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Abstract

During the discussion about CfE test conditions, it was agreed in JVET-AL0337 that the two complexity points of ~0.2x and ~5x VTM encoder time should be considered for evaluating CfE responses. This contribution studies the feasibility of achieving these points using ECM and VTM software with modified configurations parameters. It is concluded that the high complexity point (~5x EncT) can be easily achieved with ECM software with significant coding gain compared to VTM. However, ECM software within the lowest complexity point (~0.2x EncT) shows bad performance compared to VTM software. It is asserted that ECM requires high amount of code cleaning/simplification to meet VTM performance.

Introduction
In discussion going on for defining the complexity points for evaluating CfE responses, it was agreed to consider the following three points for the encoding time (JVET-AL0337):

1-  ~5x times VTM (CTC),
2- ~1x times VTM (CTC),
3- ~0.2x VTM (CTC) (roughly same HM).
ECM, being the current test model for JVET exploration beyond VTM is currently beyond this limit. Specifically, current ECM encoder time compared to VTM anchor is about 12x. Bringing ECM to 5x is possible by reducing MTT depth (see JVET-AL0245). However, 0.2x is not straightforward. This contribution studies the available encoder configuration of VTM/ECM to evaluate their performance under these complexity points

[bookmark: _Ref201577344]Experimental setup

To evaluate ECM and VTM softwares, most of the parameters defined in EncAppCfg.cpp file are considered. Specifically, 154 ECM parameters are considered and 48 for VTM. This includes all configurable tools in both softwares. No further modification to the code is considered.

For evaluation, the following versions of software were used:

· ECM-16.1
· VTM-23.8
· HM-16.22

The tests are performed according to ECM/VTM common testing conditions under RA configuration. However, only classes B,C,D are used with one intra period. This is due to the time and resource limitation for evaluating all these points.

Experimental Results

Considering VTM-23.8 as the anchor, the following tests are performed:

1- ECM-CTC: ECM-16.1 under common testing conditions
2- ECM-MTT1: ECM-16.1 under common testing conditions with MTT depth set to one
3- ECM-MTT0: ECM-16.1 under common testing conditions with MTT depth set to zero
4- VTM-MTT4: VTM-23.8 under common testing conditions with MTT depth set to four
5- VTM-MTT0: VTM-23.8 under common testing conditions with MTT depth set to zero
6- VTM-HP: VTM-23.8 under high performance configuration (cfg/ encoder_randomaccess_vtm_perf.cfg)

The following results are obtained:


	Test
	Y(%)
	U(%)
	V(%)
	EncT(%)
	DecT(%)

	ECM-CTC
	-25.18
	-24.91
	-24.46
	1255.8
	1328.7

	ECM-MTT1
	-20.65
	-18.67
	-17.07
	376.3
	1265.4

	ECM-MTT0
	-17.07
	-12.58
	-11.31
	223.7
	1368.7

	VTM-MTT4
	-0.85
	-1.21
	-1.32
	167
	101.8

	VTM-HP
	-0.19
	-3.91
	-3.46
	193.1
	101.6

	VTM-CTC
	0.00
	0.00
	0.00
	100
	100

	VTM-MTT0
	12.82
	18.37
	19.57
	22.2
	100.6

	HM-16.22
	63.19
	88.98
	89.16
	13.3
	13.3





Below is a graph of the obtained results:







Figure 1  Coding performance vs Encoding time of ECM and VTM


Obtaining ECM and VTM complexity points

From the previous results, it can be concluded that the 5x complexity point can be obtained with ECM software by playing with MTT depth. Setting MTT depth to 1 yields 376% EncT, therefore, different MTT depth for different temporal ID can be used to reach this point. However, VTM software, even with MTT depth equal to 4, is far from the 5x. The curve flattens the more encoder time is put. 
On the other hand, 0.2x complexity point can be achieved in VTM with singinficant coding gain compared to HM software (with about 50% coding gain), whereas ECM with MTT0 is far from the 0.2x complexity point.

To investigate the 5x and 0.2x complexity points, the following is done:

1- For VTM software, the high operation point (VTM-HOP) is obtained by setting MTT value to 4 and evaluating the 48 parameters of VTM (Sec. 2). All the parameters that provide gain are considered regardless of their encoding time.
2- For ECM software, two low operation points (ECM-LOP1 and ECM-LOP2) as follows:
· ECM-LOP1 is obtaining by evaluating the 154 ECM parameters. The bad parameters in terms of EncT and BD-rate gain are disabled
· ECM-LOP2 is obtaining by evaluating the 154 ECM parameters. All parameters that reduce EncT are considered

The following results are obtained:





	Test
	Y(%)
	U(%)
	V(%)
	EncT(%)
	DecT(%)

	ECM-MTT1
	-20.65
	-18.67
	-17.07
	376.3
	1265.4

	ECM-MTT0
	-17.07
	-12.58
	-11.31
	223.7
	1368.7

	ECM-LOP1
	-10.34
	4.33
	4.24
	131.9
	1170.7

	ECM-LOP2
	31.53
	44.40
	47.378
	29.60
	399.70

	VTM-HOP
	-1.57
	-1.78
	1.92
	313.9
	101.6

	VTM-MTT4
	-0.85
	-1.21
	-1.32
	167
	101.8

	VTM-CTC
	0.00
	0.00
	0.00
	100
	100

	VTM-MTT0
	12.82
	18.37
	19.57
	22.2
	100.6

	HM-16.22
	63.19
	88.98
	89.16
	13.3
	13.3





Below is a graph of the obtained results:






From the experimental results and graphs, we can conclude that around the 5x complexity point, ECM outperforms significantly VTM and VTM cannot generate further considerable gain compared to its CTC point. However, around 0.2x, ECM behaves unexpectedly worse than VTM. It is therefore concluded that some software cleaning and/or refactoring is required for this complexity point.

Testing with CfE sequences

The experimental procedure is undertaken using the CfE sequences instead of the CTC sequences. Specifically, the following:


1- For VTM software, the high operation point (VTM-HOP) is obtained by using the same parameters setting obtained in the previous section
2- For ECM software, the low operation point (ECM-LOP1) is obtained using the same parameters setting in the previous section.

The following results are obtained:

	Test
	Y(%)
	U(%)
	V(%)
	EncT(%)
	DecT(%)

	ECM-MTT1
	-19.66
	-20.71
	-24.45
	760
	1169.4

	ECM-MTT0
	-14.33
	-11.806
	-15.688
	546.8
	1215.1

	ECM-LOP1
	-14.25
	-6.24
	-6.659
	343.70
	1169.50

	VTM-HOP
	-0.74
	-1.76
	-1.451
	235.20
	98.00

	VTM-CTC
	0.00
	0.00
	0.00
	100
	100

	VTM-MTT0
	9.10
	12.81
	13.66
	36
	100.5

	HM-16.22
	65.586
	63.15
	59.565
	38.8
	66.5





Below is a graph of the obtained results:





Compared to CTC sequences, it is noticed that ECM is much slower with CfE sequence compared to CTC sequences. Specifically, ECM-LOP1 is 3.4x time VTM encoder time, compared to 0.3x VTM encoder time. That is, ECM is 10x slower in this case.
Conclusion

This contribution studies the two complexity points defined by CfE requirement of 5x and 0.2x VTM encoder time. It is observed that that ECM outperforms easily VTM in 5x point, however, 0.2x cannot be easily achieved with ECM, given its bad coding gain compared to VTM. Using CfE sequences, it is observed that ECM is about 10x slower in this case, and the 0.2x point is much more difficult to achieve, or probably unachievable with ECM software.
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