
 

xiii 

Table of Contents 

1 Introduction............................................................................................. 1 
1.1 The Technology Diffusion of RFID and Specific Challenges....... 4 
1.2 Outline of the Book ....................................................................... 6 

2 Framework for the Classification of RFID Applications 
and Stakeholders..................................................................................... 9 
2.1 The RFID Reference Model .......................................................... 9 
2.2 The RFID Stakeholder Model ....................................................... 12 

3 Standards................................................................................................. 15 
3.1 Standardisation Organisations and Processes ................................ 16 

3.1.1 Basic Rule Setting Organisations..................................... 16 
3.1.2 Standard Development Organisations.............................. 17 
3.1.3 User and Industry Organisations...................................... 18 
3.1.4 Business Models of Standardisation Organisations ......... 18 

3.2 Radio Spectrum Framework.......................................................... 20 
3.3 Interoperability of Standards ......................................................... 26 

3.3.1 Product Codes .................................................................. 27 
3.3.2 The Internet of Things...................................................... 28 
3.3.3 Data Exchange and the Object Name Service (ONS) ...... 29 

3.4 Analysis of the Need for Application Specific Standards.............. 31 
3.4.1 Logistical Tracking and Tracing of Goods ...................... 32 
3.4.2 Production, Monitoring and Maintenance 

of Goods and Processes.................................................... 34 
3.4.3 Product Safety, Quality and Information of Goods 

and Processes ................................................................... 36 
3.4.4 Access Control Systems, Personal Tracking, 

Rental Systems................................................................. 38 



xiv Table of Contents 

3.4.5 General Assessment of Current RFID 
Application Standards ...................................................... 39 

3.4.6 General Recommendations on RFID 
Application Standards ...................................................... 40 

3.5 Need for Standards for RFID Sensor Tags .................................... 40 
3.6 Privacy and Security Standards ..................................................... 41 

3.6.1 Privacy ............................................................................. 41 
3.6.2 Security ............................................................................ 42 
3.6.3 Data Security Measures in Air Interface Standards ......... 43 
3.6.4 Recommendations on Privacy and Data Security ............ 44 

4 Implementation and Application Guidelines ........................................ 47 
4.1 Requirements of Guidelines .......................................................... 48 

4.1.1 The RFID Reference Model............................................. 48 
4.1.2 The RFID Implementation Checklist ............................... 48 

4.2 Analysis of Existing Guidelines .................................................... 51 
4.2.1 Method ............................................................................. 51 
4.2.2 Initial Categorisation........................................................ 53 
4.2.3 Definition of RFID Guidelines......................................... 54 
4.2.4 Process of Analysis ......................................................... 55 
4.2.5 List of Guidelines Analysed............................................. 56 

4.3 Quantitative Analysis of Guidelines.............................................. 64 
4.3.1 Formal Categories ............................................................ 64 
4.3.2 Addressees of Guidelines................................................. 66 
4.3.3 Consideration of Stakeholders ......................................... 70 

4.4 Establishing Guidelines Using the RFID 
Implementation Checklist.............................................................. 72 

4.5 Conclusions ................................................................................... 77 
4.5.1 Relevance of Existing RFID Guidelines .......................... 77 
4.5.2 The RFID Implementation Checklist – next Steps........... 78 

5 Regulatory Framework .......................................................................... 81 
5.1 Privacy........................................................................................... 81 

5.1.1 Legal Framework ............................................................. 82 
5.1.2 Data Protection Principles and the Definition 

of Personal Data ............................................................... 84 
5.1.3 RFID and Data Protection Legislation: 

a Case Specific Approach ................................................ 88 
5.1.4 Conclusions...................................................................... 96 

5.2 Health and Environmental Effects................................................. 100 
5.2.1 Health Effects................................................................... 100 
5.2.2 Environmental Effects...................................................... 101 



Table of Contents xv 

5.3 Radio Spectrum ............................................................................. 103 
5.3.1 EC Legislation and other Policy Texts............................. 103 
5.3.2 Analysis ........................................................................... 106 
5.3.3 Conclusion ....................................................................... 107 

5.4 The Intellectual Property Rights Framework................................. 108 
5.4.1 Policy Approaches ........................................................... 108 
5.4.2 Industry approaches ......................................................... 111 
5.4.3 Open Source Approach: OpenPCD.................................. 113 
5.4.4 Conclusions...................................................................... 113 

5.5 RFID Governance.......................................................................... 115 
5.5.1 Observation of Current Debate 

on Internet Governance.................................................... 115 
5.5.2 Legal Framework and Approaches 

to RFID Governance ........................................................ 117 
5.5.3 Conclusions...................................................................... 119 

6 Technological Research Needs............................................................... 121 
6.1 General Technology Challenges.................................................... 121 
6.2 Technology Requirements............................................................. 123 

6.2.1 Tags.................................................................................. 123 
6.2.2 Readers............................................................................. 125 
6.2.3 System Technology.......................................................... 126 

6.3 RFID Technology Roadmap.......................................................... 127 
6.3.1 Packaging......................................................................... 129 
6.3.2 Chip Design ..................................................................... 129 
6.3.3 Energy Aspects ................................................................ 130 
6.3.4 RF Technology................................................................. 131 
6.3.5 Manufacturing.................................................................. 132 
6.3.6 Systems ............................................................................ 133 
6.3.7 Readers............................................................................. 134 
6.3.8 Non-Silicon Technologies................................................ 135 
6.3.9 Bi-stable Displays ............................................................ 136 
6.3.10 Sensors ............................................................................. 136 
6.3.11 Cryptography ................................................................... 137 
6.3.12 ICT Architectures............................................................. 138 
6.3.13 Environmental Aspects .................................................... 138 

7 R&D Environment.................................................................................. 141 
7.1 Outline and Approach.................................................................... 141 

7.1.1 Assessment Criteria of R&D Support Programmes ......... 142 
7.1.2 Methodology used for the Analysis ................................. 143 
7.1.3 Programmes and Countries Considered ........................... 144 



xvi Table of Contents 

7.2 Analysis of National Programmes ................................................. 145 
7.2.1 Germany........................................................................... 145 
7.2.2 France............................................................................... 148 
7.2.3 UK.................................................................................... 151 
7.2.4 The Netherlands ............................................................... 151 
7.2.5 Italy .................................................................................. 153 
7.2.6 Spain ................................................................................ 153 
7.2.7 Austria.............................................................................. 154 
7.2.8 Finland ............................................................................. 156 
7.2.9 New Member States ......................................................... 158 

7.3 Transnational Programmes with National Funding ....................... 159 
7.3.1 NORDITE........................................................................ 159 
7.3.2 EUREKA ......................................................................... 159 

7.4 Transnational Programmes with Joint National 
and EU Funding............................................................................. 161 

7.5 European Programmes................................................................... 161 
7.6 R&D Programmes & the RFID Reference Model......................... 164 
7.7 Conclusions of RFID R&D Funding Programme Assessment...... 165 

7.7.1 Thematic Focus of Funded Programmes.......................... 165 
7.7.2 Funding Structures ........................................................... 166 

7.8 Recommendation for a Future European R&D Policy .................. 168 

8 Conclusion: The Next Steps for Europe................................................ 175 
8.1 The Fields of Activities ................................................................. 175 
8.2 The Stakeholder Perspective ......................................................... 179 

References.........................................................................................................  187 

Index ................................................................................................................. 197 
 
 



<<
  /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
  /CreateJDFFile false
  /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 /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




