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1. Overview
Two in-loop filtering issues are shown in this document. First issue is to remove in-loop filtering or not. Second issue is to perform in-loop filtering on MacroBlock (MB) basis or frame basis.
Removing in-loop filtering for reducing amount of decoding calculation was proposed [1]. The current in-loop filtering occupies about 50% of intra-coded picture decoding, and about 30% of inter-coded picture decoding time [2]. There are some contributions for reducing in-loop filtering complexity [2][3][4]. 
TML9 performs in-loop filtering on MB basis. It is a key issue especially for intra-coded pictures to perform in-loop filtering on either MB basis or frame basis. Because, intra-coded pictures consist of intra-coded MBs predicted from neighboring MBs.
To consider these issues, we performed two experiments: one is coding gain comparison between TML9 and TML9 without in-loop filtering, the other is coding gain comparison between TML9 and TML9 with frame basis in-loop filtering in intra-coded pictures.
2. Experiment results
All experiment was performed under recommended condition [5]. The results are the following:

Coding quality gain comparison between TML9 and TML9 without in-loop filtering:

At low bit rate(QP≧16), TML9 leads to gain up to 0.6 [dB] in intra-coded pictures, and up to 0.3[dB] on an average of sequences. At middle bit rate(8≦QP≦14), TML9’s coding gain is almost similar to TML9 without in-loop filtering. Visual quality with in-loop filtering is subjectively better, especially at low bit rate (see Fig 1).

Coding quality gain comparison between TML9 and TML9 with frame basis in-loop filtering, in intra-coded pictures: 

At low bit rate(QP≧16), TML9 leads to gain up to 0.2[dB] in Y-PSNR. At middle bit rate(8≦QP≦14), TML9’s coding gain is almost similar to TML9 with frame basis in-loop filtering. TML9’s visual quality is slightly better. MB basis in-loop filtering reduces blocking artifact more efficiently than frame basis in-loop filtering (see Fig 2). 

3. Effective use of in-loop filtering

Experiment results show that in-loop filtering improves not only visual quality but also coding quality gain at low bit rate. It is more probable that in-loop filter’s smoothing effects improve spatial prediction in intra-coded pictures. From visual quality improvement and coding performance, in-loop filtering is necessary for high compression coding .
At high bit rate (QP≦7),  TML9 implementation needs initialisations for in-loop filtering while in-loop filtering is not applied. It is reasonable to skip the initialisations when current MB QP and two neighbouring MB’s are not greater than 7. The skipping reduces total amount of decoding calculation by 13 percents at high bit rate, and causes negligible overheads at low bit rate (See Fig 3). 
At middle rate (8≦QP≦14), TM9’s coding gain is almost similar to TML9 without in-loop filtering. Because TML9 without in-loop filtering has a satisfying PSNR over 35-37 [dB], the de-blocking effect is not very required under the conditions. 
For adjusting various conditions, we think that in-loop filtering should be manually switching off by a flag. 


4. MB basis approach for in-loop filtering 
The important difference between MB basis and frame basis in-loop filtering is that spatial prediction is performed from either filtered pixels or unfiltered pixels. The frame basis has two implementation issues. First issue is to require another frame memory at least 1MB-line to store unfiltered pixels for spatial prediction. Second issue is to need a data reload of the stored pixels for in-loop filter execution but it depends on the processor’s cache size and picture resolution. 
To consider the implementation issues and the said coding quality gain, we strongly agree to use the MB basis approach. 

5. Conclusion 

I. We agree to use in-loop filtering at low bit rate to get higher coding quality gain, but we think that the in-loop filtering may be able to be switched off when it is required to reduce the total amount of coding calculation, especially at middle bit rate.
II. We agree to perform in-loop filtering on MB basis from view of the implementation complexity and the coding quality gain improvement in intra-coded pictures. 
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(a)TML9
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(b)TML9 without debocking-filter

Fig 1
Visual quality diffrence between (a) TML9 and (b) TML9 without debocking-filter, at first frame in Foreman. QPFirstFrame is set to 24.
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(a) TML9
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(b) TML with frame basis debocking-filter

Fig 2
Visual quality diffrence between (a) TML9 and (b) TML9 with frame basis debocking-filter, at first frame in Foreman. QPFirstFrame is set to 24.
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Fig 3
Decoding samples (Sequence: Tempete with CIF, 30fps, and 260 frames. Evaluation condition: Pentium4 1.7GHz, 512MB memory, Microsoft Windows2000, and Intel VTune5 with 1msec sampling rate)
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Container QCIF I-picture(QP=16-28)
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Foreman QCIF I-picture(QP=16-28)
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News QCIF I-picture(QP=16-28)

[image: image9.png]PSNRLAE]

4

9.5

s

8.5

8

7.5

a7

6.5

6

as.s
s

345

a4

s

a3

2.5

22

s

a1

0.5
0

B

THLo

25,5

ShR
PatiR

PShR

TH's
THs

FRANE BASIS

25

285

Soon

1a0a0

15000 20000
bits

25000

0000




Silent QCIF I-picture(QP=16-28)
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Paris CIF I-picture(QP=16-28)
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Mobile CIF I-picture(QP=16-28)
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Tempete CIF I-picture(QP=16-28)
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