- €3e4<62TQY4 DI SPLAY FRAMVE RATE ADAPTATI ON BACKGROUND The present

i nventi enerally to television receivers, and nore specifically
to di s&l’“&ﬁ"\%ﬂ“ﬂﬂmﬂte adaptation in a DC coupl ed and const ant sl%ﬁeJ&Naﬁqg"S
vertical derlection system FIG 1 is a system block diagram 100 of an
exenpl ary TV€ceiver for pPISPELY FBAMEIRATBARDRTABIONor mat si gnal s.

Oper at i Onﬁ/&(}g@@ iver 100 will be discussed in the context of National
Tel evisio ittee (NTSC) and Advanced Tel evi si on Systens

Conmi ttee (ATSQpSiERAl invkARSHtRes géamm?w teligibfdckisBrsOdnd M6rel Nvent i ve
aspects laid out herein are not limted to NTSC and ATSC signal standards.

Qut of t hespeifiesllyldQisplaydirgme edte sdaptaionDS ai BCfaodpled aad denstant siopeexop 102, a
known type of digital decoder, which sends a selected video signal to a
vi deo decovatical dafleian syiemi des red R green G and bl ue B col or conponent

signals to t heelg[iG’{?tlLiE gsk#%gb%%igé@g%@p@b%g aft e9ERp1aAoTV @ERI WS orf FOM the

tuner 101 is f 0 an 104 to provi‘de a selective video
si gnal f orprbedskingranylog @ dipitar ésiangighfld, Ophiation pf theirdeesver, 10GwaideB col or
conponent signals to the picture tube 107. _ The SC si n&%t f the

decoder 10dseussadria the eradexd OF Dt rlsleyisien Systems OW‘H%? ed from

540P progr g351 ¥y ?’g};elf%?onléﬂ?e%s é&ﬁb@%&t@TS@gggﬁgf {thifidbasS WRGRLGNI zat i on

si gnal s Hsync and yNnc ar’é genera by a r generator 105 in response

to thejRo @R desomivettiveraspécciaisomnhein areToe lisyted o DTISCaaridokTSCgnal s are
then fed to a deflection process 106 that provides vertical aagd hori zont al
def | ect i onsighastendarder Oubefitheigines 100 aghgial sigop) Beds &4 te gidegnulgalexepg.

Coneral 1)y S IGH A s, P 5 SO TI s ngrel veo

si gnal so re disp same rate i n which they

wer e transgidoligd (23hi prhvidbered iRl @peehi @aad blubBEfong@nefonepigtalswg thé fr ames
is undesirable for the portrayal of notion by quality TV receivers

: A
r easonabl epistye mbetl0Be Anchnaldgfsignal Adrreeeived framdhe ainet 1 is ekt arNTREoni ng

frames_ to gvoid nerati.on_of | [ r icture

scanni ﬁ% fg?%?rsﬁgnta W?\é{gr%a %{Féetg’ggﬁ%egoosrl%y%?ﬁ {tﬁeer vlﬁ}%éﬁ g%ﬁg%ﬁgﬁ based on
frame rat egnith (#0¥aks ROZardn® cdddizcontponemalignalsf totiepibibfube il6MdTie r at es 30
of 59.94 Hz, 29.97Hz and 23.97 Hz are considered) which will permt video

reception dOTSKTSghal ioghel the deeddarylQhie the Hidee deeodsEpiosesser 1 ¢bihioMMEC and

NTSC, th th tal of. 36 picGt f e f
ATSC. pi ct urereeeged S PeeRrl e T HogARY Sd JelRR GG RHEAE °
frequency Qgﬁﬂg‘?—ﬁ?’ﬁé fidd osyric Ahgshel @l By a rastedlpkRdrhioy €03 Fi Rspoviselgf thect i on

system desi gn optim zed t'o work over a narrow range of frequencies. BRI EF
DESCRI BT| ONidep dEtddi RAIMNGSsBgR0é, The isynchrenjzatiomstanetsiarelihga fethiofor  an

exenplary TV.receiver f oth digital. and . anal Vi . S 1 2
i 11 ust r at e SCLCHORRIOES F@P ‘?lﬁtepr%'ldgf V%ﬂgﬂiaﬂd%&l\%\g@% A\Fg‘r%é)‘i“ﬁr{gﬁg‘ﬂdéé}’lﬁﬁ%@ of
lines di splaysdoidavs RefsaphebilowRUDand DC coupl ed and constant sl ope

vertical deflection; 1o FIG 3Ais a schematic diagramillustrating an
adapt ati on of t ifEenkratlysthpeastdrigeheradr 4 pf apstibawxnshipnizef 40 theapseivadmenaht e of

h fol field. FILG, 3B i hepati G .di i rati
aptat | on BT Rt fEE R ¢iulpE A S SR a Py BRL T rutpiad g o
change Qf Iy; éleweofs}ig%laﬁibﬁfgméforirh dafihg aF Bam¥e [shindadirabRAfor e guesagal oni ng

of horizontal raster I1nes; G is a schematic diagramof a constant
sl ope vert icfaotioaryy qBalierBY oeceivers. A reasonable way must be identified for a TV

receiver to track the incoming frames to avoid generation of temporal artifacts. There
are 18 picture scanning formats and frame rates supported by the ATSC standard,
based on frame rates of 60Hz, 30Hz and 24Hz. However, if the NTSC friendly rates

30 of 59.94 Hz, 29.97Hz and 23.97 Hz are considered, which will permit video reception
of NTSC signals during the simulcast period of both ATSC and NTSC, then there are
a total of 36 picture formats. Given the number of ATSC picture formats alone,

tracking the incoming video picture frame frequency becomes difficult when the
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FIG 6 is a table of exanples illustrating lines per field adjusted to
synchroni ze a display franme rate with a decoded frane rate FIG 870 JAN
synchr;oni zation and display timng diagrans for a case of 1125 displ ay
i nes and 1080l interlaced picture lines; 20 FIG 8 shows synchronization

d di sol i : T ' pl .
successr velprated s AR Byl Sy SR AT AR Ay bRy 1Rzl |
di agr am of regieapiet.al steps for the inventive adapting of display frame rate

to incomng picture franme rate; and FIG 10 is the system bl ock di agram of
Fig. 1 nodified to include features for 25 inplenenting the inventive

display fr i Y- E I NVENTI ON An inventive nethod
for adaptlﬁg‘igﬁgﬁéﬁﬁg\?pﬁﬁxﬂrm@% ver to a picture franme rate of
a receiyed si gngiginglaugeemtt)ecksdig@amabr SPORMPIAG TV Rdceivef forbbandigitalt e of

30 a received signal with a display frame f a receiver, adjusting lines per
field or |amkanapey vifleasignals;spl ayed in response to the conparing step, and

2o he Bt ust i nERer s aEs SRpTeRitpe st BBSin Bl P e T g b &5 b
frame rat el&ﬁ& cﬁss;?!:lfetdqﬁ‘?hé {aﬁgﬁoﬁtﬁﬁteanng@c& &l ¥Rfcons@Radlopdvdrtiches a DC

coupl ed and constant slope ranp vertical deflection system a signal
decoder f odeféectiengei ved signal that provides a first signal for video
processing to drjve a, display.tybe ang a second signal jndicativ m) a

pi ctur &0 frame rﬂ%%“{%%&fe@é%‘? 3@3% fysirating Ap aB[gHﬁ%Pgtlh&lm?%Per?{f aring
t he second ;si bt VLIV Sletidhal JrifGRks ¥& ffig:a display frame rate
for the reg%?%g?‘# W%équge%lygéﬁfuret erallﬁgr%cl udesﬁmaans for adjusti n? | i nes
per field or |iMG. JRis £ schamati¢ sipbmyeidlubyatirigenraeptatien of the lissppsrdisld o t he

conparator, and a raster generator for prO}lLidi n orizontal and 10 verti cal
def | ect i ondispled ¥itha rgratiyelydew rafe of ekangs AT 4R REWIEIY r esponse to the neans

for adjusting |iHhes = ' &lonkd HizsthPdedr 1iRESCRI PTI ON OF
THE | NVENTI ON 1 ‘},Q?g tf&f/e,% ‘%chralispg ng{ogy rarreé at ther slarre rate as
that tnansm ttedIGo$ it hectenauniesliaguah obe consvppaebbpe vertieplampdsen8ratete dr oppi ng
or adding frames i s unacceptable, a reaso_nagil e Wa}e/fﬁj‘fr .a TV receiver to

track the i nconitig: §riaﬁégblmgqxag@le?sdgmt{appg nePpsf ?FE“S_rﬁ'EFH?er of ATSC
picture f Orsg&tvlé?%ig]é aisBﬁ§?ﬁ% rgfef\;i'tlf:yh&cofd?cﬁ fidmLYadef | ection system

optimzed t over-a’narrow range of frequencies. 20 Adjusting the
| ines per fieldHrGsp!shped spidheszagionayd displayeseing edibgremb dori zanst af 1125ne rat e
as a constant, while on’I&% slightly varying the vertical rate, when used
with a di sgiseylinesaandcl$0k intarlaced piciyfiedingt:e picture frame decodi ng
f or mat The vari.at i,0 ' : ] | L L¥ 178t hod

0 lilﬁ.)? hols %Ex%h%rﬁ?&luo‘haakg fdgggefygr}lﬁgsg%%ﬁaﬂl‘g fOIWERE bY €12

is sufficient to | ow a rane rate nci tween the receiver

ver sus tr ansdpliy eiestfon@vdasessivahdmeant 40P psogressds piettedinetr ame rat es
resulting fromformt conversions of varjous ATSC picture for rrags. The

basi ¢ el enents dfIG: Ads p ahashdingramaplssseniak stepsor Hednwabine a¢aPRE Ohs may be
used in TV receiyers, .inc JIC- . tical deflection system
const ant Sldé%oga)&f\éarggﬁtfzgoa{nggxgﬁg}égﬁgﬁf%r{gﬁa?&éﬁ a display output field of
nore horizontal #3188 i§ MesyavnIockhitaginarod§eg. fir aneifiedite imiude fdatspsdgr out put
field of less horizontal lines to increase the average frame rate. The
number 5f Howlementiag the ivgntive dieple Gupeptordapid® are sinply not di spl ayed
on the picture raster since they occur during the vertical bl anking

i nterval.

SUMMARY OF THE INVENTION
An inventive method for adapting a display frame rate in a receiver to a picture
frame rate of a received signal includes the steps of comparing a picture frame rate of
30  areceived signal with a display frame f a receiver, adjusting lines per field or lines per
frame displayed in response to the comparing step, and generating a display frame rate

control signal for the receiver in response to the adjusting step.
2



$ 0 JAN 2004 The .interplay of the above elenents is illustrated g{ea hi ﬁ@lly
in FIG 2 where portions of the ranps corresponding to TOP repr§ ABN 2

top of, the pictures, e.g., line 1, on successive franes, and the "Bottont
represents the bottom of active displayed Iines. Portions of the ranp bel ow
"Bottom' represent. non-actiy I... - NN Qi ;i L ol B1el NE
portion between ?C’ﬁ’vegﬁﬁe BOT™ Orrélg?%lsn%n %‘g}ggﬂl\%,@%tgg%bg:ﬁzrglfayaebr?te, i nes.
In this exgmplegeivk®iighilendlodedla DCEDEple@bn@ebisvait 61dbs Ringy aditied! defiection
non-acti ve (non-di sp?ayabl e) lines per frame be as follows: frame N has Ml
hori zont al systemes, signahdeconlerfon ageqeivzdisignal iat pioviden a dirstsignak foavideR2 has Mrl
horizontal |ines. 1q The relative number of. M:Ll franes ver frames
control s tH@CBﬁ?é‘rga[P%“fV ?ﬁrqubaé'ttgb%gncg?/%ercgﬁtgalg%}tm%l\%}Vetolfr?é).laﬁge M‘ﬁ%

i ncreases, Lher QYL RURI|SIAIE ah@h CoRPERIT ForddM i Rb ithd/serbsdisigha wilthe only
requirenent 1s that the system nust dither between an instantaneous frane
rate that iimihgsignaltidicativerf aalispiaydframe ratsfaanhersedver. fhgrmrece var duitheat i s

hi gher than nom nal. CGenerally, dithering needs only to vary the nunber of
15 hori zont®iUdesnes fromframe to frame in a progressive display system or

field to fiphd %?aﬁaséixtfgqﬁﬁés%ﬁﬁeﬁy&ﬁﬁ% gé% szﬁné@i"sﬁa&ém @RS RIvel W0. From a

practical standpoi ere may be non-di splayabl e’ |ines above TOP, but

this i s notespomernd st contpardtbre apdin pose geodratonfar prsrdripigdorizp@al ndshows t hat

t he average val ue of  verti cal cgi_spga %rgeent vari es fromfrﬁgle 20 tg frame,
as t he 18 spypuigaldeflegtion sigrals oy @1Vt ‘foé CHPn SR 11 FSROTSF SPE B ae. An AC
coupl ed ver i I . A i ; 0 seek an average verti cal

di spl acener%@jugt&&&ﬁﬁ%? pf]h@%ﬁaﬁréggéﬁépo%ﬁh% %lé@ggeb%ve TOP and bel ow BOTTOM ar e

equal . This has the effect of changing the vertical position of the first
and followng |ines of active display and the picture will tend to nove up
and down as these average 25 | evels change. A DC coupl ed defl ection system
on the oth gl MsKtical position of the first line

di spl ayed,(ﬁé“‘éée}i"é)‘iliirjllgszTi,t‘;)]tLJ %fqi}ﬁ%i$m a reference) and thus, the picture

r emai ngsanchor eddnerallyseecitistaligpini frames anhd SumeGRIE dsaba traAsmirest arthe s| ope

of the vertical ranp anchors the vertical positi OH of the last displayable
line at BOFfR@MS M35t B AEaPPeher speated pPiwac dPPEEr dAdRSRBIS 1t he first 1ine

at the TOP and t C I : ty. di i at
sorrany ¢ hense R RO R PERR G LR e Rt 1R
(active) piytigémifeidz Givén hesuinbenof ATSQO pidthre formas, this bdtamesadiffitulu foha

spatial consistency and only the frane rate is affected. Consi der the
case wher e TYhdeflestionsysiemeptmiredosvark oxerg pasIAveEanes pf HeHSRFRS! field rate

f : i . fi - ' [ h
“nput video has ASPRERRIOFNinG! & el afpiap GRIE R Beat iR 2

raster gendimtiate at@ohgamoWsilashly stigetiyvarpiag (hé vérticasatpewhén eded vadia i s
vari ed as needed to create an 5 average output field rate 3@159..94 Hz. In

this parti clisplay Exmaptanventer fppguitinie peie jrageglseoding formats dde3dPatioh have
563.8 | 1 neS d a8t Gt Cherhflfed BB hverfiFe etdiSs sufikich®id (SGK trarhOrionS der

t he dynam c i I'hig 1 oop at " co ol s 'the nunber of Lines Per
Field in thﬁec@%awbé@eé@m rddtever 9ORUS smatiaer tay-basesf At vapiatiohoiv. The
graph 300 of FIG 3A shows the case where the tracking |oop is nmade fast by
0 mai n25ai nduiputtfreeneaatas aefalimasfrem fatreat spayergiopephtaripap Y ISKoPIF WS ne

i nterval. the %réaph 310 of FIG 3B shows a slower tracking |oop, where the
Aver age Fi el%f™Rite is maintained over a longer period of time, with 19 out
of 40 fields 3llThayidDeleRdns of itRemvestive displdy fpineirits hdaslaidn, ahmapbei nal
562.5. This dynam c variation of the value of |ines per field Ipf inposes
some 15 conssedan Aivsreoeiversainglades £ RIC-eraipledoteridng! peldection iSM%‘?m?r?fé‘S&Phﬂﬂﬁ? d

A T T

DC coupkj g eQklibE MR (e H haSspldyauthliicld 68lesd hdizoffal hekao indrampshst art s
at the 'I'Sidanet \?erﬁagaﬁgposrfﬁti on orll)e{}ﬁieu V screen. As illustrated in the

schemati c 46rade G rafe. Thremenldrof horizentalHngs tabe dioppedeer dddad arecsimbi t i on,
Xa, and point Xb indicates the bottomaof the TV screen, .l emwith DC
coupl ed ver Bptdisplayed op t&e H!%?éasffééﬁlrcg%%ﬁy BEN ur%'tﬁerﬁgne%r@%n}ﬁ Sl ope

requi r enent ir?&%ﬁlr es that Line 562.5 will always occur at position Xb)
regardl ess of thé number of lines in the3output raster.



FIG 5 shows a schematic diagram of an exenplary constant slope vertical 25
defl ection signal Vert generator. The vertical ranp deflection 38 JAY80¥ert
includes a vertical trace voltage slope VCS 1 and a vertical retrace

vol tage slope VCS2. Wth switch SWopen, as shown, part of the vertical

defl ection vol tEiganigeplay pEtht ebovsademenss i iy psedigrepicdlly i8dIGuwh MR out put s

i stor. R and ito k t di f
copar i ng TORSEK treamhseperengne o PEBhEsor o Ok of BGPaRed By bheT . e
Vref. The opgr éetgﬁv&f}_aﬁa@ﬂtana axelB o aBsre s BEHbRGI oTabtivediGagedi s vari ed

by the output o e difference anplifier 502 to charge capacitor C2 and
provi de t HimeyePbitoak of tepatnp delow G atgs’ gprsisentapaclvid. 1 €hNSW i s cl osed,

' Captic: vdrrieatis iogn bt sty Biate 00 SRy FuiB AR e 0
vertical def!|S6hiARIIRNES 3heKiS RFpIKNBM e (ol MRRr sk kbR displabtfier L. 1€ 1
Ica cking rate

not ed t hat " Ver tra s influenced by the tine constant of the
RC net wor kan@aispl 26 vb etoredisplayuble) linpsiperdfantcniee ad fojewsldrane Drhasdi+land i nput

to the difference anplifier 502. 5 The inventive displ r rate

adapt at i orharizentsblingspfriamg N+l has Madhenzanga mﬁn?’\?“ﬂg@gg*ﬁx%g%sraﬁ%&esi gned to
decode an%i_lg%i %g{aﬂ'ingg gital audio and video fromdigital satellite systens
DSS and A P8 €8t al transmissions. The anal og video provided by the
AV degpderhdrddtieintintst pLM-+ feme vaisgs a2 framenainoglsDhéovonl érmerratehat i s
cl ocked at a fixed frequency, whose maxi mumis 81%/%12. Onef]('i i xel is output
10 at eachascaueragedPut pyes Lidleo A UIRG Hicjeastse Hfrayetage hramgirals §<aaew |l be

up- sanpl ed ere ne s W i i i ne. The
number of PRGBS Theonth eckielheRis ot X ARleln RS D! BUBER ad 1 0.
480 for a {Rfadlanebusitiife RitxhsisPewer thittnominal mddreinstaftaneivs fmnieimes, when

the display is interlaced, is 1080 at 29.97 frames per second éFgé) or 30
Fps. The nthabisrhigher aloani nosningln Gengwedly. ditherias 8pednPn%BIONBYMEINMPET P5™ 15 540
at 59.94 Fps.or . Fps. The f{ i : w how
t he nuhber R%rflzqniteﬁg@egfrg B ég%%l%gf?\alﬁé( ?’2&’@%‘“"&@%5 Egpfsa??gﬁ?lp%fr flgi:d?gafg}a%hgr

decr eased gRideridcel dydwim biyabange tHanasie-dpywdr Breen hpsdcsicilatandhoiay eheae
different display frame rate. In a first case 601 of 1920 pixels per. |ine
and 1080 i mtaybeaocadlismayablerdings apeyseEOP syt thig irRpt IpPeLiat tg%é‘?ﬁsmfg i nes
are displaﬁﬁd duang fields 1-4, 6-8 and 10, one additional scan line is

di spl ayed Yt FH"#'Feld 5 and one I ess scan line is displayed during field 9
to provide an aygnapehdvethe: haheerade wud sfargscad éispheenead vafipsfrofiflamd n t he
second case 602 of 1920 pixels per |line and 10801 jnterlaced horizontal

|i nes, 2bor tefremy, dsathé ﬂépgyecsmn@ngs:@m drenped os pdded; fegim A58 tadraMey 4% el ds 1,

3, 5, 7-8 10.and ane | gss. scan lLine i i _ I 5 gelds 2, 4,
6 and 9 toag?B\)}i- Yi‘?ﬂ"é%él?ﬁ&cj’of]isggamr\gﬁeteoq‘%Z%%%){?gesrgéélr‘;ne&gca?i rgt case 603
of 1920 pi H?ég?ac@x%nﬂ JURRShaA Rk RASRr OPTi NG 8¢ TOP dhdriieromBATTIOMase for every

10 fields 562 scan |lines are displayed during fields |) 3 and 7-9 and one
addi ti onal egoanThishes tesffecsofdhapging 8¢ gitiqahgosifien elsthg figstgnd fojloygng o

provi de an average. figld rate, of. 60 f I

D1 el o por Menar e ipSriells T bty R o BBSR £ ket
fields 363 15¢AcHahBES AIDE cBifiBd aomRLtigh &jsiem | orethd Sthkr Ramd) il eitfbremutie one
additional scan line is displayed duri ngqefi_elq 8 to obtain an average frane
rate of 59.\@ftidapposiBon of thenfirsseadisplayad.dieeping it 31w T OV es aireigreage.Adme rat e
adaptation js illustrated,with detail ed nche.oni i t iy i agr ans
for differ RES HISRIFUYS EEHRPIRS aé‘?ﬁ‘?rga ?%? ﬁ%etcgf?lc Rpdid Oéﬁiﬁa(ra;zn@ﬁgeerrén@gg %gftiiee t hat
decreasi ng §fe HUADGEiRL) rinpRh@brd IR82nRARPASGn bfCtht Rivt digplagatid Bhd ain of
prior active picture Iines) requires initiating the 5 vertical flyback

pul se earl iBOTTOMhe vertical blanking interval between frames of active

[ i o [ h . of displ |.i | 1 ow
Compl oHon o progre REp0eopried dFeripR schorbuR padtEa BRTPREr I vert i cal
f1yback pul a6.l:t Qbpd MBS HETA dllapltiiad HOTPONRKARSNAREY factiRs of

active picturé Tine s” synchroni zation and tin ng adjust nent
to a di spl ayeléwBEITOM Withdi2Bfediispdiaplaydd@sti ¥e) pict@@Gizeianpesitianedlssh ct ur e

| ines. As shown by the top synchroni zation and tim di agra - 2

i 1 ustrati néeimagsisidismayef apihspatigdeaenpisieney 3 wa’r-]%ipﬁ&g"}m%fa%t iﬁ?‘?%f"%es 703 to
a next field of Y-signal picture lines 704, active Y-signal picture |lines
703 end wth display scan line 1122, and 23 horizontal |ine periods 23H of
vertical blanking with inactive Y-signal picture lines follow Upon

conpl etion of 15 vertical blanking the next field of Y-signal picture lines
704 begins with display scan line 21 of the next display frane scanning.
The vertical synchronization waveform Vsync initiates flyback with a

o r 1 a o — g p— o a . -



begin. During transition F2-F3 fromthe next field of Y-signal picture
lines 704 to a succeeding field of Y-signal picture lines 716, v@ftdahiR00
bl ankiing coincides with display 25 scan |ines 561-563 of the prior field of
di splay lines and continues for 3H horizontal |ine periods 714, ,ur]til a
vertical flyba€onpdestbe 288 Wheierihe rastes genesptat | ¢feisconiiguiedfas gingininglne 564

cont | nued beet et e ahe-arines her 40 B 58 Sroniht SRR MRERE L e 708,
Referri ng 0 WEaREL k 8E1d iafd At orianE A81nt8 he sgittinntdock dTaRd 6t gdnchiianki ng 30

i nterval between Y-signal picture |ines, "such as exenplary picture
| i nes 709A08 icoRRB, steonumber foé lihespkiriig! d3leis ofried dfordedehtoired¢ fiback pul se

711 is initiated no more th . 2. m _crasecond 1.8 less.0.6 sh in the
di agr ah) PVOIREL ﬁ‘éPP‘rféqlf‘F%fe_ogg%édféz' tIHéh‘_f)Pfr(SIFU]S?E é’f%? lb'ieﬂ‘[“ﬂ?seevle&r/l% 709A. 7
Adl ust menty, Obe § §21a3 %08 W PIVZR! O AR AIBIRGE AdnRGPEmPHge the | nventive
display frane rate adjustnent 1s effected by initiating the verti cal
flyback pul ses [73mpéfgntaacbisidertiee dyranbesss thhieadkisgploay tifat epralathe and

facilitate a decrease_in the display lines from 1125 to 1%2%. I nc]reasi ng
the di spl apmbieneSLinesReriHiok ip sheiquipUtragies r e 18ORIESBIASH G Y& TPHCF PSP on of

vertical fJybac 7 8 L 0, 2ol e case of
1123 di sal %ﬁfﬂ?ﬁh@ gﬁﬂp‘f sg\aﬁ%ggf ;%a%aﬁggl}}?%gé\@%(g(ll?n%%}?(l)%l%géeeﬁi&nti;}?i ated 2.5H
and 2Hghor,zanifhs BRIA RESge FieRITRRE iovet ¥ relafvely shohaithasiterpilc e graphne f rom
the prior Y-signa icture lines, 703 and 704. In the case of .k 1127 displ ay
lines) verllioodIFIGI 3B sbawphuyblonsr wacking lpopowhere éhg ﬁvﬁrﬁ%&éald?ﬁ%ﬂlsand 4H

hori zontal l.ine period respecit | 40 Ui line from
the. prior RO B nes” PR Rar i il Sy B D PRI R e S T he

di spl ay |ines pbf oaLib2anéteadldfdBe nemitial 62.5ni tiating the |eading edges of
the flyback pul ses one horizontal period 1 Hearlier, and increasing the

di spl ay |ines fTFoisdynasictvariatiomof g ypiue of HBESRET ﬁ‘ﬁldtlﬁglml&iﬁq %dge of the

vertical flyback pul ses 70 d 708 ! [ I &lekd) 1H 15

FIG 8et nlsgalggﬂ?@ﬁﬁﬁﬁflglﬁgli cﬁeﬁlegh% ?‘Jigﬁ?sg‘ggaa?' Eél[%gr?raéér{? p %ﬂog& dt:%spertay and

pi cture fogdfRkudH sykleddeli sy steindasit Mjustments oe Hadsveer fiekie so mfipdsd@pP

progressive picturee |ines. Al though onlg/ 563 display lines are generated
e

for each fP&mmeupfingetd GenstindSlone Ramp sTheRgoypkng wauireey epgies et f r anes

of 540P pictuyre |lines. are depicted t.0o read] j topd he
synchr oni z'i‘FiL%’dﬁ s tv?%o%wmsggﬁpgr%g% sa&%@e%apﬁéﬂﬁb@n (grﬁ@gvﬁ vb3§/& the top
synchroni nguis D@k isBhdisht & AOTAPIG24,-Witde Lirelisd stRtwinng therwenticdli on from a
given field of Y-signal picture lines 803 to a next field of Y-sijgnal
pi ctur eo | i pesiti@)2a, and peiet Xbsndjeries the betiem af itheEV sogeRnly wswnuwgﬁl ay scan
line 1123, d 23 horizontal, |.ine periods of, i nking wth

i nacti ve YD '%‘Qﬁ%‘i%‘ﬂ‘@ﬁi‘??h@%’ a¥50$ C(‘)J\Ws& pﬁ[ﬁ)’gr?aégr%ﬁe |S%“314 %IP l)(\!?/lerti cal

bl anki ng t p&ur}@r’fﬂent‘cén%l@s tfat Yirkl 528 wil QW?@O(Z:& hi R RicB(db, begirdisssvaft h

di splay scan line 21 of the next display frame scanning. The vertical

synchr oni z dtei mmbwa véfioesnn Veg ogputrriastemt es fl yback with a | eadi ng edge of

flyback pul se 8 ith initial digsplay scan_ i L frame for
the next acti ve%ig\é\%’ SHRAYS HDFRARC ﬁﬁﬁ%%’,‘ooﬁm %’!e{‘ﬁ’?%& Cg’\gs@{g{@lﬁg%?g}éﬁ%ﬂal li ne
periods, 81 gt QEnthdP! e $&686allrhmp défiedionAbligge Bt hwhidesat al
l'ine pz?i o] gﬁ%éfi}l%tﬁgﬁfargbragkn pul se 805, 3o verpti cal bl anking continues for
15H hor i zoneaicadirap!vaytagd slepp¥CSodsd 808rtipat fetrageeolipgg slope MGR2. Withgnal
picture lines 804 begin. During transition F22-F23 fro i.e] d of
Y-si gnal pistiigh & PRES 288wy pgrtglijglgee\éedp% d?ﬁ%ﬁ“&nc}'f)ft -e?( %‘pngsl fgg?éﬁl{fro ZJ li nes
816, verti ' E b BSs Werlols BresistdHFe Mddapasian d hdiwsribonl 563 of
the prior %?‘Jé’F?I*’%?Qé?gbﬁgf& d|)ng‘§sand continues for p3H hori zontal |ine
sl o Tar 5 not Lot ol 11 v perL b
Wi i y li ntinu iz | i
vert } f:aBE bIV@HRf‘h‘dqus Toe ﬁpirﬁué&??fh@rﬂt 19;'@9; Hfg“rqnf‘&ﬁ‘[ %H”e!“% ﬁoélcrfe‘?? Bg*siﬁgﬁgf ter

e Tlybac 3§ LB 13¥1 o at R BabidioP C2dinaPraaSEe, during a
hori zont al k‘B‘l")§%IEFtn(gfq§%9{e¥§B\5§{Je§§%hElg{ ween Y- sélégr?gl pi ctur e@l i neq%sgpch as
exenpl ary piegidal farhp (8Se @024 ¥asl . SBIBn stvireln SW isecldsed divmgnesiyec 18
hori zontal flyback Ii)ul se 811 is initiated np nore than 1 % m cro§econds (
1.8 less 0.@licAtmeurrent sercelCSGrEHgh F3usRs thA&NT8E OP CARRCHEGE? & 8¥5E % r i or
Y-signal picture line 809A. to Adjustnend of the synchronization and tim ng
to accommodate the inventive display frane rate adjustnent is effected by
initiating the vertical flyback pul ses 805, 808 earlier to increase the
display frame rate and facilitate a decrease in the display Iines from 1126
to 1124. Increasing the display lines from 1126 to 1128 requires del ayi ng
initiation of vertical flyback pulses 805 and 808, see block 812. In the
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An. exenpl ary, recei ver 100 for i npl ementi ng the inventive display frame raEe
adaptation is shown in FIG 10. Al though the exenplary receiver 10

has dual signal processing paths, a path for anal og signal processing and a
path for digital signal processing, the inventive display frane rate

adaptation can be pr i.ce.wth an 5 anal.0 1Lt al y. .receiver.
In the recBi9esV E?@CQ&L%Z rGs té&ﬂ%?’%ﬁ‘éﬁ?‘ q%gg&f ege%h& %?enkélgwf)’etP field
(1pf) par a%&@émﬁéd ANhd BRUT; i8AGeBHIRY Ive'ﬁi%aﬁ%ks}@rm@t@lmehwaaiy @B dme

hori zontal synchroni zation signals Vert, Horiz. The cal culation of |ines

per field tqistansofihe®@netavork edupldybetwedrthbasipst oBGhaskope deterioaO! and
synchroni zati on Vsync is generatg(géevery | pf lines in the raster 10
gener at or ¥t toghe dutarense amplifisy needed has the effect of initiating the

| eadi d f |, t ' ' FIG 7
and . “For anal BB ghATEe Y H e B R R 03 s

out put s an ANV Jecodry B@alﬂlcﬁmghcd uordeaodemmﬂ&hsmziy &igitéli eelkid:sarpde\ndsrefrmmd whi ch

has its phase conpared 110 with the phase of a vertical ﬂ& ni.zat i on
si gnal Vsydigital wtfzilltPE)/ﬁtémﬁrQSS(ﬁn%éTﬁrCa‘ﬁﬁ§StBélrtr@éE’(‘ﬁ§tP“5fT Y] er

T o L POV b A7 e b il Bliphth o figflldobBhe DASRR(ART 105 1S

adj ust ed 1??@1 hase error signal and the

Vsync si gngiat {9 QBRKeht & ESEE Fregeiney abiese h%lmemnegll}vgiml (éna)]mleels outpat phase
error of zero is then a condition for frame s%gchronl zati on petween the

di spl ayOf r aheachayde ofithis plock. Buwry picgralto be disalyed wilbhe pp-spppieds whersg For

digital naI s D he. VPEG, 2 I

deli vers b F?‘F 636%3%92@8“& AT p%rﬁéo@% 2 ﬁrgﬁegghdﬁg?rru r}ﬁl?eg(?ﬁ@gtrl =%4 #g?
program cl ggK chehetiRbE® Sibinbét g@ea@@nﬁ@mmror i1@al JirI0prphgsieperdinec Khe
reference PCRis a tinmestanp, i.e., timng reference, that is inserted by

an MPEG 2 enobdeof dative linge V\thearfl@pbmla}étsrlé@ﬁﬁ@f@ 1 W80 2904 demes P8tler 104 i n

the 1 ecover g k3D S bl BB BSRHSE Uit e WPy ipaisisi e Of

t he communisE Jif @ ramcl o
referenge g@ﬁapggpmtppgbpg@gpgount er 114 driven by a | ocal systemclock 11S.
Note that a PCR is a sanple of the output of a counter driver by an
encodi ng syst emBiedour examphes mrtbmtghieS@FB}Gsﬁ@@W Iye the; ﬂ#@&beﬁéfhf“?sel dlpf is

adjusted 113 in respon son that is

synchr onoudi$R 4§ ORE r\?@F’i‘i“@%lse glﬁr@l){r‘% 8?135 §| 8%?45?/?0*:‘% Olﬂ?bg@g d;gfhe rast er
generat or 1Qdne Therahffbaki i@ ditsteardigRtdnt dispRy Hahferaeniea ﬁmmmou@&z and PCR
approaches or is”substantially zero. This is quite different from.a

convent i onall92(|)(pnxels pdrdmlc and d 68@ inyertachd herizaneal dinguitfpugvery bPfields S6drpar at or

pot vieerth hInsBREAIPIENSE SErRAIIsgh B 2P dBeueRE R Ry st i At n ™
conbi nati Or@ﬂrﬁi@%e@@ﬁwa 8hé RASs@h lith"}’s &R pededurivUielld 066 Brovide @f‘eﬁ'efﬁge

ordi nary sk inthe art are included in the scope and spirit of the
i nvention. fleld rate Wha fiames peii sweond (fps) A0heintibel sscond aerafi0lmy 1874 pixalp BSF ame

oLl ST e el Tl B S S o o
a display fgane&f afidg§Rfds/E13, 5, 7-8 and 10 and one less scan line is displayed during
25 fields 2, 4, 6 and 9 to provide an average field rate of 29.97 fps.
In a first case 603 of 1920 pixels per lines and 540P (progressive) horizontal
lines, for every 10 fields 562 scan lines are displayed during fields 1, 3 and 7-9 and
one additional scan line less is displayed during fields 2,4-6 and 10 to provide an
average field rate of 60 fps. In a second case 604 of 1920 pixels per line and 540P
30 progressive horizontal lines, for every 10 fields 563 scan lines are displayed during

fields 1-7 and 9-10 and one additional scan line is displayed during field 8 to obtain an

average frame rate of 59.94 fps.



adj usting (93) lines per field or lines per frane displayed in reggopse 200
sai d conparing step; and generating (94) a display frame rate control
signal) for said receiver in response 10 to said adjusting step. 2. The

met hod according to claim1, characterized in that for, an al og.si gnal
format of said Impdesnensation ¢frihe inyantveipiay frﬁ@egqtgﬁdw)ondgﬂ&s}rgtgg conpari ng

a phase of a vertical nchr.oni zat | I (Walell Lve of
said pict u‘?”zh g?t@&%ﬂcsypféﬁﬂlzﬁ%\?réa%ﬁé& g’%adgégg’?% afg\%ﬁgf%ég?m@fxgﬁgg%?&zrgti on

si gnal (stlﬁﬂﬁﬁts.a?h&%iﬂa%ﬁx%@ﬁ&%oﬂ-s’irafd tABEddcAfaling @Y fudhbes b@BRplay BinesThe net hod
according to claim 2, characterized in that said step of adjusting |ines

per field scamed; Hliospemeanpledon phpricyacdvepiases lingspreanizes BN thfer . 4. The

net hod accordin o.claim characterized .in.that, for i q] ,gnal

(DS) f dr maYerggal glé(i’%f:kr%@%‘i e‘;éézr 4f aVier%Cé} @B%l%é‘?tlerr‘@l %e?g%%c@%rrgésf?eagﬁg%npari ng

a timng Z@F.{u% ?ﬁ%g‘iR r}éa@g@thé Ahmbad 6k diﬂﬁ@iSN&_% sSAr8a) folbwhgaohiptaiontdfm ng
oca

reference or said receiver. 5. The nmethod according to claim
|, char act gidrzetvé pictthatinsarauiesimatiating tio Yertisakiybackmprise tterdathsar i ng a
program cl ock reference (PCR) for .said received signal with a | ocal program
cl ock ref er‘éH%’éb{ﬁ"&ib‘@‘“ﬁﬁ?%egéﬁaﬁ‘%QEG?W&PM%l ®SThe met hod accordi ng

Lo olaim 4)  chagtesd ARl hbitabucifind (Sl itneik &% 683y HmiseBeal od S0

that said timng referenc sal ocal timng reference (I ocal
PCR) appr oards dgslhy Diadsefor 10801 Titerlawetl ptaiuradines.dAnghaven by therto, furt her

characterized by the step of in respopse to said displ frame r.at.e control
si gnal gen&mghionizagor and ﬁ@éﬂg ‘éiéglla@b%’gz 1l§t§tr§p%gpnqt5§1 fggraias%'lvg’gl%?@bo on
whi ch an i ga f : oMl o i i [ 4 DR1iVE §Veghal 12

B The et ode SRR HARE FODYE SR HeREa Y St e K e g
step conpr piase YRAETGR éndgvich display acdn lileod@2yard 13 ctkirizdetal kot paipdsi2gHal f or

said received signal that is DC coupl e? fo sgi d%tdhs Ig%/ t ube. ;9. T?e met hod
accor di ng ebvesrtieg! plankingwith aghYs, &cf 1817 PISHETe SAFLIO Bf‘)'u RNRGOBIPEH8 Lonpri ses
adding.to said i, r. £i.ek k spl; ; RyQtarsai d
di spl afl frﬁﬁ%’g?latflgnq(z?%ﬁ]seu e%tfﬂéég?ﬁgg%%ﬁ:ﬂg@ﬁﬁ@%g@ﬁ%eg?& f\?l\g?gﬁ?oyi na}:r ease an
aver age of ligadd odlirenlerydikplagrametseandif}. Thheertieahaydclrosiariomyaveformd ¥i-m 1,

characterized in that said receiver conprijses a oypl ed and gonst ant

sl ope ranp sywerinitiessts fybackewith geasing edee o Hybac 1@19?%.0%#56‘4@?'%56 é%arc]or ding to
claim1l, characterized. ] t J J: i SOIRkd syarying

| i nes per If}fsgfaéf Sa?r%lé’i’ea%% tb{}% aatﬁ)%ggrétrﬁggg‘ogn g‘%gggé?}ﬁfbij;ﬂnb r at Ee"ﬂ ?ggfsxgmes per

second sel @gtigshtiln@d gefiodgr Miomans ésd ofdjspihy &9n%ite 1322, A@e®3Hand 60. 12.
The nmethod according to claim [%)é characterized in that for. 108 ilqt | aced
pi ct ur €01 i meszempldinedjeniods alyths flvpackambse Mids VIEFY) Blankings CORUIES 14T §

and 1127 P32l fhe AELPETEE opAR bR BURLR SR RSB TR ror
two succesgeys, frames of 540 progressive picture lines said adjusting step
comprises varyl r}gurtinhgetralmlsint%?] F2-F3 from the next field of Y-signal picture lines 704 to a
succeeding field of Y-signal picture lines 716, vertical blanking coincides with display
25 scan lines 561-563 of the prior field of display lines and continues for 3H horizontal
line periods 714, until a vertical flyback pulse 708 is initiated coincident with display
line 564 and continued for 5 H horizontal line periods. Vertical blanking is continued
for 14H horizontal line periods 715 after the flyback pulse 708.
Referring to the bottom timing diagram 720, during a horizontal blanking
30 interval 710 between Y-signal picture lines, such as exemplary picture lines 709A and
709B shown, the leading edge of a horizontal flyback pulse 711 is initiated no more
than 1.2 microseconds (1.8 less.0.6 shown in the diagram) from the trailing edge of

the prior Y-signal picture line 709A.



per field displayed io be one of sel ected fro‘mthe group consi sting of
1124, 1126 and 1128. 20 14. A receiver for adapting a display frar@ed rJdNe20ph
a pictiure frame rate of a received signal conprising: a DC coupled and
constant slope ranp vertical deflection system (106), sj,gnal decoder ( |
02, 103) for aAdpebnsns@f deguahremzatgs, At 8&"%?‘1”%‘%%“?%%@‘% “FY)ePg\V/? deo
processing to drive a di - hi:BRE e RGN yBARRsesndbcat i ve of
a 25 pi ct‘%?@a¥ T r?tﬁtagjugﬁk%gil%&rp%éé&%@é)t]salﬁg al?e; a com))/ar a[%ir ( 110, 112)

for conpaghgghrBaite iKe6ABhSaigplay faineRae ahd nfacititess gdedreasadn tatdispayof a
display frame rate for said receiver; neans (111, 113) fgr acgérusti ng |ines
per fi el dlimes fromds2per 1 FA3ariacrdasing e disply lgs rome b B 8rL 12 A 1¢BYISS nse t o sai d
conparator; and 30 a, raster ge t or ), f p i.di imaeont al and
verti cal G"é?l"@%f}?edﬁlt’finﬁﬂg‘&e‘%{iaﬁiy%@@( g'gise}i’ @fﬁngg,{()?bgnsos\é?g g%blmr%kr’] gg'ponse to -

sai d_mean o @i fUS b Ak pldyNEes PREtidal Bl BacRrpuldeB @05 ped 708 aeenidaepl ayed. 13
15. The rgncﬂélg\%%ddaflgcordi r?g y’?o claim 14? chzfr acterized in that said signal

decoder i ¢.5tbandd2i¢ hdiinantalpesings, sespeaivel b Ritenthe lasepisture ding figauthe RRAT sai d
second signal is.a vertical, s hr onj,zati o i The,: Ly er
accor di ng t@%%lé’ﬂwffi{"eé’mg?@_ﬁg‘pﬁz the gage, tﬁ?g{h@gp&yéﬁiaef, _gé%ggsb%‘i( 102)
Is a de- .”éllfswc%?‘&{d T arl ifltigtkd 8!sH Q{dmml_c)ﬁfélrgammé%meats,sésgaaivegnd sai d

i gna

second s Is atimng reference signal. 17. The receiver according to
cl ai m34, anbathatisepicagd lina fiohathe paiod Ysiigredpictiore dides, 7038pd 79%slbot h an

anal og signal decoder (103) and a digital. si | de-mul.tinpl . 102),
sai d tse(t; o) ﬁurgmaghaﬁdwlm&)@? d&@?@;éjmﬁs g@if @éﬁs@ﬂg FSHFS ggf% n;?ﬁég)inegéméhenm
out pu y Sgi 1 cRf IR AN fdroBlnd B er ence en
out put bye %?Sao%dgeﬁ Cliz ugsl)?gg (}1%%09 1?? Thleﬁreeceig’ver lacrcor Ing to claim
14, char aiigdyzieses iffont MRS n‘oolrl?_amecaﬂa:lsdglayingmlne)ka@iagddgﬂa@féhvﬁwlﬁlgna! sai d
conmparator_is a phase conparator 110 flor corrﬁghlrng_ sai d second signal
that is a fbaek papessipicand 98 Paons Rourgal inepery imng signal that is a

15 secgnd vertigal A0S ORUnF i 20 n Sha Rl thid8t {LL@EMEY aEpienel Ng t o
cl ai m]%4, char a@@é?%%g@isgﬁqhﬁﬁia?lgp%a di d?% é‘i%u? or m of sally_ldyr'ecgi ved si gnal
sai d conpabahiof(i 128 A)sphgiimas &3 2saicckssiee fraches o H40P piegtessize picireinesm cl ock
reference for said received signal to sai i

. tinm Si natl_ thatt I8 | ocal
progr am clAlthkoughfoahedfiedisplay Hpes arp gencEye! Faé?t@g’?’a ioﬁac {5 RiTared nfg’)
characteri .n,that f } ecey : S b S jefthgr | aced
picture | |1rz11§g dé%ﬁl@hﬁ%egr@ ! 10%%"‘%50(?%513?32??%3%58%%{? zaczéc{/kgr%?ﬁg] Ijsai d lines
per field dingphiye the sprarafizapheat eithihg atiagrams of Bl TGonsi sting of 1123,
1125; and | 127. 21. The receiver according tq claim 1é 9$r1 cterized in
that f2r said ré@éﬁl@)@l@l@@estpgﬁwmwlioﬁiaﬂg“ﬂ/\bg diggragy ?]\/E r‘g 8U% 540

progressive picture lin Il Bl 13) nbRrfiddbp ytdighl
conpri ses Vgﬁw%&%rﬂ@ gﬁ%g@%i&éﬁf&%n?%ﬁ%s |s§ﬁ)§yed nto (l)ne of slge}%ect ed
from the gpiete RRRSECEL hatheof -signdldiuiclRees 80Acnd 186, digdlay seandiveilv2d. f or

adapting a display frane rate to a picture frane rate of teceived signal
conpri si ngand3?B hom};@n&,%dnpﬁ @é“%q‘fc?%bwg‘fedﬂ‘fal El%‘%é’gr‘ﬁ‘ﬁlb”\?gtt"ﬁ ?é?l‘gn&gf”lcglr

ction
system ( 191@5; follows. Upon completion of vertical blanking the next field of Y-signal picture
25 lines 804 begins with display scan line 21 of the next display frame scanning. The
vertical synchronization waveform Vsync initiates flyback with a leading edge of
flyback pulse 805 with initial display scan line 1 of the display frame for the next
active Y-signal picture lines, or a total of 3H horizontal line periods 813 from the end
of display scan line 1123. After 5H horizontal line periods of the flyback pulse 805,
30  vertical blanking continues for 15H horizontal display line periods 806 until the next
active Y-signal picture lines 804 begin.
During transition F22-F23 from the next field of Y-signal picture lines 804 to
a succeeding field of Y-signal picture lines 816, vertical blanking coincides with

8



an. anal og decoder ( 103) for an anal og received signal that provid AN 2004
vi deo signal for video processing to drive a display tube and a fi ﬁl
vertical synchronization signal for said anal og received signal, 14 a
digital decoder (102) for a digital received signal that provides a data
signal for yvi ' Ve sal i : first

i ming rof GYERESATEREEHsbS oE e R TR o AN ARA cothlks REDIE

conpar at or hdrizbhtal Jiné péri@RIBIa[ umy avephas flyedckpalsd 368 isiigidhted yombideni zat i on
signal to a Ehase of a second vertical synchronjzation signal for driving
sai d def | ewithdisptaydineio4and sentinyed dapakatasizoptal g perinds cWersisalithenking ai d
first timng referenc ignal .1.9.a S W) f ,gnal for said
receiver; Pi%lpgilnlf'f:éljﬁrs?‘tﬁ ﬁ?zgnt?lgpe;gﬁﬁc@{‘?lnsgéfﬁrElgesﬁgoear%ﬁ % pfegggé%i spl ayed by

sai d regceiver iReﬂe&iﬁge@nﬁeseuérﬁ_tmhgidfa'gfasﬁ 320 MahakMoriz6RaEINshieans ( 113)
for adjusting lines per field displayed by said receiver in response to

ﬁai d secolrlmtftrmiwdﬂdxeo’ﬂqenamigaahdsmleﬁrlilg-’énmchta@ﬁx%mmaawiﬂ@re Iies \BOBArgd
[ t tical flecti j drj i d.def [

' 1 espons E0Hosi e fead e pSgeio i as Dy it R A nidsied SETORE, Y el a

glusglz ZY)edkth%ﬁ 1: AR crbsacHids: A@ed oY 515vIEr e dfohh¥n YFREm AR M¥@ing Adgd of A A

]\/bK]( } Xsni ijt_hZ}pr'm]}da}igaa}l@éqtua]lhm]&ﬂa]ﬁnca] c?] E:a] cal] ca] ca] ca] ca]ca]ca] ca]ca]ca] ca
ca] ca] ca] ca] ca].ca] ca] cal.ca] ca]calc<a! (o(w. . : .

i:): H]@){ }%% xsni d _Aﬂidsé'ﬁ%'&éﬂlf %ﬁ]}@&]"@ﬁﬁ‘%‘h?w}@éﬂgéa]aﬁ%ﬂ“&'ﬁf@é? BE R F ca] ca] ca
caJ ca] ca : kot ;

X :#7&?3%]’&9%?%6?’%@5@}@%’%1%%2 LB B tlé’g]ﬂéea{ﬁnc’%ﬁlcﬂg]b A e =] ca] ca]

ca] ca] ca] ca)e ajrtied odhaajseahedisplay mineaheahd djalithea dajasd tathe displlycal 23i 334

5]5(5:2?2 g?((: 2?‘8‘%#] %@PéZ?éngDg hi]lz Q%Fegﬁﬁg{@%%ﬁg]@é k’%@‘l\f %@gﬁﬁgg%%ﬁ@é] ca] ca] ca]

ca]ca]cal P - ZL 8\ CAAN 2 T ' f i (

cal ca] ca] c?ﬁ%‘}; gﬁééﬁcﬂa‘} c\éef%%a]l ﬁ?ﬁ%@ﬁcgg%% %-g dasfég,}%]g 3:221]_%]2; gg}%g} gg} gg}
ca] ca] ag] caf 4pXaodigglhy lidiés, verkigkll figbark pflses\80Semd (308 are initiated 2H horizontal
rrr=ssskFt|wnmhc”Y] ca] ca] ca] ca] ca] ca] ca]cal] calca] ca]ca]ca]galc aU ca] ca

] ca] ca] ca] &8% RETieds %éﬂrééﬁ ]@}E‘] R!‘é‘}‘éf‘lll}'ftf‘aff%‘ﬁ]tb%lpwrt¥ﬁWﬂh@9%UWQ§%£§&£yyyz z{||

| H } ~~~; - ' '
}xsni d_2Z]] gg 'c}a %18 oK chal]lcz:% %:Sg]ac\,[a{]ng%’]vga c@é?%%ﬂcga?]uésgﬁ g% ?:% %%18] i3:%1] ca] caj] ca] ca
% cal _CS] ; ﬂ @ﬁ}i@t&&l GBI% lﬁﬁizoﬁx]atﬁﬂx@p%rﬁﬁ]'s Iaﬁ]E)‘?this lldstpicture line from the prior Y-signal
Xsni ca] ca] ca] ca] ca] ca] ca] ca] ca] ca].ca
] ca] ca] ca] @8}“@5%‘@%@9}3 @a%i §8}'CB] LENY Y ’Ftdu“]?g %%?gﬁ?gllcl%]i ﬁ%&%ﬁ ?11]‘ ggkg%%?% -Ca] o8

Tor 11~ Aowd ity e e R ober R s ons g s bR - v
earlier, and increasing the display lines from 1126 to 1128 requires delaying the
leading edge of the vertical flyback pulses 805 and 808 by one horizontal line period
1H.

Basic steps for implementing the inventive display frame rate adaptation are
25 charted 90 in FIG. 9. The frame rate of the received picture signal 91 is compared 92
to the receiver’s display frame rate 94. In response to any difference between the
picture signal frame rate and display frame rate, the lines per field or lines per frame
Ipf displayed is adjusted 93. The adjusted lines per field changes the display frame
rate timing 94, which outputs a signal indicative of display frame rate to drive a
30  display control process 95, such as a deflection process 106. The display frame rate
signal is continually fed back for repeated comparison to the picture signal frame rate

- until the difference between the two is negligible or zero.

9



109&' ()-2z#}7?* .Y 10! 1810% ()-6 10% ()- 5"10%& () -

| @) " 109%& ()-16y)" 109& ()-' &L0%& ()- ) ~ @ Y 1001 YF10%& ()-Yy 1098 AN 20
YOd0u& ()- 10 10 10" 210%& ()-s!810%i i & ()-) K VbdE~ @ Y

10! 1 109& ()-, 109& ()- Y s109& ()- 109& ()-& "109& ()- |~ 109%& ()- bK(dE~ @

(IO (Ll S (AR S D S S0 )
adaptation is shown in FIG. 10. Although the exemplary receiver 100 shown has dual
signal processing paths, a path for analog signal processing and a path for digital
signal processing, the inventive display frame rate adaptation can be practice with an

s analog only or digital only receiver.

In the receiver 100, the raster generator 105 takes the lines per field (Ipf)
parameter as an input and provides appropriate vertical and horizontal synchronization
signals Vert, Horiz. The calculation of lines per field Ipf is done on a field by field
basis. Since vertical synchronization Vsync is generated every Ipf lines in the raster

10  generator 104, adjusting the Ipf as needed has the effect of initiating the leading edge
of the flyback pulse earlier or later, as discussed for FIG. 7 and 8.

For analog signals AS in the NTSC format, the NTSC decoder 103 also
outputs an NTSC-Vsync signal, in a format of 60 fields per second, which has its
phase compared 110 with the phase of a vertical synchronization signal Vsync, in a

15 format of 60 frames per second, from the raster generator 105. The lines per field 1pf
input to the raster generator 105 is adjusted 111 until the phase error between the
NTSC-Vsync signal and the Vsync signal from the raster generator 105 is negligible
or zero. A phase error of zero is then a condition for frame synchronization between
the display frame rate and the video signal’s transmitted frame rate.

20 For digital signals DS in the MPEG-2 format, the de-multiplexor DEMUX
102 delivers both compressed data to the video/decoder processor 104 and a program
clock reference PCR to a comparator 112. The program clock reference PCR is a
timestamp, i.e., timing reference, that is inserted by an MPEG-2 encoder into the
transport stream to aid the video decoder 104 in the recovering and tracking the

25  encoder clock on.the transmit side of the communications link. The PCR is
compared to a local program clock reference LCR output from a counter 114 driven
by a local system clock 115. Note that a PCR is a sample of the output of a counter
driver by an encoding system clock at the transmission side.

The lines per field lpf is adjusted 113 in response to a comparison 112 of the

30 LCR and PCR that is synchronous with the vertical synchronous signal Vsync output
by the raster generator 104. The Ipf is adjusted until the difference between LCR and

PCR approaches or is substantially zero. This is quite different from a conventional

10
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5 comparing (92) a picture frame rate of a received signal with a display frame
of a receiver;
adjusting (93) lines per field or lines per frame displayed in response to said
comparing step; and
generating (94) a display frame rate control signal for said receiver in response

10 to said adjusting step.

2. The method according to claim 1, characterized in that for an analog signal
format of said received signal said comparing step (92) comprises comparing a phase
of a vertical synchronization signal (NTSC Vsync) indicative of said picture signal
frame rate and phase of a vertical synchronization signal (Vsync) as said display

15  frame rate control si gnal.

3. The method according to claim 2, characterized in that said step of adjusting
lines per field (93) is repeated so that said phases approach each other.

4. The method according to claim 1, characterized in that for a.digital signal (DS)
format of said received signal said comparing step comprises comparing a timing

20 reference (PCR) for said received signal with a local timing reference (local PCR) for
said receiver.

5. The method according to claim 1, characterized in that said comparing (92)
step comprises comparing a program clock reference (PCR) for said received signal
with a local program clock reference (local PCR) for said receiver.

25 6. The method according to claim 4, characterized in that said adjusting step (93)
is repeated so that said timing reference (PCR) and said local timing reference (local
PCR) approach each other.

7. The method according to claim 1, further characterized by the step of in
response to said display frame rate control signal generating a vertical deflection

30 signal for a display tube on which an image represented by said received signal is to

be viewed.
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The method according to claim 1, characterized in that said receiver comprises
a DC coupled and constant slope ramp vertical deflection system (500).
10 11.  The method according to claim 1, characterized in that said step of adjusting
comprises varying lines per field displayed for an average display frame rate in frames
per second selected from the group consisting of 29.97, 30, 59.94 and 60.
12.  The method according to claim 1, characterized in that for 1080 interlaced
picture lines said adjusting step comprises varying the lines per field displayed to be
15 one of selected from the group consisting of 1123, 1125 and 1127.
13.  The method according to claim 1, characterized in that for two successive
frames of 540 progressive picture lines said adjusting step comprises varying the lines
per field displayed to be one of selected from the group consisting of 1124, 1126 and
1128.
20 14, A receiver for adapting a display frame rate to a picture frame rate of a
received signal comprising:
a DC coupled and constant slope ramp vertical deflection system (106);
a signal decoder (102, 103) for a received signal that provides a first signal for
video processing to drive a display tube (107) and a second signal indicative of a
25  picture frame rate of said received s.ignal;
a comparator (110, 112) for comparing said second signal with a timing signal
indicative of a display frame rate for said receiver;
means (111, 113) for adjusting lines per field or lines per frame displayed by
said receiver in response to said comparator; and
30 a raster generator (105) for providing horizontal and vertical deflection signals
to drive said deflection system in response to said means for adjusting lines per field

or lines per frame displayed.
13
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18.  The receiver according to claim 14, characterized in that for an analog form of
said received signal said comparator is a phase comparator (110) for comparing said
second signal that is a vertical synchronization signal to said timing signal that is a

15  second vertical synchronization signal.
19.  The receiver according to claim 14, characterized in that for a digital form of
said received signal said comparator (112) compares said second signal that is a
program clock reference for said received signal to said timing signal that is a local
program clock reference. |

20 20.  The receiver according to claim 14, characterized in that for said received
signal comprising 1080 interlaced picture lines said means (111) for adjusting
comprises varying said lines per field displayed to one of selected from the group
consisting of 1123, 1125, and 1127.
21.  The receiver according to claim 14, characterized in that for said received

25  signal comprising two successive frames of 540 progressive picture lines per frame
said means (111) for adjusting comprises varying the lines per two frames displayed to
one of selected from the group consisting of 1124, 1126, and 1128.
22. A receiver for adapting a display frame rate to a picture frame rate of a
received signal comprising:

30 a DC coupled and constant slope ramp vertical deflection system (106);

an analog decoder (103) for an analog received signal that provides a video

signal for video processing to drive a display tube and a first vertical synchronization

signal for said analog received signal,
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a second comparator (112) for comparing a said first timing reference signal to
a second timing reference signal for said receiver;
first means (111) for adjusting lines per field displayed by said receiver in
10  response to said first comparator;
second means (113) for adjusting lines per field displayed by said receiver in
response to said second comparator; and
a raster generator (105) for providing horizontal and vertical deflection signals
to drive said deflection system in response to said first or second means for adjusting

15  lines per field displayed.
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