
Chapter 12
The Future of Virtual Manufacturing
Using Augmented Reality Technology

12.1 The Technological Excellence1

In late 1990, Board on Manufacturing and Engineering Design of the USA’s
National Research Council formed a committee on Visionary Manufacturing
challenges. The objectives of the committee were

(I) to create a vision of the competitive environment for manufacturing and the
nature of the manufacturing enterprise in 2020;

(II) to determine the major challenges for manufacturing to achieve the vision;
(III) to identify the key technologies for meeting these challenges;
(IV) to recommend strategies for measuring the progress the committee developed

an information gathering process based on two primary mechanisms.

• A workshop was held for the participants (primarily from the USA) representing
a broad range of manufacturing expertise. The workshop included presentations
and discussions on future trends in economics, business practices, environ-
mental concerns, and manufacturing issues.

• An international Delphi survey of manufacturing experts (more than 40 percent
outside the USA) was conducted.

For the vision of manufacturing in 2020, the most important technical, political
and economic forces; as identified by the committee, for the development of
manufacturing are as follows:

(a) The competitive climate, enhanced by communication and knowledge shar-
ing, will require rapid responses to market forces.

(b) Sophisticated customers, many in newly developed countries, will demand
products that are customized to meet their needs.

1 Extracted with permission from: John J. Bollinger (ed) (1998) Visionary manufacturing
challenges for 2020. National Academy Press, Washington, DC.
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(c) The basis of competition will be creativity and innovation in all the aspects of
the manufacturing enterprise.

(d) The development of innovative process technologies will change both the
scope and scale of manufacturing.

(e) Environmental protection will be essential as the global ecosystem is strained
by growing populations and the emergence of new high technology econo-
mies.

(f) Information and knowledge on all the aspects of manufacturing enterprises
and the marketplace will be instantly available in a form that can be effec-
tively assimilated and used for decision making.

(g) The global distribution of highly competitive production resources, including
skilled workforces, will be a critical factor in the organization of manufac-
turing enterprises.

The six grand manufacturing challenges, as suggested by the committee, for
manufacturing which represent gaps between current practices (1990) and the
vision of manufacturing in 2020 are as follows:

(a) Achieving concurrency in all operations.
(b) Integrating human and technical resources to enhance workforce performance

and satisfaction.
(c) ‘‘Instantaneously’’ transforming information gathered from a vast array of

diverse sources into useful knowledge for making effective decisions.
(d) Reducing production waste and product environmental impact to ‘‘near zero.’’
(e) Reconfiguring manufacturing enterprises rapidly in response to changing

needs and opportunities.
(f) Developing innovative manufacturing processes and products with a focus on

decreasing dimensional scale.

In order the key technologies to meet the above grand challenges, the following
criteria were used by the committee:

(a) Was the technology identified as a high priority technology in the survey?
(b) Was the technology identified as a high priority technology at the workshop?
(c) Is this a primary technology for meeting one of the grand challenges?
(d) Does the technology have the potential to have a profound impact on

manufacturing?
(e) Does the technology support more than one grand challenge?
(f) Does the technology represent a long-term opportunity (i.e., Is the technology

not readily attainable in the short term)?

After evaluating many ideas, the committee selected ten strategic technology
areas as the most important for meeting the grand challenges. These technology
areas are as follows:

(a) Aadaptable, integrated equipment, processes, and systems that can be readily
reconfigured;

(b) Manufacturing processes that minimize waste and energy consumption;
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(c) Innovative processes for designing and manufacturing new materials and
components;

(d) Biotechnology for manufacturing;
(e) System synthesis, modeling, and simulation for all the manufacturing

operations;
(f) Technologies to convert information into knowledge for effective decision

making;
(g) Product and process design methods that address a broad range of product

requirements;
(h) Enhanced human–machine interfaces;
(i) New educational and training methods that enable the rapid assimilation of

knowledge;
(j) Software for intelligent collaboration systems.

The committee then identified research opportunities to support the development
of the priority technology areas. The committee’s general findings are listed below:

(a) Many of the areas for research are crosscutting areas, that is, they are
applicable to several priority technologies. Adaptable and reconfigurable
manufacturing systems, information and communication technologies, and
modeling and simulation are especially important because they are the key to
manufacturing capabilities in many areas.

(b) Two important breakthrough technologies—submicron manufacturing and
enterprise simulation and modeling—will accelerate progress in addressing
the grand challenges.

(c) Substantial research is already under way outside of the manufacturing sector
that could be focused on manufacturing applications.

(d) Progress toward the goals recommended in the Next Generation Manufac-
turing study on the needs of the next decade would provide some fundamental
building blocks for meeting the longer-term grand challenges for 2020. These
research areas include (1) analytical tools for modeling and assessment,
(2) processes for capturing and using knowledge for manufacturing, and
(3) intelligent processes and flexible manufacturing systems.

(e) Because manufacturing is inherently multidisciplinary and involves a com-
plicated mix of people, system, processes, and equipment, the most effective
research will also be multidisciplinary and grounded in knowledge of man-
ufacturing strategies, planning, and operations.

Recommendation. Establish an interdisciplinary research and development
program that emphasizes multi-investigator consortia both within institutions and
across institutional boundaries. Establish links between research communities in
the important disciplines required to address the grand challenges, including all
branches of engineering, mathematics, philosophy, biology, psychology, cognitive
science, and anthropology.

Recommendation. Focus long-term manufacturing research on developing
capabilities in the priority technology areas to meet the grand challenges.
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Recommendation. Establish priorities for long-term research with an emphasis
on crosscutting technologies, i.e., technologies that address more than one grand
challenge. Adaptable and reconfigurable manufacturing systems, information and
communication technologies, and modeling and simulation are the three research
areas that address several grand challenges.

Recommendation. Establish basic research focused on breakthrough technol-
ogies, including innovative submicron manufacturing processes and enterprise
modeling and simulation. Focus basic research on the development of a scientific
base for production processes and systems, which will support new generations of
innovative products.

Recommendation. Monitor the research and development on technologies that
will have significant investment from outside the manufacturing sector and
undertake research and development, as necessary, to adapt them for manufac-
turing application. Some applicable technologies are listed below:

(a) Information technology that can be adapted and incorporated into collabo-
ration systems and models through manufacturing-specific research and
development focused on improving methods for people to make decisions,
individually and as part of a group;

(b) Core technologies, including materials science, energy conservation, and
environmental protection technologies

Recommendation. Industry and government should focus interdisciplinary
research and development on the priority technology areas. Some key consider-
ation for the long-term are listed below:

(a) understanding the effect of human psychology and social sciences on deci-
sion-making processes in the design, planning, and operation of manufac-
turing processes;

(b) managing and using information to make intelligent decisions among a vast
array of alternatives;

(c) adapting and reconfiguring manufacturing processed rapidly for the produc-
tion of diverse, customized products;

(d) adapting and reconfiguring manufacturing enterprises rapidly to enable the
formation of complex alliances with other organizations;

(e) developing concurrent engineering tools that facilitate cross-disciplinary and
enterprise-wide involvement in the conceptualization, design, and production
of products and services to reduce time-to-market and improve quality;

(f) developing educational and training technologies based on learning theory and
the cognitive and linguistic sciences to enhance interactive distance learning;

(g) optimizing the use of human intelligence to complement the application and
implementation of new technology;

(h) understanding the effects of new technologies on the manufacturing work-
force, work environment, and the surrounding community

One of the key factors in meeting the grand challenges will be monitoring the
progress of technology development. The committee believes that a detailed
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research agenda and timetable based on the grand challenges and priority tech-
nology areas for manufacturing in 2020 should be developed. However, detailed
research agendas or timetables were beyond the scope of this study. Research road
maps that could be used to monitor progress toward realization of the vision of
manufacturing in 2020 should be established in follow-up technology seminars
with focus groups exploring the priority technologies and potential research areas.
Rather than trying to anticipate the advancements for a twenty-year period, the
committee recommends that general long-term goals be established in each
technology area and that detailed road maps be established for five-year ‘‘window
of commitment.’’ This approach, similar to the approach of the Defense Advanced
Research Projects Agency, would provide a reasonable time frame for technology
incubation, with yearly reviews to monitor progress. At the end of the five-year
period, goals and programs would be re-examined for the next five-year period.
This approach would allow research efforts to be adapted to revolutionary
advances and for unfruitful research directions to be reconsidered.

The development of augmented reality for discrete manufacturing aligns well
with the findings of committee on visionary manufacturing changes. The areas
where given concept is valid are

(a) Software such as Virtual Manufacturing System (VMS) provides rapid
response within the manufacturing enterprise and the market place. It covers
both internal and external operations of a discrete manufacturing set up.

(b) Development of customized product for the global market.
(c) Enhanced creativity and innovation in tangible and intangible aspects of

manufacturing system.
(d) Information and knowledge on all aspects of manufacturing system so that the

market place is available instantly and can be effectively assimilated and used
for decision making.

(e) The global distribution of highly competitive production resources shall be
accessible through the use of Augmented Reality over internet.

(f) Grand challenge to achieve concurrency in all the operations that shall be
achievable.

(g) Grand challenge to integrate human and technical resources that shall be
achievable and shall enhance work force performance and satisfaction.

(h) Grand challenge of transforming information instantaneously from a vast
array of diverse sources into useful knowledge for making effective decision
which shall become possible.

(i) Grand challenge of reconfiguring manufacturing enterprises rapidly in
response to changing needs and opportunities which shall be achievable.

(j) Implementation of Augmented Reality concept that is a method of achieving,
adaptable, integrated equipment, processes, and systems that can be readily
configured.

(k) Augmented Reality that supports system synthesis, modeling, and simulation
for all the manufacturing operations.
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(l) Augmented Reality that has the capability of transforming information into
knowledge for effective decision making.

(m) Augmented Reality that provides an enhanced human–machine interface.
(n) Augmented Reality that permits new educational and training methods.
(o) Augmented Reality that provides software for intelligent collaboration

systems.

12.2 Adoption of Standard Products

The development of Augmented Reality for discrete manufacturing demands that
the standard products and service should be used to retain convenience in oper-
ation and maintenance of the virtual factory. These standard products and services
are the essence of different subject areas such as Computer Science and Engi-
neering, Communication Networks, Control Elements, and Mechanical hardware.
This decision leads to maximizing the quality, reliability, maintainability and
availability for the services offered by the virtual factory. This scheme shall offer
the following:

(a) Convenience in building, operating, and maintaining a virtual factory;
(b) Convenience in training the workforce;
(c) Readiness in incorporating management strategies;
(d) Reduced cost of the product;
(e) Ease in vendor development;
(f) Larger control over accounting and financial matters;
(g) Convenience in communication and commerce;
(h) Making it simpler to manage and turning into a profitable organization.

12.3 The Cost Factor

Virtual Management like its predecessor is a major element of wealth creation.
Every virtual manufacturing set up is designed to generate profits. It involves the
use of scientific principles, technical information, synthesis, analysis, creativity,
and decision making. It requires the consideration of human and environmental
factors with the maximum practicable economy and efficiency.

Similar to the control gained by first cut at the NC milling machine at MIT, the
Virtual Manufacturing holds many promises by vesting total control of the factory
with the managers. The equipment, training, and operational costs are high, but the
technology that currently exists is being used in isolation. Top-of-the-range
manufacturing enterprises throughout the world are currently in a position to adopt
a suitable level of virtual manufacturing and enhance it with a slower pace as the
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confidence builds up. Medium- and small-size organizations, either working
independently or as vendors to larger organizations, are the most to benefit despite
the high cost of equipment, operation and training.

12.4 The Prospects for a Dynamic Business Environment

Virtual Manufacturing defines new economies for manufacturing. Organizations
currently working in complete isolation with respect to other similar organizations
have better chances of interaction for higher utilization of manufacturing facility,
productivity, and profit margins while working in compliance with pertinent
standards and local, regional, and international laws.

Fig. 12.1 Manufacturing activity in an industrial area
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Virtual Manufacturing provides prospects for a dynamic business environment
by maximizing the flow of information, the contents of information, knowledge
embedded in the information, and the optimal use of information. Virtual Manu-
facturing makes the boundaries of the manufacturing enterprise void and null by
allowing production of components, mechanism and products within a single
manufacturing enterprize, or, based on the optimality of producing goods across
the borders. Communication technology becomes very important, and the use of
Internet, Intranet, and Extranet takes a new shape.

Figures 12.1, 12.2, 12.3, 12.4, 12.5 give the physical layout of the global
manufacturing domain starting from a factory in an industrial area to manufac-
turing activities all over the world. Level of Augmented Reality implementations

Fig. 12.2 Manufacturing activity in a city
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as presented in this book leads to rapid response from manufacturing enterprise
and the market place. VMS Monitor and VMS Business are practical implemen-
tations in this scenario. VMS Business searches for another company in business-
to-business or business-to-client environments and negotiates part, mechanism, or
product manufacturing in a global domain. Since VMS software demonstrates
control of microdomain, such realizations may be observed at various levels of
automation. Some organizations shall be able to implement the concept fully,
while others may be able to implement a part of it. Whatever be the level of
implementation, the flow of information is the most important aspect that should
be looked into.

Fig. 12.3 Manufacturing activity in a country
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Fig. 12.4 Manufacturing activity in a continent
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Fig. 12.5 Virtual Manufacturing in Global domain

12.4 The Prospects for a Dynamic Business Environment 761



Bibliography

1. Anon (2001) Manufacturing excellence demands tools for operational effectiveness. Control
Solut 74(6):67

2. Anon (2002) Global best practices: manufacturing excellence. Chem Mark Report 261(20):17
3. Anon (2003) Delivering manufacturing excellence. Foundry Trade J 177(3602):26–27
4. Anon (2006) A recipe for operational excellence. Control Eng 53(12 Suppl):2–3
5. Bergsma B, Mattingly D (2006) Achieving manufacturing excellence. In: IIE annual

conference and exposition
6. Burmood P, Bergsma B (2005) Achieving manufacturing excellence. In: IIE annual

conference and exposition
7. Dangayach GS (2004) Linkages between manufacturing strategy, business strategy and

business excellence: A longitudinal study. Int J Indust Eng 11(3):297–306
8. Dwivedi SN (2001) Balancing of competitiveness metrics and measures for excellence in

manufacturing. Am Soc Mech Eng 12:239–448
9. Gilgeous A (2001) A survey to assess the use of a framework for manufacturing excellence.

Integr Manuf Systems 12(11):48–58
10. Gresham D, Eckman MW (2003) The global supply chain: manufacturing network approach

to operational excellence. Chem Mark Report 263(11):28–30
11. Hvolby H, Trienekens JH (2002) Special issue: stimulating manufacturing excellence in

small and medium enterprises. Comput Ind 49(1):1–2
12. Kaczmarek K (2006) Operational excellence. ABB Rev (1):52–54
13. Matt DT (2007) Achieving operational excellence through systematic complexity reduction

in manufacturing system design. Key Eng Mater 344:865–872 (Proceedings of the 12th
International Conference, Sheet Metal 2007)

14. Mott RL (2002) National center of excellence for advanced manufacturing education. In:
ASEE Annual Conference Proceedings, pp 2452–2455

15. Russell J (2004) Achieving operational excellence. Appliance 61(7):48–51
16. Sharma RK et al. (2006) Manufacturing excellence through TPM implementation: a practical

analysis. Indl Manag Data Syst 106(2):256–280
17. Spear M (2003) Manufacturing excellence 2003: a distillation of experience. Process Eng

(Lond) 84(6):35
18. Williams S (2004) Operational excellence: best practices in manufacturing. In: A/ChE Spring

national meeting, pp 375–382

762 12 The Future of Virtual Manufacturing Using Augmented Reality Technology


	12 The Future of Virtual Manufacturing Using Augmented Reality Technology
	12.1…The Technological Excellence
	12.2…Adoption of Standard Products
	12.3…The Cost Factor
	12.4…The Prospects for a Dynamic Business Environment
	Bibliography



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


