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students who are also ‘widespread users’ of atlases to study various subjects in a manner

that have been so far conceptually and physically impossible.

As digital acquisition and storage costs go down [6] relative to the cost of
manual printing on paper and updation, trends in converting traditional data to digital
form will increase. Newer forms of growing data like digital databases, digital images,

digital libraries and digital maps will develop.

1.9 AIMS AND OBJECTIVES

The aim ofthe present research work is to integrate and complement, as much as
possible, the base work already on the anvil and identify new research and development
techniques and methodologics for a visualised system of a global Digital Thematic
Atlas with facilities for updation, periodically and promptly and yet economically in a
friendly environment between the user and the publisher, incorporating the potential of

the Information Superhighwaj
The objectives to achieve the above-stated aim are:
1. to identify the basic design issues of a conceptualised Digital Thematic Atlas;

2. to develop a framework for integrating various components of DTA and their

inter-relationship, with a view to developing a Back-end for the Publisher and a

Front-end for the User;

3. to demonstrate the framework developed under 2. above by the use of selected

case applications;

4. to identify the methods of networked updation techniques and various Search Tools

for global operations; and

(15)
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Chapter Two

2 BASIC DESIGN ISSUES OF A DIGITAL THEMATIC ATLAS

As stated in the previous chapter, the objective of this research is to identify basic
design issues for a future Digital Thematic Atlas with new approaches to updation, incorporating
the Information Superhighway potential. What shall be the methods of designing a Digital Atlas?
" In what ways will a Digital Atlas be similar and dissimilar to the paper-based atlas? What shall

be the components of a Digital Atlas?

It has to be appreciated that the prime purpose of an atlas, digital or otherwise, is to
provide the user with maps and additional relevant information in accordance with his needs.
While there are many types of atlases providing various data sets of information, the method of

consulting an atlas is basically the same, as depicted by the flowchart in figure 2.1.

In simple terms, the atlas has a particular title and liesin a book-shelf along with other
books and has to be operied for any application. Though a simple step, this is absolutely
necessary to be able to look for information from within the atlas. Afier the atlas has been

opened, the desired map is located. This could be done by browsing through the atlas, going
through all the pages, or by looking at the index. Once the map is found, various queries are put
up mentally to answer questions and obtain thematic information. This procedure is used to
develop intelligent linkages between multiple data sets and to analyse the information. On
the basis of the information gathered, certain decision-actions could then be taken for

policy-making and planning operations.

The above user-oriented approach helps us to understand the actual work done in
using an atlas to retrieve any required information, in order to identify the required methods

of organising an atlas collection and to sketch out the problems of designing a Digital Atlas.

(18)
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Each one of the above steps helps to focus on the design issues for technology implementation

and integration of the Digital Atlas keeping the end-user in sight.

While identifying the basic design issues for a DTA, we have to think not only of the
immediate needs of the user, but of emerging needs as well, keeping in view a vision of the

distant future,

The design issues of conceptualising and developing a Digital Thematic Atlas could

be classified into two broad categories:
1. Issues of the Integration Task

2. Issues of the Updation Task

2.1 ISSUES OF THE INTEGRATIOGN TASK

A number of specialised information technologies are available today. While each
one of them has scope for advanced applications in its own area, it is important to identify the
need of integrating these technologies for the specific requirements of building up and
adding value to the DTA. The objective is not merely to collate information, but to present it in

the most effective manner to the user so that his demands are fully satisfied.

Certain issues are common to the task of integrating different design components
of a Digital Thematic Atlas. Structural integration is concerned with combining fundamentally
different data models [23]. Numerous approaches have been developed recently for
integrating various independently developed systems. Proceeding in a top-down manner, the
basic issues are concerned with the following major components that could help in integration

of a self-contained DTA :

(20)



























As a result of the spread of utilization of data base management system and the
increasing sophistication of communication capabilities and information equipment, there
has been a proliferation of what are called Transaction Database Services which combine the
functions of databases and network services [79]. The Globalization of Databases,
through liberalization of International Verlue-added Networks [79], could have a very high
ihpact on the design of a Digital Thematic Atlas. Intemational Value-added Network
database services have become operational in Japan and the US since 1987. It has thus
become practicable for operators in the area of commercial services to offer value-added
services using dedicated intemational circuits. Earlier, it was unthinkable for vendors of value-
added services to offer databases :overseas via intemational dedicated lines and database
access was limited. However, this new type of international value-added network service
is expected to improve international jdatabase services dramatically, allowing future integration
of database systems with other processing services, with improved and diversified

procedures, easier operations and cheaper access.

The advent of high performance workstations and 32-bit notebook computers is
going to have a profound effect on the utilization of database within a Digital Atlas. The use
of databases will increase and databases will become personalized and used by a wider
public. Through wider dissemination of notebook personal computers it will become
possible to access map database easily from anywhere at anytime. With the increasing
usage of relational algebra in DBMS, (Codd 1972), [105], the production of digital

thematic databases is bound to proliferate.

When different types of DBMSs co-exist in a large organization, such co-
existence presents problems for the ﬁsers of one database system trying to gain access to the
data stored in other database systems [11]. Some ofthe different data formats in existence are
given in figure 2.4. The existence of diverse database formats has created a need for initiatives
towards standardization to be put into effect. This has also led to linkages of databases which
can be accessed through Global Database Libraries. Global approaches are characterized by
a user view in which multiple, separate databases are seen as a single database through a
unified global schema [23].

(28)












Integrated Data Model. Both hybrid and integrated models co-exist. To maintain a certain
amount of system independence, it is proposed to use separate RDBMS files for thematic

attribute data as in the hybrid model.

Another major issue related to query operation is that sometype of data layer intersection
(overlay) functions cannot be performed easily because they require operations beyond present
DBMS query functions. One approach that is generally followed is to pre-process such
queries and convert, if possible, the spatial operators into more complex but standard Structured
Query Language (SQL), which is then passed to the database kemnel. A second approach is to
pre-process the query into a component that can be used to retrieve data from the DBMS. This
data could then be processed by special functions to perform the GIS functions or display

operations.

The best way forward seems to be the evolutionary approach of adding Object-
oriented facilitiesto an existing database framework [108], which could provide compatibility
with a number of systems and interface coniplex data structures at the Back-end, while developing
the Front-end for query functions. The DBMS would need to be closely coupled with the GIS
at the back-end.

2.1.3 Multimedia Technology

Multimedia technology provides a convergence of previously separate information-
handling technologies like high-quality video and audio, digital and analogue, television and
computing which permit users to access many types of information (Press 1990), [15] like
characters, figures, diagrams, text, grapbics, animation, video imagery and sound in which

these elements can be related to each other.

The future Multimedia Data Base Management Systems will be the key to multimedia
document storage systems and would- have important implications on GIS technology.
Multimedia technology provides a model of a real-life integrated situation in a manner
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similar to the way that a database provides for ASCII coded raw textual data. Of course, the
storage requirements of digitized images are greater than ASCII coded storage

requirements.

There are high expectations from multimedia technology for specific application to a
Digital Thematic Atlas where it could become necessary to produce visually complex creations
as part of the atlas. Multimedia could bring maps, thematic information and reference material
to life and have much wider applications to a digital thematic atlas than mere superficial
addition to text databases of diagrams and images. They are likely to play a vital role offering
advanced and diversified functions for the integrated control of multiple media, which could

provide an ideal environment for a digital thematic atlas.

Incorporating  Multimedia technology components in the DTA will require
workstations equipped with Multimedia cards, video capture cards, image compression
hardware and software, hi-quality microphones and speakers to create, edit, store and display

appropriate pictures at desired stages of the DTA.

An international standard called the Multimedia PC Level 2 specification (MPC2)
gives the minimum requirements for acceptable multimedia performance in a PC. A
Multimedia PCs should be equipped with Intel 80486DX2/50 CPU, 8 MB RAM, hard disk
capacity of 1 GB, Super VGA with .I MB of video memory, dual speed CD-ROM, Sound/Video
Blaster cards and Stereo Sound Speakers as shown in figure 2.6. Additionally, an interface to

VCR and Video Camera would provide sophisticated input techniques for visual sequence

generation,

As costs come down, it is possible to see the Multimedia PC find its way into common

usage and this would provide the ideal front-end for the Digital Thematic Atlﬁs.

Several issues have to be identified in order to integrate Multimedia with other

technologies for developing a framework for DTA. How to handle multimedia data like images
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and sound along with spatial data? low to handle the transfer and linkage of multimedia

objects from the database? How to control the presentation of multimedia data?

To link images with thematic database records, a field can be assigned in the database
which provides a filename pointer to an image stored elsewhere. Separate viewer programs
could also be executed through system calls. Also important is the issue of deciding which
spatial features could lead to which particular images. Taking an approach of linking an
image to a point-located feature, the user may point to a protected area location on a state
map and bring-up on screen a photograph of the park like Jim Corbett National Park, Pin
Valley Wildlife Sanctuary, etc. or select an endangered wildlife species found in the park and
zoom on to a real-life image of the animal like Asiatic Lion, Tiger, Snow Leopard etc. along
with animation and sound. Similarly, querying for a non-timber forest product found in a

particular state may bring up a photograph of the product onto the screen.

Multimedia technology has further led to hypermedia on a parallel to hypertext.
Hypertext software (Conkline 1987; McAleese 1989; Nielsen 1990; Hall and Papadopoulos
1990), [15], initially suggested by Bush and developed by Ted Nelson, enablesa user to follow
chains of linked items of information, by pointing on screen to highlighted areas called ‘hot
spots’ or ‘hyper links’. On a similar basis, hypermedia would be able to link up multimedia
information like graphics, pictures, animation, sound etc. Hypermedia treats all
information universally as a single data unit, whether it be a word, sentence, file, picture,
graph, image, sound or animation sequence, as opposed to GIS which functions on spatial

and structured attribute data. Some common sound, graphics and motion-video formats are
listed in figure 2.7.

Present techniques employ loose-coupling amongst data units, although tight linkages
would be required in the future. The key idea is that all information and knowledge could be
inter-connected and users should be able to browse through this atlas of information by using

appropriate associations.
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2.1.4 Knowledge-Based System

A major requirement of the Digital Thematic Atlas will be the ability to deduce intelligent
linkages from information that is stored in spatial and attribute databases of the system. The
development of Artificial Intelligence (Al) technologies, sometimes referred to as knowledge

engineering [18], is rapidly becoming closely associated with databases.

While one view is that there is no essential distinction between data and knowledge.
a basic issue is that while working with knowledge expertise is required to collect the material,
whereas while working with data any automated process can be used to collect it (Smith and
Smith 1977). Knowldege deals with abstractions and entity types (Wiederhold 1986) and

involves a richer semantics for interpretation than does a Database (Brodie and Mylopoulos

1986) [24].

Knowledge-Based System (KBS) utilises advanced database technologies to construct
the knowledge bases which are the nuclei of expert systems [114], [119]. Basically,

knowledge consists of facts and rules available with ‘experts’ of a subject.

The stages of conceptualization, formalisation and implementation in the
development of a Knowledge-based System known as expert system (ES) involve the
transfer and transformation of an individual’s tacit knowledge into an explicit representation
or knowledge base [103], which is an important design operation for a Digital Atlas.
Expert Systems try to focus on a narrow domain and emulate the methodology and
performance of expertsin the domain by extracting, storing and using the knowledge of the
e;xpert. It can be expected that knowledge-based systems linked with databases will find
specialised applications in intelligent query processing, integration and the simplification of

data input and retrieval through natural languages.

An important issue in the use of Knowledge-based Systems (KBS) for integration with
GIS for a Digital Atlas is to identify appropriate approaches to development of intelligent
linkages with reference to ease of use and efficiency.
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The Relational Query language approach builds up typically on databases which use
relational calculus. Query language techniques can be used for intelligently retrieving
information from RDBMS which could be further linked with GIS functions, though standard
relational query languages are not_capable ofhandling recursive queries. Its success is in large

part due to query optimization techniques.

The Logic-based approach using declarative languages like PROLOG on deductive
databases and the application of rules provides for ease of user application. A natural
language interface for a Digital Atlas Simulator - ATSIM [72], programmed in PROLOG
language, demonstrates the use of Expert Systems and Al for developing a query system in

English and its associated importance for a DTA.

The Object-oriented approach, one of the programming buzzwords of the 1990s
[116], promises gains in programmer productivity over conventional soflware development
methodologies because of characteristics like Inheritance, Data Encapsulation, Object Binding
and an advantage of Reusable Code. For this purpose, we view GIS as DBMS that provides

various models of a spatial domain.

Intelligence in digital database consists of attributes, descriptions, relationships,
connectivity and procedure [44]. As seen earlier, the emergence of multimedia attributes in
DTA hasbecome an important issue. For handling large amounts of Multimedia information,
integration of Al and Expert Systems with GIS will become necessary by developing generic

Base Classes and providing Inheritance support.
Integration of Knowledge-based Systems with GIS presently employs loose coupling

method in both spatial and non-spatial applications. Tight coupling and fully integrated systems

are difficult to achieve but will have to be delivered in the future.
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2.1.5 Virtual Reality

While developing our Flowchart for using a Paper-based Atlas we have identified the
last step as ‘Decision-Action’ on the basis of information available from the atlas. Migrating
to a digital atlas which would provide an integrated front of GIS, DBMS, Multimedia, Expert
Systems and Knowledge-based Systems with advanced computer technology, it may be
questioned if it is possible to provide the user of such a digital atlas an opportunity to
‘test’ out his decision-actions with a full sensory experience of the alternate world from the

digital atlas itself?

The emerging technologies of Virtual Reality (VR) which stands for Altermnate
Reality [60], could make such decision-actions in a simulated world a near possibility. VR is a
system that perceives a participant’s actions in terms of the body’s relationship to a graphic
world and generates responses which create an illusion that his actions are taking place
within the world. It is a product of state-of-the-art computer hardware, software, arts,
graphics, advanced and sophisticated elcctronic measuring and sensing instruments and

innovative effects created by optics and sound.

VR systems permit usersto interact directly with the computer representation of the
actual world, using a complete range of senses and faculties. Combined with GIS, this could
help in producing realistic computer graphic displays of real-life-oriented maps and
“virtual proximity’ [38] through the Digital Thematic Atlas. Typically, present digital maps are
presented with a two-dimensional view, symbolised feature representation and well-
structured data. While they contain information which is generally numeric, textual and
visual, new developments in the areas cf VR suggest that it would be possible to provide
users with ‘a multi-sensory representatior. of the world, involving a very large range of
information [15]. This could provide the environment in which the user takesa ‘decision’ and
interactively carries out an ‘action’ by modifying this artificial or virtual world which is fully
three dimensional, represented naturalistically and in which changes occur in real time, thus
providing multisensory feedback as a result of taking the action. Thus, for example, in an
Endangered Species Atlas, it would be possible to ‘see’ and ‘feel’ the effect of taking a
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particular action, like developing a Protectcd Area. Similarly, in a Minor Forest Products Atlas,
the effect on Forest Types could be visualised realistically. This would greatly help in total

planning activities which are the end-objectives of the Digital Atlas.

We have been able to identify the various issues for the integration task. The DTA
integrates and interrelates diverse information which has first to be identified, modelled, made
cbmpatible and consistent. Different approaches to data integration will be possible for
specific application. A general framework will have to be drawn out, unifying data models

along with it and developing facilities for interlinking associated information.

2.2 ISSUES OF THE UPDATION TASK

After identifying the issues ofthe integration task for developing a DTA, it isimportant

to see how the information could be updated. For this we identify two methods:
1. Manual Updation

2. Networked Updation

2.2.1 Manual Updation

Updation of paper-based mapsis a time-consuming and extremely difficult task.
The simplest technique to update digital thematic maps would be to ship out a new copy of
the map whenever changes are made. Of course, this method of updation is feasible only when

the frequency of updation is very low, files are of modest size and the number of users of data

very small,

Manual Updation has also certain inherent problems: first, when data residing under
one platform and in a specific format is required somewhere else on another platform or in
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another proprietary format and structure or both [13] and, second when sharing data amongst

disparate systems requires the transformation of data in form and format [83].

In addition, to address a larger number of users, data updation is usually carried out
by requests made by telephone, fax or letter [3] and data transfer from or to the database

handled by tape or disk.
Such methods have their own problems, as summarised below:
a. Map updation tasks are typically slow and time-consuming.

b. A small updation may have to be carried out by a large number of users leading
to repetitive operations like data entry procedures, digitization, validation checks,

proof plots, etc.

c.  Such tasks, ifleft to users, could also be error-prone, while ownership responsibility

of thematic information would be on the data-generating source.

d. A majorproblem is the inconsistency of information which could lead to increasing

difficulties when utilised in other applications.

To overcome such problems, flopppy-disk-based updation and distribution methods
have been used by suppliers of data in different fields. An example is the NIC district
database distributed on a floppy disk. Updating by copying entire files stored on floppy disks

can be done occasionally to ensure that the copies match exactly.

However, such methods, though successful in certain areas, have their own limitations.
In today’s fast:moving world, production and distribution of data over disks requires a complete
cycle of operations like purchase of disks, replication of disks, labelling, documentation

and distribution. These are cumbersome and time-consuming processes.
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Disk-based updation also suffers from problems of inefficiency where mailing
latest updated disks to end-users is concemed. Checking of version numbers becomes necessary
to know if the user has received the latest updated information.These floppy-based operations
are also prone to security problems, virus infection and even physical damage of disk when

transported over distances.

Besides, disk-based information suffers from limitations of single organisation participation
in data generation. Where each of these daiabases may be maintained by different organisations

[30], it would become practically impossible to have regularly updated data.

In the pilot project of digital map generation undertaken by Survey of India [7], it was
observed that in the workflow, data has to be transported to and from the PC-Cadcore system or
to the Automap system which was done using floppies or magtape. With the establishment of
Digital Mapping Centres in various Directorates all over the country, digital cartographic database
would have to be transported to central nodal points where floppy-based operations will

positively incur delays in updation of thematic information.

Finally, with a Digital Thematic Atlas being integrated with Map Database from Survey
of India and/or other Map-generating organisations and Thematic Data from various other
organisations, fragmentations would need to be carried out to isolate information with high
update frequencies. Here, too, it would not be justifiable to allow errors to creep into floppy-

based updation operations due to human factors.
To overcome the above shortcomings, it is necessary to identify the issue of

network-based updation of DTA.

2.2.2 Networked Updation

Once problems of updation of a DTA are identified, the next logical step is to take up
the issue of networked updation for moving a paper-based atlas to the Information Superhighway.
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The Digital Thematic Atlas should be able to operate on. an Integrated Systems Network
wherein integrated geographic information in various formats is updated over a Network
which utilises the ability of advanced packages to share integrated information with other

systems.

It is important to identify issues of network configurations for Updation Methods of
DTA. The implications of the network configuration may be extensive [19]. Networked
Updation may revolve around a central computer or be distributed. Digital Thematic Atlas
users should be able to access information from any node on the network. Users at each node
will have their own set of information requirements. Some of these may involve data that is

unique to users at a single node. Others require data that is shared among users at multiple

nodes [31].

To be in-line with the International Organisation for Standardization (1SO), such an
integrated network should be based on existing Open Systems Interconnection (OSI) Standards
in Computer Communications, especially when such standards are still emerging or are relatively
new. ISO protocols, based on the OSI reference model, establish computer type independence
of network communication [21]. The OSI Model, [96], [97] proposed by ISO, uses seven

layers of functional software which form the basis for an Integrated Network Architecture:

Applications Layer
Presentation Layer
Sessions Layer
Transport Layer
Network Layer
Data Link Layer
Physical Layer

The OSI Model has been successfully integrated into various kinds of Network Models.
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Local Area Network models, now in existence like Point-to-point, Multipoint or
Multidrop, provide Star Topology, Bus Topology, Mesh Toplogy and Ring Topology [96-
98] and standard methods of access on LANs like CSMA/CD and Token Passing. It is
important to standardise a method of working in the LAN environment. Standard LAN
architectures are typically based on Ethernet (IEEE 802.3 10 base 2 and 10 base T). The DTA
should utilise the Ethernet LAN System which has now become a de facto standard.

It is also necessary to have direct updation with LANs integrated to a WAN Node.
X.25 [96], [97] Protocol formulated and recommended by C.C.LT.T. (Consultative
Committee of International Telephone & Telegraph) provides a communication standard
which is an interface point for incompatible network communications to Local Area Networking,

PCs, Mini Computers and MainFrames.

X.28 Dial-up provides facilities to originate or receive calls using a PSTN dial-up
modem connected to a telephone [19], which is less expensive than X.25 and Frame Relay
services. The user first dials a local telephone number of the Packet Switching Exchange to get
connected to the Network after which he can establish call to any other user of the Network or
other Networks through a Gateway Service. TCP (Transmission Control Protocol) [96], [98]
and TP Intemet Protocol [96] came about due to various intemetworking needs. To provide the
intemetwork routing function, IP makes use of special nodes called Gateways which is a machine

that allows dissimilar networks to be connected to one another.

Network operations for traditional data processing have improved tremendously
over the past few years leading to the idca of incorporating such systems for a model of a

Global Digital Thematic Atlas. Thrée major methods for Networked Updation of a DTA are:

i. ON-LINE
ii. E-Mail
iii. INTERNET

The issues related to these methods are discussed in the following sections.
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FRAMEWORK FOR THE INTEGRATION TASK
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Fig. 3.8 BASE MAP OF WORLD
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Field Name Type Width
NAME Character 30
DuP Character 1
RESNUMBER Numeric 3
LOCNUMBER Character 4
BIOUNIT Character 3
COUNTRY Character 12
STATE Character 25
STATCAT Character 15
NATCODE Character 1¢
DATE Character 8
DATER Character 8
LOWERALT Numeric 4
UPPERALT Numeric 4
NEARTOWN Character 38
NEARRAIL Character 25
NEARAIRD Character 25
CATEGORY Character 1
RAINFALL Numeric 4
MAB Character 1
WHSITE Character 1
GAZETTED Character 2
NOTIFNO Character 15¢
BIBCODE1L Character 5
BIBCODE2 Character 9
TOTAREA Numeric ‘10
HABITATL Character 3
AREAl Numeric 8
HABITAT2 Character 3
AREA2 Numeric 8
HABITAT3 Character 3
AREAJ Numeric 8
HABITATA4 Character k)
AREA4 Numeric 8
HABITATS Character 3
AREAS Numeric 8
HABITATS6 Character 3
AREAG Numeric 8
MANEFF Character 1
MANPLAN Character 1
STAFF Numeric ]
BUDGET Numeric 12
CCODE Character 2
SCODE Character 3
FLAG Numeric 1
VEHICLES Character 3
BUILDINGS Character 3
ACCOMODAT Numeric 4
VISITORS Numerico n
SPECIAL Character 48
ZONED Character 1
- ZONES Character 30
GRIDS Character 20
LONGIT Character 21
LATIT Character 21
COORDINATS. Character 29
LASTUPDATE Date 8
STATUS Character 12
MAP Character 30
TEMP Character 18
DISTT Character 50
WETLAND Character 28
APPROACH Character 254
HUMANHAB Character 254
RESEARCH Character 254
ACUN Character 150
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3.5.2 Case Application Il1: Minor Forest Products Atlas

Forests, which a few decades ago represented an almost idyllic remoteness in the
minds of people around the world, are now b