1 ON SCREEN DI SPLAY ARRANGEMENT FOR A DI G TAL VI DEO Sl GNAL PROCESSI NG
SYSTEM Thi Sé’n‘{%rl lcation is related to US patent application_serial nunber
RCA 87. 686WOS36¢26d "On Screen Display Arrangement for a Di §FTESO¥68Y,

Si gnal Processing Systent filed in the name of B. W Beyers, Jr. on the
sanme day as this appli catlon 10 and a55| ged to the sanme assignee. The

i nvention concerns an "on screen display" (0OSD) arrangenent for a digital
video signal processing system On scregn display (OSD) arrangenments
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I n such an arrange nt he ge representative signals take the
form of timing pulses b‘h"%&gﬂ CRRE r‘l%é“gr@%h“t!'eﬁ%@é 1 (@¥Dare to

be 30 displ Emﬂgéﬂién@rﬁoﬂl%e(ﬂlgkapoﬁﬂl’e@' siglealrrpl-éctéﬁsmg shémyor k. Such an
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.ar r angenent and normal video s1gnals so that a graphic image can be
dlsplayed on the screen of a picture reproduction device either in
place of the image represented by the video signals or together
with (inserted in) the image. The graphic image can take the form
20 of alphanumeric symbols or pictorial graphics, and can be used to
indicate status 1nformat10n, such as channel numbers or time, or
operating ' instructions. '
' - In an OSD arrangement for use in an analog video
signal processing system, the multiplexing network typically
25 operates to switch in levels corresponding to the desired intensity
of respective portions of the graphic image at the time the graphic
image portions are to be displayed. In such an arrangément ‘the
‘graphic image representative signals take the form of timing
pulses which occur when the graphic image portions are to be ,
30 displayed and are used to control the multiplexing network. Such
an analog OSD arrangement can‘"also be used in a digital video
processing system, but requi_'rés- that the video signals be first
converted to analog form. While digital video signal processing
systems typically include a digital-to-analog converter section in
35 which the digital'v'ideo_ signals are converted to analog form, it
may be more cost effective for the OSD arrangement to be




2 |ncorporat ed as an integral part of the digital video processing section.

. The invention concerns a digital OSD arra r
_ d| gi t al WP8¥F63} gnal processing system and especially Oﬂgr'rﬁggsvglgssgq gital

vi deo processing systemin which the digital video signals represent inmge
information in conpressed form Mre specifically the invention concerns an
+0OSD 1 0 arrangenent for a digital video processing system which includes
a source of a sequence of digital wonds representing respective conponents
of a video inmage. The video inmge conponent representative digital words
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the tup pr et CEbr Rudtipft, e’ gEbAE il PeGHPsERd RIS Bedfe oy
vi deo i maglementse andt amay einclude first and second luminance componems .
corresponding to respective ones of the two picture elements, and
-two color difference signals corresponding to each of the two
picture elements. A memory stores :digit'al words representing
20 respective components of a. graphics image. - The graphic image
component represgnt_ative} digital words are organized in groups
corresponding in uncompressed form to respective picture
elements. For example, the groups may include the luminance
and a pair of color difference components corresponding to
25 respective picture elements. ‘A converter converts the graphic
representative image groups stored in the memory to new groups
of graphic image representative groups which are of the same
form as the video image representative groups to make it possible
to multiplex the video image representatwe groups and the
30 graphics image representative groups. For example, the converter
_ produces new graphic representative groups which include first
‘and second luminance components corresponding to .respective .
ones of the two picture elements, and a pair of color difference
. signals corresponding to each of the two picture elements. A
35 multiplexer selects either ones of the video image representative




3 groups or ones of the graphics inmage representative groups to produce a

sequence r i mage representative groups. 5 and
ot her aspe @?’Lsﬂ é?‘&%he i nventi'on will be described with respecg@ogg}ﬁ§§
acconpanying Drawing. In the Drawing: Figure 1 is a block diagramof a
digital satellite television systemincluding a digital signal processing
~section 10 I ncluding a digital OSD arrangenent as an integral part in

accordance with an aspect of the inventgon; Figure 2 is a block diagram
whi ch di scl osed details of the digital vi deo signal processing section of

the digital ﬁiﬁ’f tal OsD

arrangenent ; §ﬂ§ f‘g%?%f IsTa 18&“@@5’%@ fe?}ré:%e%‘fﬁt?\é%v%@gg g%ed in the
OSD arr angerrB'iR %vﬂﬁ jequenge, aesultant tlmgﬁ‘atﬁﬂfﬁ@tﬂﬁl"éwg@@ns syst em shown
in Figurg§ 1, a transm These landethelaras@eégcwtﬁﬁ ﬁﬁ@éﬁtﬁ%ﬁtwm patenna 3, 20

transmts teI evisio ignals inc ng video and | 0 conponents to a
satellite 5 ﬁj?ﬁcéit%?s‘{/] Hﬁoﬁﬁwceak hth(?r &CF‘)"@&P@I‘?gt TaWIRZ-ej ves t he

tel evision signals t r ahs rthet Etatwngr ansmitter 1 and retransmts them
toward the earth. Theg} vso a ite 5 are
recei ved by an antenna gj n% fs Q Etfgﬂ hfaﬁ%ﬁﬁ?f %n‘ﬁgﬁg S%?éﬁ{ﬁ‘tt%nna assenbl y
7 includes atedevision k@Mem@ludllbg\da igitad usignal cprocessiag Sectiont enna 9
direct Sltd"le ﬁﬁllﬁmln%l andsdit12OSD' 28 Eﬁl‘éﬂtfe{so'ihsfﬁt@h}dlt art §® frequency

converter converts the fre glm es of _al ce| ved tel evi-sion

signals to r%‘éﬁ%gﬁp% Vithe an¢ A8PERIN e PR¥eRMABY 30 converter 11 is
often called a "block Fpguterlzefs asbm 'diag?lﬁﬂ’YeWhitH ﬂ‘i’sdclbﬁwwwfﬁfd of

or oduced by BEodiouahgante, s etal, MR GiRE Soatiet, of, ¥ digadl) eialfid 7o °

satel lite retnéemtomSysﬁi'n sisawnl in tEigueeel vihe digital QSBt amgeafeemr ed to
as an "hmdoogpynit” because it is located indoors. Satellite receiver 15
tunes, . - Figure 3 is ‘a block diagram of a converter. used in the
OSD arrangement shown in Figure 2. '
In the satellite television system shown in Flgure 1, a
transmitter 1, with an associated transmitting antenna 3,
20 transmits television signals including video and audio components
~ to a satellite 5 in ‘geosynchronous earth orbit. Satellite 5 receives
the television signals transmitted by transmitter 1 and
retransmits them toward the earth. The television signals
transmitted by satellite 5 are received by an antenna assembly or
25 outdoor unit" 7. Antenna assembly 7 includes a dish-like
antenna 9 and a frequency converter 11. Antenna 9 directs the
television signals transmitted from satellite 5 to frequency
converter 11 which converts the frequencies of all the received
television signals to fesp_ec_tive lower frequencies. Frequency
30 converter 11 is often called a "block converter” since it converts
the frequency band of all of the received television signals as a
block. - . |
The television signals produced by block converter 11
- are coupled via a coaxial cable 13 to a satellite receiver 15.
35 Satellite receiver 15 is.sometimes referred to as an "indoor unit"
because it is located indoors. Satellite receiver 15 tunes,



4 denpdul ates and ot heérwi se processes the received television signal as
W Il be described in detail below to produce video and 5 audio signhals with
a format WOBEEBE2SPAL or SECAM) suitable for processing by RCERS46EI0Nnal
television receiver 17 to which they are coupled. Tel evision receiver 17
produces an image on a display screen 19 in response to the video signals
and an audi bl e response by neans of speakers 2la and 21b in response to the
1 0 audio signals. The satellite tel gvi sion systemshown in Figure 1 is a
digital television satellite systemin which television information is
transm.tteqg in cC ressed formin accordance with a predeternined digital
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code. {P Ckﬁé’ cor.éltzslg/gndi ng to control and other data may also be added the
dat a gt eafdion Sighd EG standard, the video information is transmtted in
the formof a | ThensateHiteYjelevispomeystemdshowncin drigird fleriena edigitahnd V)
conponent s fes seot foabd Sity ' :enc ent may
represent %eﬁgﬂéfﬁggr%%@gebgfﬁm%gf@hﬂgg ?én%fggsrl?ﬁf g?%’u?ﬂééﬁm;ﬁg t he
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' the Motion Pictures Expert Group.. R
| More specifically, within ‘transmitter 1, analog video
signals and analog audio signals are converted to respective digital
20 signals. - The digital video and audio signals are compressed and
encoded ac_cording'to the MPEG compression and encoding -
‘standard. The resultant encoded digital signal has the form of a
series or stream of packets corresponding to respective video and
audio components.. The type of packet is identified by a header
25 code. Packets corresponding to control and other data may also be
added the data stream. ' N |
In the MPEG standard, the video information is transmitted
in the form of a luminance (Y) component and two color difference
(U and V) components. ~ For ‘example, the first color difference
30 component may represent the difference. between the red image
information . and the luminance image information (R-Y) and the
second color difference component may represent the difference
between the blue image information and the luminance image
information (B-Y). In addition, the color information is
35 compressed because the two color difference components
correspond to more than one picture element. The use of color




5 difference conponents and the sharing of the color difference conponents

bet ween pi_¢ enents reduces the transm ssion 5 bandw d
error corr‘gégg’gqu% FEC) data-i's added to the packets in ordgé%ég}’o%
correction of errors due to ndise within the transnission path possible.
The well known Viterbi and:Reed- Sol onon types of forward error correction
coding may both be 1 0 advantageously enployed. .The digital information

resulting fromthe conpression, encoding and error correction operations is
nodul ated on a carrier in what is known in the digital transmssion field
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For examp e, adfintfcos Elﬁgﬁ gﬁgb ?Pt?ﬁ?é amgnowfag?ﬁ&%wﬁ“zﬁ!@g B

Reed- Sol onon_error~ correct n° ] - b
error correcdfBofOBNIESSING, | encodingy and; gTRaTaGOMECtion DpeTations 1501, QPSK

]germdggat or ‘ﬁwa}\ﬁ?d off & 6h£eﬁ(edefnf Wk i“s’i%kdlﬁvﬁ Nyl lﬂllﬁ'@ddi'gitaﬁfun-i t C-gvait | abl e
rom ugnes WOTI K., St e mnt own, r Jom nstream
Corp., San Dr&yBnIssfn ﬁbﬁﬁﬁi as n@‘%&ﬁ@%‘?’%ﬂt P lﬁg&é %?ﬁofémgt)i pl exer

whi ch rout esmoldalatidmo packets of the error corrected signal to a video
bus. acchPding to the rodsoift ReeiRet LE e AGORIEH 13052 b o 16FRE,” °
decoder 150Ps¢ilptorannd wixer a(natnabawa)cfoess selecting the appropriate |
carrier signal form the plurality of signals received from antenna
assembly 7 and for converting the frequency of the selected
carrier to a lower frequency to produce an intermediate -
20 frequency (IF) signal. The IF signal is demodulated by a QPSK
' demodulator 1503 to produce a demodulated digital signal. A FEC
decoder 1505 decodes the error correction data contained in ‘the
demodulated digital signal,” and based on the error correction data
corrects the demodulated packets representing video, audio and
25 other information. For example, FEC decoder 1505 may operate
according to Viterbi and Reed-Solomon error correction algorithms
when Viterbi and Reed-Solomon error correction encoding is
employed in transmitter 1.  Tuner 1501, QPSK demodulator 1503
and -FEC decoder 1505 may be included in a unit available from
30 Hughes Network Systems of Germantown, Maryland or from
~ Comstream Corp., San Diego, California.
- A transport unit 1507 is a demultiplexer which routes
the video packets of the error corrected signal to a video decoder
1509 and the audio packets to an audio decoder 1511 via a data
35 bus according to the header information contained in the packets.
| Video decoder 1509 cooperates with a random access



6 memory (RAM 1513 for exanple, in the formof a dynamc RAM (DRAM, to
decode and deconpress the video packets to forma 5 stream or seguence of
di gi tal Wem®83562&presenting respective |um nance (Y) and TSS9 ence (U,
and V) conmponents. The sequence of video conponent representative digital
words is coupled to a television encoder 1515 which converts the conponent
representative digital words to a sequence of digital 1 0O words
representing lumnance (Y) informatiop and a sequence of digital words
representing chromnance (C) informatfon in accordance with the line and
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respect i v connecti ons. seban og vi deo and audi o ‘
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are coupled to video decoder 1509 to synchronize the component
representative sequence of digital words. The luminance and
chrominance representative digital words are ‘converted to analog
luminance and chrominance signals by respective sectlons of a

20 digital-to- analog converter (DAC) 1517.
Audio decoder 1511 decodes and decompresses the
audio packets and the resultant digital audio signal is converted to
‘a baseband analog audio signal by a DAC 1519. Although only a
single audio channel is indicated in Figure 1, it will be appreciated
25 that in practice one or more additional audio channels, for
example, for stereophonic reproduction, may be provided as is
indicated by speakers 21a and 21b. -
The baseband analog video and audio signals are
_ coupled to television receiver 17 via respective baseband
30 connect_ions.,' The baseband analog video and audio signals are
also coupled to a modulator 1521 which modulates the analog
signals on to a radio frequency (RF) carrier in accordance with a
* conventional television standard such as NTSC, PAL or SECAM for
coupling to the antenna input of a television receiver thhout
35 baseband inputs.




7 A microprocessor 1523 provides frequency selection control data to tuner

1501 for cGoipde&sdsb19 t he operation of tuner 5 1501 t o tunepcingsd8atsso
sel ected by the user. M croprocessor 1523 al so operates interactively with

transport 1507 to affect the routing of data packets. M croprocessor 1523
addi tional |y provides control “data to vi deo decoder 1509 and audi o decoder
1511 via a control bus. 10 Still further, mcroprocessor 1523
generates control data for causing graph?cs I mages, such as al phanuneric
characters and/or pictori al” graphics, for exanple, representing status

i nformati on and oper at | Ag miezoprenassas, 1523 bprevides afeatjuencyc sebecticn of
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decoder 1509%#&@%@#&?%%’%&% i%“%mcﬁggf WM‘\Yy used for

t he decodi ng provides cnqmnﬂsdatactb tvhdaemdbnndut asaachndsaud‘he deceder cs data

I's coupled t &ﬂ.ﬁ via the control bus. As a result of the
shar ed ufg)r o?ls\glgeo deco ebllg’%g and associ ated vi deo RAM 1513, a separate

OSD 25 rangenent | Sul t furthesd. mivsoprocessort h528speneratagecentrohi | | be
described wi tduthesHeCaulsth ’pﬂn‘?s MRR, darhdals &@%dnﬁgéﬁﬁ%ﬂ%ﬁ@& ina
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map or "bit map" of the graphic image.
Advantageously, the remaining portion of the on
screen display (OSD) arrangement is integrally incorporated in
20 video decoder 1509 and associated video RAM 1513, which are
primarily used for the decoding and decompression of the video
data packets. The graphics data is coupled to video decoder 1509
via the control bus. As a result of the shared use of video decoder
1509 and associated video RAM 1513, a separate OSD
25 arrangement is not needed. Details of the OSD arrangement will
be described with respect to Figure 2.
Video decoder 1509 is incorporated in a single
integrated circuit (IC). Similar video decoding and decompression
ICs, with the exception of the OSD provisions to be described
30 below, are commercially available. For example, a MPEG decoding
and decompression IC, identified by part number ST3240, is
available from SGS Thomson, of France. While the details of the
portions of video decoder 1509 concerned with the decoding and
decompression of the video data packets is not necessary to
35 understanding the OSD provisions, the following brief description
of those portions is helpful.



of those portions is helpful. 8 Video decoder 1509 includes a FlI FO
(first in, first out) buffer nmenory 1509-1 which receives_video data
packets S¥O®5/3562%mnd in relatively small segnents from tFSAESEIEH507 and
whi ch couples themin relatively |arger segnents via a nenory controller
1509-3 to a section 1513-1 of RAM 1513 reserved for decodi ng and
deconpression. Video RAM 1513 is addressed under the control of nenory
controller 1509-3. Decoding and 10 d§ onpressi on section 1513-1 of RAM
1513 includes a rate buffer section 151
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i s organi zedmponent representative digital words (Y, U For this

purpose, video display unit 1509-5 requests data from decoding

and decompression section 1513-1 of video RAM 1513 via

memory controller 1509-3 as required. The generation of the
20 component representative digital words is synchronized with the

field (V), line (H) and pixel (PC) rate signals generated by

~television signal encoder 1515. Control data generated by

microprocessor 1523 is received by a mxcropro'ceSsof interface

unit 1509-7 and coupled to various portions of video decoder
25 1509 via an internal control bus.

The number of bits contained in the video image
component representative digital words determine the number of
possible levels and thereby the resolution of the respective

- components. For n-bit words there are 20 possible levels
30 . corresponding to the 20 possible binary states. By way of
example, in the present embodiment, the video image component
representative word contain eight bits and therefore each
component can  have _28 or 256 pos's'ible levels. The sequence of
video image 'comp'oneht representative digital words is organized
35 in groups of components in which each group corresponds to
plurality of pixels in subsampled or compressed form. More

3-1-3 for storing the received video



35 in groups of conponents in which each group corresponds to pIurallty of

pi xel s |n‘§ §§,§§£9% ed or corrpressed form Mre - 9 Specifi Gigpifsosiobsshne
present enbodr men the video. i nmage representative groups correspong to two

" pi xels, each of mhlch 5 includes a first |uninance representative digital
word (Y 1) corresponding to a first pixel, a second | um nance
representative digital word [err]-corresponding to a second pi xel, and a
single pair of color difference represénhtative digital words [err] and
[err] corresponding to each'of the first and second pixels. This has 1 0

]lc)eelndrefTﬁrrsqbecmmlﬁ i the2' pré@éﬂtabmb?dlhibrdl Q:hbalvadﬁieﬁnﬁ ggynal prloces_si ng
ie e 0 e col.or, di en nal s

rel ates §E€P#%gdéi%até°®§gg§§§§ ﬁn%ﬁ Hwo%cR}Fglﬁ ne?ﬁk fa‘ﬁé‘rﬁ ter 1 for
t he pur p%se ineludegyai figst Haminaneer represensative: digital mord (Yddifically, the
transmtted c'o?%@oﬁdﬁ] d@t 3 'f?rs?rﬁﬂdylz%fi dekoBaius nm\n}eﬁ ¢ n]%at(? § or mat

i n which th r ntative corres our.*prxels 1 n_ which
there are f W'éﬁ(,(?ze)eﬁpg?éﬂf’%\&% QA ﬁcgﬁar@é‘ﬁbnépﬂgat%ngbs Pt i ve
ones of fourfpcskirs daffdrencu rtgptesamzru\ié dlgit@l ﬁb‘i’dﬂ PQ faﬁﬂerie@) ative
words corre grdl n ach é’& ﬁ_&fsur o] ,E h
representati 6?8 E t SP Rléﬁ hig has groups by
i nter pol Qt i dueewl tdferredl d@cnsdlast%;ZUrﬁdmia‘iOﬁr Fhe Adigbrah Iﬂdeosei n@ﬁl 4:4) of
conponent s | r n | evi si on

Si gﬁal enco %ilgg pfﬁéﬁ The 89&&%%[1%@ %D%Sﬁér%%#f%gf% ﬁ'& | ‘E’oder 1509
i ncl udes an grm ségrals relateso tonthe) image:rdatescoimpressionSwhiekt i on
1513-3 of Vigdegre Al :ﬂé%ﬁansﬂﬂﬁrgqam %ergafﬁ&%nto?tf dudihp P oener ated

by m croprocessor, IS cou a mcr 0Cessor | ace unit 1509-7

and nenory CEARSTRYSS 'ém oansivel ofg speek m% b5 the stransmited 1 5mage or
st or agel 5 Fodaemdb piganizedf ihhehat sighkfiowmmas 4120 eforfnat i Gvhizh YR d

ol or 1 apr o uRgE: réiresfhial bHE oFEiSRORE Thofue ikefs far kol or o

each pixel ¢here are four luminance representative words corresponding to
respective ones of four pixels and a single pair of color difference
representative words correspondiﬂg to each of the four pixels.

20 The 4:2:0 image representative groups are converted to 4:2:2
image representative groups by interpolation within video display
unit 1509-5. A complete set (4:4:4) of components for each pixel
is produced by interpolation within television signal encoder
1515. |

25 The OSD portion of video decoder 1509 includes an
OSD controller 1509-9 whlch cooperates with an OSD section
1513-3 of video RAM 1513 The graphlcs representative bit map
generated by microprocessor 1523 is coupled via microprocessor
interface unit 1509-7 and memory controller 1509-3 to OSD

30 section 1513-3 of RAM 1513 for storage. For each pixel of the
graphic image there is a dlgxtal word representing a color for that
pixel. The number of bi_ts contained in the color representative
digital words determines _how many different colors each pixel can
have. If the color representative words contain n bits, then each

35 pixel can have any one of 2D colors corresponding to the 20
possible binary states of the n-bit color word. By way of example,



have. If the color representative words contain n bits, then each 35 pixel
can have any one of 2n colors corresponding to the [err] possi bl e binary

st at es ofvotdsssezsbit col or word. By way of exanpl e, 10 PGI/USHS/OPRSBS ent
enbodi nent, the color representative words contain two bits. Accordingly,
each graphics pi xel can have any 5 one of four colors corresponding to the
four possible binary states (00, 01, 10, and 11) of the two-bit color wor d.
The pixel color information is orgaqdzed in a conponent formin which for
each color word there is a unique group of conponent representative digital

wor ds. The co onents are selected to-be the same as.the -1 0 conponents
used for tiRethe JREGHRERS; embodimento thea 10T, TEPFRSENEMIVEaMOTYS | uni nance (V)

and a pai rcoptainokwo dit‘sfermalﬁglgnédachUgm}ﬂ\M piXBE capl daveom f the same
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-.grap e COo nent re resentatrv are LI an mtte to and stored
osbgseé% oS X8BIPIE S 18¢ th&\prpgggt em dlment which utilizes two-bit .
color words, the following relationship between the color
representative digital words and the groups of component

represematxve dlgltal words exlts
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The actual color (represented by the subscripts A, B, C

or D in the table) of a graphics pixel depends on the value
represented by component representative digital words of the
respective group. By way of example, in the present | embodiment,

25 the graphic image component representative words each contain
four bits. Four-bit component representative words provide 16
possible levels for each component. The four blts represent the
most significant bits of an elght-blt ‘word which is eventually

_ formed by OSD display unit 1509-9, as will be described below.

30 - The graphic image component representative words

are transmitted to and stored in OSD section 1513-3 of RAM 1513



1 1 from m croprocessor 1523 in conponent groups as is indicated in the

table in %e’shgéﬁ] of a header: for. the bit map. |n the presepynR9sin6sso
enbodi ment’,” i ch each graphic i mage conponent representative digital

word contains four bits, each group includes 12 bits. The colors of a
graphi cs i mage may be changed by changing the four bits of one of nore
conponent representing words of the header, depending on the nature of the
graphics 1 0 image to be displayed. ©O3D display unit 1509-9 causes the bit
map to be read out from OSD section 1513-3 of RAM 1513, and converts the
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words by si Eﬁiﬂgiﬂ dighg fdi#r bisNaf Yon®Sof %ﬁoﬁé.‘%drﬂﬁéﬁeﬁp‘l‘é ®seftihgcant bits
to the four-bit dE. The, generatign of t;}gla gra_g | C nﬁl e conpohent
represent at mdﬂiﬁftt ¢ hep vbﬁeﬂﬂ}f){-lﬂgsﬂpa ¢irhatunes f. ghe sgraphics |
synchr?r%zgﬁn?'g'éhtc; sz fdisplayed) . 1ine 25 (5H) and p: xel (PC)- ratﬁ Si _ggal's '
generated by televisi I ghak_.enc : ear]i e vi deo

i mage conponent repre a&sﬂaygr gfsg@gér ﬁ?é%sb&%ibgédﬂgﬁra@e b&i g‘fiﬁiy uni t .
1509-5 repr ovtdromi O8Di seogion A5d3rdt oHRAM al ddypand ssomveotsntlen color whi ch
for every t ' s th rea .t e t] u m esentative

wor ds and oﬁ%r%glél?ﬂaglfkcﬁ@rr@cﬁ{f g?%lﬁlcéﬂér%gp%?gﬁtglve \%lraglg in a so-called
4:2: 2 for ma€OMPONERL aPTEseHative gfaup from ctherdipadesnpdemithisepr esent ati ve

3 o0p 15 L Qb ik 100 BN, o 055 oS
unconpr esseélsrg?:*n_‘flﬂ RRIBATY £O ‘élrlgr g@%’?’xﬁ ?q%}igecﬁsngﬁ%ce, in' the
- present embodiment the graphic image component representative
words contain only' four bits while the video image representative
words contain eight bits, OSD display unit 1509-9 converts the
20 four-bit graphic image component representative words to eight- -
bit words by-simply adding four binary "Os" as the least four
significant bits to the four-bit words. The generation of the
graphic image component representative digital words by OSD
display unit 1509-9 is also synchronized with the field (V), line
25 (H) and pixel (PC) rate signals generated by television signal
encoder 1515. | ' | ' '
 As earlier noted, the video image component
representative groups generated by video image display unit
1509-5 represent video image -information in a compressed form
30 in which for every two pixels there are two respective luminance
' representative words and one pair of color difference
representative ‘words in a so-called 4:2:2 format. On the other
* hand, the graphic image component representative groups stored
in OSD section 1513-3 of RAM 1513 and generated by OSD display
35 unit 1509-9 represent graphics image information in an
uncompressed form in which for e.very' one pixel there is one



12 | um nance representative word and one pair of color difference
representative words (or for every two pixels there are twg 5 respective
| um nancWor3s@s@Sent ati ve words and two respective pairs oPCHTPBYORK f er ence |
representative words). The l'atter unconpressed format has becone known as
the "4:4:4" format in the digital video signal processing field. The 4:4:4
graphi cs i nage sequence is desirable since it allows as many col ors as '
possible to 1 0 be defined with a g{yen nunber of bits because it provides
for a unique | um nance conponent and two uni que col or difference conponents

for ‘a uniq _ ni que col or dif coror
ot corpatBreaieepraRsEip RS i dhel hif 8P Vool TRARARRETICG )
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and a nmultiple ects the appropriate_conponent

Xer

. repr esent Aigaenduminance; &RIBAEBERt A HIQ: wnigued color differened- 11-1 at
the out putcdrip8nentst fors edeRi pikel Cof phphies. NUISwever, fhiet:4440r Geaphief

gr aphic |rta'8ae representative, co oneBlt&s per i ngﬁg an,even. nunber because
two of thdMAgS SeAPENcE is,ngt Fomaaible Witheths: did2 YideO, AR pr oduce
each new sequehce hand: candoyr beptveadilyageultipdexed withl it thiesoowspts sequence
is sh being,.. .48 _ 2 first 1 um nance (Y) conponent for
a fi rg?np?i?(lgPﬁoF g#ﬁ%@géﬂghﬁwggﬁo‘ﬁﬁ%ference conponent (U f.or
each of the 3 5 twolgiselve this prebleondvidsodegioderr LR inglydesean (V) for

- each of theSDWdtivertet: 1309-F1 SREOBENVErHinpANAE §AMOSEderdce’ usbg fgcond
the graphic image components to the 4:2:2 sequence used for the
video image components. - As is pictorially indicated in Figure 2,

20 for every two graphics pixels, converter 1509-11 selects the pair
of color difference components for the first pixel and deletes the
pair for the second pixel. As shown in as shown in Figure 3, OSD

- converter 1509-11 may comprise a latch 1509-11-1 for storing
. two groups of graphic image component representative words,

25 and a multiplexer 1509-11-3 which selects the appropriate

component representative words in sequence from those stored in
" latch 1509-11-1 at the output rate. It is desirable that the
number of . 4:4:4 groups of graphic image representative
components per line be an even number because two of the

30 original 4:4:4 graphic image groups are used to produce each new
one of the 4:2:2 graphic image groups. '

| While the output sequence is shown as being, in the
order named, a first luminance (Y) component for a first pixel of
two pixels, a first color difference component (U) for each of the

35 two pixels and a second color difference component (V) for each of
the two pixels, and a second luminance component for the second



1 3 of the two pixels, other output sequences may be used. For exanple, the

out put se @S/?sdi?y be, in the order naned, a first 5 col opcrlu§dsnesssoce
conmponent %) or each of the:two pixels, a first lum nance (Y) conponent

for a first pixel of two pixels, a second col or difference conponent (V)
for each of the two pixels, and a second | um nance conponent .for the second
of the two pixels. An output nultiplexer 1509-13 sel ects either groups 1 0
of video inmage conponent representatlvb wor ds provi ded by *¥i*deo di spl ay
unit 1509-5 or groups of graphic.inage conponent tepresentative words

provi ded by ¢Bkhe otwer piaels] Sothet loutpaer sequencesitmay bé w3ed. di ot ay unit
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a video image corre ding to saild, a vide nlzed I n
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15 video image groups. In a graphlc image only mode of operation,
output multxplexer 1509-13 -selects only the graphic image
groups. In a "superimpose” mode of operation, in which the
graphic image is inserted within a video image, output multiplexer
1509-13 selects either the video image groups or the graphic

20 image groups on a pixel by pixel basis. The 4:2:2 output sequence
of component representative words produced by output
multiplexer 1509-13 is coupled to television signal encoder 1515.



el enents, a .second | um nance conponent (Y2) corresponding to a second

pi cture eI enent of said two pITblE acedand two col or_difference
conmponen 95356251, U2, \2) corr IE ch 15 of sai BCTREPHPur e

el ements; a menory (1513) for nce of dirgital words

repr esentf tye onents of a graphlcs | mage and organi zed in
repetiti Tgr%@hi%%rm&m&wg‘oups each of sai d*graphics |mige gI’OUpb -
correspondi ng t%"&ﬁékpl ct urg el ement 1 #nd 20 incl udl onent
(Y) and two grite e corrponents (U,V) corre m @."E cture
y vert| ng

el enent; a converter (1509 11) coupmﬁzal d nmenor
respective pairs of sequential grap ge groups stored in sald menory

(1513) to new graphic image groups; each 25 of said hew graphics inmge

groupsscorrespondi ng; togpép)drr?tel%t %?ﬁiﬁﬁﬁn“?me' Bf dflgitﬂg Jidetst

| um nance 9 onent I st pict rrent of said
two picturd)e %ﬁ?%tm& %%%IGSdVI‘ nd88a scdﬂpﬁﬂmei ferm; esponding to a

second picture el errmtdabdeal(dso&) forc ipfoduét nanBSquam tofodiitaiol or
di fference ¢ onent s

‘)1 correspo r}g ach, of said picture
el ements; SRtEH FHRFYSSH e?ﬂ%"‘oté 330?‘385?9&%90 s&i (Y‘g Ut *8Bge groups and
said new grm’p&npmdmggm gardjmaiogl videposignad and corgamized liar (1523) which
is al c 0 o] r f ectlng
e.the?gsa?éB gnvE Iv%&éd’ 1???:[(%r Zgrﬁﬂﬂs 4 d%‘@kgotgse t8 E%ﬁ 5, 9grtal gi’atcﬁs S oduce a
sequence cﬁachegﬁ|wdt vndmgemwmmmsp le;gomogwowwum sai d

resul tant dlmmgraawoanemnﬁgpanﬁlrm 1hm1hhﬁ§td6rﬁp6ﬁﬁﬂ€l@1¥§ yand including N
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color difference components (U1,V1,U2, Vz) correspondmg to each ’
of said two picture elements; o
a memory (1513) for stormg ‘a sequence of dlgxtal
words representing respective components of a graphics image
20 and organized in repetitive graphics image groups; each of said
graphics image groups corresponding to one picture element and
including a luminance component (Y) and two color difference
components (U,V) corresponding to said picture element; |
~a converter (1509-11) coupled to said memory (1513)
25 for converting respective pairs of sequential graphics image
groups stored in said memory (1513) to new graphic image
groups; each of said new graphics image groups corresponding to
two picture elements and including a first luminance component
(Y1) corresponding to a first picture element of said two picture
30 elements, a second luminance -component (Y2) corresponding to a
second picture element of said two picture elements, and two
color difference components (U1,V1,U2,V2) corresponding to each
of said picture elements; and '
a mulnplexer (1509-13) responswe to said video
35 image groups and to said new graphics image groups for selecting
either said video image groups or said graphics image groups to




i'mage groups for producing a sequence of output image groups in 1 0 which
respecti vey@gas@k said resultant inage groups have been COP&‘%E@%&&
respective_palrs output inage groups; eachref @&a,[d pa| rs. of

groups corresponding to one picture el emen T}Q;g;f_;:_r sgc”

n Replaced -
i mage group itrst | um nancg com@mb g sal

di fference jﬂlulwlmullwﬂlla respective oh&s '5] ”mm
groups; a second ote 8f ¥ai'd output inh§e groups |ncI udi ng sal

| umi nance conponent and said two col or difference conponents of sal d

respective opreodaicesai sequendet afit rdsmmetgnmngs grofips; each3of Téwtdappar at us

for convert aultasy Iagd %’d‘ﬁ?" $oritipoliding) i 't“h%sﬁﬁiﬁf%seﬁgﬁﬁ?{&%e g
vi deo si §na| “%@rgeﬁt irspjuminange - q‘h@P&BBB? ls) rc@é’rQS@@ndmg:Ital o1,

wherein: a fifs pifturel dleiihtcof Naid! f6 rfm&ec@meﬁfg Sa 3\4& [ epresents
t he di fferenﬁﬁnbet ween the resp ce conponént and first
o]

primary col ey Sompopgt z@?d) F\?H%BPB Ing PepeROMDLRIBRL s (U2, V2)
represents télemstf efemnd &vﬁ pisturerelehents;sandt tWQ bumrnamereﬁwéponent

herein: o SPpRREAR YUENY Uiz, VAT CoreebBnBNFE 1B Uik S48, Wl “coup

with sal® dep,mure(ﬁtﬂmmtﬁ 6. Apparatus conpri si ng a source of a sequence
of digital words representing respective conmponents (Y, U, ?1/) ?f a \d/| deg -
i mge and organi zed in repetitive video inmage groups; each of said video

i mage groups 1 0 cor r e3poridien@pparatup ecitedr in e¢laimnd s funthernincluding: a

first l'um nance conpongnéecond) c@ﬁ%ﬁ%?oféigﬁﬁsf\/é o §4idl s f&\;{%ﬁ!&@ St ement of

nce conponent correspondi n
f g'g ts‘ggoﬁ:jcfﬁggﬁap&aeﬁmmSrﬁr%gf)gcgqrd producing a sequence of output xmagpe J
.15 groups in which respective ones of said resultant image groups

have been converted to respective pairs output image groups;
each of said pairs of output image groups corresponding to one
picture element; a first one of said output image groups including
said first luminance component and said two color difference

20 components of a respective one of said resultant image groups; a
second one of said output image groups including said second
luminance component and said two color difference components of
said respective one of said resultant image groups.-

25 3. The apparétus recited in claim 2, further including:

- a digital to analog converter (1517) for converting said

sequence of output signal groups to respectlve analog video signal
components. : -

30 - 4. The apparatus recited in claim 1, wherein:
' a first of said .two color difference components (U1, V1)
represents the difference between the respective luminance
component (Y1) and first primary color; and a second of said two
color difference components (U2,V2) represents the difference
35 ©between the respective luminance component (Y2) and second
primary color.
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sequencs OfwgUpRiturd "B MeHIS'ihd two color difference components
- (U1,v 1,U2,V2) corresponding to each of said two picture elements; )
a memory (1513) for storing a sequence of digital
words representing respective components (Y,U,V) of a graphics
image and organized in repetitive graphics image groups; each of
20 said graphics image groups corresponding to- one picture element
and including a luminance component (Y) and two color difference
'components corresponding to said picture element;
. a converter (1509-11) coupled to ‘said memory (1513)
for converting respective pairs of sequential graphics image
25 groups stored in said memory to new graphic image groups; each
of said new graphics image groups corresponding to two picture
e_lementS and including a first luminance component (Y1)
corresponding to a first picture element of said two picture
elements, a second luminance component (Y2) corresponding to a
30 second picture element of said two picture elements, and two
color difference components (U1,V1,U2,V2) correspondmg to each
of said two picture elements; and
a multiplexer (1509-13) responsive to said video
image groups and to said new graphics image groups for selecting
35 either said video image groups or said graphics image groups to
produce a sequence of resultant image groups; each of said
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repetitile video i mage groups; each of said video i nage groups

corresponding to a nurmber fyo ‘irittﬁimr&if'ed q%yﬂa%u%esﬁgﬁgﬁnm‘?a&ﬂ‘g

i ncl uding a nunmber N of "l um na s conp corré

respective ones of said Wqﬂllﬁ MVGFT@NEFES:PO@ISWQVW §%1dorseﬂl-l¢ﬁ@¢ ePfce
conmponents (tdsMltan®’ iks St Por d%i:l;ég eHcE' of %lﬁgﬁlteﬁﬁﬁ'gé a
menory (1513) for. storl uenc of di s re tin
fespect | ve o An Wi @sg FIES Pt eoth 18I 15 3M 3R SFiARCS EIOHBS ve

gr aphi c4 5 nehaverbess; coanartef  toairdspective pairs output image groups;

each of said pairs of output image groups corresponding to one
picture element; a first one of said output image groups including
said first luminance component (Y1) and said two color difference
components (U1,V1) of a respective one of said resultant image

20 groups; a second one of said output image groups including said
second luminance component (Y2) and said two color difference
components (U2,V2) of said respective -one of said resultant image
groups.

25 8. The apparatus recited in claim 7, further including:
~ a digital to analog converter (1517) for converting said
sequence of output signal groups (Y,C) to respectlve analog video
signal components..

30 9. The apparatus reclted in clalm 6, wherein:

a fll’St of said two.color difference components (U1,V1)
represents the difference between the respective luminance
component (Y1) and first primary color; and a second of said two

~ color difference components (U2,V2) represents the difference
35 between the respective luminance component (Y2) and second
primary color.
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components (Y) correspondmg to respective ones of said N picture
10 elements and two color difference components (U,V)
corresponding to each of said N picture elements;

a memory (1513) for storing' a sequence of digital
words representing respective components of a graphics image '
and organized in repetitive graphics image groups; each of said -

‘15 graphics image groups corresponding to one picture element and
including a luminance component and two color difference
components corresponding to said picture element;

a converter (1509-11) coupled to said ‘memory for
converting respective ones of said graphics image groups stored in

20 said memory to new graphic image groups; each of said new
graphics image groups corresponding to N picture elements and
including N luminance components (Y) corresponding to respective
ones of said N picture elements and two color difference
components (U,V) corresponding to each of said N picture

25 elements; and -

a multiplexer (1509-13) responswe to said v1deo
image groups and to said new graphics image groups for selecting
either said video image groups or said graphics image groups to
produce a sequence of resultant image groups; each of said

30 resultant image groups corresponding to N picture elements and
including N luminance components (Y) correspondmg to respecnve
ones of said N picture elements and two color difference -
components (U,V) corresponding to each of saxd N picture
‘elements.
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