; €3e<889; 8; , <6b<T<pt (4 APRI L 2003 BI AS CONTROL APPARATUS FOR A DATA SLI CER
IN AN AUXI LI ARY VI DEO- | NFORMATI ON DECODER The present invention relates to
detection of information that nmay be present in a video signal during
vertical blanking intervals. A video signal typically indlARRIE 20881t cal
di splay intervals) or fields) having a plurality of horizontal |ine
intervals) e.g. 262.5 'ines per field in NTSC video systens. The begi nni ng
of each vertical and horizontal intervhl is identified by respective
vertical and horizontal sync pul ses that are included in a conposite video

signal. During a mvxtsi emmReﬂs:hmmimjs' Iewmmnmr@@mmn in the
vi deo signal may not y verti cal

bl anki ng i nterval sp 8 crt | ine
intervals in each fiel d. I n add| t| on) several I ine intervals adjacent to
the vertical blanking period) e.g. line 21) may be within an overscan
region of a video display and will not be visible. The tack of displayed

i mage informati o'ﬁhduprmnbl ankemipmnglaresr se adetectiony afs infdeesatidn possi bl e
to insert i ) X | osed
caption datat ga?rﬁtg % Re ('g&fent rvazf%aggpg%g\gi dﬁngtﬁ’ R'@hli&age%’}f?'{klﬁ

Conmuni cat |l®ﬁ@V@(b$rm s video( samalRescpicakly oincludes neettival f disphay f or each
type of auxipld@fays,] 'Bfrofl'él’dé Oﬂallﬂiéé ydi Grélﬂgg‘??shéf&@hfﬁl ﬁfnét ptervdQr mat i on

within a vertic nt erval present c ed capti oni ng
standard (%8 @%ég ghnespeg tisld) 1o §€873“ )SYStefBeci fl; ?Ela‘tm%ﬂgﬁtal

data corresquuidivegtical AGtd | hetiaoacdl eimetedl Gé omm@aiw R pedeivebe in
line 21 of field,l1. cE@ure |f|cat|L@ns tg he sta gg hay permt

auxi liary iYiSicah: 3% ?1‘37103 P HREPHER i8Rt A 1RGUSEd e ed i n ot her
lines) e.g.compesité videevaigndli eIlunAgxaI partjorvi afe@achf vertital omtérval,
extracted fy i deo u C taant of a
decoder 1's TRarpafioh' 8 ou¥ Yideo Sehil AyzcROE he MitaRA! (BF' ARBIAy.

vol tage conber agxamplei ag varticakdlanking insenval ngpansi approximatady the

' nformati O”ﬁ?ﬁpbbeﬂo}i‘%oﬂ@@l 'lﬁ\%“tmte'f% OPA 'éﬂé‘l‘i‘ FRAHOT ”I%”‘iﬁ)ixt?or’i eE@I’/@H&‘Pe or

"slicing" voltage at a S rator shou

mi dpoi nt of ligelnieryals oa ﬁfi“b)@@uﬁb"r dIPYBFa]& Ichjaa 118 i RETOD| 86&3 ﬁﬁPo?htl on
signal . Themayt pet mihmhancavaﬁsrcahomgmul of thandes odisptayn dnidnawiyl siognal
repr esent at ve of.. the auxiliary information contained in the video signal.
A constant 2Fi 2% B Y evel may not be adequate for all video signals. Video
signal levels naTheatlgIcIdecpferdispbly@d uinmgsomﬁmmﬁtmmedwmdgobmmag
Utilizing n l.e I g el s may
bi as the e lr?%c?g%%g%ﬁak@ﬁgg%llsrg% keS g&%s@g 80 ?ﬂs@?fzﬁf q‘r&%ll %I ting in
erroneous dEf@raatiofc CosnponRmit, e&:&rrp‘leéeteﬁ théﬂWbe(ﬁ%ﬂtmldart&ng@tq S 0 | RE

tange of b JIEC: @RV Stindatds TEIE £ TedRap QoA hRa O *od R
were used a omrgnssm@%@&@)sﬁ la%gn ndefin n@s ocmal fpr rage type=ofa | ogic
1 woul d neVSﬁxﬂ&@XhﬁP&ﬁﬁﬂlbﬁCMﬂdiﬂ? thied s1tli16Nﬁf eoft ahgsidfoentition ng

| evel . Thus . esirabl.e to t the sI IeveI to th anpl i tude of
the input vi dLJH“ngHSI“ a?hé"ﬁﬁﬂﬂgt Ef’ra‘?f‘aéUR g&yﬂ’ﬁf%@n&!? conponent
such as cl oeaptioning stantdrd (sel edes4jir Gﬁl%&fnsli d1Paandi 73u682)n adaptive
slicing |evg ﬂ%eélg@%t R4t Sd“*g;tﬁpe&tt& Sﬂg’eggwcﬁn&?% eR Q:?xap?ctﬁ*sostﬁf‘ caption

signal in |I begin i in rvaI e video
si gnal wthcwmdc%momm@st be simn liasi @ |0fefi@derlce FAHYES or m desi gnat ed

the "run- Innfddm@at{o%sc)to Tﬁe Ha@draeaehm}zepmmoaammf tin€oBu¥tibhar y
vi deo data si gnal t he Iat er ha 5 I|ne 21 interval by
a data signd¥ sfrmd Fﬁﬂ%‘of’eg?@s&t‘%" featy tU‘antb bdinese £8i dinca2la. The
cl osed capt pfneviartya figldndar d establishes that the anplitude of the RIC

signal is |dent| 0 the f the d g S e average
of the RIC signal ‘éﬁ&aﬁuaé ?r@ ﬁ#ggﬁﬁﬁ OB 1t Ef‘f@fi 3‘3‘}‘8@‘?&%‘.&5
subsequent digralsusingl a decddewPRl An200postadneparet obd decoder ds othengatzhe
slicing voltage is to integrate the sinusoidal R C signal and use the
resulting DC voltage as the bias for the data dicer. A large integrator
capaci tor wey“ be required to prevent the slicing voltage fromchan |ng due
to | eakage cur s discharging the capacitor during the |nterv I etmeen
occurémmmm“m\‘gml |iary video data (e.g. the interval from to
the n d caption data). A |large capacitor, howev @ u m“ l“l
long integrattdn intervals to respond to changes in video si

when changing the slicing level. For exanple) in a closed capti on’ SI gnal
the RIC signal is present only for 14 ps (7 cycles of 500KHz sinewave) at
33 3 s |ntervals (perlod of one frarre of VI deo) A Iarge capamtor may

o o o o o o - o o v o




It may be desirable to include an auxiliary video information decoder in a
vi deo signal processing integrated circuit (I1C. A large integrating
capacitor may) however) be too large to be included in the IC. An extra IC
pin woul d be required for connecting an external integrat4PRIB2003t Or.

Al though it may be possible to design a fast integrator with conponent

val ues that are snmall enough to be included in an IC) the resulting design
may exhibit tight tol erances which nay be inpractical for an integrated
circuit design. Mrre specifically) I1C pdrameters may vary during
production. A design havi ng tight tol erances nmay be inconpatible (produce
unexpect ed or, undesirabl e rformanc as _a,resu f a ter varlatlons
during | C protf§&t i ith 14% é%'%rnlm‘}yn%ntal SRNREE; %ﬁé@%afﬁoﬁa

recognition \qﬂebhengieﬂctahfydngr abk#imyandded rinfarraition ppphbdl ng ane
auxiliary V|deo |nf eco spl ol dance
with an aspel&p bt thoernl%&in@ﬁ?ﬁ" r{)quémrz\ail}%el |grﬁé?§rc;nrgr%ni§gl ogr}?ﬂhgodegﬁggé APRI L
2003 4 incl wtes seatnd ldpuerO%mUen@@m@affﬁﬁf joudd i bey athéhe| medpeint eofel bi as

of the data @ C?I’eath@ l@'é}&:dr?»}b‘ﬁ' &dkwtm;,af@a@@c@or{pf&ml&pans for
detecting a ref rence c rrponent 0

auxi | iar rmation Si and
means for pr%éﬂiﬂ .ng Thec Suhpubof; Hie rﬂﬂ%@?ra&?r twwttﬁﬁ'@ Pﬁé‘”fj@fg 6
conponent i ssigdfhPCleptesditativiel @fnghd emetiliasy aitifostrediomtedntaiheed elhertﬁece
component is detected., The count is increnented after display intervals in

whi ch the ref Qnéég'&%lrrponent is detected and is decrenented after display
intervals in whicA chastafteskoing tovglomayt not botadesuate efvr 8lli videy | evel

Pwention mﬁﬁﬁéﬁbené&ﬂ%hﬂgﬁgf"%aé%y ay; 28 &Wﬁéeéﬁ‘a%*’eﬁgﬂﬂ%%ﬁmfcﬁhe
Figure 1 shothe aidexasighal. ofUaﬂllauxlal%Q'WMtdé cingr devek ivoith svaying

waveform Fi | Oided 5if fT’%ﬁV@lsbhﬁE Hia@gmn émietedpqm oahdéslﬁamgdeo si gnal
proceSS|ng sten1| | Ng |af$g €0, Si gnal extraction appar at us
according t °t"h¥ prl‘ég iy EPgicon; I Uéﬁ?%s "?)eg%‘ezf’“s‘h&ﬂ/}a ’Ear"é Qi in
schemati c di Bgr 2xahipls) ahdheavideal signah rmgdahs)@IHEama&O fIRrET)a eibfednly ment s

8 show vi deolcvelal TARREGIs BesiuBbl Wrif B2 flech sfel fangs ot 8 IRE, The
appar at us shwwi0i IRE| gushsing) 1&velaoitl 28; IRE As gdesérable.antf 35alREfwerachart s
'2') | gSt r ﬁg' Zgu@dt G5 ”f‘tsgx‘é?x}%ﬁ%é‘lt \f&ganﬁéﬁél ngtsethQPRR'Eattb’SZ(‘f ﬁgﬁ“ d rfoEi[cg‘” es

ur es rogram |ngs correspon
flowcharts ih Noglldeseﬁcarhh sgxtrwpéc eoaysg; the gSJgéahlﬂ%\fﬂM@XéeQﬂdehc

di agr am of v(%]» e\l VenﬁiEbOH' ¥eaksiedblateo lauapv thé dﬁiblﬁFngel et figet i on

appar at us acc ng to_ the present, | nvention; APRPL 2003 5 Fi gures
12A and 12B & & @fr%\ﬁ t‘“HPhg‘f‘QFrPfB‘rgﬁ‘)a exerrpl ary enbodi nents of filter
functions that arThdefofrhat ofh d aukildamgriaforiwation ncdmponent Isuchn as

exenpl ary enpodi e.lnvention h |bed
bel ow i n det %"HEC?R ogoﬁﬁ&t‘ ?“‘i ggcap{‘l ottr? gggflﬁ%é;?ad coqél%%}as wth
the FCC st anslicisgc lowad dfursgtiomn Alsgmdmﬂeqhmt IFCCi standands, /& dosedissed

further bel t. | eab " f
ot her 1 or s GRG0, HEHD i Bl %17 bRQirts aPEF 2 PbReK Forehi TRV OF ©
vi deo_si gnal ther mdseumnai/swmlm ahat cyele; bﬂ(ﬁét96t3e(§1w1591ﬂ§hrféfqewi¢l be
described brigklyo {.@' devipnated e 'ﬁ%pimc%asu {RIOY. |'I'hé:'RJl(L‘ere?éréifé@p| ing

capacitor CIN cou t video sign VI DEO,t o bl,ac cl 210. A
typi cal val uEOFmO"@&ﬁa‘é tthe EﬂNllmlg(‘@r"r)dlg ta gigagl I‘%v‘éﬁd mikeis

enabl ed to clafgr haef lofvehe Ainéi Bhaintddvil thy a Idawlmgahhtclﬂnponciasuhad

bl ack | evel reference |eve

si gnal TGC f FRRCSHRES: & c(%qtp)aEE ‘588?‘5 é%)tk& Ga’ragf %W%@o&g%{t?on of

bl ack | evel sdammi;ardlesmbhdbesruiaedufeunam;duudel ofv. thei &4 signakist he out put

240 v oh pr SRTIATCI Re  AfHIHBUE ol e Al ssiphal Zﬂ‘ﬁ'&q“éy%‘%ﬁ‘g&“’ V) by
conpari ng si treal RMT Nsigoal ea;ppbttlld/fé if cdbrafifiepriadte SCiNgy Ve \Egrah‘&P VO
subsequent data signal.




Signal SLICED DATA is a binary representation of, the information in signal
VIN. Signal SEP SYNC is a synchroni zing wavef orm havi ng pul ses
corresponding to the synchroni zing pulses in signal VIN Because signal SEP
SYNC is derived fromthe actual video signal, the sync pulfa@RiLnogsgnal SEP
SYNC provide an accurate indication of when intervals of interest in the
video signal, e.g. line 21) actually occur. Signal, SEP SYNC may be used by
circuits not shown in Figure 2 that capture the binary auxiliary video

i nformation on signal SLICED DATA. For ?xanple) signal SEP SYNC may be used
to generate an enable signal to enable data capture circuitry when binary
val ues representative of auxiliary 4 APRIL 2003 6 video infornmation are
occurring on si gn&nesimebodDATA. devslapingxahpl dicinge voltageeis doaltegritgnal

on’si gﬁQ?b'sﬁr%E%“tsz#Aﬁ%ﬁl@%‘%“?a'béﬁé”s%&% g 196, Vela8L 5E e d b
reference sobiasefopghesdatiasliorr.i r dmlatsn rintegratar) capagitors may ibmput to
&eferegcg fsow ré’cgotld f}ﬂ&vﬁ@ﬂ"th@' ghléht% WmfgeOffrdxﬁ; Qhafigk Qﬁf&l t§§ As is
adapt i ng.t holakagen G WTERS GisIRBBM! theu daPaRtioRHBFNG: (e SRicptBko
S: gnal . IVI DEl&',thScﬁ h@ccﬂfﬁﬁ@ﬂhmrﬁf aukil$dryatvide  nd&fag (e . 2theadapdrival trbmt
slicing leve i Avol ves cou e IS € oun
pul sesgt hat 88§uﬁ88nﬁlg PnLie diS D%Eoﬁegcﬁj‘% 'F ‘f"’z&}a 3 E@g g%b%%} %rne or
mar e cont r ol howgvars tferqmlmecsorlongl u@teugrattmomtcmalsme t%lp@nddt

CONTROL | n FigWigeg: (sjlgﬂpalc@% g %dd“c%}(g{r%%@ ﬁ?&ﬁg' levieed %rcoghrﬁ{

(err0C 200 to col nci e Interva #Le,nce co
(e.g. run-inesaBpkeoin R losed LApHON I8N} \rh@reB n$ignAhtis opresey

expected to %ﬁqa gIh(i? GGielés \oF 5O0KH esﬁ&daaé) it 3313 Rt@mtttreavsal ends A
count val ue 0. an eﬁ)ect ed.val,ue |ngt (ia es that. expect ed nunber

of RIC pul sez 9@ pEane el daAeAkt r At 1AEe: ﬁﬁ?a‘flﬁ%" tﬂ’@ée‘ﬁﬂ ull€ @i ng
| evel is appregpamsee time oxtthgctorder afxioheasgcondiao res‘ptomhttoosruddénthe

count val ue t. e I cte | G L, S

adj usted by gﬁ%ﬁ?@? 18 ﬂgé R}gﬁﬁe?%‘?a g‘ga%[%\‘)gﬂé%spgrﬁ éa"gggtng "B?iﬁaﬁ%

descri bed opemémon)fommm dmngamaqspnnsermtgtWamavr\b;to det er mi ne
when line 21 Xff %ltg 1 occurs by counting Line synchronizing pul ses on
signal sync. ter el ay either a software el ay yrputine or a

har dwar e del ay) frlénﬁntabfebﬁeépﬁﬁﬁh@ de Includeian cayxiligry (¥ 200 enabl es

counter 250. jdfsrnigiéy décoder Snsal Qed&si §ugnble probbsstthmBgEaueﬂt elitoadit

Co | ed f. |
oS oy oL oA dniiniBtestafile Cipacifr BRRLRWeLEL! bR 4ikd J6°9°

adj ufSt ed) t]hebecuwtududl ire thédi€C.d AquaktrtahECnpirb ewoudid bgateqtm‘ed lier RI C

wavef orm t hat ur ased on 4 APRIL 2003 7
the timng sﬁg&ﬁégh gdjpge%t??% gﬁﬁ}gg@ee&éﬁa‘i?ﬁs and a courting
interval of 8 us s«hhhougbrudm@ dbe qossible to idesigr &) fiast rigtegrator jwith

adj usted pro u f 0 F -\ Ciz s ng an
8 (err)s cou%’?’?ﬂn% ‘r‘én'?eﬁ’\? fs ?q'?ll(e)ag%ove geesllfﬁ;%ﬁ{ \ggt ﬁééelgaggemljlalngqor at ed
in more det aithei Fesy Qﬂge esign, mayFeyhibit Sﬁ‘glhb\kgled'ﬁ“%?(%n‘ﬂhbﬁly BA¥odfnent of
bl ack | evel Ghigracac) fb?fﬁietm@gt%%d C@raﬁe)dehage sIMefé s%%@nﬁdﬁl@yslmb

separator 240 in Figure 2. shows, an. exenp d| nmen

run- i n- cl ock RaRpEet E?urﬂ‘%)’ 238' ‘ﬁ"rlﬂ‘éuPEOdZ‘ ctign. eré*u ggﬂ 3?’5“3 htégi'%tre t he
same in F:jgurtetseranead ﬁia rse t intonap )atn)llalee (producer Enexp emed and 4 |nd| cate
correspondin at I 3 a 0

transm ssi onqﬂﬁf %a-PZ? Q&Ef rﬁ%c&; 4s 34%%&%& a@kﬂ@8é§r resr stors R1
and R2. Refercb.rrmgslﬂrq:teodaclloncl udes 4-to-1 MUX 360 and reS| stors R3

t hrough RO. Corrparfﬁ;lgr rc%gﬁl Vgﬁcaﬁgnaq.gslgrg‘g)oqhngfﬁs iaf ,g@(; l@lioq‘erozfzg{b and

sync separator 240, pec Inre | evel é , the
out put of NO:Q!Q}QF@CQO@l'@b’rﬁmél §“¢GlBOP ch tm'ﬁt"l g 802 auy 88pl i ng

source VCC t dnfgahitieh Belodberitiabesalveputhooipriibfermat I ecordshcd ogith 1. A

non- conduct | Vi ASPSEbl 9 ieo el Al AKIGRK, Ghternaign; P8 o 5oz | <

produced using NCSFET transistors. As a result) mhen TG 302 is conductive)
it exhibits a characteristic resistance associated with the source-to-drain
pat h through the MOSFET transistors. The value of the resistance depends on
design paraneters (e.g. transistor width) of the MOSFET . transistors. NOR
gate 304 produces a logic -1l output causing TG 302 to conduct as |ong as
control signal TGC fromcontrol (err)C 200 is at logic O arid the output of
conparator 306 is at logic 0. Conparator 306 conpares the val ue of signal
VIN to reference |evel VREF Values of srgnal VI N t hat exceed reference

N IENE——— M . o o, SN 2 L e o I




Assum ng signal TGC is at logic 0) the feedback | oop and the resistor ratio
operate in response to the video signal levels during the sync and bl anki ng
intervals in a horizontal line period to charge and di scharge node VIN)

t hereby establishing the desired black | evel on signal VAMPRIb2603
specifically) when TG 302 is di sabled (non-conductive)) the DC | evel at
node VIN discharges via resistor R2. When TG 3Q2 is enabl ed (conductive),
node VIN charges via TG 302 and resist%r Rl while discharging via resistor
R2. The resistor ratio established by TG 302 and resistors R 1 and R2
produces a charge rate that exceeds the discharge rate resulting in a net
char gi ng cujnctndet @ ndade liceér Badbeatdams Godadgastivdg tthe operrg ilevelobidd ack

| evel cl anp . that NI Bl 1 i 0.vol ts.
m'thi e condl thenfathaticels) TRESICRY' Gvel AdifsiMeS| HREBEEDrsiifes &t

i nterval s ofmeanyi fieb detaetipgl @ sefaresee t¢emppatet cofcdheeqvkilimEr. Thus) a
logic O is te; Fna08) ldfNeh el nd
causi ng nodg{@fHNﬁ'?g)fhsé ggl ?ﬁtﬂoﬁge%ﬂst ggfﬁg{dg}%éngng %ﬁgﬁﬁ'dgg%%ﬁ%ﬁéﬂaAﬁer
a plural it yobftimesethat dhe gedsrance Remponsnyingdetrctedt Wil shigiag i ncr eased

the DC | evelevad nodeiji$tdduminitil thee defdrehcat codpdnvhl isxdeasised ef arnce
| evel VREF during thé bl anki Bg i.nt erval and is | ess thﬁn h(ra;a][&lerence | evel

g
VREF duri ngSPHBt dyndn¢remasRisd afier, display « ntgiyals oin nwhighhdeng i nter val
the out put offeconparadmpod@atwid |ddrecedd langl asldebrearhedicshldfesr dsplRz and
causes node. V | S e i e jntery el at node
VI N duri ng %Sr?tgpgél%;z ill gtggg {:/gl t?ﬂ%@%#ﬁaﬁg%c%ﬁﬂ%uts%&ﬁ%%%de VINto
charge. TheSligtngt &ve NgEBeRE Cedsevanlge (hgt kopnkgisstanedstof TG 302 pl us
Ui scharge dhPASRIANRA, SRR P sl o 4 APRL 2003 9 oharge during.
t he bl anki ng per i'[td‘tF MR¥ENERE mray ebe| g%‘ttehdﬂléi"&ﬁ@qu p'}ei‘kffﬁ% eldy tg&ual to
| evel VREF. dfawing@sid twhickequili brium condition clanmps the DC | evel at node
VIN to |l evel VREE, The eﬁlcrl bed ogeratiéon i s_based. on a.é({esnsk&nce.ratl o]
e

between t he di schABHES phi HIOWY #hLXamPle Afath 2hHiaTy yideq dRFIREen  he
sync and bl aigialg waveforahs associated with a particul ar video signal

TRt i s shown i n TuBUf & SHOR I, bibel pRHRELLORFLR, OkiSR e, YR Y

si gnal standignal poatessinguisystean f inoleding amixdbiarEsvistsio skgma) a cl anpi ng

function basgfra@Midi i Ratid! 4o (ﬁncgawpl el Pre¥edeSnvehlion: f clanp 210 is
included in an 1 ntegrate cw\c;glt I ,alra ter variatigns during IC
product i on cause HEYRES i ARd varshawopartially pht i schematig diggram feran

RﬁSI lsg OL ratalnﬂz ,ptaﬁatuﬂyerih imybmtkcmigﬁdmeﬂ;rm Unfﬁtﬁcf(ih@étﬁ&?ﬁﬁf&atd’dﬁg, It L
snou e n e al, a roagnes o e ntin acC eve Cl anp (0] er
Than that Stgh 3 $hoiERe S TIEgk, didefR’ TRt B8 FelEh 251 amp 210

establ i shes a dedfigaded| hcdnd eveshdvaseideon signat waseborankiusgfuhtfer val s

mterval) t L@%ﬂ%“i@i‘ég RIS OBEIRRRE r, (R APBERYE st oh BRI 2T o

wi de verticad, s and narrow equalizing pulses). If clanp 210 operated

duri th ti j h j ; iesh | | d
uring e ver |op{grd£§$ e-yv?ha 9 Pargapwgﬁeﬁgggggr@%ﬁuéhhﬁ%mu cause

clanp 210 to undesi alter"the b ) on_node, VIN. To
prevent the qQresatingemades: of HitaAPPIGRWS gshIWBalR | EigusehZ.oB. @d ¢ 200
sets signal TGC tpjgy?e} C8 lafdr 109atd progiimC tistings ceuarespfondig 16 e

f eedback pattjil of  cl anmé;ﬂ and ausang node VlNltp di scharge rel atively
slowy via ,flp¥sharts, HIEAGOt ABDV By (TPRBECHUYR'Er val . Wien cl anp operation
resunmes fol | owi ngFigurevédt shalvsi at black diagrameof rad dlteraktivevel at node
VIN is rapi d i b Fi 3 al an
exenpl ary eﬁuﬁlﬁgpgreﬁh?hgf o;e %@F\%@Ogﬁg?g;%lf ?g%@*@lﬁe@#kﬁg@ﬁl ncl udes

4 APRI L 2003acrording stoortheRpresabudhveRiiand amdx 360. Resistors R3 through
RO are configured as a resistor |adder that provides a plurality of
reference | evel s having val ues that depend on the ratios of the resistor

val ues. As previously discussed, specifying resistor ratios rather than
particul ar resistor values is desirable for purposes of integrated circuit
(I1C inplenentation. Figure 5 shows the relationship between the reference
| evel s generated by the arrangenent in Figure 3 and an exenpl ary video
signal waveformthat would have a nmaxi num peak-to-peak ( 100 I RE) anplitude
of 1.9 volts. The maxi mum white-goi ng anplitude shown in Figure 5 is 50 I RE
whi ch corresponds to the anplitude of an auxiliary information signal as
shown in Figure 1., Data slicer reference |level VS at the output of MJX 360
is coupled to one input of conparator 230 to establish the data slicing

| evel . As expl ained further below) control signals VRO and VRL cause MJX
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sel ected sync reference level of -13.5 IRE permts conparator 240 to
accurately separate sync pulses froma video signal having sync conpressed
in anplitude to |I/2 of its normal value. The voltage sel ection provided by
MJUX 360 has been configured to provide a range of slicingARRII20080r data
di cer 230 sufficient to adapt the slicing voltage to a variety of video
signal variations without requiring a large MJX. Limting the size of MJX
360 is desirable to mnimze the nunbersof control signals required and the
nunber of devices required to inplenent”the MJX function. For exanple, in
an integrated circuit (1C inplenentation) increasing the size of the MJX
requires nore tranguseork2Andndol 2B aslesw print bircu® dizgraim fanm,C, MUX 360
requires onl n el TRY t 0
transm ssi or g a Bt Eebodinills o PHUIEY LSO REERBF% WRSBRGCSh, e
reference | deck diagragurferm \mtﬁlglESpétt toa 1.9 volt peak t opeak vi deo
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Si gnal s ENABICRPARES \mm\ﬂlé%bwe‘cgncplpé@gt?gﬁ'&pggbﬁ}%ﬂ? coun erllug@grznd may
be generated-by ~tC 200. Signal WRON resets counter 456 prior to beginning
a count of RIC pulses The timng of .signals ENABLE and LI NE21IN is shown in
Figure 6. Signal LINE2IN is at logic 1 to clear (reset) counters 402 and
404 at all tinmes except during the interval when the auxiliary video
information signal is expected to occur, e.g. line 21. Signal LINE21N then
goes to logic O to enable counters 402 and 404. Signal ENABLE is at logic 1
only during an interval of approxinmately 25 p.s at the beginning of line 21
to enabl e DFF 452. Signal RICAWD at the output of DFF 4S2 provides an 8 p.s
WI de WI ndow puI se that begl ns 12 ps after t he beg| nni ng of Iine 21 as shown
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The first transition on signal CLK after counters 402 and 404 are enabl ed
is a positive-going transition that occurs 4 us after 4 APRIL 2003 14
signal LINE21 N goes to logic 0. Although this transition clocks DFF 452)
counter 404 is cleared (all outputs at logic 0) at this WdiARRb&088se no
negative-going transitions have occurred on signal CLK. As a result, a
logic O is clocked into DFF 452 causing signal RICAMD to remain at |ogic O.
A negative-going transition occurs on Ssi gnal CLK at 8 ps after signal

LI NE21N goes to logic O causing the Ie%st significant out put of counter
404 (and the D input to DFF 452) to goto logic 1. The next' positive-going
transition on signal CLK occurs at 12 ps after signal LINE2IN goes to logic
0 causing sVigeal ifRbavRDONoatyo ocouttomg corl sigtal 16 LHEED tBABA gnals BhNE21IN
goes to lo o) r C n,s I Si ng
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nore counte 10 Vel I c that are

mul tipl es o é”% {Sn ggotggaﬁyl I'ne. qgkg%cv}l% ‘B{S%ggﬂl ‘COand RICl in
Figure 4 are testAd amyegammgooaftﬂrer deseribedi aperationg ¢onral gdove@bht er val
to detern n?nértteoﬁoytggnatasw e AR 1RIE]T BE iR QWBcE s gur es

2) 3, and 4) counti.,n t he Csig na ul ses occurs when tranS|t|ons of
signal SLI Bﬂ‘ﬂ\“&go inec syne “45'6‘8 %93 ncsighalysyne offter a -
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v X i
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| | h
rs)uI glegg oﬁﬁ& od cﬁ@??ﬁ on f%‘ %@{‘n btﬁg w*g’bg&l&osb?e b ‘gﬁ i\ﬁ%\! qI‘:ntnthe
Rl C wavef or mumb,m of ¢yclenieofsthe i REC| signal.i slfsthe wsticingdenel ietpreperlyhese
two extreme }ﬂi’x‘: ed; th@ecﬁﬁfw&dnﬂbt Xheﬁld 'ISGI OSRfin6Y tcﬁ*“pbak§tt9t1 thbat

devi ati ons e slicin evel m f he sIrcr el (m dpoi nt of

t he peak-to kwﬁéﬁﬁg"bfth@heoqﬂ"é gf’{]‘rﬂﬂ )t ¢<P“Tﬁb‘tg p“g&‘f@’ri‘t{ Héﬂ guﬁf‘er from
being clocked to a count of 3. Experinental results have |nd| cated that
when a count of 3 is being generated) the system accurately extracts
auxiliary video data. Thus, counts 4 APRIL 2003 16 of 0O (slicing |evel
too high)) 1 (slicing level too low)) or 3 (slicing |evel acceptable) can
be expected as depicted in the waveforns for signal SLICED DATA that are
shown in Figures 6A) 6C) and 6B) respectively. In regard to Figures 6A and
6B) the RI C waveform shown exhibits spikes at the tips of the RIC waveform
that extend beyond t he sI | cr ng IeveI It woul d appear that these spl kes
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4 APRIL 2003 17 video signal |evels during each video frane interva

because the slicing level may be tested after each occurrence of line 21 in
field 1. in addition) slicing | evel adjustnment can operate continuously in
t he background under control of pC 200. Under certain condiApRinSgolovever)
it is desirable for the slicing level to be held constant despite changes
in the video signal level. For exanple) the slicing | evel should remain
constant during brief transients or signal "dropouts” to provide consistent
data extraction when the normal signal Level resunes. The discl osed
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i ntroduced before Phe sI icing level is adjusted. The nmaxi nrumdelay is equal
to the limt val JSORo dﬂe&@rOéuges aclagict | i ontput causing AGu3Q2 %0 i gure

8 shows a |icinidagt As ﬁ%&%:ﬁr@f Qe TOT Frdf eontrdl YE8IEPs pEocessor
correspondl ggto t he

hart | ach illustrated in
Figure 7 adj'08i% G padstheinmppe |C?§maa4t§>rm{hr&§ ‘ﬁeg%gga’r"y On e QDL ALOT
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descri bed a FSiLS he n t he ol

si gnal s VRO bﬂ%ﬁ) f%ﬁ ‘I\ﬁy@?‘p@ﬁ ’idﬁ %r feter g’&fo%tl%?l \@%Egl g%d VR1
may be generattpdt aif thmparamrt 306f ta go ot lo:gwni.etthetlérbty emsrpgejr

i ncrenenting the counter could produce a new value for signals VRO and VR1
t hat woul d select a higher value for slicing reference 4 APRIL 2003 19

| evel VS. Decrenenting the counter would then select a |lower slicing |evel.
For the exenplary enbodi nent shown in Figure 3 where the nunber of possible
reference levels is small) it may be unnecessary to include the capability
to determ ne whether the slicing |level should be increased or decreased.
For exanple, if a 2-bit counter is used to generate signals VRO and VR1,
the counter could count in one direction only and select all possible
reference levels if the counter is designed to wap around. This approach
|s dep| cted in the flowchart shown in Figure 9. In Figure 9) the only -
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Low pass filter 1160 nmay be inpl enented using a singlepole RC-type | ow pass
filter such as that shown in Figure 12A. The circuit shown in Figure 12A
has a pole at 700KHz and reduces the anplitude of the SOOKHz run-in clock
si newave by about 80 4 APRIL 2003 20 percent fromthe nogprrl208® | RE
value (see Figures 1 and S) ascan be seen in Figure 6. The reduction in the
anplitude of therun-in clock relative to that of the data signal is

advant ageousbecause the range of RI Cvalues is decreased

correspondi ngl ydecr easi ng the adjustnergtrange necessary for the slicing
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a predet er mowpuv @fucomparator 306 will be at logic 1 which disables TG 302

and causes node VIN to discharge. During the sync interval, the

level at node VIN during the sync interval is less than level VREF

causing node VIN to charge.

The resistance values of the charge path (resistance of TG
302 plus resistor R1) and the discharge path (resistor R2) are
selected such that discharge during the sync interval equals



3. The apparatus of claim 1) wherein said reference conponent exhibits
periodic anplitude variations during a particular interval within each of
said horizontal line intervals that |nclude said auxiliary information
conponent) and said control nmeans conprises: neans for couAPRILRO0B response
to anplitude variations in said output signal during a portion of said
particular interval within each of said horizontal line intervals expected
to include said auxiliary information conponent to produce a count val ue
representative of the nunber said peri §di c anplitude variations of said
reference conponent that occur during $aid - portion of said particular
interval) detection of said reference conponent being indicated when said
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vertical pulses and narrow equalizing pulses). If clamp 210
operated during the vertical interval, the varying pulse
characteristics would cause clamp 210 to undesirably alter the
black reference level on node VIN. To prevent the black level
from changing significantly, control pC 200 sets signal TGC to logic
I during the vertical interval disabling the feedback path of clamp
210 and causing node VIN to discharge relatively slowly via
resistor R2 during the vertical interval. When clamp operation
resumes following the vertical interval, the desired black level at
node VIN is rapidly restored.

As mentioned above, Figure 3 also shows an exemplary
embodiment of reference source 220 from Figure 2 that includes
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rather than particular resistor values is desirable for purposes of
integrated circuit (IC) implementation.

Figure 5 shows the relationship between the reference
levels generated by the arrangement in Figure 3 and an
exemplary video signal waveform that would have a maximum
peak-to-peak (100 IRE) amplitude of 1.9 volts. The maximum
white-going amplitude shown in Figure 5 is 50 IRE which
corresponds to the amplitude of an auxiliary information signal as
shown in Figure 1. ,

Data slicer reference level VS at the output of MUX 360 is
coupled to one input of comparator 230 to establish the data
slicing level. As explained further below, control signals VRO and
VR1 cause MUX 360 to select one of four values (V1=15 IRE,
V2=25 IRE, V3=35 IRE, V4=45 IRE) for data slicer reference level
VS. MUX 360 permits the data slicing level to be adapted to the
video signal amplitude as desired. Reference level VREF for black
level clamp 210 is produced at the resistive mid-point (i.e.
junction of resistors R7 and R8 or 125R of a total of 250R) of the
resistor ladder which is equivalent to 2.5 V for VCC equal to 5§ V.
Sync reference level VO is produced at the junction of resistors R8
and R9 and is coupled to one input of comparator 240 to establish
the sync slicing level.

Although a sync reference level of -20 IRE would appear to
be desirable for a standard sync pulse amplitude of -40 IRE,
Figure 3 indicates that sync reference level VO is approximately
equal to -13.5 IRE. The indicated value of sync reference level VO
was selected because sync amplitude compression may occur in
TV signals. For example, non-standard sync-to-video amplitude
ratios may occur in signals extracted from video tapes. The
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selected sync reference level of -13.5 IRE permits comparator 240
to accurately separate sync pulses from a video signal having sync
compressed in amplitude to 1/2 of its normal value.

The voltage selection provided by MUX 360 has been
configured to provide a range of slicing levels for data slicer 230
sufficient to adapt the slicing voltage to a variety of video signal
variations without requiring a large MUX. Limiting the size of
MUX 360 is desirable to minimize the number of control signals
required and the number of devices required to implement the
MUX function. For example, in an integrated circuit (IC)
implementation, increasing the size of the MUX requires more
transistors and more area on the IC die. In an IC, MUX 360
requires only two control signals and may be implemented using
four transmission gates.

Figure 5 shows the voltages that correspond to the
reference levels in Figure 3 with respect to a 1.9 volt peak-to-
peak video signal. The voltage V2 input to MUX 360 provides a
slicing voltage of 2.84 volts as shown in Figure § which is
approximately equal to the 25 IRE level of a 1.9V peak-to-peak
video signal. Voltage V3 at 2.98 volts is a desirable slicing level
for video signals having a positive offset of 10 IRE. This type of
offset may occur in video signals recorded on video tape as part of
an approach to preventing unauthorized duplicatidn of
prerecorded video programs.

Two additional bias voltages, i.e. voltages V1 and V4, can be
selected for optimum data slicing to adapt the slicing level to large
deviations of system parameters from their nominal values.
Examples of these system parameters are:
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(a) video input signal amplitude different from 1.9V peak-
to-peak (100 IRE white);

(b) offset voltage variations in data slicer comparator 230
(example: +/-30mV);

(c) variations in VCC for resistor ladder (example: +/-.5V);

(d) variations in resistor ratios in resistor ladder (example:
+/-2%).

One of the most significant parameters affecting the slicing level is
variations in the video signal amplitude. Using the exemplary
variations for the parameters listed above, the maximum
combined contribution of items (b), (c), (d) can be calculated to
offset the slicing leve] by 85mV (6IRE) from the nominal value.

Various modifications of the design of reference source 220
are apparent to one skilled in the art. For example, other resistor
ladder configurations may be used, and MUX'es having a different
number of inputs could be selected. Thus, the described
embodiment may be adapted to a variety of video signal
characteristics and standards.

As described above, run<in-clock (RIC) counter 250 counts
pulses of the RIC signal at the output of data slicer 230 (signal
SLICED DATA in Figures 2, 3, and 4) to produce count value RIC
COUNT that is indicative of when slicing reference level VS is
correctly adapted to the video signal. An embodiment of counter
250 shown in Figure 4 includes counters 402, 404, and 456, D-
type flip-flop (DFF) 452, NAND gates 454 and 458, and inverter
455. Count value RIC COUNT is represented by signals RICO and
RIC1 that are produced at the two least significant outputs of
counter 456 in Figure 4. |

Input signals to Figure 4 include signal 128FH that serves as
a clock signal for counter 402. Signal 128FH has a frequency that
is 128 times horizontal frequency FH or approximately 2 MHz.
Signal 128 FH may be produced at an output of a counter
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1ssociated with a phase locked loop (PLL) in the deflection
circuitry of a video receiver. Signal LINE2IN is generated by uC
200 in Figure 2 in response to synchronizing signal SYNC to
indicate the occurrence of intervals in the video signal that are
expected to include auxiliary video information, e.g. line 21 for
closed caption applications. Signal LINE21IN is used to reset
counters 402 and 404, and may be generated by, for example, uC
200 counting line intervals as indicated by sync pulses in signal
SYNC until the desired line number is located. Signals ENABLE and
WRON enable and reset, respectively, counter 456 and may be
generated by pC 200. Signal WRON resets counter 456 prior to
beginning a count of RIC pulses

The timing of signals ENABLE and LINE2IN is shown in
Figure 6. Signal LINE21IN is at logic 1 to clear (reset) counters 402
and 404 at all times except during the interval when the auxiliary
video information signal is expected to occur, e.g. line 21. Signal
LINE21IN then goes to logic 0 to enable counters 402 and 404,
Signal ENABLE is at logic 1 only during an interval of
approximately 25 ps at the beginning of line 21 to enable DFF 452.

Signal RICWND at the output of DFF 452 provides an 8 ps
wide window pulse that begins 12 pus after the beginning of line
21 as shown in Figure 6. The window pulse timing is selected to
span an 8 ps portion of the RIC interval during line 21. The
described timing of signal RICWND is generated as follows.

Both counter 404 and DFF 452 are clocked by signal CLK
which is generated at the most significant output of 4-bit counter
402. Signal CLK changes every 8 cycles of the 2 MHz signal
128FH, or every 4 us. Counters 402 and 404 are clocked by
negative-going transitions (logic 1 to logic 0) in signal CLK while
DFF 452 is clocked by positive-going transitions (logic 0 to logic 1)
in signal CLK.

The first .transition on signal CLK after counters 402 and 404
are enabled is a positive-going transition that occurs 4 us after
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signal LINE21N goes to logic 0. Although this transition clocks DFF
452, counter 404 is cleared (all outputs at logic 0) at this time
because no negative-going transitions have occurred on signal
CLK. As a result, a logic O is clocked into DFF 452 causing signal
RICWND to remain at logic 0. A negative-going transition occurs
on signal CLK at 8 us after signal LINE2IN goes to logic O causing
the least ‘significant output of counter 404 (and the D input to DFF
452) to go to logic 1. The next'positive-going transition on signal
CLK occurs at 12 ps after signal LINE2IN goes to logic O causing
signal RICWND to go to logic 1. At 16 us after signal LINE2IN goes
to logic 0, a negative-going transition occurs on signal CLK causing
the least significant output of counter 404 to go to logic 0. Thus,
the next positive-going transition on signal CLK occurring at 20 ps
after signal LINE2IN goes to logic 0 clocks DFF 452 causing signal
RICWND to go logic 0. The resulting window pulse on signal
RICWND exhibits the desired 8 pus width and 12 ps delay with
respect to the beginning of line 21 as shown in Figure 6.

Counter 456 is enabled via NAND gate 454 for counting RIC
pulses on.signal SLICED DATA when signals WRON and RICWND
are at logic 1, i.e. during the window pulse when counter 456 is
not being reset. Counter 456 is disabled when a count of 3
(RICO=RICI=logic 1) is reached via NAND gate 458. A count of 3
indicates that the RIC signal is being sliced correctly. This feature
prevents 4-bit counter 456 from “wrapping around” to a count of
0 after a count of 3 has been reached, thereby preventing a
potential spurious count of 0 when the RIC signal is actually
present and is being sliced correctly. Thus, a count of 3 actually
indicates at least 3 pulses have occurred on signal SLICED DATA.

Modifications of the arrangement in Figure 4 are possible.
For example, 4-bit counters have been used for counters 404 and
456 because 4-bit counters are typical digital "building blocks".
However, other devices may be used. Counter 404 could be
replaced with a toggle flip-flop that is clocked by signal CLK.
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Counter 456 could be a 2-bit counter. [n addition, count values
other than 3, e.g. 2, 4 or §, could be used to indicate the correct
slicing of the RIC signal because 7 cycles of the RIC signal occur
during the RIC interval. However, a value of 3 provides a degree
of noise immunity in comparison to using a count of 2 while
requiring fewer counter stages (only 2) than are needed for a
count of 4 or 5 (3 counter stages). Also, it may be possible to
eliminate counters 402 and 404 if another source of signal CLK
and the input signal for DFF 452 exists in the video signal
processing system. For example, the system may include an on
screen display (OSD) feature that includes one or more couaters
for providing various signals at frequencies that are multiples of
the horizontal line frequency FH.

Signals RICO and RIC1 in Figure 4 are tested by pC 200 after
the end of the 8 us window interval to determine the count value.
For the exemplary embodiment shown in Figures 2, 3, and 4,
counting of the RIC signal pulses occurs when transitions of signal
SLICED DATA clock counter 456. Thus, a count value of 0
(RICO:RICI:logic 0) results if no transitions occur, e.g. if data
slicing reference level VS always exceeds the maximum RIC pulse
amplitude. Similarly, a count value of 1 (RICO=logic 1 and
RICl1=logic 0) occurs when a single transition occurs on signal
SLICED DATA. For example, when the slicing level is always less
than the minimum value of the RIC waveform pulses, only one
transition from the blanking level to the beginning of the RIC
waveform occurs.

If the slicing level is set to a point between these two
extreme values, the sensitivity of the disclosed system is such that
deviations of the slicing level from the ideal slicing level (mid-
point of the peak-to-peak range of the RIC signal) will not prevent
the counter from being clocked to a count of 3. Experimental
results have indicated that when a count of 3 is being generated,
the system accurately extracts auxiliary video data. Thus, counts
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of 0 (slicing level too high), 1 (slicing level too low), or 3 (slicing
level acceptable) can be expected as depicted in the waveforms
for signal SLICED DATA that are shown in Figures 6A, 6C, and 6B,
respectively.

In regard to Figures 6A and 6B, the RIC waveform shown
exhibits spikes at the tips of the RIC waveform that extend
beyond the slicing level. It would appear that these spikes might
be sufficient to clock counter 456 such that RIC COUNT would not
be 0 and 1 as shown in Figures 6A and 6C, respectively. However,
signal SLICED DATA as shown in Figure 6 was generated from
signal VIDEO as shown in Figure 6 using an alternative
embodiment of the arrangement in Figure 2. This alternative
embodiment includes’ filtering features that are described further
below and are shown in Figures 11 and 12. Briefly, the filtering
removes the described spikes prior to counter 250 and low pass
filters the video signal prior to data slicing. As shown in Figure 6,
the low pass filter reduces the amplitude of the RIC signal
amplitude to a value that is less than the nominal 50 IRE
amplitude shown in Figures 1 and 5.

As long as counts of 3 are being produced, there is no need
to modify the slicing level. If uC 200 detects a count of 0, the
slicing level may be decreased by pC 200 selecting a different
value for signal VR in Figure 2 (control signals VRO and VRI1 for
MUX 360 in Figure 3). For example, referring to Figure 3, if the
current value of slicing reference voltage VS is voltage V2, uC 200
could respond to a count of O by changing control signal VR to
select voltage V1. Similarly, uC 200 could increase the slicing
reference voltage in response to a count of 1 by changing control
signal VR to select voltage V3 or V4. Thus, the slicing level can be
modified rapidly in response to count values other than 3.

The described features provide data slicing level adjustment
apparatus that rapidly adapts the slicing level to the video signal
level. More specifically, the system can respond to changes in
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video signal levels during each video frame interval because the
slicing level may be tested after each occurrence of line 21 in field
1. In addition, slicing level adjustment can operate continuously
in the background under control of pC 200. Under certain
conditions, however, it is desirable for the slicing level to be held
constant despite changes in the video signal level. For example,
the slicing level should remain constant during brief transients or
signal "dropouts” to provide consistent data extraction when the
normal signal level resumes.

The disclosed apparatus addresses conditions such as
dropout by providing for monitoring the number of times that the
various counts of O, 1, and 3 occur. For example, if RIC COUNT is
usually equal to 3 and a count of O or 1 occurs infrequently, it is
likely that the slicing level is correct and that the occasional
counts of O or 1 are being caused by effects such as signal
dropout. Thus, no change in the slicing level is needed. If counts
of 0 occur frequently, the slicing level is adjusted to a lower value
while frequent counts of 1 cause the slicing level to be adjusted to
a higher value.

The monitoring of the frequency of occurrence of particular
count values could be accomplished by, for example, pC 200
executing a procedure that increments and decrements values
stored in registers internal to pC 200. As an example, consider the
flowchart shown in Figure 7 that depicts the described monitoring
operation of pC 200 using two registers designated RICCNTO and
RICCNT?3 in the context of closed caption information. Register -
RICCNTO serves as a "flag" that is set to indicate the occurrence of
a count of 0. Register RICCNT3 is a multi-bit register having a
value that is incremented and decremented as described below.

In Figure 7, after initializing the registers, 2 new value of
RIC COUNT is generated and tested. If RIC COUNT equals 3, the
system presumes that a valid slicing level may exist. As a result,
register RICCNTO is cleared and the value in register RICCNT3 is
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incremented if that value is less than a limit value, e.g. 16. Note
that limit values other than 16, e.g. 7, may be used to reduce the
number of register bits -required to store the value of RICCNTS3.
When RIC COUNT is O rather than 3, RICCNTO is set and RICCNT3 is
decremented. After decrementing, the value of RICCNT3 is tested.
RICCNT3 equal to O indicates that RIC COUNT has not been 3 for a
number of tests equal to the limit value (16 in Figure 7) indicating
that an adjustment of the slicing level is needed. If register
RICCNTO is set at this time, the value of RIC COUNT was 0
indicating that the slicing level should be increased. Register
RICCNTO being reset indicates that RIC COUNT was 1 (not 3 and
not 0). As a result, the slicing level should be decreased.

Thus, the slicing level will not be adjusted until register
RICCNT3 has a value of 0. As a result, the slicing level will be
adjusted only after a delay has elapsed following the change of
RIC COUNT from a value of three to a value that is not 3. For
example, if RICCNT3 is 5, RIC COUNT has had a value of 3 for the
previous 5 tests and the slicing level will not be adjusted unless
the next 5 consecutive tests of RIC COUNT produce values other
than 3. In this case, a delay of § test intervals is introduced
before the slicing level is adjusted. The maximum delay is equal
to the limit value for RICCNT3, e.g. 16 test intervals in Figure 7.
Figure 8 shows a listing of a software program for a Motorola
MC68HCO5 processor corresponding to the flowchart in Figure 7.

The approach illustrated in Figure 7 adjusts the slicing level
rapidly when necessary because the program either increases -of
decreases the slicing level as needed. As described above, this is
accomplished by changing the value of control signals VRO and
VR1 for MUX 360 in Figure 3. Control signals VRO and VR1 may
be generated at the outputs of a 2-bit counter. For example,
incrementing the counter could produce a new value for signals
VRO and VRI that would select a higher value for slicing reference
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level VS. Decrementing the counter would then select a lower
slicing level.

For the exemplary embodiment shown in Figure 3 where the
number of possible reference levels is small, it may be
unnecessary to include the capability to determine whether the
slicing level should be increased or decreased. For example, if a
2-bit counter is used to generate signals VRO and VRI, the counter
could count in one direction only and select all possible reference
levels if the counter is designed to wrap around. This approach is
depicted in the flowchart shown in Figure 9. '

In Figure 9, the only adjustment to the slicing level is to
“increase” the slicing level. When the maximum slicing level is
reached, e.g. voltage V4 in Figure 3, the next “increase" will
actually result in selecting the minimum slicing voltage, e.g.
voltage V1 in Figure 3. Thus, the voltage selection wraps around
as described in the preceding paragraph. The approach illustrated
in Figure 9 may be slightly slower to reach an acceptable slicing
level than the approach in Figure 7 if the selection procedure
must sequence through all possible slicing level values. However,
implementing the approach of Figure 9 in software requires fewer
instructions as is apparent when comparing the exemplary
program listing in Figure 10 that corresponds to the flowchart in
Figure 9 to the program listing in Figure 8.

As mentioned above, Figures 11 and 12 show an alternative
embodiment for the apparatus in Figure 2. The arrangement in
Figure 11 differs from that in Figure 2 in that low-pass filter 1160 -
and spike filter 1170 are included. Features 200 through 250 in
Figure 11 correspond to features in Figure 2 that are numbered
the same. )

Low-pass filter 1160 may be implemented using a single-
pole RC-type low pass filter such as that shown in Figure 12A.
The circuit shown in Figure 12A has a pole at 700KHz and reduces
the amplitude of the SOOKHz run-in clock sinewave by about 80
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percent from the nominal S0 IRE value (see Figures 1 and 5) as
can be seen in Figure 6. The reduction in the amplitude of the
run-in clock relative to that of the data signal is advantageous
because the range of RIC values is decreased correspondingly
decreasing the adjustment range necessary for the slicing level.

Spike filter 1170 is inserted into the signal path at the
output of data slicer 230. Spike filter 1170 improves the accuracy
with which the slicing level is set because, similarly to the action
of the low-pass filter, the amplitude range of the RIC signal is
decreased by eliminating the spike peaks on the RIC portion of the
video waveform as shown in Figure 6. A digital embodiment of
the spike filter is shown in Figure 12B. The circuit in Figure 12B
eliminates from the data slicer output all pulses narrower than
280ns and passes all pulses wider than 420ns. As a result, with
the slicer bias at a value near the positive or negative tips of the
run-in clock in the video input, the resulting output pulses of the
data slicer are eliminated by the spike filter if they are
sufficiently narrow. The effect of the spike filter is demonstrated
by the waveforms shown in Figure 6.
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LAIMS
L. Apparatus for processing a video signal including

horizontal synchronizing pulses indicating the start of respective
horizontal line intervals, and including an auxiliary information
component occurring during at least one of said horizontal line
intervals, said auxiliary information component including a
reference component and a data component, said apparatus
comprising:

means having an input coupled to said video signal for
producing an output signal having one of first and second values,
said output signal having said first value when said video signal
exceeds a threshold level and said output signal having said
second value when said video signal is less than said threshold
level;

means for generating said threshold level and for-
modifying said threshold level in response to a control signal;, and

control means for detecting occurrence of said
reference component in said output signal, for determining if said
horizontal line intervals during which said reference component is
detected occur at a predetermined rate, and for generating said
control signal to modify said threshold level if said horizontal line
intervals during which said reference component is detected do
not occur at said predetermined rate.
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2. The apparatus of claim 1, wherein said control
means comprises means for generating a count value in response
to detection of said reference component;

said count value being modified in a first direction
when said reference component is detected during one of said
horizontal line intervals expected to include said auxiliary
information component;

said count value being modified in a second direction
opposite to said first direction when said reference component is
not detected during one of said horizontal line intervals expected
to include said auxiliary information component; and

said control means generating said control signal to
modify said threshold level when said count value is not a
predetermined value.

3. The apparatus of claim 1, wherein said reference
component exhibits periodic amplitude variations during a
particular interval within each of said horizontal line intervals
that include said auxiliary information component, and said
control means comprises:

means for counting in response to amplitude
variations in said output signal during a portion of said particular
interval within each of said horizontal line intervals expected to
include said auxiliary information component to produce a count
value representative of the number said periodic amplitude
variations of said reference component that occur during said
portion of said particular interval, detection of said reference
component being indicated when said count value is at least a
predetermined value.
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4, The apparatus of claim 1, wherein said reference
component exhibits periodic amplitude variations during a
particular interval within each of said horizontal line intervals
that include said auxiliary information component, and said
control means comprises:

means for counting in response to amplitude
variations in said output signal during a portion of said particular
interval within each of said horizontal line intervals expected to
include said auxiliary information component to produce a first
count value representative of the number said periodic amplitude
variations of said reference component that occur during said
portion of said particular interval, detection of said reference
component being indicated when said count value is at least a
predetermined value;

said counting means generating a second count value
in response to said first count value indicating detection of said
reference component;

said second count value being modified in a first
direction when said reference component is detected during one
of said horizontal line intervals expected to include said auxiliary
information component; :

said second count value being modified in a second
direction opposite to said first direction when said reference
component is not detected during one of said horizontal line
intervals expected to include said auxiliary information
component; and

said control means generating said control signal to
modify said threshold level when said second count value is not a
predetermined value,
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level modifying means comprises a digital to analog converter

responsive to said digital signal for producing said threshold level.

6. The apparatus of claim 3 further comprising
filter means in said video signal path for s'ubstantiall)'; preventing
amplitude variations in said video signal other than said periodic
variations of said reference component from affecting said count
value produced by said counting means.

7. The ,apparatus of claim 6 wherein said filter
means comprises a low pass filter coupling said video signal to
said input of said output signal producing means and a spike filter
coupling said output signal to said control means.

8. The apparatus of claim 7 wherein said spike
filter is a digital filter.



