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Abstract

The purpose and the goal of the paper are to int®d framework based on onto Geographical infaomat
systems (GIS) to integrate geographic informatiblidan areas taking Khartoum State as an exarpie. of
the main characteristics of such a framework isstpport the information integration and data exgean
between facilities using the base maps to solvepttoblem of distributing water networks. Entitigs the
Khartoum State (KS) infrastructure link informatisaurces and lead to integration and exchangesoicaged
information. The Methodology used is to study thésting urban systems specially water network using
Geodatabase concept which are analyzed by obseavidgcomparing the related earlier work using dfifé:
criteria.

The Geodatabase of the system was defined , designd build ArcGIS software. An object oriented
geodatabase was created using GIS Software ,then itiformation was gathered from Water, Sewage,
Transportation Corporations in Khartoum States. fiuds and software used are the Style Studio 20@Q.
Enterprise Suite Editor for driving KS Infrastrucugeodatabase and KS Digital Base map was obtéiosd
Khartoum State Surveying Corporation for Khartouty center. Visual Basic for Application (VBA) wased

to develop the Search Engine program. The mainltreddained by the research is the development of a
framework based on Geodatabase concept for thgraiien of geographic information of Khartoum State
infrastructure network facilities.

The geodatabase of Khartoum State base map aridachetworks were completed by creating Multitas
object oriented geodatabase using ArCatalog. Ackeangine code was written and tested ninety ptesen
successful. The integration of information was Edeé to exchange information between differentp@oations

to solve any problem that may damage the netwarikities and to help managing and adding any newices

on the site. The paper recommends the Building oftiraser unified geodatabase connected to a wida a
network to service the concerned enterprise.

Keywords: GIS; Geodatabse , Water Network ,ArcGIS , KS ,GML

1. Introduction

Information integration originating from differerlaces The development and usage of Geographic
Information System GIS is based among other thlikgsknowledge representation. While geodatabase]1
play an important role in information processing,specifications of conceptualizations, enablesispderms
across different applications and thereby provideag for application cooperation. Geodatabasedasss for
data sharing, data processing, and data integration

Geographical information systems (GIS), Open GISh€aiums (OGC) [3], are sophisticated systems
consisting of specialized software and hardwareegily used to analyze and visualize spatial-te@apo
information. The Integration of geographic data lgasnhed an importance because of the new poskbilit
arising from the interconnected world and the iasheg availability of geographic information. A dgramount

of geographical information is currently being stbron Khartoum State Land Base related to diffesiet
service companies and enterprises supplying worKikgs water, electricity, telecommunication and
wastewater. In addition. the need for semantic galgcal information is becoming very essential
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Fig. 1 shows the water network main line undergdoand the sewage main line

1.1 Geo-KSWN Representing Geodatabases Hierarchiaad Roles

The services that offer the information to share. (ithe information providers) or the serviced thant access

to information (i.e., the information consumersyledave their own geodatabase. The level of defaihe
geodatabases related to the level of detail ofgdmegraphic information of KS should integrate dtedent
levels of detail. Therefore, two of the main quassi of this paper are “how can these geodatabases b
combined, leading to information integration?” bidéion, “what are the mechanisms for change oéleinside
geodatabases?” The goal of this paper is to findnechanism for integrating GIS geodatabases and,
consequently, for integrating geographical inforiomtsystem. This mechanism should provide a way to
navigate at different levels in the geodatabasettre, because in order to answer user quernigs@cessary to
combine information at different levels of detaildaconsolidate information on a specific level.
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Fig. 2 shows the integrated land base and watemnlefeatures datasets
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2. Infrastructure Services

Consists of Domain geodatabase the geodatabdee ajeographic area. Tasks and activities on tleeligie
water, sewage and transportation services are denesi. The software ArcCatelog version 9.2 was ueed
create and build the KS infrastructure personaldawbase of the KS land base and the feature thmtake
Water Network , Transportation Network , sewagewdek , electricity Network were designed on thisriwo
Figure (3) shown the creation of new personal Gedidese on Access Database
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Fig. 3 The Navigation

2. Land base layers

of the proposed Infrastructure Ontology layers.

They are Area, sub areas, blocks parcels and larkdmMany services underground sharing the santebdase

on Khartoum stats three towns.

2.1 Water supply services
1-Water Rescores consists of :-
A-Water treatment plants

B-Wells there are two types of wells Massduation well and Normal Productions well see fig(Be3)

2- Water Network composed of

A-Main Line (Distribution or Transmission lis@r service line)

B-Valves
C- Service line.
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Fig. 4 Basic components of Water Network

The existing network of water map was found oatoCAD software some converted to ArcGIS the bédrav
the existence water network is close loop i.e. matening from different resources to open ariéa treatment
plants or boreholes while the other water systenv fivas the DMA (District Meter Area).

2.2 Representation of Knowledge

First, shown how the Khartoum state communitiesciépethe geodatabases. Then it presented how the
knowledge generated in the first phase of the msysieed. This section also presented the mecharusm f
changes of classes of KS infrastructure data iategr and data sharing. This mechanism allows ataiite

of a class to be generalized or specialized thwblarg information integration at different levelEhe
different levels of information granularity and theelation to different levels of Geodatabse wdigcussed
here. The navigation introduced here shortens #ipebgtween generic and specialized Geodatabsejrenab
the sharing of software components and informafidre next section of this work presents an assedsafie
alternatives for integrating Geodatabse.

2.3 Information integration

Information integration was presented. The higlelentegration of Geodatabases was discussedwetidy
a discussion of low-level integration. A method &raluating the potential for information integeatiwas
introduced. The measurement captures the effectheoluse of roles and of hierarchical structureshim
representation of Geodatabase in the potentiahformation integration.

3. Guidelines for Implementation

We are suggesting here specific tools for implemgo. We know that these tools are not the onlytEms
but the evolution of ontology-driven informationssgms will lead to the use similar tools or to &aletion of
these same tools. An ontology-driven informatiostegn deals with instances of classes [8-16].
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Fig. 5 Vertical and horizontal navigation of bod@svater.

3.1 The steps of implementing the system
< Editing the ontology tasks components
e Collection of data of the Infrastructures netwootknponents
e Collection of coordinate of the objects on the K&d map
e Collection of Customer information’s
e Creation of KS Infrastructure Multi -Geodatabase@#rcGIS
. Developing the search dialog and customizationgigiBA [6]
3.2 Infrastructure schema components
Using XML syntaxes was used on style steel platfeoftware
The Example of language syntax of XML
<?xml version='1.0'?>
<xsd:annotation>
<xsd:documentation>
Khartoum State Infrastructure schema
</xsd:documentation>
</xsd:annotation>
<xsd:element name="InfrastructureServices" typefrastructureType"/>

<xsd: complexType name="InfrastructureType">
<xsd:sequence>
<xsd:element ref="WaterNetworks" type="Watgpe"/>
<xsd:element ref="ElectricityNetworks" typ&letricityType"/>
<xsd:element ref="CommunicationNetwork"eyiTelecommunicationType"/>
<xsd:element ref="SewageNetwork" type="SeWgpe"/>

<xsd:element ref="TransportaionNetwork" type=diisportationType
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Fig. 6 KS Infrastructure using XML
3.3 Water Network XML Schema
<xsd: complexType name="WaterType">
<xsd:sequence>
<xsd: element name="Treatments plants" type="xsbretry type=Point"/>
<xsd: element name="wells" type="xsd: Geometry typeint"/>
<xsd: element name="Transmission lines" type="&eometry type= Line"/>
<xsd: element name="mainlines" type="xsd: Geomsfpg= Line"/>
<xsd: element name="Service line" type="GeometpetyLine"/>
<xsd: element name="Valves" type="xsd: Geometrgtypoint"/>
</xsd: sequence>

</xsd: complexType>

| WaterType IJ;‘I—@— B8 Treatments plants

Twpe  x=dGeometry type=Point

—D'[Swells

Tvpe =xsd Geometry type= Point

= I:I-[g Transmission lines
Tvpe =x=sd Geometry type= Line

HT 2 mainlines
Tvpe =xsd Geometry type= Line

D'ESSen;ice line liEl

Tvpe Geametry type= Line

HOE Valves
Tyvpe  xsdGeometry type= piont

Fig. 7 Driving KS Water Network XMIDiagram

4. Data collection using GPS

water network component was collectedimplement the concept of ontology we starteccbecting data for
each KS. Infrastructure starting with water infotima using field survey form see figure (7) shavsimple
database was designed using access visual basiatéo and print the data collection of each waggwark
components, on the figure below there is a maimfoontaining some of the water network compondasign

on simple access form platform to print the form.
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FIELD SURVEY FORM - WELL

Surveyor Mame: Unigue 100 (Autohumt

Date: Map Sheet No:

Comments: Feature Mo

Aftribute

Drilling Mo: Consfruction Date:

MName in English: Mame in Arabic:

Depth: Furnp Depth:

Static Level: Dynamic Level:

Minirurn Flow: Mairaurn Flow:

hyerage Flow:

Cperational Status

O operational Ostandey O outOf Order O under Construction

Fig. 8 Data collection form

The importance of GPS on data collection

GPS was used t® raise the coordinate of theglobal positioning system which is a new technglbgving the
following characteristics:

1-Constellation of 24 radio-navigation satellite&nown orbits

2-Controlled and maintained by the US government

3-Several ground stations throughout the world

4-Free to use for civilians anywhere in the world

5-Provides accurate positions anywhere in the wasidg compatible receiver [18] GPS was use torcetie
position of the main line, valves and to know tHacp is the global positioning system which is avne
technology having the following

4.1 GIS and Customer information

KSWC is involved in the management of adbinformation related to customers, networks, ntexiance,
operations, and design. Organizing and automatiisgaimount of spatial data through GIS technol@gylitates
the planning, design, development and maintenaheater networks. Since the network changes salhaphe
capability to find, manage, and analyze data quickid effectively makes a strategic difference.vidgl the
business problems of a water network requires a goderstanding of the network. Therefore, intagggin the
day to day operation of KSWC is supposed to progieleral advantages among them: GIS enables KSWC t
integrate maps and information to make better daws

4.2 GIS benefits' for water network
GIS provides answers quickly to many issues reggrdetwork:
1. Provisioning of Service
2. Planning and Maintaining Network Infrastructure
3. Managing Existing Customers
4. Finding New Customers
5. Administering network Coverage
GIS can be used in typical Automated Mapping likees Management tasks such as:
1. Planning
2. Engineering Design
3. Fault Tracing
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4.3 GIS and Water Customer Billing System

GIS helps much on billing system, the relation lestw gis and billing system is take place by thiel fig gis-

point, this field consists of the following fields:

The link between the map and the customer is bygtbating a new number called GIS number. JoirtiegGIS

and WATER Customer Billing System GIS helps muchbdling system, the relation between GIS and tgli
system is take place by the field of parcel nundsethe parcel layer Geodatabase joined with thesdowumber
on the customer accounting master file databaskcaloured the parcels on

5. Creations of Network Feature classes

New feature classes can be created. , subtypescafsdo creation of subtypes on ArcCatelog verSighto

make the editing easy and for reporting systenraitifucture of KS was build and created which <iasf

GPS Survey Dataset for reading the coordinate syst8ewage Network feature Dataset that consigtedfve

feature classes, Transportation Network Featurasdaconsists of five features dataset, Water Né&tvemture
Dataset which consists of 16 feature classes.

*/| Contents l Preview | Metadata |
E’] Catalog - u
(@ O ame
£ g Dt DACTIONgames
< (@ E [ alazhari gis
S @ F [ alriad qgisz
-2 fO7dde1 3 Arkuit GIS
o Rename FZ by [Acrack
+-C £ S14fceSzib CFuture Games
L 2b9a Aars-
= = 55ce0s [ aisdeved
-2
-2
+ E 09 Arcrnap
+ LT
oG Properties. .
4.0 1F017Feleldb5ra17b305d & Laver:
+-{_] 2007 4# Group Layer
+-{(7] zo0s
+-C zo09 [ shapefile...

+-(_]] 20fafr108c78eardedl

+-((] 21f5FaaanlblcE403070

+-([1 723e99d54a8d0alZe55e5

+-{_]] 363747each90f20765db0¢ & Toolbox

+-[_] 37cefg3bSaes2009aac22e EQ Arcinfo Warkspace
+-{_] 48b5340F751ebSch 7S

1 [ 4creavoafsanzsverclrdl El dBASE Table

Fig. 9 Creation of personal Geodatabase
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5.1 Creation of Infrastructure Geodatabase
ArcCatelog version 9.2 was used to create anld the KS infrastructure personal Geodatabasth®fKS

land base and the feature datasets of Water Netwdidansportation Network, sewage Network, eleitjric
Network were designed [16-18].
Figure (8) shown the creation of new personal Gedidese on Access Database

1. Design-time customization

2. Customize dialog box

3. Saving to the current map document

4. Saving to the Normal.mxd

5.2 Example of Getting Coordinates Code
Set pMxDocument = Application.Document
Set pActiveView = pMxDocument.FocusMap
Set pPoint = pActiveView.ScreenDisplay. _
DisplayTransformation.
ToMapPoint (X,Y)
For finding layers Loop through layers of a map &fatch the name were used by:
e Create a query filter
« Do the query
« Refresh the map
Zoom to Selected Feature was then used to :
* Retrieve the selected features
* Get selection’s extent

¢ Reset map’s extent
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Fig. 11The sewer Main Line at AL Makk Nimer Street
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Fig.12 shows the search screen designed on ArcNBspMacro tool

At Khartoum north base map search was done using ¥&de to select area and sub area example in al
Darwshab subarea, then select the block nhumberasadHthen select then parcel number to view therwat
network exist in figure (10).
5.3 Customization with ArcObject using VBA

In these References [3, 8] shows the VBA codeuged to develop the search on the ArcGIS KS maghen
geodatabase of infrastructure “ The input of theligption was the landbase selection using combo fbo
dialog output is to locate an area, Subarea, tdockparcel no, Searching on KS Landbase Using @iigabion
utility designed the searching on KS map aimed to:
6. The View of the Geodatabase Feature

= M pumpstation ~
°
= B Elctronic_Stop
.

= ¥ Mainling

= M serviceline

= M peresuer_lne

= M sewer_line

= M Hiway_Strest

— bwo way
= M Raibiay

= M Pumpingstation

o M area
O
= ) Black
O
=11 parde i
>
| PSR P —

Fig. 13 The Ontology of the three infrastructuresevexist on the same place
On the figure above, a sewer line made oftilzuB inches, a Main street of ALmakk Nimer, arélonic stop
and a Water pipe line of 8 inches type of HDPE wetmd this fact describe the aim of this paper twaw people
of different enterprise can integrate their infrasture knowledge on the same base map, which soé/problem
of confusion between those different enterpriseewasewer, and transportation specially on maimeaa
activities.

7. Conclusions and Future Work

A novel ontology model was developed for th&astructure GIS (in particular water network) githe
Khartoum State Land base. GML language was usednaisiterface for building and editing ontologiesheT
benefits of using ontology is to share geodatalpfd€S infrastructure among services existing om shme land
in this case all corporations and companies wagrkon the KS land can share the data each hatlieg own
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layer describing their services. Although ontiésgare very powerful tools in data processingiethe still a lack
of available and suitable ontologies .
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