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(57) Abrégé/Abstract:

Apparatus (100) is described comprising: an antenna array (102,...102,); a plurality of units (104,...104, ), each unit configured to
mix a radio frequency signal from one or more of the antennas (102) with oscillating signals having phases defined by a global
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(57) Abrégé(suite)/Abstract(continued):

signal and to provide in-phase and quadrature-phase signals; a constellation rotation system configured to, for each unit, rotate a
constellation point associated with the in-phase and quadrature-phase signals by a rotation angle to provide adjusted in-phase and
quadrature-phase signals; signal buses (106, 107) for global in-phase and quadrature-phase signals configured to receive the
adjusted in- phase and quadrature-phase signals, respectively, from a plurality of the units; a feedback system configured to, for
each unit, compare one or more of the adjusted in-phase and quadrature-phase signals with one or more of the global in-phase
and quadrature-phase signals to determine an error in the rotation angle.
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(57) Abstract: Apparatus (100) is described comprising: an antenna array (102 1...102x); a plurality of units (104;...104y), each unit
configured to mix a radio frequency signal from one or more of the antennas (102) with oscillating signals having phases defined by
a global signal and to provide in-phase and quadrature-phase signals; a constellation rotation system configured to, for each unit, ro-
tate a constellation point associated with the in-phase and quadrature-phase signals by a rotation angle to provide adjusted in-phase
and quadrature-phase signals; signal buses (106, 107) for global in-phase and quadrature-phase signals configured to receive the ad-
justed in- phase and quadrature-phase signals, respectively, from a plurality of the units; a feedback system configured to, for each
unit, compare one or more of the adjusted in-phase and quadrature-phase signals with one or more of the global in-phase and quad-
rature-phase signals to determine an error in the rotation angle.
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Apparatus comprising an antenna array

Field

The present invention relates to apparatus comprising an antenna array.

Background
In a phased array antenna as described, for example, in WO 2010/007442 A1, the phase of

baseband or intermediate frequency (IF) signals associated with each antenna element can be
controlled in such a way as to enable the phased array antenna to automatically align with a
transmission source such as a satellite. This control can be achieved, for example, by adjusting

the phase of an oscillator used to demodulate the received radio frequency (RF) signals.

Summary

According to a first aspect of the present invention, there is provided apparatus comprising:
an antenna array;

a plurality of units, each unit configured to mix a radio frequency signal from one or
more of the antennas with oscillating signals having phases defined by a global signal and to
provide in-phase and quadrature-phase signals;

a constellation rotation system configured to, for each unit, rotate a constellation
point associated with the in-phase and quadrature-phase signals by a rotation angle to
provide adjusted in-phase and quadrature-phase signals;

signal buses for global in-phase and quadrature-phase signals configured to receive
the adjusted in-phase and quadrature-phase signals, respectively, from a plurality of the units;
and

a feedback system configured to, for each unit, compare one or more of the
adjusted in-phase and quadrature-phase signals with one or more of the global in-phase and

quadrature-phase signals to determine an error in the rotation angle.

According to a second aspect of the present invention, there is provided a method comprising,
for each of a plurality of radio frequency signals from an antenna array:

mixing the radio frequency signal with oscillating signals having phases defined by a
global signal and providing local in-phase and quadrature-phase signals;

rotating a constellation point associated with the local in-phase and quadrature-

phase signals by a rotation angle to provide adjusted in-phase and quadrature-phase signals;



10

15

20

25

30

84065223

adding the adjusted in-phase and quadrature-phase signals to global in-phase
and quadrature-phase signals, respectively; and

comparing one or more of the adjusted in-phase and quadrature-phase signals
with one or more of the global in-phase and quadrature-phase signals to determine an

error in the rotation angle.

Thus, an alternative way of adjusting in-phase and quadrature-phase signals can be
provided. Furthermore, since the apparatus has fewer high-frequency (e.g. RF and/or IF)
elements involved in adjusting the signals, the apparatus can be more cost efficient to

produce and/or can perform more effectively (e.g. have a higher signal-to-noise ratio).

According to another aspect of the present invention, there is provided an apparatus
comprising: an antenna array; a plurality of units, each unit configured to mix a radio
frequency signal from one or more of the antennas with oscillating signals having phases
defined by a common reference source and to provide in-phase and quadrature-phase
signals; a constellation rotation system configured to, for each unit, rotate a constellation
point associated with the in-phase and quadrature-phase signals by a rotation angle to
provide adjusted in-phase and quadrature-phase signals; signal buses for global in-phase
and quadrature-phase signals configured to receive the adjusted in-phase and quadrature-
phase signals, respectively, from a plurality of the units; and a feedback system configured
to, for each unit, compare one or more of the adjusted in-phase and quadrature-phase
signals with one or more of the global in-phase and quadrature-phase signals to determine

an error in the rotation angle.

According to still another aspect of the present invention, there is provided a method
comprising, for each of a plurality of radio frequency signals from an antenna array: mixing
the radio frequency signal with oscillating signals having phases defined by a common
reference source and providing in-phase and quadrature-phase signals; rotating a
constellation point associated with the in-phase and quadrature-phase signals by a rotation
angle to provide adjusted in-phase and quadrature-phase signals; adding the adjusted in-
phase and quadrature-phase signals to global in-phase and quadrature-phase signals,

respectively; and comparing one or more of the adjusted in-phase and quadrature-phase

Date Regue/Date Received 2021-10-20
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signals with one or more of the global in-phase and quadrature-phase signals to determine

an error in the rotation angle.

Brief Description of the Drawings

Certain embodiments of the present invention will now be described, by way of example
only, with reference to the accompanying drawings in which:

Figure 1A illustrates a phased array antenna;

Figure 1B illustrates components of the phased array antenna of Figure 1A;

Figure 2 illustrates one of a plurality of circuitry elements included in the phased array
antenna of Figures 1A and 1B;

Figure 3 illustrates a demodulator included in the circuitry element of Figure 2;

Figure 4A illustrates a constellation rotation;

Figure 4B illustrates a constellation rotator included in the circuitry element of Figure 2;
Figure 5A illustrates a determination of an error in a rotation angle;

Figure 5B illustrates a feedback unit included in the circuitry element of Figure 2;

Figure 6 illustrates a process performed by the phased array antenna of Figures 1A and 1B.

Detailed Description of the Certain Embodiments

Phased array antenna
Referring in particular to Figures 1A and 1B, a phased array antenna 100 (hereinafter

referred to as an antenna) will now be described.

The antenna 100 is preferably configured to receive satellite communications signals

comprising data signals which are quadrature-modulated onto RF carrier waves. The

Date Regue/Date Received 2021-10-20
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modulation scheme may be, for example, quadrature phase shift keying {QPSK). Examples of

such signals are described in European standard ETSI EN 302 307 V1.2.1 (2009-08).

The antenna 100 is preferably further configured to transmit signals. However, features

associated with transmission are generally not described herein.

Referring in particular to Figure 1A, the antenna 100 includes a plurality of antenna elements
102,...102y for receiving RF signals. For example, the antenna 100 may include tens or
hundreds of antenna elements 102. The antenna 100 may include one or more antenna
modules 103 (hereinafter referred to as panels). In this example, the antenna 100 only
includes one panel 103. In other examples, the antenna may include more panels 103, for
example in order to increase a maximum data throughput. Each panel 103 includes an
enclosure 105 which has a thin (e.g. 1-inch high) cuboid shape. Thus, the antenna 100 has a
form factor which can be particularly advantageous for installing e.g. on vehicles, where
protrusions are preferably minimised. The antenna elements 102 are preferably included on
one of two major surfaces (e.g. a top surface) of the enclosure 105, and circuitry (not shown in

this figure) is preferably included in the interior of the enclosure 105.

Referring in particular to Figure 1B, the antenna 100 includes a plurality of circuitry elements
104,...104y. Preferably, each antenna element 102 is operatively connected to one circuitry
element 104 and vice versa. However, this need not be the case. The antenna 100 includes
first and second signal buses 106, 107. The first signal bus 106 is for carrying a global in-phase
signal, and the second signal bus 107 is for carrying a global quadrature-phase signal. Each
signal bus 106, 107 preferably includes a differential pair (denoted by bold lines). This enables
the global signals to have higher signal-to-noise ratios. Each circuitry element 104 is
operatively connected to the first and second signal buses 106, 107. The antenna 100 includes
a source 108 (hereinafter referred to as a reference source) of a signal (hereinafter referred to
as a reference signal) oscillating with a certain frequency and phase. In this example, the
reference signal has a frequency corresponding to the carrier frequency of the signals which
the antenna 100 is configured to receive. In other examples, the reference signal may have a
different frequency. The reference source 108 may include a frequency synthesiser
configured to generate the reference signal from a lower-frequency signal. Each circuitry
element 104 is operatively connected to the reference source 108. The antenna 100

preferably includes circuitry 110 (hereinafter referred to as a global controller) configured to
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4
perform functions which will be described below. Each circuitry element 104 is operatively

connected to the global controller 110. The antenna 100 preferably includes an interface 112.
The interface 112 is preferably operatively connected to the first and second signal buses 106,
107, the reference source 108 and the controller 110. The interface 112 is also connectable to

an external device such as a data processing device.

Circuitry element
Referring in particular to Figure 2, one of the circuitry elements 104 will now be described in

more detail.

The circuitry element 104 is configured to receive an RF signal from the antenna element 102
to which it is operatively connected and to provide adjusted in-phase and quadrature-phase
signals to the first and second signal buses 106, 107, respectively. The global in-phase and
quadrature-phase signals carried by the first and second signal buses 106, 107, respectively,
correspond to a superposition of the adjusted in-phase and quadrature-phase signals,
respectively, provided by a plurality of the circuitry elements 104. The adjusted in-phase and
quadrature-phase signals are continually adjusted to maximise the degree to which they are
correlated with (or, in other words, temporally alighed with) the global in-phase and

guadrature-phase signals.

The circuitry element 104 comprises first circuitry 202 (hereinafter referred to as a
demodulator), second circuitry 204 (hereinafter referred to as a constellation rotator), third
circuitry 206 (hereinafter referred to as an interface), fourth circuitry 208 (hereinafter referred

to as a feedback unit) and fifth circuitry 210 (hereinafter referred to as a local controller).

The demodulator 202 is configured to receive the RF signal from the antenna element 102.
The circuitry element 104 preferably comprises an amplifier 212, e.g. a low noise amplifier,
configured to amplify the RF signal. The demodulator 202 is configured to receive the
reference signal from the reference source 108. The demodulator 202 is configured to
provide local in-phase and quadrature-phase signals (denoted by | and Q, respectively) to the
constellation rotator 204. In this example, the local in-phase and quadrature-phase signals are

baseband signals.
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The constellation rotator 204 is configured to provide adjusted in-phase and quadrature-
phase signals (denoted by I’ and Q/, respectively) to the interface 206 and to the feedback unit
208.

The interface 206 is configured to provide the adjusted in-phase and quadrature-phase signals
to the first and second signal buses 106, 107, respectively. The interface 206 is further
configure to provide the global in-phase and quadrature-phase signals (denoted by I’ and Q”,
respectively) from the first and second signal buses 106, 107, respectively, to the feedback

unit 208.

The feedback unit 208 is configured to provide a feedback signal to the local controller 210.

Generally, a corresponding feedback signal is provided to the constellation rotator 204.

The local controller 210 is configured to communicate with one or more components of the
circuitry element 104, e.g. the interface 206 and the feedback unit 208, and with the global

controller 110, as will be described in more detail below.

Demodulator

Referring in particular to Figure 3, the demodulator 202 will now be described in more detail.

The demodulator 202 is configured to mix the RF signal from the antenna element 102 with
first and second oscillating signals having phases defined by the reference signal from the

reference source 108 and to provide the local in-phase and quadrature-phase signals.

The demodulator 202 includes first and second mixers 302, 302, and circuitry 304
(hereinafter referred to as a local oscillator). The local oscillator 304 is configured to receive
the reference signal from the reference source 108 and to provide the first and second
oscillating signals to the first and second mixers 302, 302,, respectively. The first and second
oscillating signals are preferably sinusoidal signals. Each of the first and second oscillating
signals has the same frequency as the reference signal and has a constant phase relationship
to the reference signal. For example, the phase of the first oscillating signal may be
substantially the same as the phase of the reference signal. The second oscillating signal is
offset, e.g. delayed, in phase by 1/2 radians relative to the first oscillating signal. The local

oscillator 304 preferably includes a phase-locked loop. The first and second mixers 3024, 302,
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6
are configured to mix the RF signal from the antenna element 102 with the first and second

oscillating signals, respectively.

The demodulator 202 includes first and second filters 306, 306,. The first and second filters
306,, 306, are configured to filter the output signals of the first and second mixers 302, 302,,
respectively. Each filter 306,, 306, is preferably configured to at least partly remove
frequency components outside a certain baseband. This includes at least partly removing the
sum frequency components produced by the first or second mixer 3024, 302,. The output
signals of the first and second filters 306,, 306, correspond to the local in-phase and

quadrature-phase signals, respectively

Various other modifications may be made to the demodulator 202. For example, the
demodulator 202 may include first and second analogue-to-digital converters (ADCs)
configured to convert the analogue output signals of the first and second filters 3064, 306,,

respectively, to digital signals. Each ADC may include a quantiser.

Constellation rotator
Referring in particular to Figures 4A and 4B, the constellation rotator 204 will now be

described in more detail.

The constellation rotator 204 is configured to rotate a constellation point associated with the
local in-phase and quadrature-phase signals from the demodulator 202 by an angle indicated
by a feedback signal generally originating from the feedback unit 208, thereby providing the

adjusted in-phase and quadrature-phase signals.

As lllustrated in Figure 4A, the local in-phase and quadrature-phase values (I,Q) may be
associated with a constellation point with polar co-ordinates (r, (p), wherein / = rcos(cp) and
Q= rsin((p). As will be explained in more detail below, the feedback signal is generally
indicative of a phase difference a between the local and the global signals and hence an angle
—o by which the local signals should be rotated to temporally align them with the global
signals. a is preferably defined to be an angle between -t and +mn radians, wherein positive
values correspond to the local signals being in advance of the global signals. Rotating the

constellation point associated with the local signals by an angle —-a provides a rotated



10

15

20

25

30

CA 02977013 2017-08-17

WO 2015/128632 PCT/GB2015/050532

7
constellation point with polar co-ordinates (r,(p—a). The adjusted in-phase (I') value

associated with the rotated constellation point may be expressed as:

I'=rcos(p—a)=rcos(p)cos(a )+rsin(p)sin(a ) =/ cos(a )+ Qsin(a ) -

The adjusted quadrature-phase (Q’) value associated with the rotated constellation point may

be expressed as:

Q' =rsin(@ —a )= rsin(p)cos(a ) - cos(p)sin(e )= Qcos(a ) —Isin(at ) -

In other words, the adjusted in-phase and quadrature-phase signals respectively correspond
to first and second weighted sums of the local in-phase and quadrature-phase signals, the

weights thereof corresponding to suitable trigonometric functions of the angle o .

As will be described in more detail below, the feedback unit 208 is configured to detect a
phase difference between the adjusted and global signals and hence an error Aa in the
current angle a . The feedback unit 208 is configured to update the angle accordingly to

a+Ao .

In other examples, other equivalent functions may be used to obtain the same or similar
adjusted in-phase and quadrature-phase values. Approximate functions, e.g. approximations
of the trigonometric functions, may also be used. Furthermore, other functions, e.g. other
types of weighted sums (or other combinations) of local in-phase and quadrature-phase

signals, may be used, particularly in combination with a suitably-configured feedback unit 208.

Referring in particular to Figure 4B, in this example, the constellation rotator 204 comprises
circuitries 4024, 402, configured to convert the local in-phase and quadrature-phase signals,
respectively, from voltage signals to differential current signals. In other examples, the signals
from the demodulator 202 may be in a different form and/or the constellation rotator 204

may be configured to operate with signals in a different form.

In this example, the feedback signal comprises a first feedback signal which is a digital signal
representing the cosine of the phase difference between the local and global signals and a
second feedback signal which is digital signal representing the sine of this phase difference.

The constellation rotator 204 includes first and second DACs 4044, 404, configured to convert
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8
the first and second feedback signals, respectively, to analogue signals. Each analogue signal
may correspond to a voltage signal with a certain range, e.g. between -1 and +1 volts. In
other examples, the first and second DACs 404, 404, may be included in another part of the
antenna 100. In some examples, the constellation rotator 204 may be configured to

determine the cosine and the sine of the angle.

The constellation rotator 204 includes first, second, third and fourth multipliers 406,, 406,,
4063, 4064. The output signal from the first DAC 404, is provided to inputs of the second and
fourth multipliers 406,, 406,. The output signal from the second DAC 404, is provided to
inputs of the first and third multipliers 406,, 406;. The local in-phase signal is provided to
inputs of the first and second multipliers 406,, 406,. The local quadrature-phase signal is
provided to inputs of the third and fourth multipliers 4065, 406,. Each of the output signals of
first, second, third and fourth multipliers 4064, 406,, 4063, 406, is a differential current signal.
The output signal of the first multiplier 406 is inverted. The output signal of the second
multiplier 406, is added to the output signal of the third multiplier 406; to produce the
adjusted in-phase signal. The inverted output signal of the first multiplier 406, is added to the

output signal of the fourth multiplier 406, to produce the adjusted quadrature-phase signal.

Various other modifications may be made to the constellation rotator 204. For example, the
same functions may be implemented using a different combination of analogue and/or digital
elements. Where different functions are used to determine the adjusted in-phase and
quadrature-phase signals, as described above, the constellation rotator 204 may be

configured accordingly.

Instead of a single constellation rotator 204, the circuitry element 102 may comprise a first
constellation rotator configured to provide adjusted in-phase and quadrature-phase signals to
the interface 206 and a second constellation configured to provide adjusted in-phase and

quadrature-phase signals to the feedback unit 208.

Interface

Referring in particular to Figure 2, the interface 206 will now be described in more detail.

The interface 206 is preferably configured to selectively provide the adjusted in-phase and

gquadrature-phase signals to the first and second buses 106, 107, respectively. As will be
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explained in more detail below, this can enable the integrity of the global signals to be
preserved, for example even if there is an irregularity with one or more of the antenna
elements 102 and/or circuitry elements 104. The interface 206 comprises first and second
circuitries 214, 214, (hereinafter referred to as switches). Each of the first and second
switches 2144, 214, is configured to receive a signal (hereinafter referred to as an inhibit
signal) from the global controller 110 and/or the local controller 210 and to control whether

or not the adjusted signal is provided to the signal bus 106, 107 accordingly.

Various other modifications may be made to the interface 206. For example, the interface
206 may include third and fourth circuitries configured to convert the global in-phase and
guadrature-phase signals, respectively, from differential current signals to voltage signals. The
interface 206 may be configured to weight the adjusted in-phase and quadrature-phase

signals.

Feedback unit
Referring in particular to Figures 5A and 5B, the feedback unit 208 will now be described in

more detail.

The feedback unit 208 is configured to compare one or more of the adjusted in-phase and
guadrature-phase signals with one or more of the global in-phase and quadrature-phase
signals to determine the phase difference between the adjusted and global signals and hence

the error in the angle used by the constellation rotator 204.

In this example, the feedback unit 208 is configured to compare the adjusted in-phase signal
with the global in-phase signal and to compare the adjusted quadrature-phase signal with the
global quadrature-phase signal to determine a first parameter indicative of a degree of
correlation between the adjusted and global signals. In other examples, only one of these
comparisons may be used to determine the first parameter. Furthermore, in this example, the
feedback unit 208 is configured to compare the adjusted in-phase signal with the global
quadrature-phase signal and to compare the adjusted quadrature-phase signal with global in-
phase signal to determine a second parameter indicative of a degree of correlation between
the in-phase and quadrature-phase signals. In other examples, only one of these comparisons

may be used to determine the second parameter.
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Because, in the original signal, the in-phase and quadrature-phase signals are independent of
each other, i.e. orthogonal, any correlation between, for example, the adjusted in-phase signal
and the global quadrature-phase signal is indicative of ‘cross-contamination’ between the in-
phase and quadrature-phase signals due to a phase difference between the adjusted and

global signals.

The feedback unit 208 is preferably configured to determine the phase difference between
the adjusted and global signals as a function of the first and second parameters, in particular
as a suitable inverse trigonometric function of a combination of the first and second

parameters.

Referring in particular to Figure 5A, if the first parameter (indicative of a degree of correlation
between the adjusted and global signals) is plotted on the y-axis and the second parameter
(indicative of a degree of correlation between the in-phase and quadrature-phase signals) is
plotted on the x-axis, then the phase difference between the adjusted and global signals
(denoted by Aa) may be determined to be the angle between the (vertical) line which is the
positive part of the y-axis and the line from the origin to the point whose y- and x-coordinates
are defined by the first and second parameters, respectively. The angle is preferably defined
such that is between -m and +nr radians, wherein positive values correspond to the adjusted
signals being in advance of the global signals. In this example, the second parameter is
determined such that it is positive if the adjusted signals are in advance of the global signals.
Accordingly, the angle corresponds to the arctangent of the ratio of the second parameter to
the first parameter for angles between -n/4 and +1t/4 radians, by t minus the arctangent of
the ratio of the first parameter to the second parameter for angles between +1/4 and +3n/4

radians, and so forth.

Referring in particular to Figure 5B, the feedback unit 208 comprises first, second, third and
fourth circuitries 5014, 501,, 501;, 501, The first, second, third and fourth circuitries 501,
501,, 5013, 501, are configured to convert the adjusted in-phase and quadrature-phase signals
from the constellation rotator 204 and the global in-phase and guadrature-phase signals from
the interface 206, respectively, from differential current signals to voltage signals. Each of the
circuitries 5014, 5015, 5013, 501, is also configured to 1-bit quantise the signal. In particular,
each of the circuitries 501;, 501,, 5013, 501, is configured to provide an output signal with a

binary value, e.g. a high or low voltage signal, which depends upon whether an input signal is



10

15

20

25

30

CA 02977013 2017-08-17

WO 2015/128632 PCT/GB2015/050532

11
above or below a certain threshold level. In other examples, the signals may be provided in a
different form and/or the feedback unit 208 may be configured to operate in relation to

signals in a different form.

The feedback unit 208 comprises first, second, third and fourth exclusive-or (XOR) gates 502;,
502;, 5023, 402,. The 1-bit-quantised adjusted and global in-phase signals are provided to the
inputs of the first XOR gate 502,. The 1-bit-quantised adjusted and global quadrature-phase
signals are provided to the inputs of the third XOR gate 502;. The 1-bit-quantised adjusted in-
phase signal and the global quadrature-phase signal are provided to the inputs of the second
XOR gate 502;. The 1-bit-quantised adjusted quadrature-phase signal and the global in-phase

signal are provided to the inputs of the fourth XOR gate 502,.

The output signals of the first, second, third and fourth XOR gates 502,, 502,, 5025, 404, are
provided to circuitry 504 (hereinafter referred to as calculating unit) configured to determine
the phase difference between the adjusted and global signals. The calculating unit 504
comprises first and second counters (not shown). The counters are clocked with a suitable
frequency, e.g. a frequency similar to the baseband symbol rate. The clocking need not be

synchronised with the baseband symbols.

The output signals of the first and third XOR gates 502, 5023 are provided to the first counter,
which is configured to provide a signal which corresponds to the first parameter. The first
counter is incremented by 1 if (when the counter is clocked) the output signal of the first XOR
gate 502 is high, i.e. if the adjusted and global in-phase signals are the same, i.e. both high or
both low. Otherwise, the first counter is decremented by 1. The first counter is incremented
by 1 if (when the counter is clocked) the output signal of the third XOR gate 5025 is high, i.e. if
the adjusted and global quadrature-phase signals are the same. Otherwise, the first counter is

decremented by 1.

The output signals of the second and fourth XOR gates 502,, 502, are provided to the second
counter, which is configured to provide a signal which corresponds to the second parameter.
The second counter is incremented by 1 if (when the counter is clocked) the output signal of
the second XOR gate 502, is high, i.e. if the adjusted in-phase signal and the global
quadrature-phase signal are the same. Otherwise, the second counter is decremented by 1.

The second counter is incremented by 1 if (when the counter is clocked) the output signal of
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the fourth XOR gate 502, is high, i.e. if the adjusted quadrature-phase signal and the global in-

phase signal are the same. Otherwise, the second counter is decremented by 1.

In some examples, the calculating unit 504 is configured to use the values of the first and
second counters, i.e. the first and second parameters, when one of the first and second
counters reaches full scale (either positive or negative). In other examples, the calculating
unit 504 may use the values of the first and second counters at different instances, e.g.
periodically. After using the values of the first and second counters, the calculating unit 504 is
configured to reset the first and second counters. The calculating unit 504 is also preferably
configured to reset the first and second counters in response to a signal (hereinafter referred
to as a reset signal) from the global controller 110 and/or the local controller 210, as will be
described below. The calculating unit 504 is configured to determine the phase difference
between the adjusted and global signals and hence the error in the current rotation angle
from the first and second parameters as described above. The calculating unit 504 is
configured to update the rotation angle to correct for the error therein and provide a

feedback signal indicative of the updated rotation angle to the constellation rotator 204.

Various other modifications may be made to the feedback unit 208. For example, instead of
the XOR gates 502,, 502,, 5023, 404,, the feedback unit 208 may include different types of

comparators.

Global and local controllers
Referring in particular to Figure 2, the global controller 110 and the local controller 210 will

now be described.

The global controller 110 and the local controller 210 are configured to communicate with one

another and together to perform several control functions.

The global controller 110 is preferably configured to receive the feedback signal from the
feedback unit 208 via the local controller 210, and to provide a corresponding feedback signal
to the constellation rotator 204 via the local controller 210. The local controller 210 may
merely forward these signals or it may modify them, e.g. by calculating the sine and cosine of
the rotation angle. The global controller 110 is configured to set initial values of the rotation

angles for the plurality of circuitry elements 104...104y. As will be appreciated, these values
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may be determined based upon information about an approximate position of a transmission
source, e.g. a satellite. In this way, the antenna 100 can be initially aligned with the
transmission source. This can be performed when the antenna 100 is initialised and/or in
response to an event, e.g. a selection of a new transmission source. Thereafter, the rotation
angles are determined by the feedback units 208 as described above, and the antenna 100

automatically precisely aligns with the transmission source.

The global controller 110 and/or the local controller 210 is/are preferably configured to
provide an inhibit signal to control selective provision of the adjusted in-phase and
quadrature-phase signals to the first and second buses 106, 107, respectively, as described
above. The inhibit signal may be provided in response to information from the feedback unit
208 meeting one or more criteria. For example, the inhibit signal may be provided when the
first parameter indicative of the degree of correlation between the adjusted and global signals
is below a certain threshold value for a certain amount of time. The inhibit signal may also be

provided in response to a user command.

The global controller 110 and/or the local controller 210 is/are configured to provide a reset
signal to cause the calculating unit 504 in the feedback unit 208 to reset the first and second
counters, as described above. The global controller 110 and/or the local controller 210 is/are
preferably configured to provide the reset signal when the antenna 100 is initialised and/or in

response to an event, e.g. a selection of a new satellite.

Process performed by the apparatus

Referring to Figure 6, a process performed by the apparatus 100 will now be described.

The process starts at step S600. The subsequent steps are performed for each of a plurality of

radio frequency signals from an antenna array.

At a first step S602, the RF signal is demodulated using a global reference signal. In particular,
the RF signal is mixed with first and second oscillating signals having phases defined by the
global reference signal. Thus, local in-phase and quadrature-phase signals (1 and Q) are

provided.
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At a second step 5604, an initial value of a rotation angle is determined if appropriate, for
example if the antenna 100 has been initialised. The initial value may be determined based,

for example, upon information about a position of a transmission source.

At a third step S606, a constellation point associated with the local in-phase and quadrature-
phase signals is rotated by the rotation angle. Thus, adjusted in-phase and quadrature-phase
signals (I’ and Q') are provided. The adjusted in-phase and quadrature-phase signals
preferably respectively correspond to first and second weighted sums of the local in-phase
and quadrature-phase signals, the weights thereof corresponding to suitable trigonometric

functions of the rotation angle.

At a fourth step S608, the adjusted in-phase and quadrature-phase signals are added to global
in-phase and quadrature-phase signals (1” and Q”), respectively. The adding is preferably
selective. For example, the adjusted signals are not added if one or more certain criteria are

met.

At a fifth step S610, the adjusted and global signals are compared to determine the phase
difference therebetween and hence the error in the rotation angle. The comparing preferably
includes comparing the adjusted in-phase signal with the global in-phase signal and the
adjusted quadrature-phase signal with global quadrature-phase signal to determine a first
parameter indicative of a degree of correlation between the adjusted and global signals. The
comparing preferably also includes comparing the adjusted in-phase signal with the global
quadrature-phase signal and the adjusted quadrature-phase signal with global in-phase signal
to determine a second parameter indicative of a degree of correlation between the in-phase
and quadrature-phase signals. The error in the rotation angle is then preferably determined
as a suitable inverse trigonometric function of a combination of the first and second

parameters. The rotation angle is then updated to take account of the error therein.

The process then returns to step S602.

Modifications

It will be appreciated that many other modifications may be made to the embodiments

hereinbefore described.
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Structural or functional features described as being included in or associated with certain
components or modules of the antenna 100 may instead be included in one or more other

components or modules of the antenna 100.

For example, the calculating unit 504 and the local controller 210 may form part of the same

circuitry.

Furthermore, some or all of the operations relating to the processing of digital signals may be
performed in the same circuitry, e.g. in the global controller 110. This may include operations
described above as being performed by the constellation rotator 204 and the feedback unit
208. In such examples, the required signalling between, for example, the circuitry element
104 and the global controller 110 is at baseband and so is not subject to the disadvantages,

e.g. related to noise, which are associated with signalling at higher frequencies.

Instead of corresponding to a homodyne receiver, the circuitry element 104 may correspond
to a heterodyne receiver. In such examples, the demodulator 202 may be configured to
provide local in-phase and quadrature IF signals, which may be processed by the other
components of the circuitry element 104 equivalently to as described above. The signal buses
106, 107 may be configured to carry global IF signals, which may be subsequently

demodulated.

The antenna 100 may include one or more further components.

The antenna 100 may include any suitable ones of the features of any of the phased array
antennas described in WO 2010/007442 A1, in addition to, or instead of, the features
described herein. For example, instead of the feedback unit 208, the antenna 100 may

include the phase feedback arrangement 536 of Figure 5 of WO 2010/007442 A1l.

The antenna 100 may be configured to rotate the constellation using a controllable oscillator

as described in WO 2010/007442 Al.

As used in this application, the term circuitry refers to all of the following:
(a) hardware-only circuit implementations (such as implementations in only analogue and/or

digital circuitry) and
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(b) to combinations of circuits and software (and/or firmware), such as (as applicable): (i) to a
combination of processor(s) or (ii) to portions of processor(s)/software (including digital signal
processor(s)), software, and memory(ies) that work together to cause an apparatus to
perform various functions) and

(c) to circuits, such as a microprocessor(s) or a portion of a microprocessor(s), that require

software or firmware for operation, even if the software or firmware is not physically present.
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CLAIMS:

1. An apparatus comprising:

an antenna array;

a plurality of units, each unit configured to mix a radio frequency signal from one or
more of the antennas with oscillating signals having phases defined by a common reference
source and to provide in-phase and quadrature-phase signals;

a constellation rotation system configured to, for each unit, rotate a constellation
point associated with the in-phase and quadrature-phase signals by a rotation angle to provide
adjusted in-phase and quadrature-phase signals;

signal buses for global in-phase and quadrature-phase signals configured to receive
the adjusted in-phase and quadrature-phase signals, respectively, from a plurality of the units;
and

a feedback system configured to, for each unit, compare one or more of the adjusted
in-phase and quadrature-phase signals with one or more of the global in-phase and quadrature-

phase signals to determine an error in the rotation angle.

2. The apparatus according to claim 1, wherein the feedback system is configured to:

compare the adjusted in-phase signal with the global in-phase signal and/or compare
the adjusted quadrature-phase signal with global quadrature-phase signal to determine a first
parameter indicative of a degree of correlation therebetween;

compare the adjusted in-phase signal with the global quadrature-phase signal and/or
compare the adjusted quadrature-phase signal with global in-phase signal to determine a second
parameter indicative of a degree of correlation therebetween; and

determine the error in the rotation angle as a function of the first and second

parameters.

3. The apparatus according to claim 2, wherein the error in the rotation angle is a

suitable inverse trigonometric function of a combination of the first and second parameters.

4, The apparatus according to any one of claims 1 to 3, wherein the feedback system is

configured to compare the signals using an exclusive-or gate.

Date Regue/Date Received 2021-10-20
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5. The apparatus according to any one of claims 1 to 4, wherein the adjusted in-phase
and quadrature-phase signals respectively correspond to first and second weighted sums of the

in-phase and quadrature-phase signals.

6. The apparatus according to claim 5, wherein the weights in the first and second

weighted sums correspond to suitable trigonometric functions of the rotation angle.

7. The apparatus according to claim 6, wherein the weights of the in-phase and
guadrature-phase signals in the first weighted sum respectively correspond to the cosine of the
rotation angle and the sine of the rotation angle, and the weights of the in-phase and quadrature-
phase signals in the second weighted sum respectively correspond to minus one multiplied by the

sine of the rotation angle and the cosine of the rotation angle.

8. The apparatus according to any one of claims 1 to 7, wherein the apparatus is
configured to selectively provide the adjusted in-phase and quadrature-phase signals to the signal

buses.

9. The apparatus according to any one of claims 1 to 8, wherein each of the signal buses

carries differential current signals.

10. A method comprising, for each of a plurality of radio frequency signals from an
antenna array:

mixing the radio frequency signal with oscillating signals having phases defined by a
common reference source and providing in-phase and quadrature-phase signals;

rotating a constellation point associated with the in-phase and quadrature-phase
signals by a rotation angle to provide adjusted in-phase and quadrature-phase signals;

adding the adjusted in-phase and quadrature-phase signals to global in-phase and
guadrature-phase signals, respectively; and

comparing one or more of the adjusted in-phase and quadrature-phase signals with
one or more of the global in-phase and quadrature-phase signals to determine an error in the

rotation angle.

11. The method according to claim 10, wherein the comparing comprises:

Date Regue/Date Received 2021-10-20
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comparing the adjusted in-phase signal with the global in-phase signal and/or
comparing the adjusted quadrature-phase signal with global quadrature-phase signal to
determine a first parameter indicative of a degree of correlation therebetween;

comparing the adjusted in-phase signal with the global quadrature-phase signal
and/or comparing the adjusted quadrature-phase signal with global in-phase signal to determine
a second parameter indicative of a degree of correlation therebetween; and

determining the error in the rotation angle as a function of the first and second

parameters.

12. The method according to claim 11, wherein the error in the rotation angle is a

suitable inverse trigonometric function of a combination of the first and second parameters.

13. The method according to any one of claims 10 to 12, wherein the adjusted in-phase
and quadrature-phase signals respectively correspond to first and second weighted sums of the

in-phase and quadrature-phase signals.

14. The method according to claim 13, wherein the weights of the first and second

weighted sums correspond to suitable trigonometric functions of the rotation angle.

15. The method according to claim 14, wherein the weights of the in-phase and
guadrature-phase signals in the first weighted sum respectively correspond to the cosine of the
rotation angle and the sine of the rotation angle, and the weights of the in-phase and quadrature-
phase signals in the second weighted sum respectively correspond to minus one multiplied by the

sine of the rotation angle and the cosine of the rotation angle.

16. The method according to any one of claims 10 to 15, wherein the adding comprises
selectively adding the adjusted in-phase and quadrature-phase signals to the global in-phase and

guadrature-phase signals.

17. The method according to any one of claims 10 to 16, comprising determining an
initial value of the rotation angle for each of the plurality of radio frequency signals based upon

information about a position of a transmission source.

Date Regue/Date Received 2021-10-20
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