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1. INTRODUCTION

The mandate of this Ad-Hoc Group is to work on the optimization of reference software optimization focusing mainly on fast motion estimation and rate control. JM-REMD (JM Reference Encoding Method Development) AHG has been continuing activity improving the result of fast motion estimation and rate control algorithms for JVT codec since Klagenfurt meeting as well providing environments for efficient test and development. Currently AHM (Ad-Hoc Model) 2.0 was released as part of AHG activity for the provision of common test conditions.

Currently following 11 contributions, including this report, are listed in the Pattaya (JVT-G) document registration list. Four of the contributions belong to motion estimation category (JVT-G016, JVT-G017, JVT-G028, JVT-G029), three belong to rate control (JVT-G012, JVT-G020, JVT-G021) and two to fast intra mode decision category. JVT-038 is the contribution on the complexity analysis of encoder configuration.

Table 1. Contributions in the Encoder Optimization Category at Pattaya meeting

	Doc. No.
	Author(s)
	Title

	General Report

	JVT-G009
	C.W. Kim
	AHG report : Reference encoding method development

	Fast Motion Estimation

	JVT-G016
	Zhibo Chen+
	Fast Motion Estimation for JVT

	JVT-G017
	Kai-Kuang Ma+
	Verification for Fast Motion Estimation for JVT (JVT-G016)

	JVT-G028
	Kai-Kuang Ma+
	Normalized Computational Cost

	JVT-G029
	Kai-Kuang Ma
	A New Adaptive Rood Pattern Search For Fast Block-matching Motion Estimation in The JVT/H.264

	Rate Control

	JVT-G012
	Zhengguo Li+
	Adaptive Basic Unit Layer Rate Control for JVT

	JVT-G020
	Chong-Soon Lim
	Verification of JVT-G012

	JVT-G021 
	Siwei Ma+
	Verification of JVT-F086 (Rate Control) on HD

	Fast Intra Mode Decision

	JVT-G013
	Feng Pan+
	Fast Mode Decision for Intra Prediction

	JVT-G026
	Zhiping Lin
	Verif. of results for Fast Intra Mode Decision (JVT-G013)

	Complexity Analysis

	JVT-G038
	Clerc+
	Complexity Evaluation of Codec Configurations


2. MOTION ESITMATION

2.1 Fast Motion Estimation Algorithm (JVT-G016, JVT-G017, JVT-G029)

2.1.1 Introduction

JVT-G016 is the improved version of JVT-F017 which proposed the fast motion estimation algorithm on both integer and fractional pel adopting UMHS (Unsymmetrical-cross Multi-Hexagon Search). JVT-F017 reported test results on HD sequences (Jet, Harbor), high motion sequences (Bus, Stephan) and interlaced sequences (Stephan) as well as the sequences defined in VCEG-N81. Test results with B-frames are also presented in the contribution. It was reported that speed-up by integer pel motion estimation algorithm achieved about 90% reduction of the integer pel search time while the speed-up by fractional pel algorithm achieved more than 30% reduction of the fractional pel search time. It also reported that PSNR drop is less than 0.1 dB in any case.

JVT-G016 redefined the following two parts of integer motion estimation from JVT-F017 : (1) initial search point prediction (2) early termination. JVT-G016 reports that average of over 90% (maximum 95 %) of encoding time reduction in integer pel search was achieved with average of 0.04 dB PSNR loss (maximum loss of 0.096 dB) compared with Fast Full search of JM 6.1a setting the search range in the test as 32. For each test sequences, both cases of 1 reference frame and 5 reference frames were tested. And both of CAVLC and CABAC were also tested for each case. 
2.1.2 Performance

For common condition test sets defined in VCEG-N81, computational load of fast full integer pel ME and full fractional pel ME of JM6.1a takes about 53% and 5% separately of the total computational load of the encoder when tested with 1 reference frame. And it is about 76% and 9% separately for 5 reference frames. And the test results show average of:  (1) 51 % of encoding time reduction with 0.75 % bit-rate increase (0.04 dB loss of PNSR) at 1 reference frame (2) 74 % of encoding time reduction with 0.69 % bit-rate increase (0.036 dB PSNR loss) at 5 reference frames. And experimental results on high motion sequences, HD sequences (search range from 32 to 64) and Interlace sequences are also provided.  PSNR drop is less than 0.096 dB in any of these cases and a total encoding time saving up to 85.67% can be achieved when search range is set as 64.
2.1.3 Software Availability & Cross-check

Software has been made available in Awaji meeting. Minor modifications were added, maintaining the same structure, to initial search point decision and to the condition for early termination. The latest version of the software is to be provided in the middle of the meeting days.
JVT-G016 was verified by JVT-G017 which reported that JVT-G016 shows 57 % (1 reference frame) and 76 % (5 reference frames) of total encoding reduction with identical RD performance reported by JVT-G016. Verification by JVT-G017 shows slightly better performance reported than by JVT-G016. Refer JVT-G016-1.xls, JVT-G016-2.xls, JVT-G017-1.xls and JVT-G017-2.xls for detail results.
JVT-G016 is capable of providing a tradeoff between search speed and reconstructed quality, which can be achieved by purposefully change a modulation factor in the proposed algorithm.

Table 2. Description of JVT-G016

	
	JVT-G016

	JM version
	JM 6.1

	Reference SW
	SW for JVT-G017 available at JVT-F meeting 

Latest version missing

	Algorithm
	Integer & Factional pel search using UMHS

Initial search point & early termination redefined

	Test Sets
	Sequences defined in VCEG-N81

CIF : Forema / Stefan / Bus

HD sequences (Night, SpinCalendar)
HD sequences (Jet, Harbour) by JVT-G017

	Encoding time

Reduction

(VCEG-N81, CAVLC)
	1 Ref. Fr.
	53% with 0.93% bit-rate increase (0.046 dB loss)

	
	5 Ref Fr.
	74% with 0.69% bit-rate increase (0.036 dB loss)

	Encoding time

Reduction

(VCEG-N81, CABAC)
	1 Ref. Fr.
	52% with 0.75% bit-rate increase (0.040 dB loss)

	
	5 Ref Fr.
	74% with 0.69% bit-rate increase (0.036 dB loss)

	Encoding time

Reduction

(HD Seq, CBAC)
	5 Ref Fr.
	85% with 0.001 dB gain

	Encoding time

Reduction

(Interlaced, Stefan)
	5 Ref. Fr.
	75,6% with 0.23 dB gain

	Cross Verification
	JVT-G017

	IPR Statement
	2.2.1

	Comment
	Trade-off between quality and speed can be provided.

	AHG recommendation
	Currently this is the only proposal of which software is available and proved.


2.1.4 Description of JVT-G029

JVT-G029 proposes Unequal-arm ARPS algorithm for fast motion estimation, which is known as a part of MPEG-4 VM. JVT-G029 reports its performance NCC (Normalized Computational Complexity) which was proposed in JVT-G028. JVT-G029 reports that it achieved NCC gain of 347 with 0.85 % of bit-rate increase and 0.066 dB loss on test sequences defined in common conditions for coding efficiency. Maximum bit rate increase can be found at Foreman sequence (2.7 % increase of bit rate) 

Reference software for JVT-G029 is described to be implemented on JM 6.1a but not available yet and verification is absent. 

2.2  Normalized Computational Cost (JVT-G028)

This contribution proposes to used the NCC (Normalized Computational Cost) for the measurement of efficiency of motion estimation algorithms. Since various block sizes are used for the motion estimation in H.264 | MPEG-4 Part 10, it is very difficult to measure search points of each algorithm. This proposal proposes to use the following criterion for the normalized search points.
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where 
Npts : total number of search points
W(mode) : weight of the computational cost (proportional to the size of a block)

Nmode : total number of modes (in JM Nmode = 7)
Nref  : total number of reference frames.
Author is not present and currently communication with the author is unavailable either. It can be recommended to consider this criterion for reasonable analysis. It is also recommended to continue research for more efficient measure based on this concept.

3. RATE CONTROL (JVT-G012, JVT-G020, JVT-G021)

3.1 Introduction

JVT-E069, which is the improved version of JVT-D030, was requested to prove its performance and feasibility of implementation through the AHG activity at Geneva meeting. According to the AHG activity performance of JVT-E069 was verified and the proposed texts were released at Awaji (JVT-F) meeting as JVT-F086. And it was stated that the implementation version on JM 5.0 has been used by AHG-CE for AHG activity. JVT-G021 is the verification of JVT-F086 on HD sequences. Currently software implementation of both JVT-012 and JVT-G021 include the support for MB-AFF and frame level AFF by the proponents. 

JVT-G012 is the improved version of JVT-F019 and reported its performance to be up to 1.02 dB superior to the current fixed QP scheme. Average PSNR gain is about 0.32 dB  over test sequences including the common condition sequences defined in VCEG-N81. JVT-G012 also reported test results both on CBR and VBR cases. 

Performance deviation of 0.6 dB was found depending on the selection of initial QP (QP=40 or 30 Container, QCIF, 50 frames from 28.78 dB to 29.37 dB) but the reported result in JVT-G012 was the case using the QP value of 38 which is far closer to the worst situation (28.29 dB was reported in JVT-G012).

3.2 Test Environment

Authors of JVT-G021 express concerns that the result of JVT-G012 is not obtained from the decoding the bitstream produced by the proposed encoder but by the encoder itself.

Authors of JVT-012 report that the bug is due to not putting boundary on QP value in one instance and the latest version of the software is uploaded and working correctly. All the QCIF sequences in the common test conditions for coding efficiency were tested with the latest version of the software [Foreman, News, Container, Silent].

3.3 Flexibility of Control Unit

JVT-G012 supports flexibility in choosing the basic unit for the rate control, e.g. a macroblock ,a slice or a frame
. The  RD performance of JVT-G012 was obtained through the test of setting control unit as a slice while the result of JVT-G021 was obtained with the macroblock level control. The basic unit layer rate control provides flexibility to achieve a good tradeoff between the coding efficiency and the bit fluctuation. This provides the advantage over the frame and macroblock layer rate control schemes. RD performance of JVT-G012, when setting the control unit as a macroblock, was provided additionally.

3.4 Reference Software Availability / Cross-Check

Reference software for JVT-G012 is uploaded late. JVT-G021 was verified as AHM (Ad-Hoc Model) 2.0 by AHG REMD (Reference Encoding Method Development) and AHM 1.0 was used by AHG CE (Coding Efficiency) for the internal test. And JVT-G012 was cross verified by JVT-G020 which reports that, though not exactly same, the performance is very close to the result reported by the proponent.

3.5 Complexity Analysis & Accuracy

In the complexity point of view, JVT-G012 is a one-pass algorithm while JVT-G021 adopts partially two-pass algorithm. Thus, the computational load of JVT-G012 can be considered to be smaller than JVT-G021 theoretically. Running time comparison of the implementation software for both JVT-G012 and JVT-G021 showed that JVT-G012 is slightly faster that JVT-G021. Maximum deviation of bit rate produced by JVT-G021 is 4.75% (Container QCIF QP=36) and average deviation is 0.01 %.

According to the report provided by the authors of JVT-G012, maximum deviation of JVT-G012 from the target bit rate is 1.8% (Container QCIF QP=40) and the average deviation is 0.44%. Refer to JVT-G012.xls for the result when the macroblock level control was used. According to the request of authors of JVT-G021, the absolute value of difference over target bit rate is announced in this text. [12.53 kbps at Night sequence (HD sequence) 10756 kbps of target bit rate]

Authors of JVT-G021 indicated that the bit rate produced by JVT-G012 is, in most cases, higher than target bit rate [max. 1.8% avg. 0.44%]. Maximum deviation of JVT-G021 is 4.75 % (Container QCIF QP=36) from the target bit rate. 
JVT-G012 reports that the experimental results are according to the agreed test conditions in JVT-G012 except for one video sequence (foreman). According to the contribution, test results in JVT-G012 were obtained according to the test conditions specified by AHG activity.
There is a comment from authors of JVT-G021
.

3.6 Performance Comparison

Performance comparison result of JVT-G012 shows that it is superior to JVT-G021 (AHM 2.0) by maximum of 1.67 dB (with 0.24 % of bit rate increase in Paris CIF QP=40) and minimum gain of –0.09 dB (with 0.07 % of bit rate increase in Tempete CIF QP=26). Average BD-SNR gain over JVT-F086 is reported to be 0.62 dB for test sequences defined in VCEG-N81 with agreed conditions between proponents
. 

Table 3. Comparison of proposals in Rate Control category

	
	JVT-G012
	JVT-G021

	JM version
	JM 6.1a
	JM 6.1a

	Reference SW
	Uploaded late
	AHM 2.0 by AHG REMD

Internal test by AHG CE

	Algorithm
	Fluid control

Adaptive Unit layer control
	Macroblock layer

Partially two-pass control

	History
	JVT-F019
	JVT-D30, JVT-E069, JVT-F086

	Test Sets
	VCEG-N81 & HD
	HD seq. (JVT-G021)

VCEG-N81 & more (JVT-F086)

	RD Performance
	Max. 1.02 dB over JM (Silent)

Avg. 0.32 dB over JM
	

	Deviation of Rate
	Max : 1.8 %(Container QP=40)

Avg : 0.44 %
	Max : 4.7 %(Conatiner QP=36)

Avg : 0.01 %

	MB-AFF & Fr. AFF
	Supported
	Supported

	Cross Verification
	JVT-G020
	AHG activity

(AHG REMD & AHG CE)

	IPR Statement
	2.2.1
	2.2.1

	Misc.
	Supports both CBR & VBR environment
	

	AHG comments
	JVT-G012 is found to be faster and more flexible with superior RD performance. If the group decides to incorporate rate control feature at this time, it is recommended as candidate under the condition that it is clearly proved that it does not harm any normative parts of the specification.


4. INTRA MODE DECISION (JVT-G013, JVG-G026)

4.1 Introduction

JVT-G013 proposes fast mode decision algorithm for intra prediction. JVT-G013 adopts two techniques, edge direction histogram, and edge directional field of a block to predict the most suitable prediction mode, and a software switch is implemented in the encoder to switch between these two methods. The result reported in JVT-G013 was obtained only with edge direction histogram method due to the implementation schedule of the software.

4.2 Performance

JVG-G013 reports that the proposed algorithm reduces the average encoding time of 60.00% of the current encoding time of JM 6.1 for Intra frames alone Maximum bit-rate increase for intra frame was found to be 11.33% at Goldfish sequence in this case (CIF QP=40). RD performance test results for I-frames-only was reported and this result was obtained when the GOP size was set to 30. This fact is considered to dilute the performance loss happened in I-frames to the whole sequence. It is reported that the average reduction of total encoding time is about 23.07% of the current reference software with maximum loss of 2.27 % of bits and 0.044 dB in QCIF test sequences (News sequence with QP=40) and 2.03 % of bits and 0.049 dB in CIF test sequences (Goldfish sequence with QP=36). 

4.3 Software availability & Cross-check

JVT-G013 was cross verified by JVT-G026 which reports that the performance of JVT-G013 can reduce the total encoding time up to 65% for Intra frames and up to 35 % for overall sequences. The verification results are quite consistent with the result reported by JVT-G013.

4.4 Updated results

JVT-G013 was updated with a slight change in edge direction histogram based intra prediction scheme. The improved algorithm was tested on Container, News, Paris, Tempete and Gold fish. The test was performed as encoding whole sequence as Intra frames and reported the bit rate increase of 4 % with about 60 % of reduction in encoding time. Maximum reduction of encoding time i is 64% at Goldfish and the maximum increase of bit rate is 5.9 % at Goldfish.

Table 4. Description of JVT-G013 (Fast Intra Mode Prediction)

	
	JVT-G013

	JM version
	JM 6.1a

	Reference SW
	Uploaded late

	Algorithm
	Software switch between edge direction histogram scheme and edge directional field scheme

	Test Sets
	QCIF : Container, News, Foreman, Silent, Coastguard

CIF : Paris, Mobile, Tempete, Bus, Stefan, Goldfish, Bike

	Encoding time

Reduction

(I Frames 

GOP size = 30)
	Max
	64 % (with1.15% bit increase loss in dB not reported)

	
	Average
	About 60% reduction achieved

	Encoding time

Reduction

(Whole Sequence)
	Max
	32 % (with 0.005 dB loss)

	
	Average
	About 20% reduction achieved

	Updated Results

(Whole Frames were encoded as I,

Container, News, Paris, Tempete, Goldfish)
	Max
	64 % at Goldfish (with 5.9 % bit rate increase)

	
	Average
	60 % (with 4 % bit rate increase)

	RD Performance
	Max Loss
	11.33 % of bit-rate (I-only Goldfish CIF QP=40)

2.27 % of bit-rate (IPPP News QCIF QP=40)

	
	Average Loss
	I Frames : 3.85 %

Whole Seq : 1.03 % (GOP size=30)

	Cross Verification
	JVT-G026 (reduction up to 65 % for I and up to 35 % for P)

	IPR Statement
	Not stated

	Comment
	GOP size was set to 30 which dilutes the effect of performance loss in Intra frames.

Significant loss of performance in some cases. (2~11 %)

	AHG recommendation
	TBD at session


5. COMPLEXITY ANALYSIS (JVT-G038)

There is one contribution in this category, JVT-G038. It describes the analysis result of number of operations and memory usage of JVT codec using SIT (Software Instrumentation Tool). The contribution categorizes the test conditions into 4 groups which are the combinations of Latency / Complexity. Refer to the contribution for the usage of SIT and results. 

6. COMMENTS & AHG OPINIONS

There have been progress and need for the encoder optimization for efficient test and proof of feasibility for practical implementation as well as for the ease of simulation. And several opinions were expressed to put necessary features into test model. Thereby, it was agreed that it is desirable to put fast motion estimation and rate control feature into test model or at least into reference software.
Proponents desire to deal with the test model proposals as soon as possible, to have time to cope with any possible ambiguity or comments. 

� Authors of JVT-G021 report that the proposed algorithm could be modified to support same level of flexibility but not implemented yet


� Authors of JVT-G021 required PNSR curve per frame to be provided by the authors of JVT-G012.


� Test results were reported with more sequences including some HD sequences in JVT-G012.xls. Due to the discrepancy of test results between proponents, through test over VCEG-N81 sequences were performed again during the meeting days. And it was reported that except the results for mobile, test results reported in JVT-G012.xls are correct. Authors of JVT-G012 provided updated results in JVT-G012r1.xls.
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