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The invention relates to a system for echo cancellanon comprising a ghost

cancellation reference signal.
In 1979 the IEEE published an article which has become a basic
reference in the field of television echo (or "ghost") elimination. The article is entitled
5 "A Tutorial On Ghost Cancellation In Television Systems” and was written by Walter
Ciciora, Gary Sgrignoli and William Thomas and it is incorporated by reference herein.
Although the Ciciora article described the fundamental principles,
apparatus and algorithms applicable to ghost cancellation, the state of the art has only
recently progressed to the point of providing practical ways to implement and improve
10 these basic concepts.
| There are two main steps to the echo cancellation process. First the
characteristics of the communications channel (which include the echo artifacts, if any)
“must be determined-at the receiver. Once the channel characteristics are calculated,
 filters are used 'to implement the inverse channel characteristics to substantially
15 eliminate the echoes. The present invention relates to an apparatus and an improved
ghqst' cancellation reference signal, for identifying the characteristics of a
communication channel.
Communication engineering continually must deal with the problem of
restoring a signal which has been altered by the communication path over which the
20 signal was transmitted. Signal restoration often can be achieved if the communication
path is fully characterized, at least as to those parameters which contribute to the signal
alteration. Thus, a frequently essential con;iaor_nmt of the signal restoration problem is
that of identifying the characteristics of the: communication path or channel.
A straight forward approach to the channel identification problem is to
25 transmit a ghost cancellation reference signal (GCR) having a known characteristic,
over the channel, and to receive the transmitted signal after it has passed through the
channel. The originally transmitted signal is compared with the received signal, and a
model of the channel characteristics is developed based on the comparison.
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Although the BTA GCR signal has the necessary flat bandwidth in the frequency

domain, its energy is relatively low. The BTA GCR signal therefore may be suboptimal
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since its low energy limits its performance under high noise conditions. Additional
processing time is needed to compensate for the noise present in the channel which
increases the time it takes for the echo cancellation system to calculate the channel
characteristics when conditions in the channel change. The BTA GCR signal has a fixed
10 time interval which cannot be changed without effecting its frequency spectrum
characteristics. This limits the possible applications for which the BTA GCR signal can
be used. The time interval for an NTSC television system, for example, would be =
52.5 ps.
Other GCR signals have been proposed which have a higher energy level
15 than the BTA sigral. These signals, are cyclic in nature however, and therefore not
effective for detecting pre and post-echoes present in the channel.

It is an object of the invention to provide an improved ghost cancellation
system which mitigates at least part of the above-mentioned problems. For this purpose,
one aspect of the invention provides a receiver as claimed in claim 1. A second aspect

20 of the invention provides an encoding method as claimed in claim 4. A third aspect of
the invention provides a signal as claimed in claim 7. Advantageous embodiments are
set out in the subclaims.

' The instant invention comprises a rion-cyclic echo cancellation system
which utilizes an improved, high energy non-cyclic GCR signal which provides the flat,

25 wide frequency spectrum necessary to fully characterize the channel and which has a
high energy level (amplitude) and a more even distribution of energy over a time
interval. This time interval can be adjusted according to different system requirements
while maintaining the necessary flat frequency response over the desired frequency
range. The GCR szgnal of the invention can therefore be adapted for use in non-

30 conventional television systems such as those providing high definition and enhanced
definition television, as well as for other communication applications such as echo

cancellation in telephony and microwave systems, for example.

These and other aspects of the invention will be apparent from and
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5 - Fig. 3 is an amplitude versus frequency graph of the BTA GCR signal;
Fig. 4 is an amplitude versus time gréph of a first embodiment of a GCR
signal comprising the invention;
Fig. 5 is an amplitude versus frequency graph of the GCR signal of Fig.
4; |
10 Fig. 6 is an amplitude versus time graph of a second embodiment of a
GCR signal comprising the invention; and
Fig. 7 is an amplitude versus frequency graph of the GCR signal of Fig.

There are normally two main steps involved in cancelling echoes which
15 occur during the transmission of television signals. First the characteristics of the
communication channel (which include the echo artifacts, if any) must be determined at
the receiver. From these characteristics, an inverse channel characteristic is derived in
the form of a sequence of filter coefficients. These coefficients are then provided to
filters which are used to implement the inverse channel processing, i.e. the echo
20 cancellation.

A received video signal contains echoes which are comprised of
superimposed copies of the originally transmitted signal, which have different delay
times and amplitudes. The strongest signal component represents the originally
transmitted or main signal component. Looking in the time domain, any echo

25 component occurring before the main signal component is called a "pre-echo” and any
copy occurring after the main signal component is called a "post-echo”.

Fig. 1 describes an echo cancellation circuit which can be used to cancel
both types of echoes. Such a circuit can be part of a television receiver (not shown)
which receives a television signal comprising the GCR signal. The signal is received by

30 the tuner of the receiver and converted to digital form using analog to digital converter
10. An IIR filter 20 is used to cancel post-echoes and an FIR filter 15 is used to cancel
pre-echoes. Echo cancellation circuits of this type are described in more detail in U.S.
Patent Application Serial No. 676,927 filed March 28, 1991, which is specifically
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Video samples ire received and input to A/D converter 10 and the GCR
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signal, which is transmitted during the vertical blanking interval of the television signal,
is separated and fed to a buffer memory 30. The GCR signal, which has been distorted
5 according to the channel characteristics, is sometimes sampled over a number of
frames, and an average of these samples is then fed to processor 25 which can be a
microprocessor or a digital signal processor. The processor comprises a memory which
contains a pre-processed and stored version of the GCR as transmitted, and the contents
of buffer 30 is compared to the stored version of the GCR in processor 25 and from this
10 comparison, the impulse response of the channel can be modeled. This channel model is
then used to compute a sequence of coefficients for the filters which implement the
inverse channel characteristic of the channel to suppress the echoes which are present.
US-A-5 047 859 (PHA 21622) describes a method and apparatus for
restoring a received signal wherein no assumptions are made about the communication
15 channel characteristics other than that the signal and channel interaction is described by
linear system theory. Consequently, the channel is characterized completely by its
impulse response.
The sequence of channel impulse response function samples thus obtained
by processing the test signal, serves to provide the correct sequence of coefficients to
20 filters 15 and 20. After the filter coefficients are fed to the filters, the complete
television signal is processed through these filters whereby the echo components are
substantially reduced. The output of the IR filter 20 is then fed to a digital-to-analog
converter (D/A) 35 and presented as a video output signal to the video display of the
receiver.
25 The GCR signal is used to characterize the frequency or impulse response
of the channel (including the transmitter and receiver, as well as the actual transmission
path). It is therefore required that the frequency spectrum of the GCR signal used in a

conventional television system must be low-pass and contained entirely in the 4.3 MHz.
pass band of the NTSC signal. In addition, it must be as flat as possible in that band. If
there is a null in the spectrum of the GCR signal, where the spectrum is near zero over
some frequency interval, then the channel will not be adequately characterized over thaf
interval. Even if there is a rolloff in the spectrum, where tﬁe spectrum is significandy
less then the peak value, then in the presence of noise, the accuracy of the channel
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5 the blanking interval of each field of the television signal. When viewed in the
frequency domain (Fig. 3) it is clear that the BTA GCR signal provides the necessary
bandwidth characteristics for effective channel characterization. When viewed in the
time domain (Fig. 2) however, it can be seen that the amplitude versus time
characteristic of the BTA GCR signal has relatively little energy. This results in poor
10 performance in a noisy environment.
The invention comprises an improved, non-cyclic GCR signal which
features higher energy and improved energy distribution with respect to both time and
frequency, and at the same time, the wide and flat bandwidth necessary for effective
channel characterization.
15 Fig. 4 is a graph of a first embodiment of the improved GCR signal. This
GCR signal has a higher energy level with peaks more evenly distributed in time than
the BTA GCR signal shown in Fig. 2.
As shown in the frequency spectrum, Fig. 5, this GCR signal has a very
flat spectrum in the band of interest and a higher energy level with respect to frequency
20 (about eight times higher) than the BTA GCR signal shown in Fig. 3.
The equation which describes this embodiment of the GCR signal is:

£(t) =31;-nf (Acos (ae (@) ) +AFsin(ee () )] W(w) e/*dw
“a

where

N .
e(w)=Y Cnsin(nb%m)

n=1

25
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A Hamming or Hanning window is used in this example however other
5 windows can also be used.
The parameters are in the range of from 0 to 10*2. For this example
- N=7, C,;=60, C,=10, Cs=3, C;=-1, C,.=0, A=1, 0=4.2 X 2 X 10°Rad (where Q
equals the end of the frequency band of interest, which in this case is 0 to 4.2 MHz).

Fig. 6 is a graph of a second embodiment of the improved GCR signal.

10 This GCR signal has a higher energy level with peaks more evenly distributed in time .
than the BTA GCR signal shown in Fig. 2.

As shown in the frequency spectrum, Fig. 7, this GCR signal has a very
flat spectrum in the band of interest and a higher energy level with respect to frequency
(about ten times higher) than the BTA GCR signal shown in Fig. 3.

15 The equation which describes this embodiment of the GCR sigrial is:

£E) =i°j’ [Acos (bw?) +Ajsin(bw?) ] W(w) e "dw
2% o

+_1..° 2\ Aaday 2y1 Jwe
oa f_n[Acos(bm) Ajsin(bw?) ] W(w) e’ dw

where A, b and Q are real parameters; and
where W(w) is a windowed window function.
20 A Hamming or Hanning window is used in this example however other

windows can also be used.
The parameters are in the range of from 0 to 10'2. For this example
A=1, b=0.0004 and 0=4.2 X 2 X10°Rad (when 0 equals the end of the frequency
band of interest, which in this case is 0 to 4.2 MHz).
25 The foregoing disclosure and description of the invention is illustrative
and explanatory thereof and various changes in the methods and apparatus indicated
herein may be made within the scope of the appended claims without departing from the

spirit of the invention.
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reference sig receiver comprising:
a) means for receiving said signal and for separating therefrom said
reference signal as distorted by said transmission path; and

b) means for substantially eliminating said path induced distortion from
said received signal, and comprising means for deriving from said distorted reference
signal, a sequence of coefficients to be used with at least one filter;

wherein said reference signal is non-cyclic, has a substantially flat
frequency response within the bandwidth of said transmission path, and a plurality of
substantially uniform amplitude peaks over a time interval. '

2. The receiver as claimed in claim 1, wherein said reference signal is

described by the equation:

15

f(c)=_1_°j [Acos (ae (0) ) +Ajsin(ae (0) )] W(w) e dw
2n J -,

where
o L3
t(w) =§ Cnsin(nbzw)
where a, A, G,, b and Q are real numbers;
where N is an integer; and
where W(w) is a windowed window function.
3. The receiver as claimed in claim 1, wherein said reference signal is
described by the equation:
£(t) =-51;° [ lacos (ba?) +ajsin(bw?) 1 W(w) e do
-]
1 e 2y _as4aq 2 Jwt
o f-c (Acos(bw?) -Ajsin(bw?) ] W{w) e?"dw
where A, b and Q are real numbers; and
where W(w) is a windowed window function.
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4, A method of encoding a signal for delivery to a path adding distortions to
said signal, said method comprising the steps of:

generating said signal;

generating a reference signal capable of therefrom deriving coefficients to
be used with at least one decoding filter for removing said distortions from said signal;
and '

inserting said reference signal into said signal;

wherein said reference signal is non-cyclic, has a substantially flat
frequency response within the bandwidth of said transmission path, and a plurality of
substantially uniform amplitude peaks over a time interval.
5. A method as claimed in claim 4, wherein said reference signal is

described by the equation

£(t) =—-1—nf [Acos (e¢z (w)) +Ajsin(az (w)) ] W(w) e*dw
2% J -

where
e(w) E C sm.(nb—m)
o=l
where o,A,C,, b and Q are real numbers;
where N is an integer; and : ,
where W(w) is a windowed window function. f
6. A method as claimed in claim 4, wherein said reference signal is

described by the equation:

v rres cesessmpm e sm an s n s e o

£(t) =-—1-°f [Acos (bw?) +Ajsin (bw?) ] W(w) e ¥ dw
2% o

+—-1;-°f [Acos (bw?) -Ajsin (bw?) ] W(w) e?**dw

where A, b and Q are real numbers; and
where W(w) is a windowed window function.
7. A signal delivered to or capable of being delivered to a path adding

distortions to said signal, comprising a reference signal capable of deriving coefficients
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said signal; wherein said referefice signal is non-cyclic, has a substantially flat
frequency response within the bandwidth of said transmission path, and a plurality of
substantially uniform amplitude peaks over a time interval.
5 & A signal as claimed in claim 7, wherein said reference signal is described
by the equation:
10 . s ,
£(t) =>= f [Acos (ae (w)) +Ajsin(ae (w)) I W(w) e’“*dw

where
= =
e (w) =§ Cp8in(nbzw)
where a, A, C,, b and Q are real numbers;
_where N is an integer; and

10 where W(w) is a windowed window function.

9. A signal as claimed in claim 7, wherein said reference signal is described

by the equation:

189 .
£(E) == [ lacos (bw?) +ajsin (bw?) ] W(w) e/ da
Qo
+i°f [Acos (bw?) ~AFsin (bw?) ] W(w) el¥¥w
2% J -
where A, b and Q are real numbers; and
where W(w) is a windowed window function.
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7 is an anplitude versus frequency graph of the GCR signal of Fig. 6.
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The invention rclates to a system for echo cancellation comprising a ghost

cancellation reference signal.

In 1979 the IEEE published an article which has become a basic
reference in the field of television echo (or "ghost”) elimination. The article is entitled
"A Tutorial On Ghost Cancellation In Television Systems" and was written by Walter
Ciciora, Gary Sgrignoli and William Thomas and it is incorporated by reference herein.

_ - Although the Ciciora article described the fundamental principles,
appar;mxs and algorithms applicable to ghost cancellation, the state of the art has only
recently progressed to the point of providing practical ways to implement and improve
these basic concepts.

There are two main steps to the echo cancellation process. First the
characteristics of the communications channel (which include the echo artifacts, if any)
muﬁt be determined-at the receiver. Once the channel characteristics are calculated,
filters are used to implement the inverse channel characteristics to substantially
eliminate the echoes. The present invention relates to an apparatus and an improved
ghost cancellation reference signal, for identifying the characteristics of a

communication channel.
Communication engineering continually must deal with the problem of

restoring a signal which has been altered by the communication path over which the
signal was transmitted. Signal restoration often can be achieved if the communication
path is fully characterized, at least as to those parameters which contribute to the signal
alteration. Thus, a frequently essential cofnponent of the signal restoration problem is
that of identifying the characteristics of the communication path or channel.

A straight forward approach to the channel identification problem is to
transmit a ghost cancellation reference signal (GCR) having a known characteristic,
over the channel, and to receive the transmitted signal after it has passed through the
channel. The originally transmitted signal is compared with the received signal, and a
model of the channel characteristics is developed based on the comparison.
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filters 15 and 20. After the filter coefficients are fed to the filters,
the conplete television signal is processed through these filters whereby
fhe echo conponents are substantially reduced. The output of the IIR filter
20 is then fed to a digital -to-anal og converter (D)A) 35 and presented as a
vi deo output signal to the video display of2the réceiver. The GCR signal is

used to characterize the frequency aor i_nggéée response, of the channel
(i ncl uding the transni theJapangss BEagdeasan hRalpgy, 4ssaciaton: (BiiA) has sdapied 2on

Do) 1L ORIEGRAEN g R B L4EBNRNS SOSEH UL P

cont ai ned entransphited ontling 18 &f theivertical blanking interval (VBI) of a television signal.
Although the BTA GCR signal has the necessary flat bandwidth in the frequency
domain, its energy is relatively low. The BTA GCR signal therefore may be suboptimal
since its low energy limits its performance under high noise conditions. Additional
processing time is needed to compensate for the noise present in the channel which
increases the time it takes for the echo cancellation system to calculate the channel
characteristics when conditions in the channel change. The BTA GCR signal has a fixed
time interval which cannot be changed without effecting its frequency spectrum
characteristics. This limits the possible applications for which the BTA GCR signal can
be used. The time interval for an NTSC television system, for example, would.be >
52.5 ps.

Other GCR signals have been proposed which have a higher energy level
than the BTA sigral. These signals, are cyclic in nature however, and therefore not
effective for detecting pre and post-echoes present in the channel.

It is an object of the invention to provide an improved ghost cancellation
system which mitigates at least part of.the above-mentioned problems. For this purpose,
one aspect of the invention provides a receiver as claimed in claim 1. A second aspect
of the invention provides an encoding method as claimed in claim 4. A third aspect of
the invention provides a signal as claimed in claim 7. Advantageous embodiments are
set out in the subclaims.

' The instant invention comprises a non-cyclic echo cancellation system
which utilizes an improved, high energy non-cyclic GCR signal which provides the flat,
wide frequency spectrum necessary to fully characterize the channel and which has a
high energy level (amplitude) and a more even distribution of energy over a time
interval. This time interval can be adjustet'i according to different system requirements
while maintaining the necessary flat frequency response over the desired frequency
range. The GCR signal of the invention can therefore be adapted for use in non-
conventional television systems such as those providing high definition and enhanced
definition television, as well as for other communication applications such as echo
cancellation in telephony and microwave systems, for example.

o These and other aspects of the invention will be apparent from and
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pass band -of the NTSC signal. In addition, it nmust be as flat as possible
I n that band.
t he spectrumis near zero over sonme frequency interval, then the channel

wi Il not be adequately characterized over that interval. Even if there is a
rolloff in the spectrum where the spectrum3s significantly less then the

peak val ue,

t

If there is a null in the spectrumof the GCR signal, where

hen in the presence of naise, the accuracy . of the channel 5
elucidated with Pefercncc to the cmbod?ment.s described hexycmaftcr.

Fig. 1 is a block diagram of one embodiment of an echo cancellation
circuit comprising the invention;

Fig. 2 is an amplitude versus time graph of the BTA GCR signal;

Fig. 3 is an amplitude versus frequency graph of the BTA GCR signal;

Fig. 4 is an amplitude versus time graph of a first embodiment of a GCR
signal comprising the invention;

Fig. 5 is an amplitude versus frequency graph of the GCR signal of Fig.
4; |

Fig. 6 is an amplitude versus time graph of a second embodiment of 2
GCR signal comprising the invention; and

Fig. 7 is an amplitude versus frequency graph of the GCR signal of Fig.

There are normally two main steps involved in cancelling echoes which
occur during the transmission of television signals. First the characteristics of the
communication channel (which include the echo artifacts, if any) must be determined at
the receiver. From these characteristics, an inverse channel characteristic is derived in
the form of a sequence of filter coefficients. These coéfﬁcients are then provided to
filters which are used to implement the inverse channel processing, i.e. the echo
cancellation. .

A received video signal contains echoes which are comprised of
superimposed copies of the originally transmitted signal, which have different delay
times and amplitudes. The strongest signal component represents the originally
transmitted or main signal componcni. Looking in the time domain, any echo
component occurring before the main signal component is called a "pre-echo” and any
copy occurring after the main signal component is called a "post-echo”.

Fig. 1 describes an echo ;:anccllaﬁon circuit which can be used to cancel
both types of echoes. Such a circuit can be part of a television receiver (not shown)
which receives a television signal comprising the GCR signal. The signal is received by
the tuner of the receiver and converted to digital form using analog to digital converter
10. An IIR filter 20 is used to cancel post-echoes and an FIR filter 15 is used to cancel
pre-echoes. Echo cancellation circuits of this type are described in more detail in U.S.
Patent Application Serial No. 676,927 filed March 28, 1991, which is specifically
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characterization will suffer for the frequencies where the rolloff occurs.
- Fig. 2 is a graph, in the tine domain, of the BTA GCR signal.
Yhis is the signal as transnmitted and as stored in ROM 10 and/or a
processed version of which is.stored in ROM 10. Before this signal is
transmtted, it is integrated and insertedgn the blanking interval of each
field of the television signal. Wen viewed in the frequency domain (Fig.

1 3) it is cleggg ted! h\° rd¥dRn& Fertingnal provides the necessary bandwi dth
characteristics tfor effective channel characterization. Wen viewed in the

time dommin_(Fig. 2) h¥ideosamples asefedsivedcand inpuk tor AMD gapyYsiandd drBeSaR ne

el 1 sl whidf iPEanSiRod ARG 8 SehRhPblaXBhY thickia Bf Hletbisihkignal
is separated and fed to a buffer memory 30. The GCR signal, which has been distorted
according to the channel characteristics, is sometimes sampled over a number of
frames, and an average of these samples is then fed to processor 25 which can be a
microprocessor or a digital signal processor. The processor comprises a memory which
contains a pre-processed and stored version of the GCR as transmitted, and the contents
of buffer 30 is compared to the stored version of the GCR in processor 25 and from this
comparison, the impulse resi)onse of the channel can be modeled. This channel model is
then used to compute a sequence of coefficients for the filters which implement the
inverse channel characteristic of the channel to suppress the echoes which are present.

US-A-5 047 859 (PHA 21622) describes a method and apparatus for
restoring a received signal wherein no assumptions are made about the communication
channel characteristics other than that the signal and channel interaction is described by
linear system theory. Consequently, the channel is characterized completely by its
impulse response. |

The sequence of channel impulse response function samples thus obtained
by processing the test signal, serves to provide the correct sequence of coefficients to
filters 15 and 20. After the filter coefficients are fed to the filters, the complete
television signal is processed through these filters whereby the echo components are
substantially reduced. The output of the IIR filter 20 is then fed to a digital-to-analog
converter (D/A) 35 and presented as a video output signal to the video display of the
receiver. | )

The GCR signal is used to characterize the frequency or impulse response
of the channel (including the transmitter and receiver, as well as the actual transmission
path). It is therefore required that the frequency spectrum of the GCR signal used in a
conventional television system must be low-pass and contained entirely in the 4.3 MHz.
pass band of the NTSC signal. In addition, it must be as flat as possible in that band. If
there is a null in the spectrum of the GCR signal, where the spectrum is near zero over
some frequency interval, then the channel will not be adequately characterized over that
interval. Even if there is a rolloff in the spectrum, where the spectrum is significandy

less then the peak value, then in the presence of noise, the accuracy of the channel
This is the replacement sheet
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performance in a noisy environnment. The invention conprises an inproved,
non-cyclic GCR signal which features hi.gher energy and inproved energy

di stribution with respect to both tine and frequency, and at the sane tine,
the wi de and flat bandw dth necessary for effective channel
characterization. Fig. 4 is a graph of a fiyst enbodi nent of the inproved
CCR signal. This GCR signal has a higher emergy | evel wth peaks nore

S i L S Bl 5,

- Fig. 2 is a graph, in the time domain, of the BTA GCR signal. This is

the signal as transmitted and as stored in ROM 10 and/or a processed version of which
is stored in ROM 10, Before this signal is transmitted, it is integrated and inserted in
the blanking interval of each field of the television signal. When viewed in the
frequency domain (Fig. 3) it is clear that the BTA GCR signal provides the necessary
bandwidth characteristics for effective channel characterization. When viewed in the
time domain (Fig. 2) however, it can be seen that the amplitude versus time
characteristic of the BTA GCR signal has relatively little energy. This results in poor

- performance in a noisy environment. -

The invention comprises an improved, non-cyclic GCR signal which
features higher energy and improved energy distribution with respect to both time and
frequency, and at the same time, the wide and flat bandwidth necessary for effective
channel characterization.

Fig. 4 is a graph of a first embodiment of the improved GCR signal. This
GCR signal has a higher energy level with peaks more evenly distributed in time than
the BTA GCR signal shown in Fig. 2.

As shown in the frequency spectrum, Fig. 5, this GCR signal has a very
flat spectrum in the band of interest and a higher energy level with respect to frequency
(about eight times higher) than the BTA GCR signal shown in Fig. 3.

The equation which describes this embodiment of the GCR signal is:

£(2) =-2" [ [acos (az (0} ) +ajsin(ec (0))] W(e) eI*do
“n

where

N
e(w)=Y Cnsin(nb—g-m)

n=1
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flat spectrumin the band of interest and a higher energy level wth
respect to frequency (about eight times higher) than the BTA GCR signal
shown in Fig. 3. The equation which describes this enbodi nrent of the GCR
signal is: [err] where [err] ' _

6
where a,A,C,, b and  are real parameters
where N is an integer parameter
where ' W(w) is a windowed window function.

A Hamming or Hanning window is used in this example however other
windows can also be used.

The parameters are in the range of from 0 to 10", For this example
N=7, C;=80, C,=10, C;=3, C;=-1, C_,=0, A=1, 0=4.2 X 2 X 10°Rad (where Q
equals the end of the frequency band of interest, which in this case is 0 to 4.2 MHz).

Fig. 6 is a graph of a second embodiment of the improved GCR signal.
This GCR signal has a higher energy level with peaks more evenly distributed in ime
than the BTA GCR signal shown in Fig. 2.

As shown in the frequency spectrum, Fig. 7, this GCR signal has'a very
flat spectrum in the band of interest and a higher energy level with respect to frequeacy
(about ten times higher) than the BTA GCR signal shown in Fig. 3.

The equation which describes this embodiment of the GCR signal is:

£(8) =.51;“ [ 1acos (bw?) +Ajsin(baw?) ] Hlw) eIdw

x’ f [Acos (bw?) -~Ajgin(bw?) ] W(w) e dw
21 J o4

where A, b and 0 are real parameters; and’
where W(w) is a windowed window function.

A Hamming or Hanning window is used in this example however other
windows can also be used.

The parameters are in the range of from 0 to 10'2. For. this example
A=1, b=0.0004 and 0=4.2 X 2 X10°Rad (when Q equals the end of the frequency
band of interest, which in this case is 0 to 4.2 MHz).

The foregoing disclosure and dcscription- of the invention is illustrative
and explanatory thereof and various changes in the methods and apparatus indicated
herein may be made within the scope of the appended claims without departing from the
spirit of the invention. | '

n
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6 where [err],A/C., b and [err] are real paraneters where Nis

an i nteger paraneter where Wl(err]) -is a wi ndowed W ndow function.—A---

Hamm ng or Hanning window is used in this exanpl e howeverppt i.ndo can
1,

[ Wi nhd
al so be used. The paranmeters are in the range of fromO to L s Peer Kgplaced
this exanple N=7, (err]=60, (err]=10, derg] =3, C[err]:-m m’ ,1:
[err]=4.2 X 2 X 10[err]Rad (where [err] equal's the end of

band of int'erw.i_ch inthis case is 0 to 4.2 MHz).

- 1. A receiver for receiving a signal which has been provided over a
transmission path and subjected to path induced distortion, said signal comprising a
reference signal, said receiver comprising:

a) means for receiving said signal and for separating therefrom said
reference signal as distorted by said transmission path; and

b) means for substantially eliminating said path induced distortion from
said received signal, and comprising means for deriving from said distorted reference
signal, a sequence of coefficients to be used with at least one filter;

wherein said reference signal is non-cyclic, has a substantially flat
frequency response within the bandwidth of said transmission path, and a piura.lity of
substantially uniform amplitude peaks over a time interval. ' :
2. The receiver as claimed in claim 1, wherein said reference signal is
described by the equation:

£(t) =-21?°f (Acos(ae (w)) +Ajsin(az (w)) ] W(w) e/ dw

where
d =
e(w) =nz-:1 Cp8in(nbg @)
where a, A, C,, b and Q are real numbers;
where N is an integer; and
where Wi{w) is a windowed window function.
3. The receiver as claimed in claim 1, wherein said reference signal is

described by the equation:

£(t) =-:_’_3;° [ tacos (bw?) +ajsin(be?) 1 H(w) e du

ic 2y s . 2 jv:
T f.gmc"s(b‘ﬂ) Ajsin(bw?) ] W(w) e do

where A, b and Q] are real numbers; and

where W(w) is a windowed window function.
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Fig. 6 is a graph of a second enbodi nrent of the |rrproved ‘GCR si gnal This
GCR signal has a higher energy |evel with peaks nore eveHhi hdfrt’slasrBeme@thced
time than the BTA GCR signal shown in Fig. 2. As shown in

spectrum Fig. 7, this GCR signal has a very flat spectru

interest and a hi gher energy level with regpect to frequency (a out ten
times higher) than the BTA GCR signal shown in Fig. 3. The equation which
descri bes tHhi.s enbodi thctbtbd phendadingsa gigaal fos deliweery]to\ahmatie adding distortibnsarnd

Lerr] arer eaJ P a(i1 Se;t.hé?gomprising the steps of:

generating said signal;

generating a reference signal capable of therefrom deriving coefficients to
be used with at least one decoding filter for removing said distordons from said signal;
and

inserting said reference signal into said signal;

wherein said reference signal is non-cyclic, has a substantially flat
frequency response within the bandwidth of said transmission path, and a plurality of
substantially uniform amplitude peaks over a time interval.
5. A method as claimed in claim 4, wherein said reference signal is

described by the equation

f(t) =-3'—Qf ([Acos(az (w) ) +Ajsin(ee(w)) ] W (w) e?"dw
2« J -y

where
el{w) =2 C, s:.n(nb—w)
. p-L>%

where a,A,C,, b and Q are real numbers;
where N is an integer; and
where W{(w) is a windowed window function.
6. A method as claimed in claim 4, wherein said reference signal is
described by the equation:

19 .

£(t) = f [Acos (bw?) +Ajsin (bw?) ] W(w) ei*dw
2% o : )
+_:!'_°f [Acos (bw?) ~Ajsin(bw?) ] W({w) eI**dw
2x J -

where A, b and Q are real numbers; and
where W(w) is a windowed window function.
7. A signal delivered to or capable of being delivered to a path adding

distordons to said signal, comprising a reference signal capable of deriving coefficients
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wher e

W(err])

is a wi ndowed wi ndow function. A Harrr'ﬁ"”ﬁg_BTwHéiﬁhTﬁ'g'"_ )

w ndow is used in this exanple however other w ndows can aﬂ‘boSHaaHasBanR

paraneters are in the range of fromO0O to 10[err]. For this
b=0.0004 and [err]=4.2 X 2 Xl0[err]Rad (when [err] equals t
frequency band of interest, which in this oase is 0 to 4.2
foregoi ng di sclosure and description of the invention is iIIustratlve and

expl anat ory thesefron tabel used with at ddaanopes decodingefinet desmamig apqdadlstbnmns from

i ndi cated herejn _nmay
- 49 fgity

frequency response within the bandwidth of said transmission path, and a plurality of

wi t hout dep

e na%%d\,\#e}er;énr&ts?genaf % gn-g;chc fad QdEd aflyaﬂat

substantially uniform amplitude peaks over a time interval.

8.

A signal as claimed in claim 7, wherein said reference signal is described

by the equation:

£(e) =-21;°f_ [Acos (ez (w)) +Ajsin(ae (0)) ] W(w) eI¥dw

where
e (w) E C s:.n(n.b—-o)
a=1
where a, A, G, b and Q are real numbers;
_where N is an integer; and
where W(w) is a windowed window function.
9. A signal as claimed in claim 7, wherein said reference signal is described
by the equation:
190 .
£(t) === folAcos (bw?) +Ajsin (bw?) ] W(w) eI*dw
+—]-'-°f [Acos (bw?) -Ajsin (bw?) ] W(w) e ¥¢w

2% J -4 _
where A, b and {1 are real numbers; and
where W(w) is a windowed window function.
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spirit of the invention. CLAI MS: 1. A receiver for receiving a
signal which has been provided over a transm ssion path and subjected to
pat h i nduced distortion, said signal conprising a reference signal, said
receiver conprising: nmeans for receiving said signal and for separating

t herefrom said 10

A SYSTEM FOR ECHO CANCELLATION COMPRISING
A GHOST CANCELLATION REFERENCE SIGNAL

Abstract

A system for echo cancellation for use in particular
in television receivers. The features a ghost
cancellation reference signal which exhibits improved
performance in noisy environments and which exhibits
the flat and wide bandwidth necessary for effective
channel characterization while exhibiting a higher and
more evenly distributed amplitude versus time
characteristic than that provided by known, non-cyclic
ghost cancellation signals. | |

[ Figure 1 ]

cet Has Been Rciaced
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reference signal as distorted by said transm ssion path; and neans for
substantially elimnating said path induced distortion fromsaid received
signal, and conprising neans for deriving fromsaid distorted reference
signal, a sequence of coefficients to be used with at |east one filter;
wherein said reference signal has been generated froma w ndow function and
a plurality of sinusoidal functions, is ndn-cyclic, has a substantially
flat frequency spectrumw thin the bandwi dth of said transm ssion path, and
a large plurality of substantially constant subsequent anplitude peaks over
atinme intecval. 2. The receiver as clainmed in claim1l1, wherein
said reference signal is

| 5
0 5 2 3
(1) —= AD FIR IR oA 1
3
FR
(O .
PROC.
-0
BUF
GCR

FIG.1
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described by the equation: [err] where [err] where

b and [err] are real nunbers;
Wlerr]) is a windowed wi ndow functi on.

0.6
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Vi

) 1 [} I 1 t t
i | : - C
0 200 400 : 600
[ I L A
: A -
B I 1 1 1} H I | L ) 1 l 1 1 1 | ;
0 500 - 1000 L 1500 ‘ 2000

4.3MHz

FIG.3

This is the replacement sheet _

Date:

22

MAR 1397



¥

3. i The receiver ‘as clained in claiml1l, wherein said reference

signal is described by the equation: [err] [err] where A, b and
Ferr] are real nunbers; and where Ww is a w ndowed wi ndow function.
4. A method of encodi ng a signal for delivery to a path adding

distortions to said signal, said rethod Cj>rrpr|5| ng the steps of:

1.0 —————
- A
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‘generating said signal; generating a reference signal capable of therefrom
deriving coefficients to be used with at | east one decoding filter for
yenmoving said distortions fromsaid signal; and inserting said reference
signal into said signal; wherein said reference signal is generated froma
wi ndow function and a plurality of sinusoidal functions, is non-cyclic, has
a substantially flat frequency spectru ithin the bandw dth of said
transm ssion path, and a | arge pIurallty of substantlally const ant
subsequent anpl Oif, o

|3 p‘car\r ov-ef—a—t+Ae ll 1t Tl vur ) T 1 1

0.4
] | ‘! . 'I“
I
H i i
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5. q ' bdﬁmthOd as claimed in claim4, wherein said referenc®ssignal
i s .descri be y the equation [err] where [err] where RERLACEMEN
b and [err] are real nunbers; where N is an integer; ﬁeliﬁd vvherTgBHEET
err i's'a w ndowed d f : ;
Werr]) wi ndow UI‘IC'[IOI’I‘7 1 8 MAR 1998
CLAIMS:
1. A receiver for receiving a signal which has been provided over a

transmission path and subjected to path induced distortion, said signal comprising a

reference signal, said receiver comprising:

means for receiving said signal and for separating therefrom said

reference signal as distorted by said transmission path; and
means for substantially eliminating said path induced distortion from said

received signal, and comprising means for deriving from said distorted reference signal,

a sequence of coefficie

nts to be used with at least one filter;

wherein said reference signal has been generated from a window function

"and a plurality of sinusoidal functions, is non-cyclic, has a substantially flat frequency

spectrum within the bandwidth of said transmission path, and a large plurality of

substantially constant subsequent amplitude peaks over a time interval.

2. The receiver as claimed in claim 1, wherein said reference signal is

described by the equation:

£(t) =—]-'—gf [Acos (ae (w) ) +Ajsin(ae (w) )] W(w) edw
2n J

where
N
e (w) =:§ Cnsin(nb%m)
where a, A, C,, b and Q are real numbers;
where N is an integer; and
where W(w) is a2 windowed window function.

REPLACEMENT SHEETS SG
il D *c;sptaon t)aged ..... tc pwed

io mged

* c L L] S *



6. A nmethod as clainmed in claim4, wherein said refermé{‘ggﬂtg

i s .descri bed by the equati on: [err] where A, b and [ RER

nunbers; and where Wlerr]) is a wi ndowed w ndow functi on.

A si gnal delivered to or capable of beipg delivered to a path ad§i &d‘\AR 1338
distortions to said si gnal , conprising g ref erence signal capabl e of
deriving coefficients

3. The receiver as claimed in claim 1, wherein said reference signal is

described by the equation:

£(e =2—l1t'nf [Acos (bw?) +Ajsin(bw?) ] W(w) e T dw

+ L °f _lacos (bw?) -Ajsin (bw?) ] W(®) e **dw

27
where A, b and Q are real numbers; and
where W(w) is a windowed window function. -
4. A method of encoding a signal for delivery to a path adding distortions to

said signal, said method comprising the steps of:

generating said signal;

generating a reference signal capable of therefrom deriving coefficients to
be used with at least one decoding filter for removing said distortions from said signal;
and

inserting said reference signal into said signal;

wherein said reference signal is generated from a window function and a
plurality of sinusoidal functions, is non-cyclic, has a substantially flat frequency
spectrum within the bandwidth of said transmission path, and a large plurality of

substantially constant subsequent amplitude peaks over a time interval.

S. A method as claimed in claim 4, wherein said reference signal is

described by the equation

£(6)=2"[ [acos (e (0)) +ATsin(as (0)) ] W(w) e *do
2n J -,

where -

e(w)= E c, s1n(nb—-w)

n=1

where a,A,C,, b and Q are real numbers;
where N is an integer; and
where W(w) is a windowed window function.
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éher_efromto be used with at |east one decoding filter for renoving said

I stortions fromsaid signal; wherein said reference signal S

generated froma wi ndow function and a plurality of si ngsoiﬁgmmr)r%ﬁﬂ
is non-cyclic, has a substantially flat frequency spectrumw thin the

bandwi dth of said transnission path, and a l'arge plurality of sub$tGriARaid38
const ant subsequent anplitude peaks over a tine interval. 8. A
signal as cl@imed i n chamsthdd aveRimedirslaiin 4e fwheesin saidi rgfextndessighaad ds i bed by

the equation: [err] where
described by the equation:

£ =2_1‘;t-nf [Acos (bw?) +Ajsin (bw?) ] W(w) e 7**dw

+2°[ [acos (bo?) -ajsin(be?) 1 W(w) e *do
21 J -,

where A, b and Q are real numbers; and
where W(w) is a windowed window function.
7. A signal delivered to or capable of being delivered to a path adding

distortions to said signal, comprising a reference signal capable of deriving coefficients
therefrom to be used with at least one decoding filter for removing said distortions from
said signal; wherein said reference signal has been generated from a window function
and a plurality of sinusoidal functions, is non-cyclic, has a substantially flat frequency
spectrum within the bandwidth of said transmission path, and a large plurality of

substantially constant subsequent amplitude peaks over a time interval.

8. A signal as claimed in claim 7, wherein said reference signal is described

by the equation:

f(t)=§%nf_[Acos(ae(w))+Ajsin(as(w))]W(m)eiwdm

where
N
e () =;1 Cnsin(nb—;-;-w)
where a, A, C,, b and Q are real numbers; T
where N is an integer; and
where W(w) is a windowed window function.
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[err]. where [err], A (derr], band [err] are real nunbers; where

N is an integer: and where Wl(err]) is a windowed w ndow function.
10 9. A signal as clainmed in claim7, wherein sai aﬂr;e _
signal;is described lj‘&ﬁgﬁf SHEET
10 1 8 MAR 1338
0. A signal as claimed in claim 7, wherein said reference signal is described
by the equation:
_1¢e 2 ‘s 2 o jwt
f(E)=— f [Acos (bw?) +Ajsin (bw?) ] W(w) e 7"*dw
27 0
+i0f [Acos (bw?) -Ajsin (bw?) ] W(w) e I¥tdy
27 J -4
where A, b and Q are real numbers; and
where W(w) is a windowed window function.
.
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by the equation: [err] [err] where A, b and [err] are real nunbers;
and -where Wlerr]) is a w ndowed w ndow functi on. REPLACEMENTSHEE]

1
. 8 MAR 1995

A SYSTEM FOR ECHO CANCELLATION COMPRISING
A GHOST CANCELLATION REFERENCE SIGNAL

Abstract

A system for echo cancellation for use in particular
in television receivers. The features a ghost
cancellation reference signal which exhibits improved
performance in noisy environments and which exhibits
the flat and wide bandwidth necessary for effective
channel characterization while exhibiting a higher and
more evenly distributed amplitude versus . time
characteristic than that provided by known, non-cyclic
ghost ‘cancellation signals.

[ Figure 1 ]



