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TV LI NE AND 4Ifl‘“IiLD DETECTI ON APPARATUS W TH r%
NO SE | MMUNI TY The present invention relates to det egéb
information 5 that may be present in a video signal during verti cal

bl anki ng 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 systens. The begi nni ng of each
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The present invention relates to detection of information

5 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

10 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

135 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 lack of displayed image information during blanking
and overscan intervals makes it possible to insert an auxiliary

20 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

25 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

30 of every field.

Auxiliary video information is extracted from the video
signal using a decoder. Acceptable performance of the decoder
requires reliable identification of the particular lines and fields of
the video signal that include auxiliary video data. If video signal

35 strength decreases (e.g. caused by poor reception), the probability
of errors in the decoder output increases. For example, detection
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conposite video signal. During a portion of each vertical interval,

I nformation in the video signal may not be intended for display. For
exanpl e, a vertical blanking interval spans approxinmately the first 20
horizontal line intervals in each field. In addition, several 1 5 |ine

I nterval s adjacent to the vertical blanking period, e.g. line 21, may be
wi thin an overscan region of a video @& splay and will not be vi sible.
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pulses may not be detected or that noise pulses may be

erroneously interpreted as the desired synchronizing pulses. As a

10 result, a decoder may operate incorrectly in response to a weak

video signal.

The error rate of the decoder should remain at an acceptable
level as long as the strength of the video signal is sufficient to
produce a "viewable" picture. The point at which the error rate

15 becomes unacceptable depends on the content of the auxiliary
information. For example, an error rate causing loss of several
characters of closed caption text during an interval spanning
several minutes may not be objectionable. It is desirable,
however, to minimize the error rate over a broad range of video

20 signal strength.

The present invention resides, in part, in recognition of the
described problem and, in part, in providing apparatus for solving
the problem. In accordance with aspects of the present invention,
an auxiliary video information decoder includes means for

235 identifying a desired horizontal line of video in a video signal.
The decoder includes means for detecting a reference pulse in a
synchronizing signal. First and second window pulse signals are
generated at predetermined delay intervals after detection of the
reference pulse. Detection of a pulse in the synchronizing signal

30 during at least one of the window pulses indicates occurrence of
the desired horizontal line interval.

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

Figure 1 shows a circuit diagram of a portion of a video

35 signal processing system that includes video line detection
apparatus according to the present invention; and
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nodi fications to the standard may permt auxiliary information such as

cl osed caption data to be located in other lines, e.g. line 21 3 0 of every
field. Auxiliary video information is extracted fromthe video
signal using a decoder. Acceptable perfornmance of the decoder requires
reliable identification of the particular Iines and fields of t he video

signal that include auxiliary vi deo d&a. If video signal 3 5 strength

decreases (e.qg. ppgqﬁgg i)yargpo; %gﬂ&'ﬂ) ,wé‘j}qto% bﬁ?éﬂuit%r of errors in

t he decoder outp |.NCreases.
understandmg the operatlon of the circuit shown in Figure 1.

In regard to the following detailed description of an
embodiment of the invention that is shown in the drawing, it
5 should be remembered that a television system may include
features for generating various synchronizing signals. For
example, a sync separator may produce sync signals derived from
the sync components of the video signal. Deflection circuitry
produces repetitive sync signals at regular intervals to define
10 uniform electron beam deflection intervals. The input signals for
the circuit in Figure | include a separated sync signal CSYNC
derived from the video signal, and a flyback pulse VPLS from the
vertical deflection circuitry.
Other input signals in Figure 1 include signals 128FH and
15 2FH which serve as clock signals at frequencies of 128 times the
horizontal rate and 2 times the horizontal rate, respectively. For
NTSC systems, signals 128FH and 2FH have periods of
approximately .5 pus and 32 us, respectively. Signals 128FH and
2FH may be generated at the outputs of appropriate stages of a
20 counter (not shown in Figure 1). This counter may be part of, for
example, a high frequency phase lock loop (PLL) associated with
an on-screen display (OSD) feature that may be included in the
video system. The PLL is locked to the horizontal deflection
pulses and, therefore, indirectly to the horizontal sync component
25 of the video signal. As a result, normal horizontal sync pulses in
signal CSYNC line up with every other falling edge of signal 2 FH
as shown in Figure 2.
Input signal WRI in Figure 1 may be generated, for example,
by a microcomputer (LC) (not shown in Figure 1) that controls the
30 system. Signal WR1 serves to reset some circuits and load a
number (also supplied by the HC) into 5-bit latch 100 at the start
of operation. The number stored in laich 100 is related to the TV
line to be identified. Changing the number in latch 100 permits
changing the line number that will be identified in accordance
35 with the specification for the type of auxiliary information that is
being decoded.
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2 of synchronizing events in a video signal, such as vertical sync

pul ses, may provide a timng reference point for identifying video | i nes
(e.g. line 21) that may contain auxiliary video information. However, a
decrease in video signal strength causes a 5 correspondi ng decrease in sync
signal anplitude. Attenpting to decode auxiliary video information from
a weak vi deo signal I ncreases the Wi kelihood either that the desired
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N is related to the line number at which the first wide vertical
pulse occurs as defined by the particular video signal specification
(e.g. line 4 in field 1 for NTSC standard signals as shown in Figure
2). The following description of the operation of the embodiment
10 in Figure 1, and the waveforms in Figures 2 and 3, assumes that
the values of N and L are 12 and 7, respectively. Thus, line 12 is
being identified and the number 7 is loaded in 5-bit latch 100. As
will be apparent from the following description, different values
may be used for N and L to permit identifying other line numbers,
15 e.g. line 21 for closed caption data.
The circuit shown in Figure 1 looks for a pulse in signal
CSYNC which is wider than 12 us, i.e. it looks for the first wide
vertical sync pulse which is normally 30 us long (the approximate
width of horizontal sync and equalizing pulses is 4 us and 2 us
20 respectively). This function is implemented with 4-stage counter
136. Counter 136 is reset every 32 us by signal RESPWC, a
narrow pulse generated at the falling edge of signal 2FH by D-type
flip flop (DFF) 128, inverter 130, and NOR gate 132. Counter 136
is clocked by signal CLKPWC at 1 us intervals whenever signal
25 CSYNC is at logic 1. Signal CLKPWC is generated by toggle flip flop
(TFF) 134 having a clock input coupled to signal 128FH and a
toggle input (T) coupled to signal CSYNC.
A count of 12 in counter 136 is detected by NAND gate 138
when signal CLKPWC is high. The output of NAND gate 138 is
30 coupled to the clock input of DFF 140. The output of DFF 140 goes
to logic 1 in response to counter 136 reaching a count of 12.
Signal CLRLC, an inverted version of the output of DFF 140 via
inverter 142, is coupled to the reset input of a 6-bit counter
comprised of counters 104 and 106. The clock input of counters
35 104 is coupled to signal 2FH. The most significant output of
counter 104 clocks counter 106. The effect of counter 136
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I nformati on. For exanple, an error rate causing |oss of several

characters of closed caption text during an interval spanning sever al

m nutes may not be objectionable. It is desirable, however, to mnimze
the error rate over a broad range of video 20 signal strength. The
present invention resides, in part, in recognition of the descri bed
problemand, in part, in providing apgaratus for solving t he probl em
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wi ndow pul se sigpal s ar generated at predeterm ne elay Intervals
after detecti ongWﬂ‘ePhéhe cowile papduced by counters | i gindy geaches he

synchroniszithg shlialstRdddni IEcht 1002sls degerdiinelebyi pagwarutared08ndi cat es
occurrence

i nvention r%%evﬁg‘g?ggg%%:gg Sgglalzagk?aiw ?i%ng{egg’\flﬁlﬁd by DFF 116"
synchronism with positive transitions of signal 2 FH. Another 32
us wide window pulse on signal WND2 is generated by DFF 112
when the window pulse on signal WNDI1 terminates.

10 As shown in Figure 1, the least significant bit of the "A"
input to comparator 108 (input from latch 100) is hard-wired to
logic 1 (VCC) while the number stored in latch 100 is coupled to
the remaining "A" inputs of comparator 108. The effect is that the
value at the "A" input of comparator 108 is equal to (2 x L) + 1.

15 This approach is used so that changing the value of L by an
integer amount causes the line number being detected to change
by the same integer amount. For example, storing 16 rather than
7 in latch 100 will cause line 21 rather than line 12 to be
detected.

20 The value of L is multiplied by 2 in the relationship (2 x L) +
1 because counters 104 and 106 are being clocked at twice the
horizontal line rate by signal 2FH. The number 1 is added to (2 x
L) because it is desirable to shift the window pulses on signals
WND1 and WND2 by one-half of a horizontal line interval (1 cycle

25 of signal 2FH) so that the horizontal sync pulse occurring at the
beginning of the desired line will be centered in the window
pulse. Thus, for the described exemplary embodiment,
comparator 108 will indicate that the output of counters 104 and
106 equals the latch value L, and enable the generation of the

30 window pulses, when the count value at the output of counters
104 and 106 is 15 (ie. (2 x 7) +1). The value in counters 104 and
106 is indicated on the waveform for signal BO (the least
significant counter output bit) in Figures 2 and 3. The signal
timing depicted in Figures 2 and 3 illustrates that the difference

35 between the line number being identified (N) and the value stored
in latch 100 (L) is the above-mentioned value 5 for the exemplary
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drawi ng i n which: Figure 1 shows a circuit diagramof a portion of
a video 3 5 signal processing systemthat includes video |line detection
apparatus according to the present invention; and

Figures 2 and 3 show signal waveforns useful for
under standing the operation of the circuit shown in Figure 1. In
regard to the followi ng detail ed descii pti on of an

embodiment shown in Figure 1 operating with NTSC standard
signals.

A sync pulse in the signal CSYNC waveform which occurs
during one of the two window pulses is the sync pulse that

5 corresponds to the start of the desired TV line (line 12 in the
described embodiment) as shown in Figure 2. A sync pulse on
signal CSYNC during one of the window pulses is detected via OR
gate 114 and NAND gate 118. The output of NAND gate 118
provides a "set” signal at the set input of set-reset latch 120.

10 Signal LINE at the output of latch 120 becomes active (goes to
logic 1 in Figures 1 to 3) in response to the set signal to indicate
detection of the desired line.

The active state of signal LINE is terminated 64 s later by
signal ENDLINE coupled to the reset input of latch 120 via NOR

15 gate 116. The 64 us interval is defined by a counter (not shown
in Figure 1) that is enabled for counting when the desired
horizontal sync puilse occurs as indicated by signal LINE. The
counter is clocked by signal 128FH having a period of .5 s until a
count of 128 is produced indicating that a 64 us period has

20 elapsed. Signal ENDLINE is then generated to terminate signal
LINE.

A field identification signal FIELD1 is generated at the
output of TFF 152. The rising edge of the vertical deflection pulse
on signal VPLS clocks TFF 152 to produce signal FIELDI.

25 The preceding comments describe the operation of the
embodiment shown in Figure 1 under normal conditions, i.e. a
strong signal and no noise. In accordance with aspects of the
invention, features of the exemplary embodiment shown in Figure
1 operate to ensure reliable operation during weak or noisy signal

30 conditions.

Two lines (equivalent to four half-lines as counted with the
2 FH clock) after the 6-bit counter comprised of counters 104 and
106 is activated by signal CLRLC, the status of the vertical pulse
on signal VPLS at the output of inverter 124 is sampled by DFF

35 126. The two line sampling delay is established by set-reset latch
122. Signal CLRLC at the set input of latch 122 "sets" signal

"
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enbodi ment of the invention that is shown in the drawing, it 5 should be
remenbered that a tel evision system nmay include features for generating
various synchroni zing signals. For exanpl e, a sync separator may produce
sync signals derived from t he sync conponents of the video signal.
Deflection circuitry produces repetitive sync signals at regul ar
intervals to define 1 0 uniform el ecti7on beam defl ection |ntervals The

ISImmrJ]z1 | si gn@w;ﬁ \t/ﬁe&qweﬁegl@éud\gaég?)ﬂglﬁt@%}zzq&qs gt @egqfe%t b e
frgm t he I&Bm&%atd l‘éc{nlﬂi‘FtéYartﬂﬁ Ppygtefs 104 an%c;hé-r g?ﬁi{)ﬁq gﬁgnal s in
Figure 1 irfedmdehesi third slea@BRipmifitaht 5012tl§|dt\l\bf chesérbie esumiepcii gnal s at
1 equenct 3, 8hydehs LB e BAIAILF of Phen 057, MUTER bhe el zomal,
of appPr dRi hmlellf afger] dout pudses 2 fveo rq1d¢orhs@aazterwal)y oc@ugrmi s 128FH
Cointor " nGBSERENTRAE Ao Sl QU CciiP i POyl 2
6 by going to Iog the set signal to iat%h 122 is removed
enabling a high level on signal B2 (after a two video line interval)
to reset latch 122 causing signal SMPLV to go to logic 1. The
10 transition of signal SMPLV from logic 0 to logic 1 after two line
intervals clocks DFF 126 sampling signal VPLS.
If the vertical pulse is absent, signal NOVP at the output of
DFF 126 becomes a logic 1. Absence of the vertical pulse on signal
VPLS when the sampling operation occurs indicates that the wide
15 pulse detected by counter 136 and NAND gate 138 is a noise
pulse. A logic 1 on signal NOVP resets DFF 140 via NOR gate 144
causing signal CLRLC go to logic 1. As a result, counters 104 and
106 are cleared preventing the generation of window pulses on
signals WND1 and WND?2.
20 The described feature prevents a wide noise pulse in signal
CSYNC that is not in the immediate vicinity of the the normal
vertical sync pulses from erroneously generating the LINE signal.
As an example, Figure 3 illustrates the operation when an 18 us
wide noise pulse occurs between the first two pre-equalizing
25 pulses in signal CSYNC. The operation of the noise detection
feature is relatively independent of the phase and width of the
vertical pulse on signal VPLS. The desired noise pulse detection
operation occurs as long as the vertical pulse on signal VPLS does
not start more than two lines after the first vertical sync puise on
30 signal CSYNC, and is at least two lines wide.
Values other than the above-described two line (four half
line) period may be used for the delay between detection of a
wide pulse (wider than 12 us) on signal CSYNC and testing for the
presence of the vertical pulse on signal VPLS. Different video
35 systems may exhibit timing relationships between signals CSYNC
and VPLS that differ from the relationship shown in Figures 2 and
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exanpl e, a high frequency phase | ock |oop (PLL) associated with an
on-screen display (OSD) feature that nmay be included in the vi deo
system The PLL is |ocked to the horizontal deflection pul ses and,
therefore, indirectly to the horizontal sync conmponent 25 of the video
signal. As a result, normal horizontal sync pulses in signal CSYNC line
up with every other falling edge of sggnal 2 FH as shown in Figure 2.

| nput | |
o ocomputer eré@;@%?e ML HERR ey (Y vEXAE, Bulse o5 o i em
Si gnal WR1 signaleY RIS r rom dafiection mrcuatrarnma}oahtgan dumgbbne(él so
supplied byafHe {lﬁrnr ]li@e l4nh9 lﬁdbdétedl AnCIFi dél?:% at ti’@stﬁfgaffbr theof operati on.

The nunber stored 00 isr Iate o th
et LT ot Presenc: Ah 2 HETHERLEYNS PYISe On BENTaVRLS duriegding b Erd 11 ne
nunber tSatlling |delde) ivelesnt iaf iveetical sgsorpiase eddesd n\@ttﬂseglheuﬁﬁedmfw cation for

the type of, 3t use" dededli8h"BE' B2 FP8' wide vctthca les(éoggdmgnal
CSYNC to be erroneously interpreted as detectmn of a noise pulse.
Changing the delay to a 3-line delay would eliminate this problem.
Thus, the operation of the described embodiment may be adapted
10 to the requirements of various video systems.

In a noise-free environment, the desired horizontal sync
pulse in signal CSYNC will always occur in the middle of the
window pulse on signal WNDI1 in field 1, and in the middle of the
window pulse on signal WND?2 in field 2 as shown in Figures 2 and

15 3, respectively. This characteristic could be used for field
identification, but the result may not be correct under weak signal
conditions if one or more pulses occur in both adjacent windows.
The circuit in Figure ! solves this problem by using the very
reliable and noise-free vertical deflection pulse on signal VPLS to

20 toggle TFF 152 to produce signal FIELDI.

To ensure that signal FIELDI has the correct phase, signal
FIELD1 is forced into the correct state by resetting the toggle flip-
flop whenever the correct sequence of events for field 2 has been
detected. This corresponds to a pulse in signal CSYNC not

25 occurring in the window pulse on signal WNDI, but being present
in the immediately following window pulse on signal WND2.
Detection of the sequence of events indicating field 2 is provided
by NAND gates 146 and 150, and DFF 148. Operation of the
described feature is illustrated in Figure 3 where the wrong

30 polarity of signal FIELDI has been assumed at the start.

As described above, the active state of signal LINE is
terminated by signal ENDLINE. Signal LINE could be terminated
by the pulse in signal CSYNC which immediately follows the pulse
on signal CSYNC that occurs during the window pulse on signal

35 WNDI or WND2. However, noise on signal CSYNC might cause
premature termination of signal LINE. Thus, signal ENDLINE is
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4 For the exenplary enbodi nent shown in Figure 1, the

rel ati onshi p between the nunber | oaded in |atch 100 and the particul ar
line identified by the systemis: L = N- 5 where Nis the line to be
identified, and L is the nunber |oaded in latch 100. 5 As is discussed
further below, the value 5 that is subtracted from Nis related to the
| i ne nunber at which the first wide vértical pul se occurs as defined by

mgcpgg ; 'ng;ilrg:ge gyy dgfne%awlre a&IﬂEEsF .C‘Z‘t ItAB presefcl of IMGisé h§ field 1 for
prevxously descrlbed
Another feature that improves noise immunity involves
using signal 2 FH rather than signal CSYNC as the clock for the line
5 counter. Signal 2FH is the output of a counter stage in a PLL and
is, therefore, relatively stable. Signal CSYNC is derived from the
video signal and may exhibit noise pulses corresponding to noise
in the video signal.
It should be noted that any given number loaded into the 5-
10 bit latch will result in signal LINE becoming active for the
corresponding line during field 1 as well as during field 2. It may
be necessary, therefore, to interrogate the status of signal FIELDI1
to determine whether the signal LINE is in the desired field. For
example, present closed caption standards limit closed caption
15 information to line 21 of field 1. This may be accomplished by
having a yC that is controlling the system test the state of signal
FIELD1 when signal LINE is active. Alternatively, hardwired logic
could be used to condition signal LINE with signal FIELDI.
Another feature of the disclosed arrangement is that the 32
20 ps width of the window pulses on signais WND1 and WND2
permits a phase error approaching +/-16 us between the
horizontal sync pulses on signal CSYNC and every other falling
edge of 2 FH. This is an important feature because relatively large
phase errors may occur. For example, in the case of a video
25 cassette recorder (VCR) having mechanical misadjustments in the
tape reading mechanism, the video line just before the start of the
vertical blanking period where the read heads are switched is
stretched (or less commonly compressed) and has a period
substantially different from 64 us. The speed of the horizontal
30 PLL may be too slow to correct this error by the time the first
wide vertical sync pulse occurs on signal CSYNC. The resulting
phase error may have a magnitude approaching 16 ps. The phase
error tolerance of the disclosed arrangement permits accurate
decoding of auxiliary information to occur despite the existence of
35 phase error.
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2). The follow ng description of the operation of the enbodinent 1 0 in
Figure 1, and the waveforns in Figures 2 and 3, assu

me | ues
of Nand L are 12 and 7, respectively. Thus, line 12 ‘\llﬂ}“ﬂ%“‘“@““&&‘?lfled
and the nunber 7 is |loaded in 5-bit latch 100. As ¢ appasent from
the follow ng description, different val ues may be used for N and L to
permt identifying other line nunbergq,01 5 e.g. line 21 for closed caption

dat a.
CSYNC whi ¢

wi dth of h
respective
Counter 13
gener at eds
128, inver
CLKPWC at

CLKPWC i s

10

15

20

25

30

35

The circuit shown in lalgéfﬁsl | ooks for a pulse in signal

h is wider than 12 [err]s,

S 1 nplenente ount er

orizontal sync ap
IR
e PuiARE S o bk Dhnetincof <A it
dedecatirgl docurpgmlee ofl saidf lveptical field intervals and a
plurality of horizontal puises indicating occurrence of respective
ones of a plurality of horizontal line intervals included in each of
said vertical field intervals, said apparatus comprising:

means responsive to said image synchronizing
component for detecting occurrence of said vertical pulses;

means responsive to an input reference signal at a
predetermined frequency for establishing a first delay with
respect to occurrence of said vertical pulses, said first delay being
related to a number of said horizontal intervals expected to occur
between said vertical pulse in said particular vertical field
interval and said particular one of said horizontal intervals;

means coupled to said detecting means and to said
delay means for generating a first timing pulse said first delay
after occurrence of said vertical pulse, and for generating a second
timing pulse delayed a second delay with respect to said first
timing pulse, said second delay being related to the duration of
said horizontal line interval; and

means responsive to said first and second timing
pulses and to said video signal for detecting occurrence of one of
said horizontal pulses during said first or said second timing
pulses.

2. The apparatus of claim 1 wherein said detecting
means detecting a horizontal pulse during a predetermined one of
said first and second timing pulses but not during the other one of
said first and second timing pulses indicates occurrence of said
particular vertical field interval.
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(TFF) 134 having a clock input coupled to si gnal 128FH and a t oggl e

I nput (T) coupled to signal CSYNC. ]ﬂ ter 136
is detected by NAND gate 138 when si gnal “mm Im[mmgmut put of
NAND gate 138 is 30 coupled to the clock |nput o F 140. ®"Thé ottt put of

DFF 140 goes to logic 1 in response to counter 136 reaching a count of
12. Signal CLRLC, an inverted verlsion of the output of DFF 140 via

conpr i sed of cou 52?‘23382 2’#&“?885‘3%5 o shaith B prérinc ?{fsgsa% s
coupled to 8§ B g TP SeH sexipinias d@amor@)uteémedoﬂo the slwratier 064
cl ocks counsgid H¥rizoiel efih@Cintefv4l0WnERT tHalb said predetermined
relationship substantially decreases a sensitivity of said detecting
5 means to timing variations in the occurrence of said vertical

pulses.

4. The apparatus of claim 3 wherein said duration
of each of said first and second timing pulses is substantially one-
10 haif of one of said horizontal line intervals.

5. The apparatus of claim 1 wherein said means for
detecting said vertical pulses includes a counter for counting
cycles of an input clock signal at a frequency substantially greater

15 than the frequency of occurrence of said horizontal line intervals;

said counter being enabled to count in response to a
pulse in said video signal occurring during an interval when said
reference pulse is expected to occur; and

said counter producing a count representative of the

20 duration of said counter enabling pulse.

6. The apparatus of claim 1 wherein said means for
detecting said vertical pulses comprises:
first means for detecting a wide pulse in said image
235 synchronizing component, said wide pulse having a duration
substantially longer than one of said horizontal pulses; and
second means for detecting a pulse occurring in a
deflection synchronizing signal a predetermined delay after
detection of said wide pulse, said predetermined delay being
30 related to the duration of said horizontal line intervals.
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5 reaching a count of 12 is that the reset signal to counters 104 and

106 is renpved enabling counters 104 and 106 to i

transitions of signal 2 FH after counter 136 reaﬁ%’“ﬂ*@ﬂ“ﬂ%"iz

When the count produced by counters 104 and 106 reacnes e val ue stored
in latch 100, as determ ned by conparator 108, 32 [err]s wi de w ndow

pul se signal WND1 is generated by DFA 210 in synchronismw th positive
transitions of signal 72 FHTHNGpPSFatd? of diBidhil 5 Wilfeiti ndow pul se on
signal WND2 is generat e.%sbl%ﬁEFF 12 when theq\g\tj ndow pul se on signal W\D1
term nates. 10 Pl efermingd, drequency |daspid; Yyt safarepte of the
"A i npusighal denpwoatimesl O (freguéndy @h bateheddd)of saithritbrivdrdl t o

logic 1 (VGG . Waj e nunber stored in latch 100 is coupled to t he
remai ni ngsﬁibei ﬁib{?&&gr conparator 108. The effect is that the

said frequency of said input clock signal is 128 times
the frequency of occurrence of said horizontal line intervals; and

said input reference signal and said input clock signal
exhibit substantially stable frequency characteristics.

This Sheet Hag Been Replaced
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value at the "A" input of conparator 108 is equal to (2 x L) + 1. 1 5 This

approach is used so that changing the value of L by an i nt eger anount
causes the line nunber being detected to change by the sane integer
anount. For exanple, storing 16 rather than 7 in latch 100 will cause
line 21 rather than line 12 to be detected. 20 The value of L is

multiplied by 2 in the relationship (I23x L) + 1 because counters 104 and
106 are being clocked at twice the AB$PrRALONtal line rate by signal 2FH
The nunber 1 is added to (2 x L) because it is desirable to shift the

wi ndow pul ses on signals VWAD1 and WND2 by one-half of a horizontal |ine
interval (1 cycl AmauxilisrygnededFijfarmdtivat ddvodeer faroderbdygc pul se

T
conpar at o QO@S\MQ hioririonsale lingaof tvideouinpat theq:mgnaér s A ortfenesice 106
equal s the ﬂ)@lséhm/ o Uy n'ehr&'il%@fsﬁgﬁalt he @&E 'fBHOWedt By #nd W ndow

puI ses, when the COUI’]tf ¥a ue ut put O COUI’] ers
generauon of first an secon wmdow pulse signals occurring at

predetermined delays after detection of the reference pulse. A
pulse occurring in the synchronizing signal during the window

10 pulses indicates the start of the desired horizontal line interval. A
field identification signal may also be generated. Features for
improving noise and phase error immunity when identifying a
video line are provided.
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i s indicated on the waveformfor ¢i gfald

counter output bit) in Figures 2 and 3. The signal

CRO ot ¥

WS (ge 0
104 and 106 is 15 (i.e. (2 x 7) +¥5ﬂrﬁﬁ55Value in counters 104 and
significant
timng depicted

being identified (B) and the value stored

FIEL

BO (the | east

Figures 2 and 3 illustrates that the differ%pce 3 5 bet weenTtihBheriHinBe
in latch 100 (L‘)\‘ \ \

above-nenti oned vakue 5 for the exenplary
enbodi nent sh
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A sync pul se in the signal CSYNCInd Wt m whi ch occur's ™SS x\ KB the
two w ndow pul ses is the sync pulg Bat 5 corresponds ﬁ “B% ! f the
desired TV Iine (line 12 in the descri bed enbodi nent) [ I gure

2. A sync pul se on signal CSYNC during one of the w ndow pul ses is

This Sheet Has Been Replaced
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20. el apsed. Signal ENDLINE is t helv: ggp at ed to terni matﬁwgl ﬂ eﬂf"e lacgd\E,
A field identification signal FIEL gener ated at t TFF
152. The rising edge of the vertlcal deflectlon pulse
cl ocks TFF 152 to produce signal FIELDL. 25 The pr ecedl ng comTents
i thd opetatign of |the enbodi nent shown in Figufe 1under nornal
ions, li.e.ja stTong sfignal: and no noi se. Injlaccofdange with |
gdect s| of tihe invent_i__gbn,,'_tﬂeaturfes of the exenpl arly enbodi nent hovvr"i in
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7 SMPLV at the inverted output of latch 122 to logic 0O when signal

CLRLC is at logic 1 inactivating counters 104 and 1@6. Signal B2 sfrom §
the third | east significant output of the 6-bit coumter (22 outpat) is 2
coupled to the reset input of latch 122. Signal B2 goes 5 to logicwl after "%
four pulses (a two video line interval) occur on Asignal 2FH  Thus, when -
signal CLRLC activates counters 104 and 106 by going to logic O, the set

i gnal” CLRLC act i vat. . . g to logic
Signal to latch 123§ ARG FIEL BikRETION AbP ARAITOS WiBhe! Banlal ter
GOOD NOISE IMMUNITY

The present invention relates to detection of information

5 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

10 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

15 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 lack of displayed image information during blanking
and overscan intervals makes it possible to insert an auxiliary

20 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

25 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

30 of every field.

Auxiliary video information is extracted from the video
signal using a decoder. Acceptable performance of the decoder
requires reliable identification of the particular lines and fields of
the video signal that include auxiliary video data. If video signal

35 strength decreases (e.g. caused by poor reception), the probability
of errors in the decoder output increases. For example, detection

rr e e e e e
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to reset latch 122 causing signal SMPLV to go to logic 1. The 1 0
transition of signal SMPLV fromlogic O to logic 1 after two |line

i nterval s cl ocks DFF 126 sanpling signal VPLS. If the vertical
pul se i s absent, signal NOVP at the output of DFF 126 becones a logic 1.
Absence of the vertical pulse on signal VPLS when the sanpling operation

occurs indicates that the wide 1 5 pul 9e detected by counter 136 and NAND
gate 138 'SA?? 8P Hfronizif '%@epé '@zg%cvﬂicgns rﬂﬂalsil%)‘/gs r@eﬁﬁcﬁ} QFfcl40 via

NOR gate 14 causi ng count ers
104 and seaﬁ,ent%fea?r@m@ﬂ & ciming t@f@rgmrmn%n i ldma&vwguwy&o on

signal s V\NDlm%@d (¥D21ing021) that Tﬁﬁydééﬁimﬂeﬂuiﬂ?&ﬁ" §idés VipBbEmativhde noi se
pul se in si CSYNC that [s n | medi,ate vicinity of the ther;

o el v AROVENPT.s g BGURARES A rOEe: PIERALSISTEUN CERPRA  ho LI NE i gnal
As an exaﬁplwndapgummﬂg! dbd:mfseaheswm sigrabtamplinkds) aA démpeing] 30 wi de

19158 PUL o° BEBHE RIS i itiphinb R A VidioP gt 1 o anal
increases the likelihood either that the desired synchronizing
pulses may not be detected or that noise pulses may be
erroneously interpreted as the desired synchronizing pulses. As a

10 result, a decoder may operate incorrectly in response to a weak
video signal.

The error rate of the decoder should remain at an acceptable
level as long as the strength of the video signal is sufficient to
produce a “viewable" picture. The point at which the error rate

15 becomes unacceptable depends on the content of the auxiliary
information. For example, an error rate causing loss of several
characters of closed caption text during an interval spanning
several minutes may not be objectionable. It is desirable,
however, to minimize the error rate over a broad range of video

20 signal strength.

The present invention resides, in part, in recognition of the
described problem and, in part, in providing apparatus for solving
the problem. In accordance with aspects of the present invention,
an auxiliary video information decoder includes means for

25 identifying a desired horizontal line of video in a video signal.

The decoder includes means for detecting a reference pulse in a
synchronizing signal. First and second window pulse signals are
generated at predetermined delay intervals after detection of the
reference pulse. Detection of a pulse in the synchronizing signal

30 during at least one of the window pulses indicates occurrence of
the desired horizontal line interval.

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

Figure 1 shows a circuit diagram of a portion of a video

35 signal processing system that includes video line detection
apparatus according to the present invention; and
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feature is relatively independent of the phase and w dth of the verti cal
pul se on signal VPLS. The desired noise pul se detection operation occurs
as long as the vertical pulse on signal VPLS does not start nore than
two lines after the first vertical sync pulse on 3 0 signal CSYNC, and is
at least two |ines w de. Val ues ot her than the above-described two
line (four half line) period may be 3ised for the delay between detection

the”  presence of GHESUR MATH Mo bigal Phask R SN, 88 1 Vi des 375
systens may 1sianqing; the r@ﬁ@?@ﬁsmfpgl%éilmﬁh shoal in d9gnee ahd VPLS
that differ from ImeregardticOnhd! folidRY | dethilgd" B8scripfin of an
embodiment of the invention that is shown in the drawing, it
5 should be remembered that a television system may include
features for generating various synchronizing signals. For
example, a sync separator may produce sync signals derived from
the sync components of the video signal. Deflection circuitry
produces repetitive sync signals at regular intervals to define
10 uniform electron beam deflection intervals. The input signals for
the circuit in Figure 1 include a separated sync signal CSYNC
derived from the video signal, and a flyback pulse VPLS from the
vertical deflection circuitry.
Other input signals in Figure 1 include signals 128FH and
15 2FH which serve as clock signals at frequencies of 128 times the
horizontal rate and 2 times the horizontal rate, respectively. For
NTSC systems, signals 128FH and 2FH have periods of
approximately .5 ps and 32 ps, respectively. Signals 128FH and
2FH may be generated at the outputs of appropriate stages of a
20 counter (not shown in Figure 1). This counter may be part of, for
example, a high frequency phase lock loop (PLL) associated with
an on-screen display (OSD) feature that may be included in the
video system. The PLL is locked to the horizontal deflection
pulses and, therefore, indirectly to the horizontal sync component
25 of the video signal. As a result, normal horizontal sync pulses in
signal CSYNC line up with every other falling edge of signal 2 FH
as shown in Figure 2.
Input signal WRI in Figure 1 may be generated, for example,
by a microcomputer (1C) (not shown in Figure 1) that controls the
30 system. Signal WR1 serves to reset some circuits and load a
number (also supplied by the WC) into 5-bit latch 100 at the start
of operation. The number stored in latch 100 is related to the TV
line to be identified. Changing the number in latch 100 permits
changing the line number that will be identified in accordance
35 with the specification for the type of auxiliary information that is
being decoded.
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3. For exanple, in certain video systens the vertical pulse on si gnal

VPLS fromdeflection circuitry may begin during line 5 rather than |ine
4 as indicated in Figure 2. Testing for the presence of a vertical sync
pul se on signal VPLS during line 4 (a 2 5 |ine delay) when a vertical sync
pul se does not begin until line 5 wi || cause detection of the first w de
vertical pul se on signal CSYNC to bd erroneously interpreted as

dlet ection OL a nqr@.e tﬁelléfem %ﬁ%dtﬁn&ém @lﬁba?h il Figure ne gﬁJ ay \QM d
IR GROE N N Wi ot L
I n a noi se- fpaetcelari ﬁﬁanielehufirehebsieﬁiere steaf uzonlﬂb dyncs, w}mrbsN i signal
CSYNC wi | '1 Ui O e i e AR 'BE muntlcl R B R4 0H NP
5 As is discussed further below, the value 5 that is subtracted from
N is related to the line number at which the first wide vertical
pulse occurs as defined by the particular video signal specification
(e.g. line 4 in field 1 for NTSC standard signals as shown in Figure
2). The following description of the operation of the embodiment
10 in Figure 1, and the waveforms in Figures 2 and 3, assumes that
the values of N and L are 12 and 7, respectively. Thus, line 12 is
being identified and the number 7 is loaded in 5-bit latch 100. As
will be apparent from the following description, different values
may be used for N and L to permit identifying other line numbers,
15 e.g. line 21 for closed caption data.
The circuit shown in Figure 1 looks for a pulse in signal
CSYNC which is wider than 12 us, i.e. it looks for the first wide
vertical sync pulse which is normally 30 us long (the approximate
width of horizontal sync and equalizing pulses is 4 ps and 2 us
20 respectively). This function is implemented with 4-stage counter
136. Counter 136 is reset every 32 us by signal RESPWC, a
narrow pulse generated at the falling edge of signal 2FH by D-type
flip flop (DFF) 128, inverter 130, and NOR gate 132. Counter 136
is clocked by signal CLKPWC at 1 ps intervals whenever signal
25 CSYNC is at logic 1. Signal CLKPWC is generated by toggle flip flop
(TFF) 134 having a clock input coupled to signal 128FH and a
toggle input (T) coupled to signal CSYNC.
A count of 12 in counter 136 is detected by NAND gate 138
when signal CLKPWC is high. The output of NAND gate 138 is
30 coupled to the clock input of DFF 140. The output of DFF 140 goes
to logic 1 in response to counter 136 reaching a count of 12.
Signal CLRLC, an inverted version of the output of DFF 140 via
inverter 142, is coupled to the reset input of a 6-bit counter
comprised of counters 104 and 106. The clock input of counters
35 104 is coupled to signal 2FH. The most significant output of
counter 104 clocks counter 106. The effect of counter 136

BESLAL :‘i’? \ 1 BT
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wi ndow pul se on signal WND2 in field 2 as shown in Figures 2 and 1 5 3,
respectively. This characteristic could be used for field

identification, but the result nay not be correct under weak signal
conditions if one or nore pulses occur in both adjacent w ndows. The
circuit in Figure 1 solves this problem by using the very reliable and
noi se-free vertical deflection pulse on3signal VPLS to 20 toggle TFF 152 to
produce si gnatadtinigDa. count of 12Tix ehsutke tieget Signal EHEL{DﬂteF@SIMhQnd

h f d b
Cesetting tnd0% s Emeyed Erifng esﬁ‘ir?ée%'rf%eara% A6 £ othoh Begfting ent s
for field 2 hmsbteens of dgmﬂt 2dFHTlafercoourtepohllé machwui somunt of dral
CSYNC ot 25 ocouryiiag kil B5ut HBMuBLk *Gy OBoihERE! 1¥8Dkng b6 DFldihes

pr esent i n, the | nedi
Det ecti on &f hﬁe"%h@éﬁ@@doﬂneb@ﬁhs 10Qd|%5atd6igfmlftﬂd1l by |@fppmt69dl(}8 by

NAND gates 149 mdwha@ wﬁﬁdo@': uk&smﬁmrwm q§ %é}ﬁaratecﬂ DEed f(eghur e
Ihzsl Llegf,t ;‘;‘;3‘2@3 :3% \g{tgr pos1tu}eh transmgns of %?énall 4 Fﬁ gx{]oather IB_Dl
us w1de window pulse on signal WND2 is generated by DFF 112
when the window pulse on signal WNDI1 terminates.

10 As shown in Figure 1, the least significant bit of the "A"
input to comparator 108 (input from latch 100) is hard-wired to
logic 1 (VCC) while the number stored in latch 100 is coupled to
the remaining "A" inputs of comparator 108. The effect is that the
value at the "A" input of comparator 108 is equal to (2 x L) + 1.

15 This approach is used so that changing the value of L by an
integer amount causes the line number being detected to change
by the same integer amount. For example, storing 16 rather than
7 in latch 100 will cause line 21 rather than line 12 to be
detected.

20 The value of L is multiplied by 2 in the relationship (2 x L) +
1 because counters 104 and 106 are being clocked at twice the
horizontal line rate by signal 2FH. The number 1 is added to (2 x
L) because it is desirable to shift the window pulses on signals
WND1 and WND2 by one-half of a horizontal line interval (1 cycle

235 of signal 2FH) so that the horizontal sync pulse occurring at the
beginning of the desired line will be centered in the window
pulse. Thus, for the described exemplary embodiment,
comparator 108 will indicate that the output of counters 104 and
106 equals the latch value L, and enable the generation of the

30 window pulses, when the count value at the output of counters
104 and 106 is 15 (i.e. (2 x 7) +1). The value in counters 104 and
106 is indicated on the waveform for signal BO (the least
significant counter output bit) in Figures 2 and 3. The signal
timing depicted in Figures 2 and 3 illustrates that the difference

35 between the line number being identified (N) and the value stored
in latch 100 (L) is the above-mentioned value 5 for the exemplary

(RUELATEVENT SHEET




As descri bed above, the active state of signal LINE is term nated by
signal ENDLINE. Signal LINE could be term nated by the pulse in signal
CSYNC which imedi ately follows the pul se on signal CSYNC that occurs
during the w ndow pul se on signal 3 5 WNDI or WND2. However, noi se on

signal CSYNC m ght cause premature term nation of signal LINE Thus,
signal ENDLINE is 6 . 9 reliably
gener at ed r egabddiansnofshidven Pire FBGee Of 6PéraeindS with NTSC standard

signals.

A sync pulse in the signal CSYNC waveform which occurs

during one of the two window pulses is the sync pulse that

5 corresponds to the start of the desired TV line (line 12 in the
described embodiment) as shown in Figure 2. A sync pulse on
signal CSYNC during one of the window pulses is detected via OR
gate 114 and NAND gate 118. The output of NAND gate 118
provides a “"set" signal at the set input of set-reset latch 120.

10 Signal LINE at the output of latch 120 becomes active (goes to
logic 1 in Figures 1 to 3) in response to the set signal to indicate
detection of the desired line.

The active state of signal LINE is terminated 64 ps later by
signal ENDLINE coupled to the reset input of latch 120 via NOR

15 gate 116. The 64 s interval is defined by a counter (not shown
in Figure 1) that is enabled for counting when the desired
horizontal sync pulse occurs as indicated by signal LINE. The
counter is clocked by signal 128FH having a period of .5 yus until a
count of 128 is produced indicating that a 64 ps period has

20 elapsed. Signal ENDLINE is then generated to terminate signal
LINE.

A field identification signal FIELD1 is generated at the
output of TFF 152. The rising edge of the vertical deflection pulse
on signal VPLS clocks TFF 152 to produce signal FIELDI.

25 The preceding comments describe the operation of the
embodiment shown in Figure 1 under normal conditions, i.e. a
strong signal and no noise. In accordance with aspects of the
invention, features of the exemplary embodiment shown in Figure
1 operate to ensure reliable operation during weak or noisy signal

30 conditions.

Two lines (equivalent to four half-lines as counted with the
2 FH clock) after the 6-bit counter comprised of counters 104 and
106 is activated by signal CLRLC, the status of the vertical pulse
on signal VPLS at the output of inverter 124 is sampled by DFF

35 126. The two line sampling delay is established by set-reset latch

—e ... ..122... Signal CLRLC at the set input of latch 122 "sets” signal
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previ ously descri bed. Anot her feature that inproves noise immunity
I nvol ves using signal 2 FH rather than signal CSYNC as the clock for the
line 5 counter. Signal 2FH is the output of a counter stage in a PLL and
is, therefore, relatively stable. Signal CSYNC is derived fromthe vi deo
signal and may exhi bit noise pul ses correspondi ng to noise I n the video
si gnal . It should be noted that any given nunber | oaded into the
5- 10 bit | aBYPIM latrdeulinvémedigutput lofNEatbhcd22n dogicv® wdiert Regnal

neceseary. tparore 8/t 18gle 1 fabifRdiy bofiei 10 s afor sidpdl"B2 | ¢
det erm ne wh ﬂ%rth%éhgdgdaasthmifisanh autputieef rthe Hrbitdcosmter (22:xanpl e,
PIReCDh of o AR Songpn e bl SREA Bk (0 SigACBREEE 1© .
control li n% {Onéogﬁtlerﬁf{eégflg'{rhé’ug"ét g)df”osi"gﬁﬁ line Aptenval}\RERUE i Qthal LI NE
is active. Asigaaha2FHel yThusrwhenesighaDiCLRLC idtivates ¢oadtdre FONdidd on
signal LINE yhEhes! 85l t HoPl 0, the set signal to latch 122 is removed
enabling a high level on signal B2 (after a two video line interval)
to reset latch 122 causing signal SMPLV to go to logic 1. The
10 transition of signal SMPLV from logic 0 to logic 1 after two line
intervals clocks DFF 126 sampling signal VPLS.
If the vertical pulse is absent, signal NOVP at the output of
DFF 126 becomes a logic 1. Absence of the vertical pulse on signal
VPLS when the sampling operation occurs indicates that the wide
15 pulse detected by counter 136 and NAND gate 138 is a noise
pulse. A logic 1 on signal NOVP resets DFF 140 via NOR gate 144
causing signal CLRLC go to logic 1. As a result, counters 104 and
106 are cleared preventing the generation of window pulses on
signals WND1 and WND2.
20 The described feature prevents a wide noise pulse in signal
CSYNC that is not in the immediate vicinity of the the normal
vertical sync pulses from erroneously generating the LINE signal.
As an example, Figure 3 illustrates the operation when an 18 s
wide noise pulse occurs between the first two pre-equalizing
235 pulses in signal CSYNC. The operation of the noise detection
feature is relatively independent of the phase and width of the
vertical pulse on signal VPLS. The desired noise pulse detection
operation occurs as long as the vertical pulse on signal VPLS does
not start more than two lines after the first vertical sync pulse on
3 0 signal CSYNC, and is at least two lines wide.
Values other than the above-described two line (four half
line) period may be used for the delay between detection of a
wide pulse (wider than 12 ps) on signal CSYNC and testing for the
presence of the vertical pulse on signal VPLS. Different video
35 systems may exhibit timing relationships between signals CSYNC

R ———— and. VPLS that differ from the relationship shown in Figures 2 and
REPLACEMENT SHEET!
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Another feature of the disclosed arrangenent is that' the 32'20.Lery]s width
of the w ndow pul ses on signals WND1 and WND2 perimits a phase}efror
approaching +/-16 [err]s between the hori zont al ’;sy»plgmm’s'%’é’ og %i gnal
CSYNC and every other falling edge of 2 FH. ThHig is an inportant feature
because relatively |arge phase errors may occuy ..Fer—exanpl e, in the
case of a video 25 cassette recorder ()MCR) havi ng| mechani cdq_k[w,};zi._,s\aeelcjiust ment s
in the t ape readi ng nmechani sm the i deo |ine |-ust=Before the start of

t he ver t3 calFdyl exkinpde,pén i cattaine vedadhesysteans hadyertiealspialsehed i s

Gifreront 1HBRREaY DL oMy gEFERHER°EibuaY, RS, beBfh | diting FHESSTTL foo”
sl ow to corfasber thag kne ot asy indieataddnt Higurer 3t Tesfinge forrthecal sync -,
ROt Ul Bt e o o ar M R L Gignal VLS g Thte P22
(rjr?g(r:\: oged5 Zﬁ%@%‘ﬁ&ﬂ?@&%ﬁ%@' r%ﬁfr& pu‘iﬁ%c‘!ﬁﬁsng%fb"aﬁ}?i g W‘ehfir mat i on
to occur dewpilt eatgee deteci@ocst ehe fifstphdde eemival pulse on signal
CSYNC to be erroneously interpreted as detection of a noise pulse.
Changing the delay to a 3-line delay would eliminate this problem.
Thus, the operation of the described embodiment may be adapted
10 to the requirements of various video systems.

In a noise-free environment, the desired horizontal sync
pulse in signal CSYNC will always occur in the middle of the
window pulse on signal WND1 in field 1, and in the middle of the
window pulse on signal WND2 in field 2 as shown in Figures 2 and

15 3, respectively. This characteristic could be used for field
identification, but the result may not be correct under weak signal
conditions if one or more pulses occur in both adjacent windows.
The circuit in Figure ! solves this problem by using the very
reliable and noise-free vertical deflection pulse on signal VPLS to

20 toggle TFF 152 to produce signal FIELDI.

To ensure that signal FIELDI has the correct phase, signal
FIELD1 is forced into the correct state by resetting the toggle flip-
flop whenever the correct sequence of events for field 2 has been
detected. This corresponds to a pulse in signal CSYNC not

25 occurring in the window pulse on signal WNDI, but being present
in the immediately following window pulse on signal WND2.
Detection of the sequence of events indicating field 2 is provided
by NAND gates 146 and 150, and DFF 148. Operation of the
described feature is illustrated in Figure 3 where the wrong

30 polarity of signal FIELD] has been assumed at the start.

As described above, the active state of signal LINE is
terminated by signal ENDLINE. Signal LINE could be terminated
by the pulse in signal CSYNC which immediately follows the pulse
on signal CSYNC that occurs during the window pulse on signal

35 WNDI or WND2. However, noise on signal CSYNC might cause
premature termination of signal LINE. Thus, signal ENDLINE is



10 CLAI M5 Cg ~1 Appar at us
for detecting the beginning of a particul ar horigz m-falq Fae it rval
within a particular vertical field 5 interval in & videg m&@ alI

vi deo signal having an imge synchroni zi ng corrpcnentf?(g i7 ng a
plurality of vertical pulses I ndi cating occurrernce. of said vert cial
field intervals and a ° _ J
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reliably generated regardless of the presence of noise as
previously described.

Another feature that improves noise immunity involves
using signal 2 FH rather than signal CSYNC as the clock for the line
counter. Signal 2FH is the output of a counter stage in a PLL and
is, therefore, relatively stable. Signal CSYNC is derived from the
video signal and may exhibit noise pulses corresponding to noise
in the video signal.

It should be noted that any given number loaded into the 5-
bit latch will result in signal LINE becoming active for the
corresponding line during field 1 as well as during field 2. It may
be mnecessary, therefore, to interrogate the status of signal FIELD!
to determine whether the signal LINE is in the desired field. For
example, present closed caption standards limit closed caption
information to line 21 of field 1. This may be accomplished by
having a uC that is controlling the system test the state of signal
FIELD1 when signal LINE is active. Alternatively, hardwired logic
could be used to condition signal LINE with signal FIELDI.

Another feature of the disclosed arrangement is that the 32
us width of the window pulses on signals WND1 and WND?2
permits a phase error approaching +/-16 us between the
horizontal sync pulses on signal CSYNC and every other falling
edge of 2 FH. This is an important feature because relatively large
phase errors may occur. For example, in the case of a video
cassette recorder (VCR) having mechanical misadjustments in the
tape reading mechanism, the video line just before the start of the
vertical blanking period where the read -heads are switched is
stretched (or less commonly compressed) and has a period
substantially different from 64 ps. The speed of the horizontal
PLL may be too slow to correct this error by the time the first
wide vertical sync pulse occurs on signal CSYNC. The resulting
phase error may have a magnitude approaching 16 ps. The phase
error tolerance of the disclosed arrangement permits accurate

decoding of auxiliary information to occur despite the existence of
phase error.



"plurality of horizontal pulses i ndi cating occurrence of respective ones

of a plurality of horizontal line intervals included i
vertical field intervals, said apparatus conpri sing: ”mm l' " ” 'mns

responsive to said i nage synchroni zi ng conponent for *det ect
occurrence of said vertical pulses; means respon5|ve to an
I nput reference signal at a predeterm ned frequency for establishing a

first delay with 1 5 respect to occukBence of said vertical pulses, said
first delay being related to a nuth&IM$ said horizontal int erval S

expected to occur bet ween said vertical pulse in said particular
vertical field interval and said particular one of said horizontal
i nterval s; 1. Apparatuo ok edetesting dhdebeginmpgnefina and to sai-d

2Diart 2y BRIl AEASEALINGR hicival WiftdnPd) Dardehii! vERlcAlS il

after OCC rence O sal vert ener ng a secon
timng pdl beepelajie @ videeosignabl agadmvtlde@esseal hayls&lmﬂm@e timng

pul se, sai gypcleRdzERY %tﬁﬁbﬁgnf hpisify tAepRithAty 0Bf Oerticat pflses
hori zontal , Ax@%n'ngt %E:X&rlrence of said vertical field intervals and a
plurality of horizontal pulses indicating occurrence of respective
ones of a plurality of horizontal line intervals included in each of
10 said vertical field intervals, said apparatus comprising:
means responsive to said image synchronizing
component for detecting occurrence of said vertical pulses;
means responsive to an input reference signal at a
predetermined frequency for establishing a first delay with
15 respect to occurrence of said vertical pulses, said first delay being
related to a number of said horizontal intervals expected to occur
between said vertical pulse in said particular vertical field
interval and said particular one of said horizontal intervals;
means coupled to said detecting means and to said
20 delay means for generating a first timing pulse said first delay
after occurrence of said vertical pulse, and for generating a second
timing pulse delayed a second delay with respect to said first
timing pulse, said second delay being related to the duration of
said horizontal line interval; and
25 means responsive to said first and second timing
pulses and to said video signal for detecting occurrence of one of
said horizontal pulses during said first or said second timing
pulses.

30 2. The apparatus of claim 1 wherein said detecting
means detecting a horizontal pulse during a predetermined one of
said first and second timing pulses but not during the other one of
said first and second timing pulses indicates occurrence of said

particular vertical field interval.
35
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2 5. means responsive to said first and second tim ng pul ses

and to said video signal for detecting occurrence 'n

hori zontal pul ses during said first or said secondﬁmmﬁum“”wrml .30
2. The apparatus of claim 1 wherein said detecting ¢ tnmefans détecting a
hori zontal pulse during a predeterm ned one of said first and second
timng pul ses but not during the other one of said first and second

ti mng pul ses indicates occurrence ot lsaid particular vertical field
interval. 3 5 3. The apparatus of claim 1 wherein said first and

second timing pulses exhibit a duration related to the duration of
said horizontal line interval such that said predetermined
relationship substantially decreases a sensitivity of said detecting

S means to timing variations in the occurrence of said vertical
pulses.

4. The apparatus of claim 3 wherein said duration
of each of said first and second timing pulses is substantially one-
10 half of one of said horizontal line intervals.

5. The apparatus of claim 1 wherein said means for
detecting said vertical pulses includes a counter for counting
cycles of an input clock signal at a frequency substantially greater

15 than the frequency of occurrence of said horizontal line intervals;

said counter being enabled to count in response to a
pulse in said video signal occurring during an interval when said
reference pulse is expected to occur; and

said counter producing a count representative of the

20 duration of said counter enabling pulse.

6. The apparatus of claim 1 wherein said means for
detecting said vertical pulses comprises:
first means for detecting a wide pulse in said image
235 synchronizing component, said wide pulse having a duration
substantially longer than one of said horizontal pulses; and
second means for detecting a pulse occurring in a
deflection synchronizing signal a predetermined delay after
detection of said wide pulse, said predetermined delay being
30 related to the duration of said horizontal line intervals.




11 ' 3. The apparatus of claim 1 wherein said first and

second timng pul ses exhibit a duration related to t i on of sai d
horizontal |ine interval such that said predeterm negniﬂmlgm ”mﬁmﬁ’
substantially decreases a sensitivity of said detectifag ¢ 9, ‘Stliof& i m ng
variations in the occurrence of said vertical pul ses. 4.
The apparatus of claim 3 wherein said duration of each of said first
and second timng pul ses is substant il ly one- 1 0 half of one of said

horizontal line inter¥als.The apparatus of cl&im 5Tiheapmaratus of claim 1
wherein said means fagid piedéietinifed 2 fbqiRnklCr RUI® R diC r¥fsende COuUNt e

for countin? . )
signal is two times the frequency of occurrence of said horizontal

line intervals;
5 said frequency of said input clock signal is 128 times
the frequency of occurrence of said horizontal line intervals; and
said input reference signal and said input clock signal
exhibit substantially stable frequency characteristics.

1A, :
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cycles of an input clock signal at a frequency substantially greater 1 5

than the frequency of occurrence of said horizontal line intervals;

said counter being enabled to count in response to a pul se in said video
signal occurring during an interval when said reference pulse is
expected to occur; and Z?id counter producing a count
representative of the 20 duration of safd counter enabling pulse.

6. The apparatus of claim 1l wherein said neans for detecting said
vertical pul ses conprises: first means for detecting a w de

pul se in said image 2 5 synchroni zi ng conponent, said w de pul se having a

duration subst &V i IAINE AND'GIELD DEFRTT ION SPEh Oy Gt pul ses; and
second neans for detecting a pulse occurring in a defl ection

synchroni zi ng signal a predet SSOONNDIESHE aMMUNETY detection of said w d'e'

pul se, said predeterm ned delay being 3 O related to the duration of said
hori zontal |ine intervals.

ABSTRACT

An auxiliary video information decoder for decoding
information such as closed caption data in a video signal identifies
a desired horizontal line of video in a video signal. A reference
pulse in a synchronizing signal is detected followed by the
generation of first and second window pulse signals occurring at
predetermined delays after detection of the reference pulse. A
pulse occurring in the synchronizing signal during the window
pulses indicates the start of the desired horizontal line interval. A
field identification signal may also be generated. Features for

improving noise and phase error immunity when identifying a
video line are provided.
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12 7. The apparatus of claim 5 Mh?#@#ﬂ - ! Sai d
predet er mi ned frequency of said input reference shﬁﬁﬁL“’Eﬁﬁﬁb @ ' E’the

frequency of occurrence of said horizontal l'i ne |ﬁtgrvals ‘
said frequency of said input clock signal is 128 tlde &pﬁA@mgque cy of
occurrence of said horizontal line intervals; and sai _nput

ref erence signal and said input clotk3signal
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exhi bi't substantially stable frequency characteristics.
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