
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 equal 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.                                       -2-      Using video
random access memory (VRAM) chips with 



serial output port shift frequencies of 30 Mhz, three  VRAM chips must work
in 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 parallel, 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 video output during the
next vertical synch signal. Then, an update of the  second half of the
buffer starts with a next frame of  data.    The requirements of spatial
and color resolution, 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 techniques. First, contemporary
approaches to 



image compression do not sufficiently preserve high   YO 991 101
-3-      frequency components that accompany graphic data or  text. Second,
commonly used comparison algorithms are  too complex to enable
decompression chips using such  algorithms to exhibit a necessary high
resolution video  output bandwidth. Third, a majority of those algorithms
require non-uniform image update access and leads to  further decreases of
video output bandwidth. Thus,  while the amount of memory is reduced
through the use  of such compression/decompression techniques, it is
difficult to apply such video buffers to high per-  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, Ml, 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 MO-M3 provide four (24 bit) adjacent  pixels, in
parallel, to serializer 10. Oscillator 12  generates a VCLK signal which
serves as a clock frequen-  cy for four 24 bit registers, R0, R1, 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
M0-M3. In specific, SCLK shifts data out of the VRAMS within modules M0-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           



-4-     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 subsequent 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 digital-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                  in the 4 by 4 pixel
region. The two colors are called Hi color and Lo color. Each MASK bit
determines whether the corresponding pixel should get either a Hi or Lo
color. When the MASK bit value is a "1" , then the corresponding pixel gets
the Hi color; and when the MASK bit value is a "O", 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 4,580,134 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 Tsai a truncation coding system is described which evidences a tolerance
to channel errors. Decompression occurs on the input to   YO 991 101 



6  the buffer and full color pixel matrices are stored. A similar
decompression arrangement  is shown in U.S. Patent 4,908,610 to Yamamuro et
al.       Other compression systems may be found in U.S. Patent 4,816,901
to Music et al.  (employs differences in luminance functions 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 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,
compacted map data).                           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 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  positions, each bit position mapping to a pixel in
said 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.       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 matrix  said image
buffer   comprising: first and second     



7  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 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 second 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.
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 and 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 represented by a pair  of color codes and a MASK
having n times m bit positions, each MASK bit position  mapping to a single
pixel in said n by m matrix, 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  corresponding 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
7a 



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 selected 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 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  matrix 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 image, 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
7b  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 multiplexers, 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  matrix, a color
code value pair to said color code inputs of said set of four color code
multiplexers and a MASK to said MASK multiplexer; 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  decompressor/serializer means, said control means
further operating each of said  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  respectively.                 Fig. 4
is a block diagram of a frame buffer            incorporating the invention
hereof.   Fig. 5    is a schematic diagram illustrating a
plurality of 4 by 4 pixel arrays and showing            how the MASK bits
are employed to selectively            access rows of the pixel arrays.   



Fig  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 MO and M1. Each memory block is 512 by 512
words, each 32 bits 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 M0 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 decompression 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 multiplexer MM54 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 multiplexers (PM) 68,
70, 72 and 74. Each of hardware elements MM 54 and PM 68, 70, 72,   YO 991
101   



-9-     and 74 and serializer 52 is repeated 24 times so as to enable each
of the individual 24 bits in the respective color codes to be decompressed
and provided 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 C1-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
C1-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 a pixel matrix (e.g., row R1 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 again 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
-10-   



Returning now to Fig. 4, the selection of the particu-  lar MASK bits to be
manifest on the output from MM 54  is controlled by values of a horizontal
line counter  (HCNT) output on bus 79 where two of its low order  positions
(1,0) are manifest. Thus, for a video line  number with the two least
significant bits equal to 00,  only low order bits 0-3 of the MASK are
manifest on  output 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 clocking action of the
VCLK input. Thus, during one  SCLK cycle, four pixels are loaded into
registers R0-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 they are
decompressed into  four, 24-bit, sequential pixels. One 32 bit word is   YO
991 101                 read from module MO and one 32 bit word is read
from module M1. As a result, a particular row address represents a line of
video comprising 2048 pixels, twice the number of words stored in both
modules. A video refresh address is generated by a horizontal line counter
HCNT (not 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 ODD/ 



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 processor 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 zero
for this implementation.   Each 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 a group of four by four pixels
located on four consecutive   YO 991 101    



-12-     video lines. The MASK is used in the following manner: Bits 0-3 of
a MASK word serve the upper four pixels, bits 4-7 serve next four pixels,
etc. This mechanism is implemented by supplying two least significant bits
of the HCNT (1,0) to MM MASK multiplexer 54. The HCNT is 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, 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 same manner.
The cycle is repeated until all 2048 video lines stored in the memory
modules MO and M1 are video refreshed.  



Just from the point of view of storage, only 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 necessary output bandwidth for a high
performance video display system. As was indicated above, an 80 Mhz VCLK
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
frames of high definition television image. It further provides a dual
buffer approach to store high definition TV images, thus eliminating motion
artifacts.   YO 991 101                                       -13-    



Turning to Fig. 6, the application of the architecture  shown in Fig. 4 to
a 2K by 2K dual buffer image system  is shown. It includes four memory
blocks MO-M3, two  deserializer modules 150 and 152, identical to that
shown in Fig. 4 at 50.    Oscillator 154 provides the clock frequency VCLK
which  is fed to a counter VCNT that divides the VCLK frequen-  cy in half.
The VCLK/2 output is used as a clock for  DSER modules 150 and 152. DSER
module 150 generates 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 also  controlled by the VCLK/2 clock frequency. Output
values  from multiplexers 154, 156 and 158 are fed into digital-  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 VCLK
signal.    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 equal to 8 times
the   YO 991 101                                       -14-      serial
clock frequency. If each memory module is  constructed using two-4 megabit
VRAM chips, the buffer  uses only 8 chips. Using a conventional approach,
the  same buffer would take 64 four megabit chips.    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. 





YO 991 101                                         Claims    1.   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 positions,       each bit position
mapping to a pixel in said       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 control 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 said next bit
MASK.   YO 991 101      



3.  The image buffer of claim 1 or 2, wherein said       matrix of pixel
comprises four columns by four       rows.    4.  The image buffer
according to any one of the       preceding claims, 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 bit
values of said bit MASK.   5.   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 to 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    YO 991 101                     1 7
pixel matrix so as to gate proper color code values into said serial shift
registers.  7.   The image buffer according to any one of the preceeding
claims said matrices of  pixels being 4 by 4 matrices.  8.  The image
buffer as recited in claim 7, wherein said control means, for a first pixel



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 color values  mapped thereunto, after which new pixel
motion, color code values and MASKS are  handled identically until all
pixels in a display have been processed.  9.   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 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 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 second 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                                                  18
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 represented by a pair  of color codes and a MASK having n times m bit
positions, each MASK bit position  mapping to a single pixel in said n by m
matrix, 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 corresponding 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 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
selected 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
19  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.  11. An image buffer for storing compressed
image pixel data for 4 by 4 matrices of 



pixels, each matrix 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 image, 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 multiplexers, 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  matrix, a color code value pair
to said color code inputs of said set of four color code  multiplexers and
a MASK to said MASK multiplexer;       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 decompressor/serializer means, said control means
further  operating each of said decompressor/serializer means in accordance
with a subset of                                                20   MASK
bits of said loaded MASK to jointly provide, as outputs, mapped color code
values for a contiguous row of 8 adjacent pixels.    


