e3e4"60TZ_, RGENCE CONTROL SYSTEM This invention relates to digita
conver gence “ﬂw H’W’"MW& evi sion apparatus, and in particular, b5 MAR g
conver gence ng i nproved 5 analog i nterpol ators for out put
processi ng. Cer tabiget €l evi si on apparatus require sophisticated convergence
control sys Projection tel evision apparatus, for exanple, conprise
t hree vi deo m m at hode ray tubes, which project red, blue and green
10 rasters, The i mages pro]ected by each video projection
t ube mnust be prupamﬁy aJlgned wi th one anot her. Anal og waveforns. have been
used to provide the correnniQgﬁyﬂggﬁﬁ?ﬁygg§mﬁdﬂggysﬁmﬁpbstant|aIIy correct
rasters fox all three cathode ray tubes conventi onal anal og waveform 15
generator will nornaTP?SCbFYéB%i?Grr%h%t¢$r%@ dtgittal npenvexgdrmes of the

raster, butsp@teﬁ\somtbewvi@lsﬁf@bp&aé@@s isd@ripons usually found in such
apparatus %gltal conver gence correction systens have been devel oped to

generate moP Ebﬁb%%ﬁ'cB?r@b?%%ﬁls?%%%?Ege¢?FZFXPEﬁﬂPl@?ﬂ?&ﬁ IRAP VeSSt em  a
di gi t al Scoraealo@nmaéupolatsf:@redrf@mtmkpmé&sm a very extensive grid,
poi nts being defined.al ong each horjzontal scanni j ne, or as many
possible. This appro%%ﬁtﬂgﬁl ﬁ?%ﬁ?%@?rﬁﬁ??ﬁﬁﬁ%ﬁw?éﬁ%*fﬁ1SQﬂhlﬁQ#Qﬁqqq cul t
and expensi genvergepteneontr@l Ssystemot he? rdjerct odn swelke wisiteem a snal | er
nunber of c e to iy erpol.ation circuit
et or i nes. TEPEFRLER. BbbCE BN S, G RE P Hlod B Bt

i nt er pol at oﬁetbeﬁepremutebgeodwme«smlm:sojmn ed Hbue esmenmaﬁ@ to

impl eng @y . FAsEBRY, CA8ESect e BP. n1f%énqﬂéﬁésrﬁ%ﬁﬂéé¥@ﬁ“ﬁ§(gaéK”U£@é&
conponents, for exanple di gital-fo-anal og converters, needed for the

necessary rBEGPEETHAD brRe | et che R PRRE tY o Hne ety ofttoranosher .
i nt egr at ed Bhatogt 8avéfotmbhhéde kbéen Qﬁsé&Sﬁ@mr@vﬁd’@Ht&f duyiedt idhs

correction Xg%%ggag et§t§£§919'9%%aél tla the 35 |ntenpolagg in

performed in r VEL r%@ahfageous ds %Such
circuits caﬁhp¢ev¢@ehadeqaaYetprErS|QWFQ#Nﬁ¢%%QﬂQﬁ|QnﬁlQﬁ wavefigim cost .

The regd utg@ﬂeeatskgwiﬂ h@rﬁaﬂpgc@pﬂa@ft%ﬁ tHe SECPAsCiddlid s is often
1 5 MAR 2002 2 %Itl e resol ution w et erm ne whet her or not

the interpot&FH eEFfBﬁFtogaﬁ Ber PR Rt &PRY. n?fg P51t Ji¥&ing may be
utilized bycompticavedt ddbstonttongunstabhy wEowinénih ogucloreppa rattuer pol ati on
S to generate precisgy §@¥2305g§v£ 858¥'?§r§€9¥f5 egygiémgr d YL gnal s,
for exanple, for allgn ng i mages PO Ful T pre VI g@gjec I on tubes. This
conblnatlondéveHPQE@aFOaﬁﬂnanategmgrgnQngbﬁérQQFEﬁC¢ ceEINHES + ande

of si gnal(s tBak k'ﬂﬁddbl' habhpepstem nusaieﬁﬂeliec@ﬁaewu@n IPay@sluces the
required resol uti.o ana ogﬁconvirters d t he amount of

digital stofhgE® agﬁﬁl?9CXTﬁ89PEdBEtPoHeFH EBPetYBnIbtde RO tal to
anal og convbelingsdefidthkdsalbagi ahehphbalzonteilrscabning bblmen,t egr & =ed.

many as possible. This approach would provide maximum

correction, but is difficult and expensive to implement.
25 1In another kind of such system, a smaller number of
correction values are stored, and a digital interpolation
circuit determines intermediate values, based on the known
values. Digital interpolators can produce good results,
but are also expensive to implement. In many cases, the
30 minimum bit requirements of certain components, for example
digital-to-analog converters, needed for the necessary
resolution, preclude embodying digital interpolators as
integrated circuits. In a third kind of system, a smaller
number of correction values are stored digitally, but the
35 interpolation is performed in the analog domain. This has
proved advantageous, as such circuits can provide adequate
precision and resolution, at a lower cost. The resclution
of digital-to-analog converters in such circuits is often



A digital convergence systemw th an anal og output 15 processor fMA R 2002
disclosed in U S. Patent No. 4,422,019 Meyer. Other digital conJe gence
control systenms, utilizing digital or analog interpolation circuits, are
disclosed in the followng U S. Patents: 4,401, 92.2: 4a43?,110; 4,4?3,844;
4,549, 117; 4,553,169; 4,635,117; and 2 0 4, 672, 275 . In docunent EP-A-0
291 924 a digital convergence correction2system according to the preanble
of claim1 is disclosed. It is an object of the present invention to 25
sinmplify th%rcgnveggence orrect on, circuj % %$knomn frqom qocunent EP-A-0

291 924. The inventfof i§ as s%? oute |nw 4R dEIENEENP P8l s
relate to p&éﬁennedren@@duqentsrcultZaaﬁh@eapmtw@rsoam area of a display

screen, for exanple,D XtQ? Pkg&gggl t&ag ﬂ@tﬁifhPie qﬁfﬁ%“g colums, the

boundary | i nes of mhl urn Cross The nunber of
rows and coPﬁNﬁ§tlaﬁdlac§@FdPﬁg$yO@hélhﬁn%@@l@ﬁ der? i pnnterpodatdriat

arbitrary and deperdeeUppBcibe GXPEELEfls' 8HUSrOY 180T ESREd Qntlai Ch i's
needed, and the desired | evel of perfection in the resulting raster. During

al i gnnent , FﬁérﬁFEéﬁ“gébﬁﬁFF§'aﬁﬂrt%éa?éﬁean@oﬁr%éhgTXP%uﬁWiQFﬁeﬁF§mare
performed fknb&ft1pI€eK!QaEbebro§@@tEéiﬁ’-ctuﬂ@sVa| fmewfcém:caxrlroepblfon signal at

every grid pQint is determned perinposin red, een and _bl ue
rasters at CH&c B AR ?H328ge§é§ ?ﬁ%gP%Fbogt %F?%'ﬁghéﬁﬁgFaflie

menory and ségnedenthatorheachgtosal egdrohosi guat m@mareiandWﬂmmsred t he
al i gnmgrg i pf.Qx %@%‘QﬂefQE EQ?E 1§eB§££%E8ﬁaéfaQR réf&?c%? dshRyEent . An

i nterpol ati on nust be per for e e vert hori zont a
directions CRMYEFELTEo2PFOYPEe2BOSABOPR BiaRsEli BROBIIT PR YCt i dive

signal s bet wedmction3 1adjré§8mt1t gbh dopot RéSdi&achl se@tammgs diplviene@d rlsy
val ues at the ints.defining the corners.,o ection.

t wo- di mensi §RE] eﬁtgﬁﬁoﬂggFBROﬁﬁngBe gé??bFnﬁa ??oﬁ??%%Fq% val ues at
the grid points in ondedgticadbtanmerbenbeappsbpni alth can ractliogn csitgnal  at

2Ll PON%S Webled il SaeLLoBsceAnen! LELPRLALRENNLY | e P ant A
di rection erforme atrvel y easi or exanple by 1 oW pass
filtering tHEYGGrre@mh@m dibdassl ¢hh§e§9ﬁaPQhF0ﬂ§FQérayg%¢mmm i's possible

because theu%ﬁﬁWQx%%'wgélQQQUBrlgnﬁﬁggeﬁhtéEbM1a§lsacblh@ﬁigéﬂﬂéﬂe| ine is
scanned. For exanpl €, to snoaoth roma_ correction vglu at p0|nt Ato

an i medi at S HesesHAvathy 58}&8§ﬁ9g08r§ecFP8ﬁ“$§lue afOhot # it is
necessary tassisqyanto;ald, yuiqysaut; uhesvahae;VA, d68i ngia u;ﬁESpbrlmduBQUal to
a gri d pgacigpetiugen
In document EP-A-0 291 924 a digital convergence
correction system according to the preamble of claim 1
is disclosed.
It is an object of the present invention to

25 simplify the convergence correction circuitry known
from document EP-A-0 291 924.
The invention is as set out in claim 1. The

dependent claims relate to preferred embodiments.



15 points A and B, and then to output value VH for the sanme peri g’b 4 ng
as the filter response tine is substantially equal to the grid 58 MAE 0
correction signal will nake a snmooth transition fromvalue VA to val ue Vg.
The response tine is dependent upon the filter 2 0 at the output of the
digital -to-anal og converter and the ggesponse tine of the convergence power
anplifier which drives the convergence correction apparatus. Interpol ation
in the vertical direciidOmndtsi v HHan aalal b rmar & idighfayCulkbeeRpcayise the
known val ues_ of %IS vertical y ad acent %dl d paints are not sequential as
each hori zorf8™i5e &Y K& dd, IREC A AREE Wi OF ZRVAsPBEt COtURRT s

i nvention, watd |1Tm1ndartt}ermelag |csm wnfqdmer fier nRgn, nd]tcelfan@nalhegﬂdgm‘?ﬁcbyvm .
using two i plyi tal -doanal og converters for, eac annel _in iC
a conver gegtgeg (8 coﬂ%ecril?'(‘)bn Si gt(r)la |s%g§‘enera s 'Alatnh oug gho fﬁl §7 ?’ﬁcr eases
the nusber diurhef tefl sertdmgl g icormameavdad rabdddarys a@@lnp\apeddmuraomul |y

di gital conva{gengs Sved 6andd &1 w:re%iiraﬂ tirBlet NG He@ideal hAdapRkog
converters need, | ess resolution than those which are needed for a fully

digital 3 548%tes el %rperr&ftﬁtriai\ 13y & eofrer%sldaiw SAshBKes it

possi bl e 1; o_rodflﬁlq;}blli@hxyérgg,AOEdmé tq’ﬂeetxp -FHHH R € (I IR Teldoaha f;u_ébﬁ
integrated in a chip. i nce_ contr emw th an
anal og out pd?c p?%l‘é@%‘?’}t%fa’ﬁep%#ﬁf"{féﬁeg %r %Jber caof(r)??l ?’hfl gract
conpri ggs: avaligg taf tiesroeyr fedt isdrord infheal $f eofexd gidial pgrind deor di nat e
yalues def | e fPod 8O SROCELENI AR | Ak ALY, | ANBEIBING, (ALeB Y OO0
di spl ay, a convergence I generato responsive to the g
coor di nat e \aitt uekatarglo iot | nt'@FM|%@Wa\r@esetbe¢mmqm gni @ eodrdi nat e

val ues, and @@mmﬁé P& RS+ %a kd rFé&BEeJéﬂt det &F rﬂamt‘[‘gcc;ﬂ%dtrﬂow Bdinatie 1 0
values . An interpolating circuit for det'er m i ng he, i nt er medi ate val ues

i n accor dancelHFk hlﬁnée%%b’é%‘i" dfh¢ el $ GRRSRY okt ERmg b Lo, ef orm
gener atigy f gpa teveh Dpi ngpp@dat @é | 0 ewefanemet of conpl ement ary phase; and,

first and 15 second | t] Ln d r{er orthe grid
coordi nat e val ues, eg%% %?égﬁ #?lplyl%g %Qg$€9f8?odﬁa'Bé§§ghvé}ters
recei ving asverwiital phydnigor bfeneatedinputiansi {4 epeder oive rofovtige a

modul ati ng Mash ek B ahhs BEGRT GANERe +br@céyaa Nl oREPECheledie 2 0

i nvention, e frrst and second mulfti ying digita ? t oanal og converters
receive the grid coordinate val ues dlrectly for conversion to analog form
and nmultiplication by the nodul ating signals. In accordance w th anot her
aspect of the 2 5 invention, the nodul ati ng waveforns are of conpl enentary
phase and anplitude, the wavefornms having a period related to the nunber of
hori zontal scanning |ines between vertically adjacent grid coordinate

val ues.



I n accordance with yet another aspect of the 3 0 invention relatiqg ERR 2002
tel evision apparatus requiring a plurality of processing channels, the
digital nenories in each of the channels receive the sane address signals
and timng signals and receive the sane pair of nodul ati ng waveforns for

mul tiplying the converted digital values. 35 A convergence control system
for a projection tel evision apparatus in3ccordance with this aspect of the
i nvention conprises a plurality of channels, each channel having a digital

menory for si@fiagnd gl Yo . Easchcg.g%i]%% %svﬁegﬁzxiegiefbiarninQUQS t

convergence cofrection gri'd and a pair. T1plyin i tal -to-anal og
converters fihe tFRugrgpid e ditmide fidlings the darnens fodr thatesgctagn .

sequential di od @ld ARK £55ES]L | SR Bl {dh eaft Ye e £ rrldanelon Lok

outputting the grid coordi nate val ues fromeach of the digital nmenories to

respective rkARYDIYAHRLYIRS te (R hAVPtoiverdesr so okEadpakhel . A
wavef or nhgenegpt o r teve | e@psrectidid HfgranalLag v ¢ants efiteapkaaent ary

phase for nodul aiing respective | tiplying 10 digital-to-gnal og converters
of each pai r>$F-Eh éﬁé ?erﬁégj Qﬁqukyqnﬂﬁﬂ NG L ELGEAEN; Bay
const ant. Thee spectssmed 108 1amiced ¢ exh saifal, 0 F otaleampdef ibiye lble passver gence

correcti on Stgnal, {Rr @AM ERANIE e LI O BT, 18 ELGURE L il ustrat s

a matrix defining a Tonvergence correction gri ra vi spfgy; FI GURE
2 graphi cal | §cheme sig dpess b ethaghysy the thireain iviatlalegologiciugn. FIGURE 3 s

a bl ock] @i agsaqu&ic BaLiy M ted oA Dridd9118 neharngleanRed . di gbtal _
convergence control systemin accordance with an gspect .of the invention.

FI GURES 4( a)S*%PX1)tq I TR e Aol it §ARFEEEdPRs VRIHE BE RALPEpPyi ng
digital to arnalay omveidtes sy doviednt Al lGURKR jacentb derGdRE ibhayailaeaabl ock

di agr am of ' )t r e | e | at.i h LN

I GRES a( ayPSHIE By o191 AR, ¥ SR RUE LR R e M EEY
circuit shown iHPHNEURE Hmp PeTi®dcQYRE 69 & 9T36r EPBA1BE PREWABEri x shown
in FI GURE 1,pointes| mrged scalmi tH&ARES ol{tputt Madwgh VE( Ebri thassamte tining
signal s forlggera i on of the diq{tal conver gence control ,system shown in

FI GURE 3. 3 ¢3Q§I&Eﬁﬁi¥PQﬂ(ﬂﬁﬂ he | i E8 5 e RPANSE $dfGedtsi al out put of the
grid coordi nailestaitisl X édieaindd igHe/igxy dlispiacding, 0 thealceg reentent ers in

FI GURE 3. signal will make a smooth transition from value Vp to
value Vp. The response time is dependent upon the filter
20 at the output of the digital-to-analog converter and the
response time of the convergence power amplifier which
drives the convergence correction apparatus.
Interpolation in the vertical direction is
significantly more difficult, because the known values of
25 wvertically adjacent grid points are not sequential as each
horizontal line is scanned. 1In accordance with an aspect
of this invention, vertical interpolation is performed in
the analog domain by using two multiplying digital-to-
analog converters for each channel in which a convergence
30 correction signal is generated. Although this increases
the number of digital to analog converters needed, as
compared to a fully digital convergence system, the
required multiplying digital to analog converters need less
resolution than those which are needed for a fully digital
35 system. The lower required level of resolution makes it
possible for the multiplying digital-to-analog converters
to be fully integrated in a chip.



6 'FIGURE 9 is a block diagram of a convergence control system having _a
plurality of channels for generating a plurality Convergence correc?ﬁo‘MR 2002
signals. The scan area of a raster 20 is shown in FIGURE 1. S The scan area
20 is defined by a plurality of sections or blocks, for exanple 30, 32, 34,
36, etc., formng a matri x. The uppernost row of the matri x defining area
or portion 22 represents the tinme necessagy for a vertical retrace,

approxi mately 825 m croseconds for a conventionally scanned 10 NTSC signal,
generally denoted as operating at a 1H rate. The three |eftnost col ums
defining area or portfofigdtaépreseergenee t¢ont mdedbtiear wdabhahori zont al

retrace, whigRafiey bliepaaBrdébsigPalof SLRPRL G Gl ph140 Hhae@seconds.
Areas or portions 22 and 24, representative 15 of” the vertical and

horizontal rE&PPELECFRILON eSPBREISRTY & 1Tl wenazah tares§orfng a

remai ni ng ar eatopfpaiyioal 26ris tberdidte WA ArREInig s ze of the

active sacan he grid is somewhat |arger .than,, f exanpl e, the

boundar i gg; o?ggﬂgggg%jg%cfgﬁﬁeg{&%%ng%wt}r%r P eC&%WJZO%rFeIVé 8i on

appar at us, odishéaynugecdneptggnpertooreafidhe igatalodeneaptbube in a direct

view tel evi sk@BpodBi G 255 UE RS &Pf‘d’e&gﬂﬁ:ﬁmﬁég RGN 2l t%ll vi si bl e scan
ed by

lines. The acgtive scan area 26" 1s defin a matrix of I2 rows and 16
col utms, whi éRtBETEAEaEE cHmlee Yyirieredn tde i giaprainaggy vagues, and

hori zontal gahdiht@gsodadidd ¥EFdhLal fdl idhdd B RRClin¥ehieg@apymber ed.
The hori z(?nt al .scan tine between each adjacent vertical grid lineis

appr oxi et el y23u88: i croseconds. Twenty scan lines are required for
traversing each row oint het @Fpeh Deiveg et vl iac fdir Rtiez@ihahg38ngri d |ines,
for the NTSC | ._There areg 19 internedi ate scan_| i nes between each
o zont al g iheFhddfare UELEL" fn Led U ARSI AR, 3531 45t BE FRE Ty
identify foutnpepekenorcemrrisgs: Bl otkvefiome genera3®r $opodadedobyngri d

intersecti oNmp@hNisidy whvdrdhrs e Blagk edme dta rSeehiaR ; 33nkS RoYEdedndy

grid in section . points B,,H D and |. Block or section 39 is bounded by
grid inb§; seﬁ??%ﬂdd‘“%‘ RPBéHa‘? Lc.il%‘{]tcﬂ,lk"tcﬂ'" DFoRyers eE§uRfEdtPe by grid
i ntersecti ongpbdntsoBinate wabhdg, RatkodHrtheemuilaiplydngndig2tat ecshown
in enl arged i gyggﬁ ) r t he d i of an (X,
Y) coordi nat éﬁé‘%é? egnl?ﬂrl p%i%%&gﬁrg ath acr(grg‘rl&i%k’g'?ggg( i?gg?;hggai d point
B lies on cobRRihad e%u?%e,rw)t. e PhHdie Meduledipg wegederises (6, 9). Gid

point Clies on coordifad&Sokdandd -wien G RRIrthe? lals@ecenogoendi nates (5,

5. Gi O00| nt 1 |jes on coordinates (6,@@. Wth fyrther reference to

FI GURE 2,V t htPERREIOR0 Wif ubr Bt 1A HTd M WHiPdwdn9afigdEry5PTd poi nt

i s det er m neanaho@r clexivé Ot Stip axré dgDEL tHHee gredi ogioaelinand bhleesasters at

t hat point. Y r i -vQl at i : each
channel and %—ggégt-ég%'?f %ﬂe@:ﬁ%@%ﬁ?e&aﬁqﬁglr%%mn gﬁn#a“%) ?828?2%3‘%%2{1
particul ar |sYtereviedwlrbibparstarals. instrunent. If the digital storage is

thought of, for purpoggsa@oiddnisd it ancther GRpeRePetding matrix, the
grid copr ction va*ue wll be al%%{]ctlon of the COOI’%I natei of the
r-g

particu PYERbioR . §he JRody D& WRYRE UBIR.&F§e ke COBPHEREPEAT Y al ue for
grid 2 0 poiphadeiandnemplitdde chetmeisredddmsbdaringnat periotl rbkated
coordi nat es g4 t he correlction vial u 4 4). Simlarly,

the correcti ‘ﬁ\:/li uré"t1 aér__ ésfSt,‘méj}z,oqth% cso%né‘cjﬂgoﬁi\\éélsag];%gegnf(& 5) and
correction vet¢oeidpllyfaddacént .grid coordinate values.
In accordance with yet another aspect of the
30 invention relating to television apparatus requiring a
plurality of proéessing channels, the digital memories in
each of the channels receive the same address signals and
timing signals and receive the same pair of modulating
waveforms for multiplying the converted digital values.
35 A convergence control system for a projection
television apparatus in accordance with this aspect of the
invention comprises a plurality of channels, each channel

having a digital memory for storing a set of grid



2'5 1n order to provide a snooth transition of the correction sign tg

bet ween adj acent grid points, the interpolation nust be perfornmed i (AR, 2002
the vertical and horizontal directions, as shown in FIGJURE 2. The val ues at
the grid points, represented by VA and VB and VC and V 3 0 are the exact
desired val ues determ ned during alignnent. A two-dinensional interpolation
must be perfornmed fromthese known val uesgto obtain the correction signal

at all of the points within that block or section. The unknown val ues VF
and VE and VG are, for exanple, part of a 35 horizontal scan line that does
not fall exascoyddnagegvadubsndefThingnd ecpoveatgance redrredidornz grtial

direct | on Mkl aDERUGT BBAnaYc L BYY PASALLE £ 0L INRL GOTURRI AR e

8 because the kno convergence 'y as
hori zontal s&8% Ordd ppecddaste|vabweer td eheil oo qerrmﬁagriarw val ue VA

to, grid val ‘é@q\'ﬁnthhl' ala@eﬁsaaar@géa/s s SEAYSTEA ald Yo LU R tv@ ue VA
during a erlﬁﬁ equal to a spaci ng, for exanple 3
e

m crosec dsC hapge ﬁoﬁaPHEPQ@¢+BQ ?%% Bl QQQEPkEQQQHYaHWe%Iﬁ§°N | ter

response ti WEalch wbahanaughtxleﬂélﬂéri@stm :gsrs;dscsdmafd mmlttﬂpe.yq%r ection
signal wll ?t 1 gDoth Eran5|t|on ron1 Yﬁg}o val ye VH. _The
response tinme ﬁl Rtasperf? Bgnciﬁv?¥ﬁf¥?lq Bg SPVERETBi gi t al

to anal og COﬂ@BEFSthndthéOPESQOHBEr(ﬂft&EmamWEﬂgﬂhumﬁp@Mbr anplifier.

I nterpol atio [ t 0 i ause
verti cal l(% agoggé%?&w‘é& %ﬁg‘%ﬁ?nﬁl‘?ﬁ ‘1‘/‘?1 ufes 3{& %é%:%t}?;esgn%gzn?ggfaﬁﬁ during
o

the sand rF%@ﬁFéF 9-3pahoY| RROVERLE RAPE feRChe RaiH é“»@ﬁéhuﬁpﬁﬁﬁﬁ val ues

VF and VG onTaeaBuhi BE KnenmEaﬁwﬁx m&ﬁmtlsbe:di&tt%m nedhkr om t he
known val ues, for e Vc and VD. . values VF and VG can

V|
first be detgPﬁFﬁéaioPh8gem93Pg%§e aﬁ"? US| SHEE 8% he | ow pass
filtering focoBverbenceonbakecnien pol@ia bnfordeachathanmelal i nt er pol ati on,
for exanple, wll devgkoE nE&OpEEGLLQN value VE as well as all other
|nterneq te values on the |l Tne segiment FG Consider the interpolation
necessar y-?f or bl ocks BFGYBEt}ohLlBBtEaRkP3 2 MAtH pAabiading aref erence to

FI GhJRE 6. 2 5gh?eQ§dﬁ&et eoseaat%@r@ridlefclholumdwh ld?lﬁﬂil&'y grlg :lne

wi t hout regar ar ot ngs_or_.int ol at t.he | ow s, filter nust
be fed with the vaIueEgégkb i ?Rﬁ+ﬁ%i§§ §§ qé} L& Fe S iFnygf interval s
of approxinavety13a$51nterpekcbnds However, internediate |lines inpose a
need 3 0 for an interpokahkog pehen: g Juhég{faq& B WeQodllogks gt a time,
as each _row of bl ocks represen of I zontal scan lines

i nt er pol2d? i osisghenshanpasdt iat @ddiel 3 SR B Ige R SPARFOT ﬁW@tPQCﬂnthat
twenty hori zastakdssas hheﬂsmar@sw@uiwotﬁ@ fdwisn t he screen or other

et S om o Bekueats W Loy oMLl ST S e | st above
grid lines. Wauefnt&snédtathesmahﬂip@yinqmﬁi@i&ﬁkiﬁbeﬂﬂ;ﬁhﬂ%ﬂmﬂvemdsmﬁlf|ed
shown in FIGURE 3.
25 FIGURE 5(a) is a block diagram of a circuit for
generating the modulating waveforms shown in FIGURES 4 (a)
and 4(b).
FIGURE 5(b) is a clock counting diagram for the
circuit shown in FIGURE 5(a).
30 FIGURE 6 is a portion of the matrix shown in
FIGURE 1, in enlarged scale.
FIGURES 7(a) through 7(f) illustrate timing
signals for operation of the digital convergence control
system shown in FIGURE 3.
35 FIGURE 8 is a chart illustrating the sequential
output of the grid coordinate values to the multiplying
digital to analog converters in FIGURE 3.



9'as 68' and 14' respectively, Internediate scan line 6" includes I|i Nes MAR 2002
segnent FG as shown in FIGURE 1. Internediate scan line f9' includes™line
segnent NP. In an effort to snmooth the transition between vertically

adjacent 5 grid points, a higher weighting factor is applied to the

i nternedi ate val ues closest a particular known grid value. For exanple,

point Fis six arbitrary units below point A and fourteen arbitrary units
above point C. The arbitrary units corre\%lpond to the vertical separation

bet ween 10 horizontal scan lines, which will change for different vertical
formats and different video transm ssion systens. Accordingly, the value VF

= 14/20 VA + 6/20 VCriSiuAd & |16 & B@ckediiabeaRobht aNbsvdpgdd&en units
bel ow point A and siXx yni t%bﬁabove poi.nt (f he i nt er medi at e val ue VN = 6/ 20
15 VA + 14/ 20°VeE°4 rﬁyesrl:rf‘é‘tii Vangrued waldhy 0f FBANPRLRIR%i ate points G

and P respecienetat itay abeplorladultat edniviergesicei barréashoonsiddaMA = 2 and Ve
=1, then VF = 1.7 a VN = 1.3__Such_values_ e Li t he, s

transitign between ponlﬁ]n s’\écﬁnar?ge .%% 8 %8rg§faga?8in§§e%%% %t}%rr?)]g:)%%sbel 'seen
as sequ_eﬁti alhg grareransang tari¢ gieddessi by Bnpénmedliby eo £ oveer emceor
correction valdiss | ofod Ndrphi S50 59 381 apchetpl er saghale Hordeon al
scanning line and ‘a vertical grid’liné. “If f ege'cofrectlon val ues can be
presented i M HRRe IS ts aqrevde the MRETher A2dANANT | 2VE DB BOTT i kP
circul t ) dW! trl“eﬂéiméta{tst ltﬁ‘iﬁ@qin@ Px{é%}?'s%ﬁr?omé%{ _Qeil?léﬁtﬁé)éi leEéﬂ%kE%' gnal can be
generated in real tine. i_rcyi or sequentia suppl yi n e proper
known cor r e AHRAPRANARES Yark Ssﬂ‘ﬁ§§&ﬁ§ﬁPP9gi EP’érf}o?%’EYWS’P "‘tﬁ’o\ées"xf"aﬂ'lfé’s i's

shown i hOpl OIS Ui seigmanh, f gremeira 1 EyGdRRo8edAapoope pat Loy ras pori ntaten. a
single channgle idhdmildeGRAANEDL 1 SYALCALESA URS! ODEL efl Bo el onee nureral
40. A part of the overall circurt comon to all channel’s conprises a PLL
(phase | ock&kfRISHSPtakdret itifeg ngededater 22chnbobhz@rieR bseetIRqGfaner at or 99.

A second pardhidhh dlanrele 4@mef 1uheigralalb appsskimsoemy ises digital
conver gence correction val z\% st or age neans 42 fo#r &-blt Iatct}:es ,

i dentified dGEP39ONISs ahFeRg, CAnBOACHSPF oF tT yiFRFesentative
digitall fo- arfaltdy vertGcadnaed:t BosiZbnanl b8trabe Lingaitiesfeathiveiar e
sumed by o tyi |5 | L ) | aLi e i RES
3(a) and o( 5 domcrr ateen dredd: gt aohe IRy S I Bt
shown in bl dck tdicagcahveo 8RN 2FPBURETEE, ShRE @gp’iﬂl? At s 13dV ABLE o

nul tiplying afidithdl oradd@nal eemeNnYer Lak§e26tRAA, SBoPretdniere,/EmNd 77,
respectlvelé%. Th r&l rcuit gan al so bti constructe V\‘Iéth on]y three |atches,
provi ded th 0‘1‘@ &% °F $BGuBREASFELOH; PEREG™ r@Yi §%Y. PHCIF NI ref erence
to FI GRE 3 talevighiase appaltadulspoprantet inmaog display qiodidgrecd wise

hor i zont al %Qq‘?%ret LSF 3pachRoY! é&?gc?ubzga’t€£e$lm&g. PuhSEs J&Ated
thereto, fromthe deflFection circuit of the télevision apparatus, not
shown. The FifMedossiced cogagciaant £arnglyerésdlpbe scan lines. The

active scan area 26 1s defined by a matrix of 12 rows and
16 columns, which define a convergence correction grid

25 having 13 horizontal grid lines and 17 vertical grid lines,
respectively so numbered. The horizontal scan time between
each adjacent vertical grid line is approximately 3.35
microseconds. Twenty scan lines are required for
traversing each row of the grid between adjacent horizontal

30 grid lines, for the NTSC 1H signal. There are 19
intermediate scan lines between each horizontal grid line.

Reference numerals 30, 32, 34 and 36 specifically

identify four blocks or sections. Block or section 30 is
bounded by grid intersection points A, B, C and D. Block

35 or section 32 is bounded by grid intersection points B, H,
D and I. Block or section 34 is bounded by grid
intersection C, D, K and L. Block or section 36 is bounded



15 produces a phase or line |ocked clock signal running at for exanp) g’MA7R62[102
times the horizontal frequency, which for a conventionally interlaced scCan
1H NTSC standard is approximtely 1.2 MHz. The vertical and horizontal
timng signals and the clock signal are all of the timng signals 2 0
necessary for operating the address generator and the |latches for the

mul tiplying digital to analog converters.4qThe line | ocked clock signal may
al so be used to produce an alignnent test pattern. The address generator 99
receives appropriate 2 5 timng pulses fromthe phase | ocked | oop and

tim ng gener &vowrd2, iandrgenelahepsoihes necebsak yarildi esB tarkseleact the next
vord to be | gadedohal 8ot BRamyblhplyLAG.dli g Lah1d uanal af £l §ihe: Each
such word corresponds to the convérgence corfection value for a particul ar
grid point, 3 0 expredbetieand efotke strmdard apotarian The atprds, Yor
correcti on vabueainhek eg%{aﬁggagﬂfa P En SR Prkd o disidlanidl Ua Slgrage

means 46._ St orage neans ) e non-volatile. Alternatively, storage
means 46 Hay G5ddaPeankt Bl 1REnBRyCOARIEPRERS | baded) fr GTRIbPOE M JolldEisl e
storage rreansma_tcoa@a}irh@ﬁehoqat i @]p.i nct e ﬁ@ﬂ@ﬂf&fz{%iqé ©n Q?@fﬁgili%a(ilérsi ng the
power - up operati Qn. e,qut put of storage neans, i s avaiJ.abl e as an input
to both Iatcﬁgs Eg'an rl’:g.pgﬁgtoﬂt gh‘fs o‘?“l%?%ﬂgiﬁaﬁess PS'l#’an iGfg¢t to

| at ch L3, anghotihe Gulpat of tabedih3teés &, iFput to the converting input of
mul tiplying digital tg,apa % T t, of_.] at 2 is an

i nput toné]atch L9, angl?ﬁekgg%%g? g&ﬁfﬁ%L @iefjsf%gnl{gljn‘?ﬁutt (.30 S _é:ItS

converti i MpdteoPintihei pPyragt HPRi $89na b Ahad F X oIRAct tR¥imd8 isThe | at ches

are used to gefeemiREdPLRSERe ANEoNSYbe YBhp®Se fiOle aad) MU ddrPland®1diegi t al
to anal og converter. 2 are sequentjally | oaded wth the

4 Latches L1 and
next two val d88ECAAd2FatBAbsPPE hnd TeST %63 Tl YRRBUA Y 1S68FES 16 when it
is time to updateolheihul hepdbyynfodi gatlal chanmelal aogl copeersesrt adteput s. The
timng diagr i a . COr Q%{"gjcs' ti cale to the
hori zont al sg’gg?g??gﬂbgf g#]%Jﬁ\E%lI‘Z§I %réfogg'ﬁ%%lﬁn%%ss own IJlarn}tlﬁ 6. FlI GURE
8 is a 15 chaeleyhshPRgaPherabns ept sinftiwmeMes Uf fhe dimiged 1s§odaseng

the horizontals $680ght N6£C0EHE! PhPSo¥e s Mot hey dbidt | zontal grid Iine.
The sequence of val ues suplgl ied to the If\éches fromthe stora nmeans (46),

responsi ve t GOFRESRABALEE [ahEF Kt oFN¢ 9By 1d | LI EE P Yatvueawidie Penifti ati on
2 0 of clockfpukstodr b EhERbordinateateh tHe qunitai el amheydar pedinitan val ue
for point A [la L2 cont ai the cor i 0 e for jnt ch L3
cont ai ns the I%o%gggf i Sﬂr‘\q/%f ugﬁ o?g%‘é?ﬂ%g&%é agnodyﬂaéa thJr]_Ay a?'g{r?t 650%3 g{r%tg
correctiZdh vabdotfdripopne ¢f pheochiamugls widt s i KPS igingiataltheo- anal og
converter 56ceetdehksesheddi @) athyal ve, e podte dk fan andlueg V,oEME (4,

mul tiplying that anal al ug, by the |t fy, t he Meven ,nodul ati ng
wavef orm on I4i)r'1e %'.nl OFYYhegP%WC%fI%‘?%%% S g"fﬁ \llfh FlfcﬁREqé,’ ?%ies

anpl i tude wi lcorecbhen Baheaviy= £ he cor rand iearnedtuenf oral®e Vpornt Cis
converted totﬁgal 8 formby nultiplying digitalto-anal og converter 58, and
subsequent |y IFti gl'i ed by the value of the Vodd nodul ati ng wavef orm on
line 772 For the row $hownden EoQQREVEdetai smeethiecransidrion Rf gtheh L1

enabl e pul Secﬁ%r’é@tiﬁﬂ"‘@i%ﬂaﬂ%’ déR) adj2c O WS dlpd il £NG S cl ock

pul se and | oads the correCtion value for point into latch L1. A latch L2
enabl e pul se inZeEROIABHAT RuFE DREPTEPTBRE UHR RRtR Hhe e T @b@ Dul se 3

and | oads theosazbRehlOBi¥abt€ohs] 89i Shokhi Ni OFIE@ORE 22. The values at
the grid points, represented by V, and Vg and Ve and Vp,
30 are the exact desired values determined during alignment.
A two-dimensional interpolation must be performed from
these known values to obtain the correction signal at all
of the points within that block or section. The unknown
values Vy and Vg and Vg are, for example, part of a ‘
35 horizontal scan line that does not fall exactly on a grid
line.
The interpolation in the horizontal direction may

be performed by low pass filtering the correction values,



12 A latch L3, L4 enable pulse L3, L4 EN shown in FI GURE 7(d) occuiriqggiw
the end of clock pulse 4 |oads the correction value for point Bin 3 M 2
L3 and the correction value for point Dinto latch L4. A simlar process
takes place 5 during clock pulses 5 through 8, whereby at the end of clock
pul se 8, the correction value for point His stored in latch L3 and the
correction value for point | is stored irglatch L9. It can be appreciated
that the correction values for points A and Cremain in |atches L3 and L4
10 respectively for four clock periods, which is equivalent to the 3.35

ni crosecond PER1SRI tiretkRewn t¢rN Yengantearvd et bogort seghegtiadlly nes. As
the horizont@ichCiedir2dree I @S] fidPdRideds? T irahbrakdNgot BRSONIG N

hori zont al géédfléﬂe rf#m%a Mdegtion %%hu%% Lgrvp0| ts, A and C are being 15
processed by he il TTHT G Gi ‘g 2 93 %anars§ EBnval tbF PSHT T Phe scan
line is betwerhytte Jequent bad ¥ idutiputevaile®l Vgr ddringes. t The perietti on

| f I d D I d t | ti.pl yi
i tal - Bo- reafad t e SRINES IR Wi oeond sPdaeaandts e he 2
0 fifth verttRER YRR I Ymd Ao Hife Ssimer 1§ 106r PPEAPAgr i &F| Fhe. fiheetor rect i on
val ues for pplégsndd anghd & esxnxsqfaeﬁa%ciﬂ}y_etq%ln}au LREYERYq spacing,

digital -to-analog converters while the horizontal scan procee
si xth verticaPe rP¥reFhken ot s eiidnt Iaker @i saPOghi Brpphadt ien GUREM 7( 1)
il lustrates vabue Hg yakeradurer hpt. aftleoutpponyel t fge X1 tdepamd arpadi at e

scan |i 6'., Theg, current and valtage efagrng are_illustrative of all of
t he hor?;bont%rlle sf; f}teﬁ n%s.t eo“giﬁ tO%;{Eea&ég&ﬁaﬁlg‘ég PR $PB PO R Soke
current procuedistlssoutdgonde anf Kilevroralergencekpowarvampei fisen. resul t of
the 3 0 1ow pass filtfddihoRlddilat (Bl vettiliel g Latehes ba, and Lo my

be omtted. If latch L2 Is omtted, then -N can occur er clock
pul se 3, noVIPEE \BF GO ing dpqarae vegitdifald vard Iae9nhgIvid aeerdnate Lo.

The L2 EN sigiBled SdASThdtnesRas afequebitd allayr bhriagChhehoume | RoH £3MFaB s
i ncl udegdsto dagd 114ad e tﬂf‘s%&(&éaf@:‘ %@cam-g]ti‘ét, ggﬂggahkﬂaw}ogﬁwém;%% 'n

FI GURES 4(a) and 9( provi a neasure o catlon any present 1
5 MAR 2002 1% IR} iSAoRt Hingcan 40 FIGHRES fedpech PBSEnee réptemingd grid

lines above frsh beleoWridun PR, Foah elkanpleThy aRduatdiy wawekongs are
out of phaseﬁ/\»\;e’gl one .anqt herv, in tgag ;éhg pgaksro{ﬁﬁocge r}ﬁer res I"lldsl ntime
to the zeros of 5 1He Gt RO Ven§agi £&TFkr 8. TR THE rodu st ng
wavef or ns i scad e NSibfectdd a@vehe Lb® paspecilverzegopoand peaks of
the two dul atin vef Qr s _al ways coipcide with hh se Poriz ntal scan
i nes vAlh HS8 12D Hor R Ao 1 | ABeS PPTLEOPREL FRTSTPOR TR ng. for
10 exanpl e, %M cHramsifreditiiatdevgrlopheRgrrEdAparadeanVeide wdihdsding with
the fourth hori zaHea! Giddbddiat & Ra1WRisoBhi Reel 8¢har sEghe A #6§. ONe, and
the weighting factor for VC on the fifth _horizontal grid Line js zero.
Al t hough. Consider the interpolation necessSary for blocks or
sections 30 and 32, with particular reference to FIGURE 6.
25 In order to scan along the fourth horizontal grid line,
without regard for other lines or interpolation, the low
pass filter must be fed with the values for grid points A,
B and H sequentially at intervals of approximately 3.35
microseconds. However, intermediate lines impose a need
30 for an interpolation scheme which treats rows of blocks at
a time, as each row of blocks represents a set of
horizontal scan lines. An interpolation scheme illustrated
in FIGURE 6 is based upon the fact that twenty horizontal
scan lines are required to traverse the screen or other
35 display from and including the fourth horizontal grid line
to just above the fifth horizontal grid line, as is the
case for all adjacent horizontal grid lines. Two

intermediate scanning lines X and Y are further identified



t he nodul ati ng waveforns are shown as triangular in overall 15 formj} e
nmodul ati ng waveforns are in fact stairstep in nature, as apparent wH eh MAR 2902
in enlarged scale. This ensures that the relative weighting factors applied
to horizontally adjacent grid points will remain the sane for each

hori zontal scan line in each row of blocks. 2 0 Alternatively, the

nodul ati ng wavef orns nay have an overall jsawtooth form wth the trailing
edge of each sawmooth pulse falling or ri’sing sharply, as appropriate,
during each horizontal retrace. Such nodul ati ng waveforns present nore
conpl ex addr&ssétoaid 01 4 Bnge spdBHIAOD| aiffe rded iAdbaRtageufkYsras a
triangul ar V\@‘/giorn% }Q/aveformVodg,V\,i |1 have a  peak anplitude for each scan
line coinci drAG WTH S SRF IRt RS i alrgFLGURENG . Conversely,

wavef or m Vevemt exsmed t ati ansprdrarl iveey ef40r mnwilildelsauena pegkeagphpt udenfes each
scan line colpgeldi | Ve r rizont al 1d lLine,
Simlarly, V\é/ave l(‘;dr%\\,%o"Ii %me&e%%ﬁ%%ﬁ%ﬁa\?’gt?gfg gﬁﬁ %Fgéég ?8?5‘%%]%

| i nes coPnci %+ ReInE ven Hligthesd wedghvdngd fagtiozonsahpglidd| taeshe
respectivel yi n/ACEddi 4 Wa MA@ AR sV EN p%%@??%ﬁr{‘gﬁb%ﬁrg?kd%éPué'. nes

are always presented to the 35 nultiplyi ng dig -anal og converter 56,
nodul at ed byF WVHFTIRA e RHP/E dds S SaBisEABEr BALREr PbAVaPOERE A i nes

are always paesefdeft den mddiitapiyn@ndic@ kBbveopanat0g. CoONNEr&ehiOlary
nodul at ed by_Vodd. 15 20% 14 E?gh godu at i n? wal\)/ef orm has a period
which is rel' e (PIHRERANHEC SPenIPFLSRPAI SERARAFFARSPERYEERh row of the
grid. Th® perimizarsadquadarnt d inest,y whdah Widéschangehfoexahpfersiown, that
is, twice thgRUHer égrnlét%e%nidnd%\%‘?gfégn@wd%tg SR5&IELEEL OL¢ into
FIGURE 1, one grl int is denoted far f gg 4" %9%8 and
90. Wen sc}h%‘?tff ’f? Ye S&SG R YO WE i‘n&?z‘%&ngh bf o 8z and 8 Larhe fir st
tvvg ¥al {J/els tihﬂkﬁ;ddﬁi%l’tl&?!p@'gﬁ@ Wi lils Eeutblesﬁ_uﬁptées@p@adimﬁ@ zgra}rch points R
and T. Valu u ot he : ; i -1 0z ana

conver tpg e T Ao, et ol Vorh. LhEpehogist ! yalug AR ko,

mul ti pl 6 ng Vi §i 14V200Vanal batesnediates WLy ared by ®a¥ef or m Vodd. For

the scan |ing «Qinfdida0 oW Qsegga},ﬂ ?F’HEE Qééivg\i,\%.dm%]' Nfe MEV&NMdd have
a wei ghting ivaI ue ,of, .one and ., Vodd * . have, g wei {i rkll%mv ue ?f zero.
Accor di ngl y, ' e SEBHAEE: £8P ue W1 Vabe YRPA:Ve e Wedi g of ‘tfe next
hori zont al reavd Vighi=ch .3s t Bechegyahnesgevémphifnithidn soatdontansgrtiidnl i ne in
t he exanpl e, Veven w || haﬁ steeped down to a weighting factor of zero and
Vodd will 2 e ?toéﬂﬁgd Snfio a weighting factor of one. Accordingly,
the cor?@ction val ueVieirttlicad VhiteEpohatbenecanobe vetere as sappntddlily only
one of the Ll Wi Loltal - tazapal r | ati ng

wavef or s, ;?ég\?itérf%tgn%gFlsj‘gdb%?cﬁ%\glggvéggteﬁgtga?éég %ox}l%-&g%éz;q; ines, assure
that the valdRFFestiossyaduiese frsr thentaregpeat foneef #ack ckptepined iare

processed and#iR@ntand slcawaingoundar kg8 8f veHELESSi yLid O¥bne Thergener ati on
and timng probl ens of ttge di g:?éal addr e§5| ng can b(? fubstant} ally reduced,
provi ded t hat*Sfe OFFEFEARES §R&PeS 62RNBINPEEPEREST of " TP T ow of scan

|ines a8 amEquetceo toheéhsaherivbniplylay pagst &l ltertmal ofrcwitverkidts as
each subseq an L, kS j i r r atdng the
modUl at | ng MaoRes, Silese R, PepElakscGParatnad fof FHbtLph s AN NATD
5(a). An 3 Paygedemitedudnererd tameives horizontal and verti cal

synchroni zi ng pul sesp @ rlec@li?t @drt sBHRENBYASES- sﬂ_ﬁﬁlﬁ%t@tﬁe T@r & i nuously
oS 1 OM, Do 2,203 T2 Rnk s b Shhdnt Iy [SELZSOL Sl ung ne retrace
pul se, for q y p g

those values is shown in block diagram form in FIGURE 3. A

portion corresponding to a single channel in a multichannel

system is designated by reference numeral 40. A part of

the overall circuit common to all channels comprises a PLL

(phase locked loop) and timing generator 42 and an address

35 generator 44. A second part of channel 40 of the overall
circuit comprises digital convergence correction value
storage means 46, four 8-bit latches identified as L1, L2,

L3 and L4, and a pair of multiplying digital-to-analog



15 MAR 2002 15 exanple, as its clock. A counting diagramfor this rm(ﬂtzmz
is shown in FIGURE 5(b). Count O corresponds to a horizontal grid I1Ine,
denoted G.1. Count 19 is just before the next grid line. Count 20
corresponds to the next S horizontal grid line, GL1 + 1. The next count O
corresponds to the next horizontal grid line, GL1 + 2. The counts for
successive rows of scan lines run frompPpto 19, 20 to 1, 0 to 19, 20 to 1,
etc. Avertical retrace pulse, for exanple, resets the counter to | ock the
generated 10 waveforns to the vertical scan. The digital nunber is

converted t FOYATSG ot BPpddbgi t tlhe t outpil Dt orhvienht exre74ummepl bii er 76

provi des wawledla®i¥add ampaRrodtpey, at termnal 77. Difference anplifier 78
produces the conpl enentary waveform Veven at terninal 79 by subtracting 15

the output of the di FPERF2ESPIANURBYLRHRY FRMN iR IEURESed (Béf @PEnce. The
fixed referdnde dkdeukdfhedses V@véﬂiIEarﬁvacmtInamE MEnedfatee by the

digital-¢o0 I C erter con ence control for proj ection
tel evi SI§OI’I %B%&?‘gttug%s S 8V\Ilk’)1f\lo Wafg?a{?nlf bFrh LE2@6 RE 9, and

general |y desipgpdaedd rbypeeteveh;zetmnun@haip]&&ngsldag:mmett@eaualogr rection
Sional s are doaYukeds SROULGT DG ShXQPIOCCRS Ay CRANIRI S, FOUNSLICNEE

correction signals generat e or'i‘zont, Fae vertical
BV, red horicAgsuaL RFin Péaovbﬂ‘t‘é@#ﬁtmﬂt%}i etk th@nlarokthaleeGYasptes, 5 green .

vertical GV, xAvqaeaeehhentﬁégeﬁhiwt@émﬁé@rmc'sﬁﬁwatbl@h%eo%eéo must be
provi ded for each of the six channels. Each channel contains its_ own

correct’ Bn val ue stoWéljB FebpEenge Wi THYRE vhi ¢l Phecsgrankes 8PPeach
channel . Eaalndotitliegchanaeatpr oC2ssedsi wey kodirdgmreal ke, vér@iganerating a

conver gence sSALFEeh 0, MANE 9L 10 oAkl Ry JA Rach oShzgntal soan

line. I'n accdrdance W i‘nvent on
processi ng ER@ANERS dpéleackiom ¢b§%¥f~‘s<—9ﬁ dhe s‘-'ied@l"ésr#@@ulaapﬁﬁatmxvef orm

si gnal genemnakOkhéln.a @h@gﬂ?ﬁaé’ef’l&lﬂ?&? 185K dr@rhmqhgt ghegagigperator 42
and a sllg gl e address generator 44. The E‘ecgput nal S o each channel, on
1

lines I- PﬁPé‘H(jﬁ56a6Eh?§§p%EtH‘e? ytOogk 16’“8 1c5HPBLRENRE BRI put
anplifier cemaupﬂeQS?GThﬂmﬁﬁpthé|msudmta11 frewarmoz whGchi fodi & 98 drive

respective %ﬁg\@;’gegggggg ]ﬁk‘v@?gcgéu A}pri};(rﬁ)ltﬁ% é‘jndg\lrﬁe yertical BY, red

hori zont al reen or| Z0 reen vertical GV.
It can be aﬁﬁpé@ﬁaﬂ‘éﬁeivoh ?I@URE JThé¢ave xt fagl 3dd é’@ﬁ\}épgéﬁéet@éﬁﬁt r ol

systemin agagnda’CanW tRet BlSciasPLgia Dfatdranl n\enttnen timy ngesigRaesent ed
with a ni nrum of hardware. |ndeed, the tire circuit ma bghlntegrated in

a si ngle’ chfFCeRSREY| {8 ‘@F?’é‘?tk?%ttelh? e @R ARy 2 Bits for
processi ng aadchesefati ngetdneltbpxxai:rhg odn@tgarﬂalm aaad o0 coowkdteequi re

&t ches andilatal: 18:008' 090 EPTYELRE! SulVVLI, T U 8oBGhLe! BN 1S

currently feasible ®t or egration i ng esulting
circuit accéddiongend thkt pateerhon therefore prOV|des significant cost

savings over a fullyrfbhlidkeSYSLERRrMENUY receives appropriate
25 timing pulses from the phase locked loop and timing
generator 42, and generates the necessary address to select
the next word to be loaded into the multiplying digital to
analog converters. Each such word corresponds to the
convergence correction value for a particular grid point,
30 expressed and stored in digital form.

The words, or correction values, for each channel
are stored in a digital value storage means 46. Storage
means 46 may be non-volatile. Alternatively, storage means
46 may be a volatile memory, which is loaded from non-

35 wvolatile storage means at another location in the
apparatus, for example during the power-up operation.

The output of storage means 46 is available as an
input to both latches L1 and L2. The output of latch L1 is



15 sacrificing the level of precision necessary to achieve fully 435 uar 2002
sati sfactory convergence correction. 15 MAR 2002 17 CLAIMS 1. A
convergence control system for a video display which scans a plurality of
horizontal |ines, conprising: 5 nmeans (46) for storing a set of digital
convergence correction values for a limted nunber of exact grid points
defining a convergence correction grid fbl said video display; first (56)
and second (58) nultiplying digital-to-anal og converters for calculating
anal og out put_ val ues represe tgéive of said stored 10 convergence
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converter outputs.
The timing diagram shown in FIGURE 7(a) - 7(f)
corresponds in time scale to the horizontal separation of
the vertical grid lines shown in FIGURE 6., FIGURE 8 is a
15 chart showing the contents of latches L1, L2, L3 and L4
during the horizontal scan line coinciding with the fourth
horizontal grid line. The sequence of values supplied to
the latches from the storage means (46), responsive to the
address generator (44), is AC B D H I. At the initiation
20 of clock pulse 1 in FIGURE 7(a), latch Ll contains the
correction value for point A, latch L2 contains the
correction value for point C, latch L3 contains the
correction value for point A, and latch L4 contains the
correction value for point C. Accordingly, multiplying
25 digital-to-analog converter 56 converts the digital value
for point A to analog form, multiplying that analog value
by the amplitude of the Veven modulating waveform on line
79. For the row of blocks shown in FIGURE 6, this
amplitude will be one. Similarly, the correction value for
30 point C is converted to analog form by multiplying digital-
to~analog converter 58, and subsequently multiplied by the
value of the Vodd modulating waveform on line 77. For the
row shown in FIGURE 6, this value 1is zero.
A latch L1 enable pulse L1 EN shown in FIGURE 7 (b)
35 occurs at the end of clock pulse and loads the correction
value for point B into latch L1. A latch L2 enable pulse
L2 EN shown in FIGURE 7(c) occurs at the end of clock pulse

3 and loads the correction value for point D into latch L2.



correction grid, and wherein the output of said adding neans (60) 2% mMAR 2002
conprises internediate interpol ated convergence correction val ues between
vertically adjacent grid lines. 2. The systemof claim1, characterized in
that the output of said storage neans (46) is available as an input to a
pair of neans (48, 30 50, 52, 54) |oaded sequentially with said first and
second convergence correction values andjcontrolled to provide said val ues
si mul t aneously at respective outputs connected to the said converting

I nput s. 1 5 MAR 2002 18 3. The systemof claim 2, characterized in that
the means (48) BLclEA3 544 canbdien Hudtsehdd., 4.4 e shpgnedmoF IGURE ny 8d)
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| atches providing a store for the present and next values
mul ti plyi ng di%iteltan Ridtod clmperltaérch( 35, ang) ths copsesyieanyadtuel ai m 4,
characteri zeddm gdiait theimanadat alies fAe%dhﬁga&ab@o@@BMGt’:éﬁéslﬁpﬂéé whi ch

| at ches age d5nu|tan qgh o g&vyhen LI e to update t
mul tiplying digits -To> é%%ﬁsébﬁb €W98uﬁpuﬁ§e §PYTRE EggtEHQO? claimi,
characteri zedclark atldeov8 pade fadrrection value for point H is stored
in latch L3 and the correction value for point I is stored
in latch L4. It can be appreciated that the correction
values for points A and C remain in latches L3 and L4
10 respectively for four clock periods, which is equivalent to
the 3.35 microsecond interval between the fourth and fifth
vertical grid lines. As the horizontal scan line proceeds
from left to right along the fourth horizontal grid line,
the correction values for points A and C are being
15 processed by the multiplying digital to analog converters
while the scan line is between the fourth and fifth
vertical grid lines. The correction values for points B
and D are processed by the multiplying digital-to—-analog
converters while the horizontal scan proceeds from the
20 fifth vertical grid line to the sixth vertical grid line.
The correction values for points H and I are processed by
the multiplying digital-to-analog converters while the
horizontal scan proceeds from the sixth vertical grid line
to the seventh vertical grid line. FIGURE 7(f) illustrates
25 the yoke current and output voltage for the intermediate
scan line 6'. The current and voltage waveforms are
illustrative of all of the horizontal scan lines. The
output voltage changes in steps. The yoke current proceeds
smoothly from known value to known value as a result of the
30 1low pass filtering.
Alternatively, either of latches L2 and L4 may be

omitted. 1If latch L2 is omitted, then L3, L4 EN can occur
after clock pulse 3, moving Vg from latch L1 to latch L3

and moving Vp into latch L4. The L2 EN signal is
35 unnecessary. The fourth latch shown in FIGURE 3 is
included to facilitate the explanation.
The modulating waveforms shown in FIGURES 4 (a) and

4(b) provide a measure of the location of any present
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j f&#10%h& Cpitcide+wdthuEbbse horizontal scan lines which fall on
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%Wrir& ()-f10¥EnCha&hg%&ith- tAEPPodPER horizontal grid line, the
10pp! O° #10%pgélghtiﬂ§p¥§%E§}O%%§ 0{ §§Odﬁé-(3nd the weighting factor
for VC on the fifth horizontal grid line is zero. Although .
the modulating waveforms are shown as triangular in overall

15 form, the modulating waveforms are in fact stairstep in
nature, as apparent when seen in enlarged scale. This
ensures that the relative weighting factors applied to
horizontally adjacent grid points will remain the same for
each horizontal scan line in each row of blocks.

20 Alternatively, the modulating waveforms may have an overall
sawtooth form, with the trailing edge of each sawtooth
pulse falling or rising sharply, as appropriate, during
each horizontal retrace. Such modulating waveforms present
more complex address control and timing problems.

25 Aadvantageously, as a triangular waveform, waveform Vodd
will have a peak amplitude for each scan line coinciding
with an odd numbered horizontal grid line. Conversely,
waveform Veven as a triangular waveform will have a peak
amplitude for each scan line coinciding with an even

30 numbered horizontal grid line. Similarly, waveforms Vodd
and Veven will have zero amplitudes for scan lines
coinciding with even and odd numbered horizontal grid
lines, respectively. Accordingly, values on even numbered
horizontal grid lines are always presented to the

35 multiplying digital-to-analog converter 56, modulated by
waveform Veven. Values on odd numbered horizontal grid
lines are always presented to multiplying digital-to-analog
converter 58, modulated by Vodd.
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f#lo%&&&:i) &3Chprp#1owwlgh(yeggrgnce once again to FIGURE 1, one grid
point is denoted for each of blocks 82, 84, 86, 88 and 90.
When scanning in the eighth row, including blocks 82 and
84, the first two values to be interpolated will be those.
corresponding to grid points R and T. Value Vg is supplied

10 to the multiplying digital-to-analog converter 56 modulated
by waveform Veven. Value Vg is supplied to the multiplying
digital-to-analog converter 58 modulated by waveform Vodd.
For the scan line coinciding with eighth horizontal grid
line, Veven will have a weighting value of one and Vodd

15 will have a weighting value of zero. Accordingly, the
correction value will be Vg. At the beginning of the next
horizontal row, which is the beginning of the ninth
horizontal grid line in the example, Veven will have
stepped down to a weighting factor of zero and Vodd will

20 have stepped up to a weighting factor of one. Acéordingly,
the correction value will be Vy.

Each correction value is supplied to only one of
the multiplying digital-to-analog converters. The
modulating waveforms, having a period of two rows, that is

25 40 scan lines, assure that the values on respective
horizontal grid lines are sequentially processed as upper
and lower boundaries of successive rows. The generation
and timing problems of the digital addressing can be
substantially reduced, provided that the upper and lower

30 xnown values for each row of scan lines are applied to the
same multiplying digital-to-analog converters as each
subsequent row of scan lines is scanned.

A circuit for generating the modulating waveforms
shown in FIGURES 4(a) and 4(b) is shown in FIGURE 5(a). An

35 up/down counter 72 receives horizontal and vertical
synchronizing pulses, or related timing pulses. The
counter 72 continuously counts from 0 to 20 and back from

20 to 0 using the horizontal line retrace pulse, for
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10 10 'is shown in FIGURE S5(b). Count 0 corresponds to a
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10% & () - \qlg%qgﬁapon s to the next horizontal grid line, GL1 The
counts for successive rows of scan lines run from 0 to 19,
20 to 1, 0 to 19, 20 to 1, etc. A vertical retrace pulse,
for example, resets the counter to lock the generated
10 waveforms to the vertical scan. The digital number is
converted to analog form by digital-to-analog converter 74.
Amplifier 76 provides waveform Vodd as an output at
terminal 77. Difference amplifier 78 produces the
complementary waveform Veven at terminal 79 by subtracting
15 the output of the digital-to-analog converter from a fixed
reference. The fixed reference should be set to the
maximum output of the digital-to-analog converter.
A convergence control system for a projection
television apparatus is shown in block diagram form in
20 FIGURE 9, and generally designated by reference numeral 96.
Six convergence correction signals are required, requiring
six processing channels. Convergence correction signals
must be generated for blue horizontal BH, blue vertical BV,
red horizontal RH, red vertical RV, green horizontal GH and
25 green vertical GV. A correction signal/interpolator
circuit channel 40 must be provided for each of the six
channels. Each channel contains its own correction value
storage means 46, which is uniquely programmed for each
channel. Each of the channel processors works in parallel,
30 generating a convergence correction waveform in real time,
for each horizontal scan line.
In accordance with an aspect of the invention, all
of the six processing channels operate in response to a
single modulating waveform signal generator 70, a single
35 phase lock loop and timing generator 42 and a single
address generator 44. The output signals of each channel,
on lines 1-61 through 6-61 respectively, are inputs to a
convergence output amplifier circuit 98. The amplifiers in
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chip. A fully digital system would require many more bits
for processing and generating the correction signals, and
10 would require latches and digital-to-analog converters
having more bit capacity than is currently feasible for
integration into a single chip. The resulting circuit \
according to this invention therefore provides significant
cost savings over a fully digital system, without
15 sacrificing the level of precision necessary to achieve

fully satisfactory convergence correction.
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1. A convergence control system for a video display which
scans a plurality of horizontal lines, comprising:

5 means (46) for storing a set of digital convergence correction
values for a limited number of exact grid points defining a convergence
correction grid for said video display;

first (66) and second (58) multiplying digital-to-analog converters

for calculating analog output values representative of said stored

10 convergence correction values and intermediate convergence correction

values of said grid, from said stored digital convergence correction values,

said digital-to-analog converters each having a converting input (53, 55)

respectively supplied with first and second digital convergence correction

values from said storing means (46) and a multiplying input (77, 79), said

15 multiplying inputs (77, 79) each being respectively supplied with first

(VODD) and second (VEVEN) multiplying signals, the sum of said first and

.'second multiplying signals being a constant, and means (60) for adding

the outputs of said first and second digital-to-analog converters (56, 58) to
obtain interpolated convergence correction values; characterized in that

20 said converting inputs (63, 55) of said multiplying digital-to-analog

converters (56, 58) are simultaneously supplied with said first and second

convergence correction values representative of respective first and

second vertically adjacent coordinate values of said convergence

correction grid, and wherein the output of said adding means (60)

25 comprises intermediate interpolated convergence correction values

between vertically adjacent grid lines.

2. The system of claim 1, characterized in that the output of

said storage means (46) is available as an input to a pair of means (48,

30 50, 52, 54) loaded sequentially with said first and second convergence

correction values and controlled to provide said values simultaneously at
respective outputs connected to the said converting inputs.
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4. The system of claim 3, characterized in that the means (48,
5 50, 52, 54) contain two pairs of latches providing a store for the present
and next values for each muitiplying digital-to-analog converter (56, 58).

5. The system of claim 4, characterized in that there are

latches feeding said converter inputs which latches are simultaneously

10 loaded when it is time to update the multiplying digital-to-analog converter
outputs.

6. The system of claim 1, characterized in that low pass filter
means are provided for low pass filtering the correction values whereas
15 the filter response time is substantially equal to the grid spacing.

7. Television receiver containing a system according to any
one of claims 1-6.



