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[57] ABSTRACT

A technique for use in, illustratively, a transform coder
for imparting robustness against burst (or similar) errors
to data patterns, such as illustratively two-dimensional
image data, that exhibit local redundancy. Robustness is
provided, in the case of images, by passing localized
(blocked) image data, i.e. either pixel values or trans-
formed, illustratively discrete cosine transform (DCT),
image coefficient values therefor, through a global
block transform, such as a global block Hadamard
transform, prior to compression coding in order to pro-
duce “holographic-like” compressed data for subse-
quent transmission and/or storage. Specifically, glob-
ally transforming an image in this fashion effectively
spreads (diffuses) the image data in each block of pixels
in that image or in the transform coefficients therefor in
aregularly ordered pre-defined global manner through-
out the entire image to create what is, in effect, inten-
tionally *“smeared” image data. By subjecting the
“smeared” image data upon de-compression to an in-
verse global block transformation, such as an inverse
global block Hadamard transformation, then, even if a
portion of the “smeared” data for an image is obliter-
ated during transmission or playback, the entire image
can still be advantageously reconstituted, though at a
somewhat degraded quality, from the remaining
“smeared” data.

12 Claims, § Drawing Sheets
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TECHNIQUE FOR USE IN A TRANSFORM CODER
FOR IMPARTING ROBUSTNESS TO
COMPRESSED IMAGE DATA THROUGH USE OF
GLOBAL BLOCK TRANSFORMATIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a technique for use in illustra-
tively a transform coder for imparting robustness
against burst (or similar) errors to data, such as image
data, that exhibits local redundancy.

2. Description of the Prior Art

Image data, including still and motion images, is
being increasingly manipulated in electronic form due,
in part, to continued advances that are being made in
the processing speed and sophistication available

10

15

through digital circuitry. Generally, this manipulation -

involves, at least in part, for each separate image, either
transmission or storage of a large matrix of digitized
pixel values that collectively form that image.

Such a matrix (hereinafter referred to as an “image’

matrix”) typically contains a substantial number of bits.
For example, a digitized 256 level grayscale image con-
taining 576 rows by 720 columns of eight-bit pixels,
produces an image matrix that contains approximately
3.3 Mbits. Increasingly fine horizontal and vertical reso-
lutions produce image matrices that contain larger num-
bers of bits. Color images, particularly those that are
encoded to contain separate color coordinate matrices,
contain substantially larger amounts of bits. Inasmuch
as transmission bandwidth in a communications system
is limited and digital storage capacity is finite, though
often quite large, substantial efforts have been expended
for some time in the art to devise various techniques
that can be used to compress the information contained
in an image matrix in order to appreciably reduce the
number of bits that need to be transmitted or stored for
each individual image.

A family of such compression techniques which is
very well-known in the art, and that is showing increas-
ing promise for use with digitized images, involves the
use of the discrete cosine transform (DCT). This trans-
form is attractive inasmuch as it, inter alia, only deals
with real, and not imaginary, components and computa-
tionally is relatively easy and fast to implement. More-
over, the DCT has the advantageous property that most
of the information for each image is encoded into rela-
tively few transform coefficients that represent low
spatial frequency information which, in general, ap-
proximately matches the response pattern of a human
eye. Through use of the DCT, very good quality im-
ages, for a particular sampling scheme, can result from
as little as 1 bit/pixel, while the same scheme with loss-
less techniques typically require 4-5 bits/pixel.

In essence, compressing an image using the DCT
often involves first horizontally and vertically partition-
ing a digitized image into separate blocks, each contain-
ing typically an 8-by-8 matrix of pixel values. The pixel
values in each 8-by-8 block are then separately con-
verted through the DCT into a corresponding 8-by-8
matrix of transform coefficients. Thereafter, each coef-
ficient matrix is quantized to produce quantized DCT
coefficients. The quantized coefficients are then con-
verted through a suitable compression coder into an
appropriate transmission symbol(s). The quantization
process may involve scaling, rounding and/or trunca-
tion. If proper quantizing is used, any diminished high
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spatial frequency content in the image is rarely, if ever,
apparent to a viewer. The compression coder is fre-
quently an entropy coder which utilizes increasingly
fewer bits to code coefficients for increasingly high
spatial frequencies over those used to code the low
frequency components. While the quantization process
imparts some loss into the image and is irreversible, the
coding process used within the compression coder itself
is usually reversible and, for the most part, loss-less.

Specifically, for purposes of compression, the coding
process (hereinafter referred to as “compression cod-
ing”) typically involves first sequentially re-ordering
the transform coefficients for each block into a so-called
zig-zag sampling pattern starting with the DC coeffici-
ent (zero frequency component) in the upper left hand
corner of the 8-by-8 coefficient matrix. Coefficients for
increasing horizontal frequencies are situated horizon-
tally to the right in the matrix; coefficients for increas-
ing vertical frequencies are situated vertically down the
matrix. This pattern eventually results in a one-
dimensional array of DCT coefficients qualitatively
arranged in order of ascending spatial frequencies. The
AC coefficients are then encoded in their order of oc-
currence. A coding technique, such as a Huffman code,
is used to efficiently encode, typically through run-
length encoding, each run of zero coefficients in a
block. This coding scheme also establishes amplitude
categories for each non-zero coefficient and assigns a
unique codeword to each such category. Each such
non-zero DCT coefficient is encoded by a codeword,
which specifies the appropriate amplitude category for
that coefficient, and is followed by additional bits that
identify a precise magnitude of the coefficient within
that particular category. A separate codeword is as-
signed to an end-of-block code and is typically sent after
the last non-zero coefficient in the block (unless that
coefficient is at position 63). The DC coefficient is often
encoded using one-dimensional Differential Pulse Code
Modulation (DPCM) using the DC coefficient for the
most recently occurring DCT transformed block as a
prediction for the DC coefficient of the current trans-
formed block. A Huffman code is frequently used to
encode a difference value for the DC coefficient in
terms of a unique codeword, that represents an ampli-
tude category for that coefficient relative to a quasi-
logarithmic scale, followed by additional bits that spec-
ify the coefficient value within that category. A trans-
mission symbol is then formed of each codeword and
any associated additional bits, if they exist. Inasmuch as
the high order frequency coefficients are frequently
zero-valued, increasingly fewer bits are used to encode
each coefficient value for increasingly higher spatial
frequencies. For additional details regarding the DCT,
its use with image data and compression coding of
transform coefficients, the reader is referred to K. R.
Rao et al, Discrete Cosine Transform-—Algorithms, Ad-
vantages, Applications ((©1990: Academic Press, San
Diego) and N. Ahmed et al, “Discrete Cosine Trans-
form”, IEEE Transactions on Computers, January 1974,
pages 90-93.

The resulting compression coded bits are then either
transmitted through a communication channel to a far
end receiver or stored on a suitable media, such as mag-
netic or optical, for subsequent playback. To construct
a received or reconstruct a stored image, the process
described above is essentially reversed, including inver-
sion of the DCT, with compressed transformed data as
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input thereto and pixel data as resulting output there-
from.

Unfortunately, in “real world” environments, burst
errors occur which corrupt the transmission or play-
back of image data. These errors are particularly prob-
lematic during data communication over a packet net-
work. In such a network, compressed image data for a
single image is sent as a number of successively occur-
ring data packets. As these networks continue to prolif-
erate to provide increasingly economic point-to-point
data transport vehicles, more and more images are
being transmitted as packet data. A burst (or similar)
error, when it occurs and often due to a temporary
failure in a communication channel itself or in transmis-
sion equipment connected thereto, will simply corrupt
and destroy one or more successive packets of image
data. As such, a localized portion of the reconstructed
image will simply be lost. Hence, a reconstructed image
will be depicted as containing a “hole” or biackened
area corresponding to the corrupted data. The size of
such a hole is directly related to the number of packets
that has been lost. The greater the loss, the larger the
hole and, conversely, the lesser the loss, the smaller the
hole. While a complete loss of localized image data may
be tolerated in reconstructed images used in some image
processing applications, such a loss is simply intolerable
in many other such applications. As such, these latter
applications could not be effectively used with image
data that underwent compression and experienced burst
(or similar) errors. Burst errors can also occur during
playback due to, for example, localized defects in the
media that will permanently corrupt a portion of the
stored image data or by virtue of a condition, such as
dirt or the like on the media or an optical sensor, that
temporarily obscures the sensed data.

Furthermore, it is expected that the art, in its contin-
val efforts to conserve transmission bandwidth and
maximize storage efficiencies, will continue to develop
compression schemes to provide increasing amounts of
compression for image data, inclnding transform coeffi-
cient values. Naturally, as the degree of data compres-
sion used in coding image data increases, each packet or
stored bit sequence will contain data for a spatially
larger portion of the image. Unfortunately, as the com-
pression increases, then a burst (or similar) error, even if
it affects only a relatively small or even constant num-
ber of packets or stored bits, will consequently obliter-
ate an increasingly larger portion of the image.

Thus a need exists in the art for a technique for use in
transmission and/or storage of compressed data, partic-
ularly image (including both still and motion) data, and
which is capable of imparting robustness to that data
against burst or similar errors. Furthermore, such a
technique should be suitable for use with transform
coders, and particularly but not exclusively with those
coders that utilize the DCT.

SUMMARY OF THE INVENTION

We have advantageously overcome the deficiencies
known in the art that are associated with lost image data
resulting from burst (or similar) errors which typically
occur during communication and/or playback of com-
pressed, and particularly DCT transformed, image data.

Specifically, we have discovered that by diffusing
localized image data, either pixel data or corresponding
block transform coefficient values therefor, in a regular
ordered manner globally throughout the data for the
entire image, using, for example, a global Hadamard
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transformation, to create what is in effect intentionally
“smeared” image data, then, in the event that a burst (or
similar) error subsequently occurs which obliterates a
portion of the “smeared” data, the entire image can still
be reconstructed, though at a degraded overall quality,
from the remaining “smeared” data. Hence, the com-
pressed image data that results from use of our inventive
technique will exhibit “holographic-like” properties.

Advantageously, the image data that is lost owing to
a burst (or similar) error will not be restricted to any
specific spatial locations within the image or any spe-
cific bands of spatial frequencies that form the image
but will instead be formed of linear combinations of data
that occur over the entire image, in terms of both the
space and frequency domains. As each burst (or similar)
error destroys increasingly larger portions of the
“smeared” image data, then the entire image can still be
reconstructed, upon de-compression, without substan-
tially any “holes” or the like, though with a higher
probability that its overall quality level will decrease.
As a result of reconstructing the entire image—even at
a degraded quality, our technique will readily and ad-
vantageously permit compressed image data to be used
in those image processing applications which were
prone to the occurrence of burst (or similar) errors and
hence could not utilize compressed image data.

In particular, in accordance with our inventive tech-
nique, we achieve “holographic-like” image data either
by subjecting vertically and horizontally successive
blocks of pixel data to a global block Hadamard trans-
formation prior to both transforming that data into the
spatial frequency domain, using illustratively the DCT,
and compressively coding the resulting transform coef-
ficients, or alternatively by subjecting vertically and
horizontally adjacent blocks of, illustratively DCT,
transform coefficient values for these pixel blocks to a
global block Hadamard transformation prior to com-
pressively coding these coefficients. While these two
approaches yield different numerical results due, for the
most part, to differences occurring during quantization
of the corresponding transform coefficients produced in
each approach, the results produced by each of these
approaches have substantially the same statistical prop-
erties; namely, each portion of the image is formed of
pre-defined linear combinations of all the other portions
of the image. By inversely transforming the “smeared”
image data upon de-compression through an inverse
Hadamard transformation, then, even if a portion of the
“smeared” data for an image is obliterated during trans-
mission or playback, the entire image can still be recon-
stituted, though at a somewhat degraded quality, from
the remaining permuted (“smeared’’) image data.

Inasmuch as our inventive technique can be imple-
mented using primarily additions, subtractions and shift
operations, our invention possesses the feature of being
computationally quite simple, easy and very inexpen-
sive to implement.

Moreover, since our inventive technique functions
very well with either transform coefficient values or
pixel values, our invention also possesses the feature of
being highly compatible with many emergent image
processing technologies which will utilize data com-
pression and particularly, but not exclusively, those that
are expected to increasingly incorporate discrete cosine
transform based compression of one form or another.
Furthermore, since these technologies are likely to find
increasing use in network communication for so-called
mixed media environments (which simultaneously uti-



























