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HORIZONTAL LINE COUNTER STABILIZATION IN A VIDEO 
RECEIVER 

Field of the Invention 

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

Background of the Invention 

A vi_deo signal typically includes vertical display 
intervals that comprise a plurality of horizontal line intervals, 

1 5 e.g. 525 lines per vertical ·interval in NTSC video systems. A 
portion of each vertical interval is usually designated as a 
vertical blanking interval. The ·vertical blanking interval may . . . 

span a plurality of horizontal line intervals, e.g. in . excess of 
20 horizontal line intervals. . The beginning of each vertical 

2 0 and horizontal interval is identified by .respective vertical and · 
horizontal sync pulses that are included in a composite video 
~ignal. 

The content of the. video signal during blanki~g 
. . 

intervals is usually not intended for display as part of the 
2 5 normal video image. The lack of image information· i~ 

blanking inte:rvais makes it possible to insert auxiliary 
information, e.g. teletext and · closed caption data, into 
blanking intervals. The standards for each type of auxiliary 
information specify the positioning of the information within 

3 0 a vertical blanking interval. For example, the· present closed 
captioning standard (see' e.g., 47 ·CPR··§§ 15.119 and 73._682) 
specifies that digital data corresponding to ASCII characters · 
for closed captioning must be in line 21 of vertical blanking. 

An approach to recovery of auxiliary information is to 
3 S accurately identify a specific line interval, e.g. line 21, 

·11i1i~iUf 
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containing auxiliary information during a vertical blanking 
intervai by counting horizontal sync pulses. For example, a 
horizontal line counter c()uld be initialized by a vertical sync 
pulse and clocked by horizontal sync pulses. Ideally, the 

5 count value would then represent the line number. However, 
i.n a non-ideal environment, e.g. a television receiver chassis, 
the. describ.ed simplistic line-counter approach may be 
unreliable. As an example, n~ise introduced by deflection 
circuits related ·to image display apparatus, e.g. a cathode · ray 

I 0 tube (CRT), and· temper~ture effects may produce varying 
timing relationships, e.g. time delays or jitter, between . 
versions of horizontal and vertical sync that might be used to 
control a horizontal line counter. Jitter in combination with 
any delay between horizontal and v.ertical sync may 

I 5 introduce a critical race condition · between initialization of a 
h.orizontal line counter by vertic"al sync and clocking of the 
line counter by horizontal sync. A critical race condition may 

. . 
cau~e the line count to be incorrect and unpredictable. For 
example, in one field the count value may correctly identify 

2 0 line 21 while in another field the count value may be 22 
when line 21 is actually being receiV.ed. Thus, the described 
approach may. not reliably identify a particular horizontal line 
as desired for the purpose of extracting auxiliary data from a 
video signal. 

2 5 The ·described potential· for line count error . is 
particularly significant in regard to closed caption decoders 
that are included internal to a television receiver. Set-top 
decoders are external to the receive.r chassis and may not 
exhibit the above-described noise . and temperature problems. 

3 0 Graphics systems,· e.g. on-screen display (OSD), may involve 
line number identification. However, minor line count errors, 
~uch as the above-described err~r of 1, may produce only 
minor sh if ts of an OSJ;l image, not data loss. Line count errors 
of 1 will result in a loss of closed caption data because the 

3 5 -data appears during line· 21 only. Frequent line count errors 
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may produce an unacceptable degree of closed caption data 

loss. 

Summary of the Invention· . 

In accordance with a feature of the present invention, a 

horizontal line counter is cleared to .indicate the beginning of 

a ve~tical interval by a reset signal derived from a vertical 

. sync signal. The line counter is clocked by a signal at· the 

1 0 horizontal sync rate that is derived from a harmonic of the 

horizontal sync signal. The relative phase . shift between the 

reset and clock signals for the horizontal line counter is 

measured. The measured phase shift is used as· an input to a 

variable phase shifter to adjust the phasing between the 

1 5 horizontal line counter control signals and the original sync 

signals. The phase adjustment advantageously decreases the 

_sensitivity of the horizontal line counter to unstable phase 

shifts, e.g. ji~ter, between horizontal and vertical syric signals.· 

20 
Brief Descripiion of the Drawin& 

Figure· 1 shows in block diagram form an embodiment 

of the invention. 
2 5 Figure 2 s-hows signal waveforms useful for 

understanding the operation of the embodiment in Figure 1. 

Figure 3 shows a flow chart useful for understanding 
the operation. of the embodiment in Figure 1. ·, 

· Figure 4 shows a digital circuit implementation of the 

3 0 embodiment in Figure 1. 

Detailed Description of the Drawin2 

In Figure 1, venical sync signal VER is coupled to the 
.3 5 CLEAR input of counter 115 to clear or zero the value of 
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counter 115 in. response to the occurrence of a venical sync 

pulse. Counter 115 is clocked by a harmonic N_FH of 

horizontal sync frequency FH where ·the "N" prefix· in the 

designation N_FH indicates the particular harmonic of signal 

5 FH.. For example, N may have a value of 16 indicating that the 

frequency of signal N_FH is 16 times that of horizontal sync 

frequency FH. Signal N_FH may be present in a video 

receiver in re·gard to other functions, e.g. on-scr~~n display 

(OSD) or closed caption signal processing fun,ctions. 

10 Alternatively, signal N_FH might be generated from a crystal 

· controlled signal source including a phase locked loop · (PLL) 

that is locked to the horizontal frequency FH. The output of 

counter 115 is count value CNTl that represents the numb~r 

of cycles of signal N_FH that occur after a particular 

1 5 transition, e.g. logic 0 to logic 1, of signal VER. 
Signal N_FH is divided by N in divider 125 to produce 

signal HOR having a· frequency equal to that of horizontal 

sync. Signal HOR is coupled to the. CLEAR input of counter ~20 

and to the clock input of horizontal line counter 100. Counter 

20 120 is reset by signal HOR and clocked by signal N_FH to 

count upward from 0 to N, thus producing a count value CNT2 

that represents the number of cycles of N_FH that occur after 

a pulse on signal HOR. As explained further below, count_ 

value CNT2 also represents the relative delay ~etween signal 

2 5 HOR and signal VERDEL (a delayed version of signal VER)~ 

Comparator 110 compares count value CNTl with a 

delay value DELIN from control unit 105. The output of 

comparator 110 is signal VERDEL that indicates when CNTI is 
. . . 

equal to delay value DELIN. The occurrence of signal VERDEL 

3 0 indicates that the specified delay DELIN has elapsed after the 

occurrence of a pulse on signal VER and that counting of 

horizontal lines should begin. Thus, horizontal line counter 

100 is initialized or cleared in response to signal VERDEL. 
Clocking for line counter 100 is provided by signal HOR. 
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Signal VERDEL is derived from vertical sync signal VER. 

Jitter on signal VER may cause corresponding variations in_ the 

time at which pulses on signal VERDEL occur with respect to 

pulses on signal HOR. If the edges of pulses on signals HOR 

· 5 and VER are closely aligned (near zero delay), a ~ritical race 

condition may exist between the .clock and clear inputs of line 

counter 100,_ signals HOR and VERDEL respectively. The 

·critical race condition may undesirably permit jitter on signal · 

VER to cause signal HOR to ~lock line counter 100 in an 

10 indeterminate manner. For example, the described critical 

race condition may result in a clock pulse to counter 100 that 

occurs either immediately before or immediately after thC? 

clearing of counter 100 by s~gnal ~RDEL. As a result, the 

15 
line count . may be incorrect and unpredictable. 

However, signal VERDEL also causes control unit 105 to 

read count value CNT2 from counter 120. As described 

below, control unit 105 uses count value CNT2 to adjust delay 

value DELIN. The adjustment of delay value DELIN positions 

pulses· on ·signal VERDEL with respect to pulses on signal HOR 

2 0 to decrease the sensitivity of horizontal .line counter 100 to 

jitter in vertical sync signal VER. As a result, . the reliability of 

line counter 100 is significantly improved. . 
Desirable val~es for delay value DELIN depend on the 

format of the video signal involved. Near zero delay between 

2 5 vertical and horizontal sync introduces the greatest potential 

for signal jitter to cause _a critical race between signals . 

VERDEL and HOR at the control inputs of the horizontal li~e 
counter. Delaying signal VERDEL by .5 tirn~s the horizontal 

line period would appear . to· place the greatest time spacing 

3 0 between the edges of signals VERDEL and HOR and minimize 

the possibility of a critical race. However, the timing ·between 

fields of video information in a video sig~al like an NTSC 

standard signal makes· the choice of a .5 line ·period delay 
undesirable. 
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More specifically. an NTSC video signal includes two 

i~terlaced fields of video image data in each frame. Each field 

begins with vertical sync and includes 262.5 horizontal lines. 

Shifting signal VERDEL in field 1 by one-half ~ine period with 

5 respect to signal HOR to minimize jitter insensitivity in field 1 

would cause signal VERDEL in .field 2 to have substantially 

zero delay with respect to signal HOR in field 2. As a result, a 

.5 line period delay could cause rather than prevent critical 

timing problems. 

1 0 A desirable choice of delay between vertical and 

horizontal sync ·signals at the horizontal line counter inputs is 

.25 or .75 times the value of the horizontal line period. 

Seiecting either of these values provides a spacing of .25 li~e 

period (16 us f~r NTSC) between signals VERDEL .and HOR in 

1 5 both fie.Ids 1 and 2. This timing situation is shown in Figure 

2. 
· · . As an example of the operation Qf the embodiment in 

Figure 1·, consider the case of an NTSC video sign~l having 

horizontal line periods of approximately 64 us. The value of 

2 0 N may be ·chosen to be 16 as shown in Figure 2 resulting in 16 

cycles of N_FH (each cycle having a period of 4 us) during 

each horizontal line interval. · The choice of 16 as· the value of 

N may be advantageous' because counters 115 .and 120 may 

then be selec~ed :to be common 4-bit digi~al c~unters. For N . 

25 equal to 16, the .desirable delay values of .25 or .75 times the 

horizontal period translate into 4 or 12 periods of ·signal N_FH. 

The flowchart in Figure 3 further explains the operation 

of the embodiment in Figure 1 and, in particular, the ·, 

operation of ·control un.it 105. At step 200 in .Figure 3, control 

3 0 unit 105 initially establishes a low delay value DELIN, e.g. 4 

us (a count of one). Control unit 105 'then waits (step 205) for 

the occurrence of a transition, e.g. a transition from logic 0 to 

logic I, on signal VERDEL indicating that count value CNTI 

equals delay value DELIN. When count value CNTI equals 

3 5 delay value DELIN, a delay equal to the period of N_FH times 
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delay value DELIN has elapsed after an occurrence of a pulse 

on signal VER. The occurrence of a transition on signal 

VERDEL also clears horizontal line counter 100 and causes 

control unit 105 to read count value CNT2 (step 210). Count 

5 value CNT2 indicates the relative delay between pulses · on 

signals HOR and· VERDEL because: 1) both counters 115 and 

120 are clocked by the same signal N_FH, 2) count value CNT2 

is initialized when a pu:lse occurs on signal HOR, and 3) c'ount 

value CNT2 is checked by control unit 105 when a· pulse 

10 occurs on signal VERDEL. The delay indicated by count value 

CNT2 is in terms of the number of cycles of signal N_FH that 

have occurred since counter 120 was cleared by a pulse on 

signal HOR. 
At step 215, control unit 105 compares the rela~ive 

15 delay between signals VERDEL and HOR as indicated by count 

value CNT2 with a desired delay, e.g. 4 or 12 cycles ~f signal 

16~FH. For example, count value. CNT2 may be subtracted 

from a desired delay DELDES to produce a delay error 

·DELTA!. Control unit 105 then adjusts (step 220) the value of 

2 0 delay value DELIN to more closely approximate the desired 

delay between signals HOR and VERDEL. The adjustment may 

be accomplished by, for example, adding the delay error 

DELTA! to the present delay value DELIN to produce a· new 

value for delay DELIN. The control ~perat~on then waits. (step . 
2 5 225) until the delay value is to be checked· again at which 

time the described . operation is repeated. . The delay value 
~ay be checked, for example, every field ·or less frequently. 

. Figure 4. shows a detailed digital logic implementation of 

a section of. the block diagram in Figure l. Features of Figure 

3 0 4 that correspond to those in Figure 1 have been given the 

~ame identifying numbers as in Figure 1. Although Figure· 4 · 

does not show control unit 105 and line counter 100 of Figure 

1, Figure 4 does indicate that control unit 105 from Figure 1 · 

. may ·be a microprocessor or microcomputer. Also, Figure 4 
3 5 shows exemplary embodiments for. counters 115 and 120 and 
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divider 125 in Figure 1. Figure 4 also indicates possible 
digital signal polarities for controlling th~ counter and 
comparison functions. Specifically., inverter 430 and register 
420 modify ~ignal polarities. A ·feature of Figure · 4 that is not 

5 included in Figure 1 is field indicator circuit 405 that 
generates a signal indicating when the current field is field 1. 
Latch circuits 410 and 415 are controlled by signals from NOR 
gate. 440 and inverter 425, respective~y. to aid in interfacing 
with a microprocessor that may be perfo.rming the function of 

. ~ 0 control unit 105 from Figure I. Circuit 435 stops counter 115 
when the maximum count ·value is reached to prevent the 
count value at the output of counter 115 from repetitively 
cycling through count values. Cycling of counter 115 would 
undesirably produce multiple transitions on signal VERDEL 

l 5 between pulses on signal VER. 
The invention may also be useful in regard to video 

cassette recorders (VCR). A VCR may incorporate multiple 
read h~ads. Periodically, e~g. during vertical blanking, the 
VCR switches between read heads. The switching operation 

2 0 may introduce a timing transient error into the sync timing. 
The transient phase error may persist until the end of vertical 
blanking. In the _vicinity of line 21, for example~ the timing 
error- may approach 10 Jl.S. The invention may be used as 
described above to adjust the sync timing and compensate for 

~ 5 VCR related phase transients .to significantly improve line 
counter· operation. 
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I f llflll flflfl lllff 11111 II 1111 
* C L M S * 

1 . In a system for processing a video signal 
having vertical and horizontal display intervals, each of said 

5 vertical display intervals including a plurality of said 
horizontal display intervals, apparatus comprising: · 

means for producing a first ··signal indicating a 
beginning of each of· said vertical display intervals,. and a 
secqnd signal indicating occurrenc_e of said horizontal display 

1 0 intervals, said first signal exhibiting a first timing relationship 
to said second signal which is su~ject to change; 

. means coupled to said signal producing means for 
delaying said first signal to produce a delayed signal delayed 
with respect to said first signal by a variable delay interval 

1 5 determined by a control signal, said delayed signal exhibiting 
a second timing relationship with respect to said second signal 
that is subject to. change in response to ·said change in said 
·first timing relationship; 

·means coupled to said signal producing means and 
2 0 . to said delaying means for counting in response to said 

delayed signal and to said second signal to produce a count of 
said horizontal display intervals occurring during each of said . 
vertical interv~ls, said m~ans ·for .counting being subject ·to 
pr~ducing an in~orrect count in response to said change in 

2 5 said second timing relationship; and 
means coupled to said signal producing means· and 

to said delaying means for evalua~ing said second timing 
relationship and for generating said control signal to cause 
said second timing relationship to become a desired timing 

3 0 relationship, said desired timing relation.ship tending .to 
prevent said counter from producin_g said incorrect count. 
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2. Apparatus according to Claim I, wherein 
said means for delaying · said first signal comprises 

a comparator having a first input for receiving 
said first signal, a second input for receiving said control 

5 signal, and an output at which said delayed signal is 
produc.ed. 

3. Apparatus according · to Claim 1, wherein 
said means for evaluating said second tjming relationship and 

1 0 for generating . said control_ signaJ comprises a microcomputer. 

4. Apparatus according to Claim 1, wherein 
said means for producing said first and second signals 
comprises: 

15 a counter having a clock. input for ·receiving an 
input clock signal having a first c~aracteristic frequency. a 
reset input for receiving a vertical. sync signal indicative of 
said .beginning of each of said vertical display intervals, and 
an output for producing said first signal; and 

· 2 0 . . a frequency divider having an input for receiving 
said input -clock signal and an output for producing s-aid 
second signal· having a• second characteristic frequen~y equa_l 
to said first ch_aracteristic frequency divided by a ·factor N, 
said second characteristic frequency being substantially equal 

2 5 io a frequency of occurrence of ·said horizontal display 
intervals. 



W093/0l681 PCT /US92/04826 

1 1 
Hllllll 11111111111 11111111111 

* C L M S * 

5. Apparatus according to Claim 4, wherein 

said means for· evaluating said second timing relationship and 

for generating said ·control signal comprises: 
a counter having a clock input for receiving said 

5 input clock signal, a reset i~put for receiving said second 

signal, and an output for producing an intermediate signal; 

and 
a microcomputer having a Jirst input for receiving 

· said intermediate signal, a second input for receiving said 
. . 

1 0 delayed signal, and . an output for producing said control 

signal. 

6. Apparatus according to Claim 'l, .wherein 

said desired timing relatio~·ship is a delay between said 

1 5 delayed signal and said second signal substantially equal to 

one-quarter of one of said horizontal display intervals. 

7. Ap.paratus. according to Claim l, wherein 

said desired timing relationship is a delay between said 
2 0 delayed signal . and said . second signal substantially equal to. 

three-quarters of orie of said horizontal display intervals. 

8. In a system for processing a video signal 
having vertical and. horizontal display intervals, each of said 

2 '5 venical display intervals including a plurality of said 
horizontal display intervals,. apparatus comprising: 

a counter having a clock input for receiving an 

input clock signal having a "first characteristic frequency, a 

reset input for receiving an input sync signal indica~ive of a 

3 0 beginning of each pf said vertical display intervals, and an 

output for p~oducing a ·first count of cycles of said input clock 

signal occurring after said beginning of each of said ·vertical 

display intervals; 
a frequency divid~r having an inpu.t for .receiving 

3 5 said input clock signal and an output for producing a second 
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sync signal having a second characteristic frequency equal to 
said first characteristic frequency divided by a factor N, said 
second characteristic frequency being related to a frequency 
of occurrence of said horizontal display intervals; 

· 5 means for comparing said first count to a · 
reference count to produce an output signal indicating an 
occurrence of a predetermined relationship between said first 
count and said reference count; and 

means for measuring. a timing relationship 
l 0 between said output signal of said comparison means and said 

second sync signal, · and for generflting· said reference count so 
that said occurrence · of said predetermined relationship vanes 
with respect to said second signal cau~ing said timing 
relationship to become a desir~d timing relationship. 

15 
9 ~ Apparatus according to Claim 8, wherein 

said means for measuring said t~ming relationship and for 
generating said reference count comprises a microcomputer. 

2 0 10. Apparatus according to Claim 8, wherein 
said means for measuring said timing relationship and for 
generating said reference cou_nt ·comprises: 

a second counter ~aving a clock input for 
. . 

. receiying said input clock signal~ a reset "input for receiving 
2 5 said second sync signal, and an outpu~ for producing a count 

of cycles . of said input clock frequency occurring during each 
of said horizontal display fotervals; and 

a micro~omputer having a first input for receiving 
said count produced by said second counter, a second input 

3 0 for receiving said output signal produced by said comparison 
means, and an output for producing said reference . count. 

111111111111111111111111111111 
* C L M S * 
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11. Apparatus ~ccording to Claim 8, wherein 

said desired timing relationship is a delay between. said 

output ··signal of said comparison means and said second sync 
. . 

signal substan_tially equal to one~quarter of one of said 

5 horizont-al display intervals. 

12. Apparatus according to Claim 8, wherein 

said _desired timing relationship is a delay between said 

output signal ·of said comparison means and said second sync 

1 0 signal substantially equal to three-quarters of one of said 

· horizontal display intervals. 

111111111111111111111111111111 
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