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(57) Abréegée/Abstract:

A method for the transmission of digital signals, particularly in the AM bands (broadcasting bands), with high-level modulation,
preferably 32 APSK or 64 APSK, belng used for data blocks to be transmitted. At the recelving end, time-periodic measurements
of a noise are carried out and noise signals determined therefrom are subtracted from received signals.
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Abstract

A method for the transmission of digital signals,
particularly in the AM bands (broadcasting bands), with
high-level modulation, preferably 32 APSK or 64 APSK, being
used for data blocks to be transmitted. At the receiving

end, time-periodic measurements of a noise are carried out

and noise signals determined therefrom are subtracted from

received signals.
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METHOD FOR THE TRANSMISSION OF DIGITAL SIGNALS

Field of the Invention

The invention relates generally to a process for
transmigsion of digital signals, more particularly to a

method for the transmission of digital signals in the AM

band with noise suppression.

Related Technology

In digital broadcasting transmission, 1t 1s
necessary, for reasons of efficiency, to use high-level
modulation processes such as 64 APSK (Amplitude Phase Shift
Keying) . However, such high-level modulation processes have
the disadvantage that even small noise signals cause the
corruption of the received data. This problem is solved, on
the one hand, in that the transmission power 1is set suitably
high, so that the influence of the smaller noise signal 1is
reduced. On the other hand, noise suppression systems are
used at the receiving end; such noise-suppression systems
filter out the noise signal from the received signal. This
has the advantage that the transmitter can be operated at a

lower power.

Described in the article “Adaptive Noise
Cancelling: Principles and Applications”, B. Widrow et al.,
Proceedings of the IEEE, VOL. 63, No. 12, Dec. 1975, pages
1692 to 1716 is a structure with two signal inputs at the
receiving end. Present at the first signal i1nput 1s the
desired signal including a noise. Present at the second
signal input is the noise alone. This noise present at the
second input is adaptively filtered and subtracted from the
received signal at the first input. The result is then the

desired signal which is required for further processing.
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This noise suppression system has the disadvantage
rhat use must be made of a complex, and therefore expensive,
adaptive filter. Furthermore, 1t 1s necessary for the noise
signal alone to be constantly measurable. This system

cannot be used for broadcasting applications.

Summary of the Invention

An object of the present invention, therefore, 1is
to provide a process for the transmission of digital signals
in which the suppression of noise signals is possible by

simple means.

The present invention therefore provides a method
for transmitting digital signals comprising: modulating the
digital signals onto a carrier; transmitting a test sequence
and the digital signals in a periodic alternating fashion,
the test sequence having essentially no direct component;
averaging the test sequence at a receilver end so as to
detect a noise carrier; and subtracting the noise carrier

from the digital signals at the receiver end.

The fact that, at the receiving end, time-periodilc
measurements of a noise are carried out and that noise
signals determined therefrom are subtracted from received
signals allows a simple construction which, in particular,
does not necessitate an adaptive filter. In addition, 1t 1s
not necessary for the noise signal to be constantly present

in a form separate from the transmitted data stream.

It has proved particularly advantageous to precede
each transmitted data block with a sequence of binary data,
referred to as a test sequence, said binary data beilng
modulated at a low level, for example by means of 2PSK

modulation. Preferably, the test sequence is in the form of
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a pseudo-random sequence which is sufficiently long and has
no direct component. By means of the aforementioned low-
level modulation process, it is possible in simple manner at
the receiving end to determine, first, the frequency and,

5 second, the phase thereof, this being required for the

processing of the data blocks.

Preferably, in order to determine a noilse signal,
an interval of the test sequence is selected and averaged.
The fact that the actual binary data cancel each other out
10 during averaging means that merely the noise signal is lerft,

which is then subtracted from the received data signal.

In a further advantageous embodiment of the
present invention, the transmitted signal sequence has so-
called gaps in which the transmitter transmits nothing.

15 These gaps are repeated periodically and are used by the

receiver to measure noise signals.

Brief Description of the Drawings

Figure la shows a functional block diagram of a

transmitter;

20 Figure 1b shows a functional block diagram of a

receiver;

Figure 2a shows a schematic representation of a

data stream;

Figure 2b shows a graph of a pseudo-random sequence

25 of binary data; and

Figure 2c¢ shows a 2PSK diagram.
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Detailed Description

In digital transmission in the (conventional) AM
bands (broadcasting bands), use is made of the hitherto
existing channel grid of 9 kHz. Of course, it is possible,
depending on the region, to use a channel grid of 10 kHz,
the transmissible data rate being increased by approximately
11%. In this way, a better audio quality and/or a higher
rate for the additional data can thus be achieved. 1In the
case of a single-carrier process, the receiver derives the
information, for example about the bandwidth used, from a
defined portion of the transmitted data, for example from a

test sequence.

In a process according to the present invention, a
data stream 10 is transmitted which comprises different
alternating sequences, as shown in Figure 2a. The first
sequence to be mentioned is a sequence referred to as a
“data block” 12, within which the digitized wanted signal 1s
transmitted. As already mentioned, the binary data of the
wanted signal is subjected to high-level modulation, for
example 64 APSK modulation. The data block is preceded by
the likewise already mentioned test sequence 14, the binary
data of which contains various information required for the
recovery of the wanted signal at the receiving end. In
contrast to the data of the data block, the data of the test
sequence is subjected to low-level modulation, for example

by means of the 2PSK process.

The indicated succession of test sequence and data
block is repeated periodically, the test sequence being

transmitted preferably 25 times per second.

At greater periodic intervals, for example once

per second, the data block is replaced by a sequence
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referred to as a “gap” 16. Within this time portion, the
rransmitter transmits no information, with the result that

the receiver receives only a noise signal, if there is one.

The test sequence itself has a plurality of
functions in the receiver. Thus, for example, it contains
the information about whether the transmission is analogue
or digital. In the case of a digital transmission, the
receiver deduces the channel bandwidth with the associated
settings. Furthermore, it is possible to determine from the
test sequence not only the exact amplitude of the signal,
but also the precise carrier frequency and the precise phase
thereof as well as the precise timing of the clock pulse.
This information is necessary for demodulation. It 1s
thereby possible to dispense with the hitherto employed
phase-locked loop. Moreover, it is possible to determine
the pulse response of the transmission channel and the
transmission function of the channel, this allowing the
setting of an adaptive equalizer in order to eliminate noise
from the received data. Consequently, one obtains the
“single frequency network” capability of digital
transmission with the single-carrier process, because the
receiver does not differentiate between an echo and the

signal from another transmitter.

Ultimately, it is possible to measure an existing
noise signal on the basis of the test sequence. The noisge
signal is understood as a noise carrier originating from an
AM transmitter operating in the same channel. The frequency
of this noise carrier is almost in the centre of the channel
bandwidth, since broadcasting transmitters usually transmit
with a very high frequency accuracy. The determination of

the noise carrier according to amplitude and phase now takes

place as follows:
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Referring now to Figures 2b and 2c, 1n the
(digital) transmitter, a pseudo-random sequence 20 18
generated and is processed with a low-level modulation
process, in this case 2PSK, and is transmitted. A pseudo-

5 random sequence 20 is understood as a sequence of binary
data which is not repeated and the average of which 1s zero,
i.e., which has no direct component. Figure 2b shows
schematically such a sequence with the values 1, -1, the
average of which is zero, with the result that the sequence

10 has no direct component. In the 2PSK diagram shown 1n
Figure 2c, the data -1 and the data +1 are described,
respectively, as a vector 32 extending to the left and as a
vector 34 extending to the right on the X-axis. The so-
called decision-making threshold is identical i1n the present

15 case with the Y-axis. This signal, received by the receiver
in the ideal case, is superimposed with the noise carrier
signal, which is shown in the 2PSK diagram as a broken line
and identified with S. The receiver, therefore, receives
the signals, identified with R, for the data -1 and 1. The

20 received signals R are then averaged in the receiver over a
sufficiently long period of time. Since, as mentioned, the
binary data 1, -1 cancel each other out on average, one
obtains, after averaging, the noise carrier S. When the
data block is received, this noise carrier 1s then

25 gubtracted from the received data, the result being the

wanted signal without the noise carrier.

Owing to the fact that the noise carrier itself
varies only very little with regard to frequency and phase,
it is possible in the present case to use the measured noise

30 carrier signal for data received later in time.

In the event that the frequency of the noise

carrier is different from the mid-frequency of the channel,
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a difference angle can be calculated from two successive
measurements of the noise carrier signal S. This difference
angle is then divided by the number of clock pulses between
the two measurements, the result being the change of angle
per clock pulse. On this basis, 1t 1is possible to calculate
a noise carrier signal for each data in the data block.
According to the sampling theorem, one comes with this
method up to a differential frequency corresponding to half
of the value resulting from the repetition rate of the test
sequences. In the case of 25 test sequences per second, the
result is a correction-requiring differential frequency of

+ 12.5 Hz. Owing to the small frequency fluctuations of the
carrier signals of broadcasting transmitters, therefore,

this process can readily be used for such noise.

If the differential frequencies exceed this value,
as is the case, for example, with noise emanating from
display screens or power supply units, noise suppression 1s

carried out as follows:

The noise signals, referred to in the following as
noise lines, may be up to + 4.5 kHz away from the carrier.
These limits correspond to those of the aforementioned
bandwidth of the digital signal. 1If such a noise line
influences the transmitted signals of a data block, it can
be assumed that the noise line will also be measurable 1in
the transmission gap. In order to determine the noise line,
therefore, noise signal measurements are carried out 1in the
periodic gaps and the period of the noise line is determined
using a correlation. Subsequently, the determined sample of
the noise line can be periodically continued. The
correlation must be performed separately for the I and Q
components, so that phase rotations are covered. In order

to determine the precise position and magnitude of the noise
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line with regard to an associated data block, a new
correlation is subsequently performed within each test
sequence. The associated value of the noise, determined by
interpolation, can then be subtracted from the respective
data of the transmitted data block. Consequently, the

wanted signal is also free of noise generated, for example,

by display screens or power supply units.

With regard to the described process, Figures la
and 1b show, for the purpose of illustration, functional
block diagrams, Figure la showing the transmitter and
Figure 1b showing the receiver. The transmitter 350 18
supplied with the binary data 52 of the wanted signal
(digitized, for example, by an analogue/digital converter),
where the data is converted by a 64 APSK modulator 54 into
the corresponding modulated form 56. The test sequence 1is
generated by a 2PSK modulator 60 which, in addition to the
information 62 relevant for the receiver, modulates a binary
data sequence 64 generated by a pseudo-random generator 66.
This data sequence 64 is sufficiently long and also has no
direct component, with the consequence that, when this
binary data is averaged, the result is a predetermined

value, preferably zero.

The two modulators 54 and 60 transmit their
signals to a multiplexer 68 which generates the succession
of sequences, or data stream 69, shown in Figure 2a, a gap
being generated between each data block sequence and test

sequence.

In the receiver 70, this data stream 69, affected
by noise 67 during transmission, 1is supplied to a
demultiplexer 72 which separates the individual sequences

from each other and supplies the data sequence 74 and the
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test sequence 76 each to their corresponding demodulators 78
and 80, respectively. From the test sequence an evaluation
device 82 derives the precise carrier frequency and the
phase thereof as well as the precise clock pulse and phase
of the clock pulse, this being required in order to recover
the transmitted digital data. To be able to carry out this
evaluation, the evaluation device is supplied with an
identical pseudo-random data sequence 84 as for the

transmitter 50.

The evaluation device 82 also carries out the
averaging of a defined portion of the test sequence 1in order
to determine the noise signal 86. This noise signal 86 1is
then supplied to a subtraction device 88 which subtracts it

from the noise-affected data signal 90.

The noise signal received by the receiver during
the gap 92 is measured by a measuring device 94. The
measured signal 96 is then supplied to a correlation device
98 which determines the noise signal 97 from the measured
signals of previous measurements and supplies it to the
subtraction device 88. Available then at the output of the

subtraction device is the wanted signal without the noise

signal 97.
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CLAIMS:

1. A method for transmitting digital signals

comprising:
modulating the digital signals onto a carrier;

transmitting a test sequence and the modulated
digital signals in a periodic alternating fashion, the test

sequence having essentially no direct component;

averaging the test sequence at a receiver end soO

ag to detect a noise carrier; and

subtracting the noise carrier from the demodulated

digital signals at the receiver end.

2. The method as recited in claim 1 further

comprising modulating the test sequence at a low level.

3. The method as recited in claim 2 wherein the
modulating of the test sequence is performed using a 2PSK

modulation.

4 . The method as recited in claim 1 wherein the

modulating is performed using a high-level modulation.

5. The method as recited in claim 4 wherein the high-
level modulation includes at least one of 32 APSK and

64 APSK.

6. The method as recited in claim 2 wherein the test
sequence includes a pseudo-random data sequence having no

direct component.

7. The method as recited in claim 1 wherein the

transmitting is periodically stopped for a defined time.

10
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8. The method as recited in claim 7 further
comprising evaluating signals received at the receiver end

during the time so as to detect the noise carrier.

9. The method as recited in claim 8 wherein the

evaluating is performed using correlation methods.

10. The method as recited in claim 2 wherein the
transmitting of the test sequence is performed using

repeating the test sequence at a frequency of 25 Hz.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS

11
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