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Method overview

New method of transform coefficients' coding is proposed. Firstly, the number of non-zero coefficients within the block denoted as N is determined and encoded. Later, each of the non-zero coefficients in the block in question is encoded as (run,level) pair. Single scan is used for Inter and Intra blocks. Since the number of non-zero coefficients is sent, there is no need to transmit an EOB symbol.

Number of non-zero coefficients coding

Four VLCs are used to code the number of non-zero coefficients in the block (codeword number is equal to non-zero number). 3 of the VLCs are Rice-Golomb codes for k=0,1,2 and are constructed by concatenation of a unary and a binary part. The unary term is j+1 bits in length where j=0,1,…, and is followed by k bits of the binary part. 

Code No. 
VLC(0) (k=0)

VLC(1)(k=1)

VLC(2) (k=2)

0

1


10


100

1

01


11


101

2

001


010


110

3

0001


011


111

4

00001


0010


0100

5

000001


0011


0101

…

…


…


…

VLC(3) consists of codewords with length equal to 4 for code numbers 0,1, …,14 and codewords with length equal to 5 for code numbers 15 and 16. The 4-bit codewords are the binary representation of the corresponding codenumbers whereas codewords for 15 and 16 are given by 11110 and 11111. Choice of the table VLC(i) is done as follows: 

i=vlcNo(indN), where 

vlcNo=[0, 0, 1, 1, 2, 2, 2, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3] for macroblocks in Intra mode,

vlcNo=[0, 0, 0, 1, 1, 1, 2, 2, 3, 3, 3, 3, 3, 3, 3, 3, 3] otherwise.

Index indN is calculated based on the nonzero values Nu and Nl of the upper and left 4x4 blocks as given in the table below. By X we denote that the block is available and coded in the same mode, i.e., Inter, Intra-4x4 and Intra-16x16, as the current block. 

Upper block (Nu)
Left block (Nl)
IndN

X
X
(Nl+Nu+1)/2

X

Nu


X
Nl



0

For 4x4 DC luma blocks, i is always equal to 0. For 2x2 DC chroma U blocks, i is equal to 0 while for V block, it is equal to 0 if N of the U block is smaller or equal to 2 and 1 otherwise.

Run-Level Coding

(run level) pairs are sent in the reverse order, i.e., starting from the last (run, level) pair within the block. 5 different tables Tab(i), i=0,1,2,3,4 , given in Table 1, are used to assign codeword numbers to (run, level) pairs. Since run values for Tab(0) are always equal to 0, this table need not to be kept in the memory. 

Table 1: The correspondence between (run,level) pairs and the codeword numbers. The remaining level/run combinations are assigned to a code number according to the same priority (equation-based formula) as in JM with the difference that the maximum run value depends on index indR defined below. The maximum run value is equal to 0, 1, 3, 7 and 15 for indR equal to 0, 1, 2, 3 and 4, respectively.

Codeword

Number
Tab(0)
Tab(1)
Tab(2)
Tab(3)
Tab(4)


level (+,-)
run
level (+,-)
run
level (+,-)
run
level (+,-)
run
Level (+,-)
run

0, 1
1
0
1
0
1
0
1
0
1
0

2, 3
2
0
2
0
2
0
1
1
1
1

4, 5
3
0
3
0
1
1
2
0
1
2

6, 7
4
0
4
0
3
0
1
2
1
3

8, 9
5
0
5
0
4
0
3
0
1
4

10, 11
6
0
6
0
2
1
1
3
2
0

12, 13
7
0
1
1
1
2
2
1
1
5

14, 15
8
0
7
0
5
0
1
4
1
6

16, 17
9
0
8
0
3
1
4
0
1
7

18, 19
10
0
2
1
6
0
2
2
3
0

20, 21
11
0
9
0
2
2
3
1
1
8

22, 23
12
0
3
1
1
3
1
5
2
1

24, 25
13
0
10
0
7
0
2
3
1
9

26, 27
14
0
11
0
4
1
5
0
2
2

28, 29
15
0
12
0
8
0
6
0
4
0

30, 31
16
0
4
1
3
2
3
2
1
10

Choice of the table number i for each (run,level) pair is based on the maximum possible run maxRun and the maximum magnitude lPrev of the previously coded levels in the block. maxRun is initialized at the beginning of each block as 16-N with the exception of Intra-16x16 and AC/DC chroma blocks for which it is initialized as 4-N for DC chroma and 15-N otherwise. After a (run, level) pair is coded, the index maxRun  is updated as maxRun=maxRun-run. The table number i is calculated as follows:  

i=min(indR, indL) where

indR=indRTab(maxRun),  indRTab=[0, 1, 2, 2, 3, 3, 3, 3, 4, 4, 4, 4, 4, 4, 4, 4],

and value of indL is given in the table below: 


Intra macroblocks


Inter macroblocks


lPrev


lPrev


0
1
2
3
4
5
>=6


0
1
2
3
4
5
>=6

all QPs
4
3
2
2
1
1
0

QP<8
4
4
3
2
2
2
1



24>QP>=8
4
4
3
2
2
1
1



28>QP>=24
4
4
2
1
1
0
0



QP>=28
4
3
2
1
0
0
0

3 different VLCs are used to code codeword numbers: exp-Golomb codes for parameters k=1, 2 and 3: 

VLC1 (k=1)

VLC2 (k=2)

VLC3 (k=3)

No.
Unary 

part
Binary

 part

No.
Unary 

part
Binary

 part

No.
Unary 

part
Binary

 part

0
1
0

0
1
00

0
1
000

1
1
1

1
1
01

1
1
001

2
01
00

2
1
10

2
1
010

3
01
01

3
1
11

3
1
011

4
01
10

4
01
000

4
1
100

5
01
11

5
01
001

5
1
101

6
001
000

6
01
010

6
1
110

7
001
001

7
01
011

7
1
111

…
…
…

…
…
…

…
…
…

Exp-Golomb code with parameter k has 2k codewords of shortest length, 2k+1 codewords of next shortest length, etc. Each codeword is constructed by concatenation of a unary and a binary part. The unary term is j+1 bits in length where j=0,1,…, and is followed by k+j bits of the binary term. 

Choice of the parameter k depends on the values of QP and lPrev:


Intra macroblocks


Inter macroblocks


lPrev


LPrev


0
1
2
3
4
5
>=6


0
1
2
3
4
5
>=6

QP<8
1
1
2
2
2
3
3

QP<8
2
2
2
2
2
2
3

8<=QP<16
1
1
2
2
2
2
3

QP>=8
1
1
1
2
2
2
3

QP>=16
1
1
1
2
2
2
2










Results

The proposed method is implemented in JM 1.1 and the results of the simulations are summarized in Table 3 (Intra Coding) and Table 4 (Inter Coding) in terms of Bjontegaard Delta bitrate savings in % from JM1.1. The test conditions from VCEG-N81 were followed and the detailed results can be found in the attached excell-spreadsheet. We also include in the spreadsheet a comparison with Real Networks' results that were sent to the email reflector on 1st of May, 2002.

Table 3: Performance improvement (Bjontegaard Delta bitrate savings in %) of the proposed coefficient coding in Intra coding. QP = 0, 4, 8, 12 is used for low QP and QP = 16, 20, 24, 28 for high QP.

QP
Container
Foreman
News
Silent
Tempete
Mobile
Paris

Low
-15.79
-11.84
-17.23
-14.06
-18.31
-22.83
-17.83

High
-5.52
-2.64
-7.64
-2.97
-5.84
-8.34
-5.76

Table 4: Performance improvement (Bjontegaard Delta bitrate savings in %) of the proposed coefficient coding in Inter coding. QP = 0, 4, 8, 12 is used for low QP and QP = 16, 20, 24, 28 for high QP.

QP
Container
Foreman
News
Silent
Tempete
Mobile
Paris

Low
-4.92
-8.01
-11.19
-8.29
-13.21
-14.12
-12.92

High
-0.91
-1.28
-3.3
-1.56
-1.15
-0.58
-1.97

Conclusions
The proposed method significantly improves overall performance of the JVT coder, the improvements are reaching 23% for inter and almost 30% for intra. Meanwhile, the increase in the memory consumption and computational complexity is marginal. For example, three tables that are used to assign VLC index to run level pairs in the current JM have been replaced by four tables with the same size. Furthermore, VLC codes are from the family of Golomb codes. 
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The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation/Standard/Draft/Contribution.  In which case,
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2.1 The Patent Holder is prepared to grant – on the basis of reciprocity for the above ITU-T Recommendation  | ISO/IEC International Standard – a free license to an unrestricted number of applicants on a worldwide, non‑discriminatory basis to manufacture, use and/or sell implementations of the above ITU-T Recommendation | ISO/IEC International Standard.
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2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above ITU-T Recommendation  | ISO/IEC International Standard – a license to an unrestricted number of applicants on a worldwide, non‑discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above ITU-T Recommendation | ISO/IEC International Standard.  Such negotiations are left to the parties concerned and are performed outside the ITU-T | ISO/IEC.
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· a description of the patent claims covering the ITU-T Recommendation | ISO/IEC International Standard;
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