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15 displayed on the screen of a picture reproduction device either in
place of the image represented by the video signals or together
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of alphanumeric symbols or pictorial graphics, and can be used to
indicate status information, such as channel numbers or time, or
20 operating instructions.

In an OSD arrangement for use in an analog video Signal
processing system, the multiplexing network typically operates to
switch in levels corresponding to the desired intensity of
respective portions of  the graphic image at the time the graphic

25 image portions are to be displayed. In such an arrangement the
graphic image representative signals take the form of timing
pulses which occur when the graphic image portions are to be
displayed and are used to control the multiplexing network. Such
an analog OSD arrangement can also be used in a digital video

30 processing system, but requires 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
which the digital video signals are converted to analog form, it
may be more cost effective for the OSD arrangement to be

35 incorporated as an integral part of the: digital video processing
section. |
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on-screen dlsplay (OSD) unit' which converts a - graphics bit map

stored which is advantageous also stored the video" memory to ‘
groups of graphic image representative digital words. The image '
representative digital words and the graphic representative

15 digital words are multlplexed together under the control of the
OSD display unit. : : - '

These and other aspects of the invention will be described
with respect to the accompanying Drawrng ' |
- In the Drawing: - B

20 Figure 1 is a block diagram of a digital satellite television
system including a digital signal processing section including a
digital OSD arrangement as an integral part in accordance with an
aspect of the invention; -

Figure 2 is a block diagram which disclosed details of the

25 digital video signal processing section of the digital satellite
television system- shown in Figure 1 the digital' OSD' arrangement;'
and : : :

Figure 3 is a block diagram of a converter used in the OSD
arrangement shown in Figure 2. ' ' '

30 In the satellite television system shown in Figure 1, a
transmitter 1, with an associated transmitting antenna 3,
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

35 retransmits them toward the earth. The television signals
transmitted by satellite 5 are received by an antenna assembly or -



with respect to the acconpanying Drawing. In the Draw ng: 20 Figure 1
i s a bl oclyqdsAgeram of a digital satellite tel evi si on syst epcirRgbsielissg a
digital signal processing section including a digital OSD arrangenent as an
integral part in accordance-with an aspect of the invention; Figure 2 is a
bl ock di agram whi ch disclosed details of the 2 5 digital video signal
processing section of the digital satejlite television systemshown in

Figure 1 th di f
Cooue, . ool B0 SRR s et ca oo poram o @
satel lite tentonng On apgsaefreguennyi aofveger L. aAmanaan 9t directs wheh an
associ at ed Eé&epgﬂ,ﬂt kfrgla@tﬁ'ﬁﬁﬁn?’eteﬂr gﬁcnﬂee\g s[borf ‘m I ncl udi ng
video and audio co a satell chro

ous eart orbit.

e
~satellite SCPRERHGEAL | hEbIQ EANSERTS sﬂ'@n equeRgis ot 1 al E‘thﬁﬁﬁb‘fﬁ ter 1
and 3:; r§ttelesision ﬁigﬁms tt@/vaedpédmeealbmr frdtueneieyi SIR?Bqﬁbe
gg?gggzgt CdoBaverhr' 11 4§ ofiBhCcAES’ & “b18k Corfier er}g‘gs,;%ggggbﬁégging

"out door unthe' frequentyerandasf eaibl ¢f The nredceiteetd aeltivisioni kignals easna 9 and a
frequency CB?é‘gEter 11. Antenna 9 directs the tel evision signals
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frequency @s coupledIVEd @ coaxial cable 13 to a satellite receiver 15. Satellite

receiver 15 is sometimes referred to as an "indoor unit" because it
is located indoors. Satellite receiver 15 tunes, demodulates and
otherwise processes the received television signal as will be
described in detail below to produce video and audio signals with

15 a format (NTSC, PAL or SECAM) suitable for processing by a
conventional television receiver 17 to which they are 'coupled.
Television receiver 17 produces an image on a display screen 19
in response to the video signals and an audible response by means
of speakers 21a and 21b in response to the audio signals.

20 - The satellite television system shown in Figure 1 is a digital

~ television satellite system in which television information is
transmitted in compressed form in accordance with a |
predetermined digital compression standard such as MPEG. MPEG
is an international standard for the coded representation of

25 moving pictures and associated audio information developed by
the Motion Pictures Expert Group. - '

- More specifically, w1th1n transmitter 1, analog video
signals and analog - audio sxgnals are converted to respective digital
signals. The digital video and audio signals are compressed and

30 encoded according 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
code. Packets corresponding ‘to control and other data may also be

35 added the data stream. ' |
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Forward error correction (FEC) data is added to the packets

15 in order make the correction of errors due to noise -within the
transmission path possible. The well known Viterbi and Reed-
Solomon types of forward error correction coding may both be
advamégeo_uSly employed. The digital information resulting from
the compression, encoding and error correction ‘operations is

20 modulated on a carrier in what is known in the digital
transmission field as QPSK (Quaternary Phase Shift Keying)
modulation.

Sa_tellite' receiver 15 includes a tuner 1501 with a local
oscillator and mixer (not shown) for selecting the appropriate

25 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
frequency (IF) signal. The IF signal is demodulated by a QPSK
demodulator 1503 to produce a demodulated digital signal. A FBC

30 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
other information. For example, FEC decoder 1505 may operate
according to Viterbi and Reed-Solomon error correction algorithms

35 when Viterbi and Reed-Solomon error correction encoding is
employed in transmitter 1. Tuner 1501, QPSK demodulator 1503
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10 (DRAM), to decode and decompress the video packets to form a = -
stream or sequence of digital words representing respectlve
luminance (Y) and color difference (U and V) components. The
sequence of video component representative digital words is
coupled to a television encoder 1515 which converts the

15 component representative digital words to a sequence of digital
words representing luminance (Y) information and a sequence of
digital words representing chrominance (C) information in
accordance with the line and field raster scanning format of ‘a-
conventional television standard such a NTSC, PAL or SECAM. .

20 Television signal encoder 1515 generates line (H) and field (V)
rate signals and a picture element (pixel) clock signal (P) which
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

25 luminance and chrominance signals by respective sections of a
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

30 single audio channel is -indicated in Figure 1, it will be appreciated
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

35 coupled to television receiver 17 via respective baseband

connections. The baseband analog video and audio signals are
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respect i veprovides control data to vrdeo decoder 1509 and audio decoder _
1511 via a control bus. ' ‘
Still further, microprocessor 1523 generates control
data for causing graphics images, such as alphanumeric characters
15 and/or pictorial gr-aphics, for -example, representing status
information and operating instructions, to be displayed on screen
19 of television receiver 17. The graphics data specifies the color
and position of each picture element (pixel) of the graphics which
are to be dlsplayed The graphics data represents a prxel by plxel
20 map or "bit map” of the graphic image.
Advantageously, the remaining portion of the on
screen display (OSD) arrangement is integrally incorporated in
video decoder 1509 and associated vidleo RAM 1513, which are
primarily used for the decoding and decompression of the video
25 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
arrangement is not needed. Details of the OSD arrangement will -
be described with respect to Figure 2. '
30 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
below, are commercially available. For example, a MPEG decoding
and decompression IC, identified by part number ST3240, is
35 available from SGS Thomson, of France. While the details of the
~ portions of video decoder 1509 concerned with the decoding and




| um nance (Y) and color difference (U and V) conponents. The sequence of

vi deo conppResietepresentative digital words is coupl ed toprerusésnessi on
encoder 1515 which converts the 1 5 conponent representative digital words
to a sequence of digital .words representing |um nance (Y) information and a
sequence of digital words representing chrom nance (C) information in
accordance with the line and field raster scanning format of a conventi onal

tel evioi on aéasifiprélsRic o T ShacBeai SRR 1§0n$ﬁ|@6e§k ghgnal encoder
1515 generate I|ne g (I\% rate SI Is and ture el enent
(pivel) ol CURIGSHGINE PRGOS devitigntedhEotoioustEceaab dassoptian
Isynchronl zeofjhhgs@rmnmns iepdredpfult ative sequ;anf:e of ddl gi taI wor ds. The

um nance and chromn r g n e, CO,

anal og 25 | um nance aﬁgg%r oﬁgﬁcfeﬁiﬁ ﬁgﬂL&S g g@ fﬁ&é c{ii[sg é{i@f a

di.gital -td- bhﬁfbbgmﬁmméfrt -mA@s)hlsblrecmasovuhmmtalpn etscofes and

- deconpress S nal is
converted t%e'ga asgﬁ afi(%F’(t)gs‘gu e |gna E&% %ﬁ&%k&gh qﬁ"?h@lﬁgh only a
30 single aWdieh them i delasively r@&resqgmpmwm BeMEMPRLi at ed

t hat Inhpra@émeuegelsw-svw acgbotiomA513:41 of RAMCIS13I eesceveapiar for
stereopnoni renr oauctl! Qn nm e roygL.ae S cat e speakers a
and 21b. TracdsinBaARd fSsorBtrSioRand idee; KaM A i adartsefiod” o

tel evisib0 under the dontroh ofe smembry ecamtseliend 50%8ect Devsdinghandaseband
anal og vi de ﬁ&ﬂp?é&gi@n iU 1313-1 of RANP1%48 includes a rate buffer
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section 1513-1-3 for storing the received video data packets and

a frame store section 1513-1-2 for storing frames of video
information during the decoding and decompression operatiori. A

15 video image display unit 1509-5 decodes and decompresses the
stored video data packets to form the sequence of video image
component representative digital: words (Y, U, V). For this
purpose, video display unit 1509-5 requests data from decoding
and decompression section 1513-1 of video RAM 1513 via

20 memory controller 1509-3 as required. The generation of the
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 microprocessor interface

25 unit 1509-7 and coupled to various portions of video decoder
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

30 components. For n-bit words there are 20 possible levels
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 possible levels. The sequence of

35 video image component representative digital words is organized
in groups of components in which each group corresponds to
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transmission bandwidth. More speclflcally, ‘the - transmitted image

~ darta is organized in what is known as 4:2:0 format in which the

15 image representative words correspond to’ foui_’-'pi'xelS in which
there are four luminance representative words corresponding to
respective ones. of four pixels and a single pair of color difference
representative words. corresponding to each of the four pixels.
The 4:2:0 image representative groups are converted to 4:2:2

20 image representative groups by interpolation within video display
unit 1509-5. A complete set (4:4:4) of coniponems for each pixel
is produced by 1nterpolat10n within television signal encoder
1518.

The OSD .portion_of video decoder 1509 includes an 'osn

25 controller 1509-9 which . cooperates with an OSD section 1513-3 of
video RAM 1513. The graphics representative bit map generated
by microprocessor 1523 is coupled via microprocessor interface
unit 1509-7 and memory controller 1509-3 to OSD section 1513-3
of RAM 1513 for storage. For each pixel of the graphic image

30 there is a digital word representing a color for that pixel. The
number of bits contained in the color: representaﬁve digital words
determines how many different colors each pixel can have.  If the
color representative words contain n bits, then each pixel can
have any one of 20 colors corresponding to the 2" possible binary.

35 states of the n-bit color word. By way of example, in the present
embodiment, the color representative words contain two bits.
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t he decodi nsedeatiorcofthessame cpmponients fon videoviimhages nand giaphics/ uni t
1509-5 quQOi?ﬁaoggdsﬂﬂgﬁmse&%%Shﬁ at A gemindtRcdade iPAVGIUS e el the
sequence of VI d€0 i nage .

for conversion from one set of components to another. For

example, in the present embodiment which utilizes two-bit color

words, the following relationship between the color representative

digital words and the groups of component representative digital

15 words exits:

20 10 | Yc, Uc. Ve

11 o | YD, UD, VD

The actual color (represented by the subscripts A, B, C or D
in the table) of a graphics pixel depends on the value represented
25 by component representative digital words of the respective
group. By way of example, in the present embodiment, the
gfaphic image component representative words each contain four
bits. Four-bit component representative words provide 16
possible levels for each component. The four bits represent the
30 most significant bits of an eight-bit word which is eventually-
formed by OSD display unit 1509-9, as will be described below.
The graphic image component representative words are
transmitted to and stored in OSD section 1513-3 of RAM 1513
from microprocessor 1523 in component groups as is indicated in
35 the table in the form of a header for the bit map. In the present
embodiment, in which each graphic image component



conponent representative digital words (Y, U V). For this purpose, video
di splay unit 1509-5 requests data from decoding and deco sectlon
1513-1 YOWIE¥ RAM 1513 via 20 nmenory control | er 1509- S%ﬁﬁgﬂﬁg?ed The
generation of the conmponent representative digital words is synchronized
with the field (V), line (H and pixel (PC) rate signals generated by

tel evi sion signal encoder 1515. Co td data generated by m croprocessor
1523 is received by a mcroprocess rYinterface 25 unit 1509-7 and coupl ed
to vari ouseRFesentatyeodigital ovordt antairsoFour obits, ieachr gaoupoinaledesus. The

nunber of 19 igs, COThé' E61drs Toft Be %s 'xﬂﬁ fiAYPBE fliar{a%gr ﬁ'ze“t ative
digital words .det e the nu of pos I bl e”l eve ereby the

resol ut i oPN2ReiNget "e MLt PUE 8 néﬂ‘?‘? COMPONENt; TSRIESSNURS e are [err]
possi bl e werds sofcahe eheadet| ndependihg Onr the masoredlof theragrdphicst es. By way

L5 ok b A b o B M B

have 28 ohe@iss gonsdinsecobnurol sdathdos edetermininig 3bevbeginiinggandonponent
represent V, I | r C nts in which
each grou%ﬁ%o(?rr g'égoé@?h?& %ag\% &Z%%e& ;J'i'x& 2683 £hd COTHiHS"

PCT/ US95/ 068510§[g|d}|sﬁhyt wnit 15097 scauses (4hea by mn)rmcbﬁpﬁééseﬂt form

Mor e specfrohf abSD se@néﬁlelslrs‘-sear RAMJ1 5E3] anﬂhéofﬂéi@s) thsvaa
repres ich |ncludes a

(st T OrioRreunaBHP o st tPb cotpt RiagT (3 dBpcppfiespoRding
component representative group from the header. ' For this
purpose, OSD display unit 1509-9 requests data from OSD section ‘
1513-3 via memory controller 1509-3 as required. Since, in the
present embodiment the graphic image component representative

15 words contain only four bits while the video image representative
words contain eight bits, OSD display unit 1509-9 converts the
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

20 graphic image component representative digital words by OSD
display unit 1509-9 is also synchronized with the field (V), line
(H) and pixel (PC) rate signals generated by television signal
encoder 1515. : .

As earlier noted, the video .image component representative

25 groups generated by video image display unit 1509-5 represent
video image information in a compressed form in which for every
two pixels there are two respective luminance représentative
words and one pair of color difference representative words in a
so-called 4:2:2 format. On the other hand, the graphic image

30 component representative groups stored in OSD section 1513-3 of _
RAM 1513 and generated by OSD display unit 1509-9 represent
graphics image information in an uncompressed form in which for
every one pixel there is one luminance representative word and
one pair of color difference representative words (or for every

35 two pixels there are two respective luminance representative
words and two respective pairs of color difference representative



5 corresponding to a first pixel, a second | um nance representative digital

word (Y2) w¥sisgggeonding to a second pi xel , and a singl e paipcTAfso$56¥sst
difference representative digital words [err] and [err]) corresponding to

each of the first and second pixels. This has been referred to as a "4:2:2"
format in the digital video .signal | processing field. The subsanpling or
conpression of the color difference sipnals relates to the inmage data

conpr essi Onw\ma%ﬁban r?iadh& t%roté{l@rg R4t &r tf ﬂ?%t B@cd}HEpQﬁﬁu@f dseduci ng

the transm ssiQ | ca transm | rrage dat a
i s organi zethd nhthdt farmatoiih the d}gﬁ Yi ﬁ’aﬁlgnlal Brosassing fisld.nadb

represent at 4\494\Ngfzctﬁu@9r1rrﬁ§gwr§éqhenéw% Beiieablel Binde ¢ allie @' fméxwl
| Um nance repyesentative,wo ondi; n to res él v\e;go es of four
el aoe o EBlas A HosbIS il heo AehRBRoPaIN S elydt abithbe:
corresponfli becauseeat lprovidése fooua pnicies lufitirardce : dompengentr emdestwru ative
ge. t

Pnter pol at i %ﬁf%"e{ oot %a?fe%ﬁgc@%hn prits fef £ach ?E)’Fr%?g?eg@l?zt 42 of
conponent s - tlbuexél i4s gsapbmmasy sequencs as i ket wompatiblel &ithsi on

| 1 OGsD
Soe encog}fer 41% ? Vl\?/%% %59055% es mamdd%ﬁnggg se{:rtelagﬁgllg?? tgﬂe?eé/ipdeo

25 controller. 15 I ch cOoper
RAM 1513, Witk ijiapse @s F‘éﬂﬂé%fén%aﬁrﬁp %F't“agﬁpmé@n%r‘ﬁfléﬁ ¥0agk.cr opr ocessor

1523 is goupl ed ‘I‘oasﬁl\#“d eSO peSslem, vidyd deeoder t15080ndludes 4erOSD

control et L3Reet 1SRRI Thk ot Hhe e Shtnts SR ey Y o7
for that pi gmphlifhanagabeombnbnts toothenidi22 |schbnccousnd feprtwent ati ve
?Ihgl Esg: o\rNO;eprese ngnﬁﬁﬂg Conﬂ'sffse:ﬁgforﬁﬁi ﬁdﬁ%&m%xﬁ$&%ﬂ2have' '
for every two graphics pixels, converter 1509 11 selects the pair
15 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,
and a multiplexer 1509-11-3 which selects the appropriate
20 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
original 4:4:4 graphic image groups are used to produce each new
25 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 two
pixels and a second color difference component (V) for each of the
30 two pixels, and a second luminance component for the second of
the two pixels, other output sequences may be used. For example,
the output sequence may be, in the order named, a first color
difference component (U) for each of the two pixels, a first
luminance (Y) component for a first pixel of two pixels, a second
35 color difference component (V) for each of the two pixels, and a
second luminance component for the second of the two pixels.'

—




have any one of [err] colors corresponding to the [err] possible binary 35
states of the n-bit color word. By way of exanple, in thngth%%aB

enmbodi MRS col or representati ve words contain two b £LUSIS 95/ 35626
PCT/ US95/ 06851 9 Accordingly, each, graphics pixel can have any one of four
colors corresponding to the four possible binary states (00, 01, 10, and
11) of the two-bit color word. The pixel color information is organi zed in

. a conponent formin which faqr each _cBlor_word there 5 is a unigue group of

conponent r epr & RUPHY cmulypleserndsl9-13heelestip sAtiers sEPwps edlect ed to be
_thF: same aﬁdédﬂein@f)ga)owmp&naﬁe.dre‘piésémdtveamd?{sﬁipi}aviﬁeg/}geOvi’dB@ge - anal
i nformatign; .nanely, ;LKA Hance.. ang a _pair oficol or- diffeerences signa
(U and \/).als?%y gﬁ?‘écghgﬁlggf&i f%g&ﬁeogogﬁ?%ﬁéétgn%ﬁ _Rﬁlaggn?%ges and
gr aphi cs tepresemtpivesiwptds i provided OBp LOSBngemyertebed09el 1 t undet ds t he
need fo ' Qgggo it GHRReEN “QiARRT : Fqhr, exanple, in -
t he pr’-egen éﬁggﬂgﬁ)nn%ﬂt . |§ﬁp3ﬁ Il?{zl%gl t-vv_o?;’b_i ;Iﬁc%?vc}ra&\?\o{rhgésge t(ﬁ%yf ol | owi ng
rel ati onsmqsieoélfmm%@_lccﬂlﬂpuf emubtplexer i ‘1'5081"__’931 salecisr @alyinthe he groups
of conpongideq SMTapecBidlipsye Hi @ ‘grhpHicoimage so Trﬁo‘d&QifObBeration,
group of conponen f' 0 1o o YA, VAO 1 _
YBUB, VB 2gutput multiplexer, 1509-13 selects only the ::grgphic image 1 |
YD, UD, Vprdips.achual "superimpose? emedeedf hoperadonytincwhitls the B, C or D
10 graphic image is inserted within a video 'ifma:l"ge, output multiplexer

1509-13 selects either the video image groups or the graphic

image groups on a pixel by pixel basis. The " 4:2:2 output sequence ‘

of component representative words producéqg by output

multiplexer 1509-13 is coupled to television:signal encoder 1515.



in the table) of a graphics pixel depends on the value represented 25 by

corrponentwoeggﬁg@gnt ative digital words of the respective gperwsosisssey of
exanple, 1n the present enbodi nent, the graphic inmage conponent

represent ati ve words each contain four bits. Four-bit conponent -

representati _ | 916 possible levels for each conponent. The
four bits re‘ﬂﬂﬁ“ﬂﬁl%@fﬁgst signiffacant bits of an eight-bit word which
i's eventual |l y+*forned *di spl ay [I_ I 9-9, as will be described

bel ow. The graphi c i nage conponent r ative words are transmtted to

and stored in OSD section 1513-3 of RAM 1513 from mi croprocessor 1523 in

conponent groupsias AEphﬂi%aé@l‘i\pi'ﬁi S the table'in the formof a header
for the bit map. In_ the g{,ea.ent lerrbokl ment, in \whi chdeach %r aEhj c i nmage
component WO 8530ES igital packets representing video images in

PCT/ US95/ H6ésthptessedp formntaati ae sdugiet df \ddgidak datai représentibg t graphich
group i ncl uﬂﬁ? ég bits. The colors of a graphics imge nmay be changed by
changi ng t he gtir- bits of one of nore conponent representing words of the
header, dependi ng singlthemeararye(b¥l3)hoxyrstpringsboth mfgsaido videali spageed. |1 n
addition to fvaC o € h ora Isns, control data for
determ ni ngrétq?gsﬁlgda?iﬁrﬁi gﬂ&ggg giéc}é& ?ﬁ% S‘;‘g;rﬁ@ﬂ?%gﬁa n terns of pixel
rows and COFWW“%&‘YW&@IW (WPTAsE500- 9 causes the bit map to be read out

from OSD| gect i ona19ideo3 displagMuhl 3150995 Coupléd toaid! Memory
repr esent ath\:@ r.d for gach pixel to the_c rr.eslpondl g cor’g)onent
repr esent at #r) §0p ProdHCIng aeseauencegf digifal” words™ representing
respective components of said video images in response to said
video image representative digital packets; and _
- a graphics display unit (1509-9) coupled to said memory for
15 producing a sequence of digital words representing respective |
components of said graphics images in response to said video
image representative data. |

2. The apparatus recited in claim 1, wherein:
20 said memory (1513) also stores information for at least one
frame of said video images. |

3. The apparatus recited in claim 1, wherein:
said digital data includes a header section containing
25 graphics control information and a bit map section containing
pixel by pixel color information.

4. The apparatus recited in claim 1, further including: _
a single memory controller (1509-3) for routing said image
30 representative digital packets and said graphic representative
digital data to said memory (151'3)' from respective ones of said
sources (1509-1,1509-7) and to respective ones of said display
units (1509-5,1509-9) from said memory (1513).



pur pose, OSD display unit 1509-9 requests data from OSD section 1513-3 via

menory con r 1509-3 as required. Since, in the pregﬁqﬁj I ment the
gr aphi C‘Y?r%%mm ative 1: words contain on ys?%Eér%g its

while the video inage representati ve words contain eight bits, OSD display

unit 1509-9 c bit graphic -inmage conponent representative
words to ei gk}ﬁm{’ﬂﬁ’uﬂﬂuﬂmw,’sl npl y1dddi ng four binary "0s" as the | east
four significant its fo the* four-bit words. The generation of the 20
graphi c i mage c rrpi,ﬁent representative digital words hy OSD display unit
1509-9 i s al so BsyndRFoAPRYUALY trcitad M slam\A, festher ipgludiagpi xel ~ (PO
rate signals genenaltisleRer t @509-38pnforl geRctRRiPpdesombiding Aaidavidedy noted,.
t he video.imge _conmponent. representati.ve 2.l -groups_gener.ated by video

i mage di sﬁW%UHFP{%gag‘ﬂSV? e&gé nf”‘{fpaeanflnﬁégoiﬁ%ﬁ’ﬁét i'B1#8n a conpressed
f or m i nSwireptesemtativer wigital pmwarids. t here are two respective | unm nance :
representative words and one pair of color difference representative words

in a so-called 4:2:2 format. On the_ other hand, the graphic inage 30
conponent repr &senThei apparatamdecited da claimsDd,swherein: 1513-3 of RAM 1513
and gener at ed idSHddbs dig Nphitl _q\e e 3 ' '!mﬁﬁ

i nformatiaon bBlﬁ}] un,ggb ratlla sgg Pg%tm%ﬁgo%sg' Eifgrgiéﬂxsegggih} e tthere S
one | uni ndhe@9rBhr saidhraemArynsoategiler, @ t3) andfad myltplexet

- repres¢g {1509-18) dge (ficladed eireray sinflet inte@rawlds cikodie are two respective
| um nance representative words and two respeéective pairs of color difference
representative WD 95/ 35626 | ' ' 5

PCT/ US95/ 06851 7. Apparatus comprising: |

a source of digital packets representing. video images in
compressed form and a source of digital data representing graphic
15 images; S S
a single memory (1513) for storing both of said video image
representatiVe digital packets and said graphic - image
representative digital words, said digital data including a header
section containing graphics control information and a bit map
20 section containing pixel by pixel color information;
a video display unit (1509-5) coupled to said memory
(1513) for producing a sequence of digital words representing
respective components of said video images in response to said
video image representative digital packets; and
25 a graphics display unit (1509-9) coupled to said memory
(1513) for producing a sequence of digital words representing
respective components of said graphics images in response to said
video image representative data; R
a single memory controller (1509-3) for routing said image
30 representative digital packets and said graphic representative
digital data to said mé_mory (1513) from respective ones of said
sources and to respectivé ones of said display units from said
memory (1513); and o )
a multiplexer (1509-13) for selectively combining said video
35 image representative digital words and said graphics image
representative digital words;




11 mords The latter unconpressed format has beconme known as the "4:4:4"
format i nm,g,ghgl timl“mﬂmmml]t" I“lr ocessing field. The 4pérAsssiosssli cs

i mge sequence is d allows as many colors as possible to
-be defined with a gi'vefl n bmber of bits 5 because it provi des for a unique
l'um nance conponent and two uni que col or difference conponents for each

pi xel of graphics. However, the 4:4:4 5raphic image sequence is not

conpatible with gg $ided? d{gg{ag, 'Wil%@@“ﬂ‘cﬁaﬁ“%rmgﬂ‘i&@ fl?seplgl‘i Q@é i mge.

mul tiplexed with | to. so

10 To d3099):nisaidh BismeeRy \ﬁQIébOld@E:cﬁédglgbgaﬂdmcsaldesnuhlmsmtonverter
1509- 11 fOfﬂl@Q)W!?B)'E&ngh%tﬂuﬂe& ﬁ?%‘eﬂﬁgw%ﬁ@eétﬂied haragigphi ¢ 1 mage ,
conponents to the 4:2:2 sequence used for the video image conponents. As is
pictorially indicated in Figure 2, for every two graphics pixels, converter
1509-11 selects the pair 1 5 of col or difference conmponents for the first

pi xel and deletes the pair for the second pixel. As shown in as shown in
Figure 3, OSD converter 1509-11 may conprise a latch 1509-11-1 for storing
two groups of graphic inmage conponent representative words, and a

mul ti pl exer 1509-11-3 which selects the appropriate 20 conponent
representative words in sequence fromthose stored in latch 1509-11-1 at
the output rate. It is desirable that the nunber of 4:4:4 groups of
~graphic image representative conponents per |ine be an even nunber because
two of the original 4:4:4 graphic image groups are used to produce each new
25 one of the 4:2:2 graphic imge groups. Wiile the output sequence is
shown as being, in the order named, a first |um nance (Y) conponent for a
first pixel of two pixels, a first color difference conponent (U) for each
of the two



pi xel s and a second col or difference conponent (V) for each of the 30 two
pi xel s, akgp esgxgss0nd | um nance conponent ~for the second of &Qg @g |er S,
ot her output sequences nay be used. For, ,exanple, the outpli' ifé i

be, in the order named, .a first col or J/sference conmponent (U) for each of
the two pixels, a first |lum nance (Y) conponent for a first pixel of two
pi'xels, a second 3 5 color differdice Eorpa for each of the two

pi xel s, and a second | um nance co@gon- ond of the two pixels.
WD 95/ 35626 S PCT/ US95/ 06851 1 2 An
out put mul tipl exer 1509-13 sel ect &Seit vi deo i mage conponent
representative words provi ded by ded 1509-5 or groups of
graphi c i mage conponent representative 7ed by OSD converter
1509-11 under 15 the control of OSD di g (%509-9. In a video image
only node of operation, output multipl
i mage groups. In a graphic inmage only
1509- 13 selects only the graphic image
operation, in which the 10 graphic inmg

bpef ati on, out put rmnul tipl exer
a "superinpose" node of
gu erfed within a video inmage,
h

out put mul tipl exer 1509-13 selects eit[& =a(cle |nage groups or the
graphi c i mage groups on a pixel by pixlERBhsEs. ;;ﬁé &2 2 out put sequence
of conponent representative words p¥dd & b och ﬁhltlplexer 1509-13 is

coupled to tel evision signal encoder
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WD 95/ 35626 : PCT/ US95/ 06851 1.
Appar at us weisBsse3s Ng: a source of digital packets representichgs¥ifigs | mges
in 5 conpressed form and a source of digital data representing graphic

i mages; a single menory (1513) for storing both of said video i mage
representative digital packets and said graphic imge representative
digital words; 1 0 a videéo displ unit (1509-5) coupled to said
menory (1513) for producing a sequence of digital words representing
respective conmponents of said video inmages in response to said video i mage
representative digital packets; and a graphics display unit (1509-9)

coupled to said nenory for 1 5pgeducing a sequence ofd t al >fﬁ§
representing respective conpongltds of said graphics inggEs{in rEsfponse to
said video image representativeR|€8a. 2. The apparat usErgggtt ed i %{ain11,
wherein: 20 sai d nerfgry ) also stores informegsEgn f o[SRE | east
one frane of said video ilfges =4 ~The apparatus reci f clafdll,
wherein: said digital datkE ncliiides. a header section o2 = I ngr2¥y—gr aphi cs
control information and al& t section containing e X¢l col or
i nformation. 4. The apparleg : icbed ingclseim1, furth : a
single nmenory controller . n_or>=|=dti g said i magelsd tative
di gital packets and said aphuéaﬂepres ' i;ggpigit afd nmenory
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units (1509-5,1509-9) fromsaid nenory (1513). WO 95/ 35626

PCT/ US95/ The apparatus recited in claim1, furtherg,l Lng. a
nultiplexgﬁg?%%%zﬁls) for selectively conbining said vid,eoIi’|c1rrr;1§l§%y‘%g!I
representative digital words and said graphics inmage 5 representative
digital words. 6. The apparatus recited in claim5, wherein: said video
di splay unit (1509-5), said graphics display unit (1509-9), said nmenory
controller (1509-3) and said nultiplexer3ﬁ% (1509-13) are included in a
single integrated circuit. 7. Apparatus conprising: a source of digital
packets representing video images in conpressed formand a source of
digital data representing graphic 1 5 images; a single nenory (1513) for
storing both of said video i mage representative digital packets and said
graphic image representative digital words, said digital data including a
header section containing graphics control information and a bit map 20
section containing pixel by pixel color information; a video display unit
(1509-5) coupled to said nenory (1513) for produci ng a sequence of digital
wor ds representing respective conponents of said video i mages in response
to said video i mage representative digital packets; and 25 a graphics
di splay unit (1509-9) coupled to said nenory (1513) for producing a
sequence of digital words representing respective conponents of said
graphics inmages in response to said ' :
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(54) Title: ﬁﬁ SCREEN DISPLAY ARRANGEMENT FOR A DIGITAL VIDEO SIGNAL PROCESSING SYSTEM \/

A digital video signal processing system receives encoded packets of data representing video image information in compressed form.
.| A video decoder (1509) and an associated video RAM (1513) are used to decode and decompress the video packets to form groups of
video.image representative digital words. The video decoder (1509) also includes an-on-screen display (OSD) unit (1509-9) which converts
a graphics bit map stored in a séction of the video RAM (1513) to groups of graphic image representative digital words. The image
representative digital words and the graphic representative digital words are multiplexed together under the control of the OSD display unit




