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(57) Abstract

A method of processing one or more video images to be compressed, each video image comprising pixels, and said method of
processing comprising the step of: filtering one or more of said video images so as to improve compressibility, where said filtering is
performed with the constraint such that the deviation between the filtered image and the non—filtered image lies within certain bounds,
wherein said one or more video images to be filtered comprises one or more of original video images, residual images which are derived
from one or more of said original images as the differences between said original images and predictions representing said original images

using a model.
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WO 99/07154 PCT/EP98/02949

METHOD AND APPARATUS FOR COMPRESSION OF VIDEQ IMAGES AND IMAGE
RESIDUALS

RELATED APPLICATIONS

The application is related to the following applications assigned to the same applicant
as the present invention and filed on even date herewith, the disclosures of which are
hereby incorporated by reference:

Method and apparatus for compressing video sequences (Our file: IDT 018 WO)
Method and apparatus for Motion Estimation (Our file: IDT 020 WO).

FIELD OF INVENTION

This invention is related to compression of video frames, respectively video images,
especially with residual character, so as to allow more efficient transmission and
storage of the residuals.

Several video compression technologies are based on providing a prediction of a
frame, based on some model involving a reference image. Examples include hybrid
encoders with block based motion compensation, wire frame modelling and IDLE
modelling, which is for example described in WO 95/08240. The final representation of

the frame is then achieved by adding a residual or corrector image to the prediction.

OBJECTS OF THE INVENTION

It is an object of this invention to improve compression ratios for video images,

especially residual images in video coding, under consideration of masking effects for
the Humar Visual System.

it is a further object of this invention to allow better image quality at a given
compression ratio.

It is yet a further object of this invention to allow bit rate control for a compression
system.

SUMMARY OF THE INVENTION

The invention is based on exploiting masking effects of the Human Visual System.

Based on features of the original input frames or the reference image, bounds for the
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residual are computed, so that a wanted image quality is assured as long as the
residual stays within the bounds. The residual is then processed so as to minimise the
number of bits necessary to transmit the residual, without violating the bounds. The
processing includes several types of filtering. In one special case, the filtering is
specialised for subsequent compression of the residuals using Discrete Cosine
Transform, DCT.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 is a block diagram illustrating an apparatus for compressing video frames

where the residual frames are dampened to achieve lower bitrates.

Fig. 2 shows an example for an upper and lower tolerance bound for one scanline

of a video frame derived from masking effects of the Human Visual System.

Fig. 3a shows a plot as an example for upper and lower bounds derived from
contrast masking.

Fig. 3b shows a plot as an example for upper and lower bounds derived from

entropy masking.

Fig. 3c shows a plot as an example for upper and lower bounds derived from edge
masking.

Fig. 3d shows a plot as an examp(e for upper and lower bounds derived from
temporal masking.

Fig. 4a is a block diagram illustrating the dampening of the residual frame by

filtering within given bounds.

Fig. 4b is a block diagram illustrating the dampening of the residual frame by

quantizing as coarse as possible within given bounds.

Fig. 5 is a block diagram illustrating the merging of compression and dampening of
the residual frame by quantization.

Fig. 6a shows a plot as an example for an original frame and its prediction,

Fig. 6b shows a plot as an example for the corresponding residual frame with upper
and lower bound and

Fig. 6¢ shows a plot as an example for the residual frame filtered in space.
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Fig. 7a shows a plot as an example for an original frame and its prediction,

Fig. 7b shows a plot as an example for the corresponding residual frame with upper
and lower bound and

Fig. 7c shows a plot as an example for the residual frame quantized in frequency.

Fig. 8 is a block diagram illustrating an apparatus for compressing video frames
where the video frames are filtered to achieve higher compression ratios.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described below with reference to the accompanying
drawings.

First preferred embodiment

Fig. 1 shows the block diagram illustrating a first preferred embodiment of an
apparatus for compressing video frames where the residual frames are dampened to
achieve lower bitrates. A sequence of original frames is fed into a modelling module
100. The received model approximately describes the original sequence, e.g. based on
prediction or motion compensation from earlier frames. The model is then input to a
compress module 102 compressing the different components of the model. Because
the model may not describe the original sequence sufficiently because of modelling
artefacts or model compression artefacts, a residual frame for each original frame is
calculated. Therefore, the model is again decompressed in a decompress module 104
and a prediction is made for each original frame in a predict module 106. Instead of the
compressed and decompressed model, the original model may be fed to predict
module 106 using switch 105. The residual frame is then derived by subtracting the
prediction from the original frame. In many conventional encoding apparatus the
residual frame would now be compressed in a compress module 110 without any pre-
processing. Within the present invention the residual frame is pre-processed by a
dampen module 108. The residual frame is influenced in such way that the output of
the following compress module 110, based on a transform into frequency with following
quantization of transform coefficients, requires less bits while retaining as much visual

quality as possible. After transmitting the compressed model and the compressed
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residual frame over any communication channel 112, both are fed to decompress
modules 114 and 116. The reconstructed frame is derived by predicting the

~corresponding frame from the model with a predict module 118 and adding the
decompressed residual frame.

The pre-processing of the residual frame is performed by changing the residual
frame within a given tolerance bound derived from the original frame. Fig. 2 shows an
example for such tolerance bound for one scanline of a video frame. The tolerance
bound is derived from the corresponding original frame 200 considering masking
effects of the Human Visual System (HVS). It consists of an upper bound 201 and a
lower bound 202 giving for each pixel of the original frame the maximal allowed positive
and negative change which is just not noticeable for the HVS. For good reconstruction
quality, the reconstructed value for all pixels is confined to lie inside this bound as
determined by the following expression:

IOrg + Ctheg < IRcc < IOrg +Cthas (1)

where [,  is the original frame, 7, is the reconstructed frame, Chg,,is the

allowed negative intensity change and Chg,,, is the allowed positive intensity change.

Equivalently the bound can be given as an allowed range for the pre-processed
residual as derived in the following. According to the present invention, the

reconstructed frame is received by adding the pre-processed and transmitted residual

frame T, to the corresponding frame I,,,, predicted from the model:

[Rec =1Pred +7Res (2)

The original frame can be obtained by adding the original residual /... (before pre-

processing and transmission) to the corresponding frame [, predicted from the

model:

[()rq = [Prud + [Rc.\' (3)

Substituting 7., .and /7, in (1) by (2) and (3) leads to the following expression:

-~

[Rcs + CthVeg < 1Re.\' < IRcs + Chgi’os (4)
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This means, that for good reconstruction quality also the pre-processed residual
T, has to lie inside the given bound, where the bound can be derived from the original

frame.

Any visual masking effect of the HVS or a combination of several effects may be
considered to derive the tolerance bound. Well known masking effects are

¢ contrast masking,

¢ entropy masking,

e edge masking,

e temporal masking and

e motion masking.

Figures 3a - 3d show a series of plots with examples for upper and lower bounds
considering different masking effects. Fig. 3a illustrates bounds considering contrast
masking. As in Fig. 2, one scanline of a video frame 301 and the corresponding upper
bound 302 and lower bound 303 are drawn. The bound widens with increasing intensity
due to Weber’s law and at very low intensities due to the impact of ambient luminance.
Several methods exist for deriving bounds from contrast masking effects of the HVS.
One method, considering both Weber's law, ambieht luminance and display
characteristics, is described in Ruben Gonzalez, "Software Decodable Video for
Multimedia based on a Computer Graphic Model”, PhD Thesis, University of
Technology, Sydney, 1994, which is hereby included by reference.

Fig. 3b illustrates bounds considering entropy masking. The distance between
upper bound 312 and lower bound 313 increases in high entropy areas of the original
video frame 311. Entropy of an video frame, sometimes also called activity or
complexity of a video frame, may be estimated by calculating the standard deviation or
the number of significant Fourier coefficients for a certain image area as described in
Andrew B. Watson, Robert Borthwick and Mathias Taylor, "Image quality and entropy
masking”, in SPIE Proceedings, Human Vision, Visual Processing, and Digital Display
VI, San Jose, volume 3016, 1997, which is hereby included by reference.
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Fig. 3c illustrates bounds considering edge masking. The distance between upper
bound 322 and lower bound 323 increases, possibly asymmetric, at intensity edges of
the original video frame 321. One advantageous embodiment considers edge masking
by deriving the bounds from the maximal difference between the original frame and a
representation of the original frame shifted by a certain distance in any direction, e.g.
0.5 pixels. Alternatively, convolution with Sobel or Laplace masks or any other method
for finding image discontinuities as described in R. Gonzalez and R. Woods, " Digital
Image Processing”, Addison-Wesley Publishing Company, 1992, pages 414-443,
which is hereby included by reference, can be used.

Fig. 3d illustrates an example for temporal masking based on innovations. The
intensity of one pixel of a video frame 332 and its corresponding upper bound 334 and
lower bound 335 is plotted over time. The bound widens at time 331 when innovations
appear and narrows with increasing temporal distance from the time of appearance.
Examples for innovations are scene shifts or areas appearing after being covered by
other objects in the sequence. The impact of temporal masking effects on visual quality
perception is discussed in K.Boff, L. Kaufman and J. Thomas, editors, "Handbook of
Perception and Human Performance”, Chapter 6, Wiley New York, 1986, which is
hereby included by reference.

The distance of the bounds may also depend on the complexity of the motion of the
sequence. The bound may widen in areas with complex or fast motion or in areas with

high accelerations.

Additionally, some inforrhation derived from the residual itself can be used to
characterise the bounds. The residual contains data to compensate for artefacts due to
modelling. Size and duration of an artefact can influence the distance of the bounds at
the location of the artefact. The impact of the size of an artefact on its visibility is
studied in H. R. Blackwell, "Contrast Thresholds of the Human Eye”, Journal of the
Optical Society of America, Vol. 36, No. 11, November 1946, pp. 624 - 643, which is
hereby included by reference. As reported by Blackwell, the visibility of an artefact
decreases with decreasing size. Therefore the bounds may widen in areas with only
small artefacts. One advantageous embodiment considering the size of artefacts is to
low pass filter the bounds derived according to equation (4).
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The impact of the duration of an artefact on its visibility is similar to that of the
duration of innovations. The bound narrows with increasing duration of an artefact. One
advantageous embodiment derives the duration of an artefact by counting for each
pixel the number of frames its residual value has exceeded the éllowed positive or

negative change. With increasing counter values the bound narrows correspondingly.

The technique described within the present invention may be incorporated into
many existing types of video encoders. One possible encoding technique is MPEG-2 as
described in ISO/IEC 13818, “‘Information Technology - Generic Coding of Moving
Pictures and Associated Audio: Part 2 Video”, which is hereby included by reference.
Within the MPEG-2 encoding algorithm, B-frames may be pre-processed before
compression, as described in the following. Referring again to Fig. 1, modelling 100
outputs two reference frames, |- or P-frames, two sets of motion vectors for each frame
temporally located between the two reference frames and some mode information
telling if a macroblock of a B-frame is not predicted (intra), forward predicted, backward
predicted or interpolated. Compress module 102 and decompress module 104 are not
used, because |- and P-frames were already compressed and decompressed within the
modelling module 100 and motion vectors are compressed lossless, that means the
output of the modelling module 100 is directly fed to predict module 106. For each
frame located between the two reference frames a prediction is calculated from
corresponding motion vectors, reference frames and mode information in predict
modulie 106 using switch 105. The prediction is subtracted from original to derive the B-
frame to be transmitted. Because a B-frame has residual character, it is then pre-
processed in the dampen module 108 before performing DCT, quantization and run-

length encoding within compress module 110.

Another possible encoding technique is the IDLE encoding technique as described
in the patent application "Method and apparatus for compressing video sequences”,
already incorporated by reference. Referring to Fig. 1, the modelling module 100
outputs in this case two reference frames, two bilinear motion models and several
Blend-fields possibly also represented as a bilinear model. The blend-fields indicate for
each frame temporally located between the two reference frames, if a pixei or biock of
pixels is predicted from the first, from the second or from both reference frames of the
model. Reference frames, motion models and biend-fields are compressed and again

decompressed in modules 102 and 104 and a prediction is calculated for each frame
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between the two reference frames in predict module 106. The prediction is subtracted
from the original to derive the residual to be transmitted. The residual is then pre-
processed in the dampen module 108 before performing DCT, quantization and run-
length encoding within compress module 110.

Two versions of a technique for pre-processing the residual frame are described
within the present invention. The aim of both versions is to reduce the amount of bits
required for the compressed residual and to keep reconstruction quality at a given
quality level. One preferred embodiment is the pre-processing by filtering of the residual
frame in spatial domain. In another preferred embodiment, the filtering is performed by
quantization of the residual frame in frequency domain which is even better tuned to a
DCT compression scheme. Both versions are performed in such a way, that the
reconstruction error resulting from pre-processing does not exceed a certain value
defined by the tolerance bounds.

Second preferred embodiment

Fig. 4a shows the block diagram illustrating the pre-processing of the residual
frame by filtering in spatial domain within given bounds. The original frame and residual
frame are fed to a bound definition module 400 defining upper and lower bound of the
tolerance bound, as previously described in equation (4). The residual frame is filtered
in a filter module 401 and fed to the replace module 402. Within the replace module
402 it is checked if the pre-processed residual fits the tolerance bound. All values
outside the tolerance bound are repiaced by values which fit the tolerance bound. This
may be the corresponding value from original residual frame or the corresponding
nearest bound value.

The distance between upper bound and lower bound, which may vary from pixel to
pixel depending on characteristics of original frame, leads to a certain reconstruction
quality and to a certain bitrate after compression. A simple way to control the bitrate is
to vary the distance of the bounds via a quality level parameter 405: increasing
distance between bounds leads to a decreasing bitrate but also to a decreasing

reconstruction quality.

Several filter types may be applied on the residual frame within filter module 401. In

any case the filtering should lead to a reduced bitrate after compressing the filtered
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residual frame within compress module 403. Possible filters in combination with

compress module 403 based on a Discrete Cosine Transform (DCT) are

¢ fixed low pass filter by convolution with a fixed filter mask,

e low pass filter by convolution with an infinite filter range. This corresponds
to an implementation where all pixel values within the tolerance bound are

replaced by zero and ail other pixel values remain untouched,

¢ adaptive low pass filter with a variable filter mask for each pixel value of
the residual frame. The filter mask for each pixel is computed from the absolute
value of the intensity gradient around the pixel. A higher absolute gradient leads
to a smaller filter range. This ensures that intensity edges are not smoothed by
filtering. One possible method for adaptive low pass filtering is described in the
patent application ~"Method and apparatus for Motion Estimation”, already
incorporated by reference, where adaptive filtering is performed in a similar way
on motion fields.

All methods reduce the amount of bits required for the compressed residual,
because high frequency parts are removed from residual information which normally
leads to a reduced number of significant transform coefficients after transformation into
frequency domain. After quantizing transform coefficients, a higher number of zeros will
be present which leads to higher compression ratios in the following runlength coding
or entropy coding.

Filtering may be applied more than once. This is controlled by switch 404. In a first
iteration, the original residual is filtered and values outside the tolerance bound are
replaced. During following iteration steps, the filtered residual is fed back to filter
module 401. The filter range may be changed with each iteration step. One possible
embodiment of an iterative filtering is to start iteration with a wide filter range for all
pixels and in following iteration steps to filter with a decreasing filter range only those
pixels whose previously filtered values had violated the bound and were replaced by
the original residual values. With such a mechanism each pixel is filtered as strongly as

possible while retaining a certain quality level defined by the tolerance bound.

The pre-processing of the residual frame by filtering in spatial domain within given
bounds is illustrated in Figures 6a - 6c. They show plots of one scanline of a video

frame as examples for the preferred embodiment which is illustrated in Fig. 4a. Fig. 6a
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shows a scan line of an original video frame 601 and a possible prediction 602.
Compared to the original scanline 601, the predicted scanline 602 is blurred and
contains a block artefact 603. Fig. 6b shows the residual 611 derived by subtracting the
prediction 602 from the original 601 and the corresponding upper bound 612 and lower
bound 613 defining the tolerance bound. Fig. 6¢c shows the low-pass filtered residual
621 which still stays within the tolerance bound defined by upper bound 622 and lower
bound 623.

Third preferred embodiment

Fig. 4b depicts the invention in a third preferred embodiment. It shows a block
diagram illustrating the filtering of the residual frame by quantization in frequency
domain. The original frame and residual frame are fed to a bound definition module 410
defining upper and lower bound of the tolerance bound as previously described in
equation (4). Within a DCT module 411 the residual frame is divided into blocks of
pixels, e.g. 8 by 8 pixel blocks, and each block is transformed into frequency domain by
performing DCT, producing a set of transform coefficients. In a quantize module 412
each set of transform coefficients is quantized with a constant quantizer. Then each
quantized set of transform coefficients is transformed back into space within an inverse
DCT module 413. The resulting quantized residual is fed to the replace module 414.
Within the replace module 414 it is checked, if the quantized residual violates the
tolerance bound. All values violating the tolerance bound are replaced by the
corresponding value of the unquantized residual frame. The resulting replaced residual
frame is finally fed to compress module 415, where the residual is compressed by
performing DCT, quantizing transform coefficients and performing run length or entropy
coding on quantized transform coefficients.

The quantizer value used in quantize module 412 should be coarser than that used
finally in the compress module 415 to reduce amount of bits required for compressed
residual. A coarser quantizer value of the transform coefficients leads to a higher
number of zeros and a lower entropy of the non-zero coefficients. Therefore higher

compression ratios are achieved when applying run-length coding or entropy coding.

One advantageous embodiment requires the ratio between the quantizer value
used in quantize module 412 and the final quantizer value used in compress module

415 to be an integer value. Assuming that the quantization is based on the following
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expression, quantization of each real valued transform coefficient ¢ with quantizer

value g, in quantize module 412 leads to the quantized transform coefficient ot

¢, =q,-round(c/q,). (5)

If the corresponding block of pixels in space does not violate the tolerance bound,
its transform coefficients after frequency transform within compress module 415 are
equal to those derived after quantization in quantize module 412. Now each transform

coefficient Cal is quantized with a second quantizer value g, which leads to

€0 =4 -round@ql/qz)or (6)
€ =9 -round(q,/ch -round(c/ql)). (7)

If the ratio ¢q,/q, is an integer value, then the outer rounding operation can be

discarded, and equation (7) can be written as

Cn™q -round(c/ql). (8

that is, the transform coefficients after the second quantization are equal to those
after first quantization. Therefore if a set of transform coefficients is first quantized using
a coarser quantizer value were the quantization steps are an integer multiple of the
quantization steps of the final quantization, then the final quantization will not change
the values produced by the first quantization.

The distance between upper bound and lower bound, which may vary from pixel to
pixel depending on characteristics of original frame, leads to a certain reconstruction
quality and to a certain bitrate after compression. A simple way to control the bitrate is
to vary the distance of the bounds via a quality level parameter 417: an increasing
distance between bounds leads to a decreasing bitrate but also to a decreasing

reconstruction quality.

Quantization may be applied more than once. This is controlied by switch 416. In a
first iteration, each block of the original residual is quantized in frequency domain with a

coarse quantizer. During following iteration steps, the blocks violating the tolerance
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bound are fed back to DCT module 411 and quantized with a quantizer value
decreasing with increasing iteration steps. This results finally in a residual where each
block is quantized as coarsely as possible. Another possibility is to start iteration with a
fine quantizer (e.g. the same quantizer value as used finally in compress module 415),
feed back those blocks not violating the tolerance bound and quantize them with a
quantizer value increasing with increasing iteration steps. Again, ratio between
quantizer value used in quantize module 412 and final quantizer value used in

compress module 415 may be an integer value.

In the case of filtering by quantization in frequency domain, pre-processing and
compression of the residual frames can be combined. Referring again to Fig 1, the
dampen module 108 and the compress module 110 can then be merged to one
module. A possible structure of such a merged module is illustrated in Fig. 5. The
original frame and residual frame are fed to a bound definition module 500 defining
upper and lower bound of the tolerance bound as previously described in equation (4).
The residual frame is divided into blocks of pixels, e.g. 8 by 8 pixel blocks, and each
block is fed to a DCT module 501, which transforms it into frequency domain and
produces a set of transform coefficients. In a quantize module 502 the set of transform
coefficients is quantized with a coarse quantizer value. Then the quantized set of
transform coefficients is transformed back into space within an inverse DCT module
503. The resulting quantized residual block is checked against the tolerance bound in a
check module 504. As long as the block violates the bound, the unquantized set of
transform coefficients is quantized with a finer quantizer value 505 until the
corresponding block in spatial domain fits the tolerance bound. Then the quantized set
of transform coefficients is coded in a code coefficients module 506 by performing run
length or entropy coding. Instead of an iterative determination of the coarsest possible
quantizer value also a parallel determination is possible. In this case, for each
unquantized set of transform coefficients several alternative sets of quantized transform
coefficients are produced by using a different quantizer value for each alternative set.
After transforming the alternative sets of quantized transforming coefficients into space,
all are checked against the tolerance bound. The alternative set of quantized
transforming coefficients corresponding to the coarsest quantizer value while still

satisfying the bounds is fed to code coefficients module 506.
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The pre-processing of the residual frame by quantization within given bounds is
illustrated in Figures 7a - 7c. They show piots of one scanline of a video frame as an
examples for the preferred embodiment shown in Figures 4b and 5. Fig. 7a shows one
scanline of an original video frame 701 and a possible prediction 702. Compared to the
original scanline 701, the predicted scanline 702 is blurred and contains a block artefact
703. Fig. 7b shows the residual 711 derived by subtracting the prediction 702 from the
original 701 and the corresponding upper bound 712 and lower bound 713 defining the
tolerance bound. Fig. 7¢c shows the residual 721 quantized as coarsely as possible and
still staying within the tolerance bound defined by upper bound 722 and lower bound
723. In the drawn example, the residual was divided into 8 by 8 pixe! blocks before
transformation into frequency. In Fig. 7c some block borders 724 to 725 are drawn. It
can be seen that the quantized residual consists of consecutive independent patterns
each composed of a set of cosine functions.

Fourth preferred embodiment

The previously described methods of pre-processing a residual can also be applied
directly on video frames. Fig. 8 shows the block diagram illustrating a preferred
embodiment for compressing video frames where the video frames are pre-processed
to achieve higher compression ratios. A video frame is fed to a filter module 810 where
it is filtered in spatial domain or frequency domain to reduce the number of bits
produced by the following compress module 820. Filtering in spatial and frequency
domain is perfarmed similar to the methods described in the previous embodiments.
Instead of a residual frame, the video frame is filtered. The bounds are determined only
from the video frame according to the following equation:

~

Lo +Chg veg < Lvideo <vigeo + Chg,,, (9)

~

where [, is the video frame, [, is the dampened and compressed video
frame, Chg,, is the allowed negative intensity change and Chg,, is the allowed

positive intensity change.

While the invention has been particularly shown and described with reference to

the preferred embodiments thereof, it will be understood by those skilled in the art that
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various changes in form and detail may be made therein without departing from the
spirit and scope of the invention.

The invention as described herein can be implemented by a program which runs on
a general purpose computer, it may also be implemented for example by a specially
configured chip, such as an ASIC, or for example it may be implemented by means of a
Digital Signal Processor DSP. It may also be implemented by a program stored on a
computer readable data carrier or by means of a program which is transmitted to the
user or to the computer on which it runs by any transmission link, like e.g. also via the
internet.
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CLAIMS

1. A method of processing one or more video images to be compressed, each
video image comprising pixels, and said method of processing comprising the step of:

fitering one or more of said video images so as to improve compressibility,
where said filtering is performed with the constraint such that the deviation between the
filtered image and the non-filtered image lies within certain bounds, wherein said one or
more video images to be filtered comprises one or more of

original video images, ‘

residual images which are derived from one or more of said original images as
the differences between said original images and predictions representing said original

images using a model.

2. The method according to claim 1, wherein the bounds are one upper and
one lower limit which are computed for each pixel or block of pixels of the video
images, based on features of the video images.

3. The method according to any of the preceding claims, wherein said method
further comprises the step of

compressing said filtered video images,

4. The method according claim 3, wherein

compressing the video image comprises using a transform into frequency.

5. The method according to one of the preceding claims,

wherein the bounds are calculated so as to exploit human visual system
masking effects.

6. The method according to claim 5,

wherein the human visual system masking effect comprises one of or a
combination of the following for each pixel or each block of pixels:

(1) localization of edges,

(2) smoothness of surrounding pixels or blocks of pixels,
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(3) estimated human visual sensitivity based on intensity,

)
(4) degree of movement,
5) response time after scene shifts, or
)

(
(6) response time after uncovered image areas.

7. The method according to claim 6,

wherein the lower and upper bounds depend on one of or any combination of
the following:

the response of an edge filter for the corresponding surround region of the
original image, the presence of an edge leading to wider bounds;

the estimated image entropy in the corresponding surrounding region of the
original image, higher entropy leading to wider bounds, the intensity of the
corresponding surrounding region of the original image;

lower estimated human sensitivity at the given intensity leve! leading to wider
bounds;

the movement of the corresponding surrounding region of the original image,
faster or more complex movement leading to wider bounds;

the time since scene shifts, a short time since scene shift leading to wider
bounds;

the time since an image area was revealed, as judged by the model, newly
uncovered areas having wider bounds.

8. The method according to one of the preceding claims,

wherein the filtering of a video image comprises convolving the video image
with a low pass filter mask.

9. The method according to claim 8,
wherein the standard deviation of the low pass filter mask is made dependent
on localization of edges in the original image,

high degree of presence of an edge leading to lower standard deviation of the
low pass filter mask.

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1017, Page 000018



WO 99/07154 PCT/EP98/02949
17

10. The method according to claim 9,

wherein the filtering comprises replacing the intensity with zeroes.

11. The method according to one of claims 1 to 10,

wherein first of all filtering is performed without considering bounds and then
the constraint is enforced by replacing the filtered video image at those pixels where
the filtered video image does not satisfy the constraint with either values of the
unfiltered image or values fitting the exceeded bound.

12. The method according to any of the preceding claims,

wherein the filtering is performed more than once.

13. The method according to any of the preceding claims,

wherein the filtering so as to improve compressibility comprises the following
steps:

(1) dividing the video image into blocks of adjacent pixels,

(2) transforming each block into frequency, producing a set of transform
coefficients,

(3) quantizing the transform coefficients using coarse quantization,

(4) transforming the quantized transform coefficients back into space,
producing a reconstructed block, and

(5) for each block where the reconstructed block does not violate the bounds,
replacing the original block of the video image with the reconstructed block.

14. The method according to claim 13,

wherein the transform into frequency is a Discrete Cosine Transform, (DCT).

15. The method according to one of claims 13 and 14,

wherein steps (2) to (5) are repeated with different coarse quantizations.
16. The method according to claim 15,

wherein the ratios between the quantizations steps for the coarse and the finer
quantization are integers.
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17. The method according to one of the preceding claims,

wherein the filtering so as to improve compressibility comprises the following

steps:

(1) dividing the video image into blocks of adjacent pixels,

() transforming each block into frequency, producing a set of transform
coefficients,

(8) for each of several different quantizers, quantizing the set of transform
coefficients, producing alternative quantized sets of transform coefficients,

(4) for each of the alternative quantized sets of transform coefficients, transform
back into space, producing alternative reconstructed blocks,

(5) for each of the alternative reconstructed blocks, checking against bounds,
and

(6) selecting the alternative quantized set of transform coefficients that
corresponds 1o the coarsest quantizer, without the corresponding reconstructed block

violating the bounds.

18. The method according to claim 17, further comprising:
transmitting the selected set of transform coefficients.

19. The method according to claim 18,

wherein the transmitting comprises run length coding or entropy coding.

20. The method according to one of claims 1 to 19,

wherein the model comprises | or P reference images and motion vectors, as
used in MPEG 1 and MPEG 2 compression standards, and

the residual image is the difference between original image and motion
compensated prediction.

21. The method according to one of claims 1 to 19,
wherein the model is an IDLE modei comprising one or more reference images

and one or more hilinear models of motion.

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1017, Page 000020



WO 99/07154 PCT/EP98/02949
19

22. An apparatus for processing one or more video images to be compressed,
each video image comprising pixels, and said apparatus comprising:

means for fiitering one or more of said video images so as to improve
compressibility, where said filtering is performed with the constraint such that the
deviation between the filtered image and the non-filtered image lies within certain
bounds, wherein said one or more video images to be filtered comprises one or more of

original video images,

residual images which are derived from one or more of said original images as
the differences between said original images and predictions representing said original
images using a model.

23. An apparatus according to claim 22, further comprising:

means for performing a method according to one of claims 1 to 21.

24. An apparatus according to claim 23, said apparatus further comprising:
means for transmitting and/or receiving video images processed according to
one of claims 1 to 21 over a communications link, and/or

means for reconstructing video images which have been processed according
to one of claims 1 to 21.

25. Computer program product comprising:

a computer-usable medium having computer-readable program code means
embodied therein for causing the processing of one or more video images to be
compressed, the computer-readable program code means in said computer program
product comprising:

computer-readable program code means for causing a computer to

filter one or more of said video images so as to improve compressibility, where
said filtering is performed with the constraint such that the deviation between the
filtered image and the non-filtered image lies within certain bounds, wherein said one or
more video images to be filtered comprises one or more of

original video images,
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residual images which are derived from one or more of said original images as
the differences between said original images and predictions representing said original
images using a model.

26. A video signal comprising video images, each image comprising pixels, said

video signal being derived from an original video signal comprising original video
images by a method according to one of claims 1 to 21.
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