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DESCRIPTION

TITLE OF INVENTION: Methods and Estimator for Estimation

of Compression Noise

TECHNICAL FIELD

The present invention relates to image processing and to
video processing and, in particular, to methods and estimator
for estimation of compression noise in an image or a video

sequence.

BACKGROUND ART

The quality of a video sequence or of a still image may
vary widely depending on the source. For example, computer-
generated content may be of the highest qualify. Packaged
media content, for example, Blu-ray media, may be of
relatively high quality. Over-the-air high-definition. (HD)
broadcast content may be of relatively intermediate quality,
while content distributed via cable and satellite, méy be of a
relatively lower quality. Internet protocol television (IPTV) and
streamed content may be of relatively low quality. Methods
and systems for video and image enhancement that
automatically adapt to image- or video-content quality may be
desirable. Accordingly, methods and systems for detection

and estimation of compression noise in an image or in a video
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sequence may be desirable.

SUMMARY OF INVENTION

The present invention provides methods for estimation of
compression noise in a still image or in a video sequence.

In one aspect of the present invention, a method fqr
estimating compression noise in an image is provided. The
method comprises:

receiving an additive noise estimate for an image-
channel image;

computing a difference value, in a first direction, at
each pixel in a first plurality of pixels in said image-channel
image, thereby producing -a plurality of first-direction
difference values; |

for each first-direction offset in a plurality of first-
direction offsets, computing a statistical feature value of an
associated plurality of first-direction difference values in said
plurality of first-direction difference values, thereby
producing a plurality of f{first-direction statistical feature
values;

computing a first-direction first feature value using
said plurality of first-direction statistical feature values;

comparing said first-direction first featﬁre value with
an associated threshol‘d;

when a first-direction compression criterion, based on
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said comparison of said first—direction first feature value with
an associated threshold or said additive noise estimate, is not
satisfied, setting a compression-noise estimate associated
with said first direction to a value | indicating said
compression-noise estimate associated with said first
direction is ignorable; and

when said first-direction compression criterion is
satisfied, computing ksaid compression-noise estimate
asso'ciated with said first direction using a first fifst—direction
statistic computed using said first-direction statistical feature
values.

In another aspect of the present invention, a method for
estimating compression noise in an image is provided. The
method comprises:

receiving an additive noise estimate for an image-
channel image;

computing a horizontal difference value for each pixel
in a first plurality of pixels in said image-channel image,
thereby producing a plurality of horizontal difference values;

for each horizontal offset in a plurality of horizontal
offsets, computing a statistical feature value of an associated
'plurality of said horizontal difference values in said plurality
of horizontal difference values, thereby producing a plurality
of horizontal statistical feature values;

computing a first horizontal feature value using said
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plurality of horizontal statistical feature values;

comparing said first horizontal feature value with an
associated threshold;

when a horizontél compression criterion, based on
said comparison of said first horizontal feature value with an
assoéiated threshold or said additive noise estimate, is not
satisfied, setting a horizontal compression-noise estimate to a
value ihdicating said horizontal compression-noise estimate is
ignorable;

when said horizontal compressioh criterion is satisfied,
computing said horizontal compression-noise estimate using a
first horizontal statistic computed using said horizontal
statistical feature values;

computing a vertical difference value for each pixel in
a second plurality »of pixels in said image-channel image,
thereby producing a plurality of vertical difference values;

for each vertical offset in a plurality of vertical offsets,
computing a statistical feature value of an associated
plurality of said vertical difference values in said plurality of
vertical difference values, thereby producing a plurality of
vertical statistical feature values;

computing a first vertical feature value using said
plurality of vertical statistical feature values;

comparing said first vertical feature value with an

associated threshold;
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when a vertical compress.ion criterion, based on said

comparison of said first vertical feature value with an

associated threshold and said additive noise estimate, is not

satisfied, setting a vertical compression-noise estimate to a

value indicating said vertical compression-noise estimate is
ignorable;

when said vertical co'mpression. criterion is satisfied,
computing said vertical compression-noise estimate using a
first vertical statistic computed using said vertical statistical
feature Values.; and

combining said horizontal compression-noise estimate
avnd said vertical compression-noise estimate.

In another aspect of the present invention, a noise
estimator for determining a compression noise estimate
associated with an image is provided.

The noise estimator comprising:

a receiver for receiving an additive noise estimate for
an image-channel image;.

a first computing unit for computing a difference
value, in a first direction, at each pixel in a first plurality of
pixels in said image-channel image, thereby producing a
plurality of first-direction difference values;

a second computing unit for computing, for each first-
direction offset in a plurality of first-direction offsets, a

statistical feature value of an associated plurality of first-
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directiovn difference values in said plurality of first-direction
difference values, thereby producing a plurality of first-
direction statistical feature values;

a third computing unit for computing a first-direction
first feature value wusing said plurality of first-direction
statistidal feature values;

a comparator for comparing said first-direction first
feature value with an associated threshold;

a setting wunit for setting, when é first-direction
compression criterion, based on said comparison of said first-
direction first feature value with an associated threshold or
said additive noise estimate, is not satisfied, a compression-
noise estimate associated with said first d'irection to a value

indicating said compression-noise estimate associated with

~ said first direction is ignorable; and

a fourth computing unit for computing, when said
first-direction compression criterion is satisfied, said
compression-noise estimate associated with said first
direction using a first first-direction statistic computed using
said first-direction statistical feature values.

In another aspect of tﬁe present invention, a noise
estimator for determining a compression noise estimate
associated with an image is provided.

The noise estimator comprising:

a receiver for receiving an additive noise estimate for an
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image-channel image;

a first computing unit for computing a horizontal
difference value .for each pixel in a first plurality of pixels in
said image—chaﬁnel image, thereby producing a plurality of
horizontal difference values;

a second computing unit for computing, for each
horizontal offset in a plurality of horizontal offsets, a
statistical feature value of an associated plurality of said
horizontal difference values in said plurality of horizontal
difference values, thereby producing a plurality of horizontal
statistical feature values;

a third computing unit for computing a first horizontal
feature value wusing said plurality of horizontal statistical
feature values;

a first comparator for comparing said first horizontal
feature value with an associated threshold;

a first setting unit for setting, when a horizontal
compression criterion, based on said comparison of said first
horizontal feature value with an associated threshold or said
additive noise estimate, is not satisfied, a horizontal
compression-noise estimate to a value indicating said
horizontal compression-noise estimate is ignorable;

a fourth computing unit for computing, when said
horizontal compression criterion is satisfied, said horizontal

compression-noise estimate using a first horizontal statistic
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computed using said horizontal statistical feature values;

a fifth computing wunit for computing a vertical
difference value for each pixel in a second plurality of pixels
in said image-channel image, thereby producing a plurality of
vertical difference values;

a sixth computing unit for computing, for each
vertical offset in a plurality of vertical offsets, a statistical
feature value of an associated plurality of said vertical
difference V_alues in said plurality of vertical difference values,
thereby producing a plurality of vertidal statistical feature
values;

a seventh computing unit for computing a first
vertical feature value using said plurality of vertical
statistical feature values;

a second comparator for comparing said first vertical
feature value with an associated threshold;

a second setting unit for sétting, when a ‘vertical
compression criterion, based on said comparison of said first
vertical feature vahie with an associated threshold and said
additive noise estimate, is not satisfied, a vertical
compression-noise estimate to a value indicating said vertical
compression-noise estimate is ignorable;

a eighth computing unit for computing, when said
vertical compression criterion is satisfied, said vertical

compression-noise estimate using a first vertical statistic
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computed using said vertical statistical feature values; and

a combiner for combining said horizontal
compression-noise estimate and said vertical compression-
noise estimate.

The foregoing and other objectives, features, and
advantages of the invention will be more readily understood
upon consideration of the fqllowing detailed description of the
invention taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a picture depicting exemplary embodiments of
the present invention comprising controlling the image
separation effectuated by an edge-preserving filter using an
estimate of the noise in the input image;

Fig. 2 is a picture depicting exemplary embodiments of
the presentv invention comprising estimation of compression
noise by accessing a look-up table;

Fig. 3 is an exemplary, original, decoded image frame;

Fig. 4 is an enhanced image resulting from processing,
according to embodiments of the present invention, of the
exemplary, original, decoded image frame shown in Figure 3,
wherein the noise estimate used to control the bi-lateral filter
parameter value was based only on sensor, thermal and grain

noise;
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Fig. 5 is an enhanced image resulting from processing,
according to embodiments of the present invention, of the
exemplary, original, decoded image frame shown in Figure 3,
wherein the noise estimate used to control the bi-lateral filter
parameter value was based on sensor, thermal and grain
noise and compression noise;

-Fig. 6 is an exemplary, original, decoded image frame
associated with a lightly compressed image;

Fig. 7 is an enhanced image resulting from processing,
according to embodiments of the present invention, of the
exemplary, original decoded image frame shown in Figure 6,
wherein the noise estimate used to control the bi-lateral filter
parameter value was based only on compression noise;

Fig. 8 is an enhanced image resulting from processing,
according to embodiments of the present invention, of the
exemplary, original decoded image frame shown in Figure 6,
wherein the noise estimate used to control the bi—latebral filter
parameter value was based on noise due to sensor, thermal
and grain noise and compression noise;

Fig. 9 is a picture depicting exemplary embodiments of
the present invention comprising estimation of compression
noise directly from image data;

Fig. 10 is a chart showing exemplary embodiments of the
present invention comprising estimation of compression noise

directly from image data for a still image or a single frame in
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a video sequence;

Fig. 11 is a picture illustrating exemplary pixel locations
for determination of horizontal differences according to
embodiments of the present invention;

Fig. 12 is a chart showing exe.mplary embodiments of the
present invention comprising estimation of compression noise
directly from image data for a frame in a video sequence;

Fig. 13 is a pictﬁre depicting exemplary embodiments of
the present invention comprising un-sharp masking;

Fig. 1‘4 is a picture depicting exemplary embodiments of
the present invention comprising edge-preserving filter
parameter value determination based on the level of
sharpening associated with the un-sharp masking;

Fig. 15 is a picture depicting exemplary embodiments of
the present invention comprising edge-preserving filter
parameter value determination based on the level of
sharpening associated with the un-sharp masking and based
on temporal smoothing;

‘Fig. 16 is a plot showing two exemplary look-up tables
for associating a sharpening factor with a multiplier;

Fig. 17 is a picture depicting exemplary embodiments of
the present invention comprising edge-preserving filtef
parameter value determination based on the level of
sharpening associated with the un-sharp masking;

Fig. 18 is a picture depicting an exemplary embodiment
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of the present invention comprising edge-preserving filter
parameter value determination based on the level of
sharpening associated with the un-sharp masking;

Fig. 19 is an exemplary, original noise image;
Fig. 20 shows a result of bi-lateral filtering, using a

sigma range parameter value equal to the standard deviation

" of the noise, of the original noise image shown in Figure 19;

Fig. 21 shows a result of bi-lateral filtering, according to
embodiments of the present invention, of the original noise
image shown in Figure 19, where the bi-lateral filter
parameter value was set based on the noise in the original
noise image;

Fig. 22 shows a result of bi-lateral filtering, according to
embodiments of the present invention, of the original noise
image shown in Figure 19, where the bi-lateral filter
parameter value was set based on the noise‘ in the original
noise image and the level of sharpening;

Fig. 23 shows an exemplary, original image;

Fig. 24 shows a result of bi-lateral filtering, aécording to
embodiments of the present invention, of the original image
shown in Figure 23, where the bi-lateral filter parameter
value was set based on noise estimated from the original
image;

Fig. 25 shows a result of bi-lateral filtering, according to

embodiments of the present invention, of the original image
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shown in Figure 23, where the bi-lateral filter parameter
value was set based on noise estimated from the original
image and the level of sharpening;

Fig. 26 is a chart showing exemplary embodiments of the
present invention comprising methods for estimating additive
noise based on a first significant peak in a histogram of
statistical feature values of image patches associated with an
image- channel image;

Fig. 27 is a chart showing exemplary embodiments of the
present invention comprising methods for estimating
compression noise in accordance with a criterion based on at
least one feature value computed from statistical feature
values corresponding to offsets in a first direction in a
difference image and an additive noise estimate;

Fig. 28 is a chart showing exemplary embodiments of the
present inventibn comprising méthods for estimating
compression noise in accordance with a first criterion based
on at least one feature value computed from statistical
feature values corresponding to offsets in a first direction in a
first-direction difference image and an additive noise estimate
and a second criterion based on at least one feature value
computed for statistical feature values corresponding to
offsets in a second direction in a second-direction difference
image and the additive noise estimate;

Fig. 29 is a picture depicting exemplary embodiments of
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the present invention comprising a hierarchy of edge-
preserving filters, wherein the image separation effectuated by
the hierarchy of edge-preserving filters is controlled based on
an estimate of the noise in the input image;

Fig. 30 is a picture depicting exemplary embodiments of
the present invention comprising noise estimator for
estimating compression noise in accordance with a criterion
based on at least one feature value computed from statistical
feature values corresponding to offsets in a first d‘irection in a
difference image and an additive noise estimate; and

Fig. 31 is a picture depicting exemplary embodiments of
the present invention comprising noise eétimator fpr
estimating compression noise in accordance with a first
ériterion based on at least one feature value computed from
statistical feature values corresponding to offsets in a first
direction in a first-direction difference image and an additive
noise estimate and a second criterion based on at least one
feature value computed for statistical feature values
corresponding to offsets in a second direction in a second-

direction difference image and the additive noise estimate.

DESCRIPTION OF EMBODIMENTS
Embodiments of the present invention will be best
understood by reference to the drawings, wherein like parts

are ‘designated by like numerals throughout. The figures
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listed above are expressly incorporated as part of this detailed
description.

It will be readily understood that the components of the
present invention, as generally described and illustrated in
thé figures herein, could be arranged and designed in a wide
variety of different configurations. Thus, the following more
detailed description of the embodiments of the methods,
systems and apparatus of the present invention 1is not
intended to limit the scope of the invention but it is merely
represent‘ative of the presently preferred embodiments of the
invention.

Elements of embodiments of the present invention may
be embodied in hardware, firmware and/or a non-transitory
computer program product comprising a computer-readable
storage medium having instructions stored thereon/in which
may be used to program a computing system. While exemplary
embodiments revealed herein may only describe one of these
fofms, it is to be undefstood that one skilled in the art would
be able to effectuate these elements in any of these forms
while resting within the scope of the present invention.

Although the charts and diagrams in the figures may
show a specific order of execution, it is understood that the
order of execution may differ from that which is depicted.

For example, the order of execution of a plurality of actions

depicted by a corresponding plurality of blocks in a figure
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may be changed relative to the shown order. Also,‘ as a
further example, two or more actions depicted in blocks
shown in succession in a figure may be exécuted concurrently,
or with partial concurrence. It is understood by those with
ordinary skill in the art that a non-transitory computer
program productrcomprising. a computer-readable storagé
medium having instructions stored thereon/in which may be
used to program a computing system, hardware and/or
firmware may be created by one of ordinary skill in the art to
carry out the vafious logical functions described herein.

The quality of a video sequence or of a still image may
vary widely depending on the source. For example, computer-
generated content may be of the highest quality. Packaged
media content, for example, Blu-ray media, may be of
relatively high quality. Over;the—air high—definition (HD)
broadcast content may be of relatively intermediate quality,
while content distributed via cable and satellite, may be of a
relatively lower quality. Internet protocol television (IPTV) and
streamed content may be of relatively low quality. Methods
and systems for video and image enhancement that
automatically adapt to image- or video-content quality may be
desirable. Additionally, methods and estimator for automatic
estimation of an additive noise in an image or in a video
sequence may be desirable.

When there is little, or no, noise in an image, either a
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still image or a frame in a video sequence, the image may be
sharpened aggressively, and small details in the image may
not be attenuated. However, selective image sharpening may
be required in the presence of noise. Stronger and larger-
scale features, as defined relative to the degree of noise, may
be identified and enhanced, while less significant and
smaller-scale features may be unprocessed, or potentially
attenuated to mitigate the noise present in the image.

U. S. Patent Application No. 12/228,774, entitled “Image
Sharpening Technique,” filed August 15, 2008, which is
hereby incorporated by reference herein in its entirety,
describes a technique for image shariaening wherein two
image channels are generated from an image: a first channel
which may include primarily texture infor.mation and a second
channel which may include primarily edge and flat-region
information. The first channel may be filtered to attenuate

y
higher frequency content of the image in the first channel,
and the second channel may be filtered to sharpen the image
in the second channel. The filtered first channel and the
filtered second channel may be combined to form an enhanced
image associated with the input image.'

In some embodiments of the present invention, an edge-
preserving filter may be used to separate an input image into
two channels: a first channel which may comprise image

content to be sharpened; and a second channel which may
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coniprise image content to attenuate. In some embodiments of
the present invention, the edge-preserving filter may comprise
a bi-lateral filter. In alternative embodiments, another edge-
preserving fiiter may be used to perform the separation. In
some embodiments, ‘the assignment of the input-image
content to the first channel and the second channel may be
controlled by a parameter of the edge-preserving filter. For
example, a range sigma parameter of a bi-lateral filter may
control the éssignment of input-image content to the first
channel and the second channel in embodiments wherein the
edge-preserving filter comprises a bi-lateral filter. In some
embodiments, in order to maximize the amount of sharpening,
the filter parameter value, for example, the range sigma
parameter value in a bi-lateral filter, may be set based on
noise statistics associated with the input image.

Some embodiments of the present invention may be
understood 1in relation to Figure 1. An input image 2 and a
noise estimate 3 associated with the input image 2 may be
made available to an edge-preserving filter 4. In some
embodiments of the present invention, the edge-preserving
filter may comprise a Dbi-lateral filter. In alternative
embodiments, another edge-preserving filter may be used to
perform the separation. The edge—presefving filter 4 may be
used to divide the input image 2 ihto two channels 6, 10. A

first channel 6 may correspond to significant features in the
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input image 2, and the seéond channel 10, formed by
removing 8 the first channel 6 from the input image 2, may
contain the residual difference between the first channel 6
and the input imag'e 2. The residual difference may comprise
noise and texture data. The first channel 6 may be éharpened
12, and the second channel 10 may be attenuated 14. The
sharpened channel 16 and the attenuated channel 18 may be
combined 20 to form an enhanced image 22. The value of a
filter parameter of the edge-preserving filter 4 may control the
assignment of input-image content to the first channel 6 and
the second channel 10. The yalue of the filter parameter of
the edge-preserving filter 4 may be based on -the noise
estimate 3. In some embodiments of the present invention,
the value of the filter parameter may be proportional to the
noise estimate 3. However, the Valué of the filter parameter
may not be equal to zero. In some embbdiments, when the
noise estimate 3 indicates that the filter parameter should be»
set to zero, a small, pre-determined value may be assigned to
the filter parameter. In alternative embodiments, when the
noise estimate 3 indicates that the filter parameter should be
set to zero, the edge-preserving filter 4 may pass the input
image 2 directly through as the first channel 6, thereby
effectuating only sharpened data. In some embodiments of the
present invention (not shown), the enhanced image 22 may be

up-sampled to a resolution greater than that of the input
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image 2.

Multiple noise processes may appear in an image or video
sequence. At one extreme, an original image may be of very
high quality, for example, computer generated imagery.
However, other images, or video sequences, may be of lower
quality, for example, a sequence or image may be corrupted,
during the acquisition process by thermal, sensor, or other
noise. In some situations, film grain, or other analog noise,

may corrupt an image or video sequence. Furthermore,

compression artifacts may corrupt an image or video sequence.

The degree of compression artifacts may be related to the bit-
rate associated with a video sequence or image. Exemplary
bit-rates and quality levels may be high quality Blu-ray discs
compressed at approximately 40 Mbps (Mega bits per second),
lower quality over-the-air transmissions compressed at
approximately 20 Mbps, further lower quality trans-coded
cable transmissions compressed at approximately 12 Mbps

and lowest quality satellite and IPTV services compressed at

less than 10 Mbps.

In some embodiments of the present invention described
in relation to Figure 2, an input bitstream 30, associated with
a still image or a video sequence, may be decoded by an
appropriate decoder 32. The image data 34 may be made
available, to an image-noise statistic estimator 38, from the

decoder 32, and the decoded coding parameters 36 may be

W
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made available, to a codec (coder/decoder) -noise statistic
estimator 40, from the decher 32. In alternative
embodiments, the coding parameters 36 may be made
available to the codec-noise statistié estimator 40 through
meta-data or other external means.

The image-noise statistic estimator 38 may analyze the
image data 34 to determine the amount of thermal, sensor,
grain, or other image noise present in the imége data 34.
Many existing methods are known in the art for 'estimating
the 'image noise present in image data. In an exemplary
embodiment of the present invention, the image-noise
statistic estimator 38 may identify one, or more, substantially
smooth regions in‘ the image data 34 and may calculate the
standard deviation of the pixel values W‘ithin each region. The
maximum standard-deviation value may be associated with an
image-noise statistic 44.

The codec-noise statistic estimator 40 may receive coding
parameters 36 associated with the input bitstream 30. In
some embodiments, the coding parameters 36 may comprise
the quantization interval used.for coding the current slice or
frame in a video sequence. In alternative embodiments, the
coding parameters 36 may comprise the number of bits used
to represent the source data. The coding parémeters 36 may
be used in a look-up operation to determine the amount of

noise due to compression. In some embodiments of the
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présent invention, the codec type may be used to select a
look-up table from multiple, pre-computed look-up tables 42.
The coding parameters 36 may be used as an i.ndex into the
selected table, and the output may be a measure of the image
noise due to compression 46. The measurement provided by
the look-up tables 42 may be normalized, either at the time
the look-up tables 42 are created or in a post’-processing
operation (nbt shown) to have the same units of measufement
as the noise estimate 44 provided by the image-noise statistic
estimator 38. |
In some embodiments of the present invention, a look-up
table 42 may be constructed by selecting multiple images and
video sequences that are representative of input data. The
images and yideos sequences may be compressed using a
variety of codecs and codec settings, and each result may be
subsequently decoded. The decoded results may be compared
to the original data, and the noise due to the Compression
system rhay be computed, for example, the standard deviation
of the error. This computation .may be performed over all
images and video sequences that are coﬁpressed using the
same codec and parameter settings, and the result may be
stored in the look-up table as the noise statistic for the
combination of codec and codec parameter settings. In some
embodiments, if additional values are needed, the test image

and video sequence data may be compressed with the desired



10

15

20

25

WO 2015/053408 PCT/JP2014/077278

023 -
configuration settings. In alternative embodiments, noise
statistics may be interpolated from values with a similar
compression configuration.

The image-noise statistic 44 and the codec-noise statistic
46 may be combined by a combiner 48 to produce a final
noise estimate 50, which may be made available to the edge-
preserving filter to control the filter parameter. In one
embodiment of the present invention, the maximum of the
image-noise statistic 44 and the codec-noise statistic 46 may
be assigned to the noise estimate 50. Alternative fusion
methods fbr combining 48 the image-noise statistic 44 and
the codec—néise statistic 46 may be used to produce a final
noise estimate 50 which may be made available to the edge-
preserving filter, and the value of the filter parameter of the
edge-preserving filter may be based on the noise estimate. In
some embodiments of the present invention, the value of the
filter parameter may be proportional to the noise estimate.

The effectiveness of some embodiments of the present
invention may be illustrated in Figures 3-8. Figure 3 depicts
an exemplary, original, decoded image 60 with two regions 62,
64 that exhibit coding artifacts shown inside two white circles
superimposed on the image 60. Onevregivon 62 is along the
road, and another region 64 is around a car. Figure 4 shows
an enhancement 70 of the decoded image 60 shown in Figure

3. The enhanced image 70 was generated using a bi-lateral
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filter using only an estimate of the image noise to select the
range sigma parameter value of the bi-lateral filter. The
coding artifacts are visibly enhanced, for example, the regions
72, 74 that are shown in the two superimposed, Whife circles.
However, the enhanced im’age 80 shown in Figure 5, by
contrast, was enhanced according to embodiments of the
present invention wherein a noise estimate accounting for
both the image noise, for example, sensor, thermal, grain énd
other image noise, and the compression noise in the image
frame was used to select the range sigma parameter value of
the bi-lateral filter. Using this noise estimate produces an
enhanced image 80, but without amplifying the coding
artifacts, for example, again examine the regions 82, 84
inside the superimposed, white circles.

A second exemplary, original, decoded image 90 is
depicted in Figure 6. Here, the image 90 is the result of light
compression. Inspection of Figure 6 shows a significant
amount of grain noise, Which may become much more visible
if enhanced. Shown in Figure 7 is an enhanced image 100
wherein the noise estimate controlling the parameter selection
in the bi-lateral filter considered only the coding noise. As
can be seen in Figure 7, the enhanced image 100 contains
amplified grain noise. However, the enhanced image 110
shown in Figure 8 resulting from image enhancement

according to embodiments of the present invention wherein
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the noise estimate used to select the range sigma paramete.r
for the bi-lateral filter accounted for both the image noise, for
example, sensor, thermal, gréin and other noise,'and the
compression noise in an image frame. As can be seen from
Figure 8, the resulting image is enhanced but without
amplifying grain noise artifacts.

Embodiments of the present invention described in
relation to Figure 2 comprise codec-noise statistic estimation
from the coding parameters. In alternative embodiments
described in relation to Figure 9, the compression noise may
be estimated from the decoded image data.

In some embodiments of the present invention, described
in relation to Figure 9, comprising a noise-estimation system
115, an input bitstream 120, associated with a still image or
a video sequence, may beb decoded by a decoder 122. The
image data 124 may be made available, from the decoder 122,
to an image-noise statistic estimator 126 and to a codec-noise
statistic estimator 128. The image-noise statistic. estimator
126 may estimate an image-noise statistic 130 associated
with t.he amount of image hoise present in the image data 124,
and the codec-noise statistic estimator 128 may estimate a
codec-noise statistic 132 associated with the compression
noise. The image-noise statistic 130 and the codec-noise
statistic 132 may be combined by a combiner 134 to produce

a final noise estimate 136 associated with the image data. In
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ohe embodiment of the present invention, the maximum value
of the image-noise statistic 130 and the codec-noise statistic
132 may be assigned to the noise estimate 136. Alternative
fusion methods for combining 134 the image-noise statistic
130 and the codec-noise statistic 132 may be used to produce
a final noise estimate 136.

The image-noise statistic estimator 126 may analyze the
image data 124 to determine the amount éf thermal, sensor,
grain and other image noise present in the image data 124,
Many existing methods are known in the art for estimating
the image noise. In an exemplary embodiment of the present
invention, the image-noise statistic estimator 126 may
identify. one, or more, substantially smooth regions in the
image data 1.24 and may calculate the standard deviation of
the pixel values within each region. The maximum standard-
deviation value may be associated with the image-noise
stafistic 130.

In some embodiments of bthe present invention, the
codec-noise statistic estimator 128 may calculate an estimate
for the codec noise 132 according to Figure 10. In these
embodiments, a luminance image may be computed 140 from
an input RGB (Red Green Blue), or other color space, image.
The luminance may be denoted I(r,c), where r and ¢ may
denote the row and column indices, respectively. A horizontal

difference value at each point may be computed 142, thereby



10

15

20

25

WO 2015/053408 PCT/JP2014/077278

-7 -
producing a plurality of horizontal difference values, and a
vertical difference value at each point may be computed 144,
thereby producing a plurality of vertical difference values,
according to:
D,(r,c)y=1(r,c+1)-1I(r,c)

and

D, (r,c)=I1(r+1,c)-1(r,c)
respectively, where D, (r,c) may denote a horizontal difference
value at pixel location (r,c¢) and D?(r,c) may denote a vertical
difference value at pixel location (r,c).

The standard deviation of the horizontal differences at a
plurality of horizontal offsets may be computed 146, and the
standard deviation of the vertical differences at a plurality of
vertical offsets may be computed 148. In some embodiments
of the present invention, a standard-deviation value may be
calculated for each offs‘et within a coding block, thereby
producing a plurality of horizontal standard-deviation values
and a plurality of vertical standard-deviation values. The
number of offsets may be determined by the structure of the
image, or video, codec and any processing or scaling of the
decoded data that may be performed prior to estimating the
compression noise.

In an exemplary embodiment comprising the use of eight
offsets, the standard-deviation values of the horizontal

differences may be calculated 146, for an image of width
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denoted NumCols and height denoted NumRows, according to:

NumRows NumCo% D ( r.8.c+i )
oo [~ (7 . i=0.7
ean, [i] FZO: ; NumRows -( NumCols/8) l

NumRows NMMCOIy D (r 8-c+ 1)2
o =S A = 0...
Mean2,, [i] ; CZ:;‘ NumRows - (NumCols/S)’ l ’

STD, [i] =sqrt(Mean2H [i]- Mean, [i]z), i=0..7

Figure 11 depicts an exemplary portion of an image 160
with pixel locations shown as squares. The pixel locations
5 Shown in cross hatch, for example 162, may be the locations
used for computing the horizontal standard deviation
associated with an offset of zero, STD,[0], and the pixel
locations shown in white, for example 164, may be the
locations wused for computing the horizontal standard

10 deviation associated with an offset of two, STD, [2].
The standard-deviation values of the vertical differences

may be similarly calculated 148 according to:

NumRow% NumCols D (8 r+i C)
vean i1 v ’ . i=0.7
ean, [’] ; ; ( NumRows/8)- NumCols :

NumRow% NumCols D (8 i C)Z
[ v = =0...7
ean2, [i] ; Cz:;‘ (NumRows/8)- NumCols’ =0

STD, [i] =sqrt(Mean2V [i]—- Mean, [i]z), i=0..7

Referring again to Figure 10, statistics may be computed
15 150 for the horizontal standard-deviation valués, and
statistics may be computed 152 for the vertical standard-

deviation values. The statistics computed 150 for the
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horizontal standard-deviation values may be referred to as
horizontal statistics and the statistics computed 152 for the
vertical standard-deviation values may be referred to as
vertical statistics. In some embddiments of the present
invention, the average of the horizontal standard-deviation
values and the maximum horizontal standard-deviation value
may be computed 150, and the average of the vertical
standard-deviation values and the maximum vertical
standard-deviation value may be computed 152. These values

may be computed according to:

T, STD,, |i
STDH_MEAN = Z—‘EH[—]
i=0
STDy wuy = max(STDH[i]), i=0..7
7, STD, i
STDV_MEAN = Z_'Eyﬂ
i=0
STD, yuy = max(SID,[i]), i=0..7

H

respectively. In alternative embodiments, other statistical
values may be calculated, for example, the median, the skew,
the kurtosis and other statistical measures.

The computed statistics associated with the horizontal
standard-deviation values may be combined 154 to form an
estimate of the horizontal compression noise. The computed
statistics associated with the vertical standard-deviation
values may be combined 156 to form an estimate of the
vertical compression noise. In an exemplary embodiment of

the present invention, an estimate of the horizontal
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éompression noise may be calculated according to a weighted
average given by:
Noise;,orossion n =4.64-STDy 1 —4.26-STD,, ., +0.58
and an eétimate of the vertical compression noise may be
calculated according to a weighted average given by:
Noiseprossion v =4.64-STD,, ., —4.26-STD, . +0.58
where the values 4.64, 4.26 and 0.58 are exemplary weighting
parameters. In alternatﬁe embodimenté, othef weighting
values may be used.

The estimate for the horizontal compression noise and
the estimate for the vertical compression noise may be
combined 158 to form a single compression noise estimate.
Any data fusion method known in the art may be used to
combine th¢ estimate for the horizontal compression noise
and the estimate for the vertical compression noise. In some
embodiments of the present invention, the compression-noise

estimate may be determined according to:

N OZseCompression = max (N 01§ eCompr'esSfon_H 4 N OlseCDmpression_V )

In alternative embodiments of the present invention, the
codec-noise statistic estimator 128 may calculate an estimate
for the codec noise 132 according to Figure 12. In these
embodiments, the input image may be a frame in a video
sequence, and past frames may be considered in determining
the codec-noise estimate. In these embodiments, a luminance

image may be computed 170 from an input RGB, or other
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color space, image, and the luminance may be denoted I(r,c),
where r and ¢ may denote the row and column indices,
respectively. A horizontal difference value at each point may
be computed 172, thereby producing a plurality of horizontal
difference values, and a vertical difference value at each point
may be computed 174, thereby producing a plurality of
vertical difference values, according to:
D,(r,c)=I(r,c+1)-1I(r,c)

and

D, (r,c)=1(r+1,c)-1(r,c)
respectively, where D,(r,c) may denote a horizontal difference‘
value at pixel location (r,c) and D,(r,c) may denote a vertical
difference value at pixel location (r,c).

The standard deviation of the horizontal differences at a
plurality of horizontal offsets may be computed 176, and the
standard deviation of the vertical differences at a plurality of
vertical offsets may be computed 178. In some embodiments
of the present invention, a standard-deviation value may be
calculated for each offset within a coding block, thereby
producing a plurality of horizontal standard-deviation values
and a plurality of vertical standard-deviation values. The
number of offsets may be determined by'the structure of the
video codec and any processing or scaling of the decoded data

that may be performed prior to estimating the compression

noise.
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In an exemplary embodiment comprising the use of eight

offsets, the standard-deviation values of the horizontal

differences may be calculated 176 according to:

NumRows NumCo% D (I" 8¢ +1i )
vean Tl — CAUE . i=0.7
ean,, [1] Z CZ:;‘ NumRows - (NumCOIS/S) l

r=0

NumRows anCo% D (r 8 - C 1)2
Meann [i] = HA"> 1 =0...7
eancy [’] Z CZ(; NumRows - (NumCols/S)’ l

r=0

STD,[i] = sqrt(Mean2, [i]-Mean, [i] ), i=0..7

The standard-deviation values of the vertical differences may

be similarly calculated 178 according to:

N“'"ROW% NumCols D (8 r+i C)
e [l = p (8740, . i=0.7
ean, [l] g;‘ CZ:;‘ (NumRows/ 8) - NumCols :

NumROW% NumCols D (8 P c)z
Mean2,[i]l = 4 - i =0...7
eani, [l] Z(; ; (NumRows/S)-NumCols’ l

STD, [i] = sqrt(Mean2, [i]- Mean, [iT . i=0..7

Statistics may be computed 180 for the horizontal
standard-deviation values, and statistics may be computed
182 for the vertical standard-deviation values. In some
embodiments of the present invention, the average of the
horizontal standard-deviation values and the maximum
horizontal standard-deviation value may be computed 180,
and the average of the vertical standard-deviation values and
the maximum vertical standard-deviation value may be

computed 182. These values may be compﬁted according to:
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| ’, STD,, [i]

STDH_MEAN = ZT
i=0

STDy yux = max(SID,[i]), i=0.7
7, STD, [i

STDV_MEAN = Z—_SL[J
i=0

STD, e = max(STD,[i]), i=0..7

2

respectively. In alternativé embodiments, other statistical
values fnay be calculated, for example, the median, the skew,
the kurtosis and other statistical measures.

The computed statistics associated with the horizontal
standard-deviation values may be combined 184 to form an
estimate of the horizontal compression noise. The computed
statistics associated with the vertical standard-deviation
values may be combined 186 to form an estimate of the
vertical compression noise. In an exemplary embodiment of
the present invention, an estimate of the horizontal
compression noise may be calculated according to a weighted
average given by:

Noisec,prossion y =4-64-STDy 1y —4.26-STDy 1y, +0.58
and an estimate of the vertical compression noise may be
calculated according to a weighted average given by:
| Noisec,,prossion v =4-64-STD,, ., —4.26-STD; 1, +0.58
where the values 4.64, 4.26 and 0.58 are exemplary weighting
parameters. In alternative embodiments, other weighting
values may be used.

The location of block boundaries in the current image
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frame may be estimated 188, 190 wusing the statistics
previously computed. In an exemplary embodiment, a
horizontal-block boundary location may be-  estimated 188
using the maximum horizontall standard—dcviation value

according to:

Block,, [frame_num]=i, where STDy, ., == STD, [z]
where frame num may denote a time index associated with the
current frame. A vertical block-boundary location may be

estimated 190 by the maximum vertical standard-deviation

value according to:

Block, [ frame _num|=i, where STD, ,,, ==STD, [i]
where frame num may denote a time index associated with the.
current frame.

The number of unique horizontal block-boundary
locations and the number of unique vertical block—boundary
locations in a temporal block may be determined 192, 194 by
counting the number of unique values for Block,[i] and Block,|[i],
respectively, where i is an index with values from frame_num
to frame_num-N and N is a constant. If the number of unique
values for the horizontal direction is above a threshold, then
the estimate for the horizontal compression noise may be set
equal to zero, and if the number of unique values for the
vertical direction is above a threshold, then the estimate for

the vertical compression noise may be set equal to zero.

The estimate for the horizontal compression noise and



10

15

- 20

25

WO 2015/053408 PCT/JP2014/077278
- 35 -

the estimate for the vertical compression noise may be
combined 196 to form a single compression noise estimate.
Any data fusion method known in the art may be used to
combine the estimate for the horizontal compression noise
and the estimate for the vertical compression noise. In some
embodiments of the present invention, the compression-noise

estimate may be determined according to:

N OlseCompression =max (N OZSeCompression_H ’ N OzseCompressmn_V )

In some embodi.ments of the present invention, the
parameters of an edge-preserving filter may be adjusted based
on a sharpening value used in a sharpening filter. In some
exemplary embodiments, the edge-preserving filter may
comprise a bi-lateral filter. In exemplary embodiments of the
present invention shown in Figure 13 and Figure 14, an edge-
preserving filter 204 may be used to separate an input image
200 into two channels: a first channel 206 which may
comprise image content to be sharpened by un-sharp masking
(USM) 212; and a second channel 210 which may comprise
image content to attenuate. The level of sharpening associated
with the un-sharp masking 212 may be controlled by the
value of the USM alpha 213 set for the USM filter 212. In
these embodiments, a filter parameter value 203 of the edge-
preserving filter 204 may control the assignment of input-
image content to the first channel 206 and the second

channel 210. In some embodiments of the present invention
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wherein the edge-preserving filter comprises a bi-laferal filter,
the filter parameter value may be the range sigma parameter
value associated with the bi-lateral filter.

In some embodiments, in order to maximize the amount
of sharpening, the filter parameter 203 may be set based on
the noise statistics associated with the input image 200, and
additionally,. in order to mitigate noise amplification due to
sharpening, the filter parameter 203 may be set based on the
sharpening value 213 used in the sharpening filter 212.

An input image 200 and a filter parameter value 203
associated with the input image may be made available to an
edge-pfeserving filter 204. The edge-preserving filter 204 may
be used to divide the input image 200 into two channels 206,
210. The first channel 206 may correspond to significant
features in the input image 200, and the second channel 210,
formed by removing 208 the first channel 206 from the input
image 200, may contain the residual difference between the
first channel 206 and the input image 200. The residual
difference 210 may comprise noise and texture data. The first
channel 206 may be sharpened using un-sharp masking 212,
and the second channel 210 may be attenuated 214 in
accordance with noise control 215. The sharpened channel
216 and the attenuated channel 218 may be combined 220 to
form an enhanced image 222. The filter parameter value 203

of the edge-preserving filter 204 may control the assignment
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of input-image content to ‘the first channel 206 and the
second channel 210. In some embodiments of the present
invention (not shown), the enhanced image 222 may be up-
sampled to a resolution greater than that of the inpﬁt image
200.

Referring to Figure 14, the input image 200 may be
received by a noise estimator 230 which may generate a noise
estimate 231 based on an estimate of the image noise and the
codec noise present in the input. image 200. In some
embodiments of the present invention, the noise estimate 231
may be determined according to the noise-estimation
embodiments of the present invention described herein. The
noise estimate 231 may be adjusted by a USM sharpening
compensator 232 to account for the sharpening value, and the
resulting sharpening-adjusted value 233 may be temporally
filtered 234 to reduce noise in the control process. The output
of the temporal filter 234 may be the filter parameter value
203 provided to the edge-preserving filter 204.

In some embodiments of the present invention described
in relation to Figure 14 and Figure 15, the noise estimator
230 may comprise an image-noise statistic estimator 250 and
a codec-noise statistic estimator 252 for estimating image
noise and codec noise associated with an input image 200,
respectively. The noise estimator 230 may comprise a

combiner 254 for combining the image noise estimated by the
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image-noise statistic estimator 250 and the codec noise
codec-noise statistic estimator 252. The noise estimate 231
may be provided to the USM sharpening compensator 232. In
some embodiments, the noise estimate 231 may be converted
to a standard-deviation value in the noise estimator 230. In
alternative embodiments, the noise estimate may be converted
to a standard-deviation value in the USM sharpening
compensator 232.

The USM sharpening compensator 232 may adjust the

noise estimate 231 by a value associated with the level of

sharpening 213. In some embodiments of the present
invention, a sharpening compensator controller 256 may use
the USM alpha value 213 as an index into a look-up table 258
to determine a multiplier 257 which may be wused to
multiplicatively adjust 260 the standard—dieviation—value noise
estimate 231. Figure 16 depicts two plots 280, 282 each
associated with an exemplary look-up table derived to
maintain a constant noise level with increasing sharpening
factor.

In addition to adjusting the noise estimate 231 by the
value 257 associated with the level of sharpening 213, the
noise estimate 231 may be multiplicatively 260 adjusted by a
value associated with control parameter, which may be
denoted M , that controls how quickly the estimated

parameter values may change as a function of time. In some
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embodiments the multiplicative adjustment 260 may be 1-M.
In some embodiments of the present invention, a smaller
value for M may correspond to a faster change, while a larger
value for M may correspond to a slower change. In some
embodiments of the present invention, M may be set to 0.3.
A filter parameter value 263 associated with a previous frame
may be retrieved from storage 262 and multiplied 264 by the
control parameter M. The results of the two multiplications
260, 264 may be added 266 to form the edge-preserving filter
parameter 203 for the next frame.

In alternative embodiments described in relation to
Figure. 17, an edge—p_reserving filter parameter may be
determined for filtering of a still image, or a video frame. An
input image 300 may be received by a noise estimator 302
which may generate a noise estimate 303 based on an
estimate of the image ﬁoise and the codec noise present in the
input image 300. The noise estimate 303 may be determined
according to the noise-estimation embodiments of the present
‘invention described herein. The noise estimate '303 may be
adjusted by a USM sharpening compensator 304 to account
for the sharpening value 305, and the resulting sharpening-
adjusted value 306 may be the filter parameter value 306
provided to the edge-preserving filter 204.

In some embodiments.of the‘present invention described

in relation to Figure 17 and Figure 18, the noise estimator
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302 may comprise an image-noise statistic estimator 310 and
a codec-noise statistic estimator 312 for estiﬁlating image
noise and codec noise associated with an input image 300,
respectively. The noise estimator 302 may comprise a
combiner 314 for combining the image noise estimated by thé
image-noise statistic estimator 310 and the codec noise
codec-noise statistic estimator 312. The noise estimate 303
may be provided to the USM sharpening compensator 304. In
some embodiments, the noise estimate 303 may be converted
to a standard-deviation value in the noise estimator 302. In
alternative embodiments, the noise estimate 303 may be
converted to a standard-deviation value in the USM
sharpening compensator 304.

The USM sharpening compensator 304 may adjust the
noise estimate 303 by a value associated with the level of.
sharpening 305. In some embodiments of the present
inventi{on, a sharpening compensator controller 316 may use
the USM alpha value 305 as an index into a look-up table 318
to determine a multiplier 319 which may be used to
multiplicatively adjust 320 the standard-deviation-value noise
estimate 303 to produce a sharpening-adjusted edge-
preserving filter parameter value 306. Figure 16 depicts two
plots 280, 282 each associated with an exemplary look-up
table derived to maintain a - constant noise level with

increasing sharpening factor.
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The effectivenessb of embodiments of the present
invention may be illustrated in Figures 19-25. Figure 19
depicts an exemplary, original, synthetic noise target 350.
Figure 20 shows the result 352 of bi-lateral filtering, using a
sigma range parameter value equal to the standard deviation
of the noise, of the original image 350 shown in Figure 19.
An enhanced image 354 is shown in Figure 21. This enhanced
image 354 exhibits significant amplification of the image
noise. Figure 22 depicts an enhanced image 356 enhanced
according to embodiments of the present invention i'n which
the bi-lateral filter sigma range parameter is set according to
the noise statistics of the image in addition to accounting for
the sharpening strength of the sharpening filter. The noise in
Figure 22 vis similar to the noise in Figure 20, but the degree
of enhancement is different.

A second exemplary, original image 360 is depicted in
Figure 23. A superimposed, white circle 361 is shown on the
image 360 in a region wherein the noise in the image 360 is
visible. Figure 24 depicts an image 362 which results from bi-
lateral filtering according to embodiments of the present
invention with a range sigma parameter that has been set
accounting for the noise, bﬁt not the sharpening process.
Inspection of the region inside the overlaid white circle 363
shows that the noise is amplified relative to the input image

360. Figure 25 depicts an image 364 which results from bi-
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lateral filtering according to embodiments of the present
invention with a range sigma parameter that has been set
accounting for both noise and the sharpening process.
Inspection of the region inside the overlaid white circle 365
shows that the noise is not amplified relative to the original
image 360, but the desired increase in sharpening of image
céntent is visible.

When an image or video sequence has a large amount of
texture, many systems and methods for estimating non-codec
noise may fail due to a stroﬁg correlation between texture and
an additive-noise estimate computed based on standard
deviations of image patches, and consequently, over-
smoothing may occur.

Som¢ embodiments of the present invention described in
relation to Figure 26 comprise a method 400 for estimating
additive noise in a still image or in a frame of a vidéo
séquence.

In these embodiments, a statistical featﬁre value may be
computed 402 for each image patch in a plurality of image
patches of an image;channel image associated with an input
image. Exemplary image-channel images are a luminance
image, a chrominance image, an R-component image of an
RGB image, a G-component image of an RGB image., a B-
component image of an RGB image, a chfoma-channel image

in- an image color space comprising a chroma channel, a
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combination of image channels, and other image—channel
images. The image-channel image may be denoted I(x,y) ,
where x and y may denote the horizontal and vertical indices,
respectively, and I(x,y)v may denote the image-channel image
value at an image location corresponding to (x,y).

In some embodiments of £he present inventiobn, each
patch may be an NxN patch. In some embodiments of the
present invention, the patches of the image-chaﬁnel image
may be overlapping patches. In some embodiments of fhe
present invention, the pluraiity of images patches of the
image-channel image may comprise all possible NxN patches
in the image-channel image. In some embodiments of the
present invention, N may be five pixels.

In alternative embodiments of the present invention, the

plurality of image patches may comprise all image patches,

“whereat the value of a pixel, on which an image patch is

centered, meets a first criterion. In some exemplary
embodiments, the plurality of image patches may comprise all
NxN image patches, whereat the center value of the image
patch meets a first criterion. In some exemplary embodiments,
the plurality of image patches may comprise all NxN image
patches, whereat the center value of the image patch
corresponds to a luminance value in the range [luma_low,
luma_high], where luma_low 1is a first luminance value

denoting a lower-limit on a range of luminance values and
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luma_high is a second luminance value denofing an upper-
limit on the range of luminance values. Exemplary ranges are
[16, 235) and [16, 240]..

In alternative embodiments of the present invention, the
plurality of image patches may comprise all image patches for
which a characteristic of an image patch meets a first
criterion.

In some embodiments of the present invention, the
image-channel image may be computed from an inpuf image,
for example, from an image ‘in an RGB, or other, color space.
In some embodiments of the present invention,.the image-
channel image may be a lcombination of image channels.

In some embodiments of the present invention, the
statisticai feature value may be a standard-deviation value.
In alternative embodiments, the statistical feature value may
be another statistic, for example, the variance, the sum of
absolute differences, and other statistical values. In
embodiments wherein the statistical feature value is a

standard-deviation value, the standard-deviation value, which

may be denoted STD,, of an image patch, which may be
denoted P and for which Px and Py may denote the sets of x
and y indices, respectively, corresponding to the pixel
locations, in the image-channel image, within patch P, may be

computed according to:
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I(x,y)
Mea =
" PZ%: N-N
' ](x,y)2
M 2 = /. 5
can2, =T
STD, :sqrt(Mean2P —Meanpz)

where sgrt(.) may denote the square-root function.

A histogram of the statistical feature values computed for
the image-channel patches may be formed 404. In some
embodiments of the present invention, the histogram may be
formed by accumulating the statistical feature values for all
image patches. In alternative embodiments of the present
invention, the histogram may be formed by accumulating the
statistical feature values for vall image patches into an initial
histogram and smoothing the initial histogram. In some of
these embodiments, the initial histogram may be smoothed
using a mo#ing—window averaging function. In alternative
embodiments, an alternative smoothing method known in the
art may be used to smooth the initial histogram.

The histogram may be searched 406 for a first significant
peak, where the first significant peak is a significant peak
whereat the bin location of the significant peak corresponds
to the smallest statistical feature value compared to that of
other significant peaks. In some embodiments of the present
invention, a histogram peak may be identified using a peak-
search window function at each histogram-bin location. A

location may be considered a peak location if the histogram
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count associated with the leftmost histogram-bin location in
the peak-search Window is greater than the histogram count
associated with the rightmost histograi‘n—bin location in the
peak—se‘arch window. In some embodiments of the present

invention, a peak may be considered significant when the

‘number of histogram counts within a significance-

determination window centered at the peak location meets a
first criterion. In some embodiments of the present invention,
a peak may be considered a significant peak if the number of -
histogram counts within the significance-determination
window is greater than 66 percent of the number of pixels in
the luminanceimage. A person of ordinary skill in the art will
recognize the existence of many methods and systems for
locating a significant peak within a histogram. The above-
described methods are for illustration purposes and should
not be considered a limitation of émbodiments of the present
invention.

A determination may be made 408 as to whether or not a
first significant peak has been found. If no significant peak
has been found 410, then the noise estimate may be set 412

to a default value. In some embodiments of the present

invention wherein the noise estimation is for a frame of a

video sequence, the default value may be a noise estimate
from a previous frame. In some embodiments, the noise

estimate may be from the immediately previous frame. In
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alternative efnbodiments, the default value may be a last
reliable noise estimate from a previous frame. In some
embodiments ‘o'f the present invention wherein the noise
estimation is for a still image, the default value may be set to
a pre-determined value.

The noise estimate may be lébeled 414 with a label
indicating a “low confidence” in the accuracy and validity of
the noise estimate.

The noise-estimation process 400 may end 416.

If a first significant peak is identified 418, then a peak-
width - measure may be computed 420. In some embodiments
of the present invention, the peak-width measure may be
computed by determining the position within the histogram,
prior to the first-significant-peak location, whereat the
histogram count falls below a predetermined threshold and
subtracting that location from the first-significant-peak
location. In some embodiments of the present invention, the
predetermined threshold may be related to the histogram
gount at the first-significant-peak locbation. In some
embodiments of the present invention, the threshold may be
50% of the histogram count at the first-significant-peak
location.

A determination may be made 422 as to whether or not
the peak-width measure indicates a broad peak. In some

embodiments of the present invention, the peak-width
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measure may be compared to a width threshold, and if the
peak-width measure is greatervthan the width threshold, then
the peak may be considered a broad peak. If the first
significant peak is considered a broad peak 424, then the
noise estimate may be set 412 to a default value. In some
embodiments of the present iﬁvention wherein the noise

estimation is for a frame of a video sequence, the default

-value may be a noise estimate from a previous frame. In some

embodiments, the noise estimate may be from the immediately
previous frame. In alternative embodiments, the default value
may be a last reliable noise estimate from a previous frame.
In some embodiments of the present invention wherein the
noise estimation is for a still image, the default value may be
set to a pre-determined value. |

The noise estimate may be labeled 414 with a label
indicating a “low confidence” in the accuracy and validity of
the noise estimate.

The noise-estimation process 400 may end 416.

If the first significant peak is not considered a broad
peak 426, then a noise estimate may be computed 428 based
on the first-significant-peak location and the peak-width
measure, and the noise—estimavtion process 400 may end 416.

In some embodiments of the present invention, the noise
estimate may be computed 428 by combining the statistical

feature value corresponding to the histogram bin, prior to the
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first-significant-peak location, whereat the histogram count
falls below the predetermined threshold with the statistical
feature value corresponding to the first-significant-peak
location. In some embodiments of the present invention, the
noise estimate may be computed 428 by subtracting the
statistical feature value corresponding to the histogram bin,
prior to the first-significant-peak location, whereat the
histogram count falls below the predetermined threshold from
the statistical feature value corresponding to the first-
significant-peak location and combining the difference with
the statistical feature value corresponding to the first-
significant-peak location. In alternative embodiments, a’ factor
of the difference between the statistical feature value
corresponding to the histogram bin, prior to the first-
significant-peak location, whereat the histogram count falls
below the predetermined threshold and the statistical feature
value corresponding to the first-significant-peak location may
be combined with the statistical feature value corresponding
to the first-significant-peak location. In some embodiments of
the present invention, combining the values may comprise
adding the values together.

Some embodiments of the present invention déscribed in
relation to Figure 27 may comprise a method 500 for
detecting and estimating compression noise in an image or in

a video sequence. .
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In these embodiments, a difference value, in a first
direction, at each point in an image-channel image may be
computed 502, thereby producing a plurality of first-direction
difference values. Exemplary image-channel images are a
luminance image, a chrominance image, an R-component
image of an RGB image, a G-component image of an RGB
image, a B-component image of aﬁ RGB image, a chroma-
channel image in an image color space comprising a chroma
channel, a combination of image 'channels, and other ivmagr,e—
channel images. |

In some embodiments of the present invention, the
image-channel image may be computed from an input image,
for example, from an image in an RGB, or other, color space.

A statistical feature value, for example, a standard-
deviation value, a variance value, a sum-of-absolute-
differences value and other statistical feature value, of the
first-direction difference values at an offset in the first
direction may be computed 504 for each of the offsets in a
plurality of first-direction offsets, thereby producing a
plurality of first-direction statistical feature values.

In some ernbodifnents of the present invention, a
statistical feature value may be calculated for each offset, in
the first direction, within a coding block. The number of
offsets may be determined by the structure of the image, or

video, codec and any processing or scaling of the decoded
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data that may be performed prior to estimating the
compression noise.

One, or more, first-direction feature values may be
computed 506 using the computed statistical feature values
for the first-direction offsets, also considered the first-
direction statistical feature values and denoted SF,Ji] ,
wherein i may correspond to a first-direction offset value.

In some embodiments of the present invention, a first-
direction near-peak-value feature value may be computed by
determining the number of firsf-direction statistical feature
values that are close to the maximum first-direction
statistical feature value. This first-direction near-peak-value
feature value may be referred to as the NearPeakD1 value and
may be determined by counting the number of first-direction
statistical feature values safisfying:

SFDI [’] 2 TDI_CLOSESFDI_MAX ,
where _SFDl_MAX:m?x(SFDl[i]) , -1 corresponds to a first-direction
offset, max(.) denotes the maximum function and T}, .. is a
closeness threshold. In some embodiments of the present
invention, 7 ;g =0.99.

In some embodiments of the present invention, a first-
direction variance feature value may be the value of the
variance of the first-direction statistical feature values, which

may be denoted VAR,,.

In an exemplary embodiment comprising the use of ND1
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offsets, the variance of the first-direction statistical feature

values may be computed according to:

SFp1_sean = 55l [l]
- i NDI
SF2p vpay = ND]_IM
- = ND1
VAR, = SF 2D1_MEAN - SF, Dl_MEAN2

In some embodiments of the presen-t invention, a first-

S direction block-boundaries feature may relate to an estimate

of the locations of first-direction block boundaries in a
plurality of video frames in a video sequence.

In an exemplary embodiment, a first-direction block

boundary location may be estimated using the maximum first-

10 direction statistical feature value according to:

Blocky, [ frame _num]=i, where max(SF, [i])==SF,[i]

k4

where frame num may denote a time index associated with a
video frame.
The number of unique first-direction block-boundary
15 locations, which may be referred to as NumBlockLocsD1, may
be determined by counting the number of unique values for
Block,, [j], where j is an index with values from frame_num to
frame_num-N and N is a constant.
The first-direction feature values computed using the
20 first-direction statistical feature values may each be

compared 508 to an associated threshold, wherein the
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thrvesho_ld may be Selected to delineate between feature values
indicative of an image, or video frame, cbmpressed in the first
direction, and those indicative of an image, or video frame,
.uncompressedr in the first direction.

An additive noise estimate may be received 510. A
‘determination may be made 512 to whether or not the first-
direction feature values and the additive noise estimate meet
a first-direction no-compression criterion based on the firsvt—
direction feature value/threshold comparisons and the
received additive noise estimate.

If the first-direction no-compression criterion is met 514
(when a first-direction compression criterion is not satisfied),
then a f_irst;direction compression-noise estimate may be set
516 to an “ignore-estimate” value indicating that the first-
direction compression-noise estimate may be ignored. In
some embodiments of the present invention, the first-
direction compression-noise estimate may be set 516 to zero
to indicate that the first-direction compression-noise estimate
may be ignored.

If the first-direction no-compression criterion is not met
518 (when a first-direction compression criterion is satisfied),
then one, or more, statistics may be computed 520 from the
first-direction statistical feature values.

In some embodiments of the present invention, the

average of the first-direction statistical feature values and the
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maximum first-direction statistical feature value may be

computed. These values may be computed according to:

SF, D1_MEAN

SFpy yuy = max(SF,[i]), i=0..ND1-1

respectively, wherein ND1 is the number of first-direction
offsets. In alternative embodiments, other statistical values
may be calculated, for example, the mediari, the skew, the
kurtosis and other statistical measures.

The conﬁputed étatistics associated with the first-
direction statistical feature values may be combined 522 to
form an estimate of the first-direction compression noise.

In an exemplary embodiment of the present invention, an
estimate o.f the first-direction compression noise may be
calculated according to a weighted average given by:

NOiSse,ypresion_p1 =464 SFpy; 4 uy =426 SFp gy +0.58

: )
where the values 4.64, 4.26 and 0.58 are exemplary weighting
parameters. In alternative embodiments, other W¢ighting
values may be used.

For example, in an alternative exemplary embodiment of
the present invention, an estimate of the first-direction
compression noise may be calculated according to a weighted
average given by:

NOIS€ oppsin o1 =1:6005-SFy 40 —1.0764-SFy 1 +2.7259

In an exemplary embodiment of the present invention, a
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first-direction near-peak-value feature value, NearPeakDl,
may be compared to a first-direction near-peak-value
threshold, and if the first-direction near-peak-value feature
value is above the first—directioﬁ near-peak-value threshold,
then the first-direction near-peak-value feature value may
indicate an image, or video frame uncompressed in the first
direction. In some exemplary embodiments, the first-direction
near-peak-value threshold may be 50% of the number of first-
direction offsets. In some exemplary embodiments wherein the
statistical feature value is the standard—deviatibon value, if
NearPeakD1>2, then no compression in the first direction may
be indicated.

In an exemplary embodiment of the present invention, a

first-direction variance feature value, VAR, , may be compared
to a first-direction variance threshold, and if VAR, is below
the first-direction variance threshold, then the first-direction
variance feature value may indicate an image, or video frame,
uncompressed in the first direction. In some exemplary
embodiments wherein the statistical feature value is the
standard-deviation value, if VAR, <0.6 , then no compression
in the first direction may be indicated.

In an exemplary embodiment of the present invention, a

first-direction block-boundaries feature value,

NumBlockLocsD1, may be compared to a first-direction block-

boundaries threshold, and if NumBlockLocsD1 is above the
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first-direction block-boundaries‘ threshold, then the first-
direction block-boundaries feature value may indicate an
image, or video frame, uncompressed in the first direction. In
some exempléry embodiments wherein the statisfical feature
value is the standard-deviation value, if NumBlockLocsDl1>2 ,
when five temporal frames are examined, then no compression
in the first direction may be indicated.

In an exemplary embodiment of the present invention, if
the received additive noise estimate is labeled a reliable
estimate, then the indication is uncompressed irriage, or video
ffame.

In an exemplary embodiment of the present invention, if
the received additive noise estimate is greater than an
additive-noise-estimate threshold, then the indication is
uncompressed image, or video frame.

In some exemplary embodiments of the present inventioﬁ,
when a first-direction near-peak-value feature value indicates
no first-direction compression OR a first-direction variance
feature value indicates no first-direction compression OR a
third first-direction block-boundaries featuré value indicates
no first-direction compression OR the additive-noise estimate
is reliable OR is greater than an associated threshold value,
then the first-direction compression-noise estimate may be
set to an “ignore-estimate” value indicating that the first-

direction compression-noise estimate may be ignored.
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Otherwise, the first-direction compression-noise estimate may
be computed by combining one, or more, statistics computed
using the first-direction statistical feature values.

In some embodiments of the present invention, the first
direction may be the horizontal direction. In alternative
embodiments of the present invention, the first direction may
be the vertical direction.

In alternative embodiments 600 of the present invention
described in relation to Figure 28, the process for estimatidn
of compression noise in a first direction additionally may be
performed in a second direction. .

In these embodiments, a difference value, in a first
direction, at each point in an image-channel image may be
computed 602, thereby producing a plurality of first-direction
difference values, and a difference value, in a second
direction, at each point in the image-channel may be
computed 622, thereby producing a plurality of second-
direction difference values.

In some exemplary embodiments of the present invention,
a first direction may be a horizontal direction and a second
direction may be a vertical direction. In these embodiments,
horizontal difference values and vertical differenée values may
be computed 602, 622 according to:

D,(r,c)=I(r,c+1)-1I(r,c)

and
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D, (r,c)=1(r+lc)-1I(r,c)
respectively, where ](r,c) may denote the image-channel image,
r and ¢ may denote the row and column indices, respectively,

D,(r,c) may denote a horizontal difference value at pixel

location (r,c) and D,(r,c) may denote a vertical differen'ée value

at pixel location (r,c).

In some embodiments of the present invention, the
image-channel image may be corﬁputed from an input image,
for example, from an image in an RGB, or other, color space.

A statistical feéture value, for example, a standard-
deviation value, a variance value, a sum-of-absolute-
differénces value and other statistical feature value, of the
first-direction difference values at a first-direction offset may
be computed 604 for each of the first-direction offsets in a
plurality of first-direction offsets, thereby préducing a
plurality of first-direction statistical fe‘ature values, and a
statistical feature value, for example, a standard-deviation
value, a variance value, a sum-of-absolute-differences value
and other statistical feature value, of the second-direction .
difference values at a second-direction offset may be
computed 624 for each of the second-direction offsets in a
plur'ality’ of second-direction offsets,‘ thereby producing a
plurality of second-direction statistical feature values.

In some embodiments of the present invention, a

statistical feature value may be calculated for each offset
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within a coding bloék, thereby producing a plurality of
horizontal statistical feature values and a plurality of vertical
statistical feature values. The number of offsets may be
determined by the structure of the image, or video, codec and
any processing or scaling of the decoded data that may be
performed prior to estimating the compression noise.

In some embodiments of the present invention, the
number of offsets in the first direction may be the same as
the number of offsets in the second‘ direction. In some of
these embodiments, the offset values may be the same in each
direction. In alternative of these embodiments, the offset
values may be different in each _direction.

In alternative embodiments of the present invention, the
number of offsets in the first direction may be different than
the. number of offsets in the second direction.

In an ‘exemplary embodiment comprising the use of eight
offsets and wherein the first direction is the horizontal
direction and the statistical feature value in the horizontal
direction is the standard-deviation value and the second
direction is the vertical direction and the statistical feature
value in the vertical direction is the standard-deviation value,
the standard-deviation values of the horizontal differences
may be calculated 604, for an image of width denoted

NumCols and height denoted NumRows, according to:
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NumRows NumCo% D (r 8.c+ 1)
vean i — i =07
eany [l] ; ; NumRows -( NumCols/8) l

NumRows NumCo% D (}” 8-c+i )2 |
Means. (5] — A . i=0.7
ean, [i] ,Z:(; Z'(; NumRows -( NumCols/8) l

STD, [i] :sqrt(Mean2H [i]- Mean,, [i]2), i=0..7 |

where i denotes a horizontal offset and S7D,[i] denotes a
horizontal standard-deviation value associated with the
horizontal offset denqted by i.

Correspondingly, in this exemplary embodiment, the
standard-déviation values of the vertical differences may be
calculated 624, for an image of width denoted NumCols and
height denoted NumRows, according to:

NumROW% NumCols DV (8 i , C)
= = (NumRows/ 8) - NumCols’

Mean, [i] =

NumRow% NumCols D (8 p i 0)2
Mean2,[i] = 4 - ' =0...
ean2, [i] ; ; (NumRows/8)-NumCols’ F=0.7

STD, [i] =sqrt(Mean2V [i]- Mean, [i]z), i=0..7

’

where i denotes a vertical offset and STDv[i] denotes a vertical
standard-deviation value associated with the vertical offset
denoted by 1.

Figure 11 depicts an exemplary portion of an image 160
with pixel locations shown as squares. The pixel locations
shown in cross hatch, for example 162, may illustrate the

locations used for computing the horizontal standard-

deviation value associated with an offset of zero, STD, [0], and
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the pixel locations shown in white, for example 164, may
illustrate the locations used for computing the horizontal
standard-deviation value associated with an offset of two,
STD, [2].

One, or more, first-direction features values may be
computed 606 using the computed statistical feature values
for the first-direction offsets, also considered the (first-
direction statistical feature values and denoted SF,[i] where
i=0,...,ND1-1 and NDI is the number of offsets in the first.
direction, and one, or more, second-direction feature values
may be computed 626 using the computed statistical feature
values for the second-direction offsets, also considered the
second-direction statistical feature values and denoted SF,,i]
where i=0,...,ND2~1 and ND2 is the number of offsets in the
second direction. |

In some embodiments of the present invention, a first-
direction near-peak-value feature value may be computed by
determining the number of first-direction statistical feature
values that are close to the maximum first-direction
statistical feature value. This first-direction near-peak-value
feature value may be referred to as the NearPeakD1 value and
may be determined by counting the number of first-direction

statistical feature values satisfying:
SFD] [Z] 2 TDI_CLOSESFDl_MAX

where SFDI_Mszmax(SFDl[i]), i corresponds to a first-direction
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offset, max(.) denotes the maximum function and T}, . is a
closeness threshold. In sdme embodiments of the present
invention Thy crose =0.99.

In some embodiments of the present invention, a second-
direction near-peak-value feature value may be computed by
determining the number of second-direction statistical feature
values that are close to the maximum second-direction
statistical feature value. This second-direction near-peak-
value feature value may be referred to as the NearPeakD2
value and may be determined by counting the number of
éecond—direction standard-deviation values satisfying:

SFp, [l] 2 Tpo_croseSFpa_wax ,
where SFDz_MAX:m?x(SFDz[i]), i corresponds to a second—direction
offset, max(.) denotes the maximum function and 7, ;g is a
closeness threshold. In some embodiments of the present
invention T}, ;g =0.99.

In some embodiments of the present invention, a first-
direction variance feature value may be the value of the
variance of the first-direction statistical feature values, which
may be denoted VAR,,.

In an exemplary embodiment comprising the use of NDI
offsets, the variance of the first-direction statistical feature

values may be computed according to:
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ND1-1 SFDI [l]

ND1

NDI-1 (SFDI [Z_])z
ND1

SF2D1_MEAN _SFDI_MEAN2

In some embodiments of the present invention, a second-

direction variance feature value may be the value of the

variance of the second-direction statistical feature values,

5 which may be denoted VAR,,.

In an exemplary embodiment comprising the use of ND2

offsets, the variance of the second-direction statistical feature

values may be computed according to:

10 In an exemplary embodiment comprising the use of eight

offsets, the variance of the horizontal statistical feature

SF 2D2_MEAN

ND2-1 SFm [l]

ND?2

ND2-1 <SF02 [i])2
ND2

SF202_MEAN —SFD2_MEAN2

values may be computed according to:

SF 2H_MEAN
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and the variance of the vertical statistical feature values

maybe computed according to:

L, SF, [i]
= 8

Sk, V_MEAN

SF2V_MEAN = iw

VAR, = SF 2V_MEAN __SF V*MEAN2

In some embodiments of the present invention, a first-
direction block-boundaries feature may relate to an estimate
of the locations of first-direction block boundaries in a
plurality of video frames in a video sequence.

In an exemplary embodiment, a first-direction block
boundary location may be estimated using the maximum first-

direction statistical feature value according to:

Blocky, | frame _num)=i, where max(SF,,[i])==SF,,[i]

’

where frame num méy denote a time index associated with a
video frame.

The number of unique first-direction block-boundary
locations, which may be referred to as NumBlockLocsD1, may
be determined by counting the number of unique values for
Block,,[j], where j is an index with values from frame_num to
frame_num-N and N is a constant.

In some embodiments of the present invention, a second-
direction block-boundaries feature may relate to an estimate

of the locations of second-direction block boundaries in a
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plurality of video frames in a video sequence.
In an exemplary embodiment, a second-direction block
boundary location may be estimated using the maﬁimum

second-direction statistical feature value according to:

Blocky, [ frame _num) =i, where max(SFy,[i])=SFp,][i]

b

where frame num may denote a time index associated with a
video frame.

The number of unique second-direction block-boundary
locations, which may be referred to as NumBlockLo'csDQ, may
be determined by counting the number of unique values for
Blocky,[j], where j is an index with values from frame_num to
Jrame_num-N and N is a constant.

The first-direction feature values computed using the
first-direction statistical feature values may each Dbe
compared 608 to an associated threshold, wherein the
threshold may be selected to delineate between feature values
indicative of an image, or video frame, compressed in the first
direction and those indicative of an image, or video frame,
uncompressed image in the first direction. The second-
direction feature | values computed wusing the vertical
statistical feature values may each be compared 628 to an
associated threshold, wherein the threshold may be selected
to delineate between feature values indicative of an image, or
video frame, compressed in the second direction and those

indicative of an image, or video frame, uncompressed in the
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second direction.

An additive noise estimate may be received 610, 630. A
determiﬁation may be made 612 té whether or not the first-
direction feature values and the additive noise estimate meet
a first-direction no-compression criterion based on the first-
direction feature value/thr.eshold Corhparisons and the
received additive noise estimate. A determination may be
made 632 to whether or nof the second-direction feature
values and the additive noise estimate meet a second-
direction no-compression criterion, based on the second-
direction feature value/threshold comparisons and the
received addifive noise estimate.

If the first-direction no-compression criterion is met 614
(when the first-direction cpmpression criterion | is not
satisfied), then a first-direction compression-noise estimate
may be set 616 to an “ignore-estimate” value indicating that
the first-direction compression-noise‘ estimate may be ignored.
In some embodiments of the present invention, the first—
direction compression-noise estimate may be set 616 to zero
to indicate that the first-direction compression—noirse\estimate
may be ignored. If the second-direction no-compression
criterion is met 634 ‘(When the second-direction compression
criterion is not satisfied), then a second-direction
compression-noise estimate may be set 636 to an “ignore-

estimate” value indicating that the second-direction
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compression-noise estimate may be ignored. In some
embodiments of the present invention, the first-direction
compression-noise estimate may be set 636 to zero to indicate
that the second-direction compression-noise estimate may be
ignored. In some embodiments of the present invention, an
“ignore-estimate” value used to indicate that the first-
direction compression-noise estimate may be ignored may be

the same as an “ignore-estimate” value used to indicate that

the second-direction compression-noise estimate may be

ignored. In some embodiments of the present invention, an
“ignore-estimate” value used to indicate that the first-
direction compression-noise estimate may be ignored may be
different than an “ignore-estimate” value used to indicate that
the second-direction compression-noise estimate may be
ignored.

If the first-direction no-compression criterion is not met
640 (when the first-direction compression criterion is
satisfied), then statistics may be computed 642 for the first-
direction statistical feature values. If the second-direction no-
compression criterion is not met 650 (when the second-
direction compression criterion is satisfied), then statistics
may be computed 652 for the second-direction statistical .
feature values.

In some exemplary embodiments of the present invention,

the average of the horizontal statistical feature values and the
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maximum horizéntal statistical feafure value may. be
colmputed, and the average of the vertical stvatistical feature
values and the maximum vertical statistical feature value may

be computed. These values may be computed according to:

W SF 1]
SF; = A
H_MEAN ; NH
SFy e = max(SF,[i]), i=0..NH-1
| W SF, [i]
SF, = 4
V _MEAN ’Z:O: NV
SFy e = max(SE[i]), i=0.NV -1

H

respectively, wherein NH and NV are the number of horizontal
and vertical offsets, respectively. In alternative embodiments,
other statistical values may be calculated, for example, the
median, the skew, the kurtosis and other statistical measures.

The computed statistics associated with the first-
direction statistical feature values may be combined 644 to
form an estimate of the first-direction compression noise.
The computed statistics associated with the second-direction
statistical feature values may be combined 654 to form an
estimate of the second-direction compression noise.

In an exemplary embodiment of the present invention, an
estimate of the horizontal compression noise may be
calculated according to a weighted average given by:

NoiseCompmmon_H = 4.64~SFH_MAX —4.26-SFH_MEAN +0.58
and an estimate of the vertical compression noise may be

calculated according to a weighted average given by:
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NOIS€coppsion v =4.64-SF, 0 —4.26-SF, . +0.58

where the values 4.64, 4.26 and 0.58 are exemplary weighting

parameters. In alternative embodiments, other weighting
values may be used.

For example, in an alternative exemplary embodiment of

the present invention, an estimate of the horizontal

compression noise rhay be calculated accérding to a weighted

average given by:

H

NOISempresson 1t =1.6005-SF, 0 =1.0764-SF,, 00 +2.7259

and an estimate of the vertical compression noise may be

calculated according to a weighted average given by:
NoIse o presion  =1.6005-SF, ., —1.0764-SF, . +2.7259 .

The estimate for the first-direction compression noise
and the estimate for the second-direction compression noise
may be combined 660 to form a single compression noise
estimate. Any data fusion method known in the art m‘ay be
used to combine the estimate for the first-direction
compression noise ahd the estimate for the second-direction
compression noise.

In some exemplary embodiments of the present invention,
the compression-noise estimate may be determined according

to:

N o1s eCompresxion =max (N OlseCompression_H 2 N OZseCompression_V )

In an exemplary embodiment of the present invention, a

first-direction near-peak-value feature value, NearPeakDl1,



10

15

20

25

WO 2015/053408 PCT/JP2014/077278

- 70 -
may be compared to a first-direction near—peak—value.
threshold, and if the first-direction near-peak-value feature
value is above the first-direction near-peak-value threshold,
then the first-direction near-peak-value feature value may
indicate an image, or video frame, uncompressed in the first
direction. In some exemplary embodiments, the first—direction
near-peak-value threshold may be 50% of the number of first-
direction offsets. In some exemplary embodiments wherein the
statistical feature value is _the standard-deviation value, if
NearPeakD1>2, then no compression in the first direction may
be indicated. In an exemplary embodiment of the present
inventio‘n, a second-direction near-peak-value feature value,
NearPeakD?2, may be compared to a second-direction near-
peak-value threshold, and if the second-direc‘tion near-peak-
value feature value is above the second-direction near-peak-
value threshold, then the second-direction near-peak-value
feature value may indicate an image, or video frame,
uncompressed in the second direction. In some exemplary
embodiments, the second-direction near-peak-value threshold
may be 50% of the number of second-direction offsets. In
some exempiary embodimenfs wherein the statistical feature
value is the standard-deviation value, if NearPéakD2>2, then no
compression in the second direction may be indicated.

In an exemplary embodiment of the present invention, a

first-direction variance feature value, VAR, , may be compared
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to a first-direction variance threshold, and if V4R, is below
the first-direction variance threshold, then the first-direction
variance feature value may indicate an image, or video frame,
uncompressed in the first direction. In some exemplary
embodiments wherein the statistical feature value is. the
standard-deviation value, if VAR, <0.6, then no compression in
the first direction may be indicated.

.In an exemplary embodiment of the pfesent invention, a
second-direction variance feature value, VAR, , may be
compared to a second-direction variance threshold, and if
VAR, is below the second-direction variance threshold, then
the second-direction variance feature value may indicate an
image, or video frame, uncompressed in the secqnd direction.
In some exemplary embodiments wherein the statistical
feature value is the standard-deviation value, if VAR,, <06,
then no compression in the second direction may be indicated.

In ah exemplary embodiment of the present invention, a
first-direction block-boundaries feature value,
NumBlockLocsD1, may be compared to a first-direction block-
boundaries threshold, and if NumBlockLocsD1 is above the
first-direction block-boundaries threshold, then the first-
direction block-boundaries feature value may indicate an
image, or video frame, uncompressed in the first direction. In
some exemplary embodiments wherein the statistical feature

value is the standard-deviation value, if NumBlockLocsDl>?2 ,
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when five temporal frames are examined, then no compression
in the first direction may be indicated.

In an exemplary embodiment of the present invention, a
second-direction block-boundaries feafure value,
NumBlockLocsD2, may be compared to a second-direction
block-boundaries threshold, and if NumBlockLocsD2 is above

the second-direction block-boundaries threshold, then the

- second-direction block-boundaries feature value may indicate

an image, or video frame, uncompressed in the second
direction. In sorhe, exemplary embodiments wherein the
statistical feature value is the standard-deviation value, if
NumBlockLocsD2>2 , when five temporal frames are examined,
then no compression in the second direction may be indicated.

In an exemplary embodimeﬁt of the present invention, if
the received additive noise estimate is labeled a reliable
estimate, then the indication is uncompressed image, or video
frame.

In an exemplary embodiment of the present invention, if
the received additive noise estimate is greater than an
additive-noise-estimate threshold, then‘ the indication is
uncompreésed image, or video frame.

In some exemplary embodiments of the present invention,
when a first-direction near-peak-value feature value indicates
no first-direction compression OR a first-direction variance

feature value indicates no first-direction compression OR a



10

15

20

25

WO 2015/053408 PCT/JP2014/077278

- 73 -
first-direction block-boundaries feature value indicates ho
first-direction compression OR the additive-noise estimate is
reliable OR is greater than an associated threshold Valﬁe,
then the first-directidn compression-noise estimate may be
set to an “ignore-estimate” value indicating that the first-
direction compression-noise estimate may be ignored.
Otherwise, the first-direction compression-noise estimate may
be computed by combining one, or more, statistics computed
using the first-direction standard-deviation values.

In some exemplary embodiments of the present invention,
when a second-direction near-peak-value feature value
indicates no second-direction compression OR a second-
direction variance feature value indicates no second-direction
compress‘ion OR a second-direction block-boundaries feature
valu‘e indicates no second-direction Compreséion OR the
additive-noise estimate is reliable OR is greater than an
associated threshold value, then the second-direction
compression-noise estimate may be set to an “ignore-
estimate” value indicating that the second-direction
compression-noise estimate may be ignored. Otherwise, the
secoﬁd—direction compression-noise estimate may be
computed by combining one, or more, statistics computed
using the second-direction standard-deviation values.

In some embodiments of the present invention,

corresponding thresholds in the first direction and the second
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direction may be the same. In alt}ernative embodiments,
corresponding thresholds in the first direction and the second
direction may be different.

Some embodiments of the present invention described
herein may comprise an edge-preserving filter. In some
embodiments, the edge-preserving filter may comprise a bi-
lateral filter. Alternative embodiments of the present

invention may comprise a hierarchy, or bank, of edge-

preserving filters. In some of the embodiments of the present

invention comprising a hierarchy, or bank, of edge-preserving
filters, the edge-preserving filters may be bi-lateral filters.
Figure 29 depicts exemplary embodiments of the present
invention comprising a hierérchy 700 of edge-preserving
filt‘ers 704, 706, 708. In some of these exemplary
embodiments, an input image 702, for example, a high-
definition image or a 4K image, may be made available to first
edge-preserving filter 704 and a second edge—preserving fﬂter
706. The filtering parameter values 705, 707 for the first
edge-preserving filter 704 and the second edge-preserving
filter 706 may depend on noise statistics associated with the
input image 702. ‘In some embodiments of the present
invention, the first edge-preserving filter 704 filtering
parameter Value. 705 may be set to a first factor of a noise
estimate of the noise in the‘input image 702, and the second

edge-preserving filter 706 filtering parameter value 707 may
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be set to a second factor of the noise estimate of the noise in
the input image 702. In some embodiments, the value of the
second factor may be greater than the value of the first factor.

A first channel 710 may be generated by taking the
difvference 712 of the input image and the results 714 of the
first edge-preserving filter 704. The first channel 710 may

contain the image noise, and the first channel 710 may be

. attenuated or removed 716.

The second channel 718 may be generated by taking the
difference 720 of the results 714 of the first edge-preserving
filter 704 and the results 722 of the second edge-preserving
filter 706. The second channel 718 may contain a combination
of image noise and texture and may be attenuated 724 to
reduce the noise content from the input image 702. The
second channel 718 may not be removed completely in order
to prééerve the image texture.

A third channel 726 containing texture or significant
features in the input image 702 may be generated by filtering

the output 722 of the second edge-preserving filter 706 using

‘a third edge-preserving filter 708 with a very high value of a

filtering parameter 709 and subtract_ing 726 the results 728
of. the third edge-preserving filter 708 from the second-edge-
preserving-filter results 722. The third channel 726 may be
sharpened, or enhanced, 730 to improve the details present in

the input image 702. The results 728 of the third edge-
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preserving filter 708 may contain thé structure of the input
image 702.

The results 732 of the noise attenuation/removal, the
results 734 of the attenuation of the noise and texture data
718, the sharpened 736, or enhanced, texture and significant
features 726 and the image structure 728 may be combined
738 to form an enhanced image 740.

In some embodiments of the present invention, noise
estimation methods and systems described herein r’nay’ be
used to determine a noise estimate on which the filtering
parameters 705, 707, 709 may be based.

A person of ordinary skill in the art will recognize the
existence of many edge-preserving filters and many forms of
bi-lateral filters. A person bf ordinary skill in the art will
recognize the existence of many configurations of a hierarchy,
or bank, of edge-preserving filters for separation of an input
image into a plurality of channels. The exemplary filters
described herein are for purposes of illustration and are not
intended to limit the scope of the present invention.

Method 500 shown in FIG.27 can be used with noise
estimator 800 such as that shown in FIG.30. Noise estimator
800 comprising:

a receiver 810 for receiving an additive noise estimate
for an image-channel image; |

a first computing unit 802 for computing a difference
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value, in a first direction; at each pixel in a first plurality of
pixels in said image-channel image, thereby producing a
plurality of first-direction difference values;

a second computing unit 804 for computing, for each
first-direction offset in a plurality of first-direction offsets, a
statistical feature value of an associated plurality of first-
direction difference values in said plurality of first-direction
difference values, thereby producing a plurality of first-
direction statistical feature values;

a third computing unit 806 for computing a first-.
direction first feature value using said plurality of first-
direction stétistical feature values;

a .comparator 808 for comparing said first-direction
first feature value with an associated threshold;

a setting unit 812 for setting, when a first-direction
compression criterion, based on said comparison of said first-
direction first feature value with an associated threshold or
said additive noise estimate, is not satisfied, a compression-
noise estimate associated with said first direction to a value
indicating said compression-noise estimate associated with
said first direction is ignorable; and

a fourth computing unit 814 for computing, when said
first-direction compression criterion is satisfied, said
compression-noise estimate associated with said first

direction using a first first-direction statistic computed using
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said first-direction statistical feature values.

Method 600 shown in FIG.28 can be used with noise
estimator 900 such as that shown in FIG.31. Noise estimator
900 comprising: |

a receiver 910 for receiving an additive noise estimate for
an image-channel image;

a first computing unit 902 for computing a horizontal
difference value for each pixel in a first plurality of pixels in
said image-channel image, thereby producing a plurality of
horizontal dbifference values;

a second computing unit 904 for computing, for each
horizontal offset in a plurality of horizontal offsets, a
statistical feature value of an associated plurality of said
horizontal difference values in said plurality of horizontal
difference values, thereby producing a plurality of horizontal
statistical feature values;

a third conﬁputing unit 906 for computing a first
horizontal feature value using‘ said plurality of horizontal
statistical feature values;

a first comparator 908 for comparing said first
horizontal feature value with an associated threshbld;

a first setting unit 91.2 for setting, when a horizontal
compression criterion, based on said comparison of said first
horizontal feature value with an associated threshold or said

additive noise estimate, is not satisfied, a horizontal
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compression-noise estimate to a value indicating said
horizontél compression-noise estimate is ignorable; |

a fourth computing unit 914 for computing, when said
horizontal compression criterion is satisfied, said horizontal
compression-noise estimate using a first horizontal statistic
computed using said horizontal statistical feature values;

a fifth computing unit 916 for computing a vertical
difference value for each pixel ih a second plurality of pixels
in said image-channel image, thereby producing a plurality of
vertical difference values;

a sixth computing unit 918 for computing, for each
vertical offset in a plurality of vertical offsets, a sfatistical
feature value of an associated plurality of said vertical
difference values in said plurality of vertical difference values,
thereby producing a plurality of vertical statistical feature
values; | |

a seventh computing unit 920 fo‘r computing a first
vertical feature value wusing said plurality of vertical
statistical feature values;

a second comparator 922 for comparing said first
vertical feature value with an associated threshold;

a second setting unit 924 for setting, when a vertical
compression criterion, based on said comparison of said first
vertical feature value with an associated threshold and said

additive noise estimate, is not satisfied, a vertical
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compression-noise estimate to a Vallie indicating said vertical
compression-noise estimate is ignorable;

a eighth computing unit 926 for computing, when said
vertical compression criterion is satisfied, said vertical
compression-noise estimate using a first vertical statistic
computed using said vertical statistical feature values; and

a combiner 928 for combining said horizontal
compression-noise estimate and said vertical compression-
noise estimate.

Some embodiments of the present invention may
comprise a computer program product comprising a non-
transitory, computer-readable storage médium having
instructions stored thereon/in which may be used to program
a computing system to perform any of the features and
methods described herein. Exemplary computer-readable
storage media may include, but are not limited to, flash
memory devices, disk storage media, for example, floppy disks,
optical disks, magneto-optical disks, Digital Versatile Discs
(DVDs), Compact Discs (CDs), fnicro-drives and other disk
storage media, Read-Only Memory (ROMs), Programmable
Read-Only Memory (PROMs), Erasable Programmable Read-

Only Memory (EPROMS), Electrically Erasable Programmable

Read-Only Memory (EEPROMs), Random-Access Memory

(RAMS), Video Random-Access Memory (VRAMs), Dynamic

Random-Access Memory (DRAMs) and any type of media br
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device suifable for storing instructions and/or data.

Some embodiments of the present invention comprise
methods and estimator for detection and estimation of
compression noise ih a still image or in a video sequence.

According to a first aspect of the present invention,
difference values in a first direction are computed, and a
plurality of statistical feature values are computed in
associated with a plurality of offsets in the first dir.ection. At
least one feature value is computed using the plurality of
first-direction statistical feature values. A first-direction
compression-noise estimate may be determined in accordance
with a criterion based on a comparison of the at least one
feature value and an associated threshold and an additive
noise estimate.

According to a second aspect of the present invention,
différehce values in a second direction are computed, and a
plurality of statistical feature values are compute.d‘ in
associated with a plurality of offsets in the second direction.
At least one feature value is computed using the plurality of
second-direction statistical feature values. A second-direction
compression-noise estimate may be determined in accordance
with a criterion based on a comparison of the at least one
feature value and an associated threshold and an additive
noise estimate. The first-direction compression-noise estimate

and the second-direction compression-noise estimate may be
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combined.

According to a third aspect of the present invention,
statistics based on statistical feature values of first-direction
differences and statistics based on statistical feature values
of second-direction differences may be used to estimate the
first-direction compression noise and the second-direction
compression noise, respectively. The estimated first-direction
compression noise and. the estimated second-direction
compression noise may be combined to form a compression
noise estimatev.

According to a fourth aspect of the present invention,
features computed from statistical feature values of first-

direction differences and features computed from statistical

4% . . .
feature values “of second-direction differences may be

compared to associated thresholds for determining if an image
or a video sequence has been compressed.

According to a fifth aspect of the present invention, an
edge-preserving filter may be controlled based on the
estimated compression noise estimate.

According to a sixth aspect of the present invention, a bi-
lateral filter may be controlled based on the estimated
compression noise estimate.

The terms and expressions which have been employed in
the foregoing specification are used therein as terms of

description and not of limitation, and there is no intention in
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the wuse of such terms and expressions of excludin‘g
equivalence .of the features shown and described or portions
thereof, it being récognized that the scope of the invention is
defined and limited only by the claims which follow.

U.S. - Patent Application No. 14/056,326 is a
continuation-in-part of U.S. Patent Applicationv' No.
12/882,763, entitled “Methods and Systems for Estimation of
Compression Noise,” filed on September 15, 2010, invented by
Christopher A. Segall, and also a continuationv—in—part of U.S.
Patent A.pplication No. 12/882,865, entitled “Methods and
Systems for Noise Reduction and Image Enhancement,” filed
on September 15, 2010, invented by Christopher A. Segall,
and also claims the benefit of U.S. Provisional Application No.
61/888,463, filed October 08, 2013, and also claims the
benefit of U.S. Provisional Application No. 61/888,437, filed
October 08, 2013; said applications, U.S. Patent Application
No. 12/882,763, U.S. Patent Application No. 12/882,865, U.S.
Provisional Application No. 61/888,463 and U.S. Provisional
Application No. 61/888,437, are hereby incorporated by

reference herein, in their entirety.
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CLAIMS
1. A method for estimating compression noise in an

image, said method comprising:

receiving an additive noise estimate for .an image-
channel image;

computing a difference value, in a first direction, at
each pixel in a first plurality of pixels in said image-channel
image, thereby producing a plurality of first-direction
difference values;

for each first-direction offset in a plurality of first-
direction offsets, computing a statistical feature value of an
associated plurality of first-direction difference values in said
plurality of first-direction difference values, thereby
produciﬁg ‘a plurality of first-direction statistical feature
values;

computing a first-direction first feature value using
said plurality of first-direction statistical feature values;

comparing said first-direction first feature value with
an associated threshold;

when a first-direction compression criterion, based on
said comparison of said first-direction first feature value with
an associated threshold or said additive noise estimate, is not
satisfied, setting a compression-noise estimate associated
with said first direction to a value indicating said

compression-noise estimate associated with said - first
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direction is ignorable; and
when said first-direction compression criterion is
satisfied, computing said compression-noise estimate
associated with said first direction using a first first-direction
statistic computed using said first-direction statistical feature

values.

2. A method as described in claim 1, wherein said
statistical feature value is a statistical feature value selected
from the group consisting of standard deviation, variance and

sum of absolute differences.

3. A method as described in claim 1, wherein said first
direction is a direction selected from the group consisting of a

horizontal direction and a vertical direction.

4. A method as described in claim 1, wherein said image-
channel image is an image selected from the group consisting
of a luminance image, an R-channel image, a G-channel image,

a B-channel image and a chrominance image.

5. A method as described in claim 1, wherein said first-
direction offsets in said plurality of first-direction offsets are

related to a coding block offset associated with a codec.
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6. A method as described in claim 1 further comprising

computing said image-channel image.

7. A method as described in claim 1, wherein said

computing said first-direction first feature value comprises:

determining a maximum first-direction statistical
feature value from said plurality of 'fir'st-di‘rection statistical
feature values;

for each first-direction statistical feature value in said
plurality of first-direction  statistical feature values,
comparing said each first-direction statistical feature value to
said maximum first-direction statistical featﬁre value; and

when said comparison meets a closeness criterion,

incrementing said first-direction first feature value.

8. A method as described in claim 1, wherein said
computing said first-direction first feature value comprises
computing a variance of said plurality of first-direction

statistical feature values.

9. A method as described in claim 1, wherein:
a luminance image is associated with a first frame in a
video sequence; and
said computing said first-direction first feature value

comprises:
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estimating a first-direction block-boundary locati.on

for each frame in a plurality of frames in said video sequence,

thereby producing a plurality of first-direction block-
boundary locations; and

determining a ﬁumber of unique first-direction block-

boundary locations in said plurality of first-direction block-

boundary locations.

10. A method as described in claim 1, further comprising:
computing a value for each of a plurality of first-
direction features, wherein a first-direction first feature is a
first-direction feature in said plurality of first-direction
features, thereby prodlucing a plu'rality vof first-direction
feature values;
comparing each of said first-direction feature values
in said plurality of first-direction feafure values with an
associated threshold; and
wherein said first-direction compression criterion is
based on a plurality of comparison results resulting from said
comparisons of each of said first-direction feature values in
said plurality of first-direction feature values with said

associated threshold.

11. A method as described in claim 1, wherein said

computing said compression-noise estimate associated with
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said first direction comprises:

computing said first first-direction statistic using said
first-direction statistical feature values;

computing a second first-direction statistic using said
first-direction statistical feature values; and

combining said first first-direction statistic and said
second first-direction statistic to form said compression-noise

estimate associated with said first direction.

12. A method as described in claim 11, Whefein said
combining said first first-direction statistic and said second
first-direction statistic comprises computing a weighted
average of said first first-direction statistic and. said second

first-direction statistic.

13. A method as described in claim 12, wherein:
said first first-direction statistic is a mean of said
plurality of said first-direction statistical feature values; and
said second first-direction statistic is a maximum of

said plurality of said first-direction statistical feature values.

14. A method as described in claim 1, wherein said first
first-direction statistic is a statistic selected from the group
consisting of a maximum of said plurality of first-direction

statistical feature values, a mean of said plurality of first-
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direction statistical feature Vélues, a medium of said plurality
of first-direction statistical feature Values, a skew measure of
said plurality of first-direction statistical feature values and a
kurtosis measure of said plurality of first-direction statistical

feature values.

15. A method as described in claim 1 further comprising:

compufing a difference value, in a second direction,
for each pixel in a second plurality of pixels in said image-
channel image, thereby producing .a plurality of‘ second-
direction difference values;

for each second-direction offset ih a plurality of
second-direction offsets, computing a statistical feature value
of an associated‘ plurality of second-direction difference
values in said plurality of second-direction difference values,
thereby producing a plurality of secondfdirection statistical
feature values; |

computing a value for least»one second-direction
feature using said plurality of second-direction statistical
feature values;

comparing each of said at least one second-direction
feature values with an associated threshold;

when a second-direction compression criterion, based
on said comparisons of said at least one second-direction

feature values with an associated threshold or said additive
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noise estimate, is not satisfied, setting a compression-noise
estimate associated with said second direction to a value
indicating said compression-noise estimate associated with
said first direction is ignorable; and

when said second-direction compression criterion is
satisfied, computing said compression-noise estimate
associated with said second direction using a first second-
direction statistic computed using said second-direction

statistical feature values.

16. A method as described in claim 15, wherein said first
direction is the horizontal direction and said second direction

is the vertical direction.

17. A method for estimating compression noise in an

image, said method comprising:

receiving an additive noise estimate for an image-
channel image;

computing a horizontal difference value for each pixel
in a first plurality of pixels in said image-channel image,
thereby producing a plurality of horizontal difference values;

for each horizontal offset in a plurality of horizontal
offsets, corhputing a statistical feature value of an associated
plurality of said horizontal difference values in said plurality

of horizontal différence values, thereby producing a plurality
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of horizontal statistical feature values;

computing a first horizontal feature value using said
plurality of horizontal statistical feature values;

comparing said first horizontal feature Value' with an
associated threshold;

when a horizontal compression criterion, based on
said comparison of said first horizontal feature value with an
associated threshold or said additive noise estimate, is not
svatisfied, setting a horizontal compression-noise estimate to a
value indicating said horizontal compression-noise estimate is
ignorable;

when said horizontal compression criterion is satisfied,
computing said horizontal compression-noise estimate using a
first horizontal statistic computed using said horizontal
statistical feature values;

computing a vertical difference value for each pixel in
a second plurality of pixe.ls in said image-channel image,
thereby producing a plurality of vertical difference values;

for each vertical offset in a plurality of vertical offsets,
computing a statistical feature value of an associated
plurality of said vertical difference values in said plurality of
vertical difference values, thereby producing a plurality of
vertical statistical feature values;

computing a first vertical feature value using said

plurality of vertical statistical feature values;
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comparing said first Vértical feature value with an
associated threshold;

when a vertical compression criterion, based on said
comparison of said first vertical feature value with an
associated threshold and said a‘dditive noise estimate, is not
satisfied, setting a vertical compression-noise estimate to a
value indicating said vertical compression-noise estimate is
ignorable;

when said vertical compression criterion is satisfied,
computing said vertical compression-noise estimate using a
first vertical statistic computed using said vertical statistical
feature values;v and

combining said‘horizontal compression-noise estimate

and said vertical compression-noise estimate.

18. A method as described in claim 17, wherein said

horizontal offset is related to a coding block offset.

19. A method as described in claim 17, wherein said

vertical offset is related to a coding block offset.

20. A method as described in claim 17 further comprising

computing said image-channel image.

21. A method as described in claim 17, wherein said
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compﬁting said first horizontal feature value comprises:

determining a maximum horizontal statistical feature
value from said plurality of horizontal statistical feature
values;

for each horizontal statistical feature value in said
plurality of horizontal statistical feature values, comparing
said each horizontal statistical feature value to said maximum
horizontal statistical feature value; and} |

when said comparison meets a closeness criterion,

incrementing said first horizontal feature value.

22. A method as described in claim 17, wherein said
computing said first horizontal feature value comprises
computing a variance of said plurality of horizontal statistical

feature values.

23. A method as described in claim 17, wherein:
said luminance image is associated with a first frame
in a video sequence; and
said computing said first horizontal feature value
comprises:

estimating a horizontal block-boundary location for

each frame in a plurality of frames in said video sequence,

thereby producing a plurality of horizontal block-boundary

locations; and
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determining a number of'unique horizontal block-
boundary locations in said plurality of horizontal block-

boundary locations.

24. A method as described in claim 17, wherein said
computing said first vertical feature value comprises:
determining a maximum vertical statistical feature
value from said plurality of vertical statistical feature values;
for each vertical statistical feature value in said
plurality‘of vertical statistical feature values, comparing said
each vertical statistical feature value to said maximum
vertical statistical feature value; and
When said comparison meets a closeness criterion,

incrementing said first vertical feature value.

25. A method as described in claim 17, wherein said
computing said first vertical feature value comprises
computing a variance of said plurality of vertical statistical

feature values.

26. A method as described in claim 17, wherein:
said luminance image is associated with a first frame
in a video sequence; and
said computing said first vertical feature value

comprises:
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estimating a vertical block-boundary location fof each
frame in a plurality'of frames in said video sequence, thereby
producing a plurality of vertical block-boundary locations;
and
determihing a number of unique vertical biock—
boundary locations in said plurality of vertical block-

boundary locations.

27. A method as described in claim 17, further
comprising: |
computing a value for each of a plurality of horizontal
features, wherein said first horizontal feature is a horizontal
feature in said plurality of horizontal features, thereby
producing a plurality of horizontal feature values;
comparing each of said horizontal feature values in
saidvplurality of horizontal feature values with an associated
threshold; and
wherein said horizontal compression criterion is based
on said comparisons of‘each of said horizontal feature values
in said plurality of horizontal feature values with said

associated threshold.

28. A method as described in claim 17, further
comprising:

computing a value for each of a plurality of vertical
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featufes, wherein said first vertical feature is a vertical
feature in said plurality of vertical features, thereby
producing a plurality of vertical feature values;

comparing each of said vertical .feature values in said
plurality of vertical feature values with an associated
threshold; and

wherein said vertical compression criterion is based
on said vcomparisons of each of said vertical feature values in
said plurality of vertical feature values with said associated

threshold.

29. A method as described in claim 17, wherein said
computing said horizontal compression-noise estimate
comprises:

computing said first horizontal statistic using said
horizontal statistical feature values;

computing a second horizontal statistic using said
horizontal statistical feature values; and

‘combining said first horizontal statistic and said
second horizontal statistic to form said Thorizontal

compression-noise estimate.

30. A method as described in claim 29, wherein said
combining said first horizontal statistic and said second

horizontal statistic comprises computing a weighted average
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of said first horizontal statistic and said sec}ond horizontal

statistic.

31. A method as described in claim 29, wherein:
said first horizontal statistic is a mean of said
plurality of said horizontal statistical feature values; and
said second horizontal statistic is a maximum of said

plurality of said horizontal statistical feature values.

32. A method as described in claim 17, wherein said
computing said vertical compression-noise estimate
comprises:

computing said first vertical statistic using said
vertical statistical feature values;

computing a second vertical statistic using said
vertical statistical feature values; and

combining said first vertical statistic and said second
vertical statistic to form said vertical compression-noise

estimate.

33. A method as described in claim 32, wherein said
combining said first vertical statistic and said second vertical
statistic comprises computing a weighted average of said first

vertical statistic and said second vertical statistic.
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34. A method as described in claim 32, wherein:
said first vertical statistic is a mean of said plurality
of said vertical statistical feature values; and
said second vertical statistic is }a maximum of said

plurality of said vertical statistical feature values.

35. A method as described in claim 17, wherein said first
horizontal statistic is a statistic selected from the group
consisting of a maximum of said plurality of horizontal
statistical feature values, a mean of said plurality of
horizontal statistical feature values, a medium of said
plurality of horizontal statistical featuré values, a skew
measure of said plurality of horizontal statistical feature
values and a kurtosis measure of said plurality of horizontal

statistical feature values.

36. A method as described in claim 17, wherein said first
vertical statistic is a statistic selected from th¢ group
consisiting of a maximum of said plurality of vertical
statistical feature values, a mean of said plurality of vertical
statistical feature values, a medium of said plurality of
vertical statistical feature values, a skew measure of said
plurality of vertical statistical feature values and a kurtosis

measure of said plurality of vertical statistical feature values.
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37. A method as described in claim 17, wherein said
statistical feature is a statistical feature selected from the
group consisting of standard deviation, variance and sum of

absolute differences.

38. A noise estimator for determining a compression noise
estimate associated with an image; comprising:

a receiver for receiving an additive noise estimate for
an image-channel image;

a first computing unit for computing a difference
value, in a first direction, at each pixel in a first plurality of
pixels in said image-channel image, thereby producing a
plurality of first-direction difference values;

a second computing unit for computing, for each first-
direction offset in a plurality of first-direction offsets, a

statistical feature value of an associated plurality of first-

direction difference values in said plurality of first-direction

difference values, thereby producing a plurality of first-
direction statistical feature values;

a third-computing unit for computing a first-direction
first feature value using said plurality of first-direction
statistical feature ’values;

a comparator for comparing said first-direction first
feature value with an associated threshoid;

a setting unit for setting, when a first-direction
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compression criterion, based bn said comparison of said first-
direction first feature value with an associated threshold or
said additive noise estimate, is not satisfied, a compression-
noise estimate associated with said first direction to a value
indicating said compression-noise estimate associated with
said first direction is ignorable; and

a fourth computing unit for computing, when said
first-direction compression criterion 1is satisfied, said
compressioﬁ—noise estimate  associated with said first
direction using a first first-direction statistic computed using

said first-direction statistical feature values.

39. A noise estimator for determining a compression noise
estimate associated with an image; compr‘ising:

a receiver for receiving an additive noise estimate for
an image-channel image;

a first computing unit for computing a horizontal
difference value for each pixel in a first plurality of pixels in
said image-channel image, thereby producing a plurality of
hofizontal difference values;

a second computing unit for computi.ng, fdr each
horizontal offset in a plurality of horizontal offsets, a
statistical feature value of an associated plurality of said
horizontal difference values in said plurality of horizontal

difference values, thereby producing a plurality of horizontal
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statistical feature values;

a third computing unit for computing a first horizontal
feature value using said plurality of horizontal statistical
feature values;

a first comparatorv for comparing said first horizontal
feature value with an associated threshold;

a first setting unit for setting, when a horizontal
compression criterion, based on said comparivson of said first
horizontal feature value with an associated threshold or said
additive noise estimate, 1is not satisfied, a horizontal
compr_e_ssion—noise estimate to a value indicating said
horizontal compression-noise estimate is ignorable;

a fourth computing unit for computin‘g, when said
horizontal compression criterion is satisfied, said horizontal
compression-noise estimate using a first horizontal statistic
computed using said horizontal statistical feature values;

a fifth computing wunit for computing a vertical
difference value for each pixel in a second plurality of pixels
in said image-channel image, thereby producing a plurality of
vertical difference values;

a sixth computing unit for computing, for each
vertical offset in a plurality of vertical offsets, a statistical
feature value of an aséociated plurality of said vertical
difference valﬁes in said plurality of vertical difference values,

thereby producing a plurality of vertical statistical feature
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values;

a seventh computing unit for computing a first
vertical feature value wusing said plurality of vertical
statistical feature values;
| a second comparator for comparing said first vertical
feature value with an associated threshold;

a second setting unit for setting, when a vertical
compression criterion, based on said comparison of said first
vertical feature value with an associated threshold and said

additive noise estimate, 1is not satisfied, a vertical

‘compression-noise estimate to a value indicating said vertical

compression-noise estimate is ignorable;

a eighth computing unit for computing, when said
vertical compression criterion is satisfied, said vertical
compression-noise estimate using a first vertical statistic
computed using said vertical statistical feature values; and

a combiner for combining said horizontal
compression-noise estimate and said vertical compression-

noise estimate.
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