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I nvention relates to the field of synchroni zing signal separators, and

in partsiicular, to the field of adaptive 5 synchronizing signal separators
as may be incorporated into an integrated circuit. : An

i ntegrated synchroni zing signal separatgr is utilized in an I nt egr at ed

circuit processor for an auxiliary video signal appearing as the inset
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signal slicing comparator compares the low pass filtered signal,
20 which represents the luminance component of the auxiliary video
signal, to a reference slicing level of about -25 IRE, which is about
15 IRE above the nominal synchronizing signal tip level of -40
IRE. The output of the comparator is a composite synchronizing
signal. The horizontal synchronizing signal is' separated by a
25 horizontal phase locked loop and the vertical synchronizing signal
is separated by the nonlinear filter. The separated horizontal
synchronizing signal is an input to a digital back porch clamp,
which also receives the luminance component as an input, but
which does not otherwise play a part in the synchronizing signal
30 separation. A clarriped luminance signal from the digital back
porch clamp is used for further video processing in the integrated
circuit. T
The foregoing approach works well under typical signal
conditions, but is more prone to fallure when- the synchronizing
35 signal is compressed"of”the 51gnal 1s n01sy When the
syaehromzmg signal.'is- cempress_ed errors can result when the



2 video | evel drops below the slicing threshold. In order to mnimze .
this, the slicing |level can be set closer to the synchroni zi ng si gnal
tip lewel than the -20 IRE |l evel, which is nom nal Iy the half way point
between synchronizing signal tip 5 and back porch. This degrades noise
“immunity, but is generally consi dered the best conprom se. The |evel of
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established, the synchronizing signal slicing level is set to one half
20 (50%) of the synchronizing signal pulse amplitude by averaging
the synchronizing signal tip level and the black level,
corfesponding to the back porch. This reduces the probability of
false triggering due to video levels, because the synchronizing
signal slicing level can move closer to back porch as the
25 synchronizing signal tip moves closer to back porch, at least up to
a point. Noise immunity is enhanced when the synchronizing
signal tip moves away from back porch, because the synchronizing
signal slicing level moves away from back porch, at least up to a
point. The improvenient in the ITT chip set nevertheless falls
30 short of a performance level which is substantially comparable to
the synchronizing signal separation in the main video channel
processing. — '
Even better performance can be achieved if the
synchronizing signal slicing level is adjusted over a larger range to
35 accommodate a larger range of variation of the synchronizing




3 signal tip level, without regard to the dual node systemor the 50%
level limtation of the ITT chip set. In accordance with an

i nventi;ve aspect, the digital back porch clanp provides a digital value
corresponding to the back 5 porch before clanping. .This nunber is averaged
with a synchroni zing signal tip reference number which may or may not

be the true synchroni zi ng signal t|p vague. The result of the aver agi ng
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range of the synchronizing signal tip slicing threshold to a nominal

20 one half (50%) value, for example approximately -20 IRE, and a
range of + 10 IRE relative to the nominal one half value. This
range represents approximately 25% to approximately 75% of a
nominal synchronizing signal tip value of 40 IRE. This aids in
acquisition and prevents latch up or oscillation. The improvement

25 in performance is dramatic, and approaches the performance of a
vertical countdown synchronizing signal separator.'

An adaptive synchronizing signal separator in accordance
with an inventive arrangement comprises: a source of a video
signal, said video signal including synchronizing components

. 30 disposed on a back porch portion; means for clamping said back
porch portion to a predetermined level; means for generating an
output reference signal having a value indicative of successive IRE
levels of said back porch portion prior to operation of said means
for clamping; means for generating slice level values indicative of

35 a numerical relationship of said reference signal value and a fixed



4 val ue; and, nmeans for generating a conposite synchronizing signal

by conparing said video signal to said slice |evel values. ~ The
synchroni zi ng signal separator may further conprise means for limting
the slice level values to a range of slice levels, 5 the neans for _
generating the conposite synchronizi ng signal conparing the video signal
to the slice level values as |imted. 4 The video signal may be a
digitized vide s[gg&!{l, i n which case the neans for clanping, the neans
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according to Bredetermined level, for example, an IRE level, of the back porch
portions, for example zero volts, and the output reference signal is
indicative of the DC offset value, for example a fraction of the DC
offset level. _ .

20 The invention is applicable to a variety of video signals
including, for example, luminance signals, RGB signals and any
other signals which ‘may contain synchronizing components.

FIGURE 1 is a block diagram a synchronizing signal separator |,
according to an inventive arrangement. |
25 FIGURE 2 is a block diagram of a digital back porch clamp
suitable for use with the synchronizing signal separator of FIGURE
1.
FIGURE 3 is a block diagram of an adaptive synchronizing
signal slicer suitable for use with the synchronizing signal
30 separator of FIGURE 1.
FIGURE 4 is a block diagram of a vertical filter suitable for
use with the synchronizing signal separator of FIGURE 1.
Detailed Description of the Preferred Embodiments
A synchronizing signal separator 10 according to an
35 inventive arrangement is shown in block diagram form in FIGURE
1. An auxiliary video signal, which is to be the source of an inset



3 5 inventive arrangenment is shown in block diagramformin Fl GURE 1.
An auxiliary video signal, which is to be the source of an inset
picture of a picture-in-picture display, is an input to an anal og

synchroni zing signal clanp circuit 12. The cl anped anal og signal s ‘an
input to an analog to digital converter 14, an output of which s a
digitized video signal, in partlcular Iun1nance signal 5 (LUMM

i ncl udi ng hor| ntal nd vertica nch onents.
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through filters having different frequency responses, will depend
20 on subsequent processing requirements. Whether or not low pass
filter 16 has different outputs with the same or different
frequencies, or whether or not low pass filter 16 is embodied as
separate low pass filters for generating the LPF LUMA 1 and LPF
LUMAZ2 signals respectively, with the same or different frequency
25 response, is not critical to the adaptive synchronizing signal slicer
taught herein.
The adaptive synchronizing signal slicer circuit 20 also
receives a back porch reference signal from the clamp circuit 18.
The adaptive synchronizing signal slicer 20 generates a composite
3 0 synchronizing signal (COMPOSITE SYNC) output, which is an input
to a horizontal phase locked loop (HPLL) 22 and a nonlinear
vertical synchronizing signal separator (VERT SYNC SEPARATOR)
24, which regenerate horizontal and vertical synchronizing
components respectively.
35 The horizontal synchronizing signal is an input to an edge
detector and delay circuit 30. Horizontal synchronizing pulses are




24, which regenerate horizontal and vertical synchronizing . conponents
respectively. 3 5 The horizontal synchronizing signal is an input to
an edge detector and delay circuit 30. Horizontal synchronizing pul ses

are _ 6 edge detected by circuit
30 and del ayed versions thereof are supplied as a timng signal, LUVA
CLAMP PULSE, to the back porch cl ang 18. A master clock 26
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di gi tal convappdiedias antiming signaliabUMA SLAMBMRULSE, sogthel batk cer 20. At
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the | eading @érwiate di Wwerd FrefiRAcyOclotRr siganl (U1K St 36) aBEd thie (B renai ni ng
bits are used &'oaiefxieseat t he magni tude. A negative nunber i.s obtai ned
by conpl enent§WFaL TS 2fe bits of the correspondi ng positive nunber,

and addi ng one unThei digitel backopotdlorcladpt 18, | thestadaptivef sguchirodizing. The
ragni tude (raREhQUSEr |20 sk B SEFER Bited 24 e fhdf %2%?%@%3%3 by n
bits. Since 3 and Hbreespecmely.onkn capheek thege digures, somenafitbe 0, there
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ubtraction in t s-conmpl ene rmat Is particularly conyenient, .
bei ng perf orﬁ&’d wehy s1gngls Ay aﬂ%“%k A5 cBABEBREnsignals, |t s not
necessary toindi€ating' snomagnieade. All such signals without an asterisk
are in two's-complement format. In two's-complement format,
the leading binary digit is used to represent the sign and the
20 remaining bits are used to represent the magnitude. A negative
number is obtained by complementing all of the bits of the
corresponding positive number, and adding one unit in the
position of the least significant digit. The largest negative number
represented by n bits is one unit larger in magnitude than the
25 largest positive number which can be represented by n bits. Since
there is only one representation for the number O, there are 2n
distinct numbers which can be represented by an n-bit word.
Subtraction in two's-complement format is particularly
convenient, being performed by using an adder and a two's
30 complementer. It is not necessary to use two's-complement
format to implement the invention taught herein.
With reference to FIGURE 2, the back porch clamp 18 is
responsive to low pass filtered luma signal LPF LUMA, for
example LPF LUMAL1, and the LUMA CLAMP PULSE signal. The
35 clamp generates the back porch reference signal BACK PORCH REF
and a clamped luma signal CLAMPED LUMA. The basic object of




format to_inplenent the invention taught herein. Wth reference to
FI GURE 2, the back porch clanp 18 is responsive to | ow pass filtered

| uma signal LPF LUWVA, for exanpl e LPF LUVAL, and the LUVA CLAMP PULSE
signal. The 3 5 clanp generates the back porch reference signal BACK PORCH
REF and a clanmped | uma signal CLAMPED LUVA. The basic object of

7 the clanp is to add a DC of f set to-;the i ncom ng |uma signal LPF

LUMA so that th k h |l f th ignal . CLAMPED _ LUMA i
ey et o ol B RO AdTH DRSS o 1B, incoBtingy kEht SiEnHoLPR vi dor
%_ﬁS, Dglatyf ]E)e :thM i sof tlat dlfesbaulo porch plevel dJ%fnthd bﬁ/t%lft ﬂgﬁapmxtm?égset-

e of f se ener upl.down . caunt er o
whi ch counts %pmg%:ggpér Sr Jl‘ifz)?n{i%qtﬁqll@l@%?f t’ﬁge ILTS SEEHY g%cﬁx‘fﬁprtch

| evel is bel ofprodividerhi8$, saaintbe dbomghthof as eservorforopraidingiehei f t he
i ncom ng baskngedsshry emel offsegbove 0 1 0 Ievel. The counter is enabled by

CLAVP PULSE | nput . SPEnliC Offsghis, astiestiedofiamneis. DRt oér & orp/down <. a
one system cl oountsird¢80, whichecobhtshupcouncs e hobionbalr linentigl thei ne,
to wnich is abepining ik pBIHE Tev B ey 0] B wlRR et AR oesuni bi
circuit i npeudwyizontalidinejeifothe ineomimgibarkt portie lewghiis abovef Ot he
Count er by 04521, * The il Y RIS DYAR bR o Dl Uherah ;"
di vi des the 2d3fngrhichqis sespomsivsute theckUMA @&uAMJ? RYL8¥s inputesignabet  of
di vider 184 i Eachabufpifi 6prehecpliisee generatsr a8st e £ ot Systefi 16k widdP Of
down, are required before the of Tset. val u crement.s” o decrenent s
by one count. p'l‘irc‘@ 15 QEPULF, ORES; Beﬁnh@rfﬁﬂi?‘t QH‘%WSHHEEJW% ROTCEui t 186.
A second i npufThis pulse LiBFan Ulput rtpua Sitesi§Rakhe Athéi igputnpotwhichaisam y in
out put  of Bt BaIbtt Sor™s o] iphibd "EickBR 181, | AR Sl sehBE i o7
The output  ingludassa eewrt deepdemgespgnsiveuto dheemagnitude ofothie count s
after output of divider 183, which divides the magnitude of the output |
of the -counter by 64. _
The DC offset is an output of divider 184, which divides the
20 magnitude of the output of the counter by 128. The effect of
divider 184 is that 128 consecutive counts of the counter, either
up or down, are required before the DC offset value increments or
decrements by one count. The DC offset value is one input to a
summing circuit 186. A second input is the LPF LUMA input
25 signal. A third input is a carry in bit C IN generated by gate 187.
The inputs to gate 187 are another pulse output of pulse
generator 188 and bit 5 of the output of the counter. The output
" of pulse generator 188 may occur a few master clock counts after
the output supplied to gate 182. The CLAMPED LUMA output is
30 generated by divider 189, which divides the output of the
summing circuit 186 by 2, resulting in an 8-bit signal. The most
significant bit MSB of the output of the summing circuit 186 is the
sign bit. The SIGN BIT (MSB) represents the error signal which
controls the counting direction of the counter 180. The SIGN BIT
35 (MSB) signal is also an input to the wrap inhibit circuit 181.
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out put of the summing circuit 186 is the sign bit. The SIGN BIT (MSB)
represents the error signal which controls the counting direction of
the counter 180. The SIGN BIT 35 (MSB) gignal is also an input to the wrap
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i nput si gnal ‘P§ &% Shirom -dd5) i, 6P3. olhis wepresents aggRPafSItTH OSYNC
signal is hi JRE.THEhe\SKICBLEVEL dughal of llithiker 20Bexetonsletingy gy adj ust ed
to always be ANREOXIHHY A Yindat fofwgycomparator 204. The LPF LUMA, for
example, LPF LUMAZ2, is coupled to the inverting input B of the
20 comparator 204. A nominal waveform with IRE values is
illustrated. The comparator 204 generates an output when A > B.
The output of the comparator 204 is stored in a latch 205. Latch
205 and latch 202 are enabled by the master clock signal CLK.
The COMPOSITE SYNC output signal of latch 205 is low whenever
25 the LPF LUMA input signal is below the slice level. Otherwise the
COMPOSITE SYNC signal is high. The synchronizing signal slice
level is thereby adjusted to always be approximately half way
between the back porch level and the synchronizing signal tip
level. _ _
30 The COMPOSITE SYNC output signal of latch 205 is an input
to the phase locked loop circuit 22, shown in FIGURE 1, and the
vertical filter 24, shown in detail in FIGURE 4. The horizontal
phase locked loop 22 is conventional, and not shown in detail.
With reference to FIGURE 4, the nonlinear vertical
35 synchronizing signal separator 24 comprises an up/down counter
241, enabled by the CLK + 36 signal, controlled though a gate 243,
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| ocked.loop circuit 22, shown in FIGURE 1, and the vertical filter 24,
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15 10 246 is the separated vertical synchronifng signal VERT SYNC. The
VERT SYNC signal also controls switch 245. The alternate slicing
levels provide hysteresis which inhibits jitter of the VERT SYNC
signal.
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What is clained is: 1. An adaptive synchronizing signal
separator, conprising: 5 a source (12) of a video signal (LUW),
sai d video signal i ncl udi ng synchroni zi ng conponents di sposed on a back
por ch portion; characterized by: means (18) for

cl anpi ng said back porch portion to a 10 predetermned level (e. g., O

vol ts); means (185) for generg§i ng an output reference signal,

(BACK PORCH REF) having a value indicative of suc vel s of
sai d back porch portion prior to operation of sai Emﬁllmﬁllmumor
cl anpi ng; 1 %hat is rdaimeed 481) for generating slicé Ievél Val des*(SLI CE

LEVEL) I ndi cative of a nunerical relationship of said reference signal
val ue (BACK PORCH_REF) and a fixed value (e. "-64"); -and,

means (204) for gdmer &% r@aﬁtw&nﬁxgﬁlﬂl@mwhrsggﬂaéi SeP&agPral COMPLISINEOS| TE
SYNC) by cgnparing seuteV{HBoosi gnaded lsSPEndl NEGMAY, baids ¥idecs Isigitall evel

val ues (SLICE(:I;IlElgEL%. . .. 2. The synchrani zi ng signal eparabor of
claimi, ORGP yRsroRizing; comRTERtL MSPESE q CRmack RRIGR: | zed by
an anal ogpoatidingi t al converter (14). 3. The synchroni zi ng

si gnal separator | 2, 25 characterized in that said neans (18)
for cl anmping Conb;&?]lggégglir%eﬁ ® i deg signal (LUMA) with a DC of fset val ue
(CLAMP OFFSET) t o meanse{{l8)h|foshclompingr saidt bpek rperchepertipn. tga 0 vol ts)

of said bq@(pmd@@@mqﬂed)q@%pr(e_ g., 0 volts)4- The synchr oni zi ng signal _
separator of claim3, 30 ractefized.in that said output reference signal
(BACK PORCH RER§ANS (iI%BSC QT \BETSFAURE (am OB cretraPlce (BBRRP OFFSET) .
5. The synch@BACKnBORQUHaRE®phavihgra ofalud dndicdtive of slwessiveriRFed i n t hat
ot set “tVSFLeﬁf%@faﬁ/Bf G PHCE pOHIS ok, ] Fooshfibh, 8 Pz Redosar ar o
of claim5, (18)cfoar elampingid in that said fraction is approxi mately one
hal f (1/2).5 means (201) for generating slice level values (SLICE LEVEL)
indicative of a numerical relationship of said reference signal
value (BACK PORCH REF) and a fixed value (e. g., "-64"); and,
means (204) for generating a composite synchronizing signal
(COMPOSITE SYNC) by comparing said video signal (LPF LUMA2)
20 to said slice level values (SLICE LEVEL). "
2. The synchronizing signal separator of claim 1,
characterized in that said video signal (LUMA) is digitized by an
analog to digital converter (14).
3. The synchronizing signal separator of claims 1 or 2,
25 characterized in that said means (18) for clamping combines said
video signal (LUMA) with a DC offset value (CLAMP OFFSET) to
establish said predetermined level (e. g., 0 volts) of said back
porch portion. ' '
4. The synchronizing signal separator of claim 3,
30 characterized in that said output reference signal (BACK PORCH
REF) is indicative of said DC offset value (CLAMP OFFSET).
5. The synchronizing signal separator of claim 3,
characterized in that said output reference signal (BACK PORCH
REF) is a fraction of said DC offset value (CLAMP OFFSET).
35 6. The synchronizing signal separator of claim 5,
characterized in that said fraction is approximately one half (1/2).

.



11 . 7. The synchronizing signal separator of clains 1 or 2,
characterized in that said nunerical relationship of said reference

signal value (BACK PORCH REF) and said fixed value (e. g., "-64") is an
average. 5 8. The synchroni zing signal separator of claims 1 or 2,
further characterized by nmeans (203) for limting said slice |evel

val ues (SLICE LEVEL) to a range (e. g.11-115 to -95) of slice |levels,

sai d neans (204) fpr %@egﬁélﬁgn gg ﬁgggp@kb a;%n%fl %g? r i gnal
COVPCSI TE SYNC na 0 % %«aid slice
I(evel val ues ng'? Pg%rnfa“ f Saal‘t sai nulfﬁéf@? cﬂi}ﬁwzsmg oif gpaid srefraneawr of

cl aim 8, cﬂmgnwlcVehnezﬁiiAﬂK tP(aRCSI-IiIRElF)iﬁﬁé said Fiideee vhRe(eS 4.5 "-64"
appr oxi mat el y, LRE 10 IRE. . . 10. The synchronl zing sl naI
separator of cl ai h88% 5 characterized in that said range of said slice

level s is fXom &ppﬁ‘(hﬁl m@lryn%&’gtmgapbrsepamoﬂqf ¢havingf lnornmal
synchroni zi anu?tlfé?abhhfa‘btt\!ﬁ‘zé@ b}{ means {S'Iesgtliﬁgﬁﬁéa élﬁ fgf &?al

separator of cl.aim arac erlzed
cl grrpl ng, saiYRlReRASLICE LEgeEL) dp @é’ﬂ@ggt(ﬁng sal b dat9 Qfeshcedeeels; gnal ,

said means  saf@Oieansr (Eem)?rﬁirl ggnéﬂitﬂl ldag@ E& ?bsi’té' 9 ﬁ 2'1 ans

(203) for 11 MERLGOMERRITEARAEN @ 3 1A S il s (B ¢ e

The synchrldhlleMAQl)gtmlsaEb[sklcathuvebfvalhes s lintted, 2 5 char act eri |Ze((jBIA?:K
t hat said neans 5 r erence si gna
PORCH REF) conpr |( i%s) Tfh%l ?‘3@%?‘?%‘% ngfg&lgl s%i)ggétgr Iiﬁgr Shlgé val ue ( CLAMP

)

OFFSET) gener(élaéacw nthissaid fammge fafr sticanteveds tis eppeidiimielyai d
predet er m ned20enrak +(150[1g]31 0 vol ts) of said back porch portion. 3 0
13. The synchroni z 6' nal separator of clains 1 or 2 characterized
in that. said vi deL 31 syachronizing, signal  spparator of claim 84, The

synchr oni mﬁg;lmrgamlrlmdpmadlat safid Claig esoﬁ saﬁd2s11ce 1e¢é1§ra0ffﬁfngdtl n tga;
sai d predet erfifads heval 95953 a%%%léx teTy 759%° Of nOminal & Predetermne

| RE | evel .
: synchronizing signal tip value.

11. The synchronizing signal separator of claim 8,
characterized in that said means (18) for clamping, said means
20 (185) for generating said output reference signal, said means
(201) for generating said slice level values, said means (204) for
generating said composite - synchronizing signal and said means
(203) for limiting are embodied within an integrated circuit.
12. The synchronizing signal separator of claims 1 or 2,
25 characterized in that said means (185) for generating said output
- reference signal (BACK PORCH REF) comprises a divider responsive
to a DC offset value (CLAMP OFFSET) generated by said means
(18) for clamping to establish said predetermined level (e. g., O
volts) of said back porch portion.
30 13. The synchronizing signal separator of claims 1 or 2,
characterized in that said video signal is a luminance signal.
14. The synchronizing signal separator of claims 1 or 2,
characterized in that said predetermined level of said back porch
portion is a predetermined IRE level.
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