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System for deterniininhg tlie position of a vehicle, vehicle

therewith,; and method therefor

The present invention relates to a system for
determining the position of a vehigle.

The invention further r&lates to a vehicle
comprising such a system,

The invention alsoc relates to :a method for
determining the positicn of a vehicle.

Systems for determining the position of a vehicle:
are known for mapy years. One such known system makes use of
a grid of magnets that is provided in the surfave whereon
the vehicle moves. The system comprises & plurality of
sensors that are able te gense the strength of a magnetic
field. THe plurality of genSors is arranged in & lateral
direcdtiocn of the vehicle, in order to ensure that a magnet
arrangéd in the ground surface 14 detected when the vehicle
passes over the magnet. The sighals from the sensors arg
periedically sampled and provided to computation: meatis to
¢aloulate the position of the senised magnet with respect to
the sensors. Thé described detection cg.magﬁets is usually
not sufficient to determine the position, as individual
magnets can normally not be distinguished fxom each other,
Therefore, in one prior arf system, rotational counters are
installed on at least two wheels to keep: track of ‘the wheel
rotation in order to determine a position cliange and
therewith the position. The detection of the magnets
prevents the ocdcurtence of an accumulatiord of eérrors in the
determination of the position and therefore position drift.

A drawback of this known system is that when the
vehicle negotiates a bend, the sensors at the outer side of
thie bend are undersampling the magnetic field strength,

while the sensors at the inner dide of the bend are
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oversampling the magnetic field strength. Although the
latter causes less problems with the processing power
available to present day digital signal procésgsors, the
former causes a deterioration of the acéuracy of the
detexrmined position when the vehicle negotiates a bend.

The object of the presént inverntion is to provide
& system for determining the position of a vehidle, wherein
the deteripration of the: accuracy when the vehicle
riegotiates a bénd, is substantially less compared to the
déscribed prior att.

This objéct is realised by the present invention
by providing a system for determining the position of a
ehicle domptising: a plurality of sensors for measuring ‘the
magneti¢ field gtkength of a magnet; computation means for
determining the position of the magnet with respect to the
plurality of sensors; wherein the: plurality of sensors are
arranged. in a two-dimensions axray.

In the gystem according to the prior art, the
acquisition of gamples from the serisors is fixed in time and
the position of the gamples in the space domainh is depend on
and varia® withi the movement of the. vehiele. In the present
emkodiment the: plurallty of sensors fno longer sdlegly serve
to prevent missing a maghet when a magnet passes underneath
the vehicle off-centerline; but serves to take a complete
snapstiot in two-diménmiénal spade of the magnetid field of
the maghet. To this end it is preferable that the array of
sensors 19 arranged subgtantially parallel to the surface
comprising the magnets, when the system ig in use. Thisg wdy
determinihg the position of the magnet with respect to the
sensors does not depend on any time related sampling rate
and therefore the movement of the vehicle, but solely on the
sensof arrangement. Becauéé the detérmining of the position

is independent of the vehicle movement, also the accuracy of
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the determined position is independent: of the vehicle
movement. This way undersampling and oversampling can not
occur, not when travelling in a substantially straight line,
nor when negotiating a kend. The acecuracy (for determining a
single position) is fixed by the sensors®’ arrangement.

In a further embodiment, the present invention
provides a system, wherein the sensors dre evenly
interspaced in both dimensions. This way the samples are
evenly spaced.

According: to another emhodiment, a system is
provided, further comprising meéansg for fitting the magnetic
field strerigths measured by the plurality of sensors to a
spatial modél of the magnetic field of 4 magnet. Although
computationally expensive, fitting theé adquired magnetic
field stirengths to a Spatidl model of a magnet, results in
High accurscy positiong.

In a further embhodiment, the present invention
provides a system, wherein the sSensitivity of the gehnsors
for a magnetic field component perpendicular to the plane
wherein the plurality of sensors are arranged is
substantially higher than the sengitivity for magnetic field'
gomponents parallel to this plane. Such an erbodiment has:
the advantage that inaccuracies due teo spatial variations in
the earth's magnetic field are minimised, as this:
perpendicular component can be considered constant within a
typical action radius of a surface hound vehicle. In a
further emkhodiment, the system estimates a constant
background magnetic: £ield and compengates during the
measurement of the magnets for this constant background
field. This background field may cénstitute a magnetic field
caused by compenents of the vehicle itself, but also a
remaining perpendicular component of the measured magnetic

field of the earth.
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Ih again a further- embodiment, the present
invenition provides a vehicle comprising a system as
degeribed above,

In a further embodiment, the system is arranged
such that the positions of multiple magnets are deterxrmined
from a single measurement by the two-dimensional array of
sensors. In order for this feature to be advantageous, the
magnets in the surface are to be arranged sufficiently close
in order for the array to detect at least part of the
magnetic fields of the multiple of magnets.

Ifi again a further embodiment, the systefi ig
arranged tc decode information that id soded By measis of a
mutual arrangement of a group of magnetd in the surface
andfor the polarity of the individial magnets: in a gioup of
magnets. T9 that end, it is preferred to arrangé the magnets
in clusters, whérein each clustexr of magnets provides
position information o for deriving position infoxmation
analogous to thé description &6f the prévious embodiments,
and wherein the arrangement of magnets in the cluster and/oxr
the polarity of magnets in the cluster provides additiomal
irformation, either additional piogitional infoxmation, ox
non-positional information. In one partiecular embodiment,
position coordinates are directly encoded in the mutual
arrangement. However, in a preferred alternative
arrangement, the mutual arrangement encodes for a key for a
lockup table that is stored in the vehirle. In
accordance with another aspect of the present invention, a
method is provided. for determiriing a position of a vehicle,
comprising the steps of: acguiring from a plurality of
sensors, the magnetic field atréngths meastred by the
gensors; determining the position of a sensed magnet with
respect to the plurality of sensors; wherein the plurality

of sensorg areé arranged in a twé-dimensional array.
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According to another aspect of the invention a
method is provided, wherein the position of a sensed magnet
is determined by fitting the acquired magnetic field
stréngths to a spatial model of the magnetic field of a
magnet .

Further embodiments and advantages thereof will be
described below with reference to the accompanying drawings,
whexrein:

Figure 1 shows a wehicle' according to the present
invention.

Figure 2 shows & system ac¢ording to the present
invention that is comprised in the vehicle of figure 1,

Figure 3 shows a hie¢rarchy for data-proceswing
produced by a system according to the present iivention:

A surface sultableé for a velilcla 12 (figuxe 1) to
drive on is provided with magrnetic maiker elements 14. The
vehidle 12 comprises a plurality of magnetic dénsors 20
(figure 2), arranged in two diferisions, formind an array 10
of magnetic sefigdrs.

When a magnetic marker element 14 passes under a
certdin minimum number of sensérsg 20, the positicn of the:
vehicle 12 relative to the magretic marker element 14 can beg
estimated, The: minimum number of sensorg required can be:
obtained by means of, for example, the Fisher Information
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 conrected to a digital
signal processor’ (DSP) 24. The DSP 24 fits the signals
coming from the magnetic sensors 20 to a 3-dimensional model
of the magnetic field of a magnetic marker element 14. From
the fitted model, the position of the. magnetic marker
élement 14 is obtained relative to the array 10 of magnetic

sensors. Corngequently, from a kKnown positicn of a maghetic
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marker element 14, the position of the vehicle 12 is
obtained, which is done by the navigation computer 26.

The position of the magnetic marker elemernts 14 is
shown in figure 1 as a grid-like pattern. For the present:
invention, it is not necessary for the pattern of magnetic
marker elements 14 to be grid-like. It is sufficient if the
position of the magnetic marker &lements 14 is known: A
regular pattern like the grid-like pattern in fiqure 1 is
advantageous though, as no position of individual markew

eleiments need to bé stored, as the positionsd dre easily

derivable from the pattern. In ohe particular embodiment the

vehiclé travals along a predetermined path, and the grid is
a one dimefisional gilid that extends along the predetermined
path.

Tha pattern ¢f the magnetic sensors 20 is not
bound té any specifiq pattern either. In principle, the
pattern could ke random, as long as the pasition estimation
algorithin takes the logation df the individual magnstic
gensors 20 within the array into account,

The hierarchical functionality 30 provided by the
DSP 24 and the navigation computer 26 is the following
{Eigure 3): the lowest level id the I0 level 32. The IO
level 32 1= respongible for obtaining the magnetic field
strength readouts from the sensoxs 20.

, In the riext level, the Scanner level 34, a
position within the array 10 of sensors 20 is associated
with each. individual nagnetic field strength méasurement. As
these positions are fixed in two-dimensions, this activity
is rather straightforward in c¢ontrast to the embodinerits
from the prior art, that only employ magnetic sensoxs in a
single diménsion, 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
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estimated position of the magnetic marker element 14
¥elative to the array 10 of sensors 20.

Finally, the estimated relative pasition of the
magnetic marker element 14 is usged in the last level, the
coding level 28, to determine the position of the vehicle
12. In one particular embodiment the positiom is related to
a particular moment in time, for example as a time elapsed
gince the occurrence of a time synchronisation signal.

It should be noted that the. embodiments shown and
described only serve as example embodiments of the
invention, and that tle invéntion is not limited to thege
embodiments. Many modifications of and variations on the
embodiments shown. dnd desgribed are pogsible without
depakting from the scope of the present invention. For
example;, it is without limitation, podsiblée to combine
embodimenta shown and descikibed. The scope of protection
sought is therefore only determined by the Eollowing ¢laims.
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Claims

1. System comprising:

- a vehicle comprising a positioning determining
system, said positioning determining system comprising:

- a plurality of sensors for measuring the
magnetic field strength of a magnetic marker element;

-~ computation means for determining the position
of the sensed magnetic marker element with respect to
the plurality of sensors;
wherein

- the plurality of sensors are arranged in a two
dimensional array;
wherein

said computation means is configured for:

- obtaining the magnetic field strength
measurements from the plurality of sensors;

- associating a position within the array of
sensors with each individual magnetic field
strength measurement;

- fitting the set of magnetic field strength
measurements and associated positions to a spatial
model of the magnetic field of a magnetic marker
element; and

- determining the position of the sensed magnetic
marker element with respect to the plurality of
sensors; and

- multiple individual magnetic marker elements
provided in a surface suitable for said vehicle to
drive on;

wherein
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- the positions of multiple magnetic marker elements
are determined from a single measurement by the two-
dimensional array of sensors,

wherein hierarchical functionality provided by a Digital
Signal Processor (DSP) and a navigation computer is the
following:

a first level which is the Input/Output (IO) level,
wherein the first level is responsible for obtaining the
magnetic field strength readouts from the array of sensors,

a second level, wherein a position within the
array of sensors is associated with each individual magnetic
field strength measurement,

a third level, wherein the set of magnetic
field strength positions is fitted in a fitter-level to
a 3-dimensional model of a magnetic marker element,
this resulting in an estimated position of the magnetic
marker element relative to the array of sensors,

wherein the estimated relative position of the
magnetic marker element is used in a fourth level,

to determine a position of the wvehicle.

2. System according to claim 1, wherein the sensors

are evenly interspaced in both dimensions.

3. System according to any of claims 1 or 2, wherein
the sensitivity of the sensors for a magnetic field
component perpendicular to the plane wherein the plurality
of sensors are arranged 1s higher than the sensitivity

for magnetic field components parallel to this plane.

4, System according to any of claims 1 to 3, wherein

the positioning determining system is arranged to decode
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information that is coded by means of a mutual arrangement
of a group of magnetic marker elements in the surface
and/or the polarity of the individual magnetic marker

elements in a group of magnetic marker elements.

5. System according to any of claims 1-4,
wherein
- the position of the magnetic marker elements is

a grid-like pattern.

6. Method for determining a position of a vehicle,
comprising the steps of:

- acquiring from a plurality of sensors
arranged in a two-dimensional array, the magnetic field
strengths of a magnetic marker element measured by the
Sensors;

— associating a position within the array of
sensors with each individual magnetic field strength
measurement;

- fitting the set of magnetic field strength
measurements and associated positions to a spatial model of
the magnetic field of a magnetic marker element; and

- determining the position of said magnetic marker
element with respect to the plurality of sensors

on the basis of the set of magnetic field strength

measurements and associated positions fitted to said spatial

model of the magnetic field of a magnetic marker element.

7. Method according to claim 6,
further comprising the step of:

- determining the position of said wvehicle

using said determined position of the sensed magnetic marker



11

element with respect to the plurality of sensors.



