: OPQRe3eeel (6, Tw MAGNETI C SENﬁW@wmﬁw OVATED GUI DED VEH CLE
SYSTEM FI ELD OF THE | NVENTI ON Thi s | tes to a magnetic field

sensor for as s automated guided vehicle.gyshem and to a guided vehicle
System i ncM@IAst4de nagnetic fiel d season. DESCRI PTI ON OF gHes&RIdehsART
Aut omat ed gui ded vehicle systens are known which enploy 10 a grid or |ine
of magnets along or upon a path V\/m Is to traverse. The vehicle
carries a magnetic field sensor for g lﬂl@l"m@ magnet s so t hat
informa.tioa can be obtained to ena f the vehicle relative to
the magnets. zs The conventi onal systens ﬁ P ise a wide vari atlon I nt het ypes
of sensorsused, and techni ques _used rangefromeasur enents of magneti c
field strengt hEAGNEREARSENFORSTAY H&m R} SYPEP SW%‘E s"'iyﬁar raw

of 20 magnetic sensorsto detect the position of the magnet.Each techni quehas
Its associ ated f}_ﬁ:f,ﬁ”gf.-hr?gﬁ' w“@ i&ps, andt he techni ques used depend

ont her equi I’enb'mb ofttre~apptrcatTom such as speed oft hevehicle. separation
bet ween sensorThhdl hayeetiem 28lateurteys maghetic Séaidrgempdrhioncamde

magneti c seasogy, Suhi £AESgRX8eA0LERELYe USQd b GO UWNLTh Opyu YBEA 0@35’.‘815
which are fixed in a roadway and whi ch define a ath al ong which a 30

vehicle is to I¥SVERstRCBANG Shey mageerdgnédied & iS8R#S&r engt h i nf or mat i on
as to the position of the vehicle relative to the magnets can be determ ned
and the steeri 3 Ghis e,gentrolled so that the vehicle

foll ows the gk I'Ibleo QOQA&% pl ace 35 to anot her. WO
02/0(S1-18 P@@@#%md@nuh@cb@nwstMt ehres kuawn avkiich t etp RN put
signal lipg are {Eﬁpi@DBJ:-YlHﬁ@d tfouei%h%% Y e&‘?nﬁﬁoﬂf aTRGRG! Synshirchy are
pl aced cl ose to the sensor such theé are ‘B‘l roduced with hlggq
operating t hr ¥aFHdE i3 htQ hETRREEH i onTHBE NEEEHi%e|SPTRIeR 13 JIRIASERR ew of

this, for appléiedtd Gi&i:.s‘.di:atfd’:eqiérrﬂnbalt-hfel edaimaﬁsecéd Othat elmfdred8idmr ge
magnets of ab 0. nu ter th| ess, .ar gssary
! %‘énlo% ’Lé d”‘m%: %{A%e < U eng % the' SdBisT cie

to increase t “oca rragnetlc i sTSlze hagn
provi des a sen'sélattﬂ-a'enﬂgnéb-Edmsgaﬁée of onI y about 22

15

The conventional systems utilise a wide variation in the
types of sensors used, and techniques uged range £from -
measurements of 3-D magnetic field 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 associated strengths or
limitations, and the technigques used depend on the
requirements of the application such as speed of the
vehicle, separation between sensor and magnet and

25 accuracy.

Magnetic sensors which include magnetic sensor switches
are normally used in conjunction with magnets which are
fixed in a roadway and which define a path along which a
30 vehicle 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 so that the
vehicle follows the magnets as it drives from one place

35 to another.



acm That is, in order for the sensor to detect the magnetic field from

t he magnet the sensor should be no nore than 22 cmfromthe magnet when the
sensor passes 15 over the nmagnet. As such, nobst nagnet gui dance systens
find appli QR P¥H514¥ the tracking of vehicles used in an i ndBGF/SGoAWOLY v .
envi ronment where the vertical deflection of the vehicle 20 is small. The
sensor can be kept at close and determ ni_sEi_c hei ght fromthe ground
magnets. Such systens are al so used in heavy duty industries such as steel
mlls. However, is these applications the speed of the noving vehicle is
relatively slow at 25 approximately two neters per second. Thus, the

dynam c vertical deflection of the vehicle (and al so the sensor carried by
the vehicle) dytj ti j oWt hind et j I L -Mver,
such systens tﬁé?{e]ggrgg o&ngootsr \A\g%%té%%gt r1"(;11pg|c}fi gatﬁ%% s%’g\e:gg? tasﬁxese

envi ronment s ahdnEnagar ceembalyi #seflvitco RS e R9RenRehi A anaanets

under go subst\;\aﬁhiah hgadpﬁ,ae%at bmaﬁeptoumg s%in&g:)f.tom% S aﬁ-.;:égﬁ are

envi ronnment_s ere t vehi¢cle js being used to transpprt shippin

cont ai ners 3 r RS ‘éCESacé”' erBtFRy Qggrﬁ‘rfrl"ﬁ‘gdedtsl?’f%%?qzl%ni pVtE an'%’teher

pl ace far | oadimgention\\&X 0264y CEiel8 B€tLE8600A001I88 view3oforthd sa rfwed
vehi cl e. Such i y gy velf| run ppeymtic r .apd have
a maxi mum st ra?%éu?f?%g§§++i ngtgé%gzcejd omé g%emat e?%r pg;; s_econ(?t%r?%%tl%r%ﬁi ng
and paral | el chehdeivehey bpegelsnagnets cefnabeps paP Imsdiofdamasesycpd

substantial vargatiRnSihn thecphetancerer hekghkael the vehiekaskr omnehe
r oadway | oaded and during

LI take p|lace as the vehicle. is | oaded and
not i on. \II:VEPth ?ﬁﬁ%‘s?‘f Wenff‘gfﬁseﬁtﬁ’?%?’dp'envi fgﬁénts*/ﬁ%réﬁgﬁ?&ri ng
of foreign objexdeidéseal rsaamnsbi tthe guagned |dismdngossiEblonlydaxtagett @2t he
sensor can occyr if .{.Q%tsggsorix{ sog_rgﬁg.t eg o haw g Jhi s, Egercg%:@éﬁ]_i KRASES a-.
certain mni numseparaifl on between the sensor and ground. 15 Furt hernore,
in this enviragmatihefiabdnfror tdemmagnst chba Pegier cirWe dapedBed in
a roadway is kpRstd i €hed BECAUSEERm t ke URBGAE £ WHRNOIEEIEnHSF Spusbin t he
concrete {Tgadway upqQn which the vehicle travels. For instance,
r ei nf or cenént Harss ‘%}f‘y“l?@”f(?'l ocated 70 nun beneath the surface of the
roadway thereby limting the size of hole which can easily be produced in
whi ch a magne a I e oy r a ti L Jl.ded
vehi cles. 25 sge%é‘tﬁ) ! p%%%}te%lga%seggci%{lgga%c?ﬁ s}é’c";'frtf\(/()'\’(qerlr?t ?%%? éggk'%)r"igg?hgt
uses magneti c ifenthe Swhckheg @ift tvehifiled weedulnr dmt rdeer i+ héagheR¥enon

of hysteresi s entRirSo §RAEC Whe RaGatisal Nee ODEE @1 0o ANERE EL,8R$81R0I Nt S
of the (Eetl,c sensqr. switch are different by nature of thei {_%30 desi.gn
t

g
and constflct A6n. SE@ldve seddth IIERARE ( it hadiet , FERe nAgnett98enddf
SwWi t ches renadetetmiicliatiea heightt hérsmgnetie ¢ fdaithd ewalgnétaps bebSawkt he
rel ease point ) (o] i i h raf.l i nt
of the sensor “VRfeES AN ChLedlhEla S Bhel) 3R4AS,ARE U0 8917
"l ag" behi nd 8&gephyilks. podpwr¥RTef ithethegnectrPddcréirne riifor §Peedect
WO 02/ UGb1~8 g4 the moving vehicle is relatively slow  at

25 approximately two meters per second. Thus, the dynamic

-

—y

vertical deflection of the vehicle (and also the sensor
carried by the vehicle) during motion is well within the

detection limits.

30 However, such systems therefore do not have great
application outgide of these environments and in
particular in environments where the vehicle may undergo
substantial load variations of up to gixty tons, such as
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 loading



PCT/ SGUL/ QUUL8 or hysteresis. This results in inaccurate estimtes of the
magnets position. The detection accuracy of tie position of a magnet is
extrenely inmportant in the transfer of shipping containers fromone place
fo 5 anot hw0 G2réa48lock envi ronnent because the vehicle is emdeded® Stop
(wi thout the assistance fromany other sensors) within 5 cmat the
destination point for |oading and unl oadi ng operations. 10 SUMVARY OF THE

I NVENTI ON The object of a first aspect of 3the invention is to “overcone the
first problem nenti oned above which concerns the sensor to magnet distance.
Z5 This aspect of the invention may be said to reside in a magnetic field

sensor assenblanddra SEHSl NPeRi FBINC €t | £hdohs AL LU PYodi dBINGERLENES
sensor assenbly including; at |east one se sg’réi havi ng a sensor el epent; 20
en

and a nagnet i e FMenBBRYPBELLed KER Ac S t A V&endor PaFEMERt SRTRHERhe
t he sensor el etpaveldnchg hepemdinetf skednthetseasperi Sddonds aandntumiixiei n,

is use, the nmenber _bec i sed_by the gneticg.field 2 roduced by
t'he magnet to%rﬁa?grgeyégo%?%emgﬁgﬁ.cg?legﬁgg vﬁ"l%chlllz.lse%de %g?ga tR/e’f he
sensor el efrentseconcher % BoBUbt BVIL Y Gaatdade MARL 4ty et ghey i 9 taddaix

densi t_y pr o?ﬁe%d ﬁ%i&ﬂ@_ @?Rﬂhe %mcygkggmt Ott:wi &loaama?t gilihecatlge
I nventli on. e._ne er, | e resence o n, ex rnal, a | e magneti C
field fromth@lﬁ&§ne’c"s,tgﬁdl‘f€59ﬁg§nét§i Jradad R @%@ﬁ% ?aﬂ?dmfgm
Because the mewhebnhas areRteétmbreer difcaltibel t yyhicgher ikhansed r iamd ans

adj acent to t nsor. _el 3 t] i el d_prt e t nber
can be detect ggvgsogﬁgnge?sﬂgyeel%rf’éiﬁ?%ekaéf%ﬁhggﬁggﬁg ggg‘ %n{m
02/ OGS1~8 PCTLEsD Wridurid 18- Bt opeshibhenbaamagee hagridie cséredd, dan t he

sensor to magpekydi §¥aNGR | ferddd 11d GdnedBr 88, 188Y bantl0 MldedRe
trigger the sensor elenent. Therefore, the operati ng Em nt of the magnetic
sensor remai n$™BAEAENGe F SR 4t SIP IR TR Hekfifet PAF¥ESRcELRaBSHEFr eat | y
extended. | n ahlegryands, a small external magnetic field strength is all
that is necessary in order to activate the sensors because that small field
strength will induce a magnetismw thin the nmenbers when the sensor passes
over 10 &Smagherthexmeohat dagridtiisc €nwinpnmdnt pehderoouad ML t heonengor

el ement to prodice ag ogbphbef r Qaht N@esSenspefidi™nini ndi caLLYGaf e
magnet. Preferably the nenber is a _cylindrical rod shaped nenber” 15 havi ng
a | ongit udi naFe35% kH@R cPeauds gREd, PR ueee }f reinforcement bars

within the concrete roadway upon which the wvehicle
travels. For instance, reinforcement bars may be

20 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
automatically gquided vehicles.

25 A gecond problem associated 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 pointa of the
magnetic sensor switch are different by nature of their

30 design and construction. As the gsensor leaves the
magnet, the magnetic sensor switches remain switched on
until the magnetic flux level drops below the release
point of the sensor, which is much lower than the
operating point of the gensor. Thus, the computed

35 position of the magnet appears as a “lag” behind the
physical position ot.f. the magnet due to the memory effect



the direction of a line extending between the magnet and the sensor when
the sensor passes the magnet. Preferably the nenber is a ferronmagnetic
menber. 20 029_3 Preferably the nenber is formed from nanganese zinc
ferrite materAI°H8vi ng the general fornmula Mh2n. FezO3. PrefEHS®IN00015e
menber is inpinged against the sensor elenment . . Preferably the nenber has
a diameter of about 8 mmand a | ength of _apout 40 nun and an initial
perneability of 2000. Preferably the sensor board and the nenber spring
being | ocated the nenber so that elenent. elenent is nounted on a season is
| ocated in a menber holder. a in the menber holder for biasing it inpinges
agai nst the sABoRYsSte¥rodloGSTheg medfidsabiy iPRCHRTDE? ASFEBRACPFaPE the

hol der plate had ngathecse itpdder hewé nGiek ek id Natberasyewd hegaded
hol e. | ocated adj.acent tao the hol der elenentzgro ects, through the into the

menber hol der P 1850 P& 1318™29PEC cotpl €Y ol daPoF tadFew Bhr E88ed
hol e and rew ttrasast efror cefhgagfeipming hecgstwimeoar ficdei nopel apkace that the

sensor screw thr hol e, a 0 f t er | dek, ; a; base
and the sp?i ngapzlo?l %Spggegﬂ bggﬁ%en%ﬁeﬁ%géery%n%%f%gg?}en%%) Q%Plgla%si ﬁg t he
menber agai nsXPifS teEnH *F@Pefvithout the assistance from any other

sensors) within 5 cm at the destination point £for

loading and unloading operations.

10
SUMMARY OF THE INVENTION
The object of a first aspect of the invention is to
overcome the first problem mentioned above which
concerns the sensor to magnet distance.

15 This aspect of the invention may be said to reside in a
magnetic £ield sensor assembly for sensing a magnetic
field created by a magnet, the sensor assembly
including;

.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 gensor is in use, and wherein, in use,
the member becomes magnetised by the magnetic £field

25 produced by the magnet to create a secondary magnatic
field which is 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 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 usae

*



.The nmenber hol der may have a circunferential flange for 15 engaging a
surface of the nenber plate for limting the anount of insertion of the
menber hol der into the screw threaded hol e when the nmenber hol der is screw
1 hreaded iwbD@oba4screw t hreaded hole in the nenber plate. p2/denehenngbl y
the sensor conprises a plurality of said sensor elenents and said
magnet i sabl e nmenbers. The invention nay also be said to reside in an

‘aut omat ed gui ded vehicle system including;-25 at | east one autonated

gui ded vehicle, the automated gui ded vehicle having a sensor assenbly
having at | east one sensor. the sensor including a plurality of sensor

el ements each Sensgr elgiEi. hadnGu ARt igalle Mpgba,d ogahed adacent

t he sensor el enent: a plurality “magnets arrange ong a roa
which is to b&agnarerdictkance his vapf éieisntlyularag. ' Ay &ferfovfs

vehi cl e al ong ¢bh§ 3QRAMIAYE h e A dh STAN W enfRInAENt THIANE fifk  her R OSd F SR P
menber | ocated adjacent {he sensor elenent so as, to be 35 be%mee aﬁg
sensor el emenP93AG t(Me FRONERTGHEA (978 SPEhi TTRRE sBECHHRFS hé%%a %s;

and WO 02/ 0e2i8ckr efcermddnye t hdiseabes kanf dravegiréanhy nernganded. zi rkn
ferrite mater| ayj th ral roul,a o . i t he
o@he@ Wc'}gs % %‘3@9.1 eth%rrf‘gxgl; g!}%é%t;%a%.elmﬁt{%%g@

vehi cl e passes avéer the rragnets the me mes nagnetise

magnetic fiel élpr Gdhadedipynenesadliniectd CF STt acséFahtatRendffddxs fiel d
which is deteghedubl¥ t hhaxensghapl ementie t @Ry beosl oOknl@esease the
| ocal i sed magnetic flux depnsity produced by. the gnets. Preferably the
nenber is a c?FFﬂﬁFFEEIwF&BL§h§B§dmﬁ§ﬁﬁ§F EﬁPnégglﬁﬁﬁﬁqﬁuﬂﬁiﬂEQa $whi ch
is alignex) ia maghetnahd thatdmagoeicdn 6ieddlwhé lebiecdditiegtied Wwyerthiehe

magnets and t SO t S asses r..th g Rref bly
t he magneti saggxég?r‘gnbée:'?%l%&a P: (;%r rggrég‘?\%?i iaﬁfgrer?%\égg tlS%EgBZggﬂe gendd’
element indicative of the magmet.

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 sengor when the sensor passes the magnet.

Preferably the member is a ferromagnetic member.

20
Preferably the member is formed from manganese zinc
ferrite material having the general formula MnZn.Fe;0;.

Preferably the member is impinged against the sensox

25 element.

Preferably the member has a diameter of about 8 mm and a
length of about 40 mm and an initial permeability of
2000.
30

Preferably the sensor element i3 mounted on a sensor
board and the member is located in a member holder, a
spring being located in the member holder for biasing
the member so that it impinges against the sensor

3s alement.



30 35 Preferably the nenber is inpinged agai nst the sensing el enent. )
Preferably the nenber has a dianmeter of about 8 nmand a | ength of about 40 -
anmt and an_initial perneability of 2000. Preferably the sensor board and

the menber WHP346348ei ng | ocat ed the nenber so that el enent . PEUIEEANLIS

/01)018 el enent is nmounted on a sensor is located in a nenber holder, ain
the member hol der for biasing it inpinges against the sensor Preferably t he
menber hol der is coupled to a holder plate, the holder plate having a screw -
t hreaded hol e and the nenber hol der having a screw thread for engagenent in
the screw threaded hol e, the sensor board being | ocated adjacent to the

hol der plate so that the sensor WO 02/ OGS1~8 g PCT/ SGO 1/ 00018 el enent

proj ect s througho Ebe,serew 441 sadgdsnohs1ged 1140 ddhpagibes ol dRider

Preferably th | der base and the spri n(r;t i s di spgosed
between the baBtabad the hekBer POACB| BaVAGTL e sﬁ'é'r?b'e breadrst bede @8fsor

el ement. Pref egpbl hehbe rMagietes alwvﬁﬁj agl W | tRré@gnebs @hgayemadri cal
shape and have, a di.aneter of ag gd gn}10 agg a thickne %apf abaout, 50
mm  The obPecti®f PIectiff*asFEEE3GF% hBFRventFon TEIY overEShe “FR8I
problen1aSSOC|Ewcahadthdmyegstesostdaehhidanagﬁé&&ﬁsmttprrabe aerdspgl ease
points of the Seag i; SHUASPRELLOL e | RERA 0BPLONLACHA JRgAA! | ©

field sensor asse ing a nmaghe Create y a magnet for the
sensor asserrbl%PtT—mctFlwlq’@b%ﬁ hadda=-one sensor el ement for detecti ng the 20
magnetic field produced by the nagnet; and

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 screw
threaded hole when the member holder is screw threaded
into the screw threaded hole in the member plife.

20 Preferably the sensor comprises a plurality of said
sensor elements and said magnetisable members.

The invention may alsc be said to reside in an automated
guided vehiclae 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 vehicle for guiding
movement of the vehicle along the rocadway;
each sensor element having the magnetisable
member located adjacent the sensor element so as to be
35 between the sensor element and the magnets when the

vehicle passes over the magnets; and



.power sw tching nmeans for selectively switching the sensor el enents between
a power on |level and a power off level. t' 25 According to this aspect of
the invention because the sensor elenments are switched between the power oa
and power Wifo2foeseB as effective power reset to the season reagsgesns@st hat
the operation of the sensor elenent only depends on the operation point of
the sensor, that is 30 the magnetic gauss Jevel to activate the sensor

el enent. The rel ease point of the sensor i's immterial in the operation of
the sensor element. By relying on a single triggering point for the sensor,
t he phenonmenon of hysteresis that causes inaccuracies in neasurenents as 35
t he sensor passes over wed@wEgnetwhen t aflad | yvehiolaat pdssesWhtée2/ OEBR. t 8
PCT/ S i 1/ U0O0 -9 _Pr fer%)ulgth i &h S,.GO | S

transistor and SWgchi r‘?geco“{ril1 rol- rrggggﬂgér %ngvérgc J|f%é;]1tpt ﬁg %énsﬁé?gﬁ%ﬁ and
of f, the transfstid pawduged cby| ddieor DAFREFS steonprezkel % FAEOBEASYr

el ement and amLAddRS WLLH LrﬁiéhCQ@ne@é@QcEé)dgb?U%gt&@n&%téﬁéﬁgnt
control nmeans belng connected t he base of thg? ransi stor so tha%{_vvhen a
S

to
power on sPgndl® i ERARY RPIY (e HERLATR SRAsOPCBLLABHt PAERTHMetI®E to
ground t hr ougliddia dyr piraidiiced dgd thBemagneas .el ement is activated or
powered up since 10 potential can be applied across the sensor el enent
bet ween the ground created by the transistor and a sensor power supply to
t he sensor el &neferaiid winen membegwiliscd my oy itahered shanedanemhert he

transistor ispawithched ofd{gf@dizsaonnesd &REc8eRS0M18/gaaNt i jEelS 45 ound
so that there is ng potential difference across the sensor el enent and the

sensor el Eenties PHERF PR PE M e} 2RADISFRAREIRA t PRFNESR of oI AIRESS

swi tches t he aAdsehsosefkorewhaenothandensbrppasediscakvky bleshghet Ng hi gh
and low signals to the base of the transistor. Preferably the sensors are
powered on for about 2 ns and then powered off and so on Preferably the
sensors are 2Brefadabivertheichagnatigahde onepeerodising af exzonadmafiead
are then powepggpaff 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® el enent s. Preferably each sensor el enent has a ferronmagnetic
menber | ocat edradpaaBhir ttike SeRGderel eBENEckedbogebmnonaigaisdecading: a

| ocal i sed magpetl¢, Ll ux, densi 1Y, PLOAUGEY $&nO¥al NEIRIHE azn . D0, .
02/11C51. 18
Preferably 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.

Preferably the sgensor element is mounted on a sensor
board and the member is located in a member holder, a
spring being located in the member holder for biasing
the member so that it impinges against the senscr

30 element.

Preferably the member holder is coupled to a holder
plate, the holder plate ha‘}ing a gcrew threaded hole and
the member holder having a screw thread for engagement
35 4in the screw threaded hole, the sensor board being
located adjacent t:o.the holder plate so that the sensor



-10 PCT/ SGO1/ 001118 This aspect of the invention may also be said to reside

in an autonmated gui ded vehicle system including, at |east one vehicle
i ncl udi ng tic field sensor assenbly having at | east one sensor
5 WO

el enent ;

novenent of the vehicle relative to the magnets;

%ty of magnets located al ong a roadway fBFTEGPHINE

for periodically switching power on and off§ {o the at | east one sensor
el enent. Preferably the power sw tching neans conprises a transistor and
swi tching control neans for switching the transistor on and off, the

transi st or

and an em tter

bei ng connect eddt® the bre®eaf hbhaekransi stor so that when a power on

signal is applied to the base the sensor el enent
t hrough the 20 transistor and the sensor el enment

is connected to ground
is activated or powered

and power sw tching neans

10

having a collector 15 which is connected to the, sensor el enent

SHTRER S SPEBAREEE edF TP YFOURAS t RETEY tEHISRTI*DNERPER MRS

up- since pot eRrriefereddybeepphemitrichotder hgasermsopaet ensdt thet vemrinche
ground creaj ed; Ry iR @i HethRenfNth? SIS 0AnROVEL HBRlY 1A N8 SENSPT

el enent, and when thé switching control nmeans_swtches 25 off. the

transi stor,

el enrent fromground so that there is no potenti al

t h&her RARPSFoRIRENSH ERATHERFPT . 21 @RM S connect the sensor

sensor el ement _an

th Lemept i d.off. 30 Preferably t
pover supply tBePRE SBALor A RBRTECPs S 1 CREATHA ARATOFF (ATRUTRaTYy by

di f ference across the

suppl yi ng hi ghcrhiinfivicsl gsalapet arndehsuge aofdidmetennsifstalyoutPr 30@r aiol y
the sw tCchighg $8BSQI ShALEn PONES £, d Ofg 3@ about 2 ns, then read, and then
I

power ed off

for at

" WD 02/CCril ~8 -11 PCT/ SCOL /00018 Preferably the sensor power supply

conprises a f:wd \zsaEte&ge fﬂpal | b dod tﬂ@pﬁﬁﬁswl'f ehaagrﬂnoslr_.en'iiehefﬁs algby
el enent as err netic ne e Q t acent e ensor
bCOTT TS, ERRCBISBIAT ARG TERY HRbRetYe 19584 5 Fe g R
produced by t heheradtifereny) dflimtaspasl el dase ipoimtis of rhe alensole sai d

each sensor
el enent for

east 1 ns and then powered on again for 2 nms and so on.

to residejgn a sensor assenbly for detecting a magnetic field produced by a
magnet, i ncl udi ng;

20

25

30

35

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
magnetic field produced by the magnet; and

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

According to this aspect of the invention because the
sensor elements 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 element only
depends on the operation point of the sensor, that is
the magnetic gauss level to activate the sensor element.
The release point of the sensor is immaterial in the
operation of the sensor element. By relying on a single
triggering point for the sensor, the phenomenon of
hysteresis that causes inaccuracies in measurements as

the sensor passes over the magnet is totally eliminated.

i



.at | east one sensor elenent having first and second power pins and as

out put pin; 15 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 ewenk/obaiung coupl eable to a reference potential seddaio/PaMer 1S
supplied to the at |east on sensor elenent for powering 20 the at |east one
sensor elenent; switching neans for selectively powering on or off the at

1 east one sensor elenent; and a switching%ontrol neans for providing a

pul sed control signal to the switching neans to cause 25 the swtching
means to intermttently switching power oa and off to the at Least one

sensor el enentpdOr D4 10F M1 pg;meé- reseich Om&msa&oinsa%e@ns gea8QL sebenent
to elimnate hysteresis within the at | easg?one sensor

Preferably t hé®hi Y& Hy b AR RS 5 ’Faﬁ'g?'gfﬁf‘nﬂaﬁgﬁgtﬁaﬁiééwﬁ
coll ector and &an endt bEf, ttlm cfﬂdzmisxroﬂ)ehmgm@naea:tcad.etardrhevksmmnds pin,

the emtter bej 'q? f p ntJ @ﬁg gi ng
35 connect ed td g%vr%niet c%l ng conr? %gﬁggt %\EK% ﬁﬁ%&‘%@ ef erably
t he referehce qeomanted te ground. Iﬂ@?/ SEPiroBing PeateriblReanse BeAEhi ng

control neans -$pRlHRY aPUtne 8h88ak NG Ralé 0855 988! chak SWdchd ng
the transistor S on and therefore connecting the second pin to the

reference pot BRMEZ PBr S Rt od-Df WRHED 2 &R aPPSR sFiRalS§RieT
swi t chi ng t he elllemasitst D§ ebbnandetheref g&-eudldscmhng;htehetzsmﬁutqn n

fromthe ref eraggcethpotentl al. 10 I;rtefer g Xlghgeaegsfo o%e%rg%n ha;ir?ce
]h r?agne Ised by

magnet i sabl e nenber aaS Acent ? € Qensor el enent whi-ch F5ecanes
a magnetikofi QP@eprtedchda-by bhe apphbedt oafnessasthe heséneer | stkkmaRfhet i c

field strengt Bek@hete! erdi Qrdind herlarlly | €35t ta@e $eh8QisebeMEMa Hi S

aspect of the invention may also be said to reside in an automated vehlcle
gui dance syst 8fPFEF P°§&Foﬁéﬁ?ip&é’l 5P Juttli RGOV et EPE Fel APV Y ghe
plurality 20 swiBaBhags.contirdls\sdas | seiudheg;, <if | enst teansiehbel a3

ncluding at Lgast,one Jpgnetlc (i gl ansor. asserblyc.

element from
15 ground so that there is no potential difference across
the sensor element 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
then powered off and so on. Preferably the sensors are
25 read after each 2 ms power on period 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 voltage supplied to the sensor elements.

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.



a plurality of magnets arranged al ong a roadway which the vehicle is to
traverse; 25 the sensor assenbly having; . at |east one sensor el enent i
having first and _second power pins and an output pin; a sensor 8omer suppl y
for suppl yMROPUREE to the first pin of the at |east one sePSHPGEYWHENt :
the 30 second pin of the at | east one sensor el enent being coupleable to a
reference potential so that power is suppljed to the at |east on sensor

el enent for powering the at |east one sens el enent; swi tching neans for
sel ectively power on or off 35 the at | east one sensor elenent; and a

swi tching control nmeans for providing a " WD 02/ CCS1~8 -13 PCT/S Gl11
/0(1l) 18 pul sathicordgpdctSighathé oithensivbhchiapg alsandbet Gadduse tdwside
swi t ching neans_to_intermi.ttentl 1tk an fhe at |east
one sensor eIe%@h?ntgu%QFﬁgFélggﬁéﬁérbégggggrggfggmét ?ggé?iﬁ%b sensor
elenent to S elimnate hgst deesksonpthehiche dvcleding ohaagnedde digksht .

Preferably thegsapshehiRGBBAPSheQIRE| §€S18akEaNsLSLOhshAVd Teheantbase, a
collector and an emtter, thé collector | O being connected to the second

pin, the eftter being cBnReBFRULEY PhReTRPEFSN L [N A 8Pdafd TPREWRA s e
bei ng connect elot0 dhedsnd t aliveghenant 66l tRa&NSrehidYef epdbtyveé heca eftdreence
potential is g&gungtszsagreferably the switching control neans supplies a
pul se si gnal hav?ﬁg a’hlgﬁ signal for switching the transistor an and.

t heref ore connecting t hepeeeond pwhtebirgie r akansnce ot entwiegiiotldcad Lyeri od

of about 2 s, 3@0dcAi4 HRWe Bl 25Q" oW tEhi Rbet A t1ANS SbRE abhsand
t heref ore _di sconnecti ng fhe second pin fromthe reference potential.

Pref er abl 9% he®s®R8BE - el enent has a magneti sabl e menber 25 adj acent the
sensor el enent which becones magnetised.. by a nagnetic field produced by

Lhe, monet, L0 4gkeRge e ol Lal TgetLe Lhe! hallen okl ofalpt et on
may be sai d totrmssieten andngvitebidigefdnteniomeassefbryswirchiractbrg a
magnetic fiel deof2al 80obYoR BBANSES, t BReSER3AG13888MRhY1h4ChUEb ector
15 which is connected to the sensor element and an emitter
which is connected to ground, the switching control
means being connectaed to the base of the transistor so
that when a power on sigmal is applied to the base the
sensor element 1is connected to ground through the
20 transistor and the 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 switching control means switches t
25 off the transistor, the transistor is switched off  to
disconnect the sensor element from ground so that there
is no potential difference across the sensor element and

the sensor element is powered off.

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

Preferably the switching sensors are powered on for
3s about 2 ms, then read., and then poweraed off for at least

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



.at |l east one central sensor array, the central 35 sensor array having a
plurality of sensors spaced apart by a predeterm ned first distance; and
WO 02/ 06i 1.18 PCT/ SGOL/00(118 , -14 a first side sensor array and a second
Si de sensowqanyeayi«@r ranged on each side of the central seng¥,idd1§0 as
to sandw ch the central sensor array therebetween, the first and second
side sensor arrays 5 each having a plurality of sensors spaced apart by a
second predeterm ned di stance which is gréater than the first predeternined
di stance. Thus, according to this aspect of the invention, during 10 norma
straight driving of the vehicle it is expected that the nagnets are

| ocated, nost of the time. within the central array. Wth the smaller
separation between 'the sensor elenents in the s%nsor array inproved

accuracy can HRFHIRZAREG. Shfe FRRSPT aRPER 0FFPEde FSPRERSY Koafisedre
usef ul during ¢a tad@nOesyI Hsd Wierthd henmgnelildmidear.s 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 | bDwerPrefmpadcly | sedh creensar Thlemempechasf thefppvemeygratidier eby

provides a m RidANR DL O 389204n€! @RBN AL A f@lmrf&c&@m%

greater spacer in the side sensor array thereby reducing, the nunber
sensor el enents¥ r kRFFRUSIHT | st at OFRE185Re t“iarﬁéieé:ﬁsquig’gelaflmﬂ%‘l‘e%%%ch

envel ope 25 bpddiuddd Yy ane sagasdssi de sensor arrays during turning
novenent of the vehicle. Preferably the central sensor array conprises a
first central sensor array and a second central sensor array. 30 Preferably
the firstl@Gnd Tddsoraspemtsovf atkayineerbion coapr rdeonibee sads thdresigin

col ums of magRetic SENSOF oLERLS Eérpr&ééfé@@iﬁfdgt@ mhihat i @nde second

si de sensor array al so_each conpriSe nine rows and ei ght col ums of
magnetic ' PECORFRE Pyl 21 BAPRTFSCERFOBBEBI 15 sensor el enents.

at least one sensor element having first and
second power pins and an cutput pin;

15 a sensor power supply for supplying power to
the first pin of the at least one sensor element, the
gsecond pin of the at least one sensor element being
coupleable to a reference potential so that power is
supplied to the at least on sensor element for powering

20 the at least one sensor element;

switching means for selectively powering om or
off the at least one sensor element; 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 sensor element to perform a
power reset to the at least one sensor element to
eliminate hysteresis within the at least one sensor
element.

30
Preferably the switching means comprises a transistor
having a base, a collector and an emitter, the collector
being connected to the second pin, the emitter being
connected to the reference potential and the base being

35 connected to the switching control means.



Preferably each of the sensor arrays are coupled to a processor board for
recei ving output signals fromeach 5 sensor array to enable the position of
a vehicle to be determned relative to the magnets. Preferably the
processor b¥AFH4Eoupl eabl e to a navigati on system for detP€AriGHINE18 he
position of a 10 vehicle relative to the magnets and for producing control
signals for controlling movenment of the vehjcle in response to the position
signals. Preferably the sensors each conprise a sensor elenent 15 and a
magnet i sabl e nenber adj acent the sensor elenent. This aspect of the

I nvention may al so be said to reside in an automated gui ded vehicle system
i ncl udi ng; at Ipease il ywatiere fierehudi pgtanteniots?2grassdnbly; 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 ass@mwielferadiy itdes switchistg 26cnhectemenns suppdiesr mapuline
central sensor Ehay BN 3 Hiyhaldith0F £RNSOF GUSIRN the PRSEk AR DY
a predetern1neg ITst distance. and a'first side sensor array and a second
si de sensord ar PRy aPAangBEr88°EAChCIRHRE 62T hetReNnt FAFORRNRIR arty P as
to sandwi ch thge3@reaBll GoitsQl afdnyat hardlst Wveenabblie f2 raé, aaddsecond
si de sensor artays each havi a plurality of .sensors_spaced apart b

second predet ef i ned W} ncggrmhi (Ezﬁll‘t:gilb’riéat &% ha%rﬁsé&i‘f?‘?stggf 2hd
predet er mi ned thetrefioee 35diFwfmayenitiipgt hetbent rsgcardhsopiar r afremnpribses a
first central sggg nggrggtgggi§1§econd central sensor array. WO
02/11G-1~8 -16 PCIT/SGOL/ 00018 , Preferably the first and second sensor
arrays eadf conprise nine rows and ei ght col ums of magnetic sensor

el enents. 5 Prlei-efabamyheﬁéi rsslhsa&d ei?mwl: shdle seaaghea:iaamal sembach
conprise nine rows_an Lght colums o eti.c sensor elenments. 10
Preferably eac?ﬁg%?c?ﬂg Sé%s&FnSPFaf?%‘re@T?o % $%c3mﬁ?o%§§8%138ér 8% or
recei ving out putmsggasalis ffieddeachdvgrdobyarthey nagretabke therpasetitbe of a
vehicle to be {deifioiged RbRILVE ol NE FRONGL Seor detection by the

15 at least one sensor element.

This aspect of the invention may also be said to reside
in an automated vehicle guidance system for
automatically guiding a vehicle relative to a plurality
20 of magnets, said system including;
at least one vehicle including at least one
magnetic field sensor assembly;
a plurality of magmets arranged along a roadway

.

which the wvehicle 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 supply for supplying power to
the first pin of the at least one sensor element, the
30 sacond pin of the at least one sensor element being
coupleable to a reference potential so that power is
gsupplied 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 control means for providing a



15 Preferably the processor board is coupleable to a navigation system for
determ ning the position of a vehicle relative to the magnets and for
produci ng control signals for controlling novenment of the vehicle is
fesponse twotlmcfaesi tion signals. 20 Preferably the sensor $ceaeh AR S€ a
sensor el enent and a nagneti sabl e nenber adj acent the sensor el enment. BRI EF
DESCRI PTI ON OF THE DRAWNGS L 25 A preferred enbodi nent of the invention

Wi ll be described, by way of exanple, with3reference to the acconpanyi ng
drawings in which; Figure 1 is a schematic diagram of the underneath of a
vehi cl e and showi ng nmagnets enbodying 30 the invention; Figure 2 is a

diagramill us tJ i o] @g}% Y. aggordi to
the pref erredb%%g%ngﬁgggéit ﬁgsﬁﬁgeﬁ%.o%?gF%ﬁe %lgz g%%(gﬁ!le(r%%t i%i‘"\p/igeew of
a sensor 35 a$Senbfyibekbrdi Agard ttRe prEEEPLEFeETRYdi Frehtchf PPNer on

invention,  YRJI0Y{HESs 18nPL ¢ S(KA L 0004 S sehboli GUletehti LA PRI i£ View
of a sensor used in the sensor gssenbly _of the preferred enbodi nent and

al so a magnet PPYETpr 5888Fngt? he-Hagdt | ¢°A58 d°RAi cA°PE Het 2tFRFP Dy The
sensor; 5 Fi gelém$natea hyaplrsshion ng ticimt ithreshiap bteasen siee sHnsor
magnet i sabl e ggmgatused in the sensor of the preferred enbodi nent and sl ug
perneability; "Figure 6 is an expl oded view of a sensor used in the sensor
assenbly: IO Figure 7 is an assenbled view of the sensor of Figure 6,

Figure 8 is ChtedbbadidgraiR SHQWLRESENSRE$nACIpriGels0 4 ha Hamdfigiuerd
enbodi nment of the mvegtl on; Fi ggie 8A is an alternative nbodl&gent to that
15 shown i n Fr3YiFBIg2 PRFAr 29 PELEFPEWAPHarR ser‘fB\)ﬁtﬁ‘d”oﬁg’featcP &5 Yhe
circuit a0 Fibeieg8,cdimuatedlOtes thebl sekordr cuit, ditagr aembtiwan nipetimg
magnetic sensgr, MRUULE BClHdl NG FLBEnSe Y ARSAD inf0eRL HhSePHELGY ed

enbodi nment ;
connected to the switching control means.

Preferably the reference potential is ground.
15
Preferably the switching contrcl means supplies a pulse
signal having a high signal for switching the transgistor
on and therefore connecting the second pin to the
reference potential for a pericd of about 2 ms, and a
20 low signal for switching the transistor off and
therefore disconnecting the second pin from the

reference potential.

Preferably the sensor element has a magnetisable member
25 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

at least one sensor element.

30 A further aspect of the invention may be said to reside
in a magnetic field sensor assembly for detecting a
magnetic field created by a magnet, the sensor assembly
including;

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

by a predetermined first distance; and



Figure 11 is a flow chart displaying operation of the detection algorithm
according to the preferred enbodi nent of the invention; and Figure 12,13
and Figure 24 are diagrans 25 illustrating magnetic field detection with
asagnet s, atYYP¥4%8H8nt positions of the sensor coverage. W tPCF8GewMntse to
Figure 1 a schematic diagram of a vehicle and roadway marked by nmagnets is
shown which has 30 application to the trapgport of shipping containers in a
dockl and environment from one | ocation where the containers are | oaded onto
or froma ship) to another |ocation where the shipping containers may be
stored for collection by road transport or directly |oaded onto 35 | oad
transport vehicles. W3 0240k B de] 8BsemTrsG3ITran48a8 [/ geerecnad sBdRe an

underneath vi eya0fo@ YePAg! Srdfnybh Chh hasheeks 4. cAef idedlkra8NSRhsor
assenbly 15 is arranged at the front of the vehicle and a second sensor

d
assenbly 16 i 2THFANgEY afSt hEor e3P Grithe tRAI cFERETRE sAF28PTS ASTBYDI i es
15 and 16 wil ltikerdlasoiddied thenfixrsiet ahl hayeindf séde Asémsanaur2@yal ong
whi ch the yehig 10.1 0 1o . pag S edde i t QLD ur f
ace. The rr%llgneet‘z'lsc 29T6§5§e?yé?%g?]‘?ﬁg%y{&%d?%égsg?n %o%%%gurgggf%n utgaxe
shown square iseRngurprddeteprinddrdiostaned whigbt it igveatys hthast ekbace to

Figure 2, wherrithe Wwhlddw s idd wedcahery the roadway over the magnets 22
the sensor. 15 assenblies 15 and 16 out put detector signals indicative of

detection of the magnets 22 to position estinmtor 26. The position
estimator 26 aaueuyl adesoddingosst tivdls oOhspaetveld ciite rthedéhviod 0 dleimggnet s

22 in ac da % &ith kn Lgatith n ut.put.s posi ti._on 'gp@% on
line 28 ;8(5\/%?1% I é" c%él iazr'loi(’im@wgf%g%héers%t?ng{xlgor?pe;ilugcna 2 flrsoﬁ%con.?ol
conput er (not tHagwbhe ompgoetaeazedldiogatedontmait spnaihet otided vewithin

control I er 32¢pThe didMar £y Ol | REesi 8R! 3% 10WPU SpsPSethn SBEddat andi.

rear wheel steering commands, on lice 34 to, the vehicle 10 to , 25 copntrol
the speed of FRE vARRESF artteslSFS urtft ngtBe t RERFAR cIFTAK RIS so
that the vehi abeutlcey. icamubanadbtealded . gui ditk alfargtt hend oadwaydr ediald ve to
t he magnets 22 _from gne place_to er , 30 _The NsSor. _ass lie and
16 are ig'es'rslti 83?'5?5 co°n?$%%r§ ieon@%gédﬁargug 5 %%ﬁ%nanﬁngaelulgggfn v%ﬁ;%ere 3.
The sensor astbabimagndt madkedscorpri s@pear ddhe ¢bthezsersice apfaych a

mddle right SgREpL1adedsct? A ddf tafd dgsi8RNSOr @éi@é(rdfépaegng hingfipesi de
sensor array 46. 35 Each sensor array 40-46 includes sensors 50. The
sensors 50 | nftR%tni e 9FWE £ddendSEDSqFe 3PER¥E 2 WHER/ 19983ch g

envelope at the expense of a slightly lower accuracy is
20 created. This aspect of the invention thereby provides
a minimum number of sensor elements in the sensor
because the greater spacer in the side sensor array
thereby reducing the number of sensor elements required
whilst at the same time ensuring a wider search envelope i
25 by the first and second side sensor arrays during

turning movement of the vehicle.

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

alements.

35 Preferably the .first and second side sensor array also

each comprise nine rows and eight columns of magmetic



.-19 PCT/SE) 1 /00018 apart by a distance of 3 cmin the x-direction and S
cmin the y-direction and conprise nine rows and ei ght colums of sensors
maki ng seventy-two sensors in each array 40 and 42. The left and right hand
sensor ar rep9:2M6#44s and 46 al so have nine rows and ei ght colpghRgoBlI Uup
seventy-tw sensors each but the sensors 50 in the arrays 44 and 46 are
spaced apart by a distance of 5 cmin both the x and y directions. 10 The
‘greater density of sensors in the middl ee®tays 40 and 42 inproves accuracy
because when driving is a straight line, it will be expected that the
magnets 22 will be |ocated beneath the mddle arrays 40 and 42 nost of the
time. Wth a g@mldsr SeRanklii on between sensors |5 in these arrays,
accuracy is inproved. on the other hand, the side sensors arrays 44 and 46
are useful during turning nmanoeuvres where the nmagnets 22 can appear on

ei ther side ofprielferiibd s8NNSO aheaysedfonndrédysTherd weospLed sens
arrays 44 and_46 offer W der .20 search.enve t_th p 0
slightly | oweP rgg(?&;ggy °eacrédﬁsfe°5f : e? ﬁggéggatge%pécf%ag%fét %ggglen%ao‘%s.
Nevert hel €8s, sehgoar ranganetnt efabhe tbasmosifionn 4 &i yebécBeprtovikies

hi gh accuracy gbfevngWedl (LRg800SELYeRE f8520ES.1N the mddle arrays where
nost of the 25 sensing wll take place and a | arge sensing envel ope_ by
virtue of the increased spacing of the sensors is the left and right.arrays
44 and 46 so mgeEa@rprDyi dehd sepseesv¥brchbbagzdbotils aecewpleybded aow Ge
search envel ope_for detecting the nmagnets 22 ring, nan VI] 30. of, a
vehi cl e. The §?¥éﬁ§5ﬁ%ﬂt %*3%1% ?é’rfsorg‘settlesm%ﬁg'g englt')“ra aégglr'rgﬁgs 0%5 ahd 16
in a two i neviehdnide aredgtaveowsot heheysmagresspi apdi ntfozhe pesiicing y
position of a.pREkel g&gﬁﬁ&s?ﬁo\eﬂ tdYrt AL SRNShSERE - 0EN@hai ZRmafc1khe two
di rensi onal array depends on the intended coverage of WO 02/11CS1~8 -20
PCT/ SGO 1/ 01132 182 $PeR 3P pF? cehe PRSIt Ihe AT red enbodi nent of t he
invention the length of the arrays 40 and 42 in the x direction is 21 cm
and length of _.the arrays 44 and 46 in _the x direction is 35 c¢cm ,The | ength
of the arrayspﬁ?)‘,"?e"éaa C R anPRCTH faﬁg%y WIREITDn & S U SFFEent

separ ati 35 beanden ndgnseisallse FEenbersddinaht che et lvd egesitr.ed
accuracy in the position neasurenents. The expected error in each
nmeasurenent is 10 equivalent to half the sensor separation_and conforns to
a uni form di SER4HuRFRRCFUREL £BA. 1AVAREASTH @YY Hotth B9 #R4%r E24TeRéd8ensor s
50 conprise airseds utdoityd PO W eleHic IO Sy qread erizdyaddngggnetic 1S
sensor switch, for exanple,,a soli d-statve g réeti.c gnsar (ZSSS%M1 g@de by
Honeywel | . Arranged adj%cent®iFe s@R%or EFdfemt. BB 1332 LofT f EFP8Ragnetic
menber 620whiadsamplyocat ed bet ween the sensor 50 and the magnet 22 to act

as an internedi ate boogf €1 ,{Q1;R¢f @A5endNeets located along a roadway
for detection by the sensor to enable the vehicle to be

automatically guided relative to the magnets; and
wherein the sensor assembly comprises at least
25 omne central sensor array, the central sensor array
having a plurality of sensor elements spaced apart by a
predetaermined 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 sandwich the
30 central sensor array therebetween, tha firxrst and second
side sensor arrays each having a plurality of sensors
spaced apart by a second predetermined distance which is

greater than the first predetermined distance.

35 Preferably the central sensor array comprises a first

central sensor array and a second central sensor array.



20 |l ocalised magnetic field strength. The nenber 62 is preferably forned
froma manganese zinc ferrite which is a ceramc material wth the general
chem cal for&ul a _MzZn. FeZO3. These soft nagnetic nmaterials are easily
magnet i sed S Wegnet i sed because of their relatively 25 RCHRG0O1/00018
perneability and very narrow hysteresis | oop. The nmenber 62 is preferably
configured as a cylindrical rod having a_disaneter of about 8 mmand a

| engt h of about 40 mm and i npi nges agai nst the sensing face 61 of 30 the
sensor elenment 60 as will be described in nore detail with reference to
Figure 6. In the presence of an external applied magnetic field such as
that supplied by the magnets 22, the rods 62 35 induce a magneti sm and
becone t enpor agye FRERSTS. fe ! NEILOAS A NUE I LLdBUL! idlrays each
permeability, the burld up W 02/fICSI~B -21 S ZO 15 20 ZS,gb 35

PCT/ SCOL/ 110( 19¥"RF L FRgRERP c TPMWExX 2deh QUSRS TRL RS f ef r PRETLSHS @2nper
extrenely | argeled®n g essing the rods 62 agai nst the sensing face 61 of the
sensor el epents 60, the overall systens needs only a sufficiently snall

ext er nal gnetic field strength to activate the sensor elenents 60. Thus,

t he operati ng Befierafly hehendnesitc avhsyecorduisadeurssnmygedafraym abheopoi nt
of view of th u . @80 L field i t S .
magneti c di st ger%erpi ggg‘?%ég?i \r}!:;:‘.'tdf eéét“g%lde %géc%%g% g}él%lh'ggasnﬁi f%ﬁgtt?f ect
the rod has i F9EFelemert® nagnetic field produced by the magnets 22.
Testing has shown that using the abovenenti oned nagnetic sensor el enment the
convent i oggll xiérum ensor _to et separation distance in ﬁrgert to

enabl e t he’ madRetiE s oF 25 SEZr % AWATPBF ofEF Y S TR af8 PR& p/ i Tty
of the magnet pr2zZeissck8 horrdV fhrt reqeiviag owuvewti sdgusilsg fdvm feachte )
rod 62 nentio V. } Chy i SnbLHPLN j nsit fgc . Gf, t nsi ng:._
el ement 60, tﬁggggggaﬁ:%%aﬂobgnég?gnggg tq%a%l?iccn% h%ﬂr?hgﬁ%fgf t:%: §s€ze of
the magnets 29e&grmEaedairRlati¥e el SERVBRYUSKEANI so that they can be
easily enbedded in the roadway. In the preferred enbodi ment of the

inventio he_nmagnets .22 are ceramic ferrite gnets of aylindrical, shape
havi ng a i anBf & ESFE&B'outthfooprﬁ%c§r§3°§ Ibﬁ&t‘ of"saboclﬂupé‘ﬁal’ﬁr}!e TH® mfynet s
of this di nensavhge&icbe spatiehny Somediddeimiidinde theadpapgitiohowt a
interfering W,LR:LeLNf QL§I trygt ure su rei ceqmnt i+£h are
enbedded in gb%gégﬁgy 88 S??g% tﬁén fﬁg rg%ﬁag?é Tﬁéﬁgffecti e 6%%#%1 ility
of the rod 6ZSPREySlapigralensidr i SRAFTUMinD| BOVAMERE ePFi ey ¥ehicdensor

to magnet disiang@spdigePesMeRli pbsytisntdeghangtion of the length to

di anet er roatio, as well as the material initial perneability. Figure 5
shows a &raph whi ch gives the perneability of the rod 50 versus the length
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 is a schematic diagram of the
underneath of a vehicle and showing magnets embodying

30 the invention:

Figure 2 is a diagram illustrating overall
ocperation of a guidance system according to the
preferred embodiment of the invention;

Figure 3 is a schematic view of a sensor

35 assembly according to the preferred embodiment of the

invention;



WO 02/ 06618 PCT/SG@) 1/110018 -22 divided by the rod dianeter for a nunber
of initial perneabilities. Thus, by changing the nechani ca2 di nensions the
effective perneability of the ferrite rod can be selected to suit the

envi ronmentyg se/06Bjisgh the 5 sensor is to be used. Figure 6 P ggoﬁensors
50 in nore detail. The sensors 50 are nmounted on a sensor boar '} whi ch
stay forma single board on which each of the arrays 40, 42, 10 44 and 46
previ ously described with reference to Frddre 3 are fornmed. Three sensor

el enents 60 are shown in Figure 6 but as previously described. each sensor
array and therefore each of the boards 70 will carry seventytwo sensor

el ements which, wll makg up.th vent y.t orse 5 LQu
descri bed. Each of the skr'gl or° e e?r%n?s sé&%‘fa&st&?h?g%%pioﬁfs %Oggg%gg gflslgdGOc
as shown in Fiimr&he. sEssopi nssseblando S0k hearpirf adredoembodimeny phds and

pin 60c can be;pg, opt au%,ngi;nfw p%anl:xhgg 2k GHJUdedNdELaLd venpEnajgense
magnetic field. 20 In ofder to assenble the sensor arrays 42 and 44 the
sensor board 7¥etectRd thyy the F99FFer plate 78. The hol der plate 78 has

screw threaded hol es 79 mafghuite regi Ster aM tfriple Sen6wing! epabasibAsBdpt hat
t he season 25 .elenents 60 c roject._thr h e holes.79. r der
80 is provi decFeater?%ns so’fzege??égr%ﬁ’%/g!%ﬁﬁ:?snadb?#%a orm = % %I_@é? ggn%% a
base 82 and a af rthenfrorefmrizedd femboddment nd gdrgi parg8abilihE: hol der 80

above the flange 84 is ggLawet bt qadeth SoxbNalieiNe18Q! der Bl&LB0ug88EW
threaded into the hole 797to attached the holders 80 to the plates. 78 with

the flange 84 1% e #FSRE AFSGAPLEF i nsertion of the portion 85 into the
hole 79 spothat the topreguk-Be7pakt a@ aF%dnb lgeNneriadd Yo ff | disd séddodt het upper
surface 78a of,.the plate 78 as shown in 35 the assenbl ed draw ng form ng
Figure 7. WOX§¥FP1852a8 - 23 PCT/ SGUL/ UUUL8 A spring 81 is |ocated between
the rod 62 and the baseF8guoeé téheilsol dircgit sditdgrtanvhehowhagr cte6IOFS

Located wi thi BoBeinldet 8e! BeefRitod Bhubhdagsc!Pe (R BavipeAgal nst the
sensing surface 61 of "the sensor elenment 60. 5 It shou be noted In Figure

7 a slight space i s shoRhIBEEWERNLEhARS EHLETAE Ten TP HMeRth &S dehd2 and
al so bet vieen shewhodn6@igadet B¢ spring 81 sinply for illustrative purposes.

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 including the sensor assembly

20 of the preferred embodiment:

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

Figure 12,13 and Figure 14 are diagrams

25 illustrating magnetic field detection with magnets at
different positions of the sensor coverage.

With raeference 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 containers in a
dockland environment from one location where the
containers are loaded onto or from a ship, to another
location where the shipping containers may be stored for
collection by road transport or directly loaded onto

35 load transport vehicles.



10 Thus each of the sensor elements 60 has a rod 62 inpinging against its
sensing surface 61 by the action of the spring 81. In accordance with the
preferred er{pgg%{m;qls of tha 15 invention problenms associated with

hysteresi s Which occurs in every nagnetic sensor where the opgr”gh'hngm?spd

rel ease points axe different is addressed. In order to overcone the problem
of hysteresis, the 20 hysteresis is totally, glimnated by performng a
power reset to the sensors 50. As shown in Figure 8, in order to operate
the sensors 50 (three shown in Figure 8) a sensor power voltage Vcc is
provided to pin_60a of the sensor elenments 60. Pin 60b of the sensor

el ement 60 is 25 88Afedt oM ambiynsiesmeanictone to anai siedic3@ QEOUR): o
nunber ZTX689H) haby wherenectiang cgl kgeter t transi stor 90 to the pin
60b. Base 92 of jthg,Lr Qéiﬁt og 90 is conr?%}ftsg% t%esaer%b\?\#fc;%nésc&‘?trme%
whi ch provides a ? ed" 2Bt 7ol “BF gighiedet pedbassegnsh sehabrt BesdBbly
transistor is shftéRedrgangpdaavolttagerdbe §0r caapardpd-of 2 {‘?ea d,Lhen

sw tched of § byagHQH0H 10 igleaggse,tqu Qg provi di ng a ground poten rar°to
the base 92 frqmthe sw tching control 5 eCeREPeovier mARR| geB8il
provi des a cont erﬁfd'd’saf\}"tﬂrt-age Vcc to the pin 60a for 35 powering the sensor
el enments 60. WO 02/ Ox%1~8 PCT/ SGUL/ O f018 ' -24 When the transistor 90
is turned on by t .1 VCC fromthe switching control 93 the

transi stor 90 éec%%edégagnﬁt?%%ow{‘hﬁ’ﬁ fthe piehideh B0 eisonperiond txagLarth
t hrough enittePagBess 2Be embadslest ovitMia TS, s tential is appligd
across pi r1060aaaadt%chglyhg.%ﬁggr%gQ or _el erre‘%_:f‘gaegg"m Hh%bénaﬁ@\fgr’e&%p
because a positive potential 15 applred atrGEB EANTFtH om0 usndrehehowm 60b
for a period of T22h% iheRidHee ht ghimplgndfloVemdis stppliesesfdhe base 92 of
the transistor 90. When the 10 base 92 goes | ow by virtue of the switching ¢
control 93 su i N | ow signal or ground potential, the transistor 90 -
is turned offgﬂhaed%e ?Eggé%%%ng& %ﬁ&urﬁhgrpiﬂh%btheomghmm seddtheegby
electrically @ LRashnetthe nogrdddvaye asorare! efmpnt smé?mf_.ggm,ggouggé Thus, 15 the

Sensor el BSEntas HRANe POMEr &y 0f . _The sensor el ements 60 are ePfattfvely
turned off and are (;'vver res%gdm%énoflﬁgugr(%ﬁ(f%’énﬂ%al% tndbtaeiivé o t he

base 92 from the 19 H9Rg o riteo magde tEh 22 BN VpdW St L6LSESt S 40 Jde

di fferent opef&ke paid tichcase iRQikBRES 2@f sensi.ng el ement 60 is
el i m nat ed duggﬂgcagetr%g\gﬁéyr eset gozghgttari%yg'tgé:reé"si?‘ego%%s’n'ﬂt“i ftferthe e

with the accuracy o 8cPorfiSY Rasmefynd? sif2 atwdrdgnepe ivaltnomn of
the sensor as¥BAWRi adgesishd a6d aatpigyra Bolss raf %gqﬂg_r tons_flowi n

oper ati o20of #¥hecgi ri%UiéonQ{i;Ecﬂu{,ftﬁ; As%shown in Figure 9, pri oSt %at he
S

start of a con%)ut a%joon cycle, power i & StPPHRREInt BdBadsd® Byomwiat chi ng
on the transiSTOr-90 FYPRYRT 6HrOt hehwensoto epespatis G0 d:Qive? Wonkshgp 901)

to allow 30 polerakuppl Vrtieest aliddrsq 1 e eng of .the 2 ns period the
status of the r £ ements 60 is rea t%i]bletenﬁ?ﬁngrﬂm’{éfhé’fmﬁ‘ﬁ'@lééﬁsor

el ements 60 is detecti‘ng < YEgnEPreY i eRBY( sfapnd02)andTheeakanghgbr 90
i s turned of B%¥e%ing heoseasds ebeMeElise 6G4r eﬁJ.eqﬂ'x%)n vihildlep 803?- A
det er m a3 i oot rM1CtH}RY sq:@édse&&sQ:rheelveeri;eints 60 has been actl va?‘ d Fe then‘_

per o med Bng ey ' cle and also turning of the -
icle via wheels 14 so that the wvehicle 10 is
automatically guided along the roadway relative to the

magnets 22 from one place to another.

30 The sensor assemblies 15 and 1§ are identical in

configuration and are shown 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 se

nsor array 46.
35 Each sensgor array 40-46 f

includes sensors 50. The
8ensors 50 in the middle arrays 40 and 42 are spaced




YWD 02/CG | ~B PCT/ SGA /00018 - -25 the answer is no the systemreturns
back to step 90I. If the answer is yes a marker position is calcul ated at
step 905 and an output is produced indicative of the marker position at

‘step 906. woTlbmesavd tching transistor is pulsed on and off E@*’r/séoﬂﬁmfyyery 8
ms as shown in Figure 8 continuously during operation of the centra
assenblies |5 and J.6. The 2 ns period referred to above all ows the power
supply to the 10 sensor elenents 60 to sthbtlise and foll ow ng that
stabilisation the systemw || performa snap shot to capture the status of
all of the sensor eI errents 60. Once corrpl eted, the sensor elenents 60 are

swi tched of f (] i g AR ofTd LRC BT U0 SOl S & Wy

conput e the pospatlono enanet frar kT a ‘magnet i's d
sensors | S-16.ims thiee Emﬂitﬁtﬂt@m i dof cvheriﬁansmme)r QWS sangpi iRy | ess

than 7. nms andPRERS e, Bf stehgo*}lsgfha@fﬂ@t ISR 3R ¢ w0 HnddG kg fdcg he

solid state magneti c sensor el enent 2 s séttling tinme for the system
is sufficient ¥FF¥ndA &F%estR- antd ?eéﬁfﬁga&fi i hde thedde £ STERTt3 AN % d,
whil st at $he4zamnd i elssi natrenguin}ee bl eadokibust eroas:iuﬁsofman&ﬁgsensor

el ements 60 an relye%{l o:nlcy nrf ;é n%gf: trlv_%e%ng p%ls%trg ﬁon % ert%

shows an al terfatiVe rangerre A Fi gure
arrangenent oRrFaysgr 648Anﬁh665wrtecmcht arpast opYi 8 Hoghandebefwsesrmt he

power supply 3@ gglthagﬁevggg@d%pagrgg@lgﬁsthe sensor elenments 50. The
switching control 93 supplies the intermttent pulse to the transistor 90

to selectively disconnect the power supply voltage VCC frompin 60a to
i nterm ttmtlyhaoweamramtmw of f sehgogensar z&iermfﬁdsl@oashaws Ko

Fi gure 35 8A. 211113 -26_PCT/ SGED 1/001118, Rat h han use a
w 1 A¥acos 4]

roves accur a e w n r Q .
magnet i ¢ sensor WI lmﬁ’n arrangenen Yas®ER8WASI n rgures d “8A Whi ch

i ncl udes t hrestpahghtnddsky tite widQ phe, expecedurtthali ntlzandnagmets pdR pin)
the sensors couig HE' ibé&té@%eﬂé&@hcwrhﬁdlgf ai‘ré@g 20PhA4 Qéolﬁegtp' n, a

first output pin and a second output pin for providihg two outputs of
different el e%f-r Fe8l timer acMertitstd c%mije’gE’F\IPRPBﬂHaPP\P‘t?BEE'?e%r S§UEBES pi n
sensor haw ngim VEGsRl Narfiydindapelrady+\Ka pifpadded. - VOoRI tHed pEtREkde a

][:'slglgg of vol tagg outt%uts cgrresgngg}__gg alrcgétyostq% SE{;S”%&‘ oafret hgsggggeti c
during turning manceuvres where the magnets 22 can
appear on either side of the middle sensor arrays 40 and
42. The two side sensor arrays 44 and 46 offer a wider

20 search envelope at the expengse of a slightly lower
accuracy because of the greater spacing of the sensors.
Nevertheless, the arrangement of the sensors shown in
Figure 3 provides high accuracy in view of the density
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 sensors in the
left and right arrays 44 and 46 so as to provide a
sensocr which bhas both accuracy and a wide search
envelope for detecting the magnets 22 during manceuvring

30 of a vehicle.

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



Fi gure 10 shows a bl ock diagram of the magnetic sensor = nodul e that makes
up the assenblies I5 (or 16). The nodul e 80 conprises a processor board 8l
and the four 15 season arrays 40, 42, 44 and 46. The processor board 81
contains t N PE% EB¥hui | di ng bl ocks that nmade up the entire PFHEGHLONS
circuit. These building blocks include a mcro-controller 96, ram access
menory 88, erasable programmabl e random a Gess menory 89, address 20
decoding circuit 87 and digital. input interface 82 to the sensor arrays.
The software programthat executes the detection algorithmis stored in the
erasabl e programmabl e random access nenory 89. The digital input interface
82 has four inpbhes gmmhicdteibn espelti ey poeférradh egbadigeatr agf she 42,

44 and 46 by |10g8n8Rond4ndo kB0 Acka Aol Ve Bl saonieehed L o
m crocontroller 96 to provide an external serial” interface 99 for ,
connection to EhEepssPRi A et FRaeBf 26ngRBuWATLI Fhei garays. 4402Rrddéfedd on

al gorithm for dgbegtidigekh@onngRet’s Wil i Seget DaggLhesbnicfdearkayscamput i ng
t he magnet posiéion. The sel ection of .t hese. techni gues depends on the

pattern of Xt hetéendbraadt #9at? ofPs ¥ T C39R t1F rtY i€ 'gover ned by 35 the

position of the nmagnet under the sensor array. \Wen used together, the

systemis abl exfo deteGl, JMrKeL S, o NP Q%/eg_nsgnlsgff PGl SEQ \l/éeﬁ(l%er €0 er

occurring even at the sensor boundaries. This w effecti er
sensor coveragdiienout Ba®i ngdedipeYsi cAFFYTRAYr cad® t h&RRUNbBPSdFELiPRe

sensors used. med¥itehdi@s ENCELL Ockpti&d | drbtCinodhbhn@sablicedehecibon
AL ST SN LD NED N TE N DT
~. where sij -a hnihfors hii senidortigdrefemiction.) is activated el se 0. i
e
As is best shown in Figure 4 the sensors 50 comprise a
gsensor element 60 which is most preferably a magnetic
15 sensor switch, for example, a sclid-state magnetic
sengor (25S52M) made by Honeywell. Arranged adjacent
the sensor element 60 is a soft ferromagnetic member 62
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 C
25 high permeability and very rarrow 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 §.

In the presence of an extermal applied magnetic £field
guch as that supplied by the magnets 22, the rods 62
35 ind_uce a magnetism and become temporary magnets. As the
rods 62 have a high. material permeability, the build up



15 yij - y-coordinate of sensor elenent (i,j) wth respect to sensor axis
M N - Nunmber of row and colum sensor el enents respectively 20 Note that
the conputation of the lateral y-position of the magnet for all positions

whet her pawbinalefitis conpl ete within the sensor coverage is §Q§§kﬁqﬁ&Msglven
by the area nonent nethod. Since the pattern is symetri cal ut the
cental axis (parallel to the x-axis) through 25 the pattern. The
determnation of the |ongitudinal x-positfbn of the nagnet 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 coverags ag 599}5\@:' Ebcgué 429y SLARN MQ_O% Q@ijc% “284 0% '§s
i npl emented as fo f3ws SGO 1/00018 a ~r ~~C X=arv ~5,
~) L ai ~~i m@&@:r@ng-},l,y &q.rge.M BYlLoPESS2bg the rcds 62 agan.nst the

sensing face 61 of the sensor elements 60, the overall
gystems needs only a sufficiently small external
S magnetic field strength to activate the sensor elements
60. Thus, the operating point of the magnetic sensor
remains unchanged £from the point of view of the amount
of magnetic field required, but the sensor to magnetic
distance is effectively —extended because of the
10 amplifying effect the rod has in respect of the magnetic
field produced by the magnets 22. Testing has shown
that using the abovementioned magnetic sensor element
the conventional maximum sensor Lo magnet separation
distance in order to enable the magmnetic sensor to
15 operate and properly indicate the proximity of the
magnets 22 is 18 cm. With the present invention using
the ferrite rod 62 mentioned above which is impinged
against the face 61 of the sensing element 60, the
distance can be extended to 31 am. Furthermore, the
20 size of the magnets 22 can be maintained relatively
small so that they can be - easily embedded in the
roadway. In the preferred embodiment of the invention
the magnets 22 are ceramic ferrite magnets of
cylindrical shape having a diameter of about 100 mm and
25 a length of about 50 mm. The magnets of this dimension
can be readily embedded into the roadway without
interfering with reinforcing structure such as
reinforcement bars which are embedded in a roadway to

gstrengthen the roadway.

30
The effective permeability of the rod 62 plays an
extremély important role in determining the sensor to
magnet distance. The permeability is the function of
the length to diameter ratio, as well as the material
35 4initial permeability. Figure 5 shows a graph which

gives the permeability of the rod 50 versus the length



- 1 when the sensor elenent (i,j) is activated else 0, x-coordinate of
sensor with respect to sensor axis Nunmber of row and el enents respectively.
el enent (i '% col.um sensor If an edge detection with nore than half the
circul ar p¥ &758t hi n the sensor coverage as shown in Fi gREBSEBL00bIE X
position. of the magnet is conputed as per step 1005 as follows (a)
Determ ne the dianmeter of the circular detected pattern by scanning
rowwi se for the maxi mum chord width. (bj2®btain the radius. R as half the
dianeter. (c) Determne the tip (Xi,Yi) of the circle. (d) The x-position
of the magnet is sinply given by f Xr-Rl . 25 If an edge detection was | ess
than half the ividdar bpatgs N r@ad SHOMRe t &r Fiddy €aldnubdhi Rt hensePILr
coverage is detected gs per step 1006, tFe xﬁﬁfsition of . t he nagnet if
conput ed in t REFBABwitTd &Srder; *32530 £¥) G t TR chBPEERRHERT C,
of the circul alimdeisdonad et tecffrecati vieh@eatigmbofl i t B D24 HfedBite rod

PCT/ SGO1/ UUUL 2 t r % e. ) - ' the, tLa:(X=, Yl of
the circle. (%aDeg?eer%%r%%{l%g v%?t IQE%Q h%é%)hteggﬁ?oﬁx%%tt h‘gntik’%‘% Cg}rl%:l eto
the edge o t§@ngor 48n&er beoerdge. (d) The radius, R of the detected
circle is estimated by the geonetrical formula:

Figure 6 shows the senscrs 50 in more detail. The

4

sensors 50 are mounted on a sensor board 70 which may
form a single board on which each of the arrays 40, 42,

10 44 and 46 previously described with reference to Figure
3 are formed. Three sensor elements 60 are shown in .
Figure 6 but as previously described, each sensor array §
and therefore each of the boards 70 will carry seventy-
two sensor elements which, will make up. the seventy-two

15 sensors 50 previously described. Each of the sensor
elements 60 has three pins 60a, 60b and 60c as shown in
Figure 6. The pins 60a and 60b can be the power supply
pins and pin 60c can be an output pin for supplying an

output indicative of a sense magmetic field.

20
In order to assemble the sensor 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
register with the sensor elements 60 so that the sensor L
25 elements 60 can project through the holes 79. A rod

holder 80 is provided and is of generally c¢ylindrical
form. 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 insertion of the portion 85 into the hole 79
so that the top of the portion 85 is generally £lush
with the upper surface 78a of the plate 78 as shown in
35 the assembled drawing forming Figure 7.



Rrc' -+h' 2h 10 (e) The x position of the magnet is then given by [X=-R]
The assenbly shown in Figure 10 is housed in a season 15 box (not shows)
made from 3 armthick alum nium sheet. The box nust be constructed of a

non-ferrousvoatessiad so that it is transparent to magnetic breXcolhiBis
preferred enbodi nent of the invention in that the 20 assenblies 15 and 16
can be nounted at higher heights, say, 25 cminstead of 10 cm above the
ground. This will greatly mnimse the chaies of the sensors bei ng damaged
by foreign protrudi ng objects on the grouad, and due to type puncture and
wear. This al so eases the 25 requirenments on the vehicle suspension and

allows for |arger height variation e en the.senso d _gr.ound nets.
Furt her nor e, s%ﬁﬁ&ﬁ*%%uﬁ*h+ﬁn Pcﬁgﬁae%g%gﬁﬁnbgﬂﬁ%éﬂminggoagﬁe%gfeg%&V%d
enbodi ment of BBe difnvied i bolddhi 80| eadshas st arite akFodose savilwgatied t he
installation 0&15:9%”%91@%%13@1- e GRSt Oind NeL pﬁ?ﬁgas%ESE% b ngSO

eases the constraint on the allowable thi'ckness o 6i 1~
PCTI S0111101138ainsppghet §eaaéngosperéarei AfoPle PR SRRSO flementofOr et .

Furt her stijld : thﬁsﬁbgllldemeOfnd'MC%&i aregdebeat id(;nspigﬁbesﬁéaﬁtiﬁ’a%:h%%n
position due to steresis is tota el i m_nate The systemis to
provi de accuraP8 ¢ fRa er?e?ﬁss"rofe{%/f@e%gﬁgt gy FF%n régco&diﬁﬁgt 8§t5ﬁe
sensor specifibatwveas |ehéal fodihe68epandti chebebpeéngt hélmagimpily sénsors.

Si nce nodificat{ L1 h jfit and scope of ~the 10 invention nay
readily be eff%%?%%t%%E{&ézéﬁg?§H§{1ed Wthin the art, it is to be,.

understood that this invention is not limted to the particul ar enbodi nent
describediby waudf eiW! erheteNadsor eleMRdEd Osol~-BaPCH SSE O6R/18

"31 THE GLATMVE DAY IEialWEMELOUANE 5 ST 61 by the action

of the spring 81l.

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

release points are different is addressed.

In order to overcome the problem of hysteresis, the
20 hysteresis is totally eliminated by performing a power
reset to the sensors 50. As shown in Figure 8, in order
to operate the sensors 50 (three shown in Figure 8) a
sensor power voltage Vcc is provided to pin 60a of the
sensor elements 60. Pin 60b of the sensor element 60 is
25 connected to a bipolar junction transistor 90 (model
number ZTX689B), by connecting collector 91 of the
transistor 90 to the pin 6§0b. Base 92 of the transistor
90 is connected to a switching control 93 which provides
a2 pulsed control signal to the base 92 so that the
30 transistor is switched on by a wvoltage Vecc for a period
of 2 ms and then switched off by grounding the bage 92
or providing a ground potential to the base 92 from the
switching control 393. The sensor power supply 35
provides a continuous voltage Vecc to the pin 60a for

35 powering the senasor elements 60.



— 1. A magnetic field sensor assenbly for sensing a magnetic field created by -
a magnet, the sensor assenbly 5 including; at |east one sensor having a )

sensor el eg}a&} '06@]& a magneti sabl e nmenber | ocated adj acent the sensor
el ement and bé the sensor el ement and~the 10 magnet WRST/SGO08MAsor is”

I n use, and wherein, in use, the nenber becones magneti sed by the nagnetic
field produced by the magnet to create a_sgcondary magnetic field which is
detected by the sensor elenment to thereby boost or increase the |ocalised
magnetic flux density 15 produced by the magae.t. 2. The assenbly of claim
1 wherein the nenber is a cylindrical. rod shaped nmenber having a

| ongi tudi nal &%en Wehehtirangiiis§asd 20 i suseurpedt AR &ivr et oricbtage | YRE 20

ext endi ng bet waesn, t bg. MagReLHARE U&c&%&soga wWegBR thaSaNsQr PASSEScéhe
magnet. 3. The assenbly of claim1l or wher@Pn t he nmenber

ferromagnet i c SARETEIES 5° FRBtasSBENH Y Df ° UP afAf3 c\ﬂ%%d[sh‘? nebE? |
formed from mugaiese zimActlkerr pie aft ethal &mnsmgs&dre gener al Thasmul &

VhZn. Fe203 30 The ;assenbl v, of . C ml r rg%gg)e ed
agai nst the s@ns?oern e"laé'rre”rﬁ %all de %cgéoesn%l E(;f g(bIFal m 1 the £ rr%hiyﬁ%%g
di aneter of alsemso® rehemed t I@ngi!-liloﬂoﬁamxezﬁﬁ He BRECZESaN2 i pPsittive

permeabi ity @bea@QQ,1 MO e&?ﬁﬁe’i Bero¥s PG4 SR/ 09918nd hheThmASSEHTD Y

of claim1l whéerein the sensor elenent is nmounted Qn a sensor board and the

menber is | oc&P&d An ReFEtberctholdePs aR$Fi nfbeigR 083883Li nVEhe enber
hol der for bi aappg;tehe :raserﬁaﬂ Issd e of bBhenpiragessageai NSt t heaerttoy

clement. & (BEsEIU e 0 Shabp Loulierel g b, RbeL abdcl s soup ed to

a hol der ate having a scréew t rea Hol€ "an
menber hoI der supphuihdag &hscr éWWt hségdafor cangarawnd mptﬁmtle@dhewfthﬁ eadeci

hol e, the Se“EPhQQQEQrbejd"gxlsocﬁiﬁﬁdadbé@erﬁhézféwedligl:éﬁhel?l:ﬁﬁé el hat
the sensor el epent projects through the screw threa ed hole and i ntq the
menber hol derPi®g 60b from ground and thereby electrically

disconnecting the sensor elements 60 from ground. Thus,

15 the sensor elements 60 are powered off. The sensor
elements 60 are effectively turned off and are power
reset when the ground potential is supplied to the base
92 from the switching control 93. Thus, any hysteresis
due to the different operate and release points of the

20 sensirng element 60 is eliminated during the power reset
so that hysteresis does not interfere with the accuracy
of the detection of the magnets 22 during operation of
the sensor assemblies 15 and 16.

25 Figure 9 1is a flow chart showing operation of the
circuit of Figure 8. As shown in Figure 9, prior to the
start of a computation cycle, power is supplied to the
sensors by switching on the transistor 90 toc power on
the sensor elements 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 elements 60 is read to
determine whether the sensor elements 60 is detecting
any magnetic field (step 902). The transistor 90 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 is then performed and if



.9. The assenbly of claim8 wherein the nenber hol der has a base and the
spring is disposed between the base and the nenber for biasing the nenber
agai nst the sensor elenent. 20 10. The assenbly of claim8 wherein the
‘menber hol wero2masi4a circunferential flange for engaging a spgyf@sgoffist he
menber plate for limting the anount of insertion of the menber hold into
the screw threaded 25 hol e when the nmenber holder is screw threaded into
‘the screw threaded hole in the nenber plag&- 11. The assenbly of claimi1
wherein the sensor conprises a plurality of said sensor elenents and said
30 magneti sabl e menbers. 12. An automated gui ded vehicle system including:

at Least one ALSTELefe0u dechy Bhg] Gy odafy AL ATRLEdLAUIR, vl Soliayi ng

a sensor asse avi n | east dne sensor, e sensor udi n
plurality of s]eﬁws’b‘ile eP@ﬁ’éﬂ{-‘s 1éad’ﬁ5sé‘n§@rr3i9ren%¢ﬁlw n§s acaley) pped 1@51 t8

- 33 PCT/ SGOL/ gije]pl895§gr@5d sabl e;uEher i koGt athadl agant chBevseRIOr the
el enment; a plural magnet s arrangﬁg al ong a roadway which is to be
traversed by ﬁ?é'lifé%lpcﬂse"tf’tﬂn qih §978 ement of the vehicle along the

roadway; 5Seach sensor el enment having the nagneti sabl e nmenber | ocated

adj acent the s&y so; Cﬁgﬂ% 50.25; Lo, Pe;betywgand he, sgn V\gogfgl nt, t he

magnet s when the ve I sses over the gnets; and ereln en t
vehi cl e passe$vVerer Ehenqo a¥pghewn t H& n’éﬁﬁ‘éFebeﬁzom%ﬁeﬁﬂgeﬁW‘%ﬁe

magnetic fiel dppraduced dBy dHee JERERALS als@ aftAdled assaapdayy ragnesfixg fiel d

which is detected hy th sensor el enent t her eby boost or increase the
| ocal i sed nagﬁgfﬁ8d¥ﬁﬁf? d?ﬁﬂﬁ%eﬁig ?hégﬁg§ﬁ¥F§ 5E?Pi§ tf‘he%’s‘ilstem

of clai mli@ wsensbm th&emeuher 69 atcylsndbmmakerodndhapmiﬂ&mﬁﬂgn &Emung a
| ongi t udi nal Q’Ehﬁz}ﬁﬁg%mi Al ONedsebfl USEr | tz%l gCtén

ext endi ng bet ween net s and“the sensor 0 se sor passes over
t he magnet . 1Qap¢ﬁéesy@1%nﬁ(§ﬁtéﬁa|9ﬁ 1218r 98 \Foﬁére‘-’r?PQ% ragRerraatiite

menber is a fcﬁeeneaaetlleceemen‘&efe Finsbr dDem&yes esnofarel Awiebheheysd n the
menber is for ronlnanganese zinc ferrite materi al havj the general

f
formul a Mhzn. ?EeQOSJJIIEe The 5535 CFBE MPEPSRITSS V1 5% 30
i npi nged 1&gai eshptibe shaspngielienent. 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 10C khz for the solid state magnetic sensor element,
the 2 ms settling time for the system is sufficient to
enable reget 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 sgingle triggering point.

Figure 8A shows an alternative arrangement to that shown
in PFigure 8. In the arrangement of Figure 8A the
switching transistor is located between the power supply
30 voltage VCC and pin 60a of the sensor elements 50. The
switching control 93 supplies the intermittent pulse to
the transistor 90 to selectively disconnect the power
supply voltage VCC from pin 60a to intermittently power
on and power off the sensor elements 60 ghown in Figure
35 8a.



17. The systemof claim 12 wherein the nenber has a dianeter of about 8 nm
and a length of about 40 ant and an initial perneability of 2000. 35 18.
The system of claim 12 wherein the sensor WO 02/ OGS1~8 - 34 PCT/ SGO
1/00018 el eWBM4548punt ed on a sensor board and the menber PEESGoOLeme in a
menber hol der, a spring being |located in the nenber hol der for biasing the
menber so that it inpinges against the sensor elenent. 5 19. The system of
claim18 wherein the nenber holder is coupled to a holder plate, the hol der
pl ate having a screw t hreaded hol e and the nenber hol der having a screw
thread for engagenent in the screw 10 threaded hole, the sensor board being
| ocat ed adj acemathert tdanolusger aplmEgnedd o ansdre wictisox el renart arpy et S

t hrough the screw a dgi t r ;hal -
system of clai r%gl %@rﬁ ?ﬁ%&r}gﬁbgr %3 d%? ﬂggi?g 6§§éq§%§ tjc%é%%préqr%gs S
di sposed bet wedRamRérbade IF R nefirergrevndi BRéRngreh@ i@ tagist t he

sensor el enent £hd0 s2hsotlie &yslEMeilLial M40 WieIe dbrphies SRYNSE S adveC
ceram c-ferélte,magnets of Q\ﬁl i ndrjcal shape and, have .a di aneter of about

d . h
100 mm and % | BiBt hSgPUafoBirs0m* 55 R IRENERIT FRAl & SATSHR AULRRH y
sensing a 25 nagnetfioxr f pebdidiegt esvdbyocatpagmeto f odifAererns @l exryyeindally

ncluding: at Lgasicone; sensor @Lempit Lol dagscldpgzhhes paaneid g, figld
produced by the nagnet;  and poweP switching nmeans “for selectively s tchi ng
30 the sensor eferaentBapitageanVaCpbier snchredePiandaa+PEweinorpd| avelVo 23.

The assenbly ofigl 8bmMp2dviher @ Neddife POFETo S¥AEENLAGPIREN T 0TRERHCRAS ng
transi stor, _and sw tchi ng 35 con%r | nmeans tf.or. Wt .hl ng the transistor on
and of f, iﬁe t FANHS ORI S @bﬁ RSB ’\ﬁm%ﬁ’l{‘i connected to WO
02/ (101. 48
Figure 10 shows a block diagram of the magnetic sensor
module that makes up the assemblies 15 (or 16). The
module 80 comprises a processor board 81 and the four
15 sensor 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 88,
erasable programmable 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 86. A RS 422 driver 98 is connected to micro-
controller 96 to provide an exterral serial interface 99
for connection to the position estimator 26 shown in
Figure 2.
30
A detection algorithm for detecting the magnets utilises
three techniques for computing the magnet position. The
Sselection of these techniques depends on the pattern of
the sensor 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



. -3S PCT/SA 11/(111018 the sensor elenent and as emtter which is connected
to ground, the swtching control neans being connected to the base of the
transi stor so that when a power on signal is applied to the base the sensor
‘el ement i swb wonested to ground through the transistor angciReod6sP"

el enment is activated or powered up since potential can be *applied across
the sensor el enent between the ground created by the transistor and a
‘sensor power supply to the sensor el enenti7and when~the 10 switching
control neans switches off the transistor, the transistor is switched off
to di sconnect the sensor elenent fromground so that there is no potenti al

difference aciganihaeasan slemue addnble SeAstuelegent bacpopEd of f.

15 24. The ass ' claim 23 wherein the switching control neans,
swi t ches the $&Hfastigledentiien Yhdesf fSERGT0dFeUrFITBY Y FioMFi MAFHIRf and
| ow signal s t @d Yoy aAANY Ahkrbhget tRAShGHDEr 36 Bhe JBRsassesddd. of claim
24 wherein the sensors axe powered on for about 2 nms. then read, and then
powered off far at least 1 ns and then powered oa again for 2 ns and so on.
2 5 ,. 26.5Th#iaksemferenicec|tai MiZRrahéleiwhildie sorisicrespdvies dafmution
conprises a fi ag uppl Led. he ¢s or ntg. T
assenbly of c §§%55%5§heﬁé?hgga ﬁggéﬁg%r8§|§ﬂ§hf“ 5%&2 %5rf§%§§%g?igﬁhenber
| ocat ed adj ac&fert R803eAYorSERGnRALA fRAMBIt2TgEDFL9MET easi ng a | ocal i sed
magnetic field strength produced by the magnets. 35 28. An autonmated gui ded
vehicle system including; at |east one vehicle including a magnetic field
WO 02/ 06518 -36 PCT/SQ01/1111018 sensor assenbly having at | east one sensor
elenment; 1@ plurality of magnets | ocated al ong a roadway for guiding
nmovenent of the vehicle relative to the magnets; and 5 swi tching neans for
periodically switching power om [amd off 1o the at | east one sensor el enent.
29. The system of claim 28 mheﬁag (ﬁhehb wer switch nmeans conprises a
transi stor and sw tching cog&;e imeans for switching the transistor on
and off, the transistor havi‘ng Eﬁh?éﬂtor which is connected to the sensor
&gq,

el ement and an emtter which is ed to ground, the swtching control
nmeans bei ng connected to the baselLof the transistor so that when a power on
signal is applied 15 to the base the sensor elenent is connected to ground
t hrough the transistor and the sensor elenent is activated or powered up

si nce potenti%ﬂeﬁ%n be applied across the sensor el enent between the ground
created by the transistfy and a sehear poserseagpgty dloeddt sdisd) is

activated else 0,
15 Yiy = y-coordinate of sensor element (i,3])
with respect to gensor axis
M,N = Number of zrow and c¢olumn sensor

elements 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 symmetrical
about the cental axis (parallel to the x-axis) through

25 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 shown in Figure 12, step



20 el enent, and when the switching control neans swtches off the
transistor, the transistor is swtched off to disconnect the sensor el enent
fromground so that there is no potential difference across the sensor

el enent andQ MSH8sor el enent is powered off. 25 30. The sPEFBEVIANOH ai m
29 wherein the switching control nmeans switches the sensor el enents oa and
of f periodically by supplying high and I Qwgsignals to turn on and off the
transistor. 30 31. The system of claim 30 wherein the sensors are powered
on for about 2 nms, then read, and then powered off for at least 1 ns and so
on. 35 32. The system of claim 29 wherein the sensor power supply conprises
a fixed vol t age08&ipp$i bupiememeed enzofollaws 02/ 0651.18 PCTI SG1/ 00018 - 37

el enents. 33. The system of claim28 wherein each sensor el enent has a
ferromagneti c nmenber | ocated adjacent the 5 sensor elenent for boosting or
increasing a |localised magnetic fluy @egnsity produced by the magnets. 34. A
sensor assenbly for detecting a mgﬁ? ‘f&“ﬁ!) produced by a magnet,

i ncluding; 10 at | east one sensor ef: nt having first and second power
pins and an output pin; a sensorXpoWsFTRUPPHY for supplying power to the
first pin of the at |east one sensor E[ n}J, t he second pin of the at

| east one sensor el enent being 15 coup|gablg to a reference potential so
that power is supplied to the at | east oa sensor elenent far powering the
at | east one sensor elenment; swtching neans for selectively powering on or
off the at | eagtexmne sensor el enent; and 20 a switching control neans for
providing g pul sed powerg signal 1t o,4hg syhichigsJEans dfpnGause, e is
switching neans to intert ttent y swtch power on and off to the at |east
one sensor el ement to perfor d&iyaked 2d§e Cvo the at | east one sensor .
element to 25 elim nat exp]yster eslsovklhharbhesfit datdr OB aMEASOr (£ §pent . L
35. The assenbly of claim 34 wherein th %vm t chi ng means i s between the
second pin and reference pot &t aFe:?Bef:gr & 3EBARECATAT t he second pin from
the reference potential M{¥ peswerNumdeemt béastrawe asdsorcadlumment sefiéorand
wherein Wgen the pul sed powep;ghdRalk ias ggggivgq to the switching neans the
swtching neans is caused to ratermtti ngly iscgnnect the second pin from
the 35 reference voltage so that the at |east one sensor elenent is

interatittentff poyecegeOletrddtibn (Wil fOx@® than half the circular
pattern within the sensor coverage as shown in Figure
13, the x position.of the magnet is computed as per step

15 1005 as follows;

(a) Determine the diameter of the circular
detected pattern by scanning row-wise for
the maximum chord width.

(b) Obtain the radius, R, as half the i 0

20 diameter. .

{c) Determine the tip (X;,Y;) of the circle.

(d) The =x-position of the magnet is simply
given by [X:-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 computed in the following order;

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

-



WO 02/ OGS1~8 -38 the power reset. PCT/SE01/00018 36. The assenbly of claim
34 wherein the switching neans is between the first pin and the sensor
power S supply for disconnecting the first pin fromthe sensor power supply
to power tw® arosksast one sensor el enent off, and wherein whepsdhrohy! sed
power signal is supplied to the switching neans the switching nesas is
caused to intermttently disconnect the first pin fromlO the sensor power
supply so that the at |east one sensor et®h®nt is intermttently powered on
and off to perform'~~ the power reset. 37. The assenbly of claim 36
wherein the switching 15 neans conprises a transistor. 38. The assenbly of
claim35 wherein the sw tchingJTRARSOMKeIaFed transi stor having a base,
a collector and an emtter, the collector bei ng connected to the_20 second

pin, the emtter being d&ineCed@TERehERLetdPeida: Dot it ithe SiFtle base
bei ng connected to the )t Clbet@ré@ntr oth8earertXPal Thaaizgagnbhy ofr&dhai m
35 wherein the reference 25 tential | r.und. 40Q. The assenbly of, claim
35 wherein the switching con!t%?‘& %%%ns"f:u%ﬁlric § atﬁulg%esieé%ael ﬁévi%ea

hi gh signa$% for sw tching theensarsteveragr-and t herefore 30 connecting the

second pin to the referqg?e @ggeq.taidghsforgia PEr 8 Heoraledly ZifRyeand; a | ow

signal for switching the transistor off and therefore di sconnecting the

second pin fromthe referenc@SpéParefaPy BBesgecRpErigalcfPHrUt?ai m 34
wherein the sensor el enent has a nagneti sabl e nenber adjacent the sensor
WD 02/ OG-1. 48 -39 PCT/ S&1/00018 .

< +h*
2h

R

10
(e) The =x position of the magnet is 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 sheeat.
The box must be constructed of a non-ferrous material so

that it is transparent to magnetic f£flux.

The preferred embodiment of the invention in that the
20 assemblieg 15 and 16§ can be mounted at higher heights,
say, 25 cm instead of 10 cm, above the ground. This
will greatly minimise the chances of the sensors being
damaged by foreign protruding objects on the ground, and
due to type puncture and wear. This also eases the
25 requirements on the vehicle suspension and allows for
larger' height variations between the sensor and ground

magnets.

Furthermore, smaller and thinner magnets can be used in
30 the praeferred embodiment of the invention. This leads
to substantial cost savings in the installation of the
magnets and the costs of the magnet markers. It alao
eases the constraint on the allowable thickness of the



el ement whi ch beconmes magneti sed by a nmagnetic field produced by the nagnet
to increase the localised nagnecic flux density for detection by the at

| east one 3 ([? !ejé ement. 5 42. Aa automated vehicle guidance system for
aut onat i cal (328 PUng a vehicle relative to a plurality of PEFREeIEN0a d
systemincluding: at |east one vehicle including at |east one 10 magnetic
field sensor assenbly; a plurality of magngts arranged al ong a roadway

whi ch the vehicle is to traverse; t he sénsor assenbly having; at |east
one sensor elenent having first and 15 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 emagnetshdusecondthen refinfhecamentadiammeisender einmyEtte bei ng
coupleable 10 auLeAsfonee: POLRN! babysom! BE! sQQWRL-LE o2 Uil bRI S0 lae at

| east on sensor elenent or powefing the a~|east one sensor el ement
swi t chi ng mear@X3¢F SBREREFvePYSHOYRR i rifion tad BISteTRS iR |isasttasad Wensor

el enent; and aeFihigdiag. contmhel spapemf ors pw\lledl 8¢ apa?&riwé SQEcRwRl
si gnal to the swtchin nearégﬁnt gﬂcause the s

i ntermttert| yYRFIH 3 Jt3THT ¢t I‘l’@sd‘t%lf’é’asfmfiﬂ’édé‘éﬁsotr" elt8ffent
to perform a powsor esplecidicheiats| ehst drad Senber semmatidro beitweeat e

hysteresis wit d eastsqne sensor 30-element. 43. The system of
claim42 V\here{ﬂn tn%e se\z/a\/léj’tchl ngs neans i s between the second pin and

reference potential for disconnecting the second pin fromthe reference 35
potential to miMve tASIDEiLLOSInHNRLEANEO R em:.@f naang r&¢ Nenlen

the pul Sefo pov"enrentg:.%%l !ngysupgaéfijt%e V\Pfect g lbyg p4e9:s%ns sézf?ed
within the art, it is to be understood that this
invention is not limited to the particular embodiment

described by way of example hereinabove.

-~



.25 30 35 PCT/ SGO /00018 the switching neans the switching neans is caused
tointermttingly disconnect the second pin fromthe reference voltage so
that the at |east one sensor elenent is internmttently powered on and of f
‘to perfor nwme/opomer reset. 44. The system of claim 42 whergitxdfi®oois
switching neans is between the first pin and the sensor power supply fo

di sconnecting the first pin fromthe sensor power supply to power the at
‘| east one sensor el enment off, and wherei n3%hen the pul sed power signal is
suppl =ed to the switching nmeans the switching nesas is caused to
intermttently disconnect the first pin fromthe sensor power supply so

that the at Leggh @ﬂﬁzﬁ@aﬁ@ﬁn@t £ | SrrAreioR Wl iy ﬁmmd on and of f

to performthe power reset. he system of claim44 erein the
swi t chi ng neans conprises a tranS| stor. 46. The system of claim 42 wherein
the switching ppans comy iffgn é\tid afi5d Bd Of e NSt NYs S RBSP, farcele_heehgr aand

an emtter, the coll ectg ?g conge ted to the second ﬁ%éter
bei ng cox~nect®FRY1helt EBCPB5t Bkt |aalmW"t’het1B3s§ ﬁﬁ?ﬁgaéﬁ ¥ed to
the swi tchbng ionltuddngeans. 47. The system of claim43 wherein the
reference potential is grou 8 h § aim 4 ygtﬁ

switching control neans sup%%eés1 gn%-uf‘ssezy%rgnnie? ﬁgé éﬁ SI gna t'or
swi t ching the ®dnsi stor on and therefore connecting the second pin to the
ref erﬁnce pﬁtentl al for aa ?@."gh@@l@%b&ﬁ?uheﬁbgﬁ, a8da@elOWadijg8ahtf Othe
switching the Transistor a t.herefore |sconnect|n ~

02/ 0f i 1~8 - 41 3§&5Fd % ﬁm'F%m"t’%e ‘?%‘?‘é?ee‘hc& Bot 11T . © &‘t‘?%&o%”d’o\é%%g.
The syst el of malgaien 42hewetke nseheosensoriel esent ahds wharegmot | Sabkee renber

adj acent the S0kefsgl-eMEOLND) CpABEABSdGRet iched RiopeuRgneLigidi el d

produced by the nmagnet to Increase t magnet | C strength
for detectionPFpdugedatby efde SRRITRMSHP SXaALR . alFwndamynghadretifel d

sensor assenblgy efi@r w@lﬁtc@ptﬂsrlgaébedmnety G:Hd edshdd£ad Eendtye atcsraanefeb-p he

sensor assenb i ncludin ast one_central senspr arra t he, central
Semeor e hkorhe i Mhereadls (SR 1BRIIERY Fgnartd | IR addSi S
pr edet er Mihedpkbdsted byanbe; magdet.

2. The assembly of claim 1 wherein the member is a

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

sensor passes the magnet.

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

25
4. The assembly of claim 3 wherein the member is
formed from manganese zinc ferrite material having the
general formula MnZn.Fe,0;.

30 5. The assembly of claim 1 wherein the member is

impinged against the sensor element.

6. The asgssembly of claim 1 the member has a
diameter of about 8 mm and a length of about 40 mm and

35 an initial permeability of 2000.



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 central sensor array °
therebetvveg{lo t&e_ first and second side sensor arrays 20 each having a
plurality s bPs spaced apart by a second predetern nedPeTSECAHMEI8NNI ch
I's greater than the first predeterflnined distance. 51. The assenbly of
claim50 wherein the central 25 sensor array conprises a first central
sensor array and a second central sensor array. 52. The assenbly of claim
50 wherein the first and second sensor arrays each conprise nine rows and

ei ght 30 columms of nagnetic sensor elepents. 53. The assenbly of claim50
wherein the fifst and seEdtd §EELI¥NsDF H¥HP allsoWBBERLRONPRT sSTIRF rows
and ei ght col uelem&ht MgnNeldm N £| S8RBbS. bIarI4 . antherResaehbyrofiscl ai m
50 wherein each of the, WD 02/0G 1- 1§ PCT/ SC01/ 00018 .. -42 iensor ar,rays
are coupl ed t o-&HFdtedor® bBEFRSF oFOFEEEY vi g BALRE: BEHi $oFRERfedth
sensor array tthenatmberhehpbddeti divrof baaséhgcl the o membeet esai neEtht eligt | ve
to the magget s, T. lLaidnpayd is coupleable to a

det erm ni ng tﬁ?%o%s?sl o%be%ﬁi‘?%g&/ne%sgrﬁ e?or prtg'duci ng 10 controlling
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57. An aut onathadrigng ded velrewl etsysadsd ihnlaidiaxgl athel eastwbeme wohdeke

I ncl udi ng S r,.ASSe rael 0 rakLty | pgat al

r oadway f%l? d%ngﬁ%n%n%%géeﬁgggg?o g%gbl ngﬁgg&gﬁﬁcl gﬁt oggg SEded

aut omati cal | y tyaegsed eg‘aﬁvet?e e sEgreRard gh@ing located adjacent p

to the holder plate so that the sensor element projects o~
through the screw threaded hole and intc the member

holder.

15
9. The assembly of claim 8 wherein 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.

20

10. The assembly of c¢laim 8 wherein the member
holder has a circumferential £flange for engaging a
surface of the member plate for limiting the amount of
insertion of the member holder into the screw threaded R

25 hole when the member holder is screw threaded into the }
screw threaded hole in the member plate.

11. The assembly of c¢claim 1 wherein the gensor

comprises a plurality of said senscr elements and said

30 magnetisable members.

12. An automated guided vehicle system, including;
at least one automated guided vehicle, the
automated guided vehicle having a sensor assembly having
35 at least one sensor, the sensor including a plurality of

gensor elements each sensor element having a



.wherein the sensor assenbly conprises at | east one central sensor array,
the central sensor array 25 having a plurality of sensor el enents spaced
apart by a predetermned first distance, and a first side sensor array and

‘a second swdezsenser array arranged on each aide of the Ce?k&%hoﬁﬁ%?QV
array so as to sandwi ch the central sensor array therebetween, the first
and second 30 ai de sensor arrays each having a plurality of seasors spaced
‘apart by a second predetermned distance-dhich is greatar than the first
predet erm ned di stance. 58. The system of claim57 wherein the central 35
sensor array conprises a first central sensor array and a second central

sensor artay. magfd 0Ll sl T6LL2ElLaGYLELE O neignsys! BTRALAE! a1 M 57

wherein the first and second sensor arrays €ac nprise_nine rows and
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recei ving dut put si gnal sathons easdr serisoendr r daviiagenabkee négnerobsablon of a

vehicle 1o beydahelm e Ji aldpfeddt {0fe MIAAGLY dfudiine The ¥stamd
claimboard is counleable to a determ ning the position of a nmagnets and
for produci ngP2GwesHt r B¢ i MEIRSFenBhEmERtt hande Y| TagResisgnuren dhe

wherein the pieegsser pnaskgabi-on sxstfigdoesyehhal e relative to the contro
signals for hicle in respvase to the 63. The %é%hen]Of claim6l wherein the

sensors each conprise a"38h&t? efBfBnt “Bfid 3 &t | PARSESe MEF 250

adj acent tthe megsetseltEmenmember becomes magnetised by the magnetic
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15
13. The system of claim 12 wherein the member is a
cylindrical rod shaped member having a longitudinal axis
which is aligned, in use, in the direction of a line
extending between the magnets and the sensor when the

20 sensor passes over the magnet.

14. The system of claim 12 or 13 wherein the
magnetisable member is a ferromagnetic member.

25 15. The system of claim 14 wherein the member is
formed from manganese zinc ferrite material having the

general formula MnZn.Fe,0,.

ls6. The system of claim 12 wherein the member is

30 impinged against the sensing 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.

35
18. The system of claim 12 wherein the sensor
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signal is applied to the base the sensor element is
5 connected to ground through the transistor and the
sensor element is activated or powered up since
potential can be applied across the sensor element
between the ground created by the transister and a
sensor power supply to the sensor element, and when the
10 switching control means switches off the transistor, the
transistor is switched off to disconnect the sensor
element from ground so that there is no potential

difference across the sensor element and the sensor
element is powered off.

15
24. The assembly of claim 23 wherein the switching

control means switches the sensor elements on and off
periodically by supplying high and low sigmals to turm
on and off the transistor.

20
25, The assembly of claim 24 wherein the sensors

are powered on for about 2 ms, then read, and then
powered off for at least 1 ms and then powered on again
for 2 ms and so on.

25
26. The assembly of claim 23 wherein the sensor

power supply comprises a fixed voltage supplied to the

gsensor elements.

30 27. The assembly of claim 22 wherein each sensor
element has a ferromagnetic member located adjacent the
sensor alement for boosting or increasing a localised

magnetic field strength produced by the magnets.

35 28. An automated guided vehicle system, including:
at least one vehicle including a magnetic field



m 109&#& ()- !11r!ti("|[:vU4 b .109E#& ()- S*10%EH#& ()- @ @LOYEH#& ()- @ 99
109E#& ()- L2 109EH#& ()-) +100EH#& ()- ("" ##uu##pivUs | 109%#h& () -

109% #l & ()- | 10% #| & () - 10E#10E#10E# ~ AY109E#& ()-)
4s109EH#& (WOPHIFIUBSSHU [ vUE  X- &L0%H& ()- X}-&109B&' ()- PRTIAGHHHRIY ) - &
fk109% #l &'() & "Y 10% #l & ()-) f 10%J#u&() SHWT&EE 1(|[: vU4

(' 10% | & ()-F g ('109%& ()-F° 10%$&'1}§ F bn $nf 10%& () - @
JY"109%:& ()-1) Y'10% # & ()-t1(((S)T)YV) VU4 &109%R#E& ()- @
| 3109@#8& ()-101010 X} (' 109& ()-F T (' 10%& ()-F)
17 (' 1098 ()-F))**f++ | [:vU4 &10()/&#&' ()-- F'10%R#& ()-f TF"109%R#& ()-f
F10%2#n& () - seh’k&%&#%&m{a)y) hatDAGH#&E (least, on#,be:hif;ﬂlﬂlemeﬁﬂﬂ%?#&' () -
LL9 109R#& () - leotya#&' s+, 109R# , YRH& () -
ToopEa () b 3D | | ReRLBAL B b BRI RS darpr e 23PRgoRERY
"Y109R#& ()- f@@t)/am@ng) moveomRLe ¢f- tthe . YabicleNAzelatived Ovdlz dde() -
%WO% *| & ()- 1QWHL&:()an#10% # & ()- ~10%B'l & ()-)
10% #l & () -/ HOkO 112|E NA4 10 - " 109 # & ()-Z | " 109%& ( % @ 10% #1 & () -
SLS#10% | &) - m * 2" 10% & $929nG 7 AR, (7O5y2P252a4agRE K Switchiag

101 K1 101 K"l 10p&ivkr on+add% ££ |t (ghe Gat LeadlY6btid )sensor’ H1%hidh& () -
+)10% #1 & ()-4) X'10%t& ()-Z 455568x8|[:NA4 10 J' Y "10%' ~& ()- b'Y

"10% & ()- %Y "10% & ()- Y "10% & ()- 10% & ()-) ]3&10%&'()-X8899:m(i);

| [-410° LS5nT289% & () - THBd WYROMEIAS) C@ads( \ze;cmsrp&n( ):h‘e KoW¥r1096.&h) -

f '10%6%$& s ans:.s o ing ¢c
i e e o et S

bn L- &10%&" ()f%xEW&&e%%g(‘;he EXraR§I@ROF) 1 %W@thszt{mu&%)

having a collector which is connected 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

15 to the base the senscr element is connected to ground
through the transistor and the 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

20 element, and when the switching control means switches
off the transistor, the transgsistor is switched off to
disconnect the sensor element from ground so that there
is no potential difference across the sensor element and
the sensor element is powered off.

25 .
30. The system of claim 29 wherein the switching
control means switches the sensor elements on and off
periodically by supplying high and low sigmals to turn
on and off the transistor.

30
31. The system of claim 30 wherein the sensors are

powered on for about 2 ms, then read, and then powered

off for at least 1 ms and so on.

35 32. The system of claim 29 wherein the sensor power

supply comprises a gixed voltage supplied to the sensor
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I the first pin of the at least one sensor element, the
second pin of the at least one sensor element being
15 coupleable to a reference potential so that power is
supplied to the at least on sensor element for powering
the at least one sensor element;
switching means for selectively powering on or
off the at least one sensor element; and
20 a switching control means for providing a
pulsed power sigmnal to the switching means 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
25 eliminate hysteresis within the at least one sengor

element.

35. The assembly of claim 34 wherein the switching
means is between the second pin and reference potential
30 for disconnectin§ the second pin from the 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 is caused to
intermittingly disconnect the second pin from the
3s reference voltage 3o that the at least one sensor

element is intermittently powered on and off to perform
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0@6&T() 921%%%%()and ‘wherein when the pulsed power signal is
supplied to the switching means the switching means is
caused to intermittently disconnect the first pin from

10 the sensor power supply so that the at least one sensor

element is intermittently powered on and off to perform

the power reset.

37. The assembly ¢f claim 36 wherein the switching

15 means comprises a transistor.

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

control means.

39. The assembly of claim 35 wherein the reference

25 potential is ground.

40. The assembly of claim 35 wherein the switching
control means supplies a pulse signal having a high
gsignal for switching the transistor on and therefore
30 connecting the second pin to the reference potential for
a period of about 2 ms, and a low signal for switching
the transistor off and therefore disconnecting the

second pin from the reference potential.

35  41. The s3system of claim 34 wherein the sensor

element has a magnetisable member adjacent the sensor
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of magnets, said system including:
at least one vehicle including at least ‘one
10 magnetic field sensor assembly:

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

the sensor assembly having:;

at least one sensor element having first and

15 second power pins and an output pin;

a sensor power supply £for supplying power to
the first pin of the at least one sensor element, the
gsecond ’pin of the at least one sensor element being
coupleable to a reference potential so that power is

20 supplied to the at least on sengor element for powering
the a: least one sensor element;

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

a switching control means for providing a

25 pulsed power signal to the switching means 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

eliminate hysteresis within the at least one sensor

30 element.

43, The system of claim 42 wherein the switching
means is between the second pin and reference potential
for disconnecting the second pin from the reference
39 potential to power the at least one sensor element off,

and wherein when the pulsed power signal is supplied to
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44. The system of c¢laim 42 wherein the switching

means is between the first pin and the sensor power
supply for disconnecting the first pin from the sensor
10 power supply 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 is
caused to intermittently disconnect the first pin from
the sz2nsor power supply so that the at least one sensor

15 element is intermittently powered on and off to perform

the power reset.

45. The system of claim 44 wherein the switching
means comprises a transistor.

20
46 . The system of claim 42 wherein the switching

means comprises a transistor having a base, a collector
and an emitter, the cg¢ollector being connected to th.el
second pin, the emitter being connected to the reference
25 potential and the base being connected to the switching

control means.

47. The system of claim 43 wherein the reference
potential is ground.

30
48. The system of claim 43 wherein the switching

control means supplies a pulse signal having a high
signal for switching the transistor on and therefore
connecting the second pin to the reference potential for
35 a period of about 2 ms, and a low signal for switching
the cransistor off and therefore disconnecting the

.
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element has a magnetisable member adjacent the sensor

5 element which becomes magnetised by a magmetic field
produced by the magnec to increase the localised

magnetic field strength for detection by the at least

one sensor element.

10 50. A magnetic field sensor 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 spaced apart

15 Dby a predetermined 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 sandwich the central sensor array
therebetween, the first and second side sensor arrays
20 each having a plurality of sensors spaced apart by a
second predetermined discance which is greater than the

first predetermined distance.

51. The assgsembly of claim 50 wherein the central
25 sensor array comprises a first central sensor array and

a second central sensor array.

52. The assembly of claim 50 wherein the first and
gsecond sensor arrays each comprise nine rows and eight

30 columns of magnetic sensor elements.

53. The assembly of claim 50 wherein the first and
gecond side sensor array also each comprise nine rows

and eight columns of magnetic sensor elements.

3s
54. The agsembly of c¢laim 50 wherein each of the



10% & () - 10] ~#] 10] ~#] 10] ~#] ] 0 96" 10% ~#] & ()- g96" 10%g~#g& ()- , ) &10%
& ()-Z ux| [OVUAL0 = '10% ()- '10% & ()- - '109%' 3& ()- . ' 10% K& ()-
8 "10% & ()- "10% & ()-x(z| obU410 109@#& ()-' 101&1101&1101&1
99Nt 1094 &1 W25 8211 10% & ()- < y&Y"10% & ()-Z J° y&Y" 109%@EG01M001s
Ox|[: bU410 s"100@#& ()- @ % 3 | 109 24[ & ()- 3 1 10% 2# & ()- 3 1 10%& ()-
#FL00R#&' ()- 109R#& ()-x 17| [: - 4102# | |} Logt 10948 () -2 @ 5" 109R#& () - @
T s"100R#& ()- @ s"109B2#8&' ()- @ s" 10972#Y& () - @
VS 10% 2#{ & ()- @ "} ZbAA102# | %1 110% & ()- | 110% & ()- 10% & ()-
$310% & ()- X0 &10% x& () - FLO2#102#Z- | [ : A4102# z' *"10% & () -+

TU10% & () -+ ééﬁé@ﬂﬁgafﬁays\\arED%b&ubleﬁ " t30%& (prdcessor board for

“S10% & () - 17| g& 1010x' x10x' x10x' X 0" o' X& ()= 190" 10%}
b90" 10% & ()- 3@k’ xR=(HLE > T - +'T€V%’[ a?é’(y&'tf’) F
] YA0%8$&' () - F edBIDSEHERE ) -po LDOHS! o‘ BOYEHS QLo 10%#&54)%@%010

G)-flg‘}ng;@%) @@%%%%V/éoﬁ&éﬁ “??9”]@%2 '(')}A.}OO&/:'E?fL P =st uvvU4A10 “310% & ()-( g

55. The assembly of claim 54 wherein the processor
board is coupleable to a navigation system for
determining the position of a vehicle relative to the
magnets and for producing contrel signals " for

10 controlling movement of the vehicle in response to the

position signals.

56. The assembly of claim 50 wherein the sensors
each comprise a sensor element and a magnetisable member

15 adjacent the sensor element.

57. An automated guided vehicle system, including;
at least one vehicle including a sensor
assembly;

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

wherein the sensor assembly comprises at least
one central sensor array, the central sensor array

25 having a plurality of sensor elements spaced apart by a
predetermined first distance, and a £first side sensor
array and a second side sensor array arranged on each
gide of the central sensor array so as to sandwich the
central sensor array therebetween, the first and second

30 side sensor arrays each having a plurality of sensors
spaced apart by a second predetermined distance which is
greatar than the first predetermined distance.

58. The system of claim 57 wherein the central
35 sensor array comprises a first central sensor array and

a second central sensor array.
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62. The system of claim 61 wherein the processor
board is coupleable ¢to a navigation aystem for
determining the position of a wvehicle relative to the
magnets and for producing control signals for
20 controlling movement of the vehicle in response to the

position signals.

63. The system of claim 61 wherein the sensors each
comprise a sensor element and a magnetisable member

25 adjacent the sensor element.



