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RCA 78,703 DIV A RASTER DI STORTI ON CORRECTI ON CI RCUI T The I nvention, which
i s di.nided fromour application No. 8714912.6, relates to video dlsplay
xsystans and, nore parti.cularly, to a ragter distortion 5 correction circuit
in a Ydeo displ ay apparatus. Recentift&rest in the devel &fed® d0%igh
definition tel evision systens (HDTV) has. been directed towdIMsAtechni ques
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display screen during each vertlcal scanning interval;'

Progressive scan results in the reduction of artifacts
related to interlaqed scanning format, such as interline
flicker.

20 In progressive scan double-frequency scanning
format, for example, the incoming interlaced +e1°v’=1on
signal, such as illustrated schematically in FIGURE 2, may
be processed in well known techniques to produdé, for
‘example, pairs of video lines of R, G and B color

23 component video signals, whose picture content is to be
U displayed in corresponding pairs of scan lines of the
.progressive scanned raster. A video line of each color
component video signal may include, during a period H of'a
given video line, that in NTSC, for example, is 63.5

30 microseconds long, a picture information containing
portion that is 52.6 microseconds long and that represents
the active portion of the video line. This active portion
may be considered as being divided into a series of pixel
signals that represent associated pixels, or picture

35 elements, that are displayed at.corresponding.locations
within a corresponding horizontal scan line; The pixel
signals may be distributed uniformly in time throughout
the active portion of the video line.
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the active portion of the video |ine. "-2-In some prior art progress
scan systens, the incomng television signal is sanpled at a given rate

that nmeets the Nyquist criteria. The sanples are processed to obtain

processed sanpl es that represent the pixel signals 5 of the video lirm
pairs of the color conponent video signa2s, The pixel signals are stored
at a given rate in a storage elenent such as, for exanple, a line store,
and then read out -at a hi-gher rate. In this way, each video line is .
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screen of the telev151on receiver. The duration of each
line of the t1me compressed color v1deo signal is, for
example, half that of the correspondlng incoming
interlaced telev151on 'signal. ‘.
In a raster scanning dﬂsplav system dlsp1="
distortions, such as east-west and llnearlty dlstortlons,

may occur. Addltlonally, convergence distortion of. the
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tricolor electron beams'may also occur. For example, when

a television v1deo 51gnal that contalns plcture
1nformatlon of a pattern of for example, vertical lines, .
is dlsplayed on a cathode ray tube (CRT) screen, east-west

distortion, 1f left uncorrected, w1ll produce the pattern r.

shown in FIGURE 4a. Note that_the separatlon la between
distorted vertical lines 77 and 71 along a horizontal scan

the bottom of the screen is greater than the correspondlng
separation lb along a horlzontal scan llne 41 at the
center of the screen. The dlfferent separatlons occur
because the. geometry of the CRT- 1s such that the electron
beam travels a longer distance at the top or bottom of the
screen than at the center, during the ‘same correspondlng
portions of the trace interval.

_llne 40 at the tQp, or along a horizontal scan line 40' at
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35 beamtravel s a |l onger distanée at the top or bottom of the screen than
at th,e center during the sane corresponding portions of the trace

zinte [3- Another related distortion may create nonoverl appi ng col or
I mage! ’Wnen the CRT screen is scanned by the tricolor electron beans. The
m smat ch anong the correspondi ng col or i mages produces convergence error. A
5+horizontal convergence error that may occur when a vertical bar is

di spl ayed, is. shown in FIGJRE 4b. In sone interlaced display systens,

raster distortion is corrected by storir@<the picture information of an -
incoming interlaced video signal in a menory and 10 then reading out the
stored information to forman output interlaced video signal that is
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correction. _ o
sequentially using a clock signal. The clock signal has a

frequency that varies in accordance with a distortion

15 information providing signal. The distortion information
providing signal varies in accordance with the location on
a faceplate of fhe video display where the picture
information of the outpﬁt interlaced video signal that was
_read out from the memory is displayed. The output

20 1nterlaced video signal is then displayed without raster

. distortion of the picture. The output interlaced video

signal includes video line signals that occur at the
horizontal rate, the rate at which the‘'video line signals
of the incoming interlaced video signal occur. The output

25 interlaced video signal that provides raster distortion
correction may not, by itself, be suitable for providing
picture information to a noninterlaced display since it
must first be time-compressed to be suitable for display
-in the noninterlaced video display. Disadvantageously, .

30 such time-compression may result in the loss of the timing
information that provides the raster distortion '
correction. '



-4- According
responsive to

to the invention, there is provided a display apparatus:
an incom ng video signal for generating an output video

signal ¢coupled to a video display apparatus to provide information that.is
5 displayed in a plurality of display lines on said video display t hat % m
a raster during a given deflection cycle such that a distortion in said

vi deo di spl ay

apparatus that is associ ated4m th the di spl ay of picture

information derived fromsaid incomng video signal in 10 said raster is
conpensat ed by varying sai‘d output video signal. The apparatus conprises:

a menmory responsive to said incomng video signal for storing therein the
picture information deri gdedorddmgs dicd t:hecmnvragmmqm,o tﬂlepmllsarprdmdeéaail ng

out therefrom
vi deo signa
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~interval that
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1s representative rst. operat| frequency,

sai d controld eBaddcrrEELEr 185 cPEPEHRALES B VArvag said muRBYh vided val
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operation of sai ntroll ed cillator ing .sai.d c ration i nterval
P said gncomlng vgaeo s%gnal %Br %torlngE%heréln th :
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picture 1nformatlon derived from said incoming video

'51gnal and for readlng out therefrom the stored plcture
I1nformatlon to generate said output video signal that

prov1des the stored plcture information to said v1deo

dlsplay apparatus, means for generatlng a correctlon

51gnal that varies 1n accordance with said dlstortlon ln

said video diSplay apparatus, a controlled osc1llator for
generatlng a first clock signal_that is coupled to said
memory to generate'said'output video signal at a rate

that 1s determlned in accordance with the frequency of -

said clock 51gna1 said'controlled oscillator being )
respon31ve, out51de a callbratlon 1nterval to said ﬁ '-\j
correctlon 51gnal for varylng the frequency of said first
clock s1gnal in accordance with sald correction signal;

and means for generatlng a callbratlon reference 51gnal
having a value during said callbratlon interval that is
representatlve of a first operatlng frequency, wherein

said controlled osc1llator is respons1ve durlng sald '
calibration 1nterva1 to sald callbratlon reference 51gnal

for prov1d1ng calibration of the operation of said |
controlled oscillator during said calibration interval.



-5- In the drawings: FIGURE 1 illustrates a video display apparatus that
gener g} es speeded-up red, blue and green video 5 signals; FIGJRE 2
illustrates, schematically, the timng diagramof an NTSC signal that is
coupl e %rto the video display apparatus of FIGURE 1; FI GUTRES 3a- 3h
illustrate, schematically, timng 10 diagrans useful in explalnlng t he
operation of the apparatus of .FIGURE 1; FIGURES 4a.and 4b
illustrate-display distortions caused by east-west plncushlon di stortion
and horizontal convergence error, respectively, when the inconing 15

tel evision signal contains a picture of vertical bars; FIGURES 5a and 5b
illustrate schematically two exanples of video line signals that contain
substantially identical picture informati op and that are adapted for
display at the top and at the center of tﬁg'raster, 20 respectively; and
FIGURE 6 illustrates schematically a diagramof a timng unit enbodying
aspects of the invention, that is suitable for the apparatus of FIGURE 1.
25 FIGURE 1 illustrates a video appar at us 150, for di spl ayi ng
in a CRT 119 the picture information. of an interl aced
NTSC -6- television signal 130 of FIGURE 2 in a non-interlaced scanning
format. Sim |l ar nunbers and synbols in FIGURES 1 and 2 represent simlar
itens or functions. NTSC signal 130 of FIGURE 2 is applied froma source,
which is not 5 shown, I tthd edrdawirg#00c of a.separator bl ock 135 of
FIGURE 1. The source of signal 130 may be the denodul ated output of a
standard | F stage. ' ' :
FIGURE 1 illustrates a video display apparatus

K,/ that generates speeded up red, blue and green video
5 signals;

FIGURE 2 111ustrates, schematically, the tlmlng
dlagram of an NTSC signal that is coupled to the video
dlsplay apparatus of FIGURE 1;

FIGURES 3a-3h illustrate, schematicaliy, timing

10 diagrams useful in explaining the operation of the
apparatus of FIGURE 1;
FIGURES 4a and 4b illustrate -display distortions
- caused by east-west pincushion distortion and horizontal
‘ convergence error, respectively, when the incoming
15 television signal contains a picture of vertical bars;

FIGURES 5a and Sb illustrate schematically two
examples of video line signals that contain substantially
identical picture information and that are adapted for
display at the top and at the center of the raster,

20 respectively; and

FIGURE 6 illustrates schematlcally a diagram of
a timing unit embodying aspects of the invention, that is
suitable for the apparatus of FIGURE 1.

25 . . _
FIGURE 1 illustrates a video apparatus

150, for displaying in a CRT 119 the
picture information of an interlaced NTSC
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NCN.|NTERLAQ§;Q§1uym1th of a first set of alternate display lines of

CRT 119 screen. The 51gnals of a second group, 51gnals
b' Qb and Yb, are also derived from the corresponding I,
Q, and Y component signals, respectlvely, from NTSC.51gnal

130. The second group contains plct*re 1nfcrma+ on for
display in each display line of a second set of alternate
display lines that are displayed on CRT 119 screen between
the corresponding display lines of the first set to form a
frame of displayed picture. When the picture information
displayed in a given display line is supplied from each
signal of‘the'fi:st group of signals, the picture
information displayed in the immediately preceding or

~ following display line is supplied from each signal of the

30

35

‘second group of signals.

In one example, signals Ia, Qé and Ya may be
identical to signal I,r 9 and Yy, respectively. In such
example, each of the corresponding signals Ia' Q-a and Ya
may be obtained from NTSC signal 130 using conventional
signal component separation techniques. However,
different methods have evolved'in progressive Scan systems
for geherating the two groups of concurrent video line
signals such that the two groups that are not identical
prbvidé a more pleasing picture. For example, an
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5 FORMAT W TH MOTI ON COVPENSATI'ON. Signals [err] and [err] are coupl ed
to thg 'respective terminals of an |, Q Y matrix 439a, of conventional
‘construction.- Matrix 439a generates signals [err] and [err] that contain
red, green and blue color 10 conponents?=respectively, fromsignals [err]
and [err] Simlarly, signals [err] and [err] are coupled to the respective
termnals of a sim]ar *, §§*¥ matrix 439b, Matri x:439b simlarly generates
signal s [err3PRERABIS (TUMm SPRRER IR Hhe T¥Q gBoups of concupgehtsi gnal
130 of FI GUREsiynslslio desyribled il Uisinpateht ¥30 25988GREidsudining

it 430 i 14 , | g, . Wo¥- NTSC
Slgnal 130 { SEERASE FORE: Oted "BkifTe AL rEErvTEPONCHREEVER
cycl e form nCEAYNICLERES ANERANE cSTORE| USING BONMnINTGRLAHCED 05 CANNENG

[err] tha argo@pP! e METHEN | dombhsaffonertical deflection stage 500.

St age 500 controls deflection currents | and i in_a_horizontal 2H
V defl ection w ndi ng 4332RRLS nl a0 V25t FRAI YgeRFRcEPWRLOf nBP nEhe 31

r_eSpelcti[vel }’,:égpé_&;_?'i\iét-gt?ﬁﬁt&l_ liI@%‘ﬁn&ﬂ of @p 3trhzh9t'rﬁan4?;ba§c?£ni ng control
signal [err] is, illustrative err] i NQ. onventiopal scannjng
frequency of FOEIENEIRA e‘f%‘?ﬁ%’f‘b‘{\t’r Y &g?g?ﬁ’étg%%l%%efﬂ'&e%oﬁ%gﬂ?#ﬁnal

I nterlaced s@&ywni drod .tHae domcpimcyedf greéncanhdsobuai aglepntro
signal [gyr] A ' rall : S S | N, t he,st d

tel evi sil(;vn r edc?g‘llglder%ﬂﬁ m%%‘?%é(nﬁ‘;%%’ arrg%m?nsc?%%ael% fohés%al %’ggg’%ar oop
circuit, not SHOWRIM FIGBIERYS I hdl), i andhhgearecrewriedhbei tbatal sync

pul ses [err] s NESG v Gt a1 9To £ BURE 21 £ 91 1 geperathogr sack36h . ¢l ock
signals 230f-230i, and [err].of FIGJRE 1. T|n198%$ |t_430_35 I s descri bed

in further d&aRHi% 4330 GimiGaely Jeperates s 2Byl & FROPpafFeR
4394 is appl iseirgxiafirsnuq}h thezmﬂr‘beLI). Ftoa 1-H delay 434 and to a 1-H del ay

435 of gsspeed-up uni U Uipdnay 1447 PREGRESS £ BTko GoupFaEBo kNS
' timing unit 430 of FIGURE 1. Timing unit 430 utilizes,
for example, horizontal and vertical sync pulses of NTSC
signal 130 for generating a horizontal scanning control,
or deflection cycle forming signal SZH'and a verticél
20 scanning contreol signal SV that are coupled to a

' horizontal and vertical deflection stage 500. sStage 500
controls deflection currents i2H and iV in a horizontal
deflection winding 432 and in a vertical deflection
winding 431, respectively, of CRT 119. The frequency of

25 horizontal scanning control signal S is, illustratively,

2H

U ' 2fo, fH being the conventional scanning frequency of a
standard television receiver that employs the conventional
interlaced scanning format. The frequency of vertical

scanning control signal S, is, illustratively, the same as

30 in the standard televisioX receiver. Timing unit 430 may
- include a'phase—locked—loop circuit, not shown in FIGURE
1, that is phase locked to horizontal sync pulses hSP of
NTSC signal 130 of FIGURE 2 for generating each of clock
signals 230£-230i, and 230¢ of FIGURE 1. Timing unit 430
35 is described in further detail later on. '

for example, from matrix 439a

" Green signal Gu
is applied through a terminal F to a 1-H delay 434 and to
a 1-H delay 435 of a speed-up unit 433 that



- 439b is applied through a ternminal Gto a 1-H delay 436 and to a 1-H del ay
437 of unit 433 that tine-conpresses signal G Each of 1-H delay units .
434, 435, 436 and 437 5 may conprise fiLgst-in first-out (FIFO buffers

that may be inplemented using anal og or digital techniques. FlI GURES 3a-SF
illustrate schematically. a sinplified exanple of tim ng diagrans of clock
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sarrp es o

Si mul t aneousl y,. cl ock %?‘%aﬁ" - 3e cl ocks .
video line 143 of si gnal er n’ajyl'éﬁ e §‘E]h%’ﬁﬁ‘t3%€§11¥ fepr esent ed

by the tinmi n§lapaddfimdoexmmpliE ¢f, tJ.nnimg lathgleany opi €148 SigRhEURE 1 at,

|Ilustrat|vejggofth oS ta at thetlmn di agr am of
FI GUREg rep rggg%ﬁzﬁgﬁ 182?%% Fesp CWQ/ESE J;ht’éﬁpe‘é VelYsi an
[err] 8 [ efFE C?HB §§m§°e§'1"h defiay 48'411€S RVOCURB4, 135 cémkeshput '

read out at ﬁespeandvet@cbfr%tpeézi-@ﬂ Sighal Gfﬁ,ﬁ,sidgygt?ﬁ,&lllu%ééat Sd iy
t9 an

h t aII sh rtical 'l nes n -Fl weer-
tS(l:I emaTlhg sec%’g% %Fo&? g'égu\ﬁ%&'& ety ARG I I Ifﬁ'Fmt[%lmilandltems] for

provi di ng ra®refunétionsi.o on Cdorgke BN 23'616 e GONElTeE 05K & @k# Jﬁ' gher

than the fir K. Eat Og rowigde an output signal [err FI GURE
' SimpL o o RopdeR3npd o Vidts Al P 0F Himat G i ok 1y,

3f that.is speeded-up fe *S

at, illust raéxa@ye, tt‘fméeﬁgngnﬁl gkne Hg€rad, hghy lr@(traetlvely, a
constant flrst clock rate, as 1llustrated by - the short
vertlcal lines 1n the correspondlng 1nterval of FIGURE 3d.

Slmultaneously, clock signal 230g of FIGURE 3e clocks in
20 samples of v'lﬁpo 11p¢= 142 of sigqnal ¢ +h=+ mav 2lea ha

:---_. -b, - -..‘J ~~~~~~

schematically representsad by the timing diagram of FIGURE
3a, into 1-H delay unit 436 of FIGURE 1 at,
illustratively, the same first clock rate. Note that the
'tlmlng diagram of FIGURE 3a may represent, in the |

25 ' respective context, any of signals G a’ Gy R a’ Rb' ga orl
By, . The samples in unit 434 of FIGURE 1 are clocked out, or
read out at a second clock rate of clock signal 230f that
is 1llustrated schematlcally by the short vertlcal lines
in FIGURE 3d between times t9 and tll. The second clock

30 rate may vary between times tg and tll'fOr providing
raster distortion compensation. The second clock rate is
higher than the first clock rate so as to provide an
output 51gnal G of FIGURE 3f that is speeded-up relatlve
to, for example, 51gna1 G . 81m11arly, the samples in

35  gdelay unit 436 of FIGURE 1 are clocked out, or read out
at, illustratively, the second clock rate, that may be

o
t he sarﬂpﬁ HSURE 3§e¥-§§°uﬁrﬁ 4ed agf uﬁl@ﬂBﬂoﬁ@mmm Butwvedh, I €86 out



al so variable, of clock signal' 230g, as illustrated schematically by the
short vertical lines in FI GURE 3e between tlnes t12 and t13. The sanpl es
i hat ng read out fromdelay unit 434 and %36, respectively, of FIGURE 1
are 5~ coupled to |nput termnals A and B of a swtch 433a, respectively.

An exanpl e of i xel nal Ga i.s .schenmati ¢ |II rated in
Tne 145 i n FPesBevaridEtdone Al sidhat HiEnad YA &n t hat
i s coupl ed bysghempdricaldly Hy tthe 43Rt oraz:tmaﬂt rdines) in EIGURE)e‘a‘e K is
control l ed byppicgied! eg‘ﬁ:’é@' tﬁ%’ ra]nd)ftltj m "ﬁﬂuémééma;f'f& (Derate &ut 0

term nal E the spee up sa | Xe at are read out of

unit 434 and ifﬁ&i“ S8dexr uét‘t:'-'ct é13|‘ﬁ r"r’d!d 3610 J?Qﬁﬂﬁqtl‘?é’%]dfrr &hHIHFURE st @R8  of
speeded- ug Vi deapliede to dhphut] Qfdﬂnlbﬁil\w@rl,aﬁ@rsléf a eAge.e334es t9 and
t1l, as illustrated.i.n FIGURI;i An exa | e of@ﬁeeddu %xel cénal

i s schemat i caFEFPEFTIYELated Ath SFaEne faorp:‘t

bet ween ti mesipeschehmaltdwiaddy wlﬂmsﬁraﬁedzlmﬂﬁme i48 rmmmnmn cBat.l m ng
signal 230l couples the ]%g{g%! hat are
read out of unit 436 anﬁe’ﬁ]ﬂe pear ast ermﬁsscf %{ tﬁo ou]tygu rqq'larclmcj;-r%ﬁ E
bet ween, for &hka¥pis, coupdedk bw anWipEr df of @Rl 433 atq @é‘-ml

clock siggal #30hyg eE' QJ@E %r@r%&%é@ﬁ"ﬁﬁnﬁfg \d a1 1390l s Ofinsi
[err] of FIGURE, 3a etween tine and tlrret3|nt 1Hde| uni 435

of FI GURE 1 aPnP-I‘Fe‘*iaPr'st wé-IP@Gkkr %Péseﬁ 14U HGRIRP b\E STUR cal

| i nels in ]lfl GJaREm§Qes$l ﬁlba?@lwmnaﬂsqcltrﬁtgra}e md cﬁuﬁlzlcSJ?ETﬁb m@ck237
sanpl es of vide of  si to el ay..unit

of 30 Pl GUREDE 5%‘%18"?5@5 At dErminal Sy RE‘?“?Fa“é e GO SRRIINS, | ot
descri bed bef sn.gpaﬂ.hefsawple@gd-mmmndemame FIGIRE Gt deatiwasied fax or
réad out gt tgﬁa}ﬁgﬁ.babltﬁ.n% gc@d and & Qf (‘dso k]h atdy iy Yeldue G ¢

schenatlcally I'n manner y the s ort vertlcal i nes, of_ cl ock
35 230h in P‘PC%REmBéebé’t wéeﬁpﬁeﬁ’@é-tux’ kel signpl depichenatisaklngs of
FIGURE 1 are ghogkedated Qhn m@ﬁmtBﬂitfdﬂ'lﬁ:h@r\tlaﬁcﬁ Satongd grale @f, cl ock

:lhgp?' Vg??: . B8 t%vleleﬂsgtﬂ%te%d tschq__rrat i cil '12’ |lnsea’ swl_l el i fi edf S the

response to t1m1ng s:.gnal 2302 couples the speeded-up

20 samples, or pixel signals, that are read ont n*F. unit 434
and that appear at terminal B, to output terminal E
between, for example, times tl12 and t13 of FIGURE 3f.
In a like manner, clock signal 230h of FIGURE 3c
clocks samples of video line 141 of signal G, of FIGURE 3a
25 - between time t0 and time t3 into 1-H delay unit 435 of
- FIGURE 1 at the first clock rate as illustrated by the
Y ' short vertical lines in FIGURE 3c. Simultaneouély, clock
signal 230i of FIGURE 3b clocks samples of video line 141
of Signal Gy, of FIGURE 3a into 1-H delay unit 437 of
30 FIGURE 1 at the same first clock rate. In a similar
manner to that described before, the samples in unit 435
of FIGURE 1 are clocked out or read out at the variable
second rate of clock 230h, as illustrated schematically in
a simplified manner by the short vertical lines of clock
35 230h in FIGURE 3c between times t7 and t8. The samples in
unit 437 of FIGURE 1 are clocked out or read out at the
variable second rate of clock signal 230i, as illustrated
schematically in a simplified manner by the short vertical



-10- lines of clock signal 230i of FIGURE 3b, respectively, between tines
t4 and t6. The sanples fromunit 435 and 437 of FIGURE 1 are coupled to
termnals C and D of switch 433a, respeciio~ly. 5 W per k - f:?-_
coupl es the sanples, or pixel signals of unit 435 at terminal Cto outPuwt
termnal E between tines t7 and t8 of FIGURE 3f for generating speeded-up
signal [err] lnnhewpieClm!Sesllgn@ﬂ R3QURP £l RIGIRR Sh herespedtteively pi xel

signals of u I gy t 4 and
t6. Thus, Hé{:wééér ?&m&% Ea QEEDBﬁ‘Got hZL: apr%eﬁs at ternqiﬁg?‘;f:iof ‘GURE 1 -

cont ai ns the §Be€% HIGHRE; P-nérﬁ.llct"ﬂﬁi’lle?edw ;ﬁm@l%ffbrm%m%fsﬂwl s
Ga and Gb of 4888 Reedpectibelpi.cture information of signals [err] and G

appears jin alternate t ne sl r ectively, such a | e,
interval3 [err] and [e FFeFeg‘p&‘?t“‘rpaﬁi/&cﬁp 3% P¥RF r]
Si gnal G2H iwnapphBEdatotesninal Checog reaputd drﬁmrndieanhgmwe:én Cﬁﬁne’lslg A
speedup unit433n41 RaF @Ugl% t ngd

simlarly totgpgeguesulﬁl ggmﬁa?%t eflro% ansellé‘ﬂﬂg %Af%&/ \_ﬁ; c%r}'ﬁespond
with term nafgyF, 1f &Wélsérrb'épéé't ﬂ‘v@lfy FI@UR:Epéedlﬂilmq Ygs . sagplesi3y of

FI GURE 1 recﬁik‘éi sigARLEI BfNAnd® 4343Qit AUeiekind 19T thamia{fl &
functiopn signals 25 230f - 230i Uni t 433"

gll ly. ui val ent to,cl onéi

oper at 59 s £§R GRSt t4330e0k geng%'né%@d&tmﬁ’ g&@-f%aﬁf[err] A
speedup un| tt1438 appeEt@URE tetrhdhails B. ldfUFIGURE & ortsd mondid uct ed ;
simlarly to p,.4Ni 3 A I .hat rrespond
with 30 ter 19& Eﬂ Elécéi &,ﬁi g’pec e%se%l%tgspeer}g’fgau Z&é Uni t

433" of FI G}Enalécéhvésdf egnet| Wﬁ@R@m&aASGhQ:Im@@megnaiﬁpmmum e

functi onal | yofqgigﬁaggtct Oaflogk 8 %eelre 430714 nateL R i9iRlts, Unit 433"
operates_sim | arlgtto unfts 433Por 433" for nerat| n speeded up si gnal \J.

[err] 3  Trespectivelys SuFhnafs [FOF, XaMP Ty g)\ﬁ} the
picture lnfOtyatépnreépeatsvéayedoNTSQGmmgndf to form signal G, . :

Signal G2H is applied to control the green electron beem
gun of CRT 119.
A speedup unit 433" in FIGURE 1, that is .
20,  illustratively constructed similarly to gpeedup unit 433
‘has terminals E", F" and G" that.correspond with terminals
E, F and G respectively, of speedup unit 433. Unit 433"
of FIGURE 1 receives, from timing unit 430, clock signals
_ that are functionally equivalent to clocks signais | '_
25 ° 230£-230i. Unit 433" operates similarly to unit 433 for
- generatlng speeded-up red signal R2H ' .
A speedup unit 433' in FIGURE 1 that is ' \gﬁ_
illustratively also constructed 51m11ar1y to speedup unit
433 has terminals E', F' and G' that correspond with
30 terminals E, F and G, respectively, of speedup unit 433..
Unit 433' of FIGURE 1 receives from timing unit 430, clock
signals that are functionally equivalent to clock:Signals-wu
'230£-230i, respectively. Unit 433' operates similarly to
units 433 or 433" for generating speeded-up signal B2H '
and B2H of FIGURE 1

| 20’ Con
provide the picture information of interlaced NTSC signal

35 - . Thus, signals R

130 for display in non-interlaced display format.



"130 for display in non-interlaced di splay format. In a conventi onal

tel evi sion display apparatus, raster distortion nmay be corrected by
;modut@ting the scanning current, such as~%%anning current i of FIGURE 1.
I n cohtrast, in video apparatus 150 of FIGURE 1, enbodying 5 aspects of

the invention, distortiQn correction e, accompl i shed, wi t hout nodul ati on
of scanning current [.erfr)'?%a%%nﬁn?(%@xg%ng?l%‘(’:s%_'_‘i&%ﬁ}ﬁ’%,aapéFBE'Hsl'i ne
of green si gF@stes rdistoxion may e sconnetted tiny thedabatingethinal hof t he
green el ectr g&hfas i . COr I-pg Lps t is
selected by timn rﬂu%ﬁh%?)@he t.?nésr’\gs‘}o%”%tc‘% %ﬁ??(g?&gigﬁa?gi gfé{d%# ?hat
the correspordd FPHEASt di Wl BiARP RPRaEates ebH0 o £ GFRIGURD hppembedying

hori zontal pespects Wf tiite ol RFdROloN B E6rtidh L PrdbLiSHAMali BE SO as
to elimnate _the appearance qof distortjon,in the displayed picture.
Sel ectivel y \?S_Fﬂ"\iﬁ ﬁibe‘?i%ﬁb‘“bﬁ' RORLIALEPD ¢ §EFIBANG FerFent 1.
conpensate-f or geonetnyEﬁchcpiieﬁléigﬁiﬁ'dﬁS.f?ﬁ Giﬁﬁﬁf@l,aiﬁidﬁeiyﬂﬁel
video line n . ~» NTSC sj gn of _FlLGU .20, . the pixel,
signal s of viogfegl%%lrnngg& e Gcﬁlstsarqf b%%%’?‘%#?%rﬁ yC?WT?‘%ret%nﬁhghbﬂg‘dtbe
di spl ayed, i Fea@d@dadarsde the lgnern NS tremdeean gen uif FCRT Y19 strabut ed

I xel s ong cohe i | ne; 0 | GURE
E- oc aloong e%‘%{JrﬁﬁQﬁ'dlﬂ&a??@rtﬂé@elé’%éfeﬁ%iﬁga g{%’ﬂs&?ﬁ 536!

n sone progressive scan t e Safmpl e
read-out rate, in a speed-up unit that is simlar to, for exanple, speed-up
unit 433 of FIGURE 1, iTheohiminy. oBustichopikalt sighQ1My Raced4datt ¢HeM ce

that of the le witf.e-in.rate 1.0 ovi de doubl e frequency 30 scanni ng
format. In %%n Fast lﬁlq/ip&%e]ap%asrpi%e Bﬁ‘o%ﬁﬁf%eqlpfh@%a}l’p?e
read-out ratepprsasis & tehhdrigprerely pisitimk eB0thefe @ Rn Iseahet ween
thoes {25andyldniBRYHae QU] QG dd) 4l TSI ONIn ARHPNR, - ol SpELhLy LY. Of
each scan line, as described Tater on.” Furtferrore, in ot] '
progressi ve Se&kOr&ton dothy Siaplayed Rigpies. artekeckively varyind scan
l'ine, "begi nnthe @filehgd FORHANHi &ignals is done to compensate for
geometry distortion in CRT 119. 1In contrast, in a given
video line n of, for example, NTSC signal 13C of FIGURE 2,

20 the pixel signals of video line n are distributed

uniformly in time and should be displayed, in accordance
with the NTSC standard, as uniformly distributed pixels
along the corresponding scan line on the screen of CRT 119
of FIGURE 1. | '
25 - In some progressive scan television systems, the
- : sample read-out rate, in a épeed—up'unit that is similar
va to, for example, speed-up unit 433 of FIGURE 1, is
constant. Such constant rate may be equal to twice that
of the sample write-in rate to provide double frequency
30 scanning format. 1In contrast, in video apparatus 150 of
FIGURE 1, the sample read-out rate, such as the frequency
of clock 230g of FIGURE 3c, between times t2 and t3, may
be different in different segments, respectively, of each
scan line, és described later on. Furthermbre, in other
35 progressive scan television systems, the samples are read
out, in each scan line, béginniﬁg after a constant delay

time td from, time T at, for gxample, the center of the

2H
preceding retrace interval.



time [err] from time T at, for exanple, the center of the precedi ng

retrace i-nterval. -12- The sanples, or pixel signals, associated with a
given scan line are read out beginning ather a delay tinme [err] of FI GURE>
3f that may be different for 5 correspondi ng different scan |ines. |-
one exanpl e, the sanple read-out beginning tine, such as tine t4 of FI GURE

3f, is separately controllable for each individual scan line. In a second -

~exanple, the sanples redteosanipa@s)Nicld giE (g Bl YOLD- ;Fg&qgi%'nes
g .

is the same tine [err] that .10 is controllable ona graup of ITnes Si s.

The delay tifed ‘sRaRel ingsareoreadanplebeghoningpadtesnd: dalayat e, may’

be separat el ytimed t JdepenreoREY3 £0Bhael haY be' atdelraheSisghal s [err] and
4a i Iustraags a hypot hetical exanple that

err] of .FIGRE 15" 1.. FILGJR _
ghomé thd e?%g- ?ﬁp%ﬂﬂﬁgﬁééigkﬁg?ﬁ afspot Bn of | :
t he i mage ofsampmexxeaﬂﬁsuﬁ1bé§inﬁhngp§¢ha?e;Pgﬁoaggt&g& $&bbﬁepwgmggpa
b i's contaimedd - ' _ of - 2. Part.i%on. "a" of a
3221?1 li ne 40,§nggsaﬁ%ga%ae?gm&néhqﬁgél%_aLg%\ﬁd5917" 5ACR| &PREVASUAlaSqan
di spl ayed at 1dme-t optbfa t$rcond cenanpl ERTthe9sampEeSUREal~olas badiendiny
[err]; “here%imﬁo@%f”bééﬁ'é?oﬁb58@”5&5?elﬁﬁesaﬁgeéﬁé”gaﬂgtWﬂﬁ@'E!”%%F%}
and 77 fé_FIGURE 4a at. the 25 ‘center of the screen, has a léngthqert] -
that ist8hor & SCRHFLIRRIL (R 13 IvPuRo0f bipag Basisrted, parall el

portions "a" and "b" that appear in parallel on the screen of CRT 119 of

FIGURE 1 shoul d have .i denéi allayerahb, tas hel s farsomf'gis%?alr@ih?dci' L 30

It may be desirable to display the enti A picture anornatlon ciated:
with portionsamplef refast-mxampiee, sway benseparanelpeandnlinaeppardendny’ al "

41, in order_to nmake the i'mage of, for~exanpl i’ 352H Vert T eHl
scan |ih2 40?'appear on the:screen o '
FIGURE 44 illustrates a hypothetical example
that shows the effect of east-west raster distortion, when‘ 

of scan Iinecggtggqqé&;fggtggéﬁl5%r§f§$¥l§b ve pgrtiogn."p" ogF?%gQ !rpﬁ. \J

left uncorrected, on the image of vertical bars'7l-77..The
picture information of the Vértical bars is contained in

NTSC signal 130 cof FIGURE 2. Dorticn Ma% of a n

~~ - IR R e e
ER 2V N (DT LOTT 34 S I 5 ¢-L 6

58]
Q

40, appearing betweén lines 71 and 77 of FIGURE 4a that is
displayed at the top of the sCreen“of CRT 119 of FIGURE 1, .
has a length 1 Whereés portion "b" of a scan line 41,
appearing between lines 71 and 77 of FIGURE 4a at the _
25 cénpér-of.the screen, has a lerig'th'lb that is shorter thaﬁ
- length la; ‘Without being distorted, parallel portions "a

and "b" that appear ‘in parallel on the screen of CRT 119 o/

‘of FIGURE 1 éhould-have identical length, as follows from
NTSC signal 130. o oo o |
30 ' It may be desirable to display'the entire
-picture'information associated with portion "a" of, for
example, scan line 40 in the smaller portion "al" of scan
‘line 40 that is situated directly above portion “b" of
scan line 41, in order to make the image of, for example,
35 vertical line 71 in scan line 40,'appear'on the screen
directly above the corresponding image of vertical line 71
in scan 1iné'41,:as'dictated by_the picture information
content of NTSC signal 130 of FIGURE 2. In this way,

nEs- whBnoner exampdeediiad, on

¥



directly above the corresponding i rage of vertical line 71 in scan |line 41,
as dlctated by the picture information content of NTSC signal 130 of FI GURE
| Xt his way, -13- east-west raster- é¢il3-ortion nmay be substantially
ellnlﬁat To this end, it is desirable to begin reading out the sanples,
or signal plxels that are associated with vertical bar 71 in scan line 40

of FIGURE 4a, @astrwest §a§ﬁeereriaytto|rm0[nemy thfatsub§ﬁaaﬂg@rlluhan t he

correspondi ng deiaYnhtBl.as#aCkaligd eWd h it g <5 gy i85Hfe \{:%“H ]rh n
scan line 41 of FI JRE 4a. _.Because the el ectraon beam scan veI 00|t |n t

hori zontal dir88 e, §APRLeS) oRE, SHGR Ripieds s RY iake f§soqg§tqq
desirabl e to vaiyhtrersdenlebagadioin salad lsurh 405 JFRFICYRE i48S df&:e&nd t3

of FI GURE Ze, (o] e.var bea ng. vel oci t
Varyi ng sugh r% ﬁ ﬁ?iggt g'g %ds;'?‘gg‘l é‘sy % %?’aﬁ g: Eﬁel’sc?r ding
di stribution oﬁelay bimel ssapspla&yddmrth ftdre esmnile@ oft arerticall iber 4 of

FI GURE 4a, so ag EeaﬁoFiﬁép@ oglchbﬂ% yy formy distributed pixel signals
of incom ng NTSC signa | GURE_2. I n a_second hypothetical exanple,

the picture infornation §F°§P§ﬁaF§e[@#€Ftﬁﬂy|§9ﬁﬂ SeR-VedReS by, iah i

Sh, reSDectlvehanesneamnahréetibnoiraEll@dealbﬂgs, FoiPleRen®1@) dears qigrRn of
CRT 119 ncl udes, | ines 40 and 41

. T f l.e
such as‘s%@ﬁmsgﬁe:ﬁ?&oﬁﬁ i’rss”éPé;ﬁaF”[ YEFY g:pe':ls&%é%ge 5Py FfiSa,
al so be represasatbdtwgepotimes t Oandftgp@éﬂanxnn&sBgnakd}auﬂraﬂp&mah
FlI GURE -3f , F t at -
provides a co%eggogggeggkggggggﬁtlaﬂ:% %‘Bgﬁgﬁ)lr{% (JJO%thS{ae Ivg"ﬁgliejgf or spl ay
in, for exanpl¥eagcant| Fﬁ§e4@SofieFFLhEe4(}n Prelezodin iobtagn adifanmhe 40 i s

shown in Fl wﬂiléarlb&ﬂbhabkythél paxk1lsedilspI1siRd i) Ior eE:Iaﬁﬁlé Skycan
coatai ns, Uftratlve ¥ ? cturE pattern that is i dentj cal hat
contalned1$n styRg| 4@ of FIGURE fpgRe #f P correspond With the

‘uniformly distributed pixel signals of incoming NTSC
signal 130 of FiGURE 2.
In a second hypothetical example, the picture
- information of signals G2H(a) and Con(b) of FIGURES 5a and
20 5b, respectively, of signal C2H cf FICURE 1 is displayed
on the screen of CRT 119. The screen of CRT 119 includes,
for example, scan lines 40 and 41 such as shown in FIGURE
4a. Signal GZH(a) of FIGURE 5a, for example, may also be
represented by portion 140a of speeded-up signal Gog © of
25" FIGURE 3f, that is generated by video apparatus 150 of
- FIGURE 1 and that provides a corresponding, substantially
W distortion free, image for display in, for example, scan
line 40 of FIGURE 4a. The position of scan line 40 is
_ shown in FIGURE 4a. Similarly, signal G2H(b)’ shown in
30 FIGURE 5b, contains, illustratively, picture pattern that
is identical to that contained in signal G2H(a) of FIGURE
5a and that is suitable for display in scan line 41 of
FIGURE 4a. As a result of raster distortion correction of
video apparatus 150 of FIGURE 1, when the video line
35 signals of FIGURE 5a and 5b are displayed in scan lines 40
and 41, respectively, the picture patterns that are
displayed in each scén.line appear identical and one
pattern appears directly above the other. Such pattern



5a and that is suitable for display in scan‘line 41 of FIGURE 4a. As a
result of raster distortion correction of video apparatus 150 of Fl GURE 1,
when the video line 35 signals of FIGURE 5a and 5b are displayed in scan
lines 40 and 41, respectively, the pictdr& patterns that are displ. ayed""!‘—'ﬁ
each scan line appear identical and one pattern appears di rectly above the |
ot her . Such at t 4- rati v I ffer m.the vertical
bar pattern re‘f eﬁ'jélgspaélveigfe\k}#gﬁgee%}npfﬁj% 1% Vee etr‘}"rﬁﬂ‘?b A and symbol s
in Fl GURES %at'sornzmefearsa to andalpmemmsmeetagmel -ar Sipdi|nr :

functions  Symbers and sfiBo28"Rhe FICRIERUSNCEINAY HdlY, 12 %E[&and-

[err] in FIGQJRES 5a and 5 esgﬁct I vel y are ‘del ayed by déldy tinmes err]
and [err] r tiRES, s?“f‘b;r?ﬁ emer PE HQFt&@@L%s at for exanple,. the
center & the retrace Théesumplef reha-putc ddigigniprRedathds) iR |7, me.

Note t hat del f_El 5 E th gl y td
of EI GU%E 5§ a%h:fl:s |§ﬁsgf%é§§% ggsiaﬂﬁ'g# [’ 2 IS . ﬁ%ﬁn 3 %:ﬁ?m

di splay in stslayitimed of' FaGdRE 4a;cesb§t:tlwadw t ffe:dnoptmfe e_I,smlima:n "

wh d f I

of CFr cure 15ECuEE R Ok ?‘%%h?&? Sfhter’ O TP Btodbe iditeni 1

[err] and [ &% |thg Nm%snﬂedsé-uar 8151@9\/»16@@ -dutlote ithady @elayTb and

[err], 1vavi Reimire 06'5 FEcoREaSd ﬁgrbkeh‘t%&e%hlahe@élaf(t&nﬁx |to€5tthel
ratively,

ti { t |
(2010 (00T ) gl o o0 COPBRRaLed A% 20 Macie el
respectivel is cﬁdalheedil sonrdnslplaggeno’scﬁhmﬂlﬁ%ao oEhFIGUREC @S gt [ er r]
of FLGURE 53 d S 268 b FOfRe. LELERYCuhSrLideo Sigd d o 1] Qfe FI CURE

5b, so as to conpensateée fference- or 2Edi)al £canni ng -
speed i n t h& BMEBsPots rAdaRted| fassdisplaydds s@@ncdn:meegl@ of FAGQURE s

achi evq® by fiavidie tie é@aea@ueeﬁtes:’kotr efiecBereekNat is used for reading
out the pixel signals of a:[l e, 41 _
1ne s1gnals G2H(b) and G2H(a) of FIGURES
5b and Sa, are. prov1ded during 1ntervals Tb and 'J.‘ ’ hav1ng
durations st and 'l‘ a’ respectlvely. For example, the

ratio st_/'rs in the dlstortlon compensated s:Lgnals is,

[0V
O

illustratively, equal to the ratio la/lb of portions "a'
and "b" of scan lines 40 and 41, respectively,'of the
ldistorted image of FIGURE 4a. Thus video signal GZH(a)
FIGURE 5a 1s compressed more, relatlve to video 51gnal
. 2H(b) of FIGURE 5b, so as to compensate for the
25 difference in the horlzontal scannlng speed in the
- correspondlng scan lines. The desired compre551on_ratio
is achieved by having the read-out clock frequency, that
' is used for readlng out the plxel 51gnals of scan line 41.'
of FIGURE 4a, higher than that of the read-out clock that
30 is used for reading out the pixel 51gnals that are
displayed 1n scan line 40.
| FIGURE 6 1llustrates a more detalled embodlment
of timing unit 430 of FIGURE 1 embodylng_an aspect of the
inVention; Unit 430 of FIGURE 6 generates, for eXample, ‘
35 clock 51gnals 230£-230i that determlne the sample read-out
rates and delay t1mes such as delay- tlme td or td of
FIGURES 5a or Sb. Similar numbers and symbols in FIGURES



“of  FI GURE 4a, hi gher than that of the read-out clock that 30 I's used for
readi ng out the pixel signals that ‘are displayed in scan line 40. FIGURE 6
zillustrates a nore detail ed embodi ment of16Fming unit 430 of FIGURE 1
enbody¥hg an aspect of the invention. Unit 430 of FIGURE 6 generates, for
exanple, 35 _clock_signals 230f-230i that ,determne_the sanple read-out
rates and delhy #indd- 3Bch535 EEIé?dtpnénFéFPFeoﬁlﬁéﬂPF dEemEGORES 5a or
5b. Similar nemhetsonsd synmbol's in Fl GURES 1, 2, 3a-3h, Sa 5b and 6
indicate simlar itens upgtions S 30 of FI IS coupled
to a sync separator uni@&§§ thke ubSEng §#%H§E %n&EnFPBR nﬁﬁngrsyg
hori zont al rasepsrghar Pait]Shathag auppédeencyinof fFenvpniindnalvmennea,
rate signal r I a9 t S

g ﬁ$ri£ HLASeraee! e200041 B naeﬁéga% F Fex89 b§2e KRR o

pul ses of NTS rlzo réte s I ST coup
phase det ect ovemlcwhalseteeﬁée{lel 33 £uppl £bs sowpﬁagedsaa bﬁa@zeaﬁpilol s

the phase 10 an@ﬂdeftﬁaaﬁn§yn§fpﬁlﬁéQCKfSNQB@| €ynall QBOOUtﬁsklbehﬁhma| S0a
of a VCO 50. VCO 50 éges cl ock i gn EEav ng fregusncy OL,

Ul st et vel3aca oobel o) 18| Goveied Brat ehare BeRprEatt RonoRRASEnal n
of frequency devedess 53, shgplbbsaadvbithgepbaaetiatecbatrolit tha. phhse
phase a 15 r f | 5 ap.outp a s at

t he end ‘ot tH%néh§$% gxfﬁ O?ré gg§%§ gﬁgﬁ%%rnggk ésésé n%a?%%mghﬁi
detector 52, 3®ahofi ynBéFo[%Pr] V€©r5@upppyiﬁQSpnégekaﬁagnaéqGbnbﬁv1ng a

control l'ing veliag éné?aobeii§ﬁ§t§3€10§Cgtal@%oaxfExed Eﬁééﬁ aidnhficggency
20 rel ati onshi p between cl ock rr]. Freguency

di vi der 53 dit¥ 0eQupheds FrEeraky2 oF EFBchsﬁgﬁgpeEEYb91?1ﬁ6Fs Aer 8firng a
cl ock WRITE ssgnahdtﬂatt¢8pused fetegeser ahikgs5eachThe phassaanbes wwnte in

e 0 ceieaieRly BB SLORLIBEREY n. RuRRRE einER e %E@%Li%f’ A%

il lustrated sthenemdceflyheychhen of the frequency dividers is
phase-compared, in detector 52, with signal H for
supplying phase and frequency controlling voltage 52a.
Voltage 52a maintains a fixed phase and frequency

N
L ]

relationship between cleck signal CL and cignal Hy.
Frequency divider 53 divides the frequency of
_clock signal CL by 2 for generating a clock WRITE signal
that is used for generating each of the samples write-in
 clock signals such as used, illustratively, in speed-up
25 unit 433 of FIGURE 1.
X : Frequency divider 54 of FIGURE 6 generates a
.&,) clock SEGCLK that is 1llustrated schematically by the
short vertical lines of FIGURE 3g. Clock SEGCLK provides
a discrete clocking edge in each interval SG, so as to
2n °%
for example, signal G2H of FIGURE 3f into corresponding
time segments. Clock SEGCLK of FIGURE 6 is coupled to a
- horizontal segment counter 57 that provides an output word
HORSEG. Word HORSEG contains the_location of a segment
35 within each video line of, for example, signal Gy © of
FIGURE 3f. Thus each speeded-up video line 1s divided
into a predetermined number of corresponding segments SG1
' - sSGn. After counter 57 of FIGURE 6 sequences through

30 divide each period H/2 between consecutive times T
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short vertical lines of FIGURE 3g. T ock SEGCLK provides a discrete
cl.ocking edge in each interval SG so as to 30 di vide each period H2 -
bet ween consecutive times [err] of, forjgwanple, signal [err] of FlIGURE
into corresponding tine segnents. C ock SEGCLK of FIGURE 6 is coupled O
hori zontal segment counter 57 that .provides an output word HORSEG Wrd
HORSEG conteach oRethectheosegheatsdgertvals SGMdfHIFIGURE) 34 deat iaxe of ,

for exanpl e Ler ] I 8o I|ne |S
di vi deannt ongigégéeégr%] %eﬁu%grgzo%% cor %&?ﬁ%%ﬁsegn&&eéﬁe
After count®t9BaloP7p| EBRE dnszgmentss comndiegh S8. - P adgmbivatd the -
segnment i ntmmtﬁES@foi:oﬁhGHBEsagpfrwld@se theC HeHlG drit A A vRD diideaont al

peri od 2 lt enerates a signal 57a that increnents counter 58. An-

out put RNE GRVEBUREEFUSS Fraledddathd shisRimyad IimCRRNAE 5
within a gloEanGURHrm f taastihativeldl,splacyedf wodds Hoksed JHdSURE 1.
[llustrativ ﬁ% cg Es HQRS ghd Hg@& Qﬁ f FIGURE 6.is initialized:
to zero by velg%nggl Fa F%&gﬁgngl E%j"%qfaléync sé’p%refto S‘}J(ume[rts:fa&t t he
begi nni ng ora‘eacalgngﬂ.uv bfaﬁvncmeparator unitA Sdomli ke dregiondrdhat

i ncl udes bogp g\Q&gsEg@g QgngCRLI NE provi des an input address word to a

read only nenory ( . Menpry ener at es corres ondi ng words [err]
and [e¥®] for each su hCEEPbPﬁﬁ-ﬁPBnW\%' that Agcipdeso sedidsy |

hori zont al ﬂ@RSE@eﬁﬁBnHoRnlﬁtvﬁk:OSQdesV\ﬁhdin&ﬁrﬁ ]admd:s%Bm ) 4 he
frequency of c%ocklmﬁnal ) [Z#E)h gg [&r;ﬂ]o reg ectlve “that are coupl ed,
respect i vel §%2¢ °B FuPEPBE Ex Ri P260 Fi§FoFenheCaens Sorresponding

r ead- out cI@@kresgoadsngasoddscF beﬁ bahdw 0 for each suchMrd [err] is
coupl ed 1o ZolbBhleloh0aRd, frih khgoewif Ml hdly Addad ol ¢ ock

gener at or Avert uni t es an amal signal [err]
t hat ddnt rcﬁ%9m¢¢|ta2-:@§¢n‘aﬁbe5% t hwpﬁésvﬁhue Fof aw@r Fg Qo(n]trtdie theequency of

~an out put %%eﬁ@&rofpéﬂgéﬁengﬁaQS ﬁoK, Gog and B, respectively,
that are coupled, respectlvely, to a multiplexer unit 60
for generating the correspondlng read-out clock signals, '
as described below.

o
[

Word -G-is coupled to a dig
converter unit 61 of a read-out clock generator 64.
Converter unit 61 provides an analog control signal AG
that controls, in accordance with the value of word FG,
| the frequency of an output signal ch, produced by a VCO
25 - 62. Signal Ve is coupled via an input terminal 63b of an
- AND gete 63 to provide clock GCK that is coupled to =
- multiplexer unit 60. Word F, controls the frequency of clock . N
signal'Gck-separately for each ségment intervai SG of each
- horizontal period H/2 of FIGURE 3g. leferent words FG
30 that are stored in ROM 59 and are read out in
corresponding dlfferent intervals SG to vary the rate of
clock Gup from oné segment interval to another in
accordance with the’ type of distortion belng corrected.
Multiplexer unit 60 of FIGURE 6, that is
35 controlled also by output word HORLINE, couples, by

multiplexer operation, each of clocks WRITE and G., to the

CK



25 62. Signal [err] is coupled-via'an input termnal 63b of an AND gate
63 to_provide clock G that is coupled to CK.nultiplexer unit 60. Wrd FG
cont Ty s t he frequency of cl.ock signal [e&iL separately for each segnent
intervat SG of each horizontal period H2 of FIGURE 3g. Different words FG
30 that are stored in ROM 59 and are read out in corresponding different

intervals SG éSrﬁéEﬁohﬁQnﬁaEQgﬁfalC hasled ¥ IFiguRE ANEore@@Rl gy val to

anot her in accord h Ee of distortion _being correc ﬁ%ﬁ
Ml ti pl exer ufi pc OsbgnP BUREOS ﬁ99'|§3§§-a@@h@?@Phe&taﬁéﬂqﬁl AT &wor d
HORLI NE, coupiklushbyatredt ipl FIGURESEGE,i G, Sackhnd 30 Oﬁ:lé%p\éﬁlt'ﬁfreﬂ.lyd G to

t he -17- correspondi ' e f for ve
signal s 230f . 230g,  230RUERY %c‘fgj“ al, Ve, Séohé:tll At BEL B RIGURE B oo
3d, 3e, 3% anmISBbpupés;ieem ¢dogk S;lgp@rtl Signdio m@ltofpl@snelrl atidr 682 of

FIGURE 6 5 as o] al t Eﬁﬂ&?
starting at, g?fggg ?t fSE e a F?% t&ﬁ%bkﬁ %gnFEa gglayedlgg an

amount [err] ﬁ?%éyeﬁ YlﬁﬁE&W&P@FytarééEGFhéhﬁ #@mﬁéﬂﬁFeﬂﬂaprﬁ§eEE#Mben
times t3 and tenel -.rTht;r {RBENE sobed®leays ifRsOft_Vamidahl & dehdy amdunt of

controlled by a,con rr.]..of FI,EURE at, 1S suppli.ed .at
an input ternffilfYe &mﬁf %NBaSéF§i§3%ﬁ9 ﬁﬁ@%Fgaﬂﬁﬁgb Ao ls7
of FI GURED6, peldesGpybed BEGURE Ehr¢hHERhBNEU$@ﬂpbﬂesttha admnﬂss word to
a menory 66. U Eﬂﬂd 2 R0 6 6 that is
selected in accorg %gekaﬁfhg gakés %ng& 3 ? %gﬁagﬁ%%LlNE S
coupled to prggnaﬁﬁﬁﬁreGBupgeFQGHBEa@ora§7deﬁﬁﬁ e@e#@ﬂ&ﬁbr 67 receives,

at, for exanple, each twaedTﬁURQ.mel B13fes &heohdRseesdwdsd %dlang edge
of a clock pulse D2H gf FIGURE 6 fromdlv der@%p 55 of the G%P

di\ciider chai neMPLYs80qen8RaPYFPEF ¥OH ﬁRP?Etp&ﬁfeg
up to a nﬂnbethaha15|seMeteedlmadacnoademmdamuemWWMh bberespmndﬁhgmwd

[err] state of word HORLINE is coupled to programmable pulse
generator 67. Pulse generator 67 receives, at, for
example, each time TZH of FIGURE 3f, a corresponding
leading edge of a clock pulse D2H of FIGURE 6 from divider

20 55 of the frequency divider chain. Pulse gnneratnr 87
counts clock WRITE pulses of FIGURE 6, up to a number that
is determined in accordance with the value of word Gawd-
Such counting begins, for example, with the occurrence of

~ the leading edge of clock D, at time'T2H of FIGURE 3f. At
25 the end of such counting, generator 67 generates, at time
ot (T d)' the leading edge of pulse Gqy of FIGURE 6 that

\ - occurs_gt for example, time t4 in the timing diagram of

FIGURE 3h. The pulse width tDw of each pulse Gay - for
example, ‘is sufficiently long for enabling the reading-out
30 of all the samples stored in the corresponding 1-H delay
unit such as 1-H delay 437 of FIGURE 1. :
| During interval t; of FIGURE 3h of each pulse '
Gdl' AND gate 63 of FIGURE 6 couples output signal'VCg of
VCO 62 to multiplexer 60 to provide the corresponding
35 read-out clocking edges of signal GCK" During the.
intervals in which signal Ga1 is not asserted, signal VC

of FIGURE 6 is blocked by AND gate 63.

g



Such counting begins, for exanple, with the occurrence of the |eading edge
of clock D2H at tinme T2H of FIGURE 3f. At 25 the end of such counting,.
generator 67 generates, at tinme [err] the | eadi ng edge of pulse [err] o#“
FIGURE 6 that occurs at, for exanple, 88 t4 in the timng di agram of

FI GURE 3h. The pul se mndth [err] of each pul se [err] for exanple, is

sufficiently long for enablrn t he readipg- of .all the sanples.
stored in the correspbidi AGELE gPBEFaywbhﬂt gg@h ABventign, v 437 of FI GURE

1. During |'FF‘tIE¢véT2ﬁefrT-déf vhichEishtbe sampleuread-ont: bwirgmm 63 of
FI GURE 6 cough@slﬂuapabrﬁesgahdiﬁgr Yiqeb YPReSperdodl! tnla?} 60 to o
provi de the.corres f g r ead- out cloikrng edges o srgnal [err] _
Duri ng-t he . P¥99%E ?Wg?g £nohni EAXsPEARPLEd & 1H@F§££1%PFE ®Pasdisgnal [err] -of
FI GURE % | sAbt@mik&dJ.WIf\NDJﬁgahayﬁBe problﬂ'amdbﬂ.l‘ej@iﬁ% gifdup df'@ines
I nventi on, read-o egi.ni.ng .,t.ine in a
correspondﬂ%%gg?ﬂeo %hﬁgh%e9Fga§ §§§%§2t§F Fﬁﬁ%ﬁg g& . 7 le, a

line-to-linelthatnsa given| geouptively, it may be progrannable on a group'of
I'ines basis, with theydelay,pghfdet B¢ th24R ?Eﬁﬁral spleldt o qﬁhmnthrn a given

group. In accordance W th anot her aspect 0 e |n ent1 on, e frequency of
signal [errinveptien, the frequepcy véoscsneé Sﬁété@ﬁ exarpleter val

duri ngrtorvhr cfé%ofsf)z ngdaﬁgiﬁbratleaging an' Lnlt&trk}atrf AR %ﬁgﬁxed ﬂb\tl VI[ deO] f
appar at us 0 i brati e frequency of, signal [err o
A eRE 61 EXRHD | ShaREh, SaxphachoRepEbeshias TRl BYotidRce | he phase o
si gnal [enﬁppmt&tﬁ@alS@foiSFIGUREck nghabr@tlbn p&btmdeﬂré

cont rol srggg% he, Er y o] |l e y
calibrating %ﬁFV OE 96 %g gggb?%g%h%dl %\%C%S%ﬁl% N %Isq-‘res(:tc?gupl ed
to an |nput6Qer¢hmﬁlc@ﬁP¥%%nﬁh@ phasaoPq, Ségnﬁﬂayklﬁwdﬂholtdlammﬁ 69 t hat

in 2015 regu ek ﬁ&i\twueasEpe@eraél anQEa‘rileﬂ@:? HRhUS 143k 100! GURE

1, sanples srgnal Fl GUR urrng
frequency of signal VC s controlled by callbratlng

word F, of memory 59, as descrlbed below.
Signal PH is coupled to an 1nput terminal of a

sample-and hold, or track-and-hold, unit 69 that, in

3%
(]

regular and continuous cperaticn cf:vldco apparatus 180 of
FIGURE 1, samples signal PH of FIGURE 6,-during,-for
example, the vertical'retrace interval,'and holds the
sampled value until the next sampling period to provide a
signal SH. The sampling time is controlled by vertical
25 sync signal V . During: the period in- regular operatlon,
when callbratlon does not take place, such as when Clock
GCK is required to provide the clocking signal to form
clocks .230f —2301, sample and hold unit 69 prov1des
constant signal SH that was established’ by the value of
30 signal PH at the end of the precedinglcalibration'period.
Both signal SH and word F, control the frequency of signal.
ch of VCO 62. During'calibration, word FG-of.memory 59
is selected to contain a predetermined calibration value
that, when VCO 62 is properly calibrated,'should resﬁlt in
35 a corresponding predetermined expected frequénCy.of signal
'ch for such value of word Fg- .
different than the frequency of. signal VCg outside the
calibration time. For example, such expecced frequency

such fredquency may be



exanple, the vertical retrace interval, and holds the sanpled val ue until
the next .sanpling period to provide a signal SH The sanpling tinme is
&ontrq¥ﬁed by vertical 25 sync signal 53] During the period in regular
oper at when cal i brati on does not take place, such as when Cock [err]

I's required to provide the clocklgg%S|gnal to formcl ocks 230f -230i
sanpl e and hBRY BRi €WYLpteyithat 1agk GlgnalAny devskatiken dxomisuted by

t he val ue of eﬁﬁect&ldglﬁ'lquHnﬂiytli% emi:xcefcﬁeme eg:le;ﬂarrg syl i1yl i on peri od.

Bot h si gnal control e freque si gnal_\/C of VCO
62. During ggrggngg{nlegg: P’hdﬁ?r %g{b cgr te’ﬁq'éoul Fhtain a
pr edet er m nedomtbcl!manl of weuértelqatenqmers \mﬁme’d pfaapemey weeludraf ed,

shoul d r sul ~a correspondi ng predetern ned expected frequency of
si gnal for sucﬁ val ue of word [err Such frequency may be different

t han the frequency of I gheuldcheomnsianstand ddiathranmditim e poimds
exanpl e, suchogxeethies fs&ﬁ%ﬂﬁnﬁﬁéy be U¥ed®Y e RB1Ala texHdd, of clock CL.

Any devi ation,froms xpect requen i s correcte y SI nal SH. This
arr angenent BF'('J:;PJ@? a Ve H&Iseé;gl &tgngg'rrsg%t“}atyn he, qhkal ’t%f Bf the
frequency i scpeiboatddnf dntema\labqe apip 157 iwey,d duarmig Ida]&ilmdtfidlﬁ,

under stoQd t I e S S uch a
schene, fgl ffgrgge:ﬁgsgghﬁggl o Si gne%%gﬁ Sr’taaf' s ocqbrfal ne oa&s'l #b%%rcda ES B‘ati on,
i nterval by zpppgchivedyri nfuchl different Malueasorofe signdn @ iy fbaent
values of CakbBeahkadyWatdte eEPUsigCottsTud) Wid et atdlaies of signal

SH may be segaratel Stored for usage outS|de he calibratiqgn interval. In

such mul ti pl éBp8F¥B+cor FBCFPGH ERple poing @%ﬁe%ﬁa‘ sheng - |"~'§‘eappl i ed
out si de the vanubr offi wariﬁSF tthiatr dal amzulw Wik ifde t9e endlitgrdticon

Paci culer *igtedyldl HECherl BN (30 LS GUPIS IR SR da el o
i nterval. value of signal SH to be coupled to a control terminal of
| the oscillator for calibrating the oscillator outside -the
calibration interval.
Each of read-out clock generators 64' and 64"
20  operates similarly to read-out clock generator 64 for
producing the corresponding sample read-out clocks for
units 433' and 433%, respectively, of FIGURE 1. In a like
manner, each of programmable pulse generators 67' and 67"
of FIGURE 6 operates 51m11ar1y to programmable pulse

25 ° generator 67. Thus, signals G, and B of FIGURE 1

_ 28’ Rom T2H T
- may be separately controlled by clock signals GCK' R CK and
\/ Bog: respectively, of FIGURE 6 that may be generated

each, 1ndependently of the other two.
It should be understood that various other types
30 of raster distortions, such as convergence error or
east-west distortion, may be corrected by the arrangement
of FIGURE 1. For example, convergence correction may be
obtained by controlling clocks Gog Rog and Beg
_ and independently such that the pixels formed by the
35 corresponding guns of the CRT appear at the proper

separately

location in the corresponding scan line so as to produce
convergence on the CRT screen.



[err] separaiely.and independently such that the pixelS fo .
" cor r espondi fit¥ %SCB?PEﬂg EﬂﬂgaﬁbéﬁP §PSPHéYbPBF@FaFﬂéaFPbWHQY

Each of read-out clock generators 64' and 64" 20 operates—sitmtarly to
read-out clock generator 64 for producing the co T 0E e I ead- out
clocks for units 433" and 433", respectively, of'mmwmﬂﬂlmke A~
manner, each of progranmabl e pul se ger@pators 67' *and 6Y" 1© URE 6 "N
operates simlarly to progranmabl e pulse 25 generator 67. Thus, signals
[err] and [err] of FIGURE 1 nay be separately controlled by clock signals
[err] and €RAEMSgespectively, of FI'GURE 6 that may be generated, each,

i ndependently of the other two. It should be understood that various other:
types 30 of raster distortions, such as convergence error or east-west

di stortion, may be cotrecBe@ifplalecarPriaguseFespPnSLE@EREOl arFor exanpl e,

conver genceinebmesy 90488y shgnabt abredeRbra®ihigOlan B tph@c K;&dﬁf'] ~-and
rne the 35

corr espondi ingfsrmationethat atst dippldyed Qﬁnhepg&m@ﬂiQ&'bEedﬂgﬁﬁﬁveen-

-20- CLAI M5, . [ Y r responsi ve_to_an_incom.ng.vi deo signa

f or genergfiﬁée%ﬁbguggéé'V$§§§ Qiéﬁﬁﬁgcgﬁﬁiegofg 5'5F5§8rdﬁﬁiﬁﬁﬁ-épparatus
to provide givenndefbecthon ¢ycliesguiahethat a gistalritipnofindissdlday |ines on
sai d vi deo gl s & f t UE N [ deblecthan cycle such -
That & di ot rorHsPEey SPaRatas Ehatt it detolidthe GLeR Y Y o win
the di spl aydbfPIR¥ R PIFRFAaiREArBRFLOBIIRF NPIafTomn S8dMnd nEomiasi gnal

in said rasyided SSTENRENERL S41 8YrdSt¥L NdsSabiperERYedY bYevathind said

conpri si ng: menory.resppnsiye to said,incomng video Signal for storing
t herein tkm?é%QHEw%géﬁﬁo$%%T?%n'ﬁ%??§é51P96n1said i ncomi ng vi deo signal and
for reading out theredrmemote séspenspvet toesabfoimebmingt ideer ate said

out put Vi desoicﬂgfafo{‘ hﬂopix%l iéﬁér&fﬁ EflgrSQCEh%E-uigformation derived \J
from said incoming video signal and for reading out - :
"~ therefrom the stored picture information_to generate said
output video signal that provides the stored pictﬁre N
information to said video display-apparatus;
means for generating a correction signal that
varies in accordance with said distortion in said video -
display apparatus; |
a controlled oscillate: for generating a first
clock signal that is coupled to said memory to generate
- - said output video signal at a rate that is determined in '
accordance with the frequency qf'said clock signal, said
" controlled escillator being'responsive, outside a \;)
calibration interval, to said correction signal for B
varying the frequeney of said first clock signal in
accordance with said correction eignal;-and _
means for generating a calibration reference
eignal having a value during.said calibration inter#al
that is representative of a first operating frequency,
wherein said controlled oscillator is responsive during
‘said calibration interval to said caiibration reference
signal for providing calibration of the operation of said
controlled oscilletor during said calibration interval.



‘information to said video di-spl ay apparatus; neans for generating a
correction signal that varies in accordance with said distortion in said
i dea"‘_-'f’-fai spl ay apparatus; a controlled oscillator for generaiting i

cl ock-"% gnal that is coupled to said nenory to generﬁ'ﬂ ' i deo
signal at a rate that is deternined inkordance wi mml“"mwnu',m

said clock signal, said controlled oscillator being ré&spbnsiver outside a
calibration interval, to said correction signal for varying the frequency
of said first clock signal in accordance with said correction signal; and

means for generating a calibration reference signal having a val ue during
said calibration interwal tyhat_ .| fixst | g
frequency, wherein sai :?a'cqriﬁ raqp}dfaﬁésﬁ et_%%dl:{fg %Ieos.gcolné‘slin\?/e:!' urél%ilgai d
calibration saier valibyadding means Qdmprisgemaans segronsive gresaidg
calibration g e Rl ighal SHidh PUIRISA L6 Qdd ADIehIARY &G d_
calibration interval_. . 2.” An apparatus according to Caim1l wherein said
calibrating F8dfs cadipraddongafernanga fignal Fuqienerating &k signal of
sai d control boates Ididinal anht Gavdidk iy isuid fLrianes shgnal for
generating a,control, si,gnal th varies, durjng said cglibration interval,
in accordancé fyagd 'dil%f M?E?%Wq e d(":%?‘?e&ﬁ?eﬂﬁpfﬁe%a‘?

cal i brati on thecfereguenoynaf aaid el ilradich frefdreriae ksigmaiklandai d

control sign ei I | | QS Gl t | shing
t he 1‘requen03h(fa)$E s?g?g%g#)sftq'q:(ﬁ%g(ﬁ?@m g‘r%%acd)"dr %\Lglggédlt?aﬁ bgr%r}%?\ l|§’£n)'4[ﬂe‘$val ,
to be in accecupded Wit Isadidacamtraliled feaildidtar farestabkishing thenh

that, outsidersalenedl ¥ daien i @locisad rkon! 'alr signaigauses the
varying frequengy of "said first clock _signal tTo be cali b,raﬁed. f? An

appar at us acEBldPRGHONCIRYRTY et P& AT AGHATIANGT JHet A% ng means

conprises a phddecalibration reference signal, such that, outside said
calibration interwval, said control signal causes the .
varying frequency of said first clock signal to be
calibrated.

3. An apparatus according to Claim 2 wherein
said control signal generating means comprises a phase
detector coupled to said controlled oscillator to form
therewith a phase-lock-loop circuit during said
calibration interval such that outside said calibration
interval said second control signal is substantially
constant. '

4. An appératus according to Claim 3 wherein
said phase-lock-loop circuit comprises a sample-and-hold
circuit having an input terminal that is coupled to an
output terminal of said phase detector and an output

. terminal that is coupled to said controlled oscillator to
form said control signal that calibrates the frequency of
said clock signél, said sample-and-hold circuit generating
said control signal during said.calibration interval such
that outside said calibration interval both said
correction and control signals determine the frequency of
said controlled oscillator.



detector coupled to said controlled oscillator to formtherewith a

phase-| ock-loop circuit during said calibration_interval such that outsi de
said calibration interval said second control signal is substantially .
constant. 4. An apparatus according to Claim BMH 'lmn”m“”m

phase-| ock-1o0op circuit conprises a sanpré2and- h an |nput
termnal that is coupled to an output terminal of Said phafe detéctor and
an output termnal that is coupled to said controlled oscillator to form
said control signal that calibrates the frequency of said clock signal,

sai d sanpl e-and- hol d c¢cuhh gpparatusgasegotdiagt tel cliadmll dﬂre'mg.rsai d
calibration jnder a e ,dCal,l 1,0 al sai d
correction aén c‘goé'/n ro}?f‘&&éﬂ inga%g?% ﬁgéP% ?ngégncyggy%é%raé’ Qt Qiel ed
oscillator. portion &f ssm@pgavanudeﬁéegmpngcm €.aim 1 wherein said
calibration interval occurs during a vertical retrace portion of said given
defl ection cycle. : '




