3 March 20 4 MAGNETI C SENSOR FOR AN AUTOVATED GUI DED VEHI CLE SYSTEM

FI ELD OF THE | NVENTION This invention relates to a nagnetic field sensor
for an 5 automated guided vehicle systemand to a guided vehicle system
i ncluding the magnetic field sensor. DESCRI PTION OF THE PRI OR ART

Aut omat ed gui ded vehicle systens are known which employ 10 a grid or line
of magnets along or upon a path which a *vehicle is tdpMarekh@084. The
vehicle carries a magnetic field sensor for sensing the magnets so that

i nformati on can be obtained to enable guiding of the vehicle relative to
t he magnet s. ASNEPEC COBNEGE | ROl Ax6 VeI BD | GrhepED Wit istgTam i n the
types of sensors used, and techni ques used range from neasurenents of 3-D
magnetic field strengths of the nmagnet using nagnetoneters to a sinple,
singl e row afig0 SEEITEON t 0 detect the position of the magnet.
Each techni a 0 sfreng I t agpg..t

t echni ques 3§§dgd£%%% tﬁﬁétﬁéféggﬁu%ée%eﬁggng?lchgg%%g %gg?Pgnggacﬁﬂas
speed of 5t hautamted geitded avebichet wresege vt thoa nayhdedaiyghigde
accuracy. diff SENSU S NHD saipldide: AN ideri@isor switches are
normal Iy used in conjunction with nmagnets which are fixed in a roadway
and which define a path along which a 30 vehicle is to traverse. By

sensing the pEEOREIPTIGN elrd THH PR ART or mation as to the position of the
vehi cl e relat e to the net eterm t
the vehicle 05: at%%n FOIT edvgolgﬁatgyﬁ% eing m%%‘kég%q Qﬁi Sﬁé gts as

it drivég frongohd pra@gna of magnets along or upen a path wh:l.c'.h a
vehicle is to traverse. The wvehicle carries a magnetice

field sensor for sensing the magnets so that information
can be obtained to enable guiding of the vehicle
ralative to the magnets.

15
The conventional systems utiligse a wide wvariation in the
types of sensors used, and techniques used range £from
measurements of 3-D magnetic £ield strengths of the
magnet using magnetometers to a simple, single row of

20 magnetic sensors to detect the position of the magnet.
Each  technique  has its asgociated strengths or
limitationsg, and the technigques used depend on the
requirements of the application asuch as speed of the
véhicle, geparation between sensor and magnet and

25 accuracy.

Magnetic sengors which include magnetic sgensor switches
are normally used in conjunction with magnets which are
fizxed in a roadway and which define a path along which a
30 +wvehicle is to traverse. By sensing the magnetic field
strength information as to the position of the vehicle
relative to the magnets can be determined and the
steering of the vehicle can be controlled 3¢ that the
vehicle follows the magnets as it drives from one place

35 to another.



35 to another. _ 2 3 March 2004 Magnetic sensor switches with a digital
output signal Iline are comonly used to detect the presence of nagnets
whi ch are placed close to the sensor. As such, they are 5 produced with
hi gh operating thresholds with the intention of near field detection. In
view of this, for applications that require far-field detection,
relatively | arge magnets of about 100 mmin di aneter gqﬂaﬂgﬁzg?yn I n

t hi ckness are necessary to increase the 10 | ocalised magnetic tield
strength. This size magnet provides a sensor to nagnet distance of only
about 22 cm That is, in order for the sensor to detect the nagnetic

field fron1%?ﬁ (RO t e §n9 | d. n A h m_fr t he
magnet when ‘ seﬁgofggggges %% ofgrg?ﬁg ﬁ%gﬁgga%gg gﬂ% i %Dg%gﬁgghet
gui dance systigis Fradcepprntat9ed ta dhtecratkengrepenehi efedagnedsi n an

i ndoor, fact@in eivd rPIHE yese thecner kbaabrdef hgcklieR, oknkbeayghicle
20 is small. The sensor can he kept at close and determnistic height
from t he® gr AFRFYRRshet ¥1tRychiady st @RgTaFEnY| sFFSSP A 3he ARt Fhe

i ndustries sieraSiosteRinddsd | Sieldhvdyescridnt hese appki 64t thas,t Kerspeed

of the novin ehicle is relatively w. at 25 .oxi jmat el .neters
per second. :?'sl,cat é’nﬁnamtggtverﬁ% “Hef | ecﬁ%g%l(ﬁ)& he \c%ﬁft%?%o and
al so the semsgrativaly daidge tthanadid b €)akkomt ng0dornokni diamebeni abdn t he

detection | iz t $o 2%{#‘%\9&@&@&@ SYSt efBcLBELE) 0T 85,005 ROt REYE ghRA

application _outsid these environnments and _in particular 1n
envi r ontent $9fRdriE e em3eRrELE NP hd&tFeRath. This size wmagnet

provides a sensor fto magnet distance of only about 22
CIn . That is, in order for the sensor to detect the
magnetic field from the magnet the sensor should be no
more than 22 cm £from the magnet when the sensor passes

15 over the magnet.

As such, most magnet guidance gystems f£ind application
in the tracking of vehicles used in an indoor, factory
environment where the vertical deflection of the vehicle
20 is small. The gensor can be kept at close and
deterministic height £rom the ground magnets. Such
systems are also used in heavy duty industries such as
steel mills. However, in these applications the speed
of the moving vehicle iz relatively slow at
25 approximately two meters per second. Thus, the dynamic
vertical deflection of the vehicle {(and alsoc the sensor
carried by the vehicle) during motion is well within the

detection limits.

30 However, such systems therefore do neot have great
application outside of these environments and in
particular in environments where the vehicle may undergo
substantial load variations of up to sixty tons, such asg
in environments where the vehicle is being used to

35 transport shipping containers from one place after they

are unloaded from a ship, to another place for leoading



substantial |oad variations of up to sixty tons, such as in environnents
where the vehicle is being used to 35 transport shipping containers from
one place after they are unloaded froma ship, to another place for

| oading 3 3 March 2004 onto a road vehicle. Such automatically guided
vehicles run on pneunatic tyres and have a maxi num straight travelling
speed of seven neters per second and turhing and parajMﬁkcﬁ%B‘ge | ane
speeds of three neters per 5 second. As such, substantial varrations in
the distance or height of the vehicle fromthe roadway will take place
as the vehi cbetdsal padedvandcial oadadhamt sdmaitigall®t igoddedurebaoTeee, |f
the systemis useéjni nnargmaetr}_\éi rennent %gr ehgggureiln a(gzin{u%{ eiggr}ag_%jh%cts
free from 10° the gromf’n(? 'S Not p355| bl €,""danage to the sensor can= occur
i f the sensotrasehbimg edpeed| of. sEhvies nmdimmdf per Feposdsandcdrraiimg

m ni mum sep [ tywgen e upg. r €na ) this
envi r onment a%‘ﬁ% %r%o%%l\ggf F’Igg%g?nnfﬁ? p%%ﬁngg c%ﬁr. g éﬂ%‘{a' edpienlzna
roadway Ps $22%%4 ct oS beRalsesehsEnRtiRE BRULBFAPBE cfrefiftehais LaRFehi n

t he concret ¥ oadwaheupen WHeChvbhRecYehi £hdm tthavekSadkay IWiSIANERke

rei nforcenent, bars may,be 20 .| acated 70 beneat h t he, surface of .t he
| oatvay thorlthare | R Ehae ah A o IRafE AN 5989 | 955 0 SF dficed
in which a megnigin.can Fertbeatodet o pEovtde asystrdmf dis awstegiratincakhy

gui ded vehi GRS - fondh > SRk PLADL PGS BAC! g 14 FRIVPNEL Q02 aYS! O
that uses nmagnetic sensor swtches wth |g|ta outp relates to the
phenomeh®n direhygrensdi sis ThPS masiidmhe ocEarmagpedus 8hehesS TPt FAS and

rﬁl ease poi Ml ifechdBGERELE $8NEOLNTWAE &b Ay di fLRLENt th¥raabuke Of
their imposes a certain minimum separation between the sensor

and ground.

15 Furthermore, in this environment the amount of room in
which a magnet can be embedded in a rocadway is
restricted because of the use of reinforcement bars
within the concretse roadway upon whiach the wvehicle
travels. For instance, reinforcement bars may be

2¢  located 70 mm beneath the surface of the roadway thereby
limiting the size of hole which can easily be produced
in which a magnet can be located to provide a mark for

agtomatically gulded vehicles.

25 A sgecond problem asscciated with conventional systems
that uses magnetic sensor switches with digital output
relates to the phenomenon of hysteresis. This problem
occurs because the operating and release points of the
magnetic sensor switch are different by nature of their

30 design and construction. As the sgensor leaves the
magnet, the magnetic sensor switches remain switched on
until the magnetic flux level drops below the release
point of the sengor, which is mueh lower than the
cperating point of the sensor. Thus, the computed

35 position of the magnet appears as a “lag” behind the
physical position 9of the magnet due o the memory effect



30 design and construction. As the sensor |eaves the nmagnet, the magnetic
sensor switches remain switched on wuntil the nagnetic flux |evel drops
bel ow the rel ease point of the sensor, which is nuch |ower than the
operating point of the sensor. Thus, the conputed 35 position of the
magnet appears as a ''lag" behind the _p‘pysi cal position of the magnet due
to the memory effect - 4 3 March 2004 or hysteresis. iyl @8phts 10

i naccurate estinmates of the magnets position. The detection accuracy of
the position of a nagnet is extrenely inportant in the transfer of

shi ppi ng contmi hpssefesizone YHiscedm I antd hénacounatecksennatesnerdt
because the i i to s (i gkt 1 h Lsta f.eQm any
ot her senso‘ér‘}g%I %a%ﬁe%%eéﬁgg%gt e deg‘glgnac%%l%n (ﬁI}nt g?%r§§h?%agf?€g tgl(r%d

unl oadi ng oA Gios. o0 SUMPABRYLOFLFHEF RNVENTION ImRehindtet iof &b@ir st
aspect of theddusmiti afei SshDpp OVST COARLANCti M SErghObLEM NBOki-@Nedabove
whi ch concerns the sensor to_naghet distance. 15 This aspect, of the

i nventi on mMAPPERI 3Bt * r 88T FRVATORRGREL iREFEWEAY EBRsoFeRES DAY for
sensi ng a negnpeddiced ftel dtepedivédhbyta tgnedisidthencentosm assgnblkjier

I ncl udi ng; o] sorg hayj ng.a sor,_el ... 20 a

magnet i sabl Zster#e%n%) |8§}§?§3‘ ad'ij a?eé{nt%t e%%s%engggteﬁg%ﬁfl aﬁ%gggt vvéfgﬁ t he
sensor el endiaddny tansl udgastingheperidiomssor is in use, and wherein, in
use, the nenber becones nmagneti sed by the magnetic field 25 produced by
t he mag}tléat to create a secondary magnetic

SUMMARY OF THE INVENTION
The object of a first aspect of the invention ia to

overcome the first problam mentioned above which
concerns the sensor to magnet distance.

15 This agpect of the invention may be said to reside in a
magnetic £ield sensocr assembiy for sensing a magnetic
field created Dby a magnet, the sensor aagsembly
ineluding;

..at least one sensor having a sensor element;

20 and

a magnetisable member located adjacent the
sensor element and between the sensor element and the
magnet when the sensor is in use, and wherein, in use,
the member becomes magnetised by the magnetic £ield

25 produced by the magnet to create a secondary magnetic
field which i3 detected by the sensor element to thereby
boost or increase the localised magnetic flux density

produced by the magnet.

30 According to this aspect of the invention, the member,
in the presence of an external applied magnetic f£field
from the magnets, induce magnetism and become temporary
magnets. Because the member has a material permeability
higher than air and is adjacent to the sensor element

35 the magnetic field produced by the member can be
detected by the sensor elements whereas, without the uase



field which is detected by the sensor elenent to thereby boost or

I ncrease the localised magnetic flux density produced by the magnet. 30
According to this aspect of the invention, the nmenber, in the presence of
an external applied magnetic field fromthe nagnets, induce magneti sm and
beconme tenporary magnets. Because the_nenber has a material perneability
hi gher than air and is adjacent to the sensor el enent netic
field produced by the nmenber can be detected by the sensor €lenents
whereas, wi thout the use 5 3 March 2004 of the nenber, the nmagnetic field,
if the sensasf t ehemagarbed| stiancemhgneuliti cibaldy |idr gehenmpgerhsst otosnal |

to trigger the Senser element, Eg{%rf?tfg%ﬁtl § QRN At g bQOthé. Anatihe
magnetlc sensc?r remal ns unchange and the sensor to ‘magnet 'S e}nce can
be greatly e difertrer nthet epsenreabementnnl FThexeéenal #hgnepeEatisgd

strength ispdﬂﬂttQEFthﬁ el é@a@&ﬂe&ehﬁiﬁﬁﬂdﬁgﬁadJEa$&£§0E§e
because that small field strength will induce a magnetismwthin the
nmenbers heFHE S ek oPagRE e SISFENCR) P Re@TEAF Hh AXTRAHRA S ¢ fPel d

wi Il be deteaftrd: byeddie, Sensdll edet@nial ompgnRdtLe Bheddt pukehiem tlge
sensor ele t i.,ndjicative of the magnet. Preferahly the nber _is_a
cylindrical ryl':ioq'd %?‘l%%e&snenr%égrgsafg hla'\gi %ﬁd%rl %ﬁ’giaté}c#’naa ® aé):l?% WIER s
al i gned, inbgsgusen thkadi r eoiildn dfisdd i netestgbli nyildt welsndudwe nagnet

and the seggah MR, LAGISENSe RAERSd NEdRODRL - s EhE0E anxeLpst@”ber

;
is a ferromagnetic nenber. 20 Preferably the nenber 1 s fornmed from

nmanganes® zidn@agr@t jand pghal igaguRiAd ot 19 gehkt dpe f deRarhednyy. FE2Cs.
Preferably tshesmmnbelehéntNPtdgetc@VeNShat NGuEFBEOIErom the sensor

element indicative of the magnet.

Preferably the member is a cylindrical rod shaped member
15 having a longitudinal axis which is aligned, in use, in
the direction of a line extending between the magnet and

the sensor when the sensgor passes the magnet,

Preferably the member is a ferromagnetic member.
20
Prefarably the member is formed £rom manganese zinc

ferrite material having the general formula MnZn.Fe;0;.

Pfeferably the member is impinged against the sensor

25 alement.

Preferably the member has a diameter of about 8 mm and a
length of about 40 mm and an initial permeability of
2000,

30 |
Preferahly the sensor alement is mounted on a sengor
board and the member is located in a member holder, a
spring being located in the member holder for biasing
the member 3o t{hat it impinges against the sensor

a5 aelement.



25 elenent. Preferably the nenber has a dianeter of about 8 nm and a

| ength of about 40 nun and an initial perneability of 2000. 30 Preferably
t he sensor elenent is nounted on a sensor board and the nenber is |ocated
in a nmenber holder, a spring being |located in the nenber hol der for
biasing the nmenber so that it inpingesé$gainst the sensor 35 elenent. 6
3 March 2004 Preferably the nenber hold I s coupl ed %qwgﬁ%phgﬁ& pl at e,

t he hol der plate having a screw t hreaded hole and the er hol der
having a screw thread for engagenent 5 in the screw threaded hole, the
sensor board being |ocated adjacent to the holder plate so that the

sensor ele ect t hr ou ew t.hr eaded.h Ie and t he
o ffgta%lr %hl?l ym er Dsfé%ol d&r ﬁoupl kiﬁ’e8

menber hol der”. fera 8eP3%Base” arft sprlng
is disposedzﬂ@mnmaﬁném#QkéﬁramﬂatmehﬂEMM@rafe¢r§washngadeﬂehnéﬁbend

agai nst the aetsaémeéfrrﬁatld&hm a hgkdel, %J@/e arcea%agtﬁtﬁet'a'

flange for 15 engaging a surface o the nmenber ate
anount of i Ader thén 6FTEHe RERBRfSAol Mt i nt'dhe hé%%cew bemreadealﬁ@ e

V\ﬂen tgg rrerttwl a:@izgﬁ d.cfSezStC[)iE&V t—.iﬁéeaaeaerl @tlattehe@cezeavlzthﬁieaeeﬂs?el e :j n
t he nenber ate Pre a t he sensor conpris a rality of sa
sensor elenﬁﬁffwﬁﬁﬂ Eﬁoaeﬁéﬁne¥?§%&ﬁ% R%Wbe?gg355 %ﬁ%sTﬁvgn?F%ﬁynﬁﬁdalso
be said to Hesioddéhen mambauxt dwwdtded . gui ded vehicl e system including; at

| east one automated gui ded vehicle, the :

10 Preferably the member holder has a base and the spring
is disposed between the base and the member for biasing

the member against the sensor element.

The member holder may have a circumferential flange for

15 engaging a surface of the member plate for limiting the
amount of insertion of the member holder into the azcrew
threaded hole when the member holder is screw thresaded
into the screw threaded hole in the member plate.

20 Preferably the sensor comprises a plurality of said

gsensor elements and said magnetisable members.

The invention may also be gsaid to reside in an automated
guided vehicle system, including;

25 at least one automated guided vehicle, the
automated guided vehicle having a sensor assembly having
at least one sensor, the sensor including a plurality of
sensor elements each sensor element having a
magnetisable member located adjacent the sensor element;

30 a plurality of magnets arranged along a roadway
which is to be traversed by the wvehicle for guiding
movement of the vehicle along the roadway;

each sensor element having the magnetisable
member located adjacent the sesnsor element s0 as to be

35 Dbetween the sensor element and the magnets when the

vehicle paggses over the magnets; and



aut omat ed gui ded vehicle having a sensor assenbly having at |east one
sensor, the sensor including a plurality of sensor elenents each sensor
el enent havi ng a magneti sabl e nenber | ocated adjacent the sensor el enent;
30 a plurality of magnets arranged al ong a roadway which is to be

traversed by the vehicle for guiding enent of the vehlcle al ong the
roadway; each sensor el ement having the nagnetlsable p gated
adj acent the sensor elenent so as to be 35 between the Senso | enent and

t he magnets when the vehicle passes over the magnets; and 7 3 March 2004
wherei n when the vehi ctlepaissesviouer tie waghels tbesaeabebvbecomhe

magnet i sed %g%etlgcmgagtaﬁ 42! §.0ERAUCSHL e é{%&fﬂ%&et $nd O nfl8R19 2

secondary nm I el etecte e sefsor el enel

t her eby boosiiekd | paodised héYl okt i metpc ‘F?ﬁ%ﬁedemsﬁt‘#%ﬂ@éﬁrced by

the magnets Mgﬁﬁ@bkyemewme‘aﬂlg Sa@t&aéé@dayc%hé OgeﬁQéPe@l%@Q%r
having a_l ongitudinal axis which_ is ali Lnuse 0 the direction

of a I'inég elfenthereethRest tfe Haghess Ehﬁ Pﬁ@a%éﬁ§8rm®ﬁ§ﬁtﬁﬁe £dgsor

passes over ddissimgniptodddes] anahihe taemmgnet i sabl e nmenber is a
ferromagnetic nenber. 15 Preferably the nenber is fornmed from nanganese
zinc ferrite material having the general fornmula Maa n. Fe203. Preferably
t he menber Rrdigpiaigad Hpnimmbatha sensingin2odiesentnt. shapkdr apmperhe

nmenber has %ﬂz@i&ata?rl@ﬁg@@@&'in\@l NFX 2R dy B3 chengt khﬂfgr?&?u'[ 140y aggd an

initial gerneabll
i the d:..rect:uon of ‘a line extending between the magnets

and the sensor when the sensor passes over the magnet.

Preferably the magnetisable member is a ferromagnetic
member.

15
Preferably the member is formed from manganese zZinc

ferrite material having the general formula MnZn.Fe,0:.

PFraferahly the member is impinged against the sensing

20 element.

Preferably the member has a diameter of about 8 mm and a
length of about 40 mm and an initial permeability of
2000.

25 _
Preferably the sensor element iz mounted on a sgensor
board and the member is located in a member holder, a
spring being' located in the member holder for biasing
the wmember s¢ that it impinges against the sensor

30 element.

Prefarably the member holder ig c¢oupled +t¢ a bolder
plate, the holder plate having a acrew threaded hole and
the member holder having a screw thread for engagement
35 in the screw threaded hole, the sensor board being
located adjacent to the holder plate so that the sensor



25 Preferably the sensor elenent is nounted on a sensor board and the
menber is located in a nenber holder, a spring being |ocated in the
menber hol der for biasing the nenber so that it inpinges against the
sensor 30 elenent. Preferably the nenber holder is coupled to a hol der
pl ate, the hol der plate having a screw_t@r_eaded hol e and the nenber

hol der having a screw thread for engagenent 35 in the §ﬁ%?¥hbagaaded hol e,
t he sensor board being |ocated adjacent to the hol der plate that the
sensor a 3 March 2004 el enent projects through the screw threaded hole and
i nto the nendkemdmot derrmo Faraf=er abkrpughe tepabercidwdt déhrhaded Dasks amdd he

spring 5 is;gdisposed. hatyeen ihe.base and the nmenber for biasing the

menber agai nst the sensor elenent. Preferably the magnets are
ceramic-ferrite magnets of cylindrical shape and have a dianmeter of about

100 nn 10 kb @etdb CKNEES @HemBROUILIULIM hdhea0laaG £ acBeCepdiagnect
of the invention, is to gvercome iifge probl em associ ated wi_th E’y,steresi S
due to the iff fELFRAFSBpRLEYE AN GhrePEsS T nERE oPTRET sERT0P1A3InE) s
aspect of thehe nverisamgiiovsdasha smgret i«ldneitd sensor assenbly sensing
a magnetic field created by a magnet for the sensor assenbly including;
at | east one sensor elenent for detecting the 20 nmagnetic field produced
by t he magndétrefmreipanetheni nedmats nears ferapéfeferveley swiandfisgoft he

sensor el engitis REIMEEN 3hRQUCTanAN hEVE! zand SndtWel o £ 0fdhd@Velas mm
10 and a thickness of about 50 mm.

The object of a second aspect of the ianvention is to
overcome the problem associated with hysteresis due to
the different operate and release points of the sensor.
15
This aspect of the invention provides a magnetic field
sensor assembly sensing a magnetic field created by a
magnet for the sensor assembly including;
at least one sensor element for detecting the
20 magnetic field produced by the magnet; and
power switching means for selectively switching
the senscor elements between a power on level and a power
off level.

25 According to this aspect of the invention because the
gsensor elements are switched between the power on and
power off level an effective power reset to the sgensor
oceurs so that the operation of the sensor element only
depends on the cperation point of the sensor, that is

30 the magnetic gauss level to activate the sensor element.
The release peint of the sensor is immaterial in the
oparation of the sensor element. By relying on a single
triggering point for the gensor, the phenomenon of
hysteresis that causes inaccuracies in measurements as

35 the sensor passes over the magnet is totally eliminated.



25 According to this aspect of the invention because the sensor elenents
are switched between the power on and power off level an effective power
reset to the sensor occurs so that the operation of the sensor el enent
only depends on the operation point of the sensor, that is 30 the
magneti c gauss level to activate the sensor elenent. The rel ease point of
the sensor is immterial in the operaiion of the sen a?élﬁﬁﬁah' By
relying on a single triggering point for the sensor, the phenonenon of
hysteresis that causes inaccuracies in nmeasurenents as 35 the sensor
passes over Hiwtdmiat dise tpiwdd ysweltdh noéels Somdpbhsel 20@4aBeekenabl y
the power swileh mmans conprlses a.transistor., . and, switehing control means
for sw tching He tTansistor ~on and off: 1 h& transi €t 6r-havi ng-a

col | ect or weirchaitd o&&nnddieed:tangintwensayied eaento o tar enlti¢ler ivhi ch
i's 5 connected 0 (Yound, cidessubb£hl RgmeRR! Lels RANSPELDY wEPoRegked to
the base of the transistor so that when a power on signal is agpl‘led to
t he base’t h&¥@Rsdred etnERPuRe- colifecFEdte 1@50%%‘]’?&0%%e ELBEsi st or

and the sengenmiamNtcd StBét biaked FOreNOWeFLAsUPLELNE@ ktha40tedh ah can

b l'i ed th | t . b t d ted by th
Craneistor RRASE SBnsaroRbherSUHBMIS { P s cibor SABmo kT at™AHEN © he

swi t chi ng cedepekntiessns conrecitest ofé greundanshstughi Scheswbtahetlsbét to
disconnect Lhg 805 Yo Rl AL 0N 12 gEoUDd 30 WAl INEKE: |5 NgiRoLent i

difference across the sensor elenent an e sensor el enment 7s powered
of f. Pridt er BEFgREAGLSWFEEI R cBﬁPFéPdrreaﬁgogw t Ehes EABSOP) Ska@eRt
el ements onpapde@hl BEEI OgiS@hdY d¥eSHD| WiND cHd ghraRdils@WrSi ghal sato the

f the_transi r.
base of t esgngoi %%%ar supply to the sensor element, and when the

switching control means switches off the transistor is
switched off to disconnect the sensor element from

15 ground so that there is no potential difference across
the sensor alement and the sensor element is powered
off.

Preferably the switching control means switches the
20 sensor elements on and off periodically by supplying
high and low signals to the base of the transistor.

Preferably the sensors are powered on for about 2 ms and
tﬁen_pawered off and so on. Preferably the sensors are
25 read after each 2 ms power on periocd and after being
read are then powered off for at least 1 ms before the

next power on period.

Preferably the sensor power supply comprises a fixed
30 wvoltage supplied to the sensor slements.

Preferably each sensor element has a ferromagnetic
member located adjacent the sensor element for boosting
or increasing a localised magnetic flux density produced

35 by the magnets.



Preferably the sensors are powered on for about 2 ns and then powered off
and so on. Preferably the sensors are 25 read after each 2 ns power on
period and after being read are then powered off for at least 1 ns before
the next power on period. Preferably the sensor power supply conprises a
fixed 30 voltage supplied to the sensor _elenents. Preferably each sensor
el enrent has a ferromagnetic nenber | oéaféd adj acent gpﬁaﬁaﬁgeb4elenent
for boosting or increasing a |ocalised magnetic flux densrty produced 35
by the magnets. -10 3 March 2004 This aspect of the invention nay al so be
said to resiTieisi Aspéc8ub@mahed igiviedad ove Gl ca Syst 88 shngl wdi R@side | east
one vehicle jncluding a mgnet] gield. ensor.assenbl.y having at | east
one sensor e’r%n@e%t‘?“%’“é%?‘%r%‘ﬁ‘% o‘fe%cgieetssyﬁ%eéﬁt R % roadway for
gui di ng novenent of the: Vairatl emelvathivd ¢ dridiedimgg e treygnaird cp dield
swi t chi ng ngans r §§$$¥U 2 1 .Gy Lff. .0 the at

| east one sensosrélol%ge enentCl?A‘KLPérélegf yabﬁ%%ﬁ%%ﬁ%ﬁatc ‘]gl;?éxttrfeans

conpri se8 a transistct RHFIWHIEMhPRIREFD| LARAR’A T 8LCBY AcHiPRGWaNe
transi stor ogbANGuAiding NBcleABEESIOF T NGeBic0kl €64 D4t dPe WL 1ig
connected tqQ the sensor,elenent and an emtter which is connected to
ground, the ™%t ndbntrol means being connected to the base of the
transi stor so that wewesr povewitorhisiggnalmésnappl £ed t opklréclddselife

sensor el emapl, | S, GONNEGLEY LA UG, ENLBUINLS Nge20 JIAnsi sl oLaAng,! he
sensor elenent’ 1s activated or powered up since potential can Be appl i ed
across the element.

Preferably the power switching means comprises a
transistor and switching control means for switching the
transistor on and off, the transistor having a collector
15 which is comnnected to the sensor element and an emitter
which is connected to ground, the switching control
means being connected to the base of the transistor so
that when a power on signal is applied te the base the
gengor element is connected to ground through the
20 transistor and the sensor element ig activated or
powaered up since potential can be applied across the
gensor element between the ground - areated by the
transister and a gensor power supply to the sensor
eiement, and when the switching control means switches
25 off the transistor, the transistor is switched off to
disconnect the sensor element from ground s¢ that there
is no potential difference across the sensor element and

the sensor element is powered off.

30 Praferably the power supply to the sensor ealements is
switched on and off periodically by supplying high and
low signals to the base of the transistor.

Preferably the switching sensors are poweraed on for
35 about 2 ms, then read, and then powered off for at least

1l ms and then powered on again for 2 ms and so on.



sensor el enent between the ground created by the transistor and a sensor
power supply to the sensor elenent, and when the switching control neans
switches 25 off the transistor, the transistor is switched off to

di sconnect the sensor elenent fromground so that there is no potential
difference across the sensor element and; _the sensor elenent is powered
off. 30 Preferably the power supply to the sensor el er?ﬂ{a%ﬁ?oogw' tched on
and off periodically by supplying high and |ow signal's to the base of the
transistor. Preferably the switching sensors are powered on for 35 about
2 ms, then read, and then powered off for at least | nms and then powered
on again fOrpZe fEr A0l SAHAN: sahlod Mbkh: 2004 1Rl ebaBlyskhe sensgredponer

2
supply conprises a fixed  voltage supplied to the sensor elements. 5
Preferably eSRW-a®hsHPRlEPRNEC Hehe S IRIT DRt - nenber | ocat ed
adj acent the sensor elenent for boosting or increasing a |ocalised
magnetic_field str th roduced by the nmagnets. 10 This aspect qf, the
inventioﬁlﬁﬁfﬁﬁgﬁégi§sa? Bo ?%%?aé Fﬁeﬁeggns§Fsas§EW§%fq4%33ﬁ§§ﬁﬁing a
magneti ¢ fi edshbexr otlucatiedy adjmagnet thenclamdsany; e heménts foondosertsiony
el enment havi fl segon r 'n%1§?g ou Pi ] sensor
power supply orhrsl;éjL?)?g?ﬁ% p%we(r%'o%%\&%’tsh%fi rs %?in]c of E?%Edat %|t§§§’€%§ne.

sensor el en@fody e R HISReS t he at | east one sensor el ement being
coupl eable to a reference potential so that power is supplied to the at

Lot o0yl VIR ob ) pBE oA B B E SREE Tl
in a senzor assembly for detecting a magnetic field
produced by a magnet, including:

at least one sensor element having first and
second powear pins and an output pin;
135 a sensor power supply for supplying power to

the f£irst pin of the at least one sensor element, the
gsacond pin of the at least ome sensor element being
coupleable te & reference potential so that power is
supplied to the at least on sensor <element for powering
20 the at least one senscr element;
switching means f£or selectively powering on or
off the at leaast cne sensgor elemenit; and
a switching control means for providing a
pulsed control signal to the switching means to cause
25 the switching means to intermittently switching power on
and off to the at least one sensgor element to perform a
powar regset to the at least one senscor element to
eliminate hysteresis within the at least one sensor
element.
30
Preferably the switching means comprises a transistor
having a basgse, a ceollector and an emitter, the collector
being connected to the second pin, the emitter being
connected to the reference potential and the bage being
a5 connected to the switching control meéns.



off the at | east one sensor elenment; and a switching control neans for
providing a pulsed control signal to the switching neans to cause 25 the
switching neans to intermttently switching power on and off to the at

| east one sensor elenent to performa power reset to the at |east one
sensor elenent to elimnate hysteresis,within the at | east one sensor

el ement. 30 Preferably the sw tching rré&\#s_ conpri ses %Ma?@ﬁhﬁbﬁr havi ng
a base, a collector and an emitter, the collector being connected to the
second pin, the emtter being connected to the reference potential and

t he base bei Pgef3baBDANERs efle £ Oréhies SYb ettt gl coONtgduwdd@ans. -12 3 March
2004 Preferably the reference potential is ground. Preferably the
switching control nmeans supplies a pulse signal having a high signal for
swi t chi ng t hereferahby othé emigptinbercsingize ic ot | sigopheesesomdilpien to
the refere ﬁ{xpﬁ | for eLk f oWt s ang .a 'S | for
sw tchin tg ran??%%gég o?fhg%g E%ﬁg?gf g?’g gihé'(%gﬁlelgt :E%S ‘ttﬁ]ea&\sé%?on pi n
fromthe® r %retd piage 1PPET Dl Fhthe SEEPTG A@med© hdden
magnet i sabl erdishaice agb8680L al hEcsENSOpeelioaeRis WAb&h: beceamks angnetl i sed

by a magnetjc field odyced by fhe magnet . to increase the cal i sed

magnet i ¢ fieJII‘H"st Féﬂﬁgﬁ'l f%?’rdet%%ﬁ%ﬁ“b@ tgﬁéze 15traatnﬁléggcs°[r on‘é£ en

el ement. Thishaspioate of dibeonneentingn nilye al sedoedsal gito rixsimle tibe an

aut omat ed veh ' ystem for automatically guiding a vehicle
%%zeezgﬁl% &%;%ﬁaﬁ

relative to a ur
10

Preferably the senscr alement has a magnetisable member
adjacent the sensor element which becomes magnetised by
a magnetic field produced by the magnet to increase the
localised magnetic field strength for detection by the

15 at least one sensor slement.

This aspect of the invention may also be said to reside
in an autcomated vehicle guidance systam for
auvtomatically guiding a wvehicle relative to a plurality
20 of magnets, said system including;
at least one wvehicle including at least one
magnetic field sensor assenbly:
a plurality of magnets arranged along a rcadway
which the vehicle is to traverse;
25 the sensor assembly having; _
at least one sensor element having first and
second power pins and an output pin;
a sensor power 3supply for supplying power to
the first pin of the at least one sensor element, the
30 second pin of the at least one senscr element being
coupleable to a reference potential so that power isg
supplied to the at least on sensor element for powering
the at least one sensor element:
switching means for selectively power on or off
35 the at least one sensor element; and

a switching contrel means for providing a



20 of magnets, said systemincluding;, at |east one vehicle including at

| east one magnetic field sensor assenbly; a plurality of magnets arranged
al ong a roadway which the vehicle is to traverse; 25 the sensor assenbly
havi ng; at | east one sensor elenent having first and second power pins

and an output pin; a sensor power supply,for supplying power to the first
pin of the at |east one sensor el enent, E 30 secon ﬁ?ﬁ ﬁ @ e at | east
one sensor el enent being coupleable to a reference pot*e 9 t hat power

is supplied to the at | east on sensor elenent for powering the at |east
one sensor ghudnent ; cowntrohi r@gmdnsttbortl'&el geitvkiygposamsont@r celuse 35

the at | east e d g, n 3P§,
provi ding a t—% ?’%E Ein§004 usf seg cont fé;%ég}%ta ttg%?kl%ggg %1 neans
to cause tﬁ?%wﬁi%hFﬁgtﬁﬁaﬁ§ ﬁ@aﬁﬁtéﬂﬁt%QQRQW'%%ﬁ%%me%%ePeﬁﬁOﬁBné of f

to the at %siezonee%@‘tsortoel eHBNtat 0 PELLOr Mrie RAMNor €8l et heoat
el.imnate, hysteresis thin the at | east one

| east one sensor, el enent
sensor 2le g Gs e%ﬁtfrteﬁéssmﬂ‘ﬁhf‘ﬁg MBans® tonfidtes °R% r SREFSTor

havi ng a ba&a@mhﬂnﬂlector and an emtter, the collector 10 being
connected to the second pin, the emtter being connected to the reference
potential and the base being connected to the switching control neans.
Preferably PrefeshiddencEbpotomtticiiids geensd. caspTiater &l prensgisgwbrchi ng

control neaRaviWRPld & PU S&1lector and an emitter, the collector
10 Dbeing copnected to the second pin, the emitter bheing
connected te the reference potential and the base being

connected to the switching control means.

Preferably the reference potential is ground.
13
Preferably the switching contrecl means supplies a pulse
signal having a high gignal for switching the trangistor
on and therefore connecting the second pin to the
raferaence potential for a period of about 2 ms, and a
20 low signal for switching the transistcr off and
therefore disconnecting the second pin from the

reference potential.

Preferably the sensor element has a magnetisable member
25 adjacent the gensor element which becomes magnetised by
a magnetic field produced by the magnet to increase the
localiged magnetic £field strength for detection by the

at least one sensor element.

30 A further aspect of the invention may be'said to regide
in a magnetic field gensor assembly for detecting a
magnetic £field created by a magnet, the sensgor assembly
including:

at least one central sensor array, the central
35 s@ensor array having a plurality of sensors spaced apart

by a predetermined first distance; and



signal having a high signal for switching the transistor on and therefore
connecting the second pin to the reference potential for a period of
about 2 ns, and a 20 low signal for switching the transistor off and

t herefore di sconnecting the second pin fromthe reference potential.
Preferably the sensor element has a magngtisable member 25 adjacent the

sensor el enent whi ch becones magnetised” by a magnetlc:{@kg %bﬁguced by
the magnet to increase the |localised magnetic field s 'f' r
detection by the at |east one sensor elenent. 30 A further aspect of the
I nvention may be sai d 4 ofiestdeiden semsgmetarcalyl edukd senseecasdemilde f or

detecting ag tdLedy eéprgﬁf@é egh, DY & MBYREL 5 £t BELS %Qﬁ%&a&s SOy

- i ncl udi ng, at east on€ central sensor array, the centra 35 sensor array
having a pl %Ad%y ¥ stfsoFe sparewi@bar Fhehycanpradet 6LRPAE] PRREY

di st ance anthe- e Mk ,20Q% 2 ﬁ:.f§t§ shde SRNSOL ahHaY Felkdr S%Q*Q&‘y}ss' de
sensor ray arragged on eac g of the central senso arr%y so as to

sandwi ch thé’atf’éht F+88nsbr P PF& I h& e hEERERAS (TRAIST sAPARE $BEoAd si de
sensor arr am&mﬁ@réﬁtmmgﬂ udastaycef wherboris spasecempahinbyha

second pred greater than the first
geé 5@8 todd ééﬁ%ll%%d"ﬁl%@ o

predetermn accor ng ‘to this aspect of the invention,
during 10 normal straight driving of the vehicle it is expected that t he

magnet s ar e theGat ethcd®eindf cd h@hik”ﬁsp‘@btth'c{f e CRPLheloR! r auriMgth the
smal | er_ separatiqn beta\l\g n6 the sensor 11:Sments I n, the sensor array
b

i nprovet? alOFMady &R CHAYEaI THe FPPstVeME Secafid & ggxpectad

that the magnets are locataed, most of the time, within
the central array. With the smaller separation between
the sengor elements in the sensor array improved
accuracy can be cbtained. The first and second side
i5 sensor beoards are useful during turn mancoeuvres where
the magnet markers can appear on either gide of the
central sensor array and with a greater spacing in the
firgt and sgecond side sengor arrays a wider search
envelope at the expense of a slightly lower accuracy is
20 c¢reated. This aspect of the invention thereby provides
a minimum number of senscr elements in the sensor
becauge the greater agpacer in the azide sensor array
thereby reducing the number of sensgscor elements required
whilst at the same time ensuring a wider search anvelope
25 by the firat and second sgside sensor arrays during

furning movement of the wvahicla.

Preferably the central sensor array comprises a first

central sensor array and a second central sensor array.
30

Preferably the first and second sensor arrays each

comprise nine rows and eight columns of magnetic sensor

elements.

35 Preferably the first and sgacond side sensor array alao

each comprise nine rowg and eight columns of magnetic



15 sensor boards are useful during turn manoeuvres where the magnet

mar kers can appear on either side of the <central sensor array and with a
greater spacing in the first and second side sensor arrays a w der search
envel ope at the expense of a slightly |ower accuracy is 20 created. This
aspect of the invention thereby provides._a m ni mum nunber of sensor

el enments in the sensor because the greétser spacer inéﬂﬁﬂﬁéggoaensor
array thereby reducing the nunber of sensor elenments’r whi | st at
the sane tinme ensuring a wi der search envel ope 25 by the first and second
si de sensor semays elemergtst urni ng novenent of the vehicle. Preferably the
central sensor array conprises a first central sensor array and a second
central sensor array. 30 Preferably the first and second sensor arrays
each conpriBeefereblowsaghd of ghlee cHenPes ctrnihefFe Fowrdred ekenént s.

35 Preferablyrddesdd ¥ shoand %@%@éﬁﬁﬁ@ngg&ﬁa&r VLS £A6H GARE I se
nine rows and ei ght col unms of gnetic 3 rch 2004 sensor el enents.

Ma
Pref erabPy AR the2¥ehSor® SBf PRBUPEER £§ & PREERoF°b&8rd for
recei vi ng oui¢pudrmsimgihl e fatomeeaeh thesengpretayr.ray to enabl e the position
of a vehicle to be determned relative to the nmagnets. Preferably the
processor board is coupleable to a navigation systemfor determ ning the
posi ti on of Rreifenshiyx| echree| facessry hebpagdet 58 andotplepbbeucknag a

control signals; J: £ONLKALENgcBPVeIBRL -Aln 1 RS Vel Cliysiidl JrESRENSg 1O
the position signals. Préferably the sensors each cqnprise a sensoQr
el enent 1915 YaRES Sra ittt ol e fenbEh® adPagRAEs t hdR8endBF ePEREHEING

control signals for controlling movement of the wvehicle

in responze to the position signalg.

Preferably the sensors each comprise a sensor element

15 and a magnetisable member adjacent the sensor element.

This aspect o©f the invention may also be zaid to zeside
in an automated guided wehicle system, including;

at least one +vehicle including a sensor

20 asgembhly;

a plurality of magnets located along a roadway
for detection by the sensor to enable the vehicle to be
automatically guided relative to the magnets; and

) wherein the sgensor assembly comprises at least

2% one central sensor array, the central sensor array
having a plurality of sensor elements spaced apart by a
predetermined first distance, and a f£irst side sgensor
array and & second side sensor array arranged on each
gside of the central sensor array so as to sandwich the

30 central gensor arrvay therehetween, the first and second
aide sensor arrays each having a plurality of sensors
spaced apart by a second predetemrmined distance which is

greater than the Ifirst predetermined distance,

35 Preferably the central sensor array comprises a first

central sensor array and a second central sensor array.



This aspect of the invention may also be said to reside in an automated
gui ded vehicle system including; at |east one vehicle including a sensor
20 assenbly; a plurality of magnets |ocated along a roadway for detection
by the sensor to enable the vehicle to be automatically guided relative
to the magnets; and wherein the sensor _agsenbly conprises at Ieast 25 one
central sensor array, the central sensor "array havingaqg bhY of
sensor el enents spaced apart by a predeterm ned first ance and a
first side sensor array and a second side sensor array arranged on each
side of the central sensor array so as to sandwi ch the 30 central sensor

array therebgt 1pe did steand seag.m]d sed eﬂ%&r w1y raq_;%y%acga@zvi ng a
re ne

plurality of sensors spaced apart by a secon eterm stance
which is gr%QEEFlﬁmaﬁl%ﬂerPWﬁs@ﬁ&%ﬁﬁﬁkﬁrﬁ?k%ﬁ%ﬁs?ﬁn@égnﬁﬁlpréﬁ§W5ﬁ1y t he
central sensoraemdf@y, conprises a first central sensor array and a second
central sensor array. -16 3 March 2004 Preferably the first and second
sensor arrays each conprise nine rows and ei ght colums of nagnetic
sensor elemmﬁﬁnréﬁxﬁethblﬁihbe1ﬁm$tsamdn6e@dmé:ﬁéhs@mnanragrmayoalso
each compri sg, i Neof0PesaNd SIONLo 60! YIS Of HEANElLGr S e0BOhagligtanl s 1
Preferably each o € Sénsor arrays are coupled to a "process board for
recei vi ng osRfoxsighemantds.om each sensor array to enable t he position of
a vehicle to be determned relative to the nmagnets. 15 Preferably t he

processor board I s _coupl eapbl e to a navi gation s sten1for %Fern1n|ng t he
positioﬁ of Exeferably each of the sensdr arra are cqoup

processor board for receiving output signals from each
gensor array to enable the position of a wehicle to be

determinad relative to the magnets.

15 Preferably the processor board is coupleable to a
navigation system for determining the pogition of a
vahicle relative £to the magnets and for producing
control signals for controlling movement of the vehicle
in response to the position sigmals.

20
Preferably the sensors each comprise a sensor element
and a magnetisable member adjacent the sensor element.

BRIEF DESCRIPTION OF THE DRAWINGS

25 A preferred embodiment of the invention will be
described, by way of example, with reference to the
accompanying drawings in which;

Figure 1 1s a schematic diagram of the
underneath of a vehicle and showing magnets embodying

30 the invention:

Figure 2 i1is a diagram illustrating overall
operation of a guidance sSystem according to the
preferrad embodiment of the invention:

Figure 3 i3 a sachematic view of a sensor

35 assembly according to the preferred embodiment of the

invention;



vehicle relative to the magnets and for producing control signals for
controlling novenent of the vehicle in response to the position signals.
20 Preferably the sensors each conprise a sensor elenent and a
magnet i sabl e nenber adj acent the sensor el enent. BRI EF DESCRI PTI ON OF THE
DRAW NG 25 A preferred enbodi ment of the.invention will be described, by

way of exanple, with reference to the ~dcconpanying dﬁgwi InR 4Whi ch;
Figure 1 is a schematic diagramof the underneath of "a E@%$3P94and
showi ng magnets enbodying 30 the invention: Figure 2 is a diagram
illustrating overal |l mpesdidnislaa sghietande systemBcesosdnpgrt madde

preferred enpodipent of the, inv Lon. Fhgure 3.1S .a;sch tic Vi f a
sensor 35 as%e%g‘éy sae&?grrdi%sgs n(;%#f"lecsre err%laﬂfee yod! men g%%m?ﬁé i
i nvention; -dist 18 Saphethf2rOoBuging 4ls magndtehat field ewhdfha isensor

used in th%é?@@édwe{@ YeMsdhe preferred embodinent and also a

magnet for producing tthe magnetic field which is detected by the sensor;
Figure 55is a graph sHOWYWE r &l atidnshi pI*BePweEROEI3E of & ardgRetii®abl e
menber used Hdtwdih SREOIof 04 hignPtLiehledmenbedi Aea anadcakUgensor

Beserbl y: | FIAur e Has ARl AR B P BRer B e ure 6

Figure €6 is an exploded view o0f a sensor used
in the sensor assembly; '

10 Figure 7 is an assembled view of the sensor of
Figure §;

Figure 8 is circuit diagram showing sensors
according to the preferred embodiment of the invention;

Pigure 8A is an alternative embodiment to that

15 shown in Figure §;

Figure 9 is a flow chart showing operation of
the circuit of Figure 8;

Figure 10 is a block circuit diagram showing
the magnetic sensor module incliuding the senscr assembly

20 of the preferred embodiment;

Figure 11 is a flow chart displaying operation
¢f the detection algorithm according to the preferred
ambodiment of the invention; and

' Figure 12,13 and Figure 14 are diagrams
25 illustrating magnetic field detection with magnets at

different peositions of the sensor coverage.

With reaferance to Figure 1 a schematic diagram of a
vehicle and roadway marked by magnets is shown which has
30 application to the transport of shipping contalners in a
dockland envirenment from one location where  the
containers are loaded onte or from a sghip, to another
location where the ghipping containers may be stored for
collection by road transport or directly loaded onto

35 lead transport vehicles.




ure 8 is circuit diagram show ng sensors according to the preferred

enbodi nent of the invention; Figure 8Ais an alternative enbodinent to
that 15 shown in Figure S; Figure 9 is a flow chart show ng operation of
the circuit of Figure 8, Figure 10 is a block circuit diagramshow ng the
magnetic sensor nodul e including the sengor assenbly 20 of the preferred

enbodi nent; Figure 11 is a flow chart di'splayi ng operaj| he
detection algorithmaccording to the preferred enbod?%@ﬁ?cggbphe

i nvention; and Figure 12,13 and Figure 14 are diagrans 25 illustrating
magneti c fi efilgubet ettt isbrwal tar neglseteaadh didd erend pebﬁtﬁ.engﬂofvﬂw@

sensor covergge. MLLAST afier enge o El Qs L & schanal i os diaoramal,
pri cat I on

vehi cl e and Toadway narked by nagnets is shown, which has 30 ap
to the transﬁ@rth%ffsﬁFEpPﬁgtBGnvthéis pRdaa GGCRPEN@BFRAT ARRETDIN

one | ocati omghece sthangeat aldefise areal 0aged antReofe f4 0m Qh&ms&nstc@:

anot her gocatlo ere ége Sqtp?é g@gﬁFtaln rs ﬁ ge stored fo

col l ectidn AT t#2ndport® VT 0948 OREG 95 TBRD rt
vehi cl es. - liseeivbafthe?004 Figure 1 shows an underneath view of a vehicle
10 which has wheels 14. A first sensor assenbly 15 is arranged at the

front of the vehicle and a second sensor assenbly 16 is arranged at the
rear of theAetvafeayTRE sdws@ wWhisHenbhe eyehbcind 196 44 | o beodesda@isbed in

nore detail pheraidads ebmbOaiedadwayn2l ke oLl t heryghihghbedd 3 to

nove has
10 are tvpically c¢ylindrical in comfiguration but are shown

square in Figure 1 simply for ease of illustration.

With reference to Figure 2, when the vehicle is driven
along the roadway over the magnets 22 the sensor
15 assemblies 15 and 16 output detector signals indicative
| of detection of the magnets 22 to position estimator 26.
The position estimator 26 calculates the position of the
vehicle relative to the magnets 22 in accordance with a
known algorithm and outputs a position signal on line 28
20 which is combined with a destination signal 30 f£rom a
control computer {(not shown) to provide a driver control
gignal to driver controller 32. The driver controller
gignal 32 outputs spead, and front and rear wheel
gteering commands on line 34 to the wvehicle 10 to
23 control the speed of the vehicle and also turning of the
vahicle wvia wheels 14 so¢ that the vehicle 10 is
automatrically guided along the recadway relative to the
magnets 22 from one place to another.

30 The sengor assemblies 15 and 16 are identical in
configuration and are ashown schematically in Figure 3.
The sensor assemblies 15 and 16 comprise a middle left
sensor array 40 a middle right sensor array 42 a left
side sensor array 44 and a right side sensor array 46.
35 Each sensor array 40-46 includes sensors 50. The

genzors 50 in the middle arrays 40 and 42 are spaced




magnets 22 enbedded within its surface. The magnets 22 10 are typically
cylindrical in configuration but are shown square in Figure 1 sinply for
ease of illustration. Wth reference to Figure 2, when the vehicle is
driven along the roadway over the nmagnets 22 the sensor 15 assenblies 15
and 16 output detector signals indicativg_ of detection of the magnets 22
to position estimator 26. The position“éstimator 26 ?@ t he
position of the vehicle relative to the magnets 22 in accordance with a
known al gorithm and outputs a position signal on line 28 20 which is

conbi ned w t¥pardebyi natiistagicgnalf 30 dmr oim atheortddkecoapot end( Fotcms hown)

to provide algrl Sg,oafll;,ggtlghgnéﬁdt Qi M e CANGEO! L8&332a4?&_hea1%rﬂ o/ €f

controller out puts speed, and front and rear wh st €eri ng
comands on ‘-'F‘? PF t FRASRRT cFEékI-@gt oSTEERENt PP IS SHFSedinf aasd

vehi cl e and @i‘ﬁ@y“&‘@ NhkRY Qf .t henevehd & eavd aﬂ@e@ 8234 $Qakbat atrh:%y\éehi cle
10 i s aton%glcally gwded al ong the roadwa elatlvetﬁthe nets 22
a

from one>pl 28dantbt s S%a%enéﬁﬁs&‘w&s | $82R55°8 Rg
i dentical imp ceairaguyatwon suthcarse sdomn bschettat | eahbprisn 96 gine the The

sensor asse@é s 12 aghqdlggcgg% fs?;%c%dma%‘l'rec ety éz‘?é‘g%ﬂ <853y s4

m ddl e right se sor array SrdéFSénsor arra and a rig si de

sensor arraypm@owds Wik Fakor HNeRtiee46 incl udes sensors 50. The
sensors 50 in the m ddl e arrays 40 and 42 are spaced 9 3 March 2004 apart

byadlstanc cmin _the x-direction and,5 in eydlrectlon and
conpri s&%ni Me*% oﬁﬁe%ﬁﬁreﬁﬁﬁf'lt@ol%&’ﬁo%"enéﬁr §hﬁalﬁdrf£jﬂs“ev@ﬁ??y?

sensors in eagh aazrrampéavaad d42cufaeyl| e}faécamflerlvg’fﬁn hahhsigrsor.mar mays 5
44 and 46 alsﬁ:%al}.%\f-ﬁ: ni:':] OWE A q.lellgahte:ggagggé rr% "% he magnets 22
will be located beneath the middle arrays 40 and 42 mest
cf the time. With a smaller separation between sensors
15 1in these arrays, accuracy 1is improved. On the other
hand, the side sensors arrays 44 and 46 are useful
during turning manceuvres where the magnets 22 ¢an
appear on either side of the middle sensor arrays 49 and
42. The two side sensor arrays 44 and 46 offer a wider
20 search envelope at the expensgse of a glightly Ilower
accuracy because cof the greater spacing of the sensors.
Neverthelegs, the arrangement of the sensors shown in
Figure 3 provides high accuracy in view of the denaity
of sensors in the middle arrays where most of the
25 sensing will take place and a large sensing envelope by
virtue of the increased spacing of the senszors in the
left and right arrays 44 and 46 so as to prm}ide a
senscr which has both accuracy and a wide search
envelcpe for detecting the magnets 22 during manceuvring

30 of a vehiele.

The arrangement of the sensors in the sensor assemblies
15 and 16 in a two dimensional array allows the system
to pinpoint the exact x, y position of a marker magnet
35 within the sensing zone. The size of the two

dimensional array depends on the intended coverage of



up seventy-two sensors each but the sensors 50 in the arrays 44 and 46
are spaced apart by a distance of 5 am in both the x and y directions. 10
The greater density of sensors in the mddle arrays 40 and 42 inproves
accuracy because when driving in a straight line, it will be expected
that the magnets 22 will be |located bepgath the mddle arrays 40 and 42
nost of the tinme. with a smaller separation between Sfp%@@é#? I n these
arrays, accuracy is inproved. On the other hand, the's 3rs arrays
44 and 46 are- useful during turning manoeuvres where the nmagnets 22 can
appear on either sirddcofticme m ddl etbenspreferngyd 40bgddmenz Jhe tHhgo si de

Sensor arr ays, ¢én 8gh 48naf gL der c20 searsh ewekape @t idecgxpgnse of

a slightly lower accuracy because of the greater spaci n% of the sensors.
Never t hel ess3i¥getteR ahfehbntmotngheesghRoPE SRBWATFAYSFRGUABI3 461 d des

\r/]\/ingh accur acyhé Exvggﬂeeti;}ﬂeige:aisi tcmk ofle'r&enﬁéz&%tmn?fhenm detrayar rz@ysl

ere nost of_t ensi n t ake pl.ace an arge sensing envel ope.
by virtde 0421h qi%‘?egée’d?s ftin loﬁa'ipﬁfeo%e’?%o‘;rog Gh the lef t and right
arrays 44 and 46 so as to provide a sensor which has both accuracy and a

i de search I d | 2 - LN ri 30
w n?é;‘égeg%aft%n %ee%%éétlﬁettﬂ% NBORELSs 2% Aut gsé’i;ésé’g% 39

of a vehicle. T rrangenment ol sensors 1 n the sensor wlies 15
and 16 in a asf-eHensilvhal WsEELAl | ORBTERRCEyst &t §BBi npEPHLLERS exact

;@h yt posi fj ! %Quzaezfm{&@.r R ty&'c% Eéﬂ:;é}tﬂeiﬁegﬁbﬂgméaaare%ﬁégto':siiéﬁ/a ofh
e WO I Mens| ona array, epe S Oon e | ntenae cover.age rc
AR Rl SR A s O TR e

| engt h of t e warirfayres 40 sanxd A2 fiom tfaeotion.

As is best shown in Figure 4 the sensors 50 comprise a
fensor element 60 which is most preferably a magnetic
15 sensor switch, for example, a solid-state magnetic
gensor (25852M) made by Honeywell, Arranged adijacent
the sensor slement 60 iz a soft ferrcomagnetic member §2
which is located between the sensor 50 and the magnet 22
to act as an intermediate booster to increase the
20 localised magnetic field strength. The member 62 is
preferably formed from a manganese zinc ferrite which is
a ceramic material with the general chemical formula
MnZn.Fe,0,. These soft magnetic materials are easily
magnetised and demagnetised because of their relatively

25 high permeability and very narrow hysteresis loop.

The member 62 is preferably configured as a cylindrical
rod having a diameter of about 8 mm and a length of
about 40 mm and impinges against the sensing face 61 of
30 the sensor element 60 as will be described in more

detail with reference to Figure 6,

In the presence of an extermal applied magnetic field
such as that sgupplied by the magnets 22, the rods 62
a5 induce a magnetism and become temporary magnets. Ag the

rods 62 have a high material permeability, the build up



direction is 21 cmand length of the arrays 44 and 46 in the x direction
Is 35 cm The length of the arrays 40, 5 42, 44 and 46 in the y direction
is 40 cm The separation between the sensors 50 is selected to achieve
the desired accuracy in the position nmeasurenents. The expected error in
each neasurenent is 10 equivalent to half the sensor separation and
confornms to a uniformdistribution fufétion. As is bepM f hn Figure 4
the sensors 50 conprise a sensor elenent 60 which is nost pre erably a
magneti c 15 sensor switch, for exanple, a solid-state nmagnetic sensor
(25552M) nadef byraldereywel £1ubr dangad yady aegntehet heweaeer idrepk Gk is a

soft ferronm néatlc jgerrge&_ 62. i ch ies Iiocate}g bet %he sensgr 2%10& and
t he magnet 1% 48748 i nt &F nddi St Mook Si et 393 R
Iocalisedlnﬁﬁmslmgffebd §ﬂren@thheThenwembadaﬁﬁnaa 0 ef ehablop<smiied
froma mangang A“C %@E%MTE: chais tfl'fhﬁ%adﬂ JRLERLat WL ey

general chem ormJ 283 ese soft” nagnetic nmateri a s are
easily ﬁagmmwenélaéﬁagﬁéewéa Ber ABELAtE hehe FeRrapryelemerg i gh

perneabi litys@nd \/ﬁ{a,e naﬁl&@Wo@:}é%Ta@.&Q@ Spd 0OP. ofhezﬁaerraae é@ms depRforr abl y
configured as ac mdrgcal d havi.ng a di aneter .of a X mand a

| engt h of AGEs |?@fn?h8 seﬁ§?hd°$a58 ®6 2530 t he
sensor el ema:rﬁ aﬁ@gaetw:l Ifzbé.dde:smu:beaﬂ,l nbubrehedestmiéom th mekeesrice to

Fi gure 6. %@axﬁese%e éfé‘%c@ﬁ&if 91 magneLlgelield shgh as

t hat suppl i ed e nmagnets |nduce a rmagneti sm and
becone %@rrpcﬂnarr%nﬁmgmt%ffeﬂqstttﬁee mr&lshea haveeapﬁeghcﬁatceral glagnetic

permeabi | it s difie Pubhdcua %WBEQQ %&%ﬁ.éﬁs mpgnet i goEkuxgdensd t ypawkh the
e

ferrite rods 62 is extrerrely ar pressin the rods 62 agal nst t he
that using the ent;oned magiletic sensor element

the conventional maximuom sensor to magnet separation
distance in order to enable the magnetic sensor to
15 operate and properly indicate the proximity of the
magnets 22 is 18 om. With the present inventicn using
the ferrite rod 62 mentionsd above which is impinged
against the face 61 o¢f the sensing element 60, the
distance can be extended to 31 com. Furthermeora, the
20 @gize of the magnets 22 c¢an be maintained relatively
small so that they ¢an be  eagily embedded in the
roadway. In the preferred embodiment o©f the invention
the magnets 22 are ceramic ferrite magnets of
eylindrical shape having a diameter of about 100 mm and
25 a length of about 50 mm. The magnets of this dimension
can be readily ewmbedded into the roadway without
interfering with reinforcing structursa such as
reinforcement bars which are embedded in a roadway to

strengthen the roadway.

30
The effective permeability of the rod §2 plays an
extremely jmportant role in determining the senscer &£o
magnet distance. The permeability 1is the function of
the length to diameter ratio, as well as the material
35 dnitial permeability. Figure 5 shows a graph which

gives the permeability of the rod 50 wversus the length



sensing face 61 of the sensor elenents 60, the overall systens needs only
a sufficiently small external 5 magnetic field strength to activate the
sensor elenents 60. Thus, the operating point of the nagnetic sensor
remai ns unchanged fromthe point of view of the anbunt of magnetic field
required, but the sensor to magnetic distance is effectively extended

w2 : .
because of the 10 anplifying effect thé“fod has in re f e magnetic
field produced by the magnets 22. Testing has shown ?ﬁQ@ﬁﬁﬁFRQche

abovenenti oned magneti c sensor el enent the conventional maximum sensor to
magnet Separ@ixi'ﬂj{bddibil apEe ifbdr dehame@senabbe thentmpaet isf s&m&rlano 15

operate and i ndicate t prOX|n1ty f_the ets 2 s 1

Wth the pré@%ﬁ? '%%% Tt u5|n3 Uehe R éFr|f§3?%ﬁn%2 fit i ORed*586: whlch
i s inpi nged dagmaising hehd acEf&it bfe t herseablihytel effenhe6ferrhee diost ance
can be extendsd bg MefiBedd LRCTIBE, 2 S pGEle L0R TRONGLS R Can

be mai ntain atlve o) t at they can be easi In the
roadway. Sl n g9RER eif%r%d:"feﬂﬂtﬁﬁﬂﬂent of the invention the magnets 22 are
ceramic ferrite magnets of cylindrical shape having a dianeter of about

100 mm and 25 a Ien th of aboyt 50 mm The &agrets of t ig Qinenshﬁg can
be readi |y éntfethfed |nf%PYﬁe dREFERFChotY  ht BPF&r i Pyt h reffRforci ng
structure sugmsass r g0 nlamecemenitdhr snwWal chemser ehbedded'Oi nwiaielmaokagy to

strengthen tfg I oadvay, 1§0?399d éLe%%&%%.%%Hﬂfﬁﬁ'éﬁJ £%ré$§ £9d 33, plays
an extrenely T npor an eter
di stance?® THet p@rcire&ﬁl preyipysite dfeweftllb@ﬁi ofith heefegrpde t%OdFaﬁBFer

ratio, as wellsas thgmmteri an e iMdicd ReeERARL! idy. aFbJWiRw ShAWS a
graph WhIChFigure 6§ but as previougly described, each senscr array
and therafore each of the boards 70 will carry sevaenty-
two sensor elements which, will make up.the seventy-two
15 @sensors 50 previcusly described. Each of the sensor
elements 80 hag three ping 6Ca, 60b and 60c as shown in
Figure 6. The pins 60a and 50b can be the power supply
pins and pin 60¢ can be an ocutput pin for supplying an
putput indicative of a sense maghetic field.
20
In order to asgsemble the gensor arrays 42 and 44 the
sensor board 70 is bolted to a holder plate 78. The
holder plate 78 has screw threaded holes 79 which
régister with the sensor elements 80 so that the sensor
25 elements 60 can project through the heoles 79. A rod
holder 80 is provided and iz of generally ¢ylindrical
foerm. The holder 80 has a base 82 and a circumferential
flange 84. The portion 85 of the holder 80 above the
flange 84 is screw threaded so that the holder 80 can
30 screw threaded into the hole 79 to attached the holders
80 to the plates 78 with the flange 84 limiting the
amount of ingertion ©f the portion 85 inte the hole 79
8o that the top of the portion 85 1is generally €£lush
with the upper surface 78a of the plate 78 as shown in
33 the assembled drawing forming Figure 7.



gives the perneability of the rod 50 versus the |length -22 3 March 2004
divided by the rod dianeter for a nunber of initial perneabilities. Thus,
by changi ng the nechanical dinmensions the effective pernmeability of the
ferrite rod can be selected to suit the environnent in which the: 5
sensor is to be used. Figure 6 shows thg sensors 50 in nore detail. The
sensors 50 are nounted on a sensor boaf@” 70 which maymg'g[. 3 gingl e board
on which each of the arrays 40, '42, 10 44 and 46 previously gescribed
with reference to Figure 3 are forned. Three sensor elenents 60 are shown

in hFi ]gurﬁ @& bwrmgpeev:i%uszlcy:mrﬁ&e«deezeaehesemorssﬁr&m taaﬁbtamh eflolre
each of the jhoards 70 w car seventy- two nsor nts [ Ly W
make up _ t K¢ stveht§- “Pi=ts 8I’soyenss"‘jorg‘h‘?i% B%‘%Vi %S‘sel YAk sgﬂabéd.}‘aﬁg 9t the
sensor el ementtisirbcimshohdee PONshéOapr3Qy H1d BOes shownedi A2 Epgure
6. The pins403.and b LAl AG (6 AMETs £UBP! ¥nePEBAsBRdaRLAAAC san e

an out put pi r suppl yi ng put indicative of a sense magnetic
field. 29 | Ftordthauld bBesambed tive Benvor ar raypd ghtantbae t he 3§sWsSor

board 70 i syt tona Bahder RIRLRntS. sdha@nahodxier rphatse 78hdagiger ew
t hreaded holes 79 which regjster with the sensor ele nts_GOlso that the
sensor 25 eP&M¥FER 6F5an j tHDugHE heSRBFRE 781 ASEBRLYhof8Er 80

i s provi dedidndsics aafi veeperrgllsyscyl i ndrical form The hol der 80 has a
base 82 and a circunferential flange 84. The portion 85 of the hol der 80
above the flange 84 is screw threaded so that the holder 80 can 30 screw
t hr eadekP | nTushe mMatbk 79Lt ocha t selset helhseasss 680 hast ve prdt e§278

with the fl3pgen84nk Mddid hers gensing surface 61 by the action
of the spring 81.

In accordance with the preferred embodiment of the
15 invention problems associated with hysteresis which
QCCUXsS in every magnetic sensor where the operating and

release points are different is addressed.

In order to overcome the problem of hysteresis, the
20  hysteresisz is totally eliminated by performing a power
reset to the sensors 50. As shown in Figure 8, in order
to operate the sgensors 50 (three shown in Figure 8) a
sensor power voltage Vee is provided to pin 60a of the
gensor elements 60. Pin 60b of the sensor element 60 is
25 connected to a bipolar junction transistor 90 (model
number 2ZTXE6898B), by connecting c¢ollector 91 of the
transistor 90 to the pin 6Cb. Base %2 of the transistor
90 is connected to a switching contrecl 93 which provides
a pulsed control signal to the base 82 30 that the
30 transistor is switched on by a voltage Vcc for a period
of 2 ms and then switched off by grounding the base 92
or providing a ground potential to the base 32 from the
switching control 93. The sensor power supply 35
provides a continuous voltage Vgg to the pin 60a for

35 powering the sensor elements 60.



amount of insertion of the portion 85 into the hale 79 so that the top of
the portion 85 is generally flush wth the upper surface 78a of the plate
78 as shown in 35 the assenbled drawing formng Figure 7. -23 3 March
2004 A spring 81 is |located between the rod 62 and the base 82 of the
hol der 80 so that when the rod 62 is located within the holder 80 the

spring 81 biases the rod 62 up against“the sensing s f the
sensor elenent 60. 5 It should be noted in Figure 7 alﬁgplﬁgﬁl?%sbggce S
shown between the sensor elenent 60 and the rod 62 and al so between the
rod 62 and twieesperhag t¥hnsiimgly for is| bushedt ove pur posesoliBgdheeC each
of the sensog_el enents LApi_nai i nst_ i .ng
surface 61 b{/‘?%qu'gt isgﬁ'%%?'%tgﬁe&%%r?%g g%p t?% rajll%cor aér}tszoer W5§h%%%§me
preferred embutiwenmnaf sehdhats Yheyemitonspbokirens: ettt etdowierlrth

hysteresis whieh,O6CWs ddb,LVelhy BRINELLC SLRSOLsWhLr & ¢ he opghating and
rel ease 50|nts are different_is addressed. In order. to overcone the

probl em 6f RRYVEAS, 1§ haPPIbehy_FEPESi Birs 96t A1 &1%F nfhafatbyhe
perform ng Gy 4RSeintd {MewSENSHE SpSPerdd SPOBBchisEl gubesitika order

to operate the sensars, 50_(three shown_in. Fiqgure a _ sensor_po

vol t age Vec qogaﬁftd\ﬁ%dejdst%é%?]rﬁe‘goﬁca?s?hghes%ﬁgor &l earr%gntéh%og’gﬁ},\ﬁ%% of
the sensor denemt 68risd250forhestedwhena bheol gl unsigred t Vansi $sor 90
(model  numigr, ATGBAR) . chy 50006681 B ¢oldl GLONs ;%L f sid‘.g WhéQstakor 90

to the fi n 60B: Base 02 of the transistor 90 1s connected to a sw tching
control 193 WA Pt o9PBEs 1oy J s Bt PEI tieg i i itke perered 88 that

the 30 transgupdQlyiing SWHe herbwn figrta Vol dAg0egMeend Or patpetifl, the
transistor 90 is turned off thereby disconnecting. the
pin 50b from ground and theraby electrically
disconnecting the sensor elements 60 from ground. Thus,

15 the gensor elements 60 are powered off, The sensor
elements 60 are effectively turned off and are powar
regsett when the ground potential is supplied to the base

92 from the switching contreol 93. Thus, any hysteresis

due tc the different operate and release points of the

20 sensing element 60 is eliminated during the powsr resget
80 that hysteresis does not interfere with the accuracy

of the detection of the magnets 22 during operation of

the sensor agssemblies 15 and 16.

25 Figure 8 is a flow chart showing operation of the
c¢ircuit of Figure 8. As shown in Figure 9, prior to the
start of a computation cycla, power is supplied to the
sensors by switching on the trangistor %0 tc power on
the sensor elements 60 for 2 ms (step 8501} teo allow

30 power supply to stabilise. At the end of the 2 ms
periocd the status of the sensor elements 60 is read to
determine whether the senscor elements 60 is detecting
any magnetic field (step 902}. The transistor 30 is
turned off after the sensor elements 60 are read in

35 (step 903). A determination of whether any sensor

elements 60 has been activated ig then performed and if



of 2 ms and then switched off by grounding-the base 92 or providing a
ground potential to the base 92 fromthe switching control 93. The sensor
power supply 95 provides a continuous voltage Vcc to the pin 60a for 35
powering the sensor elenments 60. -24 3 March 2004 Wen the transistor 90
I's turned on by the voltage VCC fron1t? g_swi tching control 93 the

t

transi stor 90 becone conducting so tha he pins 60b 3a5,§ ted to
earth through emtter 94 of the transistor 90. Thus, a r%@?ﬁﬁglal S
applied across pin 60a and 60b so that the sensor elenents 60 will be
power ed up bEtauses®eposisive tpet wammisea@mseﬁa&&rm sheppi?®160a and

th 60b dt
C B10,°00 3] 0ng RERLEE 0L To S ALE dhoNcaLaneL Vesclsscprd o0 (o

t he base 92 o ase 9 oes low by virtue

of the switcfiary €6/t ruid 930 sUPHYA ngst REPSVES+ gﬁa‘llelﬂtgf"Gurmf pétent i al |

the transi ${ced0 des il hoffedhergby di sconnecting. the pin Gob from
ground and thereby electrically I sconnecting the sensor elenents 60 from

gr ound. Thus, 15 the sensor el enents 60 are powered off. The sensor
el ements 60 THee ©Ffechivel yrhukﬂsdoﬂfﬁsanﬁ;mai poreandr esEt Sden2t e

ground potentigl, i s syppljedehg,Lhe basg. 92 fgomde sldsly ngueont o

93. Thus, any e%l)ysterem s *%dué ?o t he di t operate an | eaSeé points
of the 20 seoPsinafisremdnttidso dentaalniaraabbiad nkf t#rd pbier ThseR mSo t hat

hysteresis Oty d FUBId L € Wabdvd N1 RCGYT 3B ﬁwé?%%?%@”tﬁfz the
nagnets 22 uring operation of the sensor _assenblies 15 and 16. 25 Figure

9 is a ¥} owIEREE sRIFIRGESpelflti 6R of FeRdliger care ofoRilgHiags. t;QGtshown
in Figure 9stAbiialstadildie théardysfera QNDUiPdt DY &l esn@dWaThdes sdppl i ed
to the capbture the status of all of the sengsor elements 60.
Once completed, the sengor eslements 60 are switched off
(i.e. in reset state) and the processor will start to
15 compute the position of the magnet marker 22 if a magnet

is detected by the sensors 15-16.

As the switching time of the transistor 90 is typically
less than 1 ms and because of the high operating speed
20 of 100 khz for the solid state magnetic senscor slement,
the 2 ms pgettling time for the system is sufficient to
enable reset and reading of any detected magnetic field,
whilst at the same time eliminating the problem of
hysteresis of the sensor elements 60 and rely on only a

25 single triggering peoint.

Figure 2A shows an alternative arrangement te that shown
in Figure 8. In the arrangement of Figure 8A the
switching transistor is located between the power supply
30 wvoltage VCOC and pin 60a of the sensor elements 50. The
switching control 93 supplies the intermittent pulse to
the transistor 920 %o selectively disconnesct the power
supply veltage VOO from pin 60a to intermittently power
on and power off the sensor elements 60 shown in Figure
35 8A.



sensors by switching on the transistor 90 to power on the sensor el enents
60 for 2 ms (step 901) to allow 30 power supply to stabilise. At the end
of the 2 ms period the status of the sensor elenments 60 is read to

det erm ne whether the sensor elenents 60 is detecting any magnetic field
(step 902). The transistor 90 is turned.off after the sensor elenents 60
are read in 35 (step 903). A determ nation of whether réﬁg@ga el enent s
64 has been activated is then perforned and if -25 3 rc t he answer
is no the systemreturns back to step 901. |If the answer is yes a marker
position is ksticut atieth alse sS4 epa@dsbt andsansout pithi 8 priadesednigedieast | ve

of Lhe TRMAEE BASkhT 98 S AR W0and TRC MNP 00 ISAISLALEL Ll sod

on and of f for I NS own in ure cont I nuous urin
oper ati on of (néee lsenthel VESspabl | é@elﬂr&t@dl@mrh@@ a8 OBéP‘riédP#@f)er r ed

to above al lgys égﬁs@@wacawaplﬁﬂms@heﬁ&& sgmﬁgr Rh@raRksy Gk te kabilise
and follow ng that stabil |sat|gnthe system wi | rforma shot to

capture Phe Bt (ST YA PR fh "§§ﬁsé?|ut§1u§rr§ift“s 2 OitE"R r’rﬁ?‘é?@&, t he
sensor el en@rﬂzs B0 rarge-smidighedtedl ofdpwers i BEr ed;:effata&iﬂa) edndtivheal

processor wi 5 C u h o] o] he n r 22 if
a magnet Jrt""ec?:eterci“ﬁby ct%e?ggné%#s %‘91?}&4 Q{fﬁéssw t:gﬁigngétﬁe t he
transi stor %nsyrt m*«aaid v VEE pithargrourt pirl becaVi@epbt ahd Aj gHO

operating spg gt;%mla@@e khz faﬁbeﬂbef S&Li@aﬁ a&@tﬁgg%bﬁré@?éﬂaﬁbeﬁem

the2|ns settlln for the Systemis suificient to enable resét and
readi ngt®df &y tﬂl’@t EHrERITig Rt t&ef mapgetifhitieddat the sane tinme
elimnating the probl em of

Figuras 10 shows a block diagram of the magnetic sgenaor
module that makes up the assemblies 1% {or 16). The
module 80 comprises a processor board 8l and the four
15 sgensor arrays 40, 42, 44 and 46. The processor board 81
contains the basic building blocks that made up the
entire processing <circuit. These building blocks
include a micro-controller 96, ram access memory 28,
erasable programmabhle random access memory 89, address
20 decoding circuit 87 and digital input interface 82 to
the sensor arrays. The software program that executes
the detection algorithm is stored in the erasable
programmable random access memory 89. The digital input
interface 82 has four inputs connected respectively to
25 each of the arrays 40, 42, 44 and 46 by lines 83, 84, 85
and 8§. A& RS 422 driver 98 is connected to micro-
controller 96 to provide an external serial interface 99
for connection te the position estimator 26 shown in
Figure 2.
30
A detection algorithm for detecting the magnets utilises
three techniques for computing the magnet pogiticn. The
selection of these techniques depends on the pattern of
the senszor activation in which, in turn, is governed by
35 the position of the magnet under the sensor array. When
used together, the system is able to detect markers



hysteresis of the sensor elenents 60 and rely on only a 25 single
triggering point. Figure 8A shows an alternative arrangenent to that shown
in Figure S. in the arrangenent of Figure 8A the switching transistor is
| ocat ed between the power supply 30 voltage VCC and pin 60a of the sensor
el ements 50. The swi tching control 2 plies the intermttent pulse to
the transistor 90 to selectively dlscon ect the pomerzsﬁﬁggééwégltage VCC
frompin 60a to intermttently power on and power off r elements
60 shown in Figure 35 $A. -25 3 March 2004 Rather than use a magnetic
sensor W th éc@hirbtd angafentzt ashs hawnsor Fibgunearld eand S8A'mw cReiidiicl udes
three pins e Vi i p an t he
sensors coul‘%jgﬁ?'f{:lsef ou%geghgt%%ggr?seggg 4°Kﬁ§¥§? w??&ﬁ#%ungghgg

first out puttqalmhxaﬂdcalk}ecmmrm%)mhe prymifes qﬁd&h&jl&m}l-ﬁw olﬁqcm-t s of
different electrical characteristics (eg NPN and PNP types) or a four pin
sensor having a VCC pin, ground pin, a +VO pin and a -170 pin to provide
a range &f \Pg}‘flagee%%ﬁ%‘ﬁ% E‘ér?’é@b’c’)ﬁd%g‘m%ht BUFﬁéngﬁr&#gtﬁie&req%
magnetic fi edrhodi Gune EReShovsost dilackodli agaamagfndmasmgaﬁpuaeaemr
nodul e t hat nakes @hthe assenblies 15 gﬁg 'Q%? modul e 80 conprises a
processor bstr P 84 ¥ RS JENS afso %42, 44 and 46. The
processor board Si. contains the basic bU|Id|ng bl ocks t hat nade up the
entire processing circuit. These building blocks include a

m cro-controller 96, ram access nenory 88, erasable progranmabl e random
access fBnory 89, address 20 decoding circuit 87 and digital input
interface 82 to the sensor arrays. The software programthat executes

z{z(yw.s.,

— el =1

Y= ul ]
2126)

i=l| =i

where
814 =m 1 when the sensor element (i,3) is
activated slse 0,
15 Yif = y-coordinate of sensor element (i,j)

with resgspect to sensor axis
M,N = Number of row and column sensor

eslements respectively

20 Note that the computation of the lateral y-position of
the magnet for all positions whether partial or complete
within the sensor coverage is accurately given by the
area moment method. Since the pattern is asymmetrical
about the cental axis ({parallel to the x-axis) through

2% the pattern.

The determination of the longitudinal x-position of the
magnet depends on the extent to which the circular
pattern is within the sensor coverage (steps 1002 and
30 1003). If the detected circular pattern is wholly

within the sensor coverage as ahown in Figure 12, atep



the detection algorithmis stored in the erasable programmable random
access nenory 89. The digital input interface 82 has four inputs connected
respectively to 25 each of the arrays 40, 42, 44 and 46 by lines 83, 84, 85
and 86. A RS 422 driver 98 is connected to mcro- controller 96 to provide
an external serial interface 99 for connection to the position estimator
26 shown in Figure 2. 30 A detection é?@drithn1for dg%ﬁ@ﬁ%ﬁ&ebﬁe magnet s
utilises three techniques for conputing the magnet po . e
sel ection of these techni ques depends on the pattern of the sensor
activation iyoodi £, ihgl dhéfted SagOSSIIwes by 35 the position of the nmagnet
under the sensor array. Wien used together, the systemis able to detect
mar kers -27 3 March 2004 occurring even at the sensor boundaries. This wll
effectively offer wi der sensor coverage w thout having to physically
i ncrease the nunber of the sensorg fﬁggy %f h reference to Figure 11 which
t a
=l

outlines the detection algorith . ition of the nmagnet is conputed
"J7 (SLj) 1.1 j.1 sjj = 1 when thé sé€ ﬁI
OF i5 yij = y-coordinate of sensor 4 € | g

in step 1001 by using area noient ws; 10 Ld (ybj i-1 j-1 where
elenment (i,j) is activated el se

(i.])

wherea
5 Si4 = 1 when the sensor elament (i.,j} is
activated else 0,
x;y = Xx-coordinate of asensor element (i,3)
with respect to sensor axis
M,N = Number of row and c¢olumn sensor
10 elements respectively.

If an edge detection with more than half the circular

pattern within the sensor coverage as shown in Figure

13, the x position of the magnet is comput_ed as per step
15 1005 as follows:

{a} Determine the diameter of the circular
detected pattern by scanning row-wise forx
the maximum chord width.

{b) o©btain the radius, R, as half the

20 _ diameter. _ )

{¢) Determine the tip (X;,¥;) of the circle.

{d) The x-position of the magnet is simply
given by [X:-R].

25 If an edge detection was legs than half the circular
pattaern as shown in Figure 14, within the seasor
coverage ig detected ag per atep 1006, the x posgition of

the magnet is computed in the following order;

30 (a) Determine the chord width, ¢, of the
circular detected pattern at the edge of



with respect to sensor axis M N = Nunber of row and col um sensor

el ements respectively 20 Note that the conputation of the | ateral
y--position of the magnet for all positions whether partial or conplete
wi thin the sensor coverage is accurately given by the area nonent nethod.
Since the pattern is symetrical about .{;he cental axis (parallel to the
X-axis) through 25 the pattern. The deférni nation of éﬂ‘%{hﬁ%bhudi nal
x-position of the nagnet depends on the extent to whic e clrcular
pattern is within the sensor coverage (steps 1002 and 30 1003). If the
detected circul ar pattern ishehpdisor wddemgede sensor coverage as shown
in Figure 12, step -28,,1004,1S, AP . AS;f Ok ; re: Mar ch
2004 sij = 1 when the g%jnsg?é%? enen%rﬁ%l{g,%ju?sdlélg ?\\I/\éafe %Icgzé;%?ekj i
x-coordi nate of sensor(®l erkefteyming bthist hveespeed toesErsor Maxi SXPN
Nunber of row and col um sengor 1@ ebemesf S-1L&SRRCt kel Yeddd JE cdge
detection with nore than half the circular pattern within the sensor
coverage>as shown in Fi gur ®A¥% (HRYSEJH®i ti on of the magnet is conputed
as per step 15 1005 agiif oltoasrad@Duéa) RPDebdr nibe déeechiatetbrebé tibe

\(I:\A! (rjfﬁl ar detected pattern ebé’tﬁr?am rbq’ reQu \ge%%eftqficatlh%o%ﬁﬁqm chor d

_+h’
2h

R

10
{e) The x pogition of the magnet ia then
given by [X;-R].

The assembly shown in Figure 10 is housed in a sensor
15 box (not shown) made from 3 mm thick aluminium sheet.
The box must be constructed of a non-ferrous material so

that it is transparent to magnetic flux.

The preferrad embodiment of the invention in that the
20 aggemblies 15 and 16 can be mounted at higher heights,
say, 25 cm instead of 10 cm, above the ground. Thia
will greatly minimise the chances ©f the sensors being
damaged by foreign protruding objects or the ground, and
due to type puncture and wear. This also eases the
25 reguirements on the vehicle suspension and allows for
larger height variations hetween the sgensor and ground

magnets.

Furthermore, smaller and thinner magnets can be uged in
30 the prefarred embodiment of the inventiom. This leads
te subsrantial cost savings in the installation of the
magnaets and the costs of the magnet markers. It also

aeases the constraint on the allowable thickness of the



b7 Qbtain the radius, R as half the dianmeter. (c) Determne the tip (X
,,Yi) of the circle. (d) The x-position of the nmagnet is sinply given by
[X1- R . 25 If an edge detection was |less than half the circular pattern
as shown in Figure 14, within the sensor coverage is detected as per step
1006, the x position of the magnet is gonmputed in the follow ng order; 30
(a) Determne the chord width, ¢, of the <circular det:{ﬁ&taggh%bhern at the
edge of -29 5 3 March 2004 the sensor coverage. (b) ermne the t
(Xz.Y1) of the circle. (c) Determne the vertical height, h, from the
tip of circlmagnethe daggetof thhe redaiorcevendr dyprs (dr Tihe remfiamssetR  of
the detect edﬂﬁkéﬁéﬁst§lleSEh€ﬁE§QbQ¥mt be deQuelilGd JddBldn By Wnd 7

+11 2h (e) The x position of e magnet given by [ X1-R] . The
assenbly sho®@¢h F:n@%%tlop?glhb%eod% at%en%wb?ta%%%x J(%ott%qﬂMrﬁ nmade
from 3 nnm tén G @b edd N umTekeebysdan box rEkste b@ocoﬁﬁ&{rﬁ@&eda&fu:&te
non-ferrqus material so that it is transparent, to mag| net,j.c fl ux.

referred orbRTERISRFS  IRF | F0BnTATPTh BRALYIE JOCRECingl | B8 %nd 16
can be nountsshstr hisgleeri figaghitems ie. half the separatlon between

the magnetic sensors,

S8ince modifications within the spirit and scope of the
10 invention may readily be effected by persons skilled
within the art, it 1is to be understood that this
invention is npot limited to the particular embodiment

described by way of example hereinabove.



say, 25 cminstead of 10 cm above the ground. This wll greatly mnimse
the chances of the sensors being damaged by foreign protruding objects on
the ground, and due to type puncture and wear. This al so eases the 25
requi rements on the vehicle suspension and allows for |arger height

vari ati ons between the sensor and ground nagnets . Furthernore, smaller
and thi nner magnets can be used in 30 the preferred enbodi nent of the
invention. This |leads to substantial cost savings in tRBdMarctt2004ati on of
the magnets and the costs of the nagn#t- nmarkers. It also eases the
constraint on the allowable thickness of the -30 3 March 2004 nmagnets due
to the reinforcenent bars in the concrete. Furtherstill, the problem of

i naccur at e grkectATRsSODEFISINGXBEE NRUYBNTIPRSAREOAgdWOLLOWRYSteresis is
totally elimnated. The systemis able to provide accurate 5 nmeasurenents
of the magnet position according to the sensor specifications ie. half

t he separatilen bet weeh mabwemdgndtieddsensors: @SismblpdEdt cabnensgwi t hin

the spirit gn 0e108f £hg1 31044y [ may iy beyneffeched,.by
per sons ski?lgﬂééﬁtﬁin tﬁe_art,c%t ﬁﬂitgﬂBe ungg 5T06d that th%s *
i nventi oh i 32ABERLYniipeduddngphe particul ar enbodi ment described by way of

exanpl e herei nabove. atmmégg;zggg sédsor Hra¢lAh M> Sdrd ot NeA defrln £ NVENTI ON

mmgneti ¢ {16l d oreat o BFEAHGLIRALS | RERB8Rs oo Bred s ambIAF FHicl EliFng: at

| east one sesassorhaliengnt senddbetdbeamnthe sensor element and the
magnet when the sensor is in use, and whereln, in use,

10 the member becomes magnetised by the magnetic field
produced by the magnet to create a gecondary magnetic
field which is detected by the sensor element to
thereby boost or increase the localised magnetic flux
density produced by the magnet:

15 the sensor element being mounted on a =mensor
board;

a membher holder for holding the magnetisable
member; and
hiasing means for bilasing the magnetisable
20 member into a pogition adjacent the sensor element.

2. The assembly of c¢laim 1 wherein the member is
a cylindrical rod shaped member having a longitudinal
axis which ig aligned, in use, in the direction of a
25 line extending between the magnet and the sensor when

the sensor passes the magnet.

3. The assembly of claim 1 or 2 wherein the
member ig a ferromagnetic member.

30
4. The assembly cof claim 3 wherein the member is
formed from manganese zinc ferrite material having the
general formula MnZn.Fe,0,.




a magneti sabl e nenber | ocated adjacent the sensor el enent and between
the sensor elenent and the magnet when the sensor is in use, and
wherein, in use, 10 the nenber becones nagnetised by the nagnetic field
produced by the nagnet to create a secondary magnetic field which is
detected by the sensor elenent to thereby boost or increase the

| ocal i sed magnetic flux density produced by the magnet; 15 the sensor

el ement being mounted on a sensor board; a nmenber hol @dMarfodwr2008 di ng t he
magnet i sabl e nenber; and biasing nean®-for biasing the nmagnetisable 20
menber into a position adjacent the sensor elenent. 2. The assenbly of
claim1 wherein the nenber is a cylindrical rod shaped nenber having a
| ongi tudinal axis which is aligned, in use, in the direction of a 25

| i ne extending between, the nmagnet apd_the senspr when . the sensor passes
the mgnet 53, The. astBRoRGoBTOLY o TLBLm L RBPEF At hBe RERBEF 1€ a

f err omagnet iopiegbdr . ag@idstThbeasenabryedémehti m 3 wherein the nenber is
formed from nmanganese zinc ferrite material having the general fornula

MiZn. Fe203 . -32 3 March 2004 5. The assenbly of claim1 wherein the
menber i% Prpi nged afafnAsasdlsensér eleHentl the membersdas yaof

claim1 thegpeRbeerhag aboditaehl 0fd abolngt1Rek cabsSngt o okmakayt 40 mm

?Rg b?28:25;£a£n Eggfagngggbgiiggogf ZOOJ?G assenbly of claim1l wherein

7. The assembly of claim 1 wherein the biasing

16 means is a spring located in the member holder £forxr
biasing the member 8o that it Iimpinges against the
sengsor element.

8. The assembly of claim 7 wherein the member

15 holder is coupled to a holder plate, the holder plate
having a screw threaded hole and the member holderx
having a screw thread for engagement in the screw
threaded hole, the sensor board being located adiacent
to the holder plate sco that the senscr element projecte

20 through the =screw threaded hole and into the member
holder.

S. The assembly of c¢laim 8 wherein the member
holder has a base and the spring is dispomed between

25 the base and the member for biasing the member against
the sensor element.

106. The assembly of c¢laim 8 wherein the member
holder has a circumferential £lange for engaging a

30 surface of the member plate for limiting the amount of
insertion of the member holder into the screw threaded
hole when the member holder is screw threaded into the
sorew threaded hole in the member plate.



10 means is a spring located in the nmenber holder for biasing the nenber
so that it inpinges against the sensor elenent. 8. The assenbly of claim
7 wherein the nenber 15 holder is coupled to a holder plate, the hol der
pl ate having a screw threaded hol e and the nmenber holder having a screw
thread for engagenent in the screw threaded hole, the sensor board being
| ocated adjacent to the holder plate so that the sensor el enent projects
20 through the screw threaded hole and into the nenber 3 Matahe2000. The
assenbly of claim8 wherein the nmenber33-hol der has a base and the spring
I s di sposed between 25 the base and the nenber for biasing the nenber

agai nst the sensor elenent. 10. The assenbly of claim8 wherein the
menber hol der has a circunferential flange for engaging a 30 surface of

t he nenber ate for limti anppu i nsertion of, the nenbher
hol der intoE#he screm#%%lgﬁ e qﬁ%lngE%ﬁg%héingﬁﬁgflﬁoﬁag? PERERF ew
t hr eaded i ncomphdsegcrewlunadddad dfolsaid sensaorndemehis cand38aif Mar ch

2004 11. Thg.gasedBh¥1ef melBbdkl. Wherein the sensor conprises a
pluralié% of Said sensor elenments and said nagnetizable nenbers. 5 12. An

aut omat gui ded vehicle system including;, at |east one automated gui ded

vehicle, thez,autonatrf guisdabmetd| e favded a saitsaleassegpbyeh) havi ng

at | east ong sgﬁégr the sensor including a plurality of sensor elenents
BFEHEAPIR

each sensor avi ng
at least one automated guided wvehicle, the

automated guided wvehicle having a seasgor assembly
10 having at least one sgsensor, the sgensor including a
piurality of sensor elements each sensor element having
a magnetigable member located adjacent the sensor
element;
a plurality of magnets arranged along a
15 1roadway which is to be traversed by the vehicle for
guiding movement of the vehicle along the roadway:
gach sensor element having the magnetisable
member located adiacent the sensor element go as :to be
between the senscor element and the magnets when the
20  vehicle passes over the magnets;
wherein when the wvehicle passesa over the
magnets the member becomes magnetised by the magnetic
field produced by the magnets to create a secondary
magnetic field which is detected by the sensor element
25 to thereby boost or increase the localised magnetic
fiux density produced by the magnets;
the sensor element being mounted on a gensor
board;
a member heolder for holding the magnetisable
30 member; and
biasing means for biasing the magnetisable

member intc a position adjacent the sensor element,



a magneti zabl e nmenber | ocated adjacent the sensor elenent; a plurality
of magnets arranged along a 15 roadway which is to be traversed by the
vehicle for guiding novenent of the vehicle along the roadway; each
sensor el enent having the magneti zabl e mnenber | ocated adjacent the
sensor elenent so as to he between the sensor elenent and the nagnets
when the 20 vehicle passes over the magnets; wherein when the vehicle
passes over the magnets the nenber becones nagneti sed3iMatdhe2008gnet i c
field produced by the magnets to creat®-a secondary magnetic field which
I's detected by the sensor elenent 25 to thereby boost or increase the

| ocal i sed magnetic flux density produced by the magnets; the sensor

el enent bg: ng.nount edTRa aygegﬁ%fbwﬂm elz][ramagfeiml thos hﬁa&mael disngblt he
magneti za e an | neans 3. asing t he etizabl e
Toaber | nt oka HOSTES i SR EERES s BRCBRTe HATIRD & 93 CRSHERANE2800 15
The systen1aklslmhﬁdmzﬂmeakignEGe ¢EMmﬁaJsinathyhdﬁheanﬂoucdfshaped
menber havi ' 1y d Ng [ e

di rection o?gng %%%ghggt ?et E tmeenqaﬁ% nagﬁggg gﬁ% tﬁ%sggngbggwhen 5
t he sensbor EhﬁsegaévﬁrPﬁﬁéeﬁagﬁéF the mygaeSystem of claim 12 or 13
wherein the nmagnetisable nmenber is a ferronagnetic menber. 10 15. The
syst em of ci§|n114 wherein the ne formed fro nganese zi nc

ferrite mat&fral havi h§®t HYBY el ‘Fiﬁ“fﬁl FAnR. Frbo¥hetrein the

magnetisable member is a ferrocmagnetic member.

10 15, The agystem of c¢laim 14 wherein the member is
formed from manganese zinc ferrite material having the

general formala MnZn.Fez0;.

16. The system of claim 12 wherein the member is
15 impinged against the gensing element,

17. The system of claim 12 wherein the member has
a diameter of about 8 mm and a length of about 40 mm
and an initial permeability of 2000.

20
18. The system of claim 12 wherein the biasing
means iz a spring located in the member holder for
biaaing the member 8o that it impinges against the
senscor element.

25

19. The system of ¢laim 18 wherein the member
helder is coupled to a holder plate, the holder plate
having a screw threaded hole and the member holder
having a screw thread for engagement in the screw

30 threaded hole, the sensor board being located adjacent
to the holder plate so that the zsensor slement projects
through the screw threaded hole and into the ummbef
holder.



16. The systemof claim 12 wherein the nmenber is 15 inpinged agai nst the
sensing elenent. 17. The system of claim 12 wherein the nenber has a

di aneter of about 8 mmand a | ength of about 40 mm and an initial
perneability of 2000. 20 18. The system of claim 12 wherein the biasing
means is a spring located in the nenber holder for biasing the nmenber so
that it inpinges against the sensor elenent. 25 19. The systemof claim
18 wherein the nmenber holder is coupled to a hol der pRaMarch2ddol der
plate having a screw threaded hol e ang-t he nenber hol der having a screw
thread for engagenent in the screw 30 threaded hole, the sensor board
being | ocated adjacent to the holder plate so that the sensor el enent
projects through the screw threaded hole and into the nmenber holder. -35

3 March 200 20 The ystem f claiim e he r. holder has a
base and t h&%spri ng |'§ Gi ss%s%ee@ bgtfwec]ajgai,\’,{ché' ba‘gée’éﬁggm e ®For

bi asi ng t hehnbdber hagai msbasg taml semsoeprlingents Rispdeed shetemenf claim
20 wherein the pRYECLId i GRIAU.LC {&F rxsi engtﬁﬁé RAbmb¥k a%aﬁglt Shape

and have a dianeter of _about 100 nm and a of about man.
20 22. A mabhet PEREPE| 81EBRESr assenbly for sensing a magnetic field
created by a magnet for the sensor

21. The system of ¢laim 20 wherein the magnets

are ceramic-ferrite magnets of cylindrical shape and

have a diameter of about 100 mm and a length of about
10 50 mm.

22, A magnetic field sensor agsembly for sensing
a magnetic field created by a magnet for the sensor
asgembly including;

15 at least one sensor element for detecting the
magnetic £ield produced by the magnet; and

poweyr switching means for gelectively

switching the sensor elements between a power on level
and a power off level.

20
23. The assembly of claim 22 wherein the power
switching means comprisges a trangistor and saswitching
control means for switching the transistor on and off,
the trangisgstor having a collector which is connected to

25 the sensor element and an emitter which is connected to
ground, the switching controcl means being connected to
the base o©of the trangigtor so that when a power on
signal is applied to the bage the sensor element is
comnected to ground through the transistor and the

30 sensor element is activated or powered up since
potential can be applied across the sensor element
between the ground created by the transistor and a

sensor power supply to the sensor element, and when the



assenbly including;, at |east one sensor elenent for detecting the
magnetic field produced by the magnet; and power sw tching neans for
selectively switching the sensor el enents between a power on |evel and
a power off level. 23. The assenbly of claim?22 wherein the power

swi tching nmeans conprises a transistor and switching control neans for
switching the transistor on and off, the transistor having a coll ector
which is connected to 25 the sensor el enment and an em B3tMarchh20(4 i s
connected to ground, the switching co¥-rol nmeans being connected to the
base of the transistor so that when a power on signal is applied to the
base the sensor elenent is connected to ground through the transistor

gnd thle_ 38 sﬁm&ehiﬁlﬁemﬁt&cﬂ alﬁ;bhmat aﬂgtxfcwwaﬁd Whel Bﬁ'ﬁusﬂﬁ'ﬂ:glﬂ% i al hcan
e applie ross_the sensor el egent en.the ou reated by the

Cranc stor B EEabaRelPesdh.FUaRERry PEE BE SancorearE she " BaREoRnen the
36 3 March &0émeswi t £homg wonind| sveakbaswi thérs dff tnee ppépstskdr, the
transistor jsegui-bghed é)é:.toé? ‘13%005'&%&&-”&‘195%%%”@@ RN 5 {EE;QB‘rgrOU“d

so that there Is no potentia ference across the sensor elenent and
t he sensbdr eEe@F’E‘ﬁfehF’ pPSwpsRer edfef f. 24. The assenmbly of claim 23
wherein the switching control neans switches the sensor elenents on and

of f peri odi IIy by S | yin h and,l ow,si.gnal 10 .to turn on and off
the transis g ﬁgg §E%mﬂﬁiﬁ c?5|m9$P$%erg?ntWh?E&H%or geare
power ed on éwmtahmng gongrolhmpaneadwiantebhehe ponsrededbiehts ah | east

1 ms and thgpnspewer @d:93A% Ny by supplying high and low signals
10 to turn on and off the tranmistor.

25, The assembly ocf claim 24 wherein the sensors
are powered on for about 2 me, then read, and then
powared off for at least 1 ms and then powered on again

15 for 2 ms and so on.

26. The assembly of claim 23 wherein the sensor
power supply comprises a fixed voltage supplied to the
sensor elements.
20
27. The assembly of claim 22 wherein each sensor
element has a ferromagnetic member located adjacent the
sensor element for boosting or increasging a localised
magnetic f£ield atrength produced by the magnets.
25
28, An automated guided vehicle system,
including:;
at least one vehicle including a magnetic
field sensor assembly having at Jleast one sensor
30 element;
a pilurality of magnets located along a
roadway for guiding movement of the wehicle relative to

the magnets; and



15 for 2 ns and so on. 26. The assenbly of claim 23 wherein the sensor
power supply conprises a fixed voltage supplied to the sensor el enents.
20 27. The assenbly of claim22 wherein each sensor elenent has a
ferromagneti c nmenber | ocated adjacent the sensor elenent for boosting or
i ncreasing a |localised nmagnetic field strength produced by the magnets.
25 28. An automated gui ded vehicle system including; at |east one
vehicle including a magnetic field sensor assenbly hadiMarck200st one
sensor 30 elenent; a plurality of nagdtets | ocated along a roadway for
gui di ng novenent of the vehicle relative to the magnets; and -37 3 March

2004 swi tching nmeans EQLcPRIAQUikedhy StMr ChieRd odleWaNyONa@Rdchiifigt 0 the
at | east one sensor elgngg%. 9..The sisten1of claim?2 erein tﬁé power
S

5 switch nmeBA¥®Cofipr PY t F2n&het BF LRBBEWPRENPRBEEENELEIREANS for
switching the transistor on and off, the transistor having a collector

whi ch is coppected to, he,sensor enment._ang, an.em tter ichis
connect ed tgg'ground,T{l%e ss’@m%%’ﬁi r?Sé cgﬁfl?'g"l ?r%ar%habré'alzr% FoFneBPE8 0 10
t he baséb of swhbchr anshosor cowprhgeswhan srposdston shdnabwitchpphied to

the base thg,aeRadr nehae For SwiGtUHISH acthd Cc Uk 40" GOBL NG £l ansi st or
and the sensor elenent is_activated gr powered up since potential can be

appl i ed acr5§§ Fﬁéngéﬁ§8F EPEﬁBﬁta collector which is connected to
the sensor element and an emitter which is comnected to

ground, the switching control means being connected to

10 the base o¢f the trangigtor so that when a power on
gignal is applied to the base the sensor element is
connected to ground through the transistor and the
sensor element is activated or powered up since
potential can be applied acrozs the sensor element

16 between the ground created by the tranaistor and a
sensor power supply to the gensor element, and when the
switching contrel means switches off the transistor,
the transistor ig switched off te disconnect the sensor
element from ground so that there is no potential

20 difference acrogs the sensor element and the gensor
element is powered off.

30, The system of claim 2% wherein the switching
control means switches the sensor elements on and off

25 periodically by supplying high and low signals to turn
on and off the transistor.

3L, The system of ¢laim 30 wherein the sgensors
are powered on for about 2 ms, then read, and then

3¢ powered off for at least 1 me and s0 on.

32. The ayatem of claim 2% wherein the sensor
power supply comprises a fixed voltage supplied to the
sensgor alements.




15 between the ground created by the transistor and a sensor power supply
to the sensor elenent, and when the switching control nmeans switches off
the transistor, the transistor is switched off to disconnect the sensor

el ement fromground so that there is no potential 20 difference across the
sensor el enment and the sensor elenent is powered off. 30. The system of
claim29 wherein the swtching control neans switches the sensor el enents
on and off 25 periodically by supplying high and | ow sidgVlafch 2604 urn on
and off the transistor. 31. The systendff claim 30 wherein the sensors

are powered on for about 2 ns, then read, and then 30 powered off for at
|l east 1 nms and so on. 32. The system of claim 29 wherein the sensor power

supply conprises a fixed voltage supplied to the sensor elenents. -38 3
March 2004 33: The sygpﬁmsé’fstﬁ%‘ai?rg2§ B £ 5 8§8Fe§€ns‘%ﬁ“h eFERERF has a
f erromagnet elefi@fibehakoaattetraghgnentict hembagniotaekdmadakentbatst i ng or

I ncreasi ng | ocal i sed nefic flux densit r aduced t gnets.
20| A sensofea8SE sivrent (Brb PrRst i GRorm s A § odteed iagaa
magnet , 4 ncieaghagicaflhwadenshbysencdncefichenthhamiggetdrst and 10 second
power pins and an output pin; a sensor power supply for supplying power to
the first pin of the at |east one sensor elenent, the second pin of the
at | east ond%sensor efef@N=ARi ABSEBLY £IH cdebegtiverenPagpstdfti al so
that power ggel8 supphibed bg hhmaghetpaghedudsfgsor el enent for powering

the at least one Sensg£ Eggggn%ha sensor element having first and
10 second power ping and an output pin;

a sensor power supply for supplying power to
the first pin of the at least one sensor element, the
second pin of the at least one sensor element being
coupleable to a reference potential soc that power is

15 supplied to the at least on gensor element for powering
the at least one sensor element;

switching means for selectively powering on
or off the at least one sensor element; and

a switching control means for providing a

20  pulsed power signal to the switching meansg to cause the
switching means to intermittently switch power on and
off to the at least one sensor element to perform a
power reset to the at least one sensor element to
eiiminate hysteresis within the at least one sensor

25 element.

35, The assembly of claim 34 wherein the
switching means is between the second pin and referencs
potential for disconnecting the second pin from the
30 reference potential to power the at least one sensor
element off, and wherein when the pulsed power signal
is supplied to the switching means the switching means
ig caused to intermittingly disconnect the second pin
from the reference voltage soc that the at least one



switching neans for selectively powering on or off the at |east one
sensor elenent; and a switching control nmeans for providing a 20 pul sed
power signal to the switching nmeans to cause the swtching neans to
intermttently switch power on and off to the at | east one sensor el enent
to performa power reset to the at | east one sensor elenent to elimnate
hysteresis within the at | east one sensor 25 elenent. 35. The assenbly of
claim 34 wherein the switching neans is between the s&Marthp2G0dnd
reference potential for disconnecting3t-he second pin fromthe 30

ref erence potential to power the at |east one sensor elenent off, and
wherei n when the pul sed power signal is supplied to the sw tching neans

the switchi Bgngegnel einentaused i@ inilttrenitlly fdiwerHdcaingsd &be gecond pin
fromthe reference | tage so_that the at |least one -39 3 March 2004
sensor el enBRF *PE™, %ggrﬁl B&nFF¥=powered on and of f to performthe power
reset. 36. The assenbly of claim34 wherein the 5 switching neans is

between theggirst pinpgpd tJLE‘seﬁﬁiﬁp gvver 1SURP! y3%or el nhectiag the

first pin fromthe sensor power sup \g power the at | east one sensor
el ement f f 8wakahiRer BRARRhAR Pﬁéwsaas Bapéaﬁﬁtspgﬁaﬁnd. sheupprEey to the

swi tching npapeért %pi:w Cfbflgdm@@z&né@tiﬁg Cﬁuﬁecfitx@tl Bl NFEéRNEhY
di sconnect the first € Sensor power so that the at
eace ore. &BRERF Bexamn SHES T B e | Soht: dFAst S OPPRERE ner form

t he power re3ement5o¥E, Trel assentiy when| aihe Ib:dwei epowéhesignalchi ng
means Conprkﬁeﬁuﬁpaﬁgﬁsgg(ghe switching means the switching means
10 is caused to intermittently disconnect the first pin
from the sensor power supply g0 that the at least one
sensor element is intermittently powered on and off to

perform the power reget,

16 37, The assembly of claim 36 wherein the
switching means comprisges a transistor.

38, The assembly of c¢laim 35 wherein the
switching means comprises a transistor having a base, a
20 collector and an emitter, the collector being connected
to the second pin, the emitter being connected to the
reference potential and the base being connected to the

switching control means.

25 39, The assembly of c¢laim 35 wherein the
reference potential is ground.

40, The assembly of c¢laim 35 wherein the
switching control meane supplies a pulse signal having
30 a high signal for switching the transistor on and
therefore commecting the second pin o the reference
potential for a perxriod of about 2 msa, and a low signal

for =switching the transistor off and therefore



38. The assenbly of claim 35 wherein the sw tching neans conprises a
transi stor having a base, a 20 collector and an emtter, the collector

bei ng connected to the second pin, the emtter being connected to the
reference potential and the base being connected to the sw tching control
means. 25 39. The assenbly of claim35 wherein the reference potential is
ground. 40. The assenbly of claim 35 wherein the swtching control neans
supplies a pul se signal having 30 a high signal for swi3tMarohg200%

transi stor on and therefore connectimp-the second pin to the reference
potential for a period of about 2 ns, and a low signal for switching the
transistor off and therefore .40_ 3 March 2004 di sconnecting the second

pin fromthgisebaneseengpottdid i adecddd ThensyF:rem Of tisd ai FeBérwheeei n the
sensor 5 elegen .h?s a magneti sabl e nenber adj acent the sensor el enent
whi ch becon®8 ﬁﬂ%ﬁ@ 'sed by a magnetic field produced by the magnet to

I ncrease the localised nagnetic flux density for detection by the at

I I d f
east one gnsor el egy b ve%;l%e re?a 244 Qratg ﬁ¥ﬁgi'§i§ q}ﬂ%jaggﬁsg stem for

aut omat i cal ggwdln tive to a ura s, said
syst em ithcl adpEgrtataseat mageeténpble Pepbed r?gﬁa‘taqﬁé'ast-h%néeuﬁgrrmgnet ic

field sensoglamegibluhich PhdéahesY nRlgnERARRAIES W§ I an 9 gieligadway
which the vehl gh8eh® b§ ' LALC 3Simbl® £8MS00.283800 ¥n02Vh Sa11m0a
magnetic f£lux density for detection by the at least one
sensor element.
10
42, An autcomated <vehicle guidance asystem £for
automatically guiding a wvehicle relative to a plurality
of magnets, gaid gystem including;
at least one vehicle including at least one
15 magnetic f£ield gengor assembly:

a plurality of magnets arrvanged along a
roadway which the vehicle is to traverse;

the gensor assgsembly having:

at least one sensor element having first and

20 second power ping and an output pin;

a sgsensor power supply for supplying power to
the first pin of the at least one senscor element, the
second pin of the at least one sensor element being
coupleable to a reference potential soc that power is

25 supplied to the at least on gensor element for powering
the at least cone sensor element;

switching means for selectively powering on
and off the at least one sensor element; and

a switching control means for providing a

30 pulsed power signal tec the switching means to cause the
switching meang to intermittently switch power on and
off to the at least one sensor element to perform a

power reset to the at least one sensor element to



at | east one sensor element having first and 20 second power pins and an
out put pin; a sensor power supply for supplying power to the first pin
of the at |east one sensor elenent, the second pin of the at |east one
sensor el enent being coupleable to a reference potential so that power
Is 25 supplied to the at | east on sensor elenent for powering the at

| east one sensor elenent; switching neans for selectively powering on

and off the at | east one sensor element; and a sw tchi 3dVlami 2004 neans
for providing a 30 pul sed power signad1-to the switching neans to cause
the switching neans to intermttently switch power on and off to the at

| east one sgngfingteMBsidrdPld OWTkRIinPOMRE RRSelehft! Kbt skaask one
sensor elenept to -41 3 March 2004 elimnate hysteresis within the at

| east one sBh8BPRTe| enent. 43. The system of claim 42 wherein the
switching 5 neans is between the second pin and reference potential for

dISCOﬂﬂGCtIEg t he sec?ﬂg B%QBF#ngth_ fqﬂfqﬁﬁ réﬁ%egﬂéa% %gc§§§§; t he

at | east one~ Sensor enen erern he pul's
signal i% supphieiist betwhenshhecheagndenas ahd referhhng peimotislcaused

to 10 interghit & ddoth SCONEChnkNCaee50Md i ££OR e LBEBELBRER
voltage so that the at | east one sensgr elenent Is intermttently

power ed on HﬂBEBFFa}otBePPUPH1tPﬁean%EPBFeQEP S938QY ”*ﬁ@”??s?gﬁvof
cl ai m 42 whghei whkhaisWhehi e pRABed polekwetgnhabeibi sebppiadasd t he

sensor power,  su f.or di sconnecting the first pin f.romthe sepnsor

power suppl e %(%V%lh’ﬂ?e %?alf"%ag r?g"’stcﬁ?ﬁ}g e’f‘%ﬁ%ﬁt 15 Caused €3
intermittingly disconnect the gecond pin from the
reference voltage =¢ that the at least one sensor
element is intermittently powered on and off to perform

the power reset.

15 44, The sgystem of claim 42 wherein the pwitching
means is between the first pin and the sensor power
supply for disconnecting the first pin from the sensor
power. supply to power the atb least one sensor element
off, and wherein when the pulsed power signal is

20 supplied to the switching means the switching means is
cauged to intermittently disconnect the first pin from
the sensor power supply sco that the at least one sensor
element iz intermittently powered on and off to perform
the power reset.

25
45. The system of claim 44 wherein the switching

means comprises a transistor,

46. The system of claim 42 wherein the switching
3¢ means compriges a transister having a basge, a collector
and an emitter, the ¢ollector being connectad to the
second pin, the emitter being connected to the
raference potential and the base being connected to the
switching control means.
35



of f, and wherein when the pul sed power signal is 20 supplied to the
switching neans the switching neans is caused to intermttently

di sconnect the first pin from the sensor power supply so that the at

| east one sensor elenent is intermttently powered on and off to perform
the power reset. 25 45. The system of claim44 wherein the sw tching
nmeans conprises a transistor. 46. The system of claim42 wherein the
switching 30 neans conprises a transistor having a baS8Mamhc2004ct or and
an emtter, the collector being connee42ed to the second pin, the emtter
bei ng connected to the reference potential and the base bei ng connected

to the swifghing conthel s§BRBA. o35 c14dm3 1RIWHe 004 fie IBEes¥ALeM Of

claim43 wherein the referenc potential is ground. 48. The system of
cl ai m 43 whBPEPREEAL ifi BERPARG- 5 control means supplies a pul se signal
having a high signal for switching the transistor on and therefore
connecti ng ILE? secondTQi n_to,. the ref renceggootential for aégg L, od of

about 2 ns, "and a | ow s?gﬁgﬁtﬁ%r ofsv‘\:/l et n‘1 t‘ﬁ%e’{?’a‘i‘]s?%?o?w %ﬂg
t her ef orle 1@cutzednmeatisngsubpliesoral puhseér crhanad. r bavisgcer pagbnti al .

49. The syshegngl Gdil Md2cihens! kudhec et | BIFind'ang-URGRG! I Sabl €

menber adj acent the sensor 15 elTenent whic econes nagneti se y a
magneti c fiepanegkdidcddpyserendaditr 12 ther pference opabpBE#dnmgnetic

field strengbh for pdetied i 68 bddte at h€Astand a low signal for
switching the transistor off and therefore
10 disconnecting the gecond pin from the reference

potential.

45, The gystem of claim 42 wherein the senseor
element has a magnetisable member adjacent the sensor
15 element which becomes mnagnetised by a magnetic field
produced by the magnet to increase the localised
magnetic field strength for detection by the at least

one sensor element.

20 50. A magnetic field gensor assembly for
detecting a, magnetic field created by a magnet, the
sensor assembly including:;

at least one central sensor array, the
central sensor array having a plurality of sensors

25 sapaced apart by a predetermined first distance; and

a first side sensor array amd a second side
sensor array arranged on each side of the central
gensor array 80 as to sandwich the central sensor array
therebetween, the first and second side sensor arrays

30 each having a plurality of gengors spaced apart by a
second predetermined distance which is greater than the

first predetermined distance.




one sensor element. 20 50. A magnetic field sensor assenbly for detecting
a, magnetic field created by a nagnet, the sensor assenbly including: at

| east one central sensor array, the central sensor array having a
plurality of sensors 25 spaced apart by a predetermi ned first distance;
and a first side sensor array and a second side sensor array arranged on
each side of the central sensor array so as to sandwi ch the centra

sensor array therebetween, the first and second si de SMamh 2004ys 30
each having a plurality of sensors spa¢®ed apart by a second predeterm ned
di stance which is greater than the first predeterm ned distance. -43 3
March 2004 51. The assenbly of claim5Q wherein the central sensor array
conpri ses a3tirst cenThal 288a8blYarfayrlaide 20 seerrinchbearesénddr array.

5 52. The agagBbkyaeka¢l abipbisvkencitirbhiecbhighl aBfssecapdagennar arrays
each conprise_nine.rows ang 8elght colums of magnetic sensor elenents. 10
0

53. The assBnBP§OBE EPBERPFS0SRREPE AFA¥ first and second side sensor

array al%o each conprise nine rows and ei ght colums of magnetic sensor

el enents. 54, The assgppl )é‘“%f“ﬁ‘!ls’i nggog\igg_r&ei £ easl Qb nt hehe 1255gRSON

arrays are coupled to a processor boar receiving output signals from
each sensoraafr #paand cpeRsert REIPYS t9a5H ofCAPTERAR cRdney FrewsleBAni ned

rel ative togifRt"BENAkAs 38 RagnibecassalBlye®bmehBk 54 wherein the
processor board is coupleable to a navigation system
10 53. The aggembly of claim 50 wherein the first
and second side sensor array also each comprise nine

rows and eight columns cof magnetic sensor elements.

54, The assembly of claim 50 wherein each of the

15 gensor arrays are coupled to a processor board for
receiving output signals £from each sensor array to
enable the position of a vehicle to be determined
relative to the magnets.

20 55, The assembly of o¢laim 54 wherein the
processor board is coupleable te a navigation system
for determining the position of a vehicle relative to
the magnets and for producing control signals for
controlling movement of the vehicle in response to the

25 ©poesition signals,

55. The assembly of claim 50 wherein the sensors
each comprise a sgenscor element and a magnetisable
member adjacent the sensor element.
30

57. An automated guided vehicle system,
including;

at least one vehicle including a sensor
assembly;



for determning the position of a vehicle relative to the magnets and
for producing control signals for <controlling novenent of the vehicle in
response to the 25 position signals. 56. The assenbly of claimb50
wherein the sensors each conprise a sensor elenent and a nmagneti sabl e
menber adj acent the sensor elenent. 30 57. An automated gui ded vehicle
system including; at |east one vehicle including a sensor assenbly; -44
3 March 2004 a plurality of magnets |located along a r38dMamh 2004
detection by the sensor to enable the-44¢ehicle to be automatically guided
relative to the 5 magnets; and wherein the sensor assenbly conprises at

| east one central sensor array the central sensor array having a

plurality of sensor eleneg aced part by a edete n1ned first

di stance, and a first®10P PH@ EﬁsoP arF@@qgﬁf si YEPREnsBr array
arranged onreadékagi déoof ddteacrin abysebBer semsyr Stcas enablsandhech the
central Sen@%%iéigayté h%reebgh\egglg iE0Sy f'é&idé‘&g zgeel;aﬁ{!ﬂ%s' dg sepgor

arrays each havinig a  plurality SFiS8nsdr s Space y a second 15
pr edet erfni redgdeseangddwhich is greater than the flrst pr edet er m ned

di stance. 58. The sys{ger&inCl| 8hé SdeMbEE i AabORH LGNt £Gpr $8880T 2Rl M AY
conprises a first central sensor array and 20 a second central sensor

array. 59. ¥RRFEy AR FeRHTRIm SPERAE SRR e fGh%t cAR§Tal sensor

array having a plurality of sensor elements gpaced
apart by a predetermined £first distance, and a first

10 side Bensor array and a second side sgensor array
arranged on each side of the central sensor array BQ as
to sandwich the central sensor array therebetween, the
first and second gide sensor arrays each having a
plurality of sensors spaced apart by a second

15 predetermined distance which is greater than the first
predetermined distance,

58. The gystem of claim 57 wherein the central
senscr array comprises a first central sensor array and
20 a second central sensor array.

h9. The system of claim 57 wherein the first and
second senscr arrays each comprige nine rowe and eight
colums of magnetic sensor slementas.

25 60, The system of claim 57 wherein the first and
gecond side gengor array also each comprise nine rows
and eight columns of magnetic sensor elements.

6. The asystem of claim 57 wherein each of the
30 sensor arrays are coupled to a processor board for
raeceiving ocutput signals £from each genseor array to
enable the posgition of a vehicle to be determined

relative to the magnets.



second sensor arrays each conprise nine rows and eight colums of
magneti c sensor elenents. 25 60. The systemof claim57 wherein the first
and second side sensor array al so each conprise nine rows and eight
colums of magnetic sensor elenments. 61. The system of claim57 wherein
each of the 30 sensor arrays ar€ coupled to a processor board for

recei ving out put signals fromeach sensor array to enable the position
of a vehicle to be determned relative to the nagnet s3 Margh308r ch 2004
62. The system of claim 61 wherein thasprocessor board is coupleable to
a navigation systemfor determning the position of a vehicle relative
to the nagnets and for producing control signals for controlling
movenent of the vehicle in response to the position signals. 63. The
system of #&i m 61 wigrei fweFemsefisglaim] §leadteredipringe RreePBRRRr el ement

and a magneddSab| eisneRpladpdeenttd hea SepaQigakeBBNt gyatem for
determining the position of a vehicle relative to the

5 magnets and for producing control gpignals for
controlling movement of the vehicle in response toc the

pogition signals.

63, The system of claim 61 wherein the gensors
10 each comprise a sensor element and a magnetisable

member adjacent the sensor slement.



