M NNESOTA M NI NG AND 2 MANUFACTURI NG COVPANY

PCH US 95/ %@ 3611637CHAPTER | | said soft ferromagneti c ePONPSS210470

el enents (3) having a | ow magnetic resistance (high magneti c
susceptibility), having a nmagnetizing direction and bei ng separated from
each ot her by areas of high nmagnetic resistance (|l ow magnetic
susceptibility), conprising: generation rreans (10, 11) for generating
a magnetic field having a magnetic field vector §20 of a-

substantial ly constant nagni thEMDtTB?E)ENTH‘JGAH‘«S@h&S e (12);

variation neans for varying the relative orientation between said magnetic

field vector (20) and each of sald pIurallty of objects in said
i nterrogation zone ( ikipréyent invention &tk {d PRsTERRDE rémble idehlififtiond ecling a
change in said nagnet|2|n I rection o eac ~sald elongate soft

ferromagneti & elobjeets; an identification matker fm‘euﬂe inthe systers, i miethpd foraemote

rel ationship def] a. Co m as .in_cl aim erein sai d
magnetic field F‘i"“ﬁg?’éi"ét"l Qbjeftsca device or g°“°¥‘f"' 8 2 1oVing, maguetic T 3%
further conpri SW?\JH@WM@%&W&&%&%&E& mning the 15 orientation of

said magnetic field vector A systemas in claim?7 further
conprising neans (10, 11) operatively coupled to said generation
means (10, 11) to determ ne the magnitude of said magnetic field vector
(20). 20 9. Anmethod for the renote identification of a plurality of
obj ects, each o%;sct belag provided with an identification code and
bei ng di sposed tbaéweanon nt errogation zone (12), said

i dentificatian code further conprising a plurality of elongate soft

ferromagnet j¢ el enentThefed’ agen@lidRed fot remdRAlemificitintdf objeety dt pefSohf @L.,

other, having a | ow magnetic resistance (high magnetic
susceptibility) petsamqhg:aat ﬁmﬂnégmdﬂg adnanudactusingimit, articles forisalg in a shoptoed

from each other b of netd C .t @sSi s

susceptibility)P ﬁ%?’ﬂg“'pﬁg‘%‘i@g‘é’"ﬂ?“’“‘% afd@%@?%ﬁ%ﬁ%ﬁ%f el d
havi ng a magnet Wﬂ,f,haggal\{%oigegagaoy\qﬁw said interrogation zone
(12), said magnetic field vector (20) having a substantially constant

magni t ude; varyi a,ci,gﬁb%ﬁ.h@mﬁt RppiaRbA NP F6 3881 RAG I ABE My bem

field vector (20) an sal
15 for remotely 1dentlfymg metal and/or magnetic objects.

From published European Patent Application No. 0 330 656 a system for
rémote sensing of objects is known which includes a marker which consists of three
elongate strips of different lengths made from magnetostrictive fetromag_netié
‘material and fixed to a substrate. Each of the strips has a different frequency of

20 vibration when excited by an oscillating magnetic field. The oscillations of the
individual strips at different frequencies are then detected by detection coils. This
system has the disadvantage that the vibration of the strips of magnetic material may
be influenced by the pressure of other objects against them. Funher, when used

“with articles in a shop it is possible for fraudulent purchasers to suppress the
25  vibrations by pressing on the marker and thus prevent detection.

A further system is known in which a marker is provided including a 64 bit
read only memory and a coil as receiving and broadcasting antenna. When radio

waves are beamed towards the marker, the radio waves are picked up by the

.1-



30 said interrogation zone (12), and . mti N |

‘M NNESOTA M NI NG AND 3 MANUFACTURI NG COVPAW ;
PCT/ US 3D 16377 - CHAPTER | | detecting a change i n RCRUSAIYMIOI zi ng
direction of each of said el ongate soft ferromagnetic el enents (3),

0 LT 4980 S LB G,

sai d detecting step detec magne on of said
el ongat e sof fgenerates ar izientificatjor tode whichisretransijittedvia tisectienna én thefformed by

said spatial relationship. o 10, A.pethqd as in_claim9, wherein
sai d rrggnet | of radig W“Y@cflﬁ\e ’?‘gﬁ)“’ai"ss et gpg&ggmar er are regeived ad\degadedy, 11)
for generati Remofdf@iet! ghi‘s's t&n%#ﬁgﬁt%?ﬁ?&g?gﬁﬁd e ensiyy €F rogation

zone (12), conprising: 1 ener al : _ enerating a
magneti c §i elimegratedeircuit witheath marker asowel{ &0the necessary astenmagwhiclstiagbent i al | y

Cocton( 20) akifhtfo Metbprionl GATMZ3 IR B TGS (R DpicalvERdEs Raees wy: |
determ i . __ | 2t Rl . . .

rerd voot or BErsEn 490,00 thotlribherd SiicfidRof niet Sor Y spiiicinBh. "OpfiealBit 01 | ©
char act er i zedodereadiag sgstéms grewidely used foridestifichtion dflobjects. Suchosyptenses t hr ee

irs of d and nutual [y orth | coils (39-41). 13 A
ovi co (10; " By the diatapiag e She oTeALG cpdesmay be Ohited by sis o HEE | on moans
furth Lsas, , : i1 (39-41), and
sai d cont o PEREREhd % BeMthid colle if b} Rl Glor MEASARTC U0 (i A

| east one coil (39-410 to vary the orientation of said magnetic field
vector (20) continuously and snoothly in said interrogation zone (12). (

- Summary of the Invention
The invention can provide the advantages of an identification means for an
object which includes a code having an information content similar to a bar code
15 - without having to use customized integrated circui_t‘s:or— antenna'coils. Further, the |
identiﬁcation of the marker is not disturbed by dirt or other objects which would
prevent an optical bar code reading system from filnctioning properly. The marker
can also be made optically neutral so that it is difficult to determine the presence of
the marker or the code __which _it carries. Further, it is possible to detect the marker
20  at distances of 1 meter or more so that even large objects may be made identifiable
by attachment of a marker in accordance with the invehti_on. | _ _
The present invention pr'ovidés a marker adapted to be used in a remote
identification system having a magnetic field with a magnetic field vector whose
orientation is variable and whose magnitude is substantially constant. A plurality of
25  elongate soft ferromagnetic elements are fixedly arranged in a preformed spatial
relationship to each other. The spatial relationship is preselected_ to define a code.
Each of the plhrality of elongate soft ferromagnetic elements have a low magnetic
resistance (high magnetic sussﬁéptibility); havea magnetlzmg direction and are
separated from each _othei' by areas of lugh magnetic res:stance (l_bw.m'agnetic
30  susceptibility). Each of the plurality of elongate soft ferromagnetlc elements have at
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14. A device (10, 11) as in claim 13, characterized in that said controller

(11) is adapye@9dened?r to supply electric currents to said at | gefissdigs70i |
(39-41) to vary the orientation of said - magnetic field vector (20) in -

a predeterm ned sequence of disscrete orientations in said o
i nt errogation zoleastong)state in which the magngtizing dirgction of ¢ach-of theplaralityef1 4,

characterized in ' ) X ' .

el ectric current gltoF g& 83‘?‘3%@%@%‘4 %%"e'&g:t(%% %@%‘8 ﬁ%(?hgg%aeé‘;a%t%&rhé? ating

M NNESCTA M NI NGhésiigen the marker and the migidiid\fleRiGectdr Wbt HeCivivotic REld/is arfd/ 10470
- CHAPTER I1 16. A device (10, 11) as in claim1l, characterized by neans

for determ ning (42- SPQ%%Q? ed&hb?@%r%ﬁy@feﬁﬁb@@d%%&k&l&ﬂ&k@he

(20), within said interr ion zo 16377
PCT/ US95/ 10479  in an angular relationShip te eadhl othertwith the angulari separatiensbefweenithe

conprises a.controller at | east ne coil, and wherein the
controller is ad&'ﬁ‘f‘%ﬁeﬁgg gtic.elements é?ﬁ?%@gc?#t he at | east
one coil to vary the orientation of the magnetic field vector continuously
and smoot hl y i Breferablynthe cpde)ista; sei-clagking code.5 Preferably,
the controller is adapted to supply electric currents to the at |east

one coil to vary the ®réfenablys atdeasbone ofitherplyrality of ¢longate sofcferomagnetic

redet er m ned sequenc di screte,orientations in the interrogation
50 ne. elements?sqmagne%cﬁiy coupl%d fo a keeper element. 9

10 In another emquitneﬁt, the present invention provides a system adapted for
remote identification of a plurality of objects, each the plurality of objects being
provided with an identification code and being disposed to pass through an
interrogation zone, the identiﬁcation code comprising at least one elongate element
of a soft ferromagnetic material, the soft ferromagnetic elongate element having a

15  low magnetic resistance (high magnetic susceptibility), having a magnetizing
direction and being surrounded by an area of high magnetic resistance (low
magnetic susceptibility). A generation mechanism generates a magnetic field having
a magnetic field vector of a substantially constant magnitude in the interrogation
zone. A variation means varies the relative orientation between the magnetic field

20  vector and each of the plurality of objects in the interrogation zone. A detection
mechanism detects a change in the magnetizing direction of the at least one elongate
soft ferromagnetic element. |

Preferably, the identification code further comprises a plurality of elongate
soft magnetic elements arranged in a preformed spatial relatiqnship to each other,
25  the spatial relationship defining a code and the elongate soft magnetic elements
being separated from each other by areas of high magnetic resistance (low magnetic
susceptibility). '
Preferably, the magneﬁc field is a rotating field.
Preferably, the system further has a mechanism operatively coupled to the

30 variation means for determining the orientation of the magnetic field vector.
-3-



Preferably, the controller i s adapted to supply electric currents to the at

| east : one coil to generate a rotating magnetic field. 10
Bri ef Do%x96r163170n of the Draw ngs The for@gmmsmﬂvant ages,
construction and operation of the present invention will becone nore -

readi |y apparent he f ol Scr n and .. cconpanyin
dr avmI nés PE whi ¢ re% the Ws‘em%ﬂgffgﬁf h % °Hﬁa$‘mf?‘fﬂ??§ﬁ°ngﬁ %/ar Eer
i N accor dangRndrafibn MRaR T @icRiNe the magmnfaE oﬂlﬁ higheRE Bield VégBE.| ON,

Figure 2 shows an interrogation zone iIn accordance with an enbodi ment of

the present | ”Vegiéln t I6‘l;fher embodlmgtg/tgt{hg r%resgﬁtgl%e%ug ?pég)ri%s aqﬁ&ﬁbé f]o?%é on pul ses

produced by an i I'cat1on ance W an enbodi nment
of the presaemoteridemification of a plurality of objectsf-ezgghrobjeét béing'\provided witledni C

representati f thetraj toory, of the na etlc _ field vector
pr oduced>by "ge’\‘l‘g jcode E““Q&é@ %ﬂeﬁﬁ‘gl’#é msh%mwn%zom thean
enbodi nent

magnetlzatlgé] n‘gg%‘g{“?"?:’a e#'g}‘%ﬁwg%sﬁg’r‘ At |tesflfg‘e%tf a s&%@wc

f err omagnet Imterw,emealongatémhagﬁaic elementhaving hhwnmhmddﬁﬁhﬁdd(h@\i on
system of the present_ invention, I gure_ 6 shows a

bl ock di agr mﬁnrasmllmf haying-2 magnesizing dirgstion @dfhemscsurrounded byran
recei ver Ci fofdl depyoy ﬁaaﬁeﬁi? reliRce Weamwmy)om mggafc%ms

i nvention,
96/ 163710  generated having a magnetic field vector w:tlunthemterrogatlon zone, the etic
PCT/ US95/ 10470 " Figures 7 to 10 show further _enbodi ments of a

mar ker in acﬁ@@r‘@&?ﬂ!’é‘ﬂwg 3 substantl Y P@‘sfﬂ“ém“}‘hv értli'P F@!ﬂ“"%ﬂﬂ?mﬂmﬂ
between the magnetic field vector and the object in the mterrogatlon zone is varied.

A change in the magnetizing direction of the el_o_nga_te soﬁ ferromagnetnc element is
detected. | R

15 Preferably, the identification code further has a plurality of elongate soft
ferromagnetic 'eleménts, the elongate soft ferromagnetic elements being arranged in
a spatial relationship to each other and the spatial relationship defining a code, the
elongate soft ferromagnétic elements being separated from each other by areas of
high magnetic resistanée (low mﬁgh__etic susceptibility), and wherein the detecting
20 step detects changes in the magnetizing direction of the elongate soft ferromagnetic

elements in sequence. .
Preferably, the magnetic field vector is rotated.

In another embodiment, the present invention provides a device for
generating a magnetic field within a predetermined interrogation zone. A
25  generation mechanism generates a magnetic vector having an orientation of the
' magnetic field having a substantially constant magnitude with a varying orientation
of the magnetic field vector within the interrogation zone. A determining =
mechanism determines the magnitude ot_‘ the magnetic field vector.

Preferably, the generation means compﬁ_sa three pairs of opposed and
30 mutually orthogonal coils.



Figures 1 1A to 1 |IF show markers for use with the present invention.

5 , Detail eoldghgsmption of the Preferred Enbodi nents PCT/USOS/104%¢" L he
following the invention is described in detail with respect to a planar
arrangenment of coded information but the invention is not restricted
thereto. The i Breferably, thexgeneration meanssfurthexkomfirisesia comroller andeatieast a
t hr ee- di nensi onal seguence of. oded, i nfor mati.on he nea f.or
generating the fgf8 ﬁ@%f‘ﬁwﬁane@@fTSﬁﬂdﬁad%ﬁﬁ? sfﬁplyfgfgﬁ&l‘gﬂ{gﬁﬁ the pt
code. least on&a%%é the DFRNEL ST BOIHR magféticfield F&idrSlontinddusly ad t O
t hat known from U. S. atent No. 3,631,442. Marker 1 consists of an
el ongat e el enentsniotlly sothe interrogatioh@one@nagneti c material on a support 2.
The el ongate soft ferromagnetic el ement 3 has the property of
reachi ng sat @ration Rrefepablyynigieintroliér ie adaptéd rypply eleStrictanidents 1o the atdéast
magnetic materials have a | ow.coercive force a'n%pé hi'gh, perneabiljty (high

suscepti bility) Jong cgil to pary the P’é?‘.wi"ﬂ‘qféhM‘ﬁ predeteuined, f or
the invention i fseguelnfgof&@&e{ea&ﬂeﬂm%néiggpél ﬁmﬁt&%ﬂ%&el ongate elenent 3 to

t he square root 0 Cross onal ~area 1s 150 or nore. The

Support 2 has preferabl hi gh et.i c resi stance (Il ow ti
susceptibility) vm'tha‘prfséb@éb "?%cqr;ﬁgﬂ%ﬁ‘ameé"&%ﬁé‘ﬁf?@ﬁ?f@(’%m@%‘gﬁ’f i s
preferably non- rga@nalits geferite a rBRBRAE maBheétivifiefd. o al um ni um \Wereas
conventional -systenms having soft ferromagnetic elenents or strips as

i dentification for objects use oscillating magnetic fields which
generate pulles in detecting coils when the nmagni tude of the nmagnetic
field goes bel ow the coercive force of the el ongate el enents
(approximately zero field), first preferred enbodi nent of the 25

present inventi daAsfReserptionafdhe BraWingsn i dentifi cati on system having an
object with a mar-ker 1 including at |east one elongate soft
ferromagnetic el enentThe ibvdgbithHdvantﬁges, ounkir@tionaand opération of theprgsent

el ement), said qbject being disposed o pass through an | nt errogation

zone.in which a invegtien will become mergireadily apparentifrom thedolowing description gnd

whi ch has a sub | ' nitude i s generated, and varying the
- 6- V0 96/ PeEPobiying drERES i whER

PCT/ US95/ 10‘}?)0 Figure 1 shows an identification marker in accordance with an embodiment

of the present invention,

Figure 2 shows an interrogation zone in accordance with an embodiment of

the present invention,

Figure 3 shows identification pulses produced by an identification system in

20  accordance with an embodiment of the present invention,

Figure 4 shows a schematic representation of the trajectory of the magnetic
field vector produced by a magnetic field generating means in accordance with an
embodiment of the present invention,

Figure 5 shows a magnetization/magnetic field (M-H) characteristic of a soft

25 - ferromagnetic material suitable for use with the remote identification system of the

present invention,

Figure 6 shows a block diagram of a means for generating a magnetic field
and receiver circuitry in accordance with an embodiment of the present invention,

-5-



orientation of the identification marker 1 with respect to the'magnetic,

field vector 20, 20" . Any change in nagnetizing direction of the soft,
f er r onend¥@ #1632 enrent can be detected by a detect i BET/Y§2H184A0ad] acent
to the interrogation zone. _ Wen the marker 1 as shown in
Figure 1 1A 1S Pl 5ided itdtt PR Ri¥hbAldbodiments of §iafliel i R2BftahGe itk I Of
sufficient intensity and ose magnetic vector as a particul ar

first direct tepresentinventiomatmd el enent 3 will be nmagnetized along its own .
| ongi tudi nal axis in the direction of the conponent of the magnetic field

vector 20 in Figuréy H Alio EXRsho® mirkedstTor @del withi fhieippesefi invéntioiRgnet i ¢

field vector 20 is changed to a second direction.20' such that it
sweeps through a direction perpendicular to the 10 |ongitudinal axis of
the el ongate soft ferromagnetic el enent 3, the magnetized di rection

of this elongate elenment 3 will reverse. The elongate el enent 3 now has a
conponent _ of _t he netic field vectqr, 20'..al-ong the |ongitudinal axis of
the soft 3 W@Mﬂ@ﬁ?‘%@%ﬁﬁ%ﬁﬂﬂmﬂ%he reverse direction. As
the material is soft ferromagnetic, the reversal will occur shortly
after or sinultan@othel following théiavention is desvrbvedrih dethil wWith respeorto aplanar! d -

vector through the directjon perpendicylar tq the . ngi tudj nal axis
of each rel ems@%hgéq%gmfgmwngut .'_'E.‘f?@“%‘hﬁi”@é’%?“‘%?d&&ﬁ% The
materials w eﬁ?&{;ﬁ ' QPEtdd- kA Iq_ﬁég_' 'sﬁﬁ%p&qgﬂ and/ or
using a - I g ﬁ@f@an&gmdtg%ééh%%%%&rréa 'ofm{r]r%{gne I'C |rcg\(£:¥ I on of
t he el ongat ecedddtinformation, tier means forcgeneratihg thethaghetic field eherefde ahdmearsur
within a very short, period of time, so 20 that a detection coil placed i

the regi ¥ ofor thercode, oyl d detect a narrow pul se of induced
vol tage created b¥ the change in magnetic orientation of the -

particul ar el ongaFiguee bk shoves schemaptically. a magker Jsimilar to that kngwa fromU.S.

di ti f | | : 3. 1,5 not ided th
Char act o' ot PRHNe 63} B2 Wilhcer § BHBH B URnPi oBRERCT SE00EL ) or 1 )
has a wi de f f@forpignrticinateriallon a suppbrt 2. The elonat¥soleferron ?ietiu%ﬁm&nw the

first enbodi ment of the invention may be applied to an article for
sal e i n a shbssthepeopertyof seachipg saturation at loxesmagnetip field strengths.(Switablé cat i on on

dost royi f 1 1 TR Tl B R Jhel® 15550 » s Rebfestiy e °), 1
t enper at ure pisdegtidilitPy e, FeemalRsy. | I0iEPrefoRble bt nbdneeediary foEtHeSavetion Favi ng
the 30 shop the custoner Passes t hrough an interrogation zone_.of t he
ki nd descri bthe ratio of the length of an el_ongate element 3 to the square root of its cross-- 7
| sectional area is 150. or ﬁ:ore. The sﬁpport 2 has pfefefably a_high n’wgneﬁ_c
resistanc_e (low magnetic susceptibility) with respect to the élpngate element 3. The
20 support is preferably non-magnetic, e.g., paper, plastic or aluminium. Whereas
conventional systems having soft ferromagnetic elements or strips as identification
for objects use oscillating magnetic fields which generate pulses in detecting coils
when the magnitude of the magnetic field goes below the coercive force of the
elongate elements (approximately zero field), a first preferred embodiment of the
25 present invention includes providing an identification system having an object with a
- marker 1 including at least one elongate soft ferromagnetic element 3 (with or -
~ without a control or keeper element), said object being disposed to pass through an
interrogation zone in which a magnetic field having a magnetic field vector 20,20’
which has a substantially constant magnitude is generated, and varying the
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WO 96/ 16377

PCTLUS95/ 1044/ 96116377 above. Any articles having non-cancel | egpcifs$ida7o
generate pul ses in the associated detection system

Modi fi cations of conventional marker | for use with tthé first enbodi ment of

t he i nventi on ar eorigntasieniof the identidfication manker 1 with respeeteto the magnetis fieldivestos and

nown i pri ni pe0e20- Al ff Bl diepdiCorTRE S8 hroipehll iipert T ' °

el ongat e soft f erpgexiebeied byca detection@lystémikdjadentIo theifeprogatidn £zume! r ol el enent
5 havi ng remanent nmagnet properties and magnetically coupled to the

el ongate soft magneti R tharRePE &S ' : by . The
magneti c material of mkﬁeeper ee’lbgmant %ﬁg@&g%@ﬁ%dg%%%nﬂ%ﬂ
coercive forcé ansifoenmagneticfiéld ok sufficienttintensityrand ndibsemagtetic veétor 2@ basd i c
mat eri al . The  k e%er | enent, shoul d referabJll not bec sat ur at ed
in the magnetic fRAEfpIar nirst direghion, pngate element;3 will he magn gHtS ORN | ong
as the keeper el ' o &0} L fmard lm? RRRIF 20 i

el enent 3 so tha?aga&c%dg%gx’%wtprggnet | g%?%eé&n(ﬁo?g%tt lon o é‘?ﬁg%gaongat gOm

el enent 3 cannot thisalirectidso rif kiet arientation of theanagmktid field veetgn20 iscchangeditoal i s

not necessary, provided the | ses .generated. in the. detecting..- oils
differ suffici entW‘!‘Uﬂfﬁ’"ﬁ?E isﬂg‘mhgh’éaw%ﬁ‘“@%#ﬂa jon Pﬂﬁe%ﬁ’é’glﬁép enent
5 may alpso ' . Lat.Ly:el \férpg‘r; i: Dok, f :
ferromagneti ?OE lgﬁ@ﬁiéﬂal Q’Bs a?%lﬁngneh{tgr%?erl a @%§§E§SQC3r?%"Z@£¢“n H S.

Pat ent No. 4, 746, difedtiow of thixelongate elemert Bawilitreverdel \Thereldniggterelenient @.noinf haslae

marker | is placed in a powerful decreasing 20 oscillating npgnetic field
t he keeper el enerﬁO"!PQ“@‘cfg%ﬁéSﬂ%%emgoeﬂl@Wg‘iF tongltudmg@p(g,pgme ofican
now generate pul | o &gﬁ i he ' to
Figure 1 1A Weﬁgg@ﬁﬁﬁﬁﬁﬁé@%:@gnﬁég S ggﬁ%’g‘o&r %&%Eﬁfﬁgﬁéﬁ t he
keeper - el enferromagnetic ihe Féverisal wilbowzr sivitly #ftérar simultahemsly with the
magneti zed so that the marker . .1 does not activate the detection
Syatem 25 15 movementf e magetis, Bl veHor ingRHed the difscrion pRBRRAIFIIBEOURES
Pat ent No. 4, 746, : . LS L\el r Lo soft
ferromagnetic rratlg{r?&%ﬁd“?,l ?ﬂséﬁﬁﬂgg%‘gé‘?d%g& eﬁé‘ﬁ%ﬂrﬁ% %y@\@c&ﬁxlcgh? ave a
magneti c patt er n. mdterials Withisagnétio\properties sintilar @ those indicated below] &rl/orusing gye

area of soft magnetic materjal produces Little or no pul ses. Accordingly,
when the keeper dughfield sagnitude; the rgversal of maguatic dinectionofithe elopgate softt i ¢

raterial 30 3 SenlRandil yhledpY 65, Bhafeto RSP WIS J R SlorfheiBR Urtnt 5

are magneti zed, _
PCT/ US95/ 10470  that a detection coil placed in the region of the marker 1 would detect a narrow

pulse of induced voltage created by the change in magnetic orientation of the
particular elongate element 3. Complete reversal of the magnetized direction of the
elongate elements 3 is not necessary provided the characteristic pulses are
generated. An individual pulse normally has-a wide frequency spectrum.

25 A marker 1 for use with the first anbddiment of the invention may be

| applied to an article for sale in a shop. When the article is purchased, the
identification on the article is eliminated by removing the marker from the article, by
destroying the magnetic properties of the elongate element 3, e.g., by high
temperature induced by a focused laser beam or by other means. On leaving the

30  shop the customer passes through an interrogation zone of the kind described
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cancel out the area of soft ferromagnetic material |ying beneath them |
| eavi ng an active elongate soft ferromagnetic elenent 3. ,

The mar Wer9sli63Town in Figure 11E is known in principle fromiseSiosdt ent
No. 3,983,552. Instead of placing the keeper elenent 5 al ongside the

The ar cas of 01 4ar HEPREhkfnf hGEEMctkd halfec Pndh @ MIREI B BRBEel,, o

the sane andietéetion gystemy be | am nated toget her. Dependihg on the relative

si ze and nmagnetic strengths of the keeper 5 and the soft
ferromagnetic el eyBaiications of &iiventional maﬂ&%i"l?&@s‘é%ﬂﬁﬁéﬁ%t%bg&ﬁkﬁféﬁd whi ch
can be used for detection purposes. 10 he mar ker

schemat i cal Ithe 1melﬁloyweslbvmﬁnlﬁgu:emm tnr bH\' LTl&seﬁarlem are knownland tiy747, 086
and consi_sts of -an el.onga rro nt, 3 and two,

keeper ePemdf§ 2o 'Efp ‘wﬁgﬁﬁa@ﬁ Erﬁ gﬁﬁ'ﬁ“"m"b‘ﬂéﬂ"?&l

Dependi ng it NoTBHES 1449, Aldfdcen Hﬁgh and/ or 5'
the nature (gm?%}e@g}lt%es % gener at edtq%;ﬁét‘lﬁe el oﬁ{;ﬁatﬁke‘% n%lr‘l:"[s 3 can be

used for detek-.manoammkmeeerconhbﬁelementShdvmgtthmanemmagacttmdpemaandf t he

I nvention, conventiaonal s, 1 are ysed in S st ncl udi ng
neans to geﬁ%ﬂ’@?’écahy g‘éﬁ?ﬂﬂ‘ﬂ“ﬁé gﬁaﬁﬁg@%f’w l"'s"l"s‘?:onstant
magni t ude a cf‘x?ﬂ o o gm. entation
of the mar kzﬂ ’%\ﬁxd rragn ?Hé S{‘ﬂ vg&%}p&ﬁ éa‘gt ect on syg may be

convent il@nalcoecivédorceiahd saturation Sux Balsﬁythd\hhatﬁbﬂlﬂ:ﬁsdﬁ)ﬁagﬂdﬂ&m&h’iaént No.
3, 983, 552 U S.  Patent: or U.S.  Pat 665, 449 but
i s preferabﬁg‘emerelemenﬁ P W%mrmg“wme?ﬁ@e resent

i nventi on. n nd preferred
quired for detection OF tHe hitker 13 Kﬁ’lén? 'tlih(Lj)Ees s &néﬁ‘??

enbodi nent o? t he present I nventi o | having a

series of suliagnémdpimghemesthd clongatecelement 3 salthatﬂmlmng‘eoﬁmagmﬁd radi al |y
and magnetical ly slhat ed from each ot her: . material s_used may be

simlar to tdFTS‘étP"d%f ¢ elongats plement-d cAnRpt eguE:; §amele&esmremeno sof t

fer r omagset ‘“‘15'3 \ﬂgc&s;,g Ftect‘iﬁkey have a
w at1ve. perme&glllty ‘r"brﬁ?igaﬁﬁnl% rﬂatlgsusceptlg Ity, [err].

Th e s of t f ercoiswdiffercsufficiently to beldlsnngmshedzfgonbeachdnhptaﬁ&bkeepny elehients | y
ol ot ance. CRBARPAORNI A HARERB PN e op 98 TrRitadste s AL ent  bi 11 Ty) .
L& NON- MRGHEich? AReRars" agmw {VUS 93kt K804, 946908 hiiddhown

schematically in Figure 11C. Ifthe marker 1 is placed ina powerful decreasing

20  oscillating magnetic field the keeper element 5 is demagnetized and the elongate

element 3 can now generate pulses in the detection system described with respect to

Figure 11A. When used with articles in a shop to prevent pilfering, the keeper

element 5 is first de-magnetized. After purchase it is magneétized so that the marker

1 does not activate the detection system. ’

25  The marker shown in Figure 11D is known from U.S. Patent No. 4,746,908.
It consists of a relatively large piece of soft ferromagnettc material 3,3' and keeper
elements 5,5' which have a magnetic pattem This marker 1 works on the principle
that a large area of soft magnetic material produces little or no pulses. Accordingly,
when the keeper elements 5,5' are demagnetized, the soft ferromagnetic material

30  3,3' does not produce pulses. When the keeper elements 5,5' are magnetized, they
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PCT/ US95/ 10%®96/16377 It is preferable but not necessary forpdrmsssnesroti on
if the ratio of the length of .an el ongate elenent 3 to the square
root of its cross-sectignal arga.s 150 or., nore, ... . The soft .
ferronmagnetic el ‘éﬂ?ﬁﬁt@t ’B’e°%‘8|ﬂté’3?‘,m%‘?°“f’i%ﬂ'4 lying @&E?}Bﬂe"ﬁf"a‘f‘ﬁﬁaﬁngl e

4 between any tWauRb efdigate!soft J&t ghi€Bkment 12s the function of defining a
part of 5 a code, 1.e., the differing angles 4 between any two of the
el ongate el enents 3 ¢ ) . | I Hl.cation
code. It is suffici en?ﬂ?m eélgpg‘ﬁgg{lgg&%qlmge@%ﬁf@“@‘@%}%&’%ﬁghgg Rtl n
part of a circl eNo€3,983,562 Shistead bf placing thekeepér eletent 5aldngsids ¢l éléngate soft | S
preferable if an elongate element 3 in one sem circle does not have the
sane or i emagnatiselement 3, the Hvg atesuperimposed3 in t he opposi ng
semcircle. This may be 10 achieved by differing angul ar separations

enabl i ng different co@hesreasafthe keaper clament 5 and the soft piagneticelenient Banydayrhe. For

exanmple, if two ifsfeee}égg {ha?gg’l es qf l5. o) ia d 8%&%eéé’8’%{?%ﬂ%m' %Yr’]%a%r;\oto
represent a bina ; SRRy 1 a@wy%ﬂa& n eselatiye
different semci Ragné e@h ] W t e
val ue the code 4fd regfugs m%ﬂhﬁg&beps Eﬁﬁh%s%ﬁg&f'%“éi i |§g§i€rgtn3’%gﬂrs&er 1

shown in Fi gure thay be sippréssed ardistbrted phichucan beused for detectionrpiispases.wi t h t he
present invention the elongate soft ferromagnetic el enents 3 may be

arranged in Hny spati The mafk@psitsvanichefatidally in FighredlFas kiowi0R6RNAS! Patedt
Identification code. In particular it is not necessary that the el ongate

el ements 3 are No.3,74%p86 anf-epnsistsiafjan glongate soR dermumagnetis elpmenta and twe

Gistri buted 1 n ocssPa EenkRE s, REIRCyCia R PuBHEN propert®! Dpentiog,
di fferences bet wgeih the aifigActicsiaeof the/kesFer iefeitents 3 dhdfdrd!(the Kature of the pulses

8
If a marker 1 with atestgatial orientation of elongate soft ferromagnetic
el ements 3 is plgenetatedbytheelpngateelement 3 cambe uspddordaertion purpases vect or of
a substantially constant nmagnitude but. varying orientation, detection
coi | s placedsear 25 Inthe finstieinbodiiment 6f thel atventiorn cemaputionat mafkersil areqused in

conpri sing pul ses generated from each individual el ongate_ gl enent 3
Shen the i oi'd” ShESEE inehigie merrh o geerats s Apgpic feid Aaving SpERRAII | v
per pendi cul ar to &Jgﬁn Ls i eatﬁé'rﬁ f ._ @ﬂgr W’m- . :
el enent 3. Each csuc {pu ggmggﬁgég 'y %’3“3‘;%@%‘%&3@/ ?lt efl n'g?:lo ?netiaqtlljoé‘ncy
spectrum and nayofithe diaskerigind negnetic field veston nThecdesectipn isgstem ma3be A

el ongat o of emant Sryeaiara) s deseibed b Ratend o, 4745008V - BRien Hef o852,

bar code 29 y.S. Patent No. 3,747,086 or U.S. Patent No. 3,665,449 but'i§ preferably the -

detection system in accordance with the present invention.

~ With reference to Figure 1, a second preferred embodiment of the present

invention includes a marker 1 Ihaving a series of soft ferromagnetic elongate
elements 3 arranged radially and magnetically isolated from each other. The

25  materials used may be similar to those described with respect to Figure 11A. The
soft ferromagnetic elements 3 have a low magnetic resistance, i.e., they have a high
relative permeébility or high magnetic susceptibility, qm. The soft ferromagnetic
elements may be adequately magnetically isolated from each other by separating
them by areas of high magnetic resistance (low relative permeability. or low

30 magnetic susceptibility), i.e., non-magnetizable or negﬁgibly magnetizable material.

9-
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PCT/ US95/ 10470 as shown schematically in Figure 8. In this fourth

enbodi meNP INSBTE| st ances 4 shown in Figure 8 bet w@GT/USES/WMBNgat e
elenents 3 define the code. Further, the invention is not limted to

a 2-dinensio prETesasl; 8dsh fot fife i (R may be
arranged in g@i??- di neﬁs?i%ﬁgw%t rx grh%ﬁﬁ*eﬁgggmi}agg%g&%]lfné%hgfgnm onal
-5 object. elongate element 3 to Thecsqaargurbat ofitsarossepedtianal aree iscl SOraranerec! enents 3

shown in Fig t he .| i near, di te%nce 4 shown _jin Figure 8

yr.es or 7 or

may be chose#ﬁle@o&é‘ﬁ?"é‘%gﬂ“‘%F?H’QP‘SMrbetpaB‘Wfao" fixed to aisuppor, 25 Jhe @pgl€ o t hat
t he nunber  ofg idpdbef _leE)ggga T -- . ker |s
equi val ent té‘%dﬁgbérﬁu éeurm(;qJ |tsﬁgféﬁﬁﬁﬁtﬁgﬁ%ﬂeﬁﬁ?ﬂgee@%?gﬁ? 10 The
i nventi onSi s aronde, iteqwhe differing angles# betweebanyatwo cfithe elongdte elements3nran, t he
code’ OL&I d be a presence/ gbsence sin I?-yvi dih, bay, code of the kind
descri bed in?®® etectedﬂ&ﬂl’?@ﬁ‘éﬂt;ﬂhéﬁ?féé;ﬂﬂ%?@gﬁ s e t Bthegongate; 7o 842,
A 5 angul ar djf- : I eﬁg%ﬁir@l S i |+ - or 7
may be easi |$ﬁ°§¥ﬁ§§.’§'ﬁgﬂ'§?’?ﬁé’?§g’%§t%h BVl Ce i ?%\@clloér&(&gérfgggﬁl h the
present 15 iispreferableiifan elongitetelement3 kreoneseynidirclecdats nonhaveitheisdmee| ongat e

el ements and thus  a ‘storage capacity of 36 bits. This is adequate to

_be able to cOHEntatignas s elongate slement 3 in the oppaging;sprucirpiee Thismaybe orj al used

in the obhec (gﬁg.z | : .| At in
accor dan?g wtatcﬁg%leﬂ?y i den :fgf]ﬁggﬁg%éggﬁ}lﬁh%e@}sﬁt‘émﬁ ?%qm§%°ﬂ?ﬂ%& g{;/}f ce. The
m ni mum si ze apphdseshifykeyingl For ekdniple)rif thvd different snglesf 5t 3tand!8sru@é e el enents

3 of the 20 _marker 1 which can be detected is determned by size and
mat eri al of chesea|te repsesent a binarycodenthe axes of anytwieelongate slements 3xn twagenent

and the frequency .of operati Ofh, . Mogli fi cationg tosthe materials and
frequenci es %r%g&mgﬁﬁqsy F@r%’eﬁti‘?ﬁt @'/Fo?%ﬁmgfp@ ent thfevag'?ecfgf °gte 256

bits. represents. | N the first to fourth enbodiments of the invention,
the soft ferromagnetic 25 elongate elenents 3 are arranged in a plane.

The soft j§erronagAgki @ﬁﬁﬂtrﬁarger”ﬁh : '#ﬁe' BRI e The soft
ferromagngetic el o%gt“?amgpenent s) 3 ngwgm ] n?gédéﬂﬁy o?]*%q,tuﬁysupport 2
or may be r odecordance withthe preseritiinveatiomtheeliongaie soft ferromagrietiz eléments 3 t he

support 2 by conventional neans, K The support, 2, i's, preferably made froma
mat eri al V\Atﬁ“é{%ﬁiaﬁ‘ﬁ“ Rény spatiabareangament which isgyitable for geaergting an | ity) with

oot orabl y nienicuithBde B MRl s AEARELealy GafiNE ol Bnb 9" 1

el ongat e el earahgedadinlly. in aceatdance with the third embodiment of the invention, the

11 20 elongate elements 3 may be distributed ina plarie in any mhn_ner which maintains the
angular differences between them as shown schematlcally in Figuré 7.

If a marker 1 with a spatial orientation of elohgate soft ferromagnetic

‘elements 3 is placed in a magnetic field having a magnetic field vector of a
substantially constant magnitude but varying orientation, _detectionfi coils i)laced near

25  the marker 1 will detect a sequaice of pulses cd;nprisin_g pulses generated from
each individual elongate element 3 when the field sweeps through a direction which
is substantially perpendicular to the longitudinal axis of the relevant elongate
element 3. Each such pulse generally has a §vid_e but well-defined frequency
spectrum and may be dlstmgmshed from r#ndom nois__e pulses.

30 A fourth embodiment of the invention includes a linear arrangement of
elongate elements 3 similar in appearance to a conventional linear optical bar code

-10-
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PCT/ US95/ 10%%AD96/16377 froma soft ferromagnetic material suckrcEBsETMF7PhOUS
magnetic netal alloys having the property of being relatively easily

magnet i zabl e al on the I di pect [,on o Qf t el.on at

el enent 3 when p f\)eﬂqu Wf’gi Eﬂh!t/f"tt&héﬂﬁwﬁwﬂgﬁt‘é%

paral l el to thi Sslfohﬁﬁh Fi&di'@B‘bbﬁt?eeﬂ'ﬂ% élénja?é’ﬂérﬁéﬁt@ﬂd@ﬁné‘ﬁ@ 8d¢. ZAirtieR the
direction when a 5 conponent of the magnetic field is in the di rection

which is the r evmwsmooﬁs nétdinfitadso a 2-dimensidnal enarkaesrl. buk rather the elbagate elementat

the soft ferro net mat er.al chosen so.that e, net|2| ng
i Tecti on of ¢ hed B RG ATENGRLIR e, Bmento gt of Rie Sides oA et
The term"fergo &gt,l c material" includes conductive and non- conductlve

ferromagnetic matérials, e.g., ferrites, anor phous net al aIons

Wth reference to Fi gﬁg?l?%@gﬁ%gsﬂq% 3}(‘@9%{&, §efe8{ entsUCdhoWA! E%%% %&97 or

preferably a saturati 0o a rragnetlc |n

(=[err] (H+M) of the linear distince @ shon TieFigare sampbéehoseitb(ekiteséﬂt]e)thaflamufa
0.025to 1 Alcm as well as a relative perneability

[err] B/ [ err] H erbipseayssemgp shat she nusaher gﬁmdwiuabdpnm demtté ner lralalem;a have

ot or i al 15 halaEs PR g the iR O it of pfaiidn YARAIEL Hirege o, o
t he magneti cjo Theiﬁ@éﬂﬂoﬁttsﬂétvhaeétféﬁ'lirﬂtbdlt&a&) m&ane Fatlifistarite; thelebdérer
suitable materials are | TROVAC 603C7 nade by the conpany VAC, Hanau

and al | oys 2705mqnldtbeapresem@hsnmueglmdthhaegm&gfmklt;dldpsmbg!;m Figure 5
only shows the netiz H) characteristic '
schemati cal | y. m@llg%%ape@?ﬁwg{ﬁ?%h& 08%728(4 f the material is
represented by the MH curve en |l are Sat ratlon S
shown as a perfect abfup %ta“ %eteﬂeﬁ#a?ﬂ‘ﬁﬁmte%@a 8‘0“’““‘ iguedordn to
t he saturated st on
may differ from@%}gse%{%mm‘q@h %&. ze éﬁgr ag{l%}ﬂ;ﬁ%?%@ﬁ&%tﬁtﬁe%\‘&gﬁtl

The markers 15 demoenthado\ahathhémﬂezmay have 86 individaal ebshgatecelereritoadthas & 25

enbodi nents represent non-volatile nenpry devices. They can be_altered only

by dest r oy$tPr3Ep SaRAcy of 3R bits, jHs 'FWF’S‘IWH/‘OBE 9&!?(1‘9 oggle wems indiyidnally.one
. f th
Cenperat ure 1o aFos st ol IR e ot g B RA4RY 0 BlaPle dohy thSorved

properties OCCUFIiterﬁtﬂ:cordiucﬁwftbﬂtesidd\tiﬁ%deédé)ﬂ&mmswmh&nalsortm igite. The
mechani cal pressure. A marker 1 can be made programmuabl e b pti ng t he 30

el ongat e soft f cminismuagysizeiof the angular or linear differanped of theela (erelamts 3 pf the
reverse t he'z’gonem%@ceﬁ'f‘%ﬁéh' Gufi De Welebfelt i Ber il By SR MR Wl %’P{}.%’Ljof%?t‘izage-

This may be _
elements 3, the detection coil arrangement and the frequency of operation.

Modifications to the materials and frequencies may render an information stbrage of
the order of 256 bits.

In the first to fourth embodiments of the invention, the soft ferromagnetic
" 25 elongate elements 3 are arranged in a plane. The soft ferromagnetic elements 3 may

be self-supporting. The soft ferromagnetic elongate element(s) 3 may be printed
onto the support 2 or may be rods or strips of soft ferromagnetic material fixed to
the support 2 by conventional means. The support 2 is preferably made from a

~ material with a high magnetic resistance (low magnetic susceptibility) with respect

30 to the elongate soft ferromagnetic elements 3. The support is preferably non-
magnetic, e.g., paper, plastic, aluminium. The elongate elements 3 may be made
-11-
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PCT/ US95/ 10470 appl yi ng mechani cal pressure or térrperatu_re to
t enpor aW @ 96/183%k r oy t he nagnetic properties of a REWUSHHOIO C
elenment 3. In particular, it can be achi eved by prOVIdIng keeper

el enents asseghalat MirbMasiieic Hatdl eucafasfaﬂﬁrﬁlo% gﬁgﬁ%‘m

el ements 3. By changing t state of .the e gsssom at ed
el ongate  Sthe pedpentyrof b&ngaelatiml)emilwmglbtmblddang thedbmgltudiﬁabd;d&aogn and

construction o) tional r el ements. descri bed th
r ef Zr (razcel t o f&?’ﬁ%‘?’é&atie@@ef’@ yhgrp;pﬁmﬁnla magn g@ﬁ hgwing Pﬁ°ﬂ‘§?@‘"§let :au I ¥V|or
i nstance, i npgehifal 1 AMis ARt difection BRPof¥éVersih the %%ﬁg%afon dgeﬁn&%ﬂvhéraM? 086,

- U S Patent No. 4, 746,908, U S. Patent No. 3, Pat ent
No. 3,983, 55®,mpdnentobfsth¢ magneas fiefd isni thi da'emanrwiuclpmrthe revefsy of thedirstnce may

10 be applj.ed.to . descgi bed WIthrese oFlguresland8
for mstance‘i‘m"tlon {“smr;?“hﬁ 8’8 Mwéwpweﬁ 580358/§0 that the, o

i nvention a?"%}ﬁﬁﬁ r éa% nt s 3
are provide gg%gﬁgﬂldg.‘%eep ef]gnﬁgx}]t%:%gdgﬁﬁf:ms@& Q&ﬁ? ﬁl:p vidually in
Figures 11 ATletérmi "&B)omngn&& l()atbmlhxmhdes/cuildabﬁge and ﬁn@onduchvéC) 51

(shown indi vi dual ] re nts 5,5 ,5" (shown
i ndi vi dual | e"?@“g‘i/%‘cﬂ'ﬁjﬁ? fglsF‘%"imw P‘Eﬁl y close to be
magnetical Iy coupled to the adjacent eI ongate el enent 3 but
sufficidftly far myeﬂemmmﬁmrﬁemmmp grmhmatenalsareel enent s

t hat thesemz?l?r*_?f net i caé %ﬂ I at ega‘srggg t he%fke @&Pg e{;mrehp@_l_’_ 1. The
keeper ele “35“ fent
magnetic  05to mroomraba esemm(mwasoﬁlm% 15Aféﬂ), ﬁslwen 8¢ 8rétvg 1 ncl udes

a material having a her coercivity and hi gher saturation flux
density t harpmheahdnyﬁmal AB&AHIMOFgreaterﬂnhdﬂ@QOeSuitdﬂemteﬁalsm Haeeper

Aroci o | 4Py AP0 B e a0bih] Sbb tspmmasons e R i
mat eri alys A%Eg&ﬂe?én%ﬂc eraﬁg W/%rpﬁ aqnef?éevents t he

change |n the magnetic d| rec lon of th socl ated e el emrent 3 or at
| east satwationl )Peahallnyssalsmtablaaungenalomnhermiteblpmmmmect ed can be

di st h h h I I d
a EO'WQ?I’LF Wbﬁ?ﬂ?%w%bﬁép?émm*f &, MarhomndCapor 2tadeem s, but

decr easi ng %‘ihﬁ'nﬁdle m;?pg péeneagneti zed and
t he associ ated el ong;b?e e errgdt{ en respor?zjshto(gmat ¢ external -
- magnetic fi ehaQneﬁMohMgeetmﬁddrMH}S&mWemhs schematicallyl Jthesofty wi de 30

| am nat ¢ .of fhe soft, ferroma etic and the re e erial. The keeper

el ement(30 férrong ri? %prg?gyﬂﬁﬂ%ﬁvﬁm?ﬁﬂn%?ongate

sof t ferronggifiaida. Saturatton is shownasaperfect abrupt change from a linear increasifig- 3"
 function to the saturated state. Actual materials suitable for use with the invention '
may differ from these highly schematlzed characteristics.

The markers 1 described with respect to the preferred second to fourth
25  embodiments represent non-volatile memory devices. They can be altered only by
destroymg part of the code. This may be done by cutting out one or more of the
elongate elements 3, by etching, by raising the temperature to a point such that
irreversible loss of magnetic properties occurs, e.g., by a focused laser beam, or by
- high mechanical pressure. ‘A marker 1 can be made programmable by adapting the
30 elongate soft ferromagnetic elements so that they lose their ability to reverse their
magnetized direction without causing permanent damage.  This may be done by

-12-
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PCTV US95/ 104v96/16377 el ement 3 and preferably includes a repEyesds/i10470
material as described for keeper. . el enent 5. In a
preferred sixth emhodi nenf of -t-he invention the soft _ferrom [

) - t .
material may be BPRIVINAEEChInIcH BRFSUT® PhH{CHPCEAR O temparaly éewgfntgﬁb%@%at c
> oiements 3 Obrdgdfiicd Ok sbff B Vimem 30 BPbarfodir®in 488 bE Bthicd bye SPaces
e I m

bet ween t he eper el enments cl y pattérned nmagnetic-areas 5

(shown i ndi vi dualptoviding keeper elements assbdiiled with/orf ortritere of thegsddrgateahagnetignet i c
el ement and/ or keeper constructions described wth resp%&*ﬂto t he

first enbodi nent elempntss. Bysharging thestate of the keensr glemgnt, theagsassated elongate 1 angd
i Xt h enbodi t ; . 1 ' i t. t
The fifth and oi Hemeats BAPOL AFVRRY or BBIcKCiEA. The 4RI Sflctictity of atabHe * ©

the fifth and siX appli

constructions degésventionalkedper elements destribbd with eeferéntetol Figuired 1 tBioe diFend s.
Suitabl e soft ferromagnetic and _keeper materials maM)e chosen so_t hat

t heir cur i descaihgdinamoredetail; foriinstange,dn U. 8 Pasent No: 3166644P; Yrsh FatenBe| ow

the Curie tenpergtu t r ' f ieC
properties so tha o ??43,6(1)%6,0%7.%2? gg‘{igg‘ ‘i’zwgg%ﬁggﬁtgmq‘@%gr%%ﬁgy
experience consi PareabNy. 3083652, thedigciodurésst wiich dre incorporated by réferenceimay ng
manuf act ur e, grovi ded the magnetic properties are not affected

i rreversi bl y10 sube appliedde the marker bdesceibed with respeqs te Figuresgh and 8 for instandse
chosen whi ch experience irreversi ble changes in magnetic properties
only above 350[err] Ina prefemed fiftlneisbodimentrofithejinyentionas shovioein Figure P ceitsin be

bt ocessi ng. mchi AEteAGTRAe derhenisd R Provided with 3 TABhrts Kebne it Coy o\
produced by such m&%&nﬁn Figures 11A and 11B) o??ﬁg&b%%iﬁdﬁﬂfytmm@wstl' c

elements 3 and t eep el"ene _ wn in Figurés 1,77 to 11 may
be attached to t kshowmipdividudllyin Fiure dtliC), ardeepar elements 555  showmindividukiipown

oo ! e ettty o b B oo iy e
hfor mat | on st or SR EleieR § bubkuliéity Ayl ik it ol ST RrRnAIE i e o
manuf act ure can ealemenisahaiahiesd arenagricticallydsilated fom/the keeper element $,50,61. Thee
Pave to be recyckepeagiemedisRinsE nrpieriby mae pamerens S FeaiaRCB SR or oo
agg removed frompisatddsDethk Reeper elemétt 550,91 prefetablyinkibdss PihteRial having a
20  higher coercivity and a higher saturation flux density than the material of the
elongate element 3. The keeper element 5,50,51 may include gamma Fe,0,,
Vicalloy, Remendur, Amochrome III made by Arnold Engineering, USA or any
similar material. As long as the keeper element 5 is magnetized it prevents the
change in the magnetic direction of the associated elongate element 3 or at least
25  severely alters the change so that the pulses detected can be distinguished from each
other. If the keeper element 5 is placed in a powerful (abové the coercive force of
the keeper element 5) but decreasing oscillating magnetic field it becomes
demagnetized and the associated elongate element 3 may then respond to an |
external magnetic field. The keeper element 50 may also be a relatively wide
30  laminate of the soft ferromagnetic and the remanent material. The keeper element

51 may be superimposed on, or lie underneath, the elongate soft ferromagnetic

-13-
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PCT/ US95/ 10470 ' The magnetic field generating device 10, 11
in accorwaneaedrrth a preferred ' sevent h enbodi nent pETAUBSS/aMSent
i nvention and for use with any of the enbodi nents of the invention

constant " na s’ ARpiofSalipRFidet s Heblbod BRE0H 2 Bedprd prsesioone o

vari es snoot llemeansl continuously or in a sequence of a plurality of

di screte ~orientations. Any active soft ferromagnetic elongate
el enent 3 of a Maigpreferrét sixth embodiédt BRTHE tnvéhtibh HSoft 'ferpdmighefit Xt N
enbodi nents will generate a single polarity pulse (on positive or

negati ve) or materiahpiagbe ppovided if sheet formoassshawn éyBigirecl Onclhesglongate he

ki nd sho i n, Fi gure i n e detecti coils it experjences.the
rever sal V\gf F‘?g‘eg‘f@ °Ptbﬁﬁﬁﬁ)meqqq§‘gﬁ‘a§?f§wﬁlﬁﬂ ‘El_e éﬁ’%ﬁb Gtween the

| ongi t udi nal ' ioh atferfed : g{&* W’qm“ 224l cordance
with this enbkgﬁsiéng]ﬁ?legtf”wcehma-ybep i nven‘??%ﬁﬁfsus .g in F‘?‘S‘S&@l@& n a
schenati ¢ waFigufé&1D)nAny 6f the plongate soft magnetic element land/or Keepensi onal . The

zone 12 is defined.by {he_frame 10 which i.ncludes coils for - '
generati ng tﬁ@“mﬂ%‘%ﬂ'@s?ﬂ@fid" SpecLte 8#’%8?89&% mgﬁﬂ*ﬁet‘i’ thenagnet i c
direction 1 s m"’"’ﬁ" oy é‘ifmﬂab n

i nterrogati Ogog%ﬁgué%e%tgﬁéggﬁiﬁdﬁkﬁ sever a gcu.@?e?% ters }eﬁﬂgﬁgng The
obj ect s ¥t hdeseeibediwithiréspecttto she fiftitiamnd sixth embodinwentsdnay be applieditd iy of

I nterrogation zone 12, rrg%sﬁb - jntyoduced into the zone 12 op a conveyor
| bed ¥

bel t Gonstryctions _ respeqtitp thescondo;fayrth emh Szone 12. (
Al ternatively, the i nterrogation zone 12 nmay be noved relative to
the object. The c8witablesoft fesromagneticangrkeeper materials may,be ehasen sothatthgisner at e

eSS bt B AT e B o g BRlond B e,
3-di mensi onakhd mirker SRtitntes A6 IHRs bfmaskbtid PropERfes3o IRAYEMDeUetected

different orientations. The output of the detecting coils is fed to a
control | & amerrectly. Theanarker lomey expegiande qonsidersbly etemperatures for a

ti f t.ect ed pul fr 25 st i se. Pul
Shapi ng. o r o ahark e GRS PROUBHATE Broyidid thé magnellipRtperftsiie not afiielly
sequence as FRAMRIYY Suitiblesoft andtem@ient Firfdmagnétichatefifls BRDBEéHozed | €/ d

vect or .20 may be selected randomy -or ‘may follow any particul ar
regul ar sequuiich experience irreversibde changes in imsgueticepropertieonty pbanesi$08sci | | at e

through a smgl | .angle,at each- rientatjon., The contraql.ler and

el ectronic g&w&d&%@g&m@%@sw W\@F‘hb’e‘“"@gﬁ A2 I or d each
parti cul Oy [ d ' | ing hHineNot | a
pul se i s%engﬁg{%@'b@%%%%ﬁoﬁggfﬂﬁﬁf n&!ﬁssl_i S tﬂgll!] potgg%?gﬂg%ericgnent ify
magneti c be molded into any.object produced by such machi,rges._

The elongate soft ferromagnetic elements 3 and the keeper elements 5
shown in Figures 1, 7 to 11 may be attached to the support 2 or directly to the
objects in any known conventional way such as with adhesive, by printing, by taping

" 25 orfixing with mechanical means. The marker shown in Figures 1, 7 to 11 may be
smaller than 10 millimeters or greater than 10 centimeters in diameter. The
information stored within the marker is sufficiently large that the date of
manufacture can also be coded into the marker as well as the product type and the
material from which the product is made. Thus, objects_ which have to be recycled

30 such as bottles, crates or reels can be monitored and removed from distribution
after a certain time peﬁod.
-14-
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PCT/ US95/ 1046We6n16377 field vector directions which produced ppghfeioesh t e
detecting coils and to reconstruct the data to identify pul ses which
cane froma marker in any partlcul ar - pl ane. Thus a sequence of pul ses
detected by the det ecThmamlpﬁe’émﬁéﬂ@&m@t%llm accorgdpnceiwithos prefereedt | me

Separ ati on of t el kvl IR bseTmieFush RIBr e Wb B e o Pl sos
i s then obt ai necenitfodihéi§of the iriveiiich i8 colsticfBd 30 thdt Ahe ﬂiegmmﬂeld%cidmas a
orientation of the magnetic field vector 20 at which a pulse is

produced nay al swhiantially ¢oustantisagnitude aqdrltssniegtammgnﬂlmhs igercogationzone
directions of, the .magn fi,el d.vect,or 20 so etic field
Dector 20 modes VaciEn RApo:an SRR o ot FubdeRins = Miyratiey st dRERRE" 15 | hen
merely necessar YOﬁeﬁtd’tx@ﬁQrﬂnjr H@tﬁesﬂﬂf&ﬁ%@ﬁﬁc %nédi@eﬁﬂkﬁteﬁofﬂnﬂﬂéﬂ i O

I nfer the corresponding directions of the magnetic field vector 20.
The pul se sequeraseondagce with thetfisstito gixthoembogdiments mlhger@rata ambrpomm pulser t

the time sequenc f es i nt.o.a binar .her
i dent : fi _c:tt iqlcj)n_ c@ d. °§#jlv_§ oF neg; ive) or 2, A"I og}xﬁqtgpplga(pé\sg?{ e waves) of the .
present I nventi gind ﬁﬁvﬁﬁh'l’igﬂr@g nlﬁwd Eéxk&liﬁ' %@%ﬁ&i&&tﬂé&e@é&l%ﬁt&o 11

will be described with refefence to F| ures and may be used
wi th any. of 0he comipogentaofithe magnetic fie ltsdonMMMy Si X coils
are arranged in the frame 10 to formthree mutually opposing ‘and orthogonal

pairs of coils. The fTikvintehdgationzanene ik accorddnoswwithithis embodimegtidfthe f or m but
t he invention is not limted thereto. The frame 10 may have arcuate

menbers or may JOVentinR s thewadp Kimire2 " 2 3RBEMAIC Way. i ?ih%zwalt?q !aw e W ®Enent .

By controlling t ygoq’ A ﬂéﬁ{éﬁ ‘?‘E@& he
current fed to eace'dérgle?s'm% eplgrlfl cular or| en a I on ogn %g;nigk
field vector cargeheraﬂﬁgﬂfeahﬁgﬁetmﬁémand also forl detecting thet charngezia mtaghetic direction
Preferably currents having the formof a sine wave are fﬁolled from

the control ll&r 1f, qgloasﬁtmlp@emeﬁtqf@m&w L Such ap interrogation gene esed 25
and_or t hogonal | yeeglt AOARAMBRI iR sk, ‘iﬂé%ﬁg@%\gﬁgg? Mﬁ&%ﬁ@ﬂ&%ﬂeﬁa% e

6. The necessary currents can el y neans o
M croprocessor dh the interrogation zstie 12 may b8 iitroduced infocthe 20me 12>0n & sonvegosbelny
be read from prestored . information in nenory devices (PROM. EPROM

EEPROM et c.) 33 or may besdreppaginto or thrqugh F’P%}DWS‘OG“‘O'B’@“C 12. Alternatively, thagnet i c
Lo YSELor 2 bR 2 IR el b g s oB TS 7
- 16- 20  magnetic field generator 10,11 generate a magnetic field whose magnetic field
vector 20 as shown in Figure 4 has a substantially constant magnitude and moves
through the 2- or 3-dimensional interrogation zone 12 and assumes a sequence of
different orientations. The output of the detecting coils is fed to a controller and
electronic signal processing device 11 for segregation of the detected pulses from
25  stray noise. Pulse wave shaping circuits may improve pulse quality to output the
signal sequence as shown in Figure 3. The orientations of the magnetic field vector
20 may be selected randomly or may follow any particular regular sequence. The
magnetic field vector 20 may also oscillate through a small angle at each
orientation. The controller and electronic signal processing device may include
30  means to record each particular orientation of the magnetic field vector with which

a pulse is generated.' From this information it is then possible to identify magnetic

-15-
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PCT/ US95/ 10470 "the nmagnetic field vector 20 traverses the .
3- di menNOMASHomai n by taking up a series of di sAGYESISHIINt at i ons
wher eby the change between each orientation of the magneti c vector

20 shoul d beg eﬂ‘ééd&'ﬁfé&tdns%ﬂﬁoﬂu&&ﬂﬂe?ﬂﬁ @&ng@fgeéé??aﬁ?ﬁgl ar

difference 4 between elongate elenents 3 on igure 1 or
Fi gures 7, reﬁmstr@ctethejdatﬁ to identify pulses which caie froaymsmatker in aiytbagmﬂnrat or 10,

11 in accord nce ith the inven desj gne to o uce a
Tagnet Lo 1 Pen bR & Eaence S ISR Aesrad DK £he deterting ol Ganpe Senbrated Cours o
Wth a syst fpﬁn Bk @ﬁﬁ&mﬁ@ﬁ n Figure
8, the rragngﬂl%mﬁl FJ egpor Zymnéipgés‘%tle‘?ﬁgﬁt rough QW%‘% e which
is éLO jsﬁf}‘|sganaisepamtgmru:|thedongamelmeﬁtsﬁrmahengrlm?MAseﬁm?mbfﬁﬂsdeWth a
system i ncl ydin e nay in agi al .or gul.ar code
(Figures 1 éﬁﬂ‘eg“@"&ﬁés 3“'33 q%’rﬁ%ﬂ'&&ﬁ %‘F ensgfioRf 1 ot at e
about the axj, g“étﬁﬁeﬁﬁ"

In a pref erred nr nt eS*rrent o} he |nve ﬁdgﬁedt e}:%lgg[ﬂe{’l c‘*edeyd 15
generating mwmmmwmm&mmmmcmmzosommed to
rotate the mg; neti c, |eId vect or 20 |n a, plane 21 and after each
rotation thdnagm vegtor 2 movwgﬁgﬂg@ﬂ gh the interrogation gonm12. It is s
particuhgrl y W n wth
angul ar gpace%“’%&{eg%%e nor matPd to %ﬂ%ﬁ%ﬁgefflaegufé@er{&ﬁﬁtﬂ

traver se corbrresponding direcudnsd:f termagnetit feld vebmnnghmhpulsomhm me0 of a

sphere 20 g,ﬁee Figure_ 4) e co | efe traverse of the, 3-dinensional (

i nterrogati welosmlmtsrlne %raﬂso "r § HimesrquEnceof pultes itgadinary 1 i el d
vector 20 coiRebd SR fcatiiit : any arbitrary plane in the

3-di nensi ona mt@frggratlon zone '. As the magnetic - field vector 20
rotates in this p cul Qut" .t he f any

marker 1 in thi s‘ﬁ %hﬁu%ﬁ*?ﬂ@o%&&ep%&v&n%n Slg‘gmﬁ(ﬁ nove

conti nuess! Ynagnetic field dedick 1612 Riill b described Witheferéinc@TSFighres 2t

coi ncidence i s not achieved with every arbltrary orientation but the.

nunber of diand 6and mayibeused with eny of the embodimentscofithe inverition. Prefershlytsix be so

great that th n bet we a chigve

o ent at | on P SR AFRERA e Fl B0 ot shite bty RpPlfilf fnd orthogonal

Accor di ng t @ai6f ¢uils! rrhen’aaﬂlmﬁﬂngeieztheshams@aiedtaﬂigamfaﬂxsmwl ane 21, in
30 which the magnetic field rotates (see shaded area in Figure 4),

rotates thr dfvgntiemis not limited thereto gThe framp H 8imayiave atcuate members or-mass 9 and
[ er ' ] ) 55' t %ld(fetsgpargt%%es fiked'in a ptat‘lal arrangement By controllmg the '

magnitude, frequency, wave form and phase of the current fed to each coil any
particular orientation of the magnetic field vector can be generated in the -
interrogation zone 12. Preferably currents having the form of a sine wave are
applied from the controlier 10, 11 to three orthogonal coils of the mutually opposed

25  and orthogonally arranged pairs of coils as shown schematically in Figure 6. The
'necessary currents can either be calculated by means of a microprocessor or
computer (not shown) or the required currents may be read from prestored -
information in memory devices (PROM, EPROM, EEPROM etc.) 33 - 35 as shown
in Figure 6.

30 The magnetlc ﬁeld vector 20 may traverse contmuously through the 3-

dimensional domain shown in Figure 4; however, it is sufficient for the invention if

-16-
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PCT/.US95/ 104w 9616377 frequencies [err] and [err]. Further, mmgm‘vd C
field vector 20 rotates about the axi.s 22 with a frequency [err]. It

i ferable i f the f h t hat
The 1 requency | o PRSP e veEios 2P ATYESEs s Sxgmsntionsl IRk PYSHRRE Y8 vy
be in the séﬁéméé&rété’oﬂ&ﬁﬁndﬂé wiHafbl thd SHaffpd Vet%@eﬂ ach Qriehitatibi bfihe t he

magnetic field vector Q..ray rot ate in the plane 21 at a frequency
[err] which may bmgﬁehmvamﬁm(lshmld bersdfficiently smpii m‘h;rﬁﬁgo deect thechgulanes

greater than the tatlo nc rr n of . th
Tagnet | c {6l o ARHENS 4 bReEHAGHES Serment s ob the Baket LT TS LOLFigussds 20
r eads ut ¢ de of any marker 1 of the type simlar to those
shown in Figures 1 an several tinmes before the plane of rotation

21 noves to a new OI’I S.
The repetition of detec 2#%%1“" Qﬂiﬁ%e(}%végeq?]qga&gﬁaﬂw&ﬁﬁtl%elﬁs%ﬁ%oﬁ]ma&bge
correct code i derdekigh&itol productiaemapneeié field aettich tgds amaphithdeinrthé finge5abd 400
novenent of the magnetlc field vector 20 and the_ traversing frequenc of

the pl ane Gruss. oWithiaotystem ineluding a magkertl; havinga lineay codg gs sh igure

frequency val ues % BT RAEE R vestor 20 kS oo irdie fifl angl Whghid o 1 o°
the magneti c1pi e'sdﬂéﬁﬁtﬂf%&gr@é@ GBS fr6m! aaCdidifgateCelement 3, WillE A spiteiR including:

by PLL circuits or di oscillators, so that there is a one-to-one

rel ati ons]tn pI 3et ihemarker 1 haying Brﬁﬂdﬁdwr@galﬂwde (Bigurend and Iy @ and 10}, ﬂlehg )
20 ' .
G Pection of ¢ he TRAYRIS il Bperprz0 e rothts bt 5 ks 38 B g i8R 8 0Bl 7

the direction of giagedngnetic field vector 20 20 is then provided by
mai ntai ning the tine sequence of the i nduced pul ses.

nodi fi cati on of the ni %&Ege]h@g{r}ét r&ﬁl BquménﬁBn%éﬁia@ﬁnE’ﬁ Sl bed

with reference to Fi gure generates cur ts which are

fed to 15 he generating3device lﬂllhmacem'dhndlmﬂstheﬁwbmd]ﬂs tpotate the
val ues of current are.r the EP to 35 t he. addr ess
circuits 30 to 3@@%@8%@9&29“@ ane2] °B\}‘°Pﬁ@/@6‘?q7sl B9 to 41

rotates continuo | nclnlmrq'g‘{}téon O#’l tﬁ?pﬁr%aulf&ntehr?@ruse with %hﬁc&ﬁﬂ%rﬁ%afe

altered to change I"ane ., one or

spherical pol ar ahemehﬂmt\mh i@uta}s{:&edhodes iThe mermal 22do theplang2 biseshdedo i S
repeated until a onpl ete sphere has been traversed, ji.e., all
desi red conbl nat .tewsrsepommmsln @rn discrete steps theauglrthe eemrle{Ee}ﬁof ok aseheseen

| nvent i o, add: ndsenFipuE i Ohe ApfeoyuBbYr B 2 ieROHRl i Rlma G230k

3-di nensi on aI SpP3keplané 6frotdtion 21 Aifahe MAgnetio Gielddrector 20 coincides at least once with
any arbitrary plane in the 3-dimensional interrogation zone 12. As the magnetic
field vector 20 rotates in this particular plane it will "read out" the code of any
marker 1 in this plane. When the plane of rotation 21 does not move continuously

25 but assumes different discrete orientations, exact coincidence is not achieved with
every arbitrary orientation but the number of discrete orientations in the sequence is
chosen to be so great that the discrepancy between arbitrary and achieved |
orientation is smaller than the system detection tolerance.

According to the ninth embodiment of the present invention the plane 21, in
30  which the magnetic field rotates (see shaded area in Figure 4), rotates through the
orthogonal spherical polar co-ordinates 9 and @) in the interrogation zone with
-17-
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PCT/ US95/ 10470 the particular orientation of the marker | is not
criti cawaes/168® success of detection . as at sone p@CWUSIViedte cycle
the orientation of the pI ane of transl ation of the magnetic field

et oot i on. arkebA S BBt b bl oBlFRGoP o KT 5T e il 3,
description thhh*ﬂ%q%xéﬁé?’& '19& ﬁr@fe?ébfesifiﬂé ﬁea.\ie (& cligieh 85 tat:l(6S! F>w

vector 20 relative he marker 1. However, e I nvention also |ncI udes

movi ng t he Thefrequeacy@maydieantheerangemtowmmhéﬁ-eqancfomayrbeﬁmﬂee t he
mar ker 1 of the tél e_shown Figures 1 and 9 and 10 may be

pl aced on a faBgxl QQ%H%MMW %Qmﬁ%%gqapéhemagnencﬁp@n@ctop\ny form

vect or 20 wrACHAY et kb d]Chr Rt o Bich My TR Bl copiaendido

field vect orpréfirably lOtoG@inﬁEé%ﬁa&PtﬁaH%%ﬁ]e &Wﬂ@?&xe?laﬂbgl%?' ty of

such orlentat|0n5|s€enerate in a _ ence’is included within the
i nventi on. the magnetic field Atlughaotctlon&ﬁ‘cqum rptwhsﬁnlddvebmaﬁradsodl mant
of the present Jnventi.on | .nt e.rr one .1l

rect angul ar %a“%&iﬁ]rﬁWW%% o gfgt‘fréslbﬂ‘?g smal | est

di stance bet%e&mﬁm&wmqeéﬂaﬁé%%ﬁﬁﬁo@hwnw oriefitalién, thus 8-

Wthin the interrogation zone the magnetic field vector 20 oscil|ates
through 18 mdmgﬁtmhﬂrkmbkweﬂthThamMmﬁofMdmukesmmwtheB in

t f t 20 - he f, t rk
Cubstant il | SHRKG émtgpdm oot et Ermgnces of hTorgibonl 5
hovever, nOtmBRGSAE 8 he mignbCAUEVERb: and e nadikibg Fiudiy B iRMAER 20

above and bel ow the plane™o he marker 1 so that a field is produced whose
vect or of rbtation 2 oﬁttmnmnpﬁddmnmshmwealdmcﬂeowuuioamdo t he

I f th Kk 1. t field v th de t
bsci 1 at e 1 b6 AFRGonst APt it o the RRHAPPL e edefbo‘” ifine. Asthe
mar ker hsis d&!ﬂﬂ%&ﬁk Hithe &o%&ﬂ?ofﬁbiﬁ{gﬁgﬁé fidd véd &Ha&e*]ﬁcked

direction 8, pulsés are generated by el ongate e as It is :
i ncl uded wi tdaclnoﬂt&r eg,l*hyPhLexrcmga:ndngltakoswlatdfb,esmtlmtetherew omeitczonee of t he

o0, o0 s e B SBP e R BB
I'n accor danGrciir 20 throk: %ﬁfﬁlﬁﬁﬁo?hﬁ%@ 12308 e drktion ofﬂﬁ@nihrgﬂ&fd"ﬁeld

i nvention the detectioh systemin accordance with the inven{ion 1 ncludes a
separate 30vectodt@0e dthe meansfar detennmmghadtrem@edaf the magnetic field vEOtooR20Fi gure 2

" or makes.use one of the fiel enera coi | s for

Gt oot 20" s Hhon SESvide o paiptinias.the fme sequgnos of the induced pultes.
-19- . o
: A modification of the ninth embodiment of the invention will be described

with reference to Figure 6. The controller 11 generates currents which are fed to
 the coils 39 to 41 via amplifiers 36 to 38. The required values of current are read

from the EPROMS 33 to 35 by the address circuits 30 to 32. The magnetic field

25  generated by the coils 39 to 41 rotates continuously in a piatié. After a rotation, the.
currents are altered to change the inclination of the plane, i.c., one or both of the
spherical polar co-ordinates 9, is incremented. This procedure is repeated until a
complete sphere has been traversed, i.e., all desired combinations of individual
values of 8,0 have been traversed. -

30 In accordanice with any of the embodiments of the invention, as the magnetic
field vector traverses tﬁtdugh the 3-dimensional space of the interrogation zone 12,

-18-
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PCT/ US95/ 104%w@96/16377 of the enbodi nents of the invention or FCIESYSASSY .
As shown in.Figure 6 the outputs of three orthogonal coils 42 - 44

are used for detegtion. [ di storted sine waves en. a
marker is in the ﬁﬁtpgﬁcg’gagtoﬁgﬁtg@%'hg’s‘fﬁ .mmflﬂeé li"?ﬁa?t\ﬁrﬁ !to the succesBlgf \é\gsa"’“ :
generated from a padtisofmelpaint @ Q@@él@tﬁﬂﬁmia@ibﬁ%ﬂ@}ﬂiﬂe%f@iaﬁﬂﬁﬁﬁn &fthe O
superi nposed on the fundanent al~“si ne wave al ong wi th random noi se and

pul ses genmagnetig fieldovactnrawill die geffigienthis elosartalthe plape of the markerd that

magni tude of the g eticd . tﬂba d vector.bils calculated fromthe
squares of the oua% 2in trﬁaéi_'%?l eﬁ%de_arﬁgossl o generated in circuits 45
- 47. The outputs of t circujts, 45 - 47 ,are ,su din the adder 48
to produce a cﬁl;nbi ned &ﬁ@ﬂ@ﬂ"."' J?F@P&‘B%fﬁ@d“‘éﬁ‘ﬂ%ﬁ aies torfpoviRg.themaggetic field

SHber et eron e, | aRb R relthe l the Hhrker Yl Hobelte Bl iipibh AsBincied iREIE 6 2
product of the  marker rdlstiverdiaahagnéticfieldnFyr instandelthe mariter e tiss typekhcvm in

generated in the mxer 49. The %t ut .of the mxer 49.is fed to a,
ceramc filter 50Figwres 1and YD asd 10/may opja rptafing turntabledn p static magnetic; ed

I n the denbdul at o I GUI . H?‘lt .emréé’n. ﬁngﬁc .

ceramc filter 50551\”8.,[ ﬁﬁ ﬁéﬁéﬁ%ﬁr@é‘%& rtquuencgg? romeflflreaﬂgghgﬁf‘?ét ocr'hgg in
t he m XH  Stectord20swhich yésulis infachaiigd inthe erdematipnof theomagretiefipldsecior 20er
52. The procedure described above is well kngwn to the, person skilled

in AM Recei ver t ctelftiye s the marker | such thas,a plyrality|of such origatations)is geperated in a
Comruni cati on Sys . Addi son- Wesl e

Publ i shi ng Oonpgnééﬂ%@%ﬁggpﬁg%m%éwlm‘é pul se chain from 2% t he

| ow-pass filter 52 is fed to, the ntraoller. 11 from which,it nmay .be sent -to
an P _external conpiI\W%-HB?Qﬁﬁmg%#%'}'tw@wy&@%ﬁax‘d%ﬁmg.
Any particul.ar d'ﬂﬁ‘iﬁth&ﬂgz&fon"i%ﬁe ﬂ%gg:bt?%&ﬁr?uﬂrw&ﬁy ha®e @Ycﬂﬂat@@ttﬁé Smed

fromthe phases of the oUtput coils (not shown). "Thus, the neans
for det By nmi widtly as the spallest distanoebetivetretwnglongate elements 3\as shown inFigurg be

R 1 22 g, GEeTRor S She U GRS vl MRl 3

separate micro-pr ﬁgﬁgﬁ%{e Pwhich M 6+ §910As m-ﬁ%re 8in magpetic field %ctoofr 20

accordance with t odi nents of the invention e scanning rate
t he magnetic fi el liesdnthdpaneeafehes mbfikier 1 aubstantiallyperpérmiiculdreo el ebongate edéments
accel eration of t’sr,]?l object with marker | within_the_interrogatiaqn

zone 12 does not &f Thisds, hawewss, notdieressary do the fvention s ma); bg aaRged: r ed

twelfth e nbOd%(f’E NIbavk ahdl ?elb@v‘iﬁ@ plafi€'o E?ﬂu’keg 1s0 Jﬂ?tya 8 r0dutiel Ry v&tor Ne

enbodi nents of the i nvention, a" synchronized code

-20- : lies in a second plane substantially perpendicular to the plane of the marker 1. The
magnetic field vector is then made to oscillate through a small angle 7 in this second -

plane. As the marker 1 is moved relative to the interrogation zone 12 in the

direction 8, pulses are generated by each elongate element as it is included within

.25 - the interrogation zone. The intexrogation zone of the tenth embodiment may also
be applied to any of the markers 1 described with respect to the first to sixth
embodiments. '

In accordance with a preferred eleventh embodiment of the present
invention the detection system in accordance with the invention includes a separate
30 detection coil or coils arranged in the frame 10 of Figure 2 or makes use of one or
more of the field generating coils for detection pdrposes and may be used with any
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PCT/ US95/ 10470 may be used. In the case of the marker in accordance

with Fiwa®e1877t his coul d be achi eved by a separ apeTs®s/grocode
parallel with the main information code. Alternatively and

preferably,.the In.code is a self-clocking code as .described, for

i nstance, i r?@l?r%%é@ﬁ"@g‘i ‘éﬁ]‘?‘emf’“@%‘?@eﬁgﬂ‘%@ 5‘5’“@0‘8?%?/26@ di vi ded into
5 coded s@aeﬂmtmeemgowemmaaawwmam&ggm pl aced at
the begi nni ng .. of each section (e.g., BC 412 of European Patent No O
472 842) f odistortedsinanvavesgvhen a markerifin the interoogation izone 1), The individnal adapt ed

.to identify t h | zat | pul and, . - 1Q- C ensate for
vel oci Ly vaPhises gsneratid-iof & narioulas elnepe sof fercomagmsfic Slgmeptare ¢ o n

accordanse WideinigiRed'on iR BA%enthl bindWal€ hIORE WithfRfdUnP RS A PLIGE! Ses-
gmmted from discharge across small gaps, etc. The magnitude of the magnetic
field vector is calculated from the squares of the outputs of the coils 42 - 44
generated in circuits 45 - 47. The outputs of the circuits 4'5_ - 47 are summed in the
adder 48 to p}oducé=a combined signal. The combined signal is then fed to a
10  superheterodyne receiver circuit 49 - 54. A first oscillator 53 generates a signal -
with an intermediate frequency (typically 455 kHz). The product of the
intermediate frequency and the combined signal is generated in the mixer 49. The
output of the mixer 49 is fed to a ceramic filter 50. The output of the ceramic filter
50 is demoduiated in the demodulator circuit 51,52,54 by multiplying the output of _
15  the ceramic filter 50 with the intermediate frequency from the oscillator 54 in the '
mixer 51 and supplying the multiplied signal to a low-paés filter 52.- The procedure
described above is well known to the person skilled in AM-Receiver technology
(see for example Introduction to Communication Systems by Ferrel G. Stremler,
Addison-Wesley Publishing Company, Third Edition, 1990). The pulse chain from
20  the low-pass filter 52 ié fed to the controller 11 from which it may be sent to an .
external computer (not shown) for further analysis and decoding. '
Any particular direction of the magnetic field vector 20 may be determined
from the phases of the output coils 42 to 44 (not shown). Thus, the means for
determining the orientation of thé,ma’gnetic field vector 20 may be a circuit for
25  comparing the relative phases of the outputs of cols 42 to 44 and may be included in |

the control device 10,11 or in a separate micro-processor or computer (not shown).

In accordance with the embodiments of the invention, the scanmng rate of
the magnetic field can be made 'sufficiently high that the velocity or acceleration of
the object with marker 1 within the interrogation zone 12 does not effect the _
30 identification of the code. In a preferred twelfth embodiment of the invention which |
may be used with any of the embodiments of the invention, a synchronized code !
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PCT/ US95/ 104¥6 96/16377 CLAI MVB: 1. A mar ker poppkssioi® be
used in a renote identification system having a magnetic field with
a magnetic field vegtor i s vari.able

se orientatio . ’ and wh
oo i 5 Subdta et e o1se o thasmirkes Biatgordancegvith Figure &, dig ooy g, | ¢y

of el ongate soft r@g@h 1 RAGEAF!

preformed spati alahr%é atrons ﬁ?ﬁ'@ﬁ?ﬁ&%@ﬁéﬁ%@?ﬁéspm. é’?ﬂ?e na%?dghshi p

bei gg I . tpr efsﬁdielamtiselytand ﬂﬁfér?biy,athemm ct:o_de isa self-cl?ckirrl]g vdderasidesaribed, Ifof

said plurality of el ongate so errqQmagnetic el enen av e 4 ow
(Tagne:!c reii)star\'!,séa“(:ﬁi‘g “ﬁ%ﬁ%?;‘:{“@ﬁgc‘gﬁﬁ ﬁqg}f’)‘; GME?QWMB‘H%Q N
irection edPleSti %%E? ic
resi st ance (I?)w L m':llgnef iegagusgggﬁ'bl t%e ;ﬁdybaﬁﬁﬁﬁc atihé evﬁer egn
each of said pl unfkadhsectior{e@\dBC ¢12 of EufopearnPatgmaio 0 432 8d2)os syrechronizing.

at least one state in which, said _magneti zing diregti on of each . of said
plurality of Theépﬁﬁﬂaﬁ@@dpillf'@y;kﬁﬁé’g te idep synghropizatian pulges,and

the relative ori i . i I : ﬁ‘é&b i ield
vector of said rrggkgé‘k %%3???%‘%%@8qu d%%"?é]&% Esemg&e%tﬁ?(ééﬂas
in claiml wher eiimactofdancé withitke differeicd ihtinef betwesnosyhettfonization puldes.
ferromagnetic elenents are in an angular relationship to each other, the
angul ar separati ons between the elongate soft ferromagnetic el enents
defining said code. 3. A marker as in claim2 wherein
said code is a self-clocking code.
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20 4. A mar ker as in claim3 wherein at |east one of said,
plurality of el o - FeTTonadneti ¢ el enents is magnetical ly
coupl edWQIEIRTeper elle 5. A syst croTAiS9suetIof or
renote identification v_of —abj ect s, each said plurality

of objects b _%ow < T an i dentification-code and being
di sposed to pass through an interrogation zone, said identification code

.conprising 25 | east 0 eIe nt_of  a erro netic
material, said so:]t _ A a&ﬁ?éﬂ?&%@ HSE {S‘rﬁﬁf"é’t%'fim a |l ow
magnet i ¢ 1 es haifd)s thaghitit TielP MR airfagnetic field VEG6Pvhbie ddemmqmsv\»a?ﬁblé

magneti zi ng dlrectlon and belng surrounded by an+area of
$

magneti ¢ r esasd whose magnitude isrsubstantially constant dompyisingc onpr i si ng:

generation neans for generating a magnetic field having a magnetic field 30

vector ofSa substalpturditypfelongatewﬁfagmagnelﬁcelanansﬂxedlymdini)n zone,
-22- 96/ 16377 PCT/ US95/ 10470
variation meH med Wﬁ!a}rﬂﬁ‘%ﬁ@”‘é%ﬁh‘!ﬁbﬂodem’&ﬂ th“S%‘l’%@\“&;al d magnetic

field vect orp&gge&gﬂh @éﬁn@%c@d@' urality of objects in said interrogation

zone; and Tection neans for detecting a change in said
magneti zi ng di recWhemméach@t‘daxd plurahty efelbmme soﬂ&mhmggai&laﬁ:ﬁs have a

ferromagnetlf el enent . stemas in_claim5 wherein
sai d identif %F‘F‘S‘PF"GGWM magnetic wmgw@éslwaemwm directipBngat e
sof t magfipt i gnfle! F Elregg gfm etic reg&%egi“; el ati onship

to each other, sai spa a co nd sai d

el ongat e sofmagmi&ehscepﬁlbnmmna bel ng separated from each ot her by ar eas o‘
hi gh magneti c resistance (Il qw ma netic susceptl bility).
7. A system asWherein) eachofsaigp enmgm eeromasnmlclelemsahml ng

field. | i sing
nmeans operat| Veeﬁ,sglorcn%ataﬁeq%whxcﬁaﬁiy@ﬁ(ﬁ{& \E}Qﬁ&i a |°glﬁz cn%%ﬁ]%ﬁ%rﬁggporefr m ni ng
the orient at tlongaé scftfefromugnetid elethém ireversibie when the relative orientatiof?. A
system as_ i n claim8_ further conprisin ans operat I vely coupl ed to -
sai d genkt at betwesn said markes and said H@%ﬂ@gﬂ?&b of syd Wﬁlcr%@t‘fa@eﬂl el d

vector. 15 10. A nmethod for the renpte identification of a
plurality of obje&ts, Acvarker asinclaim 1 wherein each of said plurality of elongated :

soft ferromagnetic elements are in an angular relationship to each other, the angular

separations between the elongate soft ferromagnetic elements defining said code.
3. A marker as in claim 2 wherein said code is a self-clocking code.

20 4. A marker as in claim 3 wherein at least one of said plurality of
elongate soft ferromagnetic elements is magnetically coupled to a keeper element.

S. A system adapted for remote identification of a plurality of objects,
each said plurality of objects being provided with an identification code and being
disposed to pass through an interrogation zone, said identification code comprising

25  atleast one elongate element of a soft ferromagnetic material, said soft
ferromagnetic elongate element having a low magnetic resistance (high magnetic
susceptibility), having a magnetizing direction and being surrounded by an area of
high magnetic resistance (low magnetic susceptibility), comprising:

generation means for generating a magnetic field having a magnetic field

30 vector of a substantially constant magnitude in said interrogation zone;

22~
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obj ect .bei ng provided with ode and being di sposed to
pass wdsepeery an intd d identificati ocH6shiosio
conprising at |east one ol ergare—are ent  of # soft ferromagnetic
material, said elongate soft magneti c el ement having a | ow magnetic
resi stance (high rragne@mtlme@mrmarms/she relatiye erientation betvgey saidimagngtic
direction and bei a

(1 ow magneti c sulgcg:feap 11 g%ﬂgg)éan@:}hsilhnig o?hg'%?eps Oﬁ?&i’o%aﬁ&?k&ie alf

generating a magnetlc f] eI d haV| netic flel d.,vector .w
i nterrogation zone, gg’fsﬁf'?ﬂ& sad a.&“%‘méf tlgppt,saxd

const ant &H&t%@%longat%@oﬁ fmomagnenya@ﬁbﬂg t he relative orientation
bet ween said magnetic field vector and Ssaid object in said -

i nterrogationszone, apd  a oysrem asin clsim 334 kih 6hd TyenABAHn cBat

magneti zing direction of sai ongate Ssoft erronagnetic e *Erent .
WO 96/ 16377 comprises aplurahty of elongate soft magnetic elements arranged in a preformed
PCT/ US95/ 10470 A method .as in claim10 wherein_ said

i dentification ceopatial ralatipaship to each %W%%Pé"ﬂ retationshiprdefining & cordg and saidf ¢

ferromagnetic el Emp@tg ts
bei ng arranged |§ﬁgét§z§f’ﬁ?+a%'§¢cogi&§%’§ ésepg%aé %%’ﬁer an Qﬁwﬁe&l sal
spatial relati onmgﬁeﬁteﬂemeuaﬂ@ ﬁﬁﬁgnetib%udcephﬁnwte soft ferromagnetic
el enent s 5 bei ng separ at ed from each other by areas of high magnetic

resistance (hgw magnet c A systenPASin@Riith & whérdih sajd WhgOR! Bl isSProthtig RS | N0

step detects changes in sai d magnet|2| ng direction of said elongate

soft ferronagnetic el ment sy QP’@“ ifﬁqw S
in claim11l wherein sgl‘d magrie %I e vec her clompnsmgmeliﬁ%?% é%glglea
13. A device fa sajmaﬁatdnrt@eaas foraieteirminirig mb 6nmthiinmoﬁsaiﬂmﬂbieﬁc fieldedctor.
I nterrogation zone, conpri sing: generation neans for

generating a migneti09VeCt(XsﬁﬁéﬁiEﬁn%!huﬂ@fﬁﬂh&tdoﬁiprﬁihgmeansop&éti»@lﬁ%ﬁiéﬁ' c
field having a substantially ‘constant magnitude with a varyi

ori entation of s&b saidgeneration reass to determine thietmagnitudg of Siatdtmglvgaﬁeldrvemone
and
15 10. A method for the remote identification of a plurality of objects, each

object being provided with an identification code and being disposed to pass
through an interrogation zone, said identification code comprising at least one
elongate element of a soft ferromagnetic material, said elongate soft magnetic
element having a low magnetic resistance (high magnetic susceptibility) having a

20 magnetlzmg direction and being surrounded by an area of high magnetic resistance
(low magnetic susceptibility), compnsmg the steps of:

generatmg a magnetic field having a magnetic field vector within said
interrogation zone, said magnetic field vector having a substantially constant
magnitude;
25  varying the relative orientation between said magnetic field vector and said
object in said interrogation zone, and
detecting a change in the magnetizing direction of said elongate soft
ferromagnetic element.
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i ning the magni tude of said

15 det er ni jhi HS i&ﬁE HAGY BRERN g _
magnetic field L PLACED 14." A device as in claim13
wherei n &@ioggf9€r ati on neans CONprrse three pairs peinh and
mut ual I y orthogonal coils. 15. A device as in %pg?drjn 13
wherei n said generation nmeans further 20  conprises a controller and at

| east one coil, arld. wheh glethodasdn elaim 1@ wherein saididegsificgtion code fughesuppl y
electric currents to i d. a east Ll to- the.ori entation of said
magnetic fi el "W@S?so“r‘;‘g‘l&ﬁﬁ ‘%ﬁf&@ﬁv sgﬁgeé%%ﬂ?ﬁf/%@h%gt& ﬁ"fﬂ?@ﬁ%ﬁéﬁ)i on zone.
16. A devi Cféi'r&ﬁa%'lﬁtié eRinights beig Arahgedsialatpatedl réltionshipité eadhooth@tndo supply
electric currents to said at | east one coi F tﬁe orientation of said

to var
magneti c 25 saiflispatial velationship definipg emd%MMMéﬁmmMQGMS

orientations,inh said i nt er,yogation

Sevt co as i bethg sArarated from.¢4th Sied 87 it of fgf magnesic.resistance flav pipetic’ |
electric currsggeptibiftyy,dind wherdif 3d detB&ingitép detectSEingésin 3aill HaghbtiingrBgnet i C

field. :
direction of said elongate soft ferromagnetic elements in sequence.

12. A method as in claim 11 wherein said magnetic field vector is
rotated. h | | '
10 13. A device for generating a magnetic field within a predetermined
interrogation zone, comprising: S (
generation means for generating a magnetic vector having an orientation of
said magnetic field having a substantially constant magnitude with a varying
orientation of said magnetic field vector within said interrogation zone; and
15 ' determining means for determining the magnitude of said magnetic field
vector. '
14. A device as in claim 13 wherein said generation means comprises
" three pairs of opposed and mutually orthogonal coils.
15. A device as in claim 13 wherein said generation means further
20  comprises a controller and at least onie coil, and wherein said controller is adapted

to supply electric currents to said at least one coil to vary the orientation of said
magnetic field vector continuously and smoothly in said interrogation zone.

16. A device as in claim 15 wherein said controller is adapted to supply
electric currents to said at least one coil to vary the orientation of said magnetic
25  field vectorin a predetermined séquence of discrete orientations in said
interrogation zone. | '
17. A device as in claim 16 whetein said controller is adapted to supply
electric currents to said at least one coil to generate a rotating magnetic field.
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