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(57) Abstract: Magnetic encoder apparatus (2) is described that comprises a plurality of magnetic sensor elements (e.g. Hall sensors)
for reading an associated magnetic scale (4; 10) that produces a periodically repeating magnetic pattern. The plurality of magnetic
sensor elements produce a plurality of sensor signals and an analyser (7) is provided for analysing the plurality of sensor signals to
provide a measure of the position of the magnetic sensor elements relative to the associated magnetic scale (4; 10). The analyser (7)
is arranged to use the plurality of sensor signals to assess the period (60) of the periodically repeating magnetic pattern sensed by the
plurality of magnetic sensor elements. In this manner, the requirement to carefully match the period of the sensor elements with the
periodically repeating magnetic pattern of the associated magnetic scale (4; 10) is avoided.
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Magnetic Encoder Apparatus

The present invention relates to magnetic encoder apparatus for measuring the
position of a readhead relative to a magnetic scale. In particular, the present
invention relates to improved magnetic encoder apparatus in which the need to
match the pitch of the magnetic scale to the pitch of the magnetic sensor elements

of the readhead is avoided.

Magnetic encoders are known. US4595991 describes encoder apparatus in which
a scanning unit comprises multiple scanning elements for reading a measuring
scale. The number of scanning elements required per period of scale is based on
the bandwidth characteristic of the scanning signals. For example, a preferred
embodiment describes providing six scanning elements per period of scale. The
scanning signals are subjected to Fourier analysis and a pair of Fourier
coefficients that describes the fundamental waveform component of the periodical
analogue signals are calculated. These Fourier coefficients are said to provide
harmonic-free periodic signals from which incremental position measurements
can be determined. Encoders of the type described in US4595991 have the
disadvantage that carefu} matching of the pitch of the magnetic scale to the pitch

of the magnetic sensor elements is required.

According to a first aspect of the present invention, there is provided magnetic

“encoder apparatus that comprises;

a plurality of magnetic sensor elements for reading an associated
magnetic scale that comprises a periodically repeating magr;etic pattern, the
plurality of magnetic sensor elements producing a plurality of sensor signals, and

an analyser for analysing the plurality of sensor signals to provide a
measure of the position of the magnetic sensor elements relative to the associated
magnetic scale,

wherein the analyser is arranged to use the plurality of sensor
signals to assess the period of the periodically repeating magnetic pattern sensed

by the plurality of magnetic sensor elements.

CONFIRMATION COPY
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The present invention thus provides encoder apparatus comprising a plurality of
magnetic sensor elements (e.g. an array of Hall sensors) that each output a sensor
signal describing the strength of the magnetic field present at the sensor element.
The plurality of magnetic sensor elements.can thus be used to read or image an
associated magnetic scale that comprises a periodically repeating magnetic pattern
(e.g. an array of regions of alternating magnetisation direction). An analyser is
also provided for analysing the plurality of sensor signals to provide a measure of
the position of the magnetic sensor elements relative to the associated magnetic
scale. Instead of assuming a certain (fixed) number of sensor elements per period
of the associated magnetic scale, the analyser of the apparatus of the present
invention is arranged to use the plurality of sensor signals to assess the period of
the periodically repeating magnetic pattern that has been sensed by the plurality of
magnetic sensor elements. This assessment may comprise calculating the period
of the periodically repeating magnetic pattern and/or determining whether the
sensed period differs from the expected period (e.g. due to misalignment of the

sensor elements and the scale). Advantageously, the pitch of the periodically

repeating magnetic pattern sensed by the plurality of magnetic sensor elements is

different to the pitch of magnetic sensor elements. As explained in more detail
below, the analyser may use Discrete Fourier transformation based methods to

perform such analysis.

Unlike prior art systems of the type described in US4595991, apparatus of the
present invention does not require there to be an integer number of magnetic
sensor elements per scale pertod. In other words, the pitch of the magnetic sensor
elements does not have to be matched to the pitch of the periodically repeating
magnetic pattern of the magnetic scale. It should be noted that the apparatus of the
present invention would operate if there were provided an integer number of
magnetic sensor elements per scale period, but this is not a requirement. As
explained below, the apparatus of the present invention has been found to be |
especially advantageous for use in rotary encoder systems in which the magnetic
scale comprises radially extending magnetic segments and therefore produces a

magnetic field with an effective pitch that increases with radius. The tight
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mounting tolerances previously required to ensure the pitch of the magnetic field
pattern matches the pitch of the plurality of magnetic sensor elements are thus

avoided.

Advantageously, the analyser assesses the period of the periodically repeating
magnetic pattern by determining the number of periods of the periodically
repeating magnetic pattern sensed by the plurality of magnetic sensor elements. In
other words, the number of periods of the magnetic pattern that occur over the
spatial extent of the plurality of sensor elements is found by the analyser from the
plurality of sensor signals. Preferably, the number of periods is found to the
nearest integer value. For example, it may be established that N periods of the
magnetic pattern occur over the length of a linear array of sensor elements, where
N is an integer. In other words, the spatial frequency of the repeating magnetic

pattern can be found.

The analyser may analyse the plurality of sensor signals using any sunitable
mathematical technique. The analyser may comprise a processor for implementing
the required technique. Advantageously, the analyser performs Fourier analysis on
the plurality of sensor signals. The Fourier analysis preferably comprises the use
of one or more discrete Fourier transforms. The Fourier analysis preferably
assesses the period of the periodically repeating magnetic pattern sensed by the
plurality of magnetic sensor elements. In particular, performing Fourier analysis
on the plurality of sensor signals preferably allows the calculation of the
amplitude of a fundamental sinusoidal component and/or one or more harmonics

thereof.

The spatially varying magnetic field sensed by the plurality of sensors and output
to the analyser via the plurality of sensor signals may thus be analysed using a
Fourier based technique. The Fourier based technique can be used to describe the
spatially varying magnetic pattern sensed by the sensor elements in terms of a
fundamental (sinusoidal) component and higher order harmonics of that

fundamental component. For example, Fourier analysis may be performed using a
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fundamental sinusoidal component having a spatial period substantially equal to
the spatial extent of the plurality of sensor elements. The fundamental component
would then describe a magnetic pattern having a period equal to the spatial extent
of the plurality of sensor element. For example, if the sensor elements are
provided in a linear array the fundamental sinusoidal component may have a
period substantially equal to the length of the linear array. In such an example, the
first harmonic (H1) would correspond to two periods of a magnetic pattern over
the spatial extent of the plurality of sensor elements, the second harmonic (H2) to
three periods, the third harmonic (H3) to four periods etc. It would, of course, be
possible to define a fundamental component having any desired spatial frequency
and the spatial frequency is only matched to the spatial extent of the plurality of

sensor elements for convenience.

The analyser may monitor the amplitude of the fundamental sinusoidal component
or any one or more of the harmonics. A change in amplitude of the fundamental
sinusoidal component or any one or more of the harmonics may be used to
indicate that there has been a change in the period of the periodically repeating
magnetic pattern sensed by the plurality of magnetic sensor elements. In other
words, the analyser may assess the period of the periodically repeating magnetic
pattern sensed by the plurality of magnetic sensor elements by measuring the
amplitude of the fundamental sinusoidal component or of any one or more of the

harmonics.

In a preferred embodiment, the analyser performs Fourier analysis on the plurality
of sensor signals to calculate the relative amplitude of a plurality of the harmonics.
The relative amplitude of the different harmonics may then provide an indication
of the alignment of the plurality of sensor elements relative to the scale.

For example, eight periods of a magnetic pattern may be formed over the spatial
extent of the plurality of sensor elements when the sensor elements are correctly
aligned relative to the scale. In such an example, the amplitude of the seventh
harmonic (H7) would be substantially greater than the amplitude of other

harmonics (HS, H6, H8, HI etc). If any misalignment occurred, the amplitude of
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the H7 component would reduce and the amplitude of other components would
increase. In particular, the amplitude of one of the neighbouring harmonics (e.g.
H6 or H8) would increase. Monitoring the relative amplitude of a plurality of the
harmonics (e.g. the H6/H7 and H7/H8 amplitude ratios) thus allows the period of
the periodically repeating magnetic pattern to be assessed. There can then be a
correction applied (e.g. a recalculation of the period of the periodically repeating
magnetic pattern to be used in the Fourier analysis) or mechanical realignment of

the sensor elements and associated scale.

The apparatus of the present invention may be used to read a maguetic scale that
encodes only incremental position information. In particular, the analyser may be
used to extract phase information from the plurality of sensor signals. This phase
information may be used to calculate any incremental movement of the plurality
of magnetic sensor elements relative to the magnetic scale. For example, the
analyser may generate phase quadrature signals (e.g. sine and cosine signals) that
can be analysed (e.g. interpolated) to extract incremental position information.
The analyser may perform such interpolation to provide incremental position data -
or it may just output one or more signals (e.g. phase quadrature signals) for
interpolation. If the analyser analyses the plurality of sensor signals using a
Fourier technique, at least one Fourier coefficient may be calculated that
describes the phase of the periodically repeating magnetic pattern sensed by the
plurality of magnetic sensor elements. The at least one Fourier coefficient
calculated by the analyser may be used to calculate the incremental position
information, such as phase quadrature signals, that describe any change in relative

position of the magnetic sensor elements and the magnetic scale.

The apparatus of the present invention is preferably used to read an associated
magnetic scale that also encodes absolute position information. For example, the
associated magnetic scale may comprise, as part of the periodically repeating
magnetic pattern, certain scale marking having different magnetic strengths that
are used to encode different data bits. The analyser may thus be arranged to

calculate the phase of the periodically repeating magnetic pattern and to
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determine, for each period of the pattern, the strength of the magnetic pattern
sensed by the plurality of magnetic sensor elements at a predetermined phase
angle. The strength of the magnetic field at certain points along the magnetic scale
can thus be established, thereby allowing the relevant data bits to be extracted. In
a preferred embodiment, the magnetic field strength of the plurality of signals may
be found at a phase angle that corresponds to the amplitude maxima of the
magnetic pattern. In other words, the analyser may establish the period and pitch
of the magnetic field pattern and thereby determined the location of the peaks
(maxima) in magnetic field that are associated with the centre of each first
magnetised regions. The magnetic field strength at each maxima may then be
analysed (e.g. compared to a threshold) to determine the pattern encoded in the

magnetic scale and thereby extract the encoded data bits.

The plurality of magnetic sensor elements are conveniently arranged to read an
associated magnetic scale comprising a series of alternating first magnetised
regions and second magnetised regions. Absolute data is preferably encoded in the
magnetic scale by providing first magnetised regions of at least a first type (e.g. a
first width) and a second type (e.g. a second width) that generate different
magnetic field strengths. Further details of suitable magnetic scale are outlined
below. Advantageously, the predetermined phase angle used by the analyser
allows the m'agnetic field strength of each first magnetised region to be assessed.
This preferably enables the analyser to determine the presence of a first
magnetised region of a first type or a second type. The values of the encoded data

bits can thus be extracted by the analyser.

Advantageously, the plurality of magnetic sensor elements are arranged to
simultaneously read a plurality of first magnetised regions of an associated scale.
The analyser may also be arranged to determine a plurality of data bits (i.e. from
the first magnetised regions that have been read) that form a codeword. The
codeword may encode information about the absolute position of the plurality of

magnetic sensor elements relative to the associated scale.
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The apparatus may also include the magnetic scale. As described above, the
magnetic scale preferably comprises a series of alternating first magnetised
regions and second magnetised regions. In other words, the first and second
magnetised regions preferably alternate with one another. The first and second
magnetised regions may be magnetised in different directions. Advantageously,
the first magnetised regions are of the opposite magnetic pole to the second
magnetised regions. For example, the first magnetised regions may comprise north
poles (N) and the second magnetised regions may comprise south poles (S), or
vice versa. In this manner, a periodically repeating magnetic field pattern is
generated that can be measured by the magnetic sensor elements and used o

generate incremental position information.

Preferably, the centres of the first magnetised regions are spaced apart from one
another by a fixed interval. The fixed interval may comprise a fixed distance
interval in the case of a linear scale or a fixed angular interval in the case of radial
scale. The magnetic scale may encode data bits by including first magnetised
regions of at least a first type and a second type. The first type and second type of
first magnetised region may generate different magnetic field strengths. The
magnetic field strength associated with each first magnetised region may thus be

used to extract encoded position information.

The first and second type of first magnetised region may be the same physical size
but magnetized differently. Advantageously, the first magnetised regions of the
first type comprise magnetised regions of a first width. Preferably, first
magnetised regions of the second type comprise magnetised regions of a second
width. In this example, the first width is different to the second width. Varying the
width (rather than controlling the strength of material magnetisation) is preferred
because it is much easier to magnetise the scale material to saturation and control
the size of the magnetised marking compared with partially magnetising parts of
the material. First magnetised regtons of the first type (e.g. of a first width) may
generate a magnetic field of a first strength and thereby encode a first data bit

value. First magnetised regions of the second type (e.g. of a second width) may
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generate a magnetic field of a second strength and thereby encode a second data
bit value. In this manner, the width of the first magnetised region encodes a data
bit, the data bit taking a first value if the first magnetised region has a first width
and a second value if the first magnetised fegion has a second width. As explained
5 ) above, the analyser may assess the magnetic field strength of each first
magnetised region to determine the presence of a first magnetised region of a first

type (e.g. first width) or a second type (¢.g. second width).

Although the examples provided herein describe binary (base-2) systems (e.g. the
10 first and second data bit values can be defined as a “0” or a “17) it should be noted
that the first magnetised regions may be provided as three or more different types

to encode information in a number system of a higher base.

The magnetic scale preferably comprises linear magnetic scale comprising a linear
15  array of alternating first magnetised regions and second magnetised regions. The
first and second magnetised regious of the scale are preferably rectangular

segments.

The magnetic scale may comprise a radial magnetic scale comprising a series of
20  radially extending first magnetised regions and second magnetised regions. In
other words, the magnetic scale may be provided as a disk or ring haviag the first
and second magnetised regions formed on or in its surface. The magnetised
regions may be substantially wedge shaped. Advantageously, the centres of the
first magnetised regions are located at substantially constant angular intervals.
25
The plurality of magnetic sensor elements are preferably provided as a linear
array. The linear axis of the Jinear array may be aligned with the long axis of the
scale. Assuming such alignment is adequately maintained, the pitch of the
magnetic pattern will be substantially invariant along the length of the linear array
3¢ of mz{gnetic sensor elements. If, however, such a linear array of magnetic sensor
elements is used to read a radial scale then the pitch of the magnetic field pattern

generated by the magnetic scale will vary as a function of the radial location of the
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linear array and may also vary (especially for scales of smaller radius) along the
length of the array. As explained above, the analyser is preferably arranged to use
the plurality of sensor signals to calculate the period of the periodically repeating
magnetic pattern sensed by the plurality of magnetic sensor elements. This allows
5  the linear array of magnetic sensor elements to be placed at different radial

locations because the period of the periodically repeating magnetic pattern can be
_established, In addition, the analyser may also apply a compensation factor or
weighing to the sensor signals to compensate for the radial distribution of the first
and second magnetised regions.

10
The plurality of magnetic sensor elements preferably comprise an array of Hall
sensor elements. The Hall sensor elements may be arranged to measure the
component of magnetic field perpendicular to the surface of the substrate.
The spacing between the magnetic sensor elements is preferably known. The

15  plurality of magnetic sensor elements (e.g. Hall sensor elements) are preferably
equidistantly spaced apart from one another. The plurality of magnetic sensor
elements may be provided on a common substrate (e.g. on a chip). Preferably, at
least four sensor elements are provided per scale period (although there is no need
for this to be an integer value).

20
The apparatus may be configured in any suitable way. For example, the plurality
of magnetic sensor elements may be provided within a readhead. The readhead
may also include the analyser. The analyser may comprise a micro-processor. The
analyser may be provided on the same chip or substrate as the magnetic sensor

25  elements. Alternatively, the analyser may be provided in a separate interface. The

interface may be connected to the readhead by an interface cable.

The present invention will now be described, by way of example only, with
reference to the accompanying drawings in which;
30

Figure 1 shows an encoder readhead and a radial magnetic scale,
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Figure 2 shows the encoder readhead of figure 1 with a cut-away view through the

radial magnetic scale,

Figure 3 shows an encoder readhead and a linear magnetic scale,

5
Figure 4 shows a cross-section view of the linear magnetic scale of figure 3,
Figure 5 shows the magnetic field profile generated by the linear magnetic scale
of figure 3,
10

Figure 6 shows the magnetic field strength measured by the encoder readhead

when placed over a part of the lincar magnetic scale of figure 3,

Figure 7 iflustrates how the period of the magnetic pattern shown in figure 6 can

15  be determined using Fourier analysis,

Figure 8 shows how absolute data encoded in the magnetic scale can be extracted,

and

20  Figures 9a to 9c show the change in relative amplitudes of Fourier components

arising from misalignment of a radial scale.

Referring to figores 1 and 2, angular encoder apparatus of the present invention is
illustrated. The apparatus include a readhead 2 and a radial magnetic scale 4

25  attached to a steel ring 5. The readhead 2 comprises a sensor chip 6 comprising a
linear array of fifty-three Hall sensor elements. Processing electronics 7 are also
provided on the readhead. The radial magnetic scale 4 comprises alternating
regions that are magnetised in different directions; these will be termed North pole
(N) and South pole (S) regions. As explained in more detail below, the centres of

30  the North pole regions are equidistantly spaced apart from one another and the
magnetic scale thus provides a periodically varying magnetic field profile that can

be analysed to provide incremental position data. The North pole regions are also
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provided in two different widths to allow absolute position data to be encoded. A
first width encodes a logical “0” and a second width encodes a logical “1”. In this
manner, both incremental and absolute position information can be encoded in,

and extracted from, the magnetic scale.

Figure 3 shows angular encoder apparatus of the present invention that includes

the readhead 2 and a linear magnetic scale 10.

Figure 4 shows a cross-section of a part of the linear magnetic scale 10. The scale
10 comprises a rabber magnetic band 12 supported by a steel substrate 14. The
up-arrows 16 and down-arrows 18 indicate the direction of magnetization of the
alternating regions of the band 12. For convenience, the differently magnetised
regions will be referred to herein as the North pole (N) and South pole (S) regions.
The magnetized regions are of different widths, but the distance between the
centres of neighbouring North pole regions is the substantially constant distance
P. Additionally, the North pole regions are provided in two widths, namely narrow
regions 20 of width L and wide regions 22 of width L,. The narrow regions 20
indicate the state of logical “0”, whilst the wide regions 22 indicate a logical “'1”.
The widths of the South pole regions comply with the requirement to provide a
substantially constant distance between two neighbouring centres of the North

pole regions.

Referring to figure 3, the normal component of magnetic field density B, in Tesla
is shown at a distance of 0.3mm above a length of linear scale is shown. In this
example the distance (P) between the centres of neighbouring North pole regions
is 0.9mm. The different magnetic field strength associated with the different
widths of North pole region can be seen from the different heights of the maxima

as shown 1n the figure.

Figure 6 shows the magnetic field strength as measured by the fifty-three Hall
sensors of the above described readhead 2 when placed above a section of linear

magnetic scale.
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Figure 7 shows the sinusoidally varying component 60 of the magnetic field
pattern calculated from the magnetic field strength using a Discrete Fourier
transformation based process. In particular, the amplitude and phase of the
sinusoidally varying component 60 of the periodically repeating signal 62 is

calculated as will be explained in more detail below.

In this example, there are found to be 8 periods of the magnetic field pattern
spatially distributed across the fifty-three Hall sensors of the readhead. There are
thus 6.625 sensors provided per period of the magnetic pattern. In terms of Fourter
analysis, the magnetic pattern of eight periods that covers the length of the array
of Hall sensors can be termed the seventh harmonic (H7) of the fundamental sine
wave; the fundamental sine wave comprising a single period over the array of Hall

SCNSOors.

The amplitude and phase of the signal that corresponds to the magnetic pattern

can thus be calculated by the expressions:

32 ] . .
Ssiv :ZSi 'Sm(l 27 8)
i=0 53 (Ia)
32 {. .
Scos :Zsi 'COS(I 27 8)
i=0 53 (1b)

where S; is the sensor signal produced by the i"™ Hall sensors.

3 ~) and Cos( 5

can be written as constants ks; and kc; . The Sgiv and Scos expressions thus

} can be calculated in advance, so

The coefficients Sin(l 278 i 27; 8

- become:
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52
Ssin =st.l S,
=0 (2a)
52 .
Scos = chi S (2b)
i=0

Amplitude and phase can then be found using the {ollowing equations:

Amplitude = \[SZy + Sty 3

Phase = ArcTan(ﬁ?—SiN—)
cos (4)

Figure 8 illustrates how, once the period and phase of the fundamental component
60 has been found, the strength of the sensed magnetic field 62 at each maxima of
the fundamental component 60 can be extracted. The magnitude of each maxima
in the sensed magnetic field 62 is related to the width of each North pole region of
the scale 10. As shown in figure 8, narrow North pole regions produce a low

maxima 70 whilst the wide North pole regions produce a higher maxima 72.

The data in figure 8 can then be decoded. In this example, the code word extracted
is “00111111”. This code word is then found in a Look-up table (LUT) and
converted into a coarse absolute position. The phase information from equation 4
can also be analysed to provide a fine position that is added to the co.arse position.

An accurate absolute positional measurement can then be generated.

Figure Oa illustrates an output from Fourier analysis of a periodically repeating
signal 62 of the type shown in figure 7. In particular, the amplitude of the
fundamental and the first nineteen harmonics thereof are plotted. It can be seen
that the seventh harmonic (H7) has the highest amplitude. This H7 signal is also

the signal 60 shown in figure 7 that is used in the calculation of the Sine and
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Cosine signals from which incremental positions are calculated.

If the readhead is reading an annular scale, then the period of the sensed magnetic
v pattern will alter as the readhead is moved radially back and forth relative to the

5  scalering.

Figure 9b shows the effect of moving the readhead radially inwards (i.e. towards

the centre of the scale ring). In this example, the magnetic period sensed by the

readhead reduces (i.e. there are more periods falling across the 53 Hall sensors)
10  and hence the amplitnde of the eighth harmonic component (H8) increases whilst

the amplitudes of H6 and H7 decrease.

Figure 9c shows the effect of moving the readhead radially outwards (i.e. away

from the centre of the scale ring). In this example, the magnetic period sensed by
15  the readhead increases (i.e. there are fewer periods falling across the 53 Hall

sensors) and hence the amplitude of the sixth harmonic component (H6) increases

whilst the amplitudes of H7 and H8 decrease.

It can thus be seen that readhead alignment relative to the scale can be measured
20 by observing the H7/H6 and H7/HS ratios. In particular, the readhead can be
moved radially back and forth unti} the amplitude of the H7 signal is maximised
so that the desired eight periods of the magnetic field pattern spatial distributed
across the fifty-three Hall sensors of the readhead. Such correct alignment then
ensures that the Sin and Cosine signals generated from the H7 signal provide

25  reliable incremental position information,

1t should be noted that, instead of physically moving the readhead, it would also
be possible to recalculate the number of periods of the magnetic pattern sensed by
the Hall array and adjust the coefficients used in equations la, 1b and 2

30  accordingly. Furthermore, it should be remembered there is also no need to
provide an integer number of periods of the magnetic pattern over the length of |

the Hall sensor array.
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It has also been found that using a linear array of Hall sensors to read a radial

scale produces radial distortions in the waveforms at the ends of the array.

It has been found that the ks; and kg, coefficients used to generate the Sine and
Cosine signals can be modified in order to compensate for the radial distortion. In
particular, modified ks’ and kc'; coefficients can be calculated taking into account
the radial distribution of the first and second magnetic regions using the

expressions:

ks' = Sm( 7 ArcTan(ﬁD (5a)
P r

k', = Cos(zj[ . ArcTan(ﬁ)) (Sb)
P r

where P is the pertod of the scale, r is the radtus of the ideal posttion of the
readhead and x; the distance of the i™ sensor from the centre of the chip. In the
present example, the Hall sensors are spaced 0.15 mm apart from one another and
X =(1-26)*0.15 mm (where 26 is the index of the central sensor on the chip and i

ranges from 0 to 52). The values of ks’; and k¢’; can be calculated in advance.

Taking the corrections of equations Sa and 5b into account the Sine and Cosine

expressions become;

52
Ssiv = st‘i S, (6a)
=0

52
Scos = ch'z S,
i=0 {(6b)
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Additionally, applying a so-called window function (using w; coefficients) to
equations 6a and 6b can further improve the amplitude and phase information

thereby reducing the error when interpolating those signals.

52
5 Ssiw = Zwi -ks';§, (72)
i=0

52
Scos = Zwi -ke't S,
= (7b)

10  There are numerous window functions that could be applied; for example, Hann,

Gauss, Triangular, Hamming functions etc.

The values of w; can be calcnlated in advance as well so both coefficients w; and
ke; (for linear scale) or w; and k¢' coefficients (for angular scale) can be merged
15  into one series of coefficents w;'. Equations 3 and 4 provided above can then be

" used to generate corrected amplitude and phase information.

The skilled person would appreciate that the above examples describe specific
ways of implementing the invention and that various alternatives would be

20  possible.
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Claims

1. Magnetic encoder apparatus, comprising

a plurality of magnetic sensor elements for reading an associated
magnetic scale that produces a periadically repeating magnetic pattern, the
plurality of magnetic sensor elements producing a plurality of sensor signals, and

an analyser for analysing the plurality of sensor signals to provide a
measure of the position of the magnetic sensor elements relative to the associated
magnetic scale,

wherein the analyser is arranged o use the plurality of sensor
signals to assess the period of the periodically repeating magnetic pattern sensed

by the plurality of maguetic sensor elements.

2. An apparatus according to claim 1, wherein the analyser assesses the
period of the periodically repeating magnetic patiern by determining the number
of periods of the periodically repeating magnetic pattern sensed by the plurality of

magnetic sensor elements.

3. An apparatus according to any preceding claim, wherein the analyser
assesses the period of the periodically repeating magnetic pattern sensed by the
plurality of magnetic sensor élements by performing Fourier analysis on the
plurality of sensor signals to calculate the amplitude of a fundamental sinusoidal

component and/or one or more harmonics thereof.

4. An apparatus according to claim 3, wherein the analyser performs Fourter
analysis on the plurality of sensor signals to calculate the relative amplitude of a
plurality of the harmonics, the relative amplitude providing an indication of the

alignment of the plurality of sensor elements relative to the scale.
5. An apparatus according to any preceding claim, wherein the analyser

calculates at least one Fourier coefficient from which incremental position

information is calculated that describes any change in the relative position of the

CONFIRMATION COPY
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magnetic sensor elements and the magnetic scale

6. An apparatus according to any preceding claim, wherein the analyser is
arranged to calculate the phase of the periodically repeating magnetic pattern

5  sensed by the plurality of magnetic sensor elements and o determine, for each
period of the of the periodically repeating magnetic pattern, the strength of the
magnetic pattern sensed by the plurality of magnetic sensor elements at a

predetermined phase angle.

10 7 An apparatus according to claim 6, wherein the plurality of magnetic
sensor elements are arranged to read an associated magnetic scale comprising a
series of altermating first magnetised regions and second magnetised regions in
which absolute data is.encoded by providing first magnetised regions of at least a
first type and a second type that generate different magnetic field strengths,

15  wherein the predetermined phase angle allows the magnetic field strength 1o be
assessed to determine if each first magnetised region is of a first type or a second

type and thereby extract the value of the encoded data bit.

8. An apparatus according to claim 7, wherein the plurality of magnetic

20 sensor elements are arranged to simultaneously read a plurality of first magnetised
regions of an assaciated scale and the analyser is arranged to determine a plurality
of data bits that form a codeword, the codeword encoding information about the
absolute position of the plurality of magnetic sensor elements relative to the

associated scale.

25
9. An apparatus according to any preceding claim, further comprising a
magnetic scale having a series of alternating first magnetised regions and second
magnetised regions, wherein the first magnetised regions are of the opposite
magnetic pole to the second magnetised regions. '

30

10.  An apparatus according 10 claim 9, wherein the centres of the first

magnetised regions are spaced apart from one another by a fixed interval,
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wherein each first magnetised region has a first width or a second width and
thereby encodes a data bit, the data bit taking a first value if the first magnetised
region has a first width and a second value if the first magnetised region has a

second width.

11, Anp apparatus according to any preceding claim, wherein the magnetic
scale is a linear magnetic scale comprising a linear array of alternating first

magnetised regions and second magnetised regions.

10 12, An apparatus according to any one of claims 1 to 10, wherein the magnetic
scale is a radial magnetic scale comprising a series of radially extending first

magnetised regions and second magnetised regions.

13. An apparatus according to claim 12, wherein the plurality of magnetic
15 sensor elements used to read the radial magnetic scale are provided as a linear
array and the analyser applies a compensation to the sensor signals to compensate

tor the radial distribution of the first and second magnetised regions.

14, An apparatus according to any preceding claim, wherein the pitch of the
20  periodically repeating magnetic pattern sensed by the plurality of magpetic sensor

elements is different to the pitch of magnetic sensor elements.

15.  An apparatus according to any preceding claim, wherein the plurality of
maguetic sensor elements comprises a linear array of Hall seasor elements.

25
16.  An apparatus according to any preceding claim, wherein the plurality of

magnetic sensor elements and the analyser are provided within a readhead.
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