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Abstract
A new tool for Advanced 4:4:4 profile has been proposed in JVT-P017 [1]. This document is to verify and discuss the experimental results of JVT-P017 and discuss some issues related to the comparisons. In this comparison we can see that JVT High 4:4:4 (including RCT) is comparable to the method of JVT-P017 in terms of coding efficiency.
1. Introduction

In JVT-P017, a luma-like 4x4 intra prediction method is proposed to be applied to chroma components for coding efficiency improvement. It also states that its method prevails over the RCT (residual color transform) in the current JVT FRExt standard. While verifying its experimental results, we found several issues to address. First, we find out some problems in the JVT reference software (JM9.6), which affect the performance of RCT specifically. Hence the comparison in JVT-P017 is revisited in the next section. For the evaluation of the Thomson’s “NEW1” method we used the executable file provided by Thomson.
2. Test Conditions
2.1. Reference codec enhancements
The reference software JM9.6 used in the evalution in JVT-P017 has some bugs and improper parameters for encoding have been applied to evaluate RCT. Hence the JM9.6 reference software has been modified to revisit RCT as follows:
a. Bug fix of adaptive rounding control for RCT

b. Bug fix of skip mode when residue_colour_transform==1

c. Lambda value fixing for RCT
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The above updates will be found in the attached software JVT-Q058_reference_sw.zip. The improvements from the above modification can be seen in Fig.1. The test condition is same as in section 2.3 except the rounding control setting and external lambda value setting. In Fig. 1 the SAIT_RCT_Old means the RCT method of JM9.6 and SAIT_RCT means the RCT method of the modified JM9.6 (JVT-Q058_reference_sw.zip).

We compare the two methods around 45-dB reconstructed quality as shown in Table 1. We can see up to 1 dB (average 0.5 dB) improvements on the update RCT method compared to JM9.6 RCT. The gain goes higher as the image quality increases.
Table 1. PSNR Comparisons in 40Mbps or 100Mbps around 45-dB
	
	Mbps
	PSNR Y
	

	
	
	RCT_OLD
	RCT
	( PSNR

	Analog TV
	100
	44.1
	44.7
	0.6

	Bicycle
	40
	46.4
	46.5
	0.1

	Card Toss
	100
	45.5
	46.0
	0.5

	Dinner
	100
	45.2
	45.7
	0.5

	Restaurant
	40
	48.4
	48.6
	0.2

	Tomatoes
	100
	47.0
	48.0
	1.0

	Avg
	
	46.1
	46.6
	0.5


2.2. Adaptive rounding control
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Adaptive rounding control based on JVT-N011 is currently implemented to enhance the coding efficiency in JM9.6. Now the rounding control was also used in the comparison in JVT-P017 as follows: 
· AdaptiveRounding = 1

· AdaptRndPeriod = 1

· AdaptRndChroma = 1

But we saw some strange results when adaptive rounding for chroma component is enabled (AdaptRndChroma==1). The simple results are shown in Fig. 2. Each method has the following meaning:

a. RCT_no_rnd: RCT with AdaptiveRouding == 0

b. RCT_rnd_luma: RCT with AdaptiveRoudning == 1 & AdaptRndChroma == 0

c. RCT_rnd: RCT with AdaptiveRouding ==1 & AdapRndChroma == 1

d. YCgCo_no_rnd: YCgCo with AdaptiveRouding == 0

e. YCgCo_rnd_luma: YCgCo with AdaptiveRoudning == 1 & AdaptRndChroma == 0

f. YCgCo_rnd: YCgCo with AdaptiveRouding ==1 & AdapRndChroma == 1 

As shown in Fig.2 the rounding control for each luma and chroma component doesn’t show major improvements compared to rounding control of luma component only.
We don’t know whether this is a bug in JM9.6 or it originally shows the results in the case of 4:4:4 image format. Hence in the final experiments we turn off the rounding control operation, (i.e., AdaptiveRounding == 0) in each method.

2.3. Lamda value fixing for RCT

In RD-optimized mode selection scheme, the rate and the distortion are measured separately for luma and chroma. In intra coding case, the coding mode for each luma and chroma is selected independently to each other. However, in case of RCT, the RD-optimized mode selection scheme is implemented to consider the luma and the chroma together. Therefore, a proper lambda value should be applied to choose best mode both for luma and chroma. We determined this value by experiments, and applied this value by means of explicit lambda value indication in the reference SW.
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2.4. Experimental settings

The test conditions are as follows:
· Test material : 
Film scanned sequences (1920x1088 @ 24 Hz, progressive, 10 bit per pixel),
Viper sequences (1920x1088 @ 24 Hz, progressive, 10 bit per pixel),

· QP : (6,) 12, 18, (24)
· Entropy coding: CABAC

· RD-optimized mode selection: On

· Number of slice groups: 1

· Rounding control : Off

· IBBPBBP… (no reference B picture)

· Search range : 64

· Fast ME : On

Each method is described as follows:

· Thomson : Best one between Thomson RGB and Thomson YCgCo [1]
· JVT : Best one among RCT, YCgCo, and RGB [2]
2.5. Other comments

1) PSNR
Average PSNR of Y, Cg, and Co would not be a good measurement for video coding efficiency. In most cases, while Y has much information which requires large bit consumption, Cg and Co can easily get higher PSNR values using fewer amounts of bits than Y. It is also well known that each component has different impact on human visual system where Y has greater impact than others. Therefore, Y PSNR measurement would be the proper approach to objectively measure the coding efficiency. It would be better measuring Y PSNR with rectifying chroma PSNRs of difference methods to have similar values between methods, however this is very much time consuming, which will require several number of iteration after manually observing chroma PSNR disparities.
2) CBP

Since previously released Thomson codec had some bugs, we develop independent implementation for this verification test. Only recently, Thomson has released their new codec after fixing bugs. Though the coding efficiency performances of two implementations were similar, there were some differences between them.

The first bullet is the discrepancy in CBP bits between SAIT and Thomson implementation as shown in Table 2. It is obvious that Thomson codec spends much bits for CBP.
Table 2. CBP bits comparison between independent implmentation with different QP setteings.

	Seq.
	CBP bits (QP = 12)
	%

	
	Thomson
	SAIT
	

	AnalogTV
	3800
	1970
	93 

	Bicycle
	5776
	1817
	218 

	CardToss
	3800
	1851
	105 


	Seq.
	CBP bits (QP = 12)
	%

	
	Thomson
	SAIT
	

	AnalogTV
	49365
	13639
	262 

	Bicycle
	57248
	10978
	421 

	CardToss
	54872
	11904
	361 


3) Bit-depth expansion for Y component

The second bullet is degradation of coding efficiency in Thomson’s implementation when input data has different bit-depth among color components, for example, 10 bit Y and 11 bit Cg and Co. Therefore, the input data should have same bit-depth for all color components even in YCgCo sequence. We observed that 1 bit expansion in Y component in YCgCo sequence results in small coding efficiency improvement, about 0.1 to 0.2 dB.

3. Verification Test Results
With above test conditions, we performed the experiment to verify the coding efficiency of Thomson’s proposal, JVT-P017. We compare the Y PSNR between Thomson and JVT FRExt. For Thomson’s method, we choose best one between RGB and YCgCo, and for JVT FRExt, we choose best one among RCT, RGB, and YCgCo. Table 3 show the Y PSNR differences to verify the coding efficiency of Thomson’s proposed method.
In this table, we select PSNR at two specific bitrate, 40 and 100 Mbps, which had been used as a common test condition during FRExt standardization. And we choose one of them which is closer to 45 dB as Thomson required this level of image quality at the previous JVT meeting in Poznan.

Table 3. Y PSNR differences
	Seq.
	Mbps
	PSNR Y

	
	
	Thomson
	JVT
	( PSNR

	Analog TV
	100
	44.4
	44.2
	-0.2

	Bicycle
	40
	46.25
	46.1
	-0.1

	Card Toss
	100
	46.2
	46
	-0.2

	Dinner
	100
	45.8
	45.6
	-0.2

	Restaurant
	40
	48.45
	48.25
	-0.2

	Tomatoes
	40
	43
	43
	0.0

	Avg
	
	45.7
	45.5
	-0.2


In JVT-P017, there is concern about RCT performance. So we compared the performance between inside color transform (RCT) and outside color transform (YCgCo) with applying same intra luma prediction method for all color components to both methods for fair comparison. Table 4 shows the Y PSNR differences between Thomson YCgCo and RCT.

Table 4. Y PSNR differences between RCT and YCgCo.

	Seq.
	Mbps
	PSNR Y

	
	
	RCT
	YCgCo
	( PSNR

	AnalogTV
	100
	44.45
	43.9
	-0.55

	Bicycle
	40
	45.2
	45
	-0.2

	CardToss
	100
	45.3
	44.8
	-0.5

	Dinner
	100
	45.2
	44.75
	-0.45

	Restaurant
	40
	47.3
	47.1
	-0.2

	Tomatoes
	100
	47.7
	47.4
	-0.3

	Avg
	
	45.9
	45.5
	-0.4


Attached Excel file contains whole results of bitrates, average RGB, and Y PSNR with R-D curve plot. As shown in the experimental results, the in-loop color transform, RCT show better performance than out-loop color transform with improvements as Thomson proposed. Consequently, the overall gain of Thomson’s proposal over the current standard is negligible.
4. Conclusion

Thomson has proposed intra prediction scheme and MC interpolation scheme, and there seems to be other changes that have not been fully described in their proposal JVT-P017. From the verification results, we can conclude that JVT High 4:4:4 Profile (including RCT) is comparable to the method of JVT-P017 in terms of coding efficiency. Therefore, we should be cautious to amend the current design.
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Fig.2. Results of adaptive rounding control
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Fig.1. RCT improvements over JM9.6 RCT
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