Description &, MULTI - SCURCE | MAGE REAL TIME M xi NEIMPLS Lﬂr:}

AND AEL-ALI ASING  This invention relates generally to. inage disp -

pak at:us and nmet hod and, in particular, to the sinul- taneous display of

i mages froma plurality of inage sourcgi;- This patent application is
related to the follow ng cormonly assigfied U.S. Patent Applications: S. N
07/ 733,576, filed 22 July 1991, entitled "Look-Up Tabl e Based Gamma and

| nverse Gamma .Correction for Hi gh- Resolution Frame Buffers"” S. Choi et
al.; and S.N. 07/733,950, filed 22 July 1991, entitled "H gh Definition
Mil tinedi a Display” S. Choi et al.pegkpiptiBfern display systemdata f+om
mul tiple i mge sources are displ ayed. ese rmages are shown on the display
using a "wi ndow', a technique in which an area of a display is assigned to

an i mage source. HOMBLEI~SPUROECIMAGEI READNEIMENRIRIREUtS from multiple
sour ces - AND ANTI-ALIASING

This invention relates generally to image display
apparatus and method and, in particulaf, to the simul-
taneous display of images from a plurality of image
sources. '

This patent application is related to the following
commonly assigned U.S. Patent Applications} S.N.
-07/733,576, filed 22 July 1991, entitled "Look-Up Table
Based Gamma and Inverse Gamma Correction for High-
Resolutioﬁ Frame Buffers" S. Choi et al.; and S.N.
07/733,950, filed 22 July 1991, entitled "High

i Definition ﬁultimedia Display" S. Choi et al.

i

Ih\a modern display system data from multiple image
sources are displayed. These images are shown on the
display using a "window", a technique in which an area
‘of a display is assigned to an image.sburce. However,
prdblems arise when the outputs from multiple sources
must be coordinated on the display. When there is more
than one source for the display, a mechanism is required
- to coordinate the output to a single display monitor.

A Straightforward solution is to design the system such
that only one source can be displayed at a time. For
example, if a High Definition Televisions (HDTV)
sampler input is selected, then only the HDTV output is
output to the display. However, with an increased
‘demand for "windowing" in graphics systems, and with an
increased emphasis on a multimedia environment, where
there exists more than one video source, this relative-
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must be coordi nated on the display. Wen there is nore than one source for
the dJ%pIay a mechanismis required to coordinate the output to a single
digpl ay nonitor. A straightforward solution is to design the system such
that only one source can be di spl ayed aR-a tinme. For exanple, if a High
Definition Tel evisions (HDTV) sanpler input is selected, then only the HDTV
output I's output to the display. However, with an increased demand for

"W ndowi ng" in graphics systens, and with an increased enphasis on a

mul ti medi a environnment, where there exists nore than one video source, this
relative- W9 §4mpdgssolution is not adequate. . -2- ly sinple

solution is not adequate. In order to acconpllsh w ndowi ng there nust be

i ded h h that thi,n the t '
Ceroon. i 11 PoREIET, Hr ASEORPLIER MEBEoR O, KPSF B Fipabs BVEARd B 1

shows an exampmechiand swi sdche@hgtaphuthlmnthOto&aﬂeameaAdeﬁlned39Ybe
a monitor screen, different sub-areas are sourced by
different video sources. Fig. 1 shows an example of a
windowed graphics monitor screen. Area A may be '
sourced by a local host or workstation. Area B may be
sourced by a remote graphics server connected via a
high speed network. Area C may be sourced by a HDTV
sampler. One technique to provide such a display is
known in the art as pixel switching. That is, for a
given display area, or window, the source of pixels for
that area is selected from a specified image plane.

A more complex problem is bresented when an arbitrarily
shaped image from a source is overlayed on top of
another image, rather than over a simple rectangular
window. For example, an image of an automobile may be
rendered using a graphics server, and the automobile
image may be required to be overlayed upon a HDTV-
generated background image. This requires that all
pixel selection be accomplished on a pixel-by-pixel
basis, since the éhape of the foreground object, or
automobile, is not réctangular.

One solution that is applicable to a two-image source
system utilizes color keyed pixel switching, and allows
pixel-by—pixel selection between two sources. This
technique is described in commonly assigned U.S. Patent
No. 4,994,912, entitled "Audio Visual Interactive
Display", by L. Lumélsky et. al..
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sourced by a local host or workstation. Area B may be sourced by a renote
gr aphi*cs server connected via a high speed network. Area C may be sourced
by-a HDTV sanpler. One technique to.provide such a display is.known in the
art as pixel switching. That is, for a=3tven display area, or: window, the
source of pixels for that area is selected froma specified inmage plane.

A nore conplex problemis presented when an arbitrarily shaped image froma
source is overlayed on top of another image, rather than over-a sinple

rect angul ar wi ndow. For exanp an_i mage, of an aut onohbil e g%%?be render ed

| e,
using a gr apBPWeVeE, EPT the ¢ase WRSReptRere AkR TRKS figh ed to be
over | ayed upgidéo Hi3Wrc@epesackdabaikoi Dlnstraegd. idFbsys ehuiaes that all

pi xel selectipp_be acconplished.gn | - by pi 1,.S,a SI he shape
of the for eg¢ Yodopo! eﬁg'},'?u +°%uf’%nﬁ%‘ﬁ?£,§&{lngn%t&ir%Jf%a%ﬁab;’. ée sol ution
that is appl(¥aD)pe imagetsourcegeonoarpixelsh¥rpixel basigol or keyed pi xe
swi tching, and allows pixel-by-pixel selection between two sources. This
technique is described in comonly assigned U.S. Patent No. 4}g€4,912,
entitled "Aubmothes Brobhem GhatyarbFes| 4) overlaying AFRRIER 11y

YO 991 084 ghaped multiple source images is due to an aliasing
effect resulting from image pixel switching. 1In that a
pixel of one image source may not blend with a pixel
from a second image source, aliasing_results.' Aliasiqg
causes the resultant image to exhibit undesirable
artifacts along the boundary between the foreground and
the background images, such as stair-casing and color
distortion. In order to eliminate the artifacts, an
anti-aliasing technique is necessary. However, in that
the fpregréund image does not contain information about
the backgreund image, the anti-aliasing should be
accomplished inireal-time at the video output. Thus, a
technique for anti-aliasing N image sources in real-
time is required. Furthermore, in order to anti-alias
an arbitrarily shaped foreground object, the anti-alias-
ing must be accomplished on a pixel-by-pixel basis.

However, in modern high resolutioﬁ displays the video
data bandwidth and data rates are very high, thus
placing severe timing constraints on any pixel process-
ing that is to be accomplished in a real-time manner.

In U.S. Patent No. 5,001,469, issued March 19, 1991,
entitled "Window-Dependent Buffer Selection" to Pappas .
et al. there is described window control hardware in a
graphics sub-system in which multiple image sources are
shown on to a single monitor. This is accomplished by
defining each window as a separate frame buffer and
defining for each window, i.e. frame buffer, a window
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- 3- ~ However, for the case where there are nore than two vi deo sources,
such as is-illustrated in Fig. 1, a different solution is required for
displ aying N, where (N>2), inmge sources on a pi xel - by-pi xel basis.

Anot her problemthat arises in overlayinrg-arbitr LG, HELL Al €
source i mages is due to an aliasing effect resul iT@ff%:' e pi xel
swtching. In that a pixel of one inmge source no pi xe

froma second i mage source, aliasing results. Al iastng causes t.he resultant
i mge to exhibit undesirable artifacts along the boundary between the
foreground anddeRtifiergionndandngevindaowhsisesandr leaatihgn dpased| on
ot cary TGERILES ORISR, fockelsn, bactin sadelong 1agt o | oot due
5 necessary. aBRUEIEE: Wt 8ol St SESHoU iy TRge, docs ot ot
acconpl i shed anp;ﬁaritiztngtsbhemeidhereuupﬁtameTbuﬁfeﬁsteGMﬂ%auﬁs*DF -
s "t o Pabp] BEOGCSEVEERSckan 872 T yerECH AGY, phy"AlghamE™
anti-alias- iBglenétybandcNokphashsleodowestxprioyityxel Thasgsaphidbwever,
in modern hi ggybesPkubhOindiaRbaYR WiRavdgerdatfoR2NdYidLh SRd Fata rates
are Very hlghéaéﬁugrame buffer, which use comparators for window
’

size and location values to determine if the associated
window is active for a region of the screen. If the
-window is active an image source pointer and other
information are sent to prioritizing logic which
prioritizes N input signals to determine which "active"
image source has a highest priority. An active image
with the highest priority is chosen by the priority
logic and shown on a monitor.

Pappas et. al. employ window size and location wvalues
to control multiple image sources, and an image frame
buffer does not contain multiple windows. Furthermore,
.this system appears to be limited for use with only
rectangularly shaped windows. Also, the problem of
displaying multiple sources with differing image
formats is not addressed.

It is thus an object of the invention to provide “for
the simultaneous display of video data from N indepen-
dent image sources, where N may be greater than two,
through the use of pixel switching and control on a
pixel-by-pixel basis for the N image sources.

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

heet Has Been Replaced
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pl.aci ngs severe timng constraints on any pixel process- ing that is to be

accenplished in a real -time nmanner. In U S Patent No. 5,001, 469, issued
March 19, 1991, entitled "W ndow Dependent Buffer Selectlon to Pappas et

al. there is described w ndow control hagdware i ms aphizesSulde-ayst em i n
whi ch nul tiple image sources are shown on to a si nﬁHlS%HEE‘ITMSBEENs' i's

defining for each window, i.e. frane buffer, a wT Sjsi:
i dentification, and a w ndow size and | ocati on based on four val ues of top
| ocati on, bdTHe mnseerettiam Jpariiculaaly grovinies iaghteﬁhmdalamdn. This system

| | "o
Driori 1 zed Rl | Fdn s ST PIded| A LpluratiBeORE ) o0e
the | owest primage ysoupres)Qp dRORAEPE S ing |¢1(9Q¥§?5§1§@1% REoRI@BEect i on
I ogics, one fRixfHRg hid PixdMid@icchihg) oif G GIRA-3 xfeqr balsigow si ze

ond ocat on Wl upe RS delprnr NI sptialen “n%@%pgmﬁt or 2,

other information are .
The foregoing and other problems are overcome and the
object of the invention is realized by method and
apparatus for implementing a raster graphic display
video data path that provides arbitrary mixing of a
plurality of images. The video data_péth is highly
prarallelized, and employs parallel devices operating
under the control of a set of look-up tables. The
look~up tables are loadable from a controller, such as
a host workstation. The raster graphic display video
data patﬁ funétions with unlimited screen resolutions,
and also enables a variéty of different pixel data
formats from a potentially large number of different
sources. Outputs from many image sources are mixed
under the control of the host workstation, with pixel
accuracy being based on (a) a combined transparency
coefficient (alpha) of the images, for each image
source, and (b) a window identification number assigned
by the host workstation.

Pixel data format conversion to a common predetermined
format provides coherency between pixel values generated
by a number of different image sources, such as HDTV

and high resolution graphics servers, such as a super-
computer.

An anti-aliasing function is disclosed for use in
eliminating artifacts between a foreground image's
boundary with a background image. The anti-aliasing -
function may also be used for geheréting special

N
heet Has Been Reraced

T
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sent tosprioritizing logic which prioritizes Ninput signals to determ ne
which "active"™ inmage source has a highest priority. An active inmage wWth '

thé'highest priority is chosen by the priority | . A
monitor. Pappas.et. al. enploy w ndow sige and lotdtS SFEIIAREERY kontro
nul tiple i mage sources, and an image frane buffer_doeSERBACEBNt 4i n

mul ti pl e wi ndows. Furthernore, this system appears to be limted for use
with only rectangul arly shaped wi ndows. Also, the problemof displaying
mul tiple sources with differing inage formats i s not addressed.

SUMVARY OF THE effi&ns Osuch-aiss showdingeat tohnshucenbsbmags ifinnegronndo
ameljorate one gfoflife dddeAdneeh ¥ bNBacRhkeind! imagd\Fyeirli ng to one

aspect of the present invention thefe is provided | rage di splay _apparatus,
conprising: a pPiEhsy ys%‘rqera@%Wﬁéﬁrﬁ@%§nﬁigﬁiﬁg’d"9 rf“fg’r aghar chi cal
manner so as t cemploysipixdl giiedhguriority frame buffer nmeans and a
plurality of lower priority frame buffer nmeans, each of said frame buffer

means storing inmage pixel data received froman associated inmage source;
means, coupl ed I eydexitisutaldoveasly aumberdoff indeprendent visees, for

Con\ée[t i ng addijé‘%f‘yeé ,]g)rmgetpafratﬂae ﬁtaﬁfee%#hs&_asei_ai ¥elosatan ltfbéateach

pr edet er m ne i spl.a ormatf; and neans, having inputs couple 0

i ndi vi dual ones°€fth%eﬁ9¥r&?ﬁ/erﬂ 'mrffﬁ's aoﬁ?ﬁg'ﬁg‘, ‘B?'%)]F ée’f%&'ﬁ% y

conbi ni ng an i maideqideta fsoamoesgh tifere are N frame buffers. Depend-
ing on display monitor bandwidth requirements, each of
the N frame buffers may also be interleaved M ways.

The invention also pertains to an integrated circuit
device that provides, in a high speed pipelined manner,
a pixel mixing function and a pixel multiplexing
function.

The above set forth and other features of the inventién
are made more apparent in the ensuing detailed descrip-
tion of the invention, when read in conjunction with
the attached drawing, wherein:

Fig. 1 illustrates an exemplary display screen
having multiple video data sources each
displayed within an associated window;

Fig. 2 is a block diagram showing, in accordance
with the invention, a plurality of hierarchi-
cally arranged frame buffers having look-up
tables, pixel mixing, and pixel multiplexing
circuitry interposed between frame buffers;

Fig. 3 is a block diagram showing an N by M configura-

tion of hierarchically arranged frame buffers
having look-up tables, pixel mixing, and

i
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sai d pIuraIrty of frame buffer means so as to forma conposite inmage pixel
Wherern said conbining neans includes a plurality of neans, individual
ofies of which are interposed between two hierarchically adjacent ones of
said frane buffer means, for selectrvely_7_ genéerating an i nmage

pi xel value and for providing t he generated i nage pixel' value to an input
of a generating neans at a next highest |evel, said generating neans being
responsive to a control neans for selectively providing one of (a) an inmage
pi xel value .that is equal to an inmage pixel value output by a first one of
the hierarchically adj acgpikelomaitipléking reircuitifyeinteapesedb) an inage

prxel va!ue_thar S equakgggﬁgg kggﬁg 8%€f%¥ val ue output by a second one

of- the hierarchically ad ones of ane buffer neans, and (c) an
i mage pi xel value that is equal to a conmbination of the inage pixel values

output by each wfgthe firgtuaedatBs serofsl Meenaldeapayhadj acent ones of
the frane buffer nmeans, the conbi ned i nage pi xel value being a function of

a pixel transparency val ue associated with a pi xel from one of the
hi erarchical | y mifacent dsea block diagram illustrating pixel mixing

.and multiplexing logic embodied within an
integrated circuit device; and

Fig.. 6 is a schematic diagram illustrating an-alpna
control logic function from the pixel mixing
logic of Fig. S. '

Referring to Fig. 2 there is illustrated a block
dlagram of a multi-source v1deo display pixel mixing
system 10 that is constructed and operated in accor-
dance with the invention. System 10 rgcelves video data
input from N sources, with each source having an
associated frame buffer (FB) memory (FB_l to FB_N).
Also shown is a video output data path for a pixel
(x,y) of each FB. In that there are N overlay FBs,
there are N overlay pixels for a pixel displayed at
display 12 location (x,y), one from each FB. The FBs
are hierarchically ordered from 1 to N, where 1 is
considered to have a highest priority and where N is
considered to have a lowest priority. By preference,
but not as a limitation upon the practice of the
invention, FB_l is associated with a host 14 and FB_N
is associated with, by example, an HDTV video source
that does not provide an indication of pixel translu-
cency, or alpha. The FBs are addressed in parallel so
that each operates in lock-step with the others.

In a multi-media system such as the one depicted in
Fig. 2 a coherency of pixel format cannot be assumed.
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the frame buffer neans, wherein each of said generating neans includes

mi xer ‘nmeans for -m xing together, in accordance wth a pixel transparency.
val ue provided by the associated frame buffer neans, a pixel val ue from
the associated frame buffer nmeans and a_gixel value received froma next

| ower priority level, and wherein said mxer nmeans includes first neans
for subtracting the converted pixel value output by the associated frane
buffer neans fromthe pixel value received fromthe m xer neans associ at ed
with the frane buffer means at the next |ower priority level, second neans
for multiplyingFer examplencan aage @enexrated byiad éﬁpetcomputenﬂ mes a
transparency vahna/afsacgfaﬁﬁaué?cé&e anral ¥ebeY L&efP%&hP&“

associ ated frane buffer ans product val ue

output by sai o CBEORR NELVEEK ahant @ 20aPaE Redei GEeei Hitsho i xer
means a5500|atedRmGtB)tﬂermatuﬁaHnﬁévarﬂnahas1abalhﬁoﬁﬁsta&ibﬁﬂhqsﬂ Q4ity

| evel . Accordi ﬂ%yt ﬂaggoggeé_@is@eﬂ f ftd}ﬁualﬂr eggat hhﬁﬁ,ﬂ}lé) r#rét%Le S

provi ded a nethod“f-or generating video plxeF conpri’si e steps
of : providing alBPHFaWﬁ¥yh%Nef4eﬁ%?oqiﬂﬂﬂﬂe AimABanegahy /el ﬂqrmﬁt-

hi Srarclhl ca: _ rramebraerantm:prmedfs zfﬁamgha&hepawéréa éé@f&ef s laug f fr neans
and a plurality 0 P r.neans, each of sai rane
buf f er means stgr]%ﬁlt E@é éééﬁié#é%i ﬁﬂﬁ% Xaéggﬁcﬁgt%dc?Wﬂﬁﬂa pi xel

source; and at @Qmatl-evbm ie tsustamnedd dve Bf, 6 aBefouhiderisrshesent her

than a | owest |ﬁ‘.ée'thesébﬂﬁ6ﬂ1 rmoﬁﬁa@raué)uaoo%s%ewe&véegﬁhpﬁzﬁﬁ{ (a) a
first imge plxe tﬁ%h& Ifbrﬁgts éf% %&thln the scépe of the
| teaching of the invention. Thus, all pixel data is

converted to R, G, B. This data conversion is accom-
plished at each FB through the use of a Look-Up-Table
(LUT) 15. That is, knowing the particular format
stored within a given FB, the associated LUT 15 is
programmed such that when a pixel of the format to he
converted is applied to the address inputs of the LUT
15, a corresponding R,G,B value is output. Each LUT 15
is preferably coupled to the local host 14 and is
programmable thereby, although fixed-content LUTs may
also be employed, depending upon the application. It
should be appreciated that the host 14 may also be a
source of video data to one of the FBs, such as is
illustrated in Fig. 1 for the data displayed within
window A. As an example, if the host 14 is a worksta-
tion then alphanumeric text information may be gene-
rated by the host 14 for display.

It is further noted that for some video sources, such

as a HDTV source, the video signal may be expressed in
an analog format. As such, an analog-to-digital conver-
ter is employed to first convert the analog video input

to a digital format suitable for storage within the
FB_N.
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value fhat is output fromthe frame buffer nmeans associated image pixel
value that is output fromthe adj acent, lower  |level of the hierarchy of
frame buffer means, and (c) a third image pixel value that is a -

conbi nati on of the'inage pi xel value that is output fromthe frane buffer
nmeans associated with that [evel and the t%mge pixel value that is output
fromthe adjacent, |lower level of the hierarchy of frane-buffer neans,
wherein the conbination is made in accordance with a transparency val ue
that is associated with the inage pixel value that is output fromthe

frane buffer meaps. assyy %5§d 'tpstﬁﬁkeie a Ui d ?Q@rﬁéf@ Shus

sel ecting the th|rd | mage I ncl u es a step n1X|ng t oget her,
i n accordance V\A‘P‘FFFF@“Q% QF@P&?‘“VSFU%°B?’€%‘F%(P£ tiher paxglsddtated frane

buf Ier rr:sans a mmdt \pﬁdﬁdbaonsyt bachsindepéndent amg@fsbalrce;remsba?? a
pi xel val ue rece C oyer. p e uf fer
nmeans, and Wnere ‘ﬁi ep inig;b% ﬁéﬁ%{éeﬁe?%i‘h%{ é’zjlt%%elt g?)gg]()f

subtractlng t he m%ﬁumg value out put by the associated frane buffer neans

fromthe pixel value received fromthe frame buffer neans at the next

| over priority va otdégnég g%%%%mamgkgggrgg eéntl-allaSLng per pixel

boundary, each of the FBs includes an alpha buffer
memory plane, except for the FB_N, which has no down-
stream FB and, thus, no.background image to mix with.

- The alpha buffer memory plane is accessed by the device
which is also the source of the video data for the
associated FB. For example, FB_2 may have a 32-bit
memory plane organized as a 24-bit R, G, B plane and an
8-bit alpha plane, both of which are sourced by a _
graphics server over a communication network. When the
graphics server renders an image it also generates an
alpha value associated with each pixel rendered for the
image.

As employed herein alpha is considered to be an indica-
tion of pixel translucency or transparency, and may
assume values between zero and one. With alpha equal
to zero the associated pixel is considered to be
totally transparent. That is, any background pixel or
pixels are visible. With alpha equal to one the
associated pixel is considered to be totally opaque.
Values between zero and one provide for gradiations in
Pixel transparency and are employed to advantage at the
boundaries of foreground and background images to

anti-alias the boundary pixels to eliminate undesirable
display artifacts.

The pixel data and alpha values are both transferred
over the communication network into the associated
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val ue that results fromthe step of subtracting times the pixe
transparency val ue -associated with the pixel value output by the

associ ated frame buffer nmeans; and adding a product value that results
fromthe step of nultiplying to the pixel value received from the frane
buffer neans at the next | ower prlorlty‘l@vel According to still another
aspect of the present invention there is provided an integrated circuit
device for processing inage pixel data, said integrated.circuit device
conprising a first input port for coupling to an output of a first source

of inmage pi xel f Tbut of
secl)nngoglr)ée 5 -a-r lrg;%h%iﬁ%]fﬂ}o%lggr is Qée&%'ﬂﬂcélonﬁ&lﬁﬁ put of a

n ort for couplrng
to an output ovia ¥BYrlegis lﬁnﬁnﬁ|&W@§1P@F§ﬁ§pé¥@%kjf ég'tﬁ&t Sare

associ ated W t Bot f€xi RPESB PintRle \tﬁ.MS dquhppAséé@nnp hxrdm redie sour ce sai d
I ntegrated circuit gEVIC ur.t ; ? rgﬁﬁ?@aF
predet er ni ned 9P¥PES tﬂ%ﬁ pg n a con |nput port
for selectlvelplanelhguscgnnbkﬁs|Hﬁﬁ%?ﬁﬂm@elPW&?Lé@Y‘Pkﬁﬁi\H&?Hﬂgoﬁfsald
first input POE&%Q&{;%&&@&@@MW%& BQ&k r&@nd pBas.f or

sel ectively m xiI ng rysin | rst ans for actin I X
val ue receyvedAntl-alggéing é%y also'gz accomplls eé b5 ré%fﬂ%lﬂgaggsp €

will be described below.

" In operation, the FB having the lowest priority (N)
converts a pixel (x,y) to R, G, B pixel format, via the
associated LUT 15, and passes the converted pixel value
on for mixing with a corresponding pixel from the next
highest priority frame buffer (FB_N-1), via the MIX 16.
All FBj, except for the N-th FB (lowest priority), may
perform one of three operations. These operations are
shown in TABLE 1. i

TABLE 1

1. Discard the pixel passed from the j+1 FB and pass '
the associated pixel to the upstream j-1 FB, or to
the display 12 if j=1. This is accomplished by
selecting the A input of the associated MUX 17.

2. Discard its own pixel and pass the pixel received
from the j+1 FB to the j-1 FB, or to the display
12 if j=1. This is accomplished by selecting the
C input of the associated MUX 17.

3. Use the value of alpha, from the associated FB, to
mix its own pikel value with the pixel received
from the j+1 FB, and then pass the mixed pixel
value to the j-1 FB, or to the display 12 if j=1.
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fromthe first input port froman inmage pixel value received fromthe
second i nput port, second neans for multiplying a difference val ue out put
fromsaid first nmeans tines an inmage pixel transparency val ue received
fromthe third input port, and third meapgjfor adding a product value

out put from said second neans to the inmage pi xel value received -fromthe
second input port, said integrated circuit device further conprising an
output port, coupled to an output of said third neans, for outputting a
resul tant inmage pixel value. According to yet another aspect of the

present invention thm:ls iis mmmdﬂdsheﬂgbydsehémnmpﬂmr B dsputoopri sing: a
plurality of frane g% ey ? d in a hierarchical manner so as
to provide a hlghest pr|or|ty rane- ér nmeans” and a plurality of |ower
priority frame buffer nmeans, each of said frane buffer neans storing i mage

pi xel data frorn@ﬁnmisatecios:@w abovangroebdes d Hevhpdgad wheyeen

hi erarchical ly adjacent fr buf fer fo electi pi xel
val ue and for pf%‘%/iadi‘-’ﬁﬁ’et%?]%é’llggt &xeggg’g é &'eﬁ Je g'alg anu?

anot her sel ect i (%, Wediromany ﬁ@xtlshsgﬂttheﬂe xeb@wi-fs@ll@m)ungr ﬁmﬁns
bei ng responsi vgi fex q«a&m& of &w orf abréebfféwg(}agnan fRomPUl fabreash

LSVl P2 Ty gtk e Ry Gekleh) 5 S0Ua] 1o an Tmge pi xe
| evel , (b) an image plxel val ue that is output

' As seen in Fig. 4, the invention employs a color keying
method based on the pixel value of the local host 14.
The local host 14 FB is comprised of three planes. One
plane stores a local host 14 pixel value, or color
index (CI). A second plane stores a local host 14
window identification number (WID). A third plane
stores a local host 14 alpha value (WS_alpha). The
system 10 employs control logic 19 for generating a
plurality of signals. based on inputs from the host 14
FB. These inputs include a CI input for "color keying"
‘to determine display 10 operation. WID provides a
mechanism where different windows of the display 12 may
have one or more key colors associated therewith. This
is accomplished through the use of a palette LUT 15 and
a video control (VC) LUT 22. VC_LUT 22 has 2(N-1)
outputs which are provided in pairs to each of the
MUXes 17 for controlling the operatlon thereof, in
accordance with TABLE 1.

For example, for a first window a red CI may be defined
as "key" to select, via the VC_LUT 22, the HDTV input.

- For another window a red CI may be the "key" to cause,
‘'via VC_LUT 22, the mixing of a host 14 pixel with a

HDTV background pixel, using WS_alpha for modifying the
values of boundary pixels so as to perform anti-aliasing.
For another window, a red CI may be a pixel that is

YO 991 084



fromthe adjacent, |ower |evel of the hierarchy of frane buffer neans, and
(c) an inmage pixel value that is a conbination of the inmage pixel value
that is output fromthe frame buffer means associated with that level and
the i mage pixel. value that is output fromthe adjacent, |ower |evel of the
hi erarchy of franme buffer neans, wher ei n THE conbi nation is made in '
accordance with a transparency value that is associated with the i mage

pi xel value that is output fromthe frane buffer neans associated with
that | evel., wherein said selecting neans includes first nmeans for

subtracting thea@%ﬁ&y&&'aﬁ O Mnibort NS, F3a0ehat sshde@m.yauiioer neans
fromthe pixel value Teceived fromthe sele tlgg neans.é%ﬁ%PC|at MWth the
frame buffer neWhers:tREcChek® FORWGT d¥ﬁ§§" Fek G an r

mul tiplying a dnéthoénadvantageouwswtertablea dnfi nanberarfs indepenteat
transparency val, a | | Nel] % ' e

associ ated franﬁﬁga?fgée%gén?o?ﬁ%%i%&mﬁgh' @L‘Eﬁ%;‘%}?{# (é@igggi.ng a
product val ue odipitedyte PrLY dewmdiiag SOUFCeRe pFREthexnare, £&dsi ved from

the sel ecting NpaBRodsaDss apeskiddd pihe T mEnBUESLET FuRAiom sudd aext
lower priority ngthime anti-aliasing or image blending. All of
these functions may be accomplished on pixels contained
within and/or bounding an object of interest, based on
the value of WID. Furthermore, these fﬁnctions are
applied on pixel-by-pixel basis.

Preferably, video output controls are implemented using
the local host 12 FB. For illustration, FB_1 is chosen
as the local host FB, but any one of the FBs may .be
been chosen instead. As seen in Fig. 4, for the local
host 12 graphics work space there are a total ofiP bit
planes for the FB. Of the P-bits output by t:hese'I
planes, C-bits are used as the color index (CI), W-bits
are used as the window identificater (WID), and M-bits
are used for (WS_alpha) for blending the local host 12
image with another image. Both CI and WID are employed
as indexes (addresses) to the LUT 15 to provide 24 bit
R, G, B data. Furthermore, these same bits are used as
indexes (addresses) to VC_LUT 22 to provide the videc
pPath control bits (VID_CNTRL), which are used to
coordinate the display output. The width of VID_CNTRL
is a function of the total number of the image sources
(N).

For each FBj, where 1 < j < N, two bits are required
to choose one of the three operations described in
TABLE 1. The definition of these two bits may be
expressed as: '
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DESCRI PT1 ON: OF THE. PREFERRED EMBCODI ENT(S) Fig. 1 illustrates an
exenpl ary display-screen having nultiple video data sources

di spl ayed within an associated window, Fig. 2 - is a block dlagram
showi ng, in accordance with the invention.gf plurality of
hierarchically arranged frame buffers having | ook-up tables, pixel mxing,

and pixel multiplexing circuitry interposed between frane buffers;
is a block diagramshowing an N by M configuration of hierarchically

arranged franme buffers having | ook- ug t abl es, pixel - mxing, and
e

-7- -

franme buffers;

pl%l' miixipoeRisgb

Fighk 4 Mixihgupikabéda |SeRdcthqiputi Gegop il ;
' and .

1x - Mixing Enabled. Select input B for MUX.

For FBy, if bit 1 (MSB) is set, mixing is enabled and
the result of the mixed pixel of FBj and FBj+1 is
passed to the j-1 FB. 1In this case bit 0 (LSB) is
ignored. If bit 1 is reset, then alpha mixing is
disabled, and either the pixel value from FB. (if bit 0
is reset) or the pixel value received from FBj+l (if-
bit 0 is set) is passed to FBj-l'

In that the FB_N can only pass its output pixel value
upstream, it does not require any control bits. Thus,
the total number of bits required for VID_CNTRL, for N
image sources, is B = 2(N-1), where B is number of bits
in VID_CNTRL and N is the number of independent image
sources.

The VID_CNTRL assignment for FBj are bits 2j-2 for the
least significant bit and 2j-1 for the most significant
bit. This provides a flexible mechanism for window
control for a multi-source system. It should be noted
that from the local host 12, by using the color keying,
a user may cause any display pixel to be formed from a
result of all corresponding pixels from all FBs. That
is, the user defines a color key to represent a speci-
fic output format, and then employs that color key
where a specific output is desired. Furthermore,
through the use of WID the user is enabled to select
the color keying as a function of window identifica-
tion. For example, if the width of WID is 4-bits, then
there may be up to 24, or 16, windows that are simul-
taneously displayed and controlled. For this case the

YO 991 084
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Fig. 5. l.s a block diagramillustrating pixel mxing and

mul tipl exing logic enbodied wthin an I ntegrated circuit device;
and Fig. 6 is a schematic diagramillustrating an al pha

control logic function fromthe pixel nixing | ogic of Fig. 5.
Referring to Fig. 2 there is illustrated¥tblock diagramof a nulti-source

vi deo display pixel mxing system 10 that is constructed and operated in
accor- dance with the invention. System 10 receives video data input fromN
sources, with each source having an associ ated frame buffer (FB) nenory

FB 1 to FB o] X of
<(aach FB. In tl\?m %‘é}r Zaa?@ Woverl}gee?igyé F&i}f?#?eg;cgghg gé zaeﬁpc?%elg fgz a
pi xel "di spl aye@agh €F9993y099¢¢%kkﬂgcﬂ#iﬁ?ﬁﬁn YAO_FNEREc¥algsB. Phe FBs are
hi erarchical |y spedeed bheMof tie Neyiwie withircwosLyer 2zl i® fwve a hi ghest

priority and nsj red ve . a . owne

pr ef erence, Wﬂ gﬁyagy Eﬁ dg‘f? on gkﬁ t"f%‘lﬁr chi’gglg t‘%%)-rc%[gﬁlon
FB 1 i s associ &tidd cambinatibostwithimdtks Mediomdsosedectedibh thy exarrpl e,
an HDTV vi deo syiecokhat.does not provide an indication of pixel translu-
cency, or al pha. The FBs are addressed in parallel so that each operates
in | ock-step with the others. In a multi-nedia system such as the one

depicted in Fi gn Zuamepherthiy méchaniksm fmrowidesaan@ilekibbs sungaht YO 991
_084 control for any number of FBs utilizing both color

keylng and mixing (anti-~aliasing) technlques on a )
plxel-byfplxel basis. If FB mixing is enabled for each

level, the equation for the resulting displayed pixel

(R) is given by:

R ='a1P1 + (1 - al)(a2P2+(1 - az)(a3P3 + Fl --ag)
..-(GN_le_l + (1 - O.N - l)PN))aco),

where Pj represents a pixel from the FBj, End where
aj represents an alpha value from the FBj.

A high resolution monitor, e.g. 2048 X 2048 pixels,
requires a video bandwidth in excess of 360 th. In
order to provide the bandwidth necessary for a high
resolution monitor, the serial video output from the FB
VRAMs is required to be interleaved. For example, for
a conventional VRAM, having a serial output bandwidth
of 33 Mhz, the FB video output path needs to be, for a
60 Hz 2048 X 2048 resolution monitor, interleaved at
least 11 ways and, thus, requires 11 independent data
paths. As a further example of interleaving, for a
monitor resolution of 1280 x 1024, the video bandwidth
is 110 MHz. Thus, four way interleaving is sufficient
for this resolution. However, for a monitor resolution
of 2048 x 1536, the video bandwidth is 260 Mhz. This

- requires eight way interleaving, in that four way
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-8- .. For exanple, an inmage generated by a superconputer and/or a graphic
server and receéived froma comuni- cation network may have a 24-bit Red, .
G'een, Blue (R GB) format. However, the |ocal workstation host 14 may hav
an 8-bit pixel format, and an HDTV sanplggsanut may have a ’

chrom nance/lum nance (Y/C) format. In ordér to m x pixels fromthese

di verse sources a first step converts the pixel values 'to'a conmmon format.
In the system 10 the R, G B formatis chosen as the conmon format due to
its relative sinmplicity, although other formats are within the scope of the
teachi ng of theintexldawimg Prowidaisl opllyekh Rad3d Msz L@ d32edthzo R G B

This data conv el sPled e he use of a
Look- Up- Tabl e ((-:%EJIE 15, 1‘%3{3«? slQl e%\%g‘ﬁ’g}‘?hg‘g%‘éf‘??%%%%&m stored
within a given FB, the associated LUT 15 is progranmed such that when a

pi xel of the forpatMix Iwyieoneeandd the Mgl Legié ol Eoriddichs¥Bi iputs of the

Goupl ed Lot he FERRoAed P, RatFh' St sBEbRiaye fabrany, 1h, oBnBrgns Y
fixed-content Ltileremis & IFXdogks dpcanddapii hegipdV tHex gpghi ofition. 1t

shoul d be appr eghat figkdiriavies ii‘?ﬁep&ﬁd@ﬁi‘. ahea PoLKs SahES 9 ¢hdeo data

to one of the FBs, such as is iJlusfrated in Fig. 1 for the data_displ ayed
Wwithin fsp ay oé%put og t g.FB gs Entergeave M ways for N ptay

image sources, there are ((M X N)-N) pairs of MIX and:
MUX logic blocks, in that the lowest priority FB level
does not require mixing. This modular approach enables
pixel mixing in real-time for any monitor resolution.

Fig. 3 shows a M X N embodiment for an interleaved
video system. A Serializer 24 accepts the outputs from
j=1 MIXERS 30 and shifts these outputs out’to the
display 12 at the video clock rate.

An integrated circuit implementation of the foregoing
may be accomplished by several methods. One method is
‘to provide a fast integrated circuit device after
serializing the interleaved video data output from the
FB VRAM's. However, this requires, for 260 Mhz display,
a 3.85 nanosecond cycle time to perform any operation,
such as blending two images. Another method is to
provide multiple, slower devices at the output of each
interleaved memory data path, as in Fig. 3. The second
method is preferred over the first in that the first
requires either ECL or GaAs gate arrays to accommodate
the high video bandwidth. However, the same circuit
architecture described below lends itself to either
approach.

A most time critical section of the video data path
flow is the blending function, in that this function
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wi ndow A. As an exanple, if the host 14 is a worksta- tion then

al phanurmeric text information nmay be gene- rated by the host 14 for _

di spl ay. It is further noted that for sonme video sources, such as a HDTV

.source, the video signal may be expressed in an anal og.format. As such, an

anal og-to-digital conver- ter is enployedlés first convert the anal og video
Input to a digital -format suitable for storage within the FBN. YO 991 084
-9- The use of the LUT 15 pixel data format converters thus overcones

t he probl em of coherency of the-pixel data format provided by each

i ndependent i ma %qﬁ??&ge%u E%ﬂffﬁr éHH“HH&e&E§6|3£8rﬂﬁén§§n§Wfﬁﬂé%¥$dﬂic"
t.o pixel mxing. n order to performmxing and anti-allasing per pixel
boundary, each &Prt kBerER;iwRetiddie AquatdioR:buf fer nenory plane, except for
the FB N, which has no down- '

Rj = (Gij) + ((1 - “j)Rj+1)'

where Rj is the resulting pixel wvalue output to the
next FB, Pj is the pixel from the FBj, Rj+1 is the
pixel value input from the previous FBj+1, and aj is
the Pj/(Pj+Rj+1) pixe; weight, wherein (0 < a < 1.0).
This approach requires two multipliers and an adder.
However, using an algebraic manipulation there is
obtained, '

. P.) + - )R,
S e i
SRR b7 LI A i S
This latter expression for Rj reqhires but one multi-
plier and two adders.

Fig. 5 illustrates a mixer integrated circuit device 30
block diagram. Because of the required cycle time, the
adders 32 and the multiplier 34 are pipelined, and all
data values are delayed to maintain them in synchronous
order, as will be described. '

The following describes the function of the MIXER 30 of
Fig. 5. Reference is also made to Fig. 3. The image
data associated with each pixel arrives at the inputs
simultaneously. In order to provide a maximum clock
speed all inputs and outputs are registered (REG1-REGS)
and clocked by the system clock.

The system clock is derived by dividing the video
bandwidth by M for an M-way interleaved memory. For
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stream FB and, thus, no background image to m x with. The al pha buffer
menory plane is accessed by the device which is also the source of the
video data for the associated FB. For exanple, FB 2 nay have a 32-bit
nmenory plane organized as a 24-bit R G_4B.pl ane and an '8-bit al pha pl ane,
both of which are sourced by a graphics server over a communication
networ k. When the graphics server renders an image it al so generates an,
al pha val ue associated with each pixel rendered for the imge. As

enpl oyed herein alpha is considered to be.an indica- tion of pixel

transl ucency orexamplepainanthe case nof/ aasmdimwa:leseiubébnmmm:u and one.

Wth al pha eqquhtet Qriﬁ%ﬁobﬁggvgﬁ&éﬂciétﬁb .I | xe?ﬂshgl%fg i%l be totally

t ranspar ent ) é round pi xe S are Vvisi . Wth
al pha equal to intenigave sobYa?’é%F“lb'-\-%elf‘?‘g (‘,’éﬁfﬁ -defFBgregore. t"'o"i%l |y opaque.
Val ues bet ween Wadoanelgrpym dehd 0f, Pradi7ati Mhg.i NIHi a&se tahrtdEar ency

and are enpl oyed to 6%%&?{1{;{‘% @5;{1%&?52 d%.d%% %u&@&&% fgdzfd]qﬁhz

background i ma ary
undesi rabl e di @midaykhgr mpnoEysis ll‘l‘h%ri\sﬁ%d GalgéltaWéYél-ph'éh\&%} uee are both

transferred ov%rygtléq, eQABBRNLS 226 @ ML 8\OIde 321G MAe .associ ated YO 991 084

In that it is difficult to economically achieve a full
multiplier that operates at approximately 33 Mhz, the
multiplier 34 is preferably pipelined. The depth of
the pipelining depends on the selected chip technology.
Using readily available integrated circuit technology
the multiplier pipeline depth may be achieved with two
stages, and the adder 34 achieved with one stage. To
maximize the throughput, the output of each functional
block is reclocked. Thus, the MIXER 30 is, totally
synchronous with a single free running system clock.

The function of the MIXER 30 is described as follows.
All inputs are simultaneously clocked into the chip
registers REG1 through REG4. These inputs are
VIDhCNTRLj, aj, PJ and R3+1 The output of REG3 and
REG4 are fed into function block FUNCl where the
(R3-R4) operation is performed. Meanwhile, to synchro-
‘nize all other inputs, Rl1, R2, and R4 are delayed via
registers REGS5 and REG6. The function of (FUNC4) is
discussed later. For the next two clock cycles, R5 and
Fl are multiplied by FUNC2, and R6 is correspondingly
delayed two clock cycles with REG7 and REG8. Finally,
F2 and R8 are fed through the function block FUNC3

where the (F2 + R8) operation is performed.

In order to obtain perfect mixing across N frame

buffers, the full precision of Rj, which increases
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-10- « FB_2. The 8-bit al pha value is used for pixel mxing, via MX
logic 16 and nultiplexer (MJX) logic 17, so as to mx R, G B inage pixel )
dat a passed up fromthe down-stream FB mﬁth the pixel fromFB_ 2. The al pha

FB pl ane t'hus enables real -tinme, pixel- i xel mixing-of the'foreground
pi xel s with the background pixels. Antl-aT %5|ng may al so. be acconplished
inreal-time, as wll be described below. . |In operation, the FB having the

| owest priority (N) converts a pixel (x,y) to R G B pixel format, via the
associ ated LUT 15, and passes the converted pixel value on for mxing with

a_correspondi 09 1 >~'eﬂe Rﬁa%ht be 9e><hthése§sm $f Lél{dd])& &:@a@&ogaaaeéd( FB_ N 1)
via the M X 16. err|, .excepd f éﬁﬁ} éﬂﬁgh E

per form one af t FpetBifons. n?ﬁegepﬁﬁﬁﬁ%ﬁ? rﬁ? AtT

TABLE 1 1. Dmaarcdsthefffiexetlivpateedatrypnthienefylil :EBoamtlpassf R the

assoct ated piXcled GBS EREGHL] - AobByef! i%nnlfle P 'a%ebﬁymég BE I =

This is acconplis e_assocl
17. used and results in, on the average, a 1/2 bit error

per mixing stage.

If rounding off is performed at the function block
FUNC5 then, on average, the error is 1/4 bit, or one
half of the 1/2 bit érror if FUNC5 were not employed.
Thus, FUNC5 provides that the resulting pixel Rj has
the same number of bits as Pj. Therefore, the total
cycle time required for MIXER 30 is six system clock
periods.

MIXEﬁ 30 serves two functions. The first function is
alpha mixing (or anti—aliaging). The second function
is data path control. As shown in Fig. 2, for each FB,
except the FB_N, there is provided a three-to-one MUX
17. To further reduce cost and complexity the function

of MUX 17 is incorporated within MIXER 30, as described
below.

When alpha is set to 1.0, Rj (the result of alpha
mixing) is Pj. When alpha is set to 0.0, then Rj is
Rj-l' In other words, the mixing function may also
perform a multiplexer function, provided that the
values of alpha are properly selected. This is
accomplished in the block (FUNC4), as shown in Fig. S.
The logic for FUNC4, for an 8-bit wide alpha value, is
shown in Fig. 6. The two bit VIDEO_CNTRL is employed
to control the alpha value. When the alpha enable bit
(VID_CNTROL_1) is asserted, then alpha-OUT is identi-
cal to the alpha input. Wheh the alpha enable bit
(VID_CNTRL_1) is deasserted, alpha OUT_O0 to alpha_OUT_6
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2. Discardits own pixel and pass the pixel received fromthe j+I FB

to the j-1 FB, or to the display 12 if j=1. This is acconplished by
sel ecting the C input of the asSociated MUX 17. 3. Use the val ue
of al pha, fromthe associated FB, to . mx its own pixel value with the
pi xel received: fromthe j+l FB, andlPhen pass the mi xed pi xel

value to the j-1 FB, or to the display 12 if j=I. YO 991 084

-11- This is acconplished by selecting the B input of t he
associ ated MJX 17. The nethod set forth above provides a technique where,

Lol oot O Cni o EEVedhaga €& @ perd P huyBe S bGP A0 .( X sk chem any FB i's

sel ected (pixel I NQg) any nDre | xel s
(X,V), fron1d|fm@¥%mta¥mh@ AQyﬁuﬂ §Gt(§PxéI°¢ﬁoqmﬁhlng a lpha OUT =

1.0, which causes the MIXER 30 to select Pj+1
The total number of inputs and outputs to MIXER 30,
assuming an 8-bit alpha value, d4are

for eacﬁ R,G,B color: outputs for R.:

inputs for P 3
inputs for R.
inputs for alpha;

inputs for VID_CNTRL; and

input for SYSTEM CLOCK,

common signals

= N 0 00 0

for a total of 83 pins, not including power, etc.

i As was stated, one of the problems encountered with
pixel mixing is that two images, generated from two
different sources, may be different in format. For
example, pixel sizes may be different between two
images sources, where one image source pixel may be a
square pixel while the other image source pixel is not
a square pixel. Another example is that two image
sources may not have the same resolution. Thus, in
order to have a pixel-by-pixel correspondence for the
entire FB structure, one image may need to be either
scaled up, if that image source is smaller than the
other, or scaled down, if that image source is larger
than the other. One solution to these problems, which
is accommodated by the teaching of the invention, is to
over-sample on all of the FBs where the resolution of
the image source for the FB is a common least multiple
of the resolution of each of the image sources, in both
the horizontal and vertical directions. The common
least multiple FB approach is preferable, in that
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As seen in Fig. 4, the invention enploys a color keying nethod based on the
pi xel value of the |ocal host 14. The local host 14 FB is conprised of
three planes. One plane stores a |ocal host 14 pixel value, or color index
(Cl). A second plane stores a |ocal host 14 wi ndow identificatian. nunber
(WD). A third plane stores a |ocal host=239-al pha val ue (WS _al pha). The
system 10 enpl oys control logic 19 for generating a plurality of signals
based on inputs fromthe host 14 FB. These inputs include a Cl input for
"col or keying" to determ ne display 10 operation. WD provides a nechani sm

where different, %{%MEFl:lfsngit g ﬁb%pla'}% %3 P@ﬁcrif'f% ﬂiéﬂéfde le@y 1Pl ors

associ ated t herew S _acco

ou use of 'a palette LUT
15 and a vi deo ERMtGaHe @fcpn BPTY 1 UFaBpler oin (wh %5 dﬁFb “ch are
provi ded in paitton meaib:e@m‘ attha@ 9RIXes 10351 pixebs)s r Howevert, helfopmeat i on

thereof, in ac T X i ndow a
red CI may be §£§ﬂ§g£ a3 &%e éﬁkg g)glecig&sE é§$@5§«§§¥F§§}é 't he TV i nput.
For anot her wi rigfeks may be |¢é-y‘f—h§§ samplyeyeplicated or inteppodated t he

m xing of a hOS&slélxiéaif@ Prt bvérHBEMPMﬁ&gr Oﬂﬂgtméi(@ippﬂﬁdw isalpha for
S SO _as tp per r’ganzyl -aliasing. For
Yo1-b

dif th | hqu
ot hor "o nd o S fy Yaata)’ 3rbell PrpodfsfRe fn

sample.

It should be noted however that the leasf common :
multiple approach may result in a very large FB. For
example, the least common multiple of 480 scanlines and
1035 scanlines is 33,120 scanlines. Furthermore, the
resulting pixel may not be a square pixel. Also, a
time-base;correctiqn may be necessary to match the
monitor bandwidth.
i i .
Fortunately, for maﬁy graphics or video systems the
pixels are normally square (or almost square). Further-
more, due to windowing, image sources need not £ill the
entire FB, so that each pixel can be treated equally.
Thus, pixel P(x,y) may be considered as being both
square and equal 1n size for all j (L < j > N), where j
represents the j-th FB and N is the number of frame
buffers in the system.

In summary, the invention addresses and solves the
problems of combining multiple image sources at a
display monitor. Overlay and blending techniques are
disclosed for a system with N independent image sources.

The technique of the invention allows for any number of
independent image sources (N), where each source has an
associated FB. The architecture also enables the
serial output of each FB to be interleaved so as to
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-12- di spl ayed on the nmonitor 12, via the palette LUT 20 where the C
is converted to 24-bit R G B format. This method advant ageously enabl es any
nunber of independent inage sources to-be coordinated, rather than being
limted to only two i nage sources. Furthgﬁfpre, t.hi's method al so provides
pi xel mxing for functions such as real-tTTe anti-ali‘asi ng or inmage

bl ending. Al of these functions may be acconplished on pixels contained

wi t hi n and/ or boundi ng an object of interest, based on the value of WD.
Furthernore, these functions are applied on pixel-Dby-pixel basis.
Preferably, videstchitithe videor outpate | Thhepehf etheidinteribavingal host 12
FB. For illustrgtj 1.1 ho agnLh agy one of
the FBs may be ﬁ%%ﬁﬂﬁﬁggtéfF%XEéagsgﬁsE§%¢ﬁ°+n §¥8£%%T°EEFI?E§S|§ga| host
12 graphi cs works dhae M.t Whishaenakles: mixbng ohianypnarbers 6f iMRIEB. O the
P-bits output kyjtdHheseiNdedn@scubabiyt thateissedraiction o€l ehei 86ax (Cl),
Whbits are useg?.as i e'vx,indowidentififcag_er (V‘ﬂ_\% %nd Mbits are used for
(Wsal pha) for ng THe o oear ﬁ8§€ 15 ?ﬂ%d% th SRIERer i mge. Both C

and WD are enployed as i ndexes (addresses) to the LUT 15 to provide 24 bit

R G B data. Fiid heldBiifg bFetheS 1MR0eRtion M Psd EMp1dYs ¥dQe8s (addresses)
to VC LUT 22 to, provide % e vi deo g%&h contr ol b|%§ & LDCNTRL}, which are
used to look-up tables to en e a variety of mixing operations

to occur in a multi-tasking environment, based on an

application specific window identification number.

The invention also provides real-time pixel switching
and control on a pixel-by~-pixel basis, for any number
of independent image sources per window, using the WID
value.
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*

coordi nate the display output.

The width of VIDCNTRL is a function of the

total nunber of the inmage sources (N). For each [err], where 1 <j <N,

two bits areTequited to cthoose one of the three operations descrlbed in

TABLE 1. The tiffgntt tihsHrekeplakt@se two bits rray be expres

084

(MSB) is set,

Sel ect | nput AMHI‘ Imnll
and Ix - M I

-13-722- |
M: L - Mxing EXSabIeb.TQ% gpiaceput C
Sel ect input B fa '

m xing is enabled and the result of the nlxed-plxel

—ass—= Y0 991
ﬂ-{éﬂT@K@BEXEﬂ ab! ed.

or MJX
if bit 1
of [err]

and [err] is passed to the j-1 FB. In td4siease bit O (LSB) is ignored. If

bit 1 is reset,

from([err] (if

bit O
1. Image display apparatus, comprising:

then al pha mxing is disabted, and either the pixel value

a plurality of frame buffer means organized in a

hierarchical manner so as to provide a highest
priority frame buffer means and a plurality of

lower priority frame buffer means, each of said

frame buffer means storing image pixel data from

an associated image source;

means, coupled to an output of each of said frame

buffer means, for converting a format of the

stored image pixel data to a predetermined format,
each of said converting means preferably having an

input coupled to control means for having data,

repres%nting the predetermined format, stored
within and;

means, having inputs coupled to individual ones of

said converting means outputs, for selectively

combining an image pixel from each of said plurali-
ty of frame buffer means so as to form a composite

image pixel.

2. Image display apparatus as set forth in claim 1,

wherein said combining means includes a plurality
of means, individual ones of which are interposed

between hierarchically adjacent frame buffer

means, for selectively generating an image pixel
value and for providing the generated image pixel
value to an input of a generating mearis at a next
highest level, said generating means being respon-
sive to a control means for {a) providing an image
pixel value that is equal to an image pixel value

YO 991 084
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is reset) or the pixel value received fromFB[err] (if bit 0 is seL)
e st

passed to [err]. In that the FB N can only pass its ou
upstream it TtisSkeetidss Been®Raplaced any control bit's. T
bits required for N inmage sggrces

nunber of bits nd Nis the nu

sour ces. The assignnment for FB[err] are bits 2]-2 for the | east
significant bit and 2j-1 for the nost significant bit. This provides a

fl exi bl e mechani smfor w ndow control for a multi-source system It should
be noted that from theutmealbyhastEirat bpwsfnghéhframéohuf@gai mEans user nay

“cause any di splay pi x% t%cié)ecotul‘ﬂi'eréﬁdtfor gﬁjﬂl gtl rﬁpondi ng

plxels fromall FBs. user |ne to represent a

speci- fic output forP¥RViding @Reimags G’}S‘eﬂ-hxﬁlb‘él ‘éhakejysvﬁ@%aél FSF&cific
~output is desired. Fumig’é Pl valeegbutpatuby af swamrmejsaf tllﬁ enabl ed

exanpl o0 i1 the widt ML, Mians” trak Vb BUb1ES "te i ) TG,

16, wi ndows that are themgof t mredgdl Eoai mbxydanqmncmwemwl M@l uehi s

case the YO 991 084¢hat is equal to a combination of the image pixel
values output by each of the first and the second
frame buffer means.

3. Image display apparatus as set forth in claim 1 or
2, wherein said combining means comprises, for
each frame buffer means, mixer means for mixing
together; in accordance with a pixel transparency
value provided by the associated frame buffer
means, a pixel value from the associated frame
buffer means and a pixel value received from a
mixer means-associated with a frame buffer means
at a next lower priority level.

'4. Image display apparatus as set.forth in claim 3,
wherein said combining means further comprises
multiplexer means having a plurality of inputs,
wherein one of said inputs is coupied to an output
of said mixer means, one of said inputs is coupled
to the output of the associated converting means,
and one of said inputs is coupled to an output of
the mixer means associated with the frame buffer
means at the next prlorlty level, said multlplexer
means being responsive to a signal generated by
control means for selectively providing at an
output a value corresponding to one of said three
inputs, wherein said control means preferably
comprises look-up table means for generating said
control signal on a pixel-by-pixel basis in

YO 991 084
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-14- VCLUT 22 includes up to 16 different storage regions, each region

containing different VID CNTRL val ues. A specific_one L-he-regFong W t hi n
VC LUT 22 is se- lected by the value of WD, whil?ﬂ—xggagﬁerEﬂﬁ IBONTIRL  bi t
‘alue nEpKAGED 1n g

conbi nation within the region is selectedoy the
this mechani sm provides a flexible output control FBs
utilizing both color keying and m xing (antl-aI|a5|ng) technlques on-a

pi xel - by-pi xel basis. If FB mxing is enabled for each |evel, the equation
for the resulting displayed pixel (R) is given by: [ermi where [err]
represents a pixel faocoordandewith anditedr eoflorr fode pard entdispdadl pha

value fromthe [err]peand Jisibw expidtiglyIoNi tor, e.g. 2048 X 2048 plxels,
requires a video banﬂmndth I n excess of 360 Mhz. In order to provide the

bandw dt h necessary for a high resolution nonitar, the serial video output
fromthe FB VRANLK i sInageidisblay b@panamuseaseSetFﬁorEKaitpld,aiﬂmﬁ

-wherein said pixel color code and said display
screen window identifier are stored within one of
said frame buffer means that is associated with
said control means, wherein said frame buffer
means that is associated with said control means
preferably is a highest priority frame buffer
means. '

6. Image display apparatus as set forih in claim 5,
wherein the output of said multiplexer means, that
is associated with said highest priority frame

‘ buffer means, is coupled to said display mearns.

7. Image display apparatus as set forth in any 6ne of
claims 3 to 6, wherein said mixer means includes
first means for subtracting the converted pixel
value output by the associated frame buffer means
from the pixel value received from the mixer means
associated with the frame buffer means at the next
lower priority level, second means for multiplying
a difference value output by said first means
times a transparency value associated with the
pixel value output by the associated frame buffer
means, and third means for adding a product value
output by said second means to the pixel value
received from the mixer means associated with the

frame buffer means at the next lower priority
level.

This Sheet Has Been. R laced

IR \lll 1]
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a conventional VRAM having a serial output bandw dth of 33 Mz, the FB
vi deo out put path—needs—pg—be__LgL_a 60 Hz 2048 X 2048 resolutlon noni t or,

i nterl eaved at L , hus require Ferrche iy lat a paths_
As a further exanp g, for a monjit 'SﬁﬁﬁﬁﬁMASﬂEEN 1280 x-
1024, the video ba l M—lz Thu34>7 ouiuay RERIAGEmYI ngflis

sufficient for thIS wever, for a nonitor resororrer—of 2048 x
1536, the video bandwi dth is 260 Mhz. This requires eight way interleaving,
in that four way YO 991 084 i nterl eaving provides only 4 x 33
:th or1 6132dl\/hﬁ ’Bm;'mﬁ%ﬁﬁ?w abgﬁkggﬁ r&:d&ﬁi'r@t?%gz?ﬁywbﬁehoﬂ;he M X

ogi c and the I.C ar c iS I ated to c e
|n?erleave fact or . Qﬁ%ﬁﬁ%ﬁedlpﬁéf a1ms, whsre ef@ ahg gakfﬁp?oglc 17
for each of the int erbmmeansependeaponk&img plect mspr'ﬂmurstyl Levadsdi spl ay

output of the FBis Iam@w@%eﬂ Wawaysef 851d\ N "Eiine® AEERS, mbgLesare ((MXx

bl ks, In that the lowest priority FB
|N)ev2||) pairs of MX anidntl\éLJJ: eav%IdCM wggs. P y

9. Image display apparatus according to any one of
the preceding claims, wherein there are (N X M)
converting means, and wherein there are ((N X M) -
M) combining means.

10. A method for generating video pixel data, com-
prising the steps of:

providing a plurality of frame buffer means
organized in a hierarchical manner so as to
provide a highest priority frame buffer means and
a plurality of lower priority frame buffer means,
each of said frame buffer means storing image

pixel data from an associated image pixel source;
and

selectively combining an image pixel from each of
said plurality of frame buffer means so as to form
a composite image pixel;

wherein the step of selectively combining
preferably is executed on a pixel-by-pixel basis
for each image pixel stored within each of the
frame buffer means.

11. A method as set forth in claim 10, wherein the
step of selectively combining comprises the steps
of decoding a predetermined pixel color value in
conjunction with a display window identifier so as

YO 991 (84
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does not require mxing. This nodul ar approach enabl es pixel mxing in
real-tlne fon_any_n9n+LeL—pese+H{|on Fig. 3 shows a M X N enbodi nent for

an interl eaved VI ﬁmﬁ eclSerlallzer 24 . accgp the—out omj=1

M XERS 30 and puts out to the di: épT&Hﬁ S}EEHTHA@QEE’N o clock
rate. An inte i npl ement at#®n of flhe f ORERJOACED MRy F
acconpl i shed b s One nethod is to it egr at ed

circuit device after serlaI|2|ng the interleaved video data output fromthe
FB VRAM s. However, this requires, for 260 Mz di splay, a 3.85 nanosecond

cycle tine to perfoéﬁ%gﬁxmgﬁggaglgmur§g§€¥ces ' Gﬂgs gaaiga 8g- Anot her

method is to provid 3 e .oufput ,of each
interleaved nenory @AY Rn9a§h?nsFi3°tEyeTﬂ§m§é@5H@nnthbﬂa9§ preferred

over the first in thilxdlsg whegkihefher predetdrmined pikeadolgate arrays to

accommodat e t he high Vi

architecture descr?bééq% %8@ EgﬁhﬂiQPlgywﬁ %ﬁgﬂtlﬁiﬁ%TFieE éﬁgférgP%% t time
critical section of anuee stoged HathlpaﬁhhiGQﬁﬁﬁsPRMﬂ?M&WéﬁEﬁNQ bufiEeron, in
that this function pEAs991 084

12. A method according to claim 10 or 11, wherein at
least one of the frame buffer means stores, in
conjunction with each pixel value stored therein,
a transparency value, and wherein the step of
selectively combining combines the transparency
value with the associated pixel value and with the
combined pixel value received from a next lower
priority level frame buffer means. |

13. A method according to any one of claims 10 to 12,
wherein the step of providing comprises a step of
converting a format of the stored image pixel data
from each of the frame buffer means to a predeter-
mined format.

14. An integrated circuit device for selectively
mixing together image pixel data received from a
first input and from a second input, said inte-
grated circuit device including first means for
subtracting a pixel value received from the first
input from a pixel value received from the second
input, second means for multiplying a difference
value output by said first means times a pixel
transparency value associated with the pixel value
received from the first input, and third means for
adding a product value output by said second means
to the pixel value received from the second input,
said integrated circuit device preferably further

YO 991 084
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-16- « requires multipliers and adders. The blending function for the
[err] uses the equation: [err] where [err] is the resultlng pi xel value

out put to the next FB, [err] is the pixel fromthe [ el
val ue input frofh laF@[err] and [err] is ihtsl ’E%Te'ﬁﬁ\ BEEWI eI
wei ght, wherein ( . This approa h requir ACBPi er s fand
an adder. Fbmeve ebralc mani pul ation there i.s obtarned,

[err] This latter expre55|on for requires but one multi- plier and two
adder s. Fig. Sillustrates a nlxer |ntegrated circuit devrce 30 block

di agram Because of t o &‘e%"'g ﬁpgng‘ggﬁé Ql% _

multiplier 34 are pipe megﬁ'z‘i:'e g ues are o el ntain

thenrln synchr onous pixel value recelved from the second 1nput by an
amount of time required for the operation of the
first and second means.

16. Image display apparatus, comprising:

a plurality of frame buffer means organized in a
hierarchical manner so as to provide a highest

- priority frame buffer means and a plurality of
lower priority frame buffer means, each of said
frame buffer means storing image pixel data from
an associated source; and

means, interposed between hierarchically adjacent
frame buffer meéns, for generating an image pixel
value and for providing the generated image pixel
value to an input of another generating means at a
next highest level, said generating means being
responsive to control signals for (a) providing an
image'pixel value that is equal to an image pixel
value output by a first one of the frame buffer
means that is coupled to the input thereof, (b)
for providing an image pixel value that is equal
to an image pixel value output by a second one of
the frame buffer means that is coupled to the
input thereof, or (c) for providing an image pixel
value that is equal to a combination of the image
pixel values output by each of the first and the
second ones of the frame buffer means, said image
display apparatus preferably further including
means, coupled to an output of each of said frame
buffer means, for converting a format of the

stored image pixel data to a predetermined format
which preferably is R, G, B.

YO 991 084 -

| O Y



order, as wll be described The follow ng describes the function of the

M XER 30 of Fig. 5. Reference |s also made to Fig. 3. The inage data = .

associ at ed wi t h.edtiShee ﬁi at the inputs S|nultaneously _In or der
S

to provide a maxinu i nputs and
(REGL- RE&) and clo tem cl o2&~
by dividing the video bandwi dth by Mfor an Mway int aﬂ%&@@@
YO 991 084 . -17-i €, In the case
of a nediunlreso]ution nDnitor the video bandwidth is 110 MHz. The FB’

TS0 Mhot 4. ot Ty g aSSRTRYC sppRtariS )R SE RrRh in LR AE  he
video bandwidth is mrmm snddt genarabipgimeans els-e'aspdnelgattavag/s. Thus,
the system clock is 36Q1MELRspQtedéyoviide oﬁtput by an associated

one of said frame buffer means for mixing the

- image pixel values output by each of the first and

the second frame buffer means in accordance with

the pixel transparency value.

"QHEySHEEﬁHH%‘ s‘derlved

. 18. Image display apparatus as set forth in claim 16
or 17, wherein said control signals are generated
by control means that includes look~up table means
for generating the control signals on a pixel-by-
pixel basis in accordance with a pixel color code
and a display means window identifier, wherein
said pixel color code and said display screen :
window identifier are stored within one of said
frame buffer means that is associated with said
control means.

19. Image display apparatus according to any one of
claims 16 to 18, wherein said generating means -
includes first means for subtracting the pixel
value output by the associated frame buffer means
from the pixel value received from the generating
means associated with the frame buffer means at
the next lower priority level, second means for
multiplying a difference value output by said
first means times a transparency value associated
with the pixel value output by the associated
frame buffer means, and third means for adding a
product value output by said second means to the
pixel value received from the generating means
associated with the frame buffer means at the next
lower priority level.

Y0 991 084
/

AR A R



In that it is difficult to economcally achieve a full nmultiplier that
operates at approximately 33 Mz, the nultiplier 34 is preferably ,
pi'pel i ned. The depth of 'the plpellnlng depends on:the self : il
technol ogy. Using readily avail abl e i nt egoat ed ci tew
mul tiplier pipeline depth may be achieved with t
achieved with one stage. To nmaxi m ze the throughp
functional block is reclocked. Thus, the M XER 303 otaIIy synchr onous
with a single free running system cl ock. The function of the MXER 30 is
described as follows. Al inputs are2bBSEHaCineously clocked into the chip
regi sters REGL through REG4. These inputs are VID CNTRL[err], [err],

Plerr] and R e T, f tjon bl ock
FUNCL where th@re}:ﬂgdli’gﬁd ép%é)%al‘%{ns [ s%ﬁgeﬁgﬁlﬁé vﬁgf{.‘&t t%g ﬁ(\i ro- nize
al | other inpuddsplhay WdeqiptRy path @wmméesegrb%wgrmm REGS.
The function OBf(EU_Bﬁialﬁl:}dléﬁlﬁﬁﬁﬂaé at ahe ka@ebh@abgX at'E]:YVQLé?' ock cycles,

R5 and F1 are | ied UN i s corre del ayed two

cl ock cycles mﬁﬁhkﬁ ?éé? %ﬁdﬁwplﬁisaﬁ’&rﬁzf*ﬁ a?‘g’ogﬁshr ough the
function bl ockoEékEBlmenmiemd:l(e:bonui&)l ofcrasetnof slpekfup nehles n order
Lo obtain perfagk bskigp (LRSS Nid WBadashecton' Recbiitto I Shith Of

Rlerr], which increases
as a host workstatlon. The raster graphic display

video data path functions with unlimited screen resolu-
tions, and also enables a variety of different pixel
data formats from a potentially large number of diffe-
rent sources. Outputs from several image sources are
mixed under the control of the host workstation, with a
resultant pixel value being based on (a) a combined
translucency’coefficient (alpha) of the images, for
each image source, and (b) a window identification
‘number assigned by the host workstation. Pixel wvalue
conversion to a common predetermined format provides
coherency between pixel values generated by a number of
different image sources, such as HDTV and graphics
' servers. A separate frame buffer is allocated for each
of the sources.

ddder 34

-
eet Has Been Reflaced
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-18- ., by the width of P[err] at each FB[err], should be propagated.
However, this is not a practical solution in that it is not cost effective
to carry the full resolution of Rlerr] to the next stage. However, a. sinple
truncation may be used and results in, on.the average,.a.1/2 bit error per
m Xi ng st age. I f rounding off is perforrred at the function bl ock FUNC5
then, on average, the error is 1/4 bit, e half of the 1/2 bit error if
FUNC5 were not enployed. Thus, FUNC5 provi HZ that the resulting pixel
Rlerr] has the same nunber of bits as P[err]. Therefore, the total cycle
time_required for MXER 30 is six systemclock periods. M=XER 30 serves
two functions. The first function is al pha mxing (or @ptl-%iasing) The
second function is data path control. As shown Oy K bf each FB,
except the FB N, there is provided a three-to-¢ne Mg further reduce
cost and conplexity the functlon of MUX 17 is itncor g?%ﬁtm n M XER 30,
as descri bed bel ow.
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Wien al pha is set to 1.0, Rlerr] (the result of alpha mxing) is Plerr].
When alpha is set to 0.0, then Rerr] is Rerr]. In'other words, the m xing
function may al so performa nultiplexer function, provided that the val ues
of al pha are properly selected. This is acconpl i shed i n-the ‘bl ock (FUNC4),
as shown in Fig. 5. The logic for FUNC4, for an 8-bit wi de al pha value, is
shown in Fig. 6. The two bit VIDEO CNTRL 2SSerrpI oyed to control the al pha
val ue. Wen the al pha enabl et'?.l G ROL_1) t hen 10

al pha-QUT is identi- cal to J I nput . nabl e bi

(VI DCNTRL_1) i si4degasserted, al pha _ClJT_O tog ) YO 991 084
-109- are forg zero by ANDG t hrough ANDO. “Flrt her-| nore, ‘al pha
QUT 7 is set tofa one, ki ng al phaQUT = 1.0, WiTCnN he M XER 30 to

select Plerr]. |THi®STot 4| DYFPBATRT 1 nPuts_and o R 30,

assum ng an 8-bitl al pha \ = ' A

WS_
RGB

az2

5

LT

| VID_CNTL |

[ XX

aN-i T B P
| 7 MIX

& | Ak [ Y
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for each R G B col or:
I nputs for Plerr];

si gndl s

VI DCNTRL; and
total of 83 pins, not
two di fferent sources,

may be a square pixe
pi xel .
~resol ution. Thus,

i ncl udi ng power,
probl ens encountered wth pixel

whi | e t heNog iIMercONRIBORAPIONE Pi xel
Anot her exanple is that two image sources may ngé

in order to have a pixel -

8 outputs for

‘ may be diff
may be different between two inmag

8 inputs for al pha;

-
S 'ﬁur

etc.

Rierr];

8 inputs

for

Rerr];

8
common

. 2 inputs for
1 input for SYSTEM CLOCK
As ‘was stated,
mxing is that two i3&ges,

»N formt.

for a

“one of the
generated from
For exanpl e,

pi xel

where one i nage source pixe

by- plxel

have

I's not a square

t he sane

espondence VIDEOt he |

entire FB structure,

| mage source is small e

source is larger than

accomodat ed by the tes

the FBs where the
| east multiple of §
hori zontal and ver}
is preferable, in

SOURCE |
I (HOST
14)

SOURCE

N-2

/

VID_CNTRL

4

SOURCE

-~

N-1

SOURCE
N

15

LUT|

né 1 nage nay Jx € ertner scaled upk i f ;iet
r _than the ot @1gL' caled down, if thaj inmgge LAY
' tion 5 RS

on a of

15

si zes



22 CLAIMS 1. |Image display

apparat us, conpri sing: a plurality of franme buffer means organi zed in
a hierarchical manner so as to provide .a highest priority frame buffer”
means and a plurality of lower priority frame buffer- neans, each of said
frame buffer neans storing image pixel data received froman .associ ated

i mage source; nmeans, coupled to an #,tniut -of  each of said franme

buf fer neans, for converting a display fo t of the stored image pixel
data to a predeterm ned display format; and means, having inputs
coupl ed to individual ones of said con rLtG ans out puts, for '
sel ectively conbining an i nage pi xel frlo of said plurality of frame

buffer nmeans so as to forma conposite inmage plxel wher ei #@sai d conbi ni ng
means includes a plurality of nmeans, individual ones of ggfch;are

i nt erposed between two hlerarchlcally adjacent ones of sa¥Fd frame buffer
nmeans, for selectively generating an image prxet—vatpe and for providing

t he generated i mage pi xel value to an jnpu Tg nerating neans at a
next highest |evel, said generating nmegns Kei p)@al ve to a control

means for U(l‘)-‘ —+——WS_RGB
' ' TABLE

!

— 15

. 22

1

VIDEQ
. CONTROL | 2X(N-)
- LOOK ——-—;‘——bVID.CNTRL

| up
HOST 14 ——De—4 WIDW, | | TABLE
FB  P=CeWsM
.- | Y -wsa
T
a7 A
VID_CNTRL] Q_OUT_7
_VID_CNTRL_O i
1
——~ @_0UT_6
a6 ANDS®
—/
——~ @_OUT_5
a_s ANDS
—
a4 o) @_OUT._4
3 —— a_oUT_3
AND3 )
a2 AND2 ) d-OUT-2
———/
al aor) @_OUT-|
4.0 —{anD0 ) a-0UT-0

FUNC 4/



sel ectively providing one of (a) an inmage pixel value that is equal to an

i mge pi xel value output by a first one of the hierarchically
adj acent ones of the frame buffer neans, (b) an inmage pixel value that is
equal to an inage pixel value output by a second orie. of the

hierarchically adjacent ones of the frane buffer neans, and (c) an inmage
pi xel value that is equal to a conbinati gysf the innage pixel val ues out put
by each of the first and the second hierarchically adjacent ones of the

frame buffer means, the conbi ned_ | nage_pi xel val ue being a function
of a pixel transparency val ue aF§L65ﬁ§§d with a pixel fromone of the
hi erarchically adj acent ones of the frame buffer nmeans, wherein

each of said generating nmeans includes m xer neanﬁlfor m Xxi ng together, in
accordance with a pixel transparency val ue providgd by the associated franme
buf f er : 23 means, a pi xel
value fromthe associated franme buffer neans.and pi xel val ue received
froma next |lower priority level, and :

MIX
30 FUNC5
1
F3
32
| STAGE
{ X+Y)
|
' X | Y Func3
: b [
F2 R8
, |
X+Y
(X+Y) REG 7
X | Y] FuNc2 ‘
4 |
RS
R6
Fi
- 32 REG6 | STAGE
REGS (x-v) ./ ,
F4 - |
X | Y { Funci
“RI a )
— lconTrRoY
FUNC4
(FIG. 6)
R2 R3 - R4
REG| REG2 REG3 REG4 | STAGE
J(z j(8 j(s' J(e
VID_CNTRL j a; P; Rjt|



wherein said m xer means includes first neans for subtracti ng the convert ed
pi xel val ue output by the associ at ed frarre buf f er
vaI ue received from t hgFFmxer— : T

di fference val ue out putil_b) A
associ ated with the pixel val ue output‘
means, and third means for addi ng a product va
means to the pixel value received fromthe m
frame buffer neans at the next lower. priority di spl ay
appar atus as sSIULII-SOURCE TMAGE REXRL SIMERIXING ZRDIANTRAIFASING Means
further includes nultiplexer means having a plurality of |nputs wherein
one of said inputs is coupled to an output of said m xer neans, one of
sai d Inpg¥§7giﬁe pled to the output of the associ ated converting means,
and one % Fnputs is coupled to an output of the m xer neans
‘associated with the frane buf f er neans at the next priority | evel , said

%Lﬁépé ﬁﬁgtaﬁmﬁvbe' ”%r%&?ﬁ“”s e chapits arpmk, doply, 2t i R ot 2
' I
3/hefgi n con neangI% n%?egﬂaﬁ%o%ﬁ up agi[ g‘ﬁﬁeagiﬁg&;dgﬁaoé’%ﬁlerlgtﬁk%&m

sai d, Cont;faPJ.lleﬁkﬁ] adnd"éinﬁlo?é pataIbl adViees! opdRting under the control of a set of look-up

tables (15). The look-up tables (15) are loadable from a controller, such as a host

workstation (14). The raster graphic display video data path functions with unlimited screen
resolutions, and also enables a variety of different pixel data formats from a potentially large
number of different sources. Outputs from several image sources are mixed under the
control of the host workstation (14), with a resultant piJ;el value being based on (a) a
combined translucency coefficient (alpha) of the images, for each image source, and (b) a
window identification number assigned by the hoét workstation. Pixel value conversion to a
common predetermined format provides coherency beétween pixel values generated by
different image sourceé.

Fig. 2
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accordance with a pi xel color code and a display neans window identifier.
4. I mage display apparatus as set forth in claim REPBRCEWI\H&SF[EET1 el
NN o NS \n‘n

col or code and said display screen wi ndow identi fli & af-e—~Stor-e fthin one
of said frame buffer means that is assog ated witjh{said control Ans. 5.
| mage display apparatus as set forth in claim4 wierdei 3438 W& buffer
means that is associated with said control means |i 4.« _ ofity
frame buf f ddentifigation, and a window size and location based on four values of top lochBdn, 6
| mage di splay apparatus as set forth in claim5 m%%t—-he—e&t—p&t—%f sai d
mul ti pl exePofiemdacationalefi location @nd right locations ihis syistghreaiso mphng'_s a)plrfor'mimhg
buffer means, is _coupled to said display means. 7. |nage display .
appar at us aéheg&q WFB‘}CtuIﬁ frame buffers {"wimdpws'n ase prigritizedofiemd) tosNi-4 W?an\iﬁhas! ng
means i S progy. bl.e .and has an |nput coypl.ed o control neans for having
‘data, repr &%@h‘?‘? ppgy p?'gggf]eﬁqﬁ th%goweép H’é‘?",‘tyst apfiesFu-sypgRY inclydes NI
control of : n 8. nmet.h for. generating video pixe
dat a, conp?“{l@?or% ﬁ?l%fe:ﬁcg{ leogg(%b&.le for each '%rame bu%ﬁlzr, which use comparators for window
size and location values to determine if the associated window is active for a region of

the screen. If the window is active an image source pointer and other information are
sent to prioritizing logic which prioritizes N input signals to determine wlﬁch "active"
image source has a highest priority. An active image with the highest priority is chosen
by the priority logic and shown on a monitor.
Pappas et. al. employ window size and location values to control multiple ima;ge sources,
and an jmage frame buffer does not contain multiple windows. Furthermore, this system
appears to be limited for use with only rectangularly shaped windows. Also, the
problem of displaying multiple sources with differing image formats is not addressed.
SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of the
prior art. |
According to one aspect of the present invention there is provided image display |
apparatus, comprising: a plurality of frame buffer means organized in a hierarchical
mannér $0 as to provide a highest priority frame buffer means and a plurality of lower
priority frame buffer meahs, each of_ said frame buffer means storing image pixel data
received from an associated image source; means, coupled to an output of each of said .
frame buffer means, for converting a display format of the stored image I_Sikel data to a
predetermined display format; and means, having inputs coupled to individti;ll Snes' of
said'con'verting means outputs, for selectively combining an image pixel from each of
said plurality of frame buffer means 'so as to form a composite image pixel, wherein said
combining means includes a plurality of means, individual ones of which are interposed

between two hierarchidally adjacent ones of said frame buffer means, for selectively



roviding a plurality of frame buffer neans organi pri r&fradaijcal
Ir[:nnner sg ag to provide a highest priority franme J&m rI::
plurality of lower priority frame buffer neans, efpch of said frare jbuffer
means storing image pixel data froman associated| ijma@4 SERPI99Z0Ur qe; and
at each level of the hierarchy of franme buffer negns| other than .a{l gwest
| evel, selecting as an output of that |evel one , a) '

pi xel val Ugeﬁéi@ﬁn g fn RAMR pika value ARy B%‘(ﬁﬁdmgeve

the frame buffer neans assomated with
pi xel - val ugnpulasf as% tating fme@id hha Akt Kighdst 1&@1\6@,a1hegaier&ﬁ1gt RRans bein

hi erarchy of frame buffer neans, and c) a third | mage pi xel val ue that
is a conbi nespomsivefo 4 Icentmiageamlﬂatekelamivulg providinigsone of (a)Qut iisige fpixenvalie
frame buffer means associated with that |evel and the inmage pixel

val ue t hat thag ip gqthll tto an dmagt pixelijalue output bywerfitseomd obthethieratchizaty aldjacert

s

franme buffer ans, wherein the conmbination is made i n accordance
with a traﬁg?faneﬁhé)ffW buffer means; (h) an;image pizel walveithat isrequakto amiyeagei pinel
val ue that is out fromthe frane b nmeans assomated with that

| evel , wheV&Pf Q it l?yeﬁ PO PR Of P B-WéarFWF?FIB’ Adjacrat gpssepf the framgabuffer

ncludes 2 Rhep Sie By ok S5t Shue i SOBSRCT ehbBatloh L SRRESHY

fromthe a%?lﬁgé %{lﬁ)ﬂt by each of the first and the second hierarchically adjacent ones of the
frame buffer means, the combined image pixel value being a function of a pixel

~ transparency value associated with a pixel from one of the hierarchically adjacent ones of

the frame buffer means, wherein each of said generating means includes mixer means for
mixing together, in accordance with a pixel transparency value provided by the
associated frame buffer means, a pixel value frdm the associated frame buffer means and
a pixel value received from a next lower priority level, and wherein said mixer means
includes first means for subtracting the converted pixel value output by the associated
frame buffer means from the pixel value received from the mixer means associated with
the frame buffer means at the next lower priority level, second means for multiplying a
difference value output by said first means times a transparency value associated with the
pixel value output by the associated frame buffer means, and third means for adding a
product value output by said second means to the pixel value received from the mixer "
means associated with the frame buffér means at the next lower priority level.
According to another aspect of the present invention there is provided a method for
generating video pixel data, comprising the steps of: providing a plurality of frame
buffer means organized in a hierarchical manner S0 as to provide a highest priority frame
buffer means and a plurality of loWer priority frame buffer means, each of said frame |
buffef means storing image pixel data from an associated image pixel source; and at each
level of the hierarchy of frame buffer means other than a .lowest level, selecting as an

output of that level one of, (a) a first image pixel value that is equal to an image pixel



frame buffer nmeans and a pi xel val ue received fromtkmﬂh@wNT qulVéET I
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priority

frame buffer neans, and wherein the step of m xing t@géther includes|the

st eps of, subtracting the pixel value output by

buf fer means fromthe pixel value recei %ed fromthelf

{ he2 4s3RpHgged| f [ ame

ame buffer nepnp at

the next lower priority |evel; mul tiplying a djfference varue—t hjat
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means; andimage pixéleihirdthat gr&ﬁﬁ{ﬁtfrdﬁﬁ’-!tﬂéeadjﬂ:@ﬁt, 1G0et! 1bvel ol q@éuk?garréﬁ gi;ls at the

multiplying to the pixel value received ' fromthe trane

next | ower bpfferomiins, lagd €t). a third imabe Piled 98lua $hat & a fcBfblhatifn oF M iodNBk&! N

the step of selecting is executed on a pixel-Dby-pixel

basis for ea | mage

pi xel st or eafueithatiinowtputframh théfrafnedmfeb ey assmadied withQhatAevatah@ thedfnapet
forth in claim8 wherein the step of selecting includes the steps of

pixel value that is output from the adjacent, lower level of the hierarchy of frame buffer
means, wherein the combination is made in accordance with a transparency value that is
associated with the image pixel value that isl output from the frame buffer means
associated with that level, wherein the step of selecting the third image pixel value
~includes a step of mixing together, in accordance .with.the transparency value brovided
by the associated frame buffer means, a pixel value from the associated frame buffer
means and a pixel value received from the adjacent, lower priority level frame buffer
means, and wherein the step of mixing together includes the steps of, subtracting the
pixel value output by the associated frame buffer means from the pixel value received
from the frame buffer means at the next lower priority level; multiplying a difference
value that results from the step of subtracting times the pixel transparency value
associated with the pixel value output by the assocjated frame buffer means; and adding
a.product value that results from the step of inultiplying to the pixel value received from
the frame buffer means at the next lower priority level.
According to still another aspect of the present invention there is provided an integrated
c;ircuit device for processing image pixel data, said integrated circuit device comprising a
ﬁrst_ input poﬁ for coupling to an output of a first source of image pixel values, a second
input port for coupling to an output of a second source of image pixel values, and a third
input port for coupling to an output of a source of image pixel transparency values that
are associated with the image pixel values output from the first source, said integrated
circuit device further comprising means, résponsive to a predetermined state of a control
signal applied to a control input poﬁ, for selectively mixing together image pixel values
received from said first input port and from said second input port, said means for

selectively mixing comprising first means for subtracting an image, pixel value received



decodi nQ a predet'er m ned pi xel color value in con REHIA@EWNTWJ[E ]

wi ndow identifier so as to generate a plurality pff¢ ' for
controlling the selection of image pixel values.] f11 AA t hod gs {set
forth in claim 10 wherein the predeternined pixel| doi &% 9&P1994nd [t he

di spl ay window identifier are stored wi €Rin a hi dhést—priarity fija buffer
nmeans. 12. A nethod as set forth in claim8 wherfein the step of s¢lecting
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a first input p or cou g to an output o source of Tnmag
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source of image pixel valles, and a third input port for coupling to an
out put of dipU4 peoduitt VATBE GutputBbm saldodesoral @B toahe! @fiadel kel Vatuedeaivedt ed
with the i mage pixel values output fromthe first source, said integrated
circuit defromethé setdndr inponport,ssaid) integraed ciresip desicy duttieracomprizitgt &1 ohtpad
state of a control signal applied to a control input port, for selectively
m Xxi ng .t ogerhegoupledgte an vutpuy of said third ancans, foroentputting fai resultanh pmageppixel and
fromsaid

value. '

According to yet another aspect of the present invention there is provided Image display
apparatus, comprising: a plurality of frame buffer means organized in a hiérarchical
manner so as to provide a highesf priority frame buffer means and a bluralit_y of lower
priority frame buffer means, each of said frame buffer means storing image pixel data -

- from an associated source; and means, interposed between hierarchically adjacent frame
buffer means, for selecting an image pixel value and for providing the selected image
pixel value to an input of another selecting means at a next highest level, said selecting
means being responsive to control signals for selecting as an output at each level one of,
(2) an image pixel value that is equal to an image pixel value that is output from the
frame buffer means associated with that level, (b) an image pixel value that is output
from the adjacent, lower level of the hierarchy of frame buffer means, and (c) an image
pixel value that is a combination of the image pixel value that is output from the frame -
buffer means associated with that level and the image pixel value thai is output from the h
adjacent, lower level of the hierarchy of frame buffer means, wherein the combination is

_ ﬁade in accordance with a transparency value that is associated with the image pixel
value that is output from the frame buffer means associated with that level, wherein said
selecting means includes first means for subtracting the pixel value output by the
associated frame buffer means from the pixel value received from the selecting means
associated ‘with the frame buffer meains at the next lower priprity level, second means for
multiplying a difference value output by said first means times the'transparency value

associated with the pixel value output by the associated frame buffer means, and third



26 ' second input port, said means for selectively irst
nmeans for subtracting an inage pixel value receiv nput
port froman i mage pixel value received fromthe Fond i nput por second
means for multiplying a difference .value output f}|on s248ER 1997 S
_times an image pixel transparency val ue $%ceived frhmthe third ijngut

port, and third neans for adding a product value output fromsard  decond

t
out put of J tdl : 1 : ; i ue.
14 "hn i n Seited fRomint3ERing feafd BB yife f°Hpn? BuftcF Mng at P KB
conpri si ngid@@Prioritplevde! ayi ng an image pixel val ue received fromthe
second input port by an. anmount of tine required for the operation of the
first and second neans, said delaying nmeans having an output coupled to
said third neans for providing the delayed i nage pi xel value thereto for
addi ng to the produbDESCRIFTION.OF THEPREFERRED ENBODIMENT(®ans. 15.
| mage di spl ay apparatus, conprising: a plurality of frame buffer
means or gafiged i nillustratgs anceéxemplaryradisplay sereens having pnwltiplg¢eviden idgtacsaurces

priority frame buffer nmeans and .a plurality of lower priority frane
each displayed within an associated window;
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Fig. 2 is a block diagram sthing, in accordance with the invention, a plurality of
hierarchically arranged. frame buffers having look-up tables, pixel. mixing,
and pixel mutliplexing circuitry interposed between frame buffers;

Fig. 3 is a block diagram showing an N by M configuration of hierarchically

arranged frame buffers having look-up tables, pixel mixing, and



buffer neans, each of said franme buffer neans stori QT a from
an associ ated source; and nmeans, interposed Higal ly
adj acent frame buffer means, for selecting .an image: p| xel val ue ahd for
providing the sel ected i mage pixel value to an input of 48ER N7 s¢l pcti.ng
neans at a next highest level, said sel e&%ing nean eing respons|vg:ito
control signals for selecting as an out put at each}l evel one of, I an

i mge pixel value that is equal to an g ﬁpl xel af_ T ontpht 1rom

Wt

t he frame buffer nmeans associ ate that | evel.. ~h)___.an i mage;
pi xel - val ug. thﬁhagédl%lgp%£ﬁ£@@&%r@%acent | ower |evel of the Ri&rarchy

of frane buffer neans an 1 nage pixel value that is a conbination

of the inmage phXslrakig} o€ fidndd buffeowuieBiN organized fihOinhidigrchicalmnakibér &5 agmaNS
associated with that 1evel and the imge pixel value

27 ptdvide b shighesp ptiofityofratb covdfdy aneans and aplurdlity of lowert bﬁoﬁtyEframehy
of fram bltJJl;fgrr means, each of said frame buffer means storing image pixel data received from an
associated image source; .
means, coupled to an output of each of said frame buffer means, for converting a
display format of the .stored image pixel data to a predetermined display format; and
means, héving inputs coupled to individual ones of said converting means outputs,
for selectively combining an image pixel from each of said plurality of frame buffer
means so as to form a éomposite image pixel, wherein said combining means includes a
plurality of means, individual ones of which are interposed between two hierarchically
adjacent ones of said frame buffer means, for selectively generating an image pixel value .
and for providing the generated. imagé pixel value to an input of a generating means at a
next highest level, said generating means being responsive to a control means for
selectively providing one of o
(a) an image pixel value that is equal to an image pixel value output by a first one of
the hierarchically adjacent ones of the frame buffer means,
() an iniage pixel value that is equal to an image pixel value output by a second one
of the hierarchically adjacent ones of the frame buffer means, and
(c) an image pixel value that is equal to a combination of the image pixel values output
by each of the first aﬁd the second hierarchically adjacent ones of the frame buffer
means, the combined image pixel value being a function of a pixel transparency
value associated with a pixel from one of the hierarchically adjacent ones of the
frame buffer means, wherein '
each of said generating means includes mixer means for mixing together, in

accordance with a pixel transparency value provided by the associated frame buffer
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means, wherein the combination i s made in accor dand@ o BT rSﬁEEff!*ncy

val ue that is associated with the inmage pixel : oyt put
fromthe frane buffer means associated with ht I eveI %erei n

sai d sel ecting neans includes first nmeans for subtrhcfi @4@531% vial ue
output by the associated frane buffer m8ans fromthelpi xel cki ved

fromthe selecting neans associated with the franejbuifer nmeans at t e
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t he pi xel ﬁgﬁlfaﬁgagtl%?%oﬁ ﬁtgq?uesagﬁl ated franme buffer neans, and third

nmeans for out put by said second neans to the pixel

val ue recei veghbleRMdid ik ﬁﬁiﬂsﬁﬁclﬁ&&“ﬁrsﬁﬁﬁ@ﬁd R)tr%qbffﬁétﬁi 'thé chivaiied Siﬁtéler
nmeans at the next |ower priority |evel | mage di sp ay appar at

set forth Vdluebadpi Bptendsdoidtéd frame rbﬁﬁudmeﬂlsrt?@ﬂ%he pikElhRGrebsiva fropt et Of
each of said plurality of franme buffer neans, for converting a format of

t he st or edmixexgmegisxaskociated with thepframde thaffor neeing at thet next 1wet prigritydiespl, ay
apparatus as set forth in claim16 wherein the predetermned format is

R G B. 18secondigecats sfor apultiplyingaa udiffexeness tvalue rautputnby: Isaidnfis rodass dimessai d
control signals are enerated by control neans that includes | ook-up table
neans for BeRRPRENFY yalupassasiatedowith the pixel value output by the associated frame buffer

means, and third means for adding a product value output by said second means to the .
pixel value received from the mixer means associated with the frame buffer 'meéns at the
next lower priority level.

2. | Image display apparatus as set forth in claim 1 wherein each of said generating
means further includes multiplexer means having a plurality of inputs, wherein one of
said inputs is coupled to an output of said mixer meéans, one of said inputs is coupled to
the output of the associated converting means, and one of said inputs is coupled to an
output of the mixer means associated with the frame buffer means at the next priority
level, said multiplexer means being responsive to a signal generated by .said control
means for selectively providing at an output a value corresponding to one of said three
inputs. |

3. Image display apparatus as set f(—mh in claim 2 wherein said control means includes
look-up table means for generating said control .signal on a pixél—by—pixel basis in “
accordance with a pixel color code and a display means window identifier.

4. Image display apparatus as set forth in ciaim 3 wherein said pixel color code and
said display screen window identifier are stored within one of said frame buffer means
that is associated with said control means.

5. Iniage display apparatus as set forth .in claim 4 wherein said frame buffer means

that is associated with said control means is a highest priority frame buffer means.
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a display neans wi ndow identifier, wherein said
di splay screen window identifier are stored wthifn|one of said fra
means that is associated with said control
to generate a plurality of control signd4 for

si gnal s‘o'n a pi xel -by-pi xel basis in accordance wi‘ Jode
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sel ective conbi nati on of i mge pi xel s, whereirn: the predet erm ned pi
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st ores, conjunction wth each piXxe ue st erelrn,
transparen@dlpyealtgegmdad]gblgylﬁ{ew the step of sel ectively conbi ni ng
conbi nes the transparency value with the associated pi xel value an

with the 7. Ipei dsplapiapparausl ae seteortly édl didimml awhersin koWt one ofPsdi@

| evel

frame buffer neans.

converting means is programmable and has an input coupled to control means for having
data, representing the predetermined format, stored within under the control of the
control means.
8. A method for generating video pixel data, comprising the steps of:
providing a plurality of frame buffer means organized in a hierarchical rﬁanner SO
as to provide a highest priority frame buffer means and a plurality of lower priority
frame buffer means, each of said frame buffer means storing image pixel data from an
associated image pixel soﬁrce; and
at each level of the hierarchy of frame buffer means other than a lowest level,
selecting as an output of that level one of,
a) a first image pixel value that is equal to an image pixel value that is output from
the frame buffer means associated with that level,
b) a second image pixel value that is output from the adjécent, lower level of the

hierarchy of frame buffer means, and

and
ai d

xel
ored

i ng

d
rity

¢  a third- image pixel value that is a combination of the image pixel value that is

output frbm the frame buffer means associated with that level and the image pixel
value that is output from the adjacent, lower level of the hierarchy of frame buffer
means, wherein the combination is made in accordance with a transparency value
that is associated with the image pixel value that is output from the frame buffer
means associated with that level, wherein the step of selecting the third image pixel
value includes a step of mixing .togeth.er, in accordance with the.transparenéy value
provided by the associated frame buffer means, a pix_el value from the associated

frame buffer means and a pixel value received from the adjacent, lower priority
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i mage pi xel data fromweach of the frame buffer ans to a predetjer-

m ned format. 14. An integrated circuit device foLr selzetfgi__—_peby

m xi ng toget her inmage pixel data receive2Zfroma first |npuz gnd from
a second input, said inte- ' grated circuit devi TITC ' '
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pi xel t r aNSPLP ncy val ue associated with the pixel value recei ved
fromthe first . ' r [ val ue

rom e L1 o sitbing 206l G 9t arsocBih g SRS Kb A e

s SEOSQ | P ixel value r&Rived ik Sefrfifle BhffGhéand G it heRf BWRE BRbMn Widher YO

multiplying a difference value that results from the step of subtracting times the
pixel transparency value associated with the pixel value. output by the associated frame
buffer means; and

adding a product value that results from the step of multiplying to fhe pixel value
received from the frame buffer means at the next lower priority level. |
9. A method as set forth in claim 8 wherein the step of selecting is executed on a
pixel-by-pixel basis for each image pixel stored within each of the frame buffer means.
10. A method as set forth in claim 8 wherein the step of sélecting includes the steps of
decoding a predetermined pixel color value in conjunction with a display window
identifier so as to generate a plurality of control signals for controlling the selection of
image pixel values.
11. A method as set forth in claim 10 wherein the predetermined pixel color value and
the display window identifier are stored within a highest priority frame buffer means.
12. A method as set forth in claim.8 wherein the step of selecting includes a step of
converting a display format of a stored image pixel data to a pre_determined display
format. | |
13. An integrated circuit device for processing imé\ge pixel data, said integrated circuit
device comprising a first input port for coupling to an output of a first source of image
pixel values, a second input port for coupling to an output of a second source of image
pixel values, and é third input port for coupling to an output of a source of image pixel
transparency values that are associated with the image p'ixel values butput from the first
sourée, ééid integrated circuit dévice further comprising means, responsive to a
predetermined state of a control signal applied to a coﬁtrol_input port, for selectively

mixing together image pixel values received from said first input port and from said
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conprising means for synchronously del aying the Wi ved
fromthe second i nput by an anount of tinme redui ation
of the first and second neans. 16. I mage difspl ay appar at us

conpri si ng: a plurality of frame buffer neanps orééngglédwm
hi erarchi cal manner so as to provide a Msghest priority frame| buffer
nmeans and a plurality of | ower priority frane]buffer neans, each of
said - frane buffer neans storing image pixel data—f+em an
associ at edseser} daputapart, said magpsfor selachyely swiKing t comnTisinge fistc meaas | for
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pi xel val ue that is equa 0 a conbi nation of the inmage pi xel
val ues out itdgratyd eielit dévitd Curtlier Sbmprising A8 output pofts cosple®Saw bulpitof §4de
buf fer neans, said inage di spl.ay apparatus preferably further
i ncl udi ng third meamanfor ontputtingra tesultant amage pixelfvabech of said frame
buffer nmeans; for converting a format of the o

14 An integrated circuit device as set forth in claim 13 and further comprising means

1y

for delaying an image pixel value received from the second input port by an. amount of
time required for the operation of the first and second means, said delaying means
having an output coupled to said third means for providing the delayed image pixel value
‘thereto for adding to the product value that is output from said second means.
15. Image display apparatus, comprising: |
a plurality of frame buffer means organized in a hierarchical manner so as to
provide a highest priority frame buffer means and a plurality of lower priority frame
buffer means, each of said frame buffer means storing image pixel data from an
associated source; and |
meané, interposed between hierarchically adjacent frame buffer means, for
selecting an image pixel value and for providing the selected image pixel value to an
input of another selecting means at a next highest level, said selecting r_neahs being
responsive to control signals for selecting as an output at each level one of,
a)  an image pixel value that is equal to an image pixel value that is output from the
frame buffer means associated with thgt level,
b) an image pixel value that is output from the adjacent, lower level of the hierarchy
of frame buffer means, and
c) an image pixel value that is a combination of the image pixel value that is output

from the frame buffer means associated with that level and the image pixel value
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stored i'mage pi xel data to a predetermined format |KEPLAGEMENT SHEETb!y is
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in claiml6, wherein said generating neans i s Fe3poRsgi pi xel
transparency val ue out put by .an associ at ed one | of sgliasla?ﬁ%fb ffer
i

means for m xing the | mage pi xel val ues ogtput' by—eaeh- ifst and
the second frane buffer neans in accordance with t he pi xel transparency

| ue. 18. | g display apparatus as set forth in clarm 1o 17,
\\//\ﬁe?gi n said coﬂ%?d? @Fﬁ%ﬁ@a&s agliacenta tlewer levebybfdbﬁtln@arclhnaqfsml t buffer
[ - ' th t S on a
pi el -by- - pReE DA e SemBITRHRIE D T HASPRBRCC B bawpaency anisea
di spl nmeans W | AR wher ei n saji d pi xel color code and said
i spl 2y’ eans e QAL WA i RS ol ) B S e e
frame buffer megps.d Nalcibse AaRIRkALRE, Widdinsaid  control means.

said selecting means includes first means for subtracting the pixel value output by

the associated frame buffer means from the pixel value received from the selecting means
associated with the frame buffer means at the next lower priority level, second means for
multiplying a difference value output by said first means times the transparency value
associated with the pixel valué output by the assoc'iated frame buffer means, and third
means for adding a product value output by said second means to the pixel value
received from the selecting means associated with the frame buffer means at the next
lower priority level.

16. Image display apparatus as set forth in claim 15 and further including means,
coupled to an output of each of said plurality of frame buffer means, for converting a
format of the stored image pixel data to a predetermined format.

17. Image display apparatus as set forth in claim 16 wherein the predetermined format
is R,G,B.

18. Image display apparatus as set forth in claim 15 wherein said control signals are
generated by control means that includes look-yp table means for generating the control
signals on a pixel-by-pixel basis in accordance with a pixel color éode and a display
means window identifier, wherein said pixel color code and said display screen window
identifier are stored within one of said frame buffer means that is associated with said

control means.
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19." | mage di splay apparatus according to any one of clainms 16 to 18,

wherei n sai d generating neans I ncl udes first nea [ EME t he
pi xel val ue out put by the associated frame buffe #; 't he

pi xel val ue received fromthe generating means agséciated with the
frame buffer neans at the next lower priority |evVel, sdcSERI1997anE | or
mul tiplying a difference val ue outputZ@y-§aid fifdsdy nmeans tines
transparency val ue associ at ed wi th the pixel val ge Tput by the

associ at ed frame buffer nmeans, and third neans fqr_adding a product
val ue’ output by said second nmeans to the pi xel val ue received fromthe

generating meamgULTI- STASRCE AVRYGRIRBAL TeME RIEING AND AN@‘D—?\EIASIN‘G next
| ower priority-level. YO 991 084

ABSTRACT

Method and apparatus for implementing ﬁ raster graphic display video data path that
provides arBitrary mixing of a plurality of images. The video data path is highly

parallelized, and employs pafallel devices operating under the control of a set of look-up
tables (15). The look-up tables (15) afe loadable from a controller, such as a host
workstation (14). The raster graphic display video data path functions wit1|1 unlimited screen
resolutions, and also enables a variety of different pixel data formats from a pbténtially large
number of different sources. Outputs from several image sources are mixed under the
control of the host workstation (14), with a resultant pixel value ._5eing based on (a) a
combined translupency coefficient (alpha) of the images, for each image source, and (b) a
window identification number assigned by the host workstation. Pixel value conversion to a
common predetermined format provides coherency between pixel values generated by
different image sources. '

Fig. 2



