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Abstract 

During 2003-2011, one of the most comprehensive campus GIS was developed in King Saud 
University (KSU), Riyadh, covering an area of about 9 km2. The GIS layers of geodetic 
reference, topography, orthorectified imagery, land use, planimetry, buildings, engineering 
structures, utilities, transportation, street furniture, and services were established. About 38,000 
engineering drawings of buildings and utilities were scanned and georegistered. The total area 
digitized and georegistered is about 1,715,000 m2. The following statistics of utilities only is a 
proof of the size of this project: in the utility system, there are about 2 million features 
corresponding to a length of about 2000 km. In summary, very detailed spatial geodatabase of 
campus, even down to the individual offices and partitions, has been established. 
 
As part of the project, campus applications have also been established using the powerful 
geodatabase and ESRI platform. The following is a list of major applications developed: 

· Data locator, map production, web GIS explorer using ArcGIS server 
· Applications for housing administration, traffic information analysis, partition 

management, key management, and land use 
· ArcFM implementation, facility management / utility network locator,  
· Applications for service network administration (ArcFM), network tracing and valve 

isolation 
· Maximo integration 

 
Finally, the establishment of such a system and implementation are discussed in the paper. 
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1 Introduction  

Surveying and Mapping has recently undergone a transition from discipline oriented 
technologies, such as geodesy, surveying, photogrammetry and cartography into a 
methodology oriented integrated discipline of geoinformation based on GPS positioning, remote 
sensing, digital photography for data acquisition and GIS for data manipulation and data output. 
 
The first theoretical and exploratory attempts for a GIS design started in the 1960’s, namely by 
R.F. Tomlinson, who in 1968 created the first Canada Geographic Information System for an 
agricultural agency (ARDA). The Harvard Laboratory for Computer Graphics, which laid the 
theoretical foundations for successful industrial GIS developments since 1964 by their creation 
of Symap (Konecny, 2002). 
 
These first personal initiatives were followed by the takeover of these ideas by governmental 
administrations, e.g. by the U.S. Geological Survey, creating Digital Line Graphs. The 
successful introduction of the technology without subsequent strong industrial development 
would not have been possible. The leaders in the field were since 1969 (Konecny, 2002): 

· ESRI under Jack Dangermond, in the USA 
· Intergraph under Jim Meadlock, in the USA, and 
· Siemens in Germany. 

 
A review of the historical GIS developments is given in Longley et al., 1999. As the 
developments in computing speed and computer storage grew rapidly in the 1980’s, 1990’s and 
2000’s, GIS is evolving into “Cloud GIS” as presented in (Dangermond, 2012) and illustrated in 
Figure 1.  
 
King Saud University (KSU) is the biggest university in the Kingdom of Saudi Arabia, both in the 
extent of the university and number of students. Therefore, over the last decade, KSU launched 
projects in order to apply the GIS technology to the campus' facility management system. For 
better geospatial management of the university, it was decided to establish a unified 
Geographical Information System (GIS) for all the university campuses, buildings, utility 
networks and so forth. Main goal was to facilitate the educational process through better control 
of public services and precise decision making. 
 
Due to the vast scope of the project it was divided into different phases. The First phase 
included the university campus located on an area of 9 km2 and perimeter of 12 km. During the 
first phase, the campus was surveyed and the main infrastructure of the university was mapped 
to support the development plans and new constructions.  
 
The second phase aimed to develop the GIS applications for different utilities like water, 
electricity, telephone and so forth based on ESRI architecture for GIS development. 
 



The third stage of the project has targeted the completion of the first two stages through the final 
completion of the university's geodata at its various locations and the final completion of the GIS  
applications, with great focus on the incorporation, management of network, maintenance and 
services inside the buildings.  
 
This paper briefly reviews the experiences on developing an integrated geographic information 
system for the King Saud University (KSU) in Saudi Arabia. The core issue in this paper is how 
to apply the GIS technology to the campus' facility management system by migrating disjoined 
resources into a central repository, where it could be accessed through web-based applications 
focusing on the third stage of the project. 

2 Project Objectives 

Main objectives of the project can be summarized as follows; 
· Establishment of campus geodatabase, digitization of 3D utilities networks, data 

conversion and integration of KSU campuses into the geodatabase. 
· Establishing web-based campus GIS and AM/FM applications 
· Providing the centralized solution for planning, operations & maintenance 
· Deploying GIS system that manages the spatial information of KSU including buildings, 

roads, & utilities to facilitate the educational & research environment 

Figure 1.  Cloud GIS (Dangermond, 2012) 



3 Scope of the Project 

Major tasks identified and carried out for the project are grouped under the following work 
packages: 
 
Work Package-1: Data Conversion (utility maps, drawings, etc.) 

· Study of existing systems and analysis 
· User requirement analysis 
· Collection of data, maps, drawings, etc. 
· Scanning, georegistration,  vectorisation and migration to KSU geodatabase 

 

Work Package-2: Terrestrial field surveys 
· GPS field surveys of new sites 
· Data processing and migration to KSU database 

 

Work Package-3: Development of Geodatabase and Applications 
· Study of existing applications and analysis 
· User requirement analysis 
· Database development 
· Modification, additions and development of applications 
· ArcFM implementation 

 

Work Package-4: Provision of HW / SW 
· Servers (application, data, web, 3D, backup), laptops, PCs and printers 
· ArcGIS package (3D Analyst, Spatial Analyst, Schematics), ArcPad, and  ArcInfo with 

ArcSDE Lab Kit Pack) 
· ArcFM package (ArcFM 9.2, Viewer designer, Responder, Conduit Manager, Mobile, 

Redliner, Network Adaptor, Inspector 
· AVL system 

 

Work Package-5: Training 

4 Project Execution 

4.1 Data Conversion and Collection 
This task consists of study of existing systems and analysis, user requirements, data collection, 
data processing and data integration. Data collection and conversion constitute the major part of 
this project. It can be divided into the parts below: 

· Collection and conversion of existing data building drawings, floor plans, tunnels, 
utilities, etc. 

· New data terrestrial survey of the campus and newly constructed sites, and utilities 
 
Data collection, processing and production procedures followed during the project are 
summarized in Figure 2. 
 
 



 
Figure 2.  Data Collection, processing, production and surveying 

 
37,958 sheets been scanned, 15,093 of them been geo-registered and 1,715,577 m2 interior 
space (floor plans, pillars etc.) was digitized during the course of the project. Table 1 shows the 
digitized utility systems. Various screenshots from the produced data are given in Figure 3. 
 

Table 1 Digitized Utility Systems 

Digitized Utility Systems Length (m) 

Chilled Water System 110,933 
City Water System 226,321 
Electricity System 406,876 
Fire System 278,313 
Gas System 51,729 
High Pressure Steam System 5,611 
HVAC System 354,015 
Irrigation System 96,813 
Medium Temperature System 61,559 
Sewage System 311,860 
Treated Water System 68,085 
Compressed Air System 54,322 
Grand Total 2,026,436 

 



   

  
Figure 3.  Screenshots from the produced data. 

 
Together with the data collection, processing and production, also terrestrial field surveys were 
carried out based on the national geodetic network of Saudi Arabia. The main objective of field 
survey was to map the planimetric and topographic features within the campus areas. The 
topographic maps were further improved by using orthorectified very high resolution satellite 
imagery. As part of the project, surveys were also carried out for new construction sites, interior 
space information belonging to existing buildings, land uses and utilities together with 
associated attribute data. 
 
During the course of the project; 57 sites (3,173,282 m2) were surveyed, 29 building 
architectural plans were digitized and geo-registered. 

4.2 Development of Geodatabase and Applications 
Another strategic aim of this project is to develop a robust and comprehensive campus 
geodatabase that will provide reliable support for the different and evolving applications already 
existing in KSU along with the new applications developed here.  
 
In Phase I &II, a unified data model of the campuses were developed using oracle database. 
Based on new requirements, data model was re-configured and classified into categories: 

· Topographic data model 



o Topography (base maps, images DEM, etc.) 
o Contour lines 
o Indexes 

· Utilities data model 
o Chilled water, City water, Sewage system, Irrigation system, Medium 

temperature water, Treated water system 
o Computer network 
o Fire System 
o Gas system 
o HVAC system 
o Telecom system 
o Compressed air 
o Electricity System 

· Building interior space 
o Building footprints 
o Floors 
o Rooms 
o Doors 

· Facilities model, which includes 
o Supporting structures 
o Recreational areas 
o Transportation 
o Environment 
o Vegetation 

 
ESRI BISDM (Building Interior Space Data Model) was used as a reference for building interior 
space data. This model provides a basic structure to support a number of different perspectives 
on buildings such as architecture, construction, landscape-level planning, facilities 
management, environmental management, and security/emergency preparedness. This new 
data model supports all multi floor interior spaces in 3D environment. 
 
In addition to the data model, ArcFM software suite was used in order to develop the utility 
network inside the building. ArcFM has its own international data model for various utility 
systems and  ArcFM data models were used as a reference for KSU utility systems. 
 
 
 
 
 
 



 
Figure 4.  KSU GIS Data model 

 
Various web based GIS applications were developed for huge KSU GIS infrastructure. Some of 
the applications address popular web GIS functionality such as: 

· locating structures and areas of interest,  
· measuring lengths and areas,  
· printing out resulting views and  
· conducting complex queries on utility data (including access to original technical 

drawings) 
 



 
Figure 5.  Web Portal for KSU GIS Applications 

 
One of the challenging aspects of this work was in adding optimizations and various filters in 
dealing with the large data sets for the utility network. A screenshot showing the map layers and 
the filtering of the large dataset for the utility network is given in Figure 6. 
 

  

Figure 6. Query Utility 

 
In addition to these, several non-traditional applications were also added to the system. One 
example is the “Key Management” application. At KSU, requests for new keys or copies of an 
existing key required multiple steps such as sending a technician to locate the door and for 
another technician to go through a list of paper documents in creating a suitable key cutting 
combination.  
 



This application automates this process by allowing the user to select the door from the Web 
GIS interface allowing for the application to automatically generate a suitable key cutting 
pattern, even allowing the user to print out the new key pattern to guide in the cutting process 
(Figure 7). 
 

 

 

 

Figure 7. Key Management Application 

 
Another application group that utilizes a more complex approach to the GIS data is the traffic 
application group. Within this group are applications that provide a snapshot of traffic data at 
KSU for administrators. One of these applications is the one that aids general users in locating 
parking lots and another one is the application that allows traffic experts in determining times 
and locations with the highest risk of incidents at KSU campuses.  
 
 
 
 
 
 



 

  

  
Figure 8. Traffic Application 

5 Concluding Remarks 

The GIS developed in King Saud University (KSU) /  Riyadh, which covers an area of about 9 
km2, is probably one of the most comprehensive campus GIS in the world. It consists of very 
detailed geospatial data, information and applications. The KSU geodatabase includes geodetic 
reference, topography, orthorectified imagery, land use, planimetry, buildings, engineering 
structures, utilities, transportation, street furniture, and other geospatial data.  
 
This project is a good example for campus GIS developments, ranging from data collection, 
data conversion, data integration and applications. 
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