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Abstract 
One of the biggest challenges today’s GIS market facing is the abundance and 
accessibility of geospatial data. Technology has evolved to enable the fast collection and 
efficient processing of high resolution earth digital data.  To fully exploit the richness of 
this massive spatial information, organizations must design and invest in spatial data 
storage infrastructure. By leveraging past effort and new technology, Intermap 
Technologies is building a comprehensive spatial data warehouse to accurately capture 
GIS information and efficiently disseminate to customers via internet. The success of this 
initiative lays the necessary foundation for sustainable growth. This paper focuses on 
specific practices to design, administrating and maintaining terabyte of highly accurate 
raster and vector data. Detailed discussion will be given on initial and on-going data load, 
continuous system tuning and performance improvement. The integration of spatial data 
warehouse with the existing production systems and data sharing with several web 
applications will be presented.  
 
 
 

Introduction 
 
Intermap is in the business of acquiring and producing country wide high resolution 
elevation datasets to meet the increasing demand of up-to-date affordable spatial data. To 
efficiently manage and administrate this data asset a secure scalable spatial data 
management system is being built to serve as the Core Product Repository (CPR). A web 
based on-line distribution system accesses terabytes of data stored in CPR and 
disseminates the data to various end customers. 
  
Intermap’s NEXTMap USA program covers a total of 7.8 million square km of land area. 
The whole dataset consists of nearly 54,000, 7.5 by 7.5 minutes tiles. The NEXTMap 
Europe program will add another 17,000 tiles to the collection. At a 5m ground spacing 
level each tile contains an array of 9 million individual elevation measures. Currently the 
CPR houses about 1.5 million square km of high resolution elevation data and 
accompaning radar imagery for many states in the USA and about another 1.5 million 
square km over the rest of the world - coverage includes UK, Scotland, Alaska, 
Indonesia, Vanuatu, Solomon Islands and Central America. In about 2 years time the 
CPR will be a home for 1,260 billion digital elevation values. With the rapid increase of 
the spatial extent and the variety of spatial data types in CPR, spatial data management 
practices have been reassessed to meet the increasing demand for high quality and easily 



accessible GIS data. We are sharing our first hand experience on building and operating a 
large scale internet based spatial data management system. Planning for and 
implementing an efficient spatial data infrastructure can reduce operational cost as well 
as provide a more secure and robust environment for data distribution and easy 
information sharing among enterprise applications. 
 
This article will discuss the general principles of, and specific practices for, managing a 
large and diverse spatial data warehouse and how it can serve as a foundation for building 
spatially aware solutions for specific applications. 
 
 
Spatial Data Characteristics 
 
Intermap’s CPR manages a wide variety of raster and vector data. Due to the unique 
character of each data set they are stored and administrated differently. 
 
3D Elevation Data 
 
At the core of CPR, two sets of Digital Elevation Models (DEM) coexist. The Digital 
Surface Model (DSM) refers to the top surface (tree canopies and building roofs) 
elevation value of the earth’s surface. The DSM is further processed to remove these 
artifacts to produce a “bald earth” model called Digital Terrain Model (DTM). The 
elevation data has a 5m post spacing which translates to a file size of 24MB per 100 km2. 
The dataset went through a series of feature editing, edge matching and quality 
verification processes and its internal integrity must be maintained by the data repository.  
In addition any format or projection conversions applied to the dataset must be checked 
to ensure the horizontal and vertical accuracy. 
 
 
2D Radar Imagery 
 
Intermap produces orthorectified radar imagery both in grey scale Orthorectified Radar 
Imagery (ORI) and Color Orthorectified Radar Imagery (CORI) to complement the core 
digital elevation model. The ORI is directly produced from the Interferometric Process 
(IP) and the CORI is further processed by fusing the ORI with color Landsat images. 
Both ORI and CORI have a pixel size of 1.25 meter. Due to the smaller ground resolution 
the size of the ORI is generally 4 times larger than that of the DSM or DTM and the 
CORI is 12 times larger than the standard DSM or DTM. The size of these images poses 
tremendous challenges for CPR management. State-of-the-art image compression 
technique has been applied to the dataset to facilitate the usage and manageability of 
CORI. 
 
Vector Data 
 
Based on the features in the DSM and interpretation of the ORI, accurate 3 dimensional 
road vectors are being generated to serve the market of automotive safety and navigation 



as well as mobile personal navigation devices. The size aspect of the vector data is 
largely determined by the density and curvature of the vector line segment. A rich set of 
vector attribute data are kept to further enhance the usage of this dataset. 
 
 
Data Production Facility  
 
Intermap operates the end-to–end production facility for generating 3D elevation and 
vector datasets. Six aircrafts are flying around the globe to collect data using onboard 
Interferometric Synthetic Aperture Radar (IFASR) sensor. The radar signal is then 
downloaded to the ground station and powerful blade processors were configured to 
process the data interferometrically in strips and mosaic them together to generate 
corresponding map sheets. The map sheets then go through a series of semi automated 
processes of further classification and editing to clean off any artificial objects to derive 
the DTM. Hundreds of operators work on the editing system to make sure that the tile 
edges match, water bodies are flattened, and stream and road features are edited. After a 
rigorous quality control process the data finally makes its way into the CPR where all 
raster, vector and metadata are kept in a secure environment powered by Oracle ArcSDE 
and the Acquarius.NET geospatial framework. 
 
 
 
System Architecture  
 
To design a spatial data management system capable of hosting terabytes of raster and 
vector data, many criteria need to be taken into consideration. First of all, understanding 
how the data will be accessed and used is critical for the successful design of the system. 
Access, retrieval, and display of this data place significant demands on the data 
management system. Secondly, the specific data requirements need to be addressed. The 
seamless nature of elevation data and the high positional and vertical accuracy (1m 
RMSE) need to be maintained through data integrity. All data is stored based on generic 
geographic latitude and longitude coordinate systems to facilitate easier and faster data 
provisioning and easy management of the global dataset. Thirdly, security issues and data 
protection are leveraged from the underlying Oracle’s information architecture. The data 
access is controlled by the operation system and database authentication. 
 
Fig. 1 shows a centralized system configuration that includes a central GIS data server 
supporting various GIS activities over a Local Area Network (LAN) and data distribution 
web system. The centralized approach simplifies data and hardware maintance tasks and 
dramatically reduces overall administrative costs. It also enables IT administrators and 
DBAs to plan for cost-effective backups, replication and failsafe disaster recovery. The 
ArcSDE-Oracle server is implemented to allow the storage and management of monster 
sized spatial data in a database management system. Using the speed and efficiency of a 
relational database model ArcSDE serves spatial data to the ArcGIS desktop and 
Acquarius.NET enabled web application. 
 



 
 

 
 

Fig.1  System Architecture of the Spatial Data Management System 
 
Why Oracle 
 
Oracle with its spatial capabilities is increasingly becoming a preferred database choice 
worldwide. In the case of spatial data management system Oracle provides a complete 
technology platform with rich sets of spatial functions available as part of the database. 
Advanced GIS functionality is available as an extension to the database – Oracle Spatial. 
 
 
Why ArcSDE 
 
ArcGIS clients are widely used for performing advanced GIS analysis and frequently 
being used to produce various map products for internal distribution. The status of the 
data asset is visually presented to all departments by querying the CPR database and 
overlaying raster and vector information in ArcGIS. 
 
 
 
Spatial Data Loading and Monitoring 
 
New data is constantly added to the CPR. The loading process includes three major steps: 

• Ingest new data into the CPR - data is physically moved to the CPR and the file 
path pointer is maintained in the Oracle database. 

• Register with ArcSDE-Oracle server - each product type has its own table in 
Oracle. When a new row is added the vector footprint is generated in ArcGIS and 
associated attributes are added. 



• Refresh web application - application specific information is calculated and 
appended into Oracle. One example is the land area calculation based on the 
elevation value. The polygons representing land and ocean are generated for all 
the tiles in CPR. If a tile is partially covered by ocean, only the land area is used 
on the product price calculation. This precalculation ensures quick online price 
quote for a customer defined Area of Interest (AOI) - without the need to access 
raster data.  
 

The increased availability of spatial data and the demand for sharing this voluminous 
amount of data make image compression a widely accepted storage option for many GIS 
applications. JPEG2000, with its ability to maintain superior visual quality at higher 
compression ratio, is being referred to as a killer image storage solution. Intermap has 
adopted this technology for CORI data management. Though JPEG2000 is a new format 
that is not yet widely supported by image-editing and web-browsing applications, its 
superior image compression quality over many traditional compression algorithms and its 
potential progressive download feature makes it the best candidate for color image 
storage. As shown in Fig 2. the quality of the images is not compromised but the size of 
storage reduced significantly.  Although technology advances and storage costs are 
continuously dropping, but disk space is still a finite resource that costs money. 
 
 

 
 

Fig. 2  Original compared with  JP2 compressed at ratio 1:30 on a continuous feature 
 
 



The purpose to store, secure and manage the data is to be able to serve the data to 
customers whenever they require the data. By connecting to ArcGIS desktop, different 
map products can be quickly produced based on the predefined data layers and 
symbology configuration. Metrics and status maps are periodically produced based on the 
updated information from the CPR. Fig. 3 shows one of the many maps being created 
from the information in CPR. The map is generated by spatial overlay of county 
boundaries with available mapsheets to determine the full or partial county coverage. 
This graphic view provides useful information for the Intermap’s sales team and 
customers who are interested in knowing the availability of data within a particular area. 
 
 

 
 

Fig.3  Data Availability by US county in CPR 
 
 
Spatial Data Portal/Spatial Data Service 
 
 
In order to reach the largest client base and provide the users the maximum benefit when 
accessing the rich spatial dataset, Intermap has developed an online data store 
(http://istore.intermap.com) that adds web based distribution capabilities on top of CPR. 
Fig. 4 shows the map viewer of the iStore web application. The full description of the 
user GUI and spatial functionality of this system is beyond the scope of this paper but 
user access administration, map and symbology management, order summary, data 
manipulation and e-commerce transactions are among the major functions this web site 
offers. Web users are encouraged to visit this site frequently as data is being added to the 
system constantly. 
 



 
 

Fig.4  iStore Map Viewer 
 
 
Enterprise Integration 
 
CPR provides a solid infrastructure foundation to support the information sharing among 
other enterprise systems. The metadata related to the raster and vector datasets provides 
valuable information for many other systems within enterprise. The customer specific 
information together with order details serves as an excellent source for sales applications 
and finance systems. Intermap is diligently working on business application integration 
and the possibilities of using this information to support informed decision making.  
 
 
Future Initiatives 
 
In order to further leverage database management and increase spatial awareness, raster 
data will be migrated into the Oracle database as a predefined native data type. Raster 
data, vector footprint and metadata elements are all being managed by a single 
technology platform in the same environment. We will also be looking at storing 
JPEG2000 compressed imagery – CORI directly into Oracle, LizardTech's Spatial 
Express optimizes Oracle Spatial database by storing raster imagery natively in JP2 
formats. After migrating elevation data from the file server into the spatial database, the 
work will concentrate on improving the functionality and robustness of the web 
distribution system. More data choices and data formats will be added to the system. 
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