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-1- RCA. 86.620
IR GHOST CANCELLING SYSTEM

This invention relates to ghost 'cancelling systems
which employ infinite impulse response (IIR) filters, and more
particularly to apparatus for providing stable operation of the IIR
filters in such system. '

Ghost cancelling systems nominally consist of two
parts, a programmable filter and circuitry for calculating a model
of the signal transmission channel. The channel modelling
circuitry is responsive to a transmitted reference signal and a
stored idealized reference signal for determining the

- characteristics of the transmission channel (in particular

characteristics 'wh'it_:h may give rise to multipath distortion). From
such characteristics, the channel modelling circuitry generates
coefficients for programming the programmable filter to pass

‘video signal with multipath distortion substantially eliminated.

For a more detailed description of channel modelling techniques
see U.S. Patent 4,864,403, issued Sept. 5, 1989 and titled
“Adaptive Television Ghost Cancellation System Including Filter
Circuitry with Non-Integer Sample Delay” or GHOST REDUCTION BY
REPRODUCTION by N. Komlya, IEEE Transactions on Consumer
Electronics, Aug. 1992, Vol. 38, No. 3, pp. 195-199, for example.
The programmable filters are typically of two types, finite
impulse response (FIR) and infinite impulse response (IIR). Some
ghost cancelling systems employ FIR filters, others employ IIR
filters, but the majority of systems use a combination of both.

Both the IIR and FIR ghost cancelling filters employ
tapped delay lines providing a plurality of relatively delayed
signals. The delayed signals are weighted by programmable
coefficients, and the weighted coefficients are combined to
provide a filtered output signal. The FIR and IIR filters have
relative advantages and disadvantages but it is well known that
FIR filters are inherently stable, and that IIR filters give rise to
stability problems. The present invention is directed toward
ameliorating instabilities in ghost cancelling systems which use
IIR type ghost cancelling filters.
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-2- RCA 86,620

The préSent invention is a ghost cancelling system
including a ghost cancelling IIR filter and channel modelling
circuitry for generating tap weighting coefficients for
programming the ghost cancelling IIR filter. The channel
modelling circuitry includes means for calculating the sum of all of
the generated weighting coefficient values. If the sum exceeds a
predetermined value indicative of the IIR filter becoming
unstable, the weighting coefficients are conditionally scaled in a
manner to reduce the sum, thus tending to reduce the possibility
of filter instability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a block diagram of a ghost cancelling
system incorporating the present invention.

FIGURE 2 is a logic diagram of a two's complement
overflow detector which may be implemented in the FIGURE 1
apparatus. L
FIGURES 3 and 4 are representative flow charts of the
operation of the FIGURE 1 system.

Apparatus for generating weighting coefficients for
ghost ‘cancelling systems are relatively well known by those
persons skilled in the art of video signal processing, and thus such
apparatus will not be described here in detail. Suffice it to say
that typical weighting coefficient generating apparatus consist of
special purpose programmable microprocessors, which may be
programmed to perform a variety of algebraic functions.
Therefore it is presumed that it will be a simple exercise for one
skilled in the art' of implementing weighting coefficient generating
apparatus, to further program such apparatus to perform simple
arithmetic manipulations on the weighting .coefficients once
generated.

Referring to FIGURE 1, the elements 10-18 comprise
the basic structure of known ghost cancelling systems which
utilize IIR ghost cancelling filters. Input signal is applied to bus
10 from for example an antenna/tuner combination. = The input
signal is coupled to a channel modelling and control element 18,
which is responsive to a ghost cancelling referencé signal included
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-3- RCA 86.620

at regular predetermined intervals in the input signal for
generating weighting coefficients to be applied to the ghost
cancelling filter. Thé ghost cancelling filter consists of the adder
12, the tapped delay line 14, the plurality of weighting circuits 15
and the adder 16. The input signal is applied to the adder 12
which has an output coupled to the input of the tapped delay line.
Relatively delayed replicas of the signal input to the delay line are
accessed at the respective taps and weighted by coefficient values
generated by the channel modelling element 18. The weighted
replicas are summed in the adder 16, and the resultant sum is
applied to the second input connection of the adder 12. Assuming
the weighting coefficients were accurately calculated, the signal
from adder 16 applied to the second input of the adder 12 will
include a compliment of signal components necessary to cancel
any multipath distortion included in the input signal. It is to be
noted that since the signal fed back from the adder 16 is arranged
to cancel components in the input signal, the adder 12 may in fact
be realized with a subtracter. Whether element 12 is realized as
an adder or subtracter is dependent upon the relative polarities
assigned to the respective weighting coefficients.

It has been found for IIR ghost cancelling filters, that
if the magnitudes of all of the weighting coefficients applied to the
ghost cancelling IIR filter sum to a value greater than one, the
filter may be unstable. For filters with clocked delay elements
stability may be predicted by factoring the filter transfer function
and determining if any Z-plane poles have magnitudes gieater

“than zero. The stability is also dependent in part on the variable

dynamic range of the input signal and the fixed dynamic range of
the processing apparatus. In a television system the dynamic
range of received television signals differ from channel to channel,
hence a IIR ghost cancelling filter may be unstable for one.
channel but not another.

- In a first embodiment of the invention the ghost
cancelling IIR filter is made unconditionally stable. In this
embodiment the channel modelling and control apparatus is
arranged to operate according to the flow chart illustrated in
FIGURE 3. The channel modelling and control apparatus,

- responsive to horizontal and vertical synchronizing components of
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-4- RCA 86,620

the input video signal obtains [101] the ghost cancelling reterence
(GCR) signal contained in line 21 of the video signal. Using the
received GCR and a stored ideal version of the GCR, it calculates
[102] the weighting coefficients for programming the ghost '
cancelling. IIR filter to eliminate ghosts in the channel currently
being received. The magnitudes of the weighting coefficients are
summed [103] and the resultant sum is compared [104] to the
value one. If the sum is less than one, the weighting coefficients
are applied [105] to the respective weighting circuits in the IIR
filter. If the sum is greater than one, the respective weighting
coefficients are scaled [106] to lessen the sum of coefficients. The
scaling factor may be of the form 1/(aS) where S is the sum of
weighting coefficients and a is a factor one or less but close to one
e.g., 0.95. The factor &« may be made dependent upon the value of
S, and selected such that S is not less than a predetermined value
e.g., 1.1. After the weighting coefficients have been scaled, they
are applied [105] to the respective weighting circuits in the filter.

The weighting coefficients may be complex valued if
the ghost cancelling filter is arranged to process quadrature
components of the input signal. In this instance the magnitudes of
the complex components may be summed to simplify the
hardware requirements. Assume that the coefficients C, are of the
form

Ci =x; + jyi.

The sum of the coefficients is given by;
n

S=Y 1x;1+lysl
i

Using this value for the sum imposes a stricter bound, since it will
always exceed the sum of the actual magnitudes Ix;+jy;l.

As mentioned above, merely because the sum of the
magnitudes of the weighting coefficients exceeds one, the filter is
not necessarily unmstable. If it is not unstable and the coefficients
are scaled, ghost cancellation will be somewhat impaired.
Therefore, when the sum of weighting coefficients exceed the
value one, it is desirable to scale these coefficients only if the
filter will exhibit unstable tendencies. The weighting coefficients
are used to program the filter even if their sum exceeds the value
one, and then the filter is tested for instability, and if an
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-5- RCA 86.620

indication of instability is detected, the coefficients are scaled.
Operation in this mode is represented by the flow chart of FIGURE
4. It is to be noted that the operation indicated in FIGURE 4

-allows for the iterative incremental scaling of the coefficients until

filter instabilities disappear.

One method for detecting unstable tendencies in the -
IIR filter is to monitor the adder 12 for output overflows or
undeiflows. Overflows and underflows occur, in two's
complement arrangements for example, if two like polarity
sample values applied to the input connections of an adder, sum
to a value which is greater than the output bits of the adder can
represent. The FIGURE 1 apparatus includes an over/underflow
detector 20. The over/underflow detector generates an output
signal indicative of over/underflows, which output signal is
coupled to the channel modelling and control circuitry 18. The
circuitry 18, responsive to the signal indicative of
over/underflows, scales the generated weighting coefficients to
lessen the sum of the magnitudes of the weighting coefficients.
Note that the circuitry 18 may be arranged to automatically scale
the weighting coefficients if their sum exceeds a predetermined
value greater than one, and to conditionally scale the weighting
coefficients in accordance with over/underflow detection if the
sum of coefficients is greater than one but less than said
predetermined value.

The adder 16 may also exhibit over/underﬂows of

-partial sums. However these over/underflows will not affect filter

stability. Hence it is not necessary to monitor this adder for
over/underflows to insure filter stability. However
over/underflows exhibited within the adder 16 may affect the
accuracy of ghost cancelling performance. Thus for superior

‘'system performance it is desirable to monitor the adder 16 for the

occurrence of o(rer/underflows, and responsive thereto scale the
weighting coefficients. In this instance the scale factor may be
different than the scale factor used when the adder 12
over/funderflows.

Figure 2 shows an exemplary over/underflow detector

- which- may be implemented for two's complement number

systems. This circuitry is responsive to the sign-bits of the
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-6- RCA 86,620

samples applied to the input of the adder and tne sign-bit ot the
result provided by the adder. = An overflow occurs when two

positive input values produce a negative output value and an

underflow occurs when two négative input values produce a

positive output value. The occurrence of these two conditions is

detected with two AND gates (30, 32) and one OR gate 33. In
two's complement number systems, positive numbers have logic
zero sign-bits and negative numbers have logic one sign-bits.
Detection of the overflow condition is performed by the AND gate
32 having the output sign-bit of the adder connected to its non-
inverting input and the two input sign-bits of the adder connected
to respective inverting inputs. Similarly detection of - the
underflow condition is performed by the second AND gate 30
having the output sign-bit of the adder connected to its inverting
input and the two input sign-bits of the adder connected to
respective non-inverting inputs. The AND gates 32 and 30 will
exhibit logic high levels at their respective output connections
only on the occurrence of an overflow and an underflow
respectively. The output connections of the AND gates 30 and 32
are coupled to respective input connections of the OR gate 33,
which provides a composite over/underflow detection signal at 1ts
output connection.

- The over/underflow signal provided by the OR gate 33
may be directly coupled to the circuitry 18 to control coefficient
scaling. However single occurrences of over/underflows may not
accurately indicate filter instability. Therefore it is desirable to
process the output of the OR gate 33 before application to the
circuit 18. One example of over/underflow signal processing is
shown in figure 2. In this example the output of the OR gate 33 is
coupled to the count input of a binary counter 34. A vertical
synchronizing signal is coupled to a reset control of the counter
and resets thé count value to zero at the beginning of each field
interval. The counter 34 thus counts the number of occurrences
of over/underflows each field period. - The more significant output
bits of the counter 34 are coupled to respective input connections
of an OR gate 35, i.e, bits 23-26, The Or gate 35 provides the
over/underflow' output signal whenever there are 8 or more
over/underflow indications provided by the OR gate 33 in a field

ThlsSheetHasBeen

N0 Il llll



-7- RCA 86,620

interval. Another example of over/underflow signal processing
may include providing an over/underflow" signal only after the
occurrence of a predetermined number of over/underflow
indications for consecutive samples per field interval.

ThszheetHasBcen Replaced -

AR -



-8- RCA 86.620

o 1. Multipath signal cancelling apparatus characterized
by: ' . '
a source of input signal (10); .
a programmable IIR filter (12-16) including signal
summing means (12) for combining said input signal and output
- signal provided by said IIR filter, said IIR filter having a plurality
of weighting circuits (15) with respective input connections for
receiving weighting coefficients; :

channel modelling means (18), responsive to said
input signal for generating said weighting coefficients, said
channel modelling means including means for providing a sum of
the magnitudes of the generated weighting coefficients and means
for scaling said weighting coefficients to reduce said sum if said
sum exceeds a predetermined value; and

means for applying scaled weighting coefficients to
said programmable IIR filter.

2. The apparatus set forth in claim 1 characterized in
that said predetermined value is greater than one.

3. The apparatus set forth in claim 1 characterized in
that said means for scaling said weighting coefficients includes
means coupled to said IIR filter for detecting potential IIR filter
instabilities, and performing scaling of the weighting coefficients if
potential filter instabilities are detected.

4. The apparatus set forth in claim 3 characterized in
that said means for detecting IIR filter instabilities includes a
signal overflow detector coupled to said signal summing means.

5. The apparatus set forth in claim 4 characterized in
that said signal overflow detector includes means for processing
signal indicating .signal overflows such that scaling of weighting
coefficients is initiated only on the occurrence of predetermined
- overflow conditions.
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6. The apparatus set forth in claim 1 characterized in
that said means for scaling includes means for generating a scaling
factor proportional to the reciprocal of the sum of the weighting
coefficients.

7. Multipath signal cancelling apparatus characterized
by: - _

a source of input video signal (10);

a programmable IIR filter (12-16) including signal
summing means (12) for combining said input video signal and
output signal provided by said IIR filter, said IR filter having 4
plurality of weighting circuits (15) with respective input
connections for receiving weighting coefficients;

channel modelling means (18), responsive to said
. input video signal, for generating said weighting coefficients;

means (20) coupled to said signal summing means for
generating an overflow signal OVF indicating occurrences of the
dynamic range of said signal summing means being exceeded;

detecting means (18) responsive to said overflow
signal OVF, for scaling the generated weighting coefficients such
that the sum of the magnitudes of the scaled weighting
coefficients is less than the sum of the magnitudes of the non-
scaled weighﬁng coefficients, when the dynamic range of the
summing means is exceeded; and

means for substituting said scaled weighting
coefficients for said weighting coefficients.

8. The apparatus set forth in claim 7 characterized in
that said means for detecting includes means for processing said -
overflow signal OVF such that scaling of weighting coefficients is
initiated only after the dynamic range of the summing means is

exceeded a predetermined number of times per predetermined
interval. -

9. The apparatus set forth in claim 7 characterized in
that said means for scaling includes means for generating a scaling
factor proportional to the reciprocal of the sum of the weighting
coefficients.
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