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ABSTRACT 

Intelligent Manufacturing System (IMS) shall be considered 

as a system integrated with different intelligent subsystems, 

which completes the distributed solution procedure on the 

basis of exchanging large quantities of materials, energy and 

information.  Any intelligent manufacturing process self-

regulates and self-controls itself in manufacturing the 

products within the design specifications. It incorporates 

introduction of human-like decision-making capabilities into 

the manufacturing system that brings the intelligence. The 

system however requires complete information of the 

requirements and processing of production system to generate 

appropriate decisions. This paper provides a comprehensive 

review of research on web-enabled e-Manufacturing 

technology which bridges certain aspects of manufacturing 

system like Customer Relationship Management (CRM), 

Enterprise Resource Planning (ERP), and Supply Chain 

Management (SCM). Web-based systems have been 

implemented to provide remote service and manufacturing for 

rapid prototyping, enhance the availability of facilities and 

improve the capability of rapid product development for 

various enterprises. Web-based technique is utilized to derive 

the availability of information anytime, anywhere and by the 

persons who are authorized to deal with it. The e-

Manufacturing production system can substantially reduce 

product cost and delivery cycle for manufacturing systems. 
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1. INTRODUCTION 
Information technology (IT) and intensification of trend in 

Economic Globalization, manufacturing system has to face 

the increasingly fierce market competition. ―Today‘s highly 

competitive; fast pace business environment makes it an 

absolute requirement on behalf of the managers to 

continuously make the best decisions in the shortest possible 

time. The notion of ‗learning from mistakes‘ has left its place 

to ‗one strike and you‘re out‘ reality. That is, there is no room 

for error in making managerial decisions in this global 

environment marked by mergers, acquisitions, and ever-

increasing economic instability. Success (or mere survival) 

depends on quickly aligning the organizational resources 

towards meeting (and exceeding) the actual (and perceived) 

needs and wants of the customer [1].‖ 

 It is very important to do a right decision in manufacturing 

systems. The decision-making life cycle for manufacturing 

systems managers is illustrated in Figure 1. Clearly, decision 

makers are constantly exposed to threats, strengths, 

weaknesses, and opportunities. (as is the case in many 

business environments nowadays). In order to solve the 

problems and/or take advantage of the opportunities, 

managers have to make best decisions, which may result in 

changing the manufacturing system. Best possible decisions 

must be implemented by managements for manufacturing 

system [1]. 

 

Fig 1:     Manufacturing systems decision making life cycle 

[1]. 

In the past, mass production system has typically been utilized 

by manufacturing companies as a minimum cost method to 

produce large volume of products/parts for internal inventory 

buffer or Just-In-Case deliveries. This method allows 

expensive setup cost to be distributed to entire batch under 

production. ―In the last decades world has moved towards a 

global economy, with markets demanding for products with 

high quality at lower costs, highly customized and with short 

life cycles, imposing new requirements on manufacturing 

enterprises, namely in terms of quality, response, agility and 

flexibility, that are crucial for an enterprise staying in the 

business [2].‖Two other new important production systems 

have also evolved in the recent past. They are: Lean 

Production and Agile Manufacturing Systems. Lean 

Production aims at reduction of production cost through 

trimming down unnecessary wastes (such as setup cost, work-

in-process, etc.) and perfecting quality at first-instance (i.e., 

zero defect) of products.  

Globally, lean production has been expanded and lean 

thinking has been applied to all aspects of the supply chain. 

There are different application of ‗lean thinking‘ to business 
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processes such as project management construction, design, 

and so on [3, 4]. 

Agile Manufacturing, on the other hand, does focus on the 

restructure of manufacturing organization and operation 

procedures so that it can react to rapidly changing markets, 

and shorten new product‘s Time-To-Market cycle. 

Gunasekaran [5,6,7] defines agile manufacturing as ―the 

capability to survive and prosper in a competitive 

environment of continuous and unexpected change by 

reacting quickly and effectively to changing markets, driven 

by customer-designed products and services.‖ Goldman et al. 

[5, 8] believe agile manufacturing allows companies to be 

capable of operating profitably in a competitive environment 

of continually and unpredictably changing customer 

opportunities [5]. Agile manufacturing can also be defined as 

―capability of surviving and prospering in a competitive 

environment of continuous and unpredictable change by 

reacting quickly and effectively to changing markets, driven 

by ‗customer-defined‘ products and services. [9, 10]‖  

  In general, Lean Production addresses more on product cost 

issues, while Agile Manufacturing emphasizes more on 

product delivery cycle issues. Lean and agile manufacturing 

are considered as a starting point of implementing intelligent 

manufacturing as a myriad of components are needed to be 

produced in a short span and manual or automated methods 

cannot cope up with the system.  

Companies must consider strategic initiatives such as agile 

manufacturing systems to compete globally and respond to 

dynamic customer demand [5]. One of the goals of agile 

manufacturing is to produce customized products in a short 

time at lowest possible cost. For this purpose in a 

manufacturing system, products are differentiated either by a 

machining-driven or an assembly-driven differentiation 

strategy. The structure of the manufacturing system that 

implements the assembly-driven product differentiation 

strategy in agile manufacturing is illustrated in Figure 2. The 

manufacturing process in the system consists of two steps: 

machining and assembly [11]. 

 

Fig 2:     The general structure of the manufacturing 

system [11]. 

Powerful computers, advances in communication and other 

technological and scientific areas are integrated and utilized in 

the area of Intelligent Manufacturing Systems. It has become 

quite clear that the requirements in the modeling and control 

of systems cannot be met only with the existing conventional 

theories. It is necessary to investigate and use new methods 

that will exploit human experience, will have learning 

capabilities, and will be supplied with fault- detection and 

identification characteristics including imprecision and 

uncertainty. An Intelligent Manufacturing System should 

therefore utilize effectively all the company resources, 

especially the insights and experience of front-line operators 

and experts in order to achieve continuous improvements in 

productivity. One of the major objectives of the Intelligent 

Manufacturing System initiative [12] is to contribute to the 

development of new production systems that can fulfill 

technical, economic and environmental requirements for 

optimality and sustainability while maintaining their 

competitiveness. This necessitates enhancement of the 

flexibility, reusability, availability, dependability of the 

production system [13]. For this purpose the authors of this 

paper have proposed implementation of e-Manufacturing as a 

way to implement Intelligent Manufacturing System. 

The ability to connect Intranet/Intranet at factory floor, and be 

accessible globally through embedded Web server residing in 

PLC controllers or mobile devices has making the 

implementation of Web Enabled factory possible.  The recent 

development and deployment of wireless data communication 

networks (such as CDPD, GPRS, and Bluetooth), and satellite 

position technology (such as GPS) have extended the Web 

Enabled factory even further into wireless and mobile 

communication domain.  

The primary objective of e-Manufacturing [14] is to fulfill the 

online orders from consumers or business partners (i.e. e-

Business) through the real-time execution of: 

 Product Design, 

 Production Planning and Scheduling,  

 Manufacturing Process and Control,  

 Distribution and Delivery cycle via Internet 

and Internet connectivity. 

 

 Figure 3 shows these four components of execution cycle. In 

supporting e-Manufacturing, real-time collaborations with 

other e-Business systems, such as SCM (Supply Chain 

Management), ERP (Enterprise Resource Planning), and 

CRM (Customer Relationship Management) are also needed, 

if these systems have been implemented by manufacturing 

companies. This paper discusses only the Manufacturing 

Process and Control portion of the e-Manufacturing cycle 

which is concerning with the management and control of 

actual operations of manufacturing facilities. 

 

Fig 3:     Real-Time Execution of e-Manufacturing Cycle 

[14]. 

2. HIERARCHY OF INTERNET 

ENABLED MANUFACTURING 

CONTROL 
The hierarchy of Internet Enabled manufacturing control at 

factory floor can be divided into three layers [15] as shown in 

Figure 4. The lower layer of manufacturing control is at 

workstation level where one principal machine with one 

controller is used.  
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Fig 4:     Hierarchy of Internet enabled Manufacturing 

Control at Factory Floor [15]. 

Typical controller in this level is PLC (Programmable Logic 

Controller) that can be used to control CNC machines, 

handling systems (such as conveyor, AGVs, etc). The middle 

layer of manufacturing control is at machine cell or machine 

cluster where a set of machines and controllers are used to 

work together for planned tasks.  Typical controllers in this 

level are DNC (Distributed Numerical Controller), and 

Remote Terminal Unit (RTU) Controller. The top layer of 

manufacturing control is at plant floor where control 

functions, such as data acquisition, data monitoring, process 

control, and alarm trigging, are handled.   

The goal of Internet Enabled manufacturing control is to 

move the object-based data directly from field controllers or 

mobile devices (i.e., at low layer) to plant level (i.e., at top 

layer), and eventually to enterprise level so that data and 

information can be accessed by other system components, 

such as product design, production planning and scheduling, 

distribution and delivery.  To achieve this objective, an 

Intranet connection at factory floor and Internet connection at 

business office are required. Security setup and configuration 

for firewall and Proxy Servers are also necessary in e-

manufacturing environment. As wireless communication 

become cheaper and affordable, real-time wireless monitoring 

and control of plant operations will also be an important 

option. 

 

3. INTELIGENT MANUFACTURING 

SYSTEM BASED ON IMPROVED 

MULTI-AGENT 
There are different definitions for the term ‗‗Agent‖. 

Wooldridge and Jennings [16] define agent as: ‗‗An agent is a 

computer system that is situated in some environment, and 

that is capable of autonomous action in this environment in 

order to meet its design objectives‖. ―A multi- agent system 

includes number of agents that work together to solve 

problems that are beyond the individual capabilities or 

knowledge of each entity. These agents interact with one 

another, typically by exchanging messages through the 

computer network infrastructure. Cooperation and 

coordination between agents is the most important feature of 

multi-agent systems [17]. Agents communicate for the 

purpose of cooperation and negotiation, learning to improve 

performance over time [18]. The collaborations between the 

agents in a multi-agent system tend to take one agent‘s output 

as another agent‘s input without directly utilizing the agent‘s 

built-in knowledge model [19, 20, and 21].‖ 

 

 
Fig 5:     Network model block graph [27]. 

The main types of Intelligent Manufacturing Systems (IMS) 

are: Intelligent Manufacturing System that takes the 

improvement of manufacturing system intelligence as the 

object and takes intelligent robot and Agent as the tool; 

Intelligent Manufacturing System that integrates the 

modeling, processing, measurement and operation of 

corporations through Internet; biological Intelligent 

Manufacturing System that adopts solution procedure for 

biological problems [22, 23, and 27]. The distributed network 

Agent-based IMS model is illustrated in Figure 5. Multi-agent 

system is composed of a group of Agents that distributed at 

logical or physical positions [24-27]. Clearly, each 

manufacturing unit is endowed with autonomy by Agent to 

become the entity with perfect functions and autonomy 

independence; on the other hand, the system is endowed with 

self-organization capacity through the coordination and 

cooperation among Agents [27]. 

4. JAVA ENABLED AND WEB 

TECHNOLOGIES FOR E-

MANUFACTURING 
Recently, many established global manufacturing networks 

have been taking advantage of information technologies and 

fast growing networks [28]. ―The rapidly changing needs and 

opportunities of today‘s global market require unprecedented 

levels of interoperability to integrate diverse information 

systems to share knowledge and collaborate among 

organizations. The combination of Web services and software 

agents provides a promising computing paradigm for efficient 

service selection and integration of inter-organizational 

business processes [29].‖  

Web technologies which are built on the top of 

Internet/Intranet connectivity go beyond simple www (World 

Wide Web) access.   It is a group of new technologies that 

uses Internet Enabled languages as foundation to create 

powerful server-side Web applications, such as dynamic 

content searching and manipulations, internal and external 
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database access, etc.  Traditional approaches for Web access, 

such as Common Gateway Interface (CGI) [30], have been 

gradually replaced with Java based system, such as JSP 

(JavaServer Page) [31], Java Servlets [32], RMI (Remote 

Method Innovation) [33], JMS (Java Message Services) [34], 

etc.  

―As one of the most popular Internet tools, the Web aims to 

provide a light-weight and an operating system independent 

platform for users to search, browse, retrieve and manipulate 

information disseminated and shared remotely. Based on the 

Web, design models can be dynamically shared and updated 

in an Internet environment and conveniently accessed and 

manipulated by remotely located people from the design team, 

management, marketing, maintenance and customers for 

efficient design collaboration, design process monitoring, 

product pre review and evaluation. Realizing the merits of the 

Web technology, researchers and developers have been 

actively exploring and developing Web-based design and 

manufacturing systems‖ [33]. 

Java is an object-oriented and hardware independent computer 

programming language. Java 2 Enterprise Edition (J2EE) 

[34], a latest version of Java language, is aiming for the 

development of enterprise, multi-tier Web applications.  Such 

applications are typically including a client tier to provide 

necessary user interface, one or more middle-tier to provide 

applications for business logic and client services, and a back-

end enterprise system for data management.  The J2EE 

platform provides a comprehensive framework and 

architecture for designing, executing, and integrating the 

enterprise information from e-Business to e-Manufacturing 

(This has been elaborated in detail by Slansky Dick [34]).  

Various elements of the J2EE platform, such as Enterprise 

JavaBeans (EJB) [34], and JSP/Servlets, are enabling 

manufacturing companies to deploy new applications that are 

specific to business requirements, and plug it into existing 

system quickly.   

One such implementation is by Sun Microsystems‘s Java 

Embedded Server (JES) [44], a small-footprint Web 

application server, provides powerful and versatile 

capabilities to support embedded application development at 

factory floor in e-Manufacturing environment. Embedded 

applications run on microcontroller and are residing within 

electronic devices.  JES is a service-driven network 

application, allows device‘s services to be created, registered, 

and later to be discovered and used at run-time.  In the 

Intelligent e-Manufacturing Control System, described in the 

following section, J2EE is used to develop the e-

Manufacturing Control Server and JES is used to develop the 

e-Manufacturing Plant Gateway. By taking advantages of the 

effective utilizations of the Web and Java technologies, this 

system is could operate properly. 

 

5. INTELIGENT E-MANUFACTURING 

CONTROL SYSTEM 
E-manufacturing perceptions started originally from the idea 

of the factory of the future, E- business/commerce application 

in manufacturing and the extension of computer networking 

technology. Basically, E-manufacturing integrates customers, 

e-commerce systems, and suppliers with manufacturing 

process to provide an Internet-based strategic framework for 

the factory [35-40]. 

Intelligence in manufacturing is perceived in different ways 

ranging from intelligent control and information 

communication techniques through human intelligence in the 

operating/engineering loop to agents‘ self-organization [41, 

42]. ―The area of intelligent systems is challenging—to an 

extent occasionally verging on controversy—both the research 

community and the industrial sector to cope with the 

traditional and centralized automation approaches to meet the 

high degree of complexity and practical requirements for 

robustness, generality and reconfigurability in manufacturing 

control as well as in production management, planning and 

scheduling‖ [42]. 

Intelligent e-Manufacturing Control System that combines 

Business Rule Engine technology and Autonomous Agent 

technology forms an integrated Web application server.  It can 

be used to manage and control many manufacturing functions, 

such as shop floor control, inventory control, logistic and 

distribution. ―Manufacturing has faced significant changes 

during the last years, namely the move from a local economy 

towards a global and competitive economy, with markets 

demanding for highly customized products of high quality at 

lower costs, and with short life cycles. In this environment, 

manufacturing enterprises, to remain competitive, must 

respond closely to customer demands by improving their 

flexibility and agility, while maintaining their productivity 

and quality. Dynamic response to emergence is becoming a 

key issue in manufacturing field because traditional 

manufacturing control systems are built upon rigid control 

architectures, which cannot respond efficiently and effectively 

to dynamic change [2].‖   

5.1 Key Components of Intelligent E-

Manufacturing Control System  
 There are two key components in the intelligent e-

Manufacturing Control System: e-Manufacturing Control 

Server and e-Manufacturing Plant Gateway, as shown in 

Figure 6. The reason for separate server at plant level is that 

most of devices and controllers at factory floor today are not 

Internet Enabled. It will take some time for Internet 

technology to be integrated into those devices and controllers.  

The Plant Gateway which contains an embedded Web Server 

is a middleware that can fill this gap. These two components 

are described further below: 

5.1.1 E-Manufacturing Control Server 
The Control Server contains business related applications 

which are implemented in J2EE Enterprise JavaBeans (EJB). 

These applications include data compression, data archive, 

data monitoring and control, information collaborations with 

SCM, ERP, CRM, etc.  Data and business rules are stored in a 

Data Management System (DBMS) and can be accessed at 

run-time.  JSP/Servlet is used for direct synchronous based 

applications, while Java Messaging Services (JMS) is used for 

asynchronous based applications when direct connection is 

not available. The e-Manufacturing Control Server is running 

under a J2EE Based Web Application Server, which is 

bundled with an Apache Web Server. 

5.1.2 E-Manufacturing Plant Gateway 
The Plant Gateway is running under a Real-Time Operation 

System (RTOS) [43], and including an embedded Java Virtual 

Machine (JVM) [44]. Java Embedded Server (JES) is used for 

discovering and executing of various services registered by 

autonomous agents.  The Plant Gateway can also include a 

wireless communication transceiver to link to wide-area 

cellular network or local RF network.  An optional GPS 

module can be included in the Plant Gateway for tracking 

product movement. 
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5.2 Core Technologies in Intelligent E-

Manufacturing Control System 
There are two core technologies that the intelligent e-

Manufacturing Control Systems are based on: 

5.2.1 Business Rules and Generic Rule Engine  
The core technology of the Control Server is JavaBeans Based 

Business Rules and Generic Rule Engine. Business rules are 

logic units used by manufacturing companies to conduct its 

business and manufacturing functions. 

5.2.2 Autonomous Intelligent Agent Controller 

and Services 
 The core technology of the Plant Gateway is Autonomous 

Intelligent Agents Controller and related agent services. The 

implementation of Autonomous Intelligent Agent Controller 

is based on a formal agent framework which is useful in real 

life applications [44]. This technology defines a three-tiered 

hierarchy comprising of objects, agents, and autonomous 

agents where agents are viewed as objects with goals. 

 

Fig 6:     Key Components of Intelligent e-Manufacturing 

Control System [44]. 

6. CONCLUSION 
 In this paper, an effective method for Implementation of Web 

Based Technique  into the Intelligent Manufacturing System 

has been presented. It also discusses an Internet Enabled 

Manufacturing Control System of e-Manufacturing cycle. The 

potential benefits of the Internet Enabled Manufacturing 

Control System can be summarized as the follows:-  

 Speeding product delivery cycle through internet/intranet 

connection for real-time data exchange between plant level 

and enterprise level. 

 Reducing product cost through reconfigurable product 

design and mass customization manufacturing.    

  Preventing unexpected production breakdown through real-

time monitoring and control of factory operations anytime, 

anywhere.  

 Maximizing material synchronization process through 

material requirement and delivery information exchange with 

Supply Chain Management system. 

 Improving resource utilization by supplying real-

time plant information to Enterprise Resource Planning 

system. 

 Increasing customer satisfactory and royalty 

through information sharing with Customer Relationship 

Management system. 

These benefits can be fully realized when the entire execution 

cycle of e-Manufacturing is implemented in Manufacturing 

System which would yield to lower expences. 
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