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Obtain a block of N video frames / 200 

t K202 
Separately apply transform(s) to each video frame, to 
generate a set of decomposed video frames. This may 
include quantizing the coefficients, and remapping 
coefficients into subbands. 

t K204 
Apply wavelet-like decomposition transform(s) to at least 
one low spatial frequency subband in the sequence of 
decomposed video frames so as to perform a temporal 
decomposition of the coefficients in the at least one low 
spatial frequency subband. This may include quantizing 
the tranform coefficients. 

During the temporal decomposition, use the data for the 
last frame of the previous block of video frames, and 
edge data stored in a set of edge buffers during the 
temporal decomposition of the previous block of video 
frames. Save edge data from the current temporal 
decomposition in the set of edge buffers, for use in the 
temporal decomposition of the next block of video frames. 

Other subbands of the decomposed video frames are not 
processed by the temporal decomposition transforms. 

J fzoe 
Perform sparse data encoding on the tranform 
coefficients generated bythe temporal decomposition 
on the at least one low spatial frequency subband. 
Also perform sparse data encoding on the other 
subbands in each of the decomposed video frames. 
The resulting encoded data is stored in a data 
structure representing the block of video frames. 

FIG. 4 
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Temporal Transform on (L1) 

\at [300 
Retrieve data from frame 0 to N-1 at position L], and also 
retrieve data from previous frame {-1) at position i,j. 

v [302 
Perform layer 1 wavelet-like transform on data at position i,j. 

v (304 
Copy the rightmost L coefficient (e.g., L7 in Fig. 8) to edge 
buffer. 

l [306 
Rearrange the coefficients from the layer 1 wavelet-like 
transform to put the L coefficients in one set of contiguous 
positions and the H coefficients at another set of contiguous 
positions. 

1, [308 
Perform layer 2 wavelet-like transform on the L coefficients 
from the layer 1 transform, as well as the layer 1 L coefficient 
from the previous block of video frames stored in the edge 
data buffer for position i,j, layer 1. 

l [310 
Copy the rightmost L coefficient (e.g., L3 in Fig. 8) to edge 
buffer. 

‘V [312 
Rearrange the coefficients from the layer 2 wavelet-like 
transform to put the L coefficients in one set of contiguous 
positions and the H coefficients at another set of contiguous 
positions. 

t 

@ 
FIG. 9A 
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[314 
Perform layer‘3 wavelet-like transform on the L coefficients 
from the layer 2 transform, as well as the layer 2 L coefficient 
from the previous block of video frames stored in the edge 
data buffer for position i,j, layer 2. 

[316 V 

Rearrange the coefficients from the layer 3 wavelet-like 
transform to put the L coefficients in one set of contiguous 
positions and the H coefficients at another set of contiguous 
positions. 

FIG. 9B 

Header Data indicating: \330 
size of video block file; 
number of video frames per block; 
image quality level; 
number of wavelet transform layers used on each video 
frame; (which indicates number of spatial subbands); 
number of wavelet transform layers used for temporal 
decomposition; 
identification of the temporally decomposed subbands; 
size of tiles used for data compression, etc. 

Temporally Compressed Data \332 
Representing Low Frequency Subbands 

Data Representing subbands of video 
frame 0 that were not temporally X3344) 
decomposed. 

Data Representing subbands of video 
frame N-t that were not temporally \334_N_1 
decomposed. 
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Perform sparse data decoding of the coefficients 
generated by the temporal decomposition of the at 
least one low spatial frequency subband. Also 
perform sparse data decoding of the other subbands 
in each of the decomposed video frames. 

t {1354 
Apply inverse wavelet-like transform(s) to the 
coefficients for the at least one low spatial frequency 
subband so as to reconstruct the at least one low 
spatial frequency subband. 

During the temporal reconstruction, use the data for 
the last frame of the previous block of video frames, 
and edge data stored in a set of edge buffers during 
the temporal decomposition of the previous block of 
video frames. Save edge data from the current 
temporal reconstruction in the set of edge buffers, for 
use in the temporal reconstruction of the next block of 
video frames. 

‘ f 356 
Dequantize the reconstructed coefficients. 

t K358 
Separately apply inverse spatial transform(s) to each 
video frame, to generate a set of reconstructed video 
frames. 
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SYSTEM AND METHOD FOR ENCODING A 
VIDEO SEQUENCE USING SPATIAL AND 

TEMPORAL TRANSFORMS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 09/358,876 ?led Jul. 22, 1999, 
Which claimed priority on US. provisional patent applica 
tion 60/094,129, ?led Jul. 24, 1998. 

[0002] The present invention relates generally to the pro 
cessing and storage of video images Where sequences of 
video frames must be processed With relatively little 
memory, and particularly to a system and method for apply 
ing a Wavelet or Wavelet-like transform to a stream of video 
frames to perform a spatial decomposition transform, and 
then applying a time domain Wavelet or Wavelet-like trans 
form to at least the loWer spatial frequency coef?cients in 
groups of the decomposed video frames. The time domain 
(temporal) transforms are performed using an asymmetric, 
memory ef?cient transform, Without generating undesirable 
border effects. 

BACKGROUND OF THE INVENTION 

[0003] The digital video data stream for even a feW 
minutes of a video program, if uncompressed, Will occupy 
very large quantities of memory. Numerous methods of 
video data compression have been used and many others 
described in publications and the like. 

[0004] The present invention uses the Well knoWn data 
compression capabilities of decomposition transforms, such 
as Wavelet and Wavelet-like transforms, in a neW Way to 
improve compression of video data streams. In particular, 
the inventor has found that the loW spatial frequency com 
ponents of a sequence of video frames are highly compress 
ible using a temporal transform, such as Wavelet or Wavelet 
like transform. HoWever, the inventor has found that the 
high spatial frequency components of a typical sequence of 
video frames are often much less compressible than the loW 
frequency components. The present invention is designed to 
make use of these properties of typical video data streams so 
as to achieve very good data compression, While using 
reasonable computational resources. 

[0005] Another aspect of the present invention concerns 
hoW to best perform a temporal Wavelet or Wavelet-like 
transform on a sequence of video frames. It is not practical 
to perform a temporal transform on a sequence of video 
frames of unlimited length due to the Working memory 
required for storing the video frames. Thus, the video frames 
must be processed in batches or blocks, such as blocks of 4, 
8, 16, 32 or 64 sequential frames. A sequence of N/2 
interleaved frames may be treated as a sequence of N 
frames, With the odd and even lines of an interleaved frame 
being treated as tWo sequential frames. HoWever, to take full 
advantage of the temporal properties of a sequence of video 
frames, the inventor has found that it is advantageous While 
processing one block of video frames to take into account 
loW spatial frequency properties of the previous block of 
video frames that continue into the current block. Also, the 
temporal transform should, ideally, be performed so that 
upon reconstruction of the video frames, abrupt discontinui 
ties betWeen neighboring video frames (i.e., discontinuities 
not present in the original video frames) are avoided, While 
also avoiding the Working memory requirements of process 
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ing a much longer sequence of video frames than the 
sequence found in any one block of video frames. 

[0006] Further, it Would be advantageous for the temporal 
decomposition transform to be compatible With a variety of 
different spatial decomposition transforms applied to the 
individual video frames. In other Words, regardless of 
Whether the individual video frames are decomposed using 
DCT, or a Wavelet or Wavelet-like transform, the temporal 
decomposition transform should be helpful in improving 
data compression. 

SUMMARY OF THE INVENTION 

[0007] In summary, the present invention is a system and 
method for compressing and encoding a stream of digital 
video frames. The system and method receives a sequence of 
video frames, each video frame containing an array of image 
data representing an image. A spatial transform module 
performs a spatial decomposition transform on the indi 
vidual video frames to generate spatially transformed video 
frames. Each of the spatially transformed video frames 
includes a plurality of subbands of data, including at least 
one loW spatial frequency subband of data. A temporal 
transform module performs a temporal decomposition trans 
form on blocks of the spatially transformed video frames. 
Each block contains a prede?ned number of the spatially 
transformed video frames in a sequence corresponding to the 
sequence of the corresponding video frames. The temporal 
transform module applies a temporal decomposition trans 
form to at least one loW spatial frequency subband of data in 
the spatially transformed video frames so as to generate 
temporally transformed video data. The temporal decompo 
sition transform is an asymmetric transform that extends 
beyond a current block of spatially transformed video 
frames to a trailing edge of a previous block of spatially 
transformed video frames, but does not eXtend beyond the 
current block of spatially transformed video frames into a 
neXt block of spatially transformed video frames. 

[0008] A data encoder encodes, for each block of video 
frames, the temporally transformed video data and the 
subbands of data, if any, of the spatially transformed video 
frames in the block to Which the temporal decomposition 
transform Was not applied. 

[0009] In a preferred embodiment, the temporal decom 
position transform is a Wavelet or Wavelet-like decomposi 
tion transform. The at least one loW spatial frequency 
subband includes, for each video frame, a plurality of 
coef?cients at positions (i,j). The temporal decomposition 
transform includes a plurality of transform layers, including 
?rst, second and last transform layers. Each of the plurality 
of transform layers other than the last transform layer 
produce intermediate coef?cients for input to a neXt trans 
form layer. 

[0010] An edge data buffer is used to store, for each 
coef?cient in the at least one loW spatial frequency subband, 
at least one intermediate coef?cient generated by the tem 
poral decomposition transform When applied to the previous 
block of video frames. The temporal transform uses the at 
least one intermediate coef?cient stored in the edge buffer, 
corresponding to each coef?cient in the at least one loW 
spatial frequency subband, as input to at least one of the 
transform layers of the temporal decomposition transform 
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When the temporal decomposition transform is applied to the 
current block of video frames. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Additional objects and features of the invention 
Will be more readily apparent from the folloWing detailed 
description and appended claims When taken in conjunction 
With the drawings, in Which: 

[0012] FIG. 1 is a block diagram of a video data distri 
bution stream in accordance With an embodiment of the 
present invention. 

[0013] FIG. 2 is a block diagram of a video data encoding 
Workstation. 

[0014] FIG. 3 schematically depicts a process of trans 
forming video data for a stream of video frames. 

[0015] FIG. 4 is a high level How chart of a spatial and 
temporal transform process in accordance With the present 
invention. 

[0016] FIGS. 5A, 5B, 5C and 5D depict a sequence of 
video frames to Which different spatial decomposition trans 
forms have been applied. 

[0017] FIGS. 5E and SF depict a remapping of DCT 
coef?cients from siXteen 8x8 DCT blocks into a 32x32 
block having a set of spatial frequency subbands. 

[0018] FIGS. 6 and 7 schematically depict a block of 
video frames to Which a temporal decomposition transform 
Will be applied. 

[0019] FIG. 8 depicts the application of a temporal trans 
form to tWo blocks of video frames and the use of an edge 
data buffer to store edge coef?cients generated during the 
temporal transform of the ?rst block of video frames and 
used as input during the temporal transform of the second 
block of video frames. 

[0020] FIGS. 9A and 9B depict a How chart of a memory 
ef?cient temporal decomposition procedure. 

[0021] FIG. 10 depicts a data structure for storing a 
compressed block of video frames. 

[0022] FIG. 11 depicts a pair of edge data buffer data 
structures for storing edge coef?cients from one block of 
video frames and used While performing a temporal decom 
position of a neXt block of video frames. 

[0023] FIG. 12 is a How chart of a temporal and spatial 
and temporal inverse transform process for reconstructing a 
compressed block of video frames in accordance With the 
present invention. 

[0024] FIGS. 13A and 13B depict data structures used in 
a preferred implementation of a “nested quadratic splitting” 
(NQS) data encoding method. 

[0025] FIG. 14 is a How chart of a method of encoding a 
block of an image using a “nested quadratic splitting” (NQS) 
data encoding method. 

[0026] FIG. 15 is a How chart of a preferred implemen 
tation of the “MaXBit” function used by the “nested qua 
dratic splitting” (NQS) data encoding method that is repre 
sented by the How chart in FIG. 14. 
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[0027] FIG. 16 is a How chart of a preferred implemen 
tation of a method of decoding an image lock that has been 
encoded using the piXel value remapping and NQS data 
encoding method of the present invention. 

[0028] FIG. 17 is a How chart of a procedure for decoding 
MaXBit values in a compressed image block ?le. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] In this document, the term “Wavelet transform” is 
used to mean either a Wavelet or Wavelet-like transform or 

?lter. A Wavelet-like transform typically is implemented as 
a short FIR ?lter, making application of the transform to a 
set of data computationally ef?cient. The Wavelet-like trans 
forms used in the present invention are preferably lossless 
transforms, Which are losslessly reversible. When a Wavelet 
like transform is used in conjunction With quantiZation of the 
coef?cients generated by the Wavelet-like transform, the 
transform is no longer lossless, but data compression is 
improved. 
[0030] In this document, the terms “inverse transform” 
and “reconstruction transform” mean the same thing. In the 
present invention inverse transforms are used to reconstruct 
data, such as spatial transform coef?cients or image data. 

[0031] A “block” is used in this document to refer to a 
block of sequential video frames. Ablock, for instance, may 
include a set of siXteen video frames. The number of frames 
in a block Will vary from one implementation to another and 
may range from as feW as eight frames and to as many as 128 
frames; hoWever, using circa 2001 technology, the number 
of video frames per block is eXpected to most often be 
siXteen or thirty-tWo. 

[0032] The term “Working memory” is used in this docu 
ment to mean high speed random access memory or other 
memory suitable for storing data Whose value is being 
modi?ed by computations. Working memory is contrasted 
With other forms of memory, such as read only memory, disk 
storage and memory With update times too sloW for use in 
computations. 
[0033] The present invention may be implemented in a 
variety of devices that process images, including a variety of 
computer systems, ranging from high end Workstations and 
servers to loW end client computers, as Well as in application 
speci?c dedicated devices, such as digital video cameras, 
personal computers, and World Wide Web access devices 
With video capabilities. 

[0034] Video sequences includes progressive video 
sequences and interleaved video sequences. In a preferred 
embodiment, When the video sequence to be encoded is an 
interleaved video sequence, each group or sequence of N/2 
interleaved frames is be treated as a sequence of N frames, 
With the odd and even lines of each interleaved frame being 
treated as separate, sequential frames. 

System for Encoding and Distributing Video Data 

[0035] FIG. 1 shoWs a distributed computer system, 
including a Web or application server 140 and a number of 
client computers 120, for distributing images and video data 
(i.e., image and video ?les) to the client computers via a 
communications netWork 110, such as the Internet, a Wired 




















