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[57] ABSTRACT 
An adaptive compression/decompression method for 
color video data with an anti-aliasing mode. 4X4 blocks 
of pixel data are examined to determine which one of 
four compression techniques should be used on each 
block. User settable thresholds can be used to shift the 
types of compression used. Highest compression is ob 
tained when more data is stored in run length blocks of 
single colors and lowest compression when more data is 
stored as two colors with a 32-bit bitmap for each 4X4 
block. One type of compression used provides anti 
aliasing. 

26 Claims, 8 Drawing Sheets 
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METHOD AND APPARATUS FOR COMPRESSING 
AND DECOMPRESSING COLOR VIDEO DATA 

WITH AN ANTI-ALIASING MODE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention‘ 
The invention relates to the ?eld of the compression 

and decompression of color video digital data. 
2. Prior Art 
Numerous techniques are known in the prior art for 

compressing and decompressing digital data. For exam 
ple, see copending application, entitled VIDEO COM 
PRESSION ALGORITHM, Ser. No. 441,333, ?led 
11/22/89, which is a continuation of Ser. No. 084,309, 
Filed 08/11/87, now abandoned, and assigned to the 
Assignee of the present invention. 

In some instances, the data is compressed in a uniform 
manner block-by-block or frame-by-frame. That is, by 
way of example, m bits of compressed data are used to 
represent each nXn block of pixel data. In other meth 
ods, such as the one used in the present invention, the 
degree of compression is a function of the characteristic 
of the video data sought to be compressed. Again, by 
way of example, it is common to represent a plurality of 
adjacent pixels of the same color. 
As will be seen, the present invention teaches an 

adaptive compression/decompression method which 
examines the color video data, block-by-block, and then 
determines the type of compression to be used for each 
block. One of types of compression used in the present 
invention is similar to that described in US. Pat. No. 
4,580,134. In general, this type of compression takes a 
4X4 block of pixel data and encodes it into two colors 
and a 16 bit bitmap. The bitmap on a decompression 
indicates which of the two colors is to be used for each 
pixel. In the present invention, this type of compression 
is extended in a novel manner to provide anti-aliasing 
for these blocks. 
Other prior art known to Applicant is disclosed in 

“Two Bit/Pixel‘Full Color Encoding", Siggraph ‘86, 
No. 4, 1986, beginning at page 215 and US. Pat. No. 
4,743,959. 

SUMMARY OF THE INVENTION 

A method for compressing color digital video color 
data is described. The data is considered in blocks of 
nXn pixels, for example, in the currently preferred 
embodiment, in blocks of 4X4 pixels. Two diverse col 
ors for each block are determined. This is done by aver 
aging the colors that are above and below the mean 
luminance for the block. The two diverse colors are 
computed in RGB space in the currently preferred 
embodiment. The difference between these two diverse 
colors is examined and if it is greater than a ?rst thresh 
old, the block of pixel data is stored by. storing at least 
two colors and an nXn bitmap. On the other hand, if 
the ‘difference is less than the first threshold, the block 
of pixel data is stored as a single color without a bitmap. 

If the difference between the two diverse colors is 
greater than a second threshold, then the block of data 
is stored as two colors and a double bitmap (ZnXn bits). 
On decoding, four colors are used, two of which are 
computed and the bitmap data used to select one of the 
four colors for each pixel. This type of compression/ 
decompression provides excellent anti-aliasing. 
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2 
Where a plurality of adjacent blocks are of the same 

or close to the same color, the video data for these 
blocks is stored as a “run block” instruction. 
Other aspects of the invented method will be appar 

ent from the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating the formatting used 
for the compressed data in the currently preferred em 
bodiment of the invented method. 

FIG. 2 is a listing of the two bits used to indicate the 
type of compression or encoding and the resultant com 
pressed data stored for each type of compression. 
FIG. 3 is a block diagram used to describe the com 

pression method of the present invention. 
FIG. 4A is a diagram illustrating a prior art method 

for determining a bitmap where the video data after 
compression is represented by two colors and a bitmap. 

FIG. 4B illustrates a 4X4 block of pixels with a bit 
map distributed in the block, this diagram is used to 
illustrate a problem with the prior art method. 
FIG. 5A is a diagram illustrating a novel type of 

compression used in the adapted method of the present 
invention. This compression type uses a double bitmap 
for selecting between four colors. 
FIG. 5B is a diagram illustrating a 4X4 block with a 

double bitmap distributed in the block. This illustrates 
how the novel compression of FIG. 5A solves the prob 
lem illustrated in FIG. 4B. 1 
FIG. 6 is a diagram illustrating another novel aspect 

of the one type of compression used in the overall 
method of the present invention. In particular, two 
diverse colors are extended. 
FIG. 7 is a diagram illustrating how a double bitmap 

is formed when the extended diverse colors of FIG. 6 
are used. 
FIG. 8 is a diagram illustrating the decompression or 

decoding method of the present invention. 
FIG. 9 is a block diagram of an apparatus for imple 

menting the compression of the present invention. 
FIG. 10 is a block diagram of an apparatus for imple 

menting the decompression of the present invention. 
FIG. 11 is a diagram illustrating the method used for 

determining the closest color in RGB space. 
FIG. 12 is a diagram illustrating a plurality of inter 

mediate colors, the diverse colors and the extended 
diverse colors in RGB space. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A method and apparatus for compressing and decom 
pressing color video data is described. In the following 
description, numerous speci?c details are set forth such 
as specific number of bits, etc., in order to provide a 
thorough understanding of the invention. It will be 
obvious to one skilled in the art, however, that the 
present invention may be practiced without these spe 
ci?c details. In other instances, well-known methods 
and apparatuses have not been set forth in detail in 
order not to unnecessarily obscure the present invention 
in detail. 

OVERVIEW OF THE PRESENT INVENTION 

‘In the currently preferred embodiment of the present 
invention, digital color video data, more specifically, 8 
bits representing the color red (R), 8 bits representing 
the color green (G) and 8 bits representing the color 
blue (B) for a raster scanned display are compressed. 
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The video data is compressed by one of four techniques 
one of which provides anti-aliasing. In general, colors 
are stored as 5 bits of red, 5 bits of green and 4 bits of 
blue in the currently preferred embodiment. The RGB 
compressed data can be stored, transmitted or other 
wise manipulated or handled as is commonly done. The 
present invention also teaches the decompressing of the 
video data into a form corresponding to its precom 
pressed form. Sometimes in this application and in the 
prior art literature, compression is referred to as “en 
coding" and decompression as “decoding”. 

In the currently preferred embodiment, 4X4 blocks 
of color pixel data of a raster scanned display are con 
sidered as a group for compression. As will be obvious 
to one skilled in the art, the size of these blocks is not 
critical to the present invention, and in fact, nXn blocks 
may be used. The blocks are considered one after the 
other in the direction of the scan. In order for this to be 
implemented, buffering is used to store four scan lines of 
pixel data so that 4X4 blocks can then be considered. 
The compressing and decompressing of the present 

invention may be done using ordinary programming in 
any one of a plurality of commercially available micro 
processors. Alternatively, the compressing/decom 
pressing can be done using specialized hardware such as 
described in conjunction with FIGS. 9 and 10. 

In the presently preferred embodiment, each 4X4 
block is ?rst evaluated to determine which of 4 types of 
compression/ encoding should be used. The selection of 
one of the four types can be influenced by the setting of 
certain threshold values. These threshold values may be 
permanently ?xed in a system or may be adjusted by a 
user. These values control the amount of compression 
which occurs and as would be expected the quality of 
the display resulting from the decompressed data. Thus, 
for example, the user can select less compression (more 
storage space) and a better quality display as opposed to 
high compression (less' storage) and a lower quality 
display. 

ADAPTIVE CODING FORMAT OF THE 
PRESENT INVENTION 

As mentioned, four types of compression/encoding 
are employed with the present invention. Two bits are 
used to indicate which of the four types of encoding has 
been used for each of the 4X4 blocks of pixels. In FIG. 
1, a typical 16 bit word used in the currently preferred 
embodiment is illustrated. This 16 bit word is sometimes 
referred to as the “?rst word" since, in some cases, 
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more than one word is used to de?ne a block of pixels. ' 
Alternately, for example, a 26 bit word could be used 
for the ?rst word with 24 bits de?ning RGB. 

TYPES OF COMPRESSION/ENCODING USED 
IN THE CURRENTLY PREFERRED 
EMBODIMENT OF THE ADAPTIVE 

COMPRESSION/ENCODING METHOD AND 
APPARATUS 

In the currently preferred embodiment, as mentioned, 
4 types of encoding are employed. The code “00" at the 
beginning of the 16 bit word of FIG. 1 is used to indi 
cate that a 4X4 block of color pixel data is represented 

' in its compressed form as a single color. For this type of 
encoding, the RGB data simply follows the code “00” 
with, as illustrated in FIG. 1, 5 bits representing the 
color red, 5 bits representing the color green and 4 bits 
being used to represent the color blue. This type of 
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decoding, as will be discussed, is used when the pixels in 
a block are all close to the same color. 
As will be discussed in greater detail, a plurality of 

blocks may sequentially occur of the same color. In this 
event, in addition to the 16 bits shown in FIG. 1, an 
additional 8 bit word is used to provide a run length 
instruction. The code “01” at the beginning of the ?rst 
word indicates a run length instruction. The 14- bits 
following indicates the color, and the following 8 bits 
indicate the number of consecutive blocks of the same 
color. If more than 256 blocks occur of the same color, 
a second run instruction is used. 
The code “01” at the beginning of the ?rst word 

indicates that a single block of pixels .is represented as 
two “diverse” colors and a 16 bit bitmap. A total of 48 
bits is used for this representation and includes the ?rst 
word as shown in FIG. 1 leading off with the code 
“10”, with the remaining 14 bits of this word indicating 
the ?rst color. The next 16 bits indicates the second 
color. Here, three 5 bit words may be used for RGB or 
one bit may be used for another purpose. Following the 
second color, a 16 bit word (bitmap) indicates which of 
the two colors to be used for each of the pixels in the 
4X4 block. This coding scheme is described in US. Pat. 
No. 4,580,134. 
There is a problem which occurs with the encoding 

described in the previous paragraph for the two color 
block which is described in conjunction with FIG. 4B. 

In the currently preferred method, where the two 
diverse colors are separated by a threshold amount 
which may be a ?xed amount or an amount adjusted 'by 
the user, a different type of encoding is used. This type 
of encoding is indicated in the ?rst word by the code 
“11". In effect, the block of pixel data is represented by 
four colors and a 32 bit (double) bitmap. The bitmap 
indicates which one of the four colors is to be used for 
each pixel on decoding. Importantly, four colors are not 
in fact stored, but rather, only two colors are stored. 
The second two colors (intermediate colors) are com 
puted. For this type of coding, 64 bits are used for each 
4X4 block. The ?rst word leads with the code "11" to 
indicate the type of encoding, followed by 14 bits repre 
senting the ?rst color. The second color is represented 
by the following 16 bits and ?nally, 32 bits representing 
the double bitmap. This type of encoding, described in 
more detail in conjunction with FIGS. 5A and 58, 
provides anti-aliasing which will be better understood 
when the problem associated with the prior art (FIG. 
4B) is discussed. Also this encoding provides excellent 
results when used to compress all the color data. 

COMPRESSION/ENCODING METHOD OF THE 
PRESENT INVENTION 

Referring now to FIG. 3, the method of the present 
invention, particularly as it relates to the adaptive en 
coding is described. 
As indicated by step 12 for each block of pixel data 

(e.g., 4X4 block of pixels) two diverse colors for the 
block are determined. In the currently preferred 
method, these colors are determined by ?rst converting 
the RGB values associated with each of the pixels into 
their corresponding luminance value. Luminance may 
be determined for NTSC systems from the equation 

The average or mean luminance is then computed for 
the 16 pixels. The luminance for each pixel is compared 
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with the mean luminance. The average RGB values for 
the pixels having luminance values above the mean 
value is determined and this RGB value is one of the 
diverse colors. The average RGB values for the pixels 
having luminance values below the mean value is also 
determined and this RGB value is the other of the di 
verse colors. 
As indicated by step 13, the closeness of the two 

diverse colors is considered. If the colors are very close 
(as determined, by way of example, by their Y value), 
they may be considered a single color. A ?xed thresh 
old value or a user selected threshold value may be used 
to determine whether the two diverse colors are to be 
considered one color or two colors (this threshold value 
is shown as T1 in FIG. 9). Line 15 of FIG. 3 illustrates 
the steps used if the difference between the two colors 
is considered to be less than the threshold value (i.e., the 
colors are close) and line 14 indicates the path where 
the colors are considered to be different (i.e., greater 
than the threshold value). 

In the consideration of the threshold value in this 
application, the case where the difference in colors is 
equal to the threshold value is not discussed. Discus 
sions in the method are shown based on “greater than" 
or “less than” the threshold value. It is a somewhat 
arbitrary decision to decide in a particular implementa 
tion that where the difference in colors is equal to the 
threshold value, it should be treated as either greater 
than the threshold or less than the threshold value. 
Assume that for a partcular block of pixel data, the 

difference between the colors is less than the threshold 
T1 (line 15). For this case, the block of pixels under 
consideration is stored as a single color with a type code 
“00” as indicated in FIG. 2, or with a type code “01” for 
a run of the same color blocks. 
As shown in step 18, the type code for the last consid 

ered block is examined to determine if the type of com 
pression was “00" or “01”. Assume ?rst that it is not 
either of these types of compression. Then following 
the “N" (no) line, step 19 applies; that is, the pixel data 
for the block is stored as a single color preceded by the 
code “00". 

If, on the other hand, the last block was a “00” or 
“01” type compression, following the “Y" (yes) line, 
step 21 applies. The color of this previously considered 
block is examined and compared to the color of the 
block under consideration. In practice, the compressed 
data for the previous block can be accessed from mem 
ory or this data can be retained in a register until it is 
determined that the run of blocks has ended or that the 
number 256 has been reached for the 8 bit run instruc 
tion. 
The color for the current block and the previous 

block are compared. Once again, a ?xed threshold value 
or a user settable threshold value can be used to reach a 
determination as to whether the colors are different or 
the same. (This threshold value is shown as T2 in FIG. 

9). 
Assume now that as a result of step 21, the difference 

in colors is less than threshold 2. As indicated by step 
22, a run instruction is started or updated. That is, if the 
data for the previously stored block is stored under the 
code “00”, the code is changed to “01” and 8 bits are 
added and coded to indicate that this is the second block 
of the same color. If the data for the previously stored 
block is already stored under the coding of “01" the run 
length ?eld is updated to indicate another block of the 
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same color. The data as indicated by block 23 is stored 
under the compression type “01”. 

If the difference in color as determined by step 21 is 
greater than the threshold 2 indicating that the color of 
the current block is different than that of the previously 
stored block, the new color is stored for the block under 
the code “00” as indicated by step 25. 

Consider now what occurs if the results of steps 13 
indicate that the colors are greater than threshold 1 as 
indicated by the path 14. As indicated by step 27, the 
difference between the colors is again considered to 
determine whether the difference is greater than or less 
than a third threshold. Once again, this third threshold 
may be a ?xed set value or one selectable by the user. If 
the difference between the two colors is greater than 
the third threshold, the block is stored as two colors and 
a double bitmap as indicated by blocks 31 and 33. If the 
colors are less than the threshold 3, the data for the 
block is stored as two colors and a single 16 bit map as 
indicated by steps 28 and 29. 
The speci?c computation used to compute the 16 

bitmap of step 28 is discussed later in this application. In 
general, the luminance associated with each pixel is 
compared to the mean luminance for the 16 pixels in the 
block. If the luminance for a particular pixel is below 
the mean value, one binary state is stored for the pixel, 
whereas if the luminance is above the mean value, the 
other binary state is stored for the pixel. These two 
states determine which one of the two diverse colors is 
used on decoding. More speci?cally, if the luminance 
value for a particular pixel is less than the mean value, 
then the diverse color computed from those pixels with 
values below the mean luminance is associated with that 
pixel. On the other hand, if the luminance value for a 
particular pixel is above the mean value, then the other 
diverse color is associated with that pixel. As shown by 
step 29, the data for this block is stored with the header 
“10”. 
The computation for the double bitmap as shown by 

step 31 is discussed in more detail later in this applica 
tion. In general, in the currently preferred embodiment 
the two diverse colors are ?rst used to determine two 
extended diverse colors. Then, two intermediate colors 
are computed. The luminance for each pixel is then 
compared to the 4 colors and for each pixel, 2 bits are 
used to associate which of the 4 colors most closely 
‘matches a particular pixel’s color. The result of this 
consideration provides the 32 bit double bitmap for the 
4X4 block of pixels. Only two colors, for example, the 
two extended diverse colors are stored along with the 
32 bits fo the bitmap under the heading "11" as indi 
cated by step 33. On decoding, the two intermediate 
colors are recomputed from the extended diverse colors 
and the double bitmap is used to select one of the four 
colors for each of the pixels. 

PROBLEM ASSOCIATED WITH THE PRIOR 
ART COMPRESSION (TYPE “l0”) 

As previously mentioned, the type of compression 
identi?ed in this application by the code “10" is de 
scribed in U.S. Pat. No. 4,580,134. This technique is 
illustrated in FIG. 4A. First, the luminance for each of 
the l6 pixels is computed and a mean or average lumi 
nance is determined. The average luminance is shown 
by line 40 in FIG. 4A. The ?rst diverse color shown by 
point 38 is the color associated with the lower lumi 
nance‘colors. The second diverse color, point 39, is the 
color associated with the higher luminance colors. 
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Those pixels with luminance less than the mean are 
shown by “l”; the pixels having a luminance greater 
than the mean are shown by “0". In the distribution of 
the pixels of FIG. 4A, seven of the pixels are closer to 
the mean luminance than the other 9 pixels (four of the 
“closer” pixels are to the left of the mean value and 
three are to the right of the mean value). The remaining 
pixels are closely distributed either near point 38 or 
point 39. In FIG. 4B, the distribution of these colorsis 
shown in the 4 X 4 block. The upper part of the block on 
decoding has one color and the lower part of the block 
another color. These two colors de?ne an edge or interl 
face 42. Unfortunately, since the colors are relatively 
far apart for the example shown, the'interface between 
the colors in the block will be “hard” and “ragged”. 
The problem, of course, becomes worse as the differ 
ence in the colors becomes greater. One solution to this 
problem suggested by the prior art is to determine and 
store 4 colors and to use double bitmaps (see column 5, 
beginning at line 14 of US Pat. No. 4,580,134). The 
unique solution used in the present invention is de 
scribed below. 

ANTI-ALIASING CODING (TYPE “11”) 
Referring to FIG. 5A, assume the two diverse colors 

are the same as for FIG. 4A (colors 38 and 39) and that 
the distribution of colors is the same as in the example of 
FIG. 4A and 4B. In the currently preferred embodi 
ment, two additional colors (intermediate colors) color 
11, and color 21, are computed from the diverse colors 
38 and 39. Then, the luminance associated with each 
pixel is compared to the luminance of each of the four 
colors, and each pixel is assigned the color it is closest 
to. This assignment or association of one of four colors 
to each pixel requires 2 bits per pixel. In FIG. 5A, the 
pixels closest to color 38 are represented by “1”, the 
pixels closest to color 11 by “+”, the pixels closest to 
color 21 by "¢”, the pixels closest to color 39 by “O”. 

In FIG. 5B, the distribution of the colors is shown for 
the 4X4 block. In comparing FIGS. 4B and 5B, it 
should be noted that in both cases in the upper lefthand 
corner of the block, the predominant color is color 38 
and in the lower righthand corner of the block, the 
predominant color is color 39. However, in FIG. 5B, 
the intermediate colors are distributed along the inter 
face, in effect, softening the transition or more speci? 
cally providing the anti-aliasing of this coding compres 
sion technique. The currently preferred embodiment of 
this technique is described in conjunction with FIGS. 6. 
and 7. 

PREFERRED METHOD FOR TYPE CODE 11 

In FIG. 6, the diverse colors previously discussed are 
shown as “color 0" and “color 1”. As mentioned, these 
colors may be determined by averaging all those colors 
below a mean value and all those colors above the mean 
value. In the currently preferred method, these two 
diverse colors are extended when the double bitmap is 
used. The extended colors are shown as color OE and 
color 1E. The extended colors are determined by ?rst 
?nding the difference between color 0 and color 1. The 
extended color-color GE, is the color 0 less the differ 
ence times a constant K. And similarly, the color IE is 
equal to the color 1 plus the “difference” times the 
constant "K". The colors OE and 1E are computed in 
RGB space, that is, the extending factor “AK” is ap 
plied separately to R, G and B. In the currently pre 
ferred embodiment, K is equal to 0.125. 
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Next the intermediate colors shown in FIG. 6 as 

color OI and color 11 are computed. The formulas for 
computing these colors in the currently preferred em 
bodiment are also shown in FIG. 6. This computation is 
also performed in RGB space. 
Once these four colors are determined, it is now neci 

essary to determine the closest color for each pixel. This 
is done by dividing the “color space”, that is, space 
between color 015 and color 1E into four bands 0, 1, 2 
and 3 as shown in FIG. 7. In the currently preferred 
embodiment, this computation is done in the luminance 
space. Band 0 as shown in FIG. 7, is equal to § the 
luminance associated with color OE and color OI. Simi 
larly, the Y band 1 is equal to i the luminance associated 
with color OI and is the luminance associated with color 
11. If, by way of example, the luminance for a particular 
pixel is below the luminance for Y band 0, that pixel is 
assigned to color OE. If the luminance is between Y 
band 0 and Y band 1, it is assigned the color OI. Simi 
larly, if it is between Y band 1 and Y band 2, it is as 
signed the color II, and ?nally, if it is above Y band 2, 
it is assigned color 1E. Two bits are used to represent 
each of these colors, and hence, a 32-bit bitmap is pre 
pared, representing which one of the four colors is 
associated with each of the pixels. 

Alternately, the appropriate color can be selected in 
RGB space. In FIG. 11 the extended diverse colors and 
the computed intermediate colors are shown disposed 
along a line in RGB space along with a pixel X. Assume 
this pixel is one of the 16 pixels in a block. The RGB 
values of this pixel determine its location in the RGB 
space. Note that the pixel does not fall on the line de 
?ned by the extended diverse colors. This is to be ex 
pected since these colors were determined by an aver 
aging process. The distance from pixel X to each of the 
colors (two extended diverse colors and two intermedi 
ate colors) is computed in this three dimensional space. 
The color closest to pixel X is the color which is se 
lected for the pixel. This is done‘ for each of the pixels in 
the block. 
FIG. 11 illustrates two equations which may be used 

to determine the distance dy from the pixel to each of 
the colors. In the simpler method, the absolute values of 
the differences between the red, green and blue compo 
nents of the pixel under evaluation and the RGB values 
'for each color is determined and the sum considered as 
the distance. A more rigorous determination of the 
distance is also shown-in the second equation of FIG. 11 
where the differences in the red, green and blue compo 
nents are squared, summed and the square root of the 
sum used as representing the distance. 

EXTENSIONS TO ANTI-ALIASING CODING 

Previous discussions in this application have empha 
sized the use of a 4X4 block and the 32-bit bitmap for 
the type 11 coding. Moreover, the discussions have 
been directed towards an adaptive system, which uses 
one of a plurality of different coding techniques. 
The type 11 coding can be used with excellent results 

as the only coding mode in a compression/decompres 
sion system. That is, all of the video data can be com 
pressed, stored and decompressed using the type 11 
compression. Note when this is done the two bits indi 
cating the type of compression are not needed and, for 
example, where 24 bits are used to represent the com 
pressed data, 8 bits can be used for R, 8 bits for G and 
8 bits for B. 
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Previously, discussions have centered on computing 

two intermediate colors. In fact, any number of interme 
diate colors can be computed by simply computing 
equal distances along the line between either the diverse 
colors or, as currently preferred, the extended diverse 
colors. In FIG. 12 a line 150 is shown in RGB space 
-which extends between the extended diverse colors. Six 
X’s (along the line along with the extended diverse 
colors) are used to illustrate an example where 8 total 
colors are used to represent a 4X4 block. In this case, 
three bits per pixel are required in the bitmap to identify 
which one of the 8 colors is associated with each of the 
pixels. Once again, the appropriate color for each pixel 
may be selected in RGB space as shown in FIG. 11 or 
in the luminance domain as previously described. A 
4X4 block can also be represented with 14 intermediate 
colors for a total of 16 colors and a 4-bit per pixel bit 
map (64 bits for the 4X4 block). Note that in each of 
these representations only twovcolors are stored and all 
the other colors, the intermediate colors, are computed. 
Thus, the additional storage required is for the bitmap 
only. 

Blocks of 8X 8 pixels have also been successfully 
‘ represented with this technique. For instance, two ex 
tended diverse colors and two intermediate colors and a 
128-bit bitmap can be used to represent the 8 X 8 block. 
Particularly good results have been obtained where a 3 
bit per pixel bitmap is used along with 6 intermediate 
colors (192-bit bitmap) for an 8X8 block. Alternately, . 
for better de?nition 14 intermediate colors can be used 
and a 256-bit bitmap. Once again, as in the previous 

. case, only 2 colors are stored and the intermediate col 
ors computed on decompression. 

DECOMPRESSION/DECODING METHOD 

In FIG. 8, the method for decompressing/decoding is 
illustrated. In step 44, the encoded data is examined ?rst 
to determine the type of coding used. If the type of 
coding is either 00 or 01, then one or more blocks of the 
color associated with the code is duplicated for the 16 
pixels of each of the blocks (step 45). On the decoding, 
as well as the encoding, 4 scan lines are encoded/de 
coded at one time, thus, by way of example, temporary 
storage for 4 complete scan lines is used. 

If the type of compression is "10”, the two colors are 
gated into the memory storing the 4 lines of 4 scan lines 
under control of the bitmap. This step is indicated by 
step 46. 

40 

45 

Finally, if the coding type is “11”, then the two inter- - 
mediate colors are ?rst calculated (step 47) and the 
double bitmap is used to gate the 4 colors into the buffer 
to form the 4X4 block, as indicated by step 48. The 
equation shown in FIG. 6 for color DI and Color 11 are 
again used. 

APPARATUS FOR PERFORMING THE 
INVENTED COMPRESSION 

As previously mentioned, the invented compression 
and decompression may be performed in a general pur 
pose computer, such as a microprocessor, under control 
of a program. Ordinary programming may be used to 
implement the invented method. The compression and 
decompression may also be performed by “hardwired” 
logic. An apparatus for performing the compression is 
shown in FIG. 9 and an apparatus for performing the 
decompression is shown in FIG. 10. 

55 
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In FIG. 9, a buffer 50 stores four scan lines of a raster I 
scanned display. For the described embodiment, each 

10 
pixel is 24 bits deep (RGB data). The apparatus of FIG. 
9 considers one 4X4 pixel block at a time, and after the 
data for that block has been compressed, ‘goes on to 
consider the next block in the direction of the scan. 
The bits representing each pixel for each block are 

read from the buffer 50 through the multipliers 52, 53 
and 54. These multipliers multiply the red signal by 
0.299, the green signal by 0.587 and the blue signal by 
0.114. The output of the multipliers of 52, 53 and 54 are 
summed in summer 56 and the results of this summation 
(on line 49) is the luminance. This luminance is com 
puted pixel-by-pixel and accumulated in the accumula 
tor 57. The path 60 and register 61 allow accumulation 
through the multiplexer 62 to be averaged (divided). 
Moreover, after each block the multiplexer 62 allows 
the accumulator 57 to be “zeroed”. The Y register 59 
then stores the average luminance for the pixels in the 
block. The luminance value for each pixel (on line 49) is 
stored in the first-in, first-out register 16. The Y com 
parator 65 compares the average value of the luminance 
(from register 59) with the luminance of each of the 
pixels (from the register 63). The results of this compari 
son provide a control signal to control the selector 73. 
Also, the signal on line 90 is a bitmap for the type 10 
comparison and can be stored in memory 85. This bit 
map is used if it is determined that the block is to be 
compressed with type 10 compression. 
The actual RGB values for each of the pixels are 

stored in the ?rst-in, ?rst-out register 51. The output of 
this register provides an input to the selector 73. If the 
results of the comparison from the comparator 65 show 
that a particular pixel’s luminance is below the mean, 
the output from the register 51 is directed into the sum 
mer 74. Otherwise, the output from the register 51 is 
directed into the summer 75. After all the values from 
the register 51 have been summed in either the summer 
74 or 75, the output of these summers are divided by the 
dividers or shifters 78 or_79. The signal at the output of 
the comparator 65 is used by the shifters 78 and 79 as a 
“count”. That is, by‘ way of example, if the selector 73 
has directed the pixel data for 10 pixels into summer 74, 
and six into summer 75, shifter 78 divides the output of 
summer 74 by 10 and shifter 79 divides the output of 
summer 75 by 6. The output of the summers 78 and 79 
are the diverse colors, color 0 and color 1, respectively. 
The color 0 (on line 83) and color 1 (on line 84) are 

applied to a comparator or comparison means 81. This 
comparison means receives the ?rst threshold value (T1 
from block 88). (This comparison can be done either in 
the luminance space by comparing the luminance of the 
two colors or in RGB space by accumulating the differ 
ence between the RGB values for the two colors. Other 
criteria may be used to determine the difference (or 
closeness) between two colors. For example, red may 
be given more or less weight for a particular display). If 
the difference of the colors on the lines 83 and 84 are 
less than the threshold value T1, the comparison means 
81 so indicates to the color selector 87, and then the 
colors on the lines 83 and 84 are directed to memory 85. 
In this event, the comparison means 82 compares the 
color stored for the last block (assuming it was a single 
color) with the current color. If these colors are less 
than threshold 2 (T2 is stored in the block 89) then a run 
instruction ,is needed. The output of the comparison 
means 82 directs the M selector 86 to either begin a run 
instruction or update the last run instruction. 
For the illustrated embodiment, the difference be 

tween the mean luminance value from register 59 and 
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each of the luminance values for the pixels is accumu 
lated from the comparator 65 in an error accumulator 
66. If the results of this accumulation, as determined by 
the comparison means 67, exceeds the threshold T3 
(stored in block 69), the output of the comparison means 
67 signals the color selector 87 and the selector 86 to 
indicate double bitmap and extended colors will be 
stored. This is a different way for selecting between 
“10" and “11” codings than previously discussed. The 
extended colors are computed by the new color block 
80 using the equations shown in FIG. 6. These colors 
are selected by the color selector 87 for storage in mem 
ory 85. The three Y band luminance values shown by 
the equations in FIG. 7 are computed by the Y bands 
block 70. These values can be determined either di 
rectly from the RGB values on lines 83 and 84 or from 
the output of the block 80 when coupled through the 
color selector 87 to block 70. 
The output of the FIFO register 63 is coupled to 

another FIFO register 72. The luminance for each pixel 
is thus available for comparison in the Y band to Y 
comparison ntitans 71 to see which of the bands each 
pixel falls into. Two bits are provided at the output of 
comparison means 71 for each pixel which bits are cou 
pled through the map selector 86 to memory 85. 

DECOMPRESSING APPARATUS OF FIG. 10 

The bitstream from the memory storing the com 
pressed data is coupled to the bus 100 of FIG. 10. The ' 
“type” bits indicating the type of compression are se 
lected from the bus and coupled to the block type iden 
ti?cation circuit 106. Those bits representing color are 
coupled to the color register 101. Those bits represent 
ing the bitmap are coupled to the bitmap register 103. 
For type 00 and 01 compression a single color is cou 
pled to lines 109. For type 10 compression, the two 
diverse colors, color 0 and color 1, are coupled to the 
lines 109 and 110, respectively. In the event that the 
block is type 11 compression, then the two extended 
colors from the register 101 are coupled to a calculating 
means 102 via the lines 111 and 112. The four color 
calculator 102 computes the intermediate colors, again 
using the equations shown in FIG. 6. The block color 
selector 104 is a multiplexer which under the command 
of the identi?cation circuit 106 selects either the single 
color, two colors from lines 109 and 110, or four colors 
for the type 11 encoding. The bitmap data controls 
selector 105. Selector 105 selects the appropriate color 
for both the two color and four color cases. 
Where the identi?cation circuit 106 detects type 01 

coding, the 8 bit run length instruction is stored in the 
decrementer 107. The output of the decrementer 107 
assures that the output of the selector 105 (single color) 
is repeated for all 16 pixels in the block, and for as many 
blocks as indicated by the run length instruction. 
A l6 bit decrementer 108 counts 16 pixels for each 

block to indicate when a block is completed. This per 
mits the new data to be coupled to the apparatus of 
FIG. 10. 
The compressing and decompressing apparatuses of 

FIGS. 9 and 10 may be realized with ordinary compo 
nents. 

Thus, a compression and decompression technique 
'has been described which provides adaptive compres 
sion, with the amount of compression being controllable 
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by a user. For the 16 bit words discussed, the type 00 ' 
compression provides a 24 to l compression ratio. The 
type 01 compression provides typically substantially 

12 
more than 24 to l compression depending on the num 
ber of consecutive blocks of the same color occur. The 
type 10 compression provides 8 to l compression, while 
the type 11 compression provides 6 to 1 compression. 
For typical non-text images, compression with the dis 
closed system can be expected to be in the range of 8-l5 
to l. > 

We claim: 
1. A method for compressing digital video color data 

comprising the steps of: 
considering the video data in blocks of n><n pixels; 
determining two diverse colors for each of said 

blocks by examining the n2 pixels in each of said 
blocks; 

determining if the difference in said two diverse col 
ors for each of said blocks is greater than a ?rst 
threshold value, and 

if said difference is greater than said first threshold 
value, representing said block with four colors and 
a 2 nXn bitmap, two of said four colors being 
intermediate colors calculated from said two di 
verse colors, said bitmap for selecting among said 
four colors, 

if said difference is less than said first threshold value, 
representing said block as one color. 

2. The method de?ned by claim 1 wherein, if said one 
color for a plurality of adjacent ones of said blocks are 
different by less than a second threshold value, repre 
senting said adjacent blocks by a single color and an 
instruction representing the number of said adjacent 
ones of said blocks. 

3. The method de?ned by claim 1 wherein said step of 
determining said two diverse colors comprises the steps 
of: 

determining the mean luminance of said n2 pixels in 
each of said blocks; 

computing one diverse color by averaging the colors 
of those of saidpixels having a luminance greater 
than said mean luminance; 

determining the other of said diverse colors by aver 
aging the one of said pixels having a luminance less 
than said mean luminance. 

4. A method for compressing digital video color data 
comprising the steps of: 

considering the video data in blocks of n><n pixels; 
determining two diverse colors for each of said 

blocks by examining the n2 pixels in each of said 
blocks; ' 

comparing the difference in said two diverse colors 
for each of said blocks with a threshold value; 

if said difference is greater than said threshold value, 
computing two intermediate colors from said di 
verse colors and computing a 2 n><n bitmap said 2 
nXn bitmap for selecting among said two diverse 
colors and said two intermediate colors; _ 

if said difference is less than said threshold value, 
representing said block as two colors and an n><n 
bitmap. 

5. The method de?ned by claim 4 wherein said step of 
determining said two diverse colors'comprises the steps 
of: 

determining the mean luminance of said n2 pixels in 
each of said blocks; 

computing one diverse color by averaging the colors 
of those of said pixels having a luminance greater 
than said means luminance; 
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determining the other of said diverse colors by aver 
aging'the one of said pixels having a luminance less 
than said mean luminance. 

6. A method for compressing digital video color data 
comprising the steps of: 

considering the data in blocks of n><n pixels; 
determining two diverse colors for each of said 

blocks by examining the n2 pixels in each of said 
blocks; _ 

determining if the difference in said two diverse col 
ors for each of said blocks is greater than a ?rst 
threshold value; 

determining if the difference in said two diverse col 
ors for each of said blocks is greater than a second 
threshold value; . 

if said difference is greater than said ?rst threshol 
value, representing said block as two colors and an 
n X n bitmap; 

if said difference is greater than said second threshold 
value then: 
determining two extended diverse colors; 
determining two intermediate colors; 
preparing a bitmap representing the closest one of 

i said two extended diverse colors and said two 
intermediate colors for each of said pixels in said 
n X n block. , 

7. A method for compressing digital video color data 
for an n><n block of pixels comprising thesteps of: 

determining two diverse colors by examining said 
color data for said pixels in said n><n block; 

calculating from said two diverse colors a plurality of 
intermediate colors falling between said two di 
verse colors; 

determining the closest one of said two diverse colors 
and said plurality of intermediate colors for each of 
said pixels in said n><n block; 

preparing a bitmap representing said'closest one of 
said two diverse colors and said plurality of inter 
mediate colors for each of said pixels in said n><n 
block. 

8. A method for compressing digital video color data 
for an n><n block of pixels comprising the steps of; 

determining two diverse colors by examining said 
color data for said pixels in said n><n block; 

determining two extended diverse colors from said 
two diverse colors; 

determining a plurality of intermediate colors falling 
between said two extended diverse colors; _ 

determining the closest one of said two extended 
diverse colors and said plurality of intermediate 
colors for each of said pixels in each of said n><n 
block; - 

preparing a bitmap representing said closest one of 
said two extended diverse colors andsaid plurality 
of intermediate colors for each of said pixels in said 
n><n block. 

9. The method de?ned by claim 8 wherein n is equal 
to 4, 2 intermediate colors are used and wherein said 
bitmap representation comprises 32 bits. 

10. The method de?ned by claim 8 wherein n is equal 
to 4, 6 intermediate colors are used and wherein said 
bitmap representation comprises 48 bits. 

11. The method de?ned by claim 8 wherein n is equal 
to 4, 14 intermediate colors are used and wherein said 
bitmap representation comprises 64 bits. 

12. The method de?ned by claim 8 wherein n is equal 
to 8, 2 intermediate colors are used and wherein said 
bitmap representation comprises 128 bits. 
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13. The method de?ned by claim 8 wherein n is equal 

to 8, 6 intermediate colors are used and wherein said 
bitmap representation comprises 192 bits. 

14. The method de?ned by claim 8 wherein n is equal 
to 8, 14 intermediate colors are used and wherein said 
bitmap representation comprises 256 bits. 

15. The method de?ned by claim 8, including the step 
of storing said compressed digital video color data by 
storing said 2 extended diverse colors and said bitmap. 

16. The method de?ned by claim 8, including the 
following steps for decompressing said compressed 
digital video color data; 

redetermining said plurality of intermediate colors 
from said two extended diverse colors; 

selecting from said two extended diverse colors and 
said plurality of intermediate colors a color for 
each pixel in said n><n block as a function of said 
bitmap. 

17. The method de?ned by claim 8, including the 
following steps for decompressing said compressed_ 
digital video color data; " 

redetermining said plurality of intermediate colors 
from said two diverse colors; 

selecting from said two diverse colors and said plural 
ity of intermediate colors a color for each pixel in 
said n><n block as a function of said bitmap. 

18. An apparatus for compressing digital video color 
data comprising; 

a buffer for storing it scan lines of pixel data; , 
?rst computational means for determining for each 
n><n block of pixels in said buffer two diverse‘ 
colors, said ?rst computational means being cou 
pled to said buffer; ' 

second computational means for determining for each 
n><n block of pixels two extended diverse colors, 
said second computational means coupled to said 
?rst computational means. ' 

register means for storing a color threshold value; 
comparator means coupled to said storage means and 

said ?rst computational means for determining if 
the difference between said diverse colors is 
greater than said color threshold value; 

storage means for storing each n><n block as two 
extended diverse colors and a bitmap if the output 
of said comparator means indicates that the differ 
ence in said two diverse colors is greater than said 
color threshold value, and for storing each n><n 
block as a single color if the output of said compar 
ator means indicates that the difference between 
said two diverse colors is less than said color 
threshold value, said storage means being coupled 
to said second computational means and said com 
parator means. 

19. A method for compressing digital video color 
data for storage or transmission comprising the steps of: 

considering the video data in blocks each having an 
equal number of pixels; 

determining if the color differences among the colors 
in each block are greater than a predetermined 
amount; 

if said differences are greater than said predetermined 
amount, representing said block by two representa 
tive diverse colors and at least two intermediate 
colors computed from said two diverse representa 
tive colors, and bitmap data to select the closest 
color for each color in each block from among said 
two representative diverse colors and said interme 
diate colors; 
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if said differences are less than said predetermined 
amount representing said block as one color. 

20. The method de?ned by claim 19 wherein if said 
one color for a plurality of adjacent ones of said blocks 
is approximately the same, representing said adjacent 
blocks by a single color and an instruction indicating the 
number of said adjacent blocks. 

21. The method de?ned by claims 19 or 20 wherein 
said intermediate colors are discarded prior to said stor 
ing or transmission. 

22. The method de?ned by claim 21 wherein said two 
representative diverse colors are extended diverse col 
ors. 

23. The method de?ned by claim 22 wherein each of 
said blocks are 4X4 blocks. 

24. The method de?ned by claim 23 wherein said 
selection of said closest color to said two representative 
diverse colors and said intermediate colors for said 
bitmap data occurs by examining the luminance values 
of said representative diverse colors and said intermedi 
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ate colors, and the luminance value of the color associ 
ated with each pixel. 

25. A method for compressing digital video color 
data for storing or transmission, comprising the steps of: 

considering the video data in blocks each having an 
equal number of pixels; 

determining two representative diverse colors for 
each block by examining the video data in each of 
said blocks; 

representing said block by said two representative 
diverse colors and at least two intermediate colors 
computed from said two representative diverse 
colors and bitmap data which indicates the closest 
color for each color in each block to said two rep 
resentative diverse colors and said intermediate 
colors; 

discarding said intermediate colors prior to said stor 
ing or transmission. 

26. The method defined by claim 25 wherein said two 
representative diverse colors are extended diverse col 


