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Abstract

This document is intended to provide the evaluation of HM compared with JM in respect of both coding efficiency and complexity. For the evaluation, six common configurations for TMuC 0.9 and Alpha and Beta configurations for JM 16.2 are used. As a result, 17.1% BR for IHE, 36.2% BR for RAHE and 31.2% BR for LDHE are achieved in a coding efficiency perspective. And in decoder side, 75% for IHE, 22% for RAHE and 49% for LDHE complexity increase are observed. In the encoder side, 110% for IHE, 112% for RAHE and 193% for LDHE complexity increase are observed. And low complexity configuration provides less gain and lower complexity than HE configuration.
1 Introduction
In the last meeting, JCT-VC has established a first Test Model for HEVC (HM) and a corresponding first working draft of the HEVC standard. Through the extensive tool experiments, only the minimum set of well-tested tools were included in the HM. 

In order to check the current status of HM, we have evaluated it versus AVC in respect of both coding efficiency and complexity. 
2 Performance & complexity evaluation of TMuC 0.9 vs JM 16.2
2.1 Test conditions
We have used the same software (JM 16.2) and test conditions (alpha and beta) described in CfP (w11113) for the anchor data of HE and LC. In order to compare the performance fairly, we modified beta configuration on the coding structure from hierarchical P to IPPP, because low delay case of HM does not use hierarchical structure. And we added intra only case using AVC high profile. 
The simulation platform is a Windows XP64 on Intel i7 950 (3 GHz) and 12G RAM. 
2.2 Testing results
The detailed results are shown in Table 1 – 3.

Table 1. Average gain and complexity comparison for INTRA ONLY case

	
	Intra
	Intra LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-17.7
	-12.1
	-9.4
	-2.6
	-6.0
	-3.4

	Class B
	-19.1
	-16.8
	-16.0
	-6.3
	-8.7
	-7.8

	Class C
	-15.8
	-14.5
	-14.5
	-5.0
	-5.9
	-4.1

	Class D
	-11.6
	-10.6
	-11.1
	-1.7
	-1.0
	-0.3

	Class E
	-22.7
	-14.2
	-17.3
	-8.7
	-4.4
	-8.5

	All
	-17.1
	-14.0
	-14.1
	-5.0
	-5.3
	-4.9


	Enc Time[%]
	210%
	67%

	Dec Time[%]
	175%
	78%

	
	
	
	
	
	
	


Table 2. Average gain and complexity comparison for RANDOM ACCESS case
	　
	Random access
	Random access LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-32.1 
	-27.6 
	-28.0 
	-19.4 
	-20.4 
	-22.0 

	Class B
	-42.1 
	-39.0 
	-39.0 
	-28.2 
	-28.3 
	-29.7 

	Class C
	-34.0 
	-28.4 
	-28.9 
	-18.5 
	-19.5 
	-18.1 

	Class D
	-33.1 
	-29.9 
	-30.1 
	-13.0 
	-18.5 
	-17.5 

	Class E
	　
	　
	　
	　
	　
	　

	All
	-36.2 
	-32.2 
	-32.5 
	-20.4 
	-22.3 
	-22.3 

	Enc Time[%]
	212%
	108%

	Dec Time[%]
	122%
	64%


Table 3. Average gain and complexity comparison for LOW DELAY case
	　
	Low delay
	Low delay LoCo

	　
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-36.1 
	-9.2 
	-1.2 
	-21.7 
	-0.2 
	5.4 

	Class C
	-27.2 
	-12.0 
	-11.1 
	-9.9 
	1.9 
	4.5 

	Class D
	-24.0 
	-7.8 
	-8.2 
	-1.4 
	13.5 
	16.3 

	Class E
	-37.8 
	-1.9 
	-5.1 
	-21.2 
	-11.1 
	-12.9 

	All
	-31.2 
	-8.2 
	-6.1 
	-13.6 
	1.7 
	4.5 

	Enc Time[%]
	293%
	153%

	Dec Time[%]
	149%
	72%


3 Analysis and remarks
3.1 High efficiency case
Maximum gain is about 36% in RA configuration with 112% complexity increase in encoder and 22% increase in decoder. In LD configuration, 31% gain is achieved with 193% complexity increase in encoder and 49% complexity increase in decoder. The complexity increase of LD configuration is noticeable compared with that of RA configuration. We think it mainly comes from using GPB slice instead of using P slice. 
And min gain is about 17% in Intra only configuration with 110% complexity increases. Compared with RA and LD case, it shows less gain with comparable complexity increase.
3.2 Low complexity case
In low complexity case, avg. gain and complexity increase are reduced considerably. This complexity and performance trade-off may satisfy the complexity aspect of HEVC requirement (w11096). 
We have to note that avg. gain of class C and D in LDLC case is relatively lower than other classes. The tools not used in LC case are ALF, CABAC, DCT-IF, different RQT depth and etc. However we cannot find out which tool causes this odd characteristic due to the time limitation.
3.3 Remarks on the current status of HM
Regarding the compression performance in HEVC requirement, 

· A substantially greater bitrate reduction over MPEG-4 AVC High Profile is required
For the first aspect of the above ones, we cannot define how much gain satisfies “substantially greater bitrate reduction”. However we can say that the intra tools should be more developed in order to give better bitrate reduction than Inter coding tools.
Regarding the complexity, the requirement says

· An operating point with significant decrease in complexity compared to AVC but with better compression efficiency than AVC
· An operating point with increased complexity and commensurate increase in compression performance
Let’s have a look at the Figure 1. In the low complexity case, all configurations provide over 20% complexity reduction with better compression. And over 30% gain is achieved with some complexity increases in RAHE and LDHE. So we can say that above requirements on complexity may be satisfied in general except Intra only case.
[image: image1.emf]-50%

-40%

-30%

-20%

-10%

0%

10%

20%

30%

40%

50%

-40.0  -30.0  -20.0  -10.0  0.0 

Intra

Random access

Low delay

Low complexity(decoder)

[image: image2.emf]0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

-40.0  -30.0  -20.0  -10.0  0.0 

Intra

Random access

Low delay

Highefficiency (decoder)


Figure 1. Coding gain and complexity comparison in decoder side
Figure 2 shows the relation of coding gain and complexity in the encoder side. In LC case, low delay consumes more 50% than JM with moderate gain. In HE case, all configurations show over 100% complexity increase with large gain. So we can say that the encoder complexity in HE configuration should be more reduced in some degree than the current HM.
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Figure 2. Coding gain and complexity comparison in encoder side
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