	[image: image10.png]


[image: image11.png]


Joint Video Exploration Team (JVET)

of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11
6th Meeting: Hobart, AU, 31 March – 7 April 2017
	Document: JVET-F0044_r3


	Title:
	AHG5: Performance evaluation of Adaptive Search Range on JEM-5.0.1

	Status:
	Input Document to JVET

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Yukinobu Yasugi

Tomohiro Ikai
	
Tel:
Email:
	
+81-43-299-8526

yasugi.yukinobu@sharp.co.jp

ikai.tomohiro@sharp.co.jp

	Source:
	SHARP


_____________________________
Abstract

This contribution reports the performance of Adaptive Search Range (ASR) on JEM-5.0.1.  The authors tested the performance on JEM-5.0.1 using several combinations of minimum search range (MinSearchWindow) and maximum search range (SearchRange), where the minimum search range setting implementation was ported from HM 16-15.  It is reported that the following configurations (MinSearchWindow_SearchRange) can be found as good operation points in terms of performance and encoding time balance: 128_256, 96_384 and 64_512.
r2: added 96-384 results.
r3: added 96-384 HM results
In JEM 5.0.1, the suggested range of 96_384 shows 0.05 % bdrate gain with 2 % encoding time reduction (anchor is 256_256 range)

In HM 16.15, the suggested range of 96_384 shows 0.02 % bdrate gain with 7 % encoding time reduction (anchor is 256_256 range)

In HM 16.15, the suggested range of 96_384 shows 0.06 % bdrate gain with 6 % encoding time increase (anchor is 64_256 range), up to 0.99 % bdrate gain in Rollercoaster.
For HM as reported in JCTVC-AA0043,
It is asserted that although the suggested range in HM may be not a very good trade-off which needs 6 % encoding time increase with a little gain but the impact is large in 4K sequences in class A2. In addition, the authors also consider the following points.
· With the suggested range, both HM and JEM shows encoding time reduction and coding gain when compared to the current JEM CTC (So clearly better than the current JEM CTC). Other search ranges, e.g. the current HM CTC of 64_256, shows performance loss which is asserted not negligible in terms of JEM development.

· 4K test sequences can be changed and a number of unknown 4K sequences can be tested with HM and JEM. Thus a larger range would be safer.

· The suggested range is kind of between (better than between) the current HM CTC range and JEM CTC range. Thus the impact of changes would be minimum compared to use of either HM CTC range or JEM CTC range.

HM 16.15
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JEM 5.0.1
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As shown in the following, the impact is bigger in class A2 where relatively large motion 4K sequences are included.
In ClassA2 in HM 16.15
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In ClassA2 in JEM 5.0.1s
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1 Introduction
Adaptive Search Range (ASR) is an encoder speed-up technique using search range limitation in accordance with the distance to reference picture.  It was adopted to the common test condition for HM where the configuration of MinSearchWindow=64 and SearchRante=256 is used.
2 Experimental results
We performed experiments on several combinations of MinSearchWindow and SearchRange values (denoted as min_max).  Table 1 provides the tested combinations.
Table 1: Evaluated combinations of MinSearchWindow and SearchRange
	
	MinSearchWindow

	
	32
	64
	128
	256
	512

	SearchRange
	64
	C0
	C1
	-
	-
	-

	
	128
	C2
	C3
	C4
	-
	-

	
	256
	C5
	C6
(HM CTC)
	C7
	C8
(JEM CTC)
	-

	
	512
	C9
	C10
	C11
	-
	-


Suggested operation points
The common test condition for RA10 was used for other configuration.  The anchor data was made by JEM-5.0.1.
Experimental results

The following table gives a summary of BD-rate performance and encoding time reduction.  
Table 2: Summary of performance
	
	C0
	C1
	C2
	C3
	C4
	C5
	C6
HM CTC
	C7
	C8
JEM CTC
	C9
	C10
	C11

	
	32_64
	64_64
	32_128
	64_128
	128_128
	32_256
	64_256
	128_256
	256_256
	32_512
	64_512
	128_512

	Class A1
	0.64%
	0.30%
	0.17%
	0.05%
	-0.04%
	0.00%
	-0.05%
	-0.06%
	0.00%
	-0.03%
	-0.06%
	-0.03%

	Class A2
	7.11%
	3.70%
	3.91%
	2.85%
	1.43%
	0.55%
	0.49%
	0.31%
	0.00%
	-0.26%
	-0.26%
	-0.26%

	Class B
	0.48%
	0.21%
	0.14%
	0.04%
	0.00%
	0.03%
	-0.01%
	-0.02%
	0.00%
	0.01%
	0.00%
	0.01%

	Class C
	0.83%
	0.29%
	0.14%
	0.05%
	-0.02%
	-0.02%
	-0.07%
	-0.05%
	0.00%
	-0.02%
	-0.01%
	-0.01%

	Class D
	0.09%
	-0.02%
	-0.10%
	-0.08%
	-0.08%
	-0.05%
	-0.04%
	-0.03%
	0.00%
	0.02%
	0.02%
	0.00%

	Class E
	
	
	
	
	
	
	
	
	
	
	
	

	Overall (Ref)
	1.76%
	0.86%
	0.82%
	0.55%
	0.24%
	0.10%
	0.06%
	0.03%
	0.00%
	-0.05%
	-0.06%
	-0.06%

	EncTime
	95.3%
	95.5%
	95.2%
	95.1%
	96.1%
	95.8%
	96.2%
	96.7%
	100.0%
	100.6%
	100.4%
	100.6%


best performance point per class / more than 0.1 % loss on average
From the above results, major takeaways are:

- The maximum search range should be more than or equal to 256.
- The minimum search range should be more than or equal to 64.

The tables below show the results of some combinations.  Other results and a summary data can be found in the spreadsheets attached to the contribution.  The results of HM16.15 are also included in spreadsheets.

Table 3: Coding performance of C4

	C4
(SR=128)
	Random Access Main 10

	
	Over HM-16.6-JEM-5.0.1 (parallel, Sharp)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.04%
	-0.05%
	0.00%
	93.5%
	103.2%

	Class A2
	1.43%
	1.52%
	1.53%
	96.7%
	103.6%

	Class B
	0.00%
	0.16%
	0.14%
	95.8%
	100.1%

	Class C
	-0.02%
	-0.06%
	-0.03%
	96.8%
	100.6%

	Class D
	-0.08%
	-0.06%
	-0.23%
	97.8%
	101.7%

	Class E
	　
	
	　
	　
	　

	Overall (Ref)
	0.24%
	0.30%
	0.27%
	96.1%
	101.8%


The results of SearchRange=128 (ASR off) showed 0.24% overall BDR loss while the run time reduced by 3.9% in average.  The loss is caused mostly by Class A2, particularly RollerCoaster (4.10% loss) and TrafficFlow (1.53% loss).  The configurations that use SearchRange=128 or SearchRange=64 (C0, C2, C3 and C4) also resulted in larger overall loss than C4.  ASR showed better trade-off between runtime and BD-rate with a maximum search range of 256 than that of 128.
Table 4: Coding performance of C5
	C5
32-256
	Random Access Main 10

	
	Over HM-16.6-JEM-5.0.1 (parallel, Sharp)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.12%
	0.12%
	93.6%
	102.0%

	Class A2
	0.55%
	0.70%
	0.64%
	95.6%
	100.6%

	Class B
	0.03%
	0.03%
	0.02%
	96.1%
	100.3%

	Class C
	-0.02%
	0.00%
	-0.12%
	96.2%
	100.8%

	Class D
	-0.05%
	-0.10%
	-0.21%
	97.3%
	102.1%

	Class E
	　
	
	　
	　
	　

	Overall (Ref)
	0.10%
	0.14%
	0.09%
	95.8%
	101.1%


Table 5 and 6 show the results of coding performance with the setting C6 and C7 respectively. C6 is the same as HM CTC configuration.  In the result of C7, the loss in Class A2 is smaller than C6.
Table 5: Coding performance of C6

	C6
64-256
HM CTC
	Random Access Main 10

	
	Over HM-16.6-JEM-5.0.1 (parallel, Sharp)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.05%
	-0.05%
	-0.02%
	94.2%
	102.8%

	Class A2
	0.49%
	0.62%
	0.57%
	96.2%
	101.7%

	Class B
	-0.01%
	0.00%
	0.01%
	95.8%
	99.7%

	Class C
	-0.07%
	-0.02%
	-0.13%
	96.6%
	105.2%

	Class D
	-0.04%
	-0.06%
	-0.19%
	98.1%
	100.3%

	Class E
	　
	
	　
	　
	　

	Overall (Ref)
	0.06%
	0.09%
	0.05%
	96.2%
	101.8%


Table 6: Coding performance of C7

	C7
128-256
	Random Access Main 10

	
	Over HM-16.6-JEM-5.0.1 (parallel, Sharp)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.06%
	-0.09%
	-0.10%
	94.7%
	103.2%

	Class A2
	0.31%
	0.40%
	0.37%
	97.0%
	101.6%

	Class B
	-0.02%
	-0.03%
	0.03%
	96.7%
	100.0%

	Class C
	-0.05%
	-0.03%
	-0.08%
	96.9%
	99.8%

	Class D
	-0.03%
	-0.12%
	-0.27%
	98.1%
	100.3%

	Class E
	　
	
	　
	　
	　

	Overall (Ref)
	0.03%
	0.02%
	-0.01%
	96.7%
	100.9%


With a maximum search range of 512, 0.06% BD-rate gain was observed while the run time was increased by 0.4% (C10).  This gain mainly came from TrafficFlow (-0.60%) and RollerCoaster (-0.48%) in Class A2.

Table 7: Coding performance of C10
	C10
64-512
	Random Access Main 10

	
	Over HM-16.6-JEM-5.0.1 (parallel, Sharp)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.06%
	-0.21%
	0.06%
	100.3%
	103.1%

	Class A2
	-0.26%
	-0.27%
	-0.46%
	102.0%
	101.2%

	Class B
	0.00%
	0.11%
	0.10%
	100.1%
	100.0%

	Class C
	-0.01%
	-0.09%
	-0.15%
	99.6%
	99.9%

	Class D
	0.02%
	-0.06%
	0.09%
	100.1%
	99.6%

	Class E
	　
	
	　
	　
	　

	Overall (Ref)
	-0.06%
	-0.09%
	-0.07%
	100.4%
	100.7%


Additionally, we tested an intermediate setting (C14) between C7 and C10, which has the minimum range of 96 and the maximum range of 384.  Table 8 shows the coding performance of the setting.  The worst BD-rate loss was observed in Tango and it was 0.17% loss.  However, the overall coding performance shows 0.05% gain of BD-rate and 2.0% reduction of encoding time.

Table 8: Coding performance of C14

	C14
96-384
	Random Access Main 10

	
	Over HM-16.6-JEM-5.0.1 (parallel, Sharp)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.04%
	-0.18%
	-0.06%
	96.3%
	101.9%

	Class A2
	-0.14%
	-0.26%
	-0.37%
	98.2%
	101.0%

	Class B
	-0.01%
	0.15%
	0.04%
	98.3%
	103.7%

	Class C
	-0.02%
	0.09%
	0.02%
	98.7%
	99.6%

	Class D
	-0.04%
	-0.01%
	-0.08%
	98.5%
	100.0%

	Class E
	　
	
	　
	　
	　

	Overall (Ref)
	-0.05%
	-0.03%
	-0.08%
	98.0%
	101.3%


3 Encoding performance balance
When we look at encoding time and performance balance (Figure 1), it was confirmed that adaptive search range (ASR) shows better performance than the constant search range.
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Figure 1: adaptive vs constant search range
3.1 Effect of change of search range
There are two variable, maximum and minimum search ranges but it was found that the coding performance basically depends on the maximum search range, while the minimum search range also affects to some extent. The impact on coding performance was significant in class A2, particularly TrafficFlow and Rollercoaster. 
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Figure 2: Comparison of overall BD-rate
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Figure 3: Comparison of BD-rate (breakdown of Figur 2)
4 Conclusion

In this document, the experimental results revealed the impact on coding performance for various combinations of the minimum and maximum value of the adaptive search range (ASR) on JEM-5.0.1.  It is suggested to include configurations for the adaptive search range settings; MinSearchWindow=96 and SearchRange=384 into the next version of the common test condition.
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