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1. Introduction

This document analyzes the feasibility of TML 6 on the low power CPU such as ARM 7 for mobile services.  Especially the targeted one is the cellular network currently being considered to be the platform for mobile multimedia services in the near future.

It’s very clear that there are many more restrictions for the streaming / video telephony solutions to be put to services on mobile network than in case of wired applications. At least TML 6 shows excellent performance from the bandwidth-efficiency point of view. But from the complexity point of view, both for the encoder and the decoder, it leaves a few works to be done.

So we tried to test the feasibility of current version of H.26L decoder to be appropriate for mobile multimedia services. For it is also very clear that powerful enough processor is not likely to be available for mobile services, we tested the performance of optimized TML 6 on the ARM 7 processor. Measuring the result, we concluded that the current loop filter is rather heavy for low power processors. Hence, we tested another simplified loop filter to reduce the complexity of TML. Proposed loop filter was optimized and compared with the test result of the loop filter of TML 6.
2. Performance of Optimized TML 5.91 on ARM 7 Processor

ARM 720 T Evaluation board with 8 Kbytes of cache was used for the decoding performance test and Armulator from the ARM Ltd. was used to profile the each functional portion. The operational clock frequency of the ARM 720 T Evaluation board is 60 MHz. Foreman, Container, Akiyo and Paris were chosen for the test sequences. Considering the test is for the mobile services, we performed the test on rather low bit rates and the 10 fps of frame rate. Test results for non-optimized version of TML 5.91 and optimized version of TML 5.91 can be found in VCEG-M43.xls. Optimization was mostly done algorithmically. Major optimized functions are
· One-forth pel interpolation
· Loop filtering

· Conversion of some multi-dimensional arrays into one-dimensional ones

· Inverse transform

· Conversion of division into bit shift operation

· Etc…
As the result of the optimization process, optimized TML 5.91 resulted into about 100~350 msec to decode a frame which corresponds to approximately 50~75 % reduction of decoding time relative to current TML 5.91.

Test result shows that the TML 6 decoder is rather heavy for ARM 7 as expected. And in most sequences, the loop filtering requires usually half of the CPU power.
3. Simple Loop Filter for Practical Wireless Multimedia Service
According to the result of profiling the optimized TML 5.91, heavy loop filter and one-forth pel interpolation are considered to be the greatest burden for the low power processor. And as we can see from the result, especially the current loop filtering is the greatest computationally power-consuming factor in the decoding process. Hence we provided another simple loop filter to test the computational load on ARM 7.
Th proposed loop filter does not calculate the activity of a block, instead it decides which loop filter to use according to the existing information such as motion vector and non-zero coefficients of a block. Two types of 3 tap loop filters, ‘weak’ and ‘strong’, are defined in Table 1.

Table 1. Definition of weak and strong filters
Filter Type
Filter Coefficients


QP < 24
QP > 23

Weak
1/16   7/8   1/16
1/4   1/2   1/4

Strong
1/8    3/4    1/8
1/8    3/4    1/8

Intra and Inter coded block boundaries are loop filtered according to the following rule shown in Table 2. 

Table 2. Determination of loop filter type
                                Current 

Neighbor                
Skipped
T1
T2
T3
Intra

Skipped
None
W
None
S
S

Inter
No coefficients
W
W
None
S
S


With Coefficients
W
W
W
S
S

Intra
W
S
S
S
S

W : Weak filter

S : Strong filter

T1 : Motion vector difference exists, No non-zero coefficients

T2 : Motion vector difference does not exist, non-zero coefficients exists

T3 : Motion vector difference exists, non-zero coefficient exists

The performance of the proposed loop filter is shown in VCEG-M43.xls. PSNR value and the subjective quality of the proposed loop filter is about 0.1 ~ 0.6 dB inferior to the current loop filter of TML draft 6. And the decoding time of TML with the above loop filter reduced to about 75 % of the optimized decoder. This result can be a reference for analyzing  the complexity of other loop filters. Demonstrations for subjective quality comparison will be provided at the site.

4. Summary and Further Works

Analysis of TML performance on ARM 7 evaluation board shows that TML 6 is rather heavy for such low power system. And this is greatly due to rather computationally heavy loop filter. Hence, the simplification of loop filter is considered to be essential for practical mobile multimedia services. Use of multiple loop filter may be another solution. And also the use of loop filter optionally, for example providing profiles such as simple or basic, are strongly recommended.
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