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converted to on-line content may find itself reevaluated in the global
marketplace.

The geographical limitations that have bound the place of residence
to the place of work, and that have already been eroded by the growth of
telework, may be expected to be even less binding. Indeed, the
possibilities of the loss of rural space to the new ex-urbanites are already
causing environmental alarms (Snider & Moody, 1995)%,
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realize profits from the new selling channel. Buoyant growth is apparent
throughout.

The hierarchical framework presented above offers an opportunity to
separate concerns and analyze the specific aspects of this enterprise. The
technological infrastructure currently imposes several limitations on the
development of a global marketspace and on the personal convenience of
the participants. An integratedconsumer-oriented transaction space is yet
to emerge. The consumer marketplace is being developed by a large
number of entrepreneurial initiatives, any of them experimenting on the
frontiers. Moving the links of supply chains and products into
marketspace offers a major promise mn raising economic efficiency of
both manufacturing and service industries. As these moves take place and
as the supply chains are reconfigured, many new firms may be expected
toemerge and specialize around newly redefined core capabilities. The
business models of many existing firms will be threatened. Although
several intermediary roles are threatened by E-commerce, others are not,
and new intermediary opportunities emerge.

The capabilities of the new marketplace that combines the properties
of a medium with that of a global (virtual) location will be exploited to
redefine many products and marketplaces. Notable are the possibilities to
provide customized products, in the process moving ever larger segments
of the supply chains to the Internet, branding through bonding 10 a Web
site and thus to its sponsor, the advantages of virtual auctions, and the
possibility to create large reverse markets.

New E-commerce will present over time countless opportunities and
challenges 10 our economies and societies. Expansion of commerce and
technological innovations are two of the levers of economic growth
(Mokyr, 1990)*", These forces are combined in the progress of E-
commerce. The macroeconomic effects of E-commerce on the national
and regional economies, and on the intemational trade and its terms will
need to be assessed and analyzed. The prevailing judgment at this stage
of E-commerce development is to allow free-market forces to assert
themselves unhampered by excessive govermment regulation (‘A4
Framework,” 1997). The traditional institutions, such as banks of issue,
commercial banks, universities, established business intermediaries,
media and publishing companies, will find a need to redefine their roles
in the new environment. The taxability of products traded globally over
the Internet is as yet an open issue. Intellectual property that can be
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There are technical standards to determine the mechanisms for
interoperability. Technology is moving rapidly and government attempts
to establish technical standards to govern the Internet would only risk
inhibiting technological innovation. Consider technical standards in the
following areas to ensure the growth of global electronic commerce over
the Internet, standards will be needed to assure reliability,
interoperability, ease of use and scalability in areas such as®®.

e electronic payments;

e security (confidentiality, authentication, data integrity, access
control, non-repudiation);

e security services infrastructure (e.g., public key certificate
authorities);

» electronic copyright management systems;
o video and data-conferencing;

e high-speed network technologies (e.g., Asynchronous Transfer
Mode, Synchronous Digital Hierarchy); and

o digital object and data interchange.

There is not aneed to be one standard for every product or service,
and technical standards need not be mandated. In some cases, multiple
standards will compete for marketplace acteptance. In other cases,
different standards will be used in different circumstances®.

While no formal government-sponsored negotiations are called for at
this time, the international QOrganization for Standardization [ISO], the
International Electromechanical Commission [IEC], International
Telecommunications Union [ITU], etc.) to discourage the use of
standards to erect barriers. The private sector should assert global
leadership to address standards setting needs.

5. CONCLUSIONS

New E-commerce is still in its formative stage. E-commerce is
currently dominated by the business-to-business and intraorganizational
segments. Many major digital retailers are as yet in the investment and
brand-building mode and show no profits; yet many established retailers
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A variety of user authentication techniques have been devised. One
such technique, endorsed by the federal government, is the Digital
Signature Algorithm [DSA]. This technique involves the encryption of a
user supplied code, called a “digital signature.” A problem with this
technique is that it requires the sender to supply the key to their “digital
signature” so that it can be verified. It is possible for some other party to
obtain the key when it is sent or stored elsewhere. A more modern type
of digital signature, called public-key cryptography is now commonly
used in electronic commerce. It is a feature built in to many modern web
browsers. This technique uses a pair of keys to provide authentication of
signatures. A secret key, known only to the sender, is used to encode the
message. A “public key” which can be given to everyone, is used to
decode the message™“.

4.5. Needed Applications for Electronic Commerce

The needed applications of e-commerce should cover the following
areas:®?
¢ Improvement in supply chain management such as:
Just-in-time delivery.
Automated  business-to-business  transaction  processing
{(integration of “back office” activities).
o Improved consumer marketing and sales: demand chain
management and customer relations management {CRMJ such as:
Shopping;
Electronic publishing;
Remote Banking Services;

Automated end-customer transaction processing (integration of
“front office”activities).

4.6. Technical Standards

Standards are critical to the long-term commercial success of the
Internet as they can allow products and services from different vendors to
work together®. They also encourage competition and reduce
uncerfainty in the global marketplace. Premature standardization,
however, can “lock in” outdated technology. Standards also can be
employed as de facto non-tariff trade barriers, to “lock out” non-
indigenous businesses from a particular national market®”,

118




4.4. Security Strate
There are many problems related to the security. They stem from
both accidental and deliberate misues of electronic commerce facilities.
Two major problems
o  Hacker attacks to break into a system
Passwords used to prevent this
Problems: passwords can be guessed or stolen

e Impostors
User Ids are used to identify users
Problem: impostors can impersonate legitimate users

To achieve the security strategy and prevent the previous Security
problems:

o Firewalls: Prevent Hacker break-ins
Machines set up to filter network traffic
Proxy servers are one type of firewall machine

s  Authentication Systems: Prevent Imposters
US Government’s Digital Signature Algorithm [DSA] standard.
public-key cryptography

¢  Uses a key pair: public key and private key

e secret private key known only to the sender is used to
encode message

*  public key sent to others and used to decode message

e A widely used “freeware” program that uses public-key
cryptography is Pretty Good Privacy [PGP] and is available
over the Internet at http://www.pgpi.com

In Electronic Commerce, one of the first lines of application defense
against misuse is the installation of firewalls. Firewalls consist of
spe. ialized programs, usuvally running on dedicated servers, which are
configured to examine and filter network traffic. Proxy servers are one
popular type of firewall. Instead of actually letting the outside client have
direct access to the network, the proxy server acts as an intermediary.
Requests can be carefully examined, and the outsider never has an
opportunity to directly use the internal computers attached to the
company networks"".,
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1. Retailing Payments. For example...
e  credit cards
¢  charge cards

2. Banking Applications. Examples include...

e Electronic Funds Transfers [EFT] (credit transfers between
banks or other financial institutions})

¢ Automated Telling Machines [ATM]
¢  Home banking services

3. Direct Payment Schemes such as...
*  Smart cards & e-cash.
»  Electronic Checks.

The first involves retailing payments; the old familiar credit and
charge cards that have been around for half a century.

The second involves electronic banking (or e-banking) applications
such as Electronic Funds Transfer [EFT] and the familiar automated
teller machines [ATM]. To these familiar banking applications is a newer
one which is often referred to as home banking. It provides users,
working with a home computer attached by network to their bank, with
the ability to authorize payments, reconcile accounts, and access a variety
of other banking scrvices. An example of a bank completely oriented to
home banking is Security First Network Bank.

~The third area of electronic payments involves direct payments
involves direct payments between buyers and sellers. For example, in
Europe, where credit cards are less widely accepted, smart cards can be
purchased and used to directly pay for goods and services. Smart cards
are used for a wide variety of services such as telephone calls,
transportation, and vending machine sales. These systems are sometimes
referred to as “electronic wallets” or “electronic purses.”

Electronic cash systems, E-cash is similar to smart card technology,
but debit and credit typically involves using a customer bank account
rather than a card that carries an embedded value®.

Electronic checking services are also possible and becoming more
popular; these systems authenticate the customer’s identity and verifies
with the bank that funds are available before allowing the transaction to
be completed.
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bandwidth; reliance on an open and simple packet-switching protocol suit
(TCP/IP). Thus the ease of linking in additional networks with routers,
with the standardization managed by the Internet Society and its
subsidiary bodies, such as the Internet Architecture Board.

The previous features enable the technologies of Electronic

Commerce
e  Modern data communication networks provide:*”
e  Low cost availability;

s  Worldwide access.

e  Advances in multimedia technologies permit:“®
¢  Improved user interfaces to network services;

o Potential for new types of services in education,
entertainment and other areas.

¢ Client-Server Architecture enable:®”

¢ Distributed processing of e-commerce applications;

e Open, platform-independent environment, permitting
design of e-commerce services that can be used widely on
many platforms.

4.2. Service Providers

provide services to other organizations to help them engage in
electronic commerce applications'?

o  Network Service Providers such as:

1. Intemnet service Providers [ISP] provide access to the public
internet (but are themselves private companies).

2. Commercial Network Providers provide private networks
(also often provide Value Added Network {VAN] services).

e  Site services such as:

¢  Security services.

Design and development consulting and outsourcing.

4.3, Electronic Payment Systems

Electronic Payment technologies can be grouped into three broad
application areas:®?
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additional features such as protocol conversion and are they described as
Value-Added Networks [VANs]. Other types of firms specialize in
helping organizations build electronic commercial sites. Software firms
sell data encryption and other types of security-related technologies, user
interface programs and other types of software used toimplement e-
commerce. Other firms specialize in consulting and designing e-
commerce applications such as world wide web sites®?,

Another perspective on e-commerce is 1o examine the application
uses to which a business uses such technologies. Linkages between
business partners may be tightened through improvements in Just-In-
Time[JITI" supply logistics overall improvement in Supply chain
management. Consumer marketing and sales techniques like shopping
and home shopping techniques have removed barriers of distance and
increased product awareness. Electronic publishing services, financial
news and remote banking services are now available over networks.
Commercial databases and library services provide general information
resources™,

4. ELECTRONIC COMMERCE AND COMPETITIVE
STRATEGY

The electronic commerce stralegy uses networks to add value (time,
place or form) to company processes and outputs. This achieved many
improvements such as:

o  Effectiveness improvements include:
o  Wider variety of services io consumer are possible;
¢ Improved quality of service;
e  Provides access to global markets.

e The costs involved are often less than conventional means of
conducting business.

4.1. Technological Infrastructure

The features of global information infrastructure should be:

Easy and relatively inexpensive public access in the more developed
countries of the world; absence of centralized control and the conseguent
organic growth combined with the limited security, reliability, and

® http:/fbeyondcomputing.com/archive/4-96/ethics html.
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modest statistics of the actval consumer buying. Yet, rapid growth is
apparent in this sector as well (Martin, 1996)*®. (Jarvenpaa & Todd,
1996-97)7,

3.4. Security

The use of wide area networks is to invoke transactions between an
organizations suppliers and customers highness the concerns about
electronic security. These concerns are especially grave when dealing
with electronic transfer of funds. Several multi-million dollar frauds
concerning EFT have occurred. Furthermore, consumer confidence is
dependent upon the public perception that transactions over networks are
safe and reliable“®,

Security concerns involve both accidental and deliberate misuses of
electronic commerce applications and facilities. These problems are not
different than the general concerns about computer and network security,
but certainly can increase the magnitude of the problems®", Providing
public access to organizational computers and networks increases the
vulnerability to “hacker attacks”. Passwords are used to defeat this, but
they can often be guessed or stolen. The issuing of passwords to
individuals outside of the organization can be troublesome, and enforcing
policies concerning the proper use of passwords is just about
impossible®™. Added to this basic concern about break-ins is the
additional concern about detecting imposters who use another
individual’s identification to invoke a transaction or obtain a service. The
passwords and Ids of users can often be easily obtained.

3.5. Applications of Electronic Commerce

The growth of electronic commerce has been fueled by the
availability of worldwide telecommunication networks along with
enhanced information delivery techniques utilizing the various
Muiltimedia Technologies. Client-server architecture allows systems with
different hardware and software platforms to interact in an Open System
Computing environment®?,

Electronic Commerce can be viewed from two business application
perspectives. One perspective on e-commerce in business is to look at
those businesses engaged in providing electronic commerce technology
to help enable other businesses. Internet service providers [ISP] and
private commercial network providers Help tie companies into Wide area
networks [WAN] for use in e-commerce activity®. They may offer
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3.2, Electronic Payments

Electronic payments are services which allow business parties to pay
directly or to debit accounts via telecommunication systems. This area is
frequently called Electronic Funds Transfer [EFT]®. The earliest
application of electronic payment systems, and the one most widely used,
is the credit card which came into use during the 1950s. Because of the
great potential advantages in eliminating physical payments, and the need
to integrate payment schemes with electronic sales and other transaction
processing applications, new forms of electronic payments are being tried
throughout the world.

New technology has made it possible to pay for goods and services
over the Intenet. Some of the methods would link existing electronic
banking and payment systems, including credit and debit card networks,
with new retail interfaces via the Internet. “Electronic money,”™* based
on stored-value, smart card, or other technologies, is also under
development. Substantial private sector investment and competition is
spurring an intense period of innovation that should benefit consumers
and businesses wishing to engage in global electronic commerce®,

At this early stage in the development of electronic payment
systems, the commercial and technological environment is changing
rapidly. It would be hard to develop policy that is both timely and
appropriate. For these reasons, inflexible and highly prescriptive
regulations and rules are inappropriate and potentially harmful. Rather, in
the near term, case-by-case monitoring of electronic payment
experiments is preferred“?.

As electronic payment systems develop, governments should work
closely with the private sector to inform policy development, and ensure
that govemmcntal activities flexibly accommodate the neecds of the
emerging marketplace™”.

3.3. Building the Electronic Consumer Marketplace

The main question of E-commerce today is how to convert Web
surfers from browsers to consumers by creating an encompassing
marketplace for information, services, and goods. The statistics of the
phenomenal growth of the Internet use, with 29.2 million Web users in
the United States as of the end of 1997 (“Commerce by
numbers,”1998)?" and with 27.8 million unique visitors during January
1998 to the top-ranked site — Yahoo! (“Top 20 sites,” 1998), all of this
accomplished within some four years, have to be counterbalanced by the
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3.1. Limitations of Infrastructure

An appropriate technological infrastructure is necessary for the
development of E-commerce. The infrastructure of the Internet, which
acts as the current global information infrastructure, has acknowledged
problems. The issues turn on the provision of sufficient bandwidth for the
surging use that is also moving to multimedia transmissions, and on the
problems fostered by the decentralizednature of the Internet. The current
Internet 2.0 backbone operates at 45-155 megabits per second, enabling
the World Wide Web (Bell and Gemel, 1996)®, but not sufficient for the
massive use of video-on-demand, for example. However, the poor
performance experienced by users often stems from the limitations of the
equipment and of the connectivity of their access providers, rather than
from the limited backbone bandwidth.

Significant bandwidth actually available to larger organizations and
that available to small businesses and homes (where the consumers,
telecommuters, and increasing numbers of very small businesses are)
(“Distribution,” 1998)@.

The future development of the multimedia Internet 2.0 backbone that
would be able to carry simultaneously data, video, and voice
communications is a widely open issue. Aside from the financial risk and
technological problems, public policy questions of access will arise.
Regulatory changes may be expected to attempt to facilitate funding.

A number of limitations are apparent on the Web level of the
infrastructure ~ and they do translate into business problems. Many of the
integration solutions are provided by middleware, systems placed
between the client and the server software. Because of the sessionless
nature of the hypertet transfer protocol (HTTP).

Major infrastructural questions remain: Assuming that the Internet
will further evolve as the global information infrastructure, will it remain
fundamentally decentralized? How do we create a protected, secure, and
reliable business environment in a decentralized infrastructure? Has the
tim> come for a more transparent organizational structure in Internet
management? Is the limited bandwidth a real barrier for the consumer, or
are there other and more lasting forces at work? What infrastructure can
be provided to enhance the ability of vendors to differentiate their
offerings and the ability of customers to compare them? (Baty & Lee,
1995, present one such attempt)”.
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marketplaces on the Web, such as Industry. Net (“Commerce by
numbers,” 1998)"

The fastest growing area on this level of E-commerce is the
intranet-and extranet- based information sharing and collaboration.
Intranets support the opening of the organizational databases and data
warechouses within the firm, dissemination of information on Web pages,
as well as geography-independent team-oriented collaboration within the
corporate firewalls®,

More active uses of Intranets are being developed and include on-
line collaboration on common projects by working on electronic
documents and communicating via videoconferencing. Thus, Ford Motor
Company has linked with an intranet its design centers in the United
States, Asia, and Europe, enabling the engineers to develop on-line
electronic prototypes of automobiles and their components (“The Chief
Executive,” 1998)®?, An extranet accessible to Harley-Davidson’s
dealers enables them to file warranty claims, check recall status, and
submit financial statements to the motorcycle manufacturer, with the
capability to order parts and accessories being implemented. It has
become an inexpensive means of converting paperwork to electronic
communications (Kalin, 1998)“",

Electronic marketplaces are created to facilitate transactions over
telecommunications networks between multiple buyers and multiple
suppliers. Electronic hierarchies are long-lasting supplier-customer
relationships between firms, maintained with telecommunications
networks and coordinated largely by management, rather than by the
market forces!'¥,

3. Restrictions of Electronic Commerce

In discussing the issues of E-commerce, the hierarchy of Table 1,
from the infrastructure to the business governance. The following aspects
of E-commerce will be discussed: the limitations and technological
infrastructure of the Internet, integrating the transaction process in
consumer-oriented E-commerce by incorporating the payment stage into
it, building the consumer marketplace, moving products and stages of
supply chains into marketspace, changes in business governance, and the
new intermediation in the electronic marketplaces.
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out a desired good or service, electronic authentication services helping
to establish the bona fides of a partner, copyright-protection services,
traffic  auditing to establish the worth of an electronic site for the
advertising purposes (the dominant revenue source for many Web sites
that do have significant revenue), smart-card systems that enable
financial and information transfers of various kinds, and a varnety of
other services that are being invented and introduced (Kalakota &
Whinston, 1996)4",

2.4 - Products and Structures of Electronic Commerce

Products and structures of E-commerce cover its three categories:
consumer-oriented commerce, business-to-business commerce, and
intraorganizational business. All three are experiencing vigorous
developments, albeit with differing economic outcomes at this time?.

The most highly applications of E-commerce are consumer-
oriented. They include remote (or home) shopping, banking, and stock
brokerage, accomnpanied by (and in some cases, so far paid by) on-line
advertising®. A number of firms provide remote financial services.
Security First National Bank has successfully introduced branch-less
banking over the Intemet (Clark & Lee, 1998)"?. For a chance of success
in the consumer marketplace, the firn must identify an actual customer
need and the finn’s relationship with the customer must build on the key
feature of the medium, namely interactivity (Hoffman, Novak, &
Chatterjee, 1996)09,

The other principal consumer-oriented segment is infotainment-on-
demand. The segment builds on the Web as a new communication
medium (Weber, 1997)*. The consumer-oriented category is expected
to expand in many ways. For exaniple, electronic benefit systems can be
used to distribute government transfers over the Intemet, which can then
be employed for direct payments; the multimedia capability can redefine
the notion of a magazine by including, for example, film clips; a variety
of electronic interactions.

The business-to-business supplier-customer linkages maintained
with  EDI are the best established ecategory of E-commerce
application(12). This category will be vastly expanded by the growth of
new E-commerce, leading in many cases to interorganizational supply-
chain management. The business-to-business commerce is facilitated by
consortia such as commerceNet and by firms that organize industrial
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Secure messaging for business transaction processing has to feature
the following attributes:@®

1-confidentiality (generally accomplished through encryption, but
secure key logistics remains a problem even in the public key
systems);

2-message integrity (achieved with hash totals or similar tokens
accompanying the message);

3-authentication of both parties {generally via a digital signature and
possession of a private key); and

4-electronic cash requires anonymity of the receiving party
(accomplished with a blinding factor during the encryption).

Considering the limitations of the Internet’s protocol suite, the
attributes of secure messaging have to be provided by other means, and
the organization’s own information systems are generally separated from
the public Internet by a firewall system that screens out unauthorized
traffic®. A number of secure protocols are being actively considered for
various levels of communication, from the network to applications. A
notable example is the Secure Electronic Transaction (SET) protocol
layer, developed by the Visa and MasterCard organizations to secure
credit card transactions over the Internet, which relies on digital
certificates to be issued to cardholders and presented by them when
making a purchase,

At this time, a uniform secure environment has not been created and
the perceived lack of security remains a fundamental obstacle to E-
commerce. In particular, by often making it necessary to separate the
settlement from the informational and contracting steps in an acquisition,
the security concern is a senous obstacle to consumer-oniented E-
commerce®”.

The principal messaging services include EDI, electronic funds
transfer (EFT), and E-mail; and voice messaging are also available and
have high potential as business initiatives when placed on the Internet“”,

The most technological activity is taking place at the level of
enabling services. These services facilitate searches for business
information as well as for business partners, negotiating and maintaining
a business relationship as well as consummating business transactions by
financial settlements and other information-equivalent transfers. This E-
commerce level includes (or will include) digital libraries (Fox et al,
1995)", electronic catalogs and directories, smart agents helping to seek
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Metal-Level | Level Function Examples
Services 5 Enabling Electronic
Services catalogs/directories,  smart
agents
E-money, smart-card systems
Digital authentication
services
Digital libraries, copyright-
protection services
Traffic auditing
4 Secure EDI, E-mail, EFT {Electronic
Messaging Fund Transfer)
Infrastru- 3 Hypermedia /| World Wide Web with Java
cture Multimedia
Object
Management
2 Public and | Internet and value-added
Private networks (VANS)
Communication
Utilities
1 Wide-Area Guided-and  wireless-media
Telecommunicat { networks
ions
Infrastructure

2.3 - Services: Enablers of Business Communication and Commerce

The meta-level of services consists of provision of secure messaging
and of enabling services for E-commerce. Taken together, these services
provide the business infrastructure for E-commerce.

As opposed to the traditional, EDI-based, E-commerce relying on
secured private VANs, the public communication utility of new E-
commerce is based on the TCP/IP protocol suite that was developed to
share information freely rather than to underlie a marketplace. The
fundamental security flaws in the Internet infrastructure include the
ability of any computer that lies on the path of a communication between
two parties. The absence of authentication of the communicating parties
{making impersonation at either end possible), and no precautions against
altering the contents of message’s packets (Bhimani, 1996)"7.
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suite (TCP/IP), and thus the ease of linking in additional networks with
routers, with the standardization managed by the Internet Society and its
subsidiary bodies, such as the Internet Architecture Board®",

The Internet has become the driver for E-commerce thanks to the
invention of the World Wide Web as a principal means of sharing
information and of he browser as the universal front end. The Web has
turned the Internet into a global, distributed, and hyperlinked multimedia
database™”. By relying on the client/server architecture, the Web further
builds on the decentralized model of the Internet. It is easy to join and it
is easy to organize an information space for a small or a very large group.
Internet communities can carve out and shape the space that suits their

:purposes (Armstrong & Hagel, 1996)"". Specialized platform-
independent programming languages, such as Java, facilitate making the
electronic pages of the Web into a source of active software objects. It
needs to be scen clearly that, as a separate and software-based layer, the
Web can and may be replaced in the future by an information
management mechanism that would better meet the demands of very-
large-scale use of the global network of networks™.

Table 1. The Hierarchical Framework of E-Commerce 7 Layers®?

Metal-Level | Level Function Examples
Products 7 Electronic Electronic auctions,
| and Marketplaces brokerages, dealerships, and
Structures and  Electronic | direct search  markets
Hierarchies Interorganizational  supply-
chain
6 |Products and | Remote consumer services
Systems (retailing,  banking, stock
brokerage)

Infotainment-on-demand
(fee-based  content sites,
educational offerings)
Supplier-customer linkages
On-line marketing ‘
Electronic benefit systems
Intranet-and  extranet-based
Lcollaboration
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3- Products and structures: direct provision of commercial
information-based goods and services to consumers and business
partners, and inter-organizational information sharing and
collaboration, and organization of electronic marketplaces and
supply chains,

The following section proceeds to discuss the individual levels that
constitute these three meta-levels, to examine the impacts engendered by
their functions later on in the paper.

2.2 - Technological Infrastructure

The first three levels of the hierarchical framework are the
technological infrastructure of E-commerce. The foundation is the
intermeshed network of wide-are telecommunications networks,
extended by the metropolitan and local-area nets”. Deploying both
guided (such as the fiber-optics and coaxial cables) and wireless
transmission media (such as the satellite microwave and the radio) under
computerized control, these networks span the globe. Thus, E-commerce
1s inherently global“®.

So, there are major differences in national and regional development
of the infrastructure, as well as in the national governance of
telecommunications, with government monopolies in a number of
countries  limiting the development and imposing high
telecommunications costs*”.

The inadequacies of the telecommunications infrastructure in many
developing countries make it impossible for them to partake of the
benefits of E-cominerce (Dutta, 1997)%). The telecommunications
capabilities are delivered for business use through two essential means.
The older system 1s that of proprietary value-added networks (VANSs),
established by vendors to deliver services over and above those of
common carriers that are licensed by governments to provide
conununications services to the public®. The new order is that of the
Internet, which has become the principal vehicle of E-commerce.

Tke features reached by the development of the global information
infrastructure are:

Easy and relatively inexpensive public access in the more developed
countries of the world; absence of centralized control and the consequent
organic growth combined with the limited security, reliability, and
bandwidth; reliance on an open and simple packet-switching protocol
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challenged old assumptions and helps shape new workplaces,
organizations, and markets. The Internet offers an open platform for new
E-commerce, removing the long lead times.

1.3. Advantages of Electronic Commerce
There are several advantages of E-commerce as follows:!'?
» E-commerce improves organizational efficiencies by leveraging data
processing, database storage, and data communications technologies.

» Existing network facilities can be utilized to achieve great savings in
labor costs and the reduction of paper storage and handling facilities.

e It has enabled firms to be more effective in improving the quality of
standard goods and services and to offer a variety of new services.

e The global marketplace has become larger and wider because of the
expansion of e-commerce activity.

2. The Framework Of Electronic Commerce

2.1. The Hierarchical Framework of E-commerce and Its Meta-Levels

The established way both to analyze and to develop very complex
systems, such as that of E-commerce, is to structure them as a hierarchy
of several levels, with each of the lower ones delivering a well-defined
functional support to the higher ones. Such a hierarchical framework of
E-commerce is shown is Table 1, (Zwass, 1996)(71). The framework will
help us in the sense making and in our subsequent analysis of the impacts
of E-commerce.

The framework recognizes that E-commerce consists of three Meta-
Levels:

1- Technological Infrastructure: the hardware, software,
databases, and telecommunications that are deployed to deliver
such functionality as the World Wide Web over the Internet, or
to support EDI and other forms of messaging over the Internet or
over value-added networks; ‘

2- Services: messaging and a variety of services enabling the
finding and delivery (on business terms, if desired) of
information, including a search for potential business partners, as
well as the negotiation and settlement of a business transaction;
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information technologies reduce time and space buffers, but that also
limit its competitive opportunities™".

Electronic Data Interchange [EDI] concems the exchange of
transaction data between business partners in a standardized electronic
format®. These standard EDI formats have been issues by the American
National Standards Institute [ANSI] and are generally referred to as the
X.12 standards®. Many types of forms are defined, each relevant to the
type of transaction that is being conducted. An application, such as order-
entry or accounts-payable, “translates” the internal native format of the
data into an ANSI X.12 version of a business transaction form. The
resulting EDI document is then sent between business partners by using a
“third-party” network provider. In the past, EDI transfers were often
carried by private Value-Added Network [VAN] providers®, but now
services are offered over the public Internet by firms such as Premenos,
which may result in dramatic savings over private networks as well as
greater convenience”.

The advantages of EDI are: improves speed with which transactions
can be completed; improves ability to integrate transaction processing
with other errors due to manual processing and provided better security.
Finally, as a result of overall increase in efficiency, EDI has provided
cost savings. Estimates of savings through processing efficiencies alone
are about a 75% reduction on average".

Electronic integration has led to dramatic shifts in the definition of a
firm, with the emergence of virtual companies, whose capabilities to
deliver their products to the market are defined largely by their ability 1o
organize and maintain a network of business relationships, rather than by
their ability to manufacture a product or deliver a service. Extensive
busines. networks have been formed by relying on this form of
integration; the local and global business communities, Entire industries
are being radically changed (“H.E. Butt,” 1994)9.

It is the arrival of the commercial use of the Internet, driven by its
World Wide Web subset, which has been defining new E-commerce are:
computer networking and telecommunications; client/server computing;
multimedia, and hypermedia in particular; information retrieval systems;
electronic data interchange (EDI); message handling and workflow
management systems; groupware and electronic meeting systems; and
public key cryptography!"?. The set of technologies driving E-commerce
is embodied (for a want of a better word) today in the Internet. This is a
transformational technology (Fedorowicz & Konsynski, 1994)?% that has
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to future developments. It presents a hierarchical framework for
electronic commerce.

Electronic commerce (E-commerce) is the sharing of business
information, maintaining business relationships, and conducting business
transactions by means of telecommunications networks (Armstrong &
Hagel, 1996)*. Therefore, E-commerce includes the relationships and
transactions between companies, as well as the corporate processes that
support the commerce within individual firms through Internet. This
means the enterprise-commerce transferred from the traditional to
Internet-Driven Electronic Commerce.

This paper also presents a systematic view of the complex enterprise
of E-commerce within a hierarchical framework, extending from the
networking infrastructure to global marketplaces.

1.1. Electronic Commerce Concept

Electronic commerce is the use of telecommunications and data
processing technologies to improve the quality of transactions between
business partners-both customers and suppliers"®.

o Efficiency improvements gained through electronic commerce [E-

commerce] applications. They include:“”

¢ Better use of internal networks to streamline procedures.
e Speed of “turn-around” of transactions increased.
e Savings in labor and paper storage and handling.

1.2. The History of Electronic Commerce (EC)

Electronic commerce is a new and certainly trendy name, but the
practice it refers to originated a half century ago in the Berlin airlift
(Seideman, 1996)%%, This practice became electronic data interchange
{EDI), the computer-to-computer exchange of standardized electronic
transaction documents. Although what can now be called traditional E-
commerce has not been limited to EDI and has included business
practices built around computer-to-computer transmissions of variety of
message forms, bar codes, and files, the use of EDI has led to the most
significant organizational transformations and market initiatives (Jelassi
& Figon, 1994)"®, Some of the well known cases in point are Wal-Mart,
Levi Strauss, General Motors, and other companies that have built new
kinds of relationships with their suppliers and customers through
electronic linkages. Electronic integration, supported by ED] and other
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Chapter 8:

STRUCTURE AND CRITERIA OF
ELECTRONIC COMMERCE: FROM
TECHNOLOGICAL INFRASTRUCTURE
TO ELECTRONIC MARKETPLACES

By

Prof. M. M. El Hadi & Safaa Sayed Mahmoud, Ph. D,

Abstract

Electronic commerce (E-commerce) is sharing business information,
maintaining business relationships, and conducting business transactions
by means of telecommunications networks. Traditional E-commerce,
conducted with the use of information technologies centering on
electronic data interchange (EDI) over proprietary value-added networks,
is rapidly moving to the Internet. The Internet’s World Wide Web has
become the prime driver of E-commerce, which use of the new medium.
This paper presents a hicrarchical framework of E-commerce, consisting
of three meta-levels: infrastructure, services, and products and structures,
which meta-levels, in turn, consist of seven functional levels. These
levels of E-commerce development, as well as of its analysis, range from
the wide-area telecommunications infrastructure to electronic
marketplaces and electronic hierarchies (Armstrong, 1998)™", The paper
proceeds to discuss several nodal areas of E-commerce impact on the
activities at the meta-levels. These impact areas are: integrating
electronic payment into the buying process, building a consumer
marketplace, moving supply chains and products into the marketspace,
the governance of electronic business, and the new intermediation. A
perspective for further analysis and strategies of these impacts is
provided.

1, Introduction

Electronic commerce is being redefined by the dynamics of the
Internet, this paper presents the structure of the enterprise to look forward
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Chapter 7;

Problems of Electronic Commerce Contracts

Prof. Dr. Ahmed Sharaf El-Din

Abstract

This presentation identifies Topics such as: the shift fram paper
handling to electronic handling; some experiments on legal organization
for electronic commerce; and problem of formulating contracts and their
authonrifications.

The Original Version is written in Arabic
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Conclusion

e [BM can provide a global solution for e-commerce
» Net.Commerce package
» Servers
+ Implementation
» Education
» Security
= Net.Commerce is a powerful package
» dynamic :
» scaleable
> open
e |IBM is leader in security for e-commerce (SET payment)
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Net.Commerce sites

= USA
r Clothes: www LLBean.com
» Phones: www.Motorola.com
» Books: www.BookServe.com
& Medical: www.Mediconsult.com
s EUROPE
» Flowers: www.interflora fi
+ Show Ticketing: www.arena.it
» Railway Tickeling: www.sbb.ch
»Food: www.expressfood kf.se
# FRANCE
» Mall experience: www.SurfAndBuy.com (no longer available)
+ Monaco mall: www.monaco-shopping.com
+ Appliances: www.SuperVox.com

Other Complementary Software

e |[BM eNetwork Firewall
i Controls Network Access

e Security Dynamics
» Strong Authentication

= Network Dispatcher
» Scaleability and load balancing
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Pavment Server

= Acquires cuslomer's orders from the Internet
= Forwards customer payment card data and
certifications to your bank via SET

e Performs all message and transaction
processes as required by these protocols

& Keeps complete records of all transactions

IBM Payment Gateway

= Certification management
= Routing
= Decryption and encryption
= Supports and manages SET and SSL

Rt Yok Lpn

meét the demands of
merchants who want to submit
SET-based transactions.
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Store Scenarios

« ONE LARGE MALL
» One single data model
» Several stores inside
» One Mall presentation
e One database
»One main URL

s MULTIPLE SEPARATE STORES
« Several databases
e |solated stores
» Need more resources
» Several URLs

IBM Net.Commerce

Any SSL
(Secure Sockets Layer)
Capable Browser
(SET - optional

e Net.Commerce
£ Online Catalog
Publishing
= Payment System

Security

NelCommerce inmum
Catalog
Web server
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SET payment scenario

T Jvi.‘ 'T Visa Net/ __( ' “
Ihh_ 1l 7" MasterCard | |

Bank
Olher Issuer Bank EEE
TI e Acquirer + Issuer

Certificate Authority 1
{BM Payment - »
Registry E Gateway Server

IBM Payment

/ + : Gateway
- [m‘erne& e

=

Cardholder's PC et
1BM Consumer Merchant server
Wallet IBM Payment Server
{BM Net.Commerce
IBM Consumer Wallet

= An electronic wallet

& Holds all credit card information encrypted
and hidden

& Holds "receipts” from merchants
& Helps you manage purchasing information
= Encrypts orders and card numbers

= Personal Branded Wallet ,

z VISA / MC approved - SETCo compllant

e Market Proven

igh f’(‘%‘%‘«n TC T Wallet
Plug lt in. Buy with confidence.
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Secure Electronic
Transactions (SET)

Payment Scenario

SET payment scenario

! —

Bank
Acquirer + Issuer

Certificate Authority
IBM Payment
Re ist Gateway Server
IBM Payment

Gateway

st towmra g

Cardholder's PC .
IBM Consumer Merchant server
Wallet IBM Payment Server

IBM Net.Commerce
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s

payments

5

on the 'Net

SET

Secure Electronic Transaction

= Developed by MasterCard, VISA, IBM and
other technology companies.

= Open standard for payment systems

= Provides authentication, message integrity,
nonrepudiation, and privacy

= Uses encryption and decryption keys

® Uses an electronic wallet

= Hacking is almost impossible

brocessing’

i
1
!
i
l
|
i

Cost of Computing Decreases...

97 ] [} 03
Source: BM
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Internet Users in Arab World

2580 , — U = — e —

B APR99

Thousan &

UAE Lebanon Jordan
Egypt Saudi Arabia Amman

*Dabbagh information lechnology Group
67-09

e-commerce obstacles in Arab World

= | ow number of Internet users

s Risk of purchasing products over the Internet
= Lack of education to use new technologies

= High price to establish a web site

= Computer prices

& Slow communication network

® [ aws

e Fraud

& No Privacy

= Repudiation
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e-Commerce is Growing Rapidly

Business-to-Business Trillions
.' 53-2
EE Other . ) s
3 tilities High Estomate.‘.-
E2 : Petrochemicals 3

ESEE Motor Vehicles
IR Computing/Electronics

1998 1999 2000 2001 2002 2000
Source: Fofrester, Morgan Slaniey Dean Witler, Giga, IEM Analysis

The potential of new technologies

e AOL (US - ISP) has 20 miilion members (13.2 million)
shopped during 1999-2000 holidays.
AOL member retail spending totaled 2.5 billion US
dollars between Thanksgiving and Christmas.

= Consumer purchases online were up 112% for first
three quarters of 1999 over 1998 based on IDC.

e Electronic Commerce is not only a matter of software
nor of enterprise size.

= Even new enterprises are created to sell over Internet

(amazon).

1
1
'
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Customer needs based on type of buyer

Business to Business

Business to Consumer

Integration, EDI, Customer
Groups, Multiple Payment

Options, Discounts, Repeat
Buyers

Unique Shopping
Experience, Secure Credit
Card, Personalized
Shopping

e-Commerce is Growing Rapidly
Business-to-Consumer

MR Software

WS Other Billions
IEER Groceries o $300

@80 Books High Estimate ..~

B8 Computers/CE

MRS Travel

$180

1998 1999 2000 2001 2002 2003
Source: Forrester, Morgan Stanley Dean Witter, Giga, IBM Analysis

89




e-commerce definition

= |t is simply to buy and sell over the Internet
e |t is similar to the current MOTO but over The NET.

= The are different payment types:
- Credit cards
- Debit cards
- Credit / Debit cards
- Smart cards
- e-check
- Cash on delivery

Internet Use is Growing Worldwide

ﬁ Resl of World
‘ Japan/AP

&ﬂ Wastern Europe

'us

1999 2000 001 - 2002 2003
Source: |DC




Chapter 6:

IBM e-commerce solutions

Amr Mebed
Software Specialist
mebed@eg.ibm.com

Agenda

s e-Commerce definition
s Secure Electronic Transaction (SET) Protocol
= |BM offerings
» Wallet
» Net.Commerce
» Payment Server 1
» Payment Gateway |
e Customer references

87






Chapter 5:

Digital Technology and Virtual Education”

Prof. Dr. Mohamed M. El Hadi

Abstract

Most of methodological and technical solutions for the development
of recent ICT has direct connection with the technology of digitalization,
visualization and interaction, such as Internet: are deep rooted with the
educational and scientific community. Despite this fad, the educational
and scientific sector is considered the less areas to benefit from these new
technologies and their digitalized and visualized techniques. This paper
urges the educational organizations to deal with the new digitalized and
visualized application to develop the educational system in Egypt.

This paper discusses the distance education from the point of view of
its background and vairous concepts and definitions. The capabilities of
virtual education which are with utilization of information and
communication technologies is also identified in relation with a
synchronization and maximization of technology as well as
democratization of education. Projects of virtual education in some
advanced countries have been identified for this study, such as European
DANTE project, worldspace project of the satellite network, SWIS
virtual Compus, etc. Also, the paper has indicated other topics such as;
the changes in education and learning models; information, virtual
reference Libraries, and digital Libraries; and digital and visual
technology training,

“The Original Version is Written in Arabic.
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USEE Training Kits
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[TTHA) IT Primer Coverage

. 1T Primer
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H “IT Primer”
s Worishops

Original Course Material

Electronic Course Content
A Vision for the Web Course
HTML Version of the Content

Interactive, Linked Course

Course Posting and Maintenance
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e
USEE Framework - Building Blocks  : [I[{I

(2000 & Beyond)
USEE-Onhne

USEE Web
Resource Server

 USEE-Waorkshops

IT Primer USEE Training
Workshops ; Kits Series

USEE Regional
Nodes (A
USEE-Centers

UNESCO . Cuiro Office

| .. The Details of the .....

IT Primer
Workshops

March H4. 2000 UNESCO - Caire Office
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How To Reach All Faculty? .

We propose to develop a series of USEE Training l
training kits including the IT primer Kits Series

os well os advonced topics such as
JAVA, Audio, Video, Active X, = The kits may be available on

Database Connectivity both online Video Tapes, CR-ROMs, Via
S Satellite, on the web or in
and in print.

print.
» Shelf Ife for o kit is 18-24

This is our “USEE Training Kit months

Series”,
« Kits are meant to reflect the

state-of-the-art.

March 14, 2000 UNESCO - Cairn Offce

Ml

== How To Solye the Infrastructure Problem?

USEE Regional ’ We propose to establish @ number of

Centers regional USEE centers (nodes or
embassies) in which we house all
required toals ta view the training

« The USEE Center fits the C kits along with alf necessary software
notion of @ Mutti-Purpose " tools

Academic Community Tele-
Center (MACT).

+ Contains TVs, Yideos, Satellite These are our US“EE Regicnal
Decoders, Networked Centers (Nodes)".

Computers, etc..

March |4, 2000 UNESCO - Caro Office
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I What To Teach Faculty?

We propose to teach a set of basic T Primer
IT skills which allow faculty to Workshops l

converti/re-use existing materiol to
create their own courseware with + The Primer will have a fixed
widely available, free software. agenda.

« Emphasizes conversion

This is our “USEE IT Primer !efhniques and assembly of
Workshop™ existing course components.

= Favors free software

~How to Facilitate Authoring? - { &L

USEE Web . I We propose to compile topical
Resource Server electronic libraries of high quality,

copyright free educational material

+ The Web Resource Center is to camplement the USEE IT Primer
focated ot the United Arob and allow faculty to create first rate
Emirates University.. courseware.

+ Contains static materiol,
applets, video, oudio,
animations, etc.

This is our “USEE Web

Resource Server”.
* Ensures copyright dearance

March 14, 2000 UNESCO - Cairo Offee Page 16
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The Information Road
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Ilill  Modernizing University Education in Basic
& Engineering Sciences

s

+ METHODOLOGY
- Award Grants for Pilot Course Development Projects
— Orgenize Intensive Hands-On Faculty Training Workshops

— Awvail Consultancy and Advisory Support Capitalizing on the
UNITWIN Programme and UNESCO Chairs

— Disseminate Information on Recent Technologies & their
Use in Higher Education

March (4, 2000 UNESCO - Cawe Ofhce
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IIlill = Modernizing University Education in Basic
& Engineering Sciences

L
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« ACCOMPLISHMENTS IN 96-97

— Approved 7 Course Development Pilot Projects in BSC &
EST

— Organized 5 Regional and 2 National Faculty Training
Workshops :

— Established 2 UNITWIN Agreements Linking Universities in
the Region & the USA

— Secured 2/3 of the Targeted Supplementary Funds for the
Project
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Figure 4: Odometry correction experimental using single landmark
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(f:j:;l Ax(cm) | Ay (cm) | A O(radians) | d;g; 0
10 | 0207 | -1148 | +00020 | +0.11459
15 | 0775 | 0765 | +00045 | +0.25783
20 | 1222 | -0.696 | +0.0084 | + 048128
25 | -1927 | -0832 | +00177 | + 1.04135
30 | 2280 | -LI11Z | +00167 | +0.5684

Table 2. Average odometry error correction

5. Conclusions

A transparent method of odometry error correction in real-time was
described. This method is a simple application of group theory that
requires very little computational overhead. We have shown that
-odometry error can be held to a small, relatively constant value despite
repeated vehicle motion. In the worst case, average odometry error was
2.54 cm in distance and 1.04 dgrees in orientation over a 914 cm course.
The algorithm is robust, as shown by continued odometry correction
despite landmarks occasionally being missed. Automatic, periodic
odometry correction allows for sustained autonomous robot operation no
longer limited by positional error. This automatic, low-overhead
odometry error correction task is now being implemented in the MML
software system as one of the background jobs and can be activated by
users when needed. This capability is extremely useful when a user
program Yamabico in MML for more sophisticated behavior.
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4. Experimental Results

To validate the fundamental correctness of the algorithm (see
Section 3), we implemented the algorithm on the autonomous mobile
vehicle Yamabico-11. The set of odometery-correction-related functions
were incorporated into the MML function library [13, 14].

In the following subsection, we explain one experiment to verify the
fundamental correctness of the algorithm.

4.1 Experiment with Single Landmark

In this experiment, a single racetrack path with a single landmark
was used. Yamabico moves repeatedly around this racetrack path which
is composed of three separate path elements. Yamabico is programmed to
make an odometry correction once per lap using a single landmark. In
each lap of this racetrack path execution, the odometry correction is
performed and the error configuration ¢ is recorded. The resulting robot
motion after applying odometry correction code is shown in Fig. 4. Table
1 shows the raw experimental data obtained for the robot travelling ten
laps at 25 cm/sec. Notice that the results show the error configuration for
each lap are small and nearly equal. This provides evidence that
Yamabico’s motion control and localization functions are precise and
that the odometry correction algorithm is working as desired. The
average of the error configuration over ten laps at speed of 10, 15, 20, 25,
and 30 cm/sec are shown in Table 2 (for 25 cm/sec, this average was
taken from the previous set of data as shown in Table 1). Asinthe
previous experiment, error correction was made at each lap.

{ Lap | Ax(cm) | Ay(cm) | A &(radians) | A &(degree)
L1 -1.591 -0.620 +0.0120 +0.6875
|2 -1924 | -0828 - 0.0120 +0.6875
3 -2.191 -0.671 +0.0110 +0.6303
| 4 -1.181 -1.143 +0.0290 + 1.6616
5 -2.401 -0.298 +0.0100 | +0.5730
6 -2.152 | -0.936 +0.0210 +1.2032
7 -2.067 | -0.905 +0.0150 + 0.8594
8

9

2054 | -0.975 +0.0170 + 0.9740
2409 | -0.793 +0.0130 +0.7448
10 | -1.297 [ -1.153 +0.0370 +2.1199 |

Table 1. Odometry error correction (25 cm/sec)
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retrurns a pair of endpoints (b;, by) as a result, Obtaining the observed
object configuration py is done in the same manner as described in the
previous section.

It is crucial to use a single sonar for taking a series of data. If data
from multiple sonars are used, they do not make a clean linear pattern,
because of physical and electrical charactenistic differences and
misalignment among sonars. This way be one reason for the seemingly
unreliable sonar data seen in [1, 5].

3.4 Real-Time Odometry Correction

Assume a situation in which the vehicle known its actuoal
configuration ¢, and the vehicle is moving. When the landmarks are
focated in the environment and the robot can detect a landmark, the
observed segment configuration p, is obtained. If there is a difference
between the observed segment configuration p, and the actual landmark
edge configuration p,, the robot can correct its estimated position before
the error accumulates to be large. For example, In Fig. 3, the vehicle
believes it is at go, which is on the specified directed path 7. Actually,
through, the vehicle is at g, and was going to move on a wrong trajectory.
Odometry correction is made by simply substituting the odometry
configuration with ¢, This causes the odometry configuration to be the
true one, and therefore, lets the control algorithm recognizes the non zero
(distance between the vehicle’s configuration and the directed path 7. This
control algorithm then pulls the vehicle back on track (Fig. 3) [12].

Y
A Qa actual vehicle configuration

- "

qo localization vehicle configuration

Figure 3: Real-time odometry correction
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From Equation 3,

ga=EGo =Papo’ go (6)

The last equation gives a formal way to evaluate the actual
configuration g, of the vehicle using a model and sensors. The following
sections shows how to evaluate p, and py.

3.2 Actual Object Configuration, p,

When we project a three dimensional world onto a two dimensional
plane, a vertical plane is projected to a straight edge. There are numerous
edges in an environment as a part of awall or #part of furniture. We
consider some of those edges as landmarks for the navigational purpose.
Let (g1, g2) = ((x1, ¥1), (x2, 32)) be an edge 4 with endpoints a; and a,. We
can define a configuration py ? (a;, 84) withit. The orientation &, is
equal to the orientation from ay to 2;. Thus, we can obtain the actual
configuration p, =p, in Equation 4 for an edge A.

3.3 Observed Object Configuration, p0

Obtaining po for the edge 4 using a sonar is another story. Instead of
statistical method used by Elfes [1] or the recursive linear fitting
algorithm for edge extraction by Crowley [2], we propose translational
scanning including the general least fitting algorithm for this purpose
[10, 11]. This method has a striking advantage of having no difficulty in
expressing lines that are perpendicular to the x axis, as opposed to the
conventional least squares method of using a formula y = f{x). A line is
represented by (a, r), where a and r are the orientation and length of a
normal against L from the origin (0, 0).

During a vehicle’s translational motion, assume a sonar obtains a
range value d by a sonar whose instantaneous configuration is (xs, ys, 6)"
(this configuration 1s a composition of the vehicle odometry
configuration go and the sonar local configuration g in the local robot
coordinate frame. In this sense, the sonar configuration includes
odometry error. An estimate of the point on an object that generated the
sondr retum is p = (x; +dcos &, y, +d sin &) in the global coordinate
system. The second step is to calculate the moments up to the second
order at each new incoming value. With these moments, the equation of
the line L with the least squares fit and the best estimates of the endpoints
of L can be obtained. The final important step is to determine if the newly
coming point should be included in the group of points representing a
line. When one session of the linear fitting process ends, this process
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A vehicle is assumed to have an odometry function that maintains an
estimate go of the current vehicle’s configuration by integrating whell
movement. This estimate is called an odometry configuration.

Y Pa
Object A
Po Ye
b Xg
Ga
—:\qn
X

Figure 2: Odometry error analysis

Consider a situation in which the vehicle’s odometry configuration is
go and its actual configuration is g, (Fig. 2). We propose to define an
odometry error configuration € such that

£Go=qs (3)

That is, this vehicle misunderstands the global frame Fj is at the
error configuration .

Furthermore, a sensor mounted on the vehicle is assumed to be
sensing objects. The sensor’s capability is considered ideal, That is, the
vehicle is able to sense the relative configuration between the vehicle
itself and objects in an infinite precision. Therefore, an object
configuration p; measured by the sensor is affected by the error
configuration. p, is the actual configuration of an object A4 in the
environment, which is given by the environmental model. p; is the
configuration of the object A4, which is observed by the vehicle.
Therefore, by using the same error configuration € in Equation 3 (Fig. 2),

EP0= PDa (4)

Note that go, pe, and p, are known. From Equation 4, the error
configuration is

€=Papo’ (5)
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(6)Error detection correction is done whenever a side-locking sonar
scans a known object at an angle nearly normal to its surface.
Since this event takes place relatively frequently in a normal
indoor environment, the wvehicle’s location error does not
increase indefinitely. Thus, the vehicle’s safe motion and correct
sensor data interpretation are guaranteed.

3. Methods

3.1 Configuration Algebra

The error detection method used here is based on the two
dimensional transformation group theory [9]. We define a global
Cartesian coordinate system Fy in the 2D environment of the vehicle. On
each rigid body object 4 {including the vehicle itself), a local coordinate
system F, is defined. Using the current position (x, y) of the origin of F
and the current orientation &of the X axis of F in the global coordinate
system, we define its configuration g =(x, y, H)T, wherex, y, € R R
denotes the set of all the real numbers. The identity configuration is e ?
(0, 0, 0)". Given two arbitrary configurations g, ? (x;, y1, 6)" and g, ?
(x2, 2, 6'2)T, their composition g, ¢ is defined as:

x; +x2008 & —y;sin
= |y i x2sin &+ y;cos 6 i
9 92 8+ 6, )

The inverse 4™’ of a given configuration ¢ ? (x, y, 8)" is defined as:

-xcosO-ysinb
q-l X sin@ —ey cos 0 (2)

In configuration algebra, only those two functions, “composition”
and “inverse” are needed.
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mobile robot localization. This environment is cluttered with unknown
obstacles and an environment model is built from ultrasonic readings
using clustering to discard false echoes. In Connell’s work [7], a robot
automatically maps an office building environment and then smoothly
navigates through this environment at a speed of 2.6 feet per second.
Noreils described a control architecture for mobile robots [8]. Wall
following and obstacle avoidance are achieved using ultrasonic range-
finders as the sensors.

The major obstacle in precise/safe navigation is accumulation of the
odometry error. This problem is crucial in navigation, because its
odometry error will increase indefinitely until the vehicle is not able to
move safely to interpret its sensor information appropriately. Although
engineering effort to reduce the error is necessary, it is almost impossible
to completely eliminate it, because the causes are in vehicle, in
environments, or in the modes of operations. Therefore, an autonomous
vehicle must be equipped with an automatic, low-overhead, real-time
error correcting algorithm.

2. Objectives

The objectives of this paper are to present a systematic mathematical
algorithm for odometry error correction and to report the experimental
results of application of this algorithm using the autonomous mobile
robot system Yamabico-11 (Fig. 1). The proposed algorithm and the
implementation method have the following features:

(1)Uses a 2D abstract geometric model of the indoor environment.

(2)Uses ultrasonic sensors and least squares fitting algorithm to
sense the configurations of immobile known edges in the
environment.

(3)Matches a sensed edge configuration landmark against the
corresponding edge configuration in the model.

(4)This algorithm for odometry error correction and correction is
vehicle independent.

(5)In the implementation of this algorithm on Yamabico-11, the
error detection and correction task is superimposed in real-time
on the current vehicle’s main mission. No extra motion or extra
time is needed.
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Chapter 3:
Theory and Experiments on Autonomous
Mobile Robot with Real-Time Odometry
Error Correction

Dr. Mahmoud Abdel-Hantid Wahdan

Abstract

One of the most frustrating problems in controiling autonomous
mobile robots is the accumulation of odometry errors over time. If an
error is excessive, the vehicle may become lost. This paper presents
experimental results on precise real-time vehicle navigation with self
location. The algorithm used here is based on the 2D transformation
group. Using this algorithm, a vehicle never loses its positional
identification. The autonomous mobile vehicle Yamabico-11 served as its
test bed.

1, Introduction

This paper is related to a robust and precise navigation algorithm for
an autonomous mobile vehicle. We are specifically interested in a
method using model/sonar based navigation. Numerous research results
have already been reported from universities and research laboratories on
this topic.

Eifes [1] used fifteen ultrasonic range finding transducers arranged
in a circular array to build dense two-dimensional maps based upon
empty and occupied volumes in a cone in front of the sensor. Crowley
extracted line segments from adjacent, collinear range measurements [2].
A Kalman filtering technique was used to update the position and
orientation of a vehicle by matching an observed segment in the world
model. A fast, robust matching algorithm which determines the
congruence between range data points (denived from an infrared range-
finder) and a 2D map of its environment is described in [3]. An algorithm
for robot dead reckoning and periodic odometry correction using an
external sensor is described in [4]. An error ellipsoid is used to describe
the positional uncertainty of a robot due to odometry error. An algorithm
for dynamic automated cartography is described by Leonard and Cox [5].
The robot moves about a small, enclosed space in a “seed-spreader
pattern”. The robot RAMUS [6] uses a priori map of the environment for
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7. Conclusion

In this paper, we introduced two simple methods to approximate
Beier’s approach but with cheaper computational cost as well as there
free from any strange effects. It is based on local decomposition of
morphing, which permits to establish one-to-one mapping relative to the
size and location of the destination and source areas. In both methods, the
destination image is subdivided into regular grid regions. The
improvement is due to that the number of feature pairs is decreased in
each grid. Also, we introduced technical advice’s to recover any
distortion strange effects, like ghosting and folding effects. This leads to
avoid ghosts as well as it generates foldover-free. Our future work will be
to developing a user interface to accomplish this task. Other future work
includes the implementation to extend this approach for 3D and compare
the results with [9]. We should note that the most tedious part of image
metamorphosis is to establish the correspondence of line segments
between images by the animator. Algorithms from computer vision may
be employed to reduce human intervention, such as an active contour
model [6] or active net model [5]. An edge detection algorithm can
provide important features on images, and image analysis techniques
may be used to find the correspondence between detected features. One
of the most challenging problems in image morphing is to develop an
efficient method [2] for specifying features and their correspondence,
especially when morphing between two given image sequences.
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6. Experimental Result

Figure (8) shows an intermediate result from give two images. The
first image is in the left and the destination image is in the right. The
intermediate image was generated using our proposed algorithm. Figure
(9) shows the in-between sequence between two given images. The first
image is in the upper lefl corner of the sequence, and the destination
image is in the lower right comer. The other frames show the generated
in-between images.

Figure (9) Animated in-between sequence
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Figure (7) Folding example

As mentioned in section (3), the proposed techniques are based on
local decomposition. Therefore, it is straightforward to determine which
area can be subdivided and added some vector locally to calculate a new
control frame and so on. Thus, we can avoid ghosts and get only a few
vectors that completely describe the morphing process. Also, this
technique is considered as a good solution for a voiding folder for
arbitrary deformation [4]. It can be limited the amount of deformation by
decomposing the morph into small steps and treat each step by using
feature based-metamorphosis algorithm [8] to establish one-to-one
mapping. Then, all mapping are composed to produce a final one-to-one

mapping.

5. Implementation Details

The line segment interpolation algorithm is quite simple. For each
pair of line segment 1o and 1, the following linear interpolation [9] form
can calculate the intermediate line segment It at time t:

be=tlg+ (1=, (10)

The interpolated set of line segments consists of each pair of line
segments from the left and right line interpolated with the time step t. To
generate the intermediate key frame, the intermediate lines L, are
calculated from the line segment sets Lg and L, and the warped images
Lica and Lyigy are calculated using a set of line segments and using Lo, Ly,
Lien and L, L), Lrgn. The image Licp and Lyign, are then cross-dissolved,
such that the final image Inna =t Liea + (1-t) Lrighe.
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A ghost shows up when morphing functions fail to be one-10-one
mapping corresponding in the size and location of source and destination,
where the image was originally jocated. For example as shown in Figure
(6) in the area AAA, there will arise a ghost — a distortion-field coming
into existence caused by over-warping through the special vector setting,
To solve this problem, the destination image should divide into a grid of
small squares and get only a few vectors that completely describe the
morphing process. This is repeated for every square in the destination
image.

4 f
a AAA a
AAA
b
b
Source Vectors Destination Vectors

Figure (6) Ghost Definition

On the other hand, foldover [4] will be arised when the amount of
feature deformations are not small enough, this lead to many-to-one
mapping can occurs consequently, the resulting morph sequence contain
undesirable distortion in the image. Figure (7) shows an example for
folding problem. Let ABCD be a quadrilateral defined by four line
features AB, BC, CD and DA. When arbitrary deformation occurs, the
top vertex of the quadnlateral is moved downward. This undesirable
effect is called foldover (Refer to Figure 6). To define the corresponding
position of D, we first deftne the corresponding position to each line
features, which are a,b,c, and d respectively. Next we take a weighted
sum of positions a, b, ¢ and d to determine the final position of D. It is
will lead to fold the quadrilateral upon self [4].
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Figure (4) Warped Linear region

Figure (5) Non-linear warped region

Figure (5) shows an example for warping non-linear regions. Let
ABCD be a highly non-linear region, which subdivided more finely. To
make a warp, we first warped the vertices of this region and then warp
the interior pixels by selecting test pixels which are the vertices of small
regions, then we decided if this region needs more subdivision or not.

4. Strange Effects Analysis

Beijer’s algorithm suffers from two biggest disadvantages; speed and
strange effects, In this section we will focus only on the strange effect
problems (i.e., ghost and folding) and we will introduce some technical
consideration to recover these problems.
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use an adaptive grid to subdivide it more finely in regions, where the
warp is highly non-linear. The description of the highly non-linear
regions is as follows:

Algorithm (highly non-lingar region)

- Subdividing ecach square in the original image into the
destination image into more adaptive fine regions.

- For each square vertex of the grid
o Applying equation (1), (2), (3) and (4) to warp square vertex
of the grid into output image;
o Calculate equations X;

- Seleet X (P, P is pixels within non-linear regions and X are test
pixels, which are the vertices of small regions; this choice
eliminate the redundant computation for test pixels.

o For each X in destination image
* Dwsum = (0,0); Wsum = 0;
* For cach line pair P; Q;
* Calculate equations (1), (2), (3) and (4)
* Calculate X’ based onu and v on P’ Q;’;
* Calculate d = short distance from X to P; Q;
* Calculate D; = X;° —X;; D, is the difference between exact
pixel location and approximation warped position.

- 1f D; < 1; where 1 is a threshold specified by user interface to
identify the regions that contain well defined linear region

Then subdivide this region more finely else

Length”

Calculate w; (P,Q) = 2+ dist

- Since weight>< then some feature lines will be ignored.

dist®

If d <w; (P,Q) then w; (P,Q) = 0; that means we will ignore this line
Else Dwsum = w; (P,Q * D;; Wsum + = w; (P, Q);
If w; (P, Q) / Wsum > then X'=X+ Dwsum/wsum;
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This implies that, the transformation of endpoints is linear function.
This work can be extended to include multiple line segments. Thus, the
weighting function (5) will be satisfied the following condition:

[w; (P,Q)=0 if length = 0] else
[wi (P,Q)=a + d; (P,Q)-b if length = Q-P=1]

3.2 Local Decomposition Algorithm

In this section we will introduce two algorithms based on
decomposition methodology; one for morphing in highly linear regions
and the other one in highly non-linear regions. In both cases the input
image is subdivided into regular grid regions. In the first case, the
influence of all feature lines on every pixel within these regions is quite
similar. Therefore, we compute the morphing using simple linear
approximation to reduce the computation time. The description of the
highly linear region algorithm is as follows:

Algorithm (highly linear region)
- Subdividing the input image D into regular grid.

- For each square vertex of the grid
o Applying equation (1), (2), (3) and (4) to warp square vertex of
the grid into output image;
o Calculate equation X\;

- For each pixel X within the grid regions
o Applying bilinear interpolation;

Simple linear approximation just compute equation (1), (2), (3) and
(4) for small fraction of pixels. It saves a total computation, which leads
to dominate the warping computation time. Also we have to note that for
the highly linear region algorithm we apply bilinear interpolation [8] to
warp pixels within the grid regions at the warping position of vertices.
Figure (4) shows the warping result of one region.

Let ABCD be a linear region and warping the vertices of this region
first, then the pixels interior of this region are warped by bilinear
interpolation of the warped position of vertices.

On the other hand, simple linear approximation dose not works for
some grid where are highly non-linear influenced by the feature line,
unless we use a very fine grid. However, computing a uniform fine
sampling of the warp defect the efficiency of this approach. Hence, we
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Thecrem: (Endpoint lincar function) Assume that P and Q are two
endpoints of a feature-line and C is a point on PQ. For a feature line pair,
the locations of P, Q and C will mapped onto new coordinates 7/,Q" and
C’. Then C=(1-s) B +s Q, s ¢ (0.1) is a linear function.

Proof: To compute the influence of a single line pair on pixels, we

used equation (1), (2), (3) and (4). Since we morph two ending points
only then

C=X=({-s)P+s0 (6)

. t
C=X"=P +u(@-P)+ v @-F) (7)
1Qs - P3|

This 1neans that, X pixel lies on the ending point at distance s = 0 or
s =1 along the line. This lead to the distance perpendicular to the line PQ
tends to zero. Then

y=0and Q- P=1 (8)

By substituting with equation (7) and (8) in (1) then:

((1-s) P+5Q) - P*(Q-P)
lie-P|?

":

(P-sP+sQ)-P)*(Q-P)
e - P

S0~ P} (0-P)
= 7 =S ©)
2 - P

By substituting with equation (8), (9) in (7) then
C'=P'+s5(Q'-PY) =P'+sQ'-sp'

=(1-s)P'+sQ"
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Figure (3) shows some examples for single line pair algorithm, the
line 1s rotated and scaled using just equation (1), (2}, (3) and (4). As
mentioned, the main disadvantage cf this method 1 speed. Because the
warping is global, all jine segmenis need to be referenced for every pixel.
The amount of time taken for each frame is proportional 1o the produet of
the number of pixels in the image and the number of control lines used.
This algerithm is very easy to implement, but the pair of lines between
source and destination image needed 1o be similar, thercafier the source
and destination image is better similar also. 1{ the pair of lines is too
much different, then thc infermediate frame may be serious distorled.
Beier et al. in his paper noted that, {ield morphing algorithm suffers from
unexpected distorticn referred to as ghosts problem. In the following
section, we will explain our modification of feature-based metamorphosis
algorithin in details to improve the speed and contiol transition of Beier’s
algorithm.

3. Modified Feature-based Metamorphosis Algorithm

The method proposed by Beier and Neely is a brute-force approach,
which computes every pixel to new location according to all feature line
pairs. We propose a simple nethod to approximate Beier’s work but with
cheaper computational cost. As well as, we will discuss some technical
consideration to recover the ghost effect and -other strange effectsto
control the transformation,

3.1 Endpoints Algorithm

In this section we will introduce a slightly modification of Beier’s
algorithm by using equation (1), (2), (3) and (4} to transform a feature-
line, we can get a line but rotated, scaled or translated. Therefore, on this
basis, we morph two ending points only for every endpoint line using (1),
(2), (3) and (4) and interpolate warping for the remaining points using
these two endpoints. The transformation by endpoints only leads to the
image can not be scaled in the direction perpendicular to the feature.
Thus, equally spaced lines parallel to the input features are mapped to
equally spaced lines in the output. In this way, we approximate the
influence of a line pair. Therefore, we will warp two ending points only
for every feature-line using equation (1), (2), (3) and (4) and interpolate
warping for the remaining points using these two ending points. By the
following theorem we will prove that Beier’s algorithm based on the
calculation of equations (1}, (2), (3) and (4) is a linear function.
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X, = Py + 0(Qs - Py) + v.perp (Q: - P2) o)
= “. —
oo 11Q2 P2

X;=P P vperp Q- Py )
= -+ K — -+
1= Py +u(Qr—-Py) Qs P

To specify many feature in image, we have more complex
transformation, which include a weighted combination of the
transformation performed by each line pair, therefore, the weight of each
pair is computed as follows:

Weight = ((length®) / (a + dist))® (5)

Where length is the length of a vector, dist is the distance from the
pixel to the vector, and a, b and p are constants that can be used to
change the relative effect of the vectors. With the value for a user knows
that pixels on the vector will go exactly where he wants them. Larger
values will yield a more smooth warping, but with less precise control. b
determines how the relative strength of different vectors falls of with
distance. If it is large, then only the nearest vector will affect every pixel.
If zero, each pixel will be affected by all vectors equally. If p is zero,
then all vectors have the same weight, ifit is one, than longer vectors
have a greater weight than shorter ones.

H

Source Image

/ H

Rotated Scaled

Figure (3) Single line pair examples
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In figure (2), X, is the location to sample the source image for the
pixel at X2 in the destination image. The location is at a distance v (the
distance from the line to the pixel in the source image) from the line
P3Qs, and at a proportion u along that line. The idea is that a pair of
corresponding lines in the source and intermediate images defines a
coordinate mapping from the intermediate image pixel coordinates X1 to
the source image pixel coordinate X2 such that foraline P1Q; in the
intermediate image and P; Q; in the source image. Likewise, to get to the
pixel X2 in the destination image from X! in the intermediate image, the
pair of corresponding lines P2Qs in the destination and P,Q; in the
intermediate is used to establish a coordinate mapping. The trick resides
in calculating the line P;Q, for each intermediate image first, by
interpolating the source and destination images corresponding lines. The
following is a brief summary of the algorithm for a unique pair of lines:

For each Intermediate-Image k in 1..n
For each pixel X1 in the Intermediate-Image k
Find the corresponding u,v
Find the X2 in the source image for that u,v
Find the X3 in the destination image for that u,v
Delta_value=Destination_Image(X3)-Source_Image(X2)
Intermediate_Image(X1)=Source_Image(X2)+Delta_Value*k/(n+1)
End For
tEnd For

Where is the coordinate mapping u and v are:

(X;-Py.(Q,-Py
u= 3 I
Q7 — Pl

(X, - Py) .Perp (0 - Py

vT 10— Pl @)

The value u is the position along the oriented line P1Q,, and v is the
distance from this line, for each pixel X; of the intermediate image. The
calculation of X; in the source image and Xj in the destination image
using u and v are given by the following formula:
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This paper is organized as follows. In section 2, we briefly give an
overview of feature-based metamorphosis algorithm proposed by Beier
and Neely for single line. Modification of feature-base metamorphosis
with our consideration for speed up Beier’s algorithm and recover the
strange effects are given in sections 3 and 4. Generate in-between
images using linear interpolation is discussed in section 5. Finally,
conclusion with some experimental results and suggestion for future
work are discussed in sections 6 and 7.

2. Feature-based Image Metamorphosis

Feature-based metamorphosis algorithm devolved by Beier and
Neely at Pacific Data Images grew out of the desire to simplify the user
interface to handle correspondence by means of line pairs. It employs
line segment(s) identified by the artist as areas of interest. Each of these
lines imposes a field of influence on the pixels nearby. Pixels are then
warped relative to their proximity to the specified lines. The main
advantage of this approach 1is that it allows for artistic control. Its main
disadvantages are that it is slow, and that within the program, the control
cannot be local.

Let’s consider only one pair of corresponding lines in the source and
destination images and let’s explains how can we construct an
intermediate image? Figure (2) shows which parameters are essential in
order to calculate the value that should be set in each pixel of the
intermediate images.

P2 P1 P3

Source image Intermedi e image Destination image

Figure (2) Line segment
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algorithms, these features are defined manually using an interactive user
interface. The user interface presents two images side by side such that
correspondence points can be defined by alternatively picking points in
the two images. The feature correspondence is then used to compute
mapping functions that define the spatial relationship between all points
in both images. They will be used to interpolate the positions of the
features across the morph sequence. Once both images have been warped
into alignment for intermediate feature points, ordinarily color
interpolation (i.e., cross-dissolve) generates in-between images [1].
Therefore, the image morphing process should allow convent feature
specification, and show a predictable distortion which reflects the feature
correspondence. Figure (1) shows the morpliing algorithm progress.

Beier and Nelly proposed a feature-based metamorphosis method
[3]. Using this method, an animator begins with establishing
correspondence  with pairs of line segments between two images or
models. Although this approach simplifies the specification of feature
correspondence, it complicated warp generation. This is due to the fact
that all line pairs must be considered before the mapping of each source
point is know (i.e., the runtime is proportional to the number of lines
times the number of pixels in the image). As well as, this approach is
suffers from unexpected strange interpolation effects generated like
ghosting or folding. The aim of this paper is to introduce a new
modification to Beier’s morphing algorithm and improve their running
time and recover their ghost problem and other strange distorted effects.

————P| Source Warp

¢ Animat A
Source p | Cross-dissolve Ema o s'equcncc’ Destination

Imace Image

}

Destination
Warp

Morphing
Progress

Figure (I) Image Morphing Algorithm
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Chapter 2:

Speed-up and Recover the Strange Effects of
Feature-Based Metamorphosis Algorithm

Dr. Aboul-Ella Hassanien Nahla El Haggar
Faculty of Computers and Information National Research Institute of
Information Technology Department Astronomy and Geophysics
Cairo University Helwan, Cairo, Egypt

Abstract

Image metamorphosis using simple features provides flexible and
easy control of visual effect. The feature-based image metamorphosis
algorithm proposed by Beier and Neely suffer from two problems; speed
and strange effects. This paper presents a technique to recover these
problems. The idea based on local decomposition of metamorphosis into
piecewise approximation and then applying Beier’s technique to
establishes one-to-one correspondence to recover such effects. The
combination of all mapping produces the result of folder-free as well as
dominates the ghost effect. The results show that our implementation is
fasted than Beier’s algorithm.

1. Introduction

Image metamorphosis (image warping, for short) is the visual
transformation of one image into another using a sequence of
interpolated intermediate images. It has been widely used in creating
special effects for television commercial, music videos such as Michael
Jackson’s Black and White, and movies such as Willows and Indiana
Jones and the Last Crusade [10]. Applications of image morphing in the
entertainment industry date back to the old cross-dissolving process,
which originated at Industrial Light and Magic (ILM). Cross dissolving is
the process of mixing the colors of a source image with those in a
destination image to form new colors in an intermediate image.

Image metamorphosis between two images begins with an animator
establishing their correspondence with pairs of feature primitives, e.g.,
mesh nodes, line segments, curves, or points [7]. Each primitive specifies
an image feature or landmark. In most feature-based morphing
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the multimedia data helped in answering queries about the actual content
of the stored multimedia data.

Most kinds of queries are represented in the system such as
traditional alphanumeric queries, similarity matching queries with
multimedia data as query inputs, queries with multiple predicates, and
content-based queries based on textual descriptions of the multimedia
data.

Future work in this area is greatly dependent on the technological
advances in multimedia hardware together with the advances in
multimedia software, authoring tools, and compression techniques.
Future trends may include the following:

¢ Designing specialized multimedia database programming language.

e Addition of artificial intelligence capabilities to increase performance
of database systems.

Automatically associating semantics to the multimedia data stored in
the database systems.

Performing indexing, retrieval, and browsing directly on the
compressed data.

Uniform indexing frameworks for the different data types.

Improving data quality transported over the Intemnet.
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9.4, System requirements

o The major requirement for the system is a PC computer with
Pentium processor 200 MHz, or higher (there exists now Pentium
111 on the market which is 500 MHz speed).

e The storage can be the hard disk, CD-ROM, or DVD. The larger
the data stored in the database and the domain knowledge, the
larger the capacity needed for the system.

o The higher the resolution of the screen, the better the presentation
of the image and video data retrieved.

e A sound card and speakers are needed to support audio
presentation, and a microphone for the purpose of inserting audio
data.

e A video card for video data insertion.
o A read/write CD-ROM driver.
» A high-resolution scanner.

e Software applications which deal with images, videos, audios to
support the insertion process (like Microsoft Photo Editor, Author
Ware Star, Microsoft Jet audio, Video Capture, etc.).

10. Conclusion and future work

To design a multimedia database system we need to determine our
goals, resources, and capabilities. Going into the design work we faced
problems that has to be solved, problems that concern hardware,
software, and the nature of the multimedia data we are dealing with. We
think that in the next few years this field will be a mature field and most
of its problems will be solved as the multimedia hardware and software
are continually advancing. Image processing techniques and image
understanding will be the dominant methods in analyzing image and
video data. '

In this paper we introduced an overview on the multimedia
databases, its structure, requirements, and specifications. Also we have
tried to apply the ideas presented her to develop a sample multimedia
database system using simple authoring tools such as Visual Basic
programming language and the Microsoft Access. We have designed a
database system based on a simple data model and architecture presented
in section 4. We also built content-based indices based on either actual
multimedia data or alphanumeric descriptions of those data besides the
traditional indices. Those indices in addition to some knowledge about
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Figure (10): Query composition screen for “Employees” database.
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The response to this query is shown in figure (9).
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Figure (9): The response to the query described in figure (8).

o Queries based on textual descriptions of the multimedia data:
this kind of query exists in “Employees” database. The user may
ask the system to find employees who have video shots
classified under the category “Lab”. For example, figure (10)
shows the query composition screen corresponding to the query
“find all employee records who’s last name 1s “Kishk” and has a
video shot categorized as ‘Lab.”?”. The result of this query is
given in figure (11).
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® Queries with multiple predicates: also the user can specify more than
one condition for the system to evaluate the query. For example, the
user may ask for the plant which has a specific leaf shape and a family
name equals “Umbelliferae”, and contains calcium element with a
value ranging between (0.023 - 0.06) mg/gram.

For example, figure (8) shows the screen in which the user applies
the query “find all plants records which has a leaf shape like the one at
the right, and a Latin name equals “Glossostemon™?.
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Figure (8): The query screen corresponding to the query “Find all plant records
which has a leaf shape like the one at the right, and a Latin name
equals “Glossostemen™?”
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employees. This is done by using the field “Video_cat_ID” which
contains values that refer to corresponding values in the field
“Category ID” in the “Video Categories” table. Figure (7) shows a
diagram for this kind of multimedia data indexing.

“Employee” able “Video_Categories” table

Employee ID | ......... | Video Cat ID Video_cat_ID | Category

Figure (7): An Explanatory diagram of the content-based indexing method of the
“Employee” table,

At the insertion time, the system will show the user a list of video
categories to choose one of them as a description of the video shot
inserted. If the user wishes to add a new category he can insert it
manually, and the system will store it as a reference for next insertions.

Of course, another alphanumeric non-content-based indices
associated to the other alphanumeric fields of the databases contained in
the system are necessary to accelerate the indirect queries applied to the
system using alphanumeric data to ask for multimedia data.

9.3. Retrieval in “PGRS” system

Every content-based index we have built in the system for
multimedia data enables us to make a content-based retrieval for those
data, The types of queries that the system can support are:

s Aiphanumeric queries: it is the traditional approach in querying
alphanumerical databases, and it is important to have this type present
in the system,

o Similarity matching queries with multimedia data as query inputs:
this type of content-based retrieval exists in “Plants” database,
particularly when asking the system to find all plants which have leaf
shapes similar to the one that is specified by the user.
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e If the leaf shape does not exist in the collection stored in the system,
and it can’t be derived from the original plant picture (because it
does not appear in the image for example), the user may add the
shape to the system by using the scanner. Another way is painting a
diagram for the shape using any application for inserting images (for
example, Adobe PhotoShop, or Microsoft Photo Editor).

9.2.5. Content-based indexing methodology based on image data

As previously discussed in section (6), content-based indexing is
used for indexing multimedia data to support retrieval of such data based
on its actual content. Building content-based indices can be done either
by using alphanumerical descriptions or by using actual multimedia data
which are subset of the original data itself. In this section we are trying to
describe the methodology we had used to index plant image using
features extracted from the plant images itself specifically the leaf shape
feature. Figure (6) is described the content-based index of the “Plant” file
based on actual plants image data.

This index benefits for answering queries such as “find plant images
which have a leaf shape like the one 1 will choose?”. This kind of
retrieval is called similarity retrieval.

“Plant” lable
“Shipes” table

Plant_1D Pham_image | Shape_ID Shape_ID Shape

Figure (6): An Explanatory diagram for the content-based indexing method of the
“Plant” table.

9 2.6. Content-based indexing methodology based on alphanumeric
data

In “employees™ database, we used the alphanumeric description
approach for content-based indexing of video data, i.e. labels entered by
the user to categorize the video shots belonging to the department
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o First we use the microphone and a software for dealing with
sound data, such as “sound recorder” or “Media Player”, and
start recording.

e  After finishing, the recorded audio sample will be a digitized
audio data stored in a computer file with extension (WAYV).

e Then the audio file can be inserted into the database.

Table (5) contains information about some audio samples captured
for the “PGRS” system.

Media Length Size Audio Format
2.182 sec. 95.5 KB, PCM, 22.050 Hz; 16 bit; Mono
2.182 see. 45 KB. PCM, 11.025 Hz; 8 bit; Mono
2.182 sec. 616 KB. PCM, 22.050 Hz; 8 bit; Mono

Table (5): Audio samples with different lengths and sizes.

9.2 4 Image features extraction

For the plant images, we have chosen the leaf shapes as the feature
that will be used to build a content-based index on the “Plants database”,
see figure (6). Of course other Content-based indices could be built for
the “Plants” database using the same method that was used for leaf-shape
feature of plant image. This can be done using some other features such

- The way the leaf is attached to the stem, and so on.

The shapes of the leafs can be captured using one of the following

as:
- Shape of leaf-base,
- Shape of leaf-top,
- Shape of flower of the plant,
- Shape of stem,
Wa's:

e Directly from the picture at the insertion time (if the leafshape
appears in the plant image), using the application used for image

insertion.

¢ The user may select one of the shapes showed to him by the system,
the system then stores the “Shape_ID” of the selected shape in the

plant record.
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9.2.2. Capturing video data

Video data combines images and sounds displayed over time. The
meaning of video data is determined by viewing and listening over time.
Storing a video shot into the computer requires some steps:

¢ We must have a video card in our computer, and a video
camera.

¢  The video shot is taken by the video camera.
e  Then the camera is connected to the computer.

e Using some sort of video software, “Video Capture” for
example, we can transfer the video shot into a digital form that
is stored in a computer file with extension (AVI) and
compressed with MPEG compression standard.

¢ Any other operations can be performed on that video shot, for
example, we can take a subset of the sequence frames, ora
subset of one frame and trace it across contiguous frames, and
so on,

Table (4) contains descriptions of some video shots with different
intervals, and the corresponding storage spaces.

Interval No. of

(Time) frames Resolusion Space/sec. Total space

11.525sec. | 176 frames. | 160 x 120 x 16 bits. | 153 KB/sec. 1759.5 KB.

12.539 sec. | 191 frames. | 160 x 120 x 16 bits. | 144 KB/sec. 1805.76 KB.

15.796 sec. 240 frames. 160 x 120 x 16 bits. | 153 KB/sec. 24174 KB.

Table (4): Different video shots with corresponding Intervals and storage spaces.

We notice how a short time video shot takes too much storage space
that can store huge amount of text data. But on the other hand, video shot
can contain a very large content of information that worth a million
words or much more.

9.2.3. Capturing audio data

Audio is data in the form of sounds (voice messages, music, doctor
hears through a stethoscope, etc.). The meaning of audio data is
determined by listening to the sounds and interpreting them. Inserting
audio samples to the system is a very simple task:
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9.2 1 Capturing image data

Images are data in the form of pictures which may be photographs,

hand-drawn pictures,

or graphs generated from formatted data. The

meaning of an image is determined by looking at the image and
interpreting it. Inserting image data to the computer needs the following
requirements:

s  Hardware device: which is the “Scanner”, and.

»  Software system: among the popular software such as, Microsoft
Photo Editor, and Adobe PhotoShop.

The software used in capturing the image by the scanner (Adobe
PhotoShop) offers the user different formats for storing the images. The
most suitable format for the “PGRS” system is the (JPG), because it
stores the image in the most possible compressed format. The minimal
storage space is an essential requirement in multimedia databases to
minimize the size of the database. Table (3) shows some of the different
formats and their corresponding storage requirements for the same
image. As we can see in table (3)the (JPG) format takes the minimal
storage space with a good picture quality. That is why the images stored
in “PGRS” system are stored in this particular format.

Image o Storage . . Image
Fornfat Description Smﬁ Width x Height Resolugtion

JPG (24- | JPEG File 14450 KB. | 430 x 260 pixels | 120 p/inch.
bit} Interchange Format
PNG (24- | Portable Network 23209 KB. | 430x 260 pixels | 120 p/inch,
bit) ° Graphics
PSD (24- | PhotoShop file 77.789 KB. | 430 x 260 pixels | 120 p/inch.
bit) format
PCX (24- | PC Paintbrush 90.398 KB. | 430 x 260 pixels | 120 p/inch.
bit)

LTPL (24- | Ulead Template File | 197 KB. 430 x 260 pixels 120 pfinch.
bit)
BMP 16- | Windows Bitmap 235KB. 800 x 600 pixels | 120 p/inch,
color {(4-
bits)
TGA (24- | Targa File Format 328 KB. EO x 260 pixels | 120 pfinch.
bit)
BMP Windows Bitmap 329KB. | 430 x 260 pixels | 120 pfinch.
true-color
{24-bit)
TIF (24- | Tagged Image File | 358 KB. 430 x 260 pixels | 120 p/inch.
bit) Format
BMP Windows Bitmap 60.062 Bytes. | 800 x 600 pixels | 120 p/inch.
(B/'W) (-
bit)_

Table (3): Image formats and corresponding storage spaces and resolutions.
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other for the employees, i.e. the researchers who are making the
researches on these plants. The databases hold multimedia data of types
video, audio, and image data types plus the alphanumerical data. The
storage structures used, indexing techniques, retrieval, and presentation
will be discussed in the following subsections.

9.1, The data model and architecture

The data model and architecture used in developing the “PGRS”
systern are those described in sections (4.2) and (4.3) respectively, which
are introduced by [Grosky, 94]. This data model and the corresponding
architecture proved a good efficiency in designing the current system and
we think that they are suitable for designing multimedia databases. But
we made some rearrangements, which does not violate the general
structure such as:

e We considered the ‘feature-processing module’ not as a separate
module; but rather as a part of the insertion module.

e There was no need for a composition module in the system, so we
did not develop it.

We note that, trials had proved that, it is a good practice to separate
the standard alphanumeric database from the multimedia database. It
really helps in reducing retrieval time.

9.2, Storage and indexing in “PGRS” system

Storage methodology and indexing techniques used in PGRS system
aim simply to represent multimedia data and the extracted features in
such a way that helps in limiting the retrieval time. Since the data stored
is huge and takes a large storage space, the retrieval time was the main
issue considered during the development of this system. Although the
data was compressed before getting stored in the database, however, we
needed to decompose the related data into separate tables to accelerate
retrieval time. Now before going into the details of the database structure
of PGRS system we first demonstrate how the multimedia was captured
to be stored in the database and the way the features are extracted from
the multimedia objects. However, inserting multimedia data into the
system requires first converting them into a digital form to be stored
electronically in the computer.
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multimedia data. [Yoshitaka, 94] designed a system called MORE in
which the domain knowledge is used to answer indirect queries.

7.2. Types of queries

The following types of queries could be used in the multimedia
database systems:

e  Alphanumeric queries.

¢  Queries with multimedia results.

e  Queries with multimedia predicates.
¢  Queries over time based data.

¢  Feedback queries.

¢  Queries with multiple predicates.

8. Multimedia delivery

Presentation of multimedia data requires some points to be taken into
account:

¢ The integration of retrieved objects of different media types.
¢ The spatial and temporal characteristics of the multimedia data.

¢ The quality of service (QoS) required by the user, and the quality of
service which can be introduced by the system.

e Preserving the semantics of the entire presentation of data.
¢ Reducing response time as possible as we can.

9. Development of a sample multimedia database

Designing and implementing multimedia database application needs
us to consider the issues discussed in this paper. Many software systems
and authoring tools are now present to help designing and implementing
such systems. In this work we introduced a sample multimedia database
system to take advantage of the ideas presented in this paper using the
simple programming language (Visual Basic), and the Access database.
This system is described in detail in [Tawfik, 99].

First, the domain of application is the plant science specifically the
plant genetic resources of the flowering plants. The system “Plants
Genetic Resources System (PGRS)” is designed for the Plants Genetic
Resources Department in Desert Research Center, and it holds two
databases one for the plants under research in the department and the
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7. Retrieval in multimedia database systems

Multimedia data must be treated as a part of the query process and as
being a part of the results of the query.

Retrieval can be classified into the following categories, [Goble, 92]:

» Retrieval by presentation: it relates the data type and data structure
without any sophisticated analysis. For example “find me all
documents that have voice comments on them”.

* Retrieval by association: it is the process of retrieving items by
associated links to other items. It can be used as a browsing
mechanism.

» Retrieval by content: it is the process of retrieving items according to
their semantic content.

[Yoshitaka, 94] mentioned two approaches for content-based
retrieval of image data:

1-One approach is to attach textual and/or numerical information
describing the contents or features of an image to the image data. In
this approach it is difficult to retrieve image data properly, since
textual description can not represent the rich contents of image data.
Also, when the standard of judgment changes we must update all the
attached textual descriptions.

2-Another approach is to evaluate image data directly for an image
segment -given as a query condition. This approach specifically
implements content-based retrieval of image data for a specific
application, resulting in application dependency. This approach was
adopted in XENOMANIA system which is described in detail in
[Bach, 93].

In both approaches, the query usually specifies the same type of
condition as the type of data stored in a database. This is called direct
querying. However, the condition in a query man need to be represented
in a single media, such as text, for ease of specifying queries. This is
called indirect querying, where the type of specified condition differs
from that of target data [Yoshitaka, 94].

7.1. Using the domain knowledge to answer gueries

Storing semantics attached to the multimedia data in a domain
knowledge can help in answering queries about data that is not
represented directly in the database, but rather can be derived from the
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e Automatic speech recognition followed by keyword-based
indexing.

®» On the other hand, indexing can be based on other information
depending on the type of audio data. For example, some developers
have used rhythm signature, chord, and melody for content based
indexing of music data.

o Similarly, methods for content-based search and retrieval of audio
data have been proposed based on the characteristics of audio data,
as indicated by its perceptual and acoustic features.

We note that the indexing mechanism used in the developed system
presented in this paper (PGRS), section 9, uses extracted features of plant
images to index these images. The video data are indexed using labels
(i.e. alphanumerical data)entered by the user. Figure (6) demonstrates
how the plant features (leaf and flower) can be extracted from the plant
image.

—

The flower of the plant

Figure (6): Features extracted from a plant picture

Every feature of the multimedia object can be used to build an index
to facilitate similarity retrieval and retrieval by content of multimedia
data,
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6. Indexing multimedia data

Since the meaning of image data, audio data, and video data is
determined by interpreting them, hence such multimedia data would have
to be indexed in a way that would help identify the required data.

The problem of how to find multimedia objects based on desired
features still remains very difficult.

Concentration had been focused on conteni-based indexing of
multimedia data to support content-based retrieval of such kind of data.
In fact multimedia is used in databases not just because it provides a
good interface, but because of its content. One picture may provide us
with a lot of information that cannot be described accurately by
alphanumerical data. [Adjeroh, 97] stated that, content-based access,
refers either to the actual contents of the multimedia database or to
derived contextual information. Intensive research has focused on
content-based indexing in recent years, with the goal ofindexing the
multimedia data using certain features derived directly from the data.
Various features, such as color, shape, texture, spatial information,
symbolic strings, and so on, have been used to index images.

Deriving multimedia object features and semantics of multimedia
data can be carried out manually or automatically. Automatic semantic
detection is hard, time consuming, and application dependent, but it
makes things easy for the user. It has another problem, that is when the
standard of judgment differs, the user has to update all the data in the
dalabase. But the correctness of the semantics extracted can be more
guaranteed using manual semantic extraction.

The primary methods used for automatically deriving features of
image and video data are, [Adjeroh, 97]:
s Image processing,
s  Image understanding, and

» Video sequence analysis. With video data, the video sequence is
first separated into its constituent scenes, then representative
abstractions (usually key frames) are selected to represent each
scene. Further indexing on the video is based on the key frame, as
in the case for images.

For audio data, content-based indexing could involve:

s  Analysis of the audio signal.
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The coding process for P and B frames includes a motion estimator
that finds the best matching block common to the reference frames. The
motion vector then specifies the distance between predicted and actual
blocks. The difference called the error term, is then encoded using the
DCT-based transform coding, [Furht, 94).

As an explanatory example of the last process, we introduce figure
(5) that contains consecutive frames of a video shot.

Figure (5): Tracking object features over contiguous frames of a video shot.

In figure (5), frames 1 to 12 represent an event, which is, the kid
raising his right arm to his mouse. Knowing that event by the
compression procedure, the frames numbered 2 to 11 can be predicted
from the first and the last frames in the frame series of that event. One
frame in the middle of that event is needed as a reference in the
prediction process.
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s To exploit temporal redundancy between frames, MPEG codes
the remaining frames using two prediction techniques.

» One codes predicted frames (P) with forward predictive
coding, where the actual frame is coded with reference to a
past frame.

s The other codes interpolated, or bidirectional, frames {B) with
bidirectionally predicted, interpolated coding, also called
motion-compensated interpolation.

s Bidirectional prediction uses a past and a future frame to code
current frames, providing the highest amount of compression,.

Forward prediction

Bidirectional Prediction

|

Figure (4): Interframe Coding for video.
In figure (4), a group of frames is shown:
* Frames labeled I are standalone (Intraframe) coded frames;

* Frames labeled P are predicted from the previous standalone or
predicted frame,

* And frames labeled B are bidirectionally interpolated from the
nearest I and P.

* Both I and P frames are keyframes for interpolation, [Lippman, 91].
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e Each block is then mathematically transformed from “pixel
space” into “frequency space” by the application of the Discrete
Cosine Transform. This is a particular type of Discrete Founer
transform in which, a pre-defined set of cosines are used as
“basis functions”. The DCT operation results in a set of 64
amplitudes or DCT coefficients, which are umquely determined
by the 64 input values.

e The resulting 64 coefficients are quantized to a finite set of
possible values. An example of quantization is when an arbitrary
number between 0 and 100, say 36.7654, is quantized to the set
of numbers 0,10,20,....... , 90,100. In this case, 36.7654 would be
quantized to 40, since this involves a many-to-one mapping, it
provides most of the compression and also is the principal source
of decompressed image differences (loss) in DCT-based systems.
The goal is to achieve compression while only throwing away
information which will not be visually significant.

e The DCT coefficient which represents the mean value for each
block, is subtracted from the next block in scan order. This is
because the differences between the “block means” tend to be
very small or zero and hence can be encoded more compactly
than the actual pixel.

e The remaining 63 coefficients are encoded in zig-zag order. Each
non-zero coefficient is coded by the number of preceding zeros
and its coefficient value.

e Finally, the resulting data stream is packed into as few as
possible by use of either arithmetic or Huffman coding [Anson,
93].

Also, [Wallace, 91] and [Chang, 89] provided a mathematically
detailed description of the DCT.

5.1.2. Video compression standard (MPEG) [Furht, 94]

The MPEG standard is intended for compressing full-motion video.
MPEG codes frames in a sequence using three different algorithms, as
figure (4) shows.

» A DCT-based algorithm similar to JPEG first codes intraframes
(1).
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i:z: Official name | Standards group | Compression ratios
JPEG Digital Joint Photographic | 15:1 (full color stiil-
compression and | Experts Group frame applications)
coding of
continuous-tone
still images
H.261 Video Specialist Group on | 100:1 to 2000:]
px64 coder/decoder Coding for Visual | (video based
for audio-visual | Telephony telecommunications)
services at px64
Kbps
MPEG | Coding for Moving  Pictures | 200:]1 Motion-
moving pictures | Experts Group intensive
and associated applications
audio

Table (2): Multimedia compression standards.

In what follows we summarize two of the famous compression
standards.

5.1.1. Discrete Cosine Transform (DCT) [Anson, 93]

DCT was chosen as the basic technology in the current JPEG
standard, it has become the benchmark by which other compression
methods are measured. In order to understand DCT’s strengths and
limitations, it is necessary to look in more detail at what it does to
images.

Most current applications implement the baseline sequential DCT
method outlined here. In addition, the draft MPEG (Moving Pictures
Experts Group) standard for motion video is essentially the same as
JPEG DCT on a single-frame basis, although it also takes into account
other factors such as frame-to-frame correlation. The MPEG compression
standard is also described in [Gall, 91] and [Furht, 94].

The main steps of the DCT transform are as follows:

¢ A frame of image data, probably encoded as luminance and
chrominance (YUV) for color images and just luminance for
grayscale images, is divided into 8 x 8 pixel blocks.
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5.1. Multimedia data compression

Compression techniques play a crucial role in digital multimedia
applications. Audio, image and video signals produce a vast amount of
data, For example, Any one who has tried to store high-quality images on
a PC knows about the disk space problem [Anson, 93). So, why do we
need multimedia data compression? Present multimedia systems require
data compression for three reasons [Furht, 94]:

e The large storage requirements of multimedia data.

e The relatively slow storage devices that cannot play multimedia data
(specifically video) in real time.

e The network bandwidth that does not allow real-time video data
transmission.

All compression techniques rely upon the simple assumption that
most data sets contain redundant elements. Compression can be achieved
by identifying and encoding such redundancies [Anson, 93]. There are
two types of compression methods:

o A lossless compression method which guarantees that the data
produced after decompression will be identical to the data before
compression.

o A lossy compression method which provides no guarantees, however,
it is possible to control the amount of “Loss”. In other words, it is
possible to limit the amount by which the original data and the
decompressed data will differ.

However, for images, lossy compression is frequently the best
answer. This is because lossy schemes can achieve larger compression
ration while introducing only small differences into the decompressed
images. During the 1980’s, various organizations and interested
individuals wanted a standard for still, compressed, continuous tone
images. Defined standards for compressed image formats would be
ex‘remely useful in reducing problems of file format incompatibility
between image processing systems from different suppliers. A group,
called the Joint Photographic Experts Group or JPEG, was founded in
1986 to define such a standard. Various groups have established
standards for digital multimedia compression based on the existing
JPEG, MPEG, and px64, standards shown in table (2).
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The major issues here are the limited available storage, the
bandwidth limits of the storage system and communication channel, and
the multimedia data type’s availability rates. Multimedia data storage
requirements are most susceptible to decomposing the data into smaller
multimedia objects. Each smaller object can be stored in the smaller
available storage units.

As a necessary condition for storage allocation, at presentation time,
the data from the different storage units when combined together should
meet the data availability rates of the given multimedia data type. With
the hierarchical storage arrangement, multimedia objects can be stored at
different levels as illustrated in figure (3). Cost and performance (in
terms of access time) decrease as we go down the hierarchy (pyramid),
while storage capacity and permanence increase. In most multimedia
storage system the highest level of storage is (volatile) random access
memory, followed by magnetic disk drives. These provide online
services. Optical storage devices provide the next level of storage. Online
in some cases, they are near-line in most cases. The lowest level in the
storage hierarchy represents offline storage devices, including magnetic
tapes, optical disks, and so forth. These may or may not be directly
connected to the computer. They offer the highest storage capacity and
permanence but provide the least performance in terms of access time
[Adjeroh, 97). We note that data compression schemes, in combination
with the data transformation, help to reduce the huge storage capacity
requirements.

Systems that use optical disks for storage are gradually beginning to
solve the storage problem of multimedia database systems.

(RAX)

Online devices;
Magnetin
dishx,

Near-line unline devices,
Optiunl skerape.
Jukebuaxes

¢ Uil dme devices, %
klagneti. tapes, [
Optscal sorage '

Figure (3): Hierarchically organized storage for Multimedia databases.
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Note that, although we have used the above architecture in designing
the multimedia database system presented in this work “PGRS” stands
for (Plant Genetic Resources System), we made some modifications on
the above architecture just for the sake of suitability. Those modifications
were:

- The feature processing module is not a separate module, it rather
a part from the insertion module and the query module.

- The composition module has been discarded from the system
because that, there was no need for it

[Tawfik, 99] discussed the “PGRS” system and the methodology
used in designing it in detail.

5. Storage in multimedia databases

Appropriate multimedia data storage techniques are important in the
success of multimedia information system [Berra, 93). The different
methods, required to handle objects, are in close relation with the objects
they operate on. It is possible to define methods which are globally
applicable for a whole class of objects, but there are other, dedicated
methods that only operate on a single, unique object within a specific
application context. Therefore, related forms of storing multimedia data
and respective methods are required. A multimedia database must
support and preserve this close relation of objects and methods as shown
in figure (2) [Rhiner, 92].
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Figure (2): Multimedia Objects and Methods Storage.
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We have the following databases and functional modules:

- The standard alphanumeric database holds information
concerning non-multimedia real-world application objects. It is
mainly formatted data.

- The multimedia object database contains the uninterpreted
multimedia objects, as well as multimedia-related content-
independent information.

- The feature database contains features extracted by the feature-
processing module and used for content-based retrieval.

- A composition module allows for the combination of component
multimedia objects into a new multimedia object.

- Insertion of new multimedia objects is done using the insertion
module. We note that multimedia information systems are
generally insertion-and query-intensive, not update-intensive.

- Interactive query module through which the user interacts with
the system and enters his queries.

- Content-based information-bearing data are represented by
relationships between the standard alphanumeric database and
the multimedia object database.

- Content-based non-information-bearing data are represented by

relationships between the feature database and the multimedia
object database.
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Figure (1): A Generic Architecture for a Multimedia Information System.




Also Grosky in [Grosky, 94] has classified the information thata
multimedia data model should represent into five types:

1. Uninterpreted multimedia information: it is typically represented by
a BLOB “a Binary Large Object”.

2. Multimedia-related, content-independent information: it ranges
from video synchronization information between image frames and
audio to the sort of information you would have found in the image
header files of image databases from ten or so years ago.

3. Normal alphanumeric information: it resides in any conventional
database and concerns the properties of and relationships between the
various non-multimedia, real-world application entities.

4. Relationships between non-multimedia, real-world application
entities, and multimedia objects: this type of information, conceming
the relationships between these non-multimedia, real-world
application entities and the various multimedia objects, is exemplified
by which real-world application entities occur in a particular frame of
a particular video. This type of information is of the content-based
information-bearing variety.

5. The fifth type of information concerns how these multimedia-world
relationships are constructed and represented. 1t might simply be a
matter of users specifying relationships through their own
interpretation of the multimedia information. Or the construction may
be (partially) automated through the mediation of various model-
based image and audio interpretation techniques. Regardless of how
the task is done, it will be helped considerably if users can represent
various features extracted from the multimedia entities and use these
features for both semantic extraction and similarity matching. This
type of information is of the content-based non-information-bearing
vanety,

This generic data model and the corresponding architecture
illustrated in the next section were used in developing the system
designed in the current work, it proved a high efficiency in the storage
and retrieval of multimedia data.

4.3. A multimedia information system architecture [Grosky, 94]

The architecture corresponds to the data model described in the last
section is illustrated in figure (1). It determines how to structure the
information in the system.
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Because multimedia data is semi-structured, the semantics of a
multimedia entity is a function of the semantics of its parts. Each
component of a multimedia entity has attributes and can participate in
relationships. Following are some important definitions related to
multimedia objects.

o Content-based attributes and relationships: They are those
attributes and relationships, the detection of whose presence depends
on the application of any decoding procedure. Content-based
attributes and relationships are further subdivided into information-
bearing and non-information-bearing varieties.

* An attribute or relationship is information-bearing if the
information it conveys is not explicitly encoded in the multimedia
entity itself. In other words, the presence of this type of attributes
or relationships adds new information regarding a particular
multimedia entity, information that can be derived from its binary
encoding.

* An attribute or relationship is non-information-bearing if the
information it conveys is explicitly encoded in the multimedia
entity itself, i.e the presence of this type of attributes or
relationships adds no new information.

o Content-independent attributes and relationships: They are those
attributes and relationships the detection of whose presence doesn’t
depend on the application of any decoding procedure [Grosky, 94].

Table (1) gives some examples to demonstrate the definitions described
above.

Type of information Example
Information-bearing, content-based Video frame segments <>
relationship persons
Non-information-bearing, content-based Range images - <> edge
relationship maps
Content-independent relationship Companies <> videos
Information-bearing, content-based Begin and end times for
attributes audio
Non-information-bearing, content-based | Length_of time
attribute (phoneme) for audio
Content-independent attribute Pixel width for video

Table (1): The different types of information concerning a multimedia entity.
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4.1. Why object-oriented data model for the development of multimedia

databases?
The Object-Oriented Data Base (OODB) systems are considered as a
candidate for constructing multimedia information systems because of:
» The consistent nature of the information that must be used for each
object in the multimedia information system,
¢ The modeling power of the OODB,
¢ The encapsulation capability.

o The inheritance of attributes structures and methods based on a
class hierarchy.

4.2, An example of a generic multimedia data model

[Grosky, 94] introduced a generic data model for multimedia
databases. He stated that:

e The most important aspect of designing such a data model is
appropriately decomposing a multimedia object in terms of
features. Features can be simple or complex. Complex features can
be further decomposed, whereas simple features are treated as
atomic entities.

¢ Features of a multimedia object are analogous to attributes of a
real-world application entity in a standard alphanumeric database
with one exception; “An attribute of a real-world application entity
is information-bearing while a feature of a multimedia object, being
based on its content, is non-informaton-bearing”.

e Just as a standard key of a real world application entity is a
collection of attributes that uniquely identifies it, a content-based
key of a multimedia object is a collection of features that should
uniquely identify its content.

¢ Every multimedia object also has a standard (content-independent)
key conssting f a set of content-independent attributes.

* So, it is important for any multimedia data model to be capable of
precisely defining the various features and their organization. For
example:

- An image feature can be based on texture, color, intensity,
geometry or other image properties.

- Since a video contains a sequence of image frames, a video
feature would be a sequence of image features.
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¢ Military applications.

¢ Video conferencing.

¢ Electronic publishing.

¢ Electronic commerce.

¢ Geographic information systems.

4. Data model design
What is data model?

¢ Data models are central to multimedia database systems. A data
model must isolate users from the details of storage device
management and storage structures. Various data models, such as
network, relational, semantic and object-oriented models already
exist for traditional databases, and a few have been proposed for
multimedia databases [Adjeroh, 97].

e The data model describes the conceptual representation of the
multimedia database, which identifies the information included in
the system, while the storage structure describes the physical
representation. Mappings between the storage structures and the
conceptual data model are needed, along with special indexing
techniques for multimedia databases [Nwosu, 97].

Two basic approaches have been used in modeling multimedia data
[Adjeroh, 97]:

o The first involving building a multimedia data model on top of
an underlying traditional database data model by using
appropriate interfaces for the multimedia data.

» The second approach is to develop true multimedia-specific data
models from scratch rather than on top of an existing traditional
database system. It is better to use object-oriented techniques as a
basis for these data models.

Much of the earlier work on multimedia DBMSs has focused on
using an object-oriented data model to support different data types.
However, several features, such as synchronization mechanisms,
relationships between the objects, decomposition, and recombination of
objects, need further research [Nwosu, 97].
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= The query processing.

* Browsing the retrieved data and the quality of service (QoS)
required in the system, taking into account the special nature
of the multimedia data.

3. Determining the domain of application

determining the domain of application is very important for some
good reasons:

e The nature of data differs from one application domain to
another, also the media required to store these data differsin
nature from ope medium to another,

o The process of assigning semantics to the multimedia data is
hard and time consuming, and the designer has to try to simulate
the human perception of the multimedia data represented in the
system. But this cannot be done to cover all the fields of
knowledge a human can have. So, deciding for the domain under
consideration limits the area of knowledge to be represented to a
considerable area to be developed and implemented.

¢ The retrieval processes and the quality of service (QoS) needed
in any multimedia information system are greatly dependent on
the field of application, i.e. the kind of information supported by
the system and the retrieval methodology are not the same for all
domains of knowledge.

However, the multimedia database systems can be found in almost
every scientific area and many other areas that need to manage
multimedia data, some examples are the following:

e Education (digital libraries, training presentation, distance
learning).

o Healthcare (telemedicine, health information management,
medical image systems).

¢ Entertainment (video-on-demand, music databases, interactive
TV).

o Information dissemination (news-on-demand, advertising, TV
broadcasting).

e Manufacturing  (distributed  manufacturing,  distributed
collaborative authoring).

¢ Finance.
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Assigning semantics to multimedia data can be done by first
decomposing the multimedia entity to its constituents until we get atomic
objects. The features of every atomic object are identified and assigned
values that describe its behavior possibly with certainty values.

For example, an image that contains persons in a room can be
decomposed into the persons, the fumniture, and may be some label that
exists in the image. Each person’s image extracted from the original
image can be considered as a complex object that contains atomic objects
such as hands, legs, hair, ears, eyes, nose, and so on. Each of the atomic
objects has features like color, shape, texture and so on. The furniture can
lead us to know that the persons are in a court for example. Also a label
existing in the image can contain the state in which the court lies. The
last example describes the importance of the semantics extracted from
the multimedia data. This semantics can help in answering many queries
such as the query “find all images taken in the court of Dar El Kadaa EI
Aali”.

2. Issues in designing multimedia database systems

We never begin a multimedia project without first outlining its
structure and content [Vaughan, 96]. So, designing multimedia database
systems first imposes some issues to be discussed:

¢ First we must know the domain of application.

e Second, the multimedia database management system has to be
built, and this includes some tasks:

s Determining bow many media will be included in the
system.

s The quality of data required and the cotresponding hardware
devices needed to support multimedia data capturing and
representation with the required quality level.

= The data model used to represent the multimedia data under
investigation.

v The architecture used in building the system.

» The suitable storage mechanisms to be applied for efficiently
storing the very huge volumes of multimedia data.

» The required types of retrieval processes in the system to
meet the user’s needs.

» The indexing methodology required to support the retrieval
processes.
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Chapter 1:
Storage and Retrieval
in Multimedia Database Systems

Dr. Gehan El Husseiny Tawfik, & Prof. Dr. Mokhtar Boshra, Riad.

Abstract

Multimedia database systems are the most recent form of databases.
Representing analog data in digital form encouraged the development of
multimedia information systems, so the field of databases took advantage
of this new technology. The main goal of multimedia information
systems is to manipulate multimedia information in a natural way. This
information may include images, sound, video data, graphics, and
alphanumeric data. However, this field is growing so fast, and the
computer science specialists are working on solving the problems facing
this kind of databases such as storage, indexing, retrieval, and query
processing. Also, the advances in hardware technology had lead to
associated advances in software technology. We think that, in few years
there will be no terms such as traditional databases and multimedia
databases, instead of that, the multimedia databases will be the one which
is meant by the term database systems.

This paper investigates the main issues governing the design of
multimedia database systems such as the multimedia representation, data
models, architecture, storage and indexing mechanisms, and the retrieval
and query processing. A sample multimedia database has been designed
and implemented to demonstrate the feasibility and power of such
databases.

1. Introduction

A multimedia database is a controlled collection of multimedia data
iterus, such as text, images, graphic objects, sketches, video, and audio
[Adjeroh, 97]. The main task in designing multimedia systems is to
simulate the human perception of such data, so the computer has to
possess a semantic description and an extended knowledge about the data
stored in the database. This benefit extended to the retrieval process lets
the user query the system in a natural way and the system can answer the
user query in an intelligent manner.
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(5)The digitized telecommunications and the emergence of the new
technologies for digitization and visualization,

(6)The existing educational, cultural, industrial, scientific, etc
domains affecting digitalization and visualization,

(7) The emergence of the new interactive multimedia industry.




OBJECTIVES AND THEMES

The planned conference is geared to fulfil the following objectives:

(1)Enhancing the awareness of the new computer era which is
evolving, nowadays, regarding the digitalization and
visualization,

(2)Examines the existing standards which aim to create digital and
visual data,

(3)Defining a strategy for future national development and
initiatives concerning digital / visual multimedia information
provision,

(4)Furthering a synergy between the needs of national information
industry to be launched within relevant national programs, e.g.
the valley of technology, the coast of technology, the educational
software development, etc.

(5)Developing of a high quality digital / visual multimedia
information services,

(6)Facilitating the development of the Arabic digital and visualized
industry of content,

(7)Optimizing the contribution of new digital / visual information
services to increase competitiveness and employment in the Arab
world,

(8)Maximize the contribution of advanced digital / visual
information services to the profession, social and cultural
development of citizens.

The conference aims to discuss and examines the following themes:

(1)International strategies and policies for the new computer era of
digitization and visualization,

(2)Existing international and foreign standards which promote the
audio-visual and multimedia industry,

(3)The role of public and private investments in enhancing the
digital and visualized products,

(4)The recent technical methods and techniques related to the
creation of the new products,




information it contains. Therefore, the movement is underway, through
the growing integration and interconnection of new information
technology with telecommunications resources.

The  accelerated progress in new information and
telecommunications technology is essentially based on three fundamental
changes:

e The digitization of images, sounds and data,
» Digital data compression, and

» The growing power of electronic components.

These innovations have made possible the gradual replacement of
analog equipment by digital systems that are clearing the way of greater
interactivity between end-users and computers.

The digital and visual technology marks a true revolution that goes
far beyond purely technical up heals. On the other hand, it will lead to the
integration of information transmission networks and reception hardware,
and, it will simultaneously enhance a new relationship with the media
and the way in which everyone consumes the information her or she
conveys.

Basically, this revolution stems from the spectacular progress made
in microelectronics, leading to clear digitization and visualization of
images, sound and data. The analog systems, sounds and images, which
were converted to electronic signals so that they could be, transmitted on
physical support systems such as wires and optical {ibers cables, or in
electronic wave form via terrestrial broadcasting networks or by satellite.
With digitalization and visualization the same signals are coded into
strings of numbers represented in binary form as packets of 0°s and 1’s,
which then constitute a data processing file.

Digital compression has solved the problem of transmission
capacity, by reducing the flow of information to decrease the time and
cost of transmission, without modifying the quality and content of
information itself.

The ESISACT’s present conference is geared to discuss all these
issues relating to the present and future aspects of the computer era of
digitalization and visualization.




Conference Overview

Nowadays, more and more audio-visual information is available
from may sources around the world. Also, there are people who want to
use this audio-visual information for various purposes. However, before
the information can be used, it must be located. At the same time, the
increasing availability of potentially interesting material makes this
search more difficult. This challenging situation led to the need of
solution to the problem of quickly and efficiently searching for various
types of multimedia material interesting to the user. Also, it is important
to filter when the user prefers to receive only those multimedia matenals,
which satisfies his or her performance. Other interesting domains than
search or filtering are for example, image processing and understanding
(surveillance, intelligent vision, smart cameras,... etc.), or media
conversion (text to speech, picture to speech, speech to picture, etc.),...
etc.

The end of the 20™ century was marked by change of revolutionary
scope and scales characterized by series of transformation such as
technological convergence and world-wide media coverage, as well as
globalization of their content. There in turn are leading the way to true
revolution, one based on information and knowledge referred by. Alvin
Toffler as the “third wave”", which imply a break with the past, heralding
a new era of economic, social and cultural development fundamentally
different from any thing that has gone before.

The origin of these far-reaching changes is to be found in the
advances in new information and communication technology, progress
speeded up by the digital and visual revolution as well as the
convergence of computer, telecommunications and audio-visual industry.

Communication systems have unified, to an extent that telephone
transfers, and pictures no Jonger circulate on separate channels.
Computers and T/V sets are one and the same thing, telephones are
linked to the Internet and mobile phones are connected to laptop
couiputers. Also, computers can now be interconnected which has
marked a new era with the emergence of worldwide communication
networks, at the forefront is the Internet, which makes no distinction,
nowadays, between telephone, satellite or television to route the

.Tofﬂer, A. and Toffler, H. Creating a new civilization: the politics of the third wave.
Washington, DC: Progress and Freedom Foundation, 1994,
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