1 Systemfor determning the position of a vehicle, vehicle therewith, and

nmet hod t heref or The present invention relates to a system
for 5 detNPRPH/WEHRhe position of a vehicle. PCRAEPRHERABON
further relates to a vehicle conprising such a system The

invention also relates to a nmethod for determ ning the position of a
vehicle. 10Systens for determning thé position of a vehicle are known for
many years. One such known system rmakes use of a grid of nagnets that is
provi ded i nSY#Heews fioradetappieing tthe velitiennofes veMieleysrehichnpri ses a

plurality of sensors that, q5¢:2f €.48 Igeed}gogi _ttggrgkg ngth of a magnetic 15
[

field. The plurality of sensors is arranged in a [ateral direction of the
vehicle, in order to ensure that a magnet arranged in the ground surface is
det ect ed when the hi cl e passes over the net. The signals fromthe
sensors are peri odic¢al P§e§§%lweé}¥&oﬁr 65?‘%@ t'eP @or‘?ﬁ’ﬁ?ﬁgi gﬂrrreans to 20
cal cul at edéhernpiosinyl aheobothei senged magneieW th respect to the sensors.
The described detection of nagnets is usualﬁl“%%not sufficient to determ ne

the position, as i ndfvi-BUEITHytENEAnTROTHES | 5P fot"eBe <dfst i ngui shed from

each ot hegemdihgyiefOk@chi B dior art system rotational counters are 25
installed on at [east two wheels to keep track of the wheel rotation in
order to deterni ne T&SpdEVERBH T IFdifge rahateRet@ Vi tIFTHRE HB5i ti on. The

det ect i onyOf 416, {NROREE S PL BVEN S ¢t ReRpgU{Lence of an accunul ation of
errors in the determnation of the position and therefore position drift.

30A d¥lwback of thisyskasantey stemrimgningt tidepraitd orehitcheveiehld ates a
bend, theaﬁ@ﬂéﬁgﬁh %Ertggn9u§§gré¥‘$ieoguch known system makes use of

a grid of magnets that is provided in the surface whereon
the vehicle moves. The system comprises a plurality of
sensors that are able to sense the strength of a magnetic
15 field. The plurality of sensors is arranged in a lateral
direction of the vehicle, in order to ensure that a magnet
arranged in the ground surface is detected when the vehicle
passes over the magnet. The signals from the sensors are
periodically sampled and provided to computation means to
20 calculate the position of the sensed magnet with respect to
the sensors. The described detection of magnets is usually
not sufficient to determine the position, as individual
magnets can normally not be distinguished from each other.
Therefore, in one prior art system, rotational counters are
25  installed on at least two wheels to keep track of the wheel
rotation in order to determine a position change and
therewith the positicn. The detection of the magnets
prevents the occurrence of an accumulation of errors in the
determination of the position and therefore position drift.
30 A drawback of this known system is that when the
vehicle negotiates a bend, the sensors at the outer side of
the bend are undersampling the magnetic field strength,

while the sensors at the inner side of the bend are



t he bend are undersanpling the magnetic field strength, while the sensors
at the inner side of the bend are 2 oversanpling the nagnetic field

st rengt h.WRI20HHWHe2t he | atter causes | ess probl ens wit hPCREPRIAOERSET ng
power available to present day digital signal processors, the fornmer causes
a deterioration of the accuracy of the 5 determ ned position when the
vehi cl e negoti ates a bend. he object of the present invention
is to provide a sxsten1for determning the position of a vehicle, wherein

t he det er CYPAEPBRL 1Y tHe ACOGLAEY Mt%%ﬁ?‘el%l‘h%&h &°€s a bend, is

subst ant i all-¥ckess, SOMmaled ot-apt Bes 1 e sel %@gcggéﬁgg erThi s Object is
real i sed by the present invention by providing a systemfor determ ning the

posi tion &Vaaleeht cte mmmeritsiiay: dioblak alligpploprsensors . f ¢heneasuring t he
magneti ¢ fehdy SLLendl i olec@-1B00C on GHMULALLAN IRANS: fgf, 15 deter mi ning

the position o e magnet wth respect tot p y of sensors;
wher ei b t Hetpkuiadd tgooftisengbes e whiarigedepot tatew-=divemdsi ons array.
In the system accorgdi ng.t. he_.prior_art, the acguisition of sapples from
the senears 15 11 xelh EReE SHOEHD s Sh5s EYBHCEr™ b CaRpPEoFn T he
space donmai eykscdependicurratdingrties pudit ibheofoy evamniclef, twheryehicle. In

the present enbodi pent the plurality of sensors no |longer solely serve to
prevent micS€i AGEEE HEGEC™WAREN - 58 fgidte asbes EBﬂéY?R%é%? the vehicle

of f-cent eqhkhbeiabed SRS 19 take MGk et 8s25cSHARSOl ol Bhe _
tmo-dlnen5|onal%%$ace of the magnetic field of the magnet. To this end it

i s prefer&BFeTt RHETaPrsy of sensors is arranged substantially parall el

to the surface compgissl Rgskhe Q@gggﬁﬁﬁsé@h%E'Eﬂg ﬁ%@%éﬂ?ifivkﬂtyéﬁ- This way
determning the position of the magnet with respect to the 30 sensors does

not depené@Yonranidiiang sgisdeadisanmptiapindne ahe pdritafoor eft Ae novenent of
the vehi cley; bul Sol6l ‘%i‘&%«t hey rtf%%@@?ﬁ%’?é -fcﬁe%?e‘é%%rﬁﬁ‘?“ ggl erm ni ng
of the positionis |ndépe dent“of the“vehi cl'e novenent, also the accuracy
of magnetic field strength of a magnet; computation means for
15 determining the position of the magnet with respect to the
plurality of sensors; wherein the plurality of sensors are
arranged in a two-dimensions array.
In the system according to the prior art, the
acquisition of samples from the sensors is fixed in time and
20 the position of the samples in the space domain is depend on
and varies with the movement of the wvehicle. In the present
empodiment the plurality of senscors no longer solely serve
to prevent missing a magnet when a magnet passes underneath
the vehicle off-centerline, but serves to take a complete
25 snapshot in two-dimensional space of the magnetic field of
the magnet. To this end it 1s preferable that the array of
sensors is arranged substantially parallel to the surface
comprising the magnets, when the system is in use. This way
determining the position of the magnet with respect to the
30 sensors does not depend on any time related sampling rate
and therefore the movement of the vehicle, but solely on the

sensor arrangement. Because the determining of the position

ig independent of the vehicle movement, also the accuracy of



3 the determi ned position is independent of the vehicle novenent. This way
under sanpl i ng and oversanpling can not occur, not when travelling in a
subst ant iWPI211gk0 462 ght | i ne, nor when negoti ati ng a ben@CT/ER201308UBAcy (f or
determining a 5 single position) is fixed by the sensors' arrangenent.

In a further enbodi nent, the present i%venti on provides a system wherein
the sensors are evenly interspaced in both dinensions. This way the sanpl es

are evenly..s ad(é%d 10A<§cordj ng to another enmbodi ment, a systemis provided,
further cotrﬁf‘}r)i FOHBENASP IO EPngREPFRETRG e Gifc EhPeV 8 5E+2ngt hs neasur ed

by the pl uicddrentof TEEOSRLS Lr@easaRpiiay dmie) 0hakpe: npanstitdield of a
magnet. Al though conputational |y expensive, fitting the acquired nagnetic
15 fiel d St58Hgt R8Tt Bher spaviedl L1REder dfsuwbsraghiéellyesttakstith 14ingh accur acy

posi tions. h s st ggﬁd,em%@ia[&q%, he:pres [.nvent on
provi des am?sf:ygt g% n%%r ein t(:'“hé3~ sensitivity o atcke?sensoﬁggé?‘ol?ﬁgﬁnégneti o
field Gonpongde pespeheliiculsafixedt he pharmerzOrwhererangdmergl.ural ity of

sensors are arranged. i tant] i,gher_than the sensitivity for
magnetic field corrpgrrlle%té&%}feal %!éﬁ!)%%m%uf‘#secﬁea g@%ﬁhl%%e%t%)&di ment has
t he advanttageitikat ai saccur,acihesedueth® spatdral avareadéhdns in the earth's
magnetic field are Crin ni [ﬁst%g .as_this 25 If}%r F}vendi ul ar conponent can be
consi der ed "EASPART Wt WA Ta L FREAr et T 2dli G8° oF WP P4€e bound
vehi cl e. levemlfusbhesd enbodi ment, the systemestimates a constant
backgrqund magnetic_field and coggensat es during the neasurenent of the

magnet'd for this coRStFHHPalRgrBUREBEME GenFni 8 BEIRH ddnd fiel d may

constit Ut @@viRgast Feriiel ¢otpussdnd nLamerents: pind he v ehitke skt sel f, but
al so a remai ni ng perpendi cul ar conponent of the neasured magnetic field of

the earth.fie4d Strengths megsygafinby Fhe tHeyr2dabyde frevrisqdse ber sent
i nvention PrevhdesedeVeld ¢he fQEREL SE NG A SY3 §Mhagndes gihedabove.
computationally expensive, fitting the acquired magnetic
15 field strengths to a spatial model of a magnet, results in
high accuracy positionsg.

In a further embodiment, the present invention
provides a system, wherein the sensitivity of the sensors
for a magnetic field component perpendicular to the plane

20 wherein the plurality of sensors are arranged is
substantially higher than the sensitivity for magnetic field
components parallel to this plane. Such an embodiment has
the advantage that inaccuracies due to spatial variations .in
the earth's magnetic field are minimised, as this

25 perpendicular component can be considered constant within a
typical action radius of a surface bound vehicle. In a
further embodiment, the system estimates a constant
background magnetic field and compensates during the
measurement of the magnets for this constant background

30 field. This background field may constitute a magnetic field
caused by components of the vehicle itself, but also a
remaining perpendicular component of the measured magnetic

field of the earth.



In a further enbodi nent, the systemis arranged 5 such that the positions
of nmultiple magnets are determ ned froma single neasurenent by the

t wo- di mer¥PEARII0¢2ay of sensors. |In order for this feaPGTEPRY1§E2489
advant ageous, the magnets in the surface are to be arranged sufficiently
close in order for the array to detect4at | east part of the 10 magnetic
fields of the nultiple of nagnets. In again a further

enbodi ment, the sysiem i S arr%nged to decode i nf o[lmati on that is coded by
means of a mutual ~artatijereft “6f “ASHr SHF D SRagnefe PFEIHE surface and/ or

the pol ariitiyeat ibRepiditliadsduak e ABEDE Sorght i i@0HPs Pt di fmgnets. To that
end, it is preferred to arrange the magnets in clusters, wherein each
cluster off°FEgABES PPVA des position information or for deriving position

information anal ogous 4 Guhecdesabbihait Ofnkhe, REENT pus; ,enbediyment s, and
wherein the arrangenent of magnets in the cluster and/or 20 tthe polarity of

magnet 8 | FUCRetBRuste ARSGFILQES afidMtltoimlie MaoeRaton,datiexménedddi ti onal
posi ti onale ol 9 U7 AN e B8RRESLT 1 ANAlcJoNhOREALL A1 141,Q02 Jpar Ll cul ar

enbodi ment, positioh coordinates are directly enco I n the nutual
ar r angenesenspisaever oxdera fprefbis ethatiumr ot bvea@Bamragamgenenhe t he nut ual

arrangene d .ar for okup._table that. is ored in the
Ventcre 1 AegBRER 80 R Brtals fhs A JR PharRPRE BTELGRRYentrEn, o
met hod i s ipr ovddedidortdeerayntagdet qosist apast pamehifcltte conpri sing the

steps_of: acqujring from uraljty of 30 sensors, the magnetic field
strené?hsmﬁﬁggt?%dgﬁl‘%‘né’%sghgowéj:t %9H APAGSERe position of a sensed
magnet with respectrd adshe pl Bhathdy ofocsensats; cmbesgided he plurality of
sensors are arranged in a two-di nensional array. According to

, ray. 5
anot her aspEetIRt thelaoRrent PO methddtaits 1pr 69F kY ife&i ATt Re positi on
of a Sens%ﬂtﬂ&ﬂ”&%r&rﬁﬁ&%hQr%nﬁ g idd Agnkbe acauid ediyragaetic field
a

strengths to a spati nodel of the nagnetic field of a 5 nagnet.

and/or the polarity of the individual magnets in a group of

15 magnets. To that end, it is preferred to arrange the magnets
in clusters, wherein each cluster of magnets provides
position information or for deriving position information
analogous to the description of the previous embodiments,
and wherein the arrangement of magnets in the cluster and/or

20 the polarity of magnets in the cluster provides additional
information, either additional positional information, or
non-pogitional information. In one particular embodiment,
position coordinates are directly encoded in the mutual
arrangement. However, in a preferred alternative

25 arrangement, the mutual arrangement encodes for a key for a
lookup table that is stored in the vehicle. In
accordance with another aspect of the present invention, a
method is provided for determining a position of a vehicle,
comprising the steps of: acguiring from a plurality of

30 sensors, the magnetic field strengths measured by the
sengsors; determining the position of a sensed magnet with

respect to the plurality of sensors; wherein the plurality

of sensors are arranged in a two-dimensional array.



Furt her enbodi nents and advantages thereof will be described below with
reference to the acconpanyi ng drawi ngs, wherein: Figure 1 shows a vehicle
accor di ngVPa@0tIn@14s2esent 10 i nvention. Figure 2 shows aPSYAPammIAEH8? ding to
the present invention that is conprised in the vehicle of figure 1. Figure
3 shows a hierarchy for data-processing produced by a system according to
the present invention. 15A surface suitable for a vehicle 12 (figure 1) to
drive on is provided with magnetic marker el enments 14. The vehicle 12
conpri ses a plural id§cordimgghet paosees orws2d Cfi gheelmentarranged in two
di mensi on I y ngghet | SQES_ 2 etic

mar ker eIZﬁ%%?agzgg%ggggkﬁﬁdg%gggggrtalﬁ&ﬁﬁﬁﬁggn?%u%ﬁ%¥ﬂ%¥iggﬁgggs 20, the
posi tion dfs theevehied vl Zitehayi vee tacqhsredagnghécioatiedrd el enent 14 can

be estimated. T 1 ni mum_nunber of. se rs _requjred.can be obtained by
means of S?%anggﬁp ?.° tﬁ?@tﬁggh%l?g?]hf%g;ﬁ"gﬁ Sﬁggg‘:%t‘;}r%d e®magnetic field
gener ated rlbgnthe nagnetic marker elenent 14 is sensed in one or nore of the

magneti c sensors 20, The n%%ﬁe5lc sensors 20 are connected to_a digital
signal processor (DCSBYSBF STHEIEEP 2% 1% SWABTRPHHaE EGH Ha 1 Er B t he

magneti ¢ seBseiBedCod v witai FERsSIOnA vdel 30cohpdhe fpaRaliegkiel d of a
magneti c marker elenment 14. Fromthe fitted nodel, the position of the

magneti ¢ EEKEE el ement 14 is obt ai ned relative to the array 10 of magnetic
sensors. Consequentioudd AMsaokBon, f0sid QR BEa2ndBINGIHL present

10 invention.

Figure 2 shows a system according to the present
invention that is comprised in the vehicle of figure 1.

Figure 3 shows a hierarchy for data-processing
produced. by a system according to the present invention.

15 A surface suitable for a vehicle 12 (figure 1) to
drive on is provided with mwagnetic marker elements 14. The
vehicle 12 comprises a plurality of magnetic sensors 20
(figure 2}, arranged in two dimensions, forming an array 10
of magnetic sensors.

20 When a magnetic marker element 14 passes under a
certain minimum number of sensors 20, the position of the
vehicle 12 relative to the magnetic marker element 14 can be
estimated. The minimum number of sensors required can be
obtained by means of, for example, the Fisher Information

25 Matrix. The magnetic field generated by the magnetic marker
element 14 is sensed in one or more of the magnetic sensors
20. The magnetic sensors 20 are connected to a digital
signal processor (DSP) 24. The DSP 24 fits the signals
coming from the magnetic sensors 20 to a 3-dimensional model

30 of the magnetic field of a magnetic marker element 14. From
the fitted model, the position of the magnetic marker
element 14 is obtained relative to the array 10 of magnetic

sensors. Congequently, from a known position of a magnetic



6 marker elenment 14, the position of the vehicle 12 is obtained, which is
done by the navigation conputer 26. The position of the nmagnetic
mar ker el \S@2A116101492i s shown in figure 1 as a grid-1like PB&TEFEHI/OFHBIt he
present 5 invention, it is not necessary for the pattern of nagnetic marker
elements 14 to be grid-like. It is sufficient if the position of the
magneti c marker elenments 14 is known. A regular pattern like the grid-Ilike

pattern in figure 1 is advantageous though, as no position of individual
mar ker 10 "EFEMEnELSHEE o BESSPBFEELORLL Héepushironslar easily derivabl e

fromthe pachensd, |mone i@aﬁbhﬁubﬁrtMiga@tiohh@oM L&l & ravel s along a
predeterm ned path, and the grid 1s a one dinensional grid that extends

al ong the predete. CRIhGPPALRT 2ETHee pragn@td comarher nekpretrite dénders 20 is
not bound diio. @Y SPRFLIL & A LELR; §I{NAL palRebhl NELP! e (IR AALL e Coul d

n
be random as |long as the position estindtion al gorithm takes the |ocation
of t heSi ndiveatadn maghdts cosensoess20y viidthithet hetberayef mtagna@tdount . 20The

hi erar chi cal nct i ' ovj.ded hy t DSP_24. and the _nayi gation
conput er r|k[sa5'lt %ieé%ﬁéov&m)éngg ?%.%%%‘gd%ﬁ% t ﬁg FEwest TVt itd t%g% 10 | evel
32. The 1@okevebn32f ithe esponsibl eaflorr eclifeaieniBglt hes nagRet.i e fiel d

strength readguts fromtﬂel sensors 20.. 25In %he next | evel, the scanner
i

| evel 34, “§9B08F tPHH-SHT Hithct hBS a9 T4 Lo SoP25EREDr 57 209 adsofi ated with
each indi wiaguatag@gnetimubhel 8s she engiit ipasyr eABNyiafsl heserpositions are

fixed_ in tw-dinmensions, this activity o ,

10  elements need to be stored, as the positions are easily
derivable from the pattern. In one particular embodiment the
vehicle travels along a predetermined path, and the grid is
a one dimensional grid that extends along the predetermined
path.

is The pattern of the magnetic sensors 20 is not
bound to any specific pattern either. In principle, the
pattern could be random, as long as the position estimation
algorithm takes the location of the individual magnetic
gsensors 20 within the array intc account.

20 The hierarchical functionality 30 provided by the
DSP 24 and the navigation computer 26 is the following
{figure 3} ¢ the lowest level ig the IO level 32. The I0
level 32 is responsible for obtaining the magnetic field
strength readouts from the senscrs 20.

25 In the next level, the scanner level 34, a
position within the array 10 of sensors 20 is associated
with each individual magnetic field strength measurement. As
these positions are fixed in two-dimensions, this activity
is rather straightforward in contrast to the embodiments

30 from the prior art, that only employ magnetic sensorsg in a
gingle dimension, as time does no longer play a role.

Subsequently, the set of magnetic field strength

positions is fitted in a fitter-level 36 to a 3-dimensional



is rather straightforward in contrast to the enbodi nents 30 fromthe prior
art, that only enploy nagnetic sensors in a single dinension, as tine does
no | ongerWRI2811/141463| e. Subsequent |y, the set POT/ERAYALHI489 f i el d
strength positions is fitted in a fitter-level 36 to a 3-dinensional 7
nodel of a magnetic marker element 14. This results in an estimted
position of the magnetic marker elemenf 14 relative to the array 10 of
sensors 20. Finally, the estimated relative position of the 5 magnetic

mar ker el etnsietl o psmagrekin mehEcrasiehave!|l4 t Heisodensglteviel 888, to

determ ne Iyt : [ I rticul enbodi ment the
position i%gqigﬁgggdb§%kégﬁéJ§% %ﬁ?aﬁgﬁ%éégﬁ #%?2%%n§?“§%$yé§%nple as a tine
el apsed simcettine odcoctite encexyofioaoti sensymctroani sati on signal. 10It shoul d

be noted that the epbodjnents shown and.described only.serve as exanple
enbodi ments of the ?ﬁ@%ﬁgﬁoﬁ?eaﬁﬁggﬂﬁfe?+ﬁ?'QﬁﬁgﬁtPBﬁlgéoqmﬂfIQ“ ted to

t hese enbodigments. mder Mididentations @fednch taei akkoNBewdl t h@eenbodi nent s
shown and described are possible without 15 departing fromthe scope of the

present i MPEATROASVELr> oxdifpICETSFTINS Wi RAF PRI Pat T, Pussrbl e to
conbi ne enbodiraephs showrand dasssikes: cthe geegoﬁgi@gfgl%&@do@osought i's

therefore only determ ned by the followng clainms. 2
a particular moment in time, for example as a time elapsed
since the occurrence of a time synchronisation signal.

10 It should be noted that the embeodiments shown and
described only serve as example embodiments of the
invention, and that the invention i1s not limited to these
embodiments. Many modifications of and variations on the
embodiments shown and described are possible without

15 departing from the scope of the present invention. For
example, it is without limitation, possible to combine
embodiments shown and described. The scope of protection

sought is therefore only determined by the following claims.

20



Cl ai nms 1. Systemfor determ ning the position of a vehicle
conpri si ng: a plurality of sensors for neasuring the nmagnetic
field strAgOH/1§1463 magnet ; conput ati on mean®CTEP2Ha1083489 ni ng
the position of the magnet with respect to the plurality of sensors;
10wherein the plurality of sensors are_arranged in a two-di mensions array.
2. System according to claim1, wherei i the sensors are evenl y interspaced
in both dinmensions. 15 3. Systemaccording to claim1l or 2,
further conprising neans for fitting the nagnetic field strengths neasured
by the plurality of sensors to a spatial nodel of the magnetic field of a
magnet . 20 4. System ac&dPdiffig to claim1, 2, or 3, wherein the
sensitivity of the sensors for a magnetic field conponent perpendicular to
the plane wherein the plurality of sensors are arranged is substantially

hi gher than the 25 éengﬁt‘r%ﬂi therf et Aaghetn T Hicekbgsébhponehts parallel to
this plsangehicle comprisimy: Systemaccording to any of clainms 1-4, wherein
the systemis arranged to decode information that is coded 30 by neans of a
mut ual arrangenent afpbiggloty of sagsers far tisesswifigcehandigrettibe polarity

of the ind}a_’i\éiﬂugkrggwtéf ianm%g%gup of magnets.
computation means for determining the position of
the magnet with respect to the plurality of sensors;
10 wherein the plurality of sensors are arranged in a

two-dimensions array,

2. System according to claim 1, wherein the

sengors are evenly interspaced in both dimensions.

15
3. System according to claim 1 or 2, further
comprising means for fitting the magnetic field strengths
measured by the plurality of sensors to a spatial model of
the magnetic field of & magnet.
20

4. Sygtem according to claim 1, 2, or 3, wherein
the sensitivity of the sensors for a magnetic field
component perpendicular to the plane wherein the plurality
of sensors are arranged is substantially higher than the

25 sensitivity for magnetic field components parallel to this

plane.

5. System according to any of claims 1-4, wherein
the system is arranged to decode information that is coded
30 by means of a mutual arrangement of a group of magnets in
the surface and/or the polarity of the individual magnets in

a group of magnets.



9 6. Vehicle conprising a systemaccording to any of clains
1-5. 7. Method for determining a position of a vehicle,

conpri si NYOZAE/IM1463s of : acquiring froma pl REAEPERA1GF248®Nnsor ,
the magnetic field strengths nmeasured by the sensors;

determ ning the position of a sensed nggnet wWith respect to the plurality
of sensors; 10wherein the pl urallty of “sensors are arranged in a two-

di mensi onal ar ea. . Method according to claim7, wherein the
position of a sensefl- néghEtls §°6‘§’Fé?ﬁ¥ﬁe%l FEFT BOFGTERBY 15° Aguiated
magneti c fdglighsStrengths to a spatial nodel of the nmagnetic field of a
magnet .

7. Method for determining a position of a vehicle,
5 comprising the steps of:
acquiring from a plurality of sensor, the magnetic
field strengths measured by the sensors;
determining the position of a sensed magnet with
respect to the plurality of sensors;
10 wherein the plurality of sensors are arranged in a two-

dimensional area.

8. Method according to claim 7, wherein the
position of a sensed magnet is determined by fitting the
15 acquired magnetic field strengths to a spatial model of the

magnetic field of a magnet.



