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(57) ABSTRACT 

In one aspect of a preferred embodiment, the present inven 
tion comprises a system for video compression comprising 
a video preprocessor; a predictor con?gured to receive video 
data from the preprocessor; and an encoder con?gured to 
communicate With the predictor. Preferably, the preproces 
sor comprises a colorspace converter, a frame activity detec 
tor, and a subsampler, the predictor comprises a frame 
diiferencer and a reference frame handler, and the encoder 
comprises an error image encoder and an image adder. In 
another aspect, the invention comprises a system for video 
decompression comprising a predictor and a decoder con 
?gured to communicate With the predictor. Preferably, the 
predictor comprises a reference frame handler and Wherein 
said decoder comprises an error image decoder and a col 
orspace converter. 
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COLOR VIDEO CODEC METHOD AND SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to the following 
US. provisional patent applications: 60/289,340; 60/289, 
342; 60/289,086; 60/289,085; 60/289,189; and 60/289,190, 
all ?led May 7, 2001, and all entitled “Method and System 
for Data Compression/Decompression.” The contents of 
each provisional application are incorporated herein in their 
entirety by reference. 

BACKGROUND 

[0002] Data compression methods are used to reduce the 
amount of data necessary to represent information. Com 
pression is often used when data storage space, transmission 
bandwidth, or transmitter/receiver data rate is limited. Data 
is compressed to a smaller siZe for storage or transmission 
and then decompressed back to original siZe when needed. 

[0003] Compression schemes can be classi?ed as either 
“lossless” or “lossy.” In a lossless compression scheme, the 
data that is reconstructed at decompression is an exact match 
to the original dataino information is lost. In a lossy 
compression scheme, some information may be lost in the 
compression process. The goal of a lossy compression 
scheme is to choose the discarded information wisely, so that 
the data reconstructed at decompression is as close as 
possible to the original data, or at least so that the difference 
between the original and the reconstructed data is accept 
able. 

[0004] Video signals are a common type of data for use in 
compression systems. Raw video data tends to be large, so 
that working with raw, uncompressed video would require 
large amounts of storage space or transmission bandwidth. 
However, characteristics of typical video allow fairly 
aggressive compression. For instance, there is high correla 
tion between adjacent pixels in a single video frame (the set 
of all picture elements that represent one complete image), 
since objects in video tend to be of fairly uniform color and 
texture. In addition, there is high correlation between pixels 
in the same position in adjacent video frames, since motion 
in video usually occurs slowly in relation to the video frame 
rate. These high correlations mean that video signals contain 
a large amount of redundant information, and these redun 
dancies are typically exploited by compression schemes for 
video. In addition, most video applications do not require 
lossless compressionithe quality constraint is simply that a 
human viewer perceive little or no degradation in quality 
after compression and decompression. The limitations and 
strengths of human visual perception can be taken into 
account when designing a lossy video compression 
schemeiinformation not perceptually signi?cant is dis 
carded ?rst. 

[0005] Compression schemes also can be classi?ed as 
either “symmetric” or “asymmetric.” In a symmetric 
scheme, the compression and decompression processes are 
roughly equal in computational complexity. A symmetric 
scheme is appropriate when similar processing constraints 
are present at both compression and decompression points, 
such as in video-conferencing applications where both com 
pression and decompression must be done in real-time. An 
asymmetric scheme is used when compression and decom 
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pression have different complexity constraints. Typically, 
the constraint on the decompression end is greater, so 
computations are performed by the compressor in order to 
lessen the computational burden on the decompressor. An 
asymmetric scheme is usually used for video that will be 
captured once and then distributed many times, such as 
video clips stored and made available to many users on a 
computer network. 

[0006] Further information on typical video compression 
systems can be found in ITU-T Recommendation H.263 
(approved February 1998); The Data Compression Book, 
2nd Edition, by Mark Nelson and Jean-loup Gailly (1995); 
and Video Demysti?ed, 3rd Edition, by Keith Jack (2001) 
(see especially chapter 3, on color spaces, the contents of 
which are incorporated herein by reference for all purposes). 

[0007] FIG. 1 is a diagram of a typical asymmetric video 
compression system. Many existing video compression sys 
tems ?t within this basic framework. The system consists of 
?ve main blocksipreprocessing, motion estimation, trans 
form, quantiZation, and encodingialong with a feedback 
loop used to create decompressor reference data. 

[0008] The purpose of the preprocessing block is to pre 
pare the video data for compression. Preprocessing func 
tions typically convert the input video data into a format that 
allows for easier or more aggressive compression. 

[0009] One commonly used step of video preprocessing is 
subsampling. When video is subsampled, the siZe of the 
video frames (the number of pixels) is reduced. Subsam 
pling is a simple way to create gains in video compression 
ef?ciencyiby reducing the video frame siZe by half in each 
dimension, a 4:1 compression ratio has already been 
achieved. However, subsampling can result in distracting 
artifacts when the video is restored to full resolution after 
decompression. 
[0010] Another commonly used step of video preprocess 
ing is colorspace conversion. Existing raw video data is 
usually stored in an RGB color format (discussed below in 
more detail), since RGB is a convenient format for many 
existing displays. However, the RGB color format is not 
well suited to ef?cient compression, since the visually 
important video information is evenly distributed over the 
red, green, and blue color channels. For this reason, many 
video compression schemes include conversion to a different 
colorspace such as YUV (also discussed below). The YUV 
color format also contains three channels, but most of the 
visually important information is found in the Y channel, 
which contains pixel intensity information. The U and V 
channels contain all of the color information for the video 
data. Since the human eye is less sensitive to color errors 
than to intensity errors in typical video, the U and V 
channels can be compressed much more aggressively than 
the Y channel, with little degradation in decompressed video 
quality. For instance, the Y channel can be kept at full 
resolution while the U and V channels are subsampled by a 
factor of 16. This results in a similar compression ratio to the 
RGB subsampling by 4 (3.75:1 versus 4: 1) but the quality of 
the resulting video is much higher because the most visually 
important information has been preserved. 

[0011] The preprocessing block may also include other 
miscellaneous functions that depend on the speci?c design 
of the video compressor, such as object identi?cation and 
denoising. 
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[0012] Prediction is used to exploit the redundancy 
betWeen adjacent frames in typical video signals. Most 
asymmetric video compression systems contain a feedback 
loop including a “dummy” decompressor that mimics the 
state of the actual decompressor. The feedback loop provides 
the prediction block With copies of the previous video 
frame(s), and the prediction block then uses motion estima 
tion to make a guess at What the next frame Will look like. 
Then, rather than Working With actual pixel values, the 
compressor Will perform the remaining computations on the 
error betWeen the actual frame and the predicted frame. 
Error values are generally smaller and sparser than pixel 
values, so the use of prediction reduces the amount of 
information that must be transmitted to the decompressor. 

[0013] In addition to providing error data for further 
compression, the prediction block Will also provide a para 
metric description of the estimated motion, Which Will be 
used at the decompressor to create the correct predicted 
frame. 

[0014] Most video compression schemes include a math 
ematical transformation of the video data. Like the color 
space transform described above, the purpose of the math 
ematical transform is to organize the video data into a form 
more suitable for effective compression. 

[0015] TWo common transforms in video compression are 
the discrete cosine transform (DCT) and the Wavelet trans 
form. Each of these transforms organizes the video data into 
an “average” component and a “detail” component. The 
average component contains basic shape information for 
video frames. The detail component contains edge informa 
tion, Which sharpens and clari?es the video frames. 

[0016] Organizing the video data into average and detail 
components is bene?cial for compression because this orga 
nization isolates most of the energy in the video frame into 
a feW values. For natural video, the average component 
tends to contain only a feW values that are very important to 
the accurate reconstruction of the video at the output. In 
contrast, the detail component Will contain many values that 
have much less impact on the video quality. The feW values 
in the average component can be transmitted With high 
accuracy, While the many values in the detail component can 
be compressed much more aggressively. 

[0017] While most transform techniques are applied to the 
error data as shoWn in FIG. 1, some systems apply the 
transform to incoming data and then perform motion esti 
mation and all subsequent operations in the transform 
domain. 

[0018] In most video compression schemes, quantization 
is used to increase data compression. In the quantization 
block, the accuracy of the video data is decreased by 
reducing the number of bits used to store the values. 
Effective use of data quantization is enhanced by the reor 
ganization of the video data that Was accomplished in the 
preprocessing and transform blocks; the data that is less 
visually important can be quantized more aggressively. Data 
quantization is the source of most of the information loss in 
a typical lossy video compression system. 

[0019] The entropy encoding block in a video compressor 
further compresses the video data using lossless compres 
sion schemes. Common lossless compression methods for 
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video applications are run-length encoding, Huffman encod 
ing, arithmetic coding, or a combination of these. 

[0020] FIG. 2 shoWs a typical decompressor correspond 
ing to the compressor in FIG. 1. The decompressor simply 
reverses the operations of the compressor. First, the entropy 
coding, quantization, and transform are all reversed to 
recover the motion and error data. The motion data is applied 
to the previous frame, producing a prediction of the upcom 
ing frame. Then, the error data is applied to the predicted 
frame to produce the output video frame. Finally, any 
post-processing tasks such as colorspace conversion and 
upsampling are completed to convert the video into the 
proper format for output or display. 

[0021] The primary disadvantage of the prior art approach 
for Wireless applications is its computational complexity. 
Even When an asymmetrical design is used, the decompres 
sor is typically too heavy to produce acceptable video 
quality in real time on Wireless devices that are heavily 
constrained in processing poWer and battery life. 

[0022] There is thus a need for a compression/decompres 
sion method that is computationally light enough to run even 
on loW-performance mobile devices. Prior art video com 
pression designs are based on the assumption that the 
compression gain and bandWidth savings obtained from 
complex computations such as mathematical transform and 
motion estimation are Worth the computational cost. HoW 
ever, in many Wireless environments this assumption does 
not hold true, since the cost of reversing the transform and 
applying the motion data, even in an asymmetric system, 
makes the -decompressor too heavy. 

[0023] Prior art systems often attempt to produce decom 
pressed video that is as close as possible to the original 
source video. HoWever, shoWing Well-reconstructed video 
on a limited display means that much of the data that is 
retained is not visually useful, since limitations of the 
display create more visual information loss than does the 
compression/decompression. 

SUMMARY 

[0024] A preferred embodiment of the present invention 
eliminates computationally expensive operations to create a 
decompressor that is extremely light. The invention makes 
up for removal of transform and motion estimation by 
exploiting the limited display capabilities of many Wireless 
devices. In addition to an asymmetric computational 
approach, the invention also takes into account asymmetric 
display capabilities, alloWing compression to be gained 
through aggressive quantization and subsampling. This 
approach results in a decompressor that is both much 
simpler and more effective than those in the prior art, 
alloWing e?icient computational optimizations that make the 
decompressor light enough to run on a loW-performance 
Wireless device. 

[0025] In one aspect of a preferred embodiment, the 
present invention comprises a system for video compression 
comprising a video preprocessor; a predictor con?gured to 
receive video data from the preprocessor; and an encoder 
con?gured to communicate With the predictor. Preferably, 
the preprocessor comprises a colorspace converter, a frame 
activity detector, and a subsampler, the predictor comprises 
a frame dilferencer and a reference frame handler, and the 
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encoder comprises an error image encoder and an image 
adder. In another aspect, the invention comprises a system 
for video decompression comprising a predictor and a 
decoder con?gured to communicate With the predictor. 
Preferably, the predictor comprises a reference frame han 
dler and Wherein said decoder comprises an error image 
decoder and a colorspace converter. 

[0026] In another aspect, the invention comprises a 
method for video compression, comprising receiving color 
video data represented in a ?rst colorspace representation, 
converting the received color video data to a second color 
space representation, identifying activity betWeen consecu 
tive frames of the converted color video data, subsampling 
the converted color video data, calculating error image data 
based on the subsampled and converted color video data and 
on the identi?ed frame activity, encoding the error image 
data, and transmitting the encoded error image data to a 
device capable of displaying color video data, Wherein the 
step of identifying activity is preferably performed before 
the step of subsampling. 

[0027] In another aspect, the invention comprises a 
method for video decompression comprising receiving 
encoded color video error image data, decoding the data, 
combining the decoded data With previously received data to 
construct video frame data in a ?rst colorspace representa 
tion, converting the color video frame data to a second 
colorspace representation With one pass through the data, 
and displaying the color video frame data, Wherein the step 
of converting comprises upsampling and dithering. Prefer 
ably, the step of converting is performed using look-up 
tables. 

[0028] In a further aspect, the invention comprises a 
method for compressing and decompressing color video 
data, comprising receiving color video data represented in a 
?rst colorspace representation and With a ?rst pixel depth; 
converting the color video data to a second colorspace 
representation With a second pixel depth; compressing the 
converted data; and decompressing the compressed con 
verted data, Wherein the step of decompressing comprises 
converting the data to a third colorspace representation With 
a third pixel depth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The patent or application ?le contains at least one 
draWing executed in color. Copies of this patent or patent 
application publication With color draWing(s) Will be pro 
vided by the US. Patent and Trademark O?ice upon request 
and payment of the necessary fee. 

[0030] FIGS. 1 and 2 are block diagrams of a typical prior 
art asymmetric video compression system. 

[0031] FIG. 3 is a block diagram of components of a 
preferred embodiment of the invention. 

[0032] FIG. 4 depicts activity thresholds used in a pre 
ferred embodiment. 

[0033] FIG. 5 depicts a preferred How of operations in an 
Error Image Encoder. 

[0034] FIG. 6 depicts a preferred How of operations in an 
Error Image Decoder. 

[0035] FIG. 7 depicts preferred data How steps Within a 
Video Preprocessor. 
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[0036] FIG. 8 depicts preferred data How steps Within a 
Predictor and Encoder. 

[0037] FIG. 9 depicts preferred data How steps Within a 
Decompressor. 

[0038] FIG. 10 illustrates preferred Y component subsam 
pling. 
[0039] FIG. 11 illustrates preferred S component subsam 
pling. 
[0040] FIG. 12 illustrates one-pass color conversion, de 
interlacing, and up-sampling. 

[0041] FIG. 13 depicts a color hexagon based on the HSV 
colorspace representation. 
[0042] FIG. 14 depicts an exemplary YST quantization 
pattern for 12-bit color. 

[0043] FIG. 15 depicts color histograms for video clips (a) 
susie.avi, (b) mummy.avi, and (c) elmo.avi. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0044] A preferred embodiment of the present invention 
comprises a color video codec. The ef?cient methods of a 
preferred embodiment of the codec alloW color video at 
128x117 pixel siZe and 10 fps to be decoded using less than 
125 kB of combined program and data memory and 0.8-2.4 
MIPS (depending on the video sequence) on an 8-bit color 
display. The codec generally achieves 30-50 times compres 
sion, but for some simple sequences may achieve 100 times 
compression or greater. The peak signal-to-noise ratio 
(PSNR), comparing the 24-bit input video to the 8-bit output 
video, is about 20 dB on the Y-channel. Most of this loss in 
quality comes from the color quantiZation; a color quanti 
Zation alone With no other compression applied gives similar 
PSNR results. 

Compressor 100 

[0045] In a preferred embodiment, a video compressor 
100 comprises three modules (see FIG. 3). The ?rst module, 
a Video Preprocessor 120, prepares the video for compres 
sion by converting to a more compressible colorspace, 
detecting the amount of activity in the video, and subsam 
pling. The second module, a Predictor 130, computes frame 
differencing and maintains prediction reference frames. The 
third module, an Encoder 140, encodes the error image to be 
transmitted in compressed form. The folloWing sections 
detail the operation of the three compressor modules. The 
“D” blocks 125, 135, 145, and 155 indicate time delays. The 
delays may be one or tWo frame periods, depending on 
activity level, as discussed beloW. 

[0046] Video Preprocessor 120 

[0047] Color Space Converter 122iThe video compres 
sor 100 preferably takes 24-bit RGB video input. Colorspace 
Converter 122 convert the input video from the input RGB 
colorspace to a YST colorspace. YST is a novel color format 
preferably used in the present invention. Conversion from 
RGB to YST concentrates the most important information in 
the video sequence into the Y component of the neW 
colorspace. The S and T components contain color infor 
mation that can be more aggressively subsampled to obtain 
better compression. The YST colorspace is described in 
greater detail beloW. 
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[0048] Frame Activity Detector 126iA frame activity 
detector 126 identi?es the amount of change betWeen the 
current frame and the previous frame, so that a compression 
method can be chosen based on the amount of frame activity. 
The amount of frame-to-frame change is commonly knoWn 
as the “error value,” and it is computed by summing the 
pixel-by-pixel differences betWeen the Y-components of the 
tWo frames, as shoWn in the formula beloW: 

In the formula, Y(i,j) is the pixel in the j-th column of the i-th 
roW of the matrix Y containing the Y-component data for a 
single video frame. 

[0049] Each frame is classi?ed on the scale depicted in 
FIG. 4 according to its error value. An error value of 0 
indicates that the current frame is identical to the previous 
frame, so that rather than compressing and sending the 
current frame, the decompressor is instructed to redisplay 
the previous frame. If the error value indicates that the 
change betWeen the current and previous frames is so small 
as to be unnoticeable, then a frame copy is also triggered. In 
the case of a frame copy, none of the further computations 
described are executedithe compressor simply sends a ?ag 
to the decompressor, and no video data is transmitted. 
Preferably, the number of consecutive frame copies is lim 
ited to a maximum that is speci?ed as a parameter. 

[0050] For loW activity frames, interlacing can be used to 
make the video resolution appear higher than it actually is. 
When the error value is small, but too large for a frame copy 
to be used, the current frame is identi?ed as “loW activity,” 
and interlacing is used to improve the perceived quality of 
the video. Interlacing is preferably only applied to the Y 
video channel; the S and T channels are preferably never 
interlaced. For frames With a lot of activity, interlacing 
produces distracting artifacts in video. Therefore, if the error 
value is large, the current frame is identi?ed as high activity, 
and interlacing is not used. 

[0051] If the activity in a frame is very high, the frame is 
identi?ed as a keyframe. Keyframes are typically triggered 
Within the Frame Activity Detector 126 at scene changes in 
the video sequence. Keyframes can preferably also be set 
from outside the Frame Activity Detector 126 by triggering 
at regular intervals or after a certain number of consecutive 
non-keyframes. In prediction and encoding, keyframes are 
preferably treated the same as other high-activity frames, 
except that the reference frame is ignored (i.e., the reference 
frame is set to all Zeros). 

[0052] The thresholds identifying the boundaries betWeen 
copied frames, loW activity frames, and high activity frames 
are parameters typically determined by trial-and-error, With 
values selected to give the best perceived results. In a 
preferred embodiment, a programmer makes the trial-and 
error determination and the selected values are hard-coded 
into the compressor. In an alternate embodiment, the values 
are changed on-the-?y during video compression. The same 
is true of the maximum frame-copy value. 

[0053] A preferred feedback loop for maintaining refer 
ence frames in Frame Activity Detector 126 uses dual 
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buffers that alloW a delay of either one or tWo frame periods. 
When interlacing is used, even-roW frames are compared 
With the previous even-roW frame, and odd-roW frames are 
compared With the previous odd-roW frame. Since even- and 
odd-roW frames alternate, this means that tWo frames Worth 
of reference data is maintained. For high activity frames that 
do not use interlacing, only the immediately previous frame 
is used. Since interlacing is only used on the Y channel, tWo 
previous frames of Y data are maintained, but only one 
previous frame of S and T data is maintained. 

[0054] Subsampler 124iTo save processing time and 
transmission bandWidth, each frame is preferably sub 
sampled by subsampler 124 before being compressed. The 
subsampled frame is enlarged back to its original siZe during 
the color conversion/ dithering/upsampling process (during 
a table lookup) in the decompressor 150. The Y component 
is preferably subsampled by a factor of 2 in each dimension, 
and the S and T components are preferably subsampled by 
a factor of 4 in each direction. 

[0055] The Y component subsampling is preferably com 
puted by applying a averaging ?lter across every other 
roW of the Y component matrix. For high activity frames, the 
even roWs are preferably used. For loW activity frames, the 
roWs used preferably alternateiif the even roWs Were used 

in the last frame, then the odd roWs are chosen for this frame, 
and vice versa. Note that this subsampling is not a pixel 
by-pixel tWo-dimensional computation; regardless of 
Whether interlacing is used, half of the roWs in the full-sized 
frame Will be ignored. An example is shoWn in FIG. 10, 
Where Y is the full-siZe 8x8 pixel Y component and Y'evens 
and Y'Odds shoW the subsampled Y components for the even 
and odd roW cases. 

[0056] The S and T component subsampling is preferably 
computed by segmenting the S and T component matrices 
into 4><4 pixel blocks and averaging the 16 pixels in each 
block. The S and T components are subsampled in the same 
Way regardless of Whether the frame is interlaced or not. An 
example is shoWn in FIG. 11, Where S is the full-siZe 8x8 
pixel S component, and S' is the subsampled 2x2 S com 
ponent. The T component is treated identically. 

[0057] Predictor 130 Since motion estimation or compen 
sation preferably are not used, the predictor module operates 
in a straightforWard manner. 

[0058] Reference Frame Handler 134 The tWo previous 
frames of Y channel data and one previous frame of S and 
T channel data are stored as reference frames for computing 
an error image. TWo frames are needed for the Y channel 
because interlacing requires one frame for the even roWs and 
one for the odd roWs. When interlacing is not used, only the 
immediately preceding reference frame is needed. Note that 
these reference frames are preferably received from Image 
Adder 144, and have been quantized and dequantiZed (by 
Error Image Encoder 142, described beloW) to mimic, and 
preserve synchronization With, the state of the decompres 
sor. They are not the same as the reference frames used in the 
Frame Activity Detector 126. The Reference Frame Handler 
134 sends a copy of the reference frame to the Frame 
Dilferencer 132, for calculation of the error image, and sends 
a copy to Image Adder 144, to be added to the subsequently 
dequantiZed error image and returned as the next (i.e., 
updated) reference frame. Depending on Whether interlace 
mode is used, the appropriate reference frame is sent to 
















