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Abstract

Data discovery and data handling often presents serious challenges to organizations

that manage huge archives of raster datasets such as those generated by satellite

remote sensing. Satellite remote sensing produces a regular stream of raster datasets

used in many applications including environmental and agricultural monitoring. This

thesis presents a system architecture for the management of time-series GIS raster

datasets. The architecture is then applied in a prototype implementation for a

department that uses remote sensing data for agricultural monitoring. The architecture

centres on three key components.

The first is a metadatabase to hold metadata for the raster datasets, and an interface to

manage the metadatabase and facilitate the search and discovery of raster metadata.

The design of the metadatabase involved the examination of existing standards for

geographic raster metadata and the determination of the metadata elements required

for time-series raster data. The second component is an interactive tool for viewing

the time-series raster data discovered via the metadatabase. The third component

provides basic image analysis functionality typically required by users of time-series

raster datasets.

A prototype was implemented using open source software and following the Open

Geospatial Consortium specifications for web map services (WMS) version 1.3.0.

After implementation, an evaluation of the prototype was carried out by the target

users from the RRSU (Regional Remote Sensing Unit) to assess the usability, the

added value of the prototype and its impact on the work of the users.

The evaluation showed that the prototype system was generally well received, since it

allowed both the data managers and users of time-series datasets to save significant

amounts of time in their work routines and it also offered some raster data analyses

that are useful to a wider community of time-series raster data managers.
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Chapter 1 - Introduction
This chapter outlines the background and motivation for this research and presents the

research questions and objectives. It also presents the outline of the research.

1.1 Background and motivation

Satellite remote sensing is a cost-effective and powerful data acquisition method which

provides raster data for a wide range of applications. Many organizations collect and use these

datasets in areas including environmental monitoring, natural resources management,

agriculture and weather monitoring. Large amounts of raster data are being gathered

continuously and data archives continue to grow.

As the data archives grow, users face the challenge of discovering desired datasets and

retrieving information from them. This mainly results from difficulties in implementing raster

data archives in ways that promote efficient discovery. There is generally inadequate database

support for the storage of raster data and the result is that most raster data archives are

implemented as file-based storage systems [6, 31]. These file-based implementations suffer

from lack of support for querying multiple raster datasets, particularly in a multi-user

environment. Queries on the raster data are usually performed on a file by file basis, using

specialised raster data analysis software. To accomplish a query on one raster data file, users

usually perform the following subtasks — discovering the appropriate raster data file, opening

the file using the appropriate software, performing the query, and discovering the results of

the query. Each of these subtasks is performed with a level of difficulty determined by the

user-friendliness of the interfaces used to perform it. Most of the readily available raster data

handling software lack user friendly means for performing these tasks.

Raster or image data processing software generally lack data management capabilities [5].

This leaves the users with the task of managing the raster data separately and data discovery

tends to be tedious and prone to error. Discovering data or files in file-based archives

demands sound knowledge of the archive set-up and the file naming conventions.

Raster data from different sources are usually provided in different formats and this means

that users need a variety of decoders to be able to read these image formats, and the users may

not always know how to use the required decoding software. Furthermore, this means that the

users need to acquire an array of the required software tools and this is not trivial task due to a

variety of reasons, including software licensing. Some open source libraries are available
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which allow developers to read many image formats but these are not usually packaged in a

user friendly manner.

Raster data analysis tools tend to require significant expertise to use and usually involve

specialised software packages. User friendly data analysis tools are not readily available,

particularly those that can be accessed on the Internet. Available analysis tools seldom

provide functionality to handle time-series raster data as is required by users in the fields of

environmental and agriculture monitoring. These users tend to require functionality that

allows them to perform some algebra or statistics on the raster data. For example, a common

practice in agricultural season monitoring involves the comparison of a given period of the

current year with the same period of the past year or with mean (or average) conditions for the

period, which allows a reasonable estimation of the quality of the current season [24]. In

preparation for this, these users also often need to create averages of time-series raster data.

Most of the readily available analysis tools also provide limited opportunities for raster data

users to automate routine tasks which could save them time in the preparation of products

which depend on the results of the raster data analysis. Users in the environment and

agriculture field often produce state of the environment or crop status reports that rely heavily

on the analysis of time-series raster data and a lot of time is spent on analysing the raster data.

Many users work in distributed environments nowadays and this often creates the need to

access data resources held on other computers. This is more so for users of raster data since

raster data archives are usually kept on powerful file servers because of the large file sizes

involved. This distributed access to raster data resources is generally hampered by the lack of

web-based systems which offer the kind of analysis functionality required.

1.2 Objectives

This research aims to determine the metadata and functionality required for discovery and

routine analysis of time-series raster data, and to propose a system architecture for such a

system. The first objective is thus to propose a schema for time-series environmental raster

data metadata which will form the basis for the implementation of a metadatabase for the

raster data.

The second objective is to propose a system architecture and suite of functions for easy and

effective use of raster data. The system will address raster data discovery, web-based data

viewing and some basic time-series image analysis functionality.
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In order to assess the viability and success of the proposed approach, the third objective is to

build a prototype implementation for the Regional Remote Sensing Unit (RRSU) using free

and open source technologies. The RRSU is a department that uses environmental raster data

obtained from satellite sensors to monitor the status of the agriculture in southern Africa. The

department is based at the Southern Africa Development Community (SADC) headquarters in

Gaborone, operating within the Food Agriculture and Natural Resources (FANR) directorate.

Agriculture remains the most vital sector in the economies of most countries in southern

Africa. One of the main activities of the RRSU is the monitoring of rainfall, vegetation and

crop performance and preparation of regular reports on the resultant implications on

agriculture and food security. The regular reports or bulletins produced usually include maps

and statistics (presented in tables or graphs) derived from satellite image datasets (examples in

figure 1.1).

Map

in figure 1.1 shows rainfall estimates compared with average while the graph shows rainfall

estimates extracted from a time-series of satellite images for a selected zone. The regular

monitoring allows the RRSU to issue early warnings of potential food security problems

arising from difficulties faced in agriculture.

The success of the RRSU in discharging their monitoring duties largely depends on the ability

to properly manage their raster data archives. Currently, users at RRSU face serious

challenges with data discovery and raster data analysis.

The final objective of this research is to evaluate, with the help of the users, the prototype

system to understand its usability, strengths and weaknesses.

3
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1.3 Dissertation Outline

Chapter 1 presented the motivation and objectives of this research.

Chapter 2 provides a literature review of aspects relevant to the research, covering metadata

management for geographic raster datasets, web-based viewing of raster data and image

analysis.

Chapter 3 presents design considerations for a time-series raster data management system

and then presents a proposed system architecture, along with the decisions that were taken in

the development of this proposal.

Chapter 4 presents the design of the metadatabase, including the proposed metadata schema

and the associated data dictionary.

Chapter 5 presents the prototype and its interface that allows users to interact with the

metadatabase management system, the web mapping service and the image analysis

functionality.

Chapter 6 presents the implementation of the prototype system including the metadatabase,

web map service and image analysis functionality.

Chapter 7 presents the steps taken to evaluate the prototype system and the results of the

evaluation.

Chapter 8 presents conclusions and recommendations.

4
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Chapter 2 - Background
This chapter presents the main concepts relevant to the handling of raster datasets, including

an introduction to raster data, metadata, metadata standards and metadata management

approaches. The chapter also presents an overview of web-based GIS concepts and image

analysis functionality.

2.1 Raster Data

In the field of Geographic Information Systems, the term raster is used to refer to a data

model in which the locations of geographic objects or conditions are defined by the column

and row position of the cells that they occupy in a two-dimension grid [27]. The value stored

for each grid cell represents the type of object or condition that prevails at the location.

Digital images, which are pictorial representations of photographic or other data, are usually

presented in this format and are often more appropriately referred to as raster images [31].

Figure 2.1 shows the raster data model. Each of the grid cells represents an area of size dX x

dY on the ground. The coordinate system of the grid usually starts at top left position (0,0)

with X position increasing towards the right and Y position increasing towards the bottom of

the grid [27, 31]. The correct ground position of the origin (Xo, Yo) is used to correctly

position (geo-reference) the raster data, that is, to give all the grid cells the positions that they

represent on the ground.
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The display of raster data is usually achieved via the use of colour tables or look-up tables

which tells the displaying software which colours to use for each of the values in the raster or

grid [31]. Figure 2.1 (b) shows the result of applying a colour table on the raster data

presented in figure 2.1(a) to get pictorial representation of the raster data. For example, all

raster cell values between 0 and 40 are given the colour RGB(255, 231, 205). This

representation, when used in conjunction with an appropriate legend, makes it easier for

people to interpret the data.

2.2 Metadata Standards for geographic datasets

The management of raster datasets usually involves documentation of metadata about the

raster datasets. In the (spatial) data management field, metadata is defined as information

about the content, quality, condition, and other characteristics of data. Metadata are often

called data about data or information about information [30]. The primary benefit of metadata

is in its support to the following tasks - data discovery, data access, data transfer, data analysis

and data use [31]. Metadata elements describe characteristics that include custodian,

description of the data (abstract, purpose, etc), geographical extents of the data, currency of

the data, storage format, data quality, and contact information. In this context, metadata are

products in their own right and are an important component of any Geographical Information

System (GIS) or spatial data management system [37].

Examples of metadata that needs to be documented about raster datasets includes the

annotations shown in figure 2.1(a). These include the width of the raster, height of the raster,

the cell size (dX, dY), and the real world coordinates of the origin (Xo, Yo).

6
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To allow metadata to be more effectively used by both humans and machines, metadata

documents are prepared following some defined metadata standards. A metadata standard is

basically a common set of terms and definitions that are presented in a structured format [18].

Metadata standards for geographic datasets include the Content Standards for Digital

Geospatial Metadata (CSDGM) from the Federal Geographic Data Committee (FGDC)

(FGDC-STD-001-1998) and ISO (International Organization for Standardization) 19115 [25].

These standards were meant to provide a structure for describing digital geographic datasets

and were intended for, among others, the developers of geographical information systems.

These standards define metadata elements, and provide a schema and a common set of

metadata terminology, definitions and extension procedures [25]. The standards allow data

producers to organize and manage metadata for geographical datasets. They define mandatory

and optional metadata elements, to ensure a minimum set of metadata required to serve the

full range of metadata applications including data discovery, access and transfer. The ISO

19115 was prepared by ISO's technical committee ISO/TC 211 which focuses on

geographical information or geomatics.

The FGDC CSDGM set contains the following ten sections [18]:

- Identification Information

- Data Quality Information

- Spatial Data Organization Information

- Spatial Reference Information

- Entity and Attribute Information

- Distribution Information

- Metadata Reference Information

- Citation Information

- Time Period Information

- Contact Information

Appendix B shows a more comprehensive list of the FGDC CSDGM elements.

Table 2.1 shows the main metadata sections included in the ISO 19115 schema.
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Table 2.1: ISO 19115 - Core metadata for geographic datasets

Dataset title (M) (Citation title) Spatial representation type (0)
Dataset reference date (M) (Citation date) Reference system (0)

Dataset responsible party (0) (point Of Distribution format (0) (Distribution Format
Contact, Responsible Party) name and Format version)

Geographic location of the dataset (by 4 Additional extent information for the dataset
coordinates or by geographic identifier) (C) (vertical and temporal) (0) (extent Temporal
(Extent, Geographic Extent, Geographic Extent, Vertical Extent)
Bounding Box or Geographic Description)

Metadata file identifier (0) Dataset character set (C)

Metadata standard name (0) Metadata language (C)

Dataset topic category (M) Metadata standard version (0)

Spatial resolution of the dataset (0) (Data On-line resource (0) (Distribution, Digital
Identification spatial Resolution, Resolution Transfer Option, Online Resource)
equivalent Scale or Resolution distance)

Abstract describing the dataset (M) Metadata character set (C)

Lineage (0) (Data Quality, Lineage) Metadata point of contact (M) (contact,
Responsible Party)

Dataset language (M) Metadata date stamp (M)

In table 1 above, M indicates mandatory elements, 0 is for optional and C indicates

conditional elements. 'Conditional' is used for one of the three following possibilities:

1. to indicate that a metadata element should be included depending on the value of

certain elements

2. to indicate that a metadata element should be included depending on the inclusion of

another element

3. to indicate a choice between two or more options, where at least one option should be

included and documented [25].

The 'Spatial Data Organization Information' and 'Spatial Reference Information' sections of

FGDC CSDGM and the 'Spatial representation information', 'Content information' and

`Reference system information' sections of the ISO 19115 allow adequate description of the

characteristics of geographic images, owing to the relevant semantics offered in their

subsections.

Both the FDGC CSDGM and ISO 19115 define the browse graphic to 'illustrate the dataset'.

Although the two standards do not specify what should be shown by the browse graphic, this
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graphic could be well suited to the provision of a 'quick look' for geographical images before

they are acquired by potential users.

The main differences between the two standards are highlighted on the FGDC website

(http://www.fgdc.gov/metadata/us-national-profile-iso19115/index  html), including the fact

that the ISO 19115 allows for the use of unique identifiers for metadata and can also be used

to describe geospatial services.

Another metadata standard in common use is the DCMI Metadata Element Set (DCMES),

developed and maintained by the Dublin Core Metadata Initiative [16]. The metadata set

comprises the following 15 main elements, each of which is optional and repeatable: Title,

Creator, Subject, Description, Publisher, Contributor, Date, Type, Format, Identifier, Source,

Language, Relation, Coverage, Rights. [16]

In order to encourage interoperability, DCMI recommends the use of controlled vocabulary

for the 'type', 'coverage' , 'date', 'language' and 'format' elements.

While the Dublin Core element set wasn't meant specifically for geographical image datasets,

it can be used to provide a basic description of digital geographic (satellite) images. The

DCMI Type Vocabulary recognises 'image' as an approved resource type. However, the

DCMES doesn't define all the elements which may be required for the developers of

geospatial metadata to fully document the geographic images in a standard way.

Documentation for geographic images requires additional information like resolution (spatial,

radiometric, temporal) and transformation details to convert the image data into real world

parameter values.

The inclusion of information for time-series datasets is not explicitly handled by all three

standards described above, although some sections of the FGDC CSDGM and ISO 19115

could be adapted to the description of time periods for which the geographic images are

relevant. Information on when a time-series starts and the time step of the series are not

adequately catered for. An additional issue with the time-series data handling is that a time

step of 10-days, usually called a 'dekad' [56], is widely used in the agro-meteorological and

early warning communities as a time-step at which reporting is done. This adds a new

dimension to time-series data handling which would need to be catered for. The metadata

standards outlined above use conventional date systems so they do not naturally cater for this.
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The use of raster data usually involves the use of colour tables or legends that at least help

users better interpret the data, as shown in figure 2.1(b). Raster image data are therefore

usually distributed with accompanying colour tables or information that helps users create

legends. Information on legends or colour is not catered for in the metadata schema outlined

above.

2.3 Metadata Management Systems

Metadata management systems provide users with means to discover metadata records and

learn about the datasets that are relevant to their interests. Metadata management systems also

allow providers of resources to input metadata into facilities where they can be discovered.

These systems usually hold metadata records that are in a consistent, standardised format.

Metadata management systems present metadata elements or schemas in either textual or

graphical form. Geographical metadata schemas typically include spatial and non-spatial

components and this has a bearing on the viewing techniques. In most cases, metadata is

presented as plain text in text files or HTML documents. Presentation of metadata in graphical

form has been limited to sample maps and to maps showing the regions covered by data [1].

The browse graphic defined by the ISO 19115 [25] and FGDC CSDGM [18] as a way of

illustrating geographic datasets is an essential component in the visualization of geographic

metadata as they provide users with a quick means of gaining an insight and comparing the

spatial characteristics of data. A common approach is to use a vector-graphics representation

of the spatial extents of geographic datasets possibly superimposed on a vector base map or

low-resolution backdrop grid image [31].

Because users of metadata typically study metadata only occasionally and cannot be assumed

to be motivated to put effort into learning to interpret complex visualization methods, it is

important to ensure that the viewing methods are easy to use [1].

2.4 Geographic Raster Data Storage

The capacity to store and manage huge volumes of image data, usually running into terabytes

of data, is an essential requirement of an image management system. Other requirements for

the image management storage system include security, backup and recovery capabilities

[36].
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Three approaches to image data storage and management — file-based, DBMS-based and the

hybrid approach are discussed in [31]. The file-based approach is where images are managed

as separate files in the file system. In the DBMS-based approach, the images are ingested into

the database in the form of binary large objects (BLOBs) or user defined abstract data types.

The hybrid approach uses both DBMS storage and file system storage. In this case, the usual

scenario is the storage of the attributes of the images in the DBMS while the image data are

stored in separate files. The hybrid approach, where links between the image (raster) data and

the DBMS stored data are established via object identifiers, is used by many organisations

that manage spatial datasets [31]. Entirely file-based approaches are also in widespread use,

usually in conjunction with compression techniques to improve on storage efficiency [6].

The inclusion of the satellite images in the database as binary large objects (BLOB) ensures

an intact database and that the management of the data benefits from the standard features

offered by DBMSs. However, the absence of a standard way of ingesting image data into

DBMSs and manipulating it has led to different implementations of the BLOB and abstract

data types (ADTs). Examples of these implementations include the GeoRaster object used by

Oracle Spatial [34] and SQL Server's Image data type [35]. An improvement in efficiency of

retrieving BLOB-based image data from DBMS can be achieved through the use of pyramids

and tiles [6, 31].

While there are compelling reasons for the ingestion of images (as BLOBs or ADTs) into

databases, there are also compelling reasons to adopt the file-based or hybrid approaches. One

of the reasons is that the hybrid and file based approaches allow freedom and flexibility for

data managers [31, 58]. Apart from the fact that the storage of binary data is not standardized

across different RDBMS, keeping the image data separate in a file server means that they will

remain available to other tools that may need to manipulate them [58]. Wu et al [58] also

argue that because the images consume gigabytes (and sometimes terabytes) of space, keeping

them as separate files result in more efficient I/O access.

2.5 Web-based Raster Data Viewing
Most viewers of geographic images render the raster data at reduced resolution levels. Main

reasons for this include copyright and performance considerations [31]. This may also result

simply from the need to fit the geographic image in a predefined window size. Visualization

of raster data at different resolutions is achieved through various techniques as presented in
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[31], including the use of previews or thumbnails, interlaced raster storage, resolution

pyramids or image pyramids and spatial multi-resolution encoding.

The Open GIS Consortium (OGC) has developed two implementation specifications that play

a crucial role in the presentation of geographical raster data on the web. These are the Web

Map Service (WMS) and the Web Coverage Service (WCS) specifications.

The WMS [33] deals with general two dimensional data and dynamically produces maps of

geographically referenced data from geographical data. The WMS specification defines three

operations — `getCapabilities', `getMap' and `GetFeatureInfo'.

The `getCapabilities' operation returns service-level metadata, which tells the users about

what to expect from the service, and how the service should be invoked. This operation

returns this information in an XML document that should at least contain information about

how to use the `getMap' operation. Below is an extract from an example of the document

returned by the `getCanahilitiec ' operation.

The `getMap' operation returns a map whose geographic and dimensional parameters are

well-defined, while the optional `GetFeatureInfo' operation returns information about

particular features shown on a map. The `GetFeatureInfo' operation allows the querying of

map layers based on supplied coordinates. WMS operations can be invoked using a standard

web browser by submitting requests in the form of Uniform Resource Locators (URLs) [33].

The WMS specification standardizes the way in which maps are requested by clients and the

way that servers describe their data holdings. For a WMS client to get a map from a WMS
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compliant server, the following nine mandatory parameters have to be given in the `GetMap'

request:

- VERSION (WMS version); REQUEST (request name); LAYERS (comma-separated list

of one or more GIS map layers); STYLES (comma-separated list of one rendering style

per requested layer); SRS (spatial reference system); BBOX (bounding box lower-left

and upper-right in the appropriate units); WIDTH (width in pixels of output map);

HEIGHT (height in pixels of output map); FORMAT (format of output map). [57]

Maps produced by the WMS are not the original data and are generally rendered in common

graphical formats such as PNG, GIF or JPEG. The Scalable Vector Graphics (SVG) [54] or

Web Computer Graphics Metafile (WebCGM) [55] formats, which are both open standards

developed by W3C, can also be used to render maps. SVG is a language for describing two-

dimensional graphics in XML which accommodates three types of graphic objects — vectors

(points, lines and polygons), images and text [54].

The common graphical formats produced by WMS means that the display of the data can be

achieved via simple HTML pages in web browsers. More sophisticated viewers can be

implemented via the use of JavaScript, VBScript, Java, Java Servlets, Java Applet, Active X

Control and browser plug-ins [57].

The OGC Web Coverage Service (WCS) [32] standard offers a set of specifications and

operations for retrieving information from coverages, where the term 'coverage' is seen to

include geographical layers such as vector (point and polygons) and rasters or grids [7]. The

WCS allows compliant server to offer data from coverages in its original form and alongside

all available descriptions or metadata instead of just rendering the coverage as a picture, as in

the case of the WMS. The presentation of the 'real data' allows complex queries to be

performed on these data. A WCS can, for example perform client-side rendering or pass the

retrieved data as input into scientific models or other clients [32].

The WCS specification defines the following three operations:

- GetCapabilities - returns an XML document describing the services and descriptions of

the data collections from which clients may request coverages

- DescribeCoverage — returns an XML document that fully describes the identified

coverages.

- GetCoverage - operation returns a coverage (values or properties of a set of geographic

locations), in a specified coverage format [32].
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2.6 Web-based GIS Development

2.6.1 Web map servers

"The basic functions of a map server are visualization, navigation and query" [22]. Map

servers can be classified based on functionality into the following three categories [22]:

- static map server — previously prepared maps (prepared by other tools, likely desktop

applications) are offered to the user

- visualization map server — a new map is prepared on each request from the user; no GIS

functionality offered but emphasis is on cartographic visualisation of the spatial data

- interactive map server — a new map created on each request from the user; user can

make changes to the map by altering some parameters; attribute and/or spatial queries are

offered by the server

Some of the common map server development tools are summarised below.

MapServer is an open source development environment for developing spatially enabled web

applications. The MapServer C API supports the viewing of a wide variety of vector and

raster formats using the OGR Simple Features and Geospatial Data Abstraction (GDAL)

libraries. It also provides support for feature selection by item/value, point, and area.

MapServer includes Mapscript that allows popular several scripting languages, including

PHP, Perl, Python and Java, to access the MapServer C API. MapServer is a cross-platform

development environment that runs within Linux, Windows, Mac OS X and Solaris.

MapServer features some OGC services, including WMS and WCS. [8]

Deegree (http://deegree.sourceforge.net/)  is a Java-based framework for the implementation

of local and web based GIS applications. Deegree is available as open source under the terms

of the GNU Lesser General Public License (GPL). Deegree offers a Web Coverage Service

(WCS) that is able to read coverages from different storage formats and deliver them to any

client that is able to perform a compliant HTTP GET or POST request. Deegree supports

several raster data formats including GeoTiff, PNG and JPEG. In addition to WCS, Deegree

features other OGC specifications, including Web Map Service (WMS). [26]

GeoServer (http://www.geoserver.org) is an open source server that allows the publishing of

data as maps or images using the OGC WMS, and vector data using the Web Feature Service

(WFS). GeoServer is a GeoTools implementation that is provided under the GNU General

Public License. GeoTools is a Java-based library and API for the development of
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geographical applications (http://www.geotools.org/) and is provided under the GNU Lesser

General Public License. GeoTools is a modular open source toolkit that implements OGC

specifications for GIS applications.

2.6.2 Web map clients

Open source web map clients that feature OGC interoperability specifications and can handle

raster data include MapBuilder (http://mapbuilder.sourceforge.net/), Ka-Map (http://ka-

map.maptools.org/) and Chameleon (http://www.maptools.org/chameleon) . These clients are

highly configurable and can be customised to suit other requirements.

2.6.3 Web-based GIS Development Approaches

The majority of web-based GIS systems follow the client-server approach, consistent with the

modus operandi of the Internet [42]. Some 'load balancing' between the server and the client

can be achieved by developing client-side GIS applications, resulting in so-called 'thick

clients'.

Three general approaches for web-based GIS are listed in [42] as follows:

- "Connectivity-first" approach where geo-processing functionality is handled by web

browsers, also known as 'browser-based GIS'

- "Computing-first" augments stand alone or desktop GIS's with netware features, also

known as 'internet-enabled GIS'

- "Component-first" approach is whereby GIS functionality is implemented from scratch

using a procedural language, such as Java. [42]

The Java Abstract Windowing Toolkit (AWT) offers APIs which can play a crucial role in the

development of rich raster data visualisation interfaces. Three of these are listed below.

- Java 2D API enables the creation of advanced graphics libraries as well as the creation

of image and graphic file read/write filters [45].

- Java Image 1/0 API - provides a pluggable architecture for working with images stored

in files and accessed across the network [46].

- Java Advanced Imaging (JAI) API — allows high performance image processing

functionality to be incorporated into Java applets and applications; offers some

performance-oriented features including image tiling and deferred execution, whereby

pixel information is processed only when needed or just-in-time, avoiding unnecessary
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imaging computations. The JAI API interoperates with the Java 2D API to mix overlay

graphics data with images. [47]

2.6.4 Techniques for efficient web-based map viewing

As mentioned earlier, the maps generated in the visualisation process are usually rendered in

the web browser in common pictorial formats such as JPEG, GIF and PNG. While these are

usually very manageable sizes, users with low bandwidth witness slow responses when

viewing is done over the web, which has limited the use of Web GIS. To alleviate these

problems, [20] discussed the use of the Tecgraf Web Format (TWF) for displaying, browsing

and printing of maps. TWF is a file format designed to represent a graphic that contains lines,

regions, text and images. TWF aims to allow graphics to be coded into small files without

converting vector source maps into raster images. This format allows text, lines, curves and

regions to retain their scalable nature and allows them to be directly selected by the user in the

browser screen [20].

Web-based GIS application development can benefit from the use of new approaches such as

AJAX (Asynchronous JavaScript and XML). AJAX [19] is a web development technique that

combines HTML, Cascading Style Sheets (CSS), the Document Object Model (DOM),

JavaScript and XML. Google Maps use AJAX to enhance performance efficiency in the

visualisation of maps [19].

Other techniques that have been used to allow more efficient display of maps in low

bandwidth environments include image tiling. Image tiling helps in the sense that only the

relevant portions of an image are displayed, without loading the entire image into memory

[28]. This reduces processing and bandwidth requirements and allows users to quickly pan

from one section of the image to the other.

2.7 Functionality required in food security early warning

While the accumulation of satellite datasets over time creates data management challenges, it

allows those in environment management and early warning an opportunity to compare

current trends with historical ones. Also the timeliness and consistency of remote sensing data

has compelled early warning practitioners to use remote sensing data extensively in their

work. Since remote sensing data is usually presented in digital raster form, most early

warning systems require an ability to read and manipulate raster datasets. A common
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approach in early warning analysis is the comparison of a given period of the current year

with the same period of the past year or with mean (or average) conditions for the period,

which allows a reasonable estimation of the quality of the current year [24]. Software tools

available to early warning practitioners need to be able to perform these and other analyses on

raster datasets. The WinDisp software manual [10] lists and explains some of the functionality

required in an early warning system that relies on the processing on time-series satellite

images. The WinDisp package is a software package commonly used in the early warning

community to process raster datasets. It is a desktop public domain software package for the

display and analysis of satellite images, maps and associated databases, with an emphasis on

early warning for food security, and was originally developed for the FAO's Global

Information and Early Warning System [10]. The functionality offered by this package

includes:

- comparison of multiple images

- extraction of statistics for graphing trends from a number of satellite images, such as

during the crop growing season, for comparison with other years

- computation of new images from a series of images.

While the WinDisp package offers some of the required functionality for food security early

warning, it does not offer convenient image discovery tools and users may go through lengthy

steps to achieve desired results. The WinDisp software offers some limited automation

options, where repetitive actions are handled through the use of simple iterative loops. The

package is also unable to make its functionality available on the web and this limits its use.

2.9 Related Work

2.9.1 Metadata management systems

The GeoNetwork Opensource is a metadata management system developed by the United

Nations' Food and Agriculture Organization (FAO) to facilitate data sharing and exchange

between organizations [59, 51]. This metadata portal allows users with necessary privileges to

enter metadata about their geographic data or other digital resources following the ISO 19115

standard. Templates for raster and vector datasets are made available to users. Users can also

prepare and save their own templates in the system to facilitate faster entry of metadata

records for other similar datasets. Appendix A shows the template offered by GeoNetwork to

guide users in the provision of metadata for raster data following the ISO 19115 standard.
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The GeoNetwork raster metadata template shown in Appendix A does not explicitly force the

metadata creator to include a formula (usually linear y = mx + c) to transform image data

(typically 0-255 for 8-bit images) into values representative of the parameter being measured

(say 0 to 0.8 for vegetation index). The ISO 19115 features two elements 'scale factor' and

`offset' in the 'Range dimension information' section [25] for this, which appear to have been

overlooked by the developers of the GeoNetwork Metadata Catalog, as it doesn't feature in

the template shown in Appendix A.

The GeoNetwork portal features a text search facility (figure 2.2) that allows users to discover

available records via the use of keywords that are entered into the system by metadata

providers.

The GeoNetwork portal can optionally be linked with an open source interactive map viewer,

Intermap, to facilitate viewing of map or image datasets that are available in the system.

Intermap is a generic interactive map viewer that supports the OGC Web Map Service

(WMS) standard and ESRI ArcIMS web map service [51].

While the GeoNetwork portal does support the management of spatial raster datasets, it does

not provide functions aimed at handling time-series raster datasets. Relationships between

datasets are managed by the use of keywords but there are no specific functions to deal with

relationships between datasets based on their time period, spatial extent or thematic content.
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To handle the 2D nature of image data, the RasDaMan array DBMS [4] features an array

based query language, rasQL. RasQl extends SQL92 query language with operators to handle

multi-dimensional discrete data.

2.9.2 Raster Data Management Systems

The Global Information and Early Warning System (GIEWS) Workstation [17] is a web-

based geographic information system for managing remote sensing, geographic datasets and

textual data at global and country levels. This database system was developed by the United

Nations' Food and Agriculture Organization (FAO) for handling food security early warning

information. The system is developed using Java and has a MySQL database backend.

Remote sensing datasets are stored in tables as BLOBs in the database backend when a user

enters them into the system. The Java-based application supports several image formats

including (ESRI BIL, WinDisp IDA, GeoTIFF, etc). The system features a metadata

management system that can allow users to fetch metadata records based on supplied

keywords. A map viewer is featured which allows user to visualize display datasets that are

included in the database. Geographical map layers can be overlaid in this viewer, while new

map layers can also be added.

The analytical tools offered by the GIEWS Workstation are not adequate to handle the main

routine functions required of an early warning system. Tools are required to assist with

preparation of maps for bulletins and ad hoc reports. Functionality to extract statistics from

geographic images and to handle image time-series functions, such as averaging and
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preparation of new graphics on the fly, are not included in the system. Users are also unable to

do pixel-based queries on the layers displayed in the viewer.

GrIdS [31] is a DBMS-based raster data management system that offers various functions

including raster data insertion and extraction, data mosaic creation, raster data tiling, geo-

referencing and visualisation. The system does not however address time-series analysis of

raster data.

[6] presents a raster-based database application, RasGEO, which provides interactive

navigation on continuous raster datasets as well as ad-hoc generation of some compound

raster products. The application is developed as a servlet-based Web application which runs

on top of raster data management system known as the RasDaMan multidimensional DBMS

[4]. While the RasGEO and RasDaMan combination offers efficient means of storing and

retrieving raster datasets, it does not provide adequate functions aimed at managing time-

series raster datasets and analysing them to produce results that appeal to the agriculture and

environmental monitoring users.

A web-based geographical visualization tool based on OGC specifications, including WMS

and WFS, for viewing information related to earthquake occurrence is discussed in [40]. The

tool handles grid raster data and allows viewing of several geographic data layers but does not

offer further GIS functionality.
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Chapter 3 — System Architecture
This chapter outlines design considerations for a time-series raster data management system

and then presents a proposed system architecture, along with the decisions that were taken in

the development of this proposal.

3.1 Introduction

Remote sensing satellites provide streams of raster datasets used for various environmental

applications. Many organizations collect these raster datasets on a continuous basis, with each

raster file received becoming part of a large pool of raster datasets in their archives. A typical

scenario in these organisations is one in which there are data managers and data users who

face different challenges with regard to the handling of raster datasets.

Figure 3.1: Typical scenario for organizations receiving and managing raster datasets

The following sections summarise the typical needs for both the data managers and data users,

which influence the design of a possible solution for time-series raster data management.
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3.2 Typical Needs for Data Managers

3.2.1 Data formatting

The raster datasets are often received in numerous formats depending on the data providers.

This means that data managers have a responsibility to reformat these datasets to suit the

demands of their organization before storing the datasets. For this purpose, the data managers

need access to a set of data conversion tools.

3.2.2 Data storage

Data storage is often the biggest challenge for data managers, considering the huge volumes

of typical raster data streams, both in terms of numbers and file size. A raster data

management system must have the capacity to store and manage terabytes of data because of

the frequent data acquisitions [36] and the need to maintain historical raster datasets. Data

managers require a means to reliably store the raster datasets, and at the same time make them

readily available for the users. The storage approaches are usually a choice between file-

based, DBMS-based and the hybrid. The advantages and disadvantages of each approach are

discussed in [31]. The decision of the data storage option is often largely influenced by

available tools that will be used to access the datasets.

3.2.3 Data documentation

In order to promote the easy discovery of data held by the organisation, the data managers

need to provide metadata on all the data collections that are held [31, 36]. Because of the

volumes of the data involved, the mechanism for the creation of the metadata need to be user

friendly and efficient to allow the data managers to easily perform this task. The

documentation provided by the data managers informs the users where the data resides and

also helps them understand and determine the appropriate use of the datasets. The

documentation also needs to include information on how to contact the data provider to ask

questions or suggest improvements. For file based or hybrid storage approaches, the file

naming conventions used on the files need to be adequately documented and presented to the

users. Because this documentation needs to support the entire chain of data discovery and

further manipulation, it needs to be as complete as possible. This documentation also needs to

be provided on a platform where it can be readily accessed by the targeted users.
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3.2.4 Data distribution

For organizations that have a duty to further disseminate the raster datasets, the data managers

need to maintain contact details for the external data recipients and the details of the formats

in which they receive the raster datasets. They also need to keep records of how to get the

raster datasets out to their recipients.

3.2.5 Raster data manipulation

Raster data managers need various tools to manipulate raster datasets as part of their regular

routines [31, 36]. They need efficient tools which minimise the manual component in order to

save time and also reduce errors in the processing. In anticipation of some raster data analyses

which require some reference raster datasets, data managers need tools to prepare reference

raster datasets like time-series averages, and other statistical references including median,

maximums and minimums.

3.3 Typical Needs For Data Users

3.3.1 Data discovery mechanism

The ever increasing size of raster data archives means that users require efficient and effective

means for sharing and retrieving datasets that are available in archives or databases held by

their department [36]. In a typical scenario, users rely on standalone desktop systems which

do little to assist them with the task of locating files that they require. Users generally require

good prior knowledge of the locations of the files that they need before the can use them for

any analysis.

3.3.2 Access to data documentation

Data users need platforms to easily discover documentation provided by data managers or

providers on how to use the raster datasets and how to get help in using the datasets [30, 31,

36, 51]. This could be addressed by the provision of documents showing the 'frequently asked

questions' for each raster dataset and answers to those questions.

3.3.3 Raster data analysis tools

Section 2.8 lists some image analysis functionality relevant to a department that uses time-

series raster datasets for agricultural monitoring in the context of food security.
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Some of these analyses are applicable to a wider community that handles time-series raster

datasets. These include the computation of new images from a series of images. The new

images could represent the average, sum, median, minimum and maximum of a time-series

collection.

Another common need for data users is for tools to extract information from the raster files

[6]. Requirements include extracting information for a given point or area of interest, and

analysing the images to get summaries for selected time-series collections of raster data.

Overlaying the raster data with other geographical data to help with analysis and

understanding of the data should also be provided as a service in a raster data management

setup [6, 7].

The raster data analysis tasks are quite often hampered by delays in accessing the collections

of raster data required to complete the task, which is essentially a data discovery and access

problem.

3.4 Proposed System Architecture

3.4.1 Introduction

To address the time-series raster data management needs outlined in the previous sections, a

system architecture is proposed here as shown in figure 3.2.

Figure 3.2: System Design

Figure 3.2 shows the proposed system design and the main components proposed. The system

architecture is based on a three-tier model [41], which separates the application logic from the
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client and the back-end. This separation allows the system to be flexible and robust, and also

allows the application logic to operate on data from multiple sources [41].

Another motivation for the chosen architecture is that it utilizes only computer hardware

resources that are already available to the targeted department.

The following sections describe the components of the proposed solution.

3.4.2 Back-end

The back-end of the proposed system comprises the metadatabase and file servers containing

the raster datasets. With regards to the storage of the raster data files and the metadata, the

proposal was to keep raster data files on file servers and the metadata in a database. The main

reason for this was the fact that the raster data files need to remain available to other software

packages which need to access them.

The metadatabase, which is the central part of the raster data documentation and discovery,

maps the locations of the raster data files and contains other metadata which helps in

understand the usage of the raster data. The full design of the metadatabase is explained in

chapter 4.

PostGIS [38] and MySQL Spatial [29], both free and open source DBMS software packages,

were considered in the choice of the software for the development of the metadatabase.

Postgres/PostGIS open source DBMS enjoys a good relationship with the University of

Minnesota's MapServer open source project, which was a strong candidate for the

development of the visualisation component, discussed later.

PostGIS was chosen as it offers the functionality required, and also because it offers full

support for OGC specifications for spatial DBMS s. The functionality of MySQL is believed

to be only suited for simple WMS support and no spatial operations are done on geometry

objects [21].

3.4.3 The Application Layer

The middle layer provides web pages for users, performs critical functions of the proposed

solution, and retrieves data and metadata from the back-end. These three tasks are handled by

separate components that can be modified or replaced independently.
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Database Search Engine

The database search engine receives requests carrying the search criteria and connects with

the metadatabase to find the matching raster datasets and then prepares a web page listing the

results of the search. In the proposed solution, the presentation of the results by the search

engine allows the users to get details about each of the raster datasets that are returned by the

search.

Web Map Server

The web map server receives requests indicating the raster data sets to be viewed and prepares

graphics of these raster datasets ready for display in a web browser. For the development of

the web map server, MapServer's Java MapScript API was chosen, as it offers enough tools

for the development of a web map server, and is widely used for the development of web

mapping applications. The MapServer's Java MapScript API comes with the Geospatial Data

Abstraction Library (GDAL), an open source translator library for raster geospatial data that

handles many raster data formats, including the Image Display and Analysis (IDA) [10]

format, which was one of the main raster data formats targeted.

MapServer can be run as an out-of-the-box CGI program with the HTTP server. For the

development of the web map server, the use of MapScript instead of MapServer CGI is

preferred because of the opportunity to merge the functionality of MapScript with the

functionality of other programming packages. This option provides the possibility of

extending the functionality provided by an out-of-the-box MapServer application, for

example, to do some extra image manipulation in Java. Use of Java MapScript API also

means one can choose which requests are to be entertained by the web map server, apart from

the ones already specified by OGC WMS standards, and one can control how the map layers

and their legends are drawn and how layer query information will be extracted and presented.

Time-series Image analyser

This component processes image analysis requests from users and prepares a single raster file

representing the result of the analysis. It interacts with the database to get the locations of the

raster files before reading them from the appropriate file server. Time-series analysis

functionality to cater for routine analyses only was considered. The image analysis functions

were developed in the form of Java utility classes, mainly because the Java Advanced

Imaging (JAI) API [43] offers a wide variety of image processing utilities. Results of the
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analyses by this component are prepared in the form of raster data files which can be used by

the web map server.

3.4.4 The User Interface Layer

To cater for the needs of data managers and users, we proposed the following 6 user interface

components.

Metadatabase Management Interface

This interface allows the raster data managers to insert metadata records into the

metadatabase. For ease of access this interface is accessible on the Intranet through a web

browser.

Image Search Interface

The image search interface allows the users to formulate search requests for the raster data

based on keyword, data theme, data type, period of interest, region of interest and cloud cover

level of tolerance. This component passes requests to the 'Database Search Engine'.

Metadata Viewer

The metadata viewer presents selected metadata to the users for specified images. This facility

allows users to learn more about the records discovered via the image searches. The metadata

elements to be presented to the users were determined through consultation with the users.

Browser-based Image Viewer

This component is used to view images returned by the Application Layer. It is technically a

WMS client that allows users to pass requests to the web map server. These requests include

information on the map layers to be viewed, the geographic extent of the area of interest, the

layers to be queried, the position of the point whose information is being queried, and the

format of the map or document to be produced. MapBuilder, an open source web mapping

client, was chosen for the implementation of the WMS client, mainly because it is easily

customisable, and operates well within the Apache Tomcat HTTP service environment.

MapBuilder allows a web developer to easily add dynamic maps, including GIS layers and

images, from multiple web map servers to their web site. A web developer can customise

MapBuilder by building and adding new map widgets to enhance preferred mapping

27

Univ
ers

ity
 of

 C
ap

e T
ow

n



functionality. MapBuilder is a browser-based application that was developed to be fast and

interactive and was built using the AJAX [19] development approach.

Time-series Analysis Interface

A component specifically for time-series data was required, to allow the users to specify the

period of interest and the type of images that they would like to use, and to save as much time

as possible in providing this information. This component passes requests to the 'Time-series

analyser'.

System Homepage

The homepage is the means to access all the functionality and features of the system. It is

important to provide quick access to functionality for experienced data managers and data

users; other ways of navigating can be added as well.

3.4.5 Discussion

This system architecture takes into account the needs of both the data managers and the data

users. However, there is a notable bias towards providing more features and functionality for

the data users than for the data managers. The assumption was that what most data managers

lacked was the means to document the raster datasets in a manner that promotes easy data

discovery, and therefore the proposed solution offered the data managers a means to deal with

this problem in particular. [31, 36] identify this common need for raster data managers.

The proposed solution (figure 3.2) does not require new hardware in addition to that which is

already found in typical raster data management scenarios (figure 3.1).

The fact that the web server also serves as the application server keeps the solution simple and

means there is no requirement for additional servers. This could, however, compromise server

performance when many requests for raster data or raster analysis are placed simultaneously.

The prototype system does not offer tools to perform some formatting of the raster datasets

before they are stored in the back-end. The assumption was that the data managers already

have efficient means to perform these tasks and that the bulk of the raster datasets are already

in a suitable format. The main data providers that were identified by the users of the system

provide raster data that does not require reformatting.

Overall, the proposed system architecture provides enough functionality to have a meaningful

impact on the work routines of both data managers and data users. Organizations that deal

with raster data management invariably seek to reduce the amount of time spend on manual
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processing and delivery of data so that they can create some time to focus their efforts on

value-added services [36] and the proposed solution should go a long way to allow these

organizational to achieve this.
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Chapter 4 — Metadatabase Design
This Chapter outlines the design of the metadatabase, including the requirements analysis, the

conceptual schema and the physical database design. The development of a data dictionary for

the metadatabase is discussed at the end.

4.1 Determination of required metadata

To determine an initial set of metadata items that would be required in the handling of

satellite images, documents used in the management of image data at RRSU were inspected.

The image data handling activities of the RRSU are summarized in figure 4.1 above.

Image data comes to RRSU from several sources in various formats, via either file transfer

protocol (FTP) or e-mail. These are stored in the RRSU archive. They are reviewed and

analysed before being used in regular reports and bulletins, or chopped into country coverages

and distributed to SADC Member States via e-mail. Preparing the image data for the bulletins

and publication on the RRSU website involves several stages of processing using various

software tools.
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The suppliers of the images also supply information that will allow the users to understand

and use the images more appropriately. The information supplied usually includes the

following:

— the data represented in the images, for example "rainfall"

— the geographic extent of the data, specified as a latitude and longitude range

— image formats, including name of the format used and number of bits per pixel

— image type information (including upper and lower image values, values representing

missing data, information used to convert between image pixel values and the real world

data represented by the pixel values)

— coordinate reference system (including geographic projection, reference ellipsoids,

standard parallel(s), central meridian)

— geo-referencing information (information required to properly position the images so that

they can be used in conjunction with other geographic datasets).

Most of the information supplied with the images is not provided in a particular metadata

standard format and is usually found in "readme" files compiled by the suppliers.

Table 4.1 — Information typically associated with the satellite images

Information Example
Descriptive
Title "Vegetation index image for January 21-

31, 2009"
Theme Vegetation
Purpose of the image Monitor vegetation condition
Parameter normalized difference vegetation index

(NDVI)
Valid value range for the parameter being 0.1-0.8 for NDVI; 0-253mm for rainfall
measured
Time-series information (whether the data  21 April 1998 to 31 December 2006
is part of a time-series, start and end of
time series, time interval of the series)
Geographic extent (minimum bounding 11 - 45 degrees East; 35 degrees South
rectangle, bounding polygon for images) to 6 degrees North
Data quality information (positional 21% cloud cover; 45 missing lines
accuracy, cloud contamination, etc)
Time of validity period represented by the 11-20 December 2006
parameter / time period of content
Administrative
Name of file(s) V08013
Geographic projection Albers Equal Areas Projection
Spatial resolution of the image 0.1 degrees
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Reference ellipsoid WGS 84, Clarke 1866
Radiometric resolution 8-bit, 16-bit
Image size (width x height) 250 rows x 400 columns
Image format (n bytes, binary, etc) 8bit binary
Number of bands in the image 1
Byte layout plain binary, binary interleaved (BIL)
Date of acquisition / entry into the system 22 July 2006
File size (for advice on possible 450 Kilobytes
processing or download time)
Distribution information — mode of FTP, e-mail
delivery, format, etc
URL or file location for the image \\workstationl\images\imagel.iml
Legend (colour map or file)
Compression information (whether the ZIP, RAR
image data is compressed; if yes, utility to
use to uncompress, passwords if
applicable)
Usage constraints None
Source and alternative sources of image www.earlywarning.usgs.gov/adds
(where this image could also be obtained
from)
Decoder software list (software that can WinDisp, ESRI ArcView
be used to handle the image)

4.2 User participation

Forms were prepared listing the metadata information types shown in table 4.1. These forms

were handed out to the users in hard copy and explanation was given to the users on how to

fill the forms. The 3 users chosen were those who manage the data archives at the RRSU and

were chosen because of their experience with metadata handling.

The metadata form had headings as shown below.Metadata

Required for storage Required for display 

Proposed metadata were listed in one column. The other two columns in the form required the

users to indicate whether the proposed metadata was required for storage in the metadatabase

and whether it would be required for display to the user when the user searches for datasets

from the database.

The goal of the project was first explained and proposed metadata and functionality proposed

for the geo-image visualisation and query interface was given to the users to help them

appreciate some of the metadata that would be required to support the prototype system. Users

were thus asked to go through the proposed metadata items and functionality proposed for the

geo-image visualisation and query interface.
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Users filled in the forms and verbally explained the reasons for some of their responses and

they also annotated the forms. The feedback from the users, as gathered from the forms,

revealed that some important information elements had been omitted in the initial draft. These

include the formulas to convert between image data and parameter data and graphic

overviews of the image data. These were added to the revised element set.

The responses from the users highlighted the information they would wish to have presented

upon request. At a later stage in the metadatabase design, this information would be used to

determine the queries to be made on the metadata DBMS, which would in turn determine the

relations and the linkages between them.

Scans of the filled forms from 3 users are shown in Appendix C.

4.3 Metadata Element Set

The metadata element set was revised to reflect views and comments raised by the users.

Some additional information was accommodated in the reviewed element set, shown in table

4.2. The two additions included are highlighted.

Table 4.2 Revised metadata information requirements

Proposed metadata element / term Metadata Standard

Descriptive
Title ISO 19115, CSDGM, DC

Purpose of the image ISO 19115, CSDGM, DC

Theme (e.g. vegetation) ISO 19115, CSDGM, DC

Parameter (normalized difference vegetation index) ISO 19115, CSDGM, DC

Valid value range for the parameter being measured (e.g. 0.1- ISO 19115, CSDGM

0.8 for NDVI / 0-253 for rainfall)
Time-series information (whether the data is part of a time- Partially covered by ISO

series, start and end of time series, time interval of the series) 19115, CSDGM

Time of validity period represented by the parameter / time ISO 19115, CSDGM, DC

period of content
Geographic extent (minimum bounding rectangle, bounding ISO 19115, CSDGM, DC

polygon for images)
Data quality information (positional accuracy, cloud ISO 19115, CSDGM

contamination, etc)
Browse Graphic ISO 19115, CSDGM

Administrative
Name of file(s)
Geographic projection Bo 19115, CSDGM

Reference ellipsoid ISO 19115, CSDGM

Image size (width x height) ISO 19115, CSDGM

Number of bands in the image iso 19115, CSDGM
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Spatial resolution of the image ISO 19115, CSDGM

Radiometric resolution [8-bit, 16-bit] ISO 19115, CSDGM

Image format (n bytes, binary, etc) ISO 19115 CSDGM

Byte layout (plain binary, BIL, BSP) ISO 19115 CSDGM

File size (for advice on processing or download time) ISO 19115 CSDGM

Date of acquisition / entry into the system ISO 19115 CSDGM

URL or file location for the image ISO 19115 CSDGM

Source and alternative sources of image (where this image ISO 19115, CSDGM

could also be obtained from)
Distribution information — mode of delivery, format, etc ISO 19115, CSDGM

Legend (colour map or file) Not covered
Compression information (whether the image data is Partially covered by

compressed; if yes, utility to use to uncompress (e.g. WinZip), CSDGM

passwords if applicable)
Decoder software list (software that can be used to handle the Partially covered by ISO

image) 19115

Usage constraints ISO 19115, CSDGM

Formulas to transformation image data into parameter values ISO 19115

Table 4.2 shows the revised list of proposed metadata and also shows whether or not these are

adequately covered by the metadata standards discussed in Chapter 2 — ISO 19115, FGDC

CSDGM and Dublin Core. It can be seen that most of the proposed elements are covered by

the ISO 19115 and FDGC CSDGM, which are quite comprehensive metadata schemas. Only

a few of the proposed metadata are not covered by the reviewed standards. The few metadata

elements not covered by the metadata standards reviewed in Chapter 2 primarily represent

time-series information. These include, for example, the start and end of each time-series, the

interval of the time-series and any gaps that may exist in the series. The principal time-series

interval used at the RRSU, the 'dekad' (10 day period), is also not covered by ISO 19115

codes defined to represent different maintenance frequency intervals. The 'Dataset Series'

defined by the ISO 19115 is defined generally as a "collection of datasets sharing the same

product specification".
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Illustration 4.1 shows the common understanding of a dataset series as defined by the ISO

19115, in which a series of maps are required to cover one region of interest. This

understanding of a dataset series means that the series was not defined in such a manner that it

can also be used to adequately represent a time-series dataset. To accommodate a time-series,

it was therefore necessary to include metadata elements pertaining to a time-series, including

the start, end and time intervals.

Other metadata not covered by the standards relates to the management of colour tables used

in the display of images, like the name and location of the colour tables, and their formats.

It should also be noted, that while the ISO 19115 standard defines elements for the lower and

upper limit of the data being represented, there are two types of lower and upper limits of

interest — one pertaining to the data represented in the image and the other pertaining to the

lower and upper limit of the pixel values in the image. For example, we can say that

vegetation index ranges from 0.1 to 0.8, but in the image type that represents this data, the

image could have a lower limit of 0 and an upper limit of 250. Both types of limits useful are

required in order to properly use the images.

Other metadata requirements not adequately handled by the ISO 19115 and the FDGC

CSDGM include the compression details and list of software required to decode the image

file. For compression, it is required to know the software that would be used to decompress

the data, and any password(s) required in the decompression.

The list of software that can be used to decode the images will also help users. Details

required here include the operating system on which the decoder software is run and how the
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decoder should be used. These details are not adequately accommodated by the reviewed

metadata standards.

4.4 Metadatabase Schema development

Based on the revised element set described in the previous section, a database schema was

prepared, shown in figure 4.2.

4.5 Structural business rules for the database schema design

Raster data can be of different data types, such as thematic layers including vegetation cover

or rainfall totals. Each image data type has one or more sources. A source (e.g. US

Geological Survey Data Centre) can provide more than one data type. The image data type

is distributed by the source via one or more distribution channels (e-mail, FTP). For each

image data source there is a contact person (responsible for distributing the image data).

Each image data type from a source is obtained in a specific image format. A data type has

a theme (e.g. land use, vegetation) and can have a time-series (e.g. vegetation data from the

NOAA satellite start from 1982 to 2007, at a time interval of 10 days). For each image type

there is a colour table or legend. For each image type there is a spatial reference system or

geographic projection, and an image format. For each image format there is principal

decoder (main software used to decode the images).
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It is important that metadata also record the people involved with the collection and

management of the images. For each data type there is a contact person (responsible for the

data type in the organisation). For each image metadata record there is an author or contact

person.

These relationships are shown by the metadata schema in figure 4.2.

As an example, for a sample image named "v07083", there is one decoder name "WinDisp",

image type "SADC NDVI Latlong" with a data type "SADC NDVI" of the theme

"vegetation", supplied by source "National Space Science Administration (NASA)" by

contact "Ron Smith". Image "v07083" is associated with colour table "ndvie.clr" and has

image format "8bit IDA". This image "v07083" is managed by contact "Dorothy at RRSU"

and was distributed to SADC countries under distribution scheme "GAC Data".

Figure 4.3 shows the complete metadata schema diagram that was developed for the

metadatabase.
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4.6 Reasons behind the DB schema design

The metadata element set was designed to comply with and extend the chosen standard for

geographic metadata, in this case IS019115.
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The main tables in the database schema — datatype, imagetype and image — were split such

that for those images which are part of a time-series, the information is not duplicated every

time a new image is acquired. Information which is applicable to all the images in an entire

time-series collection is held in the datatype and the imagetype tables. While the imagetype

and the datatype tables could have been joined, they were separated so that the datatype table

deals with the information regarding the world meaning of the data represented in the images

(e.g. the parameter being measured, such as vegetation), while the imagetype table deals with

the computer representation of the image itself (e.g. number of bits used to represent a pixel

value).

Separating these two tables from the image table means that only metadata information that is

unique to a specific image in a series is captured when the image is acquired. This image table

links to the imagetype table which in turn links it to the datatype table so that the entire set of

metadata can be obtained about that image when it is required.

It should be noted that the table 'spatial ref sys' is a standard PostGIS table that holds the

spatial reference systems that are available [38].

4.7 Preparation of Data Dictionary

A data dictionary listing the metadata elements and their descriptions was prepared and is

shown in Appendix D. The data dictionary also shows the data types used for the metadata

elements and equivalents for IS019115. The possible values for each of the metadata

elements are also specified. This dictionary was created so that database users could refer to it

when they do not understand some of the attributes used in the various tables. A web page

with the data dictionary was prepared and this is accessed through a web link that is provided

on each of the database management forms.
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Chapter 5 — Prototype Interface Design
This chapter discusses the interface that allows users to interact with the prototype system that

was developed for the handling of time-series raster datasets on the Internet. The functionality

that the prototype offers is presented at the same time. This prototype is an example of how

the system can be presented to end-users; different implementations of the proposed system

architecture will differ according to the needs of the end-users they serve.

5.1 The User Interface and Design Considerations

The prototype system was installed on a Linux Server running Apache Tomcat HTTP server.

The prototype can also be implemented on a Windows Server with Apache Tomcat with a few

minor changes.

The home page of the prototype system is shown below.

The home page of the prototype provides a text index for quick access to all the important

sections of the prototype — the metadatabase management section ("Database Discovery" and

"Database Management"), the web map service ("Query Search and View"), and the image

analysis functionality ("Time-series Image Analysis"). The home page also offers the users

quick links to some useful information like a listing of available data types.
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Providing all these features on the homepage also meant that the home page looks quite busy

and rather congested. However, fast access to all these important features was considered a

priority and the idea was to reduce the number of "clicks" performed to reach any desired

item. White space was used to create natural groupings on the screen to separate the different

features and reduce the visual complexity of the home page.

The home page and the rest of the user interface were designed to be obvious and self-

explanatory. The design ensures that users can easily determine what actions are possible at

any moment and constraints in the form of drop-down lists were used where possible to

reduce the chances that users will provide information that is inappropriate.

The interface was also designed to have consistency in several ways. For example, consistent

fonts and colouring was used on all the database management forms. The colours used are

variations of the target department' s corporate colours. The user interface allows the same

sequences of actions for most of the services offered, for example, database management

interface forms are filled in a consistent manner and submission of information into the

database was standard across all the forms.

The following sections will discuss some sections of the interface shown on the home page in

figure 5.1.

Users access the database management interface by choosing the "Database Management"

link on the system homepage. The entry of information into the database is facilitated by web
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forms that can be accessed from the database management section of the interface, shown in

Figure 5.2. The common task, adding an image, is the top (first) option; the others are

carefully named so that their functionality is self-evident e.g. "Add Colour Table". Links to

the data dictionary web page are provided on the database management forms. Appendix E

shows the forms provided in the prototype.

5.3 Image Search Interface

5.3.1 Image Search Form

Image discovery was one of the main objectives of the prototype. An HTML link on the

metadatabase home-page labelled "Search for image(s)" leads the user to the image search

form shown in figure 5.3 below. Available themes, data types and raster dataset sources are

provided in drop-down lists. The default region or geographic extent is the area that covers

the countries of the SADC region. This can be modified to narrow or expand the search area,

by providing the north, south, west and east bounding coordinates. The targeted users have a

good geography background and are expected to be able to easily provide coordinates when

specifying regions of interest. This allows them to be more precise in the specifications. Some

of the users indicated that they would have also wanted a facility that allows them to draw the

region of interest on a reference map on the screen using the mouse. Such an interface is

generally perceived to be more user-friendly but is less accurate in specifying coordinates of

interest. This facility was not implemented due to lack of time but could be pursued in further

development of the prototype.
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5.3.2 Presentation of image search results

On pressing the submit button, the images that meet the criteria are then displayed as

concisely yet informatively as possible. Each image is shown as in figure 5.4, giving key

metadata along with buttons linking to more detailed views.

5.3.3 Image metadata viewing

Appendix C shows metadata information items that the users wanted for each image. Further

consultation with the users produced a smaller prioritised list of metadata elements. The

"About this Map" link leads users to a web page that shows this list of selected metadata
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elements alongside the image thumbnail (browse graphic) as shown in figure 5.5. Links to the

next or previous images in the time series collection are provided.

Figure 5.5 also shows a link "View Map" that allows the image to be viewed in the web map

service.

5.3.4 Quick search and view

The home page of the prototype system also provides another option for searching for raster

data from the metadatabase as shown in figure 5.6. This option only allows searches based on

the time period and the data type of the image. The time period is specified as the year, the

month and the dekad number of the month. Dekad numbers are 1-3, to represent the periods, 1

to 10, 11 to 20 and 21 to end of month.Univ
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If a user chooses the "Monthly" option shown in the figure 5, the search will return all the

images for the specified month, for all the 3 dekads. The "Dekadal" option returns only the

image for the one dekad specified.

5.4 Image Viewing Interface

5.4.1 Image Viewer

The web map service offers an "image viewer" to facilitate the viewing of the images

discovered via the metadatabase searches. The image viewer displays the image as shown in

figure 5.7 below. A reference map is given in the bottom-right corner of the image viewer

with an indication of which region the image data covers.

5.4.2 Navigation features

The viewer interface offers navigation features — zoom, pan — to allow users to explore the

image or raster data. A map overview (insert) is provided to allow the user to see which part

of the SADC region they are viewing. Latitude and longitude coordinates are also displayed

for the point over which the mouse is hovering. A drop-down list is provided which lists all

SADC countries and allows a user to zoom directly to any country of their choice. The
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buttons below the map are standard buttons for common GIS functions, as detailed in Table

5.1.

5.4.3 Legend

The legend of the image is retrieved and presented as a graphic (either PNG or GIF) on the

top right of the viewing interface to help users interpret the colours shown in the image

viewer.

5.4.4 Available GIS Layers

Other GIS layers loaded into the viewer are listed just below the image legend. Users can use

the check boxes provided to select or de-select the layers depending on which ones they want

to view.

5.4.5 Metadata

Some essential metadata records are retrieved from the metadatabase and presented alongside

the image, shown on the right in figure 5.7. These records were selected based on

consultations with users.

5.4.6 Time-series navigation

The user can view other images which are in the same time-series as the current image by

using the links "<< previous <<" and ">> next >>" as shown in figure 5.7, just above the

image being viewed. These links are only activated when the previous or next images in the

series are available. The date of the image is displayed on the interface so that the users can
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keep track of the period the image represents. This date is part of the metadata records

retrieved from the metadatabase.

5.4.7 Image pixel-based queries

The user can select the information tool and click on a point of interest on the map. The

information for the point, for example vegetation condition or rainfall amount received at the

point, is then presented as either XML or HTML (default is HTML).

54 Image Analysis Interface

Image analysis functions are accessed through the home page as shown in figure 5.8 below.

Figure 5.8: Interface for accessing image analysis functions

This allows users to specify the start and end of time-series period of interest and provides a

drop-down list of human-readable image type names. Check boxes are provided to specify

which type of image analysis the user wants to perform. The currently implemented functions

are image averaging, image summation and calculations of percentage of average

(comparison with average) as these are the most commonly used, based on user interviews

and consultation of reports produced. The percentage of average function provides a

comparison between current conditions and reference (average or expected) conditions. The

function gives the user an image which is the result of dividing the sum of all the images in

the specified time interval by the sum of the images representing the averages of each of the

periods in the interval, and multiplying the result by 100. See Figure 6.9 (section 6.3.3) for an

illustration of this function.

The 'Analyse Time-Series' button will initiate the processing and invoke the web map service

to display the results as in figure 5.7.

An overview of the prototype system and its interface is shown in figure 5.9.
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Chapter 6 — Prototype System Implementation

This chapter presents the steps that were taken in the implementation of the prototype system

for the management of time-series raster datasets. The chapter is presented in three sections —

metadatabase implementation, web map service implementation and image analysis

functionality implementation.

6.1 Metadatabase Implementation

6.1.1 Database Creation

The database 'postgistemplate', an in-built template, is used so that the new database

'rrsu_imagedb' is spatially-enabled. Spatially enabled here means that the database has spatial

functions and in-built tables required to handle geometry.

A PostgreSQL database user 'postgis', was created for the day to day transactions on the

database. All the tables created in the image database were given 'postgis' as the owner to

allow 'postgis' full privileges (updating, viewing, and delete) on the tables.

SQL statements for the creation of the database tables are shown in Appendix F.

6.1.2 Population of Metadatabase

Before the database could be used for the entering of image metadata, some base data had to

be collected and entered into the database. The main inputs are listed below.

The population of the database started with the tables which do not make references to other

tables. The following tables were thus populated first:

— Themes — The following themes, chosen by users, were inserted into the database:

precipitation, land use/cover, vegetation, agro -ecology, cloud cover, elevation

— Colour tables — colour legends or schemes used in displaying and analysing the images

were identified in the RRSU working papers

— Contacts — this included details of:

— contacts at the institutions or organizations supplying the images
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— persons responsible for image data types within RRSU

— RRSU persons responsible for distributing image data

— users who create metadata records for the image data

— Geographic Projections — the default spatial references table (spatial_ref sys) that comes

with PostGIS was modified to include projection systems used by the RRSU. This was

because the spatial references systems in the table were primarily suited to northern

hemisphere mapping.

— Image formats — list of available image formats managed by the RRSU

— Decoders — names and characteristics of software used to handle images at RRSU

— Timeseries — information such as start, end dates and time intervals collected from

documentation provided by the image data suppliers.

The next set of tables populated made reference to the tables above:

— Sources - suppliers of the image data (this makes references to the contacts table).

— Distribution — different schemes for image data distribution from RRSU to the

stakeholders in Southern Africa, gathered from RRSU working papers (this table makes

reference to the 'contact' and the 'imageformat' table).

— Image types — populated using documentation provided by suppliers (this makes reference

to the 'imageformats', 'spatial_ref sys', 'datatype' and 'colourtable' tables).

— Dataset types — populated using documentation provided by suppliers of the image data

(this table makes reference to the 'contact', 'source', 'theme', 'timeseries' and 'distribution'

tables).

The SQL used to load the database were captured as scripts so that the loading process could

be repeated easily.

6.1.3 Metadatabase Interface Development

To ease the management of the database and the discovery of image metadata, a visual

interface had to be developed. Java Server Pages (JSP) was chosen as the scripting language

for handling the interaction between the interface and the database. This choice was mainly

influenced by the requirement that the appropriate technology should be usable on all the

main operating systems (including Windows and Linux), and that it should be a freely

available technology. PHP and JSP were the main candidates for this purpose but Java was

preferred as experience suggested that it would be easier to develop JSPs and Servlets because
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of the availability of Java Development Kits (JDKs) which provide user-friendly

environments for developing, compiling and testing source code.

JSP and Java Servlets are powerful utilities used in the development of dynamic web-based

interfaces. For connecting to the database, the freely available Java Database Connectivity

(JDBC) driver was used.

Apache Tomcat (Apache Software Foundation, 2008) [3] was used as the Java HTTP web

server environment for execution of Java code.

6.1.4 Development of web forms

Database entry forms consistent with the proposed metadata schema were prepared mostly as

static HTML pages. Some of the web pages had to be developed using JSP since they

contained information read from the database.

The web forms used the 'POST' method to post data to the processing JSP or Java Servlets.

File upload buttons were employed to allow users to browse for images. However, since the

form does not transmit the URL of the file when posting data, hidden text inputs were used to

receive the URL of the file from the file upload textbox. JavaScript functions were developed

to transfer the URL from the file upload form element to the hidden text input. Figures 6.1,

6.2 and 6.3 below show the three web forms that are used to capture most of the metadata

pertaining to the raster datasets.
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6.1.5 Development of Java Server Pages and Servlets

Java server pages and Servlets were developed to communicate with the web forms and

process data supplied by the user of the database management interface. The information

entered in the web forms was retrieved using the getParameter() method of the request

object.

The JSPs and Servlets were used for executing SQL statements and for processing and

displaying the results. The choice between JSP and Java Servlets was primarily influenced by
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the amount of static HTML on the output web pages. Those that had a large amount of static

HTML were done using JSP. Where there was more Java code that static HTML content, Java

Servlets were used.

6.1.6 Database Image Searches

A Java Servlet handles the image searches and returns a web page with the results.

The form shown in Figure 6.4 was developed to capture the search criteria.

6.2 Web Map Service (WMS) Implementation

The Web Map Service, which allows the viewing of raster datasets and other supporting GIS

layers, was implemented using Java MapScript. Java MapScript was used in the form of a

dynamically loadable module that makes MapServer's MapScript classes available in a Java

environment.

6.2.1 Setting up Java MapScript

To allow Java MapScript to be recognised in the Java Servlets and JSPs, the MapScript Java

Archive file (mapscript.jar) was placed in the Apache Tomcat common/lib folder so that it is

automatically loaded when Apache Tomcat starts.
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6.2.2 MapServer Mapfile

The MapServer Mapfile is the basic configuration mechanism for MapServer which allows

the user to specify a listing of map layers to be rendered by the WMS and how to render them.

The order in which the layers are listed is the order in which they will be drawn, but this order

can be changed dynamically using Java MapScript.

One of the most important sections of the Mapfile is the section where the data for each layer

is specified, as follows:

The Mapfile also specifies the extent of the map and the default output format for creating the

output image graphic.

6.2.3 Coordinate Systems file setup

The Mapfile specifies coordinate reference systems or geographic projections for all listed

map layers. The geographic projections are specified as EGSG codes, which are predefined

numeric codes associated with coordinate system definitions. For instance, EPSG:4326 is

geographic projection using latitude and longitude references based on the WGS84 earth
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representation model [39]. The WMS protocol uses EPSG codes to describe coordinate

systems. EPSG codes are published by the OGP Surveying and Positioning Committee [39].

A list of definitions corresponding to the EPSG codes is found in the EPSG file which has to

be located in a convenient known folder [39].

As most of the projection systems specified in the EPSG file are relevant only to the northern

hemisphere, it was necessary to edit this file to include some more projection systems that

apply to Africa and southern Africa. In the initial population of the database (section 6.1.2),

some projection reference systems were added to the 'spatial_ref sys' table. These were also

added to the EPSG file to allow them to be used with the WMS.

6.2.4 Web Map Server Development

The Web Map Server (WMS) was developed as a Java Servlet, using the Java MapScript API.

The WMS Servlet receives information from the client using the GET method, where the data

is sent as part of the URL.

The WMS Servlet receives the parameters shown in table 6.1.

Table 6.1 Information received by Web Map Server

Parameter name Explanation / possible values
VERSION WMS version, default 1.3.0
REQUEST One of GetMap, GetFeaturelnfo, GetCapabilities, GetLegendGraphic;

default is GetMap
WIDTH width of map to be prepared
HEIGHT height of map to be prepared
FORMAT Output image format
CRS / SRS Map coordinate reference system
LAYERS 'Map layers to be processed
QUERY_LAYERS Map layers to be queried
INFO_FORMAT Output format of query information
FEATURE_COUNT Number of features to be returned by query
X X coordinate of point to be queried
Y Y coordinate of point to be queried
,STYLES A predefined style to use in rendering the map layer
BGCOLOR Background colour
TRANSPARENT whether output images should have transparency

,ELEVATION The height of the required geographic information
TIME Timestamps value for temporal data
BBOX Geographic extent of the area to be processed; minx, miny, maxi,

maxy; default is SADC region extent [11.0, -35.0, 58.5, 6.0] 
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The WMS was developed following the OGC specification version 1.3.0. It reads a

configuration file (config.txt) to retrieve some default information required by the WMS,

particularly the location of the default Mapfile.

Implemented WMS features include GetMap, GetFeatureInfo, GetCapabilities,

GetLegendGraphic.

The GetMap feature returns a graphic, in either PNG or GIF format, for specified map layers

as listed in the LAYERS parameter.

The WMS uses the MapScript mapObj.draw() method to draw the specified map layers,
which produces a MapScript imageObj object. The imageObj has a save() method which
creates a graphic file in a specified image format.

Because the output images created by the 'imageObj.save()' method did not have

transparency, it was necessary to reopen the output images and enforce the transparency as

required by the WMS. The colour to be made transparent was picked from the Mapfile, where

it was specified as the IMAGECOLOR. Image transparency was required to allow several

map layers to be overlaid without obstructing each other.

The Java Advanced Imaging (JAI) API was used to load the image, creating a

RenderedImage object. The colour model of the image is extracted using the method

getColorModel() of the RenderedImage object. The colour model gives access to the colours

available in the image. The colour which matches the mabObj's imagecolor is given an alpha

value of 0 which makes it transparent. For each colour image colour model, there is an alpha

component whose value ranges from 0 (or 0.0) to 255 (or 1.0). Zero (0) is for completely

transparent while 255 is for completely opaque [44].

For the PNG image format, the Palette subclass of the PNGEncodeParam class [43] has

methods to set the colours of a PNG image object and the transparency for the image. Once

the transparency is set, the RenderedImage object is written back to file to overwrite the

original (non-transparent) image. The transparency-enabled image is loaded again and drawn

to an output stream associated with the HttpServletResponse object, which then displays it in

the web browser.

GetFeaturelnfo returns pixel information for the image (raster) data for a point specified by

the client. The client chooses a format in which the information should be returned. The

options are XML and HTML.

GetCapabilities returns an XML document showing the GIS layers available from the WMS

and how to query or ask for services from the WMS. This was implemented because it is a

standard WMS feature specified by OGC.

58

Univ
ers

ity
 of

 C
ap

e T
ow

n



GetLegendGraphic was required to prepare a graphic legend for a GIS layer using the

classifications in the Mapfile. The client specifies the GIS layer and also output image format

as either PNG or GIF. The GetLegendGraphic feature is not a standard WMS feature and is

not specified in the OGC WMS standard, but it is an important feature to implement since it

helps the users interpret the GIS layers that they are viewing. The drawing of the map layer

legend was implemented using the Java BufferedImage and Graphics classes. These two Java

classes were required for image creation and drawing functions respectively.

The colours used in the drawing of the legend are obtained from the map layer object.

Because of the need to support time-series image handling, a TIME dimension was added to

the WMS request. MapScript has support for temporal data through the use of the

TILEINDEX in the Mapfile. The TILEINDEX is a file or database table that offers the three

columns shown in Illustration 6.1.

The TILEINDEX is defined as a polygon (or tilendex) in the Mapfile. An example of a

TILEINDEX layer that was used to obtain data from the PostGIS database is shown in

Illustration 6.2.
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6.2.5 WMS Client Implementation

The development of the WMS client was based on the MapBuilder open source application.

Information used by the MapBuilder client is read from configuration and context documents.

This information is static and does not readily support the need to display images from the

database as specified by the user. The web page which loads MapBuilder carries the name of

the configuration file, and the configuration file holds the name of the context document.

Time-series image viewing was achieved using MapBuilder via a module called MovieLoop.

The time at which to start and end the movie loop is read from the Mapfile referenced in the

context document. This information is held in the following two lines in the METADATA

section of the Mapfile.

The wms_timedefault value tells the MovieLoop module where to start while wms_timeextent

value controls the extents of the time span. For the system under development, it was

necessary to allow the client to specify a specific time at which to start the time-series loop.

This means that the user gets to see a specific image rather than start from the first image

available in the time-series. The metadatabase schema has a time_period_start attribute giving

the date at which the time-series loop should start. To pass the image date to the MovieLoop

module, a variable ImageTimestamp was placed in the web page that holds the MapBuilder

client, as shown in the following example.

Because of the need to change the date of the images and the need to decide which

configuration files to use with MapBuilder, a Java server page (wms_viewer) was developed
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to handle the dynamic part and load the MapBuilder WMS client. This JSP takes the image ID

of a specified image and use it to extract information about the image from the database.

Among the extracted information is the time_period_start, which is used to initialise the

ImageTimestamp variable.

The wms_viewer JSP also picks the right configuration file to use based on the image data

type to which the image belongs, as shown below.

Template Mapfiles were prepared for the main image data types included in the database. To

allow for the automatic preparation of the legends from the image data using the

GetLegendGraphic feature of the web map server, classifications of the image data were

added to the Mapfiles. The image classification tells the web map server which colours to use

for all the values in the image. The classifications have to cover all the values in the image.

Without these classifications, the images will only be displayed as grey level pictures. These

classifications were done for all the main image types held in the database, based on

information from working papers used by the RRSU.

Configuration files and context files were prepared for the main image types shown in table

6.3 below.

Table 6.3 Image types that were tested in the WMS client implementation

6.3 Image Analysis Functionality Implementation

6.3.1 Reference Images

Some image analysis requires the presence of references images, which are usually long or

short term averages (sometimes called normals) of images in a time-series collection.

Reference images are particularly useful in the analysis of images in the food security early
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warning field. For example, images are often compared with reference images to determine

whether the parameter being depicted by the image (e.g. rainfall) is below or above that

expected for the time period in question. For images representing averages of the time series,

the year cannot be specified when recording their dates. For example, image data for the

period January 21-31 of 2008 will be compared with the average data for the period 21-31

January over all the years for which that particular image data exists.

In order to facilitate the insertion of these images into the image metadatabase, the year '0999'

was chosen for all averages. For example in the case of January 21-31 the image is given the

following timestamps:

period start: 0999-01-21; period end: 0999-01-31

To allow the entry of average images into the metadatabase, the image entry form allows user

to specify whether the image is an average or not. The image entry JSP code was also

modified such that the average images are given the year '999', when the user specifies that

the image is an average image.

In the interface above, the users only need to specify the month, chosen from the drop-down

lists, and the day(s) typed in the "dd" boxes, and click the "Avg?" radio button to indicate that

the image is an average or reference image.

6.3.2 Java WinDisp Class

The majority of the images to be held in the metadatabase are in the WinDisp (or IDA 

—Image Display and Analysis) format. There was no readily available reader for this image

format that could be used to retrieve information from these images for use in image analysis
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2. WinDisp(String sWinDispFilename)

The first constructor creates a new WinDisp image object using the supplied parameters and

the pixel data provided. The second constructor creates a WinDisp image object from the file

whose name is supplied.

Selected methods of the WinDisp class that were developed to retrieve information from the

images and to write image data to file are shown in table 6.4.

Table 6.4 Selected methods of the WinDisp class

Method name Purpose of method

short getWidth() Provides the width of the image

short getHeight() Provides the height of the image

byte[] getPixels() Provides the pixel data of the image

int getProjection() Provides the projection used in the image

double getDx() Pixels size in the East-West (X) direction

double getDy() Pixels size in the North-South (Y) direction

double getXcenter() Provides pixel number that coincides with the Longitude centre of the image

double getYcenter() Provides pixel number that coincides with the Latitude centre of the image

double Provides central longitude of the images projection
getLongCenter()

double ; Provides central latitude of the images projection
getLatCenter()

double getParallell() Provides 1 st standard parallel

double getParallel2() Provides 2
nd 

standard parallel

double getMaxLat() Provides the maximum latitude of the image, or the northern bound

double Provides the minimum longitude of the image, or the western bound
getMinLong()

WriteIDA(String I Writes the WinDisp image object to file with the specified file name
sIdaFile)
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6.3.3 Java TimeSeries class

The TimeSeries Java class was developed to hold the information for a time-series and

prepare required analyses on the images in the time-series. The TimeSeries object holds a list

of image URLs and had methods to create the following:

4. Average — an image representing the average of the images in the time-series

5. Sum — an image representing the sum of the images in the time-series

6. Percentage — an image representing the sum of the images in the time-series as a

comparison of the sum of the corresponding reference images.

The TimeSeries Java class has the following constructors:

- TimeSeries() : creates a new blank TimeSeries object

- TimeSeries(String sFileList) : creates a TimeSeries object using the list of image URLs

in the supplied file

- TimeSeries(ArrayList<String> inList) : creates a TimeSeries object using a list of

image URLs.

The methods used by the TimeSeries class are shown in table 6.5.

Table 6.5: Methods of the TimeSeries class

Method Purpose

addItem(String newltem) Insert a new Image URL into the TimeSeries list

removeltem(int index)
 

Remove the image URL at the position specified by
the index from the TimeSeries list

int getSize() Return the number of Image URLs in the
TimeSeries list

String getItem(int index) Return the image URL at position 'index' in the
image list

WinDisp getAverage() Get an image object which represents the average
of the images in a specified list

WinDisp getSum() Get an image object which represents the sum of
the images in a specified list

WinDisp getPercent(ArrayList<String> Prepares a WinDisp image object that represents a
refList) comparison of the specified images with the

reference images

The image analysis functions chosen were those most used in a remote sensing based early

warning monitoring system for food security. Some of these are briefly explained in section

2.8.
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The development of the image analysis functions was based on the image arithmetic operators

which are offered by the Java Advanced Imaging (JAI) API [43]. The following operators

were used:

Add — add two or more images

Divide — divide one image by another

DivideByConst — divide image by a constant

MultiplyConst — multiply image by a constant.

The image analysis methods of the TimeSeries Java class are described below:

getAverage() method Prepares average of the images in the TimeSeries object URL list as

shown in Figure 6.8. The getAverage() method uses URLs in the TimeSeries list to create

WinDisp objects with each of the URLs.

Using the getWidth(), getHeight() and getPixels() methods, Java-recognised image types can

be created, which include the following:

— RenderedImage [49]

— TiledImage [50]

— BufferedImage [48].

These Java image types have a setData() method used to transfer the image data from the

WinDisp image object to the Java image.

The JAI compatible image types are then used in the image arithmetic JAI operations to get

the average image. The Add and DivideByConst JAI operators are used. When the average

image is obtained via JAI, this image's pixels are used to create a new resultant WinDisp
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image object, which is then written to file using the WriteIDA(String sldaFile) method of the
WinDisp class.

getSum() method Image series sum = (Image ' + Image2 + + Image.). Follows same
procedure as described above for the average but uses only the Add JAI operator.

getPercent() method This operation was carried out on a pixel by pixel basis using Java

arrays. Pixel data was retrieved from the WinDisp images using the getPixels() method and
used in the formula shown in figure 6.9.

Figure 6.9: Formula used to calculate percentage of average images

This operation produces a single image providing a comparison between the total of the time-

series images in the specified period and the total of the average (or reference) images for the

period, illustrated in figure 6.9. In the figure, AvgImagel is the reference image for the period

represented by Image]. In the resultant image, the pixel values are percentages which can be

presented with appropriate colour coding in the web map service.

6.3.4 ImageSeries Java Servlet

A Java Servlet, ImageSeries, was prepared to capture the information required by the

TimeSeries class and invoke the TimeSeries class' functions. The roles of the ImageSeries

servlet are listed below:

- to create a TimeSeries object and invoke relevant methods of this object

- to build a list of time-series dates (Time-series list builder)

- to connect to the metadatabase to retrieve image ID and image URLs given an image type

and timestamp

- to retrieve the reference or average images in case comparisons are required.
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In figure 6.10, dekad 1 represents the first ten days of the month, dekad 2 period 11-20 of the

month, while dekad 3 is the period 21 to the end of the month. Pressing the 'Get Time-Series'

button invokes the ImageSeries Servlet.

Time-series list builder is a function of the ImageSeries Servlet that builds a list of

timestamps at dekadal (10 day) interval. It receives a pair of start and end dates and returns a

list of timestamps like the ones shown in the 'Timestamps' column in table 6.6 below.

These timestamps are used with the image type to retrieve the IDs of the associated images

and their URLs. The reference images' URLs are also retrieved in case they will be required

in the ensuing analysis.

The list of images (as in the Image URL column in table 6.6 above) is used to create a

TimeSeries object. The TimeSeries object then holds a list of the images which will be used by

the getAverage(), getSum() or getPercent() methods as required by the type of analysis.

These methods produce a WinDisp image object. This object is then written to file and used in

a GIS layer to be displayed by the web map server.
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6.3.5 Integration of image analysis results with the WMS

As mentioned earlier, the image analysis produces an image file in the WinDisp format. For

this image to be displayed in the web map service, the ImageSeries Servlet was extended to

create the following three temporary files:

— Mapfile that carries the file name of the image created via the image analysis

— A web context file which carried the name of the Mapfile above

— A configuration file which tells MapBuilder to use the web map context file above

The creation of the Mapfile and the web map context uses information retrieved from the

metadatabase, such as the geographic extent of the images, the coordinate reference system

and the grid cell size of the images.

The ImageSeries Servlet then redirects the user to the WMS viewer where it forwards the

name of the configuration file in use. This was done using the following code.
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Chapter 7 — Evaluation
This chapter discusses the steps taken to evaluate the prototype system and the results of the

evaluation.

7.1 Prototype System Testing and Evaluation by Users

The prototype system developed was presented to the users in a live demonstration. The

presentation focused on aspects of image data management and analysis which the users were

familiar with and was generally well understood, judging by the comments that followed.

Users were also given the chance to access the system from their own computers via the

Intranet. The users provided comments on the database management interface, the web map

interface used for viewing the images and the functionality provided for image analysis.

7.2 Task Performance using the Prototype System

Three users were observed as they carried out the main tasks which are covered by the

prototype developed. The users were expert users and data-managers from RRSU. The tasks

carried out are listed below:

- Task 1 - Searching and displaying images

- Task 2 - Preparing image averages over a specified period of time

- Task 3 - Preparing images that represent percentages of reference images

These activities were carried out using the prototype and also using WinDisp, the main

software package that is currently used to do these tasks. Raster datasets are widely used in

the early warning community and the WinDisp software is the main software used for the

handling of these datasets. The users already had a good working knowledge of the WinDisp

software. The tasks were broken down into sub-tasks and the amount of time spent by each of

the users to complete the sub-tasks was observed and summarized.

Each task is carried out while the prototype system and WinDisp are already loaded, so the

times measured do not include the time for starting the prototype or for loading WinDisp. For

some of the tasks, the WinDisp system had to be reloaded, so that the software would not

have memory of the images already used or the file folders previously browsed.

The tasks were performed on the same computer by all the three users. The computer had the

Windows Vista operating system, and had the following specifications: Intel(R) Core(TM)2

Duo CPU P8400 @ 2.26GHz 2.27 GHz, memory (RAM): 2.00GB.
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7.2.1 Task 1 - Searching and displaying an image

For the two options under comparison, WinDisp and the prototype system, this task was

broken down into subtasks that were performed to accomplish the task and the time taken to

complete each of these subtasks is measured in seconds.

For the display of images using WinDisp, the users were given documents showing them

where to find the images and colour tables that they had to use. The users were given some

time to familiarise with the folder structures before they were timed as they displayed the

images. Each user had to display 5 different images and the software was restarted on each

attempt, so that the users would always start from scratch.

The amounts of time required to complete sub-tasks were recorded in seconds and the results

for each of the 3 users who participated in the evaluation are shown in table 7.1.

The average time for the three users is shown in table 7.2 below.Univ
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For the display of the images using the prototype, the users were given time to familiarise

themselves with the interface before their efforts in displaying the images were timed.

Three users were timed and the measured time is shown in table 7.3 below.

Table 7.4: Average time for displaying images using the developed prototype

The task of searching for images and displaying them takes on average 41 % of the time taken

when using the WinDisp software. The time savings are made especially on the part of

searching for the images.

7.2.2 Task 2 - Preparing Image averages

WinDisp is one of the tools commonly used for this purpose which is publicly available to the

early warning practitioners. The task of preparing averages with WinDisp does require some

skill on the part of the users. Even though some of the users were already aware of the steps

taken to create these averages, the steps were written down for them and there were given
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time to familiarise with the steps. The users were given documents which showed which

averages were to be created and where to find the input images. The images used were among

the ones used in the earlier exercise where images were displayed.
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The table below show the measured time when using the prototype system to prepare

averages of time-series images. These tasks were demonstrated to the users and the users were

given time to practise creation of averages before they were timed.

For preparing image averages, users agreed that the prototype system simplifies the task for

them significantly and also saves them time. The experiments showed that users could save up

to 84% of their time when using the prototype, compared to WinDisp.
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7.2.3 Task 3 - Preparing percentage of average or reference images

Table 7.9: Measure time for preparing percentage of average images using WinDisp

Sub-task User Time (seconds)
tl t2 t3 t4 t5 Ave Median Std Dev

1. Browse to folder 1 17.0 16.0 19.0 17.0 15.0 16.8 17.0 1.5
containing the images 2 19.0 17.0 20.0 15.0 17.0 17.6 17.0 1.9

3 16.0 18.0 17.0 15.0 19.0 17 17.0 1.6
2. Select the images needed 1 6.0 6.0 5.0 6.0 4.0 5.4 6.0 0.9

2 5.0 6.0 6.0 6.0 5.0 5.6 6.0 0.5
3 5.0 5.0 4.0 6.0 5.0 5 5.0 0.7

3. Save the list of images 1 14.0 17.0 17.0 20.0 16.0 16.8 17.0 2.2
as text file (specify file 2 18.0 12.0 16.0 14.0 15.0 15 15.0 2.2
name and folder) 3 16.0 17.0 15.0 12.0 16.0 15.2 16.0 1.9
4. Specify the output image 1 17.0 16.0 17.0 15.0 15.0 16 16.0 1.0
name and path 2 16.0 16.0 13.0 18.0 14.0 15.4 16.0 1.9

3 14.0 12.0 17.0 13.0 15.0 14.2 14.0 1.9
Preparing Reference Images
5. browse to folder 1 20.0 19.0 23.0 20.0 22.0 20.8 20.0 1.6
containing the reference 2 22.0 24.0 21.0 22.0 22.0 22.2 22.0 1.1
images 3 17.0 21.0 20.0 19.0 19.0 19.2 19.0 1.5
6. select the reference 1 7.0 7.0 8.0 7.0 6.0 7 7.0 0.7
images needed 2 11.0 9.0 10.0 10.0 8.0 9.6 10.0 1.1

3 6.0 5.0 7.0 8.0 6.0 6.4 6.0 1.1
7. save the list of 1 15.0 13.0 15.0 15.0 14.0 14.4 15.0 0.9
references images as text 2 16.0 15.0 18.0 16.0 14.0 15.8 16.0 1.5
file 3 14.0 14.0 15.0 15.0 13.0 14.2 14.0 0.8
8. Specify the output 1 16.0 16.0 16.0 15.0 16.0 15.8 16.0 0.4
reference image name and 2 15.0 17.0 17.0 16.0 17.0 16.4 17.0 0.9
Path 3 16.0 15.0 15.0 15.0 16.0 15.4 15.0 0.5
Performing Image algebra
9. specify formula 1 10.0 11.0 11.0 10.0 12.0 10.8 11.0 0.8
(100*A/B) 2 10.0 12.0 10.0 11.0 11.0 10.8 11.0 0.8

3 9.0 11.0 11.0 10.0 10.0 10.2 10.0 0.8
10. specify output file 1 14.0 11.0 13.0 13.0 12.0 12.6 13.0 1.1
name 2 12.0 12.0 11.0 14.0 12.0 12.2 12.0 1.1

3 11.0 12.0 14.0 12.0 12.0 12.2 12.0 1.1
11. browse for the quotent 1 12.0 16.0 15.0 15.0 13.0 14.2 15.0 1.6
image file 2 14.0 12.0 12.0 13.0 12.0 12.6 12.0 0.9

3 13.0 13.0 14.0 12.0 11.0 12.6 13.0 1.1
12. browse for the divident 1 11.0 11.0 12.0 10.0 10.0 10.8 11.0 0.8
image file 2 12.0 12.0 12.0 11.0 12.0 11.8 12.0 0.4

3 11.0 10.0 12.0 12.0 11.0 11.2 11.0 0.8
13. Display the resultant 1 22.0 19.0 19.0 20.0 21.0 20.2 20.0 1.3
image 2 21.0 23.0 20.0 23.0 22.0 21.8 22.0 1.3

3 18.0 19.0 19.0 21.0 18.0 19 19.0 1.2
Total Time 1 181.0 178.0 190.0 183.0 176.0 181.6 181.0 5.4

2 191.0 187.0 186.0 189.0 181.0 186.8 187.0 3.8
3 166.0 172.0 180.0 170.0 171.0 171.8 171.0 5.1
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Table 7.10: Average time for preparing percentage of average images using WinDisp

Task Average Comment
time (s)

Processing the images summation

browse to folder containing the 17.1 Amount of time depends on file folder structure
images

select the images needed 5.3 Building time series list
save the list of images as text file 15.7 Amount of time depends on file folder structure
(specify filename and folder)

Specify the output image name and 15.2 Amount of time depends on file folder structure
path

Processing the Reference images summation

browse to folder containing the 20.7 Amount of time depends on file folder structure
reference images

select the reference images needed 7.7 Amount of time depends on file folder structure
save the list of references images as 14.8 Amount of time depends on file folder structure
text file

Specify the output reference image 15.9 Amount of time depends on file folder structure
name and path

Performing Image algebra

specify formula (100*A/B) 10.6 
I

specify output file name 12.3

browse for the quotent image file 13.1 Amount of time depends on file folder structure

browse for the divident image file 11.3 Amount of time depends on file folder structure

Display the resultant image 20.3

Total Average Time 180.1

Overall Median 181.0

Average Std Deviation 7.8

Table 7.11: Measure time for preparing percentage of average images using the prototype

Sub-task User Time (seconds)
tl t2 t3 t4 t5 Ave Median Std Dev

1. specify the period 1 6.0 6.0 6.0 5.0 5.0 5.6 6.0 0.5
2 5.0 5.0 6.0 6.0 6.0 5.6 6.0 0.5
3 4.0 5.0 6.0 6.0 5.0 5.2 5.0 0.8

2. specify the type of image 1 1.0 2.0 1.0 1.0 1.0 1.2 1.0 0.4
2 2.0 1.0 1.0 1.0 1.0 1.2 1.0 0.4
3 2.0 1.0 2.0 2.0 1.0 1.6 2.0 0.5

3. display resultant image 1 4.0 4.0 4.0 3.0 4.0 3.8 4.0 0.4
2 3.0 4.0 6.0 4.0 4.0 4.2 4.0 1.1
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3 3.0 2.0 3.0 3.0 3.0 2.8 3.0 0.4
Total Time 1 11.0 12.0 11.0 9.0 10.0 10.6 11.0 1.1

2 10.0 10.0 13.0 11.0 11.0 11 11.0 1.2
3 9.0 8.0 11.0 11.0 9.0 9.6 9.0 1.3

Table 7.12: Average time for preparing percentage of average images using the prototype

Task Average time (s) Comment

1. specify the period 5.5

2. specify the type of image 1.3

3. display resultant image 3.6 The WMS client takes a bit of time to load
the resources required to display the image

Total Average Time 10.4

Overall Median 11.0

Overall Std Deviation 1.3

It can be seen from tables 7.10 and 7.12 that this task involves more steps using WinDisp than

it does using the developed prototype system, which automates most of the steps. Even

though WinDisp allows the automation of certain tasks through the use of text command files,

this procedure is not possible to automate because of the list building part which requires

manual selection of the files for use in the task. Using the developed prototype, users took on

average only 6% of the time taken when they used WinDisp.

7.2.4 Discussion

While the users managed to perform the tasks without much difficulty, some appeared to

struggle to get back to their starting point for each task since the prototype opens a new

browser window to display the results of each of the tasks. For example, each image is

displayed in a new window and the results of image analyses are also displayed in new

windows. This meant that users always had to look for the window with the homepage of the

prototype when they had to do a new task.

Another observation was that 2 out of the 3 users preferred having the month first, the dekad,

and then the year, on the interface for specifying the dates or periods for the images.

Overall, observations of the users showed that the users could make use of the prototype

facility with minimal assistance.

77

Univ
ers

ity
 of

 C
ap

e T
ow

n



The results of the experiments outlined above shows that the prototype system saves time for

all the users who participated in the system, even though some of them had a lot of experience

in using WinDisp, which is the system that has been used traditionally.

7.3 Comments on the Prototype System

The main comments given by the users are outlined in the following sections.

7.3.1 Comments on Database Management Interface

General Impressions

The interface was generally well received by the users, who felt that the interface allowed the

entry of adequate information about the images held by the RRSU. Issues raised by the users

were mainly about the clarity of the terminology used on the interface, the need for extra

information or features and the ease of use of the database management interface.

Improvements and extensions

Users suggested that raster data parameters which are required when creating an image type

metadata record should be read from sample raster data files automatically instead of being

entered manually. They argued that this would reduce the chances of providing wrong

information and also reduce workload on the part of the data managers.

An automated estimation routine was also suggested for images which have contamination,

for example cloud cover. The percentage of cloud cover could be estimated by opening the

files and counting affected pixels.

In terms of extra features required, some users expressed the need for the following:

• A facility that allows them to draw a bounding box on a map to specify areas of

interest.

• User access control so that different types of users will have different privileges when

accessing the system. For example, general users or the public will have access to the

data discovery and image analysis facilities but not the data management interface,

which would be restricted to a smaller set of users, or database managers.

• More image formats to be included or accommodated in the system. A download

facility when the image search results are presented to allow the user to copy the data

onto their own computers.

• A tool to create image overviews or thumbnails automatically so that these can be

entered into the metadatabase without much effort on the part of the data managers.
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Likes and Dislikes

Users appreciated the drop-down lists offered on some of the metadata entry forms which

help users choose appropriate entries. Users felt that even though they had good prior

exposure to the terminology used on the entry forms, some of the terms needed to be changed

as they could be interpreted differently by different users, for example, distinguishing

between the terms "image title" and "image name" was not straightforward for some users.

7.3.2 Comments on Web Map Service

General Impressions

The general impression was that the web-based image viewer was a good start and carries a

lot of promise. Users agreed that the web map service would even allow less technical

viewers to analyse image data with little difficulty.

Improvements and extensions

Users expressed the need for flexibility in the use of colour schemes for the display of images.

The prototype only offered the use of one colour scheme for each image type, but users

indicated they may want to use colours that are different from the ones commonly used, for

example, if they wish to highlight certain ranges of values in the image by using a more

prominent colour.

Likes and Dislikes

When navigating through a time-series of images using the "next image" or "previous image"

tools on the interface, the WMS always presents the full extent of the next/previous image

even though the user may only be interested in a specific sub-region of the image. The users

preferred that information on the currently selected region be passed to the WMS such that it

shows only the same region when the new image is displayed.

7.3.3 Comments on future use of the prototype system

The targeted users gave their reactions on whether they would use the prototype system in

their work routines, and how they would use it. Two user reactions were given on this

question, as follows.

User reaction 1: "The WMS image viewer is a good addition to the image review meetings

that are held by the RRSU during the main rainfall season, where WinDisp has been used

traditionally for the display and interrogation of images. The time savings realised through the
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use of the prototype system would help shorten some of these meetings, so that staff could

have more time for other activities."

User reaction 2: "The prototype system could be used to respond to requests for images from

SADC nationals, who either want graphic overview of the images or they want the image data

in a suitable GIS format. In its current state the prototype would adequately account for the

users who just want to view the image data or copy it from the screen into their documents,

but the download facility needs to be improved to meet custom requests from users in the

SADC region."

7.3.4 Comments from users outside RRSU

In order to get impressions on how usable and relevant the prototype was to users outside the

targeted department, two external users were chosen to give their opinions on the RRSU

metadatabase system prototype. These users were chosen for their experience with user

interfaces and information systems. One was an information officer in his organization and

the other was a geographical information systems analyst. These users were given a general

idea of what the prototype system sought to address and a short introduction of the prototype

web pages.

Comment: "On the search results presentation, the 'image titles' do not seem to count for

much, perhaps there should be 'theme' or human-readable 'data content', followed by the

period information and the rest as shown in the figure 7.1. At the end there could be a link

which allows users to download the image data files."

Comment: "On the 'Image Search Form' (Figure 7.2), things should be moved around such

that the more understandable terms like "period", "theme", "keywords" should be presented

first to the user and it should be made clear to the users that a search can be successfully
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completed on the basis of these, without the other information being provided. Users should

understand that there are items which are optional so that they do not bother trying to

understand them or to supply information for them."

Figure 7.2: Sketch showing some of the comments given on the image search form

Comment: "The term 'browse graphic' is not a common term and should be replaced by

`thumbnail' or something more common."

Comment: "The icon, if , used to represent the link to the data dictionary is a bit distracting on

the metadata entry forms and should be de-emphasised as much as possible. Pressing the help

icon should pop up a small window with the information required instead of a new web-page

with the full data dictionary."

Comment: "Some of the more common database management functions for example, the

`image entry' facility, could be accessed directly from the homepage of the prototype. The

other database management functions could be on another page which can be accessed

through a link on the homepage."

Comment: "I would not mind having to click twice to get to the other features offered, like

descriptions of the data types held in the database. In view of this, it would be important to

ensure that space on the homepage is reserved for only the most important features, and other
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features should be provided to make the homepage more attractive. For example users may

want to see one of the more interesting images or maps extracted from the meta-database, on

the front page. On maybe show the latest images available. The homepage should be

restructured to allow for these inclusions."

Comment: "There should a web page that describes the RRSU metadatabase, and lists some

frequently asked questions. For example, information on how other users can contribute to the

database, if they can at all. This web page would be the one that carries information about the

data types and image types held in the RRSU image collection."

Comment: "A glossary would also be useful in explaining some less apparent features or

terms used. All in all, there should be more information to guide the user on how to use the

meta-database system, and contribute to the system, instead of just viewing and analysing the

images."

7.3.5 Discussion

The comments showed that users within RRSU focused more on the ease of use of the

prototype and the functionality that it provides. The targeted users gave useful comments on

improvements that could be made to the prototype to make it a solid part of their work

routines. Comments from outside users focused on general aesthetics and the clarity of the

terms used in the metadatabase and on the interface. Their comments were meant to make the

interface and its features more appealing to the general public and therefore they suggested a

lot of help features and attractive features to get the interest of external users. Overall, the

comments showed that the prototype had the potential to become a widely used raster data

management system.

Improvements were made to the prototype following the evaluation. The time-series image

viewing user interface was modified to allow users to view the same region of interest when

they use the "next image" or "previous image" facility. This was achieved by passing a

bounding box, or region extent, to the image viewing client when it loads the next or previous

images in the time-series.
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On the image search form, terms were rearranged to bring forward more understandable terms

such as "keyword" and "theme". It was also clearly indicated that all search terms were

optional and were only meant to refine the search criteria.

On the same form, names of data types available for search were changed such that they made

more sense to users both within and outside the RRSU. For example, "CPC_RFE_SADC"

changed to "SADC-wide Rainfall Estimates", and "NOAA_NDVI_Africa" changed to "Africa-

wide Vegetation Map".
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Chapter 8 — Conclusion

8.1 Summary

This thesis presents applied research in raster data management in the context of early

warning for food security. It was mainly motivated by the availability of a wide range of

open source software which offers the opportunity to develop customised solutions for

geographical data management. This research proposed a system architecture that offers web-

based data discovery and analysis tools adapted to time-series raster datasets. This approach

handles the problem of time-series raster datasets discovery by offering a combination of a

metadatabase management system, an image search facility and a web map service, which

addresses the needs of both the users and managers of the raster data. A prototype

implementation of the architecture was built for the RRSU. The prototype used PostgresSQL

DBMS, with spatial functions offered by PostGIS, Java MapScript, Java Advanced Imaging

API, MapBuilder, Java Servlets and Java Server Pages. Because the system was developed

using open source and free software, it can be accessed easily and customised for other uses.

The proposed architecture is a 3-layered system with the following components:

• A metadatabase and a prescribed metadata schema designed to effectively represent

time-series raster data collections.

• A web map server for metadata and image retrieval and display, with image analysis

functionality for common tasks such as the comparison of images with their reference

images.

• A user interface for experienced and novice data managers and data users.

The main components are summarised in the following sections.

8.1.1 Metadata Schema

A metadata schema was developed to adequately document information about time-series

raster datasets, using terminology modified to a vocabulary familiar to targeted users. The

metadatabase schema separates static metadata, which apply to an entire time-series set, from

dynamic (or temporal) metadata, and thus significantly reduces the burden of raster metadata

documentation since the static elements can be entered once only. This is particularly suited to

the task of documenting metadata for time-series raster datasets which share a lot of common

static attributes.
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8.1.2 Metadata Management

A metadatabase management system with a user-friendly interface is required for data

managers to adequately provide a standard description of time series raster datasets.

This interface should save time for raster data managers by allowing them to provide only the

temporal metadata of raster datasets which are part of a time series. The remaining (or static)

metadata, pertaining to the time series collection as a whole, is provided once only before

metadata for the individual raster datasets is added.

8.1.3 Raster Data Discovery

A search facility which interacts with the metadatabase facilitates raster data discovery. This

metadata allows the user to learn more about the raster data and to retrieve it from the source

specified by the metadata. An overview of the raster data (like a thumbnail) allows the user to

view the raster data in a dedicated web map service.

8.1.4 Web Map Service

The web map service completes the raster data discovery solution by allowing users to view

and interrogate the raster data. Raster datasets can be viewed with other geographical datasets

such as administrative boundaries to help the users understand and interpret the images. Users

can query the raster data and receive thematic information. The web map service allows users

to navigate through a time-series set of raster datasets by simply pressing a "next image" or

"previous image" button, and is also used to display the results of raster data analyses.

8.1.5 Raster Data Analysis

The provision of some basic raster or image data analysis utilities assists users by automating

some routine processing. These functions were chosen based on observations of the main

tasks carried out by the target users and also on interviews with the target users.

These functions are: (i) averaging of raster datasets over a given time span (ii) summing up of

raster datasets (iii) comparing sums of raster datasets versus reference raster datasets.

Reusable Java classes were developed to handle the raster data analysis functions. While the

functions were primarily meant for users in raster-data based food security analysis, they can

also be useful in environmental applications such as hydrological modelling, and other areas

including economics.
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8.1.6 Usability and Acceptance

Experiments conducted during the evaluation of the prototype system showed that the web-

based prototype facilitates raster data discovery and display without the use of specialised

software tools. Users who participated in the evaluation were able to carry out the desired

tasks with ease and in less time than they would do using the software packages that they

traditionally used. Using the prototype, users saved from 60 to 85 % of their time when

performing routine image data management and analysis tasks, with more time savings for the

more complex tasks. The ease of use and significant time savings were the main factors in the

acceptance of the prototype by the targeted department. The targeted users were able to

identify ways in which the prototype could contribute to their work routines. The prototype

system is already being used to document time-series raster datasets and to perform basic

discovery and analysis functions.

Overall, this research produced a metadatabase design for time-series raster data, coupled

with an open source web-based system architecture for fast, comprehensive and reliable entry

and searching of metadata, including immediate viewing and analysis of images.

8.2 Future Work

As noted during the evaluation of the prototype, the prototype had some problems and

limitations. The main improvements can be made to the prototype in the following ways.

8.2.1 User logins and session management

During the interactions with the users, some felt that the database management functions

which allow altering of the database should be available only to certain "super users". This

would call for a facility to manage users and perform some authentication of user details and

allow logins. A means for user session tracking would also need to be implemented. This

could be done using the HttpSession interface provided by the Java Servlet specification.

8.2.2 Polygon-based extraction of data

Polygon-based extraction of data from the images discovered via the prototype system was

not addressed. As shown in the introduction section of this thesis, the users sometimes

perform data extraction from the raster data for areas of interest and this data is used to plot

time-series graphs used in agricultural season monitoring. The extraction of information from

the images could also be done using user defined areas of interest. This requires a mechanism
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for users to provide their region of interest either by drawing on the screen or providing files

that define their areas of interest. The prototype that was implemented only offers point-based

information extraction. The OpenGIS web feature service (WFS) standard could be

investigated and implemented as part of this research.

8.2.3 Content-based raster data searches

Related to information extraction outlined above, some more work could be done to enable

raster data searches based on the content of the raster datasets, for example, searching for

raster data which show below average conditions (e.g. below average vegetation

performance). This facility could assist users to easily discover anomalous information in the

raster datasets.

8.2.4 Data Downloading

The prototype allows users to download image data as is. Evaluators indicated that the

downloading facility is inconvenient as it does not allow the users to choose the format of the

data to be downloaded and portion of the image, or region of interest, to be downloaded. This

need can be handled by the implementation of a Web coverage service (WCS) [7, 32]. The

new facility needs to handle the image formats available in the metadatabase and be able to

convert to common formats requested by users.

8.2.5 Interface Usability Improvement

In the evaluation of the prototype user interface, users asked for flexibility in the use of colour

schemes for the display of images. The prototype only offered the use of one colour scheme

for each image type, but users indicated they may want to use colours that are different from

the ones commonly used, for example, if they wish to highlight certain ranges of values in the

image by using a more prominent colour.

This feature requires significant modification of both the user interface and the web map

server. The user interface needs to be modified to give users a means to specify which colour

schemes they want to use. An appropriate mechanism for passing this information to the web

map server needs to be implemented so that the user interface receives a refreshed image with

the desired colours.

Users also indicated that the image search facility could be improved by the addition of a

facility to allow the specification of region of interest using a map facility rather than the

"West-East-North-South" coordinate bounds used on the image search form (see Figure 8.1).
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To address this need, an interactive map panel needs to be added to the form to capture

coordinates when users draw out a region of interest of the map, and these coordinates will be

used to refine the image search criteria.
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Glossary

DBMS — Database management system — software that controls the organization,
storage, retrieval, security and integrity of data in a database.
[http://encyclopedia2.thefreedictionary.com/DBMS ]

Raster — a data model in which the locations of geographic objects or conditions are
defined by the column and row position of the cells that they occupy in a two-
dimension grid (Lillesand and Keifer, 2000).

Image — a pictorial representation of photographic or other data, usually presented in
raster format. In this document, the terms image and raster data are used
interchangeably.

WinDisp - a desktop public domain software package for the display and analysis of
satellite images, maps and associated databases, with an emphasis on early warning
for food security, and was originally developed for the FAO's Global Information and
Early Warning System (Charlier, 1999).

WMS — web map service. A Web Map Service (WMS) produces maps of
georeferenced data, where a "map" is defined as a visual representation of the
geographic data (OGC, 2001).

Remote Sensing — the acquisition of information or measurement of some property of
an object by a recording device that is not in physical or intimate contact with the
objects under study (http://www.cdmha.org/definitions.htm).

RRSU — Regional Remote Sensing Unit. This unit collects data from remote sensing
systems and uses this data in applications related to food security and natural
resources management.

FAO — Food and Agriculture Organization of the United Nations

GIEWS — Global Information and Early Warning System of the UN's FAO.

GIEWS Workstation — database and software developed by GIEWS for the handling
of information used in early warning for food security.

GeoNetwork — GeoNetwork Metadata Catalogue. A metadata management system
developed by FAO for geographic datasets which uses the ISO 19115 metadata
standard.

JDBC — Java Database Connectivity
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