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AUTOMATIC COLOR-SYNC POLARITY
CONTROL

BACKGROUND OF THE INVENTION

[0001] Video communication signals may generally utilize
a modulated subcarrier to communicate video information.
For example, various video communication signals may
communicate video color information by phase-modulating
a subcarrier signal. A receiver of such information may then
extract the communicated video information by processing
the phase-modulated subcarrier signal (e.g., in conjunction
with a reference subcarrier signal). Such a reference sub-
carrier signal may, for example, be communicated directly to
the receiver (e.g., as a subcarrier burst signal) or may be
derived by the receiver.

[0002] In various video communication techniques, polar-
ity of the modulated subcarrier and/or reference subcarrier
may change. By way of illustration, the Phase Alternation
Line (PAL) video standard includes inverting the polarity of
the color signal component between adjacent scan lines.
Therefore, processing such a signal may include utilizing
polarity information. For example, in processing such a PAL
television signal, the color synchronization process may
include generating a switching signal to track PAL signal
polarity changes (e.g., alternating on a line-by-line basis).
Such a switching signal may, for example, be produced by
processing subcarrier burst information. However, the gen-
eration of such a switching signal may be susceptible to
noise. For example, noise may result in a switching signal
changing state when the polarity of the subcarrier has not
changed. An incorrect switching signal may then, in turn,
cause incorrect processing of the modulated subcarrier,
which may result in a relatively poor quality video presen-
tation.

[0003] Further limitations and disadvantages of conven-
tional and traditional approaches will become apparent to
one of skill in the art, through comparison of such systems
with the present invention as set forth in the remainder of the
present application with reference to the drawings.

BRIEF SUMMARY OF THE INVENTION

[0004] Various aspects of the present invention provide a
system and method for automatically controlling color syn-
chronization polarity during video decoding, substantially as
shown in and/or described in connection with at least one of
the figures, as set forth more completely in the claims. These
and other advantages, aspects and novel features of the
present invention, as well as details of illustrative aspects
thereof, will be more fully understood from the following
description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0005] FIG. 1 is a block diagram of a system for control-
ling color synchronization polarity in a video decoder, in
accordance with various aspects of the present invention.

[0006] FIG. 2 is a block diagram of a system for control-
ling color synchronization polarity in a video decoder, in
accordance with various aspects of the present invention.

[0007] FIG. 3 is a vector diagram illustrating operation of
the system of FIG. 2, in accordance with various aspects of
the present invention.
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[0008] FIG. 4 is a video processing system comprising a
system for controlling color synchronization polarity, in
accordance with various aspects of the present invention.

[0009] FIG. 5 is a flow diagram illustrating a method for
controlling color synchronization polarity in a video
decoder, in accordance with various aspects of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0010] FIG. 1 is a block diagram of a system 100 for
controlling color synchronization polarity in a video
decoder, in accordance with various aspects of the present
invention. As explained previously, in processing certain
types of video signals, polarity of the video signal (e.g., a
subcarrier and/or subcarrier reference) may change. By way
of non-limiting example, the Phase Alternation Line
(“PAL”) video standard includes inverting the polarity of the
color signal component between adjacent scan lines. The
polarity of the color synchronization signal may also change
between adjacent video lines, and knowledge of such color
synchronization polarity may be utilized in processing the
color signal component. Though the following discussion
may at times refer to the PAL video standard for illustrative
purposes, the scope of various aspects of the present inven-
tion should not be limited by particular characteristics of the
PAL video standard.

[0011] The exemplary system 100 may comprise a polarity
reference signal generation module 110, which may also be
referred to herein as the “reference generation module 110.”
The exemplary system 100 may also comprise a polarity
monitor module 130 and a polarity correctness determina-
tion module 150, which may also be referred to herein as the
“analysis module 150.” Each of such modules will now be
discussed in further detail.

[0012] The polarity monitor module 130 may generally be
adapted to monitor polarity of a color synchronization
signal, which may also be referred to herein as color
synchronization polarity. For example and without limita-
tion, the polarity monitor module 130 may monitor color
synchronization polarity by processing color synchroniza-
tion signal information corresponding to adjacent video
lines.

[0013] The polarity monitor module 130 may, for
example, monitor color synchronization polarity at a plural-
ity of instances over a period of time. For example and
without limitation, the polarity monitor module 130 may
monitor color synchronization polarity of a subcarrier burst
signal of a video line at a plurality of points (e.g., 2, 4, 8, 16,
32, 64, 100 or any number of points) during the subcarrier
burst period. Also for example, the polarity monitor module
130 may monitor color synchronization polarity of the
subcarrier burst signal for a plurality of video lines (e.g., 2,
4, 8, 100, all lines of a video field, all lines of a video frame,
all lines of a plurality of video frames, a sliding window of
video lines, etc.). Note that the period of time over which
color synchronization polarity may be monitored might
comprise a single continuous period or might comprise a set
of discrete periods. Also note that the period of time may be
static or dynamic, which will be discussed in more detail
later. The scope of various aspects of the present invention
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should not be limited by characteristics of any particular
period of time over which color synchronization polarity
might be monitored.

[0014] The polarity monitor module 130 may monitor
color synchronization polarity in any of a variety of man-
ners. For example and without limitation, the polarity moni-
tor module 130 may monitor color synchronization polarity
by determining polarity of a monitored color synchroniza-
tion signal (e.g., a PAL subcarrier burst signal) of a current
video line in relation to polarity of a monitored color
synchronization signal of a previous video line. Such a
comparison may then, for example, result in an indication of
relative color synchronization polarity between adjacent
video lines. Also for example, the polarity monitor module
130 may monitor color synchronization polarity by compar-
ing polarity of a monitored color synchronization signal of
a current video line with respective polarities of a plurality
of previous video lines. The scope of various aspects of the
present invention should not be limited by characteristics of
any particular manner of monitoring color synchronization
polarity.

[0015] The polarity monitor module 130 may then, for
example, generate and output one or more signals indicative
of such monitored color synchronization polarity. For
example and without limitation, the polarity monitor module
130 may generate and output a sequence (or series) of
signals indicative of the monitored color synchronization
polarity at a plurality of instances over a period of time. Such
a sequence of signals may, for example, indicate color
synchronization polarity of a sampled reference subcarrier
relative to a corresponding sampled reference subcarrier of
a previous video line. Also for example, the polarity monitor
module 130 may generate and output any of a large variety
of signals (e.g., digital and/or analog signals) indicative of
monitored color synchronization polarity at a plurality of
instances over a period of time. Accordingly, the scope of
various aspects of the present invention should not be
limited by characteristics of any particular type of signal that
might represent monitored color synchronization polarity.

[0016] The reference generation module 110 may, in vari-
ous non-limiting exemplary scenarios, generate a reference
signal. Such a reference signal may, for example, indicate
desired color synchronization polarity. Such a reference
signal may, for example, be utilized for comparison with a
corresponding signal representative of monitored color syn-
chronization polarity (e.g., as might be generated by the
polarity monitor module 130).

[0017] In anon-limiting exemplary scenario, the reference
generation module 110 may generate a reference signal the
comprises a sequence of signals indicative of desired color
synchronization polarity over the period of time for which
the polarity monitor module 130 monitors the color syn-
chronization polarity. For example and without limitation, a
signal of such a sequence of signals may indicate desired
color synchronization polarity of a color synchronization
signal (e.g., a PAL subcarrier burst signal) for a current video
line relative to a color synchronization signal of a previous
video line. Also for example, a reference signal may com-
prise characteristics of an analog signal or a digital signal
(e.g., containing sign, phase or data information). Accord-
ingly, the scope of various aspects of the present invention
should not be limited by characteristics of any particular

type of signal.
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[0018] The analysis module 150 may analyze information
of monitored color synchronization polarity (e.g., as gener-
ated by the polarity monitor module 130) to determine
whether the monitored color synchronization is correct. For
example, when a video standard (e.g., PAL) specifies a
particular polarization or polarization pattern, the analysis
module 150 may analyze monitored polarity information to
determine whether the monitored polarity conforms to the
standard.

[0019] The analysis module 150 may analyze information
of monitored color synchronization in any of a variety of
manners. For example and without limitation, the analysis
module 150 may statistically analyze information of moni-
tored color synchronization polarity generated by the polar-
ity monitor module 130. The analysis module 150 may then,
for example, generate a signal indicative of such statistical
analysis. Such a signal may, for example, be utilized to
switch color synchronization polarity to achieve proper
video signal decoding.

[0020] In a non-limiting exemplary scenario, as discussed
previously, the polarity monitor module 130 may generate a
sequence of signals indicative of monitored color synchro-
nization polarity. In such a non-limiting exemplary scenario,
the analysis module 150 may analyze (e.g., statically ana-
lyze) such a sequence of signals to determine whether the
monitored color synchronization polarity is correct.

[0021] In another non-limiting exemplary scenario, as
discussed previously, the polarity monitor module 130 may
generate a sequence of signals indicative of monitored color
synchronization polarity, and the reference generation mod-
ule 110 may generate a sequence of reference signals indica-
tive of correct (e.g., desired, expected, or conforming to the
PAL standard or some other standard) color synchronization
polarity. In such an exemplary scenario, the analysis module
150 may analyze (e.g., statistically analyze) the monitored
polarity sequence and the reference polarity sequence to
determine whether the color synchronization polarity is
correct.

[0022] Continuing the non-limiting exemplary scenario,
the analysis module 150 may compare corresponding signal
pairs of the monitored polarity sequence and the reference
polarity sequence. Such comparison may, for example, com-
prise multiplying such signal pairs, logic gating such signal
pairs, etc. As a result of such comparison, the analysis
module 150 may generate a sequence (or series) of signals
indicative of the comparison results. The analysis module
150 may then, for example, analyze the comparison results
sequence to determine whether the comparison results
sequence indicates that the monitored color synchronization
polarity is correct.

[0023] Continuing the non-limiting exemplary scenario,
the analysis module 150 may statistically analyze the com-
parison results sequence by accumulating logic values,
polarities, values, or signs over a time period (e.g., any of the
time periods discussed previously) and comparing the accu-
mulation results to a threshold. Also for example, the
analysis module 150 may statistically analyze the compari-
son results sequence by summing the values of the signals
over a time period and comparing the sum to a threshold.
Further for example, the analysis module 150 may statisti-
cally analyze the comparison results sequence by determin-
ing an indication of statistical variance (or standard devia-
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tion) and comparing the indication of statistical variance to
a threshold. In general, in the non-limiting exemplary sce-
nario, the analysis module 150 may analyze (e.g., statisti-
cally analyze) comparison results between a reference polar-
ity signal (or sequence of signals) and a monitored polarity
signal (or sequence of signals) in any of a variety of
manners. Accordingly, the scope of various aspects of the
present invention should not be limited by characteristics of
any particular manner of analyzing such signals.

[0024] In general, the analysis module 150 may analyze
one or more signals (e.g., a sequence of signals) indicative
of monitored color synchronization polarity, and determine
based at least in part on the statistical analysis of such
signals, whether color synchronization polarity is correct.
Accordingly, the scope of various aspects of the present
invention should not be limited by any particular manner of
analyzing one or more signals indicative of monitored color
synchronization polarity signals.

[0025] The analysis module 150 may perform analysis in
a static or dynamic manner. For example and without
limitation, the analysis module 150 may analyze signals
indicative of monitored color synchronization polarity (e.g.,
and corresponding reference signals) in a constant manner.
Alternatively for example, the analysis module 150 may
analyze signals indicative of monitored color synchroniza-
tion polarity in a manner that may change over time. For
example, the analysis module 150 may determine effective-
ness of the particular analysis currently being performed and
determine whether to modify characteristics of the analysis
to improve the effectiveness.

[0026] The analysis module 150 may determine effective-
ness of color synchronization polarity control in any of a
variety of manners. For example and without limitation, the
analysis module 150 may determine effectiveness by, at least
in part, determining video output quality. Note that such a
determination may be completely automatic or may also
utilize information received from a user. Also for example,
the analysis module 150 may determine effectiveness by, at
least in part, determining the extent to which color synchro-
nization polarity is switched (or inappropriately switched).
Further for example, the analysis module 150 may deter-
mine effectiveness by, at least in part, determining the extent
to which color synchronization polarity is corrected.
Accordingly, the scope of various aspects of the present
invention should not be limited by characteristics of any
particular manner of determining effectiveness of color
synchronization polarity control.

[0027] In an exemplary scenario where it is determined
that the effectiveness of the current manner of controlling
color synchronization polarity is too low, the analysis mod-
ule 150 may modify characteristics of the analysis. The
analysis module 150 may modify the analysis characteristics
in any of a variety of manners. For example and without
limitation, in an exemplary scenario where the analysis
includes comparison to a threshold, the analysis module 150
may modify the threshold. Also for example, the analysis
module 150 may modify the period of time over which the
analysis is performed (e.g., changing a sliding window
duration, number of lines, number of fields/frames, etc.).
Further for example, the analysis module 150 may change a
set of signals that is being analyzed. Still further for
example, the analysis module 150 may modify the number
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of signals or samples being processed. Accordingly, the
scope of various aspects of the present invention should not
be limited by any particular manner in which the analysis
may be modified to improve effectiveness of the color
synchronization polarity control.

[0028] The analysis module 150 may also, for example,
generate a signal indicative of whether the color synchro-
nization polarity is correct (e.g., as expected, as desired, in
conformance with a standard, etc.). Such a signal may then,
for example, be utilized to adjust color synchronization
polarity if necessary. In a non-limiting exemplary scenario
where such a signal indicates that color synchronization
polarity is not presently correct, such a signal may be
utilized as a switching signal to switch color synchronization
polarity. Such a polarity switch may then, for example,
provide for accurate color decoding of the video signal.

[0029] The exemplary system 100 was presented above in
a modular manner for illustrative clarity. It should be rec-
ognized, however, that the various modules discussed pre-
viously may be implemented in any of a variety of manners.
For example, the various modules may be implemented in
hardware, software or a combination thereof. Also for
example, the various modules may share various compo-
nents. For example, various modules may share various
hardware components and/or various software modules.
Accordingly, the scope of various aspects of the present
invention should not be limited by any particular module
implementation or by any arbitrary boundaries between
modules.

[0030] The previous exemplary system 100 was presented
to provide specific illustrations of various generally broader
aspects of the present invention. Accordingly, the scope of
various aspects of the present invention should not be
limited by characteristics of the previously discussed exem-
plary system 100.

[0031] FIG. 2 is a block diagram of a system 200 for
controlling color synchronization polarity in a video
decoder, in accordance with various aspects of the present
invention. Various components of the exemplary system 200
may, for example and without limitation, share various
characteristics with the exemplary system 100 illustrated in
FIG. 1 and discussed previously.

[0032] FIG. 3 is a vector diagram 300 illustrating opera-
tion of the system of FIG. 2, in accordance with various
aspects of the present invention. In discussing operation of
the exemplary system 200, the following discussion will
refer to the vector diagram 300. The vector diagram 300 is
arranged in rows and columns, with each column represent-
ing a video line and each row generally representing a signal
that is also labeled in the system block diagram 200 of FIG.
2.

[0033] The exemplary system 200 may comprise a frac-
tional sample adjust 212, a line delay 214, a first Hilbert
filter 216, an adder 218, a second Hilbert filter 220, a first
multiplexer 234, a second multiplexer 236, a subtracter 238,
a multiplier 252, a low-pass filter 254 and a check module
256.

[0034] As mentioned previously, various components of
the exemplary system 200 may share various characteristics
with the exemplary system 100 illustrated in FIG. 1. For
example and without limitation, the polarity reference signal
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generation module 110 may share various characteristics
with the fractional sample adjust 212, line delay 214, first
Hilbert filter 216, summer 218 and second Hilbert filter 220.

[0035] For example, a color synchronization signal, which
for this exemplary illustration is a PAL subcarrier burst
signal, may be input to the system 200. The fractional
sample adjust (“FSA”) 212 may, in various exemplary
scenarios, perform sub-sample adjustments in the received
subcarrier burst signal when desired to enhance processing.
The output of the FSA 212 is indicated as signal “A” in
FIGS. 2 and 3. Row “A” in the vector diagram 300 shows
the subcarrier burst signal “A” shifting +90 degrees between
adjacent video lines, which is in accordance with the PAL
standard.

[0036] The line delay 214 may delay the subcarrier burst
signal by one line to produce signal “B.” The one line delay
will result in signal “B” representing the subcarrier burst
signal of the previous line shifted in phase by 90 degrees.
The first Hilbert filter 216 will then shift signal “B” by 90
additional degrees to produce signal “C,” which at any time
is 90 degrees out of phase with signal “A.” The summer 218
then adds signals “A” and “C” to produce signal “D,” which
will alternate between 90 degrees and 270 degrees from
line-to-line, as signal “A” alternates between 135 degrees
and 235 degrees from line-to-line. The second Hilbert filter
220 shifts signal “D” by 90 degrees to produce signal “E,”
which alternates between 180 degrees and 0 degrees from
line-to-line, as signal “A” alternates between 135 degrees
and 235 degrees from line-to-line. Signal “E” may be
utilized as a reference signal indicative of expected subcar-
rier burst polarity for scan lines of a video.

[0037] As mentioned previously, various components of
the exemplary system 200 may share various characteristics
with the exemplary system 100 illustrated in FIG. 1. For
example and without limitation, the polarity monitor module
130 may share various characteristics with the FSA 212, line
delay 214, first Hilbert filter 216, first multiplexer 234,
second multiplexer 236 and first subtracter 238.

[0038] For example, a color synchronization signal, which
for this exemplary illustration is a PAL subcarrier burst
signal, may be input to the system 200. As explained
previously, the FSA 212 may process the subcarrier burst
signal to produce signal “A.” Also as explained previously,
the line delay 214 may process the subcarrier burst signal to
produce signal “B,” and the first Hilbert filter 216 may
process signal “B” to produce signal “C.”

[0039] The first multiplexer 234 and second multiplexer
236 are configured to (e.g., under control of the check
module 256) pass signals “A” and “C” or conversely pass
signals “C” and “A” to first and second inputs of the
subtracter 238. The output of the subtracter 238, signal “G.”
may then, for example, correspond to either “A-C” or
“C-A,” depending on the control input to the multiplexers
234, 236. Output “A-C,” in an exemplary scenario with no
polarity switching, is illustrated as signal F, in the vector
diagram 300. Similarly, output “C-A,” in an exemplary
scenario with no polarity switching, is illustrated as signal F,
in the vector diagram 300.

[0040] In general operation, the output of the subtracter
238 may, for example, alternate between “A-C” and “C-A”
as the color signal polarity switches from line-to-line.

Feb. 22, 2007

Accordingly, depending on an initial state of the polarity,
such signal alternation will generally result in one of two
sequences for signal “G.” The first general sequence for
signal “G,” labeled Gg_,,, and the second general sequence
for signal “G,” labeled Gg,,, are presented in the vector
diagram 300. Signal sequence Gg,,, is, in a non-limiting
exemplary scenario, indicative of correct synchronization
signal polarity, and signal Sequence Gg,, is indicative of
incorrect synchronization signal polarity.

[0041] As mentioned previously, various components of
the exemplary system 200 may share various characteristics
with the exemplary system 100 illustrated in FIG. 1. For
example and without limitation, the polarity correctness
determination module 150 may share various characteristics
with the multiplier 252, low-pass filter 254 and check
module 256.

[0042] For example, in the exemplary system 200, signal
“G,” which may be viewed as a non-limiting example of a
sequence of signals indicative of monitored color synchro-
nization polarity over a period of time and signal “E,” which
may be viewed as a non-limiting example of a sequence of
signals indicative of desired color synchronization polarity
over the period of time, are multiplied by the multiplier 252
and filtered by the low-pass filter 254 to produce signal “H.”
As with signal “G,” the flow diagram 300 shows signal
sequence “Hg,,,,” resulting from correct signal sequence
“Ggeqrs” and signal sequence “Hg,,,” resulting from incor-
rect signal sequence. “Gg,g,.”

[0043] The check module 256 may then analyze signal
“H,” which may generally correspond to either “Hg,,,” or
“Hgeqz,” to determine which of “Hg,,” or “Hg,,” is being
output by the low-pass filter 254, and thus whether the color
synchronization polarity of the input video signal is correct
or incorrect. The check module 256 may analyze signal “H”
in any of a variety of manners, non-limiting examples of
which were discussed previously with regard to FIG. 1.

[0044] Note that signal H may, for example, be generated
and analyzed during the entire duration of the subcarrier
burst signal. For example, signal H may be processed at a
plurality of instances during the subcarrier burst time period.
In a non-limiting exemplary scenario, signal H may be
generated and processed 32 times during each burst time
period. Also for example, signal H may be processed for any
number of video lines. For example and without limitation,
the check module 256 may analyze signal “H” for a field/
frame of video lines, a portion thereof, a sliding window of
lines, a plurality of fields/frames, etc.

[0045] For example and without limitation, the check
module 256 may accumulate the sign of signal “H” (e.g.,
negative or positive) for a plurality of instances over a time
period. At the end of the time period, the check module 256
may compare the accumulation to one or more thresholds to
determine whether sequence “H” is more likely “Hg,,,” or
“HSeq2'”

[0046] Based on the analysis (e.g., statistical analysis) of
signal “H,” the check module 256 may generate a signal
indicative of whether the color synchronization polarity is
correct. Such a signal may, for example, be utilized to
control the outputs of the first multiplexer 234 and the
second multiplexer 236, which as explained previously,
control whether signal “G” is representative of “A-C” or
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“C-A.” Such a signal may also be utilized by other video
signal processing modules (e.g., a chroma demodulator) to
process the incoming video signal with the correct polarity.

[0047] The previous exemplary system 200 was presented
to provide specific illustrations of various generally broader
aspects of the present invention. Accordingly, the scope of
various aspects of the present invention should not be
limited by characteristics of the previously discussed exem-
plary system 200.

[0048] FIG. 4 is a block diagram of a video processing
system 400 comprising a system for controlling color syn-
chronization polarity, in accordance with various aspects of
the present invention. The exemplary video processing sys-
tem 400 may, for example and without limitation, share
various characteristics with the exemplary systems 100, 200
illustrated in FIGS. 1-2 and discussed previously.

[0049] The exemplary video processing system 400 may,
for example, comprise a communication interface module
410, a video decoder module 420 and a display interface
module 430. The communication interface module 410 may
comprise characteristics of any of a variety of types of
communication interface modules. For example and without
limitation, the communication interface module 410 may be
adapted to receive video information from any of a variety
of video information sources. For example, the communi-
cation interface module 410 may be adapted to received one
or more video signals from a satellite communication sys-
tem, a cable television system, a computer communication
system (e.g., a LAN or the Internet), a video information
storage system, etc. Accordingly, the scope of various
aspects of the present invention should not be limited by
characteristics of any particular communication interface
module.

[0050] The video decoder module 420 may, for example,
be adapted to receive one or more encoded video signals
from the communication interface module 410, decode such
video signals and output corresponding decoded video sig-
nals. The video decoder module 420 may comprise charac-
teristics of any of a variety of video decoder modules or
sub-modules. For example and without limitation, the video
decoder module 420 may comprise a horizontal/vertical
synchronization module 422 generally adapted to extract
horizontal and vertical video synchronization information
from a video signal. The video decoder module 420 may also
comprise a luminance/chrominance separation module 424
generally adapted to separate luma and chroma signals from
a composite video signal. The video decoder module 420
may further comprise a chroma demodulation module 426
generally adapted to demodulate a chroma signal. The video
decoder module 420 may also, for example, comprise a
back-end module 428 adapted to perform various video
signal-processing functions (e.g., UNV separation, etc.).

[0051] The video decoder module 420 may, for example
and without limitation, share various characteristics with the
exemplary systems 100, 200 illustrated in FIGS. 1-2 and
discussed previously. In a non-limiting exemplary scenario,
the luminance/chrominance separation module 424 may
comprise various characteristics of the exemplary systems
100, 200. For example, such a luminance/chrominance
separation module 424 may output color synchronization
polarity information in a switching signal to the chroma
demodulation module 426, which may then utilize the color
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synchronization polarity information to determine the man-
ner of demodulating a chroma signal.

[0052] The display interface module 430 may be adapted
to received decoded video signals from the decoder module
420 and output at least one display driver signal represen-
tative of one or more encoded video signals received by the
communication interface module 410 and decoded by the
video decoder module 420.

[0053] The previous exemplary video processing system
400 was presented to provide specific illustrations of various
generally broader aspects of the present invention. Accord-
ingly, the scope of various aspects of the present invention
should not be limited by characteristics of the previously
discussed exemplary system 400.

[0054] FIG. 5 is a flow diagram illustrating a method 500
for controlling color synchronization polarity in a video
decoder, in accordance with various aspects of the present
invention. The exemplary method 500 may, for example and
without limitation, share various functional characteristics
with the exemplary systems 100, 200, 400 illustrated in
FIGS. 1-2 and 4 and discussed previously.

[0055] The exemplary method 500 may begin executing at
step 505. The exemplary method 500 may begin executing
for any of a large variety of reasons. For example and
without limitation, the exemplary method 500 may begin
executing in response to a video processing system (or chip)
powering up or resetting. Also for example, the exemplary
method 500 may begin executing in response to a signal
received from an external source (e.g., from an external
automated system or from a user). Further for example, the
exemplary method 500 may begin executing in response to
timer expiration or a detected video processing system
condition. Accordingly, the scope of various aspects of the
present invention should not be limited by characteristics of
any particular initiating cause or condition.

[0056] The exemplary method 500 may, at step 510,
comprise monitoring color synchronization polarity at a
plurality of instances over a period of time. Step 510 may,
for example and without limitation, share various functional
characteristics with the polarity monitor module 130 of the
exemplary system 100 illustrated in FIG. 1 and discussed
previously.

[0057] For example and without limitation, step 510 may
comprise monitoring color synchronization polarity of a
subcarrier burst signal of a video line at a plurality of points
(e.g.,2,4,8, 16,32, 64, 100 or any number of points) during
the subcarrier burst period. Also for example, step 510 may
comprise monitoring color synchronization polarity of the
subcarrier burst signal for a plurality of video lines (e.g., 2,
4, 8, 100, all lines of a video field, all lines of a video frame,
all lines of a plurality of video frames, a sliding window of
video lines, etc.). Note that the period of time over which
step 510 may comprise monitoring color synchronization
polarity might comprise a single continuous period or might
comprise a set of discrete periods. Also note that the period
of time may be static or dynamic, which will be discussed
in more detail later. The scope of various aspects of the
present invention should not be limited by characteristics of
any particular period of time over which color synchroni-
zation polarity might be monitored.

[0058] Step 510 may comprise monitoring color synchro-
nization polarity in any of a variety of manners. For example
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and without limitation, step 510 may comprise monitoring
color synchronization polarity by determining polarity of a
monitored color synchronization signal (e.g., a PAL subcar-
rier burst signal) of a current video line in relation to polarity
of' a monitored color synchronization signal of a previous
video line. Such a comparison may then, for example, result
in an indication of relative color synchronization polarity
between adjacent video lines. Also for example, the step 510
may comprise monitoring color synchronization polarity by
comparing polarity of a monitored color synchronization
signal of a current video line with respective polarities of a
plurality of previous video lines.

[0059] As a non-limiting exemplary illustration of moni-
toring color synchronization polarity, refer to sub-step 515,
which may, for example, comprise generating a first
sequence of signals indicative of monitored color synchro-
nization polarity over a period of time. Sub-step 515 may,
for example and without limitation, share various functional
characteristics with the FSA 212, line delay 214, first Hilbert
filter 216, first multiplexer 234, second multiplexer 236 and
subtracter 238 of the system 200 illustrated in FIG. 2 and
discussed previously.

[0060] For example, sub-step 515 may comprise process-
ing a color synchronization signal, which for this exemplary
illustration may comprise a PAL subcarrier burst signal.
With reference to FIG. 3, sub-step 515 may, for example,
comprise processing the subcarrier burst signal by adjusting
the subcarrier burst signal by fractional samples when
desired to enhance processing. The output of such a frac-
tional sample adjustment may be exemplified by signal “A”
in the vector diagram 300. Row “A” in the vector diagram
300 shows the subcarrier burst signal “A” shifting +90
degrees between adjacent video lines, which is in accor-
dance with the PAL standard. Note that the fractional sample
adjustment is merely exemplary and may or may not be
necessary, depending on the particular processing scenario.

[0061] Exemplary sub-step 515 may also comprise delay-
ing the subcarrier burst signal by one line to produce signal
“B.” The one-line delay may result in signal “B” represent-
ing the subcarrier burst signal of the previous line shifted in
phase by 90 degrees. Exemplary sub-step 515 may also
comprise shifting signal “B” by 90 additional degrees to
produce signal “C,” which at any time is 90 degrees out of
phase with signal “A.” Sub-step 515 may additionally, for
example, comprise generating signal “G,” which corre-
sponds to either “A-C” or “C-A.” Output “A-C,” in an
exemplary scenario with no polarity switching, is illustrated
as signal F, in the vector diagram 300. Similarly, output
“C-A,” in an exemplary scenario with no polarity switching,
is illustrated as signal F, in the vector diagram 300.

[0062] In general operation, a system implementing the
exemplary sub-step 515 may alternate signal “G” between
“A-C” and “C-A” as the color signal polarity switches from
line-to-line. Accordingly, depending on an initial state of the
polarity, such signal alternation will generally result in one
of two general sequences for signal “G.” The first general
sequence for signal “G,” labeled Gg,,,, and the second
general sequence for signal “G,” labeled Gg.,,, are pre-
sented in the vector diagram 300. Signal sequence Gy, is,
in a non-limiting exemplary scenario, indicative of correct
color synchronization polarity, and signal sequence Gg,, is
indicative of incorrect color synchronization polarity.
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[0063] In general, step 510 may comprise monitoring
color synchronization polarity at a plurality of instances over
a period of time. Accordingly, the scope of various aspects
of the present invention should not be limited by character-
istics of any particular manner of monitoring color synchro-
nization polarity.

[0064] The exemplary method 500 may, at step 520,
comprise generating a sequence of signals indicative of
color synchronization polarity correctness at the plurality of
instances. Step 520 may, for example and without limitation,
share various functional characteristics with the reference
generating module 110 and the polarity conformance deter-
mination module 150 of the exemplary system 100 illus-
trated in FIG. 1 and discussed previously.

[0065] For example and without limitation, step 520 may
comprise generating and outputting a sequence (or series) of
signals indicative of the color synchronization polarity cor-
rectness at a plurality of instances over a period of time.
Such a sequence of signals may, for example, indicate color
synchronization polarity of a sampled color synchronization
signal (e.g., a subcarrier burst signal) relative to a corre-
sponding color synchronization polarity reference signal.
Also for example, step 520 may comprise generating and
outputting any of a large variety of signals (e.g., digital
and/or analog signals) indicative of color synchronization
polarity correctness at a plurality of instances over a period
of time.

[0066] As a non-limiting exemplary illustration of gener-
ating a sequence of signals indicative of color-sync polarity
correctness, refer to sub-step 522, which may, for example,
comprise generating a second sequence of signals indicative
of correct color synchronization polarity over the period of
time. Exemplary sub-step 522 may, for example and without
limitation, share various functional characteristics with the
FSA 212, line delay 214, first Hilbert filter 216, adder 218
and second Hilbert filter 220 of the exemplary system 200
illustrated in FIG. 2 and discussed previously.

[0067] For example, sub-step 522 may comprise process-
ing a color synchronization signal, which for this exemplary
illustration may comprise a PAL subcarrier burst signal.
Exemplary step 522 may comprise generating signals
“A,“B” and “C,” as discussed previously with regard to
exemplary sub-step 515.

[0068] Exemplary sub-step 522 may then comprise adding
signals “A” and “C” to produce signal “D,” which alternates
between 90 degrees and 270 degrees from line-to-line, as
signal “A” alternates between 135 degrees and 235 degrees
from line-to-line. Exemplary sub-step 522 may then com-
prise shifting signal “D” by 90 degrees to produce signal
“E,” which alternates between 180 degrees and 0 degrees
from line-to-line, as signal “A” alternates between 135
degrees and 235 degrees from line-to-line. Signal “E” may,
for example, be utilized as a reference signal indicative of
correct subcarrier burst polarity for scan lines of a video.

[0069] Continuing the non-limiting exemplary illustration
of generating a sequence of signals indicative of color-sync
polarity correctness, sub-step 526 may comprise comparing
corresponding signals of the first and second sequences of
signals (e.g., as generated at sub-steps 515 and 522). Sub-
step 526 may, for example and without limitation, share
various functional characteristics with the multiplier 252 and
low-pass filter 254 of the system 200 illustrated in FIG. 2
and discussed previously.
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[0070] For example, sub-step 526 may comprise multiply-
ing signal “G,” which may be viewed as a non-limiting
example of a sequence of signals indicative of monitored
color synchronization polarity over a period of time, and
signal “E,” which may be viewed as a non-limiting example
of a sequence of signals indicative of correct color synchro-
nization polarity over the period of time. Sub-step 526 may
then comprise low-pass filtering the product “G*E” to
produce signal “H.” As with signal “G,” the flow diagram
300 shows signal sequence “H ” resulting from correct
signal sequence “Gg.g;s “Hgeqa”
resulting from incorrect signal sequence “Gg,,,.”

[0071] In general, step 520 may comprise generating a
sequence of signals indicative of color synchronization
polarity correctness at the plurality of instances. Accord-
ingly, the scope of various aspects of the present invention
should not be limited by characteristics of any particular
type of signal that might represent monitored color synchro-
nization polarity or any particular manner of generating such
signal.

[0072] Tt should be noted that various aspects of steps 510
and 520 were illustrated with reference to sub-steps 515, 522
and 526 as non-limiting examples. Accordingly, the scope of
various aspects of the present invention should not be
limited by characteristics of the previously discussed steps
515, 522 and 526.

[0073] The exemplary method 500 may, at step 530,
comprise analyzing (e.g., statistically analyzing) the
sequence of signals generated at step 520. Such analysis
may, for example, comprise determining, based at least in
part on the statistical analysis of the sequence of signals,
whether color synchronization polarity is correct (e.g.,
according to standard, as expected for processing, etc.). Step
530 may, for example and without limitation, share various
functional characteristics with the polarity conformance
determination module 150 of the exemplary system 100
illustrated in FIG. 1.

Seq.ls
> and signal sequence

s

[0074] Step 530 may comprise analyzing information
(e.g., from a sequence of signals) indicative of color syn-
chronization polarity correctness in any of a variety of
manners. For example and without limitation, step 530 may
comprise statistically analyzing signals indicative of color
synchronization polarity correctness generated at step 520.
The results of such an analysis may, in turn, be utilized to
generate a signal that may, for example, be utilized by
subsequent steps to switch color synchronization polarity to
achieve proper video signal decoding.

[0075] In a non-limiting exemplary scenario, as discussed
previously, step 520 may comprise generating a sequence of
signals indicative of monitored color synchronization polar-
ity correctness. In such a non-limiting exemplary scenario,
step 530 may comprise analyzing (e.g., statically analyzing)
such a sequence of signals to determine whether the moni-
tored color synchronization polarity is correct.

[0076] Inanon-limiting exemplary scenario, step 530 may
comprise statistically analyzing the sequence of signals by
accumulating (or summing) logic values, polarities, values,
or signs over a time period (e.g., any of the time periods
discussed previously) and comparing the accumulation
results to one or more thresholds. Also for example, step 530
may comprise statistically analyzing the sequence of signals

Feb. 22, 2007

by summing the values of the signals over a time period and
comparing the sum to one or more thresholds. Further for
example, step 530 may comprise statistically analyzing the
sequence of signals by determining an indication of statis-
tical variance (or standard deviation) and comparing the
indication of statistical variance to a threshold. In general, in
the non-limiting exemplary scenario, step 530 may comprise
analyzing (e.g., statistically analyzing) information indica-
tive of color synchronization polarity correctness in any of
a variety of manners. Accordingly, the scope of various
aspects of the present invention should not be limited by
characteristics of any particular manner of analyzing such
information.

[0077] For example and without limitation, step 530 may
share various characteristics with the check module 256 of
the exemplary system 200 illustrated in FIG. 2 and discussed
previously. As a non-limiting example, consider signal “H,”
which was discussed previously with regard to exemplary
steps 515, 522 and 526. Step 530 may comprise analyzing
such a signal to determine whether color synchronization
polarity is correct.

[0078] For example, step 530 may comprise analyzing
signal “H,” which may generally correspond to either
“Hgeqr” 0f “Hgegs,” to determine which of “Hg,,,” or
“Hg.q»” is being generated, and thus whether the color
synchronization polarity of the input video signal is correct
or incorrect. Step 530 may generally comprise analyzing
signal “H” in any of a variety of manners.

[0079] Note that signal “H” may, for example, be gener-
ated and analyzed during the entire duration of the subcarrier
burst signal. For example, signal “H” may be processed at a
plurality of instances during the subcarrier burst time period.
In a non-limiting exemplary scenario, step 530 may com-
prise generating and analyzing signal “H” 32 times during
each burst time period. Also for example, step 530 may
comprise analyzing signal “H” for any number of video
lines. For example and without limitation, step 530 may
comprise analyzing signal “H” for a field/frame of video
lines, a portion thereof, a sliding window of lines, a plurality
of fields/frames, etc.

[0080] For example and without limitation, the step 530
may comprise accumulating the sign of signal “H” (e.g.,
negative or positive) for a plurality of instances over a time
period. At the end of the time period, step 530 may comprise
comparing the accumulation to one or more thresholds to
determine whether sequence “H” is more likely “H__,” or
“HSeq2'”

Seql

[0081] Based on the analysis (e.g., statistical analysis) of
signal “H,” step 530 may comprise generating a signal
indicative of whether the color synchronization polarity is
correct. Such a signal may, for example, be utilized to
control whether signal “G” is representative of “A-C” or
“C-A.” Such a signal may also be utilized by other video
signal processing modules (e.g., a chroma demodulator) to
process the incoming color video signal with the correct
polarity.

[0082] In general, step 530 may comprise analyzing one or
more signals (e.g., a sequence of signals) indicative of color
synchronization polarity correctness, and determining based
at least in part on the analysis of such signals, whether color
synchronization polarity is correct. Accordingly, the scope
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of various aspects of the present invention should not be
limited by any particular manner of analyzing one or more
signals indicative of color synchronization polarity correct-
ness.

[0083] The exemplary method 500 may, at step 540,
comprise controlling execution flow of the exemplary
method 500. If, for example, it is determined (e.g., at step
530 or step 540) that the present color synchronization
polarity is correct, then step 540 may direct execution flow
of the exemplary method 500 to step 595 for continued
processing. If, however, it is determined (e.g., at step 530 or
step 540) that the present color synchronization polarity is
not correct, then step 540 may direct execution flow of the
exemplary method 500 to step 545.

[0084] The exemplary method may, at step 545, comprise
controlling color synchronization polarity based, at least in
part, on the polarity correctness determination. For example
and without limitation, step 545 may comprise generating a
switching signal to cause a shift in signal polarity. Also for
example, step 545 may comprise communicating a signal
indicative of the polarity correctness determination to a
signal processing module (e.g., a chroma demodulator) that
bases its processing on such polarity correctness. Further for
example, step 545 may comprise storing a signal value in a
memory location that a signal-processing module may
access to determine if present color synchronization polarity
is correct. Accordingly, the scope of various aspects of the
present invention should not be limited by any particular
manner of controlling color synchronization polarity.

[0085] As mentioned previously, at step 595, the exem-
plary method 500 may comprise performing continued pro-
cessing (e.g., continued video processing). Step 595 may
comprise performing any of a large variety of continued
processing. For example and without limitation, such con-
tinued processing may comprise generating a video output
for a user. Also for example, such continued processing may
comprise receiving and responding to user input. Further for
example, such continued processing may comprise switch-
ing video signals or changing the manner in which a video
image is presented. Accordingly, the scope of various
aspects of the present invention should not be limited by
characteristics of any particular type of continued process-
ing.

[0086] The flow diagram of the method 500 in FIG. 5
presents a non-limiting example of such continued process-
ing (e.g., as indicated by the dashed lines and boxes). In the
non-limiting exemplary scenario, the method 500 may, at
step 550, comprise determining effectiveness of the color
synchronization polarity control. Step 550 may comprise
determining effectiveness of color synchronization polarity
control in any of a variety of manners.

[0087] For example and without limitation, step 550 may
comprise determining effectiveness by, at least in part,
determining video output quality. Note that such a determi-
nation may be completely automatic or may also utilize
information received from a user. Also for example, step 550
may comprise determining effectiveness by, at least in part,
determining the extent to which color synchronization polar-
ity is switched (or inappropriately switched). Further for
example, step 550 may comprise determining effectiveness
by, at least in part, determining the extent to which color
synchronization polarity is being corrected. Accordingly, the
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scope of various aspects of the present invention should not
be limited by characteristics of any particular manner of
determining effectiveness of color synchronization polarity
control.

[0088] Continuing the non-limiting exemplary scenario,
step 555 may control execution flow of the method 500. If,
for example, it is determined (e.g., at step 550) that the
present effectiveness of the color synchronization polarity
control is acceptable, then step 555 may direct execution
flow of the exemplary method 500 back up to step 510 for
continued color synchronization control. If, however, it is
determined that the present effectiveness of the color syn-
chronization polarity control is not acceptable, then step 555
may direct execution flow of the exemplary method 500 to
step 560, which will be discussed next.

[0089] Continuing the non-limiting exemplary scenario,
the method 500 may, at step 560, comprise modifying the
analysis (e.g., the statistical analysis) of the sequence of
signals based, at least in part, on the determined effective-
ness (e.g., as determined at step 550). Step 560 may com-
prise modifying the analysis characteristics in any of a
variety of manners. For example and without limitation, in
an exemplary scenario where the analysis includes compari-
son to a threshold, step 560 may comprise modifying the
threshold. Also for example, step 560 may comprise modi-
fying the period of time over which the analysis is performed
(e.g., changing a sliding window duration, number of lines,
number of fields/frames, etc.). Further for example, step 560
may comprise changing a set of signals that is being ana-
lyzed. Still further for example, step 560 may comprise
modifying the number of signals or samples being pro-
cessed. Accordingly, the scope of various aspects of the
present invention should not be limited by any particular
manner in which the analysis may be modified to improve
effectiveness of the color synchronization polarity control.

[0090] The previous exemplary method 500 was presented
to provide specific illustrations of various generally broader
aspects of the present invention. Accordingly, the scope of
various aspects of the present invention should not be
limited by characteristics of the previously discussed exem-
plary method 500.

[0091] In summary, various aspects of the present inven-
tion provide a system and method for automatically con-
trolling color synchronization polarity during video decod-
ing. While the invention has been described with reference
to certain aspects and embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the
scope of the invention. In addition, many modifications may
be made to adapt a particular situation or material to the
teachings of the invention without departing from its scope.
Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed, but that the invention
will include all embodiments falling within the scope of the
appended claims.

What is claimed is:

1. A system for controlling color synchronization polarity
in a video decoder, the system comprising at least one
module adapted to:

monitor color synchronization polarity at a plurality of
instances over a period of time;
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generate a sequence of signals indicative of color syn-
chronization polarity correctness at the plurality of
instances;

statistically analyze the sequence of signals;

determine, based at least in part on the statistical analysis
of the sequence of signals, whether color synchroniza-
tion polarity is correct; and

control color synchronization polarity based, at least in
part, on the polarity correctness determination.
2. The system of claim 1, wherein the at least one module
is adapted to:

generate a first sequence of signals indicative of correct
color synchronization polarity over the period of time;

generate a second sequence of signals indicative of moni-
tored color synchronization polarity over the period of
time; and

compare corresponding signals of the first and second

sequence of signals.

3. The system of claim 1, wherein the at least one module
is adapted to statistically analyze the sequence of signals by
accumulating the respective signs of the sequence of signals
over the time period and comparing the accumulation to a
threshold.

4. The system of claim 1, wherein the at least one module
is adapted to statistically analyze the sequence of signals by
summing the respective values of the sequence of signals
and comparing the sum to a threshold.

5. The system of claim 1, wherein the period of time
comprises a plurality of subcarrier burst time periods of a
plurality of respective video lines.

6. The system of claim 1, wherein the at least one module
is adapted to:

determine effectiveness of the color synchronization
polarity control; and

modify the statistical analysis of the sequence of signals

based, at least in part, on the determined effectiveness.

7. The system of claim 6, wherein the at least one module
is adapted to determine effectiveness of the color synchro-
nization polarity control by, at least in part, determining
video output quality.

8. The system of claim 6, wherein the at least one module
is adapted to determine effectiveness of the color-sync
polarity control by determining the extent to which color
synchronization polarity is being switched.

9. The system of claim 3, wherein the at least one module
is adapted to:

determine effectiveness of the color synchronization
polarity control; and

modify the threshold based, at least in part, on the
determined effectiveness.

10. The system of claim 1, wherein the at least one
module is adapted to:

determine effectiveness of the color synchronization
polarity control; and

modify the period of time based, at least in part, on the
determined effectiveness.
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11. The system of claim 1, wherein the at least one module
is adapted to monitor color synchronization polarity of a
PAL video signal.

12. The system of claim 1, wherein the at least one
module is integrated in a single integrated circuit.

13. The system of claim 1, further comprising:

a communication interface module adapted to receive a
video signal;

a video decoder module comprising the at least one
module, wherein the video decoder module is adapted
to decode a video signal received by the communica-
tion interface module; and

a display interface module that is adapted to output at least
one display driver signal representative of a video
signal decoded by the video decoder module.

14. A method for automatically controlling color-sync

polarity during video decoding, the method comprising:

monitoring color synchronization polarity at a plurality of
instances over a period of time;

generating a sequence of signals indicative of color syn-
chronization polarity correctness at the plurality of
instances; and

statistically analyzing the sequence of signals; and

determining, based at least in part on the statistical
analysis of the sequence of signals, whether color
synchronization polarity is correct; and

controlling color synchronization polarity based, at least
in part, on the polarity correctness determination.

15. The method of claim 14, wherein:

monitoring color synchronization polarity at a plurality of
instances over a period of time comprises generating a
first sequence of signals indicative of monitored color
synchronization polarity over the period of time; and

generating a sequence of signals indicative of color syn-
chronization polarity correctness at the plurality of
instances comprises:

generating a second sequence of signals indicative of
correct color synchronization polarity over the
period of time; and

comparing corresponding signals of the first and second
sequences of signals.

16. The method of claim 14, wherein statistically analyz-
ing the sequence of signals comprises accumulating the
respective signs of the sequence of signals over the time
period and comparing the accumulation to a threshold.

17. The method of claim 14, wherein statistically analyz-
ing the sequence of signals comprises summing the respec-
tive values of the sequence of signals and comparing the sum
to a threshold.

18. The method of claim 14, wherein the period of time
comprises a plurality of subcarrier burst time periods of a
plurality of respective video lines.

19. The method of claim 14, further comprising:

determining effectiveness of the color synchronization
polarity control; and
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modifying the statistical analysis of the sequence of
signals based, at least in part, on the determined effec-
tiveness.

20. The method of claim 19, wherein determining effec-
tiveness of the color synchronization polarity control com-
prises determining video output quality.

21. The method of claim 19, wherein determining effec-
tiveness of the color synchronization polarity control com-
prises determining the extent to which color synchronization
polarity is being switched.

22. The method of claim 16, further comprising:

determining effectiveness of the color synchronization
polarity control; and
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modifying the threshold based, at least in part, on the
determined effectiveness.
23. The method of claim 14, further comprising:

determining effectiveness of the color synchronization
polarity control; and

modifying the period of time based, at least in part, on the

determined effectiveness.

24. The method of claim 14, wherein monitoring color
synchronization polarity at a plurality of instances over a
period of time comprises monitoring color synchronization
polarity of a PAL video signal.
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