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COMPRESSIVE SAMPLING FOR MULTIMEDIA CODING

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S. Provisional Patent Application
61/026,189 filed February 5, 2008 by Jun Tian et al. and entitled “System and Method for
Compressive Sampling for Multimedia Coding,” which is incorporated herein by reference as if
reproduced in its entirety.
BACKGROUND

[0002] In data communications and data storage, the amount of data can be reduced using
compression schemes or algorithms. The compression schemes encode the data using fewer data
values or units without losing substantial information. As such, the data can be stored or
transported with reduced storage, bandwidth, or other resources. Some compression schemes are
lossless techniques, in that the redundancies in the data are reduced or eliminated without losing
any information in the data. Other compression schemes are lossy techniques, in that the quantities
of data values are reduced with some loss of information, which may be acceptable or tolerated.
The compressed data can be decompressed using decompression schemes that correspond to the
applied compression schemes.

[0003] Different compression schemes can be applied to different types of digital data,
including text, image, audio, video, or other types of communicated or stored data. For example,
compression schemes for text data include the ZIP and RAR file formats. Compression schemes
for image data include Joint Photographic Experts Group (JPEG) and JPEG 2000 standards.

Compression schemes for video data include different Moving Picture Experts Group (MPEG)
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standards, such as MPEG-1, MPEG-2, MPEG-4, and MPEG-4 Part 10 for Advanced Video
Coding (AVC) and International Telecommunication Union Telecommunication Standard Sector
(ITU-T) Video Coding Expert Group (VCEG) standards, such as H.263 and H.264. Compression
schemes for audio data include Moving Picture Experts Group (MPEG) standards, such as MPEG-
1 Audio Layer 3 (MP3), Advanced Audio Coding (AAC), High Efficiency-AAC (HE-AAC) or
AACplus, enhanced AACplus, and low delay AAC (LD-AAC), International Telecommunication
Union Telecommunication Standard Sector video and audio Standards, such as G.711, G.718,
G.723, G.728, G.729, etc., and The 3" Generation Partnership Project (3GPP) audio codec
standards, such as AMR, AMR-WB, Audio Video Standard (AVS), hardware video compressor
(HVC), 3D MPEG surround, unified speech and audio coding (USAC), etc. Other widely adopted
but nonstandard audio, video, and image codec, such as Microsoft Windows Media codec, etc,
may also be applied.

SUMMARY
[0004] In one embodiment, the disclosure includes an apparatus comprising a decorrelator, a
compressive sampler coupled to the decorrelator, and an encoder coupled to the compressive
sampler, wherein the compressive sampler is configured to receive sparse data and compress the
sparse data using compressive sampling.
[0005] In another embodiment, the disclosure includes a network component comprising at
least one processor configured to implement a method comprising decorrelating sparse data or data
including sparse data, compressing the sparse data using compressive sampling, and encoding the
data.
[0006] In yet another embodiment, the disclosure includes a method comprising receiving a

data stream comprising a sparse data portion, compressing the sparse data portion using
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compressive sampling, and compressing the remaining data portion without using compressive
sampling.
[0007] These and other features will be more clearly understood from the following detailed
description taken in conjunction with the accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] For a more complete understanding of this disclosure, reference is now made to the
following brief description, taken in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like parts.
[0009] FIG. 1 is a schematic diagram of an embodiment of a compressive sampling data
compression system.
[0010] FIG. 2 is a schematic diagram of another embodiment of a compressive sampling data
compression system.
[0011] FIG. 3 is a schematic diagram of another embodiment of a compressive sampling data

compression system.

[0012] FIG. 4 is a flowchart of an embodiment of a data compression method.

[0013] FIG. 5 is a schematic diagram of an embodiment of a general-purpose computer system.
DETAILED DESCRIPTION

[0014] It should be understood at the outset that although an illustrative implementation of one

or more embodiments are provided below, the disclosed systems and/or methods may be
implemented using any number of techniques, whether currently known or in existence. The
disclosure should in no way be limited to the illustrative implementations, drawings, and

techniques illustrated below, including the exemplary designs and implementations illustrated and
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described herein, but may be modified within the scope of the appended claims along with their
full scope of equivalents.

[0015] Most data compression techniques generally comprise three steps: decorrelation
transformation, quantization, and entropy coding. Decorrelation transformation refers to the
process of reducing repeated or periodical data patterns or similarities between data patterns.
Quantization refers to the process of substituting a continuous range of data values or a relatively
large set of discrete values by a smaller set of discrete symbols or integer values. Entropy coding
refers to the process of encoding data in a lossless manner, e.g. without losing any information.
Although generally completed in the order described, these steps may be completed in any order.
[0016] According to the Shannon sampling theory, a data signal with limited signal bandwidth
may be reconstructed or decompressed without loss of information when the sampling rate used for
compressing the data is greater than twice the highest bandwidth frequency, also referred to as the
Nyquist rate. If the data is compressed using a sampling rate smaller than twice the highest
bandwidth frequency, e.g., with fewer samples or values, the reconstructed data will lack some
information or contain some error, and the data signal is said to be aliased. However, a recent
compressive sampling theory shows that if the data comprises a sparse portion, which may be
substantially represented by a plurality of values equal to zero or substantially smaller than the
remaining values, the data signal may still be reconstructed using a smaller number of values than
the number of the Nyquist rate samples with substantially no loss of information. Many data types,
such as audio, image, and video, may comprise sparse data portions, and hence compressive
sampling may be suitable to compress such data. Compressive sampling may also be referred to as

compressive sensing, compressed sensing, or sparse sampling.
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[0017] Disclosed herein is a system and method for compressing data using compressive
sampling with substantially no loss of information. Specifically, the data may comprise at least
one sparse portion, which may be compressed using compressive sampling, e.g. using a subset of
the values in the data, which may be selected randomly. The remaining portions of the data may
be compressed in a conventional manner without compressive sampling. In one embodiment, a
conventional data compression scheme may be modified and used for sparse data, where the
quantization process may be replaced by compressive sampling after the decorrelation
transformation and before entropy coding. In another embodiment, the quantization process may
be combined with or modified to include compressive sampling to compress sparse and non-sparse
data. In yet another embodiment, a new data compression scheme based on compressive sampling
may be used for sparse data or data including sparse data portions. The proposed compressive
sampling based procedures may provide significantly reduced representations for digital data, and
hence reduce storage cost, communication bandwidth, or other processing resources.

[0018] FIG. 1 illustrates one embodiment of a data compression system 100 that uses
compressive sampling. The data compression system 100 may be based on a standard data
compression scheme, such as JPEG for image compression, MP3 for audio compression, or MPEG
for video compression. The data compression system 100 may comprise a sparse data
compression component 110, which may be configured to implement a compressive sampling
based compression for sparse data. The data compression component 110 may comprise a
decorrelator 112, a compressive sampler 114, and an encoder 116.

[0019] The decorrelator 112 may be configured to receive sparse data and reduce any
redundancies or similarities in the data. The data may comprise at least one signal, a bit stream, a

plurality of real or integer values, a vector or list of values, or other data types that may be



WO 2009/097824 PCT/CN2009/070359

represented in an array or string format or a matrix format. The decorrelation transformation 112
may be used to reduce autocorrelation or cross-correlation within the data and preserve other
aspects of the signal. In an embodiment, the decorrelator 112 may use a linear transformation or a
filter, such as a Karhunen-Lo¢ve transform or a discrete cosine transform, to reduce the
autocorrelation of a signal. Additionally, the decorrelator 112 may use other filters or transform
functions to reduce the error or noise in the data.

[0020] The compressive sampler 114 may be configured to receive the decorrelated sparse data
from the decorrelator 112 and apply compressive sampling to the data. The sparse data may be
substantially represented by a plurality of values equal to about zero or substantially smaller than
the remaining values. According to compressive sampling theory, a random subset of global
measurements of the sparse data may be used to reconstruct the sparse data with substantially no
loss of information. In some embodiments, the sparse data may be represented in some transform
domain (e.g., time domain, frequency domain, etc.) using some significant coefficients and
substantially more remaining coefficients, where significance means large magnitude. The
significant coefficients may contribute most of the information or more information than the
remaining coefficients. The remaining coefficients may be substantially smaller than the
significant coefficients or equal to about zero. A random subset of compressive measurements
may be used to reconstruct the sparse data with substantially no loss of information.

[0021] The sparse data may be processed using compressive sampling without using a
quantization process, e.g., without replacing the actual data values with a limited set of discrete
values. In some embodiments, the sparse data may be further processed, for instance using motion
estimation or compensation in the case of video data, perceptual modeling, or both. The sparse

data may be compressed using a compressive sampling matrix, which may satisfy a uniform
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uncertainty principle (UUP). Accordingly, the compressive sampling matrix may conform to a
restricted isometry condition, where at least a subset of the columns of the compressive sampling
matrix may be about orthonormal. The subset may comprise a number of columns proportional to
the cardinality, S, of the data vector, e.g., the number of non-zero values in the data. Alternatively,
the columns of the compressive sampling matrix may be about orthogonal.

[0022] Further, the compressive sampling matrix may comprise a total number of columns, N,
equal to the total number of values in the data vector, and a total number of rows, K, which may be
greater than about S and less than about N. The total number of rows, K, may also be proportional
to S, N, or both. In an embodiment, the total number of rows K may be substantially smaller than
about N. For example, if a data bit stream comprises about 10,000 bits, the number of rows K may
be equal to about 300 and the number of columns, N, may be equal to about 1,000. In some
embodiments, the compressive sampling process may be improved when K is greater than a
product of C, S, and log(N), and S is less than or equal to about a product of C and K divided by
log(N / K), where C is a constant, such as a positive integer.

[0023] In an embodiment, the compressive sampling matrix may comprise more zero values
than non-zero values, which may be generated randomly based on some random distribution or on
some transform, such as Fourier coefficients. In such a case, the compressive sampling matrix is
said to be sparse. For instance, each row or column may comprise about one non-zero value and a
plurality of remaining zero values. In other embodiments, the compressive sampling matrix may
comprise more non-zero values than zero values and the matrix is said to be dense. The
compressive sampling matrix may be multiplied by the data vector to obtain a compressive
sampling data vector, which may comprise a smaller number of values that represent compressed

data. The smaller number of values, e.g., compressed sparse data, may then be used to retrieve the
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sparse data in a reverse manner. For instance, the compressive sampling data vector may be
processed using the same compressive sampling matrix to retrieve the data vector representing the
sparse data.

[0024] The encoder 116 may be configured to receive the compressed sparse data from the
compressive sampler 114. The received data may be encoded using entropy coding. For instance,
a unique prefix code may be assigned to each data value or symbol. The encoder 116 may replace
the data values, which may have fixed sizes or lengths, with the assigned prefix codes, which may
have variable lengths. The lengths of the prefix codes may be about proportional to the negative
logarithm of the probability of occurrence of the data symbol. As such, the most occurring data
symbols may be substituted with the shortest prefix codes. The data may be encoded using
different entropy coding techniques, including Huffman coding and arithmetic coding. In some
embodiments, if the approximate entropy characteristics of the data are known in advance, a
simpler static code may be used, including universal codes, such as Elias gamma coding or
Fibonacci coding, and Golomb codes, such as Unary coding or Rice coding.

[0025] FIG. 2 illustrates an embodiment of another data compression system 200, which may
be used to compress data including sparse data portions based on a combination of standard data
compression and compressive sampling. The data compression system 200 may comprise a data
compression component 210, which may be configured for compressive sampling. The data
compression component 210 may comprise a decorrelator 212, a quantizer 214, and an encoder
216. The data compression component 210 and the encoder 216 may be configured to process the
data substantially similar to the decorrelator 112 and the encoder 116, respectively.

[0026] The quantizer 214 may be configured to receive the data from the decorrelator 212 and

compress the data using a combination of quantization and compressive sampling. The portions of
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the data, which may not comprise sparse data, may be compressed in a conventional manner based
on some quantization scheme. For example, in the case of JPEG image data, the image data may
be quantized by reducing the number of data bits, which may also reduce the resulting image
quality. The quantization process may represent the JPEG image data with acceptable quality
using less than or about three bits per pixel instead of about 24 or more bits per pixel in the original
image.

[0027] Additionally, the quantizer 214 may process the sparse data portions of the data using
compressive sampling. As such, the quantizer 214 may detect the sparse data portions, for instance
by using some domain transformation and checking the resulting transform coefficients. The
detected sparse data may then be processed using compressive sampling, as described above. In an
embodiment, the sparse data portions may be detected and compressed using compressive
sampling before the quantization process. Accordingly, the compressed sparse data may be
combined with the remaining data and then quantized. Alternatively, the entire data may be
quantized and then the sparse data portions may be detected and further compressed using
compressive sampling. The resulting combined quantized and compressed data may then be sent
for encoding to the encoder 216.

[0028] FIG. 3 illustrates an embodiment of an alternative data compression system 300, which
may be based on compressive sampling and used to compress sparse data or data including sparse
data portions. The data compression system 300 may not be based on conventional or standard
data compression schemes. In one embodiment, the data compression system may comprise a
compressive sampling compression component 310, which may be configured to compress sparse
data. The sparse data may be compressed using a compressive sampling matrix, which may be

modified for additional decorrelation of the sparse data, without quantization. The compressed
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sparse data may also be coded using entropy coding. In another embodiment, the compressive
sampling compression component 310 may be configured to compress data including sparse data
portions, where a compressive sampling matrix combined with a decorrelation matrix may be used
to compress the sparse data and a quantization process may be used to compress the non-sparse
data.

[0029] The compressive sampling compression component 310 may use transforms, filters,
functions, or combinations thereof to optimize compressive sampling of the sparse data. For
instance, the compressive sampling compression component 310 may use a modified discrete
cosine transform (mDCT), a discrete cosine transform (DCT), a fast Fourier transform (FFT), or a
discrete wavelet transform (DWT) to obtain quantized coefficients for compressing the sparse data.
The compressive sampling process may be optimized in an iterative procedure to improve the
transform coefficients, the geometric moment, or other features of the transform. The optimized
compressive sampling information, including the optimized compressive sampling matrix, the
quantized coefficients, or other features of the transform, may be needed to retrieve the original
data form the compressed data.

[0030] In some embodiments, the data compression systems above may be used in conjunction
with data decompression systems, which may be configured to decompress the compressed data in
a reversed manner. As such, the data decompression systems may comprise decoders, which may
be configured to implement entropy decoding, for instance by replacing the prefix codes with the
corresponding data values or symbols. Additionally, the data decompression systems may
implement decompressed sampling, where the decoded values may be processed to obtain the
decompressed data. The decoded values may comprise the compressed sparse data, which may be

decompressed using a reversed compressed sampling procedure and the same compressed

10
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sampling matrix. Different optimization or solution methods may be used to decompress the
compressed sparse data, including 11-minimization, orthogonal matching pursuit (OMP), or
regularized OMP (ROMP). The decoded values may also comprise the remaining compressed
non-sparse data, which may be decompressed using a reverse quantization process.

[0031] FIG. 4 illustrates an embodiment of a data compression method 400, which may be
used to compress data, including sparse data portions. The data compression method 400 may start
at block 410, where the data compression method 400 may verify whether the data comprises at
least one sparse data portion. For example, the sparse data portions may be detected by analyzing
the individual values in the data with respect to each other or analyzing some transform
coefficients that are associated with the data in some transform domain. The data compression
method 400 may proceed to block 420 if the at least one sparse data portion is detected; otherwise
the data compression method 400 may proceed to block 430.

[0032] At block 420, the data compression method 400 may use compressive sampling based
compression to compress the sparse data and standard compression techniques without
compressive sampling to compress the remaining data. In the case of compressive sampling, the
data compression method 400 may use a compressive sampling matrix, such as a Gaussian matrix,
a binary matrix, a Fourier matrix, or an incoherent matrix. The rows of the Gaussian matrix may
comprise random values, which may be generated based on a normal distribution with zero mean
and a variance equal to about the inverse of the number or rows of the matrix. The rows of the
binary matrix may comprise random values, which may be generated based on a symmetric
Bernoulli distribution. The rows of the Fourier matrix may comprise Fourier coefficients, which

may be randomly selected from the Fourier coefficients corresponding to the data and

11
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renormalized. The rows of the incoherent matrix may comprise values, which may be randomly
selected from an orthonormal matrix corresponding to the data and renormalized.

[0033] In an example, an image data may be represented using a data matrix comprising about
512 rows and about 512 columns. The image data may be further processed using a wavelet
transform to obtain a plurality of frequency image data components. The three highest frequency
image data components, HL.1, LH1, and HH1, may each be represented by a frequency component
matrix comprising about 256 rows and about 256 columns. The frequency component matrices
may be sparse matrices, €.g., comprise substantially zero values and relatively few non-zero values,
and hence may be compressed using compressive sampling. A different compressive sampling
matrix may be optimized and used for each of the three frequency component matrices or the same
compressive sampling matrix may be optimized and used for the three frequency component
matrices. Each of the frequency component matrices may be rearranged into a frequency
component column vector comprising all the values in the matrix, which may be about 65,536
(256x256) values. As such, the compressive sampling matrix may comprise about 256 rows and
about 65,536 columns and may be multiplied with the corresponding frequency component column
vector to obtain a compressed data column vector comprising about 256 values that represent about
65,536 original values. As such, the total number of values for each of the three highest frequency
image data components, HL.1, LH1, and HH1, may be reduced from about 65,536 to about 256,
and the total number of values in all three may be reduced from about 196,608 to about 768. The
original values may then be recovered from each compressed data column vector using the inverse

or pseudo-inverse of the corresponding compressive sampling matrix.

12
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[0034] At block 430, the data compression method 400 may use standard compression
techniques, including quantization to compress the non-sparse data. The data compression method
400 may end after processing all the data at block 420 or block 430.

[0035] The components described above may be implemented on any general-purpose network
component, such as a computer or network component with sufficient processing power, memory
resources, and network throughput capability to handle the necessary workload placed upon it.
FIG. 5 illustrates a typical, general-purpose network component 500 suitable for implementing one
or more embodiments of the components disclosed herein. The network component 500 includes a
processor 502 (which may be referred to as a central processor unit or CPU) that is in
communication with memory devices including secondary storage 504, read only memory (ROM)
506, random access memory (RAM) 508, input/output (I/0O) devices 510, and network connectivity
devices 512. The processor 502 may be implemented as one or more CPU chips, or may be part of
one or more application specific integrated circuits (ASICs).

[0036] The secondary storage 504 is typically comprised of one or more disk drives or tape
drives and is used for non-volatile storage of data and as an over-flow data storage device if RAM
508 is not large enough to hold all working data. Secondary storage 504 may be used to store
programs that are loaded into RAM 508 when such programs are selected for execution. The
ROM 506 is used to store instructions and perhaps data that are read during program execution.
ROM 506 is a non-volatile memory device that typically has a small memory capacity relative to
the larger memory capacity of secondary storage 504. The RAM 508 is used to store volatile data
and perhaps to store instructions. Access to both ROM 506 and RAM 508 is typically faster than

to secondary storage 504.
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[0037] At least one embodiment is disclosed and variations, combinations, and/or
modifications of the embodiment(s) and/or features of the embodiment(s) made by a person having
ordinary skill in the art are within the scope of the disclosure. Alternative embodiments that result
from combining, integrating, and/or omitting features of the embodiment(s) are also within the
scope of the disclosure. Where numerical ranges or limitations are expressly stated, such express
ranges or limitations should be understood to include iterative ranges or limitations of like
magnitude falling within the expressly stated ranges or limitations (e.g., from about 1 to about 10
includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). For example, whenever a
numerical range with a lower limit, R, and an upper limit, Ry, is disclosed, any number falling
within the range is specifically disclosed. In particular, the following numbers within the range are
specifically disclosed: R =R;+ k * (Ry- Ry), wherein k is a variable ranging from 1 percent to 100
percent with a 1 percent increment, i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, S percent, ...,
50 percent, 51 percent, 52 percent, ..., 95 percent, 96 percent, 97 percent, 98 percent, 99 percent,
or 100 percent. Moreover, any numerical range defined by two R numbers as defined in the above
is also specifically disclosed. Use of the term “optionally” with respect to any element of a claim
means that the element is required, or alternatively, the element is not required, both alternatives
being within the scope of the claim. Use of broader terms such as comprises, includes, and having
should be understood to provide support for narrower terms such as consisting of, consisting
essentially of, and comprised substantially of. Accordingly, the scope of protection is not limited
by the description set out above but is defined by the claims that follow, that scope including all
equivalents of the subject matter of the claims. Each and every claim is incorporated as further
disclosure into the specification and the claims are embodiment(s) of the present disclosure. The

discussion of a reference in the disclosure is not an admission that it is prior art, especially any
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reference that has a publication date after the priority date of this application. The disclosure of all
patents, patent applications, and publications cited in the disclosure are hereby incorporated by
reference, to the extent that they provide exemplary, procedural, or other details supplementary to
the disclosure.

[0038] While several embodiments have been provided in the present disclosure, it should be
understood that the disclosed systems and methods might be embodied in many other specific
forms without departing from the spirit or scope of the present disclosure. The present examples
are to be considered as illustrative and not restrictive, and the intention is not to be limited to the
details given herein. For example, the various elements or components may be combined or
integrated in another system or certain features may be omitted, or not implemented.

[0039] In addition, techniques, systems, subsystems, and methods described and illustrated in
the various embodiments as discrete or separate may be combined or integrated with other systems,
modules, techniques, or methods without departing from the scope of the present disclosure. Other
items shown or discussed as coupled or directly coupled or communicating with each other may be
indirectly coupled or communicating through some interface, device, or intermediate component
whether electrically, mechanically, or otherwise. Other examples of changes, substitutions, and
alterations are ascertainable by one skilled in the art and could be made without departing from the

spirit and scope disclosed herein.
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CLAIMS
What is claimed is:
1. An apparatus comprising:
a decorrelator;
a compressive sampler coupled to the decorrelator; and
an encoder coupled to the compressive sampler,
wherein the compressive sampler is configured to receive sparse data and compress the

sparse data using compressive sampling.

2. The apparatus of claim 1, wherein the sparse data is compressed without substantially any

loss of information.

3. The apparatus of claim 1, wherein the sparse data is compressed without quantization.

4. The apparatus of claim 1, wherein the sparse data comprises a plurality of zero values or

values substantially smaller than the remaining values.

S. The apparatus of claim 1, wherein the compressed sparse data comprises values that are

related to a random subset of values in the data.

6. The apparatus of claim 1, wherein the sparse data is represented in a transform domain

using a plurality of significant coefficients and a plurality of remaining coefficients, wherein the

significant coefficients contribute more information than the remaining coefficients, wherein there
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are substantially more remaining coefficients than significant coefficients, and wherein the
remaining coefficients are substantially smaller than the significant coefficients or equal to about

ZCro.

1. The apparatus of claim 6, wherein the compressed sparse data comprises values that are

related to a random subset of the significant coefficients and remaining coefficients.

8. The apparatus of claim 1, wherein the sparse data is image data, video data, audio data, 3D

image/video data, graphic data, hybrid media data, or rich media data.

9. The apparatus of claim 1, wherein the compressed sparse data is stored or communicated

over a network.

10. A network component comprising:
at least one processor configured to implement a method comprising:
decorrelating sparse data or data including sparse data;
compressing the sparse data using compressive sampling; and

encoding the data.

11. The network component for claim 10 further comprising quantizing the decorrelated data.

12. The network component of claim 10, wherein the data is decorrelated, quantized, and

encoded based on Joint Photographic Experts Group (JPEG) standards, Moving Picture Experts

17
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Group (MPEG)-1, MPEG-2, MPEG-4, and MPEG-4 Advanced Video Coding (AVC), MPEG-1
Audio Layer 3 (MP3), Advanced Audio Coding (AAC), High Efficiency-AAC (HE-AAC),
enhanced AAC plus (eAAC+), low delay AAC (LD-AAC), International Telecommunication
Union Telecommunication Standard Sector (ITU-T) video standards, ITU-T audio standards,
Audio Video Standard (AVS), The 3" Generation Partnership Project (3GPP) audio codec
standards, hardware video compressor (HVC), 3D MPEG surround, unified speech and audio

coding (USAC), or combinations thereof.

13. The network component of claim 10, wherein the sparse data is compressed using a
compressive sampling matrix comprising a plurality of non-zero values obtained randomly based
on a random distribution or a transform and a plurality of zero values, and wherein the number of
rows of the compressive sampling matrix is substantially smaller than the number of columns of

the compressive sampling matrix.

14. The network component of claim 13, wherein the random values of the compressive

sampling matrix are generated based on a Gaussian distribution or a Fourier transform.

15. The network component of claim 13, wherein the compressed sparse data is equal to about
the product of the compressive sampling matrix and a vector comprising the sparse data values,
wherein the number of compressed data values is equal to the number of rows of the compressive
sampling matrix, and wherein the number of sparse data values is equal to the number of columns

of the compressive sampling matrix.

18
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16. The network component of claim 13, wherein the sparse data is recovered using the

compressed sparse data values and the compressive sampling matrix.

17. A method comprising:
receiving a data stream comprising a sparse data portion;
compressing the sparse data portion using compressive sampling; and

compressing the remaining data portion without using compressive sampling.

18. The method of claim 17, wherein compressing the sparse data portion comprises using at
least one optimized transform including Discrete Fourier Transform (DFT), Discrete Cosine

Transform (DCT), Discrete Wavelet Transform (DW'T), or combinations thereof,

19. The method of claim 17, wherein compressing the sparse data portion comprises improving

the transform coefficients, geometric moment, or other transform features using an iterative

procedure.

20. The method of claim 19, wherein the sparse data portion is decompressed in a reverse

manner to compressing the sparse data portion.
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