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A note on UHF tagging and ScotEID

This note explains the rationale for inclusion of Ultra High Frequency (UHF) equipment
alongside Low Frequency (LF) equipment in the evaluative field testing of electronic tagging of

cattle in Scotland under Phase III of ScotEID the pilot project.

Introduction

1. Although electronic radio-frequency identification (RFID) is not the only form of animal identification

available (Caja et al., 2004; Skujina et al., 2010), it has been promoted in recent years primarily due

to the regulatory pursuit of improved livestock traceability systems in a number of countries (Golan

et al., 2004; Carlberg, 2010; Hogewerf, 2011).

2. This reflects potential advantages of RFID in terms of speed and accuracy over more traditional

manual and/or visual forms of identification such as conventional tags and barcodes (IDEA, 2001;

Shanahan et al., 2009; Carne et al., 2009 & 2010), and the as-yet-unproven commercial practicalities

of possible alternative technologies such as retinal scans, muzzle recognition or DNA testing (Barry

et al., 2007; Allen et al., 2008; Gonzales et al., 2009).

3. However, RFID itself can take a number of forms and continues to evolve - as documented in a wide

and increasing number of academic papers and commercial reports spanning disciplines such as

electronic engineering, information systems, computer science, business strategy and economics

(Ngai et al., 2008; Ruiz-Garcia et al., 2009).  The pace of this continuing rapid development and its

disparate reporting means that commonly-held perceptions of potential applications can perhaps

easily become out-dated since the applicability and relevance of progress in one sector may not be

recognised immediately in another.

4. This highlights the importance of retaining openness to different technical possibilities and of the

need for independent, empirical field-testing of particular applications.  This is the role that ScotEID

has played with respect to working with industry in identifying preferred practical solutions for

electronic tagging of livestock.  To date, the emphasis has been on electronic tagging of sheep but

attention is now switching to cattle.
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Technical background

5. The basic elements of radio-frequency identification (RFID) and related wireless technologies have

been known since at least the second world war, with the first commercial applications appearing in

the 1950s and in agriculture in the 1970s (Rossing, 1999; Pugh, 2004; Landt, 2005).  Since then,

applications have developed apace and can now be found across many diverse sectors.  For

example, agriculture, construction, food, library services, logistics, pharmaceuticals and road pricing

(Ngai et al., 2008; Ruiz-Garcia et al., 2009; Atzori et al, 2010).

6. Within this, although sharing much in common, specific RFID applications can vary with respect to

technical and commercial details.  Of these, an important one relates to the radio wave frequency

that is used to communicate between a (typically static) reader and a (mobile) transponder.1 Two

commonly used categories are referred to as Low Frequency (LF) and Ultra High Frequency (UHF).

7. Different wavelengths have different electromagnetic properties that result in different performance

characteristics and potential suitability to different applications. For example, all other things being

equal, higher frequencies can travel (be read at) greater distances and with a greatly enhanced data

rate than lower frequencies, but are more susceptible to interference (being absorbed or blocked)

by other objects (Pugh, 2004; Lewis, 2004).

8. However, the magnitude and practical significance of these differences also depends on the design

and deployment of a specific application.  That is, the effect of intrinsic electromagnetic properties

can be enhanced or reduced through the quality of manufacturing and manner of usage of

equipment and through technical progress. For example, both the materials used and the method

used to construct transponders as well as the size, orientation and retention of tag antennae can all

affect performance.

9. As a result, not all applications using a given frequency will perform equally nor can performance

differences between applications necessarily be inferred solely from differences in the frequencies

deployed.  Hence, for example, the performance variation noted previously by ScotEID2 and by

others (Deavours, 2005; Stewart et al., 2007; Wallace et al., 2008; Ryan et al., 2010).

1 Other differences in the context of  livestock identification applications may include, for example, whether
transponders are internal (boluses, injectable chip) or external (ear, leg, tail tag), whether readers are hand-
held or fixed and whether  a transponder has its own energy source (active) or gets its energy solely from the
reader (passive).
2 See http://www.scoteid.com/, particularly the Phase I & II reports therein.

http://www.scoteid.com/
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LF & UHF in agriculture

10. To date, agricultural RFID applications have been dominated by LF (125 – 135 khz) rather than UHF

(850-900 mhz) examples. This may be due to a number of factors, including the relative maturity

and thus familiarity and incumbent market share of LF technology compared to UHF. It may also

stem from perceptions of UHF as being too expensive and/or unsuitable for agricultural conditions

due to relatively poorer read rates in the presence of metal, water and dense material or objects

(Artmann, 1999; Jansen & Eradus, 1999; Stanford et al., 2001; FCEC, 2009).

11. However, even if this was the case in the past, technical progress in the design, manufacture and use

of UHF systems over the past decade suggests that such perceptions may now be misplaced. In

particular, high-volume applications in other sectors have driven investment in R&D to both improve

technical performance and lower the unit cost of UHF technology (Anon, 2006; Ng, 2008; McCarthy

et al., 2009; Tang & Wang, 2011).

12. Moreover, prompted at least in part by regulatory pressure for enhanced traceability, agricultural-

specific design improvements have also been explored (Ng et al., 2005; Leong et al., 2007; Sasloglou

et al., 2009) and there have also been limited but generally favourable field trials.  For example in

New Zealand (Hartley, 2008; Sundermann & Pugh, 2008; Cooke et al., 2010; Hartley & Sundermann,

2010), the USA (Reinholz et al., 2006), Brazil and Taiwan.3 Field trials are also starting in Canada4 and

– perhaps most notably – a UHF tag has been approved for use in the USA’s traceability system.5

13. As well as suggesting that UHF applications are capable of operating as satisfactorily as LF in the

presence of water, metal and other sources of interference or obstruction, reported findings also

suggest potential advantages over LF.  For example, UHF equipment is cheaper, is directional and is

capable of accurately reading multiple tags at a much faster rate and greater range (see Annex A).

14. Technical possibilities reported in academic papers and claims made by commercial entities should

always be viewed with a degree of caution (Hess, 2006; Barthel et al., 2009: p21.).  Nevertheless, the

existence of such reported findings is sufficient to challenge generic pre-conceptions about the

scope for using UHF in cattle traceability given that – unlike for sheep - there still remains some

flexibility regarding technical choices within the EU regulatory regime.

3 See http://www.rfidjournal.com/article/view/4968
4 See http://www.lis-alberta.com/brands/policy_electronic.aspx and
http://www.manitobacooperator.ca/news/high-tech-ear-tags-to-be-put-to-the-test/1000531493/ plus
http://www.eriginate.com/NewsEvents/DairyWhitePaper_v4.pdf
5 See http://www.rfidjournal.com/article/view/7304 and http://www.richardbealblog.com/?p=4487

http://www.rfidjournal.com/article/view/4968
http://www.lis-alberta.com/brands/policy_electronic.aspx
http://www.manitobacooperator.ca/news/high-tech-ear-tags-to-be-put-to-the-test/1000531493/
http://www.eriginate.com/NewsEvents/DairyWhitePaper_v4.pdf
http://www.rfidjournal.com/article/view/7304
http://www.richardbealblog.com/?p=4487
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RFID promotion and adoption

15. Patterns of technical innovation and adoption reflect a combination of the technology-push of

research and development (R&D) activities with the demand-pull exerted by the requirements of

regulatory compliance and the continual search for productivity gains.  However, having imposed

regulatory requirements for enhanced livestock traceability, Government then faces a dilemma over

the degree of further technical prescription to apply.

16. On the one hand, promoting a particular technical option may help to establish a degree of

commonality across an industry through scale and network effects.  Yet on the other hand, locking

into a particular technology may stifle innovation and flexibility – a reason why economists often

favour the setting of performance (i.e. what has to be achieved) rather than technical standards (i.e.

how it is to be achieved: Gunningham et al., 1998; Swann, 2000; MacLeod et al., 2009).

17. Yet in either case, regulators and industry alike need evidence upon which to base informed

decisions. That is, as with any technology, the suitability of RFID to a particular sector or to an

individual firm within a sector will depend on a number of factors and different RFID solutions may

be applicable under different situations.

18. Agriculture is not unique in this respect (Ching & Tai, 2009; Curtin et al., 2010; Ferrer et al., 2010)

and considerations extend beyond technical characteristics of a particular RFID application to also

encompass situational factors and governance arrangements (Fosgate et al., 2005; Reinholz et al.,

2006; Bechini et al., 2008; Thakur & Hurburgh, 2009; Hossan & Quaddis, 2010; Shanahan et al., 2009;

Voulodimos et al., 2010; Wasike et al., 2011).

19. For example, whilst an RFID application needs to be effective under commercial conditions over a

sustained period of time, technically superior equipment may be more expensive and/or require

significant (re)training or other adjustments to existing management systems.  Equally, requirements

for data access and sharing may necessitate adjustments to existing infrastructure and governance

relationships between different parts of the supply-chain, something that can only be achieved with

industry co-operation and wide-spread stakeholder and peer-group support.

20. The absence of independent, large-scale UHF field trials hinders both the evaluation of the relative

technical merits of competing RFID options but also the development of workable solutions that

exploit appropriate technical capabilities.  ScotEID essentially seeks to fill this information gap.
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The role of ScotEID

21. The ScotEID pilot exists to identify workable and affordable electronic tagging systems to comply

with European regulations on livestock traceability. Although the primary focus during Phases I & II

was on LF applications, ScotEID seeks to be technology-neutral in simply presenting empirical

evidence of how competing applications perform under commercial conditions in Scotland.

Consequently, given the positive UHF findings reported elsewhere, it would be remiss to not give

some consideration to the potential for UHF since – unlike for sheep – there remains some

regulatory flexibility over technological choices for cattle traceability.

22. Despite LF equipment being the main focus of testing during Phases I & II, some UHF testing was also

conducted.6 This has been supplemented more recently with further testing of different UHF tag

types and investigation of different UHF readers is planned.  As before, field-testing will be

supplemented by separate laboratory testing7 of tags to explore technical limitations and possible

causes of poor performance. Importantly, ScotEID software is compatible with both LF & UHF

equipment and the two can co-exist.

23. Whilst only preliminary, the ScotEID assessments are in-line with those reported elsewhere.  For

example, in general but with some variation across different configurations, UHF tag performance is

not adversely affected by light rain and both the range and rate at which tags can be read are

greater than for LF tags. Along with possible cost savings on readers and tags, this offers potential

practical advantages in terms of the speed with which cattle can be processed without close

handling or confinement. Moreover, UHF tags lend themselves more readily to securely holding

cattle passport data (see Annex A). The masking effect of body tissue on read ranges will be

investigated further.

24. As with LF equipment8, it is likely that larger-scale testing of UHF equipment will reveal a host of

hitherto unknown issues regarding both technical design and operational implementation aspects of

UHF deployment under different conditions and different parts of the supply-chain. As such, more

extensive test results may or may not favour UHF over LF; it is an empirical matter that can only be

resolved through a comparative evaluation, and this is the rationale for including both in Phase III of

the ScotEID pilot.

6 See http://www.scoteid.com/Public/Documents/Scottish%20EID%20Trials%202006.pdf
7 To be commissioned separately by the Scottish Government
8 e.g. the lack of standards within LF and the effort needed to integrate different hardware, software and
management systems.

http://www.scoteid.com/Public/Documents/Scottish EID Trials 2006.pdf
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Annex A: Summary of preliminary ScotEID assessment of UHF and LF equipment

UHF LF
Transponder Thin flexible flat printed circuit

with antenna, bonded onto
adhesive or plain backing
material.

Chip and copper wire air coil
antenna or copper wire and
ferrite rod, encased in glass or
plastic.

Coupling mechanism Backscatter Induction
Transponder cost Less than £0.10 Approx £0.35
Tag incorporation & size Moulded flat on/in to the tag.

Larger.
Transponder inserted or
moulded into tag. Smaller.

Information 96 bit unique identifier + 416
bit user data (or more
dependent on manufacturer)
Can put ISO 11784 onto UHF
chip for data consistency, but
no global standard.

64 bit allocated by ISO 11784,
global standard. Higher
capacity LF tags available, but
not under ISO standard.

Capacity - general At a minimum, unique identifier
plus all information on BCMS
passport bar code.

3 numeric country code + 12
numeric animal no. Again
limited by ISO standard (but
also data speed).

Data Integrity Unique identifier cannot be
replicated.  Enhanced security.

Can be re-written or cloned.

Data transmission rate Up to 150 reads per second
with 512 bits. Anti-collision
capability as standard.

Best achieved consistently is
about 10 reads a second with
64 bits. No anti-collision
capability as standard –
upgrade will necessitate
changing readers too and not
backwards compatible.

Read distance Several metres dependent on
antennae format – e.g. using
directional antennae can pick
out individual, unconfined
animal at some range.

About 60cm (non- directional)
with fixed reader and confined
animal. Handheld typically 15 –
30 cm (slightly directional) but
transponder dependant.

Field Distortion / containment Fully directional. Will not
penetrate through solid objects
(walls) and can be contained by
wire mesh with hole size <
3.4cm. Body tissue masking
can limit read range. Not
affected by light rain.

Non directional. Distorted by
electromagnetic interference
and metal penning/crushes.
Not affected by light or heavy
rain.

Indicative reader cost
(excluding installation/training)

Fixed £650 - £2000;
Handheld probably £700+

Fixed £8000 - £15,000+
Handheld £500 - £1,200

Conflicts The technologies do not conflict with each other.  Readers can
work simultaneously in the same premises without interference.



7

References

Allen, A., Golden, B., Taylor, M., Patterson, D., Henriksen, D. & Skuce, R. (2008) Evaluation of retinal
imaging technology for the biometric identification of bovine animals in Northern Ireland Livestock
Science, Volume 116, Issues 1-3, July 2008, Pages 42-52

Anon (2006) RFID and UHF: A Prescription for RFID Success in the Pharmaceutical Industry. White
paper representing a collaborative effort by ADT/Tyco Fire & Security, Alien, Impinj, Intel, Symbol
and Xterprise. http://www.mepsrealtime.com/wp-content/uploads/2011/02/2006-WP-RFID-and-
UHF_ApPrescription-for-RFID-Success-in-the-Pharmaceutifcal-Industry.pdf

Artmann, R. (1999) Electronic identification systems: state of the art and their further development.
Computers and Electronics in Agriculture Volume 24, Issues 1-2, November 1999, Pages 5-26

Atzori, L., Iera, A. & Morabito, G. (2010) The Internet of Things: A survey Computer Networks 54
2787–2805

Barry, B., U. A. Gonzales-Barron, K. McDonnell, F. Butler & S. Ward (2007) Using muzzle pattern
recognition as a biometric approach for cattle identification Transactions of the ASABE. 50(3): 1073-
1080.

Barthel, H. et al. (2009) BRIDGE. Building Radio Frequency Identification Solutions for the Global
Environment. Final Report 2006 -2009.  European Commission 6th Framework Programme report,
Brussels. http://www.bridge-project.eu/data/File/BRIDGE_Final_report.pdf

Bechini, A., Cimino, M.G.C.A., Marcelloni, F., Tomasi, A., (2008) Patterns and technologies for
enabling supply chain traceability through collaborative e-business. Inform. Software Technol. 50 (4),
342–359.

Caja, G., Ghirardi, J., Hernández-Jover, M. & Garí, D. (2004) Diversity of animal identification
techniques: from fire-age to electronic-age. ICAR Technical Series No.9.
http://minnie.uab.es/~veteri/40300/23_Caja_etal04_IcarTS9_animal%20identification.pdf

Carlberg, J. (2010) Development and Implementation of a Mandatory Animal Identification System:
The Canadian Experience Journal of Agricultural and Applied Economics, 42,3 (August 2010):559–570
http://home.cc.umanitoba.ca/~carlberg/bio/Carlberg%20JAAE%20Animal%20Identification.pdf

Carné, S., Gipson, T.A., Rovai, M., Merkel, R.C., &  Caja, G. (2009a) Extended field test on the use of
visual ear tags and electronic boluses for the identification of different goat breeds in the United
States Journal of Animal Science 87 (7), pp. 2419-2427

Carné, S., Caja, G., Ghirardi, J.J., & Salama, A.A.K. (2009b) Long-term performance of visual and
electronic identification devices in dairy goats Journal of Dairy Science 92 (4), pp. 1500-1511

Carné, S., Caja, G., Rojas-Olivares, M.A., Salama, A.A.K. (2010) Readability of visual and electronic leg
tags versus rumen boluses and electronic ear tags for the permanent identification of dairy goats
Journal of Dairy Science 93 (11), pp. 5157-5166

Ching, S. & Tai, A. (2009) HF RFID versus UHF RFID — Technology for Library Service Transformation
at City University of Hong Kong. The Journal of Academic Librarianship Volume 35, Issue 4, July 2009,
Pages 347-359

Cooke, A., Diprose, B. & Brier, B. (2010) Use of UHF Tags in Deer & Sheep. Rezare Systems Limited,
New Zealand. http://www.rfid-pathfinder.org.nz/images/pdf/uhf_tag_assessment_report_2010-02-
09.pdf

http://www.mepsrealtime.com/wp-content/uploads/2011/02/2006-WP-RFID-and-UHF_ApPrescription-for-RFID-Success-in-the-Pharmaceutifcal-Industry.pdf
http://www.mepsrealtime.com/wp-content/uploads/2011/02/2006-WP-RFID-and-UHF_ApPrescription-for-RFID-Success-in-the-Pharmaceutifcal-Industry.pdf
http://www.bridge-project.eu/data/File/BRIDGE_Final_report.pdf
http://minnie.uab.es/~veteri/40300/23_Caja_etal04_IcarTS9_animal identification.pdf
http://home.cc.umanitoba.ca/~carlberg/bio/Carlberg JAAE Animal Identification.pdf
http://www.rfid-pathfinder.org.nz/images/pdf/uhf_tag_assessment_report_2010-02-09.pdf
http://www.rfid-pathfinder.org.nz/images/pdf/uhf_tag_assessment_report_2010-02-09.pdf


8

Curtin, J.,  Kauffman, R. & Riggins, F. (2010) Making the ‘MOST’ out of RFID technology: a research
agenda for the study of the adoption, usage and impact of RFID. Information Technology and
Management Volume 8, Number 2, 87-110, DOI: 10.1007/s10799-007-0010-1

Deavours, D. (2005) UHF EPC Tag Performance Evaluation. RFID Alliance Lab, University of Kansas.
http://www.rfidjournal.net/Alliance_Lab_Report_intro.pdf

EC (2005) Report from the Commission to the Council and The European Parliament on the
possibility of introduction of electronic identification for bovine animals Brussels, 25.01.2005
COM(2005) 9 final. http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2005:0009:FIN:EN:PDF

FCEC (2009) Study on the introduction of electronic identification (EID) as official method to identify
bovine animals within the European Union.  Final Report by the Food Chain Evaluation Consortium
(FCEC) under Framework Contract for evaluation and evaluation related services - Lot 3: Food Chain
(awarded through tender no 2004/S 243-208899).  European Commission, Directorate General for
Health and Consumers.
http://ec.europa.eu/food/animal/identification/bovine/docs/EID_Bovine_Final_Report_en.pdf

Ferrer, G., Dew, G. & Apte, U. (2010) When is RFID right for your service? Int. Production Economics
124(2010)414–425.

Fosgate G.T., Adesiyun A.A. & Hird D.W. (2006) Ear-tag retention and identification methods for
extensively managed water buffalo (Bubalus bubalis) in Trinidad Preventive Veterinary Medicine, 73
(4), pp. 287-296.

Golan, E., Krissof, B., Kuchler, F., Nelson, K., Price, G., (2004) Traceability in the US Food Supply:
Economic Theory and Industry Studies. Agricultural Economic report no. AER830 pp56. Washington,
DC: economic research service of the United States Department of Agriculture.
http://www.ers.usda.gov/publications/aer830/aer830.pdf

Gonzales Barron, U., Corkery, G., Barry, B., Butler, F., McDonnell, K., & Ward, S. (2008) Assessment of
retinal recognition technology as a biometric method for sheep identification. Comput. Eln. Agric.
60ectro (2), 156–166.

Gonzales Barron U, Butler F, McDonnell K & Ward S (2009) The end of the identity crisis? Advances
in biometric markers for animal identification. Irish Veterinary Journal Volume 62 Number 204-208
http://www.veterinaryirelandjournal.com/Links/PDFs/CE-Large/CELA_March_2009.pdf

Gunningham, N., Grabosky, P., Sinclair, D. (1998) Smart Regulation. Oxford University Press, Oxford.
494 pages

Hartley, G. (2008) UHF RFID for livestock traceability: Findings from New Zealand .  New Zealand. GS1
http://www.fsai.ie/uploadedFiles/News_Centre/Events/Events_Listing/Garry%20Hartley.pdf

Hartley, G. & Sundermann, E. (2010) The Efficacy of Using the EPC global Network for Livestock
Traceability: A Proof of Concept. GS1 New Zealand.
http://www.gs1nz.org/documents/Final%20POC%20Document.pdf

Hess, E. (2006) The Great Debate: HF or UHF RFID. Field Technologies Online. August 2006
http://www.fieldtechnologiesonline.com/article.mvc/The-Great-Debate-HF-Or-UHF-RFID-0001

http://www.rfidjournal.net/Alliance_Lab_Report_intro.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2005:0009:FIN:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2005:0009:FIN:EN:PDF
http://ec.europa.eu/food/animal/identification/bovine/docs/EID_Bovine_Final_Report_en.pdf
http://www.ers.usda.gov/publications/aer830/aer830.pdf
http://www.veterinaryirelandjournal.com/Links/PDFs/CE-Large/CELA_March_2009.pdf
http://www.fsai.ie/uploadedFiles/News_Centre/Events/Events_Listing/Garry Hartley.pdf
http://www.gs1nz.org/documents/Final POC Document.pdf
http://www.fieldtechnologiesonline.com/article.mvc/The-Great-Debate-HF-Or-UHF-RFID-0001


9

Hogewerf, P. (2011) Cattle RFID Challenges & Opportunities. University of Wageningen.
http://www.icar.org/Documents/Bourg-en-Bresse2011/Presentations/session%201%20-
%2022%20pm/S1c_Pieter%20Hogewerf.pdf

Hossain, M.A. & Quaddus, M. (2010) Impact of External Environmental Factors on RFID Adoption in
Australian Livestock Industry: An Exploratory Study. Curtin University of Technology, Perth, Western
Australia, Australia. http://www.pacis-net.org/file/2010/P02-11.pdf

IDEA Project Team (2001) IDEA Project: IDentification Electronic des Animaux, 1998–2001. European
General Directorate on Agriculture and the Joint Research Council.
http://idea.jrc.it/pages%20idea/page%20idea.htm

Jansen, M.B. &, Eradus, W. (1999) Future developments on devices for animal radiofrequency
identification. Computers and Electronics in Agriculture 24 (1–2), 109–117.

Landt, J. (2005) The history of RFID Potentials, IEEE, vol. 24, no. 4, pp. 8–11, 2005.

Lewis, S. (2004) A Basic  Introduction to RFID Technology and its  Use  in the Supply Chain. Larad
RFID White Paper. http://www.idii.com/wp/LaranRFID.pdf

Leong, K., Ng, M. & Cole, p. (2007) Investigation on the deployment of HF and UHF RFID tag in
livestock identification. Antennas and Propagation Society International Symposium, 2007 IEEE.
10.1109/APS.2007.4396110 Publication Year: 2007 , Page(s): 2773 - 2776

MacLeod, M., Moxey, A., McBain, C., Bevan, K., Bell, J., Ahmadi, B. & Evans, S. (2009) Overview of
Costs and Benefits Associated with Regulation in Scottish Agriculture.  SAC report to Scottish
Government, Edinburgh. http://scotland.gov.uk/Resource/Doc/256680/0076197.pdf

McCarthy, U., Ayalew, G., Butler, K., McDonnell, K. & Ward, S. (2009) Impact of reader antenna
polarisation, distance, inlay design, conveyor speed, tag location and orientation on the coupling of
UHF RFID as applied to modified atmosphere packaged meat. Computers and Electronics in
Agriculture, Volume 69, Issue 2, December 2009, Pages 135-141

Ng, M., Leong, K., Hall, D. & Cole, p. (2005) A Small Passive UHF RFID Tag for Livestock Identification.
Proceedings of IEEE 2005 International Symposium on Microwave, Antenna, Propagation and EMC
Technologies for Wireless Communications (MAPE 2005).
http://autoidlab.eleceng.adelaide.edu.au/static/livestock.pdf

Ng, M. (2008) Design of high performance RFID systems for metallic item identification. Thesis
(Ph.D.) - University of Adelaide, School of Electrical and Electronic Engineering, 2008.
http://digital.library.adelaide.edu.au/dspace/handle/2440/49428

Ngai, E.W.T., Moon, K.K.L., Riggins, F.J., Yi, C.Y., 2008. RFID research: an academic literature review
(1995–2005) and future research directions. Int. J. Prod. Econ. 112, 510–520.

Pugh, G. (2004) The Basics of RFID.  An Introduction to the Technology and Terms. Transcient
Technology White Paper. http://www.rfid-pathfinder.org.nz/images/pdf/pfg_0705011.pdf

Reinholz, A., Vaselaar, D., Owen, G., Freeman, D., Glower, J., Ringwall, K., Riesinger, M. & McCarthy
(2006) Learning from Animal Identification with UHF RFID Technology. North Dakota State
University.
http://autoidlabs.mit.edu/cs/convocation/2006_05_01_LasVegas/presentations%5CMcCarthy.pdf

Rossing, W. (1999) Animal Identification: Introduction and History. Computers and Electronics in
Agriculture Volume 24, Issues 1-2, November 1999, Pages 1-4

http://www.icar.org/Documents/Bourg-en-Bresse2011/Presentations/session 1 - 22 pm/S1c_Pieter Hogewerf.pdf
http://www.icar.org/Documents/Bourg-en-Bresse2011/Presentations/session 1 - 22 pm/S1c_Pieter Hogewerf.pdf
http://www.pacis-net.org/file/2010/P02-11.pdf
http://idea.jrc.it/pages idea/page idea.htm
http://www.idii.com/wp/LaranRFID.pdf
http://scotland.gov.uk/Resource/Doc/256680/0076197.pdf
http://autoidlab.eleceng.adelaide.edu.au/static/livestock.pdf
http://digital.library.adelaide.edu.au/dspace/handle/2440/49428
http://www.rfid-pathfinder.org.nz/images/pdf/pfg_0705011.pdf
http://autoidlabs.mit.edu/cs/convocation/2006_05_01_LasVegas/presentations%5CMcCarthy.pdf


10

Ruiz-Garcia, L. , Lunadei, L., Barreiro, P. & Robla, J.  (2009) A Review of Wireless Sensor Technologies
and Applications in  Agriculture and Food Industry: State of the Art and Current Trends, Sensors,
2009, 9, 4728-4750; doi:10.3390/s90604728 http://www.mdpi.com/1424-8220/9/6/4728/pdf

Ryan, S.E., D. A. Blasi, C. O. Anglin, A. M. Bryant, B. A. Rickard, M. P. Anderson, and K. E. Fike (2010)
Read distance performance and variation of 5 low-frequency radio frequency identification panel
transceiver manufacturers, J ANIM SCI 2010 88:2514-2522

Sasloglou, K., I. A. Glover, H. G. Goh, K. H. Kwong, M. P. Gilroy, C. Tachtatzis, C. Michie and I.
Andonovic, (2009) Antenna and Base-station Diversity for WSN Livestock Monitoring Wireless Sensor
Network, Scientific Research Publishing
http://strathprints.strath.ac.uk/14826/1/Antenna_and_Base-
Station_Diversity_for_WSN_Livestock_Monitoring.pdf

Shanahan, C.,  Kernan, B., Ayalew, G.,  McDonnell, K., Butler, F. &  Ward, S.  (2009) A framework for
beef traceability from farm to slaughter using global standards: An Irish perspective. Computers and
Electronics in Agriculture 66 (2009) 62–69

Skujina, E., Galvanoska, E., Leray, O. & Moscon, C.  (eds, 2010) Farm animal breeding, Identification,
production recording and management. ICAR Technical Series 14. Proceedings of the 37th ICAR
Biennial Session Riga, Latvi.
http://www.icar.org/Documents/technical_series/tec_series_14_Riga.pdf

Stanford, K., Stitt, J., Kellar, J., McAllister, T. (2001) Traceability in cattle and small ruminants in
Canada. Rev. Sci. Technol. Off. Int. Epiz. 20 (2), 510–522.

Swann, P (2000) The Economics of Standardization.  Manchester Business School report to the DTi
http://www.bis.gov.uk/files/file11312.pdf

Stewart, S.C., P. Rapnickia, J.R. Lewisa & M. Peralaa (2007) Detection of Low Frequency External
Electronic Identification Devices Using Commercial Panel Readers Journal of Dairy Science Volume
90, Issue 9, September 2007, Pages 4478-4482

Sunderman, E. & Pugh, G. (2008) RFID Technical Study. The Application of UHF Animal Ear Tagging.
Deer, Sheep & Cattle Farming. The New Zealand RFID Pathfinder Group Inc. http://www.rfid-
pathfinder.org.nz/images/pdf/report-uhf-animal-tag-trials-july08.pdf

Tang, Z-J., He, Y-G. &  Wang, Y. (2011) Broadband UHF RFID tag antenna with quasi-isotropic
radiation performance Int. J. Electron. Commun. (AEÜ) 65 (2011) 859– 863

Thakur, M. & Hurburgh, C. (2009) Framework for implementing traceability system in the bulk grain
supply chain Journal of Food Engineering 95 (2009) 617–62

Voulodimos, A., Patrikakis, C., Sideridis, A., Ntafis, V. & Xylouri, E. (2010) A complete farm
management system based on animal identification using RFID technology  Original Research Article
Computers and Electronics in Agriculture, Volume 70, Issue 2, March 2010, Pages 380-388

Wallace, L.E., J. A. Paterson, PAS, R. Clark, M. Harbac, & A. Kello (2008) Readability of Thirteen
Different Radio Frequency Identification Ear Tags by Three Different Multi-Panel Reader Systems for
Use in Beef Cattle The Professional Animal Scientist 24 (2008):384–39
http://jas.fass.org/content/88/7/2514.full.pdf+html

Wasike, C., Kahi, A. & Peters, K. (2011). A participatory approach to the evaluation of the efficiency
of animal recording practices based on institutional analysis and development framework. The
Journal of Agricultural Science, 149, pp 103-117 doi:10.1017/S0021859610000547

http://www.mdpi.com/1424-8220/9/6/4728/pdf
http://strathprints.strath.ac.uk/14826/1/Antenna_and_Base-Station_Diversity_for_WSN_Livestock_Monitoring.pdf
http://strathprints.strath.ac.uk/14826/1/Antenna_and_Base-Station_Diversity_for_WSN_Livestock_Monitoring.pdf
http://www.icar.org/Documents/technical_series/tec_series_14_Riga.pdf
http://www.bis.gov.uk/files/file11312.pdf
http://www.rfid-pathfinder.org.nz/images/pdf/report-uhf-animal-tag-trials-july08.pdf
http://www.rfid-pathfinder.org.nz/images/pdf/report-uhf-animal-tag-trials-july08.pdf
http://jas.fass.org/content/88/7/2514.full.pdf+html

	SAOS Ltd
	A note on UHF tagging and ScotEID


