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IN AN AUXILIARY VIDEO-INFORMATION DECODER The present invention relates to
detection of information that may be present in a video signal during
vertical blanking intervals. A video signal typically includes vertical
display intervals) or fields) having a plurality of horizontal line
intervals) e.g. 262.5 lines per field in NTSC video systems. The beginning
of each vertical and horizontal interval is identified by respective
vertical and horizontal sync pulses that are included in a composite video
signal. During a portion of each vertical interval, information in the
video signal may not be intended for display. For example) a vertical
blanking interval spans approximately the first 20 horizontal line
intervals in each field. In addition) several line intervals adjacent to
the vertical blanking period) e.g. line 21) may be within an overscan
region of a video display and will not be visible. The tack of displayed
image information during blanking and overscan intervals makes it possible
to insert an auxiliary information component) e.g. teletext or closed
caption data, into these intervals. Standards such as Federal
Communications Commissions (FCC) Regulations define the format for each
type of auxiliary information including the positioning of the information
within a vertical interval. For example) the present closed captioning
standard (see e.G. 47 CFR $ 15.119 and 73.682) . specifies that digital
data corresponding to ASCII characters for closed captioning must be in
line 21 of field 1. Future modifications to the standard may permit
auxiliary information such as closed caption data to be located in other
lines) e.g. line 21 of every field. Auxiliary video information is
extracted from the video signal using a decoder. An important part of a
decoder is the data      4 APRIL 2003  dicer. The data dicer may be a
voltage comparator having a video signal carrying auxiliary video
information applied to one input. For optimum performance) a reference or
"slicing" voltage at a second input of the comparator should be at the
midpoint of the peak to peak excursion of the auxiliary video information
signal. The output of the comparator would then provide a binary signal
representative of the auxiliary information contained in the video signal.
A constant slicing level may not be adequate for all video signals. Video
signal levels may vary depending on the source of the video signal.
Utilizing a constant slicing level with varying , video signal levels may
bias the extracted data undesirably toward logic 0 or logic 1 resulting in
erroneous data extraction. For example, if the video signal range is 0 IRE
to 20 IRE, a slicing level of 10 IRE is desirable while for a video signal
range of 0 IRE to 50 IRE) a slicing level of 25 IRE is desirable. If 25 IRE
were used as a slicing level for a signal range of 0 IRE to 20 IRE, a logic
1 would never be extracted because the signal never exceeds the slicing
level. Thus) it is desirable to adapt the slicing level to the amplitude of
the input video signal. The format of an auxiliary information component
such as closed caption data includes provisions to facilitate an adaptive
slicing level function. As specified in the FCC standards, a closed caption
signal in line 21 begins after the "back porch" interval of the video
signal with a 7 cycle burst of a sinusoidal reference waveform designated
the "run-in clock" (RIC). The RIC reference component of the auxiliary
video data signal is followed in the latter half of the line 21 interval by
a data signal component that represents the actual closed caption data. The
closed caption data standard establishes that the amplitude of the RIC
signal is identical to the amplitude of the data signal. Thus) the average
of the RIC signal amplitude is an appropriate slicing level for the
subsequent data signal.    4 APRIL 2003 3 One method for developing the
slicing voltage is to integrate the sinusoidal RIC signal and use the
resulting DC voltage as the bias for the data dicer. A large integrator
capacitor may be required to prevent the slicing voltage from changing due
to leakage currents discharging the capacitor during the interval between
occurrences of auxiliary video data (e.g. the interval from one line 21 to
the next for closed caption data). A large capacitor, however, requires
long integration intervals to respond to changes in video signal levels
when changing the slicing level. For example) in a closed caption signal,
the RIC signal is present only for 14 ps (7 cycles of 500KHz sinewave) at
33.3 ms intervals (period of one frame of video). A large capacitor may
require a response time on the order of one second to respond to sudden
changes in the signal level. A significant amount of auxiliary video
information during the response interval may be undetected. 



It may be desirable to include an auxiliary video information decoder in a
video signal processing integrated circuit (IC). A large integrating
capacitor may) however) be too large to be included in the IC. An extra IC
pin would be required for connecting an external integrating capacitor.
Although it may be possible to design a fast integrator with component
values that are small enough to be included in an IC) the resulting design
may exhibit tight tolerances which may be impractical for an integrated
circuit design. More specifically) IC parameters may vary during
production. A design having tight tolerances may be incompatible (produce
unexpected or undesirable performance) as a result of parameter variations
during IC production. The present invention resides, in part, in
recognition of the described problems and, in part) in providing an
auxiliary video information decoder that solves the problem. In accordance
with an aspect of the invention, an auxiliary information decoder   4 APRIL
2003 4 includes a data dicer and means for adjusting the slicing level bias
of the data dicer. The slicing level adjustment means comprises means for
detecting a reference component of the auxiliary information signal and
means for producing a count of the number of times that the reference
component is detected. The slicing level is adjusted until the reference
component is detected. The count is incremented after display intervals in
which the reference component is detected and is decremented after display
intervals in which the reference component is not detected. Slicing level
adjustment ceases while the count is at least a predetermined number. The
invention may be better understood by referring to the drawing in which:
Figure 1 shows an example of an auxiliary video information signal
waveform; Figure 2 shows in block diagram form a portion of a video signal
processing system including auxiliary video signal extraction apparatus
according to the present invention; Figures 3 and 4 show) partially in
schematic diagram form and partially in in block diagram form) embodiments
of features that are shown in block diagram form in Figure 2; Figures 5 and
6 show video signal waveforms useful for understanding the operation of the
apparatus shown in Figures 2) 3, and 4; - Figures 7 and 9 are flowcharts
illustrating alternative operating modes of the apparatus shown in Figures
2) 3, and 4; Figures 8 and 10 are program listings corresponding to the
flowcharts in Figures 6 and 8) respectively; Figure 11 shows a block
diagram of an alternative embodiment of auxiliary video signal extraction
apparatus according to the present invention; and   4 APRIL 2003 5 Figures
12A and 12B show) in circuit diagram form) exemplary embodiments of filter
functions that are depicted in block diagram form in Figure 11. An
exemplary embodiment of the invention shown in the drawing is described
below in detail in the context of closed caption data that complies with
the FCC standard closed caption signal depicted in Figure 1. As discussed
further below, the invention may also be applicable to the extraction of
other forms of auxiliary video data such as teletext. The portion of a
video signal processing system that is illustrated in Figure 2 will be
described briefly followed by an indepth discussion. In Figure 2) coupling
capacitor CIN couples input video signal VIDEO to black level clamp 210. A
typical value for capacitor CIN is 1 (err)F. Black level clamp 210 is
enabled to clamp the level of signal VIN to a level related to desired
black level reference level VREF during intervals determined by control
signal TGC from control (err)C 200) e.g Motorola MC68HC05. The operation of
black level clamp 210 is described further below. Signal VIN at the output
of black level clamp 210 is coupled to data slicer 230 and sync separator
240 which produce output signals SLICED DATA and SEP SYNC) respectively) by
comparing signal VIN to respective reference voltage levels VS and V0. 



Signal SLICED DATA is a binary representation of the information in signal
VIN. Signal SEP SYNC is a synchronizing waveform having pulses
corresponding to the synchronizing pulses in signal VIN. Because signal SEP
SYNC is derived from the actual video signal, the sync pulses in signal SEP
SYNC provide an accurate indication of when intervals of interest in the
video signal, e.g. line 21) actually occur. Signal, SEP SYNC may be used by
circuits not shown in Figure 2 that capture the binary auxiliary video
information on signal SLICED DATA. For example) signal SEP SYNC may be used
to generate an enable signal to enable data capture circuitry when binary
values representative of auxiliary   4 APRIL 2003 6 video information are
occurring on signal SLICED DATA. As an example, the derived enable signal
might enable a shift register to begin shifting in (capturing) data values
on signal SLICED DATA. Reference levels VREF, VS) and V0 are generated by
reference source 220. Signal VR from control (err)C 200 is an input to
reference source 220 that controls the value of reference level VS. As is
described further below, the capability to vary reference level VS permits
adapting the slicing level to the amplitude characteristics of video
signal. VIDEO. In the embodiment illustrated in Figure 2, adapting the
slicing level also involves counter 250. Counter 250 is enabled to count
pulses that occur on signal SLICED DATA during intervals defined by one or
mare control signals from control (err)C 200 that are labeled COUNTER
CONTROL in Figure 2. The counting intervals are established by control
(err0C 200 to coincide with the intervals when the reference component
(e.g. run-in clock or RIC) of an auxiliary video information signal is
expected to occur. The count value is tested after the RIC interval ends. A
count value equal to an expected value indicates that the expected number
of RIC pulses have been detected demonstrating that the present slicing
level is appropriate for extracting auxiliary video information. If the
count value does not equal the expected value) the slicing level is
adjusted by modifying the value of signal VS. As an example of the
described operation) control (err)C 200 monitors signal SYNC to determine
when line 21 of field 1 occurs by counting Line synchronizing pulses on
signal sync. After a delay (e.g. either a software delay routine or a
hardware delay) from the beginning of line 21, control (err)C 200 enables
counter 250. The delay value is selected to be within the RIC interval.
Counting is then enabled for a period that approximately spans an integral
number of cycles of the RIC signal. If the slicing level is properly
adjusted) the count value should equal the number of peaks of the RIC
waveform that occur during the counting interval. Based on   4 APRIL 2003 7
the timing shown in Figure 1) a delay value of 12 us and a courting
interval of 8 us should produce a count of 4 if the slicing level is
adjusted properly (four cycles of the 500 kHz RIC waveform occur during an
8 (err)s counting interval). The above described features are illustrated
in more detail in Figures 3 to 6. Figure 3 shows an exemplary embodiment of
black level clamp 2l0) reference source 220) data slicer 230, and sync
separator 240 in Figure 2. Figure 4 shows an exemplary embodiment of
run-in-clock (RIC) counter 250 in Figure 2. Reference numerals that are the
same in Figures 2 and 3) and that are the same in Figures 2 and 4 indicate
corresponding features. In Figure 3) black level clamp 210 includes
transmission gate (TG) 302, NOR gate 304, comparator 306) and resistors R1
and R2. Reference source 220 includes 4-to-1 MUX 360 and resistors R3
through R9. Comparators 230 and 240 are embodiments of data dicer 230 and
sync separator 240, respectively. In regard to black level clamp 210, the
output of NOR gate 304 controls TG 302 such that TG '302 conducts coupling
source VCC to resistor R 1 when the output of NOR gate 304 is at logic 1. A
logic 0 level at the output of NOR gate 304 causes TG 302 to become
non-conductive decoupling source VCC from resistor R1. Typically) TG 302 is
produced using MOSFET transistors. As a result) when TG 302 is conductive)
it exhibits a characteristic resistance associated with the source-to-drain
path through the MOSFET transistors. The value of the resistance depends on
design parameters (e.g. transistor width) of the MOSFET . transistors. NOR
gate 304 produces a logic 1 output causing TG 302 to conduct as long as
control signal TGC from control (err)C 200 is at logic 0 arid the output of
comparator 306 is at logic 0. Comparator 306 compares the value of signal
VIN to reference level VREF. Values of signal VIN that exceed reference
level VREF cause the output of comparator 306 to go to logic 1) thereby
causing TG 302   4 APRIL 2003 8 to be nonconductive. When conducting, TG
302 and resistor R l exhibit a predetermined resistance ratio with respect
to resistor R2 of 11:100 as shown in Figure 3. The junction of resistors R1
and R2 is coupled to signal VIN creating a feedback loop. 



Assuming signal TGC is at logic 0) the feedback loop and the resistor ratio
operate in response to the video signal levels during the sync and blanking
intervals in a horizontal line period to charge and discharge node VIN)
thereby establishing the desired black level on signal VIN. More
specifically) when TG 302 is disabled (non-conductive)) the DC level at
node VIN discharges via resistor R2. When TG 3Q2 is enabled (conductive),
node VIN charges via TG 302 and resistor RI while discharging via resistor
R2. The resistor ratio established by TG 302 and resistors R 1 and R2
produces a charge rate that exceeds the discharge rate resulting in a net
charging current to node VIN. To better understand the operation of black
level clamp 210) assume that node VIN is initially discharged to 0 volts.
In this condition) the level of signal VIN during both sync and blanking
intervals of a video line will be less than reference level VREF. Thus) a
logic 0 is produced at the output of comparator 306) enabling TG 302 and
causing node VIN to charge during both the sync and blanking periods. After
a plurality of line intervals) the net charging current will have increased
the DC level on node VIN until the level at node VIN exceeds reference
level VREF during the blanking interval and is less than reference level
VREF during the sync interval. As a result) during the blanking interval
the output of comparator 306 will be at logic 1 which disables TG 302 and
causes node VIN to discharge. During the sync interval, the level at node
VIN during the sync interval is less than level VREF causing node VIN to
charge. The resistance values of the charge path (resistance of TG 302 plus
resistor R 1 ) and the discharge path (resistor R2) are selected such that
discharge during the sync interval equals   4 APRIL 2003 9 charge during
the blanking period when the DC level at node VIN is approximately equal to
level VREF. The resulting equilibrium condition clamps the DC level at node
VIN to level VREF. The described operation is based on a resistance ratio
between the discharge-path and the charge-path that is determined for the
sync and blanking intervals associated with a particular video signal
specification. The resistance ratio of 100R (discharge) to 11R (charge)
that is shown in Figure 3 is suitable for NTSC standard signals. Other
signal standards would require different ratios. Establishing a clamping
function based on resistor ratios is particularly desirable if clamp 210 is
included in an integrated circuit (IC). Parameter variations during IC
production cause significant variations in specific resistor values.
Resistor ratios, however) may be controlled to tight tolerances. Also, it
should be noted that approaches to implementing black level clamp 210 other
than that shown in Figure 3 may be used. As described, clamp 210
establishes a desired black level based on sync and blanking intervals
having specific durations during each line interval. During the vertical
interval) the sync and blanking intervals do not have fixed durations (e.g.
wide vertical pulses and narrow equalizing pulses). If clamp 210 operated
during the vertical interval) the varying pulse characteristics would cause
clamp 210 to undesirably alter the black reference level on node VIN. To
prevent the black level from changing significantly) control (err)C 200
sets signal TGC to logic 1 during the vertical interval disabling the
feedback path of clamp 210 and causing node VIN to discharge relatively
slowly via , resistor R2 during the vertical interval. When clamp operation
resumes following the vertical interval, the desired black level at node
VIN is rapidly restored. As mentioned above) Figure 3 also shows an
exemplary embodiment of reference source 220 from Figure 2 that includes
4 APRIL 2003 10 resistors R3 through R9 and MUX 360. Resistors R3 through
R9 are configured as a resistor ladder that provides a plurality of
reference levels having values that depend on the ratios of the resistor
values. As previously discussed, specifying resistor ratios rather than
particular resistor values is desirable for purposes of integrated circuit
(IC) implementation. Figure 5 shows the relationship between the reference
levels generated by the arrangement in Figure 3 and an exemplary video
signal waveform that would have a maximum peak-to-peak ( 100 IRE) amplitude
of 1.9 volts. The maximum white-going amplitude shown in Figure 5 is 50 IRE
which corresponds to the amplitude of an auxiliary information signal as
shown in Figure 1., Data slicer reference level VS at the output of MUX 360
is coupled to one input of comparator 230 to establish the data slicing
level. As explained further below) control signals VRO and VR1 cause MUX
360 to select one of four values (V1=15 IRE, V2=25 IRE) V3=35 IRE) V4=45
IRE) for data slicer reference level VS. MUX 360 permits the data slicing
level to be adapted to the video signal amplitude as desired. Reference
level VREF for black level clamp 210 is produced at the resistive mid-point
(i.e. junction of resistors R7 and R8 or 125R of a total of 250R) of the
resistor ladder which is equivalent to 2.5 V for VCC equal to 5 V. Sync
reference level V0 is produced at the junction of resistors R8 and R9 and
is coupled to one input of comparator 240 to establish the sync slicing
level. Although a sync reference level of -20 IRE would appear to be
desirable for a standard sync pulse amplitude of -40 IRE) Figure 3
indicates that sync reference level V0 is approximately equal to -13.5 IRE.
The indicated value of sync reference level VO was selected because sync
amplitude compression may occur in TV signals. For example) non-standard
sync-to-video amplitude ratios may occur in signals extracted from video
tapes. The   4 APRI L 2003 



selected sync reference level of -l3.5 IRE permits comparator 240 to
accurately separate sync pulses from a video signal having sync compressed
in amplitude to l/2 of its normal value. The voltage selection provided by
MUX 360 has been configured to provide a range of slicing levels for data
dicer 230 sufficient to adapt the slicing voltage to a variety of video
signal variations without requiring a large MUX. Limiting the size of MUX
360 is desirable to minimize the number of control signals required and the
number of devices required to implement the MUX function. For example, in
an integrated circuit (IC) implementation) increasing the size of the MUX
requires more transistors and more area on the IC die. In an IC, MUX 360
requires only two control signals and may be implemented using four
transmission gates. Figure 5 shows the voltages that correspond to the
reference levels in Figure 3 with respect to a 1.9 volt peak-topeak video
signal. The voltage V2 input to MUX 360 provides a slicing voltage of 2.84
volts as shown in Figure 5 which is approximately equal to the 25 IRE level
of a 1.9V peak-to-peak video signal. Voltage V3 at 2.98 volts is a
desirable slicing level for video signals having a positive offset of 10
IRE. This type of offset may occur in video signals recorded on video tape
as part of an approach to preventing unauthorized duplication of
prerecorded video programs. Two additional bias voltages) i.e. voltages V I
and V4, can be selected for optimum data slicing to adapt the slicing level
to large deviations of system parameters from their nominal values.
Examples of these system parameters are:   4 APRIL 2003 l2 (a) video input
signal amplitude different from 1.9V peakto-peak ( 100 IRE white); (b)
offset voltage variations in data dicer comparator 230 (example: +/-30mV);
(c) variations in VCC for resistor ladder (example: +/-.SV); (d) variations
in resistor ratios in resistor ladder (example: +/-2%). One of the most
significant parameters affecting the slicing level is variations in the
video signal amplitude. Uing the exemplary variations for the parameters
listed above, the maximum combined contribution of items (b)) (c)) (d) can
be calculated to offset the slicing level by 85mV (EIRE) from the nominal
value. Various modifications of the design of reference source 220 are
apparent to one skilled in the art. For example, other resistor ladder
configurations may be used, and MUX'es having a different number of inputs
could be selected. Thus, the described embodiment may be adapted to a
variety of video signal characteristics and standards) As described above)
run=in-clock (RIC) counter 250 counts pulses of the RIC signal at the
output of data slicer 230 (signal SLICED DATA in Figures 2) 3) and 4) to
produce count value RIC COUNT that is indicative of when slicing reference
level VS is correctly adapted to the video signal. An embodiment of counter
250 shown in Figure 4 includes counters 402) 404) and 456) Dtype flip-flop
(DFF) 452, NAND gates 454 and 458) and inverter455. Count value RIC COUNT
is represented by signals RICO and RIC1 that are produced at the two least
significant outputs of counter 456 in Figure 4. Input signals to Figure 4
include signal 128FH that serves as a clock signal for counter 402. Signal
128FH has a frequency that is 128 times horizontal frequency FH or
approximately 2 MHz. Signal 128 FH may be produced at an output of a
counter   4 APRIL 2003 t3 associated with a phase locked loop (PLL) in the
deflection circuitry of a video receiver. Signal LINE21N is generated by
~.C 200 in Figure 2 in response to synchronizing signal SYNC to indicate
the occurrence of intervals in the video signal that are expected to
include auxiliary video information) e.g. line 21 for closed caption
applications. Signal LINE21N is used to reset counters 402 and 404, and may
be generated by) for example) pC 200 counting line intervals as indicated
by sync pulses in signal SYNC until the desired line number is located.
Signals ENABLE and WRON enable and reset) respectively) counter 456 and may
be generated by ~tC 200. Signal WRON resets counter 456 prior to beginning
a count of RIC pulses The timing of .signals ENABLE and LINE21N is shown in
Figure 6. Signal LINE21N is at logic 1 to clear (reset) counters 402 and
404 at a11 times except during the interval when the auxiliary video
information signal is expected to occur, e.g. line 21. Signal LINE21N then
goes to logic 0 to enable counters 402 and 404. Signal ENABLE is at logic 1
only during an interval of approximately 25 p.s at the beginning of line 21
to enable DFF 452. Signal RICWND at the output of DFF 4S2 provides an 8 p.s
wide window pulse that begins 12 ps after the beginning of line 21 as shown
in Figure 6. The window pulse timing is selected to span an 8 lts portion
of the RIC interval during line 21. The described timing of signal RICWND
is generated as follows. Both counter 404 and DFF 452 are clocked by signal
CLK which is generated at the most significant output of 4-bit counter 402.
Signal CLK changes every 8 cycles of the 2 MHz signal 128FH) or every 4
p.s. Counters 402 and 404 are clocked by negative-going transitions (logic
1 to logic 0) in signal CLK while DFF 452 is clocked by positive-going
transitions (logic 0 to logic 1 ) in signal CLIC. 



The first transition on signal CLK after counters 402 and 404 are enabled
is a positive-going transition that occurs 4 us after   4 APRIL 2003 14
signal LINE21 N goes to logic 0. Although this transition clocks DFF 452)
counter 404 is cleared (all outputs at logic 0) at this time because no
negative-going transitions have occurred on signal CLK. As a result, a
logic 0 is clocked into DFF 452 causing signal RICWND to remain at logic 0.
A negative-going transition occurs on signal CLK at 8 ps after signal
LINE21N goes to logic 0 causing the least 'significant output of counter
404 (and the D input to DFF 452) to go to logic 1. The next' positive-going
transition on signal CLK occurs at 12 ps after signal LINE21N goes to logic
0 causing signal RICWND to go to logic 1. At 16 ps after signal LINE21N
goes to logic 0) a negative-going transition occurs on signal CLK causing
the least significant output of counter 404 to go to logic 0. Thus, the
next positive-going transition on signal CLK occurring at 20 p,s after
signal LINE21.N goes to logic 0 clocks DFF 4S2 causing signal RICWND to go
logic 0. The resulting window pulse on signal RICWND exhibits the desired 8
p.s width and 12 p,s delay with respect to the beginning of line 21 as
shown in Figure 6. Counter 4S6 is enabled via NAND gate 4S4 for counting
RIC pulses on signal SLICED DATA when signals WRON and RICWND are at logic
1) i.e. during the window pulse when counter 4S6 is not being reset.
Counter 4S6 is disabled when a count of 3 (RICO=RIC1=logic 1) is reached
via NAND gate 4S8. A count of 3 indicates that the RIC signal is being
sliced correctly. This feature prevents 4-bit counter 4S6 from "wrapping
around" to a count of 0 after a count of 3 has been reached) thereby
preventing a potential spurious count of 0 when the RIC signal is actually
present and is being sliced correctly. Thus) a count of 3 actually
indicates at least 3 pulses have occurred on signal SLICED DATA.
Modifications of the arrangement in Figure 4 are possible. For example)
4-bit counters have been used for counters 404 and 4S6 because 4-bit
counters are typical digital "building blocks". However, other devices may
be used. Counter 404 could be replaced with a toggle flip-flop that is
clocked by signal CLK.   4 APRIL 2003 15 Counter 456 could be a 2-bit
counter. In addition) count values other than 3, e.g. 2, 4 or 5) could be
used to indicate the correct slicing of the RIC signal because 7 cycles of
the RIC signal occur during the RIC interval. However, a value of 3
provides a degree of noise immunity in comparison to using a count of 2
while requiring fewer counter stages (only 2) than are needed for a count
of 4 or 5 (3 counter stages). Also) it may be possible to eliminate
counters 402 and 404 if another source of signal CLK and the input signal
for DFF 452 exists in the video signal processing system. For example, the
system may include an on screen display (OSD) feature that includes one or
more counters for providing various signals at frequencies that are
multiples of the horizontal line. frequency FH. Signals RICO and RICI in
Figure 4 are tested by p.C 200 after the end of the 8 p.s window interval
to determine the count value. For the exemplary embodiment shown in Figures
2) 3, and 4) counting of the RIC signal pulses occurs when transitions of
signal SLICED DATA clock counter 45b. Thus) a count value of 0
(RICO=RICI=logic 0) results if no transitions occur) e.g. if data slicing
reference level VS always exceeds the maximum RIC pulse amplitude.
Similarly) a count value of 1 (RICO=logic 1 and RIC1=logic 0) occurs when a
single transition occurs on signal SLICED DATA. For example, when the
slicing level is always less than the minimum value of the RIC waveform
pulses, only one transition from the blanking level to the beginning of the
RIC waveform occurs. If the slicing level is set to a point between these
two extreme values, the sensitivity of the disclosed system is such that
deviations of the slicing level from the ideal slicing level (midpoint of
the peak-to-peak range of the RIC signal) will not prevent the counter from
being clocked to a count of 3. Experimental results have indicated that
when a count of 3 is being generated) the system accurately extracts
auxiliary video data. Thus, counts   4 APRIL 2003 16 of 0 (slicing level
too high)) 1 (slicing level too low)) or 3 (slicing level acceptable) can
be expected as depicted in the waveforms for signal SLICED DATA that are
shown in Figures 6A) 6C) and 6B) respectively. In regard to Figures 6A and
6B) the RIC waveform shown exhibits spikes at the tips of the RIC waveform
that extend beyond the slicing level. It would appear that these spikes
might be sufficient to clock counter 456 such that RIC COUNT would not be 0
and 1 as shown in Figures 6A and 6C) respectively. However, signal SLICED
DATA as shown in Figure b was generated from signal VIDEO as shown in
Figure 6 using an alternative embodiment of the arrangement in Figure 2.
This alternative embodiment includes filtering features that are described
further below and are shown in Figures 11 and 12. Briefly, the filtering
removes the described spikes prior to counter 250 and low pass filters the
video signal prior to data slicing. As shown in Figure 6) the low pass
filter reduces the amplitude of the RIC signal amplitude .to a value that
is less than the nominal 50 IRE amplitude shown in Figures 1 and 5. As long
as counts of 3 are being produced) there is no need to modify the slicing
level. If wC 200 detects a count of 0, the slicing level may be decreased
by wC 200 selecting a different value for signal VR in Figure 2 (control
signals VRO and VR1 for MUX 360 in Figure 3). For example) referring to
Figure 3) if the current value of slicing reference voltage VS is voltage
Y2) 1tC 200 could respond to a count of 0 by changing control signal VR to
select voltage V 1. Similarly) pC 200 could increase the slicing reference
voltage in response to a count of 1 by changing control signal VR to select
voltage V3 or V4. .Thus) the slicing level can be modified rapidly in
response to count values other than 3. The described features provide data
slicing level adjustment apparatus that rapidly adapts the slicing level to
the video signal level. More specifically, the system can respond to
changes in 



4 APRIL 2003 17 video signal levels during each video frame interval
because the slicing level may be tested after each occurrence of line 21 in
field 1. in addition) slicing level adjustment can operate continuously in
the background under control of pC 200. Under certain conditions, however)
it is desirable for the slicing level to be held constant despite changes
in the video signal level. For example) the slicing level should remain
constant during brief transients or signal "dropouts" to provide consistent
data extraction when the normal signal Level resumes. The disclosed
apparatus addresses conditions such as dropout by providing for monitoring
the number of times that the various counts of 0) l) and 3 occur. For
example, if RIC COUNT is usually equal to 3 and. a count of 0 or 1 occurs
infrequently, it is likely that the slicing level is correct and that the
occasional counts of 0 or 1 are being caused by effects such as signal
dropout. Thus, no change in the slicing level is needed. If counts of 0
occur frequently, the slicing level is adjusted to a lower value while
frequent counts of 1 cause the slicing level to be adjusted to a higher
value. The monitoring of the frequency of occurrence of particular count
values could be accomplished by) for example) pC 200 executing a procedure
that increments and decrements values stored in registers internal to p,C
200. As an example, consider the flowchart shown in Figure 7 that depicts
the described monitoring operation of pC 200 using two registers designated
RICCNTO and RICCNT3 in the context of closed caption information. Register
RICCNTO serves as a "flag" that is set to indicate the occurrence of a
count of 0. Register RICCNT3 is a mufti-bit register having a value that is
incremented and decremented as described bclow. In Figure 7) after
initializing the registers) a new value of RIC COUNT is generated and
tested. If RIC COUNT equals 3, the system presumes that a valid slicing
level may exist. As a result, register RICCNTO is cleared and the value in
register RICCNT3 is   4 APRI L 2003 18 incremented if that value is less
than a limit value) e.g. 16. Note that limit values other than 16, e.g. 7)
may be used to reduce the number of register bits ~ required to store the
value of RICCNT3. When RIC COUNT is 0 rather than 3) RICCNTO is set and
RICCNT3 is decremented. After decrementing) the value of RICCNT3 is tested.
RICCNT3 equal to 0 indicates that RIC COUNT has not been 3 for a number of
tests equal to the limit value ( 16 in Figure 7) indicating that an
adjustment of the slicing level is needed. If register RICCNTO is set at
this time) the value of RIC COUNT was 0 indicating that the slicing level
should be increased. Register RICCNTO being reset indicates that RIC COUNT
was 1 (not 3 and not 0). As a result, the slicing level should be
decreased. Thus, the slicing level will not be adjusted until register
RICCNT3 has a value of 0. As a result) the slicing level will be adjusted
only after a delay has elapsed following the change of RIC COUNT from a
value of three to a value that is not 3. For example, if RICCNT3 is 5) RIC
COUNT has had a value of 3 for the previous 5 tests and the slicing level
will not be adjusted unless the next 5 consecutive tests of RIC COUNT
produce values other than 3. In this case) a delay of 5 test intervals is
introduced before the slicing level is adjusted. The maximum delay is equal
to the limit value for RICCNT3, e.g. 16 test intervals in Figure 7. Figure
8 shows a listing of a software program for a Motorola MC68HC05 processor
corresponding to the flowchart in Figure 7. The approach illustrated in
Figure 7 adjusts the slicing level rapidly when necessary because the
program either increases ~ of decreases the slicing level as needed. As
described above) this is accomplished by changing the value of control
signals VRO and VR1 for MUX 3fi0 in Figure 3. Control signals VRO and VR1
may be generated at the outputs of a 2-bit counter. For example)
incrementing the counter could produce a new value for signals VRO and VR1
that would select a higher value for slicing reference   4 APRIL 2003 19
level VS. Decrementing the counter would then select a lower slicing level.
For the exemplary embodiment shown in Figure 3 where the number of possible
reference levels is small) it may be unnecessary to include the capability
to determine whether the slicing level should be increased or decreased.
For example, if a 2-bit counter is used to generate signals VRO and VR1,
the counter could count in one direction only and select all possible
reference levels if the counter is designed to wrap around. This approach
is depicted in the flowchart shown in Figure 9. In Figure 9) the only
adjustment to the slicing level is to "increase" the slicing level. When
the maximum slicing level is reached) e.g. voltage V4 in Figure 3, the next
"increase" will actually result in selecting the minimum slicing voltage,
e.g. voltage V 1 in Figure 3. Thus, the voltage selection wraps around as
described in the preceding paragraph. The approach illustrated in Figure 9
may be slightly slower to reach an acceptable slicing level than the
approach in Figure 7 if the selection procedure must sequence through a11
possible slicing level values. However, implementing the approach of Figure
9 in software requires fewer instructions as is apparent when comparing the
exemplary program listing in Figure 10 that corresponds to the flowchart in
Figure 9 to the program listing in Figure 8. As mentioned above) Figures 11
and 12 show an alternative embodiment for the apparatus in Figure 2. The
arrangement in Figure 11 differs from that in Figure 2 in that low-pass
filter 116Q and spike filter 1170 are included. Features 200 through 250 in
Figure 11 correspond to features in Figure 2 that are numbered the same. 



Low-pass filter 1160 may be implemented using a singlepole RC-type low pass
filter such as that shown in Figure 12A. The circuit shown in Figure 12A
has a pole at 700KHz and reduces the amplitude of the SOOKHz run-in clock
sinewave by about 80   4 APRIL 2003 20 percent from the nominal SO IRE
value (see Figures 1 and S) ascan be seen in Figure 6.The reduction in the
amplitude of therun-in clock relative to that of the data signal is
advantageousbecause the range of RICvalues is decreased
correspondinglydecreasing the adjustmentrange necessary for the slicing
level.Spike filter 1170 isinserted into the signal path at theoutput of
data dicer 230.Spike filter 1170 improves the accuracywith which the
slicing level is set because) similarly to the actionof the low-pass
filter, theamplitude range of the RIC signal isdecreased by eliminating the
spike peaks on the RIC portion of thevideo ~waveform as shownin Figure 6. A
digital embodiment ofthe spike filter is shown in Figure 12B. The circuit
in Figure 12Beliminates from the dataslicer output a11 pulses narrower
than280ns and passes all pulses wider than 420ns. As a result, withthe
slicer bias at a valuenear the positive or negative tips of therun-in clock
in the videoinput) the resulting output pulses of thedata slicer are
eliminatedby the spike filter if they aresufficiently narrow. Theeffect of
the spike filter is demonstratedby the waveforms shownin Figure 6.   4
APRIL 2003 21 L 1. Apparatus for processing a video signal including
horizontal synchronizing pulses indicating the start of respective
horizontal line intervals, and including an auxiliary information component
occurring during at least one of said horizontal line intervals, said
auxiliary information component including a reference component and a data
component, said apparatus comprising: means having an input coupled to said
video signal for producing an output signal having one of first and second
values) said output signal having said first value when said video signal
exceeds a threshold level and said output signal having said second value
when said video signal is Less than said threshold level; means for
generating said threshold level and for modifying said threshold level in
response to a control signal; and control means for detecting occurrence of
said reference component in said output signal) for determining if said
horizontal line intervals during which said reference component is detected
occur at a predetermined rate, and for generating said control signal to
modify said threshold level if said horizontal line intervals during which
said reference component is detected do not occur at said predetermined
rate.   4 APRIL 2003 22 2. The apparatus of claim 1, wherein said control
means comprises means for generating a count value in response to detection
of said reference component; said count value being modified in, a first
direction when said reference component is detected during one of said
horizontal line intervals expected to include said auxiliary information
component; said count value being modified in a second direction opposite
to said first direction when said reference component is not detected
during one of said horizontal line intervals expected to include said
auxiliary information component; and said control means generating said
control signal to modify said threshold) level when said count value is not
a predetermined value. 



3. The apparatus of claim 1) wherein said reference component exhibits
periodic amplitude variations during a particular interval within each of
said horizontal line intervals that include said auxiliary information
component) and said control means comprises: means for counting in response
to amplitude variations in said output signal during a portion of said
particular interval within each of said horizontal line intervals expected
to include said auxiliary information component to produce a count value
representative of the number said periodic amplitude variations of said
reference component that occur during said - portion of said particular
interval) detection of said reference component being indicated when said
count value is at least a predetermined value.   `anlnn paulwiaaapaid ~ aou
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fZ 00Z 'Ilbdb' t~   4 APRIL 2003 24 5. The apparatus of claim 4 wherein
said control signal from said control means comprises a digital signal
representative of a desired threshold level and said threshold level
modifying means comprises a digital to analog converter responsive to said
digital signal for producing said threshold level. 6. The apparatus of
claim 3 further comprising filter means in said video signal path for
substantially preventing amplitude variations in said video signal other
than said periodic variations of said reference component from affecting
said count value produced by said counting means. 



7. The ,apparatus of claim 6 wherein said filter means comprises a low pass
filter coupling said video signal to said input of said output signal
producing means and a spike filter coupling said output signal to said
control means. 8. The apparatus of claim 7 wherein said spike filter is a
digital filter. .A%.Af3.Ay.AL.Af! .AfH y.AUl2
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