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1. Introduction

Improved method of encoding transform coefficients for Intra 4x4 mackroblocks is presented. It is based on idea of using additional VLC tables derived from UVLC as described in [1]. 

2. Additional VLCs

In addition to UVLC [2] two more VLCs are used. They will be called UVLC2 and UVLC3. The new VLCs are constructed as proposed in [1] by using codeword “1” (UVLC2) or codewords "1" and "11" (UVLC3) as an optional prefixes to the UVLC codewords. See Table 1 for a comparison between UVLC, UVLC2 and UVLC3. The correspondence between run and level of the coefficient and the codeword number for each VLC table is given in Table 2. 

Table 1: The first nine codewords of UVLC, UVLC2 and UVLC3.

Index
UVLC
UVLC2
UVLC3

0
1
11
111

1
001
001
001

2
011
011
011

3
00001
1001
1001

4
00011
1011
1011

5
01001
00001
11001

6
01011
00011
11011

7
0000001
01001
00001

8
0000011
01011
00011

3. Scanning of the coefficients

Single scan is used for all QP values. In addition to normal scan three other scans are used: vertical, diagonal and secondary diagonal: 
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Vertical scan

Secondary diagonal

Diagonal scan

Which of the scans is used for a given 4x4 block depends on the prediction direction:

Prediction type
Scan

0
Normal

1
Secondary diagonal

2
Vertical

3
Diagonal

4
Vertical (transposed)

5
Secondary diagonal (transposed)

4. Switching between UVLC, UVLC2 and UVLC3

The decision which table should be used when decoding the coefficients with exception of the first one is done as follows. Two indices r and l are calculated using the run (run_previous) and level (level_previous) information of the last decoded coefficient:

if (run_previous>=5)

r=5;

else

r=run_previous +1;

end

if (level_previous >5)

l=5;

else

l=level_previous;

end

These indices are used to access table M given below. Entries of this table M(l,r) indicate which VLC should be used, i.e., entry 1 – UVLC, 2 – UVLC2 and 3 –UVLC3. 
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First coefficient in the block is also encoded using one of these 3 VLC tables. For each VLC table we maintain cumulative total of the number of bits we would have spent if we had used this table to encode all first coefficients encountered so far. Then we use the table with the smallest cumulative total to encode the next block. The cumulative totals are set to zero at the start of each GOB (intra image) or makroblock (inter image). Initially table UVLC (QP>=24) or UVLC2 (QP<24) is used.

Table 2: The correspondence between run and level of the coefficient and the codeword number . The remaining level/run combinations are assigned a code number according to the following priority: 1) sign of level (+,-), 2) run (ascending), 3) absolute value of level (ascending), 4) value of  (run+1)xlevel (ascending).
Code

number
UVLC

UVLC2

UVLC3



level (+,-)
Run
level (+,-)
run
level (+,-)
run

1
EOB

EOB

EOB


2, 3
1
0
1
0
1
0

4, 5
1
1
1
1
2
0

6, 7
1
2
2
0
1
1

8, 9
2
0
1
2
3
0

10, 11
1
3
3
0
4
0

12, 13
1
4
1
3
1
2

14, 15
3
0
2
1
5
0

16, 17
2
1
4
0
2
1

18, 19
1
5
1
4
6
0

20, 21


2
2
1
3

22, 23


1
5
7
0

24, 25


5
0
3
1

26, 27


3
1
2
2

28, 29




8
0

30, 31




1
4

32, 33




9
0

34, 35




4
1

36, 37




10
0

5. Coding improvements

The coding improvements are reported in included Excel sheet. Both bitrate reductions and PSNR vs. bitrate plots are given. Notice that the reported bitrates are the overall bitrates of intra frames and that the described encoding does not change the PSNR values. Bitrate reductions reported in [1] for 3 VLC tables are also included. The proposed method is denoted as 3VLV and method from [1] 3VLCprev.
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