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1
ADAPTIVE FILTER

This application is a continuation-in-part of U.S. patent
application Ser. No. 11/022,064 filed on Dec. 22, 2004 now
abandoned, the contents of which are incorporated here by
reference.

BACKGROUND

This application relates to digital image processing meth-
ods and apparatus, and more particularly to adaptive filtering
methods and apparatus.

Block-based image and video coding as in current coding
standards, such as JPEG, H.261, H.263, MPEG4 and H.264/
AVC, divide an image to be encoded into horizontal rows
and vertical columns of non-overlapping blocks of pixels, as
illustrated by FIG. 1. The blocks are typically square, having
dimensions of 8 pixelsx8 pixels. A color image is often
separated into a luminance (Y) channel that represents
brightness information in the image and two chrominance
(U, V) channels that represent color information in the
image. The image is then represented by luminance blocks
and, depending on the image’s chrominance format, a num-
ber of chrominance blocks. Each block is encoded by a
transform, e.g., the discrete cosine transform (DCT), and
each transformed block is quantized according to a quanti-
zation parameter (QP).

Quantization can result in visually annoying artifacts,
especially for video coding at low bit-rates relative to the
video resolution, such as 32 kilobits per second (kbps) and
64 kbps for common intermediate format (CIF) and quarter
CIF (QCIF) resolutions, which are used today for video
clips, video conferences, etc. displayed on mobile commu-
nication devices and other devices having limited compu-
tational and display resources and/or communicating on
channels having limited bandwidth. Two common artifacts
produced by the quantization of the DCT are blocking and
ringing artifacts. The blocking artifact is seen as an unnatu-
ral discontinuity between pixel values of neighboring
blocks. The ringing artifact is seen as high-frequency irregu-
larities around edges of objects in an image.

Many image processing methods to reduce blocking and
ringing have been suggested. An older review is M.-Y. Shen
and C.-C. J. Kuo, “Review of Postprocessing Techniques for
Compression Artifact Removal”, J. Visual Communication
and Image Representation, Vol. 9, No. 1, pp. 2-14 (March
1998).

To reduce blocking artifacts, two-dimensional (2D) low-
pass filtering of pixels on block boundaries of the decoded
image(s) was suggested in H. C. Reeve III and Jae S. Lim,
“Reduction of Blocking Effect in Image Coding”, Proc.
ICASSP, pp. 12121215, Boston, Mass. (1983). The 2D
space-invariant static filtering described in that Reeve paper
reduces blocking artifacts but can also introduce blurring
artifacts when true edges in the image are filtered.

To avoid blurring of true edges in the image and also to
be computationally efficient, the amount of digital low-pass
filtering may be controlled by table-lookup as described in
U.S. Pat. No. 5,488,420 to G. Bjontegaard for “Cosmetics
Filter for Smoothing Regenerated Pictures, e.g. after Signal
Compressing for Transmission in a Narrowband Network”.
Large differences between initial pixel values and filtered
pixel values are seen as natural image structure, and thus
filtering is weak so that the image is not blurred. Small pixel
differences are seen as coding artifacts, and thus stronger
filtering is allowed to remove the artifacts. Based on data
from other equipment, the amount of filtering can be con-
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trolled by using additional filter tables. This patent modifies
the output of a low-pass-filtered signal with the output of a
table-lookup using the difference between a delayed input
signal and the filtered signal as an index into the table, and
different degrees of filtering are achieved only by providing
additional tables.

To adapt the amount of filtering according to the DCT
quantization, the QP from an H.261 decoder has been used
as described in U.S. Pat. No. 5,367,385 to X. Yuan for
“Method and Apparatus for Processing Block Coded Image
Data to Reduce Boundary Artifacts between Adjacent Image
Blocks”. The QP scales the amount of low-pass versus
all-pass filtering performed, thereby allowing stronger low-
pass filtering for larger quantization. This patent selects
low-pass and all-pass filter coefficients to reduce the differ-
ences in pixel values between boundary pixels of neighbor-
ing blocks, and the selection is determined by intra/inter-
block encoding, the number of non-zero a.c. coefficients in
the DCT, output pixel position in the block, and the direction
of image gradient along the block boundary. The QP is used
to weight the relative parts of the low-pass and all-pass filter
responses in the filter output.

A combined de-blocking and de-ringing filter was pro-
posed in ITU-T Recommendation H.263 Appendix III:
Examples for H.263 Encoder/Decoder Implementations
(June 2000). The proposed filter used filter strengths on
block boundaries that were different from filter strengths
inside blocks, allowing for stronger filtering at block bound-
aries than inside blocks. This was achieved by using a metric
that used different constants when computing the output
values of block boundary pixels versus the output values of
pixels inside the block boundary. The metric also included
the QP.

These and most other current algorithms handle de-
blocking and de-ringing artifacts separately. This requires
filtering in two steps to handle both artifacts, e.g., first
process a decoded image with a de-blocking filter to remove
artifacts on block boundaries, and then apply a de-ringing
filter to remove ringing artifacts. Such double filtering can
have a negative impact on computational complexity and
memory consumption, which are parameters of particular
importance in many devices, such as mobile communication
devices.

Moreover, removal of blocking and ringing artifacts can
add visually annoying blurring artifacts as described above.
It is thus important to be careful with strong image features
that likely are natural image features and not coding arti-
facts.

An adaptive non-linear filter can also be configured to
increase sharpness of true image details, limit overshoots
near sharp edges, and attenuate coding artifacts, as described
in G. Scognamiglio et al., “Enhancement of Coded Video
Sequences via an Adaptive Nonlinear Post-processing”,
Signal Processing: Image Communication, vol. 18, no. 2, pp.
127-139, Elsevier B.V. (February 2003). A non-separable,
two-dimensional, 5-tap filter is controlled by rational func-
tions, one in the horizontal direction and one in the vertical
direction. The rational functions are adapted based on mea-
sures of local variance and blockiness and ringing.

Most current algorithms consider sharpening separately
from de-blocking/de-ringing. This can adversely impact
computational complexity and memory consumption. In
addition, increasing the sharpness of an image can add
visually annoying noise and/or coding artifacts. Thus when
sharpening, it is important to be careful with weak image
features that can be coding artifacts or noise and not natural
image features. In addition, a sharpening filter should have



US 7,136,536 B2

3

low complexity and low memory consumption, facilitating
its use in resource-constrained environments, such as por-
table devices like mobile terminals.

SUMMARY

In accordance with one aspect of the invention described
in this application, an apparatus for adaptively filtering an
input stream of data values includes a delay element that
receives the input stream and generates a delayed stream; a
filter having coefficients that determine a filter function; a
combiner that receives the delayed stream and the filtered
stream and generates an output stream of filtered data
values; and a weight generator, in communication with the
filter, that generates weight coefficients that selectively
modify the coeflicients of the filter. The filter receives the
input stream and generates a filtered stream according to the
filter function. The weight generator includes an address
generator that generates addresses based on the filtered
stream, and at least one table of modifying weight coeffi-
cients. Addresses produced by the address generator corre-
spond to respective sets of modifying weight coefficients,
and the sets of modifying weight coefficients are arranged in
a predetermined relationship with the addresses. The coef-
ficients of the filter are modified by sets of modifying weight
coeflicients corresponding to addresses such that the appa-
ratus adaptively filters the input stream of data values.

In accordance with another aspect of the invention, a
method of adaptively filtering an input group of values
includes the steps of delaying the input group; filtering the
input group according to a reference filter function deter-
mined by a set of filter coefficients, thereby generating a
filtered input group of values; combining the delayed input
group and the filtered group, thereby producing an output
group of values; generating weight coeflicients based on the
filtered input group; modifying the set of coefficients accord-
ing to the generated weight values; and filtering the input
group according to a modified reference filter function
determined by the modified set of filter coefficients. The step
of generating weight coeflicients includes generating an
address based on the filtered input group, and retrieving,
from at least one table, the weight coefficients. The address
corresponds to a respective set of weight coefficients; sets of
weight coeflicients are arranged in a predetermined relation-
ship with the addresses; and the set of filter coefficients is
modified by the retrieved set of weight coefficients.

In accordance with yet another aspect of the invention, a
computer-readable medium contains a computer program
for adaptively filtering an input group of values. The com-
puter program performs the steps of delaying the input
group; filtering the input group according to a reference filter
function determined by a set of filter coefficients, thereby
generating a filtered input group of values; combining the
delayed input group and the filtered group, thereby produc-
ing an output group of values; generating weight coefficients
based on the filtered input group; modifying the set of filter
coeflicients according to the generated weight values; and
filtering the input group according to a modified reference
filter function determined by the modified set of filter
coefficients. The step of generating weight coefficients
includes generating an address based on the filtered input
group, and retrieving, from at least one table, the weight
coeflicients. The address corresponds to a respective set of
weight coefficients; sets of weight coeflicients are arranged
in a predetermined relationship with the addresses; and the
set of filter coeflicients is modified by the retrieved set of
weight coefficients.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

The various features, objects, and advantages of the
invention will be understood by reading this description in
conjunction with the drawings, in which:

FIG. 1 depicts blocks of pixels in an image;

FIG. 2 is a block diagram of an adaptive filter;

FIGS. 3A, 3B depict reference filter modification and a
low-pass adaptive filter response;

FIG. 4 depicts a row of pixels;

FIGS. 5A, 5B illustrate adaptive filtering of a block of
pixels;

FIG. 6 is a flow chart of an adaptive filtering method;

FIGS. 7A, 7B depict reference filter modification and a
high-pass adaptive filter response; and

FIG. 8 is a block diagram of two adaptive filters con-
nected in series.

DETAILED DESCRIPTION

This application describes an adaptive filter that, in one
embodiment, filters rows of pixels of an image in a vertical
direction, stores the results in row vectors, and then filters
the row vectors in the horizontal direction, and displays the
results. In some cases, the results could be stored for later
display. Coeflicients of a reference filter are modified based
on the output from the reference filter through a table-lookup
process that accesses a table of modifying weight coeffi-
cients. The output of the modified filter is added to a delayed
version of the input to provide the adaptive filter output.

FIG. 2 is a block diagram of an adaptive filter 200. An
input stream of pixel data is provided to a switch 202 that
directs the input pixels to either the output of the filter or to
a delay element 204 and a reference filter 206. The operation
of the switch 202 is responsive to additional data, in par-
ticular, whether the input pixels belong to an error-concealed
block or another selected feature, as described in more detail
below. The filter 206 is preferably a digital filter, which has
coeflicients that determine the filtering function, and these
coeflicients are selectively modified as described in more
detail below. The filtered output of the reference filter 206 is
provided to an adder 207 that combines the output with the
delayed input that is produced by the delay element 204,
thereby generating the output of the adaptive filter 200.

The output of the reference filter 206 is also provided to
a weight generator 208 that produces weights that selec-
tively modify the coefficients of the filter 206 based on the
filter output. An optional element 210 produces a signal
corresponding to the absolute value of the filter output, and
the absolute value signal is provided to an address generator
212, which advantageously uses the absolute value, either by
itself or together with additional data provided by one or
more suitable address tables 214, to generate addresses into
one or more tables 216 of moditying weight coefficients. It
should be understood that it is not necessary to use the
absolute value to generate addresses, although doing so has
the possible advantage of decreasing the address range; the
reference filter output can be used (with suitable condition-
ing to deal with possible negative values, if necessary),
either by itself or with additional data, to generate addresses.
If more than one table 216 is provided, the additional data
advantageously causes the generator 212 to select preferred
ones of the tables 216 through operation of suitable switch
218. As a set of modifying weight coefficients is retrieved
from the selected table 216, it is provided by the weight
generator 208 to the filter 206, and the transfer function of
























