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-1- B 7 Descri ption A NEW VI DE NIXING
TECHNI QUE USING JPEG ' COVPRESSED DA@F ntj.on
rﬁeétes to a nultiple window display system .Mre spe A?T@ Iy,

fvention relates to a nethod and apparatus for displaying a.pluralit f
vi deo wi ndows on-a display screen wherein the data for the w ndows.are
m xed in the conpressed data donai n. Theé-advances in hi gh speed

net wor ki ng- and mul ti nedi a technol ogy have made possible a whole new set of
mul ti medi a appllcatlons Vi deo procegssc i gione of the
. ______E____

A NEW VIDEO MIXING TECHNIQUE USING JPEG
COMPRESSED DATA

This invention relAtes to a multiple window display
system. More specifically, this invention relates to a
method and apparatus for displaying a plurality of
video windows on a display screen wherein the data for
the windows are mixed in the compressed data domain.

The advances in high speed networking and multimedia
technology have made possible a whole new set of
multimedia applications. Video processing is one of the
major phallenges in developing these new applications.
In particular, there is often the need to simultaneous-
ly reqeive multiple motion.videos from different
sources and display them via a set of overlaid video
windows. This is referred to as the video mixing or
video composition.

Videos are generated independently by different sources.
They may have different dimensions and formats, such as
NTSC (30 Frames/second) and PAL (25 frames/second). For
illustrative purposes, it is assumed that the dimension
of a video window is the same at the source and the
receiver, and is no larger than the dimension of the
display screen at the receiver. Let Hs and Vs be the
number of pixels in the horizontal and vertical dimen-
sions, respectively, of the display screen, and hi and
V, be the horizontal and vertical dimensions of video
window i. The H, < Hg for 1 S-i'§ N.

The approach that is now used is to have one compressed
data queue for each video window. When data of a

' YO 991 062



maj or: chal | enges in devel oping these new applications. In particular, there
is often the need to sinultaneous- |y receive nultiple notion videos from
different sources and display themvia a set of overlaid vi deo wi ndows.

This is referred to as the video mixing or video conposition. Vi déos are
generat ed i ndependent|y by different sourcegs. They may have different

di mensi ons and formats, such as NTSC (30 Franes/second) and PAL (25
frames/second). For illustrative purposes, it is assunmed that the dinmension
of a video w ndcwm;ﬂéﬁaavsm £ir aiee isoavadlabiliel, hehegcste/eiecompteisem

| arger than the.d S th he r et [err
andg[err] bé-th {ﬁﬁ%ld€§d%§rxeﬁ?g'agc%%pggéggénégFéaﬁﬁ er |ca e%lneL- ]
sions, respecti\atioredfin se pixed! gyeyer and, avadthenrreadyl fax mixiag.he

- horizontal and verdidlaydiFrane SuEral ‘ibdﬁge&" QQO’t‘.\hé bitifag &1 lehe [err] for.
1 <i <N The a proach that is now used gave on%_c%ﬂp %Fsed dat a
queue for each HFRIAN SFEFEPER FQPROSE gnd ?%W% Yapgously displa

these video windows, pixels are written into ‘the
display frame buffer according to [1] the relative
position of a pixel in its video window, [2] the
position of a video window on the display screen, and
[3] the overlay between video windows.

This approach has two major drawbacks. The first one is
that it fequires a large amount of fast pixel buffers.
Typically it is necessary to store pixels of one
complete frame for each source before mixing in order
to compensate for network variances such as packet
loss, corruption, and delay jitter. This means that an
amount of buffers for N:il VJ._Hi i
i= .
pixels is needed. In the extreme case that each video
window is about the size of the display screen, the
amount of p1xe1 buffers required would be NH V pixels.
Take the popular VGA, whose dimension is 640 p1xe1 by
480 pixel, as an example, this means 307N thousand
pixels. If one pixel is represented by three bytes,
then the buffer requirement would be 0.9N megabytes.

If more than one frame is needed to be enqueued for
each video window for more sophisticated playback
considerations, the buffer requirement would be even
larger. In addition, these buffers must be high speed
memory because data are to be~réed out at the full
video rate, e.g., 27 Megabytes per second for 30 VGA
frames per second.
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-2- . conplete video frane is available, they are deconpressed by the
decoder. The deconpressed data or pixels are stored in a pi-xel queue and
are then ready for mxing. A display franme buffer js used as the bitmap of

t e di splay screen. To conpose and sinul taneously di splay these video '~'
w ndows, pixels are witten into the disp#gy frame-buffer according to [1]
the relative position of a pixel inits video window, [2] the position of a
vi deo wi ndow on the display screen, and [3] the overlay between video

wi ndows. - Thi gm?eoﬁge%%'a A25ubUBK Bk 0L ndERUDRES  rdiient |60 lackitn S that it
requires a |ardge anmount o ast pixel buffers. TZg C Iég it is Qscessary to
store pixel s ofprgrsion capacity. Since all compréssed data must be
deconmpressed first before pixels can be processed, the
. N -
_recelver-needs to decompress XZZ_ViHi
. i=1 _
pixels..Again this can be as large as NHSVS in the
extreme case that each video window is about the size
of the display screen. This is quite expensive as it
would most likely require a bank of decoders running in
parallel.

Theré is, therefore, a need for a multiple window video
display system with reduced pixel buﬁfer_reguireménts
and decompression capacity.

US Patent No. 4,890,257 to Anthias ét al discloses a
technique of maintaining the display ownership of
multiple display sources by degcribing the position and
layout of each individual window. This teéhnique,
however, teaches mixing or oVerlaying of multiple
windows in a pixel domain. Such an approach is suitable
for text or graphic windows, but it is expensive for
real time motion video windows. -
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conpl ete frame for each source before m xing in order to conpensate for
network variances such as packet |oss, corruption, and delay jitter. This

means that an anmount of buffers for [err] -pi xel s is needed. In the
eXtreme case that each video w ndow i s about pfhe—skre—of~the=arspl ay
screen, the anount of pixel buffers requied- jitdig SHEET &AS|BEENal s. Take

t he popul ar VGA, whose dinension is 640 prxelllby 4FERUACED as gn exanpl e,

this means 307N thousand pixels. |f one pixel 5Fs—Tepresented by three

byt es. then the byLl Shel SRULECUR bnEHL dob il O N IRAANP o diouiBiee than

one frame is n enqueue each video w ndow for :
sophi sti cat ed pma}mﬂﬁnveénglﬁﬁléYl§H§tEMhe buf f er requirenent mould be even
| arger. In addition, these buffers nust be high speed menory because dat a
are to be- read_ out at

for 30 VGA fraf®§ pave §£&8ﬂdpartlc§§§ia Sodk i nunﬂ)abxy of fast second

pixel buffers that are needed in a multiple window _
video display system as well as the requirement for
decompressioh capacity in a multiple window display
system.

The object of the invention is solved basically by the
features laid down in the independent claims.

Accordingly, this invention discloses a method and
apparatus for displaying a number of video windows on a
display screen.. First, this invention provides for |
dividing a stream of image data into coding intervals
where each stream of data corresponds to a video window
to be displayed on the screen. Each coding interval has
image data for a corresponding portion. of one of the
windows. Then, each of the coding intervals of image
data are compressed and these compressed coding
intervals are now mixed so as to produce a set of
compressed data for each corresponding screen position
to be displayed. Finally, the mixed compressed data is
then decompressed to generate pixel data for the '
windows to be displayed on the screen.

In the following preferred embodiments of the invention

are described in more detail with reference to the

drawing in which

FIG. 1 is a schematic illustr?tion of a system
according to the inwvention.

YO ?91 062 Sheet Has Been Re laced _
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-3- . The second drawback is in the requirenent of decom pression
capacity. Since all conpressed data nust be deconpressed first before

pi xel s can be processed, the receiver needs:to deconpress: - [err]

pixels. Again this can be as large as [err] in the extrenme case that each
video window is about the size of the displgy screen. This i's quite -
expensive as it would nost |ikely require a bank of decoders running in
parall el . There is, therefore, a need for a nultiple w ndow video displ ay

systemwi th reduped,ppxel psifd adchambtie BNttt i I e eyp2Batapaci ty.
conpressed stream of image data and a dis-
prlaced 2400 coding intervals.

FIG. 3 is a schemaﬁic illustration of an overlay .
' table used for mixing compressed data.-

FIG. 4 is a flow chart for providing the mixing
function. |

FIG. 5 is a filtering table used in filtering the
compressed streams of image data.

FIG. 6 is a flow diagram describing the operation of
the filter.

FIG. 1 is a schematic fepresentation of the method and
apparatus of this invention. The 'image 'data £6r video
windows 24-A, 24-B and 24-C on display screen 22 are
provided from streams of image data generated from data
sources A,'B and C respectively. Each stream of image
data is divided into coding intervals (CI's) such as,
for example, A-1 through A-N from data source A.
Similarly coding intervals (CI's) B-1 through B-N are
obtained by dividing the stream of image data from data
source B. Likewise, coding intervals C-1 through C-N
are obtained by dividing the data stream from data
source C. Each of the coding intervals (CI's) are then
individually compressed using a compressor 8. Using the
Discrete Cosigne Transform (DCT) and the Joint Photogra-
rhic Expert Group (JPEG) format to compress the coding
intervals into compressed coding intervals. The DCT
will generate a set of coefficients for each of the
coding intervals. These coefficients are then quantized
using Digital Pulse Code Modulation, Run Length coding
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US Patent No. 4,890,257 to Anthias et al discloses a technique of

mai nt ai ni ng the display ownership of nmultiple display sources hy describing
the position and | ayout of each individual w ndow This technique, however,
t daches m xing or overlaying of nultiple windows-in a pixel domain. Such an
approach is suitable for text or graphic wipdows, but it is expensive for

real tinme notion video w ndows. Referenced [I] Special issue on
"Asynchronous Transfer Mde", Int. J. Digital & Anal og Cabl ed Systens,
1, (4), ( 19%&1 thel ﬁlefma@ d88eaNgntse %oﬁﬁ)adre 'Eijeﬂar&be@ ifPRhaach to

kg;:&géatcggl Z:jggy eed Pr| 8 N%E)\,Qaﬁhe%;‘%\lcqﬁ? neuqré;] o1 of D| Ital and
Working Party XVbémpBessednﬂa#a33ﬁ;lter 13@15hu§é&%toliﬁ1ter out those
coding infervals (CI's) whiqh provide information for
the éértions of the video windows that are not ultimate-
ly displayed. For example, on displéy screen 22,
portions of video window 24¥A are not displayed because
they are overlapped by coiresponding portions of video
window 24-B. Also shown are'dompressed data queues l1l4-2a
through 14-C for storing the compressed coding inter-.
vals. The compressed data from the queues are then
mixed by mixer 16 so as to produce a set of compressed'
data for each corresponding screen position to be
displayed on the display screen. This mixed compressed
data is then applied to decompressor 18 to generate the
pixel data necessary for displaying the video windows
on the displéy screen.
{ . i

FIG. 2 schematically illustrates a compressed data
- stream 20 on any one of the output lines 13-1 through
13-3 of'compressor 8 of FIG. 1. In JPEG, an image frame
can be any size up to 65535 pixels by 65535 pixels.

For simplicity and without loss of generality this
embodiment will use VGA, which is 640 pixels by 480
pixels, for the display screen. The data stream (for
example, a JPEG data stream) also has a set of marker
codes, such as SOI, SOF, etc., to delimit itself. The
marker codes are embedded observing two byte-aligned 8 |
bit integers. The byte aligning is designed so that
marker codes in a data stream can easily be identified.
Several marker codes are important to the new technique
-and are described below: '
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YO 991 062 SUVMARY OF THE | NVENTI ON

It is an object of the present invention to aneliorate one or nore .

di sadvant ages of the prior art. Accordi ng to one -aspect of the
present invention there is provided a nethod of displaying a plurality of
video windows, on a display screen, with edeh video window being generated
froma correspondi ng stream of inage data froma unique data source, said
met hod conprising: (a) _dividing each said stream of inmage data into coding

interval s, each*of s ds%axs oft dmaged :nabarks | Wma@re&m a
corre5pond|ng porti ogopf (start of frame): starts a frame. . -

- . SOS (start of scan): starts a scan.

A frame consists of several scans. One scan consists of
several coding intervals. The size and the essential
control parameters of each scan are encoded into the
two fields right after so0s, i.e., the sections indi-
cated by the words "length" and "parameters." A coding
interval is an integer multiple of the minimum data
unit (MDU), which is two consecutive 8'piie1 by 8 pixel
blocks or a 16 pixel by 8 pixel block. Each section
(35) indicated by the words "data" represents a se-
quence of compressed coding interval data for a corre-
sponding coding interval. These compressed data are
then sepgra;ed by the RSC's as shown.

. RSC;(resynchronization): terminates the DPCM
(Delta Pulse Code Modulation) dependence between
DC coefficients (see below).

. EOI (end of image):'terminates a data stream

FIG. 2 also shows a display screen 10 divided into 2400
coding intervals with each coding interval having 8 by
16 pixels. The coding intervals are numbered from left
to right and from top to bottom with each row having 40
coding intervals.

Mixing directly with compressed data is acéomplished by
using RSC's to delimit and map the coding intervals to
blocks of pixels. As stated above, a coding interval
can be a small as an MDU, such as a 16 pPixel by 8 pixel
"block. This granularity, when.coﬁpared to the size of a
typical screen, such as VGA, should be fine enough for
window overlaying of most applications.

YO 991 062



a coryespondi ng one of said wi ndows, with each w ndow bei ng generated from
a unique source; (b) conpressing each of said coding intervals of imge
data so as to produce a first set of conpressed data for-each of said
coding intervals; (c) mixing each said first .set .of conpressed.data
generated fromnultiple sources to generate-g¢ |east one second set of
conpressed data for each said corresponding portion to be displayed on said
di spl ay screen; and (d) deconpressing each second set of data to generate
pi xel data for eaclhsimpled systempanchitegoure dthato dea asspthbi8@M¥h said

di splay screen. mixinéceg&ﬁhgquéoigngghgélgﬁﬁgpuugfsbhgcageagguﬂkgvention
there is provided an apparatug, for displaying a plurali of video w ndows
on a display scresame Sigecq inéBtﬁFﬁﬂﬁws%éi%d’%éﬁ@r iﬁ‘éﬁrﬁ'ﬂ)fﬁ‘% an
correspondi ng st r ¢y.oRacheytddat wihdom bs uparpict idmied doutioce, gridiek
apparat us conpri si s (ﬂ%igﬁagieffﬁﬁgiiégi§@§&Eﬂéié¥¥¥df§5ﬁeﬁ€fefténage dat a
into coding intervald, "each of salrd codin nterva havi ng ] e data for
a correspondi ng ~pdrghitoandf £5080EPRsERNEPHECHN Lhi Eﬂﬁiﬁiﬂpngﬁhgf§WFQh each
wi ndow bei ng genengjL@rts08arried in a packet are encoded in the packet

header. In this way, if the receiver knows the dimension

of a video window and its coding interval size, it may

use the position label to map. any coding interval to

its corresponding bloék of pixels. At the receiver} the

display screen is partitioned into a grid of CI's,

which are also labelled sequentially'from left to right

and from top to bottom. .For example, if the coding

interval is an MDU, then a VGA display screen is

partitioned into 2400 coding intervals, as depicted in

FIG. 2. ' )

{

The data structure for mixing multiple JPEG compressed

data streams is depicted in FIG. 3 as an overlay table

(OT) 40. It is assumed that compressed data are re-

ceived and processed in such a way that the blocks of

compressed data and their position labels are stored in

separate queues, as shown in 14-A through 14-C of FIG.

1, according to their sources, one queue for each

source. It is also assumed that a separate playback

module, which is responsible for compensating packet

loss, corruption and delay jitter, ensures that the

compressed data of a complete frame are waiting in the

queues for mixing.

The OT 40 is used to specify the overlay configuration
of video windows. This table has one entry for each
coding interval on the display screen, as depicted in
FIG. 2. For the case of a VGA display, the overlay
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a unj que source; (b) neans for corresponding each of said coding intervals
of image data so as to produce a first set of conpressed data for each of
said coding intervals; (c) neans for mxing each said first set-of
conpressed data to generated at |east one second set of conpressed data
generated frommultiple sources for each sat2r corresponding portion to be
di spl ayed on said display screen; and (d) neans for deconpressing each

second set of data to gener pi xel ,data for each said correspondin
portion to be di§Ebé9eﬁa§n%§§9deﬁF§b?§y %Rﬁeﬁﬁéi entry maps oné codiny

4a ~Accor di Ratkevali bh thet disphapesdresn tthe apspeetfic nvamtial t here
's provide a interval of a specific video window. This information
| is derived from the user's definition on the positions

of the video windows and the overlay configuration of -
the video windows. A'blank'coding interval is specified
by a special symbol in the source column of the table.
For example, if video window 1 has the size of 2 MDU by
2 MDU and is positioned at the upper left corner,
namely MDU's 1, 2, 41, and 42 in the VGA display grid.
Video window 2 has the size of 3 MDU by 2 MDU and is
positioned at the MDU's 42, 43, 44, 82, 83, and 84 in
the VGA display grid. The overlapping MDU, i.e., 42,
between the two windows is set for video window 1.
Then the overlay table has the following entries for
these two video windows.

screen coding interval
position source relative
position
1 I
2 1 2
41 1 3
42 1 4 <--- overlap
43 2 2
44 2 3
82° 2 .4
83 2 . 5
84 2 Y
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met hod of displaying a plurality of video wi ndows, on a display screen,
with each video w ndow being generated froma correspondi ng stream of

i mage data froma uni que data source, said nethod conprising: "(a) .dividing
edch said stream of inage data into coding intervals, each of said coding
I nterval s having imge data for a correspeb@i+ng portion of a corresponding
one of said wi ndows, with each wi ndow bei ng generated from a uni que

source; (b) conpressing each of said coding interval s of image data so as
to produce a fiOnre %P%'Fltﬁo%ﬁﬁﬁ‘?séﬁ greated evaich Bsesondse odPng

intervals; (c) fitdatid a0 compbsitiedfirame!, thetmider guosctheodudht averyor to

m xi ng each said first, s C S t ch I d esfiar bei ng
filtered by usi fPYF¥| "t§h %‘dt %%‘8?0?@%‘?&3%‘%9‘?5 &%&#f‘%ﬁ%ﬁ’dgﬁé of said
wi ndows, each saintesvaly (CEdi Enomn§her aueuehnieih asrieradescanblanki mage dat a

a correspondi ngc&gd,ﬁ finftekvatl 2h aaaRtesssdertinmidey WasBendegsenes essed
sal

for display on y_scre m Xi n I rst set of

di spl a en: (d ea sai d
conpressed dat a YRS &f‘e%hﬁr Bﬁ’(’nﬁf’f“?ﬁ%@z}:esﬁ‘m § &@%@r §%‘Eﬁa‘3t éH‘%ast one
second set of caoisvesssry markefocodeshsuchdas RSC and SOS, quantiza-

tion table specification, ..., etc., to satisfy the
JPEG format. The JPEG decoder then reads in the com-
posite compressed data stream, decompresses it, and
outputs the pixels in a form that is suitable for
display. '

The flow chart of the mixer is shown in FIG. 4. The
mixer can be either implemented in software such as
"PS/2, Apple computer, or in dedicated hardware such as
TI, Intel Digital Signal Processors to accelerate the
,speed.

The system first has to allocate memory space for
storing OT Table (40l1). Then it waits for the user to
specify the display layout information from keyboard or
file (402). The information needed includes the window
size, the window relative position, and the overlaid
layout of the video source.

The system then initializes the OT Table (403) based on
the user's specifications in 402. Now, the system can
start to generate the composite frame by reading the
data queue (14-A to 14-C in FIG. 1) in the systematic
order based on the OT Table which will be described as

follows.
}.

For the VGA format, the OT Table has 2400 entries
(404). From i=1 to 2400, the system repeatedly read the
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correspondi ng portion to be displayed on said display screen; and (e)
decbnpressi ng each second set of data to generated pixel data for each
said corresponding portion to be displayed on said display screen. '
BESCRI PTI ON OF THE PREFERRED EMBCDI MENT( S) In .the follow ng preferred

enbodi nrents of the invention are described-1h-npre detail with reference -
to the drawi ng in which: FIG 1 Is a schematic illustration of a

system according to the inventjon.
FIG 2 i s. a schdmentey Pﬁu§PPa9¢oﬁaB;eat?y9PE%}n the s°ur°ec59pﬁ§§sed

stream of image dgig s reldisve position (m). If the source ID (s)
) indicateg a blank MDU (406), then the system prepares a
plank MDU (408) and send this blahk MDU to the decompressor
(409); else, the system reads the mth MDU from the sth
queue (see FIG. 1) (407) and send this MDU to the
decompressor (409).

The steps from (404) to (409) repeat 2400 times to
generate a complete compos1te compressed frame for
decompress1on. :

The flowchart of the filter is shown in FIG. 6. The

filter can be either implemented in software such as '

PS/2, Apple computer, or in dedicated hardware such as

TI, Intel Digital Signal Processors to accelerate the
‘ speed.

The system first allocates memory space for storing FT
Table-(601). Then it waits for the user to specify the
overlay layout of the video sources to be display
(602). The system then initializes the FT Table (603)
based upon the user's specification. For the VGA
format, the FT Table has 2400 entries.

Then the system waits for one compressed coding interval
to arrive (604). The source ID (i) and the relative
position (j) of the incoming compressed coding interval
will be obtained (605). The system then reads the (i,j)
entry of the FT Table (606). If the content is equal to-
zero, then drop the compressed coding interval (608).
Otherwise, store the compressed goding interval into
the queue (i) (609).

The steps from (602) to (608) or (609) will be repeated.

' YO 991 062



pl aced 2400 coding intervals. FIG 3 is a schematic illustration of an
overl ay tabl e used for m xi ng conpressed dat a. FIG 4 "~ is a
flow chart for providing the mxing .. function. FIG 5 is a
filtering table used in filtering the 7 conpressed streans of image
dat a. FIG 6 Is a flow di agram descr i412vyg the operati on of

the filter. FIG 1 is a schematic representation of the nethod and
apparatus of this invention, The inmage data for vidego wi ndows 24-A, 24-B

and 24-C on di spiay ther BERVIOUS SLGHIRR dekt rifomsstipednshal Fhageommt a
generated from daiassedr aesaof Ba.aﬂ.‘hlﬁ? r'ﬁl&)ﬂ.@ia&@h&#aiE&ﬁb' sﬁ.re@dlm of inmage
data is divided into _ceding.] rval s : S a or_example; . Al
through A-N f r omSNERS 38trﬂéﬁiﬁﬁi fﬂls_f%pfies %%Qﬁ %uf%ers 4FC neédé%
" to hold compressed data for up to: V.H.
: . . . iYi
- i=l ,
pixels. This buffer requirement can be reduced by
observing that a CI need not be. enqueued if it is
covered by another CI of some video window. With
appropriate packet filtering, the buffer requirement is
reduced to the amount for holding ‘compressed data for a
screen full of pixels, regardless of the number of

video windows and their dimensions.

FIG. 5 illustrates the data structure for packet
filtering. A Filtering Table (FT) 50 for each video
window is used to guide the filter in discarding or
bufferiné an arriving CI. A FT has one entry for each
CI in each video window. For the example of VGA display
and the common coding interval size of an MDU, FT has
2400 entries, because each video window can be as large
as a VGA screen. Each entry has N flags, one for each
source. A flag is set if the corresponding CI will be
displayed; otherwise, it is overlaid by other video
windows. Therefore, a CI is stored only if its flag is
set.
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Sim]arly coding intervals (Cl's) B-1 through B-N are obtained by dividing
the stream of inmage data fromdata source B. Likew se, coding |nrn--.

through C-N are obtained by.dividing the data stredf
Edach of the cod| Bgllll!llﬂm“v!ﬂ l]l:lu“l) are th?t i ndi.vi JE‘I‘é)
a conpressor Cosi gné gransfor [ﬁ =30
Phot ogr a- phIC Expert C?oup ( JPE ) format to conpress t he codlng |ntervals

i nto conpressed coding intervals. The Ll generate a set of
coefficients for each of the coding |ntervgh§ These coefficients are then

quanti zed using Digital Pulse Code Mdul ation, Run Length coding YO 991
062 1. A method of displaying a plurality of video

windows, on a display screen, with each video
window being generated from a corresponding stream
of image data, said method comprising:

i
%
q %
@)

(a) dividing each said stream of image data into
coding intervals, each of said coding inter-
vals having image data for a corresponding
portion of a corresponding one of said
windows;

(b) compressing each of said coding intervals of
image data so as to produce a first set of
compressed data for each of said coding
intervals; :

i i ’

(c) mixing each said first set of compressed data
to generate at least one second set of
compressed data for each said corresponding
portion to be displayed on said display
screen; and ‘

(d) decompressing each second set of data to
generate pixel data for each said correspond-
ing portion to be displayed on said display
screen.

2. The method as recited in claim 1, wherein in each
of said streams, coding ihtervals are separated
from each other by delimitefs.

3. The method as recited in claim 1 or 2, wherein
compressing each of said coding intervals of image

YO 991 062
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and ,the Huf fman code. These codes are described in the JPEG standard. To
further reduce the need for storing conpressed da

filter out those\”ummm"[mm"ﬂ (Cl's) which prapwi

portions of the are not ul.ti ratie-. IyR§P§GP§9ed
exanpl e, on dlsplay screen” 22 portions ofldri deo 74-A are not

di spl ayed because they are overl apped by corresponding portions of video

wi hdow 24-B. Al so sh are conpressed ueues, 14-A t 14-C for
storing the conpressgggﬁdﬂ? 3569 EE30 Eﬁﬁﬂrggsﬁﬁﬂé é§#9?Nnthe
gueues are then m xeninbgrml@roﬂ&mageislata prichu@cdiscretefcosine essed data
for- each_correspondi Egaﬁgf@ﬁﬁ‘ Sdé '&5‘;?] d%ed' SRERYSE Sfeffifcibmid aY

screen. This m xed conpressed ta s t | to deconpressor 18 to
generate the pixel dffh PRl f SRS ced ’é}ﬂ 3%%"? k&-vi deo wi ndows on the
di spl ay screen. FIG 2 schenatlcally |Ilustrates a conpressed data stream

L Tn opkean MmgoTh Aetucd Haiing M aB, bhelef cfP BIESRG O T O
pi xel s. For sinplicicjabmsl, Wwherain |eurprsssiageeacht p£t said ecepditngrent wil|

use VGA, which is 64Qngé§§gfgtafzgﬁhgg>agga comPrikBe. di splay screen. The
data stream (for

(a) transforming each of said coding intervals of
' image data with a discrete cosine transform
so as to produce a set of coefficients for
each of said coding intervais; and

(b) dquantizing said coefficients for each of said
coding intervals by coding AC coefficients
using differential pulse code modulation and
by coding DC coefficients using a run-length
technique.

5. The method according to any one of the preceding
claims, wherein compressing data further comprises
the step of applying Huffman coding to the coded
AC coefficients and the coded DC coefficients of
step b of claim 5.

6. The method according to any one of the preceding
claims, further comprising: -

filtering each said first set of compressed daté
prior to mixing each said first set of compressed
data, each said first set being filtered by using
a filtering table for each df said windows, each
said filtering table having an entry for each said
portion of one of said windows, each said entry

YO 991 062
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exanpl e, .a JPEG s a set of marker codes, such as SO,

SOF, etc., to deli rker codes are embedded observing tmn
byte-aligned 8 bit”uluﬁm UE te aligning is_desjig |_SQ at _ar ker
codes in a data str e identified "hBepgealy Y. are
I nportant to the new technique and are de%érlbed j 062
-7- SO (start of image): starts a data stri —{start of
frame): starts a fraﬂﬁdicating from which said stream of image data a
corresponding said first set of compressed data is

to be ‘decompressed for display on said display
screen.

7. - The method according to any one of the preceding
claims, wherein each said first set of compressed
data is mixed by using a overlay table having an
entry for each screen position displayed on said
screen, with each said entry indicating which
coding interval of said coding intervals and which
stream of said streams is to be decompressed for a
corresponding screen position.

8. An apparatus for displaying a plurality of video
windows on a display screen, with each video
window being generated from a corresponding stream
of image data, said apparatus comprising: i

(a) means for dividing each said stream of image
data into coding intervals, each of said
coding intervals having image data for a

corresponding portion of a corresponding one
of said windows; '

(b) means for compressing each of said coding
intervals of image data so as to produce a
first set of compressed data for each of said
coding intervals;

(c) means for mixing each said first set of
compressed data to generate at least one
second set of compresséd data for each said
corresponding portion to be displayed on said
display screen; and

YO 991 062 \\
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SCS ¢start of sc S a scan. A frame consists of several scans.

One scan consi sts Hm intervals. .The size and the essentl al
cantrol parametersﬁ m‘ encoded into the_twy fieldsei-itgr %fter
S )

CS, i.e., the sectkons |Ind|"- éat &d by the ds | -'sﬁggrhpamelt
A coding interval is an integer nmultiple of the mini md@t@:LumED(NDU
which is two consecutive 8 pixel by 8 pixel blocks ot—s
bl ock. Each section (35) indicated by t he words "data" represents a se-

guence of conpressed c nt er ata for corre: ondi ng codi ng
interval . These conpr eggkedg'ﬂ%‘?% a % t‘ﬂ Jepgh tﬁg corgt sety Ok hown.

RSC (resynchroni zation): tecdatazsdtesgemerdRCipizel dabel for Reddle saile

Modul ati on) dependeice bet ent.S.LS (@
(end of inmge): term nat esdil ata st rea %%%ign 35 Péo&gﬁ@%@ oﬁ%rﬁaés?f
screen 10 divided into 240033RAER) FFXReal s with each coding interval
havi.ng 8 by 16 pixels. The coding intervals are nunbered fromleft

YO 991 062
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- to rdght and—froemtop ta bottomw th each row having 40 coding intervals.
M xing directgyg ehj'l] onpressed data is acconplished by using RSC s to

. delimt and nRepliged er val s t o bl ocks of- pixels. As stated:above,
a coding inter _ mal | as an MDU,_ such. asjpa=k6_pi xel by 8 pi xel
bl ock. This gr n conpared tcdk#e size ﬂ'Hfsg,

such as VGA, should be fine enough for w ndow over ljp
applications. YO 991 062

system architecture that can use this -?‘Tbé%vt;r%%ng technique is as fo
Al'l sources use the

An apparatus and method for displaying a plurality of
windows on a display screen. With this invention, a
stream of image data for each window is divided into
coding intervals, and each coding intervals is then
compressed and mixed. The mixed compressed data is then
decompressed for ultimate display on a display screen.

yi NORePL A

OWs.
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sane size coding interval, say a coding interval is an MDU. Each video
window i s partitioned into a grid of Cl's, which are |abelled sequentially
fromleft to right and fromtop to bottom The p05|t|on | abel s of the Cl's
carried in a packet are encoded in the packet header.-In this-way, if the~-
recei ver knows the di nension of a video w ndow and its codi ng-i nterval
size, it may use the position label to any coding interval to its
correspondi ng bl ock of pixels. At the rece(l er, the display screenis
partitioned into a grid of Cl's, which are also | abell ed ®equentially from
left to right and fromtop to bottom; le, if t odi ng i nterval

is an MU, "then a VGA display screen js partitijoned i
‘intervals, as depicted in FIG f a stjructur¢ for. m xing nulftIH
JPEG corrpressed data streans is|depigt®d i h FI 3 asjan Ppve bl e%( )
40. It is assumed that conpr.es dd arejre- |cei vedjand¥pr i|rRsjuch
a way that the bl ocks of conpteg$sed a afd their positi ' anl &
stored in separate queues, as shown &¥14- A t hrough 144 >
according to their sources, one ach |source atr's3 dsquned
that a separate playback nodul e, which is respansiblelf II’QH
packet ” M l../">“

0 Ll < <

- § o

=

12

14;‘A
I .._l._.
TER!flE?f:];_

FIL

1:}-1’
L.

™
v | T o oz
a8 a bt a0 ~
o |EQ|lo|EQ|ol=E9 ()
Oy o O ('S
k [
T < T
¥ . m o

5 EE-

A-1 A-2 A-3
B-1 B-2 B-3
8 &[]
DATA e et - -- c
C-1 C-2 C-3

HEA-0

Ay

DATA
SOURC
SOURC

Cy

DATA

SOURC




| oss, corruption and delay jitter, ensures that the conpressed data of a
conplete frane are waiting in the queues for mxing. - The Ol 40 is used to
specify the overlay configuration of video wi ndows. This table has one
entry for each coding interval on the display screen, as depicted in FIG

2. For the case of a VGA display, the overlay YO 991 062

-9-° table has 2400 entries, and each entry maps one coding interval on
the display screen to a specific control interval of a specific video

wi ndow. This information is derived fron1th§/gser's definition on the
positions
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of the video wi ndows and the overl ay conflguratlon of the video w ndows. A
bl‘ank coding interval |q speci fi ed by a speci al sy‘.— col um
t

of the tah e Fo xa if video wi ndow 1 has 1G‘H$S SBEE)'If HBSMEENb 2 MDU
‘and is pos aﬁ*ﬂper | eft corner,. narrel;)‘ MDU REPLAZEDA1, alfjd 42
in the VGA L/deo wi ndow 2 has the size and

IS position 42, 43, 44, 82, 83, and 84 in the VGA display
grid. The overlapplng MDU, i.e., 42, between the two widhtbws i s set for
video wi ndow 1. Then the overlay tabl 9#1 t following entries for these
two video w ndows. screen FG oding interval

position source relative posi t i. on
o3 Looure | OVERLAY TABLE ¢IT) . a1
1 ' 3 ’ 42 % = = uvcllap 43 .
2 2 . CODING INTERVAL CDDING INTERVAL

ON _

| DISPLAY SCREEN %%Lsﬁ\uﬁ
OR
SCREEN POSITIDN SOURCE IN -
WINDDOW
1 40

\

J s m
2400
FILTERING TABLE ¢FT)
ct SOURCE
RELATIVE
POSITION . :
IN WINDOW | 1 ! N |
T T \
—— o — —— v o, \
I | ! { { S >0
I | | 1 i
J X
| I I | |
| [ ] i |
ST 2400




44 2

2 . . 5 ge 6 5 —w
This Sheet H. A

-10- . One conpmm as 2 Replacad S creat ed every P secéfﬁs S*r‘g 1

conposite fra Hoes t hrough every entfy in

out the speC|f

4/5
ALLOCATE MEMORY SPACE IN COMPUTER SYSTEM 401
- FOR STORING OT TABLE _ +

\

WAIT FOR USER TO SUPPLY INFORMATION ON _
| WINDOW SIZE, THE RELATIVE POSITION, AND| ~ 402
. THE OVERLAID LAYDUT DF THE VIDED

SOURCE TO BE DISPLAYED
INITIALIZE THE OT TABLE BASED ON| - 403
THE USER’S INFORMATION IN 402

4
END - 404
oty

FOR i=1 to 1=2400
(FOR VGA FORMAT
| ;

, ' READ 1th ENTRY- OF THE OT TABLE

TO OBTAIN SOURCE ID(s> AND - 405
RELATIVE POSITION IN A WINDOW (m)

BLANK MDU 08

PREPARED ONE
BLANK MDU

4071 READ THE mth MDU
FROM THE sth QUEUE

—

[

- 409. | SEND THE MDU TO
1 THE DECOMPRESSOR.

L




|nterval (C) fromthe queue, or generates a_blani

Rggeakeyval . In
addi.ti on, tThe mxer—also—reeds to enbed in t QH(sesHE:%T 5t e crrpressed
S RS®&®nd frant i za- tion
etc., to satisfy th E&Tor mat The JPEG

dat a streamlggheetngsqg\egrsﬁg rker codes. such &
ﬁ com posite corrpressed dat a stream deconpr esses

tabl e speci
decoder the ml
It, and out ina formthat is suitable for display. The

flow chart of the mxer is shown in FIG 4 The mi xer carBb® either

i npl emented in software such as PS/E. @ conput er, or in dedicated

har dware such as TI, Intel D gltal l) ocessors to accelerate the

speed. The system fd : = oring OT Table

(401). Then it W%p&s f or theAluhECAﬂ'fE EMEMIDRY SRAEESINay | ayput information
r

from keyboard o CﬁmTEﬂ-hSYW ) the w ndow
size, the w ndow rel a PO , bt the vi deo

source.

6-02___VAIT FOR USER TO INPUT INFORMATION
OF OVERLAID WINDOW LAYOUT OF THE [~
VIDED SOURCE TO BE DISPLAYED

1

B 603 — INITIALIZE THE FT TABLE BASED
ON THE USER’S SPECIFICATIDN

604 | WAIT FOR ONE COMPRESSED
4 CODING INTERVAL TO ARRIVE

605—] IDENTIFY THE SOURCE IDG
[ AND THE RELATIVE POSITION ¢))

l

606 —~] READ THE CONTENT OF THE
,) ENTRY OF THE FT TABLE

607 |
: YES

DOES THE
CONTENT=D

608
L

DROP THE
CODING INTERVAL

609 ~J STORE THE COMPRESSED CODING |
= INTERVAL IN QUEUE 1 -




The systemthen initializes the OI Table (403) based on the user's
specifications in 402. Now, the systemcan start to generate the conposite
frame by reading the data queue (14-Ato 14-Cin FIG 1) in the systematic

order based on the OT Table which will be described as—+feiows: For the
VGA format, the OT Table has 2400 entries MOQEPL@(@EMEM‘ 2400, the
system repeatedly read the YO 991 06217- Httentry jof| the OT

table to obtain the source ID (s) and its rel ative R (Mt If the
source ID (s) 290@&1%

A NEW VIDEO MIXING TECHNIQUE USING JPEG COMPRESSED-DATA

ABSTRACT

An apparatus and method for displaying a plurality of windows (24-A, 24-B, 24-C) on a
display screen (22). With this invention, a stream of image data for each window (24-A,
24-B, 24-C) is divided into coding intervals, and each coding intervals is then compressed .
and mixed. The mixed compressed data is then decompressed for ultimate display on a
display scfeen (22). =

Fig. 1 |



~indicates a blank MDU (406), then the system prepares a bl ank MDU (408) and
send thrs blank MDU to the deconpressor (409); else, the systemreads the
.nmth MDU fromthe sth queue (see FIG 1) (407) and ! »gH he
deconpressor (409). The steps from.(404) to (409 D s to

generate a conpl ete conposite conpressed frane for conpr essi on. The
flowchart of the filter is showmn in FIG 6. The fift rg:pw@emtrer
0 dedIthEd
tihe

hardware such as TI, Intel Digital Signal Processo
speed. The system first allocates rregb!G r_storing FT Tablie
(601). Then it waits for the user to s y e overlay layout of the

vi deo sources to be display (6028VEReAYyJtABLEheATi nitializes the FT Table
(603) based upon the user's.specification. For the VGA format, the FT Table
has 2400 entries

S

i npl emented in software such as PS/ 2, Apple conputEr

- CODING INTERVAL | CODING INTERVAL
) s e —
SCREEND§DSITIUN SOURCE PGSII,IIDN
WINDOW

: 40

\

* e <.
n
3

2400

FIG. 5

FILTERING TABLE FT

Ci SOURCE
RELATIVE
POSITION . :
IN WINDOW| 1 ' N
R Y
i i [ i !
J x
1 1 1 ] |
{ i ! ! |
} 2400
-_—
This Sheet Has B
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Theh the systemwaits for one conpressed cofi
The source ID (i) and the relative p05|t|on
coding interval will be obtained (605). The sstem
entry of the FT Table (606). If the contentf ifs
conpressed coding interval (608). O herw sd,-;
i'nterval into the queue (i) (609). The stjegd

will be repeated. YO 991 062
CLAI M5

FIG. 4

ALLOCATE MEMORY SPACE IN COMPUTER SYSTEM
FOR STORING DT TABLE 1-401

[ .

WAIT FOR USER TO SUPPLY INFORMATION ON
- WINDDOW SIZE, THE RELATIVE POSITION, AND| - 402
THE OVERLAID LAYDUT OF THE VIDED

SOURCE TO BE DISPLAYED

|

INITIALIZE THE OT TABLE BASED ON| _ 403
THE USER’S INFORMATION IN 402

Y
END  TrpR =1 to 1=2400 =~ 404

FOR VGA FORMAT.

- i

READ 1th ENTRY OF THE OT TABLE 405
TO DOBTAIN SOURCE ID's AND 2
RELATIVE POSITION IN A WINDOW m

BLANK MDU 08

PREPARED [ONE
BLANK MDU

407-1 READ THE mth MDU
FROM THE sth QUEUE

o

'~ 409._| SEND THE MDU TO

_ I THE DECOMPRESSOR
This Sheet H L

7] III! i




»1* A nethod of displaying a plurali
screen, ‘with each video w ndow bei
.stream of imge data froma uni qu
(a) dividing each said stream of i
said coding intervals having i mage

EEPyws, on a display

ymj{a correspondi ng

ata source, sdiqd nmethod conpri sing:

de @67 MAWI96cddilng i ntervals, each of
afa for a corrgspondi ng portion of a
-correspondi ng one of said w ndows, W th—each w ndow hei ng generated from a

- uni que source; (b) conpressihg_each af said—eedi ng ignterval s of
I'mage data so as to produce a firs ef of _conpressed data for each of - :
said coding intervals; - (c) kiiég Gch said first set of conpressed
data generated fromnultiple sources to generate at |east one second set-

of_corrpressed data for each ﬁELﬁ](fAGIrE eﬁmﬁi{ngpmtkﬁn to bgq di splayed on
said display scr&M—Raflo 1eR SYSTEM FOR STORING FT TABLE

T
= . !

60?____{\.\/!3AIT FOR USER TO INPUT INFORMATION
' OF OVERLAID WINDOW LAYDOUT OF THE [~
VIDED SOURCE TO BE DISPLAYED

!

603 INITIALIZE THE FT TABLE BASED
ON THE USER'S SPECIFICATION

}

604 | WAIT FOR ONE COMPRESSED
{ CODING INTERVAL TO ARRIVE

|

605—]  IDENTIFY THE SOURCE ID I
[ AND THE RELATIVE POSITION

L

606 —)] READ THE CONTENT DF THE
1) ENTRY OF THE FT TABLE

607
- YES

DOES THE
CONTENT=0

7] 608
‘ !
DROP THE
CODING INTERVAL

609 ~ STORE THE COMPRESSED CODING {
I INTERVAL IN QUEUE 1 _

Y
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(d) decorrpre55| ng each second set of data to generate pixel data for each

~said corresponding portion to be displayed on said 2. A
nmethod as recited in claiml1, wherein in each of sai @f Cﬁl@f‘l cY EEE
-intervals are separated fromeach other by delimtgrg. . A nethofd as

*recited in claiml1, wherein conpressing each of sai cyodglggAugtwqe/a s| of
| mge data conprises transform ng each of ,said codinfglintervals of |nphge
data with a discrete cosine transformso™ds to progucea Set of
coefficients for each of said coding an@’v%s.

OVERLAY TABLE OT

CODING INTERVAL | CODING INTERVAL

ON
DISPLAY SCREEN l;%LSAIHI\J/S
OR
SCREEN POSITION SDURCE | "IN
WINDDW
1 - 40

\

L Y (—.
n
3

2400

FIG. 5

FILTERING TABLE FT

C1 SOURCE
- = RELATIVE L o _
POSITION - )
IN winDOw| 1 | l N
| | ! | | )_50
§ I ! | |
J X
i t { { [
{ I | 1 |
o 2400




o

14 4. "Anmethod as recited in claim1, further conpri si ng:

filtering each said first set of conpressed data ing.
first set of conpressed data, each said first s¢REPIACEMENT: SHEETPyY using

;a filtering table for each of said wi ndows, each garu—frtterrng thble

“having an entry for each said portion of sqi - epc
entry indicating fromwhich said stream ofE/Smage dati‘én'&]ﬂgﬁ%ésp '

first set of conpressed data is to be deconpressedilfor_display an said
di spl ay screen. 5. A nethod as rec ;Q lhim 1, wherein ea h said
first set of conpressed data is m xed Sin

entry for each scr

entry indicating whi AbLBEATEY MEMBRVaISRﬁCEaINI EBMPWE%tSYSJEM gndygqwhi ch
stream of said strgans is to bd:CSWMCDTOTABL&)H‘ESpOHdI ngt<€creen

posi tion.

\

WAIT FOR USER TO SUPPLY INFORMATION ON )
WINDOW SIZE, THE RELATIVE POSITION, AND| . 402
THE OVERLAID LAYDUT OF THE VIDED

SOURCE TO BE DISPLAYED
INITIALIZE THE OT TABLE BASED ON| 403
THE USER’S INFDRMATION IN 402

¥y
END FOR i=1 to 1=2400 [ 0%

FOR VGA FORMAT.

l

READ 1th ENTRY OF THE OT TABLE 405
TO OBTAIN SDURCE ID s AND ™
RELATIVE POSITION IN A WINDOW m

PREPARED ONE
BLANK MDU

407-] READ THE mth MDU
FROM THE sth QUEUE

-

- 409, | SEND THE MDU T0O -
o ‘THE DECOMPRESSOR

I



-

f1spl ay
stream

46. An apparatus for displaying a plurality of vi
"screen, with each video wi ndow being generated fr
of image data froma unique data source, said- appaydtus conprising:

:(a) neans for dividing each said stream of inage d | i) @ A998
‘intervals, each of said coding intervals having i data for a
correspondi ng portion of a correspondi ng/ne of s W th dach
wi ndow bei ng generated from a uni que source; (b) neans for
correspondi ng each of said coding i!:rgr I f image data so as to produce

achvof

a first set of conpressed data for aid coding intervals;

i ALLOCATE MEMORY SPACE IN
COMPUTER SYSTEM FOR STORING FT TABLE

i

6-02___WAIT FOR USER TO INPUT INFORMATION
OF OVERLAID WINDOW LAYOUT OF THE =
VIDED SOURCE TO BE DISPLAYED

!

603 INITIALIZE THE FT TABLE BASED
ON THE USER’S SPECIFICATION

!

604 | WAIT FOR ONE COMPRESSED
“ CODING INTERVAL TO ARRIVE

601

; 1 :
605—]  IDENTIFY THE SOURCE ID{
| AND THE RELATIVE POSITION

606 —]. READ THE CONTENT OF THE -
43 ENTRY OF THE FT TABLE

607 :
YES

DOES THE
CONTENT=0O

608
{

DROP THE
CODING INTERVAL

. | STORE THE COMPRESSED CODING
609~ INTERVAL IN QUEUE ! |




-(c_).srreans for mxing each said first set of conpresseg«data=ta—generated at
| east one second set of conpressed data generated frdg ' 1\
for each said corresponding portion to be displayed Ao spl ay—1 !
screen; and (d) means for deconpressing each sedon atfajto
generate pixel data for each said corFEspondi ng portijo g%w‘b&?a ed on
sai d di splay screen. 7. A met hod of displaying a

wi ndows, on a display scre w jbei ng generated fom
RpaARy BRCERE AR

a correspondl ng stream of image datasourte, —sard

met hod conpr 'ﬁﬂdqgn objeﬁt of the éﬁ%seﬂf iﬁggﬁtﬂﬁ kIR théi ofid E)Fi’dar@fdlshﬁ‘\? P Aagé‘[)f" into
coding interva eac coding I ntervals having I1nmage data tor a
cor r espongé pgioparft! i on of a correspondi ng one of

According to one aspect of the present invention there is provided a method of
displaying a plurality of video windows, on a display screen, with each video window
being generated from a corresponding stream of image data from a unique data source,
said method comprising: (a) dividing each said stream of image data into coding
intervals, each of said coding intervals haviné image data for a corresponding portion of
a corresponding one of said windows, with each window being generated from a unique
source; (b) compressing each of said coding intervals of image data so as to produce a
first set of compressed data for each of said coding intervals; (¢c) mixing each said first
set of compressed data generated from multiple sources to generate at least one second
set of compressed data for each said corresponding portion to be displayed on said
display screen; and (d) decompressing each second set of data to generate pixel data for
each said corresponding portion to be displayed on said display screen.

According to another aspéct of the present invention there is provided an apparatus
-for displaying a plurality of video windows on a display screen, with each video window
being generated from a corresponding stream of image data from a unique data source,
said apparatus comprising: (a) means for dividing each said stream of image data into
coding intervals, each of said coding intervals having image data for a corresponding
portion of a corresponding one of said windows, with each window being generated from
a unique source; (b) means for corresponding each of said coding intervals of image data
so as to produce a first set of compressed data for each of said coding intervals; (c)
means for mixing each said first set of compressed data to generated at least one second
set of compressed data generated from mhltiple sources for_ each said corresponding
portion to be displayed on said dislilay screen; and (d) means for decompressing each.
second set of data to generate pixel data for each said (;prresponding portion to be

displayed on said display screen.



“sai d’wi ndows, with each wi ndow bei ng generated from a |
(b) conpressing each of said coding intervals of imge{da
produce a first set of conpressed data for each of sajdj coding intervails;

said first set of conpressed data, eachdasaid first sef

using a filtering table for each of said portion of

each said entry |nd| catin tg}éfromV\hlch said stream ofldapmge data a
S

cor r espondi ng dimgy tar sQlbrangther Asprct ofethedpresent dnvestign thersc bnpre@@dar or

di splay on s scr m xi ng each said first sef, of
conpr esse d“\? ‘géﬁgﬂlﬁ%(‘%a Pf‘gal%ﬂft‘mf:ﬂoe‘g’g@m”&’e%“ &P rﬁQFe&PeH’“gteaFlé ggdpo o ne
second set _of resse for_ each al dtrcorr ondldg& fr‘;))ortlom t

i spl ayea Bipdck BOE 23ty cfon f oo fgpontie seelh S°AREE A r0R'S fie

source, said method comprising: (a) dividing each said stream of image data into coding

intervals, each of said coding intervals having image data for a corresponding portion of °
a corresponding one of said windows, with each window being generated from a unique
source; (b) compressing each of said coding intervals of image data so as to produce a
first set of compressed data for each of said coding intervals; (c) filtering each said first
set of compressed data prior to mixing each said first set of compressed data, each said
first set being filtered by using a filteriﬁg table for each of said portion of one of said
windows, each said entry indicating from which said stream of image data a
corresponding said first set of compressed data is to be decompressed for display on said -
display screen; (d) mixing each said first set of compressed data generated from multiple
sources to generated at least one second set of compressed data for each said
corresponding portion to be displayed on said display screen; and (¢) decompressing each
second set of data to generated pixel data for each said corresponding portion to be
displayed on said display screen.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

In the following preferred embodiments of the invention are described in more

detail with reference to the drawing in which: |

“FIG. 1 is a schematic illustration of a system according to the invention.
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IMS

1. A method of displaying a plurality of video windows, on a display screen, with
each video window being generated from a corresponding stream: of image data from a

unique data source, said method comprising:

(a) dividing each said stream of image data into coding intervals, each of said
coding intervals having image data for a corresponding portion of a corresponding one of

said windows, with each window being generated from a unique source;

(b) compressing each of said coding intervals of image data so as to produce a

first set of compressed data for each of said coding intervals;

(c) mixing each said first set of compressed data generated from multiple sources
to generate at least one second set of compressed data for each said corresponding .

portion to be displayed on said display screen; and

(d) decompressing each second set of data fo generate pixel data for each said

corresponding portion to be displayed on said display screen.

2. A method as recited in claim 1, wherein in each of said streams, coding intervals

are separated from each other by delimiters.

3. A method as recited in claim 1, wherein compressing each of said coding intervals
of image data comprises transformmg each of said codlng intervals of image data with a
discrete cosine transform so as to produce a set of coefficients for each of said coding

intervals.



i(.d) means for deconpressi ng each second set of

dat a fm““ﬁmImlmgI“mL corr é_spondi n.g portio mﬁw &%!—Sa.)@eﬁlf

pi xel
sai d

data to generate

14 24 OCT 1997

4. A method as recited in claim 1, further comprising:

filtering each said first set of compressed data prior to mixing each said first set of

compressed data, each said first set being filtered by using a filtering table for each of

~said windows, each said filtering table having an entry for each said portion of one of

said windows, each said entry indicating from which said stream of image data a
corresponding said first set of compressed data is to be decompressed for display on said

display screen.

5. A method as recited in claim 1, wherein each said first set of compressed data is
mixed by using a overlay table having an entry for each screen position displayed on said
screen, with each said entry indicating which coding interval of said coding intervals and

which stream of said streams is to be decompressed for a corresponding screen position.

6.  An apparatus for displaying a plurality of video windows on a display screen, with
each video window being generated from a corresponding stream of image data from a

unique data source, said apparatus comprising:

(@) means for dividing each said stream of image data into coding intervals, each )
of said coding intervals having image data for a corresponding portion of a

corresponding one of said windows, with each window being generated from a unique

~ source;

(b) means for corresponding each of said coding intervals of image data so as to

produce a first set of compressed data for each of said coding intervals; '_
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(c) means for mixing each said first set of compressed data to generated at least
one second set of compressed data generated from multiple sources for each said

corresponding portion to be displayed on said display screen; and

(d) means for decompressing each second set of data to generate pixel data for

each said corresponding portion to be displayed on said display screen.

7. A method of displaying a plurality of video windows, on a display screen, with
each video window being generated from a corresponding stream of image data from a

unique data source, said method comprising:

(@) dividing each said stream of image data into coding intervals, each of said
coding intervals having image data for a corresponding portion of a corresponding one of

said windows, with each window being generated from a unique source;

(b) compressing each of said coding intervals of image data so as to produce a

first set of compressed data for each of said coding infervals;

© filtering each said first set of compressed data prior to mixing each said first )
set of 'coihpressed data, each said first set being filtered by using a ﬁltéring table for each
of said portion of one of said windows, each said entry indicatihg from which said
stream of image data a corresponding said ﬁrst. set of compressed data is to be

decompressed for display on said display screen;

(d) mixing each said first set of compressed data generated from multiple sources
to generated at Jeast one second set of compressed data for each said corresponding

portion to be displayed on said display screen; and
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() decompressing each second set of data to genera.ted_piml_da.ﬁ_fgmm_mid

corresponding portion to be displayed on said display screen.

8. A method as recited in claim 7, wherein each said first set of compressed data is
mixed by using a overlay table having an entry for each screen position displayed on said
screen, with each said entry indicating which coding interval of said coding intervals and

which stream of said streams is to be decompressed for a corresponding screen position.



