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‘SCREENED ELE Wﬂ.ﬂm | NG SYSTEM The present invention rel e&gsgﬂsﬁm
system for renote |de cation of or telenetry to or from objett %
el ectronically int gf’r‘sﬁgat e}bl e coded |abels. In 5 particular the invention
may rel ate towaocsystem for automated identification of artpglgEoddssd _
war ehouse or in a cargo shipping systemwherein an electronic sub system
called an interrogator including a transrritter and receiver extracts by
el ectromagneti c nmeans useful information froman electronically coded | abel
attached to such artiMFéALCRETHEP ELEGTRONG LABELEING SXSTEMyY or it is
processed 10 through sorting operations or those itens are stacked
inventoried or collected within a warehouse or are noved within a
fj rans pgr fj ati OETlazy?mmnt Aht/élﬂimghrglétle_s ptbesﬁmstdmn\mmirémﬂtei Meﬁtiﬁ@&iphe@febg

escribed wit eference to ap ajrline shipping, operation, it is to be

appreci ated t h'§{e”i‘§ryit9 Hdfom HBP@W%"?%'?%‘E&?‘@“@UE rogataple cpded |absls. #us t he
i denti fi catg onpgHicli® ®BEhYNtS t i '
applied to obj Féc_t L%denti ficat i"?ﬁ%ﬂ%tgtt?gan?sgezﬁg‘?ra?‘fiwa%sdqgﬁﬂ@ﬁﬁ%? QF t he
i nvention may #dclapin idewarehouse opiln adearge shigpina diysteny whereimanl elbettdninng and
identification_j ' j / at . is
termed a dril ISdsb?sr#?legT.\ %%Bé‘%gEi’ﬁgﬁ'@‘&ﬁg@'ﬂQ%B%@S%&%@%Eg'ggh?x [4f%nt i on
t here i s provibeedearomaguticoneansl aeéll inferaditiog freysdreefecinaically mgdeditablebast

one information, bearin | ectroni c coded label ;. an interrogator inclupyding a
Cransmi tter cotfochit ‘AaL A S Famer aratRael oz Bekata s Apoerrad

cont ai ni ngiai mrddga_rwniﬁgibaper@ﬁms aNthoS&iteme aré eeeka® nveptotied @F colotedi Ng
information fromsaid | abel; wherein the coupling link is arranged such

that it operatWiin @ Warghaess of pre MOYarbWillgh admnsRRAtoNSYSiens itheral te none
or at nost a {de@Qér\ttié(vé?{tioE he ﬂFEP?@F‘e%Gg\élérfﬂé%%c‘rgfe‘?é‘tﬁet@ atfe $iingr col |

also links said transmtter col ccording to a further aspect of the
present i nvent¢patatidrerik is 4o freoepprediatad Hlabdt isondtcthershydlimierbito faschuane i n

S ; . ) od ir aslof i 4
etal oby ect. -oPmpAt MK it RGeS pE AR A SEP R S Rl g To &
s'lt)i I furt’_rm][ map et apﬁflie’dhe qstrjeclsteidéntiﬁnmem]t omeratidnergenesallyr dsi ate dxampiet Ihod of
obtaining Information, froman electronjc l.apel. 1 0 prox.m.,t t.o.a net

obj act) "2l o rEerEUeTiRE Ry i ERBRd Botre e E8ling SRR 1aiuRelEAT o
contai ni ng a tjdansEatiéein G éf tA8 defaraRCAIMDhefRiWHIctPMmaks dp hakisnegned i ¢

field coupling fink containing said transmtter coil and said receiver coil
for obtaining AAAGFHASI on from said | abel; and

20  According to one aspect of the present invention there is provided an electronic
label reading system including:
at least one information bearing electronic coded label;
an interrogator including a transmitter coil and a receiver coil;
a magnetic field coupling link containing said transmitter coil and said
25 receiver coil for obtaining information from said label;
wherein the coupling link is arranged such that it operates in the near
field thereof and wherein substantially none or at most a minerity of the

magnetic flux which excites said receiver coil also links said transmitter coil.

30 According to a further aspect of the present invention there is provided an
electronic coded label for use in proximity to a metal object wherein said label

is carried in a slot in said metal object.
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vy

arranging said coupling link such that it operates in the near field

t hereof and wherein substantially none or at nost a mnority of ghf _
magnetic flux which 10 excites said receiver coil also (inks szﬂ AN 2003 -
transmtter coil. A preferred enbodi ment of the present invention will now
be descri bed Wadioseserence to the acconpanyi ng draw ngs V\A],%rr;;iugémolgg.)g. 1
shows a sinplified diagramof a systemto which the present 15 invention
relates; Fig. 2 shows interaction betweem an interrogator antenna and a

| abel receiving antenna; Fig. 3 shows an interrogator antenna and a | abel
receiving antenna in the presence of a netal plate; 20 Fig. 4 shows

interaction b i nt |, receivin nt enna
' the_pr osencStSEthe o BHF AR 3hed tr B BreBR PucARS wof B piplHed K v
surface curremethieahsi ohiainirg infogmatiore frémedndglediranic BBekih@rsximite taratrihstgl of

establishing surface currents, 25 Fig. 68 shows another nethod of
est abl i shi ng gﬁwgé@'dﬂ]%@at’@'u %E‘eg‘%f%m a further nethod of

establ i shi gg surf ageviiHg &0inSerr et BRaHY8 trandiiitieh 86il 84 Beskaer coil:

establishing surface currents; Fig. 7A shows a cross sectional view of a
standard airline paloveing gimagrnaticsieisouplipg dink wrataining said wanamier gxdl 1 et in
Fig. 7A; 30 Fi i\£] i j g irljne pallet in
Fig. 7A; Fig. laggSgﬁoraga%r%gﬁ'g%%tgl%lnﬁg@ﬁgﬁi&?nﬁ fbenlq 5"’"??%%% %Asdsoci ated with
the airline pall etairangigsai8Aoupling OkGOEY 5615 cpetatds\N the 0@ aPiiEd 498400587

crass sect] onghByielsh pibsaRiRIBNERY ol Bk pfiorinh AR anelk sk Sickoner
field Lines, EkgtesHaidieoeenosi e litksaid satmiteradoilvi ew of the drill string

in Fig. 9A 5 and associated magnetic field lines; Fig. 9D shows anot her
cross sectional view of the drill string in Fig. 9A and associ ated nagnetic

field lines; Ik grer %osgﬁuwdr?nérﬁrdf(iﬁ@ﬁbi’é‘srehpirﬁ@ﬁﬁ‘on“iuﬂlhnéﬁga% dEdBibed WnsS hows

an el ectronic Iabee? retaining structure formed with a 10 rectangul ar

met al | i ¢ t uberefareaceitgthelmRosREREINg dsawings whereinonal view of an airline
pall et receiving t l,a t alni. HTEJ [WAE=To Mol of the
type of systemto aﬁi ghgﬁ\/\ég %nglmiﬁ%jnﬁﬁa@ragﬁtﬁeﬁ g%‘é S O\I\/Qj/r;{m?'ntr% %ngl. The
system usé$§ t imveptiomeeigdks of el ectromagneti ¢ comuni cation in which an
interrogator 1 contai ni atransmtier 2 gen n cir g i C
signal which is trg‘ﬁsﬁi ?r}%’&f (Heaghqny é%g’ﬁ?'{‘ tgaé'r f?\geﬁ{og%%og aﬁ% aaﬁ&g}%e%g%'oni c

| abel 4 cont airdddiind@ahtehsd; recei ving antenna 5. The | abel receiving antenna
5 may receive a proportion of the transmtted si nl%g%and Ihrour%h a 20

rectifier may genefif é WS oA FtGRRE AN I RSENINGAMEMNE Xk i on of

a the presence of a metal plate;
20 Fig. 4 shows interaction between an interrogator antenna and a label
receiving antenna in the presence of a metal plate;
Fig. 5 is similar to Fig. 4 but shows surface current density and magnetic
fieid;
Fig. 6A shows one method of establishing surface currents;
25 Fig. 6B shows another method of establishing surface currents;
Fig. 6C shows a further method of establishing surface currents;
Fig. 6D shows a further method of establishing surface currents;
Fig. 7A shows a cross sectional view of a standard airline pallet;
Fig. 7B shows a plan view of the airline pallet in Fig. 7A;
30 Fig. 8A shows a view of one section of the airline paliet in Fig. 7A;
Fig. 8B shows direction of magnetic field lines associated with the airline

pallet in Fig. 8A;



reply generation circuit connected to either the | abel receiving antenna or
'to a _ separate | abel reply antenna, with the result that an infﬂognmn%g3
bearing el ectromagnetic reply signal is transmtted fromthe |abel 4 bac
to a receiver antenna 6 and then to a receiver 7 in the interrogator 1.
Wthin the i nyersegator 25 1 is a controller and decoder 8 which furthef
processes signals fromthe receiver 7 and produces a data SﬁTlﬁﬁ?g’(’g?S@nal
which is useful in automated handling of the articles to which the |abels
are attached. The interrogator may comunicate signals to the |abel 4 as
wel | as extract 30 Riggdrmksows o $theg bebséd i thaodlirc@stryse any of the
principles outli nedF,i n [EC%I AU190100043, PCTI AU92100143 and PCTI AU92100477
the di scl osures of WRi &R SIPWS|Fem8pseatate! Niaverhtheydrill 589 ineFie écand Qui t e
often a singl ex@cRMEPmagitfe Al fRE75 0 9 JAN 2003 = PCT/A U 99/00587 . 4
in the interrogator provides the functions of both the transnmitter antenna
3 and recei ver ant driga® sheivaianathiey censsisegtienahnieenofaheidrihistringhie Highed can
performthe: fu i . | abel. recei ving antenna 5 and a | abel reply

' %ﬁ& é&é%%.al?éddggpﬁ%t field s

antenna. 5 e usua g %9 'systens, the | abel receiving antenna
5 and interrogator Rigt@draoRs anethet 3eRd debtidransienad the RIFMStrivgt v . Figses hown
in Figure 2, with no [ntervenin obj_ects, particularly netallic ones. In
such systens, QFRARFIehMeRReHCed e INg$: i nt errogat or antenna 9 which may be
in the formof a signse shovk dMdribnfadrfic e5RaAMe! le§s:r 0d 11 creates a magnetic
field 11A and 10 associ ated magnetic flux) a portion of which links a |abel
antenna coil 12 to [ged@® shemsan elactronicwiebal pirinips stiupiue dxaiadamitbra of

| abel recejyin AV/-TRYE en however circunstances influence the
pl acement qoq! t%ecaﬁggg{?ﬂ}%%lé?@%’gm%tenna 5 to be on one side of a netallic
obj ect 13 whil e t h&Fig.510B1showngatrass-sattionalavi@w iof anrairtitee pelldieeceiing diosl
exanpl e of thils Sli t*]at.i on, ié rprovi ded by the requirenent for |abelling and
airline shippi ﬁaedﬁﬁ'@?gi UL &N i n Fi gure 3. As shown in Figure 3, such a
pallet 14 has a flat underside in the formof a 20 netallic plate 13. In

handling in a warehguse the pallet 14 is noved on a set of rollers 15, and

in an aircraf tAndmaiiad diaose cedha Hpenef sYSERIP. o e B BvBRIOHERIateE WS ar | y
an el ectrofd c L@l it FIAYe DB AhaCedkieint hEEs PRk ORMip¥ bhidleditlagrieti@! | i C
plate 13. On the other hand, for reasons of protection, the interrogator
antenna 9 is ceMBMHAICARRN inovhick apdnteeeaatonéd coplaininga iengmitiehd genelaiedr 25
mechani sm The I .1 i i L i t enna
o and the 1 abef Foeserrinti el uhithds BRRERH A flRadBbiriaRl St 811 1370
substanti al extlectronit tabiet 4acontdiniagta bet Mceivingvamenmn 5t Ghel deshiaymeaaiving
el ectronic | abelling, ystemwhich can perfqymsatisfactorily subject to
this constrai n?r.‘te%%g,ésx‘iayIrﬁgef'YeaFleOP?lmEf‘ gcljﬁée ér,anfrﬁﬁﬁea signg! %Pc‘ﬁmgrﬁes
when pl acezpent reefifidrithay gdedrateaced ﬁb\ngr SUBpBNWAICH niythepbseeeoroterafion bfa
interrogator antenna 9 are such that there is subs} antjal screeni n%dgf t he
| abel 4 by surfeReSenFatiah %ifqui*cf’%l‘%fit%d iz eitherhgyiakg, @58'75‘903@60'7@?@2 -
PCT/ AU99/ 005875 éndrateMabae réﬁlgecir{témﬁat, OitiRthe NfadulP tRdtdad rigfBrhBforf iRkAng T eat ed
by the interrogator antenna 9, The present invention may create an
i nterrogati on PlerEOMagnatic|rapiksignal is sanaritied freny therabel Yobaakgioon regeiver
metallic surf f ' A I e 3 in
whi ch current a%ﬁg\&vﬁe\ll\ﬁia(?ﬁng?'ggiuggésceﬁ\%é%n%éﬁ%ﬁ %rﬁ%ang.mﬁﬁ“e?ﬁ{egégﬁﬁés t he
| abel , nmay2%be bristdheoopplEsi srel secdderes twhitihdudime prdpessent signals Heom the
interrogator antenna.. 10 So that the principles of the inyvention be
bet ter appr ec; BEBE it 2N PSR SFE PuPHooERs WaFe Spetbi eypmaed
fundament al of himieg @F tHR £6EIES Y WRIGH ¢hd RBBNYare bttdcHell S exposition, and in
the argunent to be provided in this disclosure) the term nology and units
used will be as defined in the international standard | SO 1000 (1992) "SI
uni ts and 1 econpEntiahbgas: bty Ldtmbiial sbRAS to T 14t 95ad Weneh Bhirsr tai n
30 signals from the label 4, and can use any of the principles outlined in

PCT/AU/90/00043, PCT/AU92/00143 and PCT/AUS2/00477 the disclosures of

which are incorporated herein by cross reference. Quite often a single antenna



A good starting point for such an exposition is to nention the conservation
| aw of electric charge which states that a net inflow of currerﬁ imriAo a
regi on produces a corresponding rate of change with respect to 9 Ni 2008e -
total 20 electric charge within that region. This-law is consistent with
and i ndeed i%{)g%'k.;sed by the four basic | aws of el ectrodynanics which are
stated bel ow n the usual notation, the vector E represeffiléA¥N@08Y ectric
field intensity measured in V/mand the vector H represents the magnetic
field intensity 25 nmeasured in AAm Two &dditional vectors P representing
t he pol ari sat i Lel : 1 Wil 1 he
magneti sat i on'rggegﬁtﬁgrgﬁéﬁr?%n\@l uﬁgg{]%ﬂ?%g@c}é? Pip%??r?%ﬁxhgr?aritﬁn%? é(ﬂrﬁ c flux
density vect ored@iver @otennafs. riiadan\ed singleCamEnnawihia tinagibet can pétiorndersi ty
vect or = no(H * ured in W/ n2. In the bel oy statements, the term
circul ation ré‘fnecﬁgr’l\q 8@3%%6“%588”‘%3%'{'}?é@%‘i)@iqbef’@pgoarﬁ?maance around a
stated cl osed path of the scal ar product between a naned field vector and a
vector elenent of distance around that path, while the termflux refers to
the integral B tthe (issigbdesigs af sdchaptemssithe dabalr eaeiingt Artespal airand WO
00/ 0567S 0 9 - DARGLi,sl d
vector and a @Etr%%%:rl %ﬁ%—ﬁfg g%?té%g%%érlggégoﬁg@g%ﬁ%&ﬁ%at&mter'm%é#‘%gy and
t he four vect @r witk noHntddverridg Bbieduts, fradicufanp deetelit @hes$.dnssugh esystenisl gs
Faraday' s | aw,_, The.cli | ation of the electrig field vector K E_around a
cioed” cont oushPu SEEEEN 3 efiluBrohaly HEShiA § it Rk i BromdBRere 1 ux
t hrough a sur teleacidothadith byfetrbadagaetit md 11 tdieatpo s nagaetit fieldt 1 DN 20dd t he
surface b%ng related to the positive dige%t'on of tpe contour by the right
sy

hand rul e!0103FCAGHEMENEUE {(i¥ad RRSERT P k% aelepe! anenea celi’2 Pon of

the magnetic Lickdcorffmupicatib@ivid BAdBostiBs citAidh @ fabkBreBEiVRAL dnferiaes sum of
the conduction current and the displacenmént current passing through a

surface bounded by that contour, with again the right hand rule relating

t he senses of t Qur c adiae f tric
flux: The tot Xlteﬂglogtgprﬁéwfe%e CE{Q‘E’P;&%@& I Enquérﬁ?és%%? %ﬁ%%e¢e§ﬁ cgfr?§ Igrhrg'rcgi ng
from a cl osedreueivirr @ntehnaqbiab be® drhent aiidd of anchetzilicoobjettar ¢ vaddlet thened
within th(,? volL unme b undetd béx(}hat S rfa}ﬁe. 20 cff) Gauss' b‘awfort.na netic
flux: The'?ot ACTRERY PACPPR (1O REPTH- Yo PReY SFeTRE & Jut f8V5%hEr gi ng
from any cl oseebvidadf BCBeirequitsnsentAnrat belling anbditinaishippingqiafibtel 4 stovimit
derivabl e fro?i t he_fundanental principles above and which underlies the

material to f 9“6’\“7\/55‘ is that when el ectronagnetic 25 fields are oscillating
and at a sufficiently high frequency they do not penetrate to any
significant distance into the interior of a sufficiently good conductor) as
for exanpl e aAsesiemn i@ Tgueuds sich A prailet %hai)ﬁiﬂ%i‘ﬁﬂﬁ@r,s'dég‘aithedéw Wi e from

the Tundaggnt eaid Biatd . ihHanbMRPRY LaterbRSPRRGCO4 KMRold®sH &'sét bt ¢l d

intensity
rollers 15, and in an aircraft hold it is bolted to the floor. No apparatus, -

rarticularly an electronic label 4, may be placed either below or within that
metallic plate 13. On the other hand, for reasons of protection, the interrogator
antenna 9 is constrained to lie between the rollers 15 of the conveyor
25 mechanism. The result is that in this application the interrogator antenna 9 and
the label receiving antenna 5 are separated by a metallic plate 13 of
substantial extent. It is an object of this invention to design an electronic

labelling system which can perform satisfactorily subject to this constraint.

30 As illustrated in Figure 3, there are circumstances when placement of the label
receiving antenna 5 and placement of the interrogator antenna 8 are such that

there is substantial screening of the label 4 by surfaces of metallic plate 13



at an netallic conductor is zero. 30 Yet another principle, again derivable
fromthe fundanentals) is that the tangential conponent of the gnetic
field vector Hat a netal surface can be WD 00105675 0 9 JAN oé&rﬁdﬂ{l& U-
991 00587 7 non-zero, but if so it is acconpani ed by a surface current
density J eq } gnitude to the tangential conponent of H but

or t hogonal tg@ibt()b/?kﬁ%gi rection. The interplay of these pri nEFBﬁB%W"P5§7
illustrated in Figure 4 which shows an 5 interrogator antenna 9 generating
an interrogator magnetic field, represent'ed by dashed |ines, beneath a

metal l'ic plat erchs theé thié ey HHORHEAEE 9 Und WG hd fietll | P¥4109 tﬁé‘ﬁrﬁ}é’ﬁ& &y rent
density directed into the plane of the diagram and represente bygmrcles
containing crad8@y¥ad.n the light of the principles listed above it may be
seen that the role of the surface current is to extinguish the 10 nmagnetic
field Hinside the netallic plate 13 fromthe value that woul d be present

at that |ocatiDwe presehtenvesttiahl hay pleateeard Sitdrashaier fictibioeatiabditbyi Ges@igabl € i n

t he di agram of Fi e 4 that the interrogator_antenna 9 produces a nagnetic
et wii o+ <t BRvia O trd Aeik ShiaRas bt M E0R8: 1 Br BhHE o s “and
surface currenhstafl bered@’ hhehisRtcatehCHdW altfchl Brodcéd hed @Rkt Rell iy t he
page. The 15 circulation of the magnetic field around the contour 13A shown

as the dashed Whigleexsiearthy labgs mahem on dreorprasiie sndacaiodthafonetasiacent to

di sconti nui ty petweeihditiear ntial components of magnetic field inside
and outside of the rr(gbgn%te?c plate 13. In view of the principle that the

tangenti al conponent of electric field and hence electric flux density wll

be zero at,th [ 1.ic pl surface. the 20 _surface conducti,on current
density i s1 Or easu(lgrﬁh% %%e spi'p?@ee)? Pﬁeﬂ%1 r'FYﬁﬂt'ﬁ? er%\?%iu%%abme&grl%ﬂ%w%tﬁd'abo{fe as
Anpere's Law aspprsstiate edreviewhareeddme dhtbe dixidangants loftaws of elbtteodyagmet i C
field within aFd in ttgﬁré%gi,on above t he metaLI' 3. wll ensure that

: late .1 ,
a | abel recei VPEYYalfk gfien. B3dgn Segroymed toitf?egrﬁg‘pgp i1 thigisglasure,

receives no exgkkéhifogyand Unkd Q86w bd A dehrRariAMMS intéinaticral 4tahaardoeen
nodified to introduce a surface current density 13B on the upper surtace of

the metal |ic pgB& 0003(19§R}) ¥t wiits Amd repommengations forr thenisednfdhein mudindes

repr esent by, .ci r.cl.es. c iJa.ng dots, and al so by noving the contour 13A
shown in iguraen%l46f&8\%§'rndés?nés€d%ét it now 30 encl oses those surface

currents, which have by neans to be di scussed bel ow been created on the top
side of the m&%'ogciﬂ %taFr)’tlinagt Soirl\t?’ for sué@u’ aon %%o%ﬁ%%%s 90 r%e}]\f?iw\ %%Ogbnggyaﬁbn%%f 00587
of electric charge which states that a net inflow of current into a region
produces a corresponding rate of change with respect to time of the total
20 electric charge within that region. This law is consistent with and indeed is

required by the four basic laws of electrodynamics which are stated below.

In the usual notation, the vector E represents the electric field intensity
measured in V/m and the vector H represents the magnetic field intensity
25 measured in A/m. Two additional vectors P representing the polarisation of a
dielectric medium and M representing the magnetisation of a magnetic medium
allow the definition of an electric flux density vector D = e,E + P measured in
C/m?, and a magnetic flux density vector B = m(H + M) measured in Wh/m®. In
the below statements, the term circulation refers to the integral with respect to
30 distance around a stated closed path of the scalar product between a named
field vector and a vector element of distance around that path, while the term

flux refers to the integral with respect to area over a stated area of the scalar



8 if the principle |abelled above as Anpere's Law is again applied as
nodi fied by Maxwell, it may be seen that the role of the surface currents .
on.the top side of the netallic plate 13 is to establish a ma@@tiANf2083d -
13C in a horizontal direction just above that surface, and in a position to
excite the el gotoppdsh£ | abel 5 coil 12 positioned in that n and with
the orientation shown. Thus the role of that upper surfaceﬁghgl’ge%?f’ssnay be
seen as that of establishing that nagnet '60 field. For convenience in the
| at er di scussion, the termmagnetic flux which excites a 10 coil w Il be

used to denot grodubt bBEveeASE named mdjlvembﬁ Bn@ 20sctdRERAIENE of M ardd1qnanount
of magnetic fl ux, other than flux which is created by any current in the

coil itself, [9TA®ifly Ifq{a{er@mqlogyaﬁadlthetfﬁgr vgserofE.aHed? 1angi Bhthe fagneti c
core, the ammamen@%é -flux, other than flux which is created by any
current in the coil itself, V\/mch woul d l'ink that coil in the absence of
that nmagnetic core. Wth 15 this termnology) it is clear that
substantlaly e tlux.which e t he | .abel coil Figure 5
50 11 nked neEFedHns Bt T ialic Bk desiafin RRSer SAmfp sbsehs

present i nventoibumByede@l &bmisls thestimhé 258 of Whasgd oematglnewnnethréugiﬁaof t he
20 metallic plate, on the | ower side of which a surface current has been

i nduced as a P@RAe PRyndedebY. thattGoptpurnther ROSVE q*iretcy%foféh%ﬁaﬁ%qq Beipge| d by
an interrogat %lataatt@m@apos.tm%réewpenhxcmbshbmkes.gimarb&r@pne is shown in
Figure 6A. In this figure an 25 aperture which may preferably be in the
formof a slot 16 which can be short in the horizontal direction but |ong
in the diggct ] Rluadne

provi ded ﬁﬁ t @%@?&@%pgw a‘?éd‘i@‘? rbglletz\/(i)se cu?ﬁéeﬁ%és?ﬁ%ﬁrynt etﬁgn reg‘fege of the
metal | ic pl at ged8r Warmlmcbalctmsad eontbheissHqatl thahé o dafihe agiductiomnarénten

along its upp 30 i.n Fiqure 6B an alternatjive net of .creation
of upper surfﬁecestﬁ C?%’ﬁ?% T%”tsﬁ Qafsspﬁehm@rgiﬁg}aé;ﬁr?%@g aut? ¥ &ats are
created W t hi Borgtolil HitBNagaih fcheﬁhgfﬁttﬂahd rufe Rlatiiy tROR3nY¥3 80the TRUr and

PCT/ AU99/ 00587 9 close to the end of the netallic plate 13 they wll in
encountering the8ur@88 f1 ow around it and will then flowin the opposite
directionqgn the upper surface. A further devel opnent of this principle is

shown in Figure 6C wherein the 5 currents on the underside of the surface
of the netall (% @ausselansfoaetecieoivx: abe teanelpeitc five (dafined initerme et fie Powi ng

the contour of, &oFQJ dé?@g&%&ﬁ‘?‘aaél defi siﬁfé&é?é‘eéi%i wﬂxe% Sndu]caor‘{"’c{'ngi‘g@ whi ch

t he ferronagne iC ro recervin antenna may be placCed. 10
The surface cuoontaimes vmhurtttnextdhrmebemmim{ fthetwirisbeannel 19 adj acent to the
ferromagnetic rod 17 of the |abel receiving antenna 5, in view of the

principle | abelled as Anpere's Law as nodified by Maxwel |, can be said to

cause a npgnetd)cchisy daadl fonendgheti@ring e ot rfﬁaymeﬂngecﬂefmedmdté:ﬁxs dfe,
directly into the page, and so provide excitation for the label 4. 15 In
this inpl errent”lﬁ@é’ﬁdpﬁeem%rﬁ@lgﬁr%\“ any, GlogBRAWEICeI®ZP- t he direction -
per pendi cul ar to the page should be significantly greater than the |engt h
of the ferromagnetic rod 17 used in the | abel receiving antenna 5 in that
di rection so #ARather epertant rsinsinig. g faetatarivabledrs the fundamestal pFRGRIES ¢ rod

17 is not i nhiBhtedn£Qnidh &ﬁqq?lke%%a t&ﬁam@m@@ae tht &h@ﬁ%@cﬂéﬁnﬁgﬁé’tfoough

encountering too soon a I c conductor whosé face Is perpendicular to
t he desir @8 f ffiaklsEae loscitatigr aidhgt @ suffinientie highSestieney thelyedd metgrenetsatet he

17 o e en W AR RERRa AFtEEe WIS the It o &°ticidrtyGocd LFHLABRAR®! ! ©

for example a metallic conductor. A further principle, again derivable from the
fundamentals, is that the tangential component of the electric field intensity E
at an metallic conductor is zero.

30
Yet another principle, again derivable from the fundamentals, is that the

tangential component of the magnetic field vector H at a metal surface can be



25 V\/nose axis is orthogonal to the direction of currents induced on the top
side of the netallic plate 13 which has an |nterrogator antennan bﬂr‘g\r/znhfe
metallic plate 9 3, the extent of the channel 19 in the axial dir

being significantly greater than the I ength of the ferromagnetlc rod 17 of
the | abel receig/odggzantenna 5. 30 In another aspect of theerr esent

i nvention) shown in Figure 6D it is made clear that the di FECHAVSHIEE t he
currents on the upper surface of the netallic object - 09 JAN 2003 WO
001 05675 PCT/ A U99/ 00587 10 need not be tHKe same as or opposite to the
direction of thencufd, & s & ittibeck a
metal plate 13, in_which the top Scé’r\éﬁn(;ﬁ&?ai%f?urfa#c(@) °§“:”%§{ gg o“{‘seta éWyﬁottom
section, and i MagAiteFe i ettapoendiak Gosrpangst Gdehutfarhagertadtb iin dirextiooinber  of
right angl ed shaped slits 20 to redirect the currents 5 which were
initially leftward into an orthogonal direction. The associ ated nagnetic
field i nduced Bhetihtesgay ofribass pﬂhtxblebeseNLmtmmdemngntdﬁ@gwhlah sHowshem and
will in congeq&iﬁ:?ce hanedlrectlo uts there is a

h
regi on, whetei WOt EEMDAI %er]eézg@p | erfqua %?%éﬁ%t@@r reRfeseRiRd

coupl i ng, that bl apehed IBBOUbEhE LOMREAR HlERM S hen g @ﬁ@ér@iﬂle' &f whieH!id have
if the slits 20 10 were not present. As outlined in the di sclosures

referred to al HB¥NIaA SUERER CRBRNtdaNsie diresigd dptstibenplaneppiolieadingranhand
circuit wthi ”réd?@sérﬁ’&?lbgdtintc%ees gﬂgﬁﬁ %#%%%é OIWath?ightcopf?ﬁ'épéir{}g)leslﬁsrtba s

i nportant that electroni 5| or operation in oxXimty
to nmetal lic conbons brrsayhesedn libatghe hlelerofrthzsenm dureqtientol e»elngdgshsthed for

free alr onvir SRACRES 106 1 eRe Bpamalarh ad 1 "o e Pne R Rofligt": he

edges of the nptalehiaitpbtabeatib& |athe nigtdiic platd mhéd)bmrofabamtewﬁsrnmtedleSﬁct| on
18, the cross i on of i ch shown in Figure 7A, into the

surface of Whl é’?gmﬁfﬁjﬂ ¢ fet EEEF‘ee'EteHPQ?QEHBteHB‘F @sprﬁﬁu‘é’??o?\nﬁ"%)gﬁ‘eﬁpgure
78. A sinple inebaiien is0Rngentd% HrbBlvefsiag omiid méfaliRSpiatd! WTRInkCsUr@eki ng i n
position of and protection against damage to the | abel 4 may be achi eved by

shapi ng t he | aBelrents £ows ewiie metailn Df&’f@dﬁem ier disgqlipe igto ih?e Peg®e’h8 shown
here is thas i Er hﬁ’i h@ nll ik Befd gr? rfoogE%%fduﬁ: 188 nbdn VN %ea Heges

well to magnetlc horlz on rection. Another ureis
t hat the | abel lide «:tmrlalm Emmelzérooaﬂumgectamge d Zhetdiscentimgtyobetiveenghé
/B and i.n cross

\émezz[]: gntCiee\:/),vol Chl dcosfelé)%ﬂq%ﬁs \‘KEF@Q"E'% F?lﬁnn%g{;arggbnoug%g%rzrtge frﬁ?gmeé'ﬁed for
t he purpose of pfam;nBJ Inatiew @f e [siimdgipie vt thé tdrigentiIcbripoddnti of diddtighfield WO
00/05675 0 9 JA d%%(r)\ge _ele%ﬂé 'fbl‘l.li)S(9 %{eggt5y8wm]ble zero at the metallic plate surface, the
20  surface conduction current density is required to satisfy the principle which was
labelled above as Ampere's Law as modified by Maxwell. The extinguishment
of the magnetic field within and in the region above the metallic plate 13 will
ensure that a label receiving antenna coil 12 placed above the metallic plate 13
receives no excitation.
25
In Figure 5, the diagram of Figure 4 has been modified to introduce a surface
current density 13B on the upper surface of the metallic plate 13, directed out
of the plane of the diagram and represented by circles cantaining dots, and
also by moving the contour 13A shown in Figure 4 upwards so that it now
30 encloses those surface currents, which have by means to be discussed below

been created on the top side of the metallic plate 13.



Yet another feature is the installation at appropriate points on the

el ectronic |label 4 of plastic barbs 24 which allow the label 4, in a sinple
installation operation, to be pressed in to the slot 23 until On HeNQﬁMM -
expand into the 5 channel 25 bel ow the upper surface of the netal, and | ock
the label 4 into place. This design represents a further illustration of]

t he mechani smYO¥Y %4 ansferring current fromthe bottom si deecafashessvet al i c
plate 13 to its top side, such current 10 bei ng i nduced on the bottom side
by the magnetic field of an interrogator &antenna 9 in a direction towards

back ai ong t el e BN Es Y aElen Aol 82 Ao 89 WIS boSibolid i iy "
reached the t ofaxsietigit ofaytieesemt tlat the mpleadfahd Sutaoe durreneoh BROopZidake a

further change in di Becti on,shown in Fi&gure 8A. Here the | abel 4 is placed
not on the fop'&ieRalie RI#e heiialte; estpblishea magnaticolield nBG dr 13 derizedal i on of

the netallic %‘réé&ﬁin}liﬂﬁ AV SN Ur o6 Odhet ih U EftioRRE e citd el DBctRIrfie1aRE t he

metallic plate 13. e currents once reaching the top side of the netallic
pl ate 13 can tcphveélpogidipned & that uegien dsd evithtthe onentation shewn.Lthusr tbe 26lewhi ch

acts as a con r ! i ] .Che i d i.th the

| abel 4. In t%ﬁqé%s#éﬁ?ﬂgﬂﬁé%;@zﬁﬂ?gﬂ |é)§r éé@dﬁghg{y}o lg%ﬁﬁ%ﬁ@]%ﬁ ch the
pal l et 14 travegnetafielde nmade wi th non-conducting surfaces so that current
on the underside of the netallic plate 13 is not interrupted and so that
there is thus an 25 expanded range of pallet positions in relation to the

rollers 15 at pahtedvenripek i @ROattd dReasEisn, thé teRymBgndiRtiest iHia! exditeB@ugh in
| unped circuit theory conduction current flows in closed paths, it is not

necessary!Po grbwilke usekiafengiat i thacashel @ SRMED oRPEBIASNR RFRIeWECh
creates the magpehi 6f haghélicilhe Befek WhdrPud Wfich A&kattd by dfly curter®ifine: ¥ 1 -
. ont 1 A, cbil itself,dinking that cail, &nd in the case ofi 2vei-with 20maguet FPE3theD
00/ 05675 PCT/ A T i thi Hgu |Ha§ ructed
to show as wel? °3/898ﬁ§‘§8&%‘hﬁ @g@éﬁegé i mxﬁ“’?-’?%%réerg@%@t e 3|p ‘g@%"?gﬂg‘t&m t he
associ at ed nagbigtisalf, nhidhdwbulddisk dist @oll &t thd abisthce dfcthstumbgresticaors. eillith on t he
obj ect bei identi fi Lt

d. fr this fi hat the i
Varyi ng miBnethe HTIETas do A MateucrRlav R ce Hof whieR A el oun

adj acent to anghePebin®PaNRIgur® stdiso sl tAE Rof W tHehterrofatohante@fh @inchatt he
| abel 4, will as a consequence of the fundanental principle named above as

Faraday' s | awfigR®uce a net potential around the dotted contour shown. As
there can be no electric field within the horizontal nmetal base or the

vertical netal body of the pallet 14, there will be an electric field
The present invention may establish a surface current on the upper side of the

20 metallic plate, on the lower side of which a surface current has been induced
as a result of the creation in its vicinity of a magnetic field by an interrogator -

antenna .

One method by which this may be done is shown in Figure 6A. In this figure an
25  aperture which may preferably be in the form of a slot 16 which can be short in
the horizontal direction but long in the direction perpendicular to the plane of
the drawing has been provided in the metallic plate 13. Those currents on the
under side of the metallic plate 13 which encounter the slot 16 flow through it
and thén along its upper surface.
30
In Figure 6B an alternative method of creation of upper surface currents is

shown. If the underside surface currents are created within a region sufficiently



10 roughly along the portions of that contour which are in air, and that
electric field will term nate on oscillating surface electric charges shown
inthe figure as + and - signs on the metal. The oscillating surﬁac(?’ Wzﬁtﬁe?
density will be supplied by the oscillating surface current, and I A b
responsi bl e for a dimnution in the anplitude of the oscillating surface
current with dirstance from 15 its source of excitation. ThBCHAYISBENENt
current density associated with the above_ nentioned electric field provides
a return path for the surface conduction Rurrent. It can be said that in
the case of vetigsé @heahicesiife HiAR: Hltd AL @& Ge Endl@NergRREL eddiow
establishing the coupling fromthe interrogator antenna 9 to the |abel
recei ving ant eRiR4"G It aygd Wi thandlavdingae pprksite|diastiontrn thewpphi surfageent i on onl y
a negligible proportion, if indeed there are any at all, of the flux |ines
which Iink the | abel antenna coil 12 are the sanme flux fines which Iink the
i nt errogat or aAtferiher devdlo@ientwbii this meigciple isnstoe MoFigued 68 sbkenoiige 10.

This fact that_can reci at.ed st udyi 25 Figure 5 in relation to
Flgare 2. 1h FPames Sn JB LRRkem e Rkt alp i HResl? Pt Sty or
antenna 9 and muhaibglth@sheana tiei folidwingfiencdheuraljaabickdedd@elleldfsh i s not
present. These, may be contrasted with the magnetic field, and hence, in

air, the magnef$ &N hznng!HiSswithin pwhich thesferemagnetioniednts: af filzbepIregeiving
separating theghtphed 5 QALY nigRdgnna 9 and | abel antenna coil 12 shown in 30
Fi gure 5. WO 001 05675 °0 9 JAN 2003 PCTI AU9910U587 13 Anot her situation
where electronic | abels nust be operated in proximty with netal is

il lustrateghinnFi 9 | ahe i s ed.. identify an
el enent of %a dTr-ilE %ﬁﬁg&’s? ﬁ*f%’gs 2‘?’ f%&@%gisﬁoaetghéf @ﬁ a}éﬁ‘gégﬁl gya%éénc%n* gor rgrE‘%at
pur pose t he soferdmaghelic codl7i sfgh@ $abel rddawirdy arténrst B, ingyiéw o thewrincipld-i gur e

9A has as sho 5 in Fi,gures, 9B and 9C had a round, hol e of dianmeter D and
depth d poredmgﬁ‘?'!?‘%n ?%_Ag“lﬁ%é AV i fa?d'E%g%pgﬂﬁb"ﬁF'bfca{‘h%‘f SAiGI 1§ Gase 2

el ectroni c | abglagAetixfdid etbrigytha dxadet threet@ﬁbr«hlagge@nbam?a i® difectifetd atien of a
coil 12 wound on a ferromagnetic core 29 has been placed. Both for

mechani cal pr oP@R&: i8PA SBfPreide pxgifation fofie l8BElfise t he metal coupling 28 of
the drill fgring 27 into which the hole has been bored 10 shows

consi derable wear in service, the depth of the hole is considerable,

per haps 25 nmm In dhishirsplemedtagibn apd ilemsgthon) theceawebf19 his preesdirestion

t d mud f o .th ' j f t
sections of ¢ nECEPPgt F tn3 HobBShelly e oty Blkoft (REA Wi Batth crihe
propagat e downferfoendgoktc jaist7 desd in ihedatod neckividoe anteena Wi it Hialtdirexiesso ve

and T 1 equenci el T AePBO\REN Feprits S8 REPEeRNRE o g Do BERTed ' U1 O
Al though the mrgb&hpletifid Qtlsdnéﬁes%kﬂfl didsegusdtn i tRuwh | dncouettieg 06 fsaoa a

currents which will to an extent flow down the hqgl e and sﬂuugport
metallic conductor whose face is perpendicular to the desired path. .

According to another aspect of the invention the label receiving antenna 5
takes the form of a coil 12 on a ferromagnetic rod 17 placed in the channel 19
25 whose axis is orthogonal to the direction of currents induced on the top side of
the metallic plate 13 which has an interrogator antenna 9 below the metallic
plate 13, the extent of the channel 19 in the axial direction being significantly
greater than the length of the ferromagnetic rod 17 of the label receiving
antenna 5.
30
In another aspect of the present invention, shown in Figure 6D it is made clear

that the direction of the currents on the upper surface of the metallic object



20 magnetic fields within the hole, it may be seen fromregarding the hole
as a circular and/or rectangul ar wavegui de operating far below its cut off
frequency, that such currents and fields will receive substanti i -
attenuation at depth within the hole. The field and current i 8 %@603n
Figure 9C are_intended to echo this fact. 25 According to an aspect of the
present i nvenWP(gP(OSzﬁ Solution to this problemis shown in FiPgures/@fs7and 9E.
VWhile the electronic label 4 and its ferromagnetic core 29 renain at the
bottom of the hole, magnetic flux is encBuraged to enter the hole by the

instal lation & ich 30 xtend
fromthe fer rrgén%ogﬁet ?é;ﬁ@é;%fgh% £§g§ oﬁ@oﬁ%gg\hb %ﬁﬁéﬁ ?B?’P % ?JB €t o0 neet
t he surface delEheur(Eanqnllm FrigLe® 6DAs shouy b mestbyplates‘rﬁa,llm witkog e itdp éecﬁibd His
made to ent erlﬁtthe fok?ng ’balé:lb%f &or f ?toﬁ'losr]eccj:ho améq IIC% tw "ilop geecrtllgnfh)e/aelbrée%he

~ . . ... furnishedywith amumﬁbr%f&@h&&(@:ﬁé’dM&Q/&’éﬁf@tfﬁ'ﬁhM%(&Qﬁgrﬁsl4,

ferronagnetl c section wi |l be considerably greater than the value it would

have if the fRIEBRYBHetnitallvedpfwand vistoe anobrthnassahdiredtin. By lasseejated
enhancenent e e in the
hori zont al sg@?ggﬂho?a?hﬁa?aﬁ bgr@%%% \%ﬁaﬁtgg‘{venna%g%&vv\\{ht he(zg’q@gggr)@s{pgndl ng
enhancenent itherhandawil irbcenseceabce dtarlgbeilrbomromttmﬁhet t&sul’us)trmt\tbtarehs a

he _enhapced f.th field As b
menti bned borSPE NOEUT ST TR ut 35 18 BB Aeca Uty ShB e of a

resonant circtiat latiet highoulebé ablateddfremndneé mirettionnig shoedIravelif tecsity rog 10
antenna 5 In this case the resonant frequency is naturally dependent upon
the i nductnc¥esingt REesetel receiving antenna 5 which in turn depends upon
the length of the ferromagnetic |egs 30 extending upwards to the surface of
the coupling. Because of the previously nmentioned in-service wear of the

coupl i ng 28 theoriingd i B disdenreetpierssl tomiment 2l decimijielabeliog gedemat t he
same tine as énﬁp(toge a Sidk Bﬁgr?t Qhredih GithRUR]e Mbef & 1th S&Hanks SHBHGRE r}eqlcwear
di m ni shes in service. I'n consequence it is appropriate to posi £9on t h
resonant frequepliyg. bef ore wear takes place, of the | abel receiving antenna
5 to be s,&msmhat bel ow t he frequency of the interrogation signal so that as
t he wear kes place and the | egs are shortened and the resonant frequency
of the | abel Itecigiportagt that ettrobic 24beld S&signddhier cpmptmmgp aase/\prlokmluw tbl rst
enhanced as the resonant fr%ﬂuencf}/ noves towarfig ynchroni.sm w.t h

AYA WA 54

i nt err ogat i onMetEdiFueRTAyCinT VeI thalr esanen fencies ?q,l‘ﬁfﬁ%,f%\g’gfr bri ngs

the resonant |f1fe%%8rl§%u€ﬁmfeh€ah@bx%t forahBi c4ksB v @RNabEs tfe tile HedRirsi de of
the interrogation frequency. In this way an opti mumvariation of strength

of coupling 28viePMenéspect to in-service wear 25 may be achieved, and the
sensitivigy of the label 4 optimsed over its service life. In anot her

aspect of the invention steps may be taken to preserve as far as possible
the conti nuedinghe steagelacd designef aidinkipellet ththereddesithenetainwiaten’s I8 hol e:

Surface char gEoaeG 0 ohR: sicthrRudid, sEchohof €88 &pte BBEfon P JHRH 65
which will flshevid DnFigoee Va) Intd theauppeheurface dbhehishdc mabkihes ére séres of

ferromgnetic oluﬁ o?éss 511 shown in Figure 7B. A simple instaliation of the label 4 as well
25 as automatic locking in position of and protection against damage to the label 4

may be achieved by shaping the labe! 4 as shown in that figure. A feature of

the label 4 shown here is that it contains a long thin ferromagnetic rod 17 which

couples well io magnetic fields in the horizontal direction. Another feature is

that the label 4 contains round locating lugs 22 which anchor it well within the

30 machined slot 23 shown in plan view in Figure 7B and in cross section view in

Figure 7A with which airline pallet edges are furnished for the purpose of

facilitating locking down of the pallet 14 in flight.



0 9 JAN 2003 WO 001 05675 PCT/ AU99/ 00587 15 consequence of Faraday's Law
and the existence of a changing magnetic flux within those Iegﬁ.gT

mnimse the electric flux passing between the walls while stiFl Mizm%g ]
protection for the tag circuit, the space within the hole not occupied by
the tag circui“;oo%/r J7 rromagnetic legs may be filled with a strong 5 :
diel ectric materi'art’sf |ow dielectric constant , perhaps of PETAYAE§ D
structure. Yet another enbodi ment of the present invention, suitable for
use when the interrogation frequencies ar é! nuch hi gher than those which are
appropriate for use with the structures di scussed up to the present point,
is showmn in Figures 10 10A and 10B. This enbodi nent is also suitable for
use with netal IYiet aackler featped Isethephstekatibd atrabpeepriatekeintssen diie stropigpect s

of the slotted rust o 8, al ready .sho in Figure 7A used i.n the,
construction o#%ﬁieﬂ'uéh@@%iﬁfbaé cﬁgp\éfP'?'étaﬁQ\iéfgei%gqtfnft‘ﬂi%S%‘ﬂ%di‘?@ﬁlﬂt’oﬂhe

| abel 4 is shappdratishetdBe [redseuahlty RS seboBuritinte Barbe 24 EaRRdnicStnbi tt ed
within the airline pallet 14 in a way lustrated in Figure 108. In this

i
enbodi nent £he Chap4! <3 pelgw thgiurperisyriaer ofi e medd c 8n& 0K thenlebelt 4 ietour e
shown in Figuregk@A. That section is given protection by installing it
within the 20 slotted section 23 of the edge of the pallet 14, the form of
whi ch has been shown in Figures 7A and 78. The label circuit 31

conmuni cat es wi i.C Liel. | e n urface
currents on th(rh tﬁ}ngéesﬁgiﬁ%ggg%?% ﬁefu%ié?erl @?str%ﬁo&@gtﬂge H%?%%rﬁvgméfért ?ﬁ@ﬂ?%ﬂgm al
tube 32 whi ch aarrshidvam ithe botgum eidé @Btheasastalictphteugio is topdidegutiatusémt 33
machi ned into the edge 25 extrusion 18 of the pallet 14 he rectangul ar
rocal tube 8 W7o BAHER i T BHETEln Hedne BEonSRS 14 b HalHSIotHRTor  nay
be separated t hatha@MNDY dieétntodbRiseft sdde, IsaXRdt tRé curté® dreehauaing et al
tube 32 nay be open at the to d have the 30 electronic label Circuit

)p_anda may . .
31 connect ed bé’ﬁa/t@éigettwerwdgmcébacéscaé@gﬁwett%sme@ftilﬁgnﬁawcwl%@%-z or may
be closed at the top with the |abel connected between opposite faces 35 at

a point sone distance fromthe cl osed end. ro.. . v . .o~ ., r,n: 1
s~~ ~ . . , .n.The ayrrent having reached the top side of the metallic plate 13 caryifirequired . . r
FHr 1,r' 5z 1 . ~1.r: 0567 0 9/(.00587
16 The di ag3r5 amts eoﬁr:,‘mpt E%r ccill;‘asrfgre’l E‘ug}%ocﬁgéf&gﬂ/?‘r @nﬁgﬁél\l?%'epiggesghgﬂab?ﬁg %al | et
14 as a result ptdcedtr®t bhlthertopadid@of iy rastakit ete dBbghen the Yertdad sedtivamt of
current may directly enter the inside of the rectangular netallic be 32
if a connectiofn§ ?eﬁ%“&fc“i"?%@ "p'?iﬁ?\%ls_cé’ﬁat,m%?d ﬁﬁ?/ver SdFP F gogh}eelpe Ff ace
of the rectangyae 1@etrakldufrehidthcdZedding HR ©RRAA sfARE nataNiOpfté N8 dafi N
dielectric layer 34, or may reach the outside of the rectangular netallic

tube 32 as a ditiA¥PLSSHERNY UpuRFdsn WedetrllasEHCYRerS WhEh | 38kotha cerduron o
create on tZQe Ui Shdlfeetha Aﬁicfﬂ@ﬁ%@vﬂ% iﬂferf@Wh'thé:lathpﬁ 32 a downward
surface conduction current which eventually enters the interior of 10 the
rectangul ar netallic tube 32. The rectangular netallic tube 32 may be

f! . e.d with di % G641 I%teﬁ?‘ilﬁrs{r?lled?’lﬁ I’Q@ﬁr? gl@ thd h@lepsr Q5G] Wﬂ:hofhet ﬁ!ﬁlelt apel
circuit 31 and for enhancenment "of electrormagneti c propagati on. e

rect angul ar nettedveisccaniibe Badeoayitacionadontibeting5sdrfasgs eac thad fcuirmehe onoty&t | on

as a wavegui de eithe ve qr below its cut off frequency.. Provjded the

di stance bet weéﬁ‘dFFFé‘geagégf’lW alli¢ pltaffe"é)lﬁ'fogm%?”ﬁtﬁ%ap é?grh%ﬁli‘%[ﬁ' 3197 ¢
tube 32 angst hexhasddd Rihgeloftdifiel R8HioRS irCHldtiod koithe Selletd 65 @mtihyctsiabel , the
20 rectangul ar netallic tube 32 can act as an inpedance transformer whether
or not the el edERYRAGAEEFc field nodes within it are evanescent or
propagating, and can transformthe inpedance of the el ectronic |abel

circuit 31, either in the situation when the rectangul ar nmagnetic tube 32
outer wall contlhoey behroted thadriadugh isllompad cirguitttheony isgedwitigp cofrephioWsal | et

14 or in the S'iF\ %ﬂ)ts'e npa\{WS??t i tnot necessary to provide a return path for the conduction

30 current which creates the magnetic field which excites the label 4.
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25 does not, to acconplish a conjugate inpedance match between the | abel

i npedance and the radiation i npedance of the aperture as seenggo‘mﬁ%
connection point to the label circuit 31. As frictional conta 03

m crowave frequencies can be unreliable) the absence of contact between the
rectangul ar netallic tube and the slot in the underside of the pallet 14 is
t he preferredW300de of operation. O course the use of apeeaisday.ar tube
is a matter of convenience in description, and other shapes permtting
el ectromagnetic fields in their |nter|or$2may be errpl oyed s e ey

~

L To éxp1a|n thng Flgure §B hgs’ beentqpnagucteq! tg,rshow ag V\ﬁellyqas éhoseu Vi
V. q P, -, tHMgQ &@é&ﬁ@n _FsgﬁJrQ 8d ﬂ%@"ﬂlrg&%s oﬂ}{e“é&%é@%ﬁf ér’iettg'cﬂeid Rfes

appr eC| at ed that various alterations, fications an I ons may be
i ntroduced i negsadiaied Wbt thacauress C&Jﬂ@n’armraﬂ@eﬁlamtsbe}fﬂg ptanltrﬁecbrléuam%l y

mvention. 608 TR {1t Teg e, 8ol b el MRS oystem

i ncl udi ng: 5 at magastic feie lihe§ asHoRin adjadeiite BOd @I’tﬁ@?drﬁn'td:th@%’imécé 2DAkents
including a | abel trans H‘q I%Ejsantenna and a | ab receiver antenna; 5 an

|
i nt errogat or i"n@?dﬁ@'ﬂ@ © b4 oyliesa ‘Eqnéﬁg‘i’ﬁ"@?é?f thé fupdAmesiwd PERCIPIE

i nterrogat or h%euvafovenwmadéww%a@cef hehd s&eﬁdla:r&ohhmhg%&@um ng a
transmtter coil and a receiver coil for comruni cati on between t

i nterrogator &eRicYhahqwabehs thgrereambe e eleetprifiely withiv '¢1§ Wﬂaﬁ@ém@@ch t hat
[t operates | Baldig BRAerfitd! lekPubly aﬁth% SARPSA HERL wichd AR hERELN

substantially none or at mag ne
sai d recel@er raughly avrgthei pﬂr’sorssamfdhatr@mmmm arenri air, andAhamlemw fieidc | abel

readi ng system din aid interrogat i ncl udes
St Panon U B RleR oSBnGe, Rufedd S dhie " EloPs <Paibi§ 2% Fauetts 157 an
el ectronic | abed - sighs ngh SystraslapSTIed aseRatingh sehgdemcAavdeedehsitys Qiild beabel
i ncl udes said tran mtter coil and said interrogatqr .includes said receiver

coil. 20 4. ARURAER oA 9selialing cuifieng QURenbnfis W enEesRoRsiPleaifon @

wherein said hindRetBntih ehe BplifEei of e sgéulanﬁe@hﬁéébsc@rémwtd.ﬁaﬁ&rﬁem5 An
el ectronic_l abel reading systemas in claiml wherein said |abel 25

i ncl udes #01 afesouse afexcipianailog displaremanticuyentdensi parodBpe vitaiie t he
metal obj ect g%ﬁ)’é rﬂsm.omsgs@am ﬁlalF p?&”&éé cﬁﬂst% Zf%lﬂ?fo‘?'tméjﬁrfa%fs c.'BﬁQﬂ'&FhC field

that would re € receiver col romthe transmtter coll Tnrelation to
t he magnetic bmmadmi Whiarh bacsdid thataiohtheacaber et eéry dong aibjedts these swtage obj ect
were not present. so, 6. An e Seirng abel d|n din

ol e m 3 wher o 8at BeC it RSrAiRRing e B AL B R iR

i nterrogator tothehshd &kmhvmg?anf.énneISect roni ¢ Label reading system as cl ained
in claimé wherein said coupling link is used for signaling fromthe |abel
to the in %rrogat or. W 4nanel GABNODEL~pc~5B7 Ooc

It should be made clear that in this invention only a negligible proportion, if :
indeed there are any at all, of the flux lines which link the label antenna coil 12
are the same flux lines which link the interrogator antenna coil 27, which may
be in the form of a solenoid 10. This fact that can be appreciated by studying

25  Figure 5 in relation to Figure 2. In Figure 2 we show flux lines which can link an
interrogator antenna 9 and a label antenna coil 12 when the object being
labelled is not present. These may be contrasted with the magnetic field, and
hence, in air, the magnetic flux lines in the presence of the metallic plate 13
separating the interrogator antenna 9 and label antenna coil 12 shown in

30  Figure 5.



0 9 JAN 2003 _1g_ _ 8. An electronic |abel reading systemas clained in

claim1l wherein the interrogator provides power to the | abel tgg;qlra‘ﬂ'gg a _
reply fromthe label. 5 9. An electronic | abel reading systemas clainmed in
claim1l wherein the | abel generates replies internmttently. 10, An
el ectronic | abel reading systemas claimed in claim9 wherein power for the
| abel comes fPONBY®Er supplied by the transnitter during theapsvisd of 1 o
the label giving a reply. 11. An electronic |abel reading systemas clai ned
in claim6 wherein the label may be read %hile a sheet of netal is
i nterposed bet Lnt-e - . 2, .An electronic
| abel reading g@g{[ﬁgﬂéggétgn a\lﬁlrr]r%ga%i%&(r:@zgﬁdha\%% A\Rﬁg‘r%eei‘ ﬁ%egrgl%edj ghgré)tmngfy al is
of substanti al metalénilustiBed AnFiglrestaroti 9D, IHde b lateadiin hteyoaidsnts)l a4 med in
claim 11l incl udli E% ? gabe.h. 20 an;z%n,na coil wherein the transmtter and
recei ver coi | sCiHFET BLF §118P SHIGs27 igise Am the eibindesincandaios that @xemosy ths st em

as clainmed in ehiri Mefal cOGHINGi T800r@nk AR strRB ETHRWROh IFigh8 ol fd Q@sﬁ&ﬂ?' coi |
is excited by a nagnetic field created by™ surface currents an netal of an

obj ect carr¥int§ @&‘%&5 P&pNd 9@ 5ad B rowpd boleof dignieter Do dershdi bagedsingd itsn as
clai med in clagip R4 6 ﬂwe%&fo%%?tb%‘i ﬁol'e%“e?@&ro‘?x’ﬂ: I\%ﬁ@l 5080 f he, Pt al
g ant enna, PRy

obj ect by using a magnetic field creatin erein a pat on
sai d netal obj esceividd avennabse theuforrentf 8 dod 1Rassintent & ératrhegnetic derecds sai d

nmetal object, apd, wherein.sgi abel .containjng a magnetic field
respondi ng ant g%shge?g Pgﬁ°§8e§°&1 %’éé"sf%‘af“ﬁ%' Q{B#QFEQ{{ ggg}‘? '?g?'ds‘ ANAerecatisfe of
said nmetal objgetmsl thalling@sdofBe M@l iskinki 271 iftor RSB Bl RAeaizkaivea Hopd®r act s
with the n?(gneti c field which acconpanjes said currents on said other side
of said met@l SR FONYFERARAVERBNOERIVCECthspFeriaof the hple iconsiderableis. An
el ectronic | abgkrmpgadbpgmsystemas clainmed in claim15 wherein said pat hway

is provided by holes in said netal object. 17. An electronic | abel reading
systemas clained in claim15 wherein said 5 currents induced on one side

of said netal g‘bi.h?scﬁiaﬁ ro’?‘\ég)bliéa‘ﬁ\%’ﬁ,r ge%ﬂsg%ggme?éregé’r\éc%m@ﬁ%%% Giid ot 8he AN

electronic |ab readi ng systemas ar ne erein currents
change dir ect i outenb@faaehaf\the eaighing ZiBhetwérar diferdat sxctisnd df thedall stbbp@dt . 1

0
of the hol & | RV B ieareiiE” sBkBaRaE rckeOeE done e BTG dReged °0°
i nduced currentannot be used without excessive attenuation of the electromagnetic fields

being caused by the named fluids, and frequencies in the LF to VHF region are
more likely to be used. Although the magnetic field of such frequencies will
create surface currents which will to an extent flow down the hole and support
20 magnetic fields within the hole, it may be seen from regarding the hole as a

circular and/or rectangular waveguide operating far below its cut off frequency,

that such currents and fields will receive substantial attenuation at depth within
the hole. The field and current lines shown in Figure 9C are intended to echo
this fact.
25
According to an aspect of the present invention a solution to this probiem is
shown in Figures 9D and 9E. While the electronic label 4 and its ferromagnetic
core 29 remain at the bottom of the hole, magnetic flux is encouraged to enter
the hole by the installation of ferromagnetic legs 30 shown in Figure 9D which
30 extend from the ferromagnetic core 29 of the label antenna coil 12 upwards to
meet the surface of the coupling 28. Although only a small magnetic field H is

made to enter the hole, the corresponding magnetic flux density in the



15 20. An electronic |abel reading systemas clained in claim216 wherein
said holes are extended in the direction of a magnetic field created by
said magnetic field creating antenna, 21. An el ectronic |abel(3edANn@)l3
systemas clainmed in claim16 wherein said 20 holes are a natural part of
sai d object. 22. An electronic |label reading systemas claimed in claimil6
wher ei n sai d Wwobessar e added to said object. 25 23. An el egdy Qo feskAbel
readi ng systemas clained in claim15 wherein conduction current on said
met al obj ect does not flow in closed patiis. 24. An el ectronic | abel reading
systemas clajnmed in claim23 wherein the path of currents which flow on
said netal obfegemageeiGsstienadl by cansderpblicspatat thzo thevplbiatt wadd have

el ectronic | & i i i:n i r el id lLabel is
ol aced In a of g PASHEBRCVERET) Hré bl Roen i dilists E BRI RR o105 s
2003 -21 26.bdkh thd regnein field dbehd maadetigflsydéresity & incthaihoeigdorital edcibm 25
wherein the l?eﬂﬁt EabOL sai d_ sl (%t, ig t.n]e directi gn perpendi cular to the path
of currents i¥ THEPELFCEH NG APt 2 SORPIRANAINGSNRPCyPediaihs wakh t he
l'ength of 3 heclrap@ aCPiel bd¥ont b tHeekd|é WhichOa&dmbanl ahe @nh8fdddOBngental- AN
el ectronic | abel reading systemas clainmed in claim?25 wherein ?he whol e of

sai d | abel i svalygspidBeMASNeHE fieldut | i ne of said metal object. 28. An

el ectronic | abel reading systemas clainmed in claim3 including a label 1 o
antenna coil wherein the |abel coil is resonant in its operating frequency
band. 29. An 4$ bes besfi mehtihreld badordi oQupiing tethedsbel|4ais epdangedcthedugh2Be wher ei n

t he resonant e i i for proximi.y : el to.the netal
of the obj ectJ’%a&#%ir}%odai’é%ﬂg@gF&g'fSt?’gd.gb‘%nA ?Péd??%‘ﬂb@%%g%a f%%edY’ﬂ% system
as cl ai mefd i nartémia®.2h thibeass the feeomdiit @etudeiynig nbaballyl dapengestrupadnrthé ne
cargo pallet, and said |abel is |ocked in sition 53/ eppl o in% sl ots
al ready made T udanee BfameelePlorrecﬁ'Hté‘gpﬁm oyhigh, iy &I RepepdsiPondhe 1. an
el ectroni c | aBgdthrads F6rrsMabRsticaBgs 1381 dBshdinly GbRbris3@ HBed Plabe QgghéAon

n

said label lock it in place in a re-entrant r‘is\ti ot in the pallet. 32.
el ectroni c | atrpling BRpagyse pé thenpraviodsiyimasdioned d1-senicggvamh &f Eiencaupling

conveyor syst o33 ool E R 3D & e e SR e el i m

32 wher ei 1 t hibersotfaes of thevasualing?8 deattia stibiegt touvgaicdininishrminsendesstih ng

bearings. 30 consequence it is appropriate to position the resonant frequency, before wear

takes place, of the label receiving antenna 5 to be somewhat below the

frequency of the interrogation signal so that as the wear takes place and the

legs are shortened and the resonant frequency of the label receiving antenna &

20 rises, the coupling 28 will be first enhanced as the resonant frequency moves
towards synchronism with the interrogation frequency and then will diminish -
again as further wear brings the resonant frequency of the label receiving
antenna 5 to the high side of the interrogation frequency. In this way an
optimum variation of strength of coupling 28 with respect to in-service wear

25 may be achieved, and the sensitivity of the label 4 optimised over its service

life.

in another aspect of the invention steps may be taken to preserve as far as
possible the continued passage of magnetic field and wall current down the
30 hole without that current suffering diminution through the need to provide a
surface charge density on the walls to support an electric flux density which will

flow from one wall to another in the space between the ferromagnetic legs as a



34. A nethod of obtaining information froman electronic label in proximty
to a netal object, said |label containing a | abel transmtter ant@qquﬂngmB )
| abel receiver antenna, said nethod including the steps of: W -
| mene\ GABNCDEL\ pcr 507. CCc 0 9 JAN 2003 -22- pr-oviding an interrogator
containing an interrogator transmtter antenna and an interrogator receiver
antenna; provwvaiogssas magnetic field coupling |ink containi pgravégggsm tter
coil and a receiver coil for comunication between the interrogator and the
| abel ; and 5 arranging said coupling linkqguch that it operates in the near

field of said transmtter CFOi| and wherein substantially none or at nost a
I

mnority of theéORBIHANCE FfINFkaday schaveRpd thesexsperes ok PRangingomagagtinlud nks
said transm tt &gt ‘ - k j ' ' id
interrogator i ncl_lrﬁrges?sgzié‘l’ds ?oﬁn&ﬁ@?ﬂe ?}%ﬁé%@?ﬁ&aﬂg}%s@g?ﬂﬂ%ﬁ?\ew&ﬁ&@s{}%@% said
recei ver coil . <gb.pravigiaghpwtestiool far rtbe tap ditcaitntr@4spdver @ithinsthied hblababt

coi 1 W1 mar i o\ CALREREM 561 Se 108 o Rl A AR 0K WER Bithasgtrong o'
. Aa. Al . A AGBAD . dhaidctAE nmilterfill 21 1By AXleditrid tbMthnt/ BerRd®gof a honeycomb structure.
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a] ca] ca] ca] ca] ca]I cal ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]c
aJcalcajcal H Pallets 14.
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a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
al c a]c a]'&al Tudhiejembodiment the label 4 is shaped externally roughly as shown in Figure
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a] ca] ca] ca] ca] calcal gal.calecal cal Calparsmrmmr s I .

nl wr he XS] ] ¢ aﬂeccg‘% @g]@% g‘} gga} % gflgoaxnf Eec"fangu{ar Fetal tube 32 Which as shown in

a] ca] cal] ca] calffigarec 4UB qedssad)|thmjugh Ui cattandl]laraklot P capchingd dtoatipcadasU] ca]

calUca ' 6D P} xsnj d | f]],c calcalcalca C cajc

a] (L:J]aU] caj c%%E y%%r Eaﬁgcgéﬁgé%abﬁﬁégﬂ@a{?f%}gﬁ%[ﬂ%gﬁﬂ% @aﬁ‘g&lﬁ@h&ﬁ%ﬁ?] !

9<Ej 27] | 0$7SVc| twe medthiee] sied 83 & hedddligt 14 or may be separated therefrom by a thin
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ckK&FY[ AD8| wr mhEtrerfedtangulerainetd! dube F2c mpy dlec aperapt djec trcapd anay Spve dbg c

aJcUc a Ca'j(f: ] glgltgon% (iat?eLIJ] Gircuit 31 connected between two opposite faces of the
rectangular tube 32 or may be closed at the top with the label connected

between opposite faces 35 at a point some distance from the closed end.
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HE+109%& ()-)!" (l 10% . & (
ALV L' 109 () - Teshiogt its) lllur&m&'b(y)an glevtroniagneticyEID kiaf purrdt reMdfresty

égll_fz I)(ESK:E 0% (), nteYtheolosé%%‘l o(f)the rectan ﬁgér(n%etalfm% e(3)2 ns a (c):oo/ar[\e‘rlxéc‘)tlon is %Z“g‘e (a% i-s

10!\ Y&#10%&' ()cvbéﬁ%l@%&]e(y) re\é&#hw&ut(e) sb;%del&@»f&e(récté@dlép%taﬁﬁc tuy'3p0%& () -
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11 4: 1 109%& () Vi Fg{apamﬁappmag;m@gj@r(q:elect\rlp yg@%@@&a)( yeac the outside
I X:110% 0 0% G} the H¥BinghRrRUA: thbe"39Sis a displacement current distributed over

its length, so as to create on the outside of the rectanguiar metallic tube 32 a
downward surface conduction current which eventually enters the interior of

10  the rectangular metallic tube 32.

The rectangular metallic tube 32 may be filled with dielectric material 36 both
for the protection of the label circuit 31 and for enhancement of
electromagnetic propagation. The rectangular metallic tube 32 may act at the
15  frequency of interrogation as a waveguide either above or below its cut off

frequency.

Provided the distance between the aperture at the bottom of the rectangular
metallic tube 32 and the location of the label circuit 31 is sufficiently short, the

20  rectangular metallic tube 32 can act as an impedance transformer whether or

not the electromagnetic field modes within it are evanescent or propagating,
and can transform the impedance of the electronic label circuit 31, either in the
situation when the rectangular magnetic tube 32 outer wall contacts the
rectangular slot 33 in the underside of the pallet 14 or in the situation when it
25 does not, to accomplish a conjugate impedance match between the label
impedance and the radiation impedance of the aperture as seen from the
connection point to the label circuit 31. As frictional contacts at microwave
frequencies can be unreliable, the absence of contact between the rectangular
metallic tube and the slot in the underside of the paliet 14 is the preferred
30 mode of operation. Of course the use of a rectangular tube is a matter of
convenience in description, and other shapes permitting electromagnetic fields

in their interiors may be employed.
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coil for communication between the interrogator and the label;
wherein the coupling link is arranged such that it operates in the near field
10  of said transmitter coil and wherein substantially none or at most a minority of the

magnetic flux which excites said receiver coil also links said transmitter coil.

2. An electronic label reading system as claimed in claim 1 wherein said

interrogator includes said transmitter coil and said label includes said receiver
15 coil.

3. An electronic label reading system as claimed in claim 1 wherein said

label includes said transmitter coil and said interrogator includes said receiver
coil.

20
4, An electronic label reading system as claimed in claim 1 wherein said
transmitter or receiver coil contains a magnetic core.

5. An electronic label reading system as in claim 1 wherein said label

25 includes a label antenna operated in proximity to a metal object and the metal
object provides substantial reduction of the amount of magnetic field that would
reach the receiver coil from the transmitter coil in relation to the magnetic field
which would reach said receiver coil if the metal object were not present.

30 6. An electronic label reading system as claimed in claim 1 wherein said
coupling link is used for signaling from the interrogator to the label.

7. An electronic label reading system as claimed in claim 1 wherein said
coupling link is used for signaling from the label to the interrogator.
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10  the label giving a reply.

-~

11.  An electronic label reading system as claimed in claim 6 wherein the label
may be read while a sheet of metal is interposed between the interrogator and
the label.

15
12.  An electronic label reading system as claimed in claim 11 wherein said
sheet of metal is of substantial extent.

13.  An electronic label reading system as claimed in claim 11 including a label

20 antenna coil wherein the transmitter and receiver coils have parallel axes.

14.  An electronic label reading system as claimed in claim 5 including a label
antenna coil wherein the label coil is excited by a magnetic field created by
surface currents on metal of an object carrying said label.
25
15, An electronic label reading system as claimed in claim 5 wherein currents
are induced on one side of the metal object by using a magnetic field creating
antenna, wherein a pathway on said metal object allows those currents to pass
to the other side of said metal object, and wherein said label containing a
30 magnetic field responding antenna is placed close to the currents on said other
side of said metal object so that said magnetic field responding antenna interacts
with the magnetic field which accompanies said currents on said other side of
said metal object.
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18. An electronic label reading system as claimed in claim 15 wherein

currents change direction when they reach said other side of said metal object.
10

19.  An electronic label reading system as claimed in claim 16 wherein edges

of the holes in said metal are perpendicular to the direction of said induced

current.

15 20.  An electronic label reading system as claimed in claim 16 wherein said
holes are extended in the direction of a magnetic field created by said magnetic
field creating antenna.

21.  An electronic label reading system as claimed in claim 16 wherein said
20 holes are a natural part of said object.

22, An electronic label reading system as claimed in claim 16 wherein said

holes are added to said object. -

25 23. An electronic label reading system as claimed in claim 15 wherein
conduction current on said metal object does not flow in closed paths.

24.  An electronic label reading system as claimed in claim 23 wherein the
path of currents which flow on said metal object is completed by a displacement

30 current.

25. An electronic label reading system as claimed in claim 3 wherein said
label is placed in a slot in the metal object.
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27.  An electronic label reading system as claimed in claim 25 wherein the

whole of said label is inside the main outline of said metal object.

28.  An electronic label reading system as claimed in claim 3 including a label
10 antenna coil wherein the label coil is resonant in its operating frequency band.

29. An electronic label reading system as claimed in claim 28 wherein the
resonant frequency is adjusted for proximity of the label to the metal of the object
carrying the label.

15
30. An electronic label reading system as claimed in claim 25 wherein the
object being labelled is an airline cargo pallet, and said label is locked in position
by employing slots already made in said pallet for the purpose of cargo lock
down.

20

31.  An electronic label reading system as claimed in claim 30 wherein barbs
on said label lock it in place in a re-entrant slot in the pallet.

32.  An electronic label reading system as claimed in claim 30 wherein an

25 interrogator antenna is placed parallel to and between rollers of a conveyor
system.

33.  An electronic label reading system as claimed in claim 32 wherein the
rollers have a non-conducting surface or non-conducting bearings.

30
34. A method of obtaining information from an electronic label in proximity to a
metal object, said label containing a label transmitter antenna and a label

receiver antenna, said method including the steps of:
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35. A method as claimed in claim 34 wherein said interrogator includes said
10  transmitter coil and said label includes said receiver coil.

36. A method as claimed in claim 34 wherein said label includes said

transmitter coil and said interrogator includes said receiver coil.
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