1 Al

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
31 July 2003 (31.07.2003)

PCT

(10) International Publication Number

WO 03/063501 Al

(51) International Patent Classification’:s HO4N 7/30, 7/26
(21) International Application Number:  PCT/FI03/00056
(22) International Filing Date: 22 January 2003 (22.01.2003)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
10/054,610
60/369,500

UsS
UsS

22 January 2002 (22.01.2002)
2 April 2002 (02.04.2002)

(71) Applicant (for all designated States except US): NOKIA
CORPORATION [FI/FI]; Keilalahdentie 4, FIN-02150
Espoo (FI).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KARCZEWICZ,
Marta [PL/US]; 1224 Hidden Ridge, #3097, Irving, TX
75038 (US). KURCEREN, Ragip [TR/US]; 7914 N.
MacArthur Boulevard, A, Irving, TX 75063 (US).

(74) Agent: TAMPEREEN PATENTTITOIMISTO OY;
Hermiankatu 12 B, FIN-33720 Tampere (FI).

(81) Designated States (national): AE, AG, AL, AM, AT (util-
ity model), AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ (utility model), CZ, DE (util-
ity model), DE, DK (utility model), DK, DM, DZ, EC, EE
(utility model), EE, ES, FI (utility model), FI, GB, GD, GE,
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ,
LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN,
MW, MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC,
SD, SE, SG, SK (utility model), SK, SL, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Buropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI,
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: CODING TRANSFORM COEFFICIENTS IN IMAGE/VIDEO ENCODERS AND/OR DECODERS

MUX 7 635

DEMUX

MOTION FIELD
copmG

 (moven vecio)

A8

HOTION
?| esmasarion
30

L]

& (57) Abstract: The invention relates to a method of variable length coding in which a set of data symbols comprising a certain first
W3 number of data symbols having a first value and a certain second number of data symbols having values other than said first value,
in which a set of symbols to be variable-length encoded is formed from said set of data symbols, and variable-length encoding is
applied to the set of symbols to be variable-length encoded. According to the method, at least one characteristic of the variable
~~ length encoding applied to the set of symbols to be variable-length encoded is adapted according to the number of the symbols to be
variable-length encoded and an indication of the number of variable-length encoded symbols is provided. According to the invention,
the indication is a variable length codeword representative of the number of symbols to be variable length encoded selected from one
of at least two alternative sets of variable length codewords according to the number of symbols to be variable length encoded. The
invention also relates to a corresponding method of variable length decoding, as well as an encoder and decoder which implement
the variable length coding and decoding methods according to the invention.

O 03/063

=

INTEL-1118
10,142,659



WO 03/063501 PCT/FI103/00056

10

15

20

25

30

Coding Transform Coefficients in Image / Video Encoders and / or

Decoders

Field of the Invention

The invention relates to a method, a system and a device for the coding of
digital video. More specifically, the invention concerns the coding of
quantised transform coefficients produced as a result of block-based
transform coding in a video / image encoder / decoder using Variable Length
Coding (VLC).

Background of the invention

Digital video sequences, like ordinary motion pictures recorded on film,
comprise a sequence of still images, the illusion of motion being created by
displaying the images one after the other at a relatively fast rate, typically 15
to 30 frames per second. Because of the relatively fast display rate, images
in consecutive frames tend to be quite similar and thus contain a
considerable amount of redundant information. For example, a typical scene
may comprise some stationary elements, such as background scenery, and
some moving areas, which may take many different forms, for example the
face of a newsreader, moving traffic and so on. Alternatively, the camera
recording the scene may itself be moving, in which case all elements of the
image have the same kind of motion. In many cases, this means that the

overall change between one video frame and the next is rather small.

Each frame of an uncompressed digital video sequence comprises an array
of image pixels. For example, in a commonly used digital video format,
known as the Quarter Common Interchange Format (QCIF), a frame
comprises an array of 176 x 144 pixels, in which case each frame has 25,344
pixels. In turn, each pixel is represented by a certain number of bits which
carry information about the luminance and/or colour content of the region of
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the image corresponding to the pixel. Commonly, a so-called YUV
colour model is used to represent the luminance and chrominance content of
the image. The luminance, or Y, component represents the intensity
(brightness) of the image, while the colour content of the image is
represented by two chrominance or colour difference components, labelled U
and V.

Colour models based on a luminance/chrominance representation of image
content provide certain advantages compared with colour models that are
based on a representation involving primary colours (that is Red, Green and
Blue, RGB). The human visual system is more sensitive to intensity
variations than it is to colour variations and YUV colour models exploit this
property by using a lower spatial resolution for the chrominance components
(U, V) than for the luminance component (Y). In this way, the amount of
information needed to code the colour information in an image can be

reduced with an acceptable reduction in image quality.

The lower spatial resolution of the chrominance components is usually
attained by sub-sampling. Typically, each frame of a video sequence is
divided into so-called ’macroblocks’, which comprise luminance (Y)
information and associated chrominance (U, V) information which is spatially
sub-sampled. Figure 3 illustrates one way in which macroblocks can be
formed. Figure 3a shows a frame of a video sequence represented using a
YUV colour model, each component having the same spatial resolution.
Macroblocks are formed by representing a region of 16x16 image pixels in
the original image (Figure 3b) as four blocks of luminance information, each
luminance block comprising an 8x8 array of luminance (Y) values and two
spatially corresponding chrominance components (U and V) which are sub-
sampled by a factor of two in the x and y directions to yield corresponding
arrays of 8x8 chrominance (U, V) values (see Figure 3c). According to certain
video coding recommendations, such as International Telecommunications

Union (ITU-T) recommendation H.26L, the fundamental block size used
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within the macroblocks can be other than 8x8, for example 4x8 or
4x4. (See G. Bjontegaard, “H.26L Test Model Long Term Number 8 (TML-8)
draft 0", VCEG-N10, June 2001, section 2.3).

A QCIF image comprises 11x9 macroblocks. If the luminance blocks and
chrominance blocks are represented with 8 bit resolution (that is by numbers
in the range 0 to 255), the total number of bits required per macroblock is
(16x16x8)+2x(8x8x8) = 3072 bits. The number of bits needed to represent a
video frame in QCIF format is thus 99x3072 = 304,128 bits. This means that
the amount of data required to transmit/record/display an uncompressed
video sequence in QCIF format, represented using a YUV colour model, at a
rate of 30 frames per second, is more than 9 Mbps (million bits per second).
This is an extremely high data rate and is impractical for use in video
recording, transmission and display applications because of the very large
storage capacity, transmission channel capacity and hardware performance

required.

If video data is to be transmitted in real-time over a fixed line network such as
an ISDN (Integrated Services Digital Network) or a conventional PSTN
(Public Switched Telephone Network), the available data transmission
bandwidth is typically of the order of 64kbits/s. In mobile videotelephony,
where transmission takes place at least in part over a radio communications
link, the available bandwidth can be as low as 20kbits/s. This means that a
significant reduction in the amount of information used to represent video
data must be achieved in order to enable transmission of digital video
sequences over low bandwidth communication networks. For this reason,
video compression techniques have been developed which reduce the
amount of information transmitted while retaining an acceptable image
quality.

Video compression methods are based on reducing the redundant and

perceptually irrelevant parts of video sequences. The redundancy in video



WO 03/063501 PCT/FI03/00056

10

15

20

25

30

4

sequences can be categorised into spatial, temporal and spectral
redundancy. 'Spatial redundancy’ is the term used to describe the correlation
(similarity) between neighbouring pixels within a frame. The term 'temporal
redundancy’ expresses the fact that objects appearing in one frame of a
sequence are likely to appear in subsequent frames, while ’spectral
redundancy’ refers to the correlation between different colour components of

the same image.

Sufficiently efficient compression cannot usually be achieved by simply
reducing the various forms of redundancy in a given sequence of images.
Thus, most current video encoders also reduce the quality of those parts of
the video sequence which are subjectively the least important. In addition,
the redundancy of the compressed video bit-stream itself is reduced by
means of efficient loss-less encoding. Generally, this is achieved using a

technique known as entropy coding.

There is often a significant amount of spatial redundancy between the pixels
that make up each frame of a digital video sequence. In other words, the
value of any pixel within a frame of the sequence is substantially the same as
the value of other pixels in its immediate vicinity. Typically, video coding
systems reduce spatial redundancy using a technique known as 'block-based
transform coding’, in which a mathematical transformation is applied to the
pixels of an image, on a macroblock-by-macroblock basis. Transform coding
translates the image data from a representation comprising pixel values to a
form comprising a set of coefficient values, each of which is a weighting
factor (multiplier) for a basis function of the transform in question. By using
certain mathematical transformations, such as the two-dimensional Discrete
Cosine Transform (DCT), the spatial redundancy within a frame of a digital
video sequence can be significantly reduced, thereby producing a more

compact representation of the image data.
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Frames of a video sequence which are compressed using
block-based transform coding, without reference to any other frame within the
sequence, are referred to as INTRA-coded or I-frames. Additionally, and
where possible, blocks of INTRA-coded frames are predicted from previously
coded blocks within the same frame. This technique, known as INTRA-
prediction, has the effect of further reducing the amount of data required to
represent an INTRA-coded frame.

Generally, video coding systems not only reduce the spatial redundancy
within individual frames of a video sequence, but also make use of a
technique known as ‘'motion-compensated prediction’, to reduce the temporal
redundancy in the sequence. Using motion-compensated prediction, the
image content of some (often many) frames in a digital video sequence is
‘predicted” from one or more other frames in the sequence, known as
‘reference’ or ’anchor’ frames. Prediction of image content is achieved by
tracking the motion of objects or regions of an image between a frame to be
coded (compressed) and the reference frame(s) using ‘'motion vectors’. In
general, the reference frame(s) may precede the frame to be coded or may
follow it in the video sequence. As in the case of INTRA-coding, motion
compensated prediction of a video frame is typically performed macroblock-

by-macroblock.

Frames of a video sequence which are compressed using motion-
compensated prediction are generally referred to as INTER-coded or P-
frames. Motion-compensated prediction alone rarely provides a sufficiently
precise representation of the image content of a video frame and therefore it
is typically necessary to provide a so-called 'prediction error’ (PE) frame with
each INTER-coded frame. The prediction error frame represents the
difference between a decoded version of the INTER-coded frame and the
image content of the frame to be coded. More specifically, the prediction
error frame comprises values that represent the difference between pixel
values in the frame to be coded and corresponding reconstructed pixel
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values formed on the basis of a predicted version of the frame in
question. Consequently, the prediction error frame has characteristics similar
to a still image and block-based transform coding can be applied in order to
reduce its spatial redundancy and hence the amount of data (number of bits)

required to represent it.

In order to illustrate the operation of a video coding system in greater detail,
reference will now be made to Figures 1 and 2. Figure 1 is a schematic
diagram of a generic video encoder that employs a combination of INTRA-
and INTER-coding to produce a compressed (encoded) video bit-stream. A
corresponding decoder is illustrated in Figure 2 and will be described later in
the text.

The video encoder 100 comprises an input 101 for receiving a digital video
signal from a camera or other video source (not shown). It also comprises a
transformation unit 104 which is arranged to perform a block-based discrete
cosine transform (DCT), a quantiser 106, an inverse quantiser 108, an
inverse transformation unit 110, arranged to perform an inverse block-based
discrete cosine transform (IDCT), combiners 112 and 116, and a frame store
120. The encoder further comprises a motion estimator 130, a motion field
coder 140 and a motion compensated predictor 150. Switches 102 and 114
are operated co-operatively by control manager 160 to switch the encoder
between an INTRA-mode of video encoding and an INTER-mode of video
encoding. The encoder 100 also comprises a video multiplex coder 170
which forms a single bit-stream from the various types of information
produced by the encoder 100 for further transmission to a remote receiving
terminal or, for example, for storage on a mass storage medium, such as a

computer hard drive (not shown).

Encoder 100 operates as follows. Each frame of uncompressed video
provided from the video source to input 101 is received and processed
macroblock by macroblock, preferably in raster-scan order. When the
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encoding of a new video sequence starts, the first frame to
be encoded is encoded as an INTRA-coded frame. Subsequently, the
encoder is programmed to code each frame in INTER-coded format, unless
one of the following conditions is met: 1) it is judged that the current
macroblock of the frame being coded is so dissimilar from the pixel values in
the reference frame used in its prediction that excessive prediction error
information is produced, in which case the current macroblock is coded in
INTRA-coded format; 2) a predefined INTRA frame repetition interval has
expired; or 3) feedback is received from a receiving terminal indicating a
request for a frame to be provided in INTRA-coded format.

The occurrence of condition 1) is detected by monitoring the output of the
combiner 116. The combiner 116 forms a difference between the current
macroblock of the frame being coded and its prediction, produced in the
motion compensated prediction block 150. If a measure of this difference (for
example a sum of absolute differences of pixel values) exceeds a
predetermined threshold, the combiner 116 informs the control manager 160
via a control line 119 and the control manager 160 operates the switches 102
and 114 via control line 113 so as to switch the encoder 100 into INTRA-
coding mode. In this way, a frame which is otherwise encoded in INTER-
coded format may comprise INTRA-coded macroblocks. Occurrence of
condition 2) is monitored by means of a timer or frame counter implemented
in the control manager 160, in such a way that if the timer expires, or the
frame counter reaches a predetermined number of frames, the control
manager 160 operates the switches 102 and 114 via control line 113 to
switch the encoder into INTRA-coding mode. Condition 3) is triggered if the
control manager 160 receives a feedback signal from, for example, a
receiving terminal, via control line 121 indicating that an INTRA frame refresh
is required by the receiving terminal. Such a condition may arise, for
example, if a previously transmitted frame is badly corrupted by interference
during its transmission, rendering it impossible to decode at the receiver. In
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this  situation, the receiving decoder issues a request for the
next frame to be encoded in INTRA-coded format, thus re-initialising the

coding sequence.

Operation of the encoder 100 in INTRA-coding mode will now be described.
In INTRA-coding mode, the control manager 160 operates the switch 102 to
accept video input from input line 118. The video signal input is received
macroblock by macroblock from input 101 via the input line 118. As they are
received, the blocks of luminance and chrominance values which make up
the macroblock are passed to the DCT transformation block 104, which
performs a 2-dimensional discrete cosine transform on each block of values,
producing a 2-dimensional array of DCT coefficients for each block. DCT
transformation block 104 produces an array of coefficient values for each
block, the number of coefficient values depending on the nature of the blocks
which make up the macroblock. For example, if the fundamental block size
used in the macroblock is 4x4, DCT transformation block 104 produces a
4x4 array of DCT coefficients for each block. If the block size is 8x8, an 8x8

array of DCT coefficients is produced.

The DCT coefficients for each block are passed to the quantiser 106, where
they are quantised using a quantisation parameter QP. Selection of the
quantisation parameter QP is controlled by the control manager 160 via
control line 115. Quantisation introduces a loss of information, as the
quantised coefficients have a lower numerical precision than the coefficients
originally generated by the DCT transformation block 104. This provides a
further mechanism by which the amount of data required to represent each
image of the video sequence can be reduced. However, unlike the DCT
transformation, which is essentially lossless, the loss of information
introduced by quantisation causes an irreversible degradation in image
quality. The greater the degree of quantisation applied to the DCT
coefficients, the greater the loss of image quality.
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The quantised DCT coefficients for each block are passed from
the quantiser 106 to the video multiplex coder 170, as indicated by line 125 in
Figure 1. The video multiplex coder 170 orders the quantised transform
coefficients for each block using a zigzag scanning procedure. This operation
converts the two-dimensional array of quantised transform coefficients into a
one-dimensional array. Typical zigzag scanning orders, such as that for a
4x4 array shown in Figure 4, order the coefficients approximately in
ascending order of spatial frequency. This also tends to order the coefficients
according to their values, such that coefficients positioned earlier in the one-
dimensional array are more likely to have larger absolute values than
coefficients positioned later in the array. This is because lower spatial
frequencies tend to have higher amplitudes within the image blocks.
Consequently, values occurring towards the end of the one-dimensional

array of quantised transform coefficients tend to be zeros.

Typically, the video multiplex coder 170 represents each non-zero quantised
coefficient in the one-dimensional array by two values, referred to as level
and run. Level is the value of the quantised coefficient and run is the number
of consecutive zero-valued coefficients preceding the coefficient in question.
The run and level values for a given coefficient are ordered such that the
level value precedes the associated run value. A level value equal to zero is
used to indicate that there are no more non-zero coefficient values in the
block. This O-level value is referred to as an EOB (end-of-block) symbol.

Alternatively, each non-zero-valued quantised coefficient in the one-
dimensional array can be represented by 3 values (run, level, last). The
meaning of level and run is identical to the previous scheme, whereas /ast
denotes if there are any other non-zero-valued coefficients in the one-
dimensional array following the current coefficient. Consequently, there is no

need for a separate EOB symbol.
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The run and level values (last if applicable) are further
compressed using entropy coding. Entropy coding is a loss-less operation
which exploits the fact that symbols within a data set to be coded generally
have different probabilities of occurrence. Therefore, instead of using a fixed
number of bits to represent each symbol, a variable number of bits is
assigned such that symbols which are more likely to occur are represented
by codewords having fewer bits. For this reason, entropy coding is often
referred to as Variable Length Coding (VLC). Since certain values of levels
and runs are more likely than other values to occur, entropy coding
techniques can be used effectively to reduce the number of bits required to
represent the run and level values.

Once the run and level values have been entropy coded, the video multiplex
coder 170 further combines them with control information, also entropy coded
using a variable length coding method appropriate for the kind of information
in question, to form a single compressed bit-stream of coded image
information 135. It is this bit-stream, including the variable length codewords

representative of the (run, level) pairs, which is transmitted from the encoder.

While entropy coding has been described in connection with operations
performed by the video multiplex coder 170, it should be noted that in

alternative implementations a separate entropy coding unit may be provided.

A locally decoded version of the macroblock is also formed in the encoder
100. This is done by passing the quantised transform coefficients for each
block, output by quantiser 106, through inverse quantiser 108 and applying
an inverse DCT transform in inverse transformation block 110. In this way a
reconstructed array of pixel values is constructed for each block of the
macroblock. The resulting decoded image data is input to combiner 112. In
INTRA-coding mode, switch 114 is set so that the input to the combiner 112
via switch 114 is zero. In this way, the operation performed by combiner 112
is equivalent to passing the decoded image data unaltered.
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As subsequent macroblocks of the current frame are received and undergo
the previously described encoding and local decoding steps in blocks 104,
106, 108, 110 and 112, a decoded version of the INTRA-coded frame is built
up in frame store 120. When the last macroblock of the current frame has
been INTRA-coded and subsequently decoded, the frame store 120 contains
a completely decoded frame, available for use as a prediction reference
frame in coding a subsequently received video frame in INTER-coded format.

Operation of the encoder 100 in INTER-coding mode will now be described.
In INTER-coding mode, the control manager 160 operates switch 102 to
receive its input from line 117, which comprises the output of combiner 116.
The combiner 116 receives the video input signal macroblock by macroblock
from input 101. As combiner 116 receives the blocks of luminance and
chrominance values which make up the macroblock, it forms corresponding
blocks of prediction error information. The prediction error information
represents the difference between the block in question and its prediction,
produced in motion compensated prediction block 150. More specifically, the
prediction error information for each block of the macroblock comprises a
two-dimensional array of values, each of which represents the difference
between a pixel value in the block of luminance or chrominance information
being coded and a decoded pixel value obtained by forming a motion-
compensated prediction for the block, according to the procedure described
below. Thus, in a situation where each macroblock comprises, for example,
an assembly of 4x4 blocks comprising luminance and chrominance values
the prediction error information for each block of the macroblock similarly
comprises a 4x4 array of prediction error values.

The prediction error information for each block of the macroblock is passed to
DCT transformation block 104, which performs a two-dimensional discrete
cosine transform on each block of prediction error values to produce a two-
dimensional array of DCT transform coefficients for each block. DCT
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transformation block 104 produces an array of coefficient
values for each prediction error block, the number of coefficient values
depending on the nature of the blocks which make up the macroblock. For
example, if the fundamental block size used in the macroblock is 4x4, DCT
transformation block 104 produces a 4x4 array of DCT coefficients for each
prediction error block. If the block size is 8x8, an 8x8 array of DCT
coefficients is produced.

The transform coefficients for each prediction error block are passed to
quantiser 106 where they are quantised using a quantisation parameter QP,
in @ manner analogous to that described above in connection with operation
of the encoder in INTRA-coding mode. Again, selection of the quantisation

parameter QP is controlled by the control manager 160 via control line 115.

The quantised DCT coefficients representing the prediction error information
for each block of the macroblock are passed from quantiser 106 to video
multiplex coder 170, as indicated by line 125 in Figure 1. As in INTRA-coding
mode, the video multiplex coder 170 orders the transform coefficients for
each prediction error block using the previously described zigzag scanning
procedure (see Figure 4) and then represents each non-zero quantised
coefficient as a level and a run value. It further compresses the run and level
values using entropy coding, in a manner analogous to that described above
in connection with INTRA-coding mode. Video multiplex coder 170 also
receives motion vector information (described in the following) from motion
field coding block 140 via line 126 and control information from control
manager 160. It entropy codes the motion vector information and control
information and forms a single bit-stream of coded image information, 135
comprising the entropy coded motion vector, prediction error and control

information.

The quantised DCT coefficients representing the prediction error information
for each block of the macroblock are also passed from quantiser 106 to
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inverse quantiser 108. Here they are inverse quantised and the
resulting blocks of inverse quantised DCT coefficients are applied to inverse
DCT transform block 110, where they undergo inverse DCT transformation to
produce locally decoded blocks of prediction error values. The locally
decoded blocks of prediction error values are then input to combiner 112. In
INTER-coding mode, switch 114 is set so that the combiner 112 also
receives predicted pixel values for each block of the macroblock, generated
by motion-compensated prediction block 150. The combiner 112 combines
each of the locally decoded blocks of prediction error values with a
corresponding block of predicted pixel values to produce reconstructed
image blocks and stores them in frame store 120.

As subsequent macroblocks of the video signal are received from the video
source and undergo the previously described encoding and decoding steps
in blocks 104, 106, 108, 110, 112, a decoded version of the frame is built up
in frame store 120. When the last macroblock of the frame has been
processed, the frame store 120 contains a completely decoded frame,
available for use as a prediction reference frame in encoding a subsequently
received video frame in INTER-coded format.

Formation of a prediction for a macroblock of the current frame will now be
described. Any frame encoded in INTER-coded format requires a reference
frame for motion-compensated prediction. This means, necessarily, that
when encoding a video sequence, the first frame to be encoded, whether it is
the first frame in the sequence, or some other frame, must be encoded in
INTRA-coded format. This, in turn, means that when the video encoder 100
is switched into INTER-coding mode by control manager 160, a complete
reference frame, formed by locally decoding a previously encoded frame, is
already available in the frame store 120 of the encoder. In general, the
reference frame is formed by locally decoding either an INTRA-coded frame

or an INTER-coded frame.
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The first step in forming a prediction for a macroblock of the
current frame is performed by motion estimation block 130. The motion
estimation block 130 receives the blocks of luminance and chrominance
values which make up the current macroblock of the frame to be coded via
line 128. It then performs a block matching operation in order to identify a
region in the reference frame which corresponds substantially with the
current macroblock. In order to perform the block matching operation, motion
estimation block accesses reference frame data stored in frame store 120 via
line 127. More specifically, motion estimation block 130 performs block-
matching by calculating difference values (e.g. sums of absolute differences)
representing the difference in pixel values between the macroblock under
examination and candidate best-matching regions of pixels from a reference
frame stored in the frame store 120. A difference value is produced for
candidate regions at all possible offsets within a predefined search region of
the reference frame and motion estimation block 130 determines the smallest
calculated difference value. The offset between the macroblock in the current
frame and the candidate block of pixel values in the reference frame that
yields the smallest difference value defines the motion vector for the
macroblock in question.

Once the motion estimation block 130 has produced a motion vector for the
macroblock, it outputs the motion vector to the motion field coding block 140.
The motion field coding block 140 approximates the motion vector received
from motion estimation block 130 using a motion model comprising a set of
basis functions and motion coefficients. More specifically, the motion field
coding block 140 represents the motion vector as a set of motion coefficient
values which, when multiplied by the basis functions, form an approximation
of the motion vector. Typically, a translational motion model having only two
motion coefficients and basis functions is used, but motion models of greater

complexity may also be used.
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The motion coefficients are passed from motion field coding
block 140 to motion compensated prediction block 150. Motion compensated
prediction block 150 also receives the best-matching candidate region of
pixel values identified by motion estimation block 130 from frame store 120.
Using the approximate representation of the motion vector generated by
motion field coding block 140 and the pixel values of the best-matching
candidate region of pixels from the reference frame, motion compensated
prediction block 150 generates an array of predicted pixel values for each
block of the macroblock. Each block of predicted pixel values is passed to
combiner 116 where the predicted pixel values are subtracted from the actual
(input) pixel values in the corresponding block of the current macroblock. In

this way a set of prediction error blocks for the macroblock is obtained.

Operation of the video decoder 200, shown in Figure 2 will now be described.
The decoder 200 comprises a video multiplex decoder 270, which receives
an encoded video bit-stream 135 from the encoder 100 and demultiplexes it
into its constituent parts, an inverse quantiser 210, an inverse DCT
transformer 220, a motion compensated prediction block 240, a frame store
250, a combiner 230, a control manager 260, and an output 280.

The control manager 260 controls the operation of the decoder 200 in
response to whether an INTRA- or an INTER-coded frame is being decoded.
An INTRA / INTER trigger control signal, which causes the decoder to switch
between decoding modes is derived, for example, from picture type
information provided in a header portion of each compressed video frame
received from the encoder. The INTRA / INTER trigger control signal is
extracted from the encoded video bit-stream by the video multiplex decoder
270 and is passed to control manager 260 via control line 215.

Decoding of an INTRA-coded frame is performed on a macroblock-by-
macroblock basis, each macroblock being decoded substantially as soon as
encoded information relating to it is received in the video bit-stream 135. The
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video multiplex decoder 270 separates the encoded
information for the blocks of the macroblock from possible control information
relating to the macroblock in question. The encoded information for each
block of an INTRA-coded macroblock comprises variable length codewords
representing the entropy coded level and run values for the non-zero
quantised DCT coefficients of the block. The video multiplex decoder 270
decodes the variable length codewords using a variable length decoding
method corresponding to the encoding method used in the encoder 100 and
thereby recovers the level and run values. It then reconstructs the array of
quantised transform coefficient values for each block of the macroblock and
passes them to inverse quantiser 210. Any control information relating to the
macroblock is also decoded in the video multiplex decoder using an
appropriate decoding method and is passed to control manager 260. In
particular, information relating to the level of quantisation applied to the
transform coefficients is extracted from the encoded bit-stream by video
multiplex decoder 270 and provided to control manager 260 via control line
217. The control manager, in turn, conveys this information to inverse
quantiser 210 via control line 218. Inverse quantiser 210 inverse quantises
the quantised DCT coefficients for each block of the macroblock according to
the control information and provides the now inverse quantised DCT

coefficients to inverse DCT transformer 220.

Inverse DCT transformer 220 performs an inverse DCT transform on the
inverse quantised DCT coefficients for each block of the macroblock to form
a decoded block of image information comprising reconstructed pixel values.
As motion-compensated prediction is not used in the encoding/decoding of
INTRA-coded macroblocks, control manager 260 controls combiner 230 in
such a way as to prevent any reference information being used in the
decoding of the INTRA-coded macroblock. The reconstructed pixel values for
each block of the macroblock are passed to the video output 280 of the
decoder where, for example, they can be provided to a display device (not
shown). The reconstructed pixel values for each block of the macroblock are
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also stored in frame store 250. As subsequent macroblocks of the
INTRA-coded frame are decoded and stored, a decoded frame is
progressively assembled in the frame store 250 and thus becomes available
for use as a reference frame for motion compensated prediction in

connection with the decoding of subsequently received INTER-coded frames.

INTER-coded frames are also decoded macroblock by macroblock, each
INTER-coded macroblock being decoded substantially as soon as encoded
information relating to it is received in the bit-stream 135. The video multiplex
decoder 270 separates the encoded prediction error information for each
block of an INTER-coded macroblock from encoded motion vector
information and possible control information relating to the macroblock in
question. As explained in the foregoing, the encoded prediction error
information for each block of the macroblock comprises variable length
codewords representing the entropy coded /evel and run values for the non-
zero quantised transform coefficients of the prediction error block in question.
The video multiplex decoder 270 decodes the variable length codewords
using a variable length decoding method corresponding to the encoding
method used in the encoder 100 and thereby recovers the level and run
values. It then reconstructs an array of quantised transform coefficient values
for each prediction error block and passes them to inverse quantiser 210.
Control information relating to the INTER-coded macroblock is also decoded
in the video multiplex decoder 270 using an appropriate decoding method
and is passed to control manager 260. Information relating to the level of
quantisation applied to the transform coefficients of the prediction error
blocks is extracted from the encoded bit-stream and provided to control
manager 260 via control line 217. The control manager, in turn, conveys this
information to inverse quantiser 210 via control line 218. Inverse quantiser
210 inverse quantises the quantised DCT coefficients representing the
prediction error information for each block of the macroblock according to the
control information and provides the now inverse quantised DCT coefficients
to inverse DCT transformer 220. The inverse quantised DCT coefficients
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representing the prediction error information for each block are
then inverse transformed in the inverse DCT transformer 220 to yield an
array of reconstructed prediction error values for each block of the

macroblock.

The encoded motion vector information associated with the macroblock is
extracted from the encoded video bit-stream 135 by video multiplex decoder
270 and is decoded. The decoded motion vector information thus obtained is
passed via control line 225 to motion compensated prediction block 240,
which reconstructs a motion vector for the macroblock using the same motion
model as that used to encode the INTER-coded macroblock in encoder 100.
The reconstructed motion vector approximates the motion vector originally
determined by motion estimation block 130 of the encoder. The motion
compensated prediction block 240 of the decoder uses the reconstructed
motion vector to identify the location of a region of reconstructed pixels in a
prediction reference frame stored in frame store 250. The reference frame
may be, for example, a previously decoded INTRA-coded frame, or a
previously decoded INTER-coded frame. In either case, the region of pixels
indicated by the reconstructed motion vector is used to form a prediction for
the macroblock in question. More specifically, the motion compensated
prediction block 240 forms an array of pixel values for each block of the
macroblock by copying corresponding pixel values from the region of pixels
identified in the reference frame. The prediction, that is the blocks of pixel
values derived from the reference frame, are passed from motion
compensated prediction block 240 to combiner 230 where they are combined
with the decoded prediction error information. In practice, the pixel values of
each predicted block are added to corresponding reconstructed prediction
error values output by inverse DCT transformer 220. In this way an array of
reconstructed pixel values for each block of the macroblock is obtained. The
reconstructed pixel values are passed to the video output 280 of the decoder
and are also stored in frame store 250. As subsequent macroblocks of the
INTER-coded frame are decoded and stored, a decoded frame is
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progressively assembled in the frame store 250 and thus
becomes available for use as a reference frame for motion-compensated

prediction of other INTER-coded frames.

Entropy coding of the run and level values associated with the quantised
transform coefficients using the technique of variable length coding (VLC) will
now be examined in greater detail.

Typically, a run-level pair is encoded as a single symbol. This is achieved by
defining a mapping between each possible run-level pair and the defined
code numbers. An example of a mapping of run-level pairs to code numbers
as a look up table, as illustrated in Table 3. Using the mappings in the look-
up table, a code number is assigned to each (run, level) pair of the block and
the resulting code numbers are encoded by VLC coding. For example, in
Joint Model (JM) 2.0 "Working Draft Number 2, Doc. JVT-B118, Joint Video
Team (JVT) of ISO/IEC MPEG and ITU-T VCEG Pattaya, 2™ JVT Meeting,
Geneva, CH, Jan. 29 - Feb. 1, 2002", (H.26L video coding standard) two
different look-up tables are defined that map the (run, level) pairs onto code
numbers. The selection of which table is to be used is based on the QP value
and the coding mode of the block. More specifically, if the coding mode is
INTRA and the QP is smaller than 24, a different table is used than

otherwise.

Joint Model JM 2.0 of JVT H.26L makes use of a so-called 'universal
variable length coding scheme, referred to as UVLC. Accordingly, a video
encoder implemented according to H.26L JM 2.0 uses a single set of variable
length codewords to entropy code all information (syntax elements) to be
transmitted in the bit-stream from the encoder. While the codewords used are
the same, a predetermined number of different data-symbol-to-codeword
mappings are defined for the coding of different types of information. For
example, two data-symbol-to-codeword mappings are provided for blocks
containing luminance information, the choice of mapping depending on the
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type of zigzag scanning operation (simple or double scan) used to
order the quantised DCT transform coefficients. For details of the simple and
double scan zigzag scanning schemes defined according to H.26L, see
Working Draft Number 2, Doc. JVT-B118, Joint Video Team (JVT) of ISO/IEC
MPEG and ITU-T VCEG Pattaya, 2" JVT Meeting, Geneva, CH, Jan. 29 -
Feb. 1, 2002. Different mappings are also provided for macroblock type
(MB_Type) information, motion vector data (MVD) and INTRA-prediction
mode information, among others (see Table 3, below).

The UVLC codewords defined in H.26L JM 2.0 may be written in the
following compressed form, shown in Table 1 below, where the x, terms can
take either the value O or 1:

Xo
X1 Xo

X2 X1 Xo

o o
o O o

o o o ©
e o a =

X3 X2 X1 Xo

Table 1: Scheme for Generation of UVLC Codewords According to H.26L

Table 2 presents the first 16 UVLC codewords, generated according to the
scheme presented in Table 1, while Table 3 shows some of the different
data-symbol-to-codeword mappings provided according to H.26L. For a
complete description of the mappings, the reader should again refer to
Working Draft Number 2, Doc. JVT-B118, Joint Video Team (JVT) of ISO/IEC
MPEG and ITU-T VCEG Pattaya, 2" JVT Meeting, Geneva, CH, Jan. 29 -
Feb. 1, 2002.
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Codeword index VLC Codeword

0 1
1 010
2 011
3 00100
4 00101
5 00110
6 00111
7 0001000
8 0001001
9 0001010
10 000010000
11 000010001
12 000010010
13 000010011
14 000010100
15 000010101

Table 2: The First 16 UVLC Codewords of H.26L Generated According to
the Scheme Presented in Table 1
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Code_ MB_Type INTRA_ MVD | Tcoeff_chroma_AC | Tcoeff _luma
number prediction_ Tcoeff_luma Double
mode Simple scan scan
INTRA INTER | Prob0 | Prob1 Level Run Level | Run

0 Intradx4 | Skip 0 0 0 EOB - EOB -
1 0,0,0° | 16x16 1 0 1 1 0 1 0
2 1,0,0 8x8 0 1 -1 -1 0 -1 0
3 2,0,0 16x8 0 2 2 1 1 1 1
4 3,0,0 8x16 1 1 -2 -1 1 -1 1
5 0,1,0 8x4 2 0 3 1 2 2 0
6 1,1,0 4x8 3 0 -3 -1 2 -2 0
7 21,0 4x4 2 1 4q 2 0 1 2
8 3,1,0 Intradx4 1 2 -4 -2 0 -1 2
9 0,2,0 0,0,0° ()} 3 5 1 3 3 ()
10 1,2,0 1,0,0 0 4 -5 -1 3 -3 0
11 2,2,0 2,0,0 1 3 6 1 4 4 0
12 3,2,0 3,0,0 2 2 -6 -1 4 -4 0
13 0,0,1 0,1,0 3 1 7 1 5 5 0
14 1,0,1 1,1,0 4 0 -7 -1 5 -5 0
15 2,0,1 2,1,0 5 0 8 3 0 1 3
16 3,0,1 3,1,0 4 1 -8 -3 0 -1 3
17 0,1,1 0,2,0 3 2 9 2 1 1 4
18 1,1,1 1,2,0 2 3 -9 -2 1 -1 4
19 2,1,1 2,2,0 1 4 10 2 2 2 1
20 3,1,1 3,2,0 0 5 -10 -2 2 -2 1
21 0,2,1 0,0,1 1 5 11 1 6 3 1
22 1,2,1 1,0,1 2 4 -11 -1 6 -3 1
23 2,2,1 2,0,1 3 3 12 1 7 6 0
24 3,2,1 3,0,1 4 2 -12 -1 7 -6 0
25 0,1,1 5 1 13 1 8 7 0
26 1,1,1 5 2 -13 -1 8 -7 0
27 2,1,1 4 3 14 1 9 8 0
28 3,1,1 3 4 -14 -1 9 -8 0
29 0,2,1 2 5 15 i 0 9 0
30 1,2,1 3 5 -15 -4 0 -9 0
31 2,2,1 q 4 16 5 0 10 0
32 3,21 5 3 -16 -5 0 -10 0
33 5 4 17 3 1 4 1
34 4 5 -17 -3 1 -4 1
35 5 5 18 3 2 2 2
36 -18 -3 2 -2 2
37 19 2 3 2 3
38 -19 -2 3 -2 3
39 20 2 4 2 4
40 -20 -2 4 -2 4
41 21 2 5 2 5
42 -21 -2 5 -2 5
43 22 2 6 2 6
44 -22 -2 6 -2 6
45 23 2 7 2 7
46 -23 -2 7 -2 7
47 24 2 8 11 0
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Table 3: Example Data-Symbol-to-UVLC-Codeword Mappings as Defined in
H.26L TML-5

The universal variable length coding scheme adopted in H.26L provides a
number of technical advantages. In particular, use of a single set of VLC
codewords, which can be constructed according to a simple rule, such as
that presented in Table 1, enables codewords to be created bit-by-bit. This
obviates the need for storage of a codeword table in the encoder and
decoder and thus reduces the memory requirements of both the encoder and
decoder. It should be noted, of course, that in alternative implementations,
codeword tables may be generated and stored in the encoder and decoder.
The different data-symbol-to-codeword mappings allow at least limited
adaptation of the UVLC coding scheme to the different statistical properties
of the various types of image-related data and control information that are
entropy coded. The various data-symbol-to-codeword mappings can be
stored in the encoder and decoder and thus there is no need to transmit the
mapping information in the bit-stream from encoder to decoder. This helps

maintain error resilience.

The UVLC entropy coding scheme does, however, also suffer from some
disadvantages. In particular, the fixed codewords and the limited degree of
adaptability provided by the different data-symbol-to-codeword mappings,
inevitably result in less than optimum data compression. This is due to the
fact that, in image coding, the frequency of occurrence (i.e. probability) of
different transform coefficients, and hence the probability of different (run,
level) pairs, changes depending on the image content and the type of the
image being encoded. Thus, if a single set of variable length codewords is
used and only a single mapping between the data symbols to be
encoded/decoded and the VLCs is provided, in general, optimum coding

efficiency cannot be achieved.
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For this reason modifications of the basic UVLC coding scheme have been
proposed. More specifically, it has been suggested to include more than one
set of VLC codewords. One such proposal was made by Gisle Bjontegaard in
Q.15/SG16 “Use of Adaptive Switching Between Two VLCs for INTRA Luma
Coefficients”, Doc. Q15-K-30, August 2000. This proposal suggested the use
of a second set of VLC codewords for the entropy coding of certain types of
information. According to document Q15-K-30, the proposed second set of
VLC codewords, referred to as VLC2, is constructed according to the scheme
shown below in Table 4. It is used in particular to code the run and level
values associated with quantised transform coefficients of 4x4 pixel INTRA-
coded luminance blocks scanned using the double scan zigzag scanning
scheme defined according to H.26L. Table 5 shows, in explicit form, the first
16 codewords of VLC2.

X3 X2 X1 Xo

Table 4: Scheme for Generation of VLC2 Codewords According to
Q.15/SG16 Document Q15-K-30

Codeword Index | VLC2 Codeword

0 10

1 110
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2 111
3 0100
4 0101
5 0110
6 0111
7 001000
8 001001
9 001010
10 001011
11 001100
12 001101
13 001110
14 001111
15 00010000

Table 5: The First 16 VLC2 Codewords of Q.15/SG16 Document Q15-K-30,
Generated According to the Scheme Presented in Table 4

5 As can be seen by comparing Tables 4 and 5 with Tables 1 and 2
respectively, the shortest codeword of VLC2 has two bits as opposed to the
single bit allocated to the shortest codeword in the original set of UVLC
codewords. Due to the general decodability requirement that no VLC
codeword may be a prefix of any other, this change has a significant effect on
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the structure of the other VLC2 codewords. In particular,
assigning two bits to the shortest codeword enables codewords having
higher indices to be represented with fewer bits. For example, referring to
Table 2, it can be seen that the UVLC codeword with index 7 has 7 bits, while
the VLC2 codeword with index 7 has only 6 bits.

The previously described methods of VLC coding in which codewords are
selected by context-based switching between more than one set of
codewords, provide an improvement in data compression efficiency
compared with methods in which a single set of VLC codewords is used.
However, in many data compression applications, and particularly in
applications related to video coding, there is a continuing desire to improve
data compression efficiency. Thus, there is still considerable interest in the
development of new methods of variable length coding which provide
improved adaptability to the type and statistical properties of the data
symbols to be coded while maintaining low computational complexity, low
memory requirements and good error resilience. It is in this context that the

method according to the present invention has been developed.

Summary of the Invention

The method according to the present invention seeks to address the
aforementioned problems relating to improving the adaptability of variable
length coding methods to the type and statistical properties of the data
symbols to be coded while maintaining low computational complexity and

good error resilience.

In general terms, the invention relates to the variable length coding of
quantised transform coefficients produced as a result of block-based
transform coding in a video encoder. It should be appreciated, however, that
the variable length encoding and decoding methods according to the
invention may be applied more generally to other types of data to be coded.
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In particular, the invention relates to a method of VLC coding in which the
number of non-zero-valued coefficients N in a block of quantised transform
coefficients is identified and signalled explicitly in the bit-stream transmitted
to a corresponding decoder. As previously explained, explicit signalling of N
obviates the need to send an EOB symbol and this can give rise to an
improvement in coding efficiency. More specifically, the invention proposes a
method by which the N value representing the number of non-zero-valued
coefficients in a block is itself VLC coded. This provides a still greater

improvement in coding efficiency.

The method involves the use of at least two sets of VLC codewords to VLC
encode the value for N; and defines rules for switching between the sets of
codewords, which take into account the number of non-zero-valued
coefficients in a block (or blocks) neighbouring the block to be whose N
value is to be coded. The switching rules are designed so that a bit-stream
comprising VLC codewords representative of N; and formed according to the
inventive method can be decoded without requiring any information relating
to the choice of codewords to be included in the bit-stream. In other words,
according to the invention, there is no need to provide an explicit indication of
the set from which each codeword representative of an N, value was chosen.

This property enhances data compression efficiency.

Those skilled in the art will appreciate that the method according to the
invention can be applied in general to the VLC coding of data symbols which
are represented as (run, level) pairs or to any equivalent representation of
the set of data symbols to be encoded.

According to a first aspect of the invention, there is provided a method of
encoding a set of data symbols comprising a certain first number of data
symbols having a first value and a certain second number of data symbols

having values other than said first value, in which a set of symbols to be
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variable-length encoded is formed from said set of data symbols,
and variable-length encoding is applied to the set of symbols to be variable-
length encoded. According to the method, at least one characteristic of the
variable length encoding applied to the set of symbols to be variable-length
encoded is adapted according to the number of the symbols to be variable-
length encoded and an indication of the number of variable-length encoded
symbols is provided. Advantageously, the indication is a variable length
codeword representative of the number of symbols to be variable length
encoded selected from one of at least two alternative sets of variable length
codewords according to the number of symbols to be variable length

encoded.

According to a second aspect of the invention, there is provided a method of
decoding variable length codewords representing a set of data symbols, the
set of data symbols comprising a certain first number of data symbols having
a first value and a certain second number of data symbols having values
other than said first value, the set of data symbols having been encoded by
forming a set of data symbols to be variable-length encoded from said set of
data symbols, said variable length codewords having been formed by
applying variable-length encoding to the set of symbols to be variable-length
encoded. According to the method, at least one characteristic of the decoding
applied to the variable length codewords is adapted according to an
indication of the number of symbols in the set of symbols that were variable-
length encoded. Advantageously, the indication is a variable length codeword
representative of the number of symbols that were variable length encoded
selected from one of at least two alternative sets of variable length
codewords according to the number of symbols that were variable length

encoded.

According to a third aspect of the invention, there is provided an encoder for
encoding a set of data symbols comprising a certain first number of data
symbols having a first value and a certain second number of data symbols
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having values other than said first value, in which a set of symbols
to be variable-length encoded is arranged to be formed from said set of data
symbols, and the encoder comprises encoding means for variable-length
encoding said set of symbols to be variable-length encoded. According to the
invention, the encoder is arranged to adapt at least one characteristic of the
variable length encoding applied to the set of symbols to be variable-length
encoded according to the number of the symbols to be variable-length
encoded and is further arranged to provide an indication of the number of
variable-length encoded symbols. Advantageously, the indication is a
variable length codeword representative of the number of symbols to be
variable length encoded selected from one of at least two alternative sets of
variable length codewords according to the number of symbols to be variable

length encoded.

According to a fourth aspect of the invention, there is provided a decoder for
decoding variable length codewords representing a set of data symbols, the
set of data symbols comprising a certain first number of data symbols having
a first value and a certain second number of data symbols having values
other than said first value, the set of data symbols having been encoded by
forming a set of symbols to be variable-length encoded and said variable
length codewords having been formed by applying variable-length encoding
to said set of symbols to be variable-length encoded. According to the
invention, the decoder is arranged to adapt at least one characteristic of the
decoding applied to the variable length codewords according to an indication
of the number of symbols in the set of symbols that were variable-length
encoded. Advantageously, the indication is a variable length codeword
representative of the number of symbols that were variable length encoded
selected from one of at least two alternative sets of variable length
codewords according to the number of symbols that were variable length

encoded.
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According to a fifth aspect of the invention, there is provided a
multimedia terminal comprising an encoder according the third aspect of the

invention.

According to a sixth aspect of the invention, there is provided a multimedia
terminal comprising a decoder according to the fourth aspect of the invention.

Preferably, the multimedia terminal according to the fifth and / or sixth
aspects of the invention is a mobile multimedia terminal arranged to
communicate with a mobile telecommunications network by means of a radio

connection.

To put it more precisely, the encoding method according to the present
invention is primarily characterized by that at least one characteristic of the
variable length encoding applied to the set of symbols to be variable-length
encoded is adapted according to the number of the symbols to be variable-
length encoded and that an indication of the number of variable-length
encoded symbols is provided, said indication being a variable length
codeword representative of said number of symbols to be variable length
encoded selected from one of at least two alternative sets of variable length
codewords according to said number of symbols to be variable length
encoded. The decoding method according to the present invention is
primarily characterized by that at least one characteristic of the decoding
applied to the variable length codewords is adapted according to an
indication of the number of symbols in said set of symbols that were variable-
length encoded, said indication being a variable length codeword
representative of said number of symbols that were variable length encoded
selected from one of at least two alternative sets of variable length
codewords according to said number of symbols that were variable length
encoded. The encoder according to the present invention is primarily
characterized by that the encoder is arranged to adapt at least one
characteristic of the variable length encoding applied to the set of symbols to
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be variable-length  encoded according to the number of the
symbols to be variable-length encoded and is further arranged to provide an
indication of the number of variable-length encoded symbols, said indication
being a variable length codeword representative of said number of symbols
to be variable length encoded selected from one of at least two alternative
sets of variable length codewords according to said number of symboils to be
variable length encoded. The decoder according to the present invention is
primarily characterized by that the decoder is arranged to adapt at least one
characteristic of the decoding applied to the variable length codewords
according to an indication of the number of symbols in said set of symbols
that were variable-length encoded, said indication being a variable length
codeword representative of said number of symbols that were variable length
encoded selected from one of at least two alternative sets of variable length
codewords according to said number of symbols that were variable length

encoded.

Brief Description of the Drawings

Embodiments of the invention will now be described by example with

reference to the appended drawings, in which:

Figure 1 is a schematic block diagram of a generic video encoder according
to prior art;

Figure 2 is a schematic block diagram of a generic video decoder according
to prior art and corresponding to the encoder shown in Figure 1,

Figure 3 illustrates the formation of a macroblock according to prior art;

Figure 4 illustrates an exemplary zigzag scanning order;

Figure 5 shows a current image block to be coded and its immediately
neighbouring, previously encoded image blocks;

Figure 6 is a schematic block diagram of a video encoder according to an

embodiment of the invention;
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Figure 7 is a schematic block diagram of a video decoder
according to an embodiment of the invention and corresponding to
the encoder shown in Figure 6; and

Figure 8 is a schematic block diagram of a multimedia communications
terminal in which the method according to the invention may be
implemented.

Detailed Description of the Invention

In the detailed description of the invention which follows, an exemplary
embodiment of the method according to the invention is presented. The
exemplary embodiment relates to the variable length coding of (run, level)
pairs representing non-zero-valued transform coefficient produced as a result
of block-based transform coding in a video encoder, as well as their

subsequent decoding in a corresponding video decoder.

Figure 6 is a schematic block diagram of a video encoder 600 in which the
method according to this embodiment of the invention may be applied. The
structure of the video encoder shown in Figure 6 is substantially identical to
that of the prior art video encoder shown in Figure 1, with appropriate
modifications to those parts of the encoder which perform variable length
coding operations. All parts of the video encoder which implement functions
and operate in a manner identical to the previously described prior art video
encoder are identified with identical reference numbers. In this description it
will be assumed that all variable length coding operations are performed in
video multiplex coder 670. However, it should be appreciated that in
alternative embodiments of the invention a separate variable length coding
unit or units may be provided. It should also be noted that the method
according to the invention may be applied to certain of the data symbols
produced by the video encoder (e.g. the (run, level) pairs associated with
non-zero-valued transform coefficients) and other VLC coding methods may
be used to encode other data symbols.
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Operation of the video encoder 600 will now be considered in detail. When
encoding a frame of digital video, encoder 600 operates in a manner similar
to that previously described in connection with Figure 1 to generate INTRA-
coded and INTER-coded compressed video frames. As explained earlier in
the text, in INTRA-coding mode, a Discrete Cosine Transform (DCT) is
applied to each block of image data (pixel values) in order to produce a
corresponding two-dimensional array of transform coefficient values. The
DCT operation is performed in transform block 104 and the coefficients thus
produced are subsequently passed to quantiser 106, where they are
quantised. In INTER-coding mode, the DCT transform performed in block
104 is applied to blocks of prediction error values. The transform coefficients
produced as a result of this operation are also passed to quantiser 106 where
they too are quantised. INTER-coded frames may contain INTRA-coded
image blocks. In some situations transform coding is not applied to particular
image blocks. For example, if INTRA-prediction is used in INTRA-coding
mode, some image blocks are predicted in the encoder from one or more
previously encoded image block. In this case the encoder provides the
decoder with an indication of the previous biocks to be used in the prediction
and does not output any transform coefficient data. In INTER-coding mode,
the difference between the prediction for a certain block and the image data
of the block itself may be so small that it is advantageous in terms of data

compression ratio not to transmit any prediction error information.

According to this embodiment, the method according to the invention is
applied to those image blocks which undergo transform coding and
subsequent transform coefficient quantisation.

When video multiplex coder 670 receives a block (two-dimensional array) of
quantised transform coefficients, it determines the number of non-zero-
valued coefficients in the array. According to the invention, this number,
referred to as N, is variable length coded and transmitted to the decoder in
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bit-stream 635. At least two sets of variable length codewords are
provided for variable length coding of the N value. In an embodiment of the
invention, these are, for example, the VLC codewords defined respectively in
Tables 2 and 5, previously described in the text. More specifically, N. is
variable length encoded using a codeword selected from one of the at least
two sets of variable length codewords responsive to the values of previously
coded N, symbols. Advantageously, the previously coded N. symbols used to
assign the VLC codewords are chosen from blocks that reside close to the
block being coded.

Figure 5 depicts an image block to be VLC encoded and its neighboring
blocks. The terms Ng_L, Nc_TL, N._T and N._TR denote respectively the
number of non-zero quantized coefficients in blocks to the Left, Top-Left, Top
and Top-Right of the current image block to be encoded.

The N value for the current image block is variable length encoded using a
codeword from one of the available sets of VLC codes, chosen by
considering the already coded N. value(s) of immediately neighboring
block(s). The following code presents an exemplary procedure for assigning
a variable length code to an N; value, taking into account the N; values of the

previously encoded neighbouring image blocks:

VLC_N = Ne_map[f(Ne_L, No_TL, Ne_T, No_TR)] (1)

In expression (1), fn is a function (an example of which is defined below in
equation (2)), N._map is an array that maps integer values to different
available VLC codes and VLC_N indicates the number of the table from
which the codewords are to selected. Examples of fn include "average" and
“median”. In an embodiment of the invention, the "average" of N._L and
Nc_T is used. According to this exemplary embodiment, the assignment

presented in expression (1) becomes:
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VLC_N - Ne_map[(Ne_L+ No_T) / 2]
(2)

The following example further illustrates the encoding of N according to the
method of the invention. Assume that the current N; value to be encoded is
3, the neighboring N._L and N._T values are given by 4 and 2, respectively
and Nc_map is given by Ne_map=[1 111122 2 2] where VLC1 and VLC2
correspond to the codewords from Table 2 and Table 5, respectively.
Applying equation (2), VLC_N is equal to 1. In this case N, = 3 is encoded as
00100 using the VLC codewords from Table 2.

The video multiplex coder 670 next represents the non-zero-valued
coefficients as (run, level) pairs. This may be done in a manner known from
prior art. More specifically, the two-dimensional array of quantised transform
coefficients is first scanned using a predefined scanning order, such as that
shown in Figure 4, to produce an ordered one-dimensional array. Each non-
zero coefficient value in the ordered one-dimensional array is then
represented by a run value and a level value, where the level value
represents the value of the coefficient and the run value represents the
number of consecutive zero-valued coefficients preceding the non-zero-
valued coefficient. Unlike the prior art method of run-length coding previously
described, according to the method of the invention, an EOB symbol does
not need to be transmitted. The possibility not to transmit an EOB symbol
arises because, according to the method of the invention, the number of non-
zero-valued quantised transform coefficients is indicated explicitly to the
decoder. Thus, when decoding (run, level) pairs for a given image block, the
decoder can count the number of decoded pairs. When the number of
decoded pairs (corresponding to the number of non-zero-valued coefficients)
reaches the number of non-zero-valued coefficients indicated to the decoder,

decoding for the block in question can be stopped.
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The video multiplex coder 670 then applies variable length
coding to the run and /level values in such a way that a single VLC codeword
is assigned to each (run, level) pair. According to the invention, VLC coding
is performed by selecting one of a set of variable length coding (look-up)
tables stored in the encoder 600. Each of the coding tables defines a set of
variable length codewords, as well as a mapping between the codewords
and the possible values of (run, level) pairs which may. arise in the quantised
transform coefficient data for an image block. According to the invention, the
video multiplex coder 670 selects a coding table for use according to the
number of non-zero-valued coefficients in the array of quantised transform
coefficients for the image block being coded. Using the mappings defined in
the selected look-up table, the video multiplex coder assigns a codeword to
each (run, level) pair and transmits the codeword to the decoder in the bit-

stream 635.

The number of different VLC coding tables may vary in different
embodiments of the invention. In one embodiment of the invention, a
separate look-up table is provided for each possible number of non-zero-
valued quantised transform coefficients. The codewords and the mappings
between the (run, level) pairs and the codewords for each one of the tables
are designed to provide optimum data compression when applied to a set of
(run, level) pairs derived from an array of quantised transform coefficient
values having a specified number of non-zero-valued -coefficients.
Information about the variation of the statistical properties of the (run, level)
pairs with respect to the number of non-zero-valued quantised transform
coefficients may be obtained empirically, for example, by coding a number of
test ('training’) images or video sequences in advance. The VLC codewords
and the mappings between the codewords can then be designed and stored

as one or more look-up table in the encoder.

In a preferred embodiment, for use in coding (run, level) pairs derived from
4x4 image blocks, only two VLC coding tables are provided, one for use
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when the number of non-zero- valued quantised transform
coefficients is smaller than or equal to 8 and one to be used when the
number of non-zero-valued quantised transform coefficients is greater than 8.
Tables 6 and 7 illustrate the different probability distributions of (run, level)
pairs in this embodiment of the invention. The statistics were gathered using
a video encoder implemented according to Test Model 8 (TML8) of the
current ITU-T recommendation H.26L and relate to INTER-coded image
blocks. In the tables, the most probable pair is assigned number 1, the

second most probable pair number 2, etc. The first 15 most probable pairs

are listed.
run
o |1 3 |4 |5 |6 7 {8 |9
level 1 |1 (2 |3 |4 (6 |7 |8 [11 |12 |15
amplitude 2 |5 10 |13
3 |9
4 |14

Table 6: Probabilities of (run, level) pairs when the number of non-zero-
valued quantised coefficients is smaller than or equal to 8 (4x4 INTER-coded
block).

run
0 2

level 1 1 5
amplitude 2 |2 12

3 (4 |10

4 (6 |14

5 |8

6 |11
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7 |13
15

Table 7: Probabilities of (run, level) pairs when the number of non-zero-

valued quantised coefficients is greater than 8 (4x4 INTER-coded block).

In an alternative embodiment of the invention the coding efficiency can be
improved by changing the type of symbols transmitted. Instead of
representing the quantised transform coefficients as (run, level) pairs, they
are represented by a (level, last) pairs and a VLC codeword is assigned to
each of the (level, last) pairs. The level of a (level, last) pair represents the
value of the coefficient, but unlike (run, level) pairs previously described, it
can take the value 0. The last parameter is used to indicate that there are no
more non-zero-valued coefficients in the block. For example, it can be used
as a binary flag, such that if the level value of a particular coefficient is zero
and all following coefficient values are zero, last is set equal to 1. This
alternative representation of the quantised transform coefficients can provide
an improvement in coding efficiency (data compression) particularly for
INTRA-coded blocks and in situations where small QP values are used.

In another alternative embodiment of the invention, a fixed set of VLC
codewords is used and only the mapping between the codewords and the
(run, level) pairs to be encoded changes in dependence upon the number of

non-zero-valued coefficients.

In a further alternative embodiment of the invention, the VLC coding table
chosen for a particular image block may also be dependent on some other
parameter, such as the value of the quantisation parameter (QP) used to
guantise the transform coefficients of an image block or the type of frame or
image block (INTRA / INTER). In this case choice of a VLC coding table for a
particular array of quantised transform coefficients depends on both the
number of non-zero-valued coefficients and the value of the other parameter.
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In yet another alternative embodiment of the invention, the number of zero-
valued quantised transform coefficient values may be determined and used
as the parameter according to which VLC codewords and mappings between
the codewords and data symbols are designed and VLC look-up tables are
selected.

Operation of a video decoder 700 according to an embodiment of the
invention will now be described with reference to Figure 7. The structure of
the video decoder illustrated in Figure 7 is substantially identical to that of the
prior art video decoder shown in Figure 2, with appropriate modifications to
those parts of the decoder which perform variable length decoding
operations. All parts of the video decoder which implement functions and
operate in a manner identical to the previously described prior art video
decoder are identified with identical reference numbers. In the description
which follows it is assumed that all variable length decoding operations are
performed in video multiplex decoder 770. However, it should be appreciated
that in alternative embodiments of the invention a separate variable length
decoding unit or units may be provided.

Operation of the video decoder will now be described in detail. Here it is
assumed that the video decoder of Figure 7 corresponds to the encoder
described in connection with Figure 6 and is therefore capable of receiving
and decoding the bit-stream 635 transmitted by encoder 600. In the decoder,
the bit-stream is received and separated into its constituent parts by video
multiplex decoder 770. As explained in connection with the earlier description
of prior art, the compressed video data extracted from the bit;stream is
processed on a macroblock-by-macroblock basis. The compressed video
data for an INTRA-coded macroblock comprises variable length codewords
representing the VLC coded N value and (run, level) pairs for each block of
the macroblock, together with encoded control information (for example,
relating to quantisation parameter QP). The compressed video data for an
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INTER-coded macroblock comprises VLC encoded
prediction error information for each block (comprising a VLC coded N value
and VLC coded (run, level) pairs), motion vector information for the

macroblock and encoded control information.

The VLC coded N value and VLC coded (run, level) pairs for each block of
an INTRA-coded macroblock and for each block of prediction error data
associated with an INTER-coded macroblock are decoded in an identical

fashion.

More specifically, when decoding the VLC coded (run, level) pairs for an
INTRA- or INTER-coded image block, video multiplex decoder 770 first
determines the number of non-zero-valued quantised transform coefficients
in the block. As previously explained, information relating to the number of
non-zero-valued quantised transform coefficients, N, is inserted into bit-
stream 635 by encoder 600. Decoder 700 extracts this information from the
received bit-stream. According to the invention, the N, value is itself VLC
coded and therefore video multiplex decoder 770 performs an appropriate
variable length decoding operation to recover the information relating to N.
As explained above, the VLC coding table used to encode the N value for a
particular image block is selected on the basis of the N; value(s) associated
with a previously encoded image block or blocks. This means that the
codeword representative of the N value for a given block can, in general, be
decoded without an explicit indication of the VLC coding table from which the
codeword chosen. Thus, it is only necessary for the decoder to know the VLC
coding table from which the N value for the first (few) encoded image block
was selected, the coding order of the image blocks and the rule used to
determine the VLC table to be used in coding subsequent N values. The
exact number of image blocks for which it is necessary to have explicit
knowledge of the selected VLC coding table for N depends on the nature of
the rule used to select the VLC coding table for subsequent N values and
the block scanning order. For example, in the case that N, values from blocks
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to the left, top-left, top and top- right are used to select the VLC
table for coding subsequent N values and the block scanning (coding) order
is from the top-left of an image, row-by-row, it is advantageous to encode N
values for blocks in the first row of the image, plus the first block on the
second row according to a predetermined scheme. Then the N, values for all
subsequent image blocks can be encoded according to the rule described by
equation (1) above and can be decoded at the decoder without any explicit
indication of the VLC coding table used.

Once the number of non-zero-valued quantised transform coefficients in the
image block has been determined according to the procedure just described,
video multiplex decoder 770 selects a variable length decoding table and
starts to decoded the VLC encoded (run, length) pairs for the image block.
According to invention, the VLC decoding table is selected in dependence on
Nc. The decoding table is selected from a set of look-up tables identical to
those used in the encoder. The decoding tables are stored in advance in the
decoder and define the mapping between VLC codewords received in bit-
stream 635 and the possible values of (run, level) pairs which may arise in
the quantised transform coefficient data for an image block. Having selected
the table in accordance with the number of non-zero-valued quantised
transform coefficients, video multiplex decoder 770 uses the mappings
defined in the selected look-up table to recover the run and level values. It
then reconstructs the quantised transform coefficient values for the block and
passes them to inverse quantiser 210. The remainder of the video decoding
procedure, whereby reconstructed pixel values are formed for each image

block, proceeds as described in connection with prior art video decoder 200.

It should be appreciated that the method according to the invention provides
significant advantages compared with the prior art methods of VLC coding
previously described. In particular, it provides a method of variable length
encoding and decoding which is adaptive to the statistical characteristics of
the data symbols to be encoded / decoded, while maintaining comparatively
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low computational complexity and high resilience to transmission
errors. The adaptability of the method stems from the use of different variable
length codewords and / or mappings for image blocks which have different
numbers of non-zero-valued quantised transform coefficients. Computational
complexity is kept low by providing the different codewords and / or
mappings as look-up tables in the encoder and decoder. This also helps
reduce susceptibility to data transmission errors, as the particular look-up
table to be used for a given image block is signalled to the decoder by means
of a value indicative of the number of non-zero-valued transform coefficients
in the block.

Figure 8 presents a terminal device comprising video encoding and decoding
equipment which may be adapted to operate in accordance with the present
invention. More precisely, the figure illustrates a multimedia terminal 80
implemented according to ITU-T recommendation H.324. The terminal can
be regarded as a multimedia transceiver device. It includes elements that
capture, encode and multiplex multimedia data streams for transmission via a
communications network, as well as elements that receive, de-multiplex,
decode and display received multimedia content. ITU-T recommendation
H.324 defines the overall operation of the terminal and refers to other
recommendations that govern the operation of its various constituent parts.
This kind of multimedia terminal can be used in real-time applications such
as conversational videotelephony, or non real-time applications such as the
retrieval and / or streaming of video clips, for example from a multimedia

content server in the Internet.

In the context of the present invention, it should be appreciated that the
H.324 terminal shown in Figure 8 is only one of a number of alternative
multimedia terminal implementations suited to application of the inventive
method. It should also be noted that a number of alternatives exist relating to
the location and implementation of the terminal equipment. As illustrated in
Figure 8, the multimedia terminal may be located in communications
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equipment connected to a fixed line telephone network such as
an analogue PSTN (Public Switched Telephone Network). In this case the
multimedia terminal is equipped with a modem 91, compliant with ITU-T
recommendations V.8, V.34 and optionally V.8bis. Alternatively, the
multimedia terminal may be connected to an external modem. The modem
enables conversion of the multiplexed digital data and control signals
produced by the multimedia terminal into an analogue form suitable for
transmission over the PSTN. It further enables the multimedia terminal to
receive data and control signals in analogue form from the PSTN and to
convert them into a digital data stream that can be demultiplexed and
processed in an appropriate manner by the terminal.

An H.324 multimedia terminal may also be implemented in such a way that it
can be connected directly to a digital fixed line network, such as an ISDN
(Integrated Services Digital Network). In this case the modem 91 is replaced
with an ISDN user-network interface. In Figure 8, this ISDN user-network

interface is represented by alternative block 92.

H.324 multimedia terminals may also be adapted for use in mobile
communication applications. If used with a wireless communication link, the
modem 91 can be replaced with any appropriate wireless interface, as
represented by alternative block 93 in Figure 8. For example, an H.324/M
multimedia terminal can include a radio transceiver enabling connection to
the current 2" generation GSM mobile telephone network, or the proposed
3" generation UMTS (Universal Mobile Telephone System).

it should be noted that in multimedia terminals designed for two-way
communication, that is for transmission and reception of video data, it is
advantageous to provide both a video encoder and video decoder
implemented according to the present invention. Such an encoder and
decoder pair is often implemented as a single combined functional unit,
referred to as a 'codec’.
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A typical H.324 multimedia terminal will now be described in further detail

with reference to Figure 8.

The multimedia terminal 80 includes a variety of elements referred to as
terminal equipment’. This includes video, audio and telematic devices,
denoted generically by reference numbers 81, 82 and 83, respectively. The
video equipment 81 may include, for example, a video camera for capturing
video images, a monitor for displaying received video content and optional
video processing equipment. The audio equipment 82 typically includes a
microphone, for example for capturing spoken messages, and a loudspeaker
for reproducing received audio content. The audio equipment may also
include additional audio processing units. The telematic equipment 83, may
include a data terminal, keyboard, electronic whiteboard or a still image

transceiver, such as a fax unit.

The video equipment 81 is coupled to a video codec 85. The video codec 85
comprises a video encoder and a corresponding video decoder both
implemented according to the invention. Such an encoder and a decoder will
be described in the following. The video codec 85 is responsible for encoding
captured video data in an appropriate form for further transmission over a
communications link and decoding compressed video content received from
the communications network. In the example illustrated in Figure 8, the video
codec is implemented according to ITU-T recommendation H.26L, with
appropriate modifications to implement the adaptive variable length coding
method according to the invention in both the encoder and the decoder of the
video codec.

The terminal’'s audio equipment is coupled to an audio codec, denoted in
Figure 8 by reference number 86. Like the video codec, the audio codec
comprises an encoder/decoder pair. It converts audio data captured by the

terminal’s audio equipment into a form suitable for transmission over the
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communications fink and transforms encoded audio data
received from the network back into a form suitable for reproduction, for
example on the terminal’'s loudspeaker. The output of the audio codec is
passed to a delay block 87. This compensates for the delays introduced by
the video coding process and thus ensures synchronisation of audio and

video content.

The system control block 84 of the multimedia terminal controls end-to-
network signalling using an appropriate control protocol (signalling block 88)
to establish a common mode of operation between a transmitting and a
receiving terminal. The signalling block 88 exchanges information about the
encoding and decoding capabilities of the transmitting and receiving
terminals and can be used to enable the various coding modes of the video
encoder. The system control block 84 also controls the use of data
encryption. Information regarding the type of encryption to be used in data
transmission is passed from encryption block 89 to the multiplexer/de-
multiplexer (MUX/DMUX unit) 90.

During data transmission from the multimedia terminal, the MUX/DMUX unit
90 combines encoded and synchronised video and audio streams with data
input from the telematic equipment 83 and possible control data, to form a
single bit-stream. Information concerning the type of data encryption (if any)
to be applied to the bit-stream, provided by encryption block 89, is used to
select an encryption mode. Correspondingly, when a multiplexed and
possibly encrypted multimedia bit-stream is being received, MUX/DMUX unit
90 is responsible for decrypting the bit-stream, dividing it into its constituent
multimedia components and passing those components to the appropriate

codec(s) and/or terminal equipment for decoding and reproduction.

It should be noted that the functional elements of the multimedia terminal,
video encoder, decoder and video codec according to the invention can be
implemented as software or dedicated hardware, or a combination of the two.
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The variable length coding and decoding methods according to
the invention are particularly suited for implementation in the form of a
computer program comprising machine-readable instructions for performing
the functional steps of the invention. As such, the variable length encoder
and decoder according to the invention may be implemented as software
code stored on a storage medium and executed in a computer, such as a

personal desktop computer.

If the multimedia terminal 80 is a mobile terminal, that is, if it is equipped with
a radio transceiver 93, it will be understood by those skilled in the art that it
may also comprise additional elements. In one embodiment it comprises a
user interface having a display and a keyboard, which enables operation of
the muitimedia terminal 80 by a user, a central processing unit, such as a
microprocessor, which controls the blocks responsible for different functions
of the multimedia terminal, a random access memory RAM, a read only
memory ROM, and a digital camera. The microprocessors operating
instructions, that is program code corresponding to the basic functions of the
multimedia terminal 80, is stored in the read-only memory ROM and can be
executed as required by the microprocessor, for example under control of the
user. In accordance with the program code, the microprocessor uses the
radio transceiver 93 to form a connection with a mobile communication
network, enabling the multimedia terminal 80 to transmit information to and
receive information from the mobile communication network over a radio

path.

The microprocessor monitors the state of the user interface and controls the
digital camera. In response to a user command, the microprocessor instructs
the camera to record digital images into the RAM. Once an image is
captured, or alternatively during the capturing process, the microprocessor
segments the image into image segments (for example macroblocks) and
uses the encoder to perform motion compensated encoding of the segments
in order to generate a compressed image sequence, as explained in the
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foregoing description. A user may command the multimedia terminal
80 to display the captured images on its display or to send the compressed
image sequence using the radio transceiver 93 to another multimedia
terminal, a video telephone connected to a fixed line network (PSTN) or

5 some other telecommunications device. In a preferred embodiment,
transmission of image data is started as soon as the first segment is encoded
so that the recipient can start a corresponding decoding process with a
minimum delay.
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Claims

1. A method of encoding a set of data symbols comprising a certain first
number of data symbols having a first value and a certain second number of
data symbols having values other than said first value, in which a set of
symbols to be variable-length encoded is formed from said set of data
symbols, and variable-length encoding is applied to said set of symbols to be
variable-length encoded, characterised in that at least one characteristic of
the variable length encoding applied to the set of symbols to be variable-
length encoded is adapted according to the number of the symbols to be
variable-length encoded and that an indication of the number of variable-
length encoded symbols is provided, said indication being a variable length
codeword representative of said number of symbols to be variable length
encoded selected from one of at least two alternative sets of variable length
codewords according to said number of symbols to be variable length

encoded.

2. A method according to claim 1, characterised in that it is transmitted in a

bit-stream to a decoding device.

3. A method according to claim 1 or 2, characterised in that it comprises
selecting a variable length codeword to represent said number of symbols to
be variable length encoded on the basis of the number of symbols variable
length encoded in at least one previously encoded set of data symbols.

4. A method according to claim 3, characterised in that it comprises
selecting a variable length codeword to represent said number of symbols to
be variable length encoded on the basis of an average of the number of
symbols variable length encoded in more than one previously encoded set of

data symbols.

5. A method according to any of claims 1 to 4, characterised in that it
comprises selecting a variable length codeword to represent said number of
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symbols to be variable length encoded by performing a

mapping operation that defines an assignment of values to codewords.

6. A method according to claim 5, characterised in that said mapping
operation is performed by means of a mapping table that is one of a set of
mapping tables and that said mapping table is selected on the basis of the
number of symbols variable length encoded in at least one previously

encoded set of data symbols.

7. A method according to any of claims 1 or 6, characterised in that it
comprises representing each of said second number of data symbols by a
pair of values comprising a first value indicative of the value of the data
symbol and a second value indicative of a number of zero-valued data
symbols preceding or following said data symbol, thereby forming a set of
pairs of first and second values representing said symbols to be variable-

length encoded.

8. A method according to any of claim 1 to 7, characterised in that it
comprises performing a mapping operation in which each of said symbols to
be variable length encoded is assigned to a codeword, thereby forming a set
of encoded values representative of said symbols to be variable-length
encoded, the codeword being selected from a set of codewords, said set of
codewords having been designed to provide a reduction in an amount of
information required to represent said symbols to be variable-length encoded

when used in said mapping operation.

9. A method according to claim 8, characterised in that said mapping

operation is dependent on said second number of data symbols.

10.A method according to claim 9, characterised in that said mapping
operation is performed by selecting one of a set of selectable assignment

tables, wherein each table of said set of selectable assignment tables defines
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an assignment of symbols to be variable length encoded to
codewords, and assigning each of said symbols to be variable length
encoded to a codeword according to the assignment defined by said selected

assignment table.

11.A method according to any of claims 1 to 10, characterised in that said
certain first number of data symbols are zero-valued data symbols and said

certain second number of data symbols are non-zero-valued data symbols.

12.A method according to any of claims 1 to 11, characterised in that said

set of data symbols is a set of quantised transform coefficient values.

13. A method of decoding variable length codewords representing a set of
data symbols, the set of data symbols comprising a certain first number of
data symbols having a first value and a certain second number of data
symbols having values other than said first value, said set of data symbols
having been encoded by forming a set of data symbols to be variable-length
encoded from said set of data symbols, and said variable length codewords
having been formed by applying variable-length encoding to said set of
symbols to be variable-length encoded, characterised in that at least one
characteristic of the decoding applied to the variable length codewords is
adapted according to an indication of the number of symbols in said set of
symbols that were variable-length encoded, said indication being a variable
length codeword representative of said number of symbols that were variable
length encoded selected from one of at least two alternative sets of variable
length codewords according to said number of symbols that were variable
length encoded.

14.A method according to claim 13, characterised in that said indication of
the number of symbols in said set of symbols that were variable-length

encoded is received from an encoding device.
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15.A method according to claim 13 or 14, characterised in that it
comprises decoding the variable length codeword representative of said
number of symbols that were variable length encoded on the basis of the
number of symbols variable length encoded in at least one previously

encoded set of data symbols.

16.A method according to claim 15, characterised in that it comprises
decoding the variable length codeword representative of said number of
symbols that were variable length encoded on the basis of an average of the
number of symbols variable length encoded in more than one previously
encoded set of data symbols.

17.A method according to any of claims 13 to 16, characterised in that it
comprises decoding the variable length codeword representative of said
number of symbols that were variable length encoded by performing an
inverse mapping operation that defines an assignment of codewords to

values.

18.A method according to claim 17, characterised in that said inverse
mapping operation is performed by means of a mapping table that is one of a
set of mapping tables and that said mapping table is selected on the basis of
the number of symbols variable length encoded in at least one previously
encoded set of data symbols.

19. A method according to any of claims 13 to 18, characterised in that each
of said number of symbols that were variable-length encoded is represented
by a pair of values comprising a first value indicative of the value of a data
symbol and a second value indicative of a number of zero-valued data
symbols preceding or following said data symbol, said pairs of first and

second values representing said symbols that were variable-length encoded.
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20.A method according to any of claims 13 to 19, characterised in
that it comprises performing an inverse mapping operation in which each
variable length codeword is used to identify a specific one of said set of

symbols that were variable-length encoded.

21.A method according to claim 20, characterised in that said inverse
mapping operation is dependent on said indication of the second number of
data symbols in said set of symbols that were variable-length encoded.

22.A method according to claim 21, characterised in that said inverse
mapping operation is performed by selecting one of a set of selectable
assignment tables, wherein each table of said set of selectable assignment
tables defines an assignment of symbols to be encoded to codewords, and
identifying a specific one of said symbols that were variable length encoded

according to the assignment defined by said selected assignment table.

23.A method according to any of claims 13 to 22, characterised in that said
certain first number of data symbols are zero-valued data symbols and said

certain second number of data symbols are non-zero-valued data symbols.

24.An encoder for encoding a set of data symbols comprising a certain first
number of data symbols having a first value and a certain second number of
data symbols having values other than said first value, in which a set of
symbols to be variable-length encoded is arranged to be formed from said
set of data symbols, and the encoder comprises encoding means for
variable-length encoding said set of symbols to be variable-length encoded,
characterised in that the encoder is arranged to adapt at least one
characteristic of the variable length encoding applied to the set of symbols to
be variable-length encoded according to the number of the symbols to be
variable-length encoded and is further arranged to provide an indication of
the number of variable-length encoded symbols, said indication being a
variable length codeword representative of said number of symbols to be
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variable length encoded selected from one of at least two
alternative sets of variable length codewords according to said number of

symbols to be variable length encoded.

25.An encoder according to claim 24, characterised in that it is arranged to
form a bit-stream comprising said indication of the number of symbols to be

variable-length encoded.

26.An encoder according to claim 24 or 25, characterised in that arranged

to transmit said bit-stream to a decoding device.

27.An encoder according to claim 24, 25 or 26, characterised in that it is
arranged to select a variable length codeword to represent said number of
symbols to be variable length encoded on the basis of the number of symbols
variable length encoded in at least one previously encoded set of data

symbols.

28.An encoder according to claim 27, characterised in that it is arranged to
select a variable length codeword to represent said number of symbols to be
variable length encoded on the basis of an average of the number of symbols
variable length encoded in more than one previously encoded set of data

symbols.

29.An encoder according to any of claims 24 to 28, characterised in that it is
arranged to select a variable length codeword to represent said number of
symbols to be variable length encoded by performing a mapping operation
that defines an assignment of values to codewords.

30.An encoder according to claim 29, characterised in that it is arranged to
perform said mapping operation by means of a mapping table that is one of a

set of mapping tables and that it is arranged to select said mapping table on



WO 03/063501 PCT/FI03/00056

10

15

20

25

30

54

the basis of the number of symbols variable length encoded

in at least one previously encoded set of data symbols.

31.An encoder according to any of claims 24 to 30, characterised in that it is
arranged to represent each of said second number of data symbols by a pair
of values comprising a first value indicative of the value of the data symbol
and a second value indicative of a number of zero-valued data symbols
preceding or following said data symbol, thereby forming a set of pairs of first

and second values representing said symbols to be variable-length encoded.

32.An encoder according to any of claims 24 to 32, characterised in that it is
arranged to perform a mapping operation in which each of said symbols to be
variable length encoded is assigned to a codeword, thereby forming a set of
encoded values representative of said symbols to be variable-length
encoded, the codeword being selected from a set of codewords, said set of
codewords having been designed to provide a reduction in an amount of
information required to represent said symbols to be variable-length encoded

when used in said mapping operation.

33.An encoder according to claim 32, characterised in that said mapping
operation is arranged to be dependent on said second number of data

symbols.

34.An encoder according to claim 33, characterised in that said mapping
operation is arranged to be performed by selecting one of a set of selectable
assignment tables, wherein each table of said set of selectable assignment
tables defines an assignment of symbols to variable length encoded to
codewords, and assigning each of second number of data symbols to a
codeword according to the assignment defined by said selected assignment
table.
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35.An encoder according to any of claims 24 to 34, characterised
in that said certain first number of data symbols are zero-valued data
symbols and said certain second number of data symbols are non-zero-

valued data symbols.

36. An encoder according to any of claims 24 to 35, provided in a video

encoder.

37.An encoder according to any of claims 24 to 36, implemented as machine

executable code stored on a computer readable storage medium.

38.A decoder for decoding variable length codewords representing a set of
data symbols, said set of data symbols comprising a certain first number of
data symbols having a first value and a certain second number of data
symbols having values other than said first value, said set of data symbols
having been encoded by forming a set of symbols to be variable-length
encoded and said variable length codewords having been formed by applying
variable-length encoding to said set of symbols to be variable-length
encoded, characterised in that the decoder is arranged to adapt at least one
characteristic of the decoding applied to the variable length codewords
according to an indication of the number of symbols in said set of symbols
that were variable-length encoded, said indication being a variable length
codeword representative of said number of symbols that were variable length
encoded selected from one of at least two alternative sets of variable length
codewords according to said number of symbols that were variable length

encoded.

39.A decoder according to claim 38, characterised in that said indication of
said number of symbols in said set of symbols that were variable-length

encoded is received from an encoding device.
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40.A decoder according to claim 38 or 39, characterised in that it
is arranged to decode the variable length codeword representative of said
number of symbols that were variable length encoded on the basis of the
number of symbols variable length encoded in at least one previously

encoded set of data symbols.

41.A decoder according to claim 40, characterised in that it is arranged to
decode the variable length codeword representative of said number of
symbols that were variable length encoded on the basis of an average of the
number of symbols variable length encoded in more than one previously
encoded set of data symbols.

42.A decoder according to any of claims 38 to 41, characterised in that it is
arranged to decode the variable length codeword representative of said
number of symbols that were variable length encoded by performing an
inverse mapping operation that defines an assignment of codewords to

values.

43.A decoder according to claim 42, characterised in that it is arranged to
perform said inverse mapping operation by means of a mapping table that is
one of a set of mapping tables and that it is arranged to select said mapping
table on the basis of the number of symbols variable length encoded in at

least one previously encoded set of data symbols.

44.A decoder according to any of claims 38 to 43, characterised in that it is
arranged to decode variable length codewords representing data symbols
including a pair of values, comprising a first value indicative of the value of a
data symbol and a second value indicative of a number of zero-valued data

symbols preceding or following said data symbol.

45.A decoder according to any of claims 38 to 44, characterised in that it is
arranged to decode said variable length codewords by performing an inverse
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mapping operation in which each variable length codeword is used
to identify a specific one of said set of symbols that were variable length

encoded.

46.A decoder according to claim 45, characterised in that it is arranged to
perform said inverse mapping operation dependent on said indication of the
second number of data symbols in said set of data symbols.

47.A decoder according to claim 46, characterised in that it is arranged to
perform said inverse mapping operation by selecting one of a set of
selectable assignment tables, wherein each table of said set of selectable
assignment tables defines an assignment of symbols that were variable
length encoded to codewords, and identifying a specific one of said a
symbols that were variable length encoded according to the assignment

defined by said selected assignment table.

48.A decoder according to any of claims 38 to 47, characterised in that said
certain first number of data symbols are zero-valued data symbols and said
certain second number of data symbols are non-zero-valued data symbols.

49.A decoder according to any of claims 38 to 48, provided in a video

decoder.

50.A decoder according to any of claims 38 to 48, implemented as machine

executable code stored on a computer readable storage medium.

51.A multimedia terminal comprising an encoder according to any of claims
24 to 37.

52. A multimedia terminal comprising a decoder according to any of claims
38 to 50.
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53. The multimedia terminal according to claim 40 or 41,
characterised in that it is a mobile multimedia terminal arranged to
communicate with a mobile telecommunications network by means of a radio

connection.



PCT/F103/00056

WO 03/063501

1/8

SEL

XNW3d
I XNN

. NOILVYWILST |
L 0l 121~ NOLLOW gzi—
vl &
............. > ONIQOD S
Q1314 NOILLOW
< (10308A uojow) A T
-/ \ 4
ocl NOILOIUddd
34018 L p| Q3I1VSNIANOD
ON_‘\ JNVHS NOILOW
oGl
ZHHOUMS [
4%
+ / <« O
+
N\ o, 1
WHOISNYAHL |
0Lt | 3sy3aan |
oLl n "
i -
p €LL
HZILNVIIO “
001 ASHIANI '
i
b D boL NS/ “ -
a N : 9Ll +
mNJ SJUBIDIY0D wiojsuel) paziuenb L HOLIMS  [@ m
> YIZIINVNOD  |g——— WHOISNVYL |g— L0}
o} L \ < ~ PS
/ gL
Ve (uoneoipui uonezyuenb) zb 1 NI O3aIA
Dt W i oL L "
Sl uoIsoep YILNI/ VHINI } €11 |
€c (papiwsuely oy Bey) ) ! |
A-awu. ............................ m
(¥31INI/ VYLN| J0) Beyy) d mlm:_. /
N et . OHLINOD ONIGOD -~ -
(443 » 18661} YILNI / VHINI 004
1z1/ N 09}




PCT/F103/00056

WO 03/063501

2/8

¢ ‘b4

0.L¢

XnNGa

0sz ove
C \
NOILOIUSHd (40109 uoOW) A ) Gce
JHOLS —————pp J3LYSNIJNOD |«
JNVAA NOILOW
A
0ce oLe
08¢ » r
A WHO4SNVHL H4Z1LNVII0O
& + JSH3ANI JISHIANI i
1n0 03aIA -1 -0
oez™" 4 2
] |
] )
m (uoneoipuy uoneziuenb) zb "/ 8le
[} ]
] |
i “ (uonyeoipul uoneziuenb) zb FANA
A Sty
(peniwsuel Joy Beyy) 3 r ] ¥4
JOYLNOD ONIQ0OD3d ettt et
(43LNI/ VHLNI Joy Bey) d C 15174
A. llllllllllllllllllllllllllllll
09¢
(oow

Sel



PCT/F103/00056

WO 03/063501

3/8

J}o0[qoIorwr

¢ amg1g

T Aq 91dures-qng

91

91

91

91

91

91



WO 03/063501

4/8

PCT/F103/00056

0 —1 5—»6
e V
X KX
2 4 { 12
e %l
v~ V4R
3 8 11 13
Vol V4
M
9 —»10 14 —»15

Figure 4



WO 03/063501

Top- Top-
Left TI\?CE’ T | Right
Nc_TL — Nc TR

Left Current
Nc_L | block

Fig. 5




PCT/F103/00056

6/8

WO 03/063501

5 0t~
@ _H_ J‘ NOILVINILSA ¢
LTI NOLLOW gt
v &
............ 271 (070 NN P U
dT1d1d NOILOW
(101004 UOOW) A _
e L
NOLLOIUA dd
3 JILVYSNIdNOD
0717 | TWOLS TNV NOILOW
Ve
0S1
wHOLIMS [
(48
+ / <« 0
+
N a4
y .V —. 1
) WHUASNVY 4L i
+— uw xﬁﬂa 0.9 ASYIANI i
S€9 01T iy m
f L
CETT
ALLLLNVIIV !
30T HSYIANI 701 '
0 $01 N -
% // L 911 +
¢C j SJUSIDIJJ00 uLojsuen paznuenb 1# HOLIms  [@ [11
< YAZIINVNO  |g——] WHOISNVIL |@geof 101
2 - < gLt U ¢
e (uoneorpur uoneznuenb) zb J ' NI O3dIA
‘ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII o M ») “
I uorstoap YALNI/ VIINI | ET1 :
74 (pantusuen 10§ Sey) 1 2 '
S e |
(ELLNI/ VYINI 10§ Bey) d (o1l 4/
A--.u ............................. T0¥INOD ONIAOD RIS - b09
44! 1233 I LNI / VYLNI
uuuuu U:-n--»ununn-n!iu-:-.i---' 3
1zl ~—uy1




PCT/F103/00056

WO 03/063501

7/8

. ‘bi4

0LL

|

XNNa

0S¢ ove
¢ |
NOLLOIUd 4d (10109A uonour) A a4
L ! aarvsngawoo \.
TIOLS FNVIL NOILLOW
A
0T 01¢
08¢ | |
ﬂ WHUASNY AL ALZILNY (10
o + dSYIANI  |@——  ISUAANI  |g
1N0 0adiA vl 0
ogg—" 4 4
1 1
1 |
m (uoneoipur uoneznuenb) zb .n./ 81¢
1 [}
[} [}
H “ (uonestpul uonezyuenb) zb L1T
o R ]
(pamuwsuen 1oj Sey) 13 91¢
TO¥.LNOD DNIQODEA I/t fommnees
(YALNI/ VHLNI 10§ Seyy) d \.2 4
‘- IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
097 ~__
00L

ce9



WO 03/063501 PCT/F103/00056

8/8
92

:"""";;"""_é;"""""""'""""".___.iZ‘f{f_'.'_f____"g
I 90 i o
] ISDN o
| il [/ H.263 2H223 NETWORK | |
i [VIDEO VIDEO EINTERFACEE :
i EQUIPMENT[— CODEC gf=--mmm o
| 87 2 I
| 82 86 :
: > G7231 W/ MODEM | |
. V.34, v8| |
I |AUDIO AUDIO MUX/ :
| |EQUIPMEN CODEC DELAY— DMUX }—+f-—----—— ——
| MODEM | |
| 83 CONTROY !
i ~  T.120 V.25TER | |
; |CONNECTION
| | TELEMATIC EQUIPMENT preeenasn=s . 1TOPSIN

[ : |
| {RADIO | |
| ITRANS- | |
: {CEIVER | |
| i : |
| e peeeeme (|
I 84 .
: k s /\/ :
: SIGNALLING R gg !
| |SYSTEM 9 |
; CONTROL H.233 |
! I
. ENCRYPTION] |
| 80 !
e T T e J

80

Fig. 8



INTERNATIONAL SEARCH REPORT

International application No.

PCT/FI 03/00056

A. CLASSIFICATION OF SUBJECT MATTER

IPC7: HO4N 7/30, HOAN 7/26

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

B. FIELDS SEARCHED

IPC7: HO4N

Minimum documentation searched (classification system followed by classification symbols)

SE,DK,FI,NO classes as above

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

EPO-INTERNAL, WPI DATA, INSPEC

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.

2001, document VCEG-018.
See chapter 2.2

(21.03.95), abstract

Y US 5640420 A (JUNG, H.-M.), 17 June 1997
(17.06.97), column 2, line 42 - column 4, line 47

Y MARPE, d. et al: Improved CABAC.
ITU-Telecommunications Standardization Sector,
Study Group 16 Question 6, Video Coding Experts
Group, 15th Meeting: Pattaya, Thailand, 4-6 Dec.

A US 5400075 A (SAVATIER, T.), 21 March 1995

1-53

1-53

1-53

E)ﬂ 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

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

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)

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

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

3

vy

“O¥

.

“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

documnent 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

7 April 2003

Date of mailing of the international search report

0 8 -04- 2003

Name and mailing address of the ISA/
Swedish Patent Office

Box 5055, S-102 42 STOCKHOLM
Facsimile No. +46 8 666 02 86

Authorized officer

Anders Edlund /LR
Telephone No.  +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 1998)




INTERNATIONAL SEARCH REPORT International application No.

PCT/FI 03/00056

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages
gory pprop: passag

Relevant to claim No.

A EP 0279799 A2 (TELEVERKET), 24 August 1988

(24.08.88), column 3, line 15 - column 4, line 49

A BJONTEGARD, G.: Use of adaptive switching between

two VLCs for intra luma coefficients.
ITU-Telecommunications Standardization Sector,
Study Group 16, Video Coding Experts Group
(Question 15).11th Meeting: Portland, Oregon, USA,
22-25 Aug., 2000, document Q15-K-30.

See chapters 2 and 3.

P,A BJONTEGARD, G.: Improved low complexity entropy

coding for transform coefficients. Joint Video Team
(JVT) of ISO/IEC MPEG & ITU-T VCEG (ISO/IEC JTCl/
SC29/WG11 and ITU-T SG16 Q.6) 2nd Meeting: Geneva,
CH, Jan.29-Feb.1l, 2002, document JVT-B045.

See chapter 2.

1-53

1-53

1-53

Form PCT/ISA/210 (continuation of second sheet) (July 1998)




INTERNATIONAL SEARCH REPORT

International application No.

28/02/03 | PCT/FI 03/00056

Information on patent family members

Patent document Publication Patent family Publication
cited in search report date member(s) date
us 5640420 A 17/06/97 CN 1142144 A 05/02/97
JP 8280020 A 22/10/96
KR 143346 Y 15/06/99
KR 209410 B 15/07/99
us 5400075 A 21/03/95 CN 1097088 A 04/01/95
DE 4400355 A 14/07/94
JP 7023398 A 24/01/95
EP 0279799 A2  24/08/88 AT 110502 T 15/09/94
DE 3851164 D,T 20/04/95
SE 454734 B,C 24/05/88
SE 8700725 D 00/00/00
us 4922510 A 01/05/90

Form PCT/ISA/210 {patent family annex) (July 1998)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report



