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BILATERAL HIGH FREQUENCY BOOST

TECHNICAL FIELD

[001] This disclosure relates to apparatuses and methods for the processing of media
objects, such as videos. Some aspects of this disclosure relate to apparatuses and methods for
encoding, decoding, and/or filtering one or more components of a video object.

BACKGROUND

[002] Bilateral filtering of image data directly after forming the reconstructed image
block can be beneficial for video compression. As described by Wennersten et al., in
“Bilateral Filtering for Video Coding”, IEEE VCIP’17, Dec. 10-13, 2017, it is possible to reach
a bit rate reduction of 0.5% with maintained visual quality for a complexity increase of 3%
(encode) and 0% (decode) for random access. Other forms of filtering are used with respect to
video images as well.
[003] However, there remains a need for effective processing to offset certain
downsides of filtering. This includes, for example, offsets for bilateral filtering.

SUMMARY
[004] According to some embodiments, a method for processing a media object is
provided. The method may include applying a set of offset values to a set of coefficients
associated with the media object, wherein each offset value of the set of offset values
corresponds to a separate coefficient of the set of coefficients. In certain aspects, applying the
set of offset values comprises: (1) determining whether a coefficient value is larger than a
positive threshold or smaller than a negative threshold, and (2) based on the determination,
adding a corresponding offset value to the coefficient value when the coefficient value is larger

than the positive threshold or subtracting the corresponding offset value from the coefficient
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value when the coefficient value is smaller than the negative threshold. After applying the set of
offset values, method further includes performing a filtering operation on the media object.

[005] According to some embodiments, a method for processing a media object is
provided. The method may include determining an initial offset value for at least one coefficient
of a set of coefficients associated with the media object, and determining an adjusted offset value
for the coefficient. In certain embodiments, the adjusted offset value is determined based at least
in part on the initial offset value and a modification factor. In certain embodiments, determining
the initial offset value and determining the adjusted offset value is based on determining that a
value of the coefficient meets or exceeds a threshold. In some instances, the method may include
further steps such as: generating the set of coefficients by performing an inverse quantization
process on a plurality of quantized values associated with the media object; applying the adjusted
offset value to the coefficient to generate a modified coefficient; performing an inverse transform
using the modified coefficient; and performing a filtering operation. The filtering operation may
comprise, for example, one or more of bilateral filtering, deblocking filtering, adaptive loop
filtering, and sample adaptive offset filtering.

[006] According to embodiments, there is provided a method for applying filtering to a
media object comprising a plurality of samples. The method includes applying a set of offset
values to a set of coefficients, wherein each offset value of the set of offset values corresponds
to a separate coefficient of the set of coefficients. In some embodiments, the step of applying
the set of offset values includes determining whether a coefficient value is larger than a positive
threshold or smaller than a negative threshold, and applying a corresponding offset value to the
coefficient value based on the determination. If the coefficient value is larger than the positive

threshold, then the method adds the corresponding value to the coefficient value, and if the
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coefficient value is smaller than the negative threshold, the method subtracts the corresponding
value from the coefficient value. In some embodiments, the method includes a further step in
which the number of coefficients in the set of coefficients having a value (i) larger than the
positive threshold or (ii) smaller than the negative threshold is determined. A factor value can be
determined based on the determined number of coefficients, which can affect the amount of
offset. The method can also include applying filtering after applying the set of offset values.
[007] Also, and in certain aspects, the step of adding the corresponding offset value to
the coefficient value includes multiplying the corresponding offset value, a determined factor
value, and/or a quantization factor to obtain a multiplied offset value and adding the multiplied
offset value to the coefficient value. Similarly, the step of subtracting the corresponding offset
value from the coefficient value can include multiplying the corresponding offset value, the
determined factor value, and/or a quantization factor to obtain a multiplied offset value and
subtracting the multiplied offset value from the coefficient value.

[008] In some embodiments, after dequantization, coefficients are modified by
constants to be further closer to or further away from zero. The size of the modification can be

based, for example, on the number of nonzero coefficients.

[009] According to some embodiments, an encoder or decoder is provided that is
configured to perform one or more of the methods of offset and filtering methods.

[0010] According to some embodiments, a computer program product is provided, which
comprises a non-transitory computer readable medium storing instructions that when performed
by processing circuitry of a video processing device, causes the device to perform one or more

the foregoing methods.



10

15

20

WO 2020/007848 PCT/EP2019/067711

[0011] According to some embodiments, a video processing device (e.g., an encoder or
decoder) is provided. The device may include a memory and a processor, wherein the processor

is configured to perform one or more of the foregoing methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incorporated herein and form part of the

specification, illustrate various embodiments.

[0013] FIG. 1 illustrates a flowchart illustrating a process according to embodiments.
[0014] FIG. 2 illustrates an offset value table according to embodiments.

[0015] FIG. 3 shows computer code according to embodiments.

[0016] FIG. 4 is a flow chart illustrating a process according to embodiments.

[0017] FIGs. 5A and 5B are flow charts illustrating processes according to embodiments.
[0018] FIG. 6 is a block diagram of a media processing device according to
embodiments.

[0019] FIG. 7 is a diagram showing functional units of a media processing device

according to embodiments.

DETAILED DESCRIPTION

[0020] Although a bilateral filter is an adaptive filter, it still has much in common with
a regular low-pass filter. In particular, a bilateral filter on average acts as a low-pass filter by
reducing high frequencies. Because frequencies are correct — on average — before filtering, this
reduction in high frequencies can be a problem. According to embodiments, this and other
issues may be addressed by boosting high frequencies before filtering, such that the
frequencies will be correct after the filtering is applied. In certain aspects, by boosting the high

frequencies before filtering, the benefits of the filtering are obtained while maintaining correct
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average values for all frequencies. Additionally, and in accordance with some embodiments, by
boosting the high frequencies before rather than after applying the filtering, the boost to the high
frequencies may be applied in the frequency domain while the filtering is applied in the pixel
domain after the inverse transform. In some instances, compression efficiency may be improved
by approximately 0.1%. Although illustrated with bilateral filtering as an example, embodiments
may implement other forms of filtering.

[0021] FIG. 1 shows a flowchart illustrating a process 100 according to embodiments.
This process may be performed by one or more media processing devices, such as an encoder
or decoder for video processing. In some embodiments, an encoder performs steps 102 and
104 and a decoder performs steps 106, 108, 110, and 112. In such embodiments, the decoder
performs the proposed offset process as described in the current disclosure in step 108. In
some embodiments, an encoder performs all of the steps shown in FIG. 1. In certain aspects,
an encoder can perform the proposed offset application 108. For instance, an encoder may
include an inverse quantization step to keep track of what one or more pixels may look like after
decoding. In this instance, the encoder can be adapted to make one or more adjustments or
offsets in order to mimic decoder behavior. In some other embodiments, the decoder performs
all of the steps shown in FIG. 1.

[0022] Referring now to FIG. 1, and according to some embodiments, after an encoding
process including a transform (step 102) and quantization (step 104), coefficients tend to be
small integers, for example, 3, -1, 0 and 1. These numbers are used as an example, but not
limiting. The methods and devices disclosed herein may be used for smaller or larger values.
After being decoded, the coefficients are dequantized by multiplying them with a quantization

factor (step 106), which is often referred to as inverse quantization. For example, if the
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quantization factor is 200, the above exemplary values for the coefficients become 600,-200, 0
and 200. In the proposed offset application method (step 108), an offset value is added or
subtracted to the coefficients at this stage, depending on the coefficient value and its sign. For
example, if an offset value of 10 is to be added to a coefficient, -10 is added to the negative
cocfficient. As another example, and in some embodiments, if the coefficient is 0, nothing is
added to or subtracted from the coefficient. Accordingly, and with reference to the above
exemplary values for the coefficients, adding an offset value of 10 to the coefficients yields
610, -210, 0 and 210. If the added offset value (e.g., the value of 10) is correctly selected, the
coefficients on average would become 600, -200, 0, and 200 after applying the filtering (step
112). In some embodiments, the filtering may be any type of filtering used in video coding.
For example, the filtering may be bilateral filtering, deblocking filtering, adaptive loop
filtering or sample adaptive offset filtering.

[0023] FIG. 2 illustrates an offset value table 200 according to one embodiment. In
some embodiments, an offset value in the offset value is added to a corresponding coefficient
in step 108. For example, if the coefficient at (3,0) is 400 after dequantization (step 106), the
offset value at (3,0) in the offset value table 200 is added to the coefficient. In this example,
the coefficient value becomes 411. In some embodiments, the table 200 is used for blocks of
size 4x4, 8x4, 4x8 and 8x8. For 4x4-blocks, the top-left corner of the table 200 comprising the
corresponding 4x4 values is used.

[0024] The values of FIG. 2 are provided as an example, and the method may be
implemented without using these exact values; similar values would also work well. However,
and according to embodiments, the decoder and the encoder agree on exactly which values to

use. This may prevent, for instance, drift such that the decoded video will accumulate errors
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over time. In general, the offset values at that the top left corner, which correspond to low
frequencies should have smaller values. At the right and bottom edges, which correspond to
higher frequencies, smaller values may also be used. However, for the coefficients in the
middle, which correspond to middle frequencies, the highest values should be used in some
embodiments. This means that the largest changes will happen for frequencies that are neither
small nor high, but somewhere in between. Alternative values to those set forth in FIG. 2 may
be derived experimentally for a particular filter (or filter set) by measuring the average effect
of the desired filters. Because the filters present in a given codec (e.g., VVC) may tend to, on
average, reduce frequencies, some more than others, by boosting selected frequencies prior to
filtering, the two operations combined no longer change the average coefficient values. Thus,
the offset values may be adjusted until average values are unchanged for the particular filter or
filter set.

[0025] Referring now to FIG. 2, the offset values in the table 200 are suitable for a
particular quantization factor (QF) (and corresponding quantization parameter (QP)-value). In
some embodiments, the quantization factor QF used for offset is different from the
quantization factor used for quantization/dequantizatoin in the encoder or decoder. For
instance, it may differ by a factor of 128. For a given encoder, the quantization factor may not
necessarily be specified directly, but rather by the quantization parameter (QP), which maps to
a specific factor. In order to account for quantization factor, offset values in the table 200 may
be multiplied by QF = pow(2, (qp - 42) / 6) before use. In some embodiments, this would be
implemented by a table lookup rather than directly calculating the value of the exponential. In

some other embodiments, different and similar functions may also be used.
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[0026] According to embodiments, only non-zero coefficients in a block should be
changed. If secondary transforms are used, however, coefficients between 100*QF and -
100*QF may be processed as if zero. A version of the Versatile Video Coding (VVC) codec
includes what is referred to a secondary transform. Without the secondary transform, the
decoder performs the following: decode coefficients -> inverse quantize coefficients using QP
-> inverse transform rows (using a primary transform) -> inverse transform columns (also
using a primary transform) -> add prediction. In this instance, different primary transforms
can be used for the rows and the columns. As an example, the rows could have been
transformed with DCT2, and the columns with DST7.

[0027] However, with a secondary transform, part of the block can be transformed a
second time in the encoder. Instead of transforming rows and columns individually, the
transform can act on the 2D coefficients simultaneously, i.¢., it is non-separable. Since the
decoder does everything in reverse, the inverse secondary transform actually comes before the
primary transforms in the decoder. Hence, a codec that uses secondary transforms can operate
according to: decode coefficients -> inverse quantize coefficients using QP -> inverse
transform 2D block (using a secondary transform) -> inverse transform rows (using a primary
transform) -> inverse transform columns (also using a primary transform) -> add prediction.
Since a non-separable 2D transform is often more expensive than a separable one (that acts on
rows and columns separately), only part of the block is typically transformed using the
secondary transform. As an example, if the block consists of 16x16 coefficients, perhaps only
the top left 4x4 coefficients (corresponding to the lowest frequencies) are treated with the
secondary transform. In embodiments, coefficients with values between 100*QF and -100*QF

may be processed as if zero.
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[0028] According to some embodiments, the amount of offset used may be based, at least
in part, on the number of non-zero coefficients. Specifically, it is observed that the effect of the
filtering on each coefficient is larger if a block has fewer non-zero coefficients. Accordingly, a
new factor (NF) can be use in some embodiments. For instance, an NF of 8 can be used one or
two coefficients of a block are non-zero. In some embodiments, the NF is 4 if less than five
cocfficients of the block are non-zero. In some embodiments, the NF is 2 if less than nine
coefficients of the block are non-zero. Otherwise, the NF is 1 according to embodiments.
[0029] In some embodiments, the NF depends on the maximum frequency of a non-
zero coefficient. In such embodiments, the NF would be 2, otherwise 1, for the coefficients in
an 8x8 block in the top-left corner. For example, NF may be 2 if there are no non-zero
cocfficients outside of the top-left part of the block. If there is at least one non-zero coefficient
outside of the top-left arca, NF may be 1. According to embodiments, top-left can be defined
as a specific region or dimensions, such as x +y <3.
[0030] In some embodiments, the operation performed for each coefficient (x,y) in a
block can be stated as:

If(coefficient(x,y) > 100*QF)

Add table(x,y)*QF*NF to coefficient(x,y)
Else if(coefficient(x,y) < -100*QF)
Subtract table(x,y)*QF*NF from coefficient(x,y)

FIG. 3 shows code 300 implementing certain embodiments described herein.
[0031] The proposed offset process can be expanded in a number of ways, including:
(1) enabling the processing of larger blocks, either with a larger table or only applied to the

top-left coefficients of the larger block; (2) having parameters depend on the block size, such
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as, unique tables per block size or multiplying the coefficients by a unique constant per block
size; and (3) further optimization of the table, as described above.

[0032] FIG. 4 is a flow chart illustrating a process 400 for applying filtering to a media
object comprising a plurality of samples according to some embodiments. Process 400 may
being with step s402 in which a set of offset values is applied to a set of coefficients. In some
embodiments, each offset value of the set of offset values corresponds to a separate coefficient
of the set of coefficients. In some embodiments, the step of applying the set of offset values
includes determining whether a coefficient value is larger than a positive threshold or smaller
than a negative threshold and applying a corresponding offset value to the coefficient value
based on the determination whether the coefficient value is larger than the positive threshold or
smaller than the negative threshold, such that, if the coefficient value is larger than the positive
threshold, then adding the corresponding value to the coefficient value, and if the coefficient
value is smaller than the negative threshold, then subtracting the corresponding value from the
coefficient value. In step s404, the filtering is applied after applying the set of offset values. In
some embodiments, the filtering comprises one of: bilateral filtering, deblocking filtering,
adaptive loop filtering or sample adaptive offset filtering.

[0033] In some embodiments, process 400 includes a further step in which the number
of coefficients in the set of coefficients having a value (i) larger than the positive threshold (e.g.,
100 * Quantization Factor) or (ii) smaller than the negative threshold (e.g., -100 * QF) is
determined.

[0034] In some embodiments, process 400 includes a further step in which a factor

value (e.g., New Factor) is determined based on the determined number of coefficients.
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[0035] In some embodiments, the step of adding the corresponding offset value to the
coefficient value includes multiplying the corresponding offset value, the determined factor
value, and a quantization factor to obtain a multiplied offset value and adding the multiplied
offset value to the coefficient value.

[0036] In some embodiments, the step of subtracting the corresponding offset value from
the coefficient value includes multiplying the corresponding offset value, the determined factor
value, and a quantization factor to obtain a multiplied offset value and subtracting the multiplied
offset value from the coefficient value.

[0037] FIGs. 5A and 5B illustrate methods for processing a media object according to
embodiments. The methods may be performed, for instance, by processing device 600, 700,
which may be one or more of an encoder and/or decoder. In some embodiments, the methods of
FIGs. 5A and 5B can be used to process a video image as part of a coding process related to
video compression.

[0038] Referring now to FIG. 5A, a process 500 is shown. Process 500 may begin with
the step (s502) of applying a set of offset values to a set of coefficients associated with the media
object, wherein each offset value of the set of offset values corresponds to a separate coefficient
of the set of coefficients. The set of coefficients may correspond to an entire block of the media
object; the set of coefficients may correspond to portion of a block of the media object. The set
of coefficients may be, for example, a subset of a larger set of coefficients corresponding to the
media object, and he set of coefficients are the top-left coefficients of the larger set.

[0039] According to embodiments, applying (s502) may comprise determining (s504)
whether a coefficient value is larger than a positive threshold or smaller than a negative

threshold. Based on this determination, a corresponding offset value can be added (s506) to the
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coefficient value when the coefficient value is larger than the positive threshold or subtracting
the corresponding offset value from the coefficient value when the coefficient value is smaller
than the negative threshold. After the offset is applied, the process 500 may then perform a
filtering operation (s508) on the media object. This may include, for instance, applying a filter to
the result of an inverse transform that uses the modified coefficients after offset. According to
embodiments, the media object comprises a plurality of video images and the filtering operation
is one or more of bilateral filtering, deblocking filtering, adaptive loop filtering, and sample
adaptive offset filtering

[0040] In some embodiments, the process 500 also includes determining the number of
coefficients in the set of coefficients having a value that is either larger than the positive
threshold or smaller than the negative threshold. In this instance, the corresponding offset value
that is used is based at least in part on the determined number. Also, the process 500 can include
determining a factor value based on the number of coefficients in the set of coefficients having a
value that is either larger than the positive threshold or smaller than the negative threshold. In
this instance, the corresponding offset value is a product of at least an initial offset value and the
determined factor value. In some embodiments, the offset value is based at least in part on a
quantization factor or quantization parameter value.

[0041] According to embodiments, the process 500 may implement a frequency
multiplier that is based on determining the maximum frequency of any non-zero coefficients in
the set of coefficients. In this instance, the corresponding offset value can be a product of at least
an initial offset value and the determined frequency multiplier. For example, the frequency

multiplier might be 2.
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[0042] In some embodiments, the corresponding offset value is a product of at least an
initial offset value and the multiplier based on a block size for samples of the media object.
[0043] Referring now to FIG. 5B, a process 550 is shown. According to some
embodiments, process 550 begins with optional step s551, in which a set of coefficients is
generated. The set of coefficients may be generated, for instance, by performing an inverse
quantization process on a plurality of quantized values associated with a media object. In step
$552, an initial offset value is determined for at least one coefficient of a set of coefficients
associated with the media object. In some instances, the initial offset value is determined by
selecting the value from a table, such as a look up table. In step $553, an adjusted offset value is
determined for the coefficient. According to embodiments, the adjusted offset value is
determined based at least in part on the initial offset value and a modification factor. In some
embodiments, one or more of determining the initial offset value and determining the adjusted
offset value is based on determining that a value of the coefficient meets or exceeds a threshold.
The threshold may be zero in some instances. In step s554, the adjusted offset value is applied
to the coefficient to generate a modified coefficient. The process 550 may also include optional
steps $555 and $556. Step s555 includes performing an inverse transform using the modified
coefficient, and step s556 includes performing a filtering operation.

[0044] According to some embodiments, the modification factor used in process 550 is
based at least in part on: (i) the number of coefficients in the set of coefficients having a
magnitude that is greater than the threshold, (i1) quantization factor or quantization parameter
value, and (3) the maximum frequency of any non-zero coefficients of the set of coefficients.
[0045] In some embodiments, the set of coefficients corresponds to an image block and

at least one of determining an initial offset value or adjusted offset value is repeated for each
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coefficient of the set. At least of the modification factor and the initial offset value can be based
on a size of the block.
[0046] In some embodiments, the set of coefficients corresponds to an image block and
the modification factor is further based on the number of non-zero coefficients for said block. In
some embodiments of process 550, the modification factor may defined as:

QF * NF,
where NF is determined according to the number of non-zero coefficients in the block and QF is
based on one or more of the quantization factor and quantization parameter. The value of NF
may be, for example, 8§ if one or two coefficients of the block are non-zero, 4 if less than five
cocfficients of the block are non-zero, 2 if less than nine coefficients of the block are non-zero,
and otherwise 1.
[0047] FIG. 6 is a block diagram of media processing device 600 (e.g., an encoder and/or
decoder) for applying filtering to a media object comprising a plurality of samples, according to
one embodiment. As shown in FIG. 6, device 600 may comprise: processing circuitry (PC) 602,
which may include one or more processors (P) 655 (e.g., a general purpose microprocessor
and/or one or more other processors, such as an application specific integrated circuit (ASIC),
field-programmable gate arrays (FPGAs), and the like); a network interface 648 comprising a
transmitter (Tx) 645 and a receiver (Rx) 647 for enabling device 600 to transmit data to and
receive data from other nodes connected to a network 610 (e.g., an Internet Protocol (IP)
network) to which network interface 648 is connected; and a local storage unit (a.k.a., “data
storage system”) 608, which may include one or more non-volatile storage devices and/or one or
more volatile storage devices. In embodiments where device 600 includes a programmable

processor, a computer program product (CPP) 641 may be provided. CPP 641 includes a
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computer readable medium (CRM) 642 storing a computer program (CP) 643 comprising
computer readable instructions (CRI) 644. CRM 642 may be a non-transitory computer readable
medium, such as, magnetic media (e.g., a hard disk), optical media, memory devices (e.g.,
random access memory, flash memory), and the like. In some embodiments, the CRI 644 of
computer program 643 is configured such that when executed by PC 602, the CRI causes node
600 to perform steps described herein (e.g., steps described herein with reference to the flow
charts of FIGs. 4, 5A, and 5B). In other embodiments, device 600 may be configured to perform
steps described herein without the need for code. That is, for example, device 600 may consist
merely of one or more ASICs. Hence, the features of the embodiments described herein may be
implemented in hardware and/or software.

[0048] FIG. 7 is a diagram showing functional units of media device 700 (e.g., an
encoder and/or decoder) for applying filtering to a media object comprising a plurality of
samples according to one embodiment. Device 700 may be adapted to perform one or more
processes as described in FIGs. 4, 5A, and 5B. Device 700 includes a first applying unit 704 for
applying a set of offset values to a set of coefficients, wherein each offset value of the set of
offset values corresponds to a separate coefficient of the set of coefficients; and a second
applying unit 706 for applying the filtering after applying the set of offset values. In some
embodiments, device 700 further includes a determining unit 708 for determining whether a
coefficient value is larger than a positive threshold or smaller than a negative threshold; and a
third applying unit 710 for applying a corresponding offset value to the coefficient value based
on the determination whether the coefficient value is larger than the positive threshold or smaller
than the negative threshold, such that, if the coefficient value is larger than the positive threshold,

then adding the corresponding value to the coefficient value, and if the coefficient value is
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smaller than the negative threshold, then subtracting the corresponding value from the coefficient
value. The device 700 may further include a filtering unit 712.

[0049] According to some embodiments, device 700 may be adapted to perform one or
more the methods of FIGs. 5A and 5B. For instance, one or more of applying units 704 and
706 may perform the step $502 of FIG. 5A or step 554 of FIG. 5B. This may be done in
conjunction with determining unit 708, for instance, for step s504. Determining unit 708 may
also determine one or more of an initial offset value (e.g., $552) or an adjusted offset value
(s553). Filtering unit 712 may be used for performing a filtering operation on a media object,
such as described with respect to step s508 or s556. An additional unit, processing unit 714,
may be used for one or more video coding/processing steps, such as generating a set of
coefficient through an inverse quantization process (e.g., $551) or performing an inverse
transform (s555) on modified coefficients.

[0050] While various embodiments of the present disclosure are described herein, it
should be understood that they have been presented by way of example only, and not limitation.
Thus, the breadth and scope of the present disclosure should not be limited by any of the
above-described exemplary embodiments. Moreover, any combination of the above-described
elements in all possible variations thereof is encompassed by the disclosure unless otherwise
indicated herein or otherwise clearly contradicted by context.

[0051] Additionally, while the processes described above and illustrated in the drawings
are shown as a sequence of steps, this was done solely for the sake of illustration. Accordingly, it
is contemplated that some steps may be added, some steps may be omitted, the order of the steps

may be re-arranged, and some steps may be performed in parallel.
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Claims:

1. A method (500) for processing a media object, the method comprising:

applying (520) a set of offset values to a set of coefficients associated with the media
object, wherein each offset value of the set of offset values corresponds to a separate coefficient

5  ofthe set of coefficients, and wherein applying the set of offset values comprises:

determining (504) whether a coefficient value is larger than a positive threshold or

smaller than a negative threshold, and

based on the determination, adding (506) a corresponding offset value to the
coefficient value when the coefficient value is larger than the positive threshold or
10 subtracting the corresponding offset value from the coefficient value when the coefficient

value is smaller than the negative threshold; and

after applying the set of offset values, performing a filtering operation (508) on the media

object.

15 2. The method of claim 1, further comprising:

determining the number of coefficients in the set of coefficients having a value that is

either larger than the positive threshold or smaller than the negative threshold,

wherein the corresponding offset value is based at least in part on the determined number.

20 3. The method of claim 1, further comprising;:

determining a factor value based at least in part on the number of coefficients in the set of
coefficients having a value that is either larger than the positive threshold or smaller than the

negative threshold, and

wherein the corresponding offset value is a product of at least an initial offset value and

25  the determined factor value.
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4. The method of any of claims 1- 3, wherein the offset value is based at least in part on

a quantization factor or quantization parameter value.

5. The method of claim 1, further comprising;:

determining a frequency multiplier based on the maximum frequency of any non-zero

cocfficients of the set of coefficients , and

wherein the corresponding offset value is a product of at least an initial offset value and

the determined frequency multiplier.

6. The method of claim 5, wherein the frequency multiplier is 2.

7. The method of any of claims 1-6, wherein the media object comprises a plurality of
video images and the filtering operation is one or more of bilateral filtering, deblocking filtering,

adaptive loop filtering, and sample adaptive offset filtering.

8. The method of any of claims 1-7, wherein the set of coefficients corresponds to an

entire block of the media object.

9. The method of any of claims1-7, wherein the set of coefficients corresponds to portion

of a block of the media object.

10. The method of any of claims 1-7, wherein the set of coefficients is a subset of a
larger set of coefficients corresponding to the media object, and wherein the set of coefficients

are the top-left coefficients of the larger set.

11. The method of any of claims 1-7,
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wherein the corresponding offset value is a product of at least an initial offset value and

the multiplier based on a block size for samples of the media object.

12. A decoder (600, 700) for processing a media object, the decoder being adapted to:

5 apply a set of offset values to a set of coefficients associated with the media object,
wherein each offset value of the set of offset values corresponds to a separate coefficient of the

set of coefficients, and wherein applying the set of offset values comprises:

determining whether a coefficient value is larger than a positive threshold or

smaller than a negative threshold, and

10 based on the determination, adding a corresponding offset value to the coefficient
value when the coefficient value is larger than the positive threshold or subtracting the
corresponding offset value from the coefficient value when the coefficient value is

smaller than the negative threshold; and
after applying the set of offset values, perform a filtering operation on the media object.

15

13. The decoder of claim 12, where the decoder is further configured to perform the

method of any one of claims 2-11.

14. An encoder (600, 700) for processing a media object, the encoder being adapted to:

20 apply a set of offset values to a set of coefficients associated with the media object,
wherein each offset value of the set of offset values corresponds to a separate coefficient of the

set of coefficients, and wherein applying the set of offset values comprises:

determining whether a coefficient value is larger than a positive threshold or

smaller than a negative threshold, and

25 based on the determination, adding a corresponding offset value to the coefficient
value when the coefficient value is larger than the positive threshold or subtracting the

corresponding offset value from the coefficient value when the coefficient value is
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smaller than the negative threshold; and

after applying the set of offset values, perform a filtering operation on the media object.

15. The encoder of claim 14, where the encoder is further configured to perform the

method of any one of claims 2-11.

16. A method (550) for processing a media object, the method comprising:

determining (552) an initial offset value for at least one coefficient of a set of coefficients

associated with the media object; and
determining (553) an adjusted offset value for the coefficient,

wherein the adjusted offset value is determined based at least in part on the initial offset

value and a modification factor.

17. The method of claim 16, wherein one or more of determining the initial offset value
and determining the adjusted offset value is based on determining that a value of the coefficient

meets or exceeds a threshold.

18. The method of claim 16 or 17, further comprising;:

generating (551) the set of coefficients by performing an inverse quantization process on

a plurality of quantized values associated with the media object.

19. The method of any of claims 16-18, further comprising:

applying (554) the adjusted offset value to the coefficient to generate a modified

coefficient.
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20. The method of claim 19, further comprising:
performing an inverse transform (555) using the modified coefficient;

performing a filtering operation (556) comprising one or more of bilateral filtering,

deblocking filtering, adaptive loop filtering, and sample adaptive offset filtering.

21. The method of any of claims 16-20, wherein determining the initial offset value

comprises selecting the value from a table.

22. The method of any of claims 16-21, wherein the modification factor is based at least
in part on: (i) the number of coefficients in the set of coefficients having a magnitude that is
greater than the threshold, (i1) a quantization factor or quantization parameter value, and (3) the

maximum frequency of any non-zero coefficients of the set of coefficients.

23. The method of any of claims 17-22, wherein the threshold is zero.

24. The method of any of claims 16-23, wherein the set of coefficients corresponds to an
image block and at least one of determining an initial offset value or adjusted offset value is

repeated for each coefficient of the set.

25. The method of claim 24, wherein at least of the modification factor and the initial

offset value is based on a size of the block.

26. The method of any of claims 16-25, wherein the set of coefficients corresponds to an
image block and the modification factor is further based on the number of non-zero coefficients

for said block.
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27. The method of claim 26, wherein the modification factor is defined as:
QF * NF,

where NF is determined according to the number of non-zero coefficients in the block and QF is

based on one or more of the quantization factor and quantization parameter.

28. The method of claim 27, wherein the value of NF is 8 if one or two coefficients of
the block are non-zero, is 4 if less than five coefficients of the block are non-zero, is 2 if less than

nine coefficients of the block are non-zero, and is otherwise 1.

29. A decoder (600, 700) for processing a media object, the decoder being adapted to:

determine an initial offset value for at least one coefficient of a set of coefficients

associated with the media object; and
determine an adjusted offset value for the coefficient,

wherein the adjusted offset value is determined based at least in part on the initial offset

value and a modification factor.

30. The decoder of claim 29, where the decoder is further configured to perform the

method of any one of claims 16-28.

31. An encoder (600, 700) for processing a media object, the encoder being adapted to:

determine an initial offset value for at least one coefficient of a set of coefficients

associated with the media object; and
determine an adjusted offset value for the coefficient,

wherein the adjusted offset value is determined based at least in part on the initial offset

value and a modification factor.
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32. The encoder of claim 31, where the encoder is further configured to perform the

method of any one of claims 16-28.

33. A method for applying filtering to a media object comprising a plurality of samples,
5  the method comprising:
applying (402) a set of offset values to a set of coefficients, wherein each offset value of
the set of offset values corresponds to a separate coefficient of the set of coefficients, and
wherein applying the set of offset values comprises:
determining whether a coefficient value is larger than a positive threshold or smaller
10 than a negative threshold, and
applying a corresponding offset value to the coefficient value based on the
determination whether the coefficient value is larger than the positive threshold or
smaller than the negative threshold, such that, if the coefficient value is larger
than the positive threshold, then adding the corresponding value to the coefficient
15 value, and if the coefficient value is smaller than the negative threshold, then
subtracting the corresponding value from the coefficient value; and

after applying the set of offset values, applying (404) the filtering.

34. The method of claim 33, further comprising:
20 determining the number of coefficients in the set of coefficients having a value (i) larger
than the positive threshold (e.g., 100 * Quantization Factor) or (ii) smaller than the negative

threshold (e.g., -100 * QF).
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35. The method of claim 34, further comprising:
determining a factor value (e.g., New Factor) based on the determined number of

coefficients.

36. The method of claim 35, wherein adding the corresponding offset value to the
coefficient value comprises:

multiplying the corresponding offset value, the determined factor value, and a
quantization factor to obtain a multiplied offset value; and

adding the multiplied offset value to the coefficient value.

37. The method of claim 35, wherein subtracting the corresponding offset value from the
coefficient value comprises:

multiplying the corresponding offset value, the determined factor value, and a
quantization factor to obtain a multiplied offset value; and

subtracting the multiplied offset value from the coefficient value.

38. A node for applying filtering to a media object comprising a plurality of samples, the
network node configured to:
apply a set of offset values to a set of coefficients, wherein each offset value of the set of
offset values corresponds to a separate coefficient of the set of coefficients, and wherein
applying the set of offset values comprises:
determining whether a coefficient value is larger than a positive threshold or smaller

than a negative threshold, and
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applying a corresponding offset value to the coefficient value based on the
determination whether the coefficient value is larger than the positive threshold or
smaller than the negative threshold, such that, if the coefficient value is larger
than the positive threshold, then adding the corresponding value to the coefficient
5 value, and if the coefficient value is smaller than the negative threshold, then
subtracting the corresponding value from the coefficient value; and

after applying the set of offset values, apply the filtering.

39. The node of claim 38, further configured to:
10 determine the number of coefficients in the set of coefficients having a value (i) larger

than the positive threshold or (i1) smaller than the negative threshold.

40. The node of claim 39, further configured to:

determine a factor value based on the determined number of coefficients.

15
41. The node of claim 40, wherein adding the corresponding offset value to the
coefficient value comprises:
multiplying the corresponding offset value, the determined factor value, and a
quantization factor to obtain a multiplied offset value; and
20 adding the multiplied offset value to the coefficient value.

42. The node of claim 40, wherein subtracting the corresponding offset value from the

coefficient value comprises:
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multiplying the corresponding offset value, the determined factor value, and a
quantization factor to obtain a multiplied offset value; and

subtracting the multiplied offset value from the coefficient value.

43. A computer program (643) comprising instructions (644) which when executed by
processing circuitry (602) causes the processing circuitry (602) to perform the method of any one

of claims 1-11, 16-28, and 33-37.

44. A carrier containing the computer program of claim 43, wherein the carrier is one of

an electronic signal, an optical signal, a radio signal, and a computer readable storage medium

(642).



WO 2020/007848 PCT/EP2019/067711
1/8
100
102 104 106 108 110 112
l o Inverse Offset Inverse .
Transform Quantization = Quantization > Application > Transform > Filter

FIG. 1




WO 2020/007848

200

2/8

PCT/EP2019/067711

10

12

12 N

12

14

12 10

12

12

0 6

12

10

=

FIG. 2



WO 2020/007848 PCT/EP2019/067711

3/8

300

\Q

Int mymatfinal[e4] = { ©, -6, ~-10, -11, -12, -8, -4, -1
y -8, -9, -iz, -iz, -11i, -3, -5, -2
» =10, -1z, -14, ~1i2, ~10, ~&, -7, -3
¢ —11, -1i2, -1z, -10, -6, -8, -&, -4
¢ =12, -i2, ~-10, -8, -6, -5, -4, -3
., -8, -8, -8, -6, -5, -4, -3, -2
¢ =4y =5, ~7, -8, -4, =3, -q, ~1

y =L, =%, ~3, -4, =3, ~2, =1, =1 }:
Fioat modfac = pow({2, {ogp - 42) J €):
Filpat hundred = modfac * 100;
modfacsmodfac* ] . 25;
if (wiWidche=8gsuiHelight<=8}
i
Int bigoount = 0;
for {(Int v = 0; v < uilHeight; wv++)
{
for {(Int = = O; % <« wiWidth: x++)
{
if {tenpCoeff.atiz, vizhundred || tenploeff.ati{z, v)] < -
hundred)
i
bigoountsdr
¥

3

Int lowmul = 1;
if {bigoount <=8}
Lowmsl = 2:
if (bigoount <=4}
lowsal = 4;
if {(bigoount «= Zj
lowmul = 8;
for (Int v ow 0 v < giHeight: ye+)
{
For {Int %= 0 = <« wiWideh: x4}
{
if {vemplosff.atix,v)>hundred)
i

templosff.at (%, v) -= round{modfac * lownnl * mymatfinally * B

¥
elpe 1F {vepmploeff.avix,v) < -hundred)
§
cemploseff.aci{z, vy += roundimodfac * lowmul * mymetfinally * B
+ K1tz

FIG. 3



WO 2020/007848 PCT/EP2019/067711

4/8

400

s402

APPLYING A SET OF OFFSET VALUES TO A SET OF
COEFFICIENTS, WHEREIN EACH OFFSET VALUE OF THE SET
OF OFFSET VALUES CORRESPONDS TO A SEPARATE
COEFFICIENT OF THE SET OF COEFFICIENTS

s404

AV

APPLYING FILTERING AFTER APPLYING THE SET OF OFFSET
VALUES

FIG. 4



WO 2020/007848 PCT/EP2019/067711

5/8

500
\ $502

s504

f-/

DETERMINE WHETHER A COEFFICIENT VALUE IS LARGER
THAN A POSITIVE THRESHOLD OR SMALLER THAN A
NEGATIVE THRESHOLD

J7 /3506

BASED ON THE DETERMINATION, ADD A CORRESPONDING
OFFSET VALUE TO THE COEFFICIENT VALUE WHEN THE
COEFFICIENT VALUE IS LARGER THAN THE POSITIVE
THRESHOLD OR SUBTRACT THE CORRESPONDING OFFSET
VALUE FROM THE COEFFICIENT VALUE WHEN THE
COEFFICIENT VALUE IS SMALLER THAN THE NEGATIVE
THRESHOLD

s508

PERFORM A FILTERING OPERATION ON THE MEDIA OBJECT

FIG. 5A



WO 2020/007848 PCT/EP2019/067711

6/8

I

: GENERATE A SET OF COEFFICIENTS BY PERFORMING AN
I INVERSE QUANTIZATION PROCESS ON A PLURALITY OF

| QUANTIZED VALUES ASSOCIATED WITH A MEDIA OBJECT
I

DETERMINE AN INITIAL OFFSET VALUE FOR AT LEAST ONE
COEFFICIENT OF THE SET OF COEFFICIENTS ASSOCIATED
WITH THE MEDIA OBJECT

l s553
~

DETERMINE AN ADJUSTED OFFSET VALUE FOR THE
COEFFICIENT, WHERE THE ADJUSTED OFFSET VALUE IS
DETERMINED BASED AT LEAST IN PART ON THE INITIAL

OFFSET VALUE AND A MODIFICATION FACTOR

J7 /8554

APPLY THE ADJUSTED OFFSET VALUE TO THE COEFFICIENT
TO GENERATE A MODIFIED COEFFICIENT

I PERFORM AN INVERSE TRANSFORM USING THE MODIFIED
| COEFFICIENT |



WO 2020/007848 PCT/EP2019/067711
7/8
600
S~
608
Data storage
system 602
/./
DPA 655
NS N (o)
N\~ 648
No
643 644 fad
N 4 i
@ Network interface
\/ Tx Rx
F—x T
645 647

FIG. 6

610




WO 2020/007848

PCT/EP2019/067711
8/8
700
~
~ |/
First Second
Applying Applying
unit unit
~ |/
ini Third
Determlnlng Applying
unit /
unit
714
712
|/ |/
Filtering unit Proce§s|ng
unit

FIG. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/067711
A. CLASSIFICATION OF SUBJECT MATTER
INV. HO4N19/117 HO4N19/124 HO4N19/126 HO4N19/176 HO4N19/82
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2017/111639 Al (JUNG YOUNG-BEOM [KR]) 16-32,

20 April 2017 (2017-04-20) 43,44
Y abstract 1-15,

figure 1 33-42

equations 4-7

paragraph [0029]

paragraph [0033] - paragraph [0034]

paragraph [0065] - paragraph [0066]

paragraph [0070] - paragraph [0071]

paragraph [0075]

paragraph [0084]

paragraph [0090]

paragraph [0093]

paragraph [0097]

paragraph [0101] - paragraph [0103]

paragraph [0116]

_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

20 September 2019

Date of mailing of the international search report

01/10/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Wedi, Thomas

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/067711

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

(ARO)",

IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS
FOR VIDEO TECHNOLOGY, INSTITUTE OF
ELECTRICAL AND ELECTRONICS ENGINEERS, US,
vol. 19, no. 10,

1 October 2009 (2009-10-01), pages
1424-1435, XP011270121,

ISSN: 1051-8215, DOI:
10.1109/TCSVT.2009.2026808

abstract

section 1

equation 1

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y QIAN XU ET AL: "A Fine Rate Control 1-15,
Algorithm With Adaptive Rounding Offsets 33-42

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2019/067711
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2017111639 Al 20-04-2017 CN 106604036 A 26-04-2017
KR 20170045013 A 26-04-2017
W 201724856 A 01-07-2017
US 2017111639 Al 20-04-2017

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

