Field of the Invention 5 The present invention co od and
apparatus, utilizing a mcroconputer) for deternmnin

synchroni zati on conponent of a video signal is correcf‘“'%‘ackgr ound 10
Tuni ng systens which are capable of tuning tel ev nal s vvrth
non-standard carrier frequencies, as well as th@uﬂﬂm@m

"broadcast") carrier frequencies, ind ude provisi ngr ng t he
frequency of the local oscillator signal in order td%®+search a range of
frequenci es and provi si ons for det ectr ng when proper t uni ng has been

achi eved. The BXi¥ A Al (¥
automatic fine tuning (AFT) si gnal representr ng the frequency rel ati onship
between the I F signal and a nonjnal val ue) and al so apparatus for
deternining 2 0 whether or not Mmﬂl&dﬁﬂé‘@&ﬂgnal produced by the video
detector contains picture synchronization ("sync”) information. The test
for syncﬂ;}oni zation |ﬁ.fornat|on LS per ornmed as a verrE gatr n that the RF
carrier %which has bee hleo@ﬁ%scd'urf'hvd”p“t’rf’é‘ SENIGEINF s2a MpLap arri er and not
a sound car apparaes,ausdizing AFmi2récanpunedr, nﬁyr e:idtetminmgndwltermrm

correspondi f qu.’ Spo h ture or a sound
carrier. sﬁﬂ“‘t’ﬁ’t"&r‘]?ﬁgé%y eﬁrg?ésﬂ}dégca?r @@ ?pa en &4 868, 892 i ssued
to J. Tults et al. on Septenber 19) 1989 A har dware inplenmentation, i.e.,

one using dedicated 3 0 | ogic el eneBhgke@buadso-called "sync presence”
det ect qr%for eval uating the output signal of a synchronization (sync)

si gnal parator of the television receiver in order to determ ne whether
val id picture synchroffudngosystemar mdtichnars qapedbdat of stwﬁn;glmimdsum u. S

patent 4, 36@9@% | ﬁ%%&rpst]and-gﬂl ?ar‘?fkrD‘?P@cm)eq{cr ¢ atq%ll d° vr'n@ha moder n

t el evi si on ver) uncti ons u’d ing tuning) ar
performed bytandardr §benpubEradeasty). carriers fraguensies, mﬂu%u&rowem@gé the pC

for sync pr %ﬁmn@eﬁgcmeorkeqhe@cy of ThéARc3VUoscat st siﬂgn@ innetduteta

har dwar.e-.counter, for var.i ou i mer .and/or. co er fun tions. If
e F e doter BPAR, L GaBEe Sharoarted T PiviBtsn dot ieleCline Fhenne
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time/counter to transition e Ouiﬁﬁm S|
separ at or d@rgw geﬁrwm&nthéd FGaAHETICY &F ronahlpt r’r@twgm thq;a%es a

predet er m negemalmhgd, aamontidal a¥d1a8, Ainda algd i pm%mﬂmoaemrmlﬁu@enerat ed.
descrrbe abgve i Les. a
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ti mer/ cotnt e‘?’ﬁeﬁﬁ%hof sPRkt gf’n ‘F“\S’d&@%tsgsﬁtﬁ‘bal E&%&r“??&] b%dhiené’l“g%‘es an
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i nterrupt ed. Veﬂfd?ﬁé?“ga\% éh"n ksPocﬁﬁYQFédw e (fP“B heRERar §1e

cognt er/ti megeadth aspanicﬁuielmhnaexseam Aot ya csuurrl tcarsist! | iecamye ue.e?mm*h ned
under the wQn S of. the sync
cepar at B8 | ripfabePEUnELAIE Soriflons; € sbPeadinidd Boods PRl ipent on 5
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Accordi ngly, I mer/counter 1S abl'e a e used for
ot her pur pos@d. Septesaber dkthcd 98Pt h one aspect of the invention, the output

Si gnfll of 30 Eﬂe syHCAsgmdwfa@é im rew@mdldxg ae ordirenars)m g@étﬂe@t{cdpurfose
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During each & ion in det ermi ned whet her or i e out put
si gnal of théaBQnﬁlcééb%rr%X'tﬁhfﬁ&bzaélqneéﬂ@f@%‘éoﬂhhsr %@é?ﬂ‘stlﬁcdtﬁp%ﬁ alid

sync signal . IPSC?'a@éﬁlgM%@O%hﬁfsu@dSR@CU dfulton DEEEmbEY 14, Pr9gxt er m ned
nunber qof %p
T8 a modern television receiver, most control
functions, including tuning, are performed by a microcomputer
(uC). It is therefore desirable to use the pC for sync presence
detection also.
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3'sequénCES of positive results during respective eval uation intervat$ ARRs 20U
be produced before an indication of a valid sync signal is provided. 5

Brief Description of the Drawing The invention will be described with
reference to the acconpanying Drawing in which: FIGJRE 1 shows a bl ock

di agram of a television 10 receiver including a tuning systemutilizing a

m croconput er based "sync presence detector" constructed and operating in
accordance with respective aspects of the present invention; and FlI GURE 2
shows a flow chart of the portion of the control programof the

nicroconputer of the tuning systemshown 15 in FIGURE 1 which is concerned

with "sync presence‘ de¥fest iaDs ihRRudC GOMARVARY AEedyYaY C éhﬂ?n
programlistin corresgrondl Z‘?f f@uﬁ*he f.l ow. chart sﬂovvn in FIGURE 2 tailed

Descri ption o‘f {HE HW e EURHRTS: onlfy By POSSEHE WP iCRURlGure 1,
i ncl udes a t uher oiGA)t sugniaF sfct isymclOF)aratori tteahdetiewtrfroulls) o vhaeo
processi ng Se&&' oM oHQ ) aﬂ” n“ﬂ %hecé Osrmg;ﬁ@ m%tt?&’d“cfoﬁecﬁ’@%?hﬂg éﬂésc@@é’ a
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channel i3 probéyng t'\fﬁé‘&aé}ﬁﬁc”é éﬁ&t‘BF B 1‘§)r‘@d66é§ ea the ipoe/aoangsgine
signal contai @@ubotdﬂamfmn@nbﬁlthandut\pemtsuga.hl s»fnmepls&&eSse daeyr 101

includes a lo aI 0S¢ il t h control |l ed by
a phase | ocke liB%p %)3%1f‘igilr;l'%Shgt;'l?ém)n gkezts tﬁ 80(1‘1%{ ég?‘l%n’ 4t 8s a tuni ng
vol tage (TV) prcdteé@rp@lmsé n@nsbﬂrerarorméil@mn mfodureldd byyeongrmponenthés
frequency (ange{qg%@d of a signal derived by dividing the frequency of the
| ocal os | ator (LO stgnal . a cotr@{blable di vi si on fact Nto a
reference 4 requency si ghif. OISO PBSEPSE AP JEAMIIES | B “5“33 o)

m cr oconput er "¢mtb@ard’l 79i nviri odurgkes owhach r 5l e xvamiatlys acthssibiainct i ons of the
tel evi sion receiver. |ngf ﬁdflé gt rx%ld&rsem?o@lit@ﬁmll datasdigi. control ling

di vi sion factor le coup to" PL r an 1 nput/out put, port
(terminal) 114 mRr ‘fpl@tﬂq if pis usuglly degirg tq §8H?18V #lé%h‘lm?f/‘;@”@l[?)fck
signal, used t® platode biteersemipairtagat fundtidnepuicdd at otifile kbb?uf g ondan

' nput/outlpyt ﬁ%&d&'ﬁ 1o?frc%o€e1§bnﬁ‘oysﬁ{ QE %Jml(ﬁr%}f’ ungtl ons of

the television'receiver, 1nc I'ng chan ec‘tl on brem)te
control 5 sysu@mrf@ﬁlt?drem)te control recei ver 123 of the rem)te control

systemis shovvn in Fi QU%&&heﬁ%‘b@erﬁoHﬁsfdékaté@cﬂ'ht\herthel2@56 SofCQmol ed to a

so-called ' .ernn 7 oco er
controls di VI i‘ %Wg’éFctccﬂ"anFggmﬁfL ?I 8 i’lg: décé‘iﬁga‘hcsgemlflﬁ a R efesu}t
sel ection rradenzb)y e udeainedn ulGicor ther wongueEcRMstEiaes| si.gn silgmaltke wi t h

non- st andag i&g‘yﬁer&g hA% é) Wehhradsr %h ta

carrier s) uC I é/controp{ VI Si oh rfaact or %d?n accgq’a% g%gétfh t he
condition of t9dS&URYSES-ic fine tuning (AFT) signal generated by AFT
detector 109 and the condition of the output signal of sync separator 11l.

1 5 Specifically, in order to I@g@?@ gn t ﬁg als with non-standard
frequency carriers) 1tC 117 co L 'Q)f iy veﬁh‘%ﬂ so that the | ocal
oscillator frequency is changed in relatively small steps in a search range

surroundipg the noninal 'ﬂ‘wé}ircﬁéﬁiﬂ Ixh@éxﬁﬁoﬁremulemy coatemss @l gatehrehannel .
As is shown in Fi enerall S—sha ed

anmpl i tude ver ﬁ?é"?qﬂ&%eﬁé’?ccﬁﬁ?%?%r |§?t?‘5&)rhéﬁﬁl% ‘3 i 10 \'le ative
anpl i t ude regilardware " timegs tountesppodiccerdinglys iff aa timoer/cainter e'r;uency

val ue. Thresh t C onpl27 determ ne
when the anpl ?‘{t\qé%%([)gf)q{laéqi g [hh B dstd Wa{ﬁ}%uésg%%l \r/le ones of the

two anplitude wgr@mcc fﬂéﬁ\o%mgswbr%ﬂ ﬂlt‘ofmt’ﬁ@l?w@%cﬂ‘ap%rﬁb&m t 8f s of
AFT conpas3 8t orth@esynonsem?amrels:mwpeddtm ianpotdimatyutgenerdls ptAPsseand 129b

of p.C 117. Thg ot ?p;b?F%? ﬁéaﬁﬂd Sis h%ﬂaﬂ%ﬁ%?ﬁ/ ;é'gﬁ{bléé'eata%mﬂ lﬂﬂgteh‘)f

t he AFT si gnal
the 3 0 negat i \deryibs |<ilUéI'é8 r%gﬂ@ﬁ‘bpbrof H‘é’atlu'é%io%tléfﬁf("absum hg swap inge

llggal osci | | at fgxrterfw&ﬂu@rm:ythles ebalmhm?cmmaw arénéaett Lﬁ“s&il@llxM)edA% dagect or
may respon 1 N Wa | u na, s.ou arrier an
tuning errors 688\5?"3”@&%“#‘3?.% éBeéttw{, %eidggﬂnfﬁ8°§9?5’5|r8ﬁh

Ther ef ore3 53 Sthalme byunpbardsiggealtiroér. symrumo@aah cevaluation imtenviahedt %
determ ne whet Bétlrerﬁlrlné@twh[etlfé?nbﬁ' R8t atmsabwpdlosigmmt@# (h¥NG ﬁ@rmia?ﬂbf

valid sync si di cates that arpl cture cart rat,her th 3‘ ound
carrier has beEﬁS 13 ESSREStive chargsierigite of a vali sync signal.  According 1o

another aspect of the mvcnuon, a predetermined number of



5 The tuning -system described so far is sinilar to that disclosed in UP§ 2002
patent 4,868,892 issued to J. Tults referred to above. However, the present
tuning systemdiffers fromthe tuning systemdi sclosed in the patent in
that the output of sync 5 separator 111 is directly evaluated by uC 117
using a software controlled algorithmrather than by dedicated | ogic.

Bef ore describing the software algorBthmwith reference to the flow chart
shown in Figure 2, the basic conmponents of p.C 117 will be briefly
described so as to better 10 understand the algorithmand certain of its
advant ages. SKgeseeft grositive| nesulte dugingntasplecpivecesslurgiami t (CPU) 131
whi ch communh el g Whidt Berﬁ%ij&'éHYbEF‘dFér ¥n( ﬁg‘ﬂbahéﬁ 8pdy avarlﬁpcggmcaccess
nmenory (RAM 'FPg Central roceSS| ng unit 13l processes data stored in RAM
135 in accorséi% 19 pipvade 5 set of instructions (i.e., a "program') stored
in ROM 133. Data is coupled between CPU 13l and various input/output ports
(term na?s) through an inp ‘llgpt t(o@ Mife ]I§17 W{A crystal control clock
generatof |39 provides varlvus—cim,gkldngwrg—%m—ng@-m—énal S for vari ous
portions of p,C 117. 2 0 As earlier noted, ~tC 1 17 has an "interrupt”

I nput terninal 125. V‘“Plﬂ‘eai'hvbﬂh%hr WAl %egaekan@ea Jwa RQPééI:hé’@ @ohig pul se,

is received at interru ut termg rately interrupts
the execut]i AFCOMRAY1 Pré ARE ol p¥ ’(}rham and [ n| t| at es the operation of an
"interrupt” pr ogr am 'IPFIISURES lopRowEi a)rblntlkldlbgraiﬁscf iabedevigicar by way of

| h trol | led t
Tnterr bt TeREUEr S pbEns 1E ARIRE AT B BB G L R bR b er 117
al so i ncl ude@sadsosy:m | peeshacewdeigctan”’ mepnsuuatast "andd loprsapngdin o CPU 131.
In the exempl@bydandk emadlre?&alae rﬁ%gé&&“'@fe'ihel“% e%eﬂtlltweﬂﬁbx r&Rpl ves

and counts clock puls 0 gener at by cl ock geherator 139.
Ti mer/counter 141 is ﬁé.’égbﬁ%é 6%?’?0% Q‘i"n%b")‘r&dlfnf PegheR i fndie By way of
exanmpl e) ti rmcrdtc@lurnregralrﬂl offashebanitsecompurErasifr ehé heindug asyseemofshawgor ti on

of a pu S|g aghn [ co at the
occurren |rs rg)rllls ﬁgng’%rfce#ﬁé& V@i b %nﬁeyedlgteer%otﬁfﬁa a final
count val ue at the occ’ﬁhﬁeﬂ@@ompaayg‘@mﬁdd@ﬂéhm t¢wraufs ttheprogkam si gnal
and subtracthngn% oug tatheesiow ncttat}@ shoRPENh FIQeREEN, the time
durations PR 2002 6 between the pul ses of the remote control signal
are nmeasured using tiner/counter 141 and interrupt input 125 in order to
decode the renote contrdDemikdalDesSpigpeidn asfl tye Bhthodinfentst renote control
pul se igcgecei ved at "interrupt” input 125, the interrupt 5 programis
initiat and causes an initial value to be |loaded into timer/counter 141.
When a second renote coher tilepisice receivereshaun in figare chuincludésua r eached

by timer/coupiey igi, 'aﬁ @thécrﬂda.eqoby aCPJ«)dééldetI%rt wscw%d%ﬂ ues are - o

subtracted frominitial valu dur ati on
remot e cont r BIOGSSF &S Se%‘}"vvago%)t ﬁt%f] detgc}q;néo ur&t§0G SEDATARY grslpond to
a logic "I" andl @ sywy tprdeessingnsectyorc ol I speangéd m loogiventional I n the

pr esent o] t / ¢o 14 0 Kk rgsent
time. Eazc t?dns‘eﬁ%ﬁ msvgV %?‘n gogﬁ% 0?1 1%1 l{raﬁgl'l?"counf &}%fl%?ga}ag rctl.tle a count
r epr esent i ngpradiigese e APMAqBites sypedsignal monteguggerbooh Wowizamsl | and

i ncreased. Tg,gﬁ;éaqog her pa{JSJesrray al so be used to evaluate the out put si gnal

Blsftyt‘ié?eﬁfrﬁ‘es;t.ve Fored 10 EigtTidsns aatboalootillaon, SRY dbeBmpadhch
However, in is@apr efemid eydmebliehtby ai pedseolotiesd 144p aom,L)ttIQISrumha«saput

the Lie%"?ea?#é&?ciﬁﬂfefpﬁﬁefe%ﬁ%vitLéﬁ%f A utﬁ?aﬁa?esgnr*g@d*%' sh?"

separator 1le¢rros signali predinced by eqoampaxeng themfirequénay dandt pbas®) »f
measur enent § 'lsdéh'@d:&cﬁ tdlv?d a\e't?ecﬁﬁ@n et oAb TRty Of the
Rer

i nvention, ut put sync s ate ?F a software

i
al gorithm Stsnah rad\ﬁﬁf‘g /‘étﬁ\?h‘?‘éréﬂﬂr erfoaadtet €0 | eaving
the timer/ conﬂfﬁqaentyeﬂghat Dtthmorf factor oNs js tdomtiblledalbyomi t hm al [ ows t he

t put | 1 . qr.di |
our pose | BoulEreEdRBsIEY G 1y HisB a8 Bodiol® ARG oI Rart Shown
in Figure 2) funqatmommmfpuhepmlcvmm |r§0¢té/feérrelc!l ttbeasllwrauwc A det ai |l ed
flow chart of fgﬁtl Qﬁthférh@oﬁﬁBllh?é &vﬁslehogtamon i CoprEpUber 117
T

concerned w t erm nat,i on er or not yn ormation
present is st?tMn ] gor & ‘"?HQOEWeBBBn&WﬁH“BFt)gaa% 0? ﬁr\é Yhd the
identification of certain performance characteristics is contained 5 AP R
200Z 7 in the acconpanyi ng Addendum The code indicated in the listing is
that of a so-called "TELEKAT" television control I1C, including a 6805 based
m cr oconput er, ava| I abI e from Mot or ol a Sem conductor Products) Inc. The

] === =17 A =1 1 o~ o -



5 tuner control phase | ocked loop as well as digital to anal og conver SeAPR 2002
for various television control functions, such as brightness, contrast)
saturation) color and volune. It also includes a character generator for
produci ng character signals suitable for an "on-screen" display of

i nformati on such as the 10 channel nunbers of presently tuned channels.

Basi cal ly) as indicated above) the sync,presence al gorithm determ nes

whet her or not a predeterm ned nunber o% hori zontal sync pul ses of
approximately the correct tinme duration (about SpS) and approxi mately

correct period (about 64p,S) occur 1 5 for a given nunber of test cycles.

During each tasall AsRoR2! )a tdlscie il uRoss zaa:eaepth@ ekl dace@k$s for a
positive sync

ul s rt A i At erval s of 4~S Sanpl i ng
at this rate ‘?‘g-‘lﬁ% |PaBE Bééaﬁé’@‘rﬁﬂdﬁl’“ B PRSP S nLﬁmosf %2331 Tmay have a
m ni mum duration of 4~t/. usfrt araydebaatol onardbus fayndops| cfe thd helexiflopr ogr am
conti nues sanpl.i t e h e rs
appr OXi mtel ;‘I% R%é ﬁﬁgfufa)?ﬁ‘%séhcea)?rﬁ%\‘ segé'étgoﬁ %;;l ’u*%?n trex%'tf o‘?ﬁ?o‘in RAM 135
of pC 117 Sar eSX%@@ i Ovhye repgte p}%\é@icée@ethmn 0z§I Her remate sene@led in

Figure |2 Zﬁ sﬁtemslsasﬁ@wat upth@@rEg FIHHYRéﬁﬁ)fte Cdtﬁl'tﬁﬂt f&;éw%rVﬁM ds horl1 ggnt al
sync pul se have est .cycles.are execu was
chosen becaus(éO‘l'Q Or@s %ﬁ&ge @tﬁngrb&?%? ﬁdlzﬁapf %#ng(i?el evi si on
field and is | ong enou ¢r®camP@l\I\mf dr17elcr>0trs>181|uthS®0n Hec@oubl effl?lelquency
pul ses V"h' ch ??Eufn %‘Eér’&!@n&é‘%ﬁﬁ%'&?&nn‘éh adplfédtgorl %Qcﬂélfﬂy a-user> "TRYNCPCNT”

is a cou many ti a,valid hori ontal nc S been found
to exist. (A S?N&f tﬁ—gr tElgvasion, shenys H}c%/ﬁ Testan Hérq)h@%%%yof
correct sync casi@sRag002llaas nWmhmtara!deﬁequanbprca‘rﬂérs spChdSénamonce it
allows for sogg, {r?fsord'i gfonr ?E&EPNO%H q%%ogé‘ﬁﬂﬁ%SinﬂFtthgy&drgﬁtxoPeéf‘

expect ed i ncorrectresu narrow equal i zi ng
pul ses and wi @staraiti¢ cfall%ytﬁélfgﬂ,uI(fé:sTbc’ﬁrhg%@ln@Q“W&tﬁqi nbyt FVedeieeatbllQfki ng

interval . The %ﬂﬁp{}ienQohﬂitﬁanQJfSthee\tﬁitE@E 's@éhdlnbﬁr%&icS%Q@d}dtdieﬂ@YS utilized
in the sy ﬁ detecti onpgg%garfn [le esta Eeq tthedtt' men%f uir dto ﬁ(lecute
|nstruct|]0 s (such as 11581 ¢at gdfnh P%%/ n%‘;)1 e\ 1ﬁ3‘ﬁ byl e use
of ti mer/ count @ontstandatsk frequanclyi cartigys, Srlef bt |Q1glttQiStd1€‘ISIDStfa|¢§ﬂr the

smal | | oops shewy4y meelasm%gdmatoramqu@aeyl galchhﬂg&&rmsraaﬁm@utshﬁm time.
The BRSET i nstructi onexam rlg i C I eve nal of sync
Jange &

Si
separator 111 SIGRP iR 35418 QuBdigg ﬁ%ﬂ%ﬂ@%l\l@laﬁ‘l 2%n are
usedal t er nat elfyechenegefort heseBREET dhasnelict AensashiowneimbbigurexecthedFh
. SUS. r , X t one i out put
5| gnal Q?zgyng?gllé%aﬁlg? o? g?[ﬂiéﬂaﬂg §e>g§m€ Jﬁ%d t\thiQQ@e §%§B§Sﬁéggeﬁ§?s |P\ each
| oop. The i nst rab@f AGATIBREX l’@é(u%&sp@ﬁéw@orﬁnént“é‘v%iw&r émr&ttéée{mlpﬁs M 135

to be decreasetupypst Bheop ditiGidew dBl AEnehRakS ey edluBot thecontents

f the X t } | 1 ot ed
et nterval hhg eéﬁafﬁis %53&% S AT e RBRREbr #Cﬁ%“ 182 onal
operations in detemhinei v&e;snlmwaenprhnm ofy the abhFds signgh igswithiE andDELAY
are repregent eﬂésPébtme dne8Vor BE t tvds a 1&&&1@&6@%@ esmblmﬁbeﬂ sb%naels

t | t ter. - 5 AP R fl

Chotruct o  FIRHIS-TECANSd. oomPAtRIBER <§ AET SrBfracol SsER3h of 21 1o oupl e
to port Ato b(a)lqﬂeqblmdinlﬂnmutp\uarpbmmel’&%tamdctlﬂeb pORTG AL EhouTtie not be
confused wi th hﬁ@é Of & carriet Nist laaiéfdow?%qﬁé%ﬁﬁt@eoa% hgeapme

detectlon al gorit reference, nunbers_o g art shown
"in Figure 2 asignahds cifit gy PRSHIYe ApPUBIdeafegionn ok aie ePoaRd oiheal B i t hm
is initiag@ (negdtevedimp m‘utler régionpifes eshee nekt astepr (dssuming thaenthdet ect ed

by exam ning t 0_AF 9 r ration previousl
ngCI‘I bed. %\ftgorc %ﬁ %‘Z’ ﬂ%gg IE%)’ B‘gr t%lgg‘rgqﬁcf%esgﬁfogr am i E ent er edgl
SYNCPCNT is set to a coudnfertumatehi AFE detectqs é%omﬁy aespargl (ipothe
Thereafter) T MmkSuaQt td Ob&th( pRthr@eh P Ndundt Icarﬁaﬁplaﬁd auehy éfitofs untll

t he out put signal of par,ator 111.1 (a.lqgi
until a peri od™fY ?Eﬁ“‘y ﬁégfe F%Hﬁ’é:& iSpkac ";o&’“ %35%‘ ﬁégqaﬁ crhr?{eéfro%/
72p. S pro\d Hestle deftpul tsigmal” of cape” scpamtor ohldepp&mmﬁd It@cd@tp'fmlmﬁ case

a valid sync s t P B I as
Appeared At poﬁ?m:iﬁcr' ™ r'ﬂ(ﬂ 1t ESﬁFa hs \J%Wot h‘%nzofma”’l koo (‘comﬁolnce)g?s tAo

alnsrq) after a dela

deternine if aVvRbdi é)’"‘b 5‘8§312' ‘ﬁP@éealﬂ % 20@‘“26%)“"%& ‘%3 thash2 205
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Tlmer/counter 141 is useful for various timer/counter functions.
By way of example, timer/counter 141 may be used to
measure the duration of a portion of a pulse signal by loading an
35 initial count value in to it at the occurrence of a first transition of
the pulse signal, determining a final count value at the occurrence
of a second transition of the pulse signal and subtracting the two
count values. In the present embodiment, the time durations
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A P R 2002 14 output of sync separator 111 is evaluated using a software
algorithm, rather than hardware timer/counter 141. In addition
to leaving the timer/counter free for other functions, the
30 algorithm allows the output signal of sync separator 111 to be
coupled to an ordinary general purpose input/output port
(terminal) 143 of uC 117. In the flow chart shown in Figure 2,
input/output port 143 is referred to as port A,
A detailed flow chart of the portion of the control
35 program of microcomputer 117 concerned with the determination
of whether or not valid sync information present is shown in
Figure 2. The corresponding program “listing" and the
identification of certain performance characteristics is contained
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20 program continues sampling the input to make sure that the next
pulse occurs approximately 60uS later, as expected.
Several variables stored in RAM 135 of pC 117 are
used in the sync presence detection algorithm indicated in Figure
2:
25
"A" is a count of how many test cycles for a
valid horizontal sync pulse have occurred.
128 test cycles are executed. The number 128
was chosen because it corresponds to
30 approximately one-half of a television field
and is long enough to allow for errors due to
the double frequency pulses which occur
during the vertical blanking interval.

- 35 "SYNCPCNT" is a count of how many times a
valid horizontal sync pulse has been found to
exist. A SYNCPCNT count greater than 104
indicates the presence of correct sync
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The sampling intervals, evaluation intervals

10 and delays utilized in the sync detection
program are established by the time required
to execute instructions (such as DECX indicated
in the listing), rather than by the use of
timer/counter 141. More specifically,

15 referring to the listing, the small loops shown
in the flow chart are identical in terms of
execution time. The BRSET instruction
examines the logic level of the output signal of
sync separator 111 and is executed in 2.5uS.

20 A DECX and BNE instruction are used
alternately between the BRSET instructions
and are both executed in 1.5uS. As a result,
the execution time of one loop is 8uS and the
output signal of sync separator 111 is

25 examined twice at 4puS intervals in each loop.
The instruction DECX causes the contents of a
register (X) in RAM 135 to be decreased by 1.
The instruction BNE checks whether or not the
contents of the X register has reached 0 to

30 determine whether or not an alloted time
interval has elapsed. However, for the sake of
indicating functional operations in a relatively
simple manner, variables such as TIME and
DELAY are represented in the flow chart as if

35 they were established by a conventional
timer/counter.
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10%& ()- 0 10%& () I(r)x the flow chart, the instruction "PORTS$A" causes the

output signal of sync separator 111 coupled to port A to be
sampled. Port A and the instruction PORT$A should not be
confused with variable "A".

5 In the following description of the sync detection
algorithm, reference numbers of blocks of the flow chart shown “in
Figure 2 are indicated, where appropriate.

The syné detection algorithm is initiated ("entered")
after the presence of a carrier has been detected by examining the

10 AFT signal during the search operation previously described.

After the sync presence portion of the program is
entered, SYNCPCNT is set to a count of 0 and A is set to a count of
128 (201). Thereafter, TIME is set to 0 (202) and port A is
sampled every 4uS until the output signal of sync separator 111

15 is "high" (a logic "1"), or until a period of 72uS has elapsed (203,
204, 205). The time interval of 72uS provides a default or
"escape” condition to prevent “lockup” in case a valid sync signal is
not present at port A. If a logic "1" has appeared at port A, port A
is again sampled after a delay of 10uS to determine if a logic "0" is

20 present (206, 208). Steps 203, 204, 205, 206 and 208 are used to
determine if a "high" pulse no longer in duration than 10uS is
developed at the output of sync separator 111. A positive (YES)
result at step 208 indicates the possible presence of a horizontal
sync pulse.

25 If the result was positive (YES) at step 208, port A
continues to be sampled every 4uS until a period of 40uS has
elapsed, or until a logic "1" appears at the output of sync separator
111 (208, 209, 210). The timer is initialized for this evaluation at
step 207. Steps 208, 209 and 210 are used to determine if the

30 output signal of sync separator 111 is "low" for a period somewhat
shorter than the time interval between horizontal sync pulses.

If a 40uS "low" period has been found to exist
(208,209,210), port A is again sampled at 4uS intervals until a
"high" is detected, or until 24uS have elapsed (211, 212, 213,

35 214). Steps 211, 212 ,213, and 214 are used to determine if
another horizontal sync pulse occurs after the 40uS "low" period.
The 24uS time interval provides a default condition.
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If two successive "high" periods, corresponding to
horizontal sync pulses, separated by at least a 40uS low period,
have occurred (YES at 212), the SYNCPCNT count is increased by 1
(215) and the A count is decreased by 1 (216). At this point, if A

5 has not reached 0 (NO at 217), the program returns to step 206 to
examine the next interval between pulses.

If any condition indicating an improper sync
component is detected during an evaluation cycle (202-214), A is
also decreased by 1 (218) but SYNCPCNT is not increased by 1. A

10 failure is indicated when either: (1) no "high" has appeared in
72uS (203, 204, 205); (2) a "high" was longer than 10uS (206,
208) (3) a 40puS “low" has not appeared (208, 209, 210); or (4) a
second "high" has not appeared within 24pS (212, 213, 214). At
this point, if A has not reached 0 (NO at 219), another evaluation
15 cycle is initiated (202) to look for a horizontal sync pulse.

If A reaches a count of O at either step 217 or 219,
indicating that 128 complete evaluations have been performed,
SYNCPCNT is evaluated (220). If SYNCPCNT is greater than 104, a
flag register indicating the presence of a valid sync component is

20 set to a logic "1" (221). Thereafter, the sync presence algorithm is
"exited" and the tuning algorithm continues by changing the local
oscillator frequency in very small steps until the AFT signal is
between its two humps in order to "fine tune" the local oscillator.
Alternatively, if SYNCPCNT is not greater than 104, the flag

25 register is set to a logic "0" to indicate that a valid sync component
is not present (222). Thereafter, the tuning algorithm continues
the search for a picture carrier.

It will be appreciated by those skilled in the art that
while the term "microcomputer" has been used in describing the

30 embodiment of the invention, the term “microprocessor”, at least
in connection with the present invention is synonymous, with
microcomputer.

The total time of execution of the sync detection
portion of the program is about 8ms (milliseconds). A reasonable

35 number of program interruptions for such functions as checking
for user generated commands and controlling various television
functions does not significantly affect the performance of the sync
detection program. Every interrupt may simply reduce the
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number of detected sync pulses by a very small number. This can
be easily accounted for by reducing the threshold value of the
expected sync pulse count (SYNPCNT).

The present invention has been described by way of
example in terms of the sync component conforming to the NTSC
television signal standard utilized in the United States. However, it
will be appreciated by those skilled in the art, that with the
teaching provided by the exemplary embodiment, the invention
may be applied to sync components conforming to other television
signal standards, such as PAL and SECAM.

While the present sync presence detector described
with reference to a tuning system in which the presence of sync is
used to confirm that a picture carrier rather than a sound carrier
has been tuned after an AFT signal initially indicates the presence
of a carrier, it will be appreciated that the sync presence detector
may be utilized without an AFT detector, e.g., to indicate the
presence of television signals. These and other modifications are
intended to be within the scope of the present invention defined
by the following claims.
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ADDENDUM _

; TEST PROGRAM FOR SYNC DETECTOR

}

{THIS PROGRAM MAIINIZES THE SAMPLING GF STMC SIGNAL THROUSHOUT THE 4dus
jPERLIOD OF A COMPLETE CYCLE. THE SAMPLING INTERVAL (S 4.0us, BASED ON
1A MACHINE -CYCLE OF ,3us FOR THE 4209 (DR OF THE TELEXAT IC.

H

jPERFORNANCE CHARACTER(STICS FOR “VALID SANPLE CCUNT®)é4

RF CARRIER LEVEL > -33dBa (12uv)

SYNC PULST 41DTH 2.7us MIN., l2us MAX.

STNC PULSE FREGUENCY L3.9KHz MIN., 19.3¥Hz MAX.

xaIN POOSEAN
START  CLR  SYNCPCAT SCLESR YALID SMPLE COUNTER
L 9128 sINITLALITE ACC. AS LOOP COUNTER T0 129
FINGHT WL W
FIAIHIR BRSET {.PORTSA,SIGHIGH ;LOOK FOR HIGH SIGMAL LEVEL AT us
25T s DATISVALS UM TO 18 TIMES
BRSET 1,PORTSA, SIGHIBH
IE  FINDHIR
BRA  EXNDLOCP
SIGHIEN L3 12
DONTCR  DECI ;UPON DETECTION OF HIGH SIGMAL LEVEL NAIT
DE  DONTCR s ABOUT 10us TO ALLOV FOR MES. TRANSITIGY
T R ST
BAPR  DBRSET 1,PORTSA,ENOLCOP  REQUIRE GAP DETWEEN PWLSES T0 BE AT LEAST
bECt ; MOJT 4%as K1%E WILE SAPPLINS
JRSET 1,PORTSA,DEOL00P § T SIGNAL AT fus INTERVALS
ME Gt
U 8

BAPEXT  DRSET 1,PORTSA,VALIDS  ;LOGK FOR MEXT POS. TRARSITION WITHIN THE

beCt § DEIT 24as BY SAPLING AT dus INTERVALS
BRSET {,PORTIA,WLIDS
W owear

BXoLooe e {IF WIT FOUN, BECRENENT LOOP COUNTER AND

' BE  FIKMI § "RESTART LOOKING FOR HIGH SIGHAL LEVEL
MA FINISH

VALIDS IR SmcPCNT JIF SLCESFIL, IR, VALLD SARPLE COWNTER,
2] § DECRENENT LOGP COUNTER AKD START
W § VEASURING GAP DETUEEN MILSES

jommmmeee(PBATE RINIMS A MATDNN CORINT MEMORIES
FIKISH LM SYNCPONT
S AT JOELX WETHER RIN. VALD SAMPLE COUNT

RTS ;EXIT SUBROUTINE WITH RESULT I[N
ACC
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television signal,comprising:

a microcomputer (117) including a central processing unit (131); a
plurality of interface ports; and means for coupling said ports to said processing
unit (137);

memory means (133;135) for storing a program of instructions to control
said microcomputer coupled to said central processing unit (131) of said
microcomputer; and

means (111) receiving said television signal at an input for developing
said synchronization component (composite sync) at an output; said output being
coupled to one (143) of said interface ports;

said control program including a portion 1) for causing during each of a
first predetermined number of evaluation intervals said microcomputer (117) to
repetitively sample the signal developed at said output of said developing means
to determine swhether or not the samples of said signal developed at said output
correspond to the same amplitude profile representative of a portion of a correct
synchronization component, and 2) for causing said microcomputer after said
first predetermined number of evaluation intervals to determine whether or not
said amplitude profile was produced during at least a second predetermined
number of said evaluation intervals, where said second predetermined number is

less than said first predetermined number.

2. The apparatus recited in Claim 1, further characterized in that
sampling intervals and said evaluation intervals are established by the

time required to execute respective instructions.
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