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broad rianges @iing a prediction error or prediction residual, i.e., the difference between the

predicted block of pixels and the original block of pixels. This is typically accomplished by

30  transforming the difference in pixel values using a specified transform (e.g., a Discrete Cosine
Transform (DCT) or a variant thereof), quantizing the transform coefficients, and entropy
coding the quantized coefficients. By varying the fidelity of the quantization process, the
encoder can control the balance between the accuracy of the pixel representation (i.e., the
picture quality) and the size of the resulting coded video representation (i.e., the file size or

35  transmission bitrate). It should be noted that with regard to video and/or image compression, it
is possible to transform blocks of an actual image and/or video frame without applying
prediction.
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25  coded. Otherwise, the rest of the coefficients are coded in level mode.

Various embodiments described herein improve earlier solutions to coding transform
coefficients by defining more accurately, the position where switching from one coding mode
to another should occur. This in turn improves coding efficiency. Signaling the switching

30 position explicitly further enhances coding efficiency by directly notifying the coder where to

switch coding modes.

These and other advantages and features of the invention, together with the organization and
manner of operation thereof, will become apparent from the following detailed description
35  when taken in conjunction with the accompanying drawings, wherein like elements have like

numerals throughout the several drawings described below.
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30  representation). Additionally, the decoder utilizes prediction error decoding (the inverse
operation of the prediction error coding, recovering the quantized prediction error signal in the
spatial pixel domain). After applying the prediction and prediction error decoding processes,
the decoder sums up the prediction and prediction error signals (i.c., the pixel values) to form
the output video frame. The decoder (and encoder) can also apply additional filtering

35  processes in order to improve the quality of the output video before passing it on for display

and/or storing it as a prediction reference for the forthcoming frames in the video sequence.

In conventional video codecs, motion information is indicated by motion vectors associated

with each motion-compensated image block. Each of these motion vectors represents the



In accordance with various enbodinents, it is assuned that there is at
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0 qu Oof%n%xg biozckjéf Qragsfgm(lj cgefﬁcients 300. Ordering of the transform coefficients can
begin at the top left corner of the block (with the lowest frequency coefficients) and proceed in,
e.g., a zig-zag fashion, to the bottom right corner of the block (with the highest frequency
coefficients). The two-dimensional array of coefficients may then be scanned (following the
zig-zag pattern) to form a 1-dimensional array. These coefficients may then be coded in
15  reverse order, e.g., from last to first, with the last coefficient having an index value of 0. It
should be noted that other transform types, transform size, and/or scanning order are possible,
as well as the interleaving of the coefficients. After zig-zag scanning, each non zero coefficient
is represented by a (run, level) pair where run value indicates the number of consecutive zero
values and level value indicates the value of the non-zero coefficient.
20
In accordance with various embodiments, it is assumed that there is at least one non-zero
coefficient in the block to be coded. Coefficients are generally coded in a last to first
coefficient order, where higher frequency coefficients are coded first. However, coding in any
other order may be possible. If at any point during the coding process there are no more
25  coefficients to be coded in the block, an end of block notification is signaled, if needed, and

coding is stopped for the current block.

One method of entropy coding involves adaptively coding transform coefficients using two
different modes. In a first mode referred to as “run” mode, coefficients are coded as (run,level)

30  pairs. Thatis, a “run-level” refers to a run-length of zeros followed by a non-zero level, where
quantization of transform coefficients generally results in higher order coefficients being
quantized to 0. If the next non-zero coefficient has an amplitude greater than 1, the codec
switches to a “level” mode. In the level mode, remaining coefficients are coded one-by-one as
single values, i.e. the run values are not indicated in this mode.

35

For example, quantized DCT coefficients of an 8x8 block may have the following values.

20010000
21000000
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000O
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000-10000
11000000
00000000
00000000
5 00000000
00000000

Quantized DCT coefficients are ordered into a 1-D table as depicted in Figure 3, resulting in
the following list of coefficients.

10
20-201010010100000-10...0

The ordered coefficients are coded in reverse order starting from the last non-zero coefficient.
First, the position and the value (-1) of the last-non-zero coefficient is coded. Then, the next
15  coefficients are coded in the run mode resulting in the following sequences of coded (run,level)

pairs.

000001 (run =5, level = 1)

01 (run =1, level = 1)
20 001 (run=2, level = 1)
01 (run =1, level = 1)
0-2 (run = 1, level = -2)

Since the latest coded coefficient had an amplitude greater than 1, the coder switches to the
25  level mode. In the level mode, the remaining coefficients (0 and 2) are coded one at a time
after which the coding of the block is finished.

Such a coding scheme often results in the switching to level mode even if it would be
beneficial to continue in the run mode (e.g., the number of bits produced by the codec would
30  be fewer when continuing in run mode). This is because run coding is based upon coding
information about runs of identical numbers instead of coding the numbers themselves.
Switching between the modes may happen at a fixed position or at any point not implicitly

determined.

35 In one embodiment, the position and the value of a last non-zero coefficient of the block is
coded. If the amplitude of the last coefficient is greater than 1, the process proceeds to level
coding. Otherwise, the next (run,level) pair is coded. If the amplitude of the current level is
equal to 1, the coding process returns to the previous operation and the next pair is coded.

Lastly, the rest of the coefficients are coded in level mode.
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Figure 4 illustrates a further exemplary coding method in accordance with one embodiment
resulting in greater efficiency than that possible with the above-described method of coding.
At 400, a coding operation in accordance with the one embodiment starts. At 410, the position
5  and value of a last non-zero coefficient of a block is coded. It should be noted that this

particular coding of the last non-zero coefficient of the block is not coded according to either a
run or level coding mode. At 420, it is determined whether there are remaining non-zero
coefficients to be coded. If there are no more coefficients to be coded, the final (run) or end-
of-block is coded at 425, and the operation is stopped at 480. At 430, if more coefficients

10  exist, the next coefficient, e.g., (run,level) pair, is coded. At 440, it is determined whether the
amplitude of the current level is equal to 1, and if so, the operation returns to 420 and the next
pair is coded at 430. It should be noted that a different minimum amplitude threshold value
than “1” may be used at 440 and subsequent processes. If the amplitude of the current level
does not equal 1, at 450, the cumulative sum of amplitudes (excluding that of the last

15  coefficient) is determined for those coefficients with an amplitude greater than 1. At 460, it is
determined whether the cumulative sum of amplitudes (excluding the last coefficient) that are
bigger than 1 is less than a cumulative threshold L (e.g., 3) and whether the position of the
latest non-zero coefficient within the block is smaller than K, and if so, the operation repeats
itself by returning to 420 and coding the next pair at 430. If at 460, it is determined that the

20  cumulative sum of amplitudes (excluding the last coefficient) that are bigger than 1 is not less
than the cumulative threshold L and/or the position of the latest non-zero coefficient within the
block is not smaller than K, the remaining coefficients are coded in level mode at 470. Once
no more coefficients remain to be coded, the operation is stopped at 480. It should be noted
that the determination at 460 (whether the cumulative sum of amplitudes of previously coded

25  non-zero coefficients are greater than the minimum amplitude threshold) may be met by a
current level having an amplitude that is greater than 2. Additionally, the determination may
be met at least by meeting a maximum number of occurrences for any amplitude value of one
of the previously coded non-zero coefficients. For example, if there is an occurrence of two
coefficients, each of which have an amplitude equal to 2, the resulting cumulative sum of

30  amplitudes (excluding the last coefficient) that are larger than 1 will exceed the cumulative
threshold value of 3. That is, and to generalize, switching between coding modes can be based
upon position and a cumulative sum of amplitudes or upon position and the occurrence of
amplitudes, where the maximum number of occurrences is defined individually for each
amplitude level.

35
Various embodiments utilize multiple coefficients to decide whether or not to switch between
run and level coding modes. Furthermore, various embodiments consider the position of the
coefficients as part of the switching criterion. It should be noted that a cumulative threshold

value of 3 is chosen according to empirical tests. However, other values could be used, where,
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switch to level mode. If the run mode is indicated, then the operation returns to 530 and the
25  next pair is coded. Otherwise, at 560, the rest of the remaining coefficients are coded in level

mode. Once no more coefficients remain to be coded, the operation is stopped at 570.

There are different methods of coding the switching indication in the bistream in accordance
with various embodiments. For example, an indication can be implemented as a single bit
30  stored in the bitstream. Alternatively, the indication can be combined with one or more other

coding elements.

Various embodiments described herein improve earlier solutions to coding transform

coefficients by defining more accurately, the position where switching from one coding mode
35  to another should occur. This in turn improves coding efficiency. Signaling the switching

position explicitly further enhances coding efficiency by directly notifying the coder where to

switch coding modes.
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Embodiments of the present invention may be implemented in software, hardware, application
logic or a combination of software, hardware and application logic. The software, application

logic and/or hardware may reside, for example, on a chipset, a mobile device, a desktop, a
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20 3. The method of claim 1, wherein the second coding mode comprises a level
coding mode configured to code coefficients one at a time.

4. The method of claim 1, wherein the cumulative threshold value depends at

least on a quantization parameter used in coding the block.
25

5. The method of claim 1, wherein the cumulative sum of amplitudes of the
previously coded non-zero coefficients that are greater than the threshold is larger than the
cumulative threshold value when at least a maximum occurrence threshold is met for any

possible amplitude value of one of the previously coded non-zero coefficients.
30

6. A computer-readable medium having a computer program stored thereon, the
computer program comprising instructions operable to cause a processor to perform any one
of the method of claims 1 to 5.

35 7. An apparatus, comprising a processor configured to:



2. The nethod of claim1l1, wherein the first coding node conprises a run
codi ng node configure to code the at | east one coefficient in groups, and
wher ei n twe 2gromsps3conpri se run and | evel pairs. 203. Thecwsrivoglosod4scl ai m 1
wherein the second codi ng node conpri§gs a level coding node configured to
code coefficients one at a tine. 4. The nmethod of claim1l, wherein
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a subsequent coefficient in accordance with the first codi ng node;
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codi ng node.8-  The apgaratmsof glagn r/atvhigreny the figst gpHing Wde SPAPFIRE FUPst codi ng
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time. 2010.Epe appar at us of cJai 7. wherein the .unul%ﬁive t.hreshol d val ue
depends at ¢ apparatus of claim 7, wherein the second coding mode comprises a level

coding mode configured to code coefficients one at a time.

20 10.  The apparatus of claim 7, wherein the cumulative threshold value depends at

least on a quantization parameter used in coding the block.

11.  The apparatus of claim 7, wherein the cumulative sum of amplitudes of the
previously coded non-zero coefficients that are greater than the threshold is larger than the
25  cumulative threshold value when at least a maximum occurrence threshold is met for any

possible amplitude value of one of the previously coded non-zero coefficients.

12. A method, comprising;:
decoding position and value of a last non-zero coefficient of a block in a coded
30  Dbitstream;
decoding at least one quantized transform coefficient from the coded bitstream
in accordance with at least one of a first coding mode and a second coding mode, wherein the
decoding results in one of a:
a quantized coefficient group coded in accordance with the first coding

35 mode, wherein a cumulative sum of amplitudes of previously coded non-zero coefficients



| east on a quantization parameter used in coding the bl ock. 11. The
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13. Thewndeevebgait cl ai m 12, wherein the first coding node conprises a run
10 codi ng node configure to code coefficients in groups, and wherein the
groups conprise run and | evel pairs. 14. The method of claim 12,
wher ei n t he Il€lecorikheoodthodjohddien thmprerge sheasebendedodogoinedy cnogeiscomfavgur ed to
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usea in coding the bl ock. 16. The method of claim 12, wherein the
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cumulative threshold value when at least a maximum occurrence threshold is met for any

possible amplitude value of one of the previously coded non-zero coefficients.

17. A computer-readable medium having a computer program stored thereon, the
25  computer program comprising instructions operable to cause a processor to perform any one
of the method of claims 12 to 16.

18.  An apparatus, comprising:
a processor configured to:
30 decode position and value of a last non-zero coefficient of a block in a
coded bitstream,;
decode at least one quantized transform coefficient from the coded
bitstream in accordance with at least one of a first coding mode and a second coding mode,

wherein the decoding results in one of a:



of the method of clainms 12 to 16. 18. An apparatus, conprising: a
processor configured to: 30decode position and value of a | ast non-zero
coef fici ewp 20fo/m38380ck in a coded bitstream PCT/FR2009le00de at
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groups, and wherein the 'groups conprise run I5aRd T ever pairs. 20.
The apppeatized cotfficicat groug andher giantizddecosdcemt codi ng node conprises a | evel
codi ng node configured to code coefficients one at a time. 2021. The
apparatus of claim 18, wherein the cunmu] ative threshold val ue depends on a
quant i zat i on'%par athstappargas@f clrire ddi wheremehey fise kodipg mpde campaseaddn of cl ai m
18, wheo@ing hée diiihalto vedSeRTiticrddTl drbusbeandWhérbi the Bfods Estipyscaasled
nogszero ﬁ%eLfLCIGntS that are greater than the threshold is larger than
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threshold is nmet for any possible anplitude value of one of the previously
coded non ZleO(.) Coﬁfefe{pgér%‘p&sso'f claim 18, wherein the second coding mode comprises a level

coding mode configured to code coefficients one at a time.

20 21.  The apparatus of claim 18, wherein the cumulative threshold value depends on

a quantization parameter used in coding the block.

22.  The apparatus of claim 18, wherein the cumulative sum of amplitudes of the
previously coded non-zero coefficients that are greater than the threshold is larger than the
25  cumulative threshold value when at least a maximum occurrence threshold is met for any

possible amplitude value of one of the previously coded non-zero coefficients.



