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ABSTRACT: The ever-increasing competition in the changing world is forcing firms to assess their core strategic objectives and the business strategies necessary to fulfill them. It has become a common practice for firms to discover that their business processes fall short of achieving these desired objectives and that a change is necessary to put them on a competitive track. The various research issues related to Responsive/Agile Manufacturing are discussed in this paper.
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1. INTRODUCTION

The concept of Agile Manufacturing is built around the synthesis of a number of enterprises that each have some core skills or competencies which they bring to a joint venturing operation, which is based on using each partner’s facilities and resources. For this reason, these joint venture enterprises are called virtual corporations, because they do not own significant capital resources of their own. This helps to make them Agile, as they can be formed and changed very rapidly. Agile Manufacturing is very closely related to Responsive Manufacturing. 


A Responsive Manufacturing Enterprise is defined as an adaptive enterprise that is able to survive competition by operating as an effective member of an increasingly global supply network, and by its ability to make a rapid and balanced response to predictable and unpredictable change.[17]

Responsive/Agile manufacturing requires a blend of technological, organisational and human resources to adapt to the fast and unpredictable changes in the way those products are manufactured in a global economy.  The major forces influencing today's manufacturing environments are global competition, shortened product life cycle, increasing requirements for quality and reliability, faster-paced advances in increasingly complex technology, rapidly expanding options in materials and processes and increased unpredictability of surroundings. The ability of an enterprise to take advantage of rather than be destroyed by these forces is the key ingredient of any successful manufacturing strategy. In order to create the kind of radical transformational change that is required to respond to today's market challenges, a new strategic reorientation is needed.

Table 1: Critical Variables Affecting Future Corporations.[2]

	· New product development

	· Extensive customer service

	· Building / maintaining brand image

	· Marketing innovation

	· Influence over distribution channel

	· Targeting unexplored segments

	· Building / maintaining the firm’s reputation

	· Providing products with many features

	· Premium product quality

	· Operating efficiency / cost management

	· Pricing below competitors

	· Managing supply sources

	· Process improvements / innovations

	· Product cost reduction

	· Serving special market segments

	· Being first to enter into market

	· Manufacturing / selling services

	· Accurate market forecast

	· Broad product range

	· Maintaining high point of-sale inventory level, etc.


In addition to the now mature manufacturing paradigms of flexible and lean manufacturing, many new ideas and concepts have recently been proposed for shaping the next generation of manufacturing systems. In spite of attracting much attention from industrial practitioners and academic researchers alike many of the new manufacturing paradigms are still in the process of being defined, and a more robust foundation to aid the transformation to the "factory of the future" is still to be defined. The overriding goal of the "manufacturing enterprise of the future", however, remains pretty unchanged. It has to achieve rapid, flexible and integrated development and manufacture of innovative products at a price the customer is prepared to pay. To thrive in the emerging market conditions it has to be capable of responding rapidly to market trends and operating as an efficient member of an extended and increasingly global supply network. The critical variables that may affect many of the future corporations are shown in Table 1.

Figure 1: Developments in Manufacturing Technology.
Although the idea of virtual organizations is not newly proposed, recent developments in information and responsiveness relate to the ability of manufacturing systems to make a rapid and balanced response to the predictable and unpredictable changes that characterize today's manufacturing environments. The "responsive manufacturing enterprise", the enterprise that is able to thrive in the future, the world-class competitor, has to encompass new principles and modes of operation. Its strategic focus should be based on setting courses of action designed to achieve balance between stability under conditions of uncertainty and responsiveness to change. This critical balance of enterprise responses is designed on the one hand to allow the manufacturing and growth. On the other, it ensures enterprise success in coping with disturbances in its environment through its adaptability and change proficiency. To achieve this, the enterprise has to excel in seamlessly integrating, "gluing" together, its technological, organizational and human resources and develop manufacturing technology as seen in Figure 1.

The current international business environments require innovation across the entire business processes and supply chain is a main factor in many businesses. Supply chain management can reach beyond the boundaries of solitary organization and share information among suppliers, manufacturers, distributors and retailers as illustrated in Figure 2. Information Technology plays a key role here and with the growth of web-based electronic commerce, supply chain is converging towards online communities.


The responsive/agile manufacturing enterprise has organizational characteristics that allow it to outperform competitors by excelling simultaneously in the following three domains:

· product and process development; the adaptability of the enterprise to changes in its environment

· ability to deal with continuous change

· the balance of its response trader conditions of uncertainty; and efficiency in operating as a smart partner in an extended and increasingly global supply network. Workforce capabilities; the flexibility and intelligence of technology and reconfigurability of manufacturing systems; seamless integration of knowledge, internally between the functions within an enterprise, as well as between an enterprise and its partners in a supply network; and the utilization of communications technologies are all critical enablers towards achieving responsiveness.


Figure 2: Cardiff Process Change Model Adapted to Illustrate Interactive Barriers to Supply Chain Information Flow.


In spite of the huge technological advances that have been made in assembly automation the majority of assembly tooling is still product specific. Relying on product-specific fixtures to provide part location and support during product assembly has the advantages of guaranteeing consistency, accuracy and quality but has the associated disadvantages of extremely high recurring costs, long lead times and inflexibility of product types and production volume. A move towards a philosophy of minimizing or eliminating product-specific tooling known as "jiggles assembly" can therefore offer significant commercial advantages. Another area of great potential benefit is knowledge integration and reuse during the whole product development process from conceptual design to physical assembly of parts and market winners and market qualifiers whose features are shown in Figure 3. 

Figure 3: Market Winners v. Market Qualifiers.
Integrating and utilizing techniques and concepts such as feature-based design, assembly modeling, process capability description, tolerance analysis, measurement systems, in addition to the emerging flexible assembly technology, will have significant economic impact in the future.[7] The various components of customer focused strategies are illustrated in Figure 4.

2. ADAPTATION CYCLES

The need of the manufacturing industry now is to be adaptive to changes and to deal with large systems with faster computation, thus achieving the goal of "right first time". Miles and Snow found three different adaptation cycles that can be used to classify individual firms by the way they adapt to responsive/agile manufacturing. They are Defenders, Prospectors and Analyzers.


Defenders are the firms that are least flexible. Their focus and domination is on stable markets. Manufacturing problem are often linked to reducing costs with an increase on quality of the product and its variability.


Prospectors are the firms that are most flexible. Innovations in designing and material use are the specialties of Prospectors. Their manufacturing problems are associated with finding flexible production methods and reducing the time between design and manufacturing. 


Analyzers are the firms that concentrate on imitation. Their manufacturing problems are associated with combining low cost with ease of use and also the design for manufacture. 


Figure 4: Components of customer-focused strategies.
3. INFORMATION TECHNOLOGY IN RESPONSIVE/AGILE MANUFACTURING

The information technology revolution that occurred in the 20th century revolutionized the entire world, including the field of Manufacturing. As the process layout on responsive/agile manufacturing includes geo referenced spatial data, Geographical Information Systems (GIS) manages processes by taking constructive solution approach to different problems. Also, e-businesses use the Internet to automate, decentralize and analyze purchase transactions in order to reduce some of the costs. 


The current international business environments require innovation across the entire business processes and supply chain is a main factor in many businesses. Supply chain management can reach beyond the boundaries of solitary organization and share information among suppliers, manufacturers, distributors and retailers. Information Technology plays a key role here and with the growth of web-based electronic commerce, supply chain is converging towards online communities.

3.1 e-Manufacturing


e-Manufacturing is a new idea which aims at complete integration of suppliers, customers and manufacturing companies with connectivity and intelligence brought by the internet, web based tools and technologies and computation tools to meet the demands of e-business practices that were in vogue in the last few years. e-Manufacturing offers manufacturers with an option of conveniently reorganizing the manufacturing capability with agility to respond to the opportunities and demands of a changing market.

3.2 Agent Technologies

Agent Technologies are essential for development of a distributed intelligent manufacturing system. Many companies that use Computer-Integrated Manufacturing (CIM) for managing process data and intelligent products have been facing implementation difficulties. The reasons for this are that CIM does not take care of knowledge management issues and that CIM makes decision and control problem solving very difficult in spite of Artificial Intelligence, Expert Systems and Knowledge-based Systems being used extensively. To overcome these difficulties, multi-agent technologies that focus on Information Technology vision on the combined knowledge management and CIM need to be used. 

3.3 Artificial Intelligence in Manufacturing


Artificial Intelligence (AI) plays an important role in Responsive/Agile Manufacturing. Expert Systems (ES) are used in Responsive/Agile Manufacturing and their shells and tools are used to build a reliable, robust and better ES. These ES shells range in size from desktop PCs to large workstations. 


As mentioned above, Information technology has brought about a sea change in the manufacturing industry. But analysts indicate that improving internal efficiency, working on the skill set of the workers and implementing the technology for better use are the major factors in implementing Information Technology. Hence, companies are now focusing on improving coordination between various departments with a free flow of information instead of establishing a bond between customers and suppliers, who fall outside the domain of an organization. Thus, a prosperous relationship has been established between implementation of Information Technology and performance of the organization.

4. RESEARCH ISSUES IN RESPONSIVE/AGILE MANUFACTURING

It is not enough if a system is developed which can meet the needs of production activities of the product according to the variable needs of the customer. If a company has to be responsive, the system should respond unanimously. The time that is necessary to convert a good idea into a working product is a combination of the time expended for the complete process. The time needed to design a product, develop prototype, test the prototypes for an optimum design, create and arrange the production environment, start production activities and complete it, market and sell the product along with training of servicemen has to be feasible. 


In today’s manufacturing world, it is very essential for progress to be on the dot and for real-time information to be progressing towards assisting decision-support in automated decision-making processes. This data can be used to develop integrated optimization systems, which can contribute to efficient production, reduced lead times and reduced costs. 

Table 2:  Attributes of Agility.[2]
Attribute



Definition
	Image:  
	What is the image of your product range?  Is it important?

	Price: 
	Is a low price a key-buying criterion?

	Value for money: 
	Is the achievement of a certain ratio of specification / price crucial?

	User friendliness:
	Is it important for the product to be user-friendly?

	Availability: 
	Is product range availability crucial?

	Rapid response to enquiry: 
	Is it important to produce designs, quotations, etc., very quickly?

	Quick response to customer demand
	Will sales be lost to the competition if they respond more quickly than you?

	Achievement of advised delivery: 
	Is it important to stick to advised delivery dates?

	Width of product range: 
	Is it important to offer a wide range of products and / or services to your customers?

	New product-to-market time: 
	Is it important to minimize product development time?

	Quality—the product’s fitness for purpose: 
	Does the product, or service, deliver exactly the benefits the customers want?

	Quality—the consistent achievement of defined specification: 
	Is constant conformation to specification vital?

	Safety:  
	Is safety in use a major concern?

	Regulatory requirements: 
	Does meeting regulatory requirements earlier / better than the competition give you an edge?

	Provision of advanced specification or specialized service: 
	Are you the only people able to do what you do, and is this important to the customers?

	Aesthetic attributes: 
	Is the appearance of the product, or the perception of the service, important?

	Degree of innovation: 
	Is it important for the product or service to represent “state of the art”?

	Ability to vary product specification: 
	Is it important for you to produce product or service modifications easily and quickly?

	Ability to vary product volume: 
	Is it important for you to be able to increase, or decrease, production volume easily?

	Customer service: 
	Is the quality of the overall service that customers receive a key to winning business?

	Provision of after-sales service: 
	Is the supply of spares, advice, etc., a key aspect of winning business?


4.1 Agile Manufacturing


In a competitive Manufacturing environment, companies should use a flexible and responsive paradigm such as Agile Manufacturing. It has various enabling technologies and physical tools. Concurrent Engineering is one such tool. It is a systematic approach to the integrated, concurrent design of product and their related processes, including manufacture and support. It is a profitable approach for reducing the development time and manufacturing cost and parallelly improves the quality of a product to meet customer demands. The various attributes of Agility are defined in Table 2.

4.2 Cellular Manufacturing


In the changing world of Manufacturing, issues such as flexibility, productivity and efficiency are very crucial. Companies that are quick to identify changing customer demands are moving towards Flexible Manufacturing Systems, Cellular Manufacturing and Just In Time Manufacturing. Among these, the best manufacturing system is Cellular Manufacturing in which machines are divided into cells and parts are combined to form part families. Thus Cellular Manufacturing applies principles of Group Technology. The very purpose of Cellular Manufacturing is to find part families and cells that are the self-sufficient units of production with some freedom. The most important step in Cellular Manufacturing is to differentiate cells from a part machine. 

4.3 Environmental factors in Responsive/Agile Manufacturing


Environmental factors play a critical role in Responsive/Agile Manufacturing. The various environment-related factors are environmental dynamism, scanning intensity, market demand and the company’s competitive power in the market. The various manufacturing strategies are quality, cost, deliver and flexibility. 


When a company’s competitive power is high and the importance given to quality is also high, the overall performance of the company will be good. The performance is good in the case where the market attraction is high and the importance given to quality is also high. But when the environmental dynamism is high and the importance given to manufacturing is high, the overall performance is low. 

5. MANAGEMENT ISSUES IN RESPONSIVE/AGILE MANUFACTURING


The 20th century has experienced vast improvements in the social and economical life. It has also influenced the manufacturing industry. The demands for change are so strong that even the current systems are being changed. This has a remarkable influence on a company's management issues and increases the competition by increasing the number of competitors. Virtual Manufacturing can be implemented in a lot of companies nowadays as shown in Figures 5 and 6.
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Figure 5: Student in a Virtual Manufacturing environment.[4]

Fig 3: Architecture of proposed framework.

Figure 6: Manufacturing Using Virtual Reality.

5.1 Manufacturing Flexibility


Manufacturing flexibility is being regarded as a crucial part of achieving a cutting edge in the Manufacturing industry. Customer responses, complaints and feedback is being highly regarded and is being used to develop a link between responding to every feedback as a way of achieving a larger goal of satisfaction of the customers and winning their faith. In order to achieve this end, customer complaints are classified into five steps. These are receiving complaints, customer intimacy, portfolio analysis and value development, network development and managing the customer relationship.

5.2 Global Manufacturing


Global Manufacturing is a recent concept that refers to technologies and systems, which represent the best modern manufacturing practices successfully implemented in industries. A company must predict the future in a dynamic world with the quick information and competence transfer over the world market. Global Manufacturing techniques involve continuous improvement of products, processes and services in order to improve quality and productivity and reduce costs to increase customer satisfaction. Global Manufacturing techniques within the framework of all activities concerned with manufacturing and therefore place emphasis of the dynamic nature of this system, which concerns itself with immediate goals and long term objectives of global market. 

5.3 Quality in Manufacturing


The term quality refers to attaining better standards that ensure maximum predictable values. Values may be reflected in a company’s actions as well. Good actions result in customer satisfaction resulting in the company’s progress. A best performer may lose overall quality if he does not maintain responsiveness to the customers’ demands. Responsiveness requires three main factors. They are interactions, learning and continuous improvements. Quality and performance are like the sides of a coin. Responsiveness fuels these up to operate the quality-performance engine. Human responses to human needs and preferences make him more active towards machine performance. That is the reason that responsiveness is a major factor. 

6. STATE-OF-THE-ART RESEARCH ISSUES IN RESPONSIVE/AGILE MANUFACTURING


The various state-of-the-art research issues undertaken in Responsive/Agile Manufacturing are listed in Table 3.

Table 3: State-of-the-art research issues in Responsive/Agile Manufacturing.

	Topic
	Title
	Researchers

	SUPPLY CHAIN
	The Evaluation Method for the Performance of Supplier
	Kuen-Suan Chen, Wen-Pei Sung, Yu-Yin Tsai

	
	Supply Planning Optimization Under Uncertainties
	Mohamed-Aly Ould-Louly, Alexandre Dolgui

	
	Computer Aided Process Planning for Rotational Components Using Artificial Neural Networks
	Chandra R. Devireddy, Toni Eid, Kalyan Ghosh



	RESPONSIVE MANUFACTURING
	Features And Step: Two Powerful Technologies For Agile Manufacturing
	Türkay Dereli, Adil Baykasoğlu

	
	An Intelligent Environment For Total Product Development
	Waleed El-Ganzoury, H S Abdalla

	
	Disturbance Assessment In Aerospace Manufacturing: Towards Lean And Responsive Systems
	A.J. Heap, G. Robinson, N.N.Z. Gindy

	
	Parametric Study of Surface Finish Using Robust Design Techniques
	Alok K.Verma, Steven L. Holcomb, Paul Blessener, Dave Tilman, William F. Johnston

	
	Agile Or Adaptable? Finding A Paradigm For An Uncertain World

	David Bennett

	
	Information Technologies For Agile Management
	N. Bajgoric

	
	Customer-Responsive Pickup And Delivery System Based On GIS
	Heung-Suk Hwang

	
	Responsive Manufacturing: The Technological Imperatives

	Nabil N. Z Gindy

	INFORMATION SYSTEMS AND AGILE MANUFACTURING
	Distributed Objects to Encapsulate Machine Tools in I.D.M.E.
	Nicola Senin, Roberto Groppetti, David R. Wallace, Simone P. Ercolani

	
	Exploring the Relationship Between A.E.A. and C.B. Using Correspondence Analysis
	J. Ren, Y. Y. Yusuf, N. D. Burns

	
	Extending Customer-Focused Cells: A Knowledge Management Platform for Sme’s
	John Griffiths, Alan Phelan

	
	Feature-Based Design And Rapid Product Development Of Saddletree
	Puneet Tandon, Mukul Shukla, K. Siva Prasad, G. Saravana,Kumar, Sanjay G. Dhande

	
	Petri-Net as a tool with application in modeling an Internet-based virtual manufacturing enterprise
	K. Cheng, M. L. Yang, G. E. Taylor, A. Dow


6. CONCLUSION


The various aspects of Responsive/Agile Manufacturing were discussed in this paper. The different adaptation cycles that can be used to classify individual firms, as proposed by Miller and Snow, were detailed. This paper concludes that various information technologies like e-Manufacturing, Agent Technologies and Artificial Intelligence can be effectively used in Responsive/Agile Manufacturing. The various research and management issues in Agile Manufacturing, Cellular Manufacturing and Responsive Manufacturing have been described. 
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