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- The present invention involves video signal processing
systems that include capability for decoding auxiliary video
information such as closed captidn data.

Video signals may be encoded to prevent unauthorized
viewing of the video information. Encoding, sometimes referred
to as "scrambling”, is useful in applications such as "pay-per-view"
programming. One approach to scrambling is to suppress |
horizontal synchronizing pulses by reducing the amplitude of the
sync pulses. Reducihg the pulse amplitude makes it impossible
for the video receiver to synchronize the video display to the
video signal. As a result, the video receiver cannot extract the
video program from the scrambled video signal.

Sync signal suppression may be accomplished by
reducing the video RF carrier amplitude by a fixed factor, e.g. 6 to
10 dB, during a suppression "window" that spans the sync pulse
interval. The encoded signal is decoded by increasing the
amplitude of the modulated RF signal during an "expansion”
window that also spans the sync interval. The signal amplification
during the expansion window equals the amplitude reduction

* during the suppression window. The distortion caused by sync

suppression will be eliminated completely only if the suppression
and expansion windows coincide.

It is extremely unlikely that the suppression and
expansion windows will coincide precisely. Video signal
regulatory standards such as those promulgated by the United
States Federal Communications Commission (FCC) do not specify
requirements for sync suppression encoding. As a result, the
timing and duration of the suppression window depends on the
particular encoding equipment being used. Variations in décoding
systems further decreases the likelihood that the encoding and
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If the encoding and decoding windows are not
coincident, remnants of the suppression distortion remain in the
video signal after decoding. For example, the expansion window
may occur within the suppression window as shown in Figure 1
causing the suppression interval to extend beyond both the left
and right edges of the expansion interval. The portions of the
video signal that are within the suppression window and outside
the expansion window remain distorted, i.e. with suppressed RF
amplitude, after expansion. Two distorted portions are associated
with each sync pulse, i.e. one on either side of each sync pulse as
shown in Figure 1. The distorted portions are labeled "rabbit ear”
in Figure 1. | '

For the window tinling shown in Figure 1, the signal
level during the "rabbit ear” intervals is at, or greater than, the
maximum video signal level of 100 IRE because suppressing “the
RF carrier increases the IRE level of the video signal. This is |
better understood by referring to the relationship between the RF
carrier and the video signal that is depicted in Figure 1. More
specifically, IRE levels increase as the video signal level
approaches the mid-point of the RF carrier amplitude (indicated
by the dashed line at the top of Figure 1). Decreasing the
amplitude of the RF carrier in the suppression window during
encoding causes the encoded portion of the video signal waveform
to move toward the mid-point of the RF carrier amplitude (broken
line at the top of Figure 1). As a result, the IRE level increases

10 dB causes video signal levels during the active video interval
within the suppression window to exceed 50 IRE. Increasing the
RF carrier amplitude during decoding causes the video signal

during the suppression window. For example, suppression of 6 to
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5 However, encoded signal portions that are not decoded remain at

increased IRE levels. ' _

The visible video display is not directly affected by
distortion during the "rabbit ear" intervals. Testing of sync
suppression systems indicates that the edges of the suppression

10 and expansion windows will occur within approximately 4 us of
the corresponding edges of the active video interval in each
horizontal line interval. This timing ensures that any "rabbit ear"
effect is within the overscan region of the video display. As a |
result, the "rabbit ear" effect does not produce visible effects in

15 video lines that are included in the visible display area.

Distortion during the "rabbit ear” intervals may
corrupt auxiliary video information, such as closed caption data,
that is included in the video signal. As specified in the FCC closed
captioning standard, closed caption data is included during line 21

20 of field 1. Closed caption data is not displayed’direétly because
line 21 is within the vertical blanking interval. The data is
extracted from the video signal and decoded. Decoded data is
displayed via an on-screen display (OSD) unit in the video system
that merges the decoded data into the normal video display. As

25 specified in the FCC standard, the information in the last half of
"each line 21 interval includes 16 binary bits representing two 8-
bit binary words. Each 8-bit word includes 1 parity bit and 7-bits
coded in ASCII format representing one closed caption character.
The last bit in each line 21 interval is the parity bit for the- second

30 character. A "rabbit ear" interval occurring during the end of the
active video interval in line 21 may corrupt the parity bit of the
second closed caption character causing incorrect decoding of the
closed caption data.

The problem may be better understood by comparing

35 - the timing of the "rabbit ear" intervals as shown in Figure 1 with

the timing of closed caption data as shown in Figure 2. As |
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In Figure 2, the last closed caption data bit, i.e. the parity bit for
character 2, also occurs during the last 4 pus of the active video
interval. Thus, the signal level during a "rabbit ear" interval can
 interfere with the parity bit.

10 A signal level of 50 IRE during a closed caption bit
interval in line 21 is interpreted by the closed caption data
decoder as a logic 1. As described above, the signal level during a
"rabbit ear” interval is shifted to levels greater than 50 IRE by the
suppression operation. Thus, the interference between the "rabbit

15 ear" and the parity bit will cause the decoded parity bit to be logic
1 regardless of the intended parity bit signal level. Spurious
parity errors result, i.e. a parity error occurs for character 2 when
the character code for character 2 is correct.

Repeated occurrence of the "rabbit ear" intervals

20 causes the parity bit for the second closed caption character in
every line 21 to be "stuck” at logic 1. As a result, every other
displayed closed caption character, i.e. approximately 50% of the
closed caption display, is associated with a parity bit equal to logic
1. Assuming that approximately 50% of the character 2 codes

25 should have a correct parity bit equal to logic 0, approximately
25% of the displayed closed caption characters will . produce a
spurious parity error. An OSD unit may replace a character code
that causes a parity error with a particular "substitute" character
code, e.g. the character code for a "blank" character. Thus,

30 incomplete decoding of sync suppression video signal scrambling
may cause approximately 25% of closed caption characters to
erronecusly be displayed as blank characters.

The present invention resides, in part, in recognition of
the described problem and, in part in providing a solution to the

35 problem. In accordance with the principles of the present
invention, a system for processing a television signal including an
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10 word.

The invention may be better understood by referring
to the accompanying Drawing in which:

Figure 1 shows a video signal waveform that
illustrates an aspect of the problem that is addressed by the

15 present invention; :

Figure 2 shows a waveform of a video signal that
includes closed caption data illustrating another aspect of the
problem;

Figure 3 shows a block diagram of a portion of a video

20 signal processing system constructed in accordance with principles
of the present invention;

Figure 4 shows signal waveforms useful for

- understanding the operation of the systém shown in Figure 3;

Figure 5 shows a flowchart useful for understanding

25 the operation of the system shown in Figure 3; and

Figures 6A and 6B show alternative embodiments of -
video signal processing systems constructed in accordance with
the principles of the present invention.

In the system shown in Figure 3, signal SERIAL DATA
30 provides serial binary data that is extracted from the video signal.
Data extraction is accomplished using a data slicer (not shown in
Figure 3) that converts video signal levels greater than and less
than a threshold level, referred to as a slicing level, into binary
logic 1 and logic O levels, respectively. The 16-bits of serial closed
35 caption data in one occurrence of line 21 are clocked into 16-bit
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register 310 in Figure 3 in response to 16 clock pulses on clock
signal SERCLK.
Signal SERCLK is generated by timing signal generator 300
5 during the portion of line 21 when closed caption data is occurring
in the video signal ‘(see Figure 2). Generator 300 determines
when line 21 is present in the video signal by counting horizontal
lines in the video signal as indicated by horizontal sync pulses in
signal HOR. The horizontal line count is initialized at the beginning
10 of a video field as indicated by a vertical sync pulse on vertical
sync signal VERT. Signals VERT and HOR are produced by
deflection circuitry in a video system. A phase shift may exist
between sync signals produced by the deflection circuitry and the
timing of the actual video signal VIDEO. A sync separator in
15 generator 300 produces a separated sync signal from composite
video signal VIDEO that is used to synchronize the generation of
signal SERCLK to the actual timing of the closed caption data
interval within line 21.
The 16 bits of data in register 310 are de31gnated bits 1 to
20 16 in Figure 3. Bits 7-1 contain the character code for the first
closed caption character in line 21 (labeled "CHAR #1" in Figures 2
and 3) and bits 15-9 are the character code for the second closed
caption character (labeled "CHAR #2"). Bits 16 and 8 are the
parity bits (labeled "P") for the second and first characters,
25 respectlvely
Sixteen parallel outputs from reglster 310 convert the serial
data into parallel data that is coupled to parity checkers 320 and
330.. The character code and corresponding parity bit for each
character are coupled to respective parity checkers 320 and 330.
30 The parity checkers evaluate the character code and parity bits
for first and second characters and generate respective parity
error signals PIERR and P2ERR. When a parity error signal is at
logic 1, a parity error exists in the corresponding character code.
The parity error information is used as described below to
35 control output muxes 380 and 390 for selectively coupling either
the character codes in register 310 or a substitute character code,
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cl osed capthHS»détg!lallsPlEBletm.lslmQXI 38@ ditectly as follows. Signal
P1ERR at logic 0 (character 1 code correct) causes mux 380 to
~couple the character 1 code at the A of mux 380 to the output of
10 mux 380 and to the OSD processor. For signal PIERR at logic 1
~ (character 1 code error), the code for a "blank" at the B input of
mux 380 is coupled to the output of mux 380 and to the OSD
processor. :
For character 2, the "rabbit ear" may corrupt the parity bit
15 of character 2 as explained above causing the parity check results
indicated by signal P2ERR to be incorrect. The validity of signal
P2ERR, and thus the validity of the code for character 2, is |
. evaluated as explained below to determine when a parity error in
character 2 is likely to be a spurious result caused by the "rabbit
20 ear" effect. A spurious parity error is ignored and the code for
character 2 ("A" input of mux 390) is coupled to the output of mux
390 and to the OSD processor. A valid parity error in the
character 2 code causes the "blank" code at input B of mux 390 to
be coupled to the output of mux 390 and to the OSD processor.
25 - The evaluation of the validity of parity errors in character
2 is based on the occurrence of parity errors in character 1. More
specifically, it is assumed that the likelihood of a parity error
occurring in character 1 and character 2 is the same. In addition,
because character 1 is unaffected by the "rabbit ear" effect,
30 character 1 parity provides a reliable indication of when valid
parity errors are occurring. For example, a strong video signal,
e.g. a cable television (CATV) signal, is unlikely to produce valid
parity errors in general, and in character 1 in particular. Thus, a
lack of parity errors in character 1 indicates that parity errors in
35 character 2 are likely to be spurious errors caused by the "rabbit
~ear" effect. If the signal is weak or noisy, valid parity errors are -
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parity errors. First, if no parity error exists in character 2 (signal

_ P2ERR at logic 0), the character 2 code is presumed to be correct.
10 In Figure 3, signal P2ERR at logic 0 causes the select signal for
mux 390 to be logic 0 via AND gate 370. Mux 390 responds by
coupling the character 2 code at the "A" input of mux 390 to the
OSD processor. Thus, the character 2 code passed to the OSD -
processor is unchanged when there is no parity error in character
15 2. '

When a parity error does exist in character 2, signal P2ERR
is at logic 1 causing the value of the select signal for mux 390 at
the output of AND gate 370 to be determined by circuitry
including up/down counter 340 and gates 350 to 365. This

20 circuitry evaluates the validity of the parity error in character 2.
Counter 340 is a three bit counter that increments and
decrements a count value in response to pulses at respective
inputs INC and DEC. The count value records the occurrence of |
parity errors in characters 1 and 2 as follows.

25 The count value is initialized to O in response to a pulse at

 input CLR of the counter. In Figure 3, signal CLEAR from timing
signal generator 300 provides the initializing pulse when the
system first begins processing closed caption data or when the

_ source of the video signal changes.

30 The output of counter 340 is a single b1t signal coupled to an
input of AND gate 370 that is at logic 1 only when the count value
is greater than the initial value of 0. A logic 1 at the output of
counter 340 indicates that parity errors in character 2 are valid
and causes signal P2ERR to provide the selection signal for mux

35 390. As a result, a logic 1 on signal P2ERR (a parity error) causes

| - the "blank” code at the B input of mux 390 to be coupled to the
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In Figure 2, the last closed caption data bit, i.e. | // ///,/Iﬂill or

OSD processor. A logic 0 (no érror) causes the character 2 code to
be coupled to the OSD processor.

5 The count value is incremented and decremented in
response to parity errors in characters 1 and 2. Pulses to logic 1
at the output of AND gates 350 and 360 cause the count value to
increment and decrement, respectively, if the count value is
between the count value limits of 0 and 7 (the minimum and

10 maximum count values possible with a 3-bit counter). The
counter inhibits incrementing when the count value is 7 and
inhibits decrementing when the count value is 0, i.e. the counter
design does not permit "wrap around”. The outputs of AND gates
350 and 360 can pulse to logic 1 only during an interval after the

15 end of line 21 that is defined by sampling signal SMPL from

| timing signal generator 300. This. timing ensures that parity error
signals P2ERR and P1ERR are stable before the increment or
decrement signals can be generated. The timing relationship
between line 21 and signal SMPL is shown in Figure 4.

20 An increment signal is generated at the output of AND gate
350 during the pulse on signal SMPL if there is a parity error in
character 1 and no parity error in character 2 (signal P1ERR is at
logic 1 and signal P2ERR is at logic 0). Although no parity error
exists in character 2 for the present occurrence of line 21, a parity

25 error in character 1 indicates that valid parity errors may exist in
the signal, e.g. the signal is a noisy signal, and that subsequent
parity errors in character 2 may be valid. The occurrence of this
condition is recorded by incrementing the count value. .

A decrement signal is generated at the output of AND gate

30 360 during the pulse on signal SMPL if there is no parity error in
character 1 and a parity error exists in character 2 (signal PIERR
at logic 0 and signal P2ERR at logic 1). The count value is
decremented in response to the decrement signal if the present
count value is greater than 0. A decrement signal indicates that

35 the present parity error in character 2 may be invalid. The
history of character 1 parity errors as indicated by the count
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presumed to be correct. The output of counter 340 is at logic 1
enabling signal P2ERR to control mux 390 via AND gate 370.

10 A count value of O indicates either that parity errors are not
occurring in character 1 or that parity errors in character 1 are
occurring less frequently than in character 2. In either situation,
a parity error in character 2 is presumed to be invalid, i.e. the
character 2 code is correct. A logic 0 is produced at the output of

15 counter 340 causing mux 390 to couple the character 2 code to the
OSD processor despite the indication that a parity error exists. If
parity errors occur in characters 1 and 2 in the same occurrence

_ of line 21, the count value is not changed. Control of mux 390 is

. the same as for the preceding occurrence of line 21.

20 ~ The effect of the described counter arrangement is to
provide a "memory" feature that records the number of errors in
character 1 and recognizes only the same number of valid errors
in character 2. This is in accordance with the basic assumption
stated above that valid errors in character 2 are as likely as valid

25 errors in character 1. The result is a form of statistical error

' processing for character 2 that effectively processes character 2
errors for strong signals, weak signals, and whether or not the
"rabbit ear" effect is present. In particular, the error processing
results are better for all of the various signal types than are the

30 alternatives of either processing all character 2 errors or
processing no errors. For example, processing no errors when the
signal is weak and the "rabbit ear" effect is not present would
result in the display of numerous incorrect characters causing a
confusing closed caption display. Processing all character 2 errors

35 when the signal is strong and the "rabbit ear” effect is present
would cause numerous unnecessary blank characters.
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tneluding ag ,ne value (identified as RECNT in Figure 5) to 0. Step 500 is
entered when closed caption data processing first begins or when
the signal source changes as described above in regard to Figure 3.
10 At step 515, operation halts until new data, i.e. a new occurrence
of line 21, is detected. The parity of character 1 is tested at' step
520. A parity error in character 1 causes the count value to be
incremented at step 525 and the character 1 code is set to the _
"blank” code at step 530. Following the completion of step 530, or
15 if no parity error is detected at step 520, processing continues at
step 540.

Parity of character 2 is checked at step 540. Correct parity
for character 2 causes the transfer of the character 1 code (either
the original character 1 code or the "blank" code from step 530)

20 and the character 2 code to the OSD processor at step 545. If
character 2 parity is incorrect at step 540, the count value is
tested at step 550. A count value greater than O causes the count
value to be decremented at step 560 followed by the character 2

- code being set to the "blank" code at step 565, and transfer of the

25 character codes to the OSD processor at step 545. If the count
value is not greater than O (i.e. equal to 0) at step 550, the parity
of character 2 is cormrected and the character codes are transferred
to the OSD processor at step 545. Following step 5435, operation
continues at step 515 where the procedure halts until another

30 occurrence of line 21 is detected.

The software procedure shown in Figure 5 may be
implemented efficiently using a Motorola MC68HCO5CC1 micro-
processor that includes capability for processing closed caption
signals. The routine shown in Figure 5 requires only 18 bytes of

35 ROM and one byte of RAM. The byte of RAM is required to store a



5 auxiliary information conponent evaluates the auxiliary

I nformation to determ ne when errors occur in the auxi Iiary 5
i'nformation, nodifies the auxiliary information whenmvatid errors
occur, and substantially prevents nodification of the guehlet Bis)Been Replaced
I nformati on when invalid errors occur. Invalid errors e

errors are not detected in a first bil(r?ary wor d i ncl uded u‘mw‘mm‘
auxiliary information and errors are tected in a seco

count value that can be modified (initialized, incremented, and
decremented). '

5 The software approach shown in Figure 5 provides a
shghtly different function than does the hardware embodiment
shown in Figure 3. In Figure 5, the parity of each character code
is evaluated sequentially, i.e. the parity of character code 1 is
evaluated first followed by that of character code 2. In Figure 3,

10 two parity checkers evaluate the parity of both characters
simultaneously. Sequential parity checking could be implemented
in the system shown in Figure 3 using only a single parity checker
by evaluating the parity of each word during a different interval
within line 21. However, a mux would be required to selectively

15 couple each character code to the parity checker and additional
control signals would be requiréd.

Also, the approaches in Figures 3 and 5 differ in the
manner in which an invalid parity error is handled. In Figure 5,
an invalid parity error for character 2 causes the parity of

20 character 2 to be corrected at step 555 before passing the
character codes to the OSD processor. In Figure 3, the parity bits
are "stripped off" and omnly the 7-bit character code for each
character is transferred to the OSD processor. Parity correction
could be included in Figure 3 by inverting the parity bit when the

25 count value indicates invalid parity.

The embodiments of the invention described thus far
provide  a solution to the problem of invalid parity errors that is
applicable to a system processing either weak or strong signals.
The apparatus shown in Figure 3 operates in the same manner

30 regardless of whether strong or weak signals are involved. Thus,
it is unnecessary to detect the type of signal being received.
Different modes of operation are unnecessary. User intervention
is not required for adjustments such as switching modes of '
operation when the signal type changes. However, if the system

35 will be processing strong signals only, the apparatus shown in



10 -word. - The invention may be better understood by
referring - to the acconpanying Drawi ng i n -which: - Figure
1 shows a video signal waveform that illustrates an aspect of -t he
problemthat is addressed by the 15 present |nvéhtsr8mqt'h‘ Bc‘enRepldced
Figure 2 shows a waveform of a video signal that ”!J m Iosed

€o S|gna

caption data illustrating anot her aspegt of the !

Figure 3 shows a bl ock diagram of a portion of a vi

processi ng stem constructed in accordance with principles - = . of the
pr esent invE‘y guren;3 may be simplified Etgufmantlyhbesansegrm-toma\acéorrrs .usef ul

L0 e o AN GckiF GHEREL! od, SHRETLpRBRE™ 0 Do e S

t he syst5am shown i n FiQne approaek to processing stnctly strong signals is to
check for parity errors in the first character only, i.e. ignore parity
errors in the second character. If parity of the second character

is not checked, parity checker 320, mux 390, and devices 340 to

365 may be eliminated. The character 2 code would be coupled to
10 the OSD processor at all times. This arrangement is shown in

Figure 6A. ' .

Alternatively, Figure 3 may be modified for strong
signals by generating the select signal for mux 390 from the
logical. AND of signals P2ERR and P1ERR using AND gate 370. This

15 configuration, shown in Figure 6B, causes the "blank" code to be
selected only when an error is detected in both character 1 and
character 2. "Statistical" processing of errors does not occur as in
Figure 3 where counter 340 records the "history" of errors in
character 1. However, the approach shown in Figure 6B does

20 detect certain errors in character 2 while the arrangement shown
in Figure 6A detects no errors.

Other modifications to the descnbed embodiments are
possible. For example, the counter shown in Figure 3 may be
implemented using a number of bits other than the 3-bit

- 25  configuration that is described. One possibility is to use a single
bit operating as a "flag" bit. The flag bit would be set when a
parity error in character 1 is detected. A subsequent error in
character 2 would then be treated as a valid error and the flag bit
would be cleared. If the flag bit is not set when a character 2

30 error occurs, the error in character 2 would be presumed to be
invalid. A multi-bit counter such as the described 3-bit counter
may provide better performance in the presence of 'noisy or weak
signals than the single-bit approach. The counter may be further
modified without departing from the principles of the present

35 invention by changing the initialization value of the counter,
reversing the role of the increment and decrement functions (i.e.



Fi gures 6A and 6B show al ternative enbodi nents of vi deo si gnal
processi ng systens constructed in accordance w th——————the principles of

‘tthe present . invention. In the system shown in Figure 3, signal
SERI AL DATA 3 0 provides serial binary data that 1%3best @Replagin t he

vi deo signal . Data extraction is acconplished | gf l'icer (not
shown-in Figure 3) that converts video signal | I t han and
| ess ~ than a threshold level, reldrred to as a slicing level, into :
bi nary logic 1 and logic O levels, respectively. The 16-bits of serial

?6?2;3? 3 5 ifdehiett 6 & ichaPiiGeP C2 UsBF Cond  dddrBfnent P8 o |chiakactel Ni O
error), and changing the count value test condition.

5 Additional modifications are also possible. For example, the
invention may be useful in regard to forms of auxiliary video
information other than closed caption data. In particular, data
associated with "Extended Data Services" applications (i.e.
auxiliary video information in line 21 of field 2) may also exhibit

10 errors caused by the "rabbit ear" effect that can be addressed by

| the invention. Also, the hardware and software approaches in
Figures 3 and 5 may be combined in various ways, i.e. certain
functions in hardware and others in software, to provide a system
in accordance with the principles of the present invention. These

15 ‘and other modifications are intended to be within the scope of the
following claims.



6 -register 310 in Figure 3 in response to 16 clock pul ses on clock
signal SERCLK. Signal SERCLK is generated by timng signal .
generatgi_gggji__juuilmpihe portion of line 21 when _closed caption data is
occurring ] S|gnal (see Figure 2). Generator 300 deternines

when | i'ne| ‘ H| the vi deo signal by counti ngmhmfeetmnlsahlzeplaced
C gmal *

lines int as i ndicat by hori zont al
si gnal HOR The horlzontal | i ne coun |s initialized at
of a video field as indicated by a vertical sync pul se

sync signal VERT. Signals VERT and MM roduced by defl ection
circuitry in a video system A phase shi may exi st betvveen sync
si gnal ssproduced by the deflectlon Ci rcwtry and the

1. In a system for processing a television signal

including an auxiliary information component comprising first
(CHAR #1) and second (CHAR #2) bmary codes, apparatus
comprising:
means (320,330) for detecting when an error exists in
10 one of said binary codes; and
means (380,390) coupled to said detection means for
modifying said binary code in which an error occurs;
means (340-370) coupled to said detection means and
. to said modifying means for preventing said modifying means
15 from modifying said second binary code in response to detection
- of an error in said second binary code when an error is not
detected in said first binary code.

2. The apparatus of claim 1 wherein said
20 preventing means comprises
a counter (340) coupled to said detecting means for
prov1dmg a count value; and
said count value is initialized to an 1n1t1al value when
processing of said auxiliary information component begins;
25 said count value is changed to produce a new count
value by incrementing said count value in response to detection of
- an error in said first binary code only, and by decrementing said
count value in response to detection of an error in said second
| binary code only; and
30 - ~said new count value is compared to said initial value
' to determine when an error exists in said second binary code and
not in said first binary code.

3. The apparatus of claim 1 wherein said first and
35 second blnary codes include respective parity bits and said
' detecting means comprises a parity checker.



timi ng} of the actual video signal VIDEO A sync separator in 15 generator '
e\am’ted\g;m\ VI DEO

300 produces a?!@iﬁ c_signal from conposite vi deo si gnal

that is used t ﬂl’ﬂ' ] generati on of Si gqﬁ{sslﬁ_ﬁﬂﬁkﬁedn@emmd
actual timng o mwn! i on data i nterval
The 16 bits of data ih rMegiss 310 are designated bhits

Figure 3. Bits 7-1 contain therpharagtﬁar code for the fi I"osed
caption character in line 21 (l'abeled "CHAR #1" in Figures 2 and 3)
and bits 15-9 are the character code for the second closed ~ caption
character (label ed "CAAR #Xhe appasatus efidchiny 3 twherein saidr modifying

| abel ed " Py r onﬂﬁql'rt : ' :

(Si it :eﬁ ar glielafélfs éﬁ?ﬁiﬁ”f,r&gm resﬂ]fystaerv%i?g5 ?éér??grﬁts lvt%hgoséglﬁgﬁféfwﬁb}fdat a
i nto parjgl | Bleans andy fo said. preyenfing peansy foh seleqtivelyorephacing  said3o.
The char act enecofisaid chinaty esodesdimowhivh fan Bifor! €xisBAGhith an Ccharacter

L g heckers 320 and 330.
are coupl edy}igrf £308 by 6ode, ©

5. The apparatus of claim 4 wherein said first and
10 second binary codes represent closed caption characters and said
alternative binary code represents a blank character.

6. In a system for processing a television signal
including an auxiliafy information component comprising first and
15 second binary words, each of said binary words including
auxiliary information and error information tendiﬁg to indicate
whether said respective auxiliary information is correct,
apparatus comprising:
means for evaluating said binary words to detect a
20 data condition that exists when said error information indicates
that said auxiliary information of said first binary word is correct
and said auxiliary information of said second binary word is
incorrect;  and - o
means coupled to said evaluation means for modifying
25 said error information of said second binary word to indicate that
said auxiliary information in said second binary -word is correct
when said data condition exists.

- 7. The apparatus of claim 6 wherein

30 said error information in each binary word includes a

parity bit; o
| said evaluating means comprises a parity checker that

evaluates the parity of each binary word; and ' |

~ said modifying means modifies said parity bit of said

35 second binary word to produce correct parity for said second

binary word when said data condition exists.



30 The par

d generate respective gLyt error
‘ﬁm m‘mﬂgrlty error signal is at eé[t acedaJ
parity error exi thewcosrespondi ng ‘character code. “"m I

ityww character code and parity bits—— _

for first and Sec
signal s P1ERR an

parity error |nformat|on I's used as described below to

muxes 380 and 390 for selectively COY@' ing either . the Character
in regl ster. 310 or a substltute character code,
8.  The apparatus of claim 6 wherein said

10

15

20

25

evaluating means comprises a counter for providing a count value;
and '

said count value is initialized to an initial value when
processing of said auxiliary information component begins;

said count value is incremented when said error
information of said first binary word indicates that sald auxiliary
information of said first binary word is incorrect; '

said count value is compared to said initial value after
evaluatlon of said error information of said first and second
binary words to detect said data condition; and

said count value is decremented after said count value
is compared to said initial value if said data condition is not
detected.

9. In a system for processing a television signal
1nclud1ng an auxiliary information component comprising first and
second binary words, each of said binary words including
respective auxiliary information and error information tending to
indicate whether said respective auxiliary information is correct,
apparatus comprising:

means for evaluatmg said error mformatlon in said
first and second binary words to determine when said respective
auxiliary information is correct;

means coupled to said evaluating means for modifying

said auxiliary information of said second binary word when the

30

evaluation of said error information in said second binary word
indicates that said auxiliary mformatxon of said second binary
word is incorrect; and

put
codes



7 " such as the code for a "bl ank", to an on-screen_display (OSD)
processo hown in Figure 3). Signal P1IERR is assunmed to 5

~dccurately y"ﬂmlml rror occurs in charact eThisIShbe EasBeen Replacedt h€
n

above-desc VMﬂm ef fect does not affect c I Thus,
4 O directly as follows. Si %at

signal Pl1ERR co
logic O (character 1 code*correct) cquges mux 380 to

character ‘1 code at the A of nux 380 to the output of 10 nux 380 and:to
the OSD processor. For signal PIERR at logic 1 (character 1 code
error), the code for améeamsrdoupledt toe sAid modifying meansxasdoto saidupl ed to

E:Egrgg: glrjt 2%fvfalilqg;ﬁ‘llr:i‘g88‘}%{%l es:[a(rfcf Eﬁ‘y"’%@rﬁr“ ts igﬁg";‘ﬁﬁiy%i?’ﬂ? fgpngﬁ;racter 2
as expl a? nednedifying asaitlnguxiléanyainformation of ssaid ssecond jbhinaryt wordy
signal P2ERRyfén bhe! RVAEATSn o' sai@! bAokYitoritialibil indicates that said
auxiliary information of said first word is correct and said
auxiliary information of said second binary word is incorrect.

10 - 10. The apparatus of claim 9 wherein
said error information in each binary word includes a
parity bit;
said evaluating means comprises a parity checker for
evaluating the parity of each binary word; and
15 : said modifying means replaces said auxiliary
information of said second binary word with substitute auxiliary
information.

11. The apparatus of claim 9 wherein said

20 preventing means comprises a counter for providing a count value
that changes in response to the evaluation of said error
information by said evaluating means such that: |

said count value is initialized to an initial value when
processing of said auxiliary information component begins;

25 said count value is incremented when the evaluation
of said error information indicates that said auxiliary information
of said first binary word is incorrect and said auxiliary '
information of said second binary word is correct; and

_ said count value is decremented when said the .

30 evaluation of said auxiliary information indicates that said
auxiliary information of said first binary word is correct and said
auxiliary information of said second binary word is incorrect; and



P2ERR, and thus the validity of the code for characL et 2, i evatuat ed

S
as* explai ned below to determ ne when a parlty error hee qt]% 2 |s
Ilkely ta be a spurious result caused by the ' rabb|t
spuri ous. p ored and the code for II m aﬁ
I nput of [!E Eim 'Ij Ilﬂ to the out put of nux
processor . ror in t character 2 code causes the
"bl ank” code at input B of nux 390 t be coupled to the out put of nmux
390 and to the OSD processor. 25 The evaluation of the validity

of parity errors in chsidapreventing ﬂwaasbaompaesthocount evalaeotoparity

kel hood a5 EiGtal vald! Bfeer evaliaion 6f S chedesiffbrtinn, i, spuf o
is t he Sanefirstn anddisecomd bmarybmdseto:rpmeaenersaidl modlﬁylfr@tmelam/ t he
" rabbi t earfrgﬁ{ fﬁ%ﬁlf{ﬁﬂg t Egﬂ aa‘ﬁ&?flaxgyeﬁﬁi‘bftﬁaﬁéﬂvbgefmgx gﬁ%{)@ﬁ) gl ' cation

of when occurril ong
vi deo si gnaword Whenesgld &O@MI valuel cqualsOma(d:AnmakW@hw is unlikely to

produce valid.
12, In a system for processing a television signal
10 including an auxlllary information component comprising f1rst and
second binary words, apparatus comprising:
means for detecting an error in each of said first and
second binary codes; and
means coupled to said error detecting means for
15 modifying said second bihary code only if said error detection
means detects an error in each of said first and second binary
codes concurrently.

_ 13. The system of claim 12 wherein
20 said detecting means generates first and second
- control signals indicating the occurrence of an error in said first
and second binary words, respectively; and.
said modifying means comprises a logical AND function

having first and second inputs for receiving said first and second

25 control signals for generating an intermediate signal indicating
when said second binary code is to be modified.

14. The system of claim 13 wherein said auxiliary
mformauon component is a closed caption signal.



parity.errors in general, and in character 1 in particular. Thus, a
| ack of parity errors in character 1 indicates thaw% 5

charact e spurious errors caused -
ear effe WM‘ is weak or noisy, valid par
ﬂm“““m)mn ei ther character. Thus, ” m , urring
20

15. In a system for processing a television s1gnal
including an auxiliary information component comprising first and
5 second binary words, apparatus comprising:
means for detecting an error in said auxiliary
information component; and
means coupled to said detecting means for modifying
said auxiliary information component in response to detection of
10 an error; wherein said first binary word is modified by said
modifying means in response to detection of an error in said first
binary word, and said second binary word is not modified by said
modifying means in response to detection of an error in sa1d
second binary word. '
15 _
16. The system of claim 15 wherein said auxiliary
information component is a closed caption signal. -

17. The system of claim 15 wherein
20 said detecting means is a parity checker; and
said modifying means is a switch having a control
input coupled to said detecting means for selectively replacing
said first binary word with a substitute binary word in response
to detection-of an error in said first binary word.
25



character 1 indicates that parity errors in character 2_nmay be 5 val i d.
The enbodi nent shown in Figure 3 inplenents the descri bed approa
determining the validity of character 2 parity erroTlﬁsShEethsstBeedﬁepﬁged

parity error exists in character 2 (signal P2ERR at _
character 2 code is presuned to be correct. 10 In Figure ﬂ" EﬂQR
at logic O causes the select signal iPr mux 390 to b AND

gate 370. Mux 390 responds by coupling the character 2 code at the "A"
i nput of nmux 390 to the OSD processor. Thus, the character 2 code
passed to the OSD processor i sABSTRAEII when there is no parity error
I n character 15 2. When a parity error does exist in character
2, signal P2ERR is at logic 1 causing the value of the Select signal
for mux5390 at A system oiorpproesssing a;uugasyovw@omnfmmmmeaugl; as

circuitry closed NEAPHOR JinfrARAHON; OlkIBHeS ‘Captiiliopnt f6r Heedtingb5- Thi s
invalid parity errors that may be created by video signal
distortion effects caused by sync suppression video signal
scrambling. The sync suppression distortion does not affect the

10 video display but may modify the parity bit of the second of two
- closed caption characters in each occurrence of line 21 of field 1
causing invalid parity errors. Parity errors in the first character,
which is unaffected by the sync suppression distortion, indicate
whether valid parity errors exist in the second character. If no
15 parity errors occur in the first character, parity errors that occur
in the second character are considered to be invalid.



count value in response to pul ses at ‘respective

The count val ue records the occurrence of parity

1 and 2 as follows. 25 The count value is initialized to O in
response to a pul se at i nput CLR of the counter. In Figure 3, signal
CLEAR from'tim ng signal generator 300 provides the initializing pul se
when t he systgm first begins procesging closed cgption data or when

t he source of the video signal changes. 3 0 The out put of
counter 340 is a silngle bit signal coupl ¢d to an #=nput of AND gate
370 that is at logijc 1 only when the couft val ue E%gbreater t han t he
initial value of 0. Alogic 1 at the outpuEs r 340 indicates
that parity errors|in character 2 are vajitka" and capses signal P2ERR
to provide the selictlon signal for nux 3390. As rFsuIt alogic 1 on
ity error)‘causes

20 circuitry evaluates the validity of AAfisparity error Lncharact er
Counter 340 is a three bit counter that ligegenents an cet Eﬂﬁi&E
I <

signal P2ERR (a pa
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the "bl ank” code at the B input of mux 398A e coupl ed—totthe

9 - OSD processor. A logic O (no errorporsauses the Cﬂ?{ﬁ%&%s&e&l@éﬂﬁc&o :
Be coupled to the OSD processor. 5

and decrenented in
Pul ses to logic 1
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-

at the output of AND gates 350 and 360 d’ﬁéﬁﬁzthe count Varue™

I acrenent and decrenent, respectively, e count val s $i8et i t ween
the count value linits of 0 and 7 (the mninum and 10 Hl!!fﬁ as Becl e f‘he_s

possible with a 3-bit counter). The count er inhi b

when the count value is 7 and I nhi bits decrenenting _
value is 0, i.e. the counter desi gn does not permt "wap around". The
out puts of AND gates 350 anda360 can pul se to Sgic 1 onl y duri ng an
interval after the 15 end of Igy%€ 21 that is def w@j by sanpling signal
SMPL from timng signal ge:a;%ator 300. This i@ ng ensures thagparity
error si gnal s P2ERR and PZ are stable bef G the increnent '
decrenent signals can be gener . The timng refag onship be

line 21 and signal SMPL is sho n Figure 4: 20 8 An increne

signal is generated at the outpgt of AND gate 350 during the p e on
signal SMPL if there is a rity error in & chdracter 1 and no partty

3
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logic 1 and signal P2ERR is at |ogic 0).R4¥#ough no par

ex¢sts in character 2 for the present ocCaprg ence of I|ne ed
error in character 1 indicates that valid parity errors nm ﬂWﬁTK

the signal, e.g. the signal is a noisy signal, and that su

parity errors in character 2 may be valid. The occurrence of this
condition is recorded by increnenting the count val ue.

decrenent signal is generated at the output of AND gate 30 360 durlng t he
pul se on signal SMPL if there is no parity error in character 1 and a
parity error exists in character 2 (signal PlERR at logic 0 and
signal P2ERR at logic 1). The count value is .decrenented in response
to the decrenent signal if the present count value is greater than O.
A decrenent signal indicates that 3 5 the present parity error in
character 2 may be invalid. The history of character 1 parity errors
as indicated by the count '

]

——LINE 23—]
]

=
-

FIG. 4

[—LINE 20—+—LINE 21—}+—LINE 22

1

HOR
LINE21
SMPL



10 . value deternines whether the chﬁf ¥&r 2 parity error. is vi evved

as-a valid error. 5 A count val uesgfeater than O |ndssm¢télssli eplaced
parity errors are occurring in character | and, theref \‘“

parity errors exist in the signal. As a result, the pa

character 2 is presuned to be. correct. The out put of coun er 340 s at
logic 1 . enabl ing signal P2ERR to control nmux 390 via AND gate 370.

FIG. 5
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10~ A count value of 0 |nd|cate§ $her t hat pari This SlfestGlas B&eh Bepla
Ochrrlng I n character 1 or that parlty Prors I n charact

occurring less frequently than in character 2. In either "
parity error in character 2 is presuned to be invalid,i.

character 2 code is correct. Alogic O is produced-at the output of 15

counter 340 causing nmux 39 ] #couole E@@ﬁ haracter 2 code to the osD
processor despite_the Lnd]cat 3n fhat fltv error exists. If parity
errors occurd NM&?&H&;’ISMJNZM& @8 i 6 Biel i 3eik] occurrence of line 21,
the count val ue. is roP{Rihanged.: Gofftir bli bfi jmix| 390 is the sanme as for
t he precedi ng occurfrenc LﬂLLL‘igfgl 3W0The effect of the described
counter arrangement[ is fto i ry" feature that records the
nunber of errors in chargcter [l and geco Ofly the e number of
valid errors iln chlaractlef 2. Thig | ; 't?@&te basi c y
assunpti on t ed jabove fhat vali rors* 'chafact|er g-ea-d ely
as valid 25 -gErRP%K?s i i charagter 1? esul t%%gé a for gofSE[statgoggégﬂ#%gD
error NOT USED 330
PARITY
| CHE(I)KER PIERR |
300 CHARZ [
VERT —» — # —>-(HAR#2
HR—| St | CODEFOR 03
VIDEQ —>{ GENERATOR :
¢
LINE21 | FiG. 6A
| |-——an&42——|-——an3#1—*{
SEF“ALDATA::‘I&1544I13:12|11~10u9i?8 7161514131211
R IR ’
310
B
| R 7 |
SERCLK 7 Lo ol MUX —>CHaRH
SEL | CODE FOR 0SD
30 |
PARITY - | PARITY
- |CHECKER] | CHECLKER PIERR
' 300 -
VERT —*" iving - CHAR? P
HOR =1 _ SIGNAL | — 1 7 A .
VIDEQ—*] GENERATOR | BLANK 4T I8 MUX —=Ciar 2
; .CODE : | SE% CODE FOR 0SD
LINE21 il

o

FIG. 68
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The present invention involves video signal processing
systems that include capability for decoding auxiliary video
information such as closed caption data.

Video signals may be encoded to prcvcnt unauthorized
viewing of the video information. Encoding, sometimes referred
to as "scrambling”, is useful in applications such as "pay-per-view"
programming. One approach to scrambling is to suppress
horizontal synchronizing pulses by reducing the amplitude of the
sync pulses. Reducing the pulse amplitude makes it impossible
for the video receiver to synchronize the video display to the
video signal. As a result, the video receiver cannot extract the
video program from the scrambled video signal.

Sync signal suppression may be accomplished by
reducing the video RF carrier amplitude by a fixed factor, e.g. 6 to
10 dB, during a suppression "window" that spans the sync pulse
interval. The encoded signal is decoded by increasing the
amplitude of the modulated RF signal during an “"expansion”
window that also spans the sync interval. The signal amplification
during the expansion' window equals the amplitude reduction '

~ during the suppression window. The distortion caused by sync

suppression will be eliminated completely only if the suppression
and expansion windows coincide.

It is extremely unlikely that the suppression and
expansion windows will coincide precisely. Video signal
regulatory standards such as those promulgated by the United
States Federal Communications Commission (FCC). do not”___s_pec1fy
requirements for sync suppression encoding. As a result, the
timing and duration of the suppression window depends on the
particular encoding eqmpment _being -used. ~Variations in decoding

systems further deqreases the llkehhood that thie encodmg and
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Results.Similar to those produced wi th the apparat
fray be achieved with a software inplenmentation th
flowchart in Figure 5. The procedure shown in
step 500 followed by initialization of the co
RECNT in Figure 5) to 0. Step 500 is 2 ent ered en Crosed captign data
processing first begins or when t he“si gnal sol scri bed
above in regard to Figure 3. 1 0 At step 515, operation halts until new
~data, i.e. a nedeqlingrwiwdows wilbfcoincide 2freciselylet Emcedingriaed pdedadingf
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causes the coun
unlikely, however, that precise coincidence of the suppression and

expansion windows can be achieved consistently in every system
configuration.
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If the encoding and decoding windows are not
coincident, remnants of the suppression distortion remain in the
10 video signal after decoding. For example, the expansion window
may occur within the suppression window as shown in Figure 1
causing the suppression interval to extend beyond both the left
and right edges of the expansion interval. The portions of the
video signal that are within the suppression window and outside
15 the expansion window remain distorted, i.e. with suppressed RF
amplitude, after expansion. Two distorted portions are associated
with each sync pulse, i.e. one on either side of each sync pulse as
shown in Figure 1. The distorted portions are labeled "rabbit ear"
in Figure 1. '
20 For the window timing shown in Figure 1, the signal
level during the "rabbit ear” intervals is at, or greater than, the
maximum video signal level of 100 IRE because suppressing the
RF carrier increases the IRE level of the video signal. This is
better understood by referring to the relationship between the RF
25 carrier and ‘the video signal that is depicted in Figure 1. More
specifically, IRE levels increase as the video signal level
approaches the mid-point of the RF carrier amplitude (indicated
by the dashed line at the top of Figure 1). Decreasing the
amplitude of the RF carrier in the suppression window during
30 encoding causes the encoded portion of the video signal waveform
to move toward the mid-point of the RF carrier amplitude (broken
line at the top of Figure 1). As a result, the IRE level increases
during the suppression window. For example, suppression of 6 to
10 dB causes video signal levels during the active video interval
35 within the suppression window to exceed 50 IRE. Increasing the
RF carrier amplitude during decoding causes the video signal
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suppression systems indicates that the edges of the suppression
10 and expansion windows will occur within approximately 4 ps of
the corresponding edges of the active video interval in each
horizontal line interval. This timing ensures that any “"rabbit ear"
effect is within the overscan region of the video display. As a
result, the “rabbit ear" effect does not produce visible effects in
15 video lines that are included in the visible display area.
' Distortion during the "rabbit ear" intervals may
corrupt auxiliary video information, such as closed caption data,
that is included in the video signal. . As specified in the FCC closed
captioning standard, closed caption data is included during line 21
20 of field 1. Closed caption data is not displayed directly because
line 21 is within the vertical blanking interval. The data is
extracted from the video signal and decoded. Decoded data is
displayed via an on-screen display (OSD) unmit in the video system
that merges the decoded data into the normal video display. As
25 specified in the FCC standard, the information in the last half of
each line 21 interval includes 16 binary bits representing two 8-
bit binary words. Each 8-bit word includes 1 parity bit and 7-bits
coded in ASCII format representing one closed caption character.
The last bit in each line 21 interval is the parity bit for the second
30 character. A "rabbit ear" interval occurring during the end of the
active video interval in line 21 may corrupt the parity bit of the
second closed caption character causing incorrect decoding of the
closed caption data.
The problem may be better understood by comparing
35 the timing of the "rabbit ear" intervals as shown in Figure 1 with
the timing of closed caption data as shown in Figure 2. As
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described above, a "rabbit ear" may occur during the last 4 ps of
the active video interval in the horizontal line interval preceding

5 the horizontal sync pulse (“rabbit ear" on the left side of Figure 1).
In Figure 2, the last closed caption data bit, i.e. the parity bit for

~ character 2, also occurs during the last 4 pus of the active video .
interval. Thus, the signal level during a “"rabbit ear" interval can
interfere with the parity bit. |
- 10 A signal level of 50 IRE during a closed caption bit

interval in line 21 is interpreted by the closed caption data
decoder as a logic 1. As described above, the signal level during a
"rabbit ear" interval is shifted to levels greater than 50 IRE by the
suppression operation. Thus, the interference between the "rabbit

15 ear" and the parity bit will cause the decoded parity bit to be logic
1 regardless of the intended parity bit signal level. Spurious
parity errors result, i.e. a parity error occurs for character 2 when
the character code for character 2 is correct.

Repeated occurrence of the "rabbit ear" intervals
20 causes the parity bit for the second closed caption character in
- every line 21 to be “stuck" at logic 1. As a result, every other
displayed closed caption character, i.e. approximately 50% of the
closed caption display, is associated with a parity bit equal to logic
1. Assuming that approximately 50% of the character 2 codes

25 should have a correct parity bit equal to logic 0, approximately
25% of the displayed closed caption characters will -produce a
spurious parity error. An OSD unit may replace a character code
that causes a parity error with a particfular “substitute” character
code, e.g. the character code for a "blank" character. Thus,

30 incomplete decodlng of sync suppression video signal scrambling
may cause approximately 25% of closed caption characters to
erroneously be displayed as blank characters.

The present invention resides, in part, in recognition of
the described problem and, in part in providing a solution to the

35 problem. In accordance with the principles of the present
invention, a system for processing a television signal including an
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differ in the information when invalid errors occur. Invalid errors exist when
errors are not detected in a first binary word included in the
auxiliary information and errors are detected in a second binary
10 word.

The invention may be better understood by referring
to the accompanying Drawing in which:
' Figure 1 shows a video signal waveform that
illustrates an aspect of the problem that is addressed by the
15 present invention; |
Figure 2 shows a waveform of a video signal that
includes closed caption data illustrating another aspect of the
problem; _
Figure 3 shows a block diagram of a portion of a video
20 signal processing system constructed in accordance with principles
' of the present invention;
‘Figure 4 shows signal waveforms useful for
understanding the operation of the system shown in Figure 3;
Figure 5 shows a flowchart useful for understanding
25 the operation of the system shown in Figure 3; and '
Figures 6A and 6B show alternative embodiments of
video signal processing systems constructed in accordance with
the principles of the present invention. '
In the system shown in Figure 3, signal SERIAL DATA
30 provides serial binary data that is extracted from the video signal.
Data extraction is accomplished using a data slicer (not shown in
Figure 3) that converts video signal levels greater than and less
than a threshold level, referred to as a slicing level, into binary
logic 1 and logic O levels, respectively. The 16-bits of serial closed
35 caption data in one occurrence of line 21 are clocked into 16-bit
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as switching nugies &f the video signal as indicated by horizontal sync pulses in

signal HOR. The horizontal line count is initialized at the beginning
10 of a video field as indicated by a vertical sync pulse on vertical
sync signal VERT. Signals VERT and HOR are produced'by
deflection circuitry in a video system. A phase shift may exist
between sync signals produced by the deflection circuitry and the
timing of the actual video signal VIDEO. A sync separator in
15 generator 300 produces a separated sync signal from composite
" video signal VIDEO that is used to synchronize the generation of
signal SERCLK to the actual timing of the closed caption data
interval within line 21.
The 16 bits of data in register 310 are designated bits 1 to
20 16 in Figure 3. Bits 7-1 contain the character code for the first
closed caption character in line 21 (labeled "CHAR #1" in Figures 2
and 3) and bits 15-9 are the character code for the second closed
caption character (labeled "CHAR #2"). Bits 16 and 8 are the
parity bits (labeled "P") for the second and first characters,
25 respectively. o .
' Sixteen parallel outputs from register 310 convert the serial
data into parallel data that is coupled to parity checkers 320 and
330. The character code and cbrrespon&ing parity bit for each
character are coupled to respective parity checkers 320 and 330.
30 The parity checkers evaluate the character code and parity bits
for first and second characters and generate respective parity
error signals PIERR and P2ERR. When a parity error signal is at
logic 1, a parity error exists in the corresponding character code.
-The parity error information is used as described below to
35 control output muxes 380 and 390 for selectively coupling either
the character codes in register 310 or a substitute character code,
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such as the code for a "blank", to an on-screen display- (OSD)
processor (not shown in Figure 3). Signal P1ERR is assumed to
accurately indicate when an error occurs in character 1 because
the above-described "rabbit ear" effect does not affect character 1.
Thus, signal PIERR controls mux 380 directly as follows. Signal

. P1ERR at logic 0 (character 1 code correct) causes mux 380 to

couple the character 1 code at the A of mux 380 to the output of
mux 380 and to the OSD processor. For signal PIERR at logic 1
(character 1 code error), the code for a “"blank" at the B input of
mux 380 is coupled to the output of mux 380 and to the OSD
pProcessor.

For character 2, the "rabbit ear" may corrupt the parity bit
of character 2 as explained above causing the parity check resuits
indicated by signal P2ERR to be incorrect. The validity of signal
P2ERR, and thus the validity of the code for character 2, is
evaluated as explained below to determine when a parity error in
character 2 is likely to be a spurious result caused by the "rabbit
ear" effect. A spurious parity error is ignored and the code for
character 2 ("A" input of mux 390) is coupled to the output of mux
390 and to the OSD processor. A valid parity error in the
character 2 code causes the "blank" code at input B of mux 390 to
be coupled to the output of mux 390 and to the OSD processor.

The evaluation of the validity of parity errors in character
2 is based on the occurrence of parity errors in character 1. More
specifically, it is assumed that the likelihood of a parity error
occurring in character 1 and character 2 is the same. In addition,
because character 1 is unaffected by the "rabbit ear" effect,
character 1 parity provides a reliable indication of when valid
parity errors are occurring. For example, a strong video signal,
e.g. a cable television (CATV) signal, is unlikely to produce valid
parity errors in general, and in character 1 in particular. Thus, a
lack of parity errors in character 1 indicates that parity errors in
character 2 are likely to be spurious errors caused by the "rabbit
ear" effect. If the signal is weak or noisy, valid parity errors are

be
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parity errors. First, if no parity error exists in character 2 (signal
P2ERR at logic 0), the character 2 code is presumed to be correct.
10 In Figure 3, signal P2ERR at logic O causes the select signal for
mux 390 to be logic 0 via AND gate 370. Mux 390 responds by
coupling the character 2 code at the "A" input of mux 390 to the
OSD processor. Thus, the character 2 code passed to the OSD

processor is unchanged when there is no parity error in character
15 2.
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When a parity error does exist in character 2, signal P2ERR
is at logic 1 causing the value of the select signal for mux 390 at
the output of AND gate 370 to be determined by circuitry
including up/down counter 340 and gates 350 to 365. This

20 circuitry evaluates the validity of the parity error in character 2.
Counter 340 is a three bit counter that increments and
decrements a count value in response to pulses at respective
inputs INC and DEC. The count value records the occurrence of
parity errors in characters 1 and 2 as follows.

25 The count value is initialized to O in response to a pulse at
input CLR of the counter. In Figure 3, signal CLEAR from timing
signal generator 300 provides the initializing pulse when the
system first begins processing closed cai)tion data or when the
source of the video signal changes. o

30 The output of counter 340 is a single bit signal coupled to an
input of AND gate 370 that is at logic 1 only when the count value

..is greater than the initial value of 0. A logic 1 at the output of
counter 340 indicates that parity errors in character 2 are valid
and causes signal P2ERR to provide the selection signal for mux

35 390. As a result, a logic 1 on signal P2ERR (a parity error) causes
“the "blank” code at the B input of mux 390 to be coupled to the
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increment and decrement, respectively, if the count value is
between the count value limits of 0 and 7 (the minimum and

10 . maximum count values possible with a 3-bit counter). The
counter inhibits incrementing when the count value is 7 and
inhibits decrementing when the count value is 0, i.e. the counter
design does not permit "wrap around”. The outputs of AND gates

- 350 and 360 can pulse to logic 1 only during an interval after the

15 end of line 21 that is defined by sampling signal SMPL from
timing signal generator 300. This timing ensures that parity error
signals P2ERR and P1ERR are stable before the increment or
decrement signals can be generated. The timing relationship
between line 21 and signal SMPL is shown in Figure 4.

20 An increment signal is generated at the output of AND gate
350 during the pulse on signal SMPL if there is a parity error in
character 1 and no parity error in character 2 (signal P1ERR is at
logic 1 and signal P2ERR is at logic 0). Although no parity. error
exists in character 2 for the present occurrence of line 21, a parity

25 error in character 1 indicates that valid parity errors may exist in
the signal, e.g. the signal is a noisy signal, and that subsequent
parity errors in character 2 may be valid. The occurrence of this
condition is recorded by incrementing the count value.

A decrement signal is generated at the output of AND gate

30 360 during the pulse on signal SMPL if there is no parity error in
character 1 and a parity error exists in character 2 (signal P1ERR .
at logic 0 and signal P2ERR at logic 1). The count value is
decremented in response to the decrement signal if the present
count value is greater than 0. A decrement signal indicates that

35 the present parity error .in character 2 may be invalid. The
history of character 1 parity errors as indicated by the count
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value determines whether the character 2 parity error is viewed
as a valid error. ‘

A count value greater than O indicates that parity errors are
occurring in character 1 and, therefore, that valid parity errors

~exist in the signal. As a result, the parity check of character 2 is

presumed to be correct. The output of counter 340 is at logic 1
enabling signal P2ERR to control mux 390 via AND gate 370.

A count value of 0 indicates either that parity errors are not
occurring in character 1 or that parity errors in character 1 are
occurring less frequently than in character 2. In either situation,
a parity error in character 2 is presumed to be invalid, i.e. the
character 2 code is correct. A logic 0 is produced at the output of
counter 340 causing mux 390 to couple the character 2 code to the
OSD processor despite the indicatiort that a parity error exists. If
parity errors occur in characters 1 and 2 in the same occurrence
of line 21, the count value is not changed. Control of mux 390 is
the same as for the preceding occurrence of line 21.

The effect of the described counter arrangement is to
provide a "memory" feature that records the number of errors in
character 1 and reéognizes only the same number of valid errors
in character 2. This is in accordance with the basic assumption
stated above that valid errors in character 2 are as likely as valid
errors in character 1. The result is a form of statistical error
processing for character 2 that effectively processes character 2
errors for strong signals, weak signals, and whether or not the
"rabbit ear" effect is present. In paﬂiéﬁlar, the error processing
results are better for all of the various signal types than are the
alternatives of either processing all character 2 errors or
processing no errors. For example, processing no errors when the
signal is weak and the "rabbit ear" effect is not present would
result in the 'display of numerous incorrect characters causing a
confusing closed caption display. Processing all character 2 errors
when the signal is strong and the "rabbit ear” effect is present
would cause numerous unnecessary blank characters.

1
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Results similar to those produced with the apparatus shown

in Figure 3 may be achieved with a software implementation that

5 is shown in the flowchart in Figure 5. The procedure shown in
Figure 5 is entered at step 500 followed by initialization of the
count value (identified as RECNT in Figure 5) to 0. Step 500 is
entered when closed caption data processing first begins or when
the signal source changes as described above in regard to Figure 3.

10 At step 515, operation halts until new data, i.e. a new occurrence
of line 21, is detected. The parity of character 1 is tested at step
520. A parity error in character 1 causes the count value to be
incremented at step 525 and the character 1 code is set to the
"blank" code at step 530. Following the completion of step 530, or

15 if no parity error is detected at step 520, processing continues at
step 540. o

Parity of character 2 is checked at step 540.. Correct parity
for character 2 causes the transfer of the character 1 code (either
the original character 1 code or the "blank" code from step 530).

20 and the character 2 code to the OSD processor at step 545. If
character 2 parity is incorrect at step 540, the count value is
tested at step 550. A count value greater than O causes the count
value to be decremented at step 560 followed by the character 2
code being set to the "blank" code at step 565, and transfer of the

25 character codes to the OSD processor at step 545. If the count
value is not greater than O (i.e. equal to 0) at step 550, the parity
of character 2 is corrected and the character codes are transferred
to the OSD processor at step 545, Following step 545, operation
continues at step 515 where the procedure halts until another

30 occurrence of line 21 is detected.

The software procedure shown in Figure S may be
implemented efficiently using a Motorola MC68HCO5CC1 micro-
processor that includes capability for processing closed caption
signals. The routine shown in Figure 5 requires only 18 bytes of

35 ROM and one byte of RAM. The byte of RAM is required to store a
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5 The software approach shown in Figure 5 provndes a
slightly different function than does the hardware embodiment
shown in Figure 3. In Figure 5, the parity of each character code
is evaluated sequentially, i.e. the parity of character code 1 is
evaluated first followed by that of character code 2. In Figure 3,
10 two parity checkers evaluate the parity of both characters
simultaneously. Sequential parity checking could be implemented
in the system shown in Figure 3 using only a single parity checker
by evaluating the parity of each word during a different interval
within line 21. However, a mux would be required to selectively
15 couple each character code to the parity checker and additional
control signals would be required.
Also, the approaches in Figures 3 and 5 differ in the
manner in which an invalid parity error is handled. In Figure 5,
an invalid parity error for character 2 causes the parity of
20 character 2 to be corrected at step 555 before passing the
character codes to the OSD processor. In Figﬁre 3, the parity bits
are "stripped off" and only the 7-bit character code for each
character is transferred to the OSD processor. Parity correction
could be included in Figure 3 by inverting the parity bit when the
25 count value indicates invalid parity. '
The embodiments of the invention described thus far
provide a solution to the problem of invalid parity errors that is
applicable to a system processing either’ weak or strong signals.
The apparatus shown in Figure 3 operates in the same manner
30 regardless of whether strong or weak signals are involved. Thus,
it is unnecessary to detect the type of signal being received.
Different modes of operation are unnecessary. User intervention
is not required for adjustments such as switching modes of
operation when the signal type changes. However, if the system
35 will be processing strong signals only, the apparatus shown in




of an error in said second binary code when an err EAMMNT SHEET bct ed
In said first binary code. 2. Therappar at us lpim 1
wherein said 20 preventing neans conpri ses | oupt pr
(340) coupled to said detecting neans for pr oyi ir%"’a’% val ye; and
said count value is initialized to an initial valu en pLacksyi ng of
said auxiliary information conponent bebBns; 25 sai d cofint

val ue is changed to produce a new count val ue ; ; ' i d
count val ue in ge3ponse Ly figt 91‘?1561[;)l??ecﬁ’fsignifica:?l'?l\?’erlfe@&‘iuéel1 etfdd hid St binary
code only, and decrenenting s count Value I n response to

detection of artikely It opsun whewy strong SigNdlyiscBERSEBhI y: and 30
sai d new cognt val ue is cOAPadmFoach Xdi Proceissing! seeidtlye strong sigmatietiertei ne
when an error CAHSAS £bF psa?‘itg 3&89@qnblﬂart%sf: Uiiragk only, i.e. ignore parity
errors in the second character. If parity of the second character
is not checked, parity checker 320, mux 390, and devices 340 to
365 may be eliminated. The character 2 code would be coupled to
10 the OSD processor at all times. This arrangement is shown in
Figure 6A. '

Alternatively, Figure 3 may be modified for strong
signals by generating the select signal for mux 390 from the
logical AND of signals P2ERR and P1ERR using AND gate 370. This

15 configuration, shown in Figure 6B, causes the "blank" code to be
selected only when an error is detected in both character 1 and
character 2. "Statistical" processing of errors does not occur as in
Figure 3 where counter 340 records the "history" of errors in
character 1. However, the approach shown in Figure 6B does

20 detect certain errors in character 2 while the arrangement shown
in Figure 6A detects no errors. '

Other modifications to the described embodiments are
possible. For example, the counter shown in Figure 3 may be
implemented using a number of bits other than the 3-bit

25 configuration that is described. One possibility is to use a single
bit operating as a "flag" bit. The flag bit would be set when a
parity error in character 1 is detected. A subsequent error in
character 2 would then be treated as a valid error and the flag bit
would be cleared. If the flag bit is not set when a character 2

30 error occurs, the error in character 2 would be presumed to be
invalid. A multi-bit counter such as the described 3-bit counter
may provide better performance in the presence of noisy or weak
signals than the single-bit approach. The counter may be further

“modified without departing from the principles of the present

35 invention by changing the initialization value of the counter,

reversing the role of the increment and decrement functions (i.e.
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increment for a character 2 error and decrement for a character 1
error), and changing the count value test condition.

Additional modifications are also possible. For example, the
invention may be useful in regard to forms of auxiliary video
information other than closed caption data. In particular, data
associated with "Extended Data Services” applications (i.e.
auxiliary video information in line 21 of field 2) may also exhibit
errors caused by the "rabbit ear” effect that can be addressed by
the invention. Also, the hardware and software approaches in
Figures 3 and 5 may be combined in various ways, i.e. certain
functions in hardware and others in software, to provide a system
in accordance with the principles of the present invention. These
and other modifications are intended to be within the scope of the
following claims. '
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In a systemfor processing a television signal liary
i nformati on conponent conprising first @PQ\IMS setand - each
of said binary words including auxiTrary information and error :
information tending to indicate whet her said respective auxiliary
informationsis correct, 1. hpparsystesn cforppradesging a television signalmeans

For evaluati ngiﬁc?liu%ir% i yaMiﬁ?ytﬂxt‘ai?ltn%fitonacomponent comprising first
(CHAR #1) and second (CHAR #2) binary codes, apparatus
comprising:

means (320,330) for detecting when an error exists in
10 one of said binary codes; and
means (380,390) coupled to said detection means for
modifying said binary code in which an error occurs;
means (340-370) coupled to said detection means and
to said modifying means for preventing said modifying means
15 from modifying said second binary code in response to detection
of an error in said second binary code when an error is not
detected in said first binary code.

2. The apparatus of claim 1 wherein said
20 preventing means comprises
a counter (340) coupled to said detecting means for
providing a count value; and
said count value is initialized to an initial value when
processing of said auxiliary information component begins;

25 said count value is changed to produce a new count
value by incrementing said count value in response to detection of
an error in said first binary code only, and by decrementing said
count value in response to detection of an error in said second
binary code only; and

30 said new count value is compared to said initial value
to determine when an error exists in said second binary code and
not in said first binary code.

3. . The apparatus of claim 1 wherein said first and
35 second binary codes include respective parity bits and said
detecting means comprises a parity checker.
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5. The apparatus of claim 4 wherein said first and
10 second binary codes represent closed caption characters and said
alternative binary code represents a blank character.

6. In a system for processing a television signal
including an auxiliary information component comprising first and
15 second binary words, each of said binary words including
auxiliary information and error information tending to indicate
whether said respective auxiliary information is correct,
~ apparatus comprising:
means for evaluating said bmary words to detect a
20 data condition that exists when said error information indicates
" that said auxiliary information of said first binary word is correct
and said auxiliary information of said second bmary word is
incorrect; - and
means coupled to said evaluation means for modifying
25 said error information of said second binary word to indicate that
said auxiliary information in said second binary -word is correct
when said data condition exists.
' 7. The apparatus of claim 6 wherein
30 said error information in each binary word includes a
parity bit; ' |
said evaluating means comprises a parity checker that
evaluates the parity of each biné.ry word; and
said modifying means modifies said parity bit of said
35 second binary word to produce correct parity for said second
" binary word when said data condition exists.
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8. The apparatus of claim 6 wherein said
evaluating means comprises a counter for providing a count value;

5 and

_ said count value is initialized to an initial value when
processing of said auxiliary information component begins;

said count value is incremented when said error
information of said first binary word indicates that said auxiliary

10 information of said first binary word is incorrect; -

-said count value is compared to said initial value after
evaluation of said error information of said first and second
binary words to detect said data condition; and

said count value is decremented after said count value

15 is compared to said initial value if said data condition is not
detected.

9. In a system for processing a television signal
including an auxiliary information component comprising first and
20 second binary words, each of said binary words including
respective auxiliary information and error information tending to
indicate whether said respective auxiliary information is correct,
apparatus comprising: |
means for evaluating said error information in said
25 first and second binary words to determine when said respective
auxiliary information is correct; _
means coupled to said evaluating means for modifying
said auxiliary information of said second binary word when the
evaluation of said error information in said second binary word
30 indicates that said auxiliary information of said second binary
word is incorrect; and



processing of said auxiliary information conponent
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duxiliary information of said second binary word is incorrect.

10 10. The apparatus of claim 9 wherein
said error information in each binary word includes a
parity bit;
said evaluating means comprises a parity checker for
evaluating the parity of each binary word; and
15 said modifying means replaces said auxiliary
information of said second binary word with substitute auxiliary
information.

11. The apparatus of claim 9 wherein said

20 preventing means comprises a counter for providing a count value
that changes in response to the evaluation of said error
information by said evaluating means such that:

said count value is initialized to an initial value when
processing of said auxiliary information component begins;

25 said count value is incrémented when the evaluation
of said error .information indicates that said auxiliary information
of said first binary word is incorrect and said auxiliary
information of said second binary word is correct; and

said count value is decremented when said the

30 evaluation of said auxiliary information indicates that said
auxiliary. information of said first binary word is correct and said
auxiliary information of said second binary word is incorrect; and
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means coupl ed mmmmtiug means for nodifyi
i nformati on of‘ We Nty word when the
error informatien Fn 'sai'l second bi naryl 9word 3 0
auxiliary information of said second binary
said preventing means compares said count value to
said initial value after evaluation of said error information of said
5 first and second binary words to prevent said modifying means
' from modifying said auxiliary information of said second binary
word when said count value equals said initial value.

12. In a system for processing a television signal
10 including an auxiliary information component comprising first and
second binary words, apparatus comprising:
means for detecting an error in each of said first and
second binary codes; and
means coupled to said error detecting means for
15 modifying said second binary code only if said error detection

means detects an error in each of said first and second binary
codes concurrently.

13. The system of claim 12 wherein
20 said detecting means generates first and second
control signals indicating the occurrence of an error in said first
and second binary words, respectively; and.
said modifying means comprises a logical AND function
having first and second inputs for receiving said first and second
25 control signals for generating an intermediate signal indicating
when said second binary code is to be modified.

14. The system of claim 13 wherein said auxiliary
information component is a closed caption signal.
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i nformation of said first word is corre%c. and said il iary '

I nformati on of said second binary word I ncorrect. {10 .
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each binary word includedSa In apsystam fort processing a televisions sighal _
of “each bingry nording, 4F ey GRAGIS) cBmponent MAMPALAD HE Y ol
auxil i ary second binary words, apparatus comprising: _
means for detecting an error in said auxiliary
information component; and
means coupled to said detecting means for modifying
said auxiliary information. component in response to detection of
10 an error; wherein said first binary word is modified by said '
modifying means in response to detection of an error in said first
binary word, and said second binary word is not modified by said
modifying means in response to detection of an error in said
second binary word.
15
16. The system of claim 15 wherein said auxiliary
information component is a closed caption signal.-

17. The system of claim 15 wherein
20 ‘said detecting means is a parity checker; and
said modifying means is a switch having a control
input coupled to said detecting means for selectively replacing
said first binary word with a substitute binary word in response

to detection-of an error in said first binary word.
25 -



i nformation of
i nf or mati on.

AR ﬂ-\w HEET

sai d second bi nary word W|th substltu1%l:ip xiliary
11. The: apparat us of ¢l gim9 wherein pa

preventing means conprises a counter for prow di ng af cpur dVEILLIE

changes in response to the evaluation of 2daid error

sai d eval uati ng nmeans such that: ' sald count value 1s

initialized to
i nformati on co

i ncrement ed whe

that said auxil
and said auxili
and

an initial vaI ue when processi nglaf .said auxiliary

_EQ&oma&ues&ﬁg,

‘ cat es
Tary word is incorrect

d 20

[ hat
i nf or.mati on} by

ary |nforrrat|on of sai d second binary word is correct;

said count val ue mm ed when said the 3 0
eval uation of said auxiliary informati es that said

auxiliary, information of said first binary word is correct and said

5

10

15

FIG

A system for processing auxiliary video information, such as

closed caption information, includes capability for detecting
invalid parity errors that may be created by video signal
distortion effects caused by sync suppression video signal
scrambling. The sync suppression distortion does not affect the
video display but may modify the parity bit of the second of two
closed caption characters in each occurrence of line 21 of field 1

causing invalid parity errors. Parity errors in the first character,

which is unaffected by the sync suppression distortion, indicate

whether valid parity errors exist in the second character. If no

parity errors occur in the first character, parity errors that occur
in the second character are considered to be invalid.

3
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15. In a systemfor processing a television signal.‘ i ncludi Ng an .
auxiliary information conponent conprising first and 5

wor ds, apparatus conpri sing: means for

in said auxiliary i nf ormati on conponent; and” - nmea

coupl ed to said detecting means for nodi#yéng sai B hu@3 Jbky998

i nformation conponent in response to -detection of 10 ah wherei nf dai d
first binary word is nodified by said nodi fyi ng ng .

detection of an error in said first bi nary word, B < [
binary word is not nodified by said nodi fyi ng means in response t.0
detection of an error in said second binary word. 15

'16. The system of claim 15 wherein said auxiliary i nformation

conmponent is a closed caption signal.
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