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1. Introduction

In this document we will present the benchmark analysis of H.26L decoder function blocks. The target device is the 16-bit programmable DSPs with RISC structure. The H.26L decoder is assumed to be the “baseline” H.26L decoder that does not contain 1/8 pel motion compensation, context-based adaptive binary arithmetic coding and B-frames. The deblocking filtering is the simplified one described in [2]. Considering that the data transfer between on-chip and off-chip memory is normally handled by means of DMAs, this kind of data transfer is not included in the benchmark analysis. The purpose of the benchmark analysis is to identify the bottleneck of the H.26L decoder, and to seek the possible improvements of the H.26L standard in terms of implementation complexity.

2. Benchmark Analysis

 For an intra-coded macroblock, the decoder can be divided into the following function blocks:

· initialization of macroblock to zero (zero Macroblock)

· variable length decoding and inverse-quantization of  coefficient (VLD + IQ)

· 4x4 invere-transform

· 2x2 chrominace DC transform

· inverse luminance intra prediction

· inverse chrominance intra prediction

· macroblock reconstruction

· deblocking filtering

· overhead decoding (MB_type + intra_pred_mode + CBP)

The detailed benchmark analysis for intra-coded macroblock is listed in Table 1.

H.26L decompression (Intra-coded macroblock)
                                    Performance

Operation Step
Time/mode 
Units 
Total for a macroblock

Zero Macroblock
1/pel
384
384

VLD+IQ
23.3/pel
384
8947 (13.7%)

4x4 inverse-transform
736/ 4x4 block
25
18400 (28.2%)

2x2 chrominance DC transform
64 / 2x2 block
2
128

inverse luminance intra prediction
26 x 16/ mode 0 

42 x 16/ mode 1

32 x 16/ mode 2

81 x 16/ mode 3

20 x 16/ mode 4

42 x 16/ mode 5

272/ IMODE 0

272/ IMODE 1

289/ IMODE 2

717/ IMODE 4

24 x 16/ data update
1
927

inverse chrominance intra prediction
94 / 4 x4x4 block

         48 / data update
2
284

macroblock reconstruction 
7
384
2688 

deblocking filtering
Filtering decision

9 / strength

27 / decision

Content dependant Parameters

3/а(QP)

3/ß(QP)

11 / n = min(3, 4-|p1-q1|* а(QP)/128)

9/ |p1 –pi+1|>=ß(QP), аp++

Filtering processing

5 /cp

5 /cq

4/c

8/ if (аp>1 && аq>1)

27 / (, P1, Q1

5/ if (аp==3)

14 / (, P2

5/ if (аq==3)

14 / (, Q2

Stronger filtering

5 /MB type

8/ if (аp==3 && аq==3)

9/ 1<|p1-q1|<QP/4

6x10 / P1,P2,P3,Q1,Q2,Q3

Total
24

24

1 

1

8 x 24

16x3x24

1 x 24

2 x 24

8 x 24

8 x 24

8 x 24

8 x 24

8x 24

8 x 24

8 x 24

8

32 x  2

32 x 2

32 x 5/3


964

216

648

12486

3

3

2112

10368

15144

120

240

768

1536

5184

960

2688

960

2688

4328

40

512

576

3200

32922 (50.2%)

overhead decoding (MB_type + intra_pred_mode +CBP)
37x4 + 11 / MB_type

37x5 + 7/ pred_mode

37x5 + 7/ CBP
1

1

1
546

Total cycle per macroblock


65226

Table 1. Benchmark analysis for intra-coded macroblock on H.26L decoder side

As shown in the table 1, in the worst case scenario the most time consuming parts in the intra-coded macroblocks are deblocking filtering (50.2%), inverse-transform (28.2%) and VLD+IQ (13.7%).

For an inter-coded macroblock, the decoder is made up of the following function blocks:

· initialization of macroblock to zero (zero Macroblock)

· variable length decoding and inverse-quantization of  coefficient (VLD + IQ)

· 4x4 invere-transform

· 2x2 chrominace DC transform

· generation of ½ pel positions

· generation of 1/4 pel positions

· motion compensation

· reconstruction + clipping 

· deblocking filtering

· overhead decoding (MB_type + CBP)

· vector decoding

H.26L decompression (Inter-coded macroblock)
                                    Performance

Operation Step
Time/mode 
Units 
Total for a macroblock

Zero Macroblock
1/pel
384
384 

VLD+IQ
19.85/pel
384
7622 (8.3%)

4x4 inverse-transform
736/ 4x4 block
24
17664 (19.2%)

2x2 chrominance DC transform
64 / 2x2 block
2
128

generation of ½ pel positions

for a M*N block, complexity =

( (M+1)*(N+6)  + 12*M*(N+6) + 12*(2M+1) *(N+1) ) 
17942 / 16x16

21260 / 8x16

18412 / 16x8

21784 / 8x8

28528 / 4x8

22832 / 8x4

29792 / 4x4


1
22935 (24.9%)

generation of ¼ pel positions

for M*N block, complexity =

(3*2M*(2N+1)+3*(2M+1)*2N) 
9600 / 16x16

9792 / 8x16

9792 / 16x8

9984 / 8x8

10368 / 4x8

10368 / 8x4

10752 / 4x4
1
10093 (11.0%)

motion compensation
1/pel
384
384

macroblock reconstruction 
7
384
2688 

deblocking filtering
Filtering decision

9 / strength

27 / decision

Content dependant Parameters

3/а(QP)

3/ß(QP)

11 / n = min(3, 4-|p1-q1|* а(QP)/128)

9/ |p1 –pi+1|>=ß(QP), аp++

Filtering processing

5 /cp

5 /cq

4/c

8/ if (аp>1 && аq>1)

27 / (, P1, Q1

5/ if (аp==3)

14 / (, P2

5/ if (аq==3)

14 / (, Q2

Total
24

24

1 

1

8 x 24

16x3x24

1 x 24

2 x 24

8 x 24

8 x 24

8 x 24

8 x 24

8x 24

8 x 24

8 x 24


964

216

648

12486

3

3

2112

10368

15144

120

240

768

1536

5184

960

2688

960

2688

28594 (31.0%)

overhead decoding (MB_type +  CBP)
37x4 + 11 / MB_type

37x5 + 7/ CBP
1

1
351

vector decoding
225/ vector


41/7
1318

Total cycle per macroblock


92161

Table 2. Benchmark analysis for inter-coded macroblock on H.26L decoder side

Table 2 reveals that the most time consuming parts of decoding an inter-coded macroblock are motion compensation (36.0%, ½ and ¼ pixel interpolations), deblocking filtering (31.0%), 4x4 inverse-transform (19.2%) and VLD+IQ (8.3%).

3. Complexity Issues

The most serious issue is the motion compensation that requires ½ and ¼ pixel interpolations. The interpolations not only consume huge amount of processing time, but also requires big on-chip memory to buffer the interpolated reference blocks (roughly 8 K bytes = 68x68x1.5 + 34x34x1.5). For embedded systems, 8K on-chip data memory is a very high memory requirement. Possible improvement could be made in ¼ pixel interpolation by removing the normative ¼ interpolation algorithm and allowing the decoder to do ¼ motion compensation on-fly.

The second issue needs to considered is the deblocking filtering. The computationally intensive deblocking filtering is helpful for improving visual quality at low bit-rates and picture resolution, but may not be useful for some cases such as high bit-rate or high-resolution video coding. So it is desired that H.26L standard could at least add an option there to turn on/off the deblocking filtering, or even better to leave it as a off-loop filter to maximize the encoder flexibility if the off-loop filter can provide the same kind of visual quality improvement.

4x4 inverse-transform is another issue needs to be improved. It is expensive because it needs 32-bit based multiplications. By replacing it with  the 16-bit based transform[3], the transform complexity can be reduced by about 75%.

The last issue is the Variable Length Decoding (VLD). Although it consumes only 8.3% processing time, it becomes more significant if the complexity of other time consuming parts gets reduced. By removing the code interleaving in the UVLC codewords[4], the VLD complexity can be greatly reduced.   
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