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contiwbation-in-part of copending international appl i cati on no.
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i nvention relates to tel évision receivers hav
particul ar display format ratio or aspect 10 %afﬁ"o”}“iol‘iclﬂﬂa?‘hg' -atepged ofY. ef
figl(s)and Pagkibtit &t gaged . 4t....

-for determ ning-the active video portign of
di spl aying the active video portion so’as to "f”ljlla(b)usp@g@f Yhe peed i Ool.
view ng area. The picture can be zooned vertncEﬁIA*aﬁl artd hoegaiorf€ald yaged .=
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not correspond to the horizontal screen dinension, the prerurewti—be
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the entire RQRIQSH of Tﬁes'& BVGX dardaymgoﬁheeeetl%rw@ﬁp. cally has

either a f 6‘i‘ﬁor\d's§ph§>’td @ﬁak’e thll4u§é'éf5 tl@é vérichl tv‘i’e\ﬁl 'dréaOf THe hei ght’
(referred X.9 (16:9), .
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Corer o9 ilobie Gat Be Zonoed vertidan; S8GTRPoERMAl BWeRr ae Tai i o
These rati dasefar a8l the \zoomsisasdehdthat! tive uwrizortal dimensionrdoésown as

v B e Bl 5o HbAfoR el Rifbriine hecoletgpa =0 11 tne
present ed. \llhibexrhgrizontally aroppede ori displaygdawithurverticabesidebarayed, the
REPLACEVENTTR5EfRlention responds adaptively to changes in the format ratio
of the active video to selectively adjust the proportion of
'compressnon or expansion (zoom) and ‘pan, to fill the entire
20 viewing area, or to vertically fill the viewing area, with the
~ active video portion of the received signal. The selection can
depend upon viewer preference or be programmed in advance. In
one alternative, the viewer watches a picture which fills the
screen, at the cost of partially cropped information content. In
25 the other alternative, the viewer watches a picture which has
complete information content, at. the cost of watching a smaller
picture which does not utilize the entire screen.
The display area of a television receiver typically has
either a format display ratio of 4 units of width to.- 3 units of
30 height (referred to as "4 X 3" or "4:3"), or a format ratio of
16 X 9 (16:9), which is conventionally considered a "wide
screen” or movie format ratio. These ratios are relatively
standard,. although other ratios are known as well. Receivers
~having a particular format display ratio are limited in the ways
35 that signals provided at a different format ratio can be presented.
Similarly, where multiple video signals are to be displayed, the
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2 format ratio available for a given one of the signals may present
constraints. 5 Commer ci al broadcasts are nost often in a 4 X 3
format display ratio (relatively taller and/or narrower), such that the
full display area of a conventional 4 X 3 receiver is occupied by the ful
pi cture. \Wereas nost video products on the market have this 4 X 3 rati o,
wi de screen displays are al so known, iended 10 for -exanple for view ng
wi de screen novies. Myvie productions_a e available in widely varying .
aspect ratios, and the 16 X 9 ratio (relatively shorter and/or w der) is

nore or |les 3C f Mg@hwewers
find the 4 f?@ﬁ%fggf'g é‘?%'rlgn?a'twl f&s ml%ﬁsf iﬁ% ﬁhsﬁe for%nt

di splay rat Conﬁd@kﬂtated wi th novies. Regardl ess of where the recel ver nmay
be, the guder fo niérci&lrﬁ%deéaét% @rgenidit bftBhessi @n4 K 3a formae t heat er
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the full mDYule dueplay sirgadbf ai conventiomahdeX 3 qeceiveris datupiedt by

el ovi i on 16 ChiEtdre. Whenbs® hodt e pridic aﬁaﬁfﬁﬁé“'ﬁﬂé’ ﬁagge

di spl ay uni thisod X@B siatio, awide m@mmmsphySaauemmmlmmy ed t her
ess 1hag aker Garibld, ti’&r‘%é\mr% ' th Movié"g rddui'ﬁibns
-inform he re

p|c ure can e 200 T t he
screen in oﬁéedahfﬂﬂablﬁ inywidiely, oNﬁﬂiﬂQ |§$Pﬁ9§ atias, Gnﬁe”ﬁ%?oﬁ r)taﬁoved from
the signal . rhip g@ﬂﬁb th%@rtmdd?fd/bpfwmﬁrgl igmofe 2ort 1¥s$ stanudrdcan be
th mal nder filli

cropped, W|t ormat 30 area, or side.

portions of 1@r 1% W(“fp Syeen farm gg@lroﬁ)eggﬁ's' 'th the remainder filling a 4
X 3 area. It i's tManyaviewers ind theo 4%i3 rdisplay: formabf lessnpleasing: her

i ol y bopdia tiE Gidk, fora; dRplay, Yath) MEPoci R WA mAvissoRd Do
side to SI dd}egandiessmit mrecmewe@euerdma)ccba,r the gwider: tarmat\is oper at or
or the likeqndefidd %o! i the impression .of a movie theater while the
narrower format has a look associated by viewers with home
 television viewing. A wide format display uses its full area to
20 display the full movie ratio signal, without the need to crop or
distort the original movie picture, e.g., via a telecine device,
processors in the television receiver, or the like.
To show'a 4 X 3 signal on a 16 X9 display unit, or to
show a 16 X 9 signal on a 4 X 3 display unit, either less than all
25 of the display unit area is used, or the video information is
altered. The received picture can be zoomed to fill the screen in
one dimension, with portions in the other dimension removed
from the signal. For example, top and bottom portions of a 4X3
signal can be cropped, with the remainder filing a 16 X9 format
30 area, or side portions of a 16 X 9 signal can be cropped, with the
remainder filling a 4 X3 area. It is the ratio of width to height
which is of concern rather than any need to enlarge or contract
the signal in general.
Instead of simply cropping the signal, it is known to pan up
35 and down or from side to side, either automatically or under
* control of a telecine operator or the like, to avoid loss of
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3 |nportant |nfornat|on in the scene. It-is also known to distort the
si,gnal” to be displayed, for exanple conpressing a 16 X 9 5 signal
“horizontally for display on a 4 X 3 display unit, as is often seen when
~screen credits froma C nemascope (16 X 9) novie are displayed in a
comrercial (4 X 3) broadcast. Cropping, . panning and distortion all omt or
adversely affect the qual ity and/or’ cogtent of the plcture 10 - When
di splaying one format ratio active vide&€o signal w thout cropping or
distortion on a different format ratio display unit, the dlsplayed si gnal

l g d f
?rc]gug: gf)l ay umsﬂtkrﬁ%?@o?hcﬁ@ to dloist H;%lggbac rounﬁE or ﬁ?ra'??e?
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f or mat | | i
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and the 't ommewi® mrebdism%g eirs aarcbmmb?ciél 64)63 ) broaticasti splay text such

t 1hi t t abl
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- commer ci al lguality hand/an smntenbrofortherpmiur@, are converted by the
broadcpgter to Iw?%w gggp%?mgtoné yug? % yWaptional 4 X 3
d tte t
and bot t omwishGwt scromg,remm@»qmmm&:é&%ﬁ‘dma@mt&@%@% n a4
X 3 conposiyrit, {edispliye s@?&el”bbéu Ie”s’“iéﬁ@' thﬁnxaa ﬂﬂﬂ a*«dﬂa?oléaétéﬁ -only

Lo nor! zontine b@?@s@'\{' h‘iﬁﬁamse&agyaop $60 Wishly' DBIE DA 5 der s ar e
akin to a mausecbtérdnspkays@bNR rolend scolor amatterulHeweves)| thigi bptdered wi t h
par t1 chivar 15758 SaD: bepfBeds a9 T oipiBy AhGfer oty sipRiBRadiEN 1%, ..
It may be widasthe ynainrpistarenl of to displayodexbrisfemaation.
_ In so-called "letterbox" format, a wide format ratio image
is displayed across the full width of a narrower format ratio
display unit, and the top and/or bottom_ areas are used if at all to
20 display text such as storm warnings, news alerts, etc. This
- function can be made selectable at the viewer's option. Movies in
a wide format to be broadcast commercially without distortion or
cropping are converted by the broadcaster to letterbox format, to
enable display on a conventional 4 X 3 receiver screen. The
25 broadcaster effectively adds_ blank or matte top and bottom
borders, and broadcasts the combined picture and borders in a
4 X 3 composite image signal. Assuming standard 16 X9 and
4 X 3 ratios, only 181 horizontal lines in each field are devoted
to the main video, the remaining lines being the matte, gray or
30 black borders. The borders are akin to a picture from a second
video source, simultaneously displayed with the main picture.
It can be a complex problem to adjust format ratios,
particularly if multiple active video sources are to be displayed
at once. It may be necessary, for example, to develop consistent
'35 timing signals from asynchronous simultaneously-displayed
sources, to switch between multiple sources during scanning to
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35 timng signals fromasynchronous simnultaneously-di splayed sources, to -
swi tch*between mul tiple sources during scanning to 4 generate nultiple

pi cture displays, and/or to.provide |ower resolution conpressed displays:
from higher resolution picture 5 .data signals. It is an aspect of the

I nvention automatically to adjust a neans for displaying a video source
signal so as to adaptively accommodate ﬁny format display ratio within a
predeterm ned orange, the active portioh of the video source signal being
10 expanded vertically and centered so as to fill the display screen. It

S another BaRgEh Ll e EFO8 Al IBFS SGindrok | £ pr¥id Rhwe e of
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zoom | evel sesolutiom goropressedi disp %vsﬁﬂenbdm&lm FRsolution pieture | i

t he di spj ay qatga drﬁ adaptively 1 5 responding to changes in aspect
ratio. is a

n aspect of I nventj,on to, acc I sh adj.ust nent of
the vi deo si gnal ?t rnsaangamcm ﬁ‘q dNyeRuoq; ?Ft%"?ﬁgg@m#’ @é';]?tngereadi ngs.
and bl ank om@ahg forsdisj Ia@&hgda&ﬂdeonsoumwglnalgsboaanta mdanmve&y

aaapt vel v ACGRARRAE, aly Romel siBabl i) Filc’, BruStetmieg o o o

format that.range, ahe attivaportion of the ivideo ssousee signal @iﬁj&ct to user
sel ecti or figr gt a urin
& @agﬂfm floaffy Shd fodBrét 66 s t8' M e displajaserfertiuri ng

Vi ewi n for erlng

ear s
di sappears in a tlSeabotthoﬁﬁﬁBCbl ﬂ'le |avewﬁgnetq I&tﬁﬁgtﬂnfﬂﬁ{
changes fro%étetlffﬁ’ RiFx abfive OVIGRIY '|ﬁnﬂie Qildbéchou?d%? signal wepetiti dyil ng to

SUccess ve fand 46 calgulate s oo 1eyal a1d o oen, Poeifi 3 Ghfetl hCh e "
i nvention prautreiet @stivenddeoesdllufillothe sdisplay sarbayufori @daptivalyr e
ai rer ohd 1 gPmaonaity do EHabbRe:nr B8PBE JBRHS 40l S0° 1 orivar % at fos. el on
a it is also an aspect of the invention to accomplish :
adjustment of the video signal in a manner which is insensitive
to spurious line readings and blank or otherwise invalid screens.
According to an inventive arrangement, an incoming sngnal
20 is converted continuously and adaptively from whatever active
video display format ratio, into a display format that uses- all the
available vertical screen area, subject to user selection or
programming. Even if the display format ratio changes during
viewing, for example where border lettering appears or
25 thereafter disappears in a letterbox format signal, or where the
incoming signal changes: from letterbox to conventional or back,
the receiver according to the invention recalculates the timing
and display parameters to adjust over successive fields, making
optimal use of the available display area. The invention provides
30 high resolution, single and multiple picture displays from single
or multiple asynchronous sources having similar or different
format ratios, and with selectable display format ratios, all on a
continuous and adaptively ongoing basis.
A wide screen television, as described herem can have a
35 format display ratio, for" example of 16 X9. The invention
provides an opportunity to display signals which are received in
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continuous and adaptively ongoing basis. A wide screen television, as

descri bed herein can have a 3 5 format display ratio, for exanple, of 16 X
9." The invention provides an opportunity to display signals which are
received in 5 the letterbox format with greater flexibility. Signals
that were originally produced in the 16 X 9. aspect ratio but have been 5
converted to |etterbox images (e.g., a 4 X 3 image with bl anked top and

" bottom borders around the active video)snay be zoomed or expanded to fil
the screen with the active video while maintaini'ng the original aspect

tio ther \ i GRith D | s, hasq: i 1 0
orcater hend ASTYTBER  totuidt With Braaler Ny, S SEMAS Bt YRIP ¢ cen

fill the s_c‘P@Q'r'i‘a”é’r preduced aing the 16X @spQct yratioo pusahaveubees having an
(TE%ve, Loty lefiethoX ipes (erg. 8,4 X e maosemlp iERRGg,
devot ed toa‘lq‘?gaﬁ‘gﬁngQ% %aﬁbgr%maﬂa the achive videg) Jpéﬂpsﬁ.z‘wﬁge@ow ection -
i s made adagxparted tedill thbascreen fwitkxthentactive videsowhiled pan as the
2t r angenent TTTERIrEL e SridipRL Henety Eséboé?f@gfé%ﬁfZSLShQ?vé"t o0 e
detection of | etBouress fiorwhich thet active videgnbas anaspectaratiog f or mat
f'i spl ay (r at¢ I.‘lﬁateﬁtaaheﬂ{é Qﬁ's\ﬁl'gzc%feeﬁp%ﬁgﬁ%ya L 5purdE J%.F‘Fé:ga”d | ast
i nes of acYive yideo.ln a videéo signal. ry stores, scan |line nunbers
cor r espondi $efa&M ﬁ the sscraen I"&Jt'gﬁﬁﬁegndf a&tﬁ@@zqn@u CraRPAe: ght of
1, S g efspoori ket U apee e leren W4
dﬁzpl ay r at&‘c? %%réﬁg ¥é 'F@Pt?y)]' ﬂ%ﬁﬁﬁreA‘,’%&?%i\yaFmp‘?ﬁq'cui 1088mar es t he
pi cture hei portians oft thesihot X 8obreadcast signal devotedidet the pmatied f.or mat
P LS bhidst el A ftoRRiGAN crobBBR. . The JgtuR isChidds . o
adaptively, recalculating the extent of the zoom and pan as the
situation - changes. _ '
A video display control system according to an inventive
arrangement automatically controls a video display responsive to
20 detection of letterbox format input video signals having varying
format display ratios. A detection circuit continuously detects
the first and last lines of active video in a video signal. A
memory stores scan line numbers corresponding to the first and
. last lines of active video. The height of the picture is determined
25 from the scan line numbers of the first and last lines of active
. video. The picture height is indicative of the format display ratio
of the letterbox input. A comparator circuit- compares the picture
height to a threshold corresponding to the widest expected
~ format display ratio of a letterbox input signal. A control
30 circuit, for example a microprocessor, is operable in a first mode
' of operation for enabling the memory to continuously update the
stored scan line numbers unless the picture height exceeds the
threshold, and operable in a second mode of operation for enabling
the memory to update the stored scan line numbers when active
35 video is detected in a video line corresponding to a scan line
number less than the stored first line or greater than the stored
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of operation for enabling the nenory to continuously update the stored scan
| i ne nbinbers unless the picture height exceeds the threshold, and operable
i n*a second node of operation for enabl ing the menory to update-the stored
-scan |ine nunbers when active 3 5 video is detected in a video |ine
corresponding to a scan line nunber |ess -than the stored first line or
greater than the stored 6 last line. At |east one of picture size and

pi cture cropping on the display nmeans i6s controll ed responsive to the
picture height. A5 circuit for initiating the first node of operation’

The  syst emish tgapct, JrastiBb8) bf hickite B bRg HIGHRY, cabpind o 'ﬁ?ﬁ?ﬁh'my
avai | abl e dlisplayy means isr contrblledxresponsweutnmtheep@mme heightil eBs of the
speci i aﬁ&ﬁ{{t ! @nﬂ% f tho fifst thod 6Pr<§sa$at@hdar ftﬁéeéécahdt he

0

ext ent the are occup

~di spl ay corfnpde of QM@BOB@F@D@@%@UF@%&“R@L‘W‘PR/én%'Wﬁﬁb m%h? corrprfses

a video .di Ssajswnh%emsada tivfeW dusp tAb Sinput meloOsu ralpirctthee hei ght ,
circuit detéermnes a

an q €eo plctur hei ht fro y nput vi deo
si gnal havﬂﬁﬁxﬁny&@l‘@" Iﬁaf"ﬂ? ?MI PR WIﬁ\ c‘frg'i@ﬂ i dentifies
I efj terbox flvagights regardiessvef tthet bpeeific amwe?tm aﬁsede fomgnlet | n t he
vi deo n r
o ot ar LA bRl BRI rBGArdIese; BT ng| ki, {6 wiich! thepofidrs
oper ati on fasccupiedr byntexther thetlik® in size to fill the displ ay
substantially €Al yRigh diSbidy BEBoA! Stefi ictetbing "tBPANBIGY the picture,

|

and operable in a secon

on f t.he rein
si ze to sup§ventivel afrangement Qﬂ@gﬂﬁsvﬁr t’f‘&ﬂ &}SP{%’[ &194‘4\@9 aﬁdﬁ%
consequent {feiifetd diplagorations Af lbtlﬁ'edltwigl!w cirsuitrdetesmimes aont r ol

ot U L Sibow GRS e Segheah, W e gl bR T, ™
picture. /secondi formatpdisplay tratiohe Addettectmdcircumaudentmes
letterbox formats responsive to the active video picture height in
the video signal and determines a format display ratio of the
letterbox picture. A zoom control circuit is operable in a first
20 mode of operation for enlarging the picture in size to-fill the
display substantially entirely, notwithstanding consequent
. cropping of the picture, and operable in a second mode of
operation for enlarging the picture in size to substantially fill
the display vertically, notwithstanding consequent unused
25 portions of the display. A vertical pan control circuit
automatically centers the picture in both modes of operatlon The
detector can identify the format display ratio of the letterbox
format picture. A circuit responsive to the identified format
display ratio controls image aspect ratio distortion of the
30 enlarged picture. A deflection system is controllable in ver_tical
size by a variable vertical scan rate, in horizontal size by
variable horizontal video expansion and compression, and in pan
position by .varying the vertical reset in phase.
The letterbox video signal can be considered to have three
35 regions (assuming the active video is disposed vertically in the
middle, instead of at the extreme top or bottom). These regions,
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dlsplay ratio controls image aspect ratio distortion of the 30 enlarged
plcture A deflection system is controllable in vertical size by a
variable vertical scan rate, in horizontal size by variable horizontal

vi deo expansi on and conpression, and in pan.position by varying the
vertical reset in phase. The |letterbox video signal can be considered to
have three 35 regions (assum ng the astive video is disposed vertically in
the mddle, instead of at the extrene top or: botton). These regions, 7
denoted. A, B and C, are such that regions A and C have no active video, or

Thr oshol d_SPNCRRA Ay Brand G, prd Sueh, @{a"t#ﬁﬁé"%??%@?s ChRVE R A"

rel ativel y videq, or maiteucolarsvideo dumaelevelspahich arei lass/th@s, aor at | east
video lgimagy Giérﬁﬁﬂbﬂh LY Hﬁ?deof hamd Rfrﬂﬁe‘lﬂpﬁbﬂﬂgt ! d4'r eshol d and

typi cal | h to t th
R o lmestsbogl gt R el P RN
;unct 15 o;l( ng tHas mvefvmdoet?ﬁ@tqbahprmou% Ifbbemmhrﬁmemém exanpl e |
rom a n i range.
The hori zoﬁﬁép f’?é&@“ﬁégﬂﬁm AH% qu?ﬁrb‘ﬁg ng%ée ﬁgbﬁg I mat gl y
ﬁo | i nes Fa!almdtxbe rorvéspanding rtaothé opicture Eb&wéentmwcﬂarueba:s orTheuntCs .
e e nglg or
Dot i vl sesPECtVY urieCENNIR ! ReglatiEh A, Hoaid| & af6ch HincofnEr o' © 1)
_and/or C, the speeificoistterhox format dﬁ%svﬁﬂcbuﬁéﬂtf@@lépf vwexampi@ores the
20 presentrdr izXNg ato sg4rxngngal 'tpb?l.ﬂﬁl*'niat Opf G AR 9“'f§ﬂiri@ WwitRin

conver si on atlothat will |"ace |n|t|a and final Iines of active
video at prtB8FANGR-ned poi nts on the display screen, normally either at the

extrene t0p and'ﬂmtlwnzmtahtllnbhqmesdm*attnoneoha'egws WiamdvClis result in
Lhe L5, PRl 22b, esChebl sGF BEX SCldibdbK it ¢ EL
di spl ay, fdetterbox detector counts horizontal lines. while examining the
- luma levels for regions A and/or C. If active video, or at least a
minimum video luma level, is found in regions A and/or C, the
letterbox detector provides an output signal which stores the

20 present horizontal scanning line count, for recalculating the
conversion ratio that will place the initial and final lines of
active video at predetermined points on the display screen,
normally either at the extreme top and bottom, or at the
respective heights which will result in the full horizontal width

25 of the screen being occupied. The user preferably can choose
options which the apparatus will effect in the display, for
example permitting the user to select presentation of blank
borders if desired, or cropping, compressuon expansion or

. combinations of these.

30 Operation of the detector is improved by responding
proportionately to a change in the aspect ratio of the received
signal. Once a particular aspect ratio signal is established for
display. of the signal, and thereafter ‘active video is detected
outside of the display area (e.g., text for display in the letterbox

35 borders of the incoming signal), the display is changed to the new
ratio over a number of successwe frames. Preferably, the change
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exanpl.e permtting the user to select presentation of blank borders if
desiredl, or cropping, conpression, expansion or conbinations of these. 30
Opkration of the detector is inproved by responding proportionately to a
change in the aspect ratio of the received signal. Once a particul ar aspect
ratio signal is established for display of the signal, and thereafter
active video is detected outside of trm%chsplay area (e.g., text for
"display in the letterbox 35 borders of°the incomng signal), the display
is changed to the newratio over a nunber of successive franes Preferably,

the change ; a%cbfncﬂwlb d,ﬁgpﬂﬁ]}bﬁ%ﬁf&ﬂ egen d(rtﬁfn
proportionall G L UhRNGES | 10 sU he ctu e ex s or
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0 reac e new a ratio r ctipn noti ce or e
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I's ]yndeL It akesquirdd tot reacghethepnewmst peetld'atrowerl-r'msredmnm ofi deo ar easth
refera c i r n the

P oo Tr el ofOHcHEbGE ififer”4r el H@reﬁgﬂ”@%ﬂg@ﬁf"@%‘gﬁ%’ﬂt triieShold ad

maxi mum andbei established. &efore tancarrection isi uaderakeRaxi num and ni ni num

val ues;qf the pr?‘l’\boﬂbﬂdrﬁﬁzgtmﬁdf léfvférrﬂést %rd‘%emdeé*%r E@éféraﬁly

positive gradient u

tractin ni num val u
previous | i Aee rdefected Mﬁa{guflatmréwef or ﬂ&'%ﬁ?rg{t eFPhnel'nqh@ SEEOnd
gradi ent, derawldrew t Fyurevaluose apd dbdiited ito Ealcutatebthe Wwo acti ng the

TV e Sapbdi, b ] gy, vARiss BEE Gt e R0g o ues
dependi ng omapdmumcandeminintumn vatues @it thee previous tinebotTheyrfirstent s may
Do g arRUBts cRghRARY, PRSI tratloftyisbTonfiedl bye, oL o L,
great'er t hagubtracting the minimum value of the previous line from the
maximum value of the current line. The second gradient,
designated the negative gradient, is formed by subtracting the
minimum value of the current line from the maximum value of the
20 previous line. Either of the gradients may have positive or
negative values depending on scene content, but the negative
values of both gradients may be ignored. This is because only one
gradient may be negative at a time, and the magnitude of the
gradient with.the positive value will always be greater than or
25 equal to the magnitude of the gradient with the negative value.
This simplifies the circuitry by eliminating the need to calculate
an absolute value of the gradients.  If either gradient has a
positive value which exceeds. a programmable threshold, video is
considered to be present on either the current line or on the
30 previous line. These values can be used by a microprocessor to
make a determination of whether or not the video source is in the
letterbox format and to determine the respective line numbers.
The calculation can be performed only for the top (or the bottom)
of the image, provided means are provided for centering the image
35 vertically. Whereas the detection of active video is a function of
gradient rather than luma absolute value, the device therefore
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25 equal to the magnitude of the gradient with the negative value. This
sipplifies the circuitry by elimmnating the need to calculate an absolute
val ue of the gradients. If either gradient has a positive value which
exceeds a programmabl e threshol d, video is considered to be present on
either the current line or on the 30 previous |ine. These val ues can be
used by a m croprocessor to nake a detQ§n1nation of whether or not the
video source is in the letterbox format“and to determ ne the respective

|l i ne nunbers. The cal cul ation can be performed only for the top (or the

botto of Soihac n ' I mage
vert] c{%‘i"d‘vaere‘ﬁ?ﬁ?m a ﬁ?dgi??“'ﬂggl 51"%“*?5&3'6 {eyer i o
gradl ent ratfePArHErs | | (Rut Upel 389?@ lumacleyel. -~ o det ects

|ngct|v5 blor der sSirhilarlyy ethet dvorizenstaliy 't OuteAhost S i érééeomhéers have a

substanti a ev r

hori zont al I'{/’g%ée%h?ggg%g{ Qg@ab& S?Wé'??ﬁﬂ%eg'@ﬁeﬁb 3% éqﬁ

cal cul at i ngpiyelsiiarngeoups ofupixels iateths sbeginningy oo uend odf sucebsswb t he

~ beginnin es, a e nly be
do%e on gngﬁgﬁg&'@ E R#uréqﬁgé @%P&Y %%SdOﬁg bRt @éﬁgé thg’% 1(f)

illustrate EI'IGF‘F'@éﬁtCGF‘ Qﬂf formats of a wi de screen teI eV| SI on With

FI GURE1D(d) il UFIGURES a¢a)-a(f) ﬁlﬁlsffPafésQﬂfbeéﬂ Wis t ] ﬁ]ock

ec s

nvent i on AMIBGERRER Tglevisioh, with IKIGURE fidj okl a ind' <aaimg. I GURE
3 is a bl odlermsaglsad dn‘erelrgate array for enbodying the television according
s & conbi nati LL”@Q&E 218 o Hingfint B, UG SeuSel RielRigR dpr it
shown in Flagserdance wilEaspects of dhis invention andfadapted dep! ai ni ng '
operatign ohpératit UERhS h6HzEhRA* sE8hRfig -
: FIGURE 3 is a block diagram of a gate array for embodymg
the television according to FIGURE 2, |I|ustrat|ng maln auxmary
and output signal paths.
: FIGURE 4 is a combination block and circuit dlagram for the
20 deflection circuit shown in FIGURE 2.
FIGURES 5 and 6 are diagrams useful for explaining
operation of an automatic letterbox detector.
FIGURE 7 is a block diagram of an automatic letterbox
detec;tor as explained in connection with FIGURES 5 and 6.
25 FIGURE 8 is a block diagram of an alternative circuit for
implementing an automatic letterbox detector. _
| FIGURE 9 is a block diagram of a vertical size control
circuit including an automatic letterbox detector.
| FIGURE 10 is a flowchart useful for explaining the manner
30 in which adaptive letterbox display is implemented according to
an inventive arrangement.
. FIGURE 11(a) is a diagram and FIGURE 11(b) is a flowchart,
together useful for explaining the manner in which adaptive
letterbox display is -reimplemented after interruption '
35 The four parts of FIGURE 1 illustrate a subset of picture
. display formats which can be implemented according to different -
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FIGURE.7 is a block diagramof an automatic |etterbox detector as explained
I n,connection with FIGURES 5 and 6. 25 FIGURE 8 is a bl ock diagram
of an alternative circuit for inplementing an automatic |etterbox detector.
FIGURE 9 is a block diagramof a vertical size control circuit including an

- automatic letterbox detector. FIGURE 10 .is a flowhart useful for

expl ai ning the manner 30 in which adqul ve letterbox display is
i mpl enent ed according to an inventive rangenent. FIGURE 11(a) is a
~diagram and FI GURE 11(b) is a flowchart, together useful for expl ai ning the

b : ; y
e upt Chvghto8 aiiaferbh DoTHE Y8 R0 dnd oy R P BERC ot fied arg
picture di 5531%“ r}nesimposed or ane anothek asneee exaople ﬂ@ to different
10 i nvesit i wuparimposimgtformets Alvihg diféréni aspest 'Gafleé”atﬁc&?ﬁjﬁ own

havi ng o 1 16 1k TEaAfeh Y ﬁéﬂﬁé‘&c%ﬁ% EFinipdead iar s AHAlR0r theath, s
super i npos dwtobeolimitedbtdeanyespicific Sizesi betadse ot appar Qtlis C;'ﬂ;g: he
ot ve. vi dESEIRaIR) 5, M8 HiyaMich diGmiqtiEly, Sertesy ?‘Eéa 86tve TEBBC" ot e
10 di spl aﬁSFQMIQ(%d ioptirizes ébeaprmen/tatconnto fthe sizendfethidérect view
or proj gct |d1§ | ving a relatively wide (e.g., 16X9) format display ratio

and di sp Zyﬁh“ Qél%niﬁﬁ el ARSASs A oo, Jol sSintid S £
e 51 8 BTl RO, Sl e 011900 IO 8,
ey, “the isREY I A Whieh d ‘é&sﬁreag%ﬁngmpaﬁmfs 8 4%8ana
bottom Theieturanise iransmittedh and Misplayed( s annFl@UREOﬂtr) Imaé‘ﬁvea vi deo
st gnaly 51 onjided dfdds di€iiayeaChs' Vertiial Biack® ¢raY"BF'Matte bars appear
at the lateral sides. Similarly, when a 16 X 9 picture is
displayed on a 4 X 3 format display as in FIGURE 1(c), the
inactive video areas occur as horizontal bars on the top and
bottom. The arrangement shown in FIGURE 1(c) can be encoded in
20 a video signal from a source, whereupon the signal is commonly
referred to as being in letterbox format. In this instance, the
viewed picture is vertically smaller than the available display
_ area, as necessary to display the full horizontal line information
without cropping or compressing the video information. |
25 . Assuming that a 16 X9 format display ratio source is converted
prior to transmission, so that it will fill the vertical extent of a
viewing surface of 4 X 3 format display, it is clear from FIGURE
1(b) that either information will be cropped from the left and/or
right sides, or optionally compressed, whereby the resulting
30 picture will evidence distortion by relative vertical elongation
(equivalent to relative horizontal compression). It is also
possible to pan the displayed signal, which is a further
-alternative. Whereas all of these alternatives either omit or
change the nature of the signal, none is particularly appealing.
35 The automatic letterbox detection system of the invention
automatically vertically expands and centers letterbox sources
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' referred to as being in letterbox format. In this instance, the viewed
picture is vertically smaller than the available di spl ay area, as necessary

to display the full horizontal line i nformati on without cropping or
conpressing the video information. 25 Assuning that a 16X9 fornmat display
ratio source is converted prior to transmssion, so that it wll fill the

vertical extent of a view.ng surface f 4 X3 format display, it is clear
from FIGURE 1(b) that either informatTon will be cropped fromthe |eft
and/or right sides, or optionally conpressed, whereby the resulting 30

pi cture wiWithewaHutsie spertt ratio®ytg eﬂilﬁtanbléefélmahcﬁémg%rﬁﬁally
(equi val eng t.o rel.a |ve hO{hl zont al f éSIO I s al sa,possi bI to pan

t he di spl a‘{y § origipg | {2li0at i IRUICRS. W aspeck t hese
alterndti veatlas tgmatemthanr 16angre trimnz:mtally ctopped swhilel thosee is

bF the- i VT BPEE tia® loss than 138 g%&%&fé@@@ﬁf@ﬁ% Corbox
sources Vigible.vaFhebverticglezoomtis cgontsolied| by varyingsthe \erticah )
Vert'ca' | yséhip! Patsa'tnbahghganme abwueab?ﬁﬁansa bgtvm 'I?%U“ﬁf,s wi th aspect

ratios ﬂreater OI’IZOﬂta se with

aspect r at NGEIZPRLal eX¥RANSID cQNP'(ﬁW’&»y&!‘CKn ICPFPOE\F()%E&I sP8PsiSHie. The .

hor | zont ai SliStedcby| vahying fhe piase of o, verlical toserpulsy.c: Afiur

expansi on/ UB%JF'B@ Sﬂon'bﬂﬂ Eiﬂﬁegvﬁfe[rﬁ alcb’ﬁmss tlmse aﬂ?m@@rﬁyaﬁgryl ng the

phiasel OI thpdams ithem rlfsactmmlvweoAst detedtedi in tregion wh tie plb&.lliejs': e(T
cul atesp i etected in

ca E eﬂm ? dl i lHBH@aﬁhfrBﬁi“thB 6%%éé’t%r¥ éiF&%sarg :

regl ons of ure no etection .
circuit aré8l erweme@lmn@tensnurl@uspmaféungsﬁeaadn blankar invalidor invalid 1

5 scneenssafgend Heciyndreder ring to FIGURE 1(d), the f| rst line number
(the first line

{toma 1 ogi st or Hafernag o FIEETRES1TE, the bk dind muiBbet' @he st °F ne"
nunber. Si lihbaok yadtive wideo detactedi fre theheurremnt ﬂeld)ei‘s obtained
from a register in the letterbox detection -circuit, as is the last
line number. Similarly the video begin line (the line number _
20 between the upper letterbox region and the active video region)
and the video end line (bordering the lower letterbox region) are
“obtained. The scene height can then be calculated as the ,
difference between the end line number and the begin line number,
and the center line number calculated as the average of the two.
25 The screen center is the line number at the center of the screen,
and is preferably the spot at which the center line number will be
displayed.
For_eliminating errors, the henght of the scene is compared
to a minimum height threshold corresponding to the greatest
30 aspect ratio that is expected to be encountered (typically 24:9).
When this threshold is exceeded, it is assumed that the current.
scene is blank or the current line numbers are invalid, and no
adjustments are made based on the values.
For eliminating jitter, the difference between 'the current
35 and previous values of the screen parameters are compared to a
change threshold. When the difference is less than the threshold,

1
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20 Dbetween the upper letterbox region and the active video region) and the
video end |line (bordering the |ower |etterbox region) are obtained. The -
scene hei ght can then be cal cul ated as the difference between the end |ine
nunber and the begin |ine nunber, and the center |ine nunber cal cul ated as
the average of the two. 25 The screen center is the line nunber at the
center of the screen, and is preferabl the spot at which the center |ine
nunber will be dlsplayed For e||m|uu|2@ errors, the height of the scene
is conpared-to a mni mum hei ght t hr eshol d- correspondlng to the greatest 30

Chreahol d itie PeRulling “ERARDE° db8s af WAMtahF iaANG 8. Phcdfetars,ny "o ' (he
current |iYWheanvpdated wvalues far, thendirst ang dastdines nambemod ackival on t he
val ues. 5 Foryigbb rraf@tﬂe@ﬂ:dgtéaerthet I&tt&b%@ﬂ%@&&o@eﬁdggfgrkh%ﬁugéﬁgﬂe&5 and

pI’E,‘VI ous val,ues screen paraneters aje co

t hr eshol d. §n°?%sdppf BIUR:HIay Qness pef aifame: hr’@'ﬂ“‘@l@i "MA
SHEET 1 rasults are iltered, cdignovial e tweoistage rmvdla.lndﬁﬂtsmahaeuﬁédaﬁet ers.

S, upeat 38, S8lafing? nd s B@Br?ew'a&‘éffm A5, Vil hnd ToHETEO e < o

-m)re t han gegéonsr frame for nultiple frarres The results are filtered,

et OTha Lo TS SSABH 38 ddsfiog B0 trie® ek iBh°aTetfarbBE Jeieh <
activated IBPUGE issdresash and ot tisr deosire é@ ﬁll)uﬂ’tea scse@neverticallyl it is
desired to with|agthe sidésr DHdd edtivated ufaﬁb' it 4d ragf | vated,

The numboreede are ealouiated i the ‘ﬁrﬁé ajﬁaﬁes‘héﬁnghm@ S ot il o5,
m ni mum 15 curmmthscehesslibitie $dene Iwsight dorlbssuttart ¢the piiimwnene hei ght
until {5 HRGERE Shredtold $heEfstet SoRfiNGES ttoh%p%é%eggzér?e'ﬁeugh?
until the threshold is exceeded. This causes the system to ignore
blank scenes and erroneous first and last line numbers.’
A comparison of FIGURES 1(e) and 1(f) shows the practical
effect of the invention. In FIGURE 1(e), active the letterbox

20 source signal has been zoomed by the required amount to fill the
screen of a wide format display. In the embodiment shown the
'zoom in both the horizontal and the vertical dimensions (which
are proportionately equal so as to maintain the aspect ratio of

| the active video signal) is such as to exactly match the

25 dimensions of the wide screen display area. It is also possible
that an active video signal having an aspect ratio greater than
that of the display area could be received, in which event filling
the vertical area would cause the edges of the horizontal picture
to be cropped.

30 Should active video appear in the Ietterbox region, such as
the storm warning shown in FIGURE 1(f), the last line number of
active video- changes. As a result, the system updates the center
line number and the extent of zoom such that the new last video
line appears at the bottom of the display area. This operation is

35 distinct from- simply switching from one format ratio to another
because, as shown in FIGURE 1(f), the zoom and positioning are
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bl ank scenes and erroneous first and last |ine nunbers. A conparison of

FI GURES 1(e) and 1(f) shows the practical effect of the invention. In
FIGURE 1(e), active the letterbox 20 -source signal has been zooned by the
required amount to fill the screen of a wide format display. In the

enbodi nent shown the zoomin both the horizontal and the vertical

di mensi ons (which are proportionately egual so as to maintain the aspect
ratio of the active video signal) is éégh as to exactly match the 25

di rensions of the wide screen display area. It is also possible that an

area coul d LLanged, aamhiven; ik Rl combRIFNT T ing BRnlal" sesad "' ¥
cause the JRAESSATY: iR acsommedate whangiag: ircumstappes. Jhe effect shoul d
Shown 1 m FLeEEe L he 5 BENE 1Iced, Broyiteel oo deb! dhatdics: Ao o
resul t, -th@%‘.ﬂ%%épﬂﬁ?@g fﬁh‘%@ﬂﬁ@? active (Videersueh thad the gatiools zoom
1 TR glome ihar s retiocct e divings, e et omeveiSAoREY
?;teﬁb to ansg@ﬁéﬁ '%e@!i?i%;égswé om&é!ﬂéﬁ'wREml)(?), t he zogm and positioning
are 13 arranddd16d8@ ifosmatadisplay! ratioplettetbox ipictures wihichajs screen
a1 &1 ool Cartieddi 28 @080 ferat diSpfay, TS, BT HIE B Change che
aspect rat i95°9fe$$|¥9 05999"_9 eY kne rdoubling oy linei additiansssotasitot he rati o
<1 debars. Sggg‘gg; g’gfﬁg'@%ﬁ%‘"ﬁgi :sg’ﬂ"i'?%"ért %’%‘f’?%ﬁ%‘?"&ﬁ?ﬁ fafert s
carried in . r |1y accordance with this iVentipn Lanvel v
scanned by displaydsuchi ag 16 X9 reravati display skatits signal _cfmrﬂeagmarrger _
acoor e SouTEe: e B 8fe HiEiATB0HHER af AH, Shudrhal WG sBUa T oy
ratio signal frdhis pessible to make various uses of inactive video areas .
: in a display. For example, the inactive areas are sometimes used
for text information such as weather or news reporting in
letterbox format broadcasts. The inactive areas can have a
20 superimposed picture added, for example for previewing another
channel. This invention does not concern the use made of the
inactive video areas so much as the amount of area which will be
rendered inactive by the television receiver in adjusting a source
~ having inactive areas to a display. | S
25 Data sampling limitations in the auxiliary video signal
processing path complicate the generation of a high resolution
picture which is as large in size as the diéplay from the main
video signal. Various methods can be developed for overcoming '
these complications. '
30 An overall block diagram for a wide screen television
incorporating the inventive arrangements, and adapted to operate
with 2fy horizontal scanning, is shown in FIGURE 2 and generally
- designated 10. The television 10 generally comprises a video
signals input section 20, a chassis or TV microprocessor 216, a
'35 wide screen processor 30 having a wide screen processor 309, a
1fy4 to 2fy converter 40, a deflection circuit 50, an RGB interface
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1 5 source, one orf nore auxiliary-sources, or an external RGB.source. It

I s, possible to make various uses of inactive video areas in a display. For
exanpl e, the-inactive areas are sonetines used for text information such as
weat her or news reporting in letterbox format broadcasts. The inactive

"~ areas can have a 20 superinposed picture added, for exanple for preview ng
anot her channel. This invention does not concern the use made of the

i nactive video areas so nmuch as the aaﬁtnt of area which will be rendered

i nactive by the television receiver in adjusting a source having inactive

I I S liary '
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si gnal .5 ValvarstT&inFaﬂtSs Gt ba:ffb?eﬁtoﬂﬂsbti IO%?&“ i8g rﬁ%ﬁée
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tel evi sion eeggﬁr%ft °H&V9Hé°ﬂqﬁléﬂt me%ga niSs nok gt e to operate |
wi th 2f H hdimitiogt dhes physica), OSItiﬂm%acRaﬁi dpuvifigeosuplihy g¢si gnat ed

10. The t I VIdeo signal s i nput~ section 20,
a chasgl seo(ra I%é'h% ?g%gé@ }gzéggp §?@e'avm de screen processor 30 haVI ng
a W de screen pr'lEhﬁsedeowgn%s input seztionc @0y és tadapted fordeéteiving N

v, r
ari vers” a5\ ORIRY of apOSho, vidde, Sl Mo dirorsir b s?raE?sém The
gr oupi ng of he ?oﬁ'ﬂnéWdDﬂVs pnéelegtively switched Dcﬁndlspllﬂ)oca& maimade
for purposendauxiiiargnvideee sighalss c A RP switdh! 2 mp |imting

Felative ¢ RAE" ANTh.ARE AR eﬁﬁeé%pirb%ﬁﬁﬁﬁﬁe&ag.f% badh ﬁeﬁééﬁzl ed for
‘recei vi ngTamennalnecelptbn ahdcoabhasgeeepilmo ThenAB sWntUth'gW elr:nt \é' ?rglon
2o S8 B UhIGH SlvoRRg i Spbill 141A: .y 208 Sh
to"a second tuner 208. The output of first tuner 206 is an input .
to a one-chip controller 202, which performs a number of
functions related to tuning, horizontal and vertical deflection and
. video controls. The particular one-chip shown is industry
20 designated type TA7777. The baseband video signal VIDEO OUT
developed in the one-chip. and resulting from the signal from first
tuner 206 is an input to both video switch 200 and the TV1 input -
of wide screen processor 30. Other baseband video inputs to
video switch 200 are designated AUX1 and AUX2. These might be
25 used for video cameras, laser disc 'players, video tape players,
video games and the like. The output of the video switch 200,
which is controlled by the chassis or TV microprocessor 216 is
designated SWITCHED VIDEO. The SWITCHED VIDEOQ is another
input to wide screen processor 30. :
30 A switch SW1 of wide screen processor 30 selects between
the TV1 and SWITCHED VIDEO signals to choose the source for the
SELECTED COMP OUT video signal which is an input toa Y/C
decoder 210. The Y/C decoder 210 may be implemented as an
adaptive line comb filter. Two further video sources S1 and S2
35 are also inputs to the Y/C decoder 210. S1 and S2 designate
different S-VHS sources, and each consists of separate luminance
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“inputs ANT1 and ANT2. These represent inputs for both off-air antenna
reception and cable reception. The RF switch 204 1 5 controls which
antenna input is supplied to a first tuner 206 and to a second tuner 208.
The output of first.tuner 206 is an input to a one-chip controller 202,
whi ch perforns a nunber of functions related to tuning, horizontal and
vertical deflection and video controls._ The particular one-chip shown is
i ndustry 20 de5|gnated type TA7777. % baseband vi deo signal VIDEO OQUT
devel oped in the one-chip and resulting fromthe signal fromfirst tuner

orocessor 8 ahiBmiBhted SiaRali. AaalEL"S "&“35"13 4L el Bbospprdtdef o cen
desi gnat ed parkiofathie AUR> detioser aSgIInt samezadapiw |6|3 GDB’!Q) fdtarsy & | aser
di sc_pl3Yeighich ﬂ%btb"é“inﬁ] ﬁ}'?gf? Sepmatanswitth, lis kospBisiveitaut of

the vi eo swtch

assi
mi cr opr ocedb8r M@Icgoﬂ&qwre §V\quCﬁ %@"&r&a'éw*r&lwfeﬂ?ﬁo i s
anot her | nRyfid ‘dhryiifanes Wgnalsoas oepu detignated YAMNGICIN. of ui de

.30, selact b th W T s to
Choocn PheespRcuvaly Ko selpaied Rl miihes SR hnbRnE 2 o O
Ito ayYcC df@ rals 2§0the]]‘baft¥t demaddmdzthe mginbsignad| andnteecpraceaaeddapt ive
t
to thel B é}gb&@r iy, é‘@&*h&*‘&?@*ﬁéﬁ%ﬂﬁﬁ#@er JTeIing @ BrCMNDL S
each consi sneiebftOSthaamm signal path e chieminance; signaé Gihdss. A
swi tch, whigdy Bebynﬁ'\%r RAga! géreﬁﬁﬂ @ﬁbbe@éo? hsacK $o o die-ehip 120 e

adapt i ve 1] ?Eséémmgt?& e, diferanee, Hoass bk M and YE| I8 rrﬁasﬁﬁ‘é“ pai
of Ium nancmg@rd ClhrlQ%ﬂmvalmadeslgaanohpfﬁrsml-%)l gndt Vdisysinand CI N
L espe)iste! daybanCHESRBRER fu [T 1 Y WAL SRV ss"g“ﬁ'ss i
signal pat haréSI@TNermltgndﬁgltalsfommlmdrthg widerscremn processor or
further signal processing. '
" The second tuner 208, functionally defined as part of the
" wide screen processor 30, develops a baseband video signal TV2.
20 A switch SW2 selects between the TV2 and SWITCHED VIDEO
signals for input to Y/C decoder 220. The Y/C decoder 220 may be
implemented as an adaptivé line comb filter. Switches SW3 and -
SW4 select between the luminance and chrominance outputs of
" Y/C decoder 220 and the luminance and chrominance signals of an
25 external video source, designated Y_EXT and C_EXT respectively.
The Y_EXT and C_EXT signals correspond to the S-VHS input S1.
The Y/C decoder 220 and switches SW3 and SW4 may be combined,
as in some adaptive line comb filters. The output of switches
SW3 and SW4 is thereafter considered the auxiliary signal and is
30 processed along an auxiliary signal path. The selected luminance
output is designated Y_A. Signal designations including _A, _AX
and _AUX refer to the auxiliary signal path. The selected
chrominance is converted to color difference signals U_A and
V_A. The Y_A, U_A and V_A signals are converted to digital form
35 for further signal processing. The arrangement of video signal
source switching in the main. and auxiliary signal paths
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" refer to the main signal path. The chromnance signal CIN is redirected by
the wi de screen processor back to the one-chip 202, for devel opi ng col or
‘difference signals UMand VM In this - regard, U is an-equival ent
designation for (RY) and V is an .15 equival ent designation for (B-Y). The
YM UM and VMsignals are converted to digital formin the wi de screen
processor for further signal processing., The second tuner 208, functionally
defined as part of the wi de screen prdk@ssor 30, devel ops a baseband vi deo
signal Tv2. 20 A switch SW2 sel ects between the TV2 and SW TCHED VI DEO -

signals for_J 3 oder i 10 Y, der b
I mpl enent eﬁ%&zé\%z;lé)ﬁggﬁﬁl ﬂg @éﬁ%gf'ﬁ]tg}é C%%f@%h%?'é‘g@omrsmesel- ect
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correspond 0o Yi :!§\K4¢BV!Q% ysthe widesere@sc phegessy Eh@ S¥NEches SWB and
SW may. be sep@idtor. 293, | THe Rorigeital Vand | vérticalbsyndlienszinghe out put of
swi t ches SVB and_SW%'”ﬁ thﬁreafter OnﬁldEFEd t he ZUXI|IaL¥ Elgnal and is .
30 processEYMROORNE a8 IlaFQISEQ‘éH’Q Y A6 INRUS 1@ ¥&IYCRLni nance out put
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the auxig i ay, N a eqd baange i s eon to color
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. source to produce a selected vertical synchronizing component
SEL_VERT_SYNC, which is directed to the deflection circuit 50.
Horizontal and vertical synchronizing signals of the auxiliary
video signal are developed by sync separator 250 in the wide
20 screen processor. '

The 1fy to 2fy converter 40 is reSponsibIe for converting
interlaced video signals to progressively scanned noninterlaced
signals, for example wherein each horizontal line is displayed
twice, or an additional 'set of horizontal lines is generated by

25 interpolating adjacent horizontal lines of the same field. In some
instances, selective use of a previous line or an interpolated line
will depend upon the level of movement which is detected
between adjacent fields or frames. The converter circuit 40
operates in conjunction with a video RAM 420. The video ram may

30 be used to store one or more fields of a frame, to enable the
progressive display. The converted video data, shown in FIGURE 2
as signals Y_2fy, U_2fy and V_2fy, is supplied to the RGB
interface 60. '

| The RGB interface 60 enables selection of the converted

35 video data or external RGB video data for display by the video

signals input section. The external RGB signal is deemed to be a

1

- This Sheet Has Been Reﬂlaced




countdown circuit 214. The vertical countdown circuit devel ops a 10
vertical reset signal which is directed i'nto the w de screen processor 30.
Thé wi de screen processor generates an internal vertical reset output :
signal INT VERT RST OUT directed to the RGB interface 60. The RGB interface
60 includes sw tching means which sel ects between the internal vertical
reset output signal 1 5 and the vertical synchroni zi ng conponent of the
external RGB source to produce a sel edtled vertical synchroni zi ng conponent
SELVERTSYNC, which is directed to the deflection circuit 50. Horizontal and

port ool SXABR iArUSHRICHIG e BAIRa! oo 25 oocafiiny, 2 ey oned
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i s suppl i edft antexternal REB, sigpal doputynia ﬂ&ﬂ%ﬁe&oﬁagg S&Gheﬁaﬁﬁlgé'@'-sel ection
of the conveiri q@sit®in Weltieaf dciigise> sicten raS, vardopdmrtidlodatage ay by
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Lot ort 25°, Bl lroMiglho” i, ARG RRBtides, $Getin BF'a hBn-G8ACY @

external RGB input to avoid such damage. The WSP '

: " microprocessor (WSP uP 309) also supplies color and tint
controls for the .external RGB signal. '
The wide screen processor 30 can include a picture-in-

20 picture processor 301 for special signal processing of the |
auxiliary video signal. The term picture-in-picture is sometimes
abbreviated as PIP or pix-in-pix. For this function a gate array

300 combines the main and auxiliary video signal data in a wide
variety of possible display formats, for example with the

25 auxiliary signal displayed on an area of the main display or in the

| inactive video border regions. The picture-in-picture processor
301 and gate array 300 are under the control of the wide' screen
microprocessor .(WSP uP). - The WSP microprocessor is responsive
‘to the TV inicrobrocessor 216 over a serial bus. The serial bus

30 includes signal paths for data, clock signals, enable signals and

" -reset signals. The wide screen processor 30 also generates a
composite vertical blanking/reset signal, as a three level
sandcastle signal. Alternatively, the vertical blanking and reset
signals can be generated as separate signals. A composite

35 blanking sighal-is supplied by the video signal input section to the
RGB interface. ' '
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mai n video or the external video to be available to the deflection circuit
50. Cperatlon of the wi de screen television enables user selection of an
ext'ernal RGB signal, by generating an 10 internal/external control signa
| NT/ EXT. However, the sel ection of an external RGB signal input, in the
absence of such a signal, can result in vertical collapse of the raster,
and potential damage to the cat hode ray t ube or. projection tubes.
~Accordingly, the RGB interface circuitldetects the presence of an external
1 5 synchronizing S|gnal and overrides selection of a non-existent
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25&22[‘?;&2?3nzléﬁﬁt’%ﬁtﬁtﬁéé%ﬁﬁtﬁﬁﬁﬁl b RPN, 1efviBig g P
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components of the wide screen processor are a gate array 300, a
picture in picture circuit 301, analog to digital and digital to
analog converters (not shown), the second tuner 208, a wide
screen processor microprocessor and a wide screen output
20 encoder. The gate array 300 and the included signal paths and
functions are shown in more detail in FIGURE 3. The gate array
300 is responsible for combining video information from the main
and auxiliary signal paths to implement a composite wide screen
display, for éxample one having a picture in picture or other
25 formatting of plural sources for display on the screen. Clocking
information for the gate array can be provided by a phase locked
“loop tracking the 1fy signal of the selected source. The main
video signal is supplied to the wide screen processor in analog
form, and YUV format, as signals designated Y_M, U_M and V_M
30 from the Y/C decoder 210 and the one-chip 202, shown in FIGURE
2. These signals are converted from analog to digital form for
digital manipulation as necessary, and later are converted from
digital to analog for reading out the required video mformatlon
in known manner using Ato D and D to A converters (not shown).
35 The color component signals are referred to by the generic -
| designations U and V, which may be assigned to either R-Y or B-Y

This Sheet Has Been R,

IR I llll



5 selected 2fH horizontal synchronizing signal fromthe R@ interface 60
and additional control signals fromthe w de screen processor. These

addi tional control signals relate to horizontal phasing, vertical size

-adj ust nent and east-west pincushion correction.. The deflection circuit 50
supplies 2fH flyback pulses 1 0 to the w de screen processor 30, the [err]
to [err] converter 40 and the YUV to R§§ converter 240. Operating voltages
for the entire wi de screen television e generated by a power supply 70
whi ch can be energized by an AC mains supply. 1 5 Wth further

f | .
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| ockedtipopehgAChibfidohtll Wiidd Idl therdafidl 1884 ARG HuRRY te The main
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enhancmg the resolutnon of the auxiliary data to be superimposed
on the picture notwithstanding the data compression. A number
of data reduction and data restoration schemes have been
. developed, including for example paired pixel compression and
20 dithering and dedithering. Moreover, different dithering
' sequences involving different numbers of bits and different .
paired pixel compressions involving different numbers of bits are
contemplated. One of a number of particular data reduction and
restoration schemes can be selected by the WSP uP 309 in order
25 to maximize resolution of the displayed vudeo for each partlcular
kind of picture display format. '
The gate array includes interpolators which operate in
conjunction with line memories, which may be implemented as
first in first out memories or FIFO's 356 and 358. The
30 interpolator and FIFO's are utilized to resample the main signal
‘as desired. An additional interpolator can resample the auxiliary
signal. Clock and synchronizing circuits in the gate array control
the data manipulation of both the main and auxiliary signals,
“including the combination thereof into a single output video
- 35 signal having Y_MX, U_MX and V_MX components. These output

Mtsareconverted to analog form by digital to analog
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signals, or | and Q signals. The sanpled Iun1nance ‘bandwi dth is Iimted to
8 Mz because the systemclock rate is [err] or 5 approximately 16 MHz. A
'single analog to digital converter and an anal og switch can be multipl exed
to sanpl e the col or conponent data because the U and V signals are limted
to 500 KHz, or 1.5 Mz for wwde 1. A start of |line pulse can be generated

to synchronize the nultiplexing arran e?ent at the beginning of 1 0. each

hori zontal video |ine, thereafter tog%l ng during the horizontal line, with
the Y and W data streans being shifted to correctly pair the sanples. Each

W pair repy e°rs° RoY S$HdWn %é&%té& \nﬂhrqmvrot I}f&brﬁﬁért@rsmdl ng V
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si gnal haVIﬂ@UMﬁdg LUY lavvmkl dbﬁpvﬁgﬁﬁ ramps & &ﬂionents are
converted tgeABaiclly Wisthirgedithe daba'mﬁirOGesponswe ‘to ‘the vertical
reset signal. In the absence of any adjustment, current IRAMP _
provides- the maximum available vertical size for the raster. This
20 might correspond to the extent of vertical overscan needed to fili
~ the wide screen display by an expanded 4 X 3 format display
ratio signal source. To the extent that less vertical raster size
is required, an adjustable current source 508 diverts a variable
amount of current lapy from |RAMP, so that vertical ramp
25 capacitor 504 charges more slowly and to a smaller peak value.
Variable current source 508 is responsive to a vertical size
adjust Signal. This signal is presented in analog form, generated
by vertical size control circuit 1030 shown in FIGURE 9, whereby
the vertical size is automatically adjusted over a continuous
30 range rather than switched abruptly from one size to another.
Vertical size adjustment 500 is independent of a manual vertical
size adjustment 510, which may be implemented by a
potentiometer or back panel adjustment knob. - In either event, the
vertical deflection coil(s) 512 receive(s) driving current of the
35 proper magnitude. Horizontal deflection adjustment is likewise
provided. The horizontal size is changed byl phase adjusting
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20 convyerters (not shown) associated with [err] to [err] converter 40. The
anal og formsignals, designated Y, U and V, are converted by 5 [err] to
[err] converter 40 to noninterlaced scanning. For adjusting the aspect
ratio of the displayed signal to take advantage of the avail able vertical
or horizontal display span in accordance with user requirenents, operation
of the deflection circuit is adjustedéff needed. The deflection circuit 10
50 is shown-in nore detail in FIGURE 4 %A circuit 500 is provided for
adjusting the vertical size of the raster, in accordance.with a desired
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: user selection. ﬂowever, if a user inadvertently selects an
external RGB source, when no such source is in fact operational,
20 an override control signal prevents selection of the external RGB
-source. The RGB interface 60 also receives tint and color control
signals from the WSP uP 309. .~ |
The wide screen television can be arranged to expand or _
compress video as well as to adjust the format ratio by selecting
25 an amount of overscah, as a user selectable option. Similarly,
special effects such as picture-in-picture effects requiring an
adjustment of the video resolution can be accomplished. The
picture-in-picture processor includes analog-to-digital
conversion means, _timing and control circuits and a digital-to-
30 analog converter section for adjustments to resolution, being
accomplished together with corresponding deflection
adjustments to achieve a desired effect.
A known picture-in-picture processor is the CPIP chip
developed by Thomson Consumer Electronics, Inc., as described a
35 publication entitted The CTC 140 Picture in Picture (CPIP)

Technical Training Manual, available from Thomson Consumer
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21 circuit 518, East-West p|n correction circuit 514, a 2fH phase |ocked
| oop 520 and hori zontal - output circuit 516. 5 The RGB interface
circuit 60 is shown generally in FIGURE 2. The signal which is to be
ultimately displayed will be selected between the output of the [err] to
[err] converter 40 and an external RGB input. For purposes of the w de.
screen tel evision described herein, the external RE input is presuned to
be a wide format 10 display ratio, pr &re55|vely scanned source. A
conposite blanking signal is also available fromthe video signals input
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these pictures are read out normally, as for example in the
channel scan mode, for dlsplay of a 16 X9 format display ratio
screen, the pictures appear correct. The picture fills the required
area of the screen and there is no aspect ratio distortion.

20 Asymmetric compression by the picture-in-picture processor
makes it possible to generate the special display formats on a
16 X 9 screen without external speed up circuitry.

For expansion and compression, including the adjustment of
the deflection circuit and the_resolution in connection with a

25 main and auxiliary (e.g., PIP) signal, the main signal path 304,
auxiliary signal path 306 and output signal path 312 of the gate
array 300 are shown in block diagram form in FIGURE 3. The gate
array also comprises a clocks/sync circuit 320 and a WSP pP
decoder 310. Data and address output lines of the WSP uP

30 decoder 310, identified as WSP DATA, are supplied to each of the

- main circuits and paths identified- above, as well as to the
picture-in-picture processor and resolution processing circuits.
In the example as shown in FIGURE 2 the PIP 301 and other |
elements are shown as separate from the gate array 300 in the

35 wide screen processor 30. It will be appreciated that .whether or
not certain circuits are, or are not, defined as being part of the

—_

—_—
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35 publication entitled The CTC 140 Picture in Picture (CPIP) Technical
Tralnlng Manual , .avail abl e from Thonson Consuner 22 Electronics, Inc.
Indlanapolls Indlana, In a single picture node, or in a picture-in- plcture
node, it is possible to enable a user to 5 alter the relative sizes of a.
plurality of pictures being displayed, for exanple to zoomin on a sel ected
portion of a single picture, for exa in steps. Wiile in the zoom node
.a user may search or pan through thengaane di splay the snmi | ar ge or
zoomed picture in freeze frame (still picture) format, etc. The

P Cgugfu;glq‘qtg drfayP i RipBly gq?%gggmi fé&?\}émeﬁ%pffgﬁsrapu%ﬂngat gn' n one
exanpl e, treacmanatuoeso&rtbecmmras\&acamamgements, eGause dt '§| Feadifbn and
31 10 §he peddibeRlo odbitReF | fAgor bﬁf&ehamnmrmm dfh @ogmMe arayuces

T these pictt b cieripEe; cadain,funGiaas| fo be acorBRlisked BY wﬁ%u“ia;'ﬁﬁ’ilveécan
node, for (hﬁd}'tah‘oﬁf thelgite dreaymt display ratio screen, the pictures .
T ho aspect ratlie 'n%é‘éﬁfaiq"é'z%stp%ixﬁﬁé Ic SxRpRIR, éﬁﬁb@&ﬁﬁﬂb and there
pi cture-i n-and:tcuoppmgw&temrdatakefsthe mains video chagnedr ascanddf speci al
5o T 4 AR TR T oy T e F
c(:l rcuit P?ggﬂefmrmgsm l!FtGUREn cmﬁ!um%o;:?mramafn Hnl?rwf Pdh 306 |
€. 9. Sﬁu@'ﬁai i FOJ"fiheP 358/fb @rlbngtm tipeg an
o e s ! vl 4 oo ot Y el 2
and a WP [&¥ oﬂen@deThélémeMGd oimominarcs componehtshbliVoMNhare\sP [err]
i?rCSEESdzﬁg%ﬁaq AP 588, Tl Hondl Rl gt cShiRantar T, -
processor acompesents YorPIB, ddcPHP r@dtl\lr - RIP are developed by
demultiplexer 355. The luminance component undergoes
resolution processing, as desired and as discussed above, in’
o circuit 357, and is expanded as necessary by mterpolator 359,
- 20 generating signal Y_AUX as an output.
In some instances, the auxiliary display will be as large as
the main signal display. Memory limitations associated with the
picture-in-picture processor and video RAM 350 can result in an
insufficient number of data points or pixels for filling a large
25 display area. In those circumstances, resolution processing
circuit 357 can be used to restore pixels to the auxiliary video
signal, i.e. to insert pixels for those lost during data
compression, or reduction. Inserted pixels can be repeated or can
be defined by the values for several neighboring pixels.
30 Dithering/dedithering'_ arrangements cari also be effected.
The auxiliary channel is sampled at 640fy rate while the
main channel is sampled at a 1024fy rate. The auxiliary channel
FIFO 354 converts the data from the auxiliary channel sample

rate to the main channel clock rate. In this process, the video

o 8 1024 . .
35 signal undergoes an g * g4 COmpression. This is
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In the.exanple as shown in FIGURE 2 the PIP 301 and other el enents are
shqwn as separate fromthe gate array 300 in the 3 5 w de screen processor
30. It will be appreciated that whether or not certain circuits are, or are
not, defined as.being part of the REPLACEMENT SHEET 23 gate array is

| argely a matter of convenience for facilitating explanation of the

i nventive arrangenents, because it is readily 5 possible to either

i ncorporate additional functions in af%éte.array or to renove certain
functions to be acconplished by circuits apart fromthe gate array. The

gate array is re on | blg for expandi ng, conpressing and cropp| n VI deo
data of theMPMPn Gh&mapre Oanaeces:zatv Receorecily dcsp ayl

O erent DhGkftaf S#ﬁé"i@' SR  THiHeRord, e BuiRBE Chancd il ""9“,22 for
a length ofema@dedpbudth@ aaterméatm 858 to0 cowrectlyedisplayi an4cX3 he
l.umi nance cofRMNPidturehe vﬁabnqtsggaawfnmq% CORmIRY fbynxgi@@%@  Stored

nance and chrom nance Pl P,

IlJnP::::’angr)?F‘Fnl l i a‘aét/e#%ewm‘} h dismitseif,respensive. tGhWSBnﬂRaBd@ corrponent
005 The, AU b SERotato? o Rah4BH, Py Bdlss Sor THA 8RB sioh

generat i ng faoxoalxY;QUEemérrﬁlhewtéé'tfollbW§0”E instances, the auxiliary
di spl ai Wi | | ?S | ggge ap tge main signal display. Menory limtations
associ afed W|th he& a4 trg=g- pi cture processor and vi dee RAM 350 can

oo 25 Fspl ah; é*ér%'?ﬁw%ﬁ%eéo"f e HeBlF el HF arg alayering
circuit 357bygireuit 363 foo a dengthe ofi timies depentding o Ither naturéeof sthenal
ert AT, S R SR LA oot e
nei ghbori n UX as outputs. The respective Y, U and V '
15 components of the main and auxiliary signals are combined in
respective multiplexers 315, 317 and 319 in the output signal
path 312, by controlling the read enable signals of the FIFO's 354,
356 and 358. The multiplexers 315, 317 and 319 are responsive .
to output multiplexer control circuit 321. Output multiplexer
20 control circuit 321 is responsive to a clock signal, a start of line
signal, a horizontal line counter signal, the vertical blanking
reset signal and the output of the fast switch from the picture-
in-picture processor and WSP uP 340. The multiplexed luminance
and chrominance components Y_MX, U_MX and V_MX are supplied to
25 respective digital/analog converters 360, 362 and 364 '
respectively, followed by low pass filters. The various functions
of the picture-in-picture processor, the gate array and the data
reduction circuit are controlled by the WSP uP. The WSP uP is
. responsive to the TV uP 216, being connected thereto by a serial
30 bus. The serial bus may be a four wire bus as shown, having lines
for data, clock signals, enable signals and reset signals. The WSP |
1P communicates with the different circuits of the gate array
through a WSP uP decoder 310.
In one case, it is necessary to compress the 4 X3 NTSC
35 video by a factor of 4/3 to avoid aspect ratio distortion of the
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30 Dithering/dedithering arrangenents can also be effected. The auxiliary.
channel is sanpled at [err] rate while the main channel is sanpled at a
1024fH rate. The auxiliary channel FIFO 354 converts the data fromthe

auxi l'iary channel sanple rate to the nmain channel clock rate. In this
process, the video 3 5 signal undergoes [err] conpression.- This is 24
nore than the [err] conpression necesiﬁiy to correctly display the

auxi liary channel signal. Therefore auxi liary channel nust be 5
expanded by the interpolator 359 to correctly display a 4 X 3 smal

Bt i on GiePRYBCPRIGUR,  7thS AR cHeet 1Byl ERR, Béoé’“%"?“& toctroutt
i nt er pol at cperéananbpazongaiuzp@mlng pperationscusughy saceompanied Xo

det er m ged nge' 'HorLontal zodrfi! e?%lﬂ:@rw"t@%@% éﬁﬁpﬁéents UPI P
and VPIIig ar‘éﬁéie:?a Myb‘gl I‘CUItQ°3t6a7 oodr ab*)ength of 'tine gepending on the

nature of - ammp{slnedlhylr@du@lng reompressians todessidhan gendk samplesi gnal s -
U AUX and \_ AUX s out put s re ve Y, Uand V onents of the
main and aJRion §°§| éls§da;{ @9?3&‘1'@39 &‘er é@%@ﬂ"Qe"'ﬁﬁpt f‘br%x%?‘@ 315, 317
and 319 in pikel Wn@@&duwuhﬁmlmwnﬁmIbammuﬁhremﬂtenﬁls e

a8 Tespor SVETS ot Becuptes, o 16roR iAepitlsl of e Myadst' °1°

are ‘respon
mul ti pl 8xerfod ovamirequencye whichis 8 Mz pionsa vt024fHh alockck signal , a

start of 1ine i ggalhodn/|AERAORE o 18 ERiRBRE B, MNTSBiRed?

bl anki ng reset sjgna SW t ro pi cture- .
i n- pi ctur e throughsan aﬁern@atqre.aqp 7 dacth eTIﬁEaﬂ’r'ulstgrﬂﬂePég‘ MMR@ and

G ot ol anc AATBMRS salcble, it s th g, comprspdors ot byl
pags filter®X W Vapf 3[]? Y\SF?&‘ Gﬁ ﬁ' anpiﬁﬁpesw 06P§t ﬁFé%\A?%cegsor
the gald argelectords 828 dnda331 is to reverse the topology of the main
signal path 304 with respect to the relative positions of the FIFO
356 and the interpolator 337. In particular, these switches
select whether the interpolator 337 precedes the FIFO 356, as
required for picture compression, or whether the FIFO 356
20 precedes the interpolator 337, as required for picture expansion.
The switches 323 and 331 are responsive to a route control
circuit 335, which is itself responsive to the WSP uP. The
auxiliary video signal is compressed for storage in a video RAM,
and only expansion is necessary for practical purposes.
25 Accordingly, no comparable switching is requnred in the auxnhary
signal path. '
| In order to lmplement video compressuons through the use
of a FIFO, for example, every fourth sample can be inhibited from

being written into the FIFO 356. This constitutes a %

30 compression. It is the function of the interpolator 337 to
_ recalculate the luminance samples being written into the FIFO so
that the data read out of the FIFO is smooth, rather than jagged.
Expansions may be performed in exactly the opposite manner as
compressions. In the case of compressions the write enable |
35 signal has clock gating information attached to it in the form of
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reduction circuit are controlled by the WoP [err] The WSP [err] is
responsive to the TV [err] 216, being connected thereto by a serial 30
“bus. The serial bus may be a four wire bus as shown, having lines for data,
cl ock signals, enable signals and reset signals. The WSP [err] communicates
with the different circuits of the gate array through a WSP [err] decoder
310. In one case, it is necessary to’ :g ress the 4 X 3 NTSC 35 video-by a
factor of 4/3 to avoid aspect ratio di%sPortion of the 25 di spl ayed
picture. In the other case, the video can be expanded to perform.horizontal
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of the swittheeFIFO 1388 and while| beingr clockedainto3the iiptarpolatosr 3871 he :
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sel ect \Ahetmntmu@usm slorkest dhrtwh é@r@gm%@onaﬂ? 35 ora °ﬂbqw red for

pi cture congases, edmpressivt aid féi@a'ﬁ'sﬁi?l 3¥%e Llock' Sopératiomseeanl at or
337, as reqU|r for r&q)}ur@ l%x ansi The swit ches,, 3 and 331 are
I

responsi ve £8S cBr BYRE r@ﬁ‘?”WW?’s thal Jg; evanis cane (o
the WGP [erobcuﬂlbas@wbhl the risingoedgesaf the eystems slotkl 4024fi9r age In a
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auxiliary signal path 306 he PIP circuit 301 manipulates a 6
: bit Y, U, V, 8:1:1 field memory. in a video RAM to 'store incoming
video data. The output of this video RAM is coupled to 4 to 8 bit
converter 352 in FIGURE 3. The video RAM holds two fields of
20 Vvideo data in a plurality of memory locations. Each memory
location holding eight bits of data. In each 8-bit location there is
one 6-bit Y (luminance) -sample (sampled at 640f4) and 2 other
bits. These two other bits can be used to hold part of a U or V
sample (sampled at the lower rate of 80fy). Alternatively or
25 additionally, the bits can be used to indicate which type of field
was written into the video RAM. Since there are two fields of
data stored in the video RAM, and the entire video RAM is read
during the display period, both fields are read during the display
scan. The PIP circuit 301 thus can determine which field will be
30 read out of the memory to be displayed. The PIP circuit always
' reads the opposite field type that is being written to overcome a
motion tear problem. If the field type being read is the opposite
type than that being displayed, then the even field stored in the
video RAM is inverted by deleting the top line of the field when
35 the field is. read out of memory. The result is that the small
picture ‘maintains correct interlace without a motion tear.
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signal ,path. In order to .inplenent video conpressions through the use of a
FI FO for exanpl e, every fourth sanple can be inhibited frombeing witten -
‘into the FIFO 356. This constitutes a [err] 30 conpression. It is the
function of the interpolator 337 to recal cul ate the |unminance sanpl es bei ng
written into the FIFO so that the data read out .of the FIFO is snooth,

rat her than jagged. Expansi ons may be gerforned I n exactly the opposite
manner as conpressions. In the case o? conpressions the wite enable 35
signal has clock gating information attached toit in the form of 26
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_the data i grigogy tnaouga.x G Skl i ARSI, oo Spbostt 01

cases, conpr€ssion an ex ansi on pefa | ONS can ea5|ly be
perforrred it ‘Rrespht Hiatao mnsﬁﬁﬂh souree on th st,aﬂb yidea ding o5dings on t he

; L i: lnlqag;lggi e Utﬂ?( ayst q’ﬁeF'FlFb ew;m tqbar%uxmaryl 6hagitael g% gﬁﬂtteiem tP lhg .
cireult S0 BYRRRroRRUsYS Rl Soer aliligh vidsd: $igndle but R otead Pk 'S deo rav
to SLO[G lmmrygsyndwondeely witte thetmamohdebl signalleo Fhm?mmggpln?dzgo 4
i deo dat W60, Fongt BotpdreniS ack rped Hﬁ@e%ﬁ‘-‘@%ﬁg A 388 7o ol di ng
ei ght bi t s syncheanrously witbhthee tmain video signakr andsarenaeadbout f( 1 uni nance)
o RorL paTefer f RNGraNAIP ) She e VRREE, MBWURED e hosn B vood
Al t er nat i Véugcmn is swntche% ack and fo between the main and
auxiliary channels is a function of the particular special effect
chosen.
Generation of different special effects such as cropped
20 side-by-side pictures are accomplished through manipulating the
read and write enable control signals for the line memory FIFOs.
For example in the case of cropped side-by-side displayed
pictures, the write enable control signal FIFO 354 of the auxiliary
channel is active for a portion of the display active line. period to
25 effect cropping. '

In each of the FIFOs the video data is buffered to be read
out at a particular pomt in time. The active region of time where
the data may be read out from each FIFO is: determined by the

| display format chosen. In a side-by-side cropped mode, the main

30  channel video can be displayed on the left hand half of the display
and the auxiliary channel video on the right hand half. The
arbitrary video portions of the waveforms are different for the
main and auxiliary channels. The read enable control signal of the
. main channel FIFOs is thus active for 50% of the display active
© 35 line period of the display beginning with the. start of active video
- (immediately following the video back porch). The auxiliary
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25 -addi{tionally, the bits can be used to indicate which type of field was
witten into the video RAM Since there are two fields of data stored in
the video RAM and the entire video RAMis read during the display period,
both fields are read during the display scan. The PIP circuit 301 thus can
determne which field will be 30 read out of the nenory to be displayed.
The PIP circuit always reads the opposite field type that is being witten
to overconme a notion tear problem If 2k field type being read is the
opposite type than that being displayed, then the even field stored in the
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“di spl ayed pictures by 33%. If cropping or squeezing to this extent is ‘ _
unacceptable to the user due to the picture loss or the aspect
ratio distortion entailed,. a combination of lesser proportions of
- cropping ‘and distortion may be more acceptable. Depending on
20 user preference as selected by switch inputs and/or |
programming, the .r'atios of picture cropping and aspect ratio
distortion may be set any where in a range between the limits of
0% and 33% so as to reach the desired results in a combination of
both. As an example, two side by side pictures may be presented
25 as 16.7% squeezed and . 16.7% cropped, thereby minimizing the
- adverse effects of each. -
The horizontal display time for a 16 X9 format display
ratio display is the same as a 4 X 3 format display ratio display,
 because both have 62.5 microsecond nominal line length. An NTSC

30 'video signal must be sped up by a factor of % to preserve a correct

aspect ratio, without distortion. The % factor is calculated as

ratio of the two display formats:
4 16 4 '
379 73 . -
~ Variable interpolators are utilized in accordance with aspects of
35 this invention to speed up the video signals. In the past, FIFOs
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picturgs, the wite enable control signal FIFO 354 of the auxiliary channel
s, active for a portion of the display active line period to 25 effect
.cropping. In each of the FIFGs, the video data is buffered to be read out
at a particular point in tinme. The active region of tinme where the data may
be read out fromeach FIFOis determ ned by the display format chosen. In a
si de- by-si de cropped node, the nain 3: Q% channel video can be displayed on
fhe left hand half of the display andzt e auxiliary channel. video on the
right hand half. The arbitrary video portlons of the waveforns are

diff t f |
Signal of J’f?‘"ﬁﬁ '@{B"f‘rtfbﬁ”?éééér“& he gt é,ﬁ '?f;rd‘??& Se ”ﬁ‘ﬁ){gy
active 3 5Us€e etOpBQTf&'J"bﬁ sipilar Sungtiope giByi way vot IQW@$Q‘FI' Wgctlve
vi deo (5mMmeNTSC! w)cslfo?matgdi dplayi g TigHaRoarE) dis ﬁlmh'@fﬁn Ie 28

channel rea a C ro t hen_ a tlve for t her 50 t he
di spl ay act‘ﬁéa F %ﬁr‘#'ﬁaiadedgﬁﬂl dés%ayh @ f@'lclt‘l‘ Egb% of the mal n
channel  enafibtortéq ror cmpbad;don$amahcoh\bIMHnrthageoﬁ bYIESO%L n Ahannel

<ynen onoocsHd e, Keimsaldie " has FRetl 101 Widk cres BBRABAYDD, i o

t he read enabumecassary signals are synchronous wth the mai n channel

TN, o Qo o g g S [
signal s ar es)mfg?"@ s Y'Q%ﬁ'QWr cﬁl he,maiy t9g8al x 9. Two

g ]2< 3 forg&huétisé de@iedou Fa(érd aiheal abbvbetormqnéadndm schgenane 16 X
squeese. t nBPEAY; gha,%i'w%aﬂwf g, ibpal Mast 428 Narealy s ext ont i s
unaccept abl synchronized ewithiuthe dirstevideot signdloandothe hﬂdeepd[splam._t i 0
i st or }Pon ﬁﬁéa%%ﬁﬂ%fﬁ @@%@&'Qh?"%ﬁe shsefiyed WP fftichl of 2o 2
sel ect ed bypefiwd dn arfigidsmemont, and then expanded in a line memory.
Synchronization of the auxiliary .video data with main video data
is accomplished by utilizing the video RAM 350 as a field memory
~ and a first in first out (FIFO) line memory device 354 for
20 expanding the signal. _ : |
The asynchronous nature of the read and write clocks,
however, does require that steps be ‘undertaken to avoid
read/write pointer coilisions. Read/write pointer collisions
occur when old data is read out of the FIFO before new data has an
25 opportunity to be written into the FIFO. Read/write pointer
"~ collisions also occur when new data overwrites the memory
before the old data has an opportunity to be read out of the FIFO.
The size of the FIFO is related to the minimum line storage
capacity thought to be reasonably necessary to avoid read/write
30 pointer collisions.
' The plcture-m picture processor operates in such a manner:
that the auxiliary video data is sampled with a 640fy clock
locked to the horizontal synchronizing component of the incoming
auxiliary video signal. This operation enables orthogonally
35 sampled data to be stored in the video RAM. Data must be read.
out of the video RAM at the same 640fy rate. The data cannot be
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programm ng, the ratios of picture cropping and aspect ratio distortion may
be, set any where in a range between the limts of 0% and 33% so as to reach
the desired results in a conmbination of both. As an exanple, two side by
side pictures may be presented 25 as 16. 7% squeezed and 16. 7% cr opped,
thereby mininizing the adverse effects of each. The horizontal display tine
.for a 16 X 9 format display ratio diﬁgbay is the same as a 4 X 3 format

di splay ratio display, because both haVe 62.5 m crosecond nom nal I|ine
|l ength. An NTSC 3 0 video signal nust be sped up by a factor of -to

o et at oJoAOBERALF: RN, o, e Yl PO i e 7,
i nt er pol at4¥e @ theigeneradly; ﬂSMUpPH'QHéenWl{"ﬁ gtfaet@main and “this
i nvent 5on agxitiaeydvideo Fourcdso singiorder ton fadititates isynthréhizatio? dfavi ng
di fferent ﬁﬁfpk ﬁﬁtes at %w? | Aput s an%io%aputﬁ.Q§ve been us&? to performa
simlar fu i W\ﬁéﬁn %o%amg%, gral @ e \memoryWith o gt di spl ay
ratio si gnimdependetitswridg candveadsiport cldcks 3s fdispesedi apithg ratio .
thereot, cAOSUBY SRl ath nsh I, bBthdl of PR FMed RANT [P0 CC con
appl i cation is Singadbeargading and writingef idatat fronvitheo atixdiaryy and
Va0t SOCTAMTTIEO SRR, Intheried dse g (L0,
screen di sEPBAFH efﬁg Yaffgﬁtqralt SI the “!T'Eﬂwﬁ'oﬁhsfatﬁe therei sath® synchr oni zed
with lthe' fbbskiblllitiﬁmfsiMIant deznt(grd%iblfilseimsaé- jﬂ5rei§¢mm®<: i ﬁ]re ?fm\rll deo
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data wit h beforevoltbdala; that hascalrpadyhbeemyread previoysiy)chas deerRAM 350 as
- & Tiehd "™iEuced by newly written data. Interlace integrity must also be

preserved. A sufficiently large memory must be chosen in the

first instance in order to avoid read/write pointer collision in

the auxiliary channel FIFO. =

It is a particular advantage of wide format display ratio

20 televisions that different aspect ratio signals, including the

relatively standard 16 X 9 letterbox signals, can expanded to fill

the wide format display ratio display screen, although it may be

necessary to interpolate the signal to provide additional vertical

resolution. In accordance with an aspect of the invention, an
25 automatic and continuously variable circuit is provided to

automatically detect inactive video areas characteristic of a

display of one aspect ratio carried in a signal processed

according to a different aspect ratio. For example, the invention

is operable to sense the occurrence of inactive video areas at the
30 top and bottom of a letterbox having a wide (e.g., 16 X 9) ratio in

a signal transmitted or read out for display in a narrower (e.g.,

4 X 3) ratio, and automatically to implement expansion of the

narrower display ratio signal (e.g. 4 X 3) which includes the

wider format display ratio letterbox display (e.g., 16 X9) so as
35 to use all of the available display area according to user

preferences as discussed hereinabove. Similarly, horizontal

1
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and a first in first out (FIFO line nenory device 354 for 20 expanding
the si gnal The asynchronous nature of the read and wite cl ocks, however,
does require that steps be undertaken to avoid read/wite pointer
collisions. Read/wite pointer collisions occur when old data is read out
of the FIFO before new data has an 25 opportunity to be witten into the
FIFO Read/wite pointer collisions also occur when new data overwites-the
nmenory before the old data has an opp@r’e unity to be.read out of the FIFO
The size of the FIFOis related to the mininumline storage capacity
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Lnteorly THRG Boftdm of e Pithire arS"blimingidd, of UtfedBi™"Y MUt be
substantlally reduced. The automatic letterbox detector is based
on the assumption that the video signal will correspond generally
to that shown in diagram form in FIGURE 5. Regions A and C have

_ no active video, or least video luma levels which are less than a

20 predetermined luma threshold and may be, for example, a black or
gray signal or an unvarying colored matte. Region B has active
video, or at least video luma levels which are more than the
predetermined luma threshold and generally vary substantially in
luminance, saturation and/or hue. The respective time intervals

25 of regions A, B and C are a function of the letterbox format,
which might range, for example, from 16 X9 to 21 X9. The
time duration of regions A and C is approximately 20 lines each
for 16 X 9 letterbox format. . The letterbox detector examines
the luma levels for regions A and/or C. If active video, or at

30 Jleast a minimum video luma level, is found in regions A and/or C,
the letterbox detector provides an output signal, for example a.
logical 0, indicating a normal 4 X3 format dlsplay ratio NTSC -
signal source. However, if video is detected in reglon B, but not
in regions A and C, then the video is presumed to be a letterbox

35 signal source. ‘In this case, the output signal would be a logical 1.

——
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first instance in order to avoid read/wite pointer collision in the
auxiliary channel FIFO It is a particular advantage of w de format display
ratio 20 televisions that different aspect ratio signals, including the
relatively standard 16 X 9 letterbox signals, can expanded to fill the w de’
format display ratio display screen, although it may be necessary -to

I nterpolate the signal to provide additional vertical resolution. In
accordance with an aspect of the inveni2on, an 25 automatic and
continuously variable circuit is provided to automatically detect inactive

51 gnal “pr ocesseqURaTakaN,Gf dheacgledtof oA B TprOuSY BY ysefisisrEs {2
Itﬂ\e/egg i onoi shower dlétgarammaﬁcauyEiheFtG;Uﬂ%_e&ceOnb_ei adettev ¢ b°¥i*‘9°ag")9éf§t ?E) .
a si gnalsttpﬁﬁgtﬂ?@%tag@‘% e%#%‘%}t ?éti‘? tclﬁggpq’ggn iatrjlmaéaga‘rg’r'c?ml ﬁ"jh 4 X 3) |
rati o, and aumber iafasugcessivepfieids ok nametterbex - sigaana of OMWMI ay
ratio signapg Igf-&iﬁzaf‘eﬁﬁ Bspiits Cthtid) thatf e L isquireld béforethel display [sil | 0

| etterbox display (e. 3 o use.all. of.the avagi | abl e

, 5
di spl ay ar eghaaseﬂdtmghab NAGass S?fQ?eW@eé‘% appect Jatip ﬁ@'@(ﬁﬁab e.
Simlarly, hgnimam alumbe? df dieidescam tserveguirgd defore i switthingathenanner

wh | d I i | abl d ' | istob h

there. b “Telsyath o Witk G naeie 2000 ag®, 00 o1 o Sthe

expansi on, conpr ¢ tirguibri @00 plornimplementingv thisdtechnique, isisshewanhin
TPanit S abviaiiel ! n . o 2

et ector 1 s FIGHHE 2, the SHE0 1008°66iorRes 3 find YAUTRBLOLOGH & hod
relativel y counderd00& andna detsctor circuitsiQa, ifhtWB@a;Jhﬁoﬁlgqu ng

exanpl es. | g¥iciitlod ApaVe 8 Pertdrindd! fo gMalyss ahb vided 'signal. bBriefignal

bot t om band3e EifGul}dét PBAraBiEso rdeteTaline Ly S5oRPIBB e PYoPROslY o0 Cha
the bl ack orppathiee firsiiaps laét lihest ob active video, and to effect the
user's selected options for cropping, compression, expansion, etc.
in view of detected variations. Assuming that the object is to
expand to the full available vertical height, the first and last line
20 numbers are determined, and the average of the two defines a
center line number. The letterbox detector then triggers |
positioning of the center line at the vertical center of the full
screen available area, and linearly expands the picture vertically
to place the first and last lines at the- extreme top and bottom (or
25 other user selection). Whereas the extent of expansion is
determined by the active video area and is not simply switched,
for example between 4 X3 and 16 X 9, the apparatus
accommodates any display ratio. =
The letterbox detector can be arranged to update the first
30 and last line count only once per frame for multiple field frames.
The extent of the updating can be limited by filtering in order to
expand or contract the display to a new aspect ratio slowly, i.e.,
over several frames, and to prevent jitter due to repetitive small
changes or those induced by noise. In order to accomplish this
35 filtering, the apparatus can require a change to exceed a change
threshold before any response will be undertaken. The system is
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15 and bottomof the picture are elimnated, or at |east substantially
reduyced. The automatic |etterbox detector is based on the assunption that
the video signal will correspond -generally to that shown in diagramformin
FIGURE 5. Regions A and C have no active video, or |least video |luma |evels
which are less than a 20 predeternmined luma threshold and may be, for
exanpl e, a black or gray signal or an unvarying colored matte. Region B has
active video, or-at least video |uma |183els which are nore than the
predeterm ned | una threshold and generally vary substantially in l'uni nance,

saturation and/og hue, .,The respecti t terva .o regli Qns A, B
and C are a {fFGFPQ)be h%c?réé)ﬁ e‘?’Bﬁ ﬂpt”&gi "(mychfarﬂ%éhf'e g% CEB
exanpl e, frldmbetél Bdgesosmb@(]!ﬂonllsgdxg(mlgsrffodLactlgletm]!déo nngﬂ%s\ l/armhd)bc i s
appr oxi nat e or etterbox fornmat e | etterbox
P ot oS oy 1itéHa0 ESORAE

det ec evels for regions A and/or C. If active video,
or at 30 |east aAnilawnbanmuustraMmg |an/einvermweommangenmtorfarA and/or C,

the letterbgy E%%tt a ogical O,
i ndi cati-ng a nor ﬁ@(%qybfjﬁﬁ?;a I S ';aztcﬁg hi%’ﬁfq?,ag ngl?r%cdg However,
i f video i se0 W&jtpnoﬂ@g bt qmg”ﬁop dilip aﬁ& maximal t he

video is prwm@al filling; i shown anFIGBREItmaI Wioils dte |sla|sbhfassnﬂe the

oy v by T, 48Hb8 R AtV ifleciin Jatsfal BRlatiarS! sdndlif i iRded " >
| et t er box srtbeaillustraled emibodlmﬂm:rtmalpper ambdoweataxeamnfbeen Iolet tect gd
er box
PRRRRD 4 Qﬁf'&'*""?‘%ﬁ%%' Yiied' B, Seldamd i, Sbatlsid; . Ol ¢ ghanged
'to that nec€osapressiPntaad nempmpgcparmnetem wsing .tha first ;amci rlaab ineof
fields can l?ﬁuﬁBGl% rtﬁé Qgpﬁfm%ggoéﬁ%ﬁleaéoanﬁpﬁ ayjf tlﬁ’pé‘n J

narr ower _screen | Npl e this tec n| e S

shown ih3FI GQIQ@"FQ W\te &i PEQIPFQ 1% OZQG%Maﬁ§§sa um devaboth a field
counter 100Gysteme prenssilpr correets titsélPZas | Quedﬂeséivbhﬂe@digoaté hm

evaluated. If subtitles, storm warnings or similar supplemental
information appears in the border regions, these are detected as
active video lines and the picture is adjusted to display them in a

20 second mode of operation, in which the extent of the zoom is

- decreased. If the supplemental information disappears, the first

mode of operation can be reimplemented, automatically or |
manually. The upper and lower borders of active video, with and
without supplemental information, are shown in FIGURE 11(a).

25 The first and last video lines detected and displayed are aiso
shown. As shown in FIGURE 11(b), the system initially zooms in
to fill the screen with video, according to either criteria for
filling. The picture is then zoomed out, as much as necessary, to
display supplemental information, if detected. |If the

30 supplemental information is no. longer detected, for a

- predetermined period of time, for example 10 seconds, the zoom

- in mode of operation can be reimplemented. Reimplementation

can occur if the last line of detected video is less than the last
line of displayed video (as shown in FIGURE 11(b)), or if the first

35 line of detected video is greater than the first line of displayed
video, or both.
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descri bed above is performed to analyze the video signal. Briefly, 15 the
circuit is operable to determ ne the scene hei ght by senS|ng for the first
and last lines of active video, and to effect the user's selected opti ons
for cropping, conpression, expansion, etc. in view of detected variations.
Assum ng that the object is to expand to the full available vertical .

hei ght, the first and last line 20 n ers are determ ned, and the average
of the two defines a center |ine nunber? The |etterbox detector then
triggers positioning of the center line at the vertical center of the ful

screen avai | abl eyRgegen gé@l ﬂr’sE‘%ﬁd Ma&%ﬂiﬁ@@%?@ﬁm@h@h%& tgertically to place

the first and | ast I|n t.reme tom (or 25 other user

sel ection). mWiEFlé’HémﬁPFémé‘m eﬂ'tlo‘ﬂﬁ ,oﬁlﬂds the: erigindly agpacteratiq i ve
VI deo afea |en§re§ervea M theyevvht Qhafi théosensédIalubst fgrethet f?ﬁsﬁaml 16 X

e arr angedeeh G R0 QWeo] (he; SligWodh iANGS: TR SVGIIE MY JSRODSRer | rame
for nultiplte bceUnrehcese_sucﬁras cblankt scdnedie Fprdhenfirstafrabme | i nited by
[ buroi N9 oilwiRg R of 1h8"ddifdratle HoPiditalip BgfSutedPhRst 1allo

sl ow vy, ., ove ranmes 0 repetitive’

ent
smal |- chang@&dolasthhm numbers 850 reimply Iqadedjem{hmacﬁﬁaﬁngsram% s 35
[111eri o0, HapoaRer ALfsIBE dEHadasdargN IO feANGeapoRghange L hr eshol d
cyl

before any respo_Fse W under ted by

h hi
etnbe with 11 o TwcBresiants Bre, aacdiated Jos; Sachaing ip: 16 iges Befte | 1
only | ooks foodetetrire Vindsoof radtive Ridasl CFour \adluesbare required. toh

rmaeof - opcy LRI e o, BRI, PERRRGT Al MiphEhT elbeBrot he' of

maxi mal fi |¢u|mrgnbrhneaxandl maximueal and | minimumsvaluesn of thel pusous. Wi | e
Conss o2 WS, o et GrRAANE ABBGTGHRICHA ohiOn gy Idon s
of -  formed by subtracting the minimum value of the previous line
' from the maximum value of the current line. The second gradient,
designated the negative gradient, is formed by subtracting the
minimum value of the current line from the maximum value of the
20 previous line. Either of the gradients may have positive or . -
' negative values depending on scene content, but the negative -
values of both gradients may be ignored. This is because only one
gradient may be negative at a time, ‘and the magnitude of the
gradient with the positive. value will always be greater than or
25 equal to the magnitude of the gradient with the negative value.
This simplifies the circuitry by eliminating the need to calculate -
an absolute value of the gradients. If either gradient has a
positive value which exceeds a programmable threshold, video is
considered to be present on either the current line or on the
30 previous line. These values can be used by a microprocessor to
' determine the first and last lines of active video and thereby to
- determine the particular aspect ratio of the active area of the
signal. This determination defines whether or not the video
source is in the letterbox format, and enables the further
35 calculation of the extent of change to the deflection circuit and
the resolution circuits needed to convert the displayed signal as
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potentially inactive video. By selecting the expansion, conpression and

croppi ng paraneters using the first and |ast |ine nunbers the apparatus has
several advantages. If upon initially 1 5 zoomng into a picture the zoom
passes the optimum |l evel, the systempronptly corrects itself as successive

fields are evaluated. |If subtitles, stormwarnings or simlar supplenental
I nformati on appears in the border reggg these are detected as active
video lines and the picture is adjust to di splay themin a 20 second

mode of operation, in which the extent of the zoomis decreased. |If the

suppl ement atequiléd. ”E‘Asoﬁxéi’itwwé?elﬁ htﬁef bbﬁ{lef@Gﬁ &n Q:f@rdﬁﬂrféa Ggn be

ot be vy deBrt,PYrORRL SHlPERRS JARGTaIg) e BXIGtoal PP Qo |5

F|| GJREhsl(adf;aﬁuonIherfbom tndwvhich thedsigdalnmllméesm Isjéctad. di spl a%/edf alrle
al so shown S nto fi
the screen with &\(g@rgunta %ﬁﬁz f’ﬁblﬁﬁ’ﬁﬁpﬁﬁ ﬁ@r |'ﬁéﬁ9?a qul ﬁ?ﬁgﬁ’

picture is aasasamenécmodeteehomnshshewmmelecy diagrams fosm dmippl ement al

| nfor mat i on GUFE@@Ct?ﬂe cir éu&h?m?@ corh Pi%%geﬁt ﬁimaﬁhgpm%&g aq.dgo | onger

det ect ed, for a predeterm ne rrod o | .me econ t he
zoomin m)d@aﬁ'm%ﬁr axh dete 36| énﬁﬁ?emmmﬂﬁbl(gﬂﬁhtdﬁtﬁoban occur

{/T dte ge (1 gsts %g%elagidﬁw Qﬁ]t dt \§ettion 30243Ss Thenuma |hpa1t ﬁltére of dgiflegyed
Vi deo | o or CatBIrdas SRR bty reope L5 Hoss dai2 Fhd A6 8 55 e
segs?ﬂ fi rswedinasl asiders nt816érand otPh8ed The rstterbox ndedentionalcircuitd val uez
an e ori ense
val ues tor {RA0; pPEFatel bl Mighal MaCHKES ¥ N oMt B WRE dorgec

avoi ds any Ppeegessas.toAncinputefiltes isuutilized bmamdecetoesnpmvetmmsa rst

f fiog | df t
oo RS Sl 4 e e
essentlal two cascaded stages, havmg a transfer function

as follows: -

HZ) =3+ (1 +Z71)* (1 + Z28).

The output of each stage is truncated to eight bits (divided by
20 two) to maintain a DC gain of one.

The line max detector 1020 includes two registers. The
first register contains the maximum pixel value (max pix) at the
current point in the line period. It is initialized at the beginning
of every line period by a one clock wide pulse designated SOL

25 (Start of Line) to a value of 80h. The value of 80h represents the
minimum possible value for an eight bit number in two's
complement format (the most significant bit being the sign). The
circuit is enabled by a signal, designated LTRBX EN, which goes
high for approxlmately 70% of the active video line. The second

30 register contains the maximum pixel value (max line) for the
entire previous line, and is updated once per line period. Incoming
luma data Y_IN is compared to the .current maximum pixel value
stored in the max pix register. If it exceeds the register value,
the max pix register is updated on the next clock cycle. At the

35 end of the video line, max pix will contain the maximum value

- over the entire portion of the line for which it was enabled. At
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1 0 thereafter -adjusted as necessary with filtering applied. Two gradients
-are calculated for each line in the video field to determne |lines of :
active video. Four values are required to calculate the two gradients:
maxi mum and mi ni rum val ues of the current |ine, and maxi mum and m ni mum

val ues of the previous 1 5 line. The first gradient, designated the
positive gradient, is formed by subtrg&;ing the m ni num val ue of the
previous |ine fromthe nmaxi mum val ue of° the current |ine. The second .
~gradient, designated the negative gradient, is formed by subtracting the

T i UM vk iginAg 41" M ot Yide8 N dio B ValRig SR i ! pix 20

previous |ine, ative val ues

her 0S|
dependi ng 6RJiStRMndS @ﬁﬂ@& 'ntﬁ,uttﬁ? %d‘&'ﬁ \FﬁglﬁiPB é)fty‘ﬁofﬂg@? iBnts may
be i gn@ edrelﬁad%d witkc80Re only one gradient may be negative at a tine,

areater than or 18 Nt AU chaltciBy 128 NRoHS dn An.fshicalt ne ® "
negative vahamnefexceptinthatf tke e bmecmglsterbwllélcomtmn the t he need to-

cal cul ate ‘i“r’i‘inﬁh\,\ﬁl ttﬂﬁel’ %ﬂgﬁ Ybr ttﬂ% ﬁf’é\ﬁb ?%' f T‘Fl'eit @‘ﬁhvﬁ dg%ﬁ:”é jgas a

positive val 0.1S consjdered
to be preséiitialized thea waluecqf r7eﬁh. whieh tm@XHUU"erQﬁSib@ IRiXRl, These

! Fhes o o Bfug s §ﬁ o ”E"ﬁ“'*'b"i°r"e?“°dﬁ°@§"wﬁ"ﬂbﬁ‘i”l}{?}""‘“'e'c? “ratio.
of the active ar g ‘Sg}t?%y"é’ﬁ‘?' HEttgk 'Hﬁxd PPNERIRMRt her or not
tC QFC\S: gffnosvaweeahmd; tha in lualatlgar stetrfvaiw,d%:fwostterebﬂhesntlheeightt bﬂ] e35
esolut onlfees: it afiuptaisachfte Set dRgr < 1S SrAYEH tie RN,

requi red. Aalcuiatednaamelyethe positivengeadiemt and the dwgative i n part by
user Sﬁﬁecyraakdteg%ﬁ {fﬁbtfﬁ‘gt ‘?ihreefﬁ Oé”fﬁl&"%'e’?? @%flgr d?'ﬂ'f #'On’ or both,

to whic nal e Subjec for enenting this
met hod of Igéaﬂ!ﬁﬂfﬁx'%%%Y\%rﬁn@rgfﬁﬂtﬁbtﬁh@ﬁ‘ “tl@esnmmammb&k di agram form

in threshold, an enable signal is generated which allows a first line
re_gi_ster to be loaded with the current line count value. On every -
‘line where either of the gradients is positive and exceeds the
20 programmable threshold, another enable signal is generated which
~ .allows a last line register to be loaded with the current line
count value. In this manner the last line register will contain the
last line in the field where the threshold was excéeded. Both of
these enable signals are only allowed to occur between lines 24
25 and 250 in each field. This avoids false detections based on
. closed captioning information and on VCR head switching
~ transients. At the beginning of every field, the circuit is
reinitialized, and the values in the first line and last line
" registers are loaded into respective letterbox end registers. The
30 LTRBX_BEG and LTRBX_END signals mark the begmnmg and end
respectively of a letterbox signal.

FIGURE 9 illustrates an automatic letterbox detector as
part of a vertical size control circuit 1030. The vertical size
control circuit comprises a letterbox detector 1032, a vertical

.35 display -contro| circuit 1032 and a 3-state output device 1034. In
accordance with an inventive arrangement, the automatic '
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FI GURE 8 The circuit 1010 conprises a luma input filter, a |ine maximm
(max) detector 1020, a line m ni mum (m-n) detector 10 1022 and an out put
section 1024. The luma input filter conprises finite |npulse response (FIR)
stages 1012 and 1014 as well as adders 1016 and 1018. The | etterbox
detection circuit 1010 operates on the digital luma data YIN fromthe w de
screen processor. An input filter is u?vllzed in order to inprove noise 1 5
per formance and nake detection nore refifable. The filter is essentially two
cascaded FIR stages, having a transfer function as follows: H(z)[err] The

out put of eré}tw@ae?mdtrdmceﬁrednt ea Q&ﬁt&héﬁcél{%‘éirﬁ?ﬁb%ﬁ%e’rﬁ@élto

mai ntain a DC gain one he |1 ne et ector

registers. ¥AQM Qfs@XPAQEIONAS FRAUr foeeﬁﬁmmgrﬁ%lwn\‘lﬁﬁua *\rﬁx pi x) at
the curdent forohat displdye ratiee signabduhidh lincludds alhezetb & 9t herrhati nni ng of

Cine] toa BERIEYfatd BiREos oimbiay. B, 1F SXRAbtHor. Rt dishBLLi b o
val u_e'ffor ?ram ignaist aauﬂ%c:gd. 'ErWhesn dlgepb@mﬂts;:gnahMElBﬂ@AlroSlZE
deal gnat e [ TR PEgAgk  BeBYE] the! Yerfcdl %’5‘3#@"’?& A)oﬁ?ﬁe detive
vi deo |ine. byhthe datie regwrpegt%t@mpé@mm etsl‘f@drrabﬂ melaht,val ue (nmax
line) flqy tagpieallyr therril verticaNthei nti 'S‘HiQdéhaBlé?é‘%epelfs Mgeaaﬁveod

stored n ¢ NEief,Bontion af; tie. 1Btierbpx apRiereof i 4 &od FGhea e, The. max
pi x regi st eexampipdatoedilbra t‘rea)msxwméosdxreamlmthéut tlmagié aspsbt)fratlbe
b ehe | Mo clBribr ihboft”d, S GBIV "RERaNR, HE B4 bBRGHOR' drodL "
vi deo |i ne, raties vimaye havet bthew specific eglues; the usadeseIewonsecaax l'ine
registqrs angefing 'cfgppiry drS distoridnFparictIar 38 display the scene as
desired.
The automatic letterbox detector may rely wholly on the
detection of active video lines, or additionally may comprise a
circuit for decoding. a code word or signal carried by a letterbox
20 signal source which identifies the signal as letterbox format.
This enables the system to respond precisely to standardized
letterbox formats while preserving the ability to correct non-
standard sizes as well. |
The system as described can display quite a number of
25 variations of multiple source or altered (cropped, expanded, efc.)
signal display. The programming of WSP uP 309 can include a
number of preset default arrangements wherein the system
displays combinations of signals or signals altered in the
manners described. Alternatively, or in addition, the user can
30 selectively format the display using on-screen programming
techniques or the like, as discussed for example with reference
to the selection of individual sources for display. Any or all of
the multiple sources can be provided in a particular aspect ratio
(including a letterbox format) that does not involve active video
35 in the same aspect ratio as the area devoted to that source in the
display or the composite multiple source display. The WSP uP

x
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The |ine mninum detector 1022 works in an identical manner except that the
mn line register will contain the mnimm pixel value for the previous
line. The mn pix value is initialized to a value of 7Fh, which is the

maxi mum possi ble pixel 1 0 value for an eight bit nunber in the two's _
conpl ement format. The output. section 1024 will take the-max line register
~value and the mn |ine regi ster val ue nd store themin eight bit |atches
that are updated once per line. Two gPJGients are then cal cul ated, nanely

t he positive gradient and the negative 1 5 gradient. On the first-line in

a field whey hEé %Frahﬁ@&etd?mérthé 58meOsbiH YF eegbéggg ter than the

progrannable thres alloms a first

enab al ener at

line regi stc@rmPEPQ%OPOHEIeQ}hWtﬂ 9@‘%!?! r@ﬁquﬁaﬂé tQ RTOvide Jbe desiigd v | i ne
\tAﬂer ehe:ls g hersmthht fer ghgflrmefcthﬁe [Fotirtey e Hhig mﬁﬁeblslnhmlyothatr tgs anmabl e

resho nabl e, si e al l,o i ne
register t(g L szﬁé'cywpr?o[ ﬁ’@ §8P§8ﬁtﬁr %@&% Qaﬁlﬂﬁ F\’,Y%ﬁ%ghsgtprénner the
| ast |ine rdagplayerpomtmnsoremnredhta |adaptively position fthel activer ¥idem
threshold 'ﬁ¥%ﬁ§9§§ h of these enable signals are only allowed to
occur betmeen 3 ‘and 250 in each field. This avoids false
det ecti ons based on cl osed captioning information and on VCR head sw tching
transients. At the beginning of every field, the circuit is reinitialized,
and the values in the first line and last line registers are |oaded into
respective letterbox end registers. The 30 LTRBXBEG and LTRBXEND si gnal s
mark the beginning and end respectively of a letterbox signal. FIGURE 9
illustrates an automatic |letterbox detector as part of a vertical size
control .circuit 1030. The vertical size control circuit conprises a
| etterbox detector 1032, a vertical 35 display.control circuit 1032 and a
3-state output device 1034. In accordance with an inventive arrangenent,
the automatic 37 letterbox detection circuit can automatically inplenent
verti cal : ' :
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zoom ok expansi‘on as required, for exanple to expand a 4 X 3 5 fornat

di splay ratio signal which includes-the-16 X 9 format display ratio

| etterbox display, or to expand other format display ratio signals - as
detect ed. When the output signal VERTICAL SIZE ADJ becones active, the

. vertical deflection height is increased by the ratio required to enploy the

desired vertical height, 10 typi call% the full vertical height. This .
enables the 16 X 9 active video porti'ﬂ of the letterbox portian of a 4 X 3

" signal, for exanple, to fill a 16 X 9 wide s “ﬂll e aspect
rati o di st% | nsof ar as the display scrgmﬂnr"mm m IHMF' ve format
.rati os may ther specific values, the user'< sélettidns can 15 define
cropping or distortion particulars to display the scene as desired. The

aut omatsi c | et t enboxa dgdeet grsmay ¢@,l|u°|/\/rgqg{gmorbd|th§ﬁ{gact ion of active

video |ines, or adﬁ“%ﬂal y conprisé a circuit for decoding a code
word or si gnal BaY9e0y q hox 20 signal source which identifies

the si glnal as |mean?gdorfoonhnuoiiblysfcmtebtmgmﬂmit and dast dmwﬁxindb |
precisely ormats ile preserving the ability to
correct no 8t|§%a%§§?)dﬁie€\)§8éé é\gﬁﬁl The system as descri bed can displ ay
quite a nunber olears fonrrstaringnscan hlmetmlpmesswmespoadmg 40 saidbpped,
expangqyl fitst and ?Qgﬂ liezP! yacﬁpg Py’ .amm ng of WSP [err] 309 can

I ncl ude a nunber o reset e aul t arrang nts wherein, | he syjtem di spl ays

conbinati ons of Meafer «detargHaing Rickired hejght, framnsaids seast linge
Al ternati vaumbers-of saidi firsth andhéasts ihesadf ttiveevidéoyel y format the

Pl oy UL NS, OHiaghe BrRLSMpaTRo Sl RLCReRind B A el ° e
di splay. Any or méansfoperabbelini al firstomodes of aopératioroforleahabling parti cul ar
3;532?13558“ gaq 'éi&hHgEHHaa% 6t8§ﬁﬁﬁu68§lﬁﬂhgdh?é‘ Qaeégﬂgh gﬁ&ﬁ' fsﬁgﬁfth' e
t he di spl apupibense ua&ﬁqsagau@ pigturiep heightu exeeedspsaid thmes
-operable in a second mode of operation for enabling satd stonng
means to update said stored scan line numbers when active video
" is detected in a video line corresponding to a scan line number
20 less than said stored first line or greater than said stored last
line; and, _
means for controlling at least one of picture size and
picture cropping on said dlsplay means responsnve to said picture
helght '
25 _ .
2. The system of claim 1, comprising means for initiating
said first mode of operation after said second mode of operation.

3. The system of claim 2, wherein sald initiating means is -
30 responsuve to a manual control.

4. The system of claim 2, wherein said initiating means is
responsive to expiration of a.timed interval. -

35
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38 309 can be arranged to nmake the 'sanme sort of expansion, conpression or
other alterations necessary to provide the desired 5 display for the
respective source. This requires sinply that the lines of active video be
sensed for each source and placed at the display positions requifed to

adaptively position the active video in the d| 39 5 1
A video display control system corrprltgl a m Eumﬂﬂw “nmeans
for continuously detecting first and | IlneS*o c |n a video
signal; nmeans for storing scan'line nunbers corresponding to sald 10

first and | ast |gnesTiRd tbMf ofl é%%Tnl Qeawﬁe]‘éé]r\ gﬁfqelﬁz@lhﬁ %hg gghei ght

fromsaid scan Ilne nunbers Qf sal o ve Vi deo;

means for cERSRANSIYesHA %Pﬁ"i'ﬂgeaﬂeﬁwn@% §ﬁ ik acdive: V'dﬁ.‘hns operable in

a first Srmdeespombt@tfmnufﬁatwga@éws‘seb@ndsfmddét@f igpsbragions o :
.continuously update said stored scan |ine nunbers unless said picture

hei ght exceeds said threshold, and operable in a second node of operation
for enabling sai 6.stthe rsyster:msoft olaimd 2, ewhereins said dnitiating mmeams:riser s

nunber 20 [RS8 8 dptoBling e %‘29%%&‘@?@@6@"”%@%“ Hasdfr
| ast |ine; BfHvenideo frgspeamblm fOl'n@fllﬂatlnGasa rgeagnchiroodecofi ze and
p|cturQ(pro§p@ng1@n,sald di spl ay neans responsive to sald pi cture height.

25 2. The systemof claim1, conprising neans for initiating said first
node of operation after said second node of operation. 3. The system of

claim 2, wherein7saiThe rsystefi bg claims1, whistein %ﬁ?@rﬁeté%t'hg eyl
control.  comprises:
' means for comparing respectlve minimum and maximum
15 Iluminance values for a plurality of successive video lines;
means for storing mmlmum and maximum lummance valués
for said plurality of video lines;
means for generating gradients mdlcatlve of said stored
values and,

20 means for comparing said gradlents to threshold values.

8. The system of claim 1, wherein said display means
comprises a dimensionally adjustable raster.

25 9. The system of claim 8, comprising zoom control means
for dimensionally adjusting said raster incrementally over
successive video frames.

| 10. The system of claim 1, comprising means for
30 ‘automatically vertically centering said picture on said display
during both said modes of operation.
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4. The.systemof claim2, wherein said initiating neans is responsive to
expiration of a tined interval. 40 5. The system of claim 2, wherein
said initiating neans is responsive to detecting an absence of said active
video 5 responsible for initiating said second nmode—of—eperation. 6. The
systemof claim2, wherein said initiating nme [ S..responsive to detecting
an absence, for a timed interval, of 2ﬁi d act mﬂmﬂﬂ&uﬁw&"ﬂ ble for
initiating said second node of 10 operation 7a _ fllicl aim 1,
wherei'n said detecting nmeans conprises: neans.for conparing respective

m ni mum and maxifmum A Giddou digisiagecuatraf Ssystemp %Mﬁié_iﬁg: of successive
video |ines; rr_eansié Orc&t oHyngnm ni num.and _nmaxi mjfm | u a.an e values for
said plurality & ViFeRSIEplays Means having s, wide | %“@H‘a 1SPIRY rati%:cative of
Sﬁi d ﬁtsﬂi ed ?/al aeseSttertF]bx Xormat sign&l?saui'o.e detextor\gomprisiigadi ents to

t hreshol d val ues. 8. The d - | 13: Sl [ a ans
conprises a di mensional | y%ﬁ%ﬁg’t anl g%pzlg{aggclslyg’g&éﬁd?lniagﬂsghéﬁéyésgﬁq of .
claim 8, conprising lioes ebractive viden inoa videssignal | y adj usting said
raster increnentally over 6ﬁ6§ﬁ§5ﬁr"§to‘f' SRS nifhbdrse system of claim

1, conprising neans for 30  aytomatical |y vertical centering,.said picture
on said display duri ﬁgrfﬂﬁm@ﬁne ¢&ajd, 'rﬁpéﬂﬁcﬁﬁﬁt?/ lines, pf ﬁ\gUYGeo di spl ay
contrdiQsystem conphidesy. a video display neans having a wide format -

display ration 5 aehhe" R detbiMining pRturs héigh°HBr aid
scan line numbers of said first and last lines of active
video; :
: means for comparing said picture height to a
15 ~ threshold indicative of a 'specific format display ratio

letterbox signal; and, _ :
means operable in a first mode -of operation for
enabling said storing means to continuously update
said stored scan line numbers unless said picture
20 height exceeds said threshold, indicative of valid
detection of a letterbox signal, and operable in a
second mode of operation for enabling said storing
means to update said stored scan line' numbers when
~ active video is detected in a video line corresponding
25 to a scan line number less than said stored first line
' or greater than said stored last line;
means responsive t0 said letterbox detector for enlarging
the picture on said display means responsive to said first mode of
~ operation and reducing the picture on said display means
30 responsive to said second mode of operation; and, '
means for initiating said first mode of operation after said
second mode of operation. ' '

| 12. The system of claim 11, wherein said initiating means
'35 is responsive to a manual control. '

—_—
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means for continuously detecting first and last lines of active video in a
vi deo signal ;. means for storing scan |ine nunbers corresponding to said

first and last lines of active 10 vi deo; means for determ ning
picture height-fromsaid scan |ine nunbers of-said—f++st—and—tast |ines of

active video; neans for conparing said picture height to a :

threshold indicative of a-specific fo&&at di sﬁw‘uﬂmt“uuuﬂt‘ﬂjbox si gnal ;

and, neans operable in a first node of“oper at ! i said storing

means. to. conti nuously update said stored scan i ne nunbers unl ess said .

pi cture .20 ' C [ h el [ valid

detection of a I"gftey%%ﬁ#g@a@? gﬁgﬁ‘oggf'gghg?@ §h&égﬁ%tﬁ§déﬁ§?ﬁéperat i on

for enabl i Ky respansive itag expirationo ofpaatimedhiintenval.ed scan 1ine nunbers

when agtive video is detected in a video |ine corresponding 25

to a scan line ganb | ess .t han sald st,qred first reater than- said
e

.
stored last lin he systeanof, glaim 43 wherein: 5@;5?383{% MBRANEN| ar gi n
the picturis sespensivé 10! dsteotings arc absences for aatimed intervaljeobf -

abi a0 seconglth AEtYE JRbATraRdoEiBle” fof Auftiairity sl o5 etend g RS 1o Ge o
‘operation @pe¢atiof d second node of operation. 12. The system of claim 11,
rhereq said initiating means 3 5 is responsive to a manual control. 42
Lo expi rat; on ol (THeceYSion aLiclaim 11, Wherein said détecting means
comprises: , -
means for comparing respective minimum and maximum
luminance values for a plurality of successive video lines;
15 means for storing minimum and maximum luminance values
- for said plurality of video lines; :
means for generating gradients indicative of said stored
_ values; and, | |

means for comparing said gradiants to threshold values.

20
16. The system of claim 11, comprising means for
automatically vertically centering said picture on said display
during both said modes of operation.
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14.. The, system of claim1l, wherein said initiating nmeans is responsive to
detecti-ng an absence, for a timed interval, of said active video

respon5| ble for initiating said second mode of operat ion 10 15. The system
of claim 11, wherein said detecti ng means co npar i ng
respective m ni mum and maxi mum | um nance ,val ues for a pI urality of
successive video lines; 1 5 rrean for Stmnmmmzmmlﬁlﬁ maxi num

| um nance values for said plurality of i deo | enerating
gradi ents indicative of said stored val ues; and, ntans f'or corrparl ng said
gradients to thregsghol m conprisin
means for automa"ti}?(':alkli \)’@éb &séﬁ$¥1§%%T§fl fés’gll' prln bgi on sai (rjrpdl spl gy
during both sai dVldama/SPHYpéil%an%n 4 3 17. A video display control -
system sConpri si fgaaryd ﬁ?gpéhgweaxtonaaomé signal fome@ﬁnfwwvhene to a

d | f | box f
i ch s BRI 0idep cSIoaH diahiadeBraex 4OrmA (i MCRoR: PETUM S nper  and
! Ovve{ rggi/ ?deomyemea Ny e dadtiv@t vrdbcﬁrpartnonrandrmeiebxanwllmuent iall yn .
i nactiv S in siz
by a factorf %%'P?&M@PH&% §af‘iluep'ﬁ§ir'%n%sr8f ?é%ﬁ}l,egftgbuﬁg ghgggéﬁ#%ﬁfenabl i ng
operatlon ofnactive pVIdaﬂ.'r epamions)i ng neans when said video- signal has been
Lnent G 2% hayhdang Yol éﬁhrrgf@%aﬁ@r;\fl\igiureaw side by a factans for

changi ng said picture en g tive video |s detected in at
| east one ofofcasponstingnto 3Bedbeight of said pICture, : .

~ means for enabling operation of said picture enlarging
means when said video signal has been identified as having said
letterbox format; and, :

15 means for changing said picture enlarging factor when
-active video is detected in at least one of said reglons bordering
sald picture. '

18. The system of claim 17, comprising means for disabling
20 said means for changing said picture enlarging factor when said
" active video is no longer detected in at least one of said regions
bordering said picture. |

19. The system of claim 18, wherein said enlarging factor
25 is rechosen after said means for changing said picture enlarging
factor is disabled. ' :

20. The system of claim 17, further comprising means for
_ determining said picture height.
30
21. The system 'of claim 20, wherein said picture height is
determined each time said letterbox format is detected and each
time said means for changing said picture enlarging factor is
disabled, and said enlarging factor is selected each time said
35 picture height is determined.
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sai d pi,cture. 18. The system of claim 17, conprising neans for disabling 20
sai,d neans for changing said picture enlarging factor when said active
video is no longer detected in at | east one of said regi ons bordering sai d
picture. 19. The systemof clajm 18, wherein sg arging factor is

rechosen after said nmeans for changlng said pict or |s
di sabl ed. 20. The system of claim17, rt her coaw“;m HJGH% Ii&h
determ ning said picture height. 30 2 The syst , «Wherein -

said picture height is-determ ned each time said letterbox format is

deteoted and cachal! MheYAtHABE HRImCHO" WHidrotd ! dhigl Idé' g@ghal ng

factor is disabl enl ar actor i s se said 35

pi cture he@ﬂternynmg dNRARSJ compri Szzmeaﬁé‘ sld@teehna rein

sai d pi 8t urfasheligés @Efaﬁh%n'vidhdmiﬁn%afd”ﬁibtlﬁés portioA. f or det ect| ng the
first and 5 last lines of-active video in said picture portion. 23. The

system of claim 17, wherein said picture enlarging factor conprises a
series of enlar g23g fithe systein of claimapp| iwlersinusaid pidture cenlacgimgent al |y

change sai chaplys dmbRis8b?& QRles?of GG Tagtbrs” wHick Cafd UBistied

sequentially to incrementally change said picture in size over a
10 succession of video frames.
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