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HIGH PERFORMANCE DEBLOCKING FILTER

Field of the invention

The invention is related to implementation of decoding of

block wise coded video pictures.

Background of the invention

Transmission of moving pictures in real-time is employed in

several applications like e.g. video conferencing, net

meetings, TV broadcasting and video telephony.

However, representing moving pictures requires bulk

information as digital video typically is described by

representing each pixel in a picture with 8 bits (1 Byte) .

Such uncompressed video data results in large bit volumes,

and can not be transferred over conventional communication

networks and transmission lines in real time due to limited

bandwidth.

Thus, enabling real time video transmission requires a

large extent of data compression. Data compression may,

however, compromise with picture quality. Therefore, great

efforts have been made to develop compression techniques

allowing real time transmission of high quality video over

bandwidth limited data connections .

A number of algorithmic capabilities are generally common

between multiple video decoding/encoding standards, such as

MPEG-*, H .26*, and SMPTE-VC-I. Deblocking filtering and

motion estimation/compensation are two typical examples of

general algorithms that are required for video encoding.

The coding is performed on block wise parts of the video

picture. A macro block consists of several sub blocks for

luminance (luma) as well as for chrominance (chroma) .



Blockbased coding/decoding has proven to be very efficient.

However, one of the drawbacks is that the reconstructed

image may include visible artifacts corresponding to the

blocks used for prediction and residual signal coding. This

phenomenon is usually referred to as blocking or blocking

artifacts .

One way of reducing blocking artifacts is to integrate a

de-blocking filter in the coding loop, which is the

preferred solution in the specification ITU-T Rec. H .264 |

ISO/IEC 14496-10 AVC. This coding integrated solution is

quite processor consuming i.a. as it requires a test

procedure for each pixel line crossing the block edges to

be smoothed.

Although the deblocking filter per se is not complex,

during the filtering process almost every pixel of a

reconstructed picture frame needs to be accessed by the

filtering algorithm. The de-blocking operation is therefore

quite processor consuming.

Video encoding for HD formats increase the demands for

memory and data processing, and requires efficient and high

bandwidth memory organizations coupled with compute

intensive capabilities. Due to these multiple demands, a

flexible parallel processing approach must be found to meet

the demands in a cost effective manner.

To efficiently support de-blocking filtering algorithms and

other complex programmable functions, which may vary in

requirements across the multiple standards, a processor by

itself would require significant parallelism and very high

clock rates to meet the requirements. A processor of this

capability would be difficult to develop in a cost

effective manner for commercial products.



In many cases the de-blocking filter is one of the main

bottlenecks in both the encoding and the decoding process,

especially for high resolution images as in the case of HD.

As the filtering occurs on a per macroblock basis, with

horizontal filtering of the vertical edges performed first,

and followed by vertical filtering (of the horizontal

edges) , both directions of filtering on each macroblock

must be conducted before moving to the next macroblock.

Video codecs are typically installed on customized hardware

in video endpoints with DSP based processors. However, it

has recently become more common to install video codecs in

general purpose processors with a SIMD processor

environment. When implemented in typical general purpose

processors, each macroblock must typically be loaded from a

RAM to registers in the CPA twice, once for vertical de

blocking filtering, and once for horizontal de-blocking

filtering, and possibly transposing each macroblock in

several inefficient and small steps. This is particularly

demanding computationally as it involves loading distant

memory references.

Summary of the invention

The present invention relates to a method, a system and a

computer program as set forth in the appended claims .

The present invention discloses a method for performing a

de-blocking filter operation on boundary neighboring pixels

between macroblocks in a video coding or decoding process

executed in a 16-bytes SIMD register processor environment,

comprising the steps of loading a first set of data

constituting one luminance macroblock or two chrominance

macroblocks from a RAM to a group of 16 lβ-bytes horizontal

SIMD register variables by inserting each row of the

block (s) in the respective register variables, executing a

transpose instruction on said first set of data in said



group of 16 16-bytes horizontal SIMD register variables

creating a second set of data which is being stored in said

group of 16 16-bytes horizontal SIMD register variables,

performing a vertical de-blocking filter operation on said

second set of data in said group of 16 16-bytes horizontal

SIMD register variables and a corresponding set boundary

pixel data of a first neighboring macroblock, executing a

transpose instruction on said second set of data in said

group of 16 16-bytes horizontal SIMD register variables

creating a third set of data which is being stored in said

group of 16 16-bytes horizontal SIMD register variables,

and performing a vertical de-blocking filter operation on

said third set of data in said group of 16 16-bytes

horizontal SIMD register variables and a corresponding set

of boundary pixels data of a second neighboring macroblock.

Brief description of the drawings

In order to make the invention more readily understandable;

the discussion that follows will refer to the accompanying

drawings and tables.

Figure 1 illustrates a border between to macroblocks

denoting the pixels involved in a de-block filtering

process across the border,

Figure 2 shows a look-up table from the H.2 64/AVC

specification for threshold values,

Figure 3 shows a look-up table from the H .264/AVC

specification for clipping values,

Figure 4 is a flow chart illustrating an embodiment of the

present invention where a luminance macroblock is filtered,

Figure 5 is a flow chart illustrating an embodiment of the

present invention where two chrominance macroblocks are

filtered,



Figure 6 is a block diagram illustrating a parallel

operation on two vector register variables,

Figure 7 is a block diagram illustrating a macroblock

inserted in 16 16-bytes register variables before

transposing,

Figure 8 is a block diagram illustrating a macroblock

inserted in 16 16-bytes register variables after

transposing.

Detailed description of the present invention

The present invention provides a way of implementing de¬

blocking filters for reducing artefacts in video images in

general purpose processors, particularly suited for the

prior art method described in the specification ITU-T Rec.

H .264 I ISO/IEC 14496-10 AVC, the basics of which are

described in the following.

In H .264/AVC an adaptive deblocking filter is applied in

the coding loop. This means that further prediction is

performed on filtered images. The filter is designed to

remove as much as possible of the blocking and quantization

noise and still maintain as much of the image content as

possible. It is often a challenge to separate quantization

noise and picture content. This is why the filter is

highly content adaptive and therefore complex concerning

computational operations .

In figure 1 , an edge between two picture blocks is shown.

The letters c and d denotes two adjacent pixel positions on

each side of the edge, and the other letters denotes the 4

horizontal pixel positions closest to the two first-

mentioned pixels. According to H.264/AVC, pixels b c d e

may be modified based on the value of each of the pixels

and on the characterization of the edge itself. This

modification is for equalizing the above-mentioned



artifacts. The modification is therefore carried out only

when artifacts are likely to occur.

Similar filter operations are performed on all the lines a ,

b , c , d , e , f . In the following description, the letters

will be used without the numbering 0-7 .

According to H .264, a strength value (Str) is defined for

the edge. This strength value reflects whether artifacts

are likely to occur between two blocks and depends on one

or more of the following situations are detected:

If any of the two blocks on each side of the boundary is

intra coded, i.e. coded based on already coded blocks in

present picture.

If any of the two blocks on each side of the boundary

includes nonzero transform coefficients.

If the size of motion vectors used to predict the blocks on

each side of the boundary exceeds a certain threshold.

Furthermore, to each 4x4 block a Quantization Parameter

(QP) is assigned. The QP representing the edge is the

maximum value of the QPs representing the 2 blocks.

Several QP dependant threshold parameters are used:

α (QP)

β (QP)

γ (QP, Str)

α, β and γ are found in the look-up tables shown in figure 2

and 3 . Figure 1 shows the look-up table for determining α,
β and Figure 3 is the look-up table for determining γ , which

is a clipping value. Here, indexA and indexB denotes QP,



and bS= 1 , 2 , 3 corresponds to criteria c , b , a ,

respectively, which are listed above. Consequently, the

deciding criteria a , b , c , also state the boundary

characteristics .

Based on these values, a main test is performed determining

whether de-blocking filtering is to be carried out or not.

Filtering is performed only if:

|c - d | < α (QP) and |b - c | < β (QP) and |d - e | < β (QP)

If the above statement is true, then a delta is calculated:

∆ = (b -4c + 4d -e) /8

This delta value is then clipped within the range (-γ,γ). As

an example of clipping, if the quantization value is 32 and

the characteristic of the boundary comply with criterion b ,

which corresponds to bS=2, the table indicates that γ is 2.

This implies that delta should be clipped within the

interval {-2,2}. I.e. when delta is greater than 2 , delta

is assigned the value 2 , when delta is less than -2, delta

is assigned the value -2, and when delta lies within {-

2,2}, delta remains unchanged.

Delta is then used to calculate modified values:

c ' = c + ∆

d/ = d - ∆

An additional test is performed to decide if b also is to

be corrected:

|a - c | < β (QP)

If this is true, then a value δ is calculated:



δ = (2a - 4b + c + d ) / 2

The value is then further clipped the value to the range (-

' r j ' )r wherein γ' is a slight modification of γ . A

modification of b is then calculated by means of δ:

b ' = b + δ

The test and calculation is similar for e :

|c - f | < β (QP) :

If this is true another value δ is calculated:

δ = (2f - 4e + c + d )/2

The value is then further clipped to the range (-γ', γ'). A

modification of e is then calculated by means of δ:

e ' = e + δ

The present invention relates to implement the de-blocking

filter algorithm or the like in a SIMD environment,

especially for processors with 128-bit vector registers.

The SIMD concept is a method of improving performance in

applications where highly repetitive operations need to be

performed. Strictly speaking, SIMD is a technique of

performing the same operation on multiple pieces of data

simultaneously.

Traditionally, when an application is being programmed and

a single operation needs to be performed across a large

dataset, a loop is used to iterate through each element in

the dataset and perform the required procedure . During each

iteration, a single piece of data has a single operation

performed on it. This is what is known as Single

Instruction Single Data (SISD) programming. SISD is

generally trivial to implement and both the intent and



method of the programmer can quickly be reviewed a later

time .

However, loops such as this are typically very inefficient,

as they may have to iterate thousands, or even millions of

times. Ideally, to increase performance, the number of

iterations of a loop needs to be reduced.

One method of reducing iterations is known as loop

unrolling. This takes the single operation that was being

performed in the loop, and carries it out multiple times in

each iteration. For example, if a loop was previously

performing a single operation and taking 10,000 iterations,

its efficiency could be improved by performing this

operation 4 times in each loop and only having 2500

iterations. The SIMD concept takes loop unrolling one step

further by incorporating the multiple actions in each loop

iteration, and performing them simultaneously. With SIMD,

not only can the number of loop iterations be reduced, but

also the multiple operations that are required can be

reduced to a single, optimised action.

SIMD does this through the use of so-called "packed

vectors". A packed vector, like traditional programming

vectors or arrays, is a data structure that contains

multiple pieces of basic data. Unlike traditional vectors,

however, a SIMD packed vector can then be used as an

argument for a specific instruction (for example an

arithmetic operation) that will then be performed on all

elements in the vector simultaneously. Because of this, the

number of values that can be loaded into the vector

directly affects performance; the more values being

processed at once, the faster a complete dataset can be

completed.

When values are stored in packed vectors and Λworked upon'

by a SIMD operation, they are actually moved to a special

set of CPU registers or register variables where the



parallel processing takes place. The size and number of

these register variables is determined by the SIMD

implementation being used.

The other area that dictates the usefulness of a SIMD

implementation is the instruction set. The instruction set

is the list of available operations that a SIMD

implementation provides for use with packed vectors. These

typically include operations to efficiently store and load

values to and from a vector, arithmetic operations (add,

subtract, divide, square root etc) , logical operations

(AND, OR etc) and comparison operations (greater than,

equal to etc) . The more operations a SIMD implementation

provides, the simpler it is for a developer to perform the

required function. SIMD operations are available directly

when writing code in assembly, however not in higher level

programming languages such as the C language.

De-blocking filtering according to e.g. the H.264/MPEG-4

AVC occurs on a per-macroblock basis, with horizontal

filtering of the vertical edges performed first, and

followed by vertical filtering of the horizontal edges.

Both directions of filtering on each macroblock must be

conducted before moving to the next macroblock. In prior

art software implemented de-blocking, each macroblock is

usually loaded twice from the RAM to the CPU register

variables, once for vertical filtering, and once for

horizontal filtering which is particularly demanding

computationally as it involves loading distant memory

references .

The present invention provides a method requiring only one

load of each macroblock. The steps involved are basically

as follows: Load the macroblock - transpose the macroblock-

perform horizontal filtering - transpose the macroblock -

perform vertical filtering - store the macroblock.



In this way, there is only one load and one store for each

macroblock and the implementations of the vertical and the

horizontal filtering becomes identical, by actually

performing vertical filtering on the transposed macroblock

to perform the horizontal filtering. Another benefit of the

present invention is that by taking advantage of vector and

instruction level parallelism, more advanced processor

capabilities than are usually employed in deblocking filter

calculations is utilized. The present approach deviates

from all other known approaches in that the entire

macroblock is being transposed. By exploiting enhanced

computational resources available in modern processors, a

full macroblock transposition (as described in e.g. F .

Franchetti and M . Pϋschel "Generating SIMD Vectorized

Permutations" In Proceedings of International Conference on

Compiler Construction (CC) 2008) is relatively inexpensive,

and the proposed approach becomes particularly efficient.

Franchetti and Puschel illustrates a highly efficient

method of transposing an 8x8 matrix employing a minimal

number block transfer operations that are implemented using

vector shuffle instructions. An algorithm process according

to the present invention is generalized to a single 16x16

transposition for the luminance macroblock and to a 2x8x8

transposition for the two chrominance macroblocks. In

modern processors, a single register can typically hold 16

pixels, therefore a preferable choice according to the

present invention is to calculate the transpose for the U

and V chrominance macroblocks simultaneously using 16 byte

instructions .

Modern processors contain an increasing number of execution

units that generally remain idle. In the implementation of

the de-blocking filter according to the present invention,

all execution units are kept busy most of the time, since

the algorithm is formulated in a way that takes maximum

advantage of Single Instruction Multiple Data (SIMD)

instructions and Instruction Level Parallelism (ILP) .



One aspect contributing to the uniqueness of the present

invention is that it targets execution in environments

where it can best exploit the advantages of ILP where other

known implementations are believed to attempt to

parallelize more general purpose algorithms.

The flow charts shown in figure 4 and 5 describe de

blocking filtering (DF) of one luminance macroblock (fig.

4 ) and two chrominance (fig. 5 ) macroblocks (MB).

Referring now to the flow charts, one embodiment of the

present invention is described on a high level. First,

macroblocks are loaded to a 16-byte aligned register

variable matrix using efficient 16 byte aligned load. The

matrix is then efficiently transposed by a SIMD instruction

using a minimal number of block transfer operation.

Horizontal filtering is then preformed on the transposed

macroblock. Further, the matrix is transposed back to its

original orientation. Vertical filtering is performed using

the same algorithm for horizontal filtering mentioned

above. Finally, the macroblocks are stored back in the RAM.

In addition, the region denoting the horizontal overlap

(Patch 1 ) used for calculating the next macroblock

downward, and the region denoting the vertical overlap

(Patch 2 ) used for calculating the next macroblock to the

right are respectively transposed and stored to memory for

later use.

As earlier indicated, Single Instruction Multiple Data

(SIMD) instructions present in current generation x86

microprocessors allow a single common operation be executed

simultaneously across up to 16 sets of data. For example,

when data is formatted correctly within the processors'

SIMD registers, an addition operation can be calculated on

16 individual sets of data yielding 16 results

simultaneously, as depicted in figure 6 . The temporal cost

of executing this operation is identical to executing a



single addition operation on a single dataset with normal

processor instructions upon general purpose registers.

The real cost of processing occurs in the preparation of

the data set to be operated upon. In the circumstance of

performing vertical filtering of horizontal edges, it is

possible to load all the values of a single line of input

data using a single, low execution cost load since SIMD

provides instructions for loading 16 bytes linearly using a

single instruction.

The algorithm according to the present invention exploits

the fact that the processor provides enough register space

to store an entire 16x16 set of data which is the exact

size of a luminance macroblock or two chrominance

macroblocks . By performing 16 consecutive reads of 16

linear aligned values into 16 SIMD register variables each

capable of storing 16 values, the entire data set for

operating can be stored within the processors SIMD register

variables and can be operated upon without any memory

related latency. At this point a transposition algorithm

can be applied to align the vertical edges within the

register variables so they can be acted upon as a

horizontal edge which is the desired internal orientation

for SIMD processing. Before storing the values again, a

second transpose operation is applied to reorient the edges

to their original position.

The alternative would be to selectively load and position

each pixel value individually at a higher instruction count

cost to produce the same results. Additionally, since the

same data set must also be used for processing in the

alternate orientation, this process is theoretically

entirely redundant as the transposition operation renders

the data in a perfect match for de-locking filtering of

macroblocks .



As already indicated, in order to apply the same high

performance, vectorized algorithm to vertical columns of

samples as was used for the horizontal rows, it is

necessary to transpose the sample matrix to realign the

vertical columns as horizontal rows. This process is the

transposition step. Figures 7 and 8 represent the data set

where each row of sample data is stored in a single vector

register variable. Figure 7 shows that when operating on

vertical columns, the data set is not oriented ideally

since a single column of samples is spread across 16 vector

register variables. The diagram shown in figure 8 which is

a transposed representation, demonstrates how, after

transposing the set, the orientation is ideal for SIMD

instructions as each column is now stored within a single

vector register variable. The result is that 16

simultaneous cross-column operations can occur now that the

data has been prepared for this purpose.

While other implementations chose to transpose the

macroblock partially "on the fly" to prepare for a SIMD

friendly filtering, the present invention transpose the

macroblock in one efficient step - which also paves the way

for internal storage of the macroblock in register

variables and makes in unnecessary to load the macroblock

twice. Obviously this also leads to identical

implementations of horizontal and vertical filtering, which

is a major benefit of the present invention, as only

vertical filtering has been regarded to be SIMD friendly.

As resolution of the source frame used in video

conferencing increases, it becomes increasingly difficult

to efficiently load and store a macroblock without large

performance penalties. For example, for 108Op, the distance

between the first and the last byte in a 16x16 pixel

macroblock is -30 Kbytes. Loading these 256 bytes one at a

time is obviously not efficient even though the memory in

use occupies less than the 64 Kbytes Ll data cache

available in modern processors. On the contrary, a process



according to the present invention, loads data in chunks of

16 bytes using an efficient 16 byte aligned load.

Modern processors can typically execute 2 or 3 16-byte

instructions per clock cycle, in particular if many

independent instructions are grouped in the same area. Thus

16 consecutive 16 byte loads that are independent can be

executed in any order by the processor' s out of order

execution core. The overall latency decreases because

independent instructions may hide each others latency.

While loading the 256 byte samples individually may appear

advantageous since the transposition operation would not be

required, the advantages of SIMD friendly and cache

friendly execution is great enough, the cost of a full

16x16 matrix transpositions becomes negligible in

comparison.

Note that the term register variable not necessarily refers

to one physical register in processor hardware. The present

invention can be implemented e.g. both in assembly code and

so-called intrinsic functions. For example, the Intel C/C++

compiler intrinsic equivalents are special C/C++ extensions

that allow using the syntax of C function calls and C

variables instead of hardware registers . A variable in

intrinsic functions intended to be inserted in a register

is not guaranteed to be inserted in an actual hardware

register, but it is handled accordingly and equally

effective as if it were. The term register variable can

therefore be interpreted both as a physical hardware

register as well as a register variable handled as if it

was inserted in a hardware register.

There are a number of advantages connected to the present

invention. It requires fewer loads - 16 instead of 256 - in

addition to more effective and aligned loads. The SIMD

environment also provides simultaneous loads - 16

consecutive 16 byte loads instead of many single "blocking"



loads. It all leads to reduced need memory access,

increased macroblock transposition performance and

increased horizontal filtering performance as it reuses the

highly efficient vertical filter.

In an aspect, the invention is implemented as a system for

performing a de-blocking filter operation on boundary

neighboring pixels between macroblocks in a video coding or

decoding process executed in a 16-bytes SIMD register

processor environment. Such a system may comprise means for

performing the steps of the method as described in the

above specification. Such means may be provided by a

processing device that is included in a computer, e.g. a

computer used in a videoconferencing system. The processing

device may be configured to execute a computer program. The

computer program may include instructions that cause the

processing device to perform the disclosed method when the

instructions are executed by the processing device. The

computer program may be tangibly embodied in a memory in

the computer, or on a storage medium, such as magnetic,

optical or solid-state digital storage medium, or on a

propagated signal which may be, e.g., transferred between

network elements in a local, wide-area or global

communications network.



P a t e n t c l a i m s

1 . A method for performing a de-blocking filter operation

on boundary neighboring pixels between macroblocks in a

video coding or decoding process executed in a lβ-bytes
SIMD register processor environment,

characterized in:

- loading a first set of data constituting one luminance

macroblock or two chrominance macroblocks from a RAM to a

group of 16 16-bytes horizontal SIMD register variables by

inserting each row of the block (s) in the respective

register variables,

- executing a transpose instruction on said first set of

data in said group of 16 16-bytes horizontal SIMD register

variables creating a second set of data which is being

stored in said group of 16 16-bytes horizontal SIMD

register variables,

- performing a vertical de-blocking filter operation on

said second set of data in said group of 16 16-bytes

horizontal SIMD register variables and a corresponding set

boundary pixel data of a first neighboring macroblock,

- executing a transpose instruction on said second set of

data in said group of 16 16-bytes horizontal SIMD register

variables creating a third set of data which is being

stored in said group of 16 16-bytes horizontal SIMD

register variables,

- performing a vertical de-blocking filter operation on

said third set of data in said group of 16 16-bytes

horizontal SIMD register variables and a corresponding set

of boundary pixels data of a second neighboring macroblock.

2 . A method according to claim 1 ,

characterized in that the de-blocking filter operation is



a de-blocking filter operation according to H .264 or MPEG-4

standard.

3 . A method according to claim 1 or 2 ,

characterized in that it further includes the following

step:

- transforming and storing a first subset of said third set

of data corresponding to boundary pixel data relative to a

first adjacent macroblock on the right hand side of said

one luminance macroblock or two chrominance macroblocks .

4 . A method according to one of the preceding claims,

characterized in that it further includes the following

step :

- transforming and storing a second subset of said

third set of data corresponding to boundary pixel data

relative to a second adjacent macroblock below said one

luminance macroblock or two chrominance macroblocks .

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

characterized in that it further includes the following

step:

- storing said third set of data in the RAM replacing said

first set of data constituting said one luminance

macroblock or two chrominance macroblocks.

6 . A System for performing a de-blocking filter operation

on boundary neighboring pixels between macroblocks in a

video coding or decoding process executed in a 16-bytes

SIMD register processor environment,

characterized in that the system comprises:

- means for loading a first set of data constituting one

luminance macroblock or two chrominance macroblocks from a

RAM to a group of 16 16-bytes horizontal SIMD register



variables by inserting each row of the block (s) in the

respective register variables,

- means for executing a transpose instruction on said first

set of data in said group of 16 lβ-bytes horizontal SIMD

register variables creating a second set of data which is

being stored in said group of 16 16-bytes horizontal SIMD

register variables,

- means for performing a vertical de-blocking filter

operation on said second set of data in said group of 16

16-bytes horizontal SIMD register variables and a

corresponding set boundary pixel data of a first

neighboring macroblock,

- means for executing a transpose instruction on said

second set of data in said group of 16 16-bytes horizontal

SIMD register variables creating a third set of data which

is being stored in said group of 16 16-bytes horizontal

SIMD register variables,

- means for performing a vertical de-blocking filter

operation on said third set of data in said group of 16

16-bytes horizontal SIMD register variables and a

corresponding set of boundary pixels data of a second

neighboring macroblock.

7 . A system according to claim 6 ,

characterized in that it further includes:

- means for transforming and storing a first subset of said

third set of data corresponding to boundary pixel data

relative to a first adjacent macroblock on the right hand

side of said one luminance macroblock or two chrominance

macroblocks .



8 . A system according to claims 6 or 7 ,

characterized in that it further includes:

- means for transforming and storing a second subset

of said third set of data corresponding to boundary pixel

data relative to a second adjacent macroblock below said

one luminance macroblock or two chrominance macroblocks .

9 . A system according to claims 6 , 7 or 8 ,

characterized in that it further includes:

- means for storing said third set of data in the RAM

replacing said first set of data constituting said one

luminance macroblock or two chrominance macroblocks .

10. Computer software program, stored on a storage medium,

for execution on a computer, characterized in comprising

instructions for performing the method according to claims

1 to 5 .
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