided inlo 8 Sectors &0 called Communities divided into Blocks. us sysbam
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[ Ers within the Sector Community

Figure 2. Unique Land Parcel Identification of RAK.

Typically, the unique parcel number (nine digitmber) is used in
the graphic environment as the link to the non-gi@plata (Longley
et al, 2001). The Emirate is divided into nine sectard aach sector
comprises smaller areas, so called communitieghich exist ninety
nine areas or communities in each sector. Thesasdnave been
further divided into blocks in which exist ninetyna blocks in each
area, then into smaller plots in which exist nineusand nine hundred
ninety nine plots in each block (Figure 2). Theceadata should be
matched to an accurate land base or digitized mvilm acceptable
coordinate system (Dale and McLaughlin, 1988).

RAK emirate has a strategy to maintain cadbslata constantly.
When the parcel mapping project is complete, orgyaiaintenance
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becomes a priority (McGill, 2005). Parcel mappirsgai contiguous
process that should evolve toward increasing riéityaland accuracy
(Nedovic, 2000). These maps are never finished,ragdire constant
updating to keep pace with cadastral transactigos (Meyer, 2004).
Parcels are complex features. To determine theatbvgeometric

relationships, ties to physical geography, andohisal and legal
objects must be considered (Nedovic, 2000). Evendifinition of

what constitutes a parcel often varies widelys limportant, however,
to stress the importance and use of the parcélerGiS environment.
Though reliability, consistency, accuracy, and [siea are all

important attributes of a parcel map, they shotild ls2 considered
only a model of the physical and legal world, ad an exact replica
(Slocumet al, 2005).

GPS Control Network Survey and Spatial Framework Dsign

The Enterprise GIS solution is based on the priacgh providing a
seamless framework that allows horizontal and e&rintegration of
GIS and abstracted information into a contiguouslolsse structure
(Waite, 2005). This necessitates the design of atifpFramework,
and therefore the establishment of a contiguous G&8rol network
that will allow for the spatial framework registi@at (Kadir et al,
1997).

The basic principle of Survey is to work from thbale to parts. As to
carry out any survey, a basic reference framewaosgkds to be
established (Kadiret al, 1997). Also, a one-time activity of
establishment of a GPS Framework across the RAK setaof
primary, secondary points in the Emirate that pas# a 2-tiered
network across the region. A one-time activity efablishing a GIS
Framework using this GPS Network (with proper débn of datum,
projection and coordinate system) - such that epstr the GIS
Framework fits into the UAE Framework and downgstnetne GIS
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Framework allows incorporation of all GIS recordsyages, land
survey and other spatial data - thus enabling anlesa RAKGIS

(Hofmann Wellenhott al, 1998).

The spatial framework should be sufficiently acteirdo allow
integration of the existing spatial data as welbasg able to be used
as a basis for all future mapping and GIS actisité RAK (Longley
et al, 2001). The following specifications have beemided:

1. Two levels of control points will be determined diliie 3).
Primary Control Points and Secondary Control Potsnary
control points should be traceable to external &8ions and
the UAE Control Network to produce a seamless nétwidhe
level of accuracy of primary control points thatédéeen linked
to IGS stations and the UAE control network wascifipe.
Secondary control points should be directly derivesad
traceable to the Primary Control Points.
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Figure 3. Primary and Secondary @iriroints of RAK.
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2. Sufficient Primary and Secondary Points will bevpded to
maintain the required accuracy throughout the suarea.
The minimum radial distance between any two Primary
Control Points will not exceed a nominal twentyokileters
(20km). Secondary Control Points will be establdshe
every five kilometers radius.

3. Control network accuracy required for RAK is addals:

a- Primary Control Points will support an accuracy of
1:1000000

b- Secondary Control Points will support a published
accuracy of 1:100000

c- Accuracies are to be quoted with reference to @8 |
and existing UAE Survey Network.

4. Primary and Secondary control point coordinatestarbe
established using dual frequency survey quality GPS
receivers, capable of logging static GPS data fostp
processing (Hofmann Wellenhof et al, 1998).

5. The horizontal datum for geographical data produnetie
project shall be in the WGS 84 datum. The GPS c¢oatés
should be supplied in both WGS 84 geographic coatdi
system and also in UTM Zone 40 projection systerh. A
points will be supplied with orthometric and ellgdal
heights (Slocunet al, 2005).

Organising Seamless RAKGIS Using 2002 AutoCAD Map/&ta

RAK is already having 2002 surveyed topographic snapematic
maps, base maps and planning maps - that have prepared at
different times and in different projects. Thesepmare in different
projection systems and datums which leads to aflehift in data and
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to confusion in carrying out many planning actesti (Sawicki and
Craig, 1996). Part of the strategic plan is to ecrithese maps and
train the officials to carryout the exercise in thedified work plan
(Eric et al, 2004). The main activity will be as follows:

1. To transform the existing base maps as AutoCAD uhgsvto
the RAKGIS spatial framework.

2. To transform the existing planning maps availalleCiarke
datum to WGS 84 UTM projection.

3. To transform the existing orthoimages to the GP@reace
framework, if not fitting well.

4. To transform any other map data available in digaemat to
RAKGIS Spatial framework. Incorporate Oracle-SQLsdxh
attribute data for all layers.

5. Delivering a comprehensive seamless RAKGIS dataivatee
spatial framework.

6. Create Metadata for RAKGIS seamless database aradogea
RAK-Metadata application service.

Aerial Survey for 2007, Enterprise GIS Mapping and GIS
Database

RAK requires a series of digital map products (ievgg DEM, maps
etc) that will provide update and additional valoghe enterprise GIS
and its use at the local, and the Emirate levelgovkernment, as well
as to the general public (Figure 4). Delivery expdcfrom aerial
survey are digital elevation models (DEM), contoansl recent maps
for whole RAK alongwith 2007 ortho-images in AutoDAormat. All
raw data, intermediate products, survey data amirdents for the
aerial survey and mapping will also be delivereda@itrayet al,
2006). The final enterprise GIS database must cor2802 GIS
layers and updated 2007 GIS layers.
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Also, RAK intends to have a three dimensional (8@D) model for its
core urban area of RAK, on a pilot basis. An aréa100 Sqg. km
would be identified for the 3D city modelling. Orucsessful
completion and integration with the Enterprise GHg, same

X =470000.00
= Y = 2820000.00

1: 2,000 scale grid

H-H 1

L | 1:10,00(scale gric

R TR A

1:50,00(scale gric

X = 370000.00
y = 2745000.00

Figure 4. RAK Spatial Framework.
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can be extended for more areas of the urban segmBEmt 3D city
model is not just a Cad 3D but a true 3-dimensiarigt model
(Slocumet al, 2005). However, the most important element is the
integration with the enterprise GIS and the appatersolution may
be proposed (Juliana, 2006). The enterprise GI$ gmiw — grow
with the need for updated datasets that will baumed by fresh aerial
surveys every two years for the RAK urban area @alopment of
newer and newer applications for governance amkos.

GIS Application Development

Application development is an integral part dS@perations. It is
the creation of the tools necessary to complete dbals and
objectives detailed in the needs analysis (Longieyal, 2001).
Introducing any application to each administratiorthe Emirate will
emphasize the GIS's overall importance to thesanizgtions, the
degree of impact and visibility, and benefit of @uation (Budic,
1996). The strategic development of applicatiors will enable staff
to work more effectively. Almost all applicationsrfall departments
will be deployed. By developing custom-designed Ikit® for
geographic analysis, the RAKGIS delivers GIS tetbgy to users
who may not be GIS professionals (Campbell and Btask995).
RAKGIS applications were developed for the follogrinmain
applications:

« Management application
« Twon planning application
« Sewerage Management Module

To provide users efficient data access and quepalthbties, most
systems require substantial amounts of applicapimgramming to
occur (Reeve and Petch, 1999). Access to the irEtom must be
transparent to the civil servants that performdperations on a daily
basis (Elwood and Leitner, 1998). RAK has initiatex/elopment of
eight GIS Applications as a pilot project which eo® percent of the
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Emirate. The eight GIS applications for the pilobjpct include the
following:

General Map Handling Module- allowing for basicpdés and
guerying operations.

Map Publishing Module- allowing for publishing diaped
maps in standard templates.

Site Plan Applications- allowing for applicationapprovals
and monitoring the building site plan applications.

Land Information System (LIS) Module- allowing fdand
records applications.

RAK Plan Module- allowing for Plan related actioos the
RAK Plan data.

Sewerage Management Module- allowing for basic
management on sewerage network.

No Objection Certificate (NOC) Module- which willllaw
applying and tracking NOC applications on landtatients.

Project Tracking Module- which will be able to tkaihe status
of projects on-going in RAK.

The project also will develop eight GIS applicasand link with the
eight pilot GIS applications to deliver an integéhtsuite of sixteen
GIS applications which will link to the RAKGIS fraawork using the
ArcGIS server technology. These additional GIS sohs include the
following applications:

Signboards Management- which allows for planning,
monitoring and maintaining all sign boards in thriiate.

Addressing and Routing Applications- allowing foddaess
management of each property in RAK and generatesngr
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directions between multiple locations with routading web
services.

- Planning Conditions Applications- allowing for imporating
future plans and their status monitoring.

- Automation of survey services: to automate the gsecof
Survey Department and delivering the surveying mspom a
systematic and organized manner. Also, the remeterated
as part of the survey service activities would eddly linked
with the RAKGIS application.

- Integration of GIS with CCTV- for monitoring all A
systems.

- Fleet Management- for fleet management solutiomsRiAK
logistics and service fleets.

- The Building Permit Approval (BPA) Module aims tacfilitate
the Building and Engineering Department, Municipyalior
issuing Building Permit Certificates (BPCSs).

- Solid Waste Management- for environmental plannargl
monitoring of solid-waste sites.

Good GIS applications empower users even novice G$8rs
(McGill, 2005). Application customisation is ofteane of the most
time consuming and expensive elements of implemgna GIS

(Reeve and Petch, 1999). It is also one of the tegssuccessful GIS.
So RAKGIS implemented a complex enterprise systgnmddwvelop

stand alone applications and custom GIS functipnab fit the

Emirate needs.

Hardware and Software

Hardware and software acquisition are too oftenpitvaary focus of
GIS planning (Waite, 2005). GIS needs and objestst@ould be the
primary focus and should guide hardware and soéwveaquisition.
Since there is no single set of hardware or GI8\swé to meet the
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needs fully, it is strategic that the GIS team #m users maintain a
broad knowledge of existing facilities to ensursp@nsiveness to the
needs (Campbell, 1996).

At the time, RAKGIS was in the process of making thll migration
from manual drafting to Computer Aided Design Draft(CADD).

The popular CADD packages provided excellent autmgadools, yet
they fell short of fulfilling the informating rolehat GIS provided
(Elwood and Leitner, 1998). Many of the basic Gifdtionalities
such as composite overlays, buffering, routing aativorking, were
not possible to perform with conventional CADD pagks (Longley
et al, 2001).

The appreciation of "GIS by ESRI" and its ArcGl®gucts was but a
normal extension to RAKGIS enterprise. Thereforee wurge by
RAKGIS to provide a "Total GIS Solution" reinforcedy an

organized technology transfer plan, and followed Hwylding the

appropriate indigenous resources, all of these eforavorked

synergetically to achieve this dramatic introductmf GIS into RAK

(Fowler et al, 2004). The right hardware was selected to addtess
needs of the RAKGIS. Five servers for the projeahstst of the
following:

Database Server (with a Redundant Server)

The database server would hold the actual spagi@ df RAK. The
spatial data would be populated in oracle spatidl @&cessed through
the ArcSDE (ESRI, 2004). The data server will beigh-end system
that will host all the data of the RAK enterprisdSGand allow
seamless access (Greene, 2001).

The redundant server, at all times, will have aonad database of the
RAK enterprise GIS so that it can be placed interapon if the main
data server is down. At other normal times, thaeungldint server can
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be used for all back-end LAN operations (ESRI, 3004e database
server (and the redundant server) would hold theviting software:

» Oracle
» Oracle spatial

* ArcGIS server: ArcSDE component (at ArcGIS 9.2, &
technology has been incorporated into ArcGIS server

Application Server

The Application Server would hold the different hpgtions for
enterprise GIS of RAK. This server interacts witke Database Server
to access the data (Leander, 2000). Apart frommte@data (which is
also an application), the Application Server couidld various
developed applications that allow integration ofadand delivery of
final solution (ESRI, 2004). The Application Serwgould also hold
the ArcGIS server.

Metadata Server

The Metadata Server would maintain the metadataeotnAt a
higher level, it links to Web Server, and at a lovevel it links
through (Server Catalogue) to Database Servers I[(E3804).
ArcIMS metadata service would sit on this serve3RE 2002).

Web Server

Web Server layer provides the single point intexfador
communicating with the enterprise GIS applicatiohich in turn
communicates with the Application Server and presié “secure”
access/entry to Data Servers (ESRI, 2004). The seeter will host
the IIS, along with application services (Yeaged dMtGrath, 2006).

Training
Building and operating RAKGIS will require full tien staff with
specialized skills. New staff may be hired or caated, and existing

management and staff will require education anithitrg (Harris and
Weiner, 1998). The related activites must be saolestl and
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performed in concert with technical and other managnt activities
(Reeve and Petch, 1999).

Apart from RAKGIS, staff are being trained in thgeuof this highly
complex technology. Sufficient time should be akalvto enable
training to be effective (Budic, 1996). If the tim#owed for training
iIs too short or is not pitched at the correct leielsuit the user,
adequate comprehension of this complex technologly ot be

attained (Waite, 2005). Training will be offered rithg the
implementation and will be in many sessions. Thaning will

focuses in the following aspects:

» Orientation module for senior professionals: tiswdd include
broad overview and concepts of GIS, broad functibes of
ARC Suite, broad functionality of GIS applicatiorend
operations, aerial photography, LIDAR, photogranmnet

* Operators module: to provide details of GIS, Auwit& and
details of GIS applications and details of usage tlé
applications.

These training will offer by contractor. In additicthe government of
RAK has signed a contract with the University ofidédberg in

Germany to give training to RAKGIS staff. Furthemmothe UAE

University and some private GIS companies in theEUmIl provide

their training services.

CONCLUSION

To maximize the value of GIS in RAK, the implemditua strategy
needs to be reviewed and modified to meet old a&wvd objectives of
GIS and to go with a new trend of the technologgwi\a days for a
successful GIS the real needs are; users willingatdicipate in the
implementation, training and use of the system; amowledgeable
staff to implement and operate the GIS. With the@lementation of
RAKGIS, RAK Emirate will have an accurate, spatialtorrect
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database and new methods for keeping the data coorent than in
the past.

—_— \V —
El.Ensaniat June 2008 ~—${ - ) % Volume N26



GIS From The Ground Up

AR Sl P
REFERENCES

1. Budic, Z. D. (1996) Human Factors in Adoption of d@eaphic
Information Systems: A Local Government Case Stuyblic
Administration Review, Vol. 56 (6) November/December, pp. 554-
567.

2. Campbell, H. and Masser, I. (1996)S and Organizations. How
Effective are GISin Practice?, London: Taylor and Francis.

3. Campbell, H. (1996) A Social Interactionist Pergpec on
Computer ImplementationJournal of the American Planning
Association, Vol. 62 (19) Winter, pp. 99-107.

4. Dale, P.F. and McLaughlin, J.D. (1988)and Information
Management. Oxford: Clarendon Press, USA.

5. Elwood, S. and Leitner, H. (1998) GIS and CommuBi#ged
Planning: Exploring the Diversity of NeighborhoodrBpectives and
Needs.Cartography and Geographic Information Systems, Vol.25
(2) pp. 77-88.

6. ESRI (Editors of ESRI Press) (2002sing ArclMS 4. ESRI Press,
USA.

7. ESRI (Editors of ESRI Press) (2004)nderstanding ArcSDE:
ArcGIS9. ESRI Press, USA.

8. ESRI (Editors of ESRI Press) (2004)cGIS Server Administrator
and Developer Guide: ArcGIS9. ESRI Press, USA.

9. Fowler, E.M., (2004)ArcGIS and the Digital City: A Hands-on
Approach for Local Government. ESRI, USA.

10.Harris, T. and Weiner, D. (1998) Empowerment, Maagjzation,
and 'Community-Integrated’ GISCartography and Geographic
Information Systems, Vol.25 (2), pp. 67-76.

11.Hofmann-Wellenhof, B., Lichtenegger, H. & Collink, (1998)GPS
Theory and Practice. Springer-Verlag, Vienna New York, 4th ed.

12.Greene, R.W. (2001ppening Access. GIS in e-government, ESRI,
USA.

13.Kadir, Abu, M., Mohamed, A.B. & Nordin, S. (1997hd& Creation

of a New GPS Network for Malaysidnternational Concluding

— — YA
El.Ensaniat June 2008 ._-z_\i(‘;\ ('% Volume N26

- =



Prof. Eleessawy, DBualhamam K¢ Z5
——

p =

Symposium of GEODYSSEA, Parkroyal Hotel, Pulau Pinang, April
14-18.

14.Leander, R. (2000)Building Application Servers. Cambridge
University Press, UK.

15.Longley. P. A. (2001¥5eographic Information Systems and Science,
John Wiley & Sons, LTD, England.

16.Maantay J. (2006%ISfor the Urban Environment, ESRI, USA.

17.McGill, W. J. (2005) Moving Local Government GIS from the
Tactical to the Practical. The GIS Guide for Local Government
Officials. Cory Fleming(Editor), ESRI, USA.

18.Nedovic-Budic, Z. (2000) Geographic Information &uie
Implications for Urban and Regional PlannitgRISA Journal, 12
(2) (Spring 2000), pp. 81-93.

19.Reeve, D. and Petch, J. (1996)S Organisations and People - A
Socio-teachnical Approach. Taylor & Francis, England.

20.Sawicki, D. S., and Craig, W. J. (1996) The Deratzation of
Data: Bridging the Gap for Community Groupgsnerican Planning
Association Journal, Vol.62 (4), pp. 512-523.

21.Slocum, T. A. (2005)Thematic Cartography and Geographic
Visulaization. Second Edition, Pearson Education, Inc. USA.

22.von Meyer, N. (2004)GIS and Land Records. The Parcel Data
Model. ESRI, USA.

23.Waite, B. (2005) Planning, Implementation, and Fngda GIS. The
GIS Guide for Local Government Officials. Cory Flaan (Editor),
ESRI, USA.

24.Yeager, N. J. and McGrath, R. E. (2008§b Server Technology.
Morgan Kaufmann, USA.

—eeeeeeeee ARY —
El.Ensaniat June 2008 »—ﬁq\ "% Volume N26



