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Abstract

The purpose and the goal of the paper are to int®da
framework based on onto Geographical informatiostesyps
(GIS) to integrate geographic information of urtzaeas taking
Khartoum State as an example. One of the main cteaistics
of such a framework is to support the informatiotegration
and data exchange between facilities using the beges to
solve the problem of distributing water networkstites in the
Khartoum State (KS) infrastructure link informati@ources
and lead to integration and exchange of associafednation.
The Methodology used is to study the existing urbgstems
specially water network using Geodatabase concépthwere
analyzed by observing and comparing the relatelieeavork
using different criteria.

The Geodatabase of the system was defined, desagnketuild
ArcGIS software. An object oriented geo-database evaated
using GIS Software ,then the information was gatierom
Water, Sewage, Transportation Corporations in Khamnt
States. The tools and software used are the Stuldidc52009
XML. Enterprise Suite Editor for driving KS Infrastture geo-

1. Introduction

Information integration originating from differenilaces
the development and usage of Geographic Information
System GIS is based among other things like knayded
representation. While geo-database [1, 2] playmgwortant
role in information processing, as specification§ o
conceptualizations, enables sharing terms acrdésratit
applications and thereby provide a way for appilicat
cooperation. Geo-databases are basis for datanghaita
processing, and data integration.

Geographical information systems (GIS), Open GIS
Consortiums (OGC) [3], are sophisticated systems
consisting of specialized software and hardwaregegsly
used to analyze and visualize spatial-temporalriné&ion.
The Integration of geographic data has gained an

database and KS Digital Base map was obtained fromimportance because of the new possibilities arifiog the

Khartoum State Surveying Corporation for Khartourty c
center. Visual Basic for Application (VBA) was used

develop the Search Engine program. The main refqi#ined
by the research is the development of a framewadeth on
Geodatabase concept for the
information of Khartoum State infrastructure netwtacilities.

The geo-database of Khartoum State base map ailifiegc
networks were completed by creating Multitask objaiented
geo-database using ArCatalog. A search engine uae
written and tested ninety presents successful.iflegration of
information was available to exchange informatiostween
different Corporations to solve any problem thatyrdamage
the network facilities and to help managing andirgldny new
services on the site. The paper recommends thaliBgilof

multi-user unified geo-database connected to a vadea
network to service the concerned enterprise.

Keywords. GIS, Geo-database, Water Network ,ArcGIS,

KS,GML.

integration of geodgraph

interconnected world and the increasing availabilitf
geographic information. A large amount of geographi
information is currently being stored on Khartourtat8
Land Base related to different site service comgmmind
enterprises supplying working like's water, eletityj,
telecommunication and wastewater. In addition tbednfor
semantic geographical information is becoming very
essential
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Fig. 1 shows the water network main line undergroud and the
sewage main line
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1.1 Geo-KSWN Representing Geo-databases
Hierarchies and Roles

The services that offer the information to share. (ithe
information providers) or the services that wardess to
information (i.e., the information consumers) edeve
their own geo-database. The level of detail of gee-
databases related to the level of detail of thegggghic
information of KS should integrate at different dés of
detail. Therefore, two of the main questions o$ tthiesis
are “how can these geo-databases be combinedndeadi
to information integration?” In addition, “what atle
mechanisms for change of levels inside geo-dataBase
The goal of this thesis is to find a mechanism for
integrating GIS geo-databases and, consequently, fo
integrating geographical information system. This
mechanism should provide a way to navigate at reiffe
levels in the geo-database structure, becausedier @ao
answer user queries it is necessary to combine
information at different levels of detail and colidate
information on a specific level
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Fig. 2 shows the integrated land base and water neork features
datasets

2. Infrastructure Services

It Consists of Domain geo-database the geo-databfase
the geographic area. Tasks and activities on tieelike
water, sewage and transportation services are denesi.

The software ArcCatelog version 9.2 was used tatere
and build the KS infrastructure personal Geodataluds

the KS land base and the feature datasets of Water

Network, Transportation Network, sewage Network |,
electricity Network were designed on this work.gutie
(3) shown the creation of new personal Geodatabase
Access Database

Infrastructur Service 1 \[]
~~
e Geodatabase Feature Attributes of
Geodatabase Layer 1 Class Feature
of layer 1 class 1
Feature Attributes of
~ Class2of |7 Featureclass
layer 1 2
Service 2
N geodatabase Feature Attributes
Layer2 Class 1 of Feature
N oflayer TN Class 1
2
Feature Attributes
Class 2 ~~ of Feature
of I:yer Class 2

Fig. 3 The Navigation of the proposed Infrastructue Ontology
layers

2. Land base layers

They are Area, sub areas, blocks parcels and lafkdma
many services underground sharing the same lareddras
Khartoum stats three towns.

2.1 Water supply services

1-Water Rescores consist of:-

A-Water treatment plants
B-Wells there are two types of wells Mass productio

well and Normal Productions well see figure (5-3)

2- Water Network composed of

A-Main Line (Distribution or Transmission lines or
service line)
B-Valves

C- Service line.
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Water service

Pump Water
stations

Normal

Distribution Transmision

Fig. 4 Basic components of Water Network

The existing network of water map was found on an
AutoCAD software some converted to ArcGIS the
behavior the existence water network is close loep
water coming from different resources to operaali&e
treatment plants or boreholes while the other water
system flow was the DMA (District Meter Area).

2.2 Representation of Knowledge

First, shown how the Khartoum state communities
specify the geo-databases. Then it presented hew th
knowledge generated in the first phase of the syste
used. This section also presented the mechanism for
changes of classes of KS infrastructure data iategr

and data sharing. This mechanism allows an instahce

a class to be generalized or specialized thus iegabl
information integration at different levels. Théfeient
levels of information granularity and their relatido
different levels of Geodatabse were discussed héwe.
navigation introduced here shortens the gap between
generic and specialized Geodatabse, enabling the
sharing of software components and information. The
next section of this work presents an assessment of
alternatives for integrating Geodatabse.

2.3 Information integration

Information integration was presented. The higlelev
integration of Geodatabases was discussed, folldyed

a discussion of low-level integration. A method for
evaluating the potential for information integratiovas
introduced. The measurement captures the effects of
the use of roles and of hierarchical structureshim
representation of Geodatabase in the potential for
information integration.

3. Guidelines for Implementation

We are suggesting here specific tools for impleatsor.
We know that these tools are not the only solutioas
the evolution of ontology-driven information systemill

lead to the use similar tools or to an evolutiontlwse
same tools. An ontology-driven information systeeald

with instances of classes [8-16].

Khartoum State Land Base

Horizontal Navigation

—
|

Fig. 5 Vertical and horizontal navigation of bodiesof water

3.1 The steps of implementing the system

« Editing the ontology tasks components

* Collection of data of the Infrastructures network
components

¢ Collection of coordinate of the objects on the KS
base map

¢ Collection of Customer information’s

KS

Geodatabase using ArcGIS

e Creation of Infrastructure  Multi -
e Developing the search dialog and customization

using VBA [6]

3.2 Infrastructure schema components
Using XML syntaxes was used on style steel plainfor
software

The Example of language syntax of XML
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<?xml version='1.0'?>
<xsd:annotation>
<xsd:documentation>
Khartoum State Infrastructure schema
</xsd:documentation>
</xsd:annotation>
<xsd:element name="InfrastructureServices"
type="InfrastructureType"/>
<xsd: complexType name="InfrastructureType">
<xsd:sequence>
<xsd:element ref="WaterNetworks"
type="WaterType"/>
<xsd:element ref="ElectricityNetworks"
type="EletricityType"/>
<xsd:element ref="CommunicationNetwork"
type="TelecommunicationType"/>
<xsd:element ref="SewageNetwork"
type="SewgeType"/>
<xsd:element ref="TransportaionNetwork"

type="TransportationType

InfrastructureType é—@r ”[EType : WaterType $

HIR Type: EIeIricityType$

”[EType ; TelecommunicmionType$

HIRType: SewueType$

”[EType : TrmlsponmionType$

Fig. 6 KS Infrastructure using XML
3.3 Water Network XML

<xsd: complexType name="WaterType">

Schema

<xsd:sequence>
<xsd: element name="Treatments plants" type="xsd

Geometry type=Point"/>

<xsd: element name="wells" type="xg@eometry type=
Point"/>

<xsd: element name="Transmission lines" type=""xsd
Geometry type= Line"/>

<xsd: element name="mainlines" type="x§&kometry
type= Line"/>

<xsd: element name="Service line" type="Geometry
type= Liné/>

<xsd: element name="Valves" type="xs8eometry
type= point"/>

</xsd: sequence>

</xsd: complexType>

| WaterType ﬂ—]—@r— t5 Treatments plants

Type | xsd Geometry type=Paoint

fBwells

Type xsd:GEDmetry; type= Point

D'[E Transmission lines
Type | xad Geometry type= Line

I:"[Em-ﬂinlinef;

Type | xzd Geometry type= Line

B8 Service line iﬂ

Type  Geometry type= Line

t2 Valves

Type xsd:Geumetry: type= piont

Fig. 7 Driving KS Water Network XML Diagram

4. Data collection using GPS

Water network component was collectem implement
the concept of ontology we started by collectintadar
each KS. Infrastructure starting with water infotima
using field survey form see figure (7) show a sinpl
database was designed using access visual basitgn
and print the data collection of each water network
components, on the figure below there is a maimfor
containing some of the water network components
design on simple access form platform to printftren.
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FormSurveyWell

FIELD SURVEY FORM - WELL

Unigue 1D
Map Sheet No:

Surveyor Name: (AutoMurnt

Date:

Comments: Feature No:

Attribute

Drilling Mo Construction Date:

Marme in English: Narme in Arabic:
Depth:

Static Level:

Purnp Depth:

Dynamic Level:

Minimum Flow: Iaximum Flow:

Average Flow:

Operational Status

[ out of order [Cunder Construction

[ stand By

[ operational

Fig. 8 Data collection form

The importance of GPS on data collection

GPS was used is to raise the coordinate of theaglob
positioning system which is a new technology havimg
following characteristics:
1-Constellation of 24
known 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 world
using compatible receiver [18] GPS was use to rbtoe
position of the main line, valves and to know tl&cp is

the global positioning system which is a new tedbagy
having the following

radio-navigation satellités

4.1 GIS and Customer information

KSWC is involved in the management of a lot of
information related to customers, networks, maiatee,
operations, and desigi®rganizing and automating this
amount of spatial data through GIS technology ifatéds
the planning, design, development and maintenaifice o
water networks. Since the network changes so ngpiak
capability to find, manage, and analyze data quiekid
effectively makes a strategic difference. Solvirfe t
business problems of a water network requires a goo
understanding of the network. Therefore, integratim
the day to day operation of KSWC is supposed toigeo
several advantages among them: GIS enables KSWC to
integrate maps and information to make better dews

4.2 GIS benefits' for water network

GIS provides answers quickly to many issues reggrdi
network:

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

Facilities Management tasks such as:

1. Planning

2. Engineering Design

3. Fault Tracing

4.3 GIS and Water Customer Billing System

GIS helps much on billing system, the relation st
gis and billing system is take place by the fiefdgis-
point, this field consists of the following fields:

The link between the map and the customer is by [the
creating a new number called GIS number. Joinirgy th
GIS and WATER Customer Billing System GIS helps
much on billing system, the relation between GIS an
billing system is take place by the field of parnamber

on the parcel layer Geodatabase joined with thesénou
number on the customer accounting master file dab
and coloured the parcels.on

5. Creations of Network Feature classes

New feature classes can be created. , subtypesatsdo
creation of subtypes on ArcCatelog version 9.2 ttken
the editing easy and for reporting system. Infredtrre

of KS was build and created which consists of GPS
Survey Dataset for reading the coordinate systems,
Sewage Network feature Dataset that consists ofithe
feature classes, Transportation Network Featurasdat
consists of five features dataset, Water Netwoskufe
Dataset which consists of 16 feature classes

|| Contents ] Preview] Metadala]
] Catalog & |
+| C‘\ ElE
a: g D 1 ACTICNgames
(i E [0 slszhari gis
- F [ alriad gisz
+ fFozdael 1220 Akt GIS
+-{E Rename Fz 4 [crack
+-_ £ Disconnect Folder S14fceszib [CFuture Games
-2 2 Refresh Zb9a GlIS-
-3 65ce0d [ aisdeved
=-E L8 [ Folder
& 3
H-E File Geodatabase
09 Arcmap
: E Properties... Q Personal Geodatabase
4.7 ol fele1dbsratbssnd W Laver .
+ [ 2007 & Group Layer
+-(C] 2008
+.[07 2009 [ Shapefile...
+ 1] 20Fa6108c7Bee7dotl
+-{_ 21FSFaaalibleg403070
+-[1 223899d54a5d0a1 26555
+ ([ 363747eacho0f20765db0: & Toolbox
+ (] 37cefE3b58eS2009aac22 (1 o oes warkspace
+-[_1] 48bS340f751ebSch7s
+-(0 4c7cBF0SF5a0337e7c1 7d1 dBASE Table

Fig. 9 Creation of personal Geodatabase
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I e ERmE T ey Feature Class [?)x]
Field Name | Data Type |~
| ouecTi Chject D =
4 Sewageetwork SHAPE Geometry
MainStation Wailneho Text
[ Manhole SubType Long Integer
Service_Line T |material Text
SewMainling I Diameter Text
=] Sewhode [ stetus Lang Integer
4 Transpartationhietwork IntaltionDate Text
Bridge Condtion Long Integer
ElectronicStop m
[ nunction m
Railway 1
Roads m v
2 Waterhetwork, - -
] ArBlower Click any field 1o see its propeties
[ Fileer Field Properties:
[ FireHydrant Hlins
Flowster Allow NULL velues Yes
] Vain_Line Defeut Velue
Vixer
[ Mode
[ Pump
FumpingStation M
(] sempingeeint To add 2 new fied, lype the name inta an empty row in the Field Name column, click in the
Serviceling Data Type column b chaose the data lype, then edit the Fisld Properties.
[=] ServicePoint
=] Tank
[ TrestmentPlant
[ valve
wel |
‘E © < Rark Firith Caneal

Fig. 10 The feature classes

5.1 Creation of Infrastructure Geodatabase

ArcCatelog version 9.2 was used to create auifdl b
the KS infrastructure personal Geodatabase of tBe K
land base and the feature datasets of Water Network
Transportation Network, sewage Network, electricity
Network were designed [16-18].

Figure (8) shown the creation of new personal
Geodatabase 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 and
Match 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

H kswe.gis. Map Production

e - FRRR ]

L] - 1w
2 [T
X s

Fig.12 shows the search screen designed on ArcMaBX
Macro tool

At Khartoum north base map search was done using VB
code to select area and sub area example in aldbalw
subarea, then select the block number or Harassilent
then parcel number to view the water network exist
figure (10).

5.3 Customization with ArcObject using VBA

In these References [3, 8] shows the VBA codeuses
to develop the search on the ArcGIS KS map on #te g
database of infrastructure “The input of the amtlan
was the landbase selection using combo box foioglial
output is to locate an area, Subarea, block ancepap,
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Searching on KS Landbase Using customization utilit
designed the searching on KS map aimed to:

6. The View of the Geo-database Feature

= W pumastaton A \
»
= B Elctronic_3top

B
= @ Mairlhe

= M senicslive

= 6 peresuer_ine

= M sewer e

= [ Hivay_Stest

Hlother values:
pt
—reway
—buoway

= W Rallvay

= B Pumaings:etior

I M b
O

= [ bk
o

=1 pade L]
b

re——

Fig. 13 The Ontology of the three infrastructures \re exist on the
same place

On the figure above, a sewer line made oftiu®@
inches, a Main street of ALmakk Nimer, an Electoosiop
and a Water pipe line of 8 inches type of HDPE wetmd
this fact describe the aim of this thesis how caopte of
different enterprise can integrate their infrasiioe
knowledge on the same base map, which solve tHdgumo
of confusion between those different enterprise ewat
sewer, and
activities.

7. Conclusions and Future Work

A novel
infrastructure GIS (in particular water network)ings the

Khartoum State Land base. GML language was useahas

interface for building and editing ontologies . Thenefits of
using ontology is to share geodatabase of KS imfresire
among services existing on the same land indhse all

corporations and companies working on the KS land can

share the data each having their own layer desgribtheir
services. Although ontologies are very powerful$éoo data
processing, there is still a lack of available amdtable
ontologies .

8. References

[1] Czech, Zde-nka, Radim and Martin, "Building Ontidsg
for GIS". Institute of Computer Science-Academy of
Sciences of the Czech Republic ,Zde- nka LinkovgaliR
Nedbal, Martin -Rimnfa-c ,Technical report No. 932,
March 2005.

transportation specially on maintenance

[2] Your Internet Guide to Geographic Information Syste
http://www.gis.com Geographic Information Systems
(GIS). http:/lerg.usgs.gov/isb/pubs/gis_poster/

[3] Rahul Vemulapally, "Development of Standard
Geodatabase Model and its Applications", Februa&y 0
2010.
http://portal.opengis.org/files/?artifact_id=3836

[4] Stylus studio, Open Geospatial Consortium, Inc,
Whiteside. All Rights Reserved, 2009.

[5] Aarcgisteamwater on March 6, 2009,
http:ArcgisTeamWater@estri.com,Building and

Maintaining Water Utility Geodatabases

[6] Khatib and Alami "VBA Code for Searching". A
Consolidated Engineering Company , a member ddNC
.2008.

[71 Pfleckl, Brandon, "Using ArcGIS Server to Manage
Your Utility, Water, Wastewater, and Stormwater
2010
http://sern.ucalgary.ca/KSI/KAW/KAW99/papers/E
dm annl/erdmann.pdf

[8] Erdmann, M. and Studer, R. "Ontology as conceptlal
models for XML documents". In Proceedings of thehl2
Workshop on Knowledge Acquisition, Modeling and
Management (KAW'99), 1999. Knowledge Science
Institute, University of Calgary

[9] Alani, H., Kim, S., Millard, D. E., Weal, M. J., HaW.,
Lewis, P. H., and Shadbolt, N.R., 2003, “Automatic
Ontology-Based Knowledge Extraction from Web
Documents”, IEEE Intelligent Systems, Vol. 10, Np 1
pp.14-21.

[10]John F. Sowa, "Guided Tour of Ontology";
http://www.jfsowa.com/ontology/guided.htm

[11] F. Gandon, "Ontology Engineering: a survey andtarme
on experience", Research Report of INRIA, Francardid
2002.

[12] Kay, M. "XSLT Programmer's Reference", Wrox Press
Ltd., USA, chapter 4, 2000.

ontology model was developed for the [13] http://www.w3.0org/standards/xml

[14] Fensel, D., "Ontologies: A Silver Bullet for Knowlge
Management and Electronic Commerce", 2004. Springer

[15] Dumontier M, Villanueva-Rosales N. "Three-layer OWL
ontology design”. In: Second international workshmp
modular ontologies (WOMOO7), Whistler, Canada, 2007

[16] Noy NF, McGuinness DL. "Ontology development 101:|a
guide to creating your first ontology"; 2001. Repbio.:
Stanford Knowledge Systems Laboratory TechnicaldrRep
KSL-01-05, Stanford Medical Informatics Technical
Report SMI-2001-0880.

[17] Smith B, Ceusters W, Klagges B, Kohler J, Kumar A,
Lomax J, et al. Relations in biomedical ontologies.
Genome Biol 2005;6(5):R46.

[18] T.P. Liang, H.J. Lai, Y.C. Ku, "Personalized corten
recommendation and user satisfaction: theoretical
synthesis and empirical findings", Journal of Magragnt
Information Systems 23 (3), p.p 45—70, 2006.

[19] Goodchild, M., Egenhofer, M., Fegeas, R., and Kattm
C, 'Interoperating Geographic Information Systems'.
Kluwer Academic Publishers, Norwell, MA, 1999.

IJESPR
www.ijesonline.com



International Journal of Engineering Sciences Parayms and Researches Vol. 04, Issue 01, April 2013

ISSN (Online): 2319-6564
www.ijesonline.com

Samir M. Adam was born in Elfish, on November 21,
1959. Graduated from U of G Faculty of Science and
Technology in 1986 with a B.Sc.degree in Electrsnic
Instrumentation and applied physics .Graduated fkdm
of K faculty of Mathematical Science Department of
Computer with a M.Sc Degree in Computer Science199
.Ph.D in Computer Science University of Khartouni20
Computer programmer in NEC from 1986 until
1994Chief of Computer programmer section NEC from
1990-1994 .Omharaz NEC Computer Training Center
manager 1994-1996.Computer teacher , Ministry of
Education at Saudi Arabia from 1996 till 199%ow is
working an assistant professor of computer scierticbe
Faculty of applied Medicine in Taif University, Kijdom

of Saudi Arabia

Magdy ShayboubWas born in EI- Menoufia, Egypt, in
1966. He received the B.Sc. degree in Electronic
Engineering in 1989 and M.Sc. degree for his wark i
Computer Science and Engineering in 1998, all ftben
Faculty of Electronic Engineering, Menoufia Univigrs
Egypt. In 2005, he received his Ph. D. in Computer
Science from Faculty of Computers and Informaticsnf
Helwan University, Egypt. He is working as an assis
professor of computer science at the Faculty of
Computers and Informatics, Suez Canal UniversitypE
from 2006 until now. His research interests are in
Artificial Intelligent (Al) Applications and Inteigent
Agents (lA), Information Retrieval, Computer Netksr
Security and Semantic Weblow is working a head of
Medical Records Department and computer scienteein
Faculty of applied Medicine Science in Taif Univgrs
Kingdom of Saudi Arabia

IJESPR
www.ijesonline.com



