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(54) Signal receiver and method for aligning antenna for reception of at least two signals

(57) In a signal receiver provided with an antenna
(111), an antenna alignment controller (141) incorpo-
rates an available signals detector (142) searching for
available signals, a critical signals selector (144) select-
ing critical signals, a critical signals analyzer (145) cycli-
cally measuring the quality of critical signals and a signal

information generator (143) providing concurrently the
quality of at least two available signals at the alignment
interface. The antenna alignment controller (141) can be
implemented as software or may constitute a separate
hardware element of the receiver or software operated
by one of receiver blocks.
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Description

[0001] The invention concerns a signal receiver and a
method for aligning an antenna for reception of at least
two signals.

[0002] The quality of signals received by an antenna
depends on an antenna alignment in relation to a signal
source. The signals can be received either by adjusting
the antenna position for each signal individually, or de-
termining the optimal antenna position for optimal recep-
tion of all signals.

[0003] There are many devices equipped with an an-
tenna, where the quality of received signals depends on
antenna alignment. For example, a digital terrestrial tel-
evision receiver (commonly called a "set-top box") is sup-
posed to receive signals broadcast from various terres-
trial transmitters. When installing the receiver at a house-
hold, the antenna should be placed in an optimal position,
which will guarantee good quality of signals available for
reception in the area.

[0004] The US Patent No. 4,893,288 entitled "Audible
antenna alignment apparatus" presents an arrangement
for aligning an antenna, in which an audio signal is pro-
duced, which helps in determining the proper antenna
alignment. The audio signal parameters are proportional
to the quality of the received signal. However, only a sin-
gle signalis measured, therefore the method is inefficient
for aligning the antenna for optimal reception of several
signals broadcast from various sources.

[0005] TheEuropeanPatentNo. 1014481 entitled "An-
tenna alignment method and device" presents a method
for aligning an antenna, which involves at least two meth-
ods for measuring the quality of the received signal. The
first method is used to determine whether a signal has
been received, and the second method is used to meas-
ure the quality of the received signal. This method also
involves measuring of parameters of a single signal.
[0006] The US Patent No. 6,229,480 entitled "System
and method for aligning an antenna" presents a system
for determining an acceptable antenna alignment for
each of a number of channels. Since the acceptable
alignment is determined for each channel individually,
the antenna position has to be adjusted for each signal
source change. This requires antenna rotation means or
requires the user to adjust the position manually, which
in both cases increases the time of tuning to a selected
channel.

[0007] Thus, the drawback of the known methods is
that they do not provide an efficient way of aligning an
antenna for optimal reception of several signals. The user
is provided with data related to a single signal at a time,
therefore the antenna alignment may be adjusted only
for optimal reception of a signal from a single source.
[0008] The purpose of the invention is to provide a sig-
nal receiver and a method for aligning an antenna, where
data related to quality of at least two signals are provided
concurrently, which allows adjusting the antenna align-
ment for optimal reception of at least two signals.
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[0009] The idea of the invention is that in a method for
aligning an antenna for reception of at least two signals,
where the antenna is connected to a signal receiver pro-
vided with an alignment interface, the method comprises
an initial scanning performed at an initial antenna posi-
tion, changing a position of the antenna starting from the
initial position and determining an optimal position of the
antenna on the basis of information provided at the align-
ment interface. The specific features of this method is
that while the initial scanning, a search is performed for
available signals, and while the changing of the position
of the antenna, quality of at least two available signals is
cyclically measured and the quality of at least two avail-
able signals is provided concurrently at the alignment
interface for finding the optimal position of the antenna.
[0010] The quality of available signals can measured
as a function of the SNR of the available signals.
[0011] Further features of the method for aligning the
antenna for reception of at least two signals is that while
the initial scanning, quality of available signals is meas-
ured, and critical signals are selected from the available
signals according to critical signals selection criteria, and
while the changing of the position of the antenna, the
signals whose quality is cyclically measured are the crit-
ical signals.

[0012] Preferably, the critical signals selection criteria
are setby the user manually and specify the signals which
are to be determined as critical and/or a value of a signal
indicator below which a signal is to be determined as
critical and/or a number of signals of the worst quality
that are to be determined as critical.

[0013] Quality of critical signals can be provided along
with an average of critical signals quality and/or a position
indicator, which informs about a value of the average of
quality of critical signals for antenna positions that have
been analyzed.

[0014] Preferably, the antenna position is determined
to be optimal when an average of quality of critical signals
is above a predetermined level.

[0015] While the changing of the position of the anten-
na, the end of measurement cycle can be indicated after
the quality of all critical signals have been measured and
a new set of critical signals can be selected after the end
of measurement cycle is indicated.

[0016] Preferably, after the end of measurement cycle
isindicated, the measurement of critical signals is paused
for a predefined time.

[0017] The alignment interface can be a display.
[0018] The signal receiver can provided with an anten-
na position optimizer and the alignment interface can be
a display and/or the interface of the antenna position op-
timizer.

[0019] The antenna position can be determined to be
optimal by the user of the signal receiver subjectively.
[0020] Preferably, while the changing of the position
of the antenna, after the end of the measurement cycle,
the position of the antenna is stored as a probable optimal
antenna position if the average quality of the received
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signals is higher than the highest average quality meas-
ured in previous measurement cycles, and after all an-
tenna positions have been analyzed, the optimal antenna
position is determined to be the last stored probable op-
timal antenna position.

[0021] Preferably the antenna position is determined
to be optimal for all antenna positions at which the quality
of all signals provided at the alignment interface is above
a predetermined level.

[0022] The antenna position can be determined to be
optimal at a position at which quality of signals chosen
by a user has the highest value and the antenna position
isina position range in which the quality of signals chosen
by the user is above a predetermined level.

[0023] Furthermore, the idea of the invention is that a
signal receiver provided with an antenna for reception of
at least two signals, an antenna alignment interface, a
signal receiving block receiving signals and measuring
quality of received signals and a receiver controller con-
nected to the signal receiving block for controlling the
signal receiving block, is additionally provided with an
antenna alignment controller comprising an available sig-
nals detector searching for available signals, a critical
signals selector selecting critical signals, a critical signals
analyzer cyclically measuring the quality of critical signals
and a signal information generator providing concurrently
the quality of at least two available signals at the align-
ment interface.

[0024] The antenna can be provided with an antenna
rotator and the antenna alignment controller can com-
prise an antenna position optimizer determining automat-
ically the optimal antenna position.

[0025] The alignment interface can be the interface of
the antenna position optimizer and/or the display.
[0026] The invention will now be described by way of
example and with reference to the accompanying draw-
ings in which:

Fig. 1 presents a block diagram of a signal receiver;
Fig. 2 presents a basic method for aligning an an-

tenna;
Fig. 3 presents an extended method for aligning an
antenna;
Fig. 4 presents a display screen with signal quality
indicators;
Fig. 5 presents an exemplary plot of received signals
quality; and
Fig. 6 presents a method for automatic alignment of
an antenna.

[0027] A digital terrestrial television receiver 101,

shown in Fig. 1, is one of embodiments of signal receiv-
ers. Preferably, the digital television receiver 101 is a
typical receiver for home use. Alternatively, it can be a
special service receiver, which is used only for aligning
the antenna, and after the optimal alignment is found,
the user receiver for home use is put in place of the spe-
cial service receiver. The receiver is provided with a sig-
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nal receiving block 131 comprising a tuner and a demod-
ulator. The signal receiving block 131 receives an RF
signal from an antenna 111, which may be provided with
an antenna rotator 112 for automatic positioning of the
antenna 111. The demodulated signal is transmitted as
a digital stream (for example, a Transport Stream TS in
accordance with the MPEG-2 standard) to areceiver con-
troller 132, which controls the operation of the signal re-
ceiving block 131 and other elements of the receiver. The
receiver controllerincorporates a signal processing block
133 for demultiplexing, descrambling, decoding and dis-
playing the received digital stream. The signal processing
block provides means for presenting information on the
display 121, for example, an OSD (On-Screen Display)
system. Inthe embodiment shown, the receiver controller
operates an antenna alignment controller 141, which is
implemented as software. However, in other embodi-
ments, the antenna alignment controller 141 may consti-
tute a separate hardware element of the receiver or soft-
ware operated by another receiver block.

[0028] The receiver controller 132 communicates with
the signal receiving block 131 via a Control interface,
through which it sends various commands, such as a
command requesting the reception of a specific signal.
The Control interface is also used for transmission of
signal quality indicators from the signal receiving block
131 to the receiver controller 132. The demodulated
stream of digital data is sent to the signal processing
block 133 of the receiver controller 132 via a TS interface.
[0029] The antenna alignment controller 141 provides
the functionality for aligning the antenna for optimal re-
ception of at least two signals. It comprises several in-
teroperable blocks, the most important of which are
shown in the drawing. An available signals detector 142
is used for searching for available signals that can be
received by the antenna. It communicates with the signal
receiving block 131 by sending commands for tuning to
successive frequencies in the whole frequency spectrum
and requesting a signal quality indicator for each availa-
ble signal. A critical signals selector 144, basing on the
critical signals selection criteria, selects the critical sig-
nals. A critical signals analyzer 145 operates in a loop,
in which the quality of critical signals is cyclically meas-
ured and displayed on the screen. The signal information
generator 143 provides indicators on quality of signals
to the alignment interface. The alignment interface can
be the display 121, on which information can be present-
ed by means of the OSD system of the signal processing
blocks 133. The display is thus an example of a graphical
user interface, which is best suited for manual antenna
alignment where the user perceives information present-
ed on the display. Alternatively, the alignment interface
may be the interface of the antenna position optimizer
146, which is used for automatic antenna alignment. Fur-
thermore, while automatic alignment, signal quality may
be provided both to the antenna position optimizer 146
and to the display 121, which allows the user to observe
the alignment process. The signal information generator
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may calculate the average signal quality and provide it
among other indicators.

[0030] The antenna alignment controller 141 may also
comprise an antenna position optimizer 146 for automatic
determining of the optimal antenna position. The optimiz-
er 146 has an interface for reading signal quality indica-
tors from the signal information generator 143. It has the
functionality of calculating the changes of the antenna
position by the antenna rotator and determining which
position of the antenna is optimal.

[0031] The quality of received signals can be meas-
ured in one of several ways, such as: the AGC (Automatic
Gain Control) signal of the tuner, or the SNR (Signal-to-
Noise ratio) or BER (Bit-Error Rate) indicator of the signal
received by the demodulator. AGC measurement is the
quickest method, but least reliable, since it provides only
the strength of the signal received by the tuner, not taking
into account the number of errors in the signal. The SNR
indicator provides basic information on the quality of sig-
nal in relation to noise and can be calculated relatively
fast. The BER indicator provides the most reliable results,
but its calculation is an order of magnitude slower than
the SNR indicator. The preferred signal quality indicator
is SNR, which provides quick and relatively reliable re-
sults. The choice of the indicator can be adjusted to the
specific configuration of the system.

[0032] The signal quality, depending on its value, may
be further classified into one of three categories, namely
"poor", "good" and "excellent".

[0033] The critical signals may be selected according
to critical signals selection criteria. The criteria specify
the conditions for signals to be classified as critical. For
example, critical signals may include all signals whose
quality is below a specific level, for example all "poor"
signals, orifthere are no "poor" signals, all "good" signals.
Alternatively, a predefined number (for example, 5) of
worst quality signals may be selected. Alternatively,
some or all of critical signals may be specified by the user
- this allows to align the antenna for optimal reception of
signals in which are most important for the user.

[0034] Fig. 2 presents a basic method for aligning an
antenna according to the invention. The method consists
of two parts, i.e. the initial scanning and the determining
the optimal position. The initial scanning, involving steps
201 and 202, is performed for an initially fixed antenna
position. In step 201 a search is performed for available
signals, and the quality of each available signal is meas-
ured. Inthe next step 202, the critical signals are selected
from the available signals according to critical signals
selection criteria. The optimal position is determined in
steps 203 to 205 for a changeable antenna position.
Steps 203-205 are performed cyclically until the antenna
position, and so the quality of the received signals, is
determined to be optimal. The antenna position may be
determined to be optimal by the user of the signal receiver
subjectively (assisted by signal quality indicators pre-
sented at the screen), or it may be determined automat-
ically, as described in more details in Fig. 3 and Fig. 6.
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While the quality of successive critical signals is cyclically
measured, the position of the antenna changes, i.e. it
may be changed automatically by the use of antenna
rotator or manually by the user. The cyclical measure-
ment is to be understood as a measurement where the
quality of successive signals is measured and after the
quality of the last signal has been measured, the meas-
urement starts from the first signal. The cyclical meas-
urement may be paused for performing additional com-
putations, selecting new set of signals or changing the
antenna position, but such pauses do not alter its cyclical
nature. The current quality of signals, as well as changes
corresponding to the antenna rotation, may be observed
on the alignment interface. This may be judged by the
user subjectively (when the interface is the display), or
by the antenna position optimizer as shown in Fig. 3 and
Fig. 6. In step 203 the signal quality of a critical signal is
measured. Next, in step 204, it is provided at the align-
ment interface concurrently with the qualities of other sig-
nals. The concurrent provision of signal quality indicators
in case when the alignment interface is a display is to be
understood as concurrentdisplaying the quality of atleast
two signals. In case when the alignment interface is the
interface of the antenna position optimizer, is to be un-
derstood as concurrent access of the optimizer to at least
two signal quality indicators, for example by buffers which
store the quality of at least two signals and the quality of
one signal is updated at each measurement cycle. Next,
in step 205, the signal receiving block is tuned to the next
critical signal.

[0035] Fig. 3 presents an extended method for aligning
an antenna. The initial scanning is performed in steps
301 and 302. Next, the quality of a critical signal is meas-
ured in step 303. The quality indicators are provided in
step 304 along with the average signal quality indicator,
described in details in Fig. 4. In step 305 it is checked if
all critical signals have been measured in the current ex-
ecution of the loop. If not, the signal receiving block is
tuned to the next signal in step 306. If all critical signals
have been measured in the current execution of the loop,
the end of loop, which is the end of measurement cycle,
is indicated in step 307, for example by an audio tone.
The audio tone may be useful for the user as an indication
on when the antenna position can be changed. Then, in
step 308, a pause for a predetermined time (for example,
2 seconds) may be introduced to allow for antenna po-
sition change before the next cycle of measurements is
started. If the antenna is equipped with an antenna rota-
tor, the antenna position optimizer may calculate the
change of the antenna alignment and send an appropri-
ate command to the antenna rotator in step 309. Alter-
natively, the antenna position optimizer may decide that
the antenna alignment is optimal and finish the proce-
dure. Next, a new set of critical signals may be selected
in step 310. By selecting new critical signals after a
change of antenna position, the possible loss of quality
of previously-acceptable signals can be noticed. New sig-
nals may be selected by analyzing the quality of available
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signals that were not included in the critical signals set
and selecting from all available signals the worst signals
according to critical signals selection criteria. Alternative-
ly, for a quicker procedure, the quality of a randomly cho-
sen signal (not being a critical signal) can be analyzed
and if it is worse than the quality of the best critical signal,
it can take its place as a critical signal.

[0036] Fig. 4 presents a display screen (being one of
possible alignment interfaces) with signal quality indica-
tors. The indicators are presented as three-segment hor-
izontal bars, the bars presenting the quality level in one
of three categories: "poor”, "good" and "excellent". The
bar segments may be represented by different colors or
fill patterns. Next to each signal indicator there is an arrow
pointing upwards or downwards, indicating the recent
change of the signal quality - improvement or degrada-
tion, respectively. The average signal indicator shown at
the bottom of the screen presents the calculated average
signal quality. The average signal quality indicator may
present the arithmetic average of qualities of all critical
signals. Alternatively, it may present the arithmetic aver-
age of qualities of critical signals below a predetermined
level, for example those of a poor quality, which clearly
indicates to the user that there are signals of poor quality.
Fig. 4 presents the average of two "poor" signals (624,
700 MHz). The display screen may also present an "OP-
TIMAL" box, which is activated when the system deter-
mines the antenna position to be optimal. This may help
the user to determine the antenna position subjectively.
Alternatively, this may end the procedure automatically.
The antenna position may be determined to be optimal
when the quality of all signals presented at the alignment
interface (for example, the display screen) is above a
predetermined level - for example, above the "poor" qual-
ity. Alternatively, the antenna position may be determined
to be optimal when the average of critical signals quality
is above a predetermined level - for example, above the
"poor" quality. Another alternative method for determin-
ing the optimal antenna position is shown in Fig. 6.
[0037] The display screen may also comprise a posi-
tion bar, on which the average quality of signals is shown
for already analyzed antenna positions. The position bar
is generated on the basis of information from the antenna
position optimizer, which provides information about the
position of the antenna, for example the alignment angle.
A vertical marker on top of the position bar indicates the
currentantenna position. The position bar allows the user
to return to the position at which the signal quality was
the best. The signal quality on the position bar may be
represented similarly as the signal quality indicators, i.e.
by corresponding colors or fill patterns.

[0038] Fig. 5 presents an exemplary plot of received
signals quality for a range of antenna alignment angles.
The plot may be provided at the alignment interface. The
y axis represents the signal quality, for example, the SNR
indicator values. The x axis represents the alignment an-
gle, from 0to 360 degrees. The presented example refers
to a directional antenna, which may receive signals with
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its front and back portions. Therefore, the pattern is re-
peated after 180 degrees. For clarity, the quality of only
four signals, 501, 502, 503, 504 has been shown. The
signals 501, 502 and 503 are the critical signals. The
quality of the signal 504 is much better than that of the
signals 501, 502, 503, therefore it is not included in the
critical signals set. The plot 511 shows a sum (or, alter-
natively, this may be the average) of the three critical
signals 501, 502, 503. The "poor" level is the level below
which the quality of signals is considered to be unaccept-
able. Therefore, the optimal reception of all signals is for
the ranges R1 and R2, where the quality of all signals is
better than "poor". The "best" level refers to the point at
which the quality of all signals is the best. The "current”
level refers to the current measurement point.

[0039] Fig. 6 presents a method for automatic align-
ment of an antenna. It is a detailed embodiment of the
procedure shown in Fig. 3. Steps 601-606 are similar to
respective steps 301-306 shown in Fig. 3. In step 604,
the average signal quality indicator is provided together
with the quality indicators of other signals. In step 607 it
is checked if the quality of all measured signals is better
than "poor" and if so, and if the current average signal
quality indicator is the best of average signal quality in-
dicators measured before, the current position of the an-
tenna is stored as a probable optimal position. In step
608 it is checked if all antenna positions have been an-
alyzed. If not, the antenna alignment is changed by a
predetermined value in step 609 and the procedure re-
turns to step 603. If all antenna positions have been an-
alyzed, in step 610 the optimal antenna position is deter-
mined to be the last stored probable optimal position and
the antenna is aligned to that position.

[0040] The preferred embodiments having been thus
described, it will now be evident to those skilled in the art
that further variations thereto may be introduced. Such
variations are not to be regarded as a departure from the
invention, the true scope of the invention being set forth
in the claims appended hereto.

Claims

1. A method for aligning an antenna for reception of at
least two signals, the antenna being connected to a
signal receiver provided with an alignment interface,
the method comprising the following steps
an initial scanning performed at an initial antenna
position;
changing a position of the antenna starting from the
initial position; and
determining an optimal position of the antenna on
the basis of information provided at the alignment
interface, characterized in that
while the initial scanning, a search is performed for
available signals,
and while the changing of the position of the antenna,
quality of at least two available signals is cyclically
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measured and the quality of at least two available
signals is provided concurrently at the alignment in-
terface for finding the optimal position of the antenna.

The method according to claim 1, characterized in
that the quality of available signals is measured as
a function of the SNR of the available signals.

The method according to claim 1, characterized in
that additionally,

while the initial scanning, quality of available signals
is measured, and critical signals are selected from
the available signals according to critical signals se-
lection criteria,

and while the changing of the position of the antenna,
the signals whose quality is cyclically measured are
the critical signals.

The method according to claim 3, characterized in
that the critical signals selection criteria are set by
the user manually and specify the signals which are
to be determined as critical.

The method according to claim 3, characterized in
that the critical signals selection criteria specify the
value of a signal indicator below which a signal is to
be determined as critical.

The method according to claim 3, characterized in
that the critical signals selection criteria specify a
number of signals of the worst quality that are to be
determined as critical.

The method according to claim 3, characterized in
that quality of critical signals is provided along with
an average of critical signals quality.

The method according to claim 7, characterized in
that the antenna position is determined to be optimal
when an average of quality of critical signals is above
a predetermined level.

The method according to claim 3, characterized in
that quality of critical signals is provided along with
a position indicator, which informs about a value of
the average of quality of critical signals for antenna
positions that have been analyzed.

The method according to claim 3, characterized in
that while the changing of the position of the anten-
na, the end of measurement cycle is indicated after
the quality of all critical signals have been measured.

The method according to claim 10, characterized
in that while the changing of the position of the an-
tenna, a new set of critical signals is selected after
the end of measurement cycle is indicated.
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12.

13.

14.

15.

16.

17.

18.

19.

The method according to claim 10, characterized
in that after the end of measurement cycle is indi-
cated, the measurement of critical signals is paused
for a predefined time.

The method according to claim 1, characterized in
that the alignment interface is a display.

The method according to claim 1, characterized in
that the signal receiver is provided with an antenna
position optimizer and the alignment interface is a
display and/or the interface of the antenna position
optimizer.

The method according to claim 1, characterized in
that the antenna position is determined to be optimal
by the user of the signal receiver subjectively.

The method according to claim 1, characterized in
that while the changing of the position of the anten-
na, after the end of the measurement cycle, the po-
sition of the antenna is stored as a probable optimal
antenna position if the average quality of the re-
ceived signals is higher than the highest average
quality measured in previous measurement cycles,
and after all antenna positions have been analyzed,
the optimal antenna position is determined to be the
last stored probable optimal antenna position.

The method according to claim 1, characterized in
that the antenna position is determined to be optimal
for all antenna positions at which the quality of all
signals provided at the alignment interface is above
a predetermined level.

The method according to claim 1, characterized in
that the antenna position is determined to be optimal
at a position at which quality of signals chosen by a
user has the highest value and the antenna position
is in a position range in which the quality of signals
chosen by the user is above a predetermined level.

A signal receiver provided with an antenna for re-
ception of at least two signals, an antenna alignment
interface, a signal receiving block for receiving sig-
nals and measuring the quality of received signals
and a receiver controller connected to signal receiv-
ing block and controlling the signal receiving block,
characterized in that to the antenna is linked an
antenna alignment controller (141) comprising an
available signals detector (142) searching for avail-
able signals, a critical signals selector (144) selecting
critical signals, a critical signals analyzer (145) cy-
clically measuring the quality of critical signals and
a signal information generator (143) providing con-
currently the quality of at least two available signals
at the alignment interface.
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The signal receiver according to claim 19, charac-
terized in that the antenna (111) is provided with
an antenna rotator (112) and the antenna alignment
controller (141) comprises an antenna position opti-
mizer (146) determining automatically the optimal
antenna position.

The signal receiver according to claim 20, charac-
terized in that the antenna alignment interface is
the interface of the antenna position optimizer (146)
and/or a display (121).

The signal receiver according to claim 19, charac-
terized in that the antenna alignment interface is a
display (121).
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