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QOVPRESSED | MAGE FRAME BUFFER FOR _H GH RESOLUTI ON FULL COLOR RAUEE ™
Dl SPLAYS This invention relates to SrE defl nition color raster displays
and, nore particularly, to a frang ild storing corrpressed i mage data

for such a display. Many |rrage ces .V}. pl.i cations, e.g., nedical
gm&dlre- sentatlons etc.

I magi ng, scientific visualizati

require high resolution, real c VE to mani pul at ed and di spl ayed.

Pr of essi onal workstation displ ab # ol uti ons that -range from 1K
,mgol are represented by three

(li-nes) by 1K (pixels) to 2K by
bytes, one byte for each of the @.}r bl ue col or components. In

COMPRESSED IMAGE FRAME BUFFER FOR
HIGH RESOLUTION FULL COLOR, RASTER DISPLAYS

This invention relates to high definition color raster
displays and, more particularly, to a frame buffer for:
storing compressed image data for such a display.
Many image processing applications, e.g., medical

~ imaging, scientific visualization, multi-media pre-
sentations, etc., require high resolution, real color
images to be manipulated and displayed. Professional
workstation displays have image resolutions that range
from 1K (lines) by 1K (pixels) to 2K by 2K. Pixel
colors are represented by three bytes, one byte for
each of the red, green and blue color components. In
such systems, images are stored in a frame buffer
having a capacity of three megabytes (MB) to 12 MB.

A frame buffer should have a video bandwidth approximate-
ly egqual to the frame resolution (number of pixels),
multiplied by the number of frames per second provided
to the display system. Usually, the number of frames
per second ranges from 30, for interlaced television
monitors;'to 60 or higher for non-interlaced displays.
Thus, a frame buffer with a 1K by 1K resolution should
provide 60 million pixels to a non-interlaced monitor
input. The video clock (VCLK) which shifts data to the
'digital -to-analog converter from the memory should be
higher than 60 Mhz. In .reality, about 20% of a frame '
time is spent for horizontal and ‘vertical fly-back and
usually 80 Mhz is an appropriate VCLK frequency.
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such systens, inmages are stored in a franme buffer having a capacity of
three megabytes (MB) to 12 MB. A frame buffer should have a video _
bandw dt h approxi mate- |y equal to the franme resolution (nunmber of pixels),
mul tiplied by the nunber of franes per second provided to the display
system Usually, the nunber of frames per second ranges from 30, for

i nterlaced television nonitors, to 60 or higher for non-interlaced

di splays. Thus, a frane buffer with a 1K 5?'1K resol uti on shoul d provi de 60
mllion pixels to a non-interlaced nonitor input. The video cl ock (VCLK)

whi ch shifts data to the digital-to-anal og converter fromthe nenory shoul d
be higher than 60 Mz. In reality, about-20%of a franme tine is spent for
hori zontal and vert Vsitg fMifdedxandemdcgssmmeposn (WRAM) chdps afhopri at e VCLK
frequency. serial output port shift frequencies2ef 30 Mhi)Sithgee/i deo

random access ”E”DVW%%SQMSQ%&M Qn parallel to provide a necessary
video output bandwidth. (Usually, four VRAMs are used
as they enable an easier implementation of the frame
buffer input/output datapath.) Thus, the higher the
resolution, the wider the bandwidth of the memory video
path that is required and the greater the number of
chips that must be activated in parallel. Furthermore,
for high resolution the number of memory chips may, as
a result of being operated in paiallel, provide a
greater amount of memory than that which is required
for image storage and result in wasted memory space.
Full motion images require double the memory for
storage in order to eliminate the image tearing arti-
fact. The so-called dual buffer approach allows one °
frame of storage to be updated while showing a previous
frame. When a new frame is fully stored, half of the
_buffer storing the new frame is switched to digital-
to~analog converters at the vided output during the
next vertical synch signal. Then, an update of the
secbnd half of the buffer starts with a next frame of
data. '

The regquirements of spatial and color'resolutipn, video
bandwidth and double buffering may be satisfied only
when using large frame buffers with a large number of
expensive memory chips. One way to reduce the amount of
memory is to compress an image according to standard
compression methods. This enables the image to be
stored in a smaller frame buffer and to'be decompressed
while reading the image from the frame buffer to the
video channel. Major problems are presented by such
storage technicues. First, contemporary approaches to
image compression do not sufficiently preserve high
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serial output port shift frequencies of 30 Mz, three VRAM chips nmust work
in parallel to provide a necessary video output bandw dth. (Usually, four
VRAMs are used as they enable an easier inplenentation of the frane

buffer input/output datapath.) Thus, the higher the resolution, the w der
the bandw dth of the nenory video path that is required and the greater

t he nunber of <chips that nust be activated in parallel. Furthernore, for
hi gh resol ution the nunber of nmenory chizs may; as a result of being
operated in parallel, provide a greater amount of nmenory than that which
Is required for imge storage and result in wasted nmenory space. Ful
notion i mages require double the nenory for storage in order to elimnate

the image tearing-@flehey dopbnentidetfife GRlcbRBafNakapiilcl 85t2RRr OaCh al lows
one frane of st?%‘a};sg.e to he u oW _n [ e ougrefrarre. When a

dated while s
new frame is ful t ST 'h%?r?moé’?yt‘hseeé Eﬁ???eﬁlsgﬁo%#é_nf}ﬁ"es new frame is
switched to digi Eef complr gl RpDAGNIRIIPESsEIon FBiRS YEPDFPUt during the
next vertical syajoritfmalto dltebitaa ngueaserypthipheressdeuint hizido of t he

buf fer starts w i Ar"Sadafiitl® 18ira Jat fajoritiN8s MQdLr £GPl spati al
and col or resol uti on, Vvl deo .{)andwl dt h agd edoaulgleg b%fffer 9, may be
satisfied only WIeHBANGUPHYE PR BIFFL TR/ 17 3 te8%5e unber of
expensi ve nenor yEutthps degreasgsy of ovidan CutPie bandwitthofThugenory is to
conpress an i magehidectiidlianguito oft aemtarnd iscosfuced stiopugetthedsse Thi s enabl es
Wil e T aadi ng e e e R g one B B s e Channel - My

) rom t-he frane bu 0 . video channel . Mjor
probl ens are pre%éﬁ“ft“é‘gﬁbﬁ%ﬁ%q‘}y §PSH & ge?e%%ﬁfaﬁets". %ﬁﬂ? & cont enporary
appr oaches to formance displays. -

In Fig. 1, a conventional frame buffer architecture is
illustrated and is shown providing a 1K by 1K resolution
with 24 color bits per pixel, It includes four memory
blocks, MO, M1, M2 and M3, a serializer 10, an oscilla-
tor 12, counter 14 and decoder 16. Each memory block
MO-M3 includes several VRAM chips and has an internal
address structure of 512 rows by 512 .columns. Each
individual row/column position holds twenty-four bits.

" Memory modules M0-M3 provide four (24 bit) adjacent
pixels, in pérallel, to serializer 10. Oscillator 12
generates a VCLK signal which serves as a clock freguen-
cy for four 24 bit registers, RO, R1l, R2, and R3 within
serializer 10. Clock signal VCLK is divided by a
counter 14 to provide a serial clock signal (SCLK) with
a frequency that is four times lower than VCLK. The
SCLK signal shifts out the data from memory modules
MO-M3. In specific, SCLK shifts data out of the VRAMS
within modules MO~-M3 from their secondary serial ports.

A decoder 16 generates a short pulse LD at each falling
edge of SCLK (each pulse LD has a length of one VCLK).
Pulse LD loads 96 bits from the VRAM secondary (serial)
ports into the bit positions within serializer 10. The
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-1 mage conpression do not sufficiently preserve high YO 991 101

- 3- frequency conponents that acconpany graphic data or text. Second,

~commonly used conparison algorithns are too conplex to.enable
deconpressi on chips using such algorithns to exhibit a necessary high

resolution video output bandwi dth. Third, a nmajority of those algorithns

requi re non-uni forminage update access and |l eads to further decreases of

vi deo out put bandwi dth. Thus, while t he 4iount of menory is reduced

t hrough the use of such conpression/deconpression techniques, it is

difficult to apply such video buffers to high per- formance displ ays.

LD signal also controls a plurality of multiplexers
M1-M3. In the absence of an active LD signal, the
multiplexers are switched to a state to enable one
register stage to pass its signal to a next stage.
Thus, during a subsegquent 3 .VCLK periods, multiplexers
M1-M3 connect registers RO-R3 into a shift register.

As a result, four'pixels are loaded into the serializer
in parallel and shifted out sequentially as 24 bit
color data to red, green, and blue digitai-to-analog
converters (not shown).

As can be seen from an examination of the buffer system
shown in Fig. 1, in order to configure a 2K by 2K dual
buffer without compression would require the use of
64-four megabyte chips. As will be seen hereinafter,
compression/decompression enables substantial reduction
in the amount of memory required for a 2K by 2K dual
buffer (e.g., by a factor of 8§).

A favored compression algorithm is a block truncation
method that is described in detail by Healy et al., in
"Digital Video Bandwidth Compression Using Truncation
Coding", IEEE Transactions COMM, COM-9, December 1981,
pages 1809-1823. That compression algorithm provides
high quality text and graphic image decompression and
reasonable quality, television-like natural images.
The compression method, per se, is not directly rele-
vant to this invention and only certain aspects of it
will be reviewed.

The basic idea of the algorithm is to represent each 4
by 4 region of pixels (48'bytes, assuming three bytes
per pixel) with two colors, (three bytes each) plus a
16 bit wide MASK. The two colors are calculated stati-
stically to best represent the distribution of colors
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In Fig. 1, a conventional frame buffer architecture is illustrated and is
*shown providing a 1K by 1K resolution with 24 color bits per pixel. It

. Includes four nmenory blocks, MO, M, M2 and M3, a serializer 10, an
oscilla- tor 12, counter 14 and decoder 16. Each nenory bl ock MO M3
I ncl udes several VRAM chips and has an internal address structure of 512
rows by 512 columms. Each individual row colum posi-tion holds twenty-four
bits. Menory nodul es MO M pravide four (22-bit) adjacent pi.xels, in
parallel, to serializer 10. Oscillator 12 generates a VCLK signal which
serves as a clock frequen- <cy for four 24 bit registers, RO, Rl, R2, and
R3 within serializer 10. O ock signal VCLK is divided by a counter 14 to
provide a serial climkhe grigt 4(S0e) regicon. The rrequedierst it crdlddour ti nmes
| ower than VCLK. Thg; 8gbK a%iagﬂalcoiibkftgacaumgmaldaa@ee&mmsn@mrmdul es
MD)-MB. In specific, _SCLK_ s spongfnsg tpgx%uéh%%é @%fvgf@@' A thino npdul es M- M3

fromtheir secondary S&FFaT e'nerat es_a short pulse
LD at each falling egs- th@CERe ('@aEI"PJFﬁJI"éé“‘LBShés /| ERRR FB8f one VCLK).
Pul se_ LD | oads 96 méz&eépammlgepi\ﬂa&l\ﬂ;e&scmhelaﬁyc@ser: @y ywhent the nto the bit
positions within 5%834 biflvalde ;'8 "g", then the corresponding pixel

gets the Lo color. This is illustrated in Fig. 2 which

shows the bit mapping of a 4 by 4 pixel region 20 to

its MASK 22.

The decompression mechanism is simpler than that of

. compression. For each 4 by 4 pixel matrix, a desti-
nation device receives two colors (Hi and Lo) and the
16 bit MASK. For each bit of the MASK, the correspond-
ing pixel in the 4 by 4 pixel matrix gets either the Hi
color, if the MASK bit is a 1 or the Lo color, if the
MASK bit is a 0. Fig. 3 shows the compressed data
format of an arbitrary 4 by 4 pixel area 24 where each
pixel is either one of the colors, A or B.

The above~noted compression scheme has been employed in -
the prior art. In U.S. Patent 4,585,134 to Campbell et
al., a color video display is described wherein a

buffer memory uses two colors per pixel data matrix in
the decoding action. Here, however, the bit MASK is
.employed to access color addresses which, in turn,
access video look-up tables to find the actual color
.codes. For high performance systems, such video look-up
tables do not provide adequate speed characteristics to
enable the video bandwidth to be achieved at a reason-

able cost. -
In U.S. Patent 4,797,729 to Tsal a truncation coding

system is described which evidences a tolerance to
channel errors. Decompression occurs on the input to
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_-4- LD signal also controls a plurality of multiplexers M.-M3. In the
“absence of an active LD signal, the nultiplexers are switched to a state to
- enabl e one register stage to pass its signal to a next stage. Thus, during
a subsequent '3 VCLK periods, nultiplexers ML-M connect registers RO-R3
into a shift register. As a result, four pixels are |oaded into the
serializer in parallel and shifted out seoéJentlaI ly as'24- bit color data to
red, green, and blue digital-to-anal og converters (not shown).. As can be
seen from an exam nation of the buffer systemshown in Fig. 1, in order to
configure a 2K by 2K dual buffer w thout conpression would require the use
of 64-four negabyte chips. As wil]l_ be_seen hereinafter,
conpr essi on/ decomptBe HUGAeE RN E4lk A9LPE RIXE} WaTLESF Gei FEAXRE- dhount of
menory required fosimil2K Bgciprdssiorbaffangepenty.is Syown fimdt.8r of 8). A
favored conpressi 0Ba@dfd0ul, H68N619 fo HaRsdurdor BcAL.i on method that is.
described in detail by Healy ‘et al., in "D gital Video Bandw dth
Conpr essi on Using Truncation Coding", |EEE Transactions COVW COMW 9,
Decenber 1981, pag@ther3gomRXEESioN|SHSteBTHRESRS &Ruad gér PrHmPBERRA des hi gh
quality text and guagtd,001 Nty dud b @tpaks Yenplaysddi tfeyenadd dnqual ity,
tel evision-like najif@lanb8BffRtions between pixels to enable more
compact encoding of run lengths of pixel data); U.s.
Patent 4,555,802 to Fedak et al. {(encodes image data by
ignoring background data and transmits non-zero seg-
ments before backgroupd'data, with offset and length
numbers); and U.S. Patent 4,72%,127 to Chan et al.
(describes a mapping technique wherein delta code

values enable access to stored, compacted map data).

L]

Accordingly, it is an object of this invention to
provide an improved image frame buffer that preferably
stores compressed image data for a high resolution,
full colorx raster display.

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

The invention provides an improVed compressed image
frame buffer which exhibits a high efficiency in the
decompression of the compressed image code.

The invention further provides an improved compressed
image frame buffer which is able to provide video
output consistent with the requirements of a high
resolution full color. raster display.

aAn image buffer is described for an XxY pixel display,
which image buffer stores compressed image pixel data
for a plurality of n x m matrices of pixels, each
YO 991 101
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-The conpression nmethod, per se, is not directly rele- vant to this

¢« invention and only certain aspects of it will be reviewed. The basic idea
of the algorithmis to represent each 4 by 4 region of pixels, (48 bytes,
assum ng three bytes per pixel) with two colors, (three bytes each) plus a
16 bit wide MASK. The two colors are calculated stati- stically to best
represent the distribution of colors ‘in the 4 by 4 pixel
region. The two colors are called H coldr and Lo col or. Each MASK bit"
det er mi nes whet her the correspondi ng- pi xel shoul:d get either a H or Lo:
color. Wien the MASK bit value is a "1" , then.the correspondi ng pi xel gets
the H color; and when the MASK bit value is a "O', then the correspondi ng
pi xel gets the Lomstdisr reftesentes blyl amaiat efl daloFigpdes agd MASK

having nm bit position, each positions mapping to a
pixel in the matrix, a manifested bit value in a MASK
bit position defining the color code assigned to a
mapped pixel. The image buffer includes serial re-
gisters for feeding pixel color code values to a buffer
serial output and multiplexers for providing n bit
values from the MASK on n of its output lines. Gating
circuitry, controlled by bit values on the output
lines, are operative to gate either a first set of
inputs or a second set of inputs into the shift re-
gisters. Control circuitry is provided for feeding a
pair of color codes and the MASK bit values to the
gating circuits and multiplexers, respectively, and for
serially operating the serial shift fegisters in
response to the gating of the inputs from the gating

circuits.

In the following preferred embodiments of the invention
are described in more detail with reference to the

drawing in which

Fig. 1 is a block diagram of a prior art frame
buffer arrangement. :

fig. 2 is a schematic showing how a 16 bit MASK maps
onto a 4 by 4 pixel array.

Fig. 3 jllustrates two 32 bit color words, each
containing a portion of a bit MASK and a
three byte color code, in combination with a
4 by 4 pixel array showing how the colors are
mapped therein in accordance with received
color codes énd MASK bits respectively.

YO 991 101
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- shows the bit mapping of a 4 by 4 pixel region 20 to its MASK 22. The

* deconpressi on-mechanism’is sinpler than that of conpression. For each 4 by
4 pixel matrix, a desti- nation device receives two colors (H and Lo) and
the 16 bit MASK. For each bit of the MASK, the correspond- ing pixel in the
4 by 4 pixel matrix gets either the H color, if the MASK bit is a 1 or the
Lo color, if the MASK bit is a 0. Fig. 3gshows the conpressed data fornmat
of an arbitrary 4 by 4 pixel area 24 where each pixel is.either one of the
colors, A or B The above-noted conpressi on scheme has been enpl oyed in
the prior art. In U S. Patent 4,580,134 to Canpbell et al., a color video

di splay is described erejn _a buffer nenory uses t ol ors per pixel data
matrix in the decgﬁ?h\éwacﬁ_“%r‘?. blf%%slm%{a%ﬁgm%%f K is enployed to
access col or addresses whi Hieorreratinpg thecérventiogekeyegdk- up tables to find
t he actual color codes. For high performance systens, such video | ook-up

tabl es do not proyigde sadeqf@taes&%ggi&I%gegg,@riiﬁhgﬁsatgg ghabl e the video
bandwi dth to be achieved at, a ieasog- S)Ifg C.osé. I n Lgﬂs Pat ent 4,797,729
to Tsai a truncation codi iFEPSTENCF s FEsErPHEd RFTHS 2 GBREEY a tol erance

to channel errors. Deconprkessthm MASE Brigsonre lemplayrd teoseleygwedy 101

access rows of the pixel arrays.

Figs 6 is a block diagram of a 2K by 2K frame buffer
that employs the invention hereof. '

Referring now to Fig. 4, a frame buffer includes a pair
of memory blocks M0 and M1. Each memory block is 512 by
512 words, each 32 bhits wide and is adapted to store a
1K by 1K pixel display. Each word contains a three bit
color code and an 8 bit portion of a MASK. Two succeed-
ing 32 bit words contains sufficient information to
allocate two colors over a 4 by 4 pixel array in
accordance with the bit values exhibited in the MASK
portions of the data words.

A 32 bit data bus emanates from each of modules MO and
M1 and supplies a pair of 32 bit words to a decompressor/
serializer (DSER) 50. DSER 50 includes serializer -
hardware 52 that is similar in structure to that shown
in SER 10 in Fig. 1. DSER 50 also includes decémpression
hardware including a MASK multiplexer (MM) 54. Each
time. a pair of compressed data words are fed from
modules MO and M1, a 16 bit MASK is manifest on 4-bit
buses 56, 58, 60 and 62 and is then multiplexed by
mﬁltiplexer MMS54 to a 4 bit output on bus 80. In a
similar manner, color A and color B codes (3 bytes

each) are fed via buses 64 and 66, respectively, to a
.series of four pixel mul;iplexers (PM) 68, 70, 72 and
74. Each of hardware elements MM 54 and PM 68, 70, 72,

YO 991 101
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6 the buffer and full color pixel matrices are stored. A simlar

* deconpression arrangenent is shown i'n U S. Patent 4,908,610 to Yamanuro et
al . O her conpression systens may be found in U S. Patent 4,816,901
to Music et al. (enploys differences in |um nance functions between pixels
to enabl e nore conpact encoding of run lengths of pixel data); US. Patent
4,555,802 to Fedak et al. (encodes inmage data by ignoring background data
and transmts non-zero segnents before bAckground data, with offset and
| engt h nunbers); and U S. Patent 4,729,127 to Chan et "al. (describes a
mappi ng techni que wherein delta code val ues enabl e access to stored,
conpacted nmap data). - SUMVARY OF THE | NVENTI ON

It is an object ofaidg4pissestrianizent $Dist pepratedo2attémesescons nor e

di sadvantages of fhe;priQh aretthe :.nd:.v:.%ﬁﬁ@rﬁi @ﬁts Qnoﬂﬁe%gﬁﬁétﬁfe the

r n i nvention
present entio t otrecéfes to be %ecomprlessgg an'é prov:Lded as outputs

on output lines 76 from DSER 50.

Referring to Fig. 5, the inter-relationship of the MASK
bits, pixel rows, pixel matrices and MASKs are illustrated.
As is well known, the pixels are arranged in rows and
columns with rows R1-R4 and columns Cl-CN being illu-
strated. As stated above, each 4 by 4 matrix of pixels
100, 102, etc. is represented by two color codes and a
MASK. MASK 1 indicates where color codes A and B are to
be placed within the pixels that fall within rows R1-R4
and columns Cl-C4. MASK 2 performs a similar function
for pixel matrix 102, etc. MASK bits 0-3 map the A and
.B color values into the four pixels in row R1 whereas
MASK bits 4-~7 function similarly for row R2. The
remaining relationships are shown in Fig. 5.

The frame buffer of Fig. 4 functions by first accessing
MASK bits 0~3 of MASK 1 and using those bits to gate
the proper color code values into the first row of =z
pixel matrix (e.g., row.R1l of pixel matrix 100), Then,

~ a next set of MASK bits are loaded and, again, MASK
bits 0-3 from the new MASK are employed to load the
color code values into row R1 of the next pixel matrix
102. This action continues until MASK n has been
accessed and the top row of four pixels color code
values have been loaded, at which time, MASK 1 is aczain
accessed and MASK bits 4-7 employed to load the color
code values into row R2. The system continues in this
manner until all four rows of pixel color code values
have been loaded into pixel matrices 100, 102, etc., at
which point, the next set of pixel matrices are handled
in exactly the same manner.

YO 991 101
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~for storing conpressed i mage pi xel data for a plurality of n x mmatrices

" of pixels, each matrix of pixels represented by a pair of color codes and

—a MASK having nmbit positions, each bit position nmapping to .a pixel in
said matrix, a manifested bit value in a MASK bit position defining the
col or code assigned to said mapped pixel, said inmage buffer conprising:
serial shift register neans for feeding pixel color code values to a _
serial output; nultiplex neans for providing n bit values from said .MASK on
n output lines; gating neans controlled by bit-values on said n out put
lines to gate either a first or a second input into said shift register

means; and control neans for feeding a pair of color codes to said gating
nmeans inputs and sBeERIRAGK Y1t Higest s Fheasefaniion iekhe MEaRCUNd for
serially operatinglaamMiss aiikal tcsibef manifgisst en theaostmitt roms MM B4 nput s from

sai d gating means & @ogetddedYbys Fhiudd S Bi hoMFoHes1 line couh€&Ording to
anot her aspect of b_i@a‘()).r%%eng inéegt'é)nht hgre i'%fplré)svilggdorég i mge buffer
for storing conpre [ 8% 1% 815 dat T F6T gwﬁy 4 arty CesTof pi xel s, each
~matrix of pixels Pegditéerm édl?lbyira panifest- Bsr EFuasvidre aimes bit MASK,

whose bits map col mmbeeodad tie piwxselegzassigmificant dsitd emtali o 09ai d | mage
buffer  conprisingf h5pbrdd 1I€E0H% of the MASK are manifest on

cutput lines 80 from MM54. This four bit partial MASK

gates color code values from PMs 68-74 in accordance

with the MASK bit values (it being remembered that both

color codes are applied to each of PMs 68, 70, 72 and

74, After the 24 bit color values are gated to seria-

lizer 52, they are serially provided to outputs 76 by

the clockihg action of the VCLK input. Thus, during one

SCLK cycle, four pixels are 1oaded'into registers RO-R3

and shifted out at the VCLK frequency. During a next

serial clock, the next 16 bit MASK and a pair of 24 bit

colors again appear on input buses 56, 58, 60, 62, 64

and 66 respectively. Again, only the low four order

bits of the MASK are used and provide the next four 24

bit pixels at the outputs 76.

The two memory modules MO and M1 illustrated in Fig. 4

each hold 512 by 512 by 32 bit_positions. The module

can be comprised of two 4 Mbit VRAMs with an internal

organization of 512 by 512 by 16 bits, or 8,1 Mbit VRAM .
with an internal organization of 512 by 512 by 4 bits.

An address bus 110 supplies time-multiplexed 18 bit

addresses, where 9 bits represent a row address RA, and

9 bits represent a column address CA.

The LD pulse is generated during each fourth VCLK
period., It causes two 32-bit words to be read, in
parallel, to DSER 50 where thevy are decocmpressed into
four, 24-bit, sequential pixels. One 32 bit word is

YO 991 101



7 menory nodul e neans; first and second deconpressor/serializer neans

" connected to said first and second nenory nodule neans
respectively, each said deconpressor/serializer means including a MASK
mul ti pl exer manifesting a subset of MASK bits to a set of four
mul ti pl exers, each said nultiplexer having a pair of color code inputs,
sai d connected nenory nodul e neans provid& g for a pixel matrix, a color
code pair to said color code inputs and a SK to said MASK nul ti pl exer
control means for causing said first and second said nenory nodul e neans
to load color MASKs and col or code values for a pair of adjacent pixel

matrices into said respectivel connect ed. deconmpressors/serializers, said
control neans. furt¥R34 6peR é“f’gh%e 49 apd (%Eoﬁ)krsrg?’? éfi 3z 8% eans i n

accordance with a madudetMbf AMNSKesilt, ianpaxtiitulpsKrowt addnessi de as out puts,
mapped col or code peprésendsOb BireOBE | VididoUSonprWsDhg 028 pikens, pi xels.

According o stilleARQLBE (ARRECLE olalsRLaRCTh LYCRLAARs I T e 1S
provi ded an inage buffer_ for storlngiconpresse |nage,p|xe1 data for a
plurality of n by FhisatFSiFesh HAIEFs diSs IeRGTALEI P AIRARIEERERSBRRI to a row
of pix€els and a colawrhenfHHICxElot, shown), and an ODD/EVEN frame signal.

The HCNT count is reset by a vertical sync, coming from

a display sync generator, and counts horizontal sync
pulses, (also coming from a display sync generator)
starting from the first visible scan line. The 0ODD/
EVEN signal is the result of dividing a vertical sync
by two. This signal controls, whether an odd or even
video frame is being refreshed to the screen. Accor-
dingly, updating the frame buffer from a host proceséor
is controlled by the ODD/EVEN signal, which specifies
what half of the frame buffer is available for updating.

During video refresh, RA and CA addresses are presented
on frame buffer address bus 110. The most significant
bit RA(8) repeats the ODD/EVEN signal and bits RA
(7..0) are equal to the upper bits of the HCNT (9..2).
The column address CA is zeroc for this implementation.

Bach 4 video lines, RA is incremented by 1. In other
words, a scan line RA is constant for each four conse-
‘cutive video lines. During one frame (e.g. when ODD/EVEN
signal is high), 256 RA addresses allow the reading of
512, 64 bit words, where each 512 group represents one
line of video. During the next frame (when the ODD/EVEN
signal is low), another 1024 lines are read, providing
dual buffer refresh capability.-

Thus, each 64 bit word contains two 24 bit colors, and

16 bit MASK. The colors are reused four times for &
group of four by four pixels located on four consescutive
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respectively, and are both positive integers, and where individual ones of
said plurality of n by mmatrices of pixels forma portion of an 1 by k

pi xel inmage, where 1 is greater than n and where k is greater than m each
matri x of pixels being represented by a pair of color codes and a MASK
having n tinmes mbit positions, each MASK bit position nmapping to a single
pixel.in said n by mmatrix, a manifested bit value in a MASK.bit position
defining the color code of t he pair of cOléF codes assigned to said mapped
pi xel, said inmage buffer conprising: storage neans for storing a
conpressed color image corresponding to said 1 by k pixel inmage, said
storage neans having a plurality of addressable nenory storage | ocations
each of which st oresded dinesicThofMASK &s vsb¢ in that foldowind mahrett:s, a first
predeterm ned col ogi€dde3 & HLHASK woke Riroe Ntedppad Gout giikelsand an

associ ated MASK hayl g 17t LIES ALb) tfo&’PsdlE:é?s”S’etGa%l'sr&G’ééﬂaﬂ&!?xL igne of sai d
plurality of addressa Ie nmenopry stqra g t'i ans st rlqgh% palr of said
predeterm ned col HPPJ&BG%S% SURRIYY %5(‘?’Pa AFVRERLITiGs l§ﬁ|°fft regi ster
means having a serthké H@UEp[ﬁ,O) to MM MASK multiplexer 54. The HCNT is
7a incremented each line, thus a new pair of control bits

are derived from HCNT (1,0). Those control bits are

changed from 00 to 01, 10, 11 and again to 00. There-

fore, bits 0-3 of a MASK portion of all 64 bit words

stored at a particular row address, are sent to PM

multiplexers 68, 70, 72 and 74 during a first line

video refresh. With the next line, control bits 01 will

allow MASK bits 4-7 to be sent to the PM multiplexers,

etec., until all four lines are video refreshed, and the

row address of the frame buffer is incremented. Then a

next four video lines will be video refreshed in the

same manner. The cycle is repeated until all 2048 video

lines stored in the memory modules MO and M1l are video

refreshed.

Just from the point of view of storage, onl& one memory
block (e.g., MO) with 512 by 512 by 32 bits could be
used. The problem is that one memory block does not

. provide the nécessary output bandwidth for a high-

- performance video diéplay system. As was indicated

) ébove, an 80 Mhz VCIK signal is generally used for a 1K
by 1K by 60 Hz image display. A serial clock of approxi-
mately 25 Mhz allows the display of four images because
it provides an effective 100 Mhz bandwidth (four pixels
of color value per clock signal). Moreover, for proposed
standards which exhibit approximately 960 visible
lines, the architecture shown in Fig. 4 allows storage
of two frazmes of high definition television image. It
further provides a dual buffer approach to store high
édefinition TV images, thus eliminating motion artifacts.
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Jport and being responsive to an application of a shift clock for feeding

pi xel color code values to a serial output of said inmage buffer, said
‘serial output of said inmage buffer being coupled to an input of a display
means capabl e of displaying a plurality of lines each conprised of a
plurality of pixels, said serial shift register neans having a nulti-bit
parall el input; nultiplex neans, having @as-n tines mbit input coupled to
an output of said nenory storage neans for receiving n sub-sets of. m MASK
bit values therefrom said.nmultiplex neans having a control input that is
responsive to an output of a pixel scan line counter for selecting one of

said n sub-sets ofrpMAgkedilgVal ek apshfakioR WP ht iNGn &gt ed sub-set
on m out put . |i nes; .a I urgjil ty4 %‘é énz%a%l n& geggsb#?gh imt_llawsn gmfl rst input
and a second input?C p%% Fb_an out’pu Yot S nnfy s?%ré%@ means for
receiving a first ¥osbpwirodé Hrdudess evhdepersrblasse ¥4-¥ar £¥®ane

addr essabl e st or algpsek bakiizied mddaaes A0 pards 152} didenticals ton that MASK,

" individual ones ofsreahdidMF48t ifde dgans being controlled by a value
appearing on an individual one of said moutput lines of said nultiplex

means to gate either said first color code or said second color code to
said nmulti-bit parscidlatarplé srovigieg ha rioek fixequenaye¥flk whikeh cont r ol
means for controlis Bgdtieeaotdynuét iVOST ofhatadil fdess thavdLs efxeqdersol or codes
fromsaid menory 4058061 ¢TBARS vEk/22bch ARt 100, J0RARS 4 BRYS £BPd sai d
associ ated MASK bll:}SEXaxLo%iests cis%alalgd qyy ID%Eﬁxmddule 150 'génerat_es the
first four pixels and DSER module 152 generates the
next four pixels, both at a frequency of VCLK/2. The
pairs of consecutive pixel groups are further multi-
plexed by multiplexer 154, 156 and 158 which are alsc
controlled by the VCLK/2 clock frequency. Output values
from multiplekers 154, 156 and 158 are.fed into &igital-
to-analog converters 160, 162 and 164 where the digital
values are converted to analog values using the VCLK
frequency. In other words, digital-to-~analog converters
160, 162 and 164 serialize the outputs of DSER modules
150 and 152 while DSER modules 150 and 152 serialize
the frame buffer outputs. The clock frequency used for ..
the serializers within DSER modules 150 and 152 is
generated by CNT 4 whose output is eight times slower
than the VCIK signal. i

In operation, four 32 bit words are loaded into DSER
modules 150 and 152, representing eight adjacent pixels
in the horizontal row direction. Each row address
stores two lines with 2K pixels in each and is video
refreshed four times. The HCNT (1,0) bits still control
what portions of the MASK data control the DSER modules
for a particular line. As a result, 8K of video lines
are stored in the frame buffer, providing dual 2K by 2K
buffers with a video bandwidth egqual to 8 times the
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~means and for providing said shift clock to said serial shift register
nmeans after either said first color code or said second color code are-
~gated by said MASK bit values appearing on said moutput |lines of said
mul ti pl ex nmeans. According to still another aspect of the present
invention there is provided an inmage buffer for storing conpressed image
pi xel data for 4 by 4 matrices of pixels, each mtrix of pixels being
represent-ed by a pair of color codes and &46 bit MASK, whose bits map
col or codes to pixel positions in said nmatrix, said inmage buffer
conprising: first and second nenory nodul e neans for .storing a conpressed
color image, said first and second nenory nodul e neans having a plurality
of addressabl e st orsegial edatk direghency.sIbrdact], nénryemodulef isaid 4 by 4

matrices of pixel Scoﬁs@ﬁ!crte@fuﬂh@dﬁdﬂ&”héﬁ@ﬁom cRESS, tﬁé‘%u%@e@ssoc' ated
16 bit MASK; first and rﬁgog ecorG) r.essor/seri
t

.
7b connected to safa-f9 Ch&psecosﬁﬂgn% °Pve%l(§’l?fag ?ﬁ%ﬁgcsq es?B%cU vel y,
each said deconpr &88®ryuséer squtdrtakeapd fone| ’H%H%taCWSK mul ti pl exer
mani f esti ng a subset ‘of

It should be understood that the foregoing description
is only-illustrative of the invention. Various alter-
natives and modifications can be devised by those
skilled in the art without departing from the inven-
tion.
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MASK bits to control inputs of a set of four color code multiplexers, a
mani f ested subset of MASK bits being selected in accordance with a subset

of bits_LhaLJ!ﬂH£§Eﬂ%Tgpﬁgrrent pi xel scan |ine nunber, each_ of said set
of four color code mulTi xers having a pair of color code val ue inputs,
sai d con E, Ie means providing, for a pixel matrix, a color
code val “ﬂﬂ" ﬂﬂl&ﬂ? | or code i nputss-of said set of four col or code
mul.tipl exdrs®and o * said MASK mul ti pl exer; control neans for causing
said first and said second nenory nodul e nmeans to | oad MASKS and col or
code value pairs for a pair of adjacent pixel matrices into said
respectively connected deconpressorbggﬁmﬁllzer nmeans, said control neans
further operating each of said deconpressor/serlallzer means i n accordance
with a subset of MASK bits of said | oaded  MASK to $0|ntI¥aprOV|de as

out puts, napped cdol or AR oSG HPUFLET iR SEUIAL; IBEESTHWIBRI® $1%8 acent
pi xel s. ©RISCRPPTd ERluGH i PRERBRRERT EMB3ODE NENE(LS) In

the follow ng preferregemaesinent sizels thprbsufisli B aapgisdegcri bed in nore
detail with reference é]?ort ggd% %‘#%”agﬁz\éf h""@i&%nm bit pog{i:&onjs is a block

di agram of a prior art arran s a
schematic showi ng hovPaFh HipjRosipain ﬁ‘ﬁ&m@n'f% & PAxgl, in ﬁngI array.

matrix, a manifested bit value in a MASK bit
position defining the color code assigned to said
mapped pixel, said image buffer comprising:

serial shift register means for feeding pixel
color code values to a serial output;

multiplex means for providing n bit values from
said MASK on n output lines;

gating means controlled by bit values on said n
output lines to gate either a first or a second
input into said shift register means; and

control means for feeding a pair of color codes to
said gating means inputs and said MASK bit values

to said multiplex means and for serially operating
said serial shift register means after said inputs
from said gating means are gated by said MASK bit

values.

2. The image buffer as recited in claim 1, wherein
said contrcl means, upon operation of said serial
shift register, provides a next pair of color
codes and a next set of MASK bit values to said
gating means, whereby n color codes are gated into
said serial shift register under control of said n
bits of szid next bit MASK.
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Fig. 3 illustrates two 32 bit color words, each containing a portion of a
bi t and a three byte col or code, in conbination with a 4 by 4 pixel
array show ng how lors are napped therein in accordance-wth

recei vﬁmm d MASK bits respectively. Fig. 4
is ab ,’H" Zﬂfrarre buf f er i ncorporating the invention

her eof . Fid b a schemati-c di agrlém illustrating a
plurality of 4 by 4 pi xel arrays and show ng : how t he MASK bits
are enpl oyed to selectively - access rows of the pixel arrays. .

3. The image buffer of claim 1 or 2, wherein said
matrix of pixel comprises four columns by four

Yows., -

4. The image buffer according to any one of the
preceding ¢laims, wherein said control means
selects the first n bit values of a said bit MASK
during a scan of pixels in a first row and selects
a succeeding set of n bit values of said bit MASK
during a scan of an immediate next row of said
pixels, said next n bit values chosen at a time
such that said color codes mapped thereby are in
column registration with said color code pixel
values provided in response to said first n blt
values of said bit MaSK.

S. The image buffer according to any one of the
preceding claims, wherein said serial shift
register means comprises a plurality of serial
shift registers equal in number tb the number of
bits in a color code; and wherein said gating
means comprises four multiplex stages for each
serial shift register.

6. The image buffer according to any one of the
preceding claims, wherein said control means,
during a pixel scan line, successively causes said
multiplex means to provide bit values from identi-
cal order bit MASK positions from each MASK as
color code values are provided for subsequent 4 by
4 pixel matrices to said multiplexer, and wherein
said control means, on succeeding rows of each 4
by 4 pixel matrix, provides identical order four
bit MASK values from each MASK for each 4 by 4
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Fig 6 s a .block diagramof a 2K by 2K frame buffer ' t hat
enpl oys the_invention hereof. Referring nowto Fig.. 4, a franme buffer

i ncludes a pair of menory blocks MO and ML. Each nmenory block is 512 by 512
wor ds, each ::ﬁm' ] S adapted to store a 1K by 1K pixel display.
Each word cor Hﬂw,"nﬂ"mgm color code and an 8 bit portion of a MASK
Two succeed- ihg B2tbhi#® werds contains sufficient.information to allocate
two colors over a 4 by 4 pixel array in dddordance with the bit val ues
exhibited in the MASK portions of the data words. ™ A 32 brt dat-a bus
emanates from each of nodules M) and ML and supplies a pair of 32 bit words
to a deconpressor/ serializer (DSER) 50. DSER 50 includes serializer
hardware 52 that is simikat Batréx Secear e 9gte HRRORSHOMMOF C®BR 10 in Fig. 1.
DSER 50 al so incl udes dagospriazsisaidhasxislr ehificlredistgra. MASK nul ti pl exer
(MM 54. Each tine a pair of conpressed data words are fed from nodul es MO
and ML, a 16 bit M%SK IS manifgs onf4-bit buses 56 5%,.60 angd q2 and is
then mul tipl exed by muARi PP POIAE4T0T SEOFIRT (CURERTRHASGPEEL In a
simlar manner, col or- Aagadfarokoby B Bakkises3oh\nizeleaehfh arsrie®ivi a buses
64 and 66, respectivel pixéDs deprédedte®ibyf @Upaidt & coldrt cqieaxand a( PM) 68,

70, 72 and 74. Each of ;Qap dvapex e\ RBEDLS (WSS 1d: RMaBB to Bixd2: YO 991
101 !

positions in said matrix, said image buffer
comprising:

first and second memory module means;

first and second decompressor/serializer means .
connected to said first and second memory module
means respectively, each said decompressor/
serializer means including a MASK multiplexer
manifesting a subset of MASK bits to a set of four
multiplexers, each sald multiplexer having a pair
of color code inputs, said connected memory module
means providing for a pixel matrix, a color code
pair to said color code inputs and a MASK to said
MASK multiplexer;

control means for causing said first and second
said memory module means to load color MASKs and
color code values for a pair of adjacent pixel
matrices into said respectively connected decom-
pressors/serializers, said control means further
operating said decompressor/serializer means in
accordance with a subset of MASK bits in said MASK
to provide as outputs, mapped color code values
for a contiguous row of 8 adjacent pixels.

YO 991 101
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_-9- and 74 and serializer 52 is repeated 24 tines so as to enabl e each
of the i-ndividual 24 bits in the respective color codes to be deconpressed
and provi ded as out’puts onmoutput lines 76 from DSER 50. Referring to
Fig. 5, um” ship of the MASK bits, pixel rows, pixel matrices
and MASK mr,mﬁﬂ As is well known, the pixels are arranged in
rows and col frm¢ wit R1-R4 and columms C1-CN being illu- strated. As
stated above, each 4 by 4 matrix of pi xeT8-100, .102, etc. ~1s represented by
two col or codes and a MASK. MASK 1 indicates where col or codes A and B are
to be placed within the pixels that fall within rows Rl-R4 and col ums
Cl-C4. MASK 2 perfornms a simlar function for pixel matrix 102, etc. MASK
bits 0-3 nmap the A an@hB bedggr bubfiarcssi i tefeld glpaimi7xevhexehnr ow R1
whereas MASK bits 4-7 shudcddnosindanal | forf @r £1:00 BPxelThew sem@t4d ng
rel ationships are Shc_’Wnbi@ Jé'tg' oP'each said Mask, and continues, for

succeeding rows, to select additional 4 bit sets

of each said mask until all 4 rows of pixels have

had color values mapped thereunto, after which new

pixel motion, color code wvalues and MASKS are

handled identically until all pixels in a display
" " have been processed.

Yo 991 101
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The frame buffer of Fig.. 4 functions by first accessing MASK bits 0-3 of
MASK 1 and using those bits to gate the proper color code values into the
first row of a pixel matrix (e.g., row RL of pixel :matrix 100).

next set of MASK bits are | oaded and, again,

Then,

a

MASK bits 0-3 fromthe new

MASK are enployed to load the col or code values into row RL of the next

pi xel matrix 102. This action continues until
the top row of four pixels color code valdes have been | oaded,

MASK n has been accessed and
at whi ch

time, MASK 1 is again accessed and MASK bits 4-7 enployed-to Ioad the col or
code values into row R2. The systemcontinues-in this manner until all

rows of pixel

col or code val ues have been | oaded into pixel

102, etc., at which point, the next cAlistgicpi xel matrices are handl ed
exactly the same nanner. YO 991 101 _

-10-

An image buffer is described for an XxY pixel display,
which image buffer stores compressed image pixel data
for a plurality of n X m matrices of pixels, each
matrix represented by a pair of color codes and MASK

. having nm bit position, each positions mapping to a

pixel in the matrix, a manifested bit value in a MASK
bit position defining the color code assigned to a

- mapped pixel. The image buffer includes serial re-

gisters for feeding pixel color code values to a buffer
serial output and multiplexers for providing n bit
values from the MASK on n of its output lines. Gating
circuitry, controlled by bit values on the output
lines, are operative to gate either a first set of
inputs or a second set of inputs into the shift re-
gisters. Control circuitry is provided for feeding a
pair of color codes and the MASK bit values to the
gating circuits and multiplexérs, respectively, and for
serially operating the serial shift registers in
response to the gating of the inputs from the gating
circuits.
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.- Returning nowto Fig. 4, the selection of the particu- lar MASK bits to be
“mani fest on the output fromMM54 s controlled by values of a horizontal

line counter (HCNT) output on bus 79 where two of its |ow order positions
(1,0) are manifest. Thus, for a video line nunber with the two | east
significant bits equal to 00, only low order bits 0-3 of the MASK are

mani fest on output lines 80 from Mw4. This four bit partial MASK gates
col or code values fromPMs 68-74 in accordance wth the MASK bit val.ues
(it being renmenbered that both color codes-are applied to each of PMs 68,
70, 72 and 74. After the 24 bit color values are gated to seria- |izer
52, they are serially provided to outputs 76 by the clocking action of the
VCLK: i nput. Thus, during one SCLkiEu(3gJ four pixels are | oaded into

regi sters RO-R3 and shifted out E}Rk&FA K frequency. During a next

serial clock, the next 16 bit MASK and a pair of 24 pla colors again
appear on input puses 56, 58, 60, 62, 64 and 66 regpectively. Again, only

the | ow four oqﬁer bi tfs of the MASK aggrused and provide the hext four 24
bit pixels at[df¢ ts 76 . The two,menory ules MO and ML
illustrated ik-=fg] 4 |each holf 512 by $12 by 32 |bit positions. The nodul e
can be conprised o éﬁhc 4 Moit ith an i Merjnal dxgani zZjati on of 512
by 512 by 16 bits—y §,1 Mit Wi ah 1nht | orig ion of 512
by 512 by 4 bi tsiCNTAp dddr M es M2 | t|M3IRS 8 bit
addresses, wherle 9 bidq re oy fddr gs$ RA, anﬁ- Itjs represent a
col um address |CA. [ . T ‘
! pec |2 '
2_41, 24}, 24}, 24|,
512 512 _ 512 SI2
52 mo | 512wy 512 m2 52 M3
SC SC SC SC
4 ) . 4
SCLK
MASK | MASK 2 MASKn
N\ N\
7 \/ \ e —
MASK BITS C-1 C-2 C-3 C4 C-5C-6 C-7 C-8 ee oo oo Cn
0-3 R-l
4-7 R-2
8- R-3
<,
12-15 R-4
AN / \ /
A4 N
100 ' 102 .
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Thé LD pulse is generated during each fourth VCLK period. It causes two
32-bit words to be read, in parallel, to DSER 50 where they are
deconpressed into four, 24-bit, sequential pixels. One 32 bit word is -YO
991 101 . read from nodul e MO and one 32 bit word is read
fromnodule-ML. As a result, a particular row address represents a |line of
video conprising 2048 pixels, twi ce the nunber of words stored in both
modul-es. A video refresh address is generated by a horizontal |ine counter
HCNT (not shown), and an ODD/ EVEN frane signal. The HCNT count is reset by
a vertical sync, comng froma display sync genera?é?, and counts

hori zontal sync pul ses, (al so com ng fiﬁﬂéa di spl ay sync generator)

starting fromthe first visible scan | ,fﬁe DD/
' A
/ 16 BIT MASK PATTERN \
MASK HI WORD MASK LG WORD
15141312111 |10|918(||7|6|514|3{2]1]0
K22
4x 4 PIXEL MAP
0 L 2 3 | x220
4 5 6 7
8 1] 10 i
(2 13 14 15
// COMPRESSED DATA
3l 2423 _ 0
HI WORD | 11000000 COLOR A . .
LOWORD 00100000 COLOR B
F‘_Tng‘} PIXEL
A DECOMPRESSION
FIG. 3<
B |B |B |B | 424
B.l A | B B
B B B B
\ B | B | A A
_—
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.EVEN 5|gnal is the result of dividing a vertical sync by two. This signa
‘controls, whether an odd or even video frame is being refreshed to the
screen. Accor- dingly, updating the frame buffer froma host processor is
controll ed by the ODD/EVEN signal, which specifies what half of the frane
buffer is avail able for updating. During video refresh, RA and CA
addresses are presented on franme buffer address bus 110. The npbst
significant bit RA(8) repeats the ODD/ EVEN signal and bits RA (7..0) are .
equal to the upper bits of the HCNT (9..2). The colum address CA is zero
for this inplenentation. Each 4 videoglgnes, RAis incremented by 1. In
other words, a scan line,RAis constant for each four conse- cutive video -
lines. buring one frane q . @ when ODD/ EVEN signal is high), 256 RA
addresses all ow t he readi ﬁof 512, 64 bit words, where each 512 group
represents one ling of vi . During the next frane (when t he ODD/ EVEN
signal is low), amg \#&nes are read, prgviding dual buffer refresh

capability. Thus, g€ 24 bit colors, and 16 bit
MASK. The colors are —Hour times for a grodyp of four by four pi xel s
| ocat ed on four consegutfiveg{ YD 991 101 :
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-12- video lines. The MASK is used in the follow ng manner: Bits 0-3 of
a MASK word serve the upper four pixels, biits 4-7 serve next four pixels,
etc. This nechanismis inplenmented by supplying two | east significant bits
of the HCNT (1,0) to MM MASK nul tipl exer 54. The HCNT is increnented each
line, thus a new pair of control bits are derived fromHCNT (1,0). Those
control bits are changed fromO0O to 01, 10, 11 and again to 00. There-
fore, bits 0-3 of a MASK portion of all 64 bit words stored at. a particul ar
row address, are sent to PMnultiplexers 68, 70, 72 and 74 during a first
line video refresh. Wth the next H|ﬂ¥4'control bits 01 wll allow MASK
bits 4-7 to be sent to the PMnmultiplexers, etc., until all four lines are
video refreshed, and the row address of the frame buffer is incremented.
Then a next four video lines will be video refreshed in the sane manner.
The cycle is repeated until all 2P4€yvi@eo lines stored in the menory
nodul es MO and ML are video refreshed.

0sC
CLK
VONT
VCLK/2
VCLK/2 150 [_VCLK/Z 152 i
DSER| - DSER2
LDEC
HCNT |27
oy 17
32} 32) 32) 320
512 Bl 512 . 512
ADDR_ | 5o Mo sl2 M 512 M2 512 M3
SC SC sC SC
I I I' F 3
i 28

§
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*~Just fromthe point of view of storage, only one Tenory bl ock zﬁfﬁffﬂfk»
with 512 by 512 by 32 bits could be used. The problemis that one nenory
bl ock does not provide the necessary output bandwi dth for a high
performance video display system As was indicated above, an-80 Mhz VCLK

si gnal
cl ock of approxi -

I's generally used for a 1K by 1K by 60 Hz i mage di splay. A seri al
mately 25 Mhz allows the display of four

| mges because

it provides an effective 100 Mhz bandw dth (four pixels of col or val ue per

cl ock signal).
960 visible |ines,

Nbr eover,

for proposed Z
the architecture sh
frames of high definition television inage.

in Fig.

It further

andards whi ch exhi bit approximately

4 allows storage of two
provi des a dua

buf fer approach to store high defiFﬂKBon]TV i mages, thus elimnating notion

artifacts.
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Turning to Fig. 6, the application of the architecture shown in Fig. 4 to
a 2K by 2K dual buffer imge system is shown. It includes four nmenory

bl ocks MO-M3, two deserializer nodules 150 and 152, identical to that
shown in Fig. 4 at 50. Oscillator 154 provides the clock frequency VCLK
which 1is fed to a counter VCNT that divides the VCLK frequen-- cy in half.
The VCLK/ 2 output is used as a clock for DSER nodules 150 and 152. DSER
nodul e 150 generates the first four pixels and DSER nodul e 152 generates
the next four pixels, both at a frequency of VCLK/ 2. The pairs of
consecutive pixel groups are further myt4i- plexed by multiplexer 154, 156
and 158 which are also controlled by the VCLK/ 2 clock frequency. Qutput
values frommultiplexers 154, 156 and 158 are fed into digital- to-analog
converters 160, 162 and 164 where tIEI@.gzt.al val ues are converted to

anal og val ues using the VCLK frequenc |n _other words, digital-to-anal og
converters 160, 162 #Znd 164esgt MAsie Raverorfjput s of ER nodul es 150 and
152 whil e DSER nodul es 150 and 152 serialize the frane buffer outputs. The

cl ock frequency used fMKSKt n;aw‘@p;@al i zers ‘M&Sh{ 'R %mdul es 150 and 152

is generated by ouf pyt i s _ei ght t han the VCLK
si gnal . I n oper t5,i qa ,;g qlar ,ﬁZ, gtgﬁ:dss fge 4 pgd |,r DSER nodul es
150 and 152, repreSeqt B4 ri zontal row

direction. Each row address stores two |ines with 2K Mgés in each and is
video refreshed four tinmes. Thé HENPIXELOMARts still control

o [ 1 {2 3 |x220

4 3 6 7

8 9 10 1l

12 I3 14 15

/ COMPRESSED DATA |
3 2423 N 0
HI WORD | 11000000 COLOR A

LOWORD 00100000 'COLOR B

4x4 PIXEL
AFTER DECOMPRESSION

FIG. 3<
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what portions of the MASK data control the DSER nodules for a particular
line. As'a result, 8K of video lines are stored in the frame buffer,
provi di ng dual 2K by 2K buffers with a video bandwi dth equal to 8 tines
the = YO 991 101 -14- seri al

cl ock frequency. |If each nenory nodule is constructed using two-4 negabit
VRAM chi ps, the buffer uses only 8 chips. Using a conventional approach,

the same buffer would take 64 four negabit chips. It should be
under stood that the foregoing descringgn is only illustrative of the
I nvention. Various alter- natives and’'nodifications can be devised by

those skilled in the art without departing fromthe inven- tion.
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< l‘l"\
YO 991 101 d ai ns 1.  An image

buffer fdr storing conpressed image pixel - ~ data for a plurality of n x
m matrices of pixels, each matri x of pixels represented by a pair of \
col or codes and a MASK having nm bit positygns each bit position

mapping to a pixel in said matri x, & ﬁﬂﬁl $’éE&TeHA$)|BEEMcI ue in a MASK

bi t posi tion defining the col or -®odg assi @EEUAGEE) sal d mapped

pi xel , said inmage buffer conprising: Sertat—st~~—idgi st er neans

for feeding pixel col or code values to a serial output;

P -

COMPRESSED IMAGE FRAME BUFFER FOR HIGH RESOLUTION

FULL COLOR, RASTER DISPLAYS

ABSTRACT |

An image buffer is described for an XxY pixel display, which image buffer stores
compressed image pixel data for a plufality of n x m matrices of pixels, each matrix
represented by a pair of color codes and MASK having nm bit position, each positions
mapping to a pixel in the matrix (100), a manifested bit value in a MASK bit position
defining the color code assigned to a mapped pixel. The image buffer includes serial
registers for feeding pixel color code values to a buffer serial (50) output and multiplexers
(54) for providing n bit values from the MASK on n of its output lines. Gating circuitry,
controlled by bit values on the output lines; are operative to gate cither a first set of inputs
or a second set of inputs into the shift registers. Control circuitry is providéd for feeding a
pair of color codes and the MASK bit values to the gating circuits and multiplexers (54).
Fig. 4

17 JUN 996
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Bigonrd T . . . .

mul ti.pl ex means for providing n bit values from sai d e = n out put
i nes; - gating neans controlled by bit values on said n out put
lines to gate either a first or a second i nput into said shift

regi ster neans; and control negns for feeding a pair of color codes
to said gating neans inputs and said MASK bit val ues to said
mul tiplex nmeans and for serially operating said serial shift register
means athedrffesiagd ﬁﬂbg@l@r plxel mafnicanage btdredat A siymilar alesomprsssjan errahgemetitd MASK
bi t val ues i mage buffer as recited in claiml1, wherein
said com%WnriBM PG?S’@M(?&@F@@H@WWWP&%H al shi.ft register,

provi des a t pair of color es .a f MASK bit vaI ues
to said &%“étq"ﬁﬁ’rﬁ’ﬁékﬂﬁ‘ssysmr%bﬁ Q}Hﬁddpr{gédgéte&' @igétgg)(lj psic et al. g5

ﬁ,ﬁrS'Ka' ?hl ﬁ% S es U‘1r1]1d umuclgr{éterﬁmctcfgnssgetween pixels ?d terslabqe 1?18§edchler11)§;ctbl '

encoding of run lengths of pixel data); U.S. Patent 4,555,802 to Fedak et al. (encodes
image data by ignoring background data and transmits non-zero segments before
background data, with offset and length numbers); and U.S. Patent 4,729,127 to Chan et
al. (describes a mapping technique wherein delta code values enable access to stored,
coﬁlpacted map data).
SUMMARY OF THE INVENTION
It is an obJect of the present invention to ameliorate one or more dlsadvantages of
. the prior art.

According to one aspect of the present invention there is provided an image buffer
for storing compressed image pixel data for a plurality of n x m matrices of pixels, each
‘matrix of pixels represented by a pair of color codes and a MASK having nm .bit
posiﬁons, each bit position mapping to a pixel in saiq matrix, a manifested bit value in a
MASK bit position defining the color code assigned to said mapped pixel, said image
buffer comprising: serial shift register means for feeding pixel color code values to a
serial output; multiplex means for providing n bit values from said MASK on n output
lines; gating means controlled by bit values on said n output lines to gate either a first or
a second input into said shift register means; and control means for feeding a pair of
color codes to said gating means inputs and said MASK bit values to said multiplex -
meéﬁs and for serially operating said serial shift register means after said inputs from
said gating means are gated by said MASK bit values. | |

According to another aspect of the present invention there is provided An image
buffer for storing compressed -image pixel data for 4 by 4 matrices of pixels, each matrix

of pixels represented by a pair of color codes and a 16 bit MASK, whose bits map color

codes to pixel positions in Said BB TGAARNTIAES T Wﬁg first and second

B Description : paged %3 paged ...
M.Clalm(s) : paged .¥-to paged .~
U Drawing(s) : paged ..... to- paged ..... o
B Abstract  : paged .2.. to paged ..... This is the replacement sheet

DATE OF RECEIPT..201....... Date: 2.4 Nov 1997




¥

?:.' "The image buffer of claiml or 2, wherein said matri x of pixel

conprises four colums by four r ows. 4. The imge buffer
according to any one of the precedi ng cl ai ns, wherein said control
nmeans selects the first n bit values of a said bit MASK during
a scan of pixels in a first row and sel ects a succeedi ng set of n bit
‘val ues of said b|t MASK during a_ ,scan of d| ate next raqw of
said  memory papdule meaps; frst ﬁn‘gich @@Qnﬁ’ﬁ‘?ﬁg tmﬁ%ns connectedclo t hat

iﬁi e peéje\stafl - wﬁfﬂedéﬁowerelg%%ﬁiﬁqsé 2 %ﬂsfa' ’
the %C(ﬁ@gdg% #gs clai Frsmea\?ﬁe?%]lﬂﬁﬁgamser |ultn$l Mﬂ%@g?%@éﬁqn%aﬁs

corrpr ' SMA@KpﬂnW ﬁJ hig¢t of f&fiJr miltiplexers, %‘i&:ﬁ tsa1ﬂelﬁhl§1blé5;§r a' ﬁalf‘ WFRRfort O the
nunber of ts in a color code; d wherein said gat nmeans

conpri sesdd ﬁiphtsf,nshiﬁl dﬂnﬁéctédl agatory (ﬁiodﬁﬂﬁﬂileans providing for a pixel matnx, a color

code pair to said color code inputs and a MASK to said MASK multiplexer; control
means for causing said first and second said memory module means to load color
MASKSs and color code values for a pair of adjacent pixel matrices into said respectively
cénhected decompressors/serializers, said control | means further operating said
decompressor/serializer means in accordance with a subset of MASK bits in said MASK
to provide as outputs, mapped color code values for a conﬁngﬁous row of 8 adjacent
pixels. | |
According to still another aspect of the present invention there is provided an
image buffer for storing compressed image pixel data for a plurality of n by m matrices
of pixels, where n and m correspond to a row of pixels a_ﬁd a column of pixels,
respectively, and are both positive integers, and where individual ones of said plurality
of n by m matrices of pixels form a portion of an 1 by k pixel image, where 1 is greater
than n and where k is greater than m; each matrix of pixels being repreée'nted by a pair
" of color codes and a MASK having n times m bit positions, each MASK bit posiﬁon
mapping to a single pixel in said n by m matrii, a manifested bit value in a MASK bit
position defining the color code of the pair of color codes assigned to said mapped pixel,
said image buffer comprising: storage means for storing a compressed color image
corfésponding to said 1 by k pixel image, said storage means having a plurality of
addressable memory storage locations each of which stores, for each of said n by m
matrices of pixels, a first predetermined color code, a second predetermined color code,
and an associated MASK having n times m bit positions, each individual one of said
plurality of addressable memory storage locations storing one pair of said predetermined

color codes and said associated MASK; serial shift register means having a serial output

This is-the replacement sheet.
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serial shift register. 6. The inmage buffer according to any one of the
precedi ng clainms, wherein said control neans, ~during a pixel - scan

| i ne, successively causes said mul ti pl ex means to provide bit val ues
fromidenti- cal order bit MASK masitions fromeach MASK as col or
code val ues are provided for subsequent 4 by 4 pixel matrices to said-
mul ti pl exer, and wherein sai d control means, on succeedi ng rows of
each 4 port angybeing,resppnsivg fq 40 applisatiens of p sbift rlogk for feedingaixel color epde MASK
val ues fromeach MASK for each 4 b

pi xel myRlUPK QG seIal Quipwt @fpﬁaeﬂoém%ﬂoﬁ‘bfferc 580 sael, 0o of saidh image, bufferspi 11
91 oty huplet e OO o A e S o Hlp e oS S5 ™
buf fer Qer go%ﬁr?&did} acf)lﬁi’aﬁ?t)? of ﬁﬁ(@fs? istﬂd %@i:ﬂ s'ﬁ&f'}ég?gtelni‘ﬁ@ﬁﬁ’ha@ﬁ{g ?nflfltri—%tit pi xel
parallel input; multiplex meahs, having an n times m bit input coupled to an output of
said memory storage means for receiving n sub-sets of m MASK bit values therefrom,
said multiplex means having a control input that is responsive to an output of a pixel
scan line counter for selecting one qf said n sub-sets of m MASK bit values and for
outputting a selected sub-set on m output lines; a plurality of m gating means each
ha\}ing a first input and a second input coupled to an output of said memory storage
means for receiving a first color code and a second color code from a same addressable
storage location that outputs said n times m bit MASK, individual ones of said m gating
means being controlled by a value appearing on an individual one of said m output lines
of said multiplex means to gate either said first color code or said second color code to
said multi-bit parallel input of said shift register means; and control means for
controlling the outputting of said first and second color codes from said memory storage
means to said gating means inputs and said associated MASK bit values to said multiplex
means and for providing said shift clock to said serial shift register means after either
said first color code or said second color code are gated by said MASK bit values
appearing on said m output lines of said multiplex means.

According to still another aspect of the present invention there is provided an
image buffer for storing compressed image pixel data for 4 by 4 matrices of pixels, each
matrlx of pixels being represented by .a pair of color codes and a 16 bit MASK, whose
bits map color codes to pixel positions in said 'matrix, said image buffer comprising: first
and second memory module means for storing a compressed color imzige, said first and
second memory module means having a plurality of addressable storage locations for
storing, for each of said 4 by 4 matrices of pixels, a pair of predetermined color codes

and an associated 16 bit MASK; first and second decompressor/serializer means
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row selects 4 bit sets of each said Mask, and continues, for succeeding
rows, to select additional 4 bit sets of each said mask until all 4 rows
of pixels have had col or values mapped thereunto, after which new pi xel
notion, color code values and MASKS ar® handled identically until al

pi xel s in a display have been processed. 09. An i mage buffer for storing
conpressed i nage pixel data for 4 by 4 matrices of pixels, each matrix of

pi xel s F@B‘P“é@m“écﬁaﬂi/ f’gstpgpqi Wo%l mery { gdulemeanss respectivelye, eachhsaid bi t s
Conor 1 s hgmptessorRefiutiee fests dadfifingoh A Sk oltptired A fe@&ea?%%ﬁr%d
second %&ﬁgmlﬁstﬁ%oﬁﬁ%f h@htsz @%ﬁo %ﬂﬁgbgeco m}ﬁéiegs Tal fshiri &r%gﬁgans

nmenory no neans res eac sal essdr/seri a

i ncl udi py N@sﬁ%&éﬁ@iﬁ sﬁkﬁé@ma@a&éaﬂn&ém&@gwm&f gﬁggr lf.ar:&rgmset of

four mult exers each said nultiplexer having a pai or co

i nput's, phal dediPRfe iliMBerRAEH Bf 53d $eof ﬁﬁﬁ@@oﬁ&éﬂé’ hﬂ%lefx@fs Baviig< & paff®df 1 X, a
col or code pair to said color code inputs and to said g

mul ti pl eslk;code valuecinputso!saiteenmetted mamyrmoaﬁe dndaing Peovidithgs €608 Ppigkeli d
menory nodul e neans to |l oad color MASKs and col or code values for a pair
of adj amattixpa xelornwileivabe pait ¢o s#id dolor code inputs of said set of four color code

l

multiplexers and a MASK to said MASK multiplexer; control means for causing said
first and said second memory module means to load MASKS anci color code value pairs
for a pair of adjacent | pixel matrices into said respectively connected
decompressor/serializer means, said control means further _opefating each of éaid
- decompressor/serializer means in accordance with a subset of MASK bits of said loaded
MASK to jointly provide, as outputs,' mapped color code values for a contiguous row of
8 adjacent pixels. ! '
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

In the following preferred embodiments of the invention are described in more
detail with reference to the drawings in which:

Fig. 1 is a block diagram of a prior art frame buffer arrangement. |

Fig. 2 is a schematic showing how a 16 bit MASK maps onto a 4 by 4 pixel array.

Fig. 3 illustrates two 32 bit color words, each containing a portion of a bit MASK
and a three byte color code, in combination with a 4 by 4 pixel array showing how the
colors are mapped therein in accordance with received color codes .and MASK bits

resﬁectively.
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i . .
k3 .
resp ' nnect ed deconpressors/serializers, said control neans
furthe B gy deconpressor:/ serializer nmeans in accordance with a
subset“‘ﬁﬂmlﬂﬂ'mﬂ said MASK to provide as outputs, mapped col or code
val ues ca wcom | sgueus row of 8 adji@cent pixels. 10. An inage buffer

for storing conpressed i mage pixel data for a plurality of n by m matrices
of pixels, where n and mcorrespond to a row of (gi xel s .and a col um of

pi xel s, PXELERHEX 59 8% (P 8316 ATORCE CBIOT I5ofro¥alugs iata sidedsaial shift {82iIgET-e i ndi vi dual

ones of ,sai l.ural it . . . . . 18
of °n by rtBitge Ghtsr aescrding, th amy, 256 A SFecERine P SPb ARG ST wher o
1is gr Mans .where k is greater than m each matrix of pixels
bei ng rgggr'egssbeeﬁlﬁ%%%gym glq%g::@?' of color codes and a MASK having n times mbit
osi tiogs, -%]' il : | g ' ' | .glan by m
Ironatt rix, gé rraq%??rgs ed %Itas\lc}gﬁ%éed ?lnrblgﬁawﬁgvlb( F%l%a%ocs%:npiia gﬁleg%%?{)\rl é\gi r%ﬁié)g%lol o)r/

code of rdwigefedis'4 Bit e 6F eBIRK sk IRRHcoiinkied, YoFBRRBEUIRE ¥6Ws, to> @ikt Mge
buffer conpri sing:

additional 4 bit sets of each said mask until all 4 rows of pixels have had color values

mapped thereunto, after which new pixgl motion, color code values and MASKS are
handled identically until all pixels in a display have been processed.
9. An imagc_e‘ buffer for storing compressed image pixel data for 4 by 4 matrices of
pixels, each matrix of pixels represented by a pair of color codes and a 16 bit MASK,
whose bits map color codes to pixel positions in said matrix, said image buffer
comprising: |

first and second memory module means;

first and second decompressor/serializer means connected to said first and second
memory module means respectively, each said decompress_or/serializer means including
a MASK multiplexer manifesting a subset of MASK bits to a set of four multiplexers,
each said multiplexer having a pair of color code inputs, said connected memory module
means providing for a pixel matrix, a color code pair to said color code inputs and a
MASK to said MASK multiplexer;

control means for causing said first and 'éecond said memory module means to load
color MASKs and color code values for a pair of adjacent pixel matrices into said
respectively connected decompressors/serializers, said control means further operating
said-.decompressor/serializer means in accordance with a subset of MASK bits in said
MASK to provide as outputs, mapped color code values for a continguous row of 8
adjacent pixels. |
10. An image buffer for storing compressed image pixel data for a plurality of n by m
matrices of pixels, where n and m correspond to a row of pixels and a column of pixels,

respectively, and are both positive integers, and where individual ones of said plurality
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§tora. f I ng a conpressed col or inmage corresponding to said 1
by k ﬂﬂ'mﬂm ,!ﬂyﬂlk storage neans having a plurality of addressable
menory *st erage nl ns each of which stores, for each of said n by m
matrices of pixels, a first predeternmed col or code, a second
predeterm ned col or code, and an associated MASK having n tinmes mbit
positions, each individual ope of sajd plurality. of addressabl.e nenory
st or age 9dERY phmatriges N&%&rﬁ’a‘f porgionofiag lp*?%iié’c“é“rl Ay Ware L 18 gaealerang
said associated MASK;. erial shift .regi ster,neans havi a seti al
ot put - OB A TR s EpR P oedh o elie HEBE Reprefhihy adieis o
f eedi ng pi r. GO . : 1. ai.. o) aﬂ@ i ffer,
said serolqa‘%)%orugé)al?? agﬁ %yég#(ung%éﬁ%a??@% gg#’ﬁg“%@éiﬁf’e%c?o ans K| ﬁggﬁ?os(&)}?b T
di spl ay R Alee Blxellis? Bhia] 6P uf plbetl, A ihifQted biRSGANBAEM RO kel Of
a pluralit pi xel'sy sald serial shift register neans having a multi-bit
par al | elpoksitidrtdefining the ¥bloricoli€ st ERAPASE of @Wldr EhdadadRignkdes sdTil Phdpped Pikel,
coupled to an output of said nenory storage neans for receiving n sub-sets
of m MASKidoiniage dubfes comprisihgom said nultiplex neans having a control
I nput that is responsive to an output of a pixel scan line counter for
sel ecti ng orstorage smans forssibring t conipressédi\&8ilob imageatarsesponding tosaidul pyitk i ng a
sel ected sub-set on m output |ines; _

pixel image, said storage means having a plurality of addressable memory storage

locations each of which stores, for eéch of said n by m matrices of pixels, a first
predetermined color code, a second predetermined color code, and an associated MASK
having nl times m bit positions, each individual one of said plurality of addressable
memory storage locations storing one pair of said predetermined color codes and said

" associated MASK;

i serial shift register means having a serial output port and being responsive to an
application of a shift clock for feeding pixel color code values to a serial output of said
image buffer, said serial output of said image buffer being coupled to an input of a
display means capable of displaying a plurality of lines each comprised of a plurality of
pixels, said serial shift register means having a multi-bit parallel input;

multiplex means, having an n times m bit input coupled to an output of said
memory storage means for receiving n sub-sets of m MASK bit values therefrom, said
multiplex means having a control input that is responsive to an output of a pixel scan line
counter for selecting one of said n sub-sets of m MASK bit values and. for outputting a
seleéted sub-set on m output lines;

a plurality of m gating means each having a first input and a second input coupled
to an output of said memory storage means for receiving a first color code and a second
color code from a same addressable storage location that outputs said n times m bit
MASK, individual ones of said m gating means being controlled by a value appearing on

an individual one of said m output lines of said multiplex means to gate either said first
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e —
a pluralit g neans each having a first input and a second i nput
coupl m;hmﬂau‘ of said nenory storage neans for receiving a first
col orllk #a secbnd color code froma sanme addressabl e storage

| ocation that outputs said n times mhist MASK, individual ones of said m
gating means being controlled by a value appearing on an individual one of
said moutput lines of said nmultiplex neans to gate either said first

19  col 6Plog 6ade oF saidisgcaenier exlede seilmuliicbis apallphinppt of saih shifl Tegistetnput

of said shift register neans; and control neans for controlling the
out put t MHGEHAEai d first and second col or codes fromsaid menmory storage

ZE?fSSnLFt " pen e R Sop o il phgp Bifle BT, BT Sk Kona ool Bty °

t

ool br O Sl géﬁﬁﬁs%@a%%%ﬂ%%ﬁe@%ﬂ%é% 08 an 468 Reocih é&’nhéféﬁﬁ”d

l'ines Oi)lts‘fyh%us%l §aid3hﬁ1’ft &”}?ﬂom% biid R E18EK 36 galu%nﬁpgmﬁessed
ta for Q/I@ﬂmatrlces

i mage pixel da
register means after either said first color code or said second color code are gated by

said MASK bit values appearing on said m output lines of said multiplex means.
11. An image buffef for storing compressed image pixel data for 4 by 4 matrices of
pixels; each lmatrix of pixels being represented by a pair of cblor codes and a 16 bit
MASK, whose bits map color codes to pixel positions in said matrix, said image buffer
comprising:
first and second memory module means for storlng a compressed color i 1mage, said

ﬁrst and second memory module means having a plurality of addressable storage
locations for storing, for each of said 4 by 4 matrices of pixels, a pair of predetermined
color codes and an associated 16 bit MASK; first and second decompressor/serializer
means connected to said first and second memory module means respectively, each said
decompressor/serializer means including a MASK multiplexer manifesting a subset of
MASK bits to control inputs of a set of four color code multiplexefs, a manifested subset
of MASK bits being selected in accordance with a subset of bits that represent a current
pixel scan line number, each of said set of four color code multiplexers having a pair of
color code value inputs, said connected memory module means providing, for a pixel
matrlx a color code value pair to said color code inputs of sa1d set of four color code
multiplexers and a MASK to said MASK muitiplexer;

| control means for causing said first and said second memory module means to load
MASKS and color code value pairs for a pair of adjacent pixel matrices into said
respectively connected decoﬁxpressor/serializ,er means, said control means further

operating each of said decompressor/serializer means in accordance with a subset of
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Bixels, each matri x of pixels being represented by a pair of col or codes
and aXHHMJIM" ,Itmm)se bits map color codes to pixel positions in said
mat ri x5 iy WYM® er conpri sing: first and second nenory nodul e
means for storing a conpressed col or izgage, said first and second nenory
nodul e neans having a plurality of addressable storage |ocations for
storing, for each of said 4 by 4 matrices of pixels, a pair of

pr edet e MK dbitsc of saidcloaded MaSKntoajointly pravidel asboutpwpSkaapped splarnepdeecond
deconpressor/serialjzer neans connected to said first and second nmenory
nodul e MelEesforaseantignowy sow ak8 adiagemd Pixslconpr essor/ seri al i zer neans

i ncluding a MASK nul ti pl exer mani festing a subset of MASK bits to control

i nputs of a set of four color code multiplexers, a nanifested subset of
MASK bits being selected in accordance with a subset of bits that represent
‘a current pixel scan |ine nunber, each of said set of four color code

mul tiplexers having a pair of color code value inputs, said connected
menory nodul e means providing, for a pixel matrix, a color code value pair
to said color code inputs of said set of four color code nultiplexers and
a MASK to said MASK mul ti pl exer; control neans for causing said first
and said second nenory nodul e neans to | oad MASKS and col or code val ue
pairs for a pair of adjacent pixel matrices into said '
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respectively connected deconpressor/serializer neans, said control neans
further operating each of said deconpressor/serializer means in accordance
with a subset of ' o : 20 MASK
bits of said | oaded MASK to jointly provide, as outputs, mapped col or code
val ues for a contiguous row of 8 adjac%ﬁt pi xel s.

1

.

COMPRESSED IMAGE FRAME BUFFER FOR HIGH RESOLUTION

FULL COLOR, RASTER DISPLAYS

 ABSTRACT

An image buffer is described for an XxY pixel display, which image buffer stores
compressed image pixel data for a plufality of n x m matrices of pixels, each matrix
represented by a pair of color codes and MASK having nm bit position, each positions
mappipg to a pixel in the matrix (100), a manifested bit value in a MASK bit position
defining the color code assigned to a mapped pixel. The image buffer includes serial
registers for feeding pixel color code values to a buffer serial (50) output and multiplexers
(54) for providing n bit values from the MASK on n of its output lines. Gating circuitry,
controlled by bit values on the output lines, are operative to gate ieither a first set of inputs
or a second set of inputs into the shift registers. Control circuitry is provided for feeding a
pair of color codes and the MASK bit values to the gating circuits and m1_11tiplexers (54).
Fig. 4 '
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