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AUXUJARY VIDEO DATA PECODER WITH 

LARGE PHASE 1PI .BRt\NCE 

Field of lhe Invention 

The present invention relates to detection· of 
information that may be present in a video signal during vertical 
blanking intervals. 

Backaround of the lnyention 

A video signal typically includes . vertical display 
·intervals, or fields, having a plurality of horizontal line intervals, 

1 S 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 intend~ for ·display. 

2 0 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. · · 

2 5 The lack of. displayed image information during 
blanking · and overscan intervals makes it possibie to insert an 
auxiliary information component, e.g. teletext or closed caption 
data, into these interirals. Standards such as Federal 
Communications Commissions (FCC) Regulations define the format 

3 0 for each type of . aux~liary information including the positioning of 
the information within a vertical interval. For e~ample, 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. . . 
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The first step in extracting auxiliary video information 

is to locate the auxiliary information. Various approaches may be 
used depending on the type of information involved. For example, 
recognition of teletext data. characteristics such as the framing 

5 code pattern is a method of locating teletext data. Closed caption 
information in line 21 may be located by counting video lines, e.g. 
counting horizontal sync pulses. 

After the auxiliary video information is located, the . 
information must be extracted. In the case of digital data,. a "data 

1 0 slicer" may be used to convert the video signal into binary data. 
A data slicer typically operates by comparing· the video signal 
level to a reference level known as the slicing level. For video 
levels that exceed the slicing level, the comparison produces a 
logic 1 ~ Video levels that are less than the slicing level produce a 

1 5 logic 0. As an example, closed caption data in line 21 of the video 
signal may . exhibit a signal amplitude range of 0 IRE to 50 IRE. 
For a signal range of 0 IRE to SO IRE, a slicing level of 25 IRE 
would be appropriate. 

A constant slicing level may not be adequate for all 
2 0 video signals. Video signal levels may vary depending on the 

source of the video signal~ Utilizing a cons~ant 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 

2 5 IRE rather than. 0 IRE to 50 IRE, a slicing level of 10 IRE rather 
than 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 

3 0 input· video ·signal. 
The format of an auxiliary informatiqn 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" 

3 5 -interval of the video signal with a 7 cycle burst of a sinusoidal 
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3 
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 ~at represents the actual closed caption data. The 

5 closed caption data standard establishes that the amplitude of the 
RIC signal is identical to the amplitude of the data signal. Thu.s, 
the average of the RIC signal amplitude is au appropriate slicing 
level for the subsequent data signal. 

An approach to establishing a slicing level based on 
1. 0 the RIC signal amplitude is disclosed in U.S. Patent Application 

Serial No. 850,199- by E. Rodriguez-Cavazos· et al. As disclosed by 
Rodriguez-Cavazos et al., a slicing level is adjusted to correspond _ 
to the average value of the RIC signal amplitude during an 
interval spanning a substantially integral number of cycles of the 

1 5 RIC signal. The desired interval is deimed by creating · an · 
averaging window that spans a portion of -the RIC. signal. For 
example; FCC specifications for closed caption data (see e.g. 47 CFR 
§§ 15.119 and 73.682) dictate that 7 cycles of a 503 kHz RIC 

_ :waveform will occur "'.'ithin the RIC signal interval. The duration 
2 0 of one cycle and . the RIC interval are approxi~ately 2 µ.s and 14 

µ.s, respectively. Therefore, as suggested_ by Rodriguez-Cavazos et 
al., a 10 µ.s wide window centered within the RIC interval spans a 

- substantially integral number of cycles, namely approximately 5, 
as desfred. The average value o~ the amplitude of the RIC 

2 5 waveform during the window is the desired slicing level. 
Establishing an accurate slicing level based on the RIC 

signal requires accurately locating the RIC signal within a line 
interval that contains auxiliary video data. FCC specifications for 
closed caption data specify that the RIC signal will begin at 

3 0 approximately 10 µ.s and end at approximately 24 µ.s after the 
leading (falling) edge of the horizontal sync pulse ,for line 21 of 
field 1. The FCC specification would appear to permit using a fixed 
delay from the horizontal sync pulse to accurately locate the RIC 
signal as required. For example, in the system disclosed by 

3 5 Rodriguez-Cavazos et al., a 10 µs window beginning following a 12 
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µs delay from the leading edge of horizontal sync spans the time 
interval from 12 µs to 22 µs· after the leading edge of horizontal 
sync. This window placement is cen~ered within the RIC signal 
occurring between 10 µs and 24 µs after the leading edge of 

5 ·horizontal ·sync and would, therefore, encompass a substantially 
. . . 

integral number of cycles of the RIC signal. 
· The described delay approach to locating the RIC 

signal depends on signal ti~ng that complies l>recisely with FCC 
specified values for a composite video signal. In television . 

1 0 systems, various versions of · horizontal sync signals may be· 
. . 

generated. For example, a sync separator may provide sync . 
signals from the composite video signal while a horizontal phase­
l<>cked loop (PLL) may produce a uniform sync waveform for 
deflection purposes. Generating the sync separator output f~om 

15 composite video insures that the sync separator signal is 
synchronized with the timing of the actual video· information in 
the composite video signal. Under typical conditions, the timing of 
the horizontal PLL waveform is also synchronized with composite 
video. Under typical conditions, therefore, either source of sync 

2 0 signals might provide an accurate timing reference for locating a 
RIC signal within the video signal. 

Certain video sources may, however, cause brief but 

significant timing differences to exist between the composite 
video sync signal and the output ~f the horizontal PLL. For 

2 5 example, switching between multiple video read heads in a video 
cassette recorder (VCR) may produce an abnormal horizontal line 
period that differs significantly from the nominal 64 µs period. 
The deviation in the line period may produce a perturbation in 
the horizontal PLL that is manife~ted as a substantial phase shift 

3 0 between the composite sync · signal at the sync separator output 
and the horizontal .pulse waveform .at the horizontal PLL output. 
The locking action of the PLL gradually corrects the perturbation . 
such that the phase error is substantially eliminated before visible 
display begins. A significant phase shift may exist, however, for 

3 5 line periods within vertical blanking · and overscan intervals. · At 
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line 21, for example, a phase shift on the order of 10 µ.s may exist. 
As a result, the actual timing of information in line 21 as indicated 
by the sync separator output differs from the timing indicated by 
the output of a horizontal PLL. Thus, while the sync separator 

5 output accurately indicates the video signal- timing for line 21, the 
horizontal PLL output may not. 

The preceding discussion indicates that the sync 
separator output is the preferred timing. reference for purposes of 
locating the. RIC signal in line 21. However, system constraints 

1 0 may dictate that a horizontal sync signal from the horizontal PLL 
must be used as a· timirig reference. In this situation, phase shifts 
between the horizontal PLL output and the video may make 
location of the RIC signal unreliable possibly causing an inaccurate 
data slicing leyel and subsequent corruption of extracted auxiliary 

15 data. 

· Summary of the Invention 

In accordance with the principles of the present 
2 0 invention, an auxiliary video information decoder for decoding 

auxiliary yideo information signals includes a data slicer having 
· an adjustable threshol~ level. The threshold level is adjusted in 

response to the periodically varying amplitude of a reference 
component of the auxiliary video information signal. Threshold 

2 S level adjustment occurs during a control interval. The timing of 
the control interval can be adjusted with respect to the timing of 
the reference component to cause the control interval to 
encompass a substantially integral number of cycles of the RIC 
signal. 

30 
Brief Description. of the Drawin& . 

. Figure 1 shows an example of an auxiliary video data 
waveform. 
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. Figure 2 shows, in block diagram form, an embodiment 

of the invention. 
Figure 3A and 3B show flowcharts useful for · 

understanding the operation of the embodiment in Figure 2. 
5 Figures 4 and 5 show signal waveforms useful for 

unders~anding . the operation of the embodiment in Figure 2. 

Detailed Description of the Drawin& 

1 0 The operation of an exemplary embodiment of the 
invention as . shown in Figure 2 will be explained in the context of 
closed caption data that complies with the FCC standard closed 
caption signal depicted in Figure 1 ~ As discussed ~urther below, 
the invention is also applicable to the. extraction of other forms of 

1 5 auxiliary video data such as teletext. 
In Figure 2, a composite video signal VIDEO ·is input to 

data slicer 210. Data slicer 210 converts auxiliary video data~ e.g. 
closed ~aption data, included in signal VIDEO into a digital data 
stream identified in Figure 2 as signal DSOUT. Logic 0 and logic . i 

2 0 levels in signal DSOUT represent levels of signal VIDEO that are 
less than and exceed, ·respectively, a slicing level maintained 
within data slicer 210. The slicing level is generated by data 
slicer 210 under control of. microprocessor 200. 

As discussed above, an example of a data slicer 
2 5 arrangement suitable for implementing data slicer 210 is 

described in US Patent Application Serial No. 850,199 by 
Rodriguez..;Cavazos et al. The data slicer disclosed by Rodriguez­
-Cavazos et al. establishes a slicing level equal to the average 
amplitude of a run-in clock (RIC) signal during a window interval· 

3 0 that is coincident with the occurrence of the RIC signal. As 
described further below, the system in Figure 2 Qperates to 
establish timing coincidence of a window interval and the RIC 
signal by executing the procedure shown in Figure 3. 

The ·operation of the system. depicted in Figures 2 and 
3 5 3 may be initiated in response to a vari~ty of situations. For 
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example, activating a new source of signal VIDEO may require 

. verifying the accuracy of the slicing level. As described above, a 

signal source such as a ·video cassette recorder (VCR) may produce 

timing inconsistencies sufficient to cause potential slicin_g level 

5 ·errors in data slicer 210. Alternatively, periodic verification of 

the timing associated with the . ·slicing level determination may be 

desirable to insure that factors such as component aging or 

envir()nmental conditions (e.g. heat, noise, etc.) have not adversely 

affected system timing. Figure 2 does not sh_ow a signal activating 

1 0 the disclosed . system. 
When microprocessor 200 receives a stimulus ( e.g~ a 

periodic event or new video source selection) activating the 

system shown in Figure 2, microprocessor 200 performs the 

routine depicted in Figures 3A and 3B. First, microprocessor 200 

15 initializes the slicing level (step 300 in Figure 3A) .in data slicer 

210 to a value exceeding the maximum anticipated auxiliary video 

data signal range on signal VIDEO. Slicing level initialization is 

accomplished via control signal INIT in Figure· 2. For example, the 

slicing level in data sl~cer 210 may be 'forced to a suitably high 

2 0 value via a pullup ~etwork activated by signal INT{. · Establishing 

a slicing level that exceeds the maximum i~put signal range 

insures· that no transitions will appear initially on signal DSOUT 

because the input signal transitions will never cross the slicing 

level. 
2 5 Following initialization of the slicing level at step 300, 

the system waits at step 305 until a line 21 of signal VIDEO occurs 

as indicated by signal LINE from a line counter (not shown in 

Figure 2). Various line counter implementations are known. 

When line 21 is detected at step 305, microprocessor 

3 0 200 monitors signal DSOUT during line 21 (step 310) to determine 

if a transition occurs on signal DSOUT. If a transipon is not 

detected, ·the slicing level in data slicer 210 is decrease~ a 

predetermined amount at step 345 under control of signal RICCNT 

. from microprocessor 200. For example, in the data slicer 

3 5 arrangement disclosed by Rodriguez-Cavazos et al., a switchable 
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feedback circuit is activated to adjust the slicing level. Activating 
the feedback circuit when the slicing level is at a value ex~eeding 
the maximum data value, e.g. at ~tep 300, causes the slicing level 
to decrease. The decrease of slicing level at step 345 may, 

5 therefore, be accomplished by activating the feedback circuit 
under control of signal RICCNT. A predet~rmined amount of 
slicing level decrease may be achieved by activating the feedback 
circuit for a pre~etermined time. For example, microprocessor 
200 may test. for a tran~ition on signal DSOUT (step 310) during 

1 0 the first half of a line 21 interval when the ~IC signal is expected 
to occur and, if a transition is not detected, the slicing level may 
be decreased (step 345) during the latter half of the line 21 
interval. 

Steps 305, 310, and 345 are repeated until a transition 
15 is detected on signal DSOUT during a line 21 interval. Detection of 

a transition is presumed to repre.sent the presence of data rather 
than noise because the slicing level is being decreased from a high 
value wheµ a transition is detected. As a result, large amplitude 
data· pulses will cross the slicing level to cause . an output 

2 0 transition before the slicing level decreases sufficiently to enable 
low amplitude signals or horizontal sync p11:Ises to cause an output 
transition. 

As described below, detection of RIC signal peaks 
sel'Ves to verify timing coincidence between a window interval 

2 5 and the RIC signal. When the window is coincident with the RIC 
signal, adjusting the slicing level during the window interval will 
cause the slicing level to be equal to the average amplitude of the 
RIC signal as desired. · Accurate extraction of auxiliary video data 
will then be poss~ble. . 

3 0 Detection of a transition on signal DSOUT at step 310 
results in variable STAGE being set to a value of ~ at step 315. As 
explained below, the routine shown in Figures 3A and 3B may 
involve as many as three stages of operation. Stage 1 is always 
executed while stages 2 and 3 may not be required. The value of 

l1i1iii1ii1Wr 
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variable STAGE indicates which stage of operation is being 
.executed. 

Each stage begins at step 320 in Figure 3A. The 
operation of the system in Figure 2 during. step 320 is shown in 

5 more detail in Figure 3B. In general, the operation depicted in 
Figures 3A and 3B involves adjusting the slicing level during a 
window interval for each stage of operation. The timing of the 
window interval with respect to the video s~gnal is different in 
each stage of operation. After the slicing level is adjusted, the 

1 0 output of the slicer is tested to determine whether the timing ·set 
for . the window interval is producb1g a desired slicing level. 

The procedure begins at step 3201 in Figure 3B · where 
microprocessor 200 initiates a timeout period. The purpose of the 
_timeout period is to provide an inte~al at the beginning of each 

l 5 stage of operation during which slicing level adjustment occurs. 
The slicing level that is produced may not be the desired value 
(e.g. average of the RIC signal amplitude) if the timing of the 

· window interval with respect to the .video signal is not correct. 
However, initially the slicing level that is produced is not 

2 0 important because the vali~ity of the slicing level will be tested 
later in the routine as described below. What is important during 
the timeout period is to establish a stable sli~ing level. · Thus, the 
timeout period must be of sufficient duration to insure that the 

· slicing level has stabilized. The duration of the timeout period 
2 5 may vary depending on. the implementation: of data slicer 21 Q. 

that is Selected. For a data slicer such as that disclosed by 
Rodriguez~Cavazos et al., a timeout period of 1 second is 
appropriate. 

After the timeout period is initiated at step 3201, 
3 0 signal RICCNT is set to logic 0 at step 3202. As shown in Figure ·2, 

signal RICCNT controls two functions: counter 25Q and data slicer 
210. Counter 250 will be used as described below .to count pulses 
on sign~ DSOUT as part of the test of the timing of the slicing level 
adjus_tment window interval.. When sig·~al RICCNT is at logic 0, 

3 5 signal RESET is set · to logic I via inverter 29Q causing· counter 250 

1iilHii1IT!iUf 



10 
to· be disabled. Signal RICCNT at logic 0 enables the slicing level 
adjustment feature of data slicer 210~ When signal RICCNT is at 
logic l, counter 250 is enabled while slicing level adjustment is 
disabled in data slicer 210. Possible problems with simultaneous 

5 enabling of the counter and data slicer are discussed in more 
detail in the above-identified application by Rodriguez-Cavazos et 
al. . 

Disabling the· counter (enabling of slicing level 
. adjustment) at step 3202 is followed at step 3203 ·by a halt until a 

1 0 line that is expected to contain auxiliary video. information, e.g. 
line 21 in field 1 for closed caption data, is dete~ted. 
Microprocessor 200 then tests .at step 3204 to see if the timeout 
period has ended. If the . test fails, ·the routine continues at step 
3206. If the timeout period has ended, ·indicating that -sl~cing 

15 level adjusbnent is complete, signal RICCNT is set to logic 1 at step 
· 3205 to enable counter 250 and ·the routine continues at step 
3206. 

At step 3207, gate pulse generator 230 generates a 
variable width gate interyal pulse on signal RI CG A TE. As 

2 0 described further "below, the variable width feature of the gate 
interval pulse serves to adjust the ·timing of the slicing level 
adjustment window with respect to the video signal. The variable 
width fe.ature is created by . varying the delay of the start of the 
gate interval· pulse (step . 3206) with respect to the leading 

2 5 (falling) edge of signal SYNC while the end of the gate interval 
pulse is fixed with respect to the _leading edge of signal SYNC. The 
gate interval pulse begins in . response to signal GA TEON from 

. variable delay . unit 220. The delay of signal GA THON with respect 
to the leading edge of signal SYNC may be varied by variable 

3 0 delay unit 220 to position the start of the gate interval pulse as 
desired. The end of the gate interval pulse is defined by signal 
GA TEOFF that occurs a fixed delay (e.g. 32 µs) after the leading 
edge of signal SYNC. The fixed delay is generated by fixed delay 
unit 260 in Figure 2.. The RICGA TE signal waveforms shown in 

3 5 Figure 4 depict the variable start delay and fixed end delay of the 

iliilUiili~f 
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gate interval pulse. Signals GA TEON and GA TEOFF are not shown 
in Figure 4. 

The delay value provided by variable delay unit 220 
at step . 3206 is established by signal SETDEL from microprocessor 

5 200. A different delay value is set at step 3206 for each stage of 
operation in the routine shown in Figure· 3B. The delay values . . 

shown in Figure 3B, namely 8 µs for stage 1, 16 µs for stage 2, and 
0 µs for stage 3, were selected for reasons explained below. The 
pulse width values shown at step 3207 assume that the gate pulse 

10 ends after a fixed delay of 32 µs (from fixed d~lay unit 260) after 
the leading· edge of signal SYNC. Subtracting the delay values 
shown at step 3206 from the fixed delay of 32 µs gives the pulse 
width values of 24 µs, 16 us, and 32 us for stages 1, 2, and 3, 
respectively, that are listed at step 3207. RICGA TE- waveforms 

1 5 demonstrating pulse widths of 24 µs, 16 µs, and 32 µs. are shown 
in Figures 4A, 4B, and 4C, respec~ively. 

At step 3208, the first transition on signal DSOUT 
during the gate interval pulse generated .at . step 3207 causes a 10 
µs window. pulse to be generated on signal RICWND by. window 

2 0 · pulse generator 240. Window pulse generation is triggered by 
signal ST~T at the output of AND gate 270~ Signal START is the 
logical AND of signal RICGATE and signal DSOUT. Thus, transitions 
on signal DSOUT appear on signal START during the gate interval 
pulse on signal RICGA TE. Window pulse generator 240 should be 

2 5 a ".one-shot" design to insure that only one 10 µs pulse is 
generated on signal RICWND during any one gate interval pulse on 
signal RI CG A TE.· 

The 10 µs window pulse defines an interval during 
which either the slicing level is adjusted if signal RICCNT is at logic 

3 0 0 or pulses on signal DSOUT are counted if signal RICCNT is ·at logic 
1. . At step 3209, the value of signal RICCNT is .t~~ted. If signal 
RICCNT is. not at .logic l, slicing level adjustment_ occurs during the 
window interval as indicated at step 3210. Steps 3203 through 
3210 are repeated as described above until the timeout period 

3 5 has expired as determined at step 3204~ · When the timeout period 
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has ended, the. slicing level is presumed to have stabilized and 
signal RICCNT is set to logic 1 at step 3205. The subsequent test 
of the value of signal RICCNT at step 3209 will produce a · 
successful result and execution will continue at step 370 in Figure 

5 3A rather than at step 3210 in Figure 3B. 
As mentioned above, a lO µs window pulse can span 

approximately five complete .cycles of the RIC waveform. 
However, as shown in Figure 1, only 7 cycles of the RIC signal 
occur in any one line 21. Thus, as can be seen from Figure 4(A), a 

1 0 timing displacement between the window on signal RICWND and 
the RIC signal will cause at least a portion of the seven cycles of 

. RIC to fall outside the window.. A significant timing shift will 
result in significantly fewer than five cycles of RIC during . the 
window interval. In addition, the number of cycles within the 

1 5 window may not be an integral number of cycles. Thus, an 
accurate slicing level may not be produced by slicing level 
generation approaches, that adjust the slicing level during a 
substantially integral number of cycles of the RIC signal. 

The position of the window with respect to the RIC 
2 0 signal may be· verified by counting the number of cycles of RIC 

that occur during the wjndow. For example,· assuming · that 
auxiliary video data exists in the video signal, a count unequal to 
five indicates that five cycles of RIC did not occur during a 10 µs . 
window· and that a significant ·window positioning error exists. 

2 5 The described counting operation is performed at step 370 by 
counter 250. 

At step 370 in Figure 3A, pulses that occur on signal 
· DSOUT during the window "interval are counted by counter 250. 
Counter 250 is kept in a cleared state by signal RESET as long as 

3 0 signal RICCNT is at logic 0 (slicing level adjustment enabled). 
After signal RICCNT is set to logic 1 at step 320~ in figure 3B to 
enable. counting (slici~$ level adjustment disabled), counting will 
occur only during the window pulse interval because the clock 
signal for. counter 250 is_ provided by the output of AND gate 280 . 

3 5 which gates signal RICWND with signal DSOUT. Thus, pulses _on 



13 
signal DSOUT during the window interval will clock coun.ter 250. 
The num_ber of puls~s will be represented by count value CNTV AL 
at the end of the window interval. 

At the end of the window interval, count value 
5 CNTV AL ·from counter 250 is evaluated by microprocessor 200 at 

step 335. Pulses counted by counter 250 may represent either 
cycles of the RIC signal or other. signal transitions that cross the 
slicing level. However, if vaiue CNTV AL equals five, .five cycles of 
the RIC are presumed to · have been detected during the window 

10 jnterval. The probability that ~ signal other than RIC might 
include exactly five pulses that cross the slicing level during the 
window interval is negligibly low. Thus, the detection of five RIC 
cycles during the window indicates that signal SYNC is correctly 
synchronized with signal VIDEO as shown in Figure 4(A) and the 

1 5 routine· in Figure 3A is exited (step 360). 
If value CNTV AL is ~ot equal to five .at step 335, 

either auxiliary video data does not exist (the transitions detected 
at steps 310 and 365 were produced by non-RIC data) or a timing 

. etror exists between signals VIDEO and SYNC· that could not be 
2 0 corrected by stage 1 opera~io~. In either case, a second stage of 

the procedure is entered (steps 355, 350, and 320) to attempt to 
eliminate ·the timing · error. 

The operation of the system during stage 1 as. depicted 
in Figure 3 will adapt the window timing to overcome substantial· 

25 timing shifts between signals SYNC and VIDEO. For example, 
consider modifying the situation depicted in Figure 4(A) (no 
timing shift) such that signal VIDEO leads signal SYNC by . 
approximately 5 µs. The modified timing is depicted in Figure 
5(A). As shown in· Figure S(A), the RIC signal begins. 

3 0. approximately 5 µs after the rising edge of signal SYNC rather 
than at 10 µs as shown in Figure 4(A). ·The described timing is 

• I 

such that at least ·one complete cycle of RIC will occur prior to the 
gate interval pulse beginning at 8 µs after the rising edge of. SYNC. 
However, approximately 6 cycles of RIC will occur during the 

3 5 beginning of the gate interval pulse. The window pulse on signal 
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·RICWND will begin immediately upon the occurrence of the first 
output signal transition within · the gate interval which 
corresponds to the fii-st pul_se of RIC within the gate interval. As a 
result, of the approximately 6 cycles of RIC within the gate 

5 interval, 5 _will occur within the window pulse interval as desired. 
If signal VIDEO leads signal SYNC ·by significantly more 

than 5 µ.s, e.g. 8 µ.$, fewer than 5 cycles of RIC will occur during 
the window interval despite the timing adaptation capabilities of 
stage 1 operation. This ·situation is depicted in Figure 5(B). As a 

1 0 result, value CNTV AL will not equal 5 and the test of value 
CNTV AL (step 335 in Figure 3) will fail. Without additional 
measures, the failure of the test of CNTV AL would indicate ·that 
auxiliary video data did not exist~ Stage 1 operation _alone, 
therefore, is. unable to adapt the ~ignal timing to detect auxiliary 

1 5 video data and locate the RIC signal as required for timing -
conditions where signal VIDEO leads signal SYNC by greater than 8 
µ.s. However, the above-described VCR operation may cause signal 
VIDEO to lead signal SYNC_ ~y 10 µ.s or more at line 21. Thus, 
timing adaptation capabilities beyond _ stage 1 may be required. 

2 0 Stage 3 as desctj.bed below is included in the rouiine depicted in· 
Figure 3 to address extreme cases of signal .VIDEO leading signal 
SYNC. 

For the case where signal VIDEO lags signal SYNC, stage 
1 operation can potentially correct for significantly greater timing 

2 5 shifts than the above-described situation where signal VIDEO 
leads signal SYNC. For stage l operation as depicted in Figure 
4(A), the 24 µ.s wide gate interval pulse ends 32 µ.s after the rising 
edge of SYNC. The 10 µs window-pulse may begin anywhere 
within the 24 µ. s period of the gate pulse in response to the first 

3 0 transition within the gate interval. The end of the gate interval 
- pulse does not terminate the window pulse. As a ,result, a RIC 

signal beginning as late as 30 µ.s after the rising edge of SYNC 
(corresponding to approximately a .20 µ.s lag of signal VIDEO _after 
signal SYNC) would produce a transition within the . window 

3 5 interval, - thereby initiating a window pulse before the end of the 
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gate interval. For this timing condition (see Figure 5(C)), five of 
the 7 .. cycles of RIC fall within the window interval as desired. It 
would appear,· therefore, that stage 1 operation can adapt the 
window timing to conditions as extreme as signal VIDEO lagging 

5 signal SYNC by 20 µs. · 
Characte~stics of signaJ VIDEO may, however, prevent 

stage 1 from operating as described when signal VIDEO lags signal 
SYNC by more than the delay value between the rising edge of 
signal SYNC and the start of the gate interval (8 µs delay for stage 

. 10 1 as shown in Figure 4(A)). In the exemplary timing of Figure 
4(A), if signal VIDEO lags signai SYNC ~y more than 8 µs,. the end 
of line 20 in signal VIDEO will extend into the gate interval pulse. 
This situation is shown in Figure 5(D). · Signal transitions at the 
e~d of line 20. within the gate interval may cross the slicing level 

15 causing data slicer 210 to produce pulses at the beginning of the 
gate interval. Pulses caused by v~deo data from line 20 will 
initiate the window interval ·rather than the RIC pulses from line 
21. As a result, the positioning of the window interval will be 
related to the video data from line 20, not the RIC . signal from line 

2 0 21 as desired . 
. If transitions of video data from. line 20 trigger the 

window pulse, pulses during the window interval · will be caused 
by video data from line 20, not RIC pulses from line 21 because a 
_ 10 µs window interval initiated at the end _of line 20 cannot 

2 5 overlap a RIC signal that. begins at least 10 µs after the end of line 
21. Although pulses that occur during the window interval in. 
response to line 20 data will be counted by counter 250, it is 
unlikely that the resulting value CNTV AL would· equal exactly 5 

·and satisfy the test at step 335 of Figure 3. Therefore, any video 
3 0 data transitions in ·line 20 that cross the slicing level during the 

gate interval may cause the test of value CNTV AL. (step 335) to 
fail independent of the existence of auxiliary video data in line 21. 

Stage 1 operation· alone may, therefore, be unable to 
adjust the window timing as required to detect auxiliary video 

3 5 data and locate the RIC signal if signal VIDEO lags signal SYNC at 
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line 21 by an amount exceeding 8 µs. Measurements have shown 
that the above-described VCR operation may cause signal VIDEO 
to lag signal SYNC by more than 10 µ.s at line 21. As described 
below, stage 2 has been included ·to address this situation. 

5 To _briefly s-umi:narize the pr~ceding discussion, at the 
end of stage 1, if the test of CNTV AL at step 335 fails (unequal to 
5), three conditions may exist: signal VIDEO lags signal SYNC· by 
more than 8 µs; signal VIDEO leads signal. S'VNC by more than 8 µ.s; 
or .no auxiliary data exists in line 21 of signal VIDEO. The first of 

l 0 these possibilities· (lag) is addressed in stage 2 following stage 1. 
If stage 2 fails to _produce a· CNTV AL value o( 5, the second 
possibility (lead) is tested in stage 3. An inc~rrect CNTV AL value 
after stage 3 produces a "no auxiliary video data" indication at 
step 360. 

15. Stage 2 is entered by a return to .step 320 in Figure 3 
after variable STAGE is incremented at step 350. · In stage 2, the 
timing of signal VIDEO is presumed to lag the timing of signal 
SYNC. This· situation is shown in Figure 4(B ). The routine. 
executed during stage 2 is identical to that shown in Figures 3A 

2 0 and 3B for stage 1 except that the. delay produced by delay 
generator 220 is set to 1.6 µs (rather than 8 µs as in stage 1) by 
microprocessor 200 when step 3206 in· Figure 3B is executed. As 
a result, .the start of the gate interval pulse on signal RICGATE 
(steps 3206 and 3207) and the generation of the window pulse on 

2 S signal RICWND in response to a transition on signal DSOUT (step 
3208) are delayed an additional 8 µ.s with respect to signal SYNC 
in comparison to the timing of stage 1. · As shown in Figure 4(B ), 
the ·additional delay permits signal VIDEO t,o lag signal SYNC by as 
much as 16 µ.s without causing line 20 to overlap the gate interval. 

3 0 Stage 2, · therefore, enables the window . timing to adapt as 
required to reliably span five cycles of the RIC ~ignal when signa~ 

VIDEO lags signal SYNC. 
If value CNTV AL is not equal to five (step 350) ·dtJring 

stag~ 2, stage 3 is entered by a return· to step 320 . after 
3 5 incrementing variable STAGE at step 35~. In stage· 3, the 

11mn11i ~or . 
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procedure executed is the same as during stages 1 and 2 except 
that the delay provided by delay generator 220 is set to 0 at step 
320. Figure 4(C) shows that a delay value of 0 ?'rmits the 
wi~dow interval to adapt as required to timing conditions where 

5 sign~ VIDEO leads signal SYNC by as much as 16 µs. 
A. successful test _of value CNTV AL at step 335 during 

any . of the stages of operation indicates that the delay established 
for the start of the gate interval signal (delay value .of 8 µs, 16 µs, 
or 0- µs from stage 1, 2, or 3, respectively) is adequate to permit 

10 the window interval pulse to move and align correctly with the 
RIC ·signal. The delay determined by the routine shown in Figure 
3 may be stored by miCroprocessor 200 and used as needed to 
determine a data extraction slicing level for data slicer 210 based 
on the RIC signal. The stored delay value may be used until an 

15 event activating the described timing verification procedure 
occurs. 

If none of the stages of operation produce a successful 
test of value CNTV AL at step 335, a "no auxiliary video data". 
indication is produced at step 360. The system may respond as 

2 0 required by the particular application. For example, a system 
might wait and repeat the described procedure either after a 
predetermined delay or following an event such as a channel 
change. 

Although the invention ·has been described in the 
2 5 context of closed caption data, the invention is also applicable to 

other forms of auxiliary video data, e.g. teletext. In the case of 
other forms of data, the system may require certain modifications. 
For example, the .teJetext standard permits teletext data to appear 
on a number of video lines, e.g. lines 17 to 20. Thus, for a teletext 

3 0 system, signal LINE shown in Figure 2 may have to be generated 
by means other than the above-described line counter. In 
addition, auxiliary video data in lines other than line_ 21 ·may 
exhibit timing errors with respect tq a horizontal PLL signal that 
are greater in magnitude than those discussed above. For other 

3 5 forms of auxiliary video, it may be necessary, therefore, to change 
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the delay values ·used in stages I through 3 of the operation 
depicted in Figures 3A and 3B. Alternatively, the number of 
stages of . operation could be changed to add or delete delay values 
as requir~d. 

5 The operation of the disclosed system . m~y be 
modified in other ways to accommodate alternative auxiliary data 
formats. As an example, if the format of the reference signal (RlC 
signal in the described embodiment) changes, the disclosed 
hardware or software can easily' be changed to operate correctly 

I 0 with the data format variations. Modifications of this type may 
include adapting the system for reference signals having 
charac~eristics (e.g. amplftude, waveform, frequency) that differ 
from the described exemplary · RIC signal. 

Other modifications of the invention may also be 
I 5 evident to one skilled . in the art. For example, hardware inay be 

used to implement functions, e.g. conµ-ol functions, that are 
described above· and shown in Figure 3 as being performed by 
execution of software in microprocessor 200. Alternatively, 
functions shown as separate hardware blocks in Figure 2, e.g. 

2 0 delay generation, pulse generation, counting, may be incorporated 
into the oper~tions performed by microprQCessor 200. 

These and other modifications are intended to be within the 
scope of the invention as defined ·by the following claims. 

ii1i1ii1iITf 
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CLAIMS: 

1. In a system for processing a video signal including 

5 an auxiliary information component occurring during at least one of 

a pluralicy of periodic· horizontal line intervals of said video signal, 

said auxiliary . i~f ormation component including a reference 

component exhibiting a periodically varying ' amplitude, apparatus 

comprising: 
10 means responsive to said video signal for establishing a 

threshold level related to said amplitude of said reference 

component· during a control interval defined by a control signal, and 

for providing at an output. of ·said apparatus an output signal having 

'15 
a first value when ~aid video signal exceeds said threshold level 

and having a second value when. said video signal . is less than said· 

threshold· level; and 
means for generating said control signal such that the 

timing of s~d control signal can be adjusted ·with respect . to said 

reference . component to cause said control interval to encompass a 

2 0 substantially integral number of cycles of said periodically varying 

amplitude of said reference component. 

2. The apparatus of Claim l, wherein said control signal 

generating means comprises: 
2 5 means responsive to said video signal. for providing a 

count of said periodic amplitude variations of said reference 

component that occur during said control interval; and 
· means coupled to said count providing . means and 

responsive to a synchronizing signal indicating a start time of said 

3 0 horizontal line intervals ·expected to include said auxiliary· 

information component ·for . modifying a timing re~ationship of said 

control interval to said start time until said count indicates that said 

substantially integral number of cycles of said reference component 

occurred during said control interval. 
35 
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3. The apparatus of Claim 2, wherein said timing 
relationship modifying ·means includes means for evaluating said 
count. 

4. The apparatus of Claim 3, wherein said count 
evaluating means comprises a microprocessor. 

5. The apparatus of claim 1, wherein said control signal 
generating means comprises: 

1 0 means for establishing a window interval beginning in 
response to a start signal and having a duration substantially equal 
to said control interval; 

means for generating . said start · signal in response to a 
first ·signal transitio·n of said video signal crossing said t~reshold 

1 5 level during an enable interval; 
means responsive to a · synchronizing ·sigrial indicating 

the beginning of said horizontal line interval containing said 
auxiliary information component for establishing said enable 
interval such that said enable interval begins a variable delay after 

2 0 said horizontal line intervals begin; and 
means for modifying said variable delay until said 

windQw interval spans said substantially ·integral · number of cycles 
of said periodically varying amplitude of said reference component. 

2 5 6. ·The apparatus of claim 5, wherein said variable 
delay modifying means . comprises 

. means responsive to said video ·signal for 
providing a count of said periodic· amplitude variations that occur 
during said window interval; and 

3 0 means for evaluating said count. 

11111111111111111111111111 1111 
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7. The apparatus of claim l, wherein 
said video signal is subject to exhibiting a lack of said 

auxiliary information component during a horizontal line interval 
· 5 expected to include said auxiliary information component; and 

said control signal generating means generates a second 
control signal in respo~se to detecting said lack of said auxiliary 
information component . 
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