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Abstract
The current approach for matching target bitrate for subjective evaluation is to increase the base QP by one at a given frame. This may give an abrupt change in quality after the QP change. In this document it is proposed to start from the base QP closest to the target bitrate and adjust the lambda to correspond to a fractional QP in-between the two closest QPs. 
It is proposed to add this functionality to the VTM reference software and is suggested to use it for matching a target bitrate in the context of subjective quality evaluation.   
Introduction 
When the base QP is changed at a given frame the video quality may abruptly change to a lower quality than before the QP change. In some cases, this may be visible.
Proposal
This contribution suggests adjusting the lambda to correspond to a fractional QP in-between the two closest integer QPs to reach a target bitrate by using an additional configuration parameter “LambdaScaleTowardsNextQP” as follows:
  dLambda = dQPFactor * pow(2.0, (dQP + m_pcCfg->getLambdaScaleTowardsNextQP() + bitDepthShift) / 3.0);
When the bitrate for the base QP is above the target bitrate add a positive fractional QP to the derivation of lambda to reduce the bitrate. When the bitrate for the base QP is below the target bitrate add a negative fractional QP to the derivation of lambda to increase the bitrate.
In this way a more equal quality is reached for all frames rather than having a change of quality for frames after a change of base QP. The expected range of the proposed parameter is between -1 and +1 most often within -0.5 to 0.5. Typically, a bitrate halfway between the bitrate for base QP and base QP+1 is reached with a parameter at about -0.5 using base QP+1 and with a parameter at about +0.5 using base QP. A parameter of 0.0 corresponds to no change of lambda. 
Results
The results were obtained using VTM-23.6 [2] on random access configuration using CTC conditions [1] and CTC QPs + 1. The target bitrates are derived as the average of bitrate at base QP and base QP+1 for respective QP and sequence. The proposed method and the QP change method are compared for one iteration only, typically several iterations are performed to reach below but close to a target bitrate for respectively test point. Encoding and decoding numbers are not accurate.
CTC QPs versus CTC QPs +1
First a BDR comparison between CTC QPs versus using CTC QPs + 1.

	
	Over VTM23.6

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0,90%
	0,62%
	0,77%
	109%
	116%

	Class A2
	0,22%
	-0,23%
	-1,10%
	87%
	85%

	Class B
	0,63%
	-0,95%
	-0,15%
	82%
	69%

	Class C
	0,07%
	0,18%
	0,26%
	71%
	63%

	Class E
	 
	
	 
	 
	

	Overall
	0,45%
	-0,19%
	-0,05%
	85%
	78%

	Class D
	0,06%
	0,09%
	0,25%
	93%
	98%



Variability in BDR is measured by taking the absolute value of the BDR component and average over sequences in a class. The variability is shown below.
	

	
	Y
	U
	V

	Class A1
	0,90%
	0,70%
	0,77%

	Class A2
	0,25%
	0,48%
	1,10%

	Class B
	0,63%
	0,96%
	0,57%

	Class C
	0,07%
	0,45%
	0,26%

	Class E
	
	
	

	Overall
	0,46%
	0,64%
	0,67%

	Class D
	0,06%
	0,57%
	0,36%



Starting from CTC QPs and increasing QP at half sequence length
This corresponds to the current method of increasing the base QP by one at one position in a sequence. Since the target bitrate in this example is the average of bitrate at base QP and base QP+1 the base QP is increased by one in the middle of each sequence to reduce the bitrate towards the target bitrate.
 
	
	Over VTM23.6

	
	Y
	U
	V
	EncT
	DecT
	Avg |Diff|
	Avg Diff

	Class A1
	0,76%
	0,67%
	0,43%
	85%
	77%
	1,39%
	-0,62%

	Class A2
	0,54%
	-0,09%
	-0,26%
	83%
	73%
	3,45%
	-2,17%

	Class B
	0,32%
	-0,28%
	-0,31%
	87%
	68%
	0,93%
	-0,89%

	Class C
	1,26%
	1,43%
	1,34%
	79%
	67%
	0,95%
	0,83%

	Class E
	 
	
	 
	 
	
	
	

	Overall
	0,70%
	0,40%
	0,29%
	84%
	70%
	1,68%
	-0,71%

	Class D
	0,12%
	0,27%
	0,40%
	82%
	76%
	0,72%
	-0,13%


The Diff columns show the average absolute bitrate difference and the average bitrate difference. The results indicates that the bitrate is relatively close to the target bitrate and in general below target bitrate in this example.
Variability in BDR is measured by taking the absolute value of the BDR component and average over sequences in a class. Below it is shown that the variation in BDR is greater than to that from using base QP + 1 for the whole sequence (see section 3.1).
	

	
	Y
	U
	V

	Class A1
	0,76%
	0,98%
	0,91%

	Class A2
	0,54%
	0,35%
	0,26%

	Class B
	0,84%
	0,41%
	0,47%

	Class C
	1,26%
	1,43%
	1,34%

	Class E
	
	
	

	Overall
	0,85%
	0,79%
	0,74%

	Class D
	0,37%
	0,61%
	0,62%



Starting from CTC QPs and using LambdaScaleTowardsNextQP=0.5
This case corresponds to using the same base QP as anchor and to decrease the bitrate towards the target bitrate with the proposed parameter LambdaScaleTowardsNextQP set equal to 0.5.

	
	Over VTM23.6

	
	Y
	U
	V
	EncT
	DecT
	Avg |Diff|
	Avg Diff

	Class A1
	0,33%
	0,57%
	0,88%
	89%
	78%
	1,49%
	0,91%

	Class A2
	0,01%
	0,38%
	-0,04%
	90%
	81%
	1,52%
	1,34%

	Class B
	0,36%
	0,47%
	0,82%
	92%
	74%
	1,71%
	1,71%

	Class C
	0,17%
	0,57%
	0,76%
	83%
	82%
	1,61%
	1,61%

	Class E
	 
	
	 
	 
	
	
	

	Overall
	0,23%
	0,50%
	0,64%
	89%
	78%
	1,58%
	1,39%

	Class D
	0,14%
	0,67%
	0,61%
	81%
	70%
	1,82%
	1,82%


The Diff columns show the average absolute bitrate difference and the average bitrate difference. It shows that the bitrate in general is relatively close to the target bitrate and in general above the target bitrate in this example.
Variability in BDR is measured by taking the absolute value of the BDR component and average over sequences in a class. Below it is shown that the variation in BDR is similar or lower to that from using base QP + 1 for the whole sequence (see section 3.1).
	

	
	Y
	U
	V

	Class A1
	0,33%
	0,57%
	0,88%

	Class A2
	0,16%
	0,55%
	0,50%

	Class B
	0,63%
	0,96%
	0,57%

	Class C
	0,07%
	0,45%
	0,26%

	Class E
	
	
	

	Overall
	0,26%
	0,57%
	0,74%

	Class D
	0,06%
	0,57%
	0,36%



Starting from CTC QPs +1 and using LambdaScaleTowardsNextQP=-0.5
This case corresponds to using base QP + 1 and to increase the bitrate towards the target bitrate with the proposed parameter LambdaScaleTowardsNextQP set equal to -0.5.

	
	Over VTM23.6

	
	Y
	U
	V
	EncT
	DecT
	Avg |Diff|
	Avg Diff

	Class A1
	1,01%
	-0,09%
	0,13%
	84%
	76%
	
2,32%

	-1,92%


	Class A2
	0,31%
	-0,84%
	-1,20%
	81%
	75%
	1,77%
	-1,25%

	Class B
	0,60%
	-1,25%
	-1,01%
	83%
	71%
	2,40%
	-2,40%

	Class C
	0,04%
	-0,55%
	-0,43%
	75%
	70%
	2,16%
	-2,16%

	Class E
	 
	
	 
	 
	
	
	

	Overall
	0,47%
	-0,75%
	-0,67%
	81%
	73%
	2,16%
	-1,93%

	Class D
	0,04%
	-0,39%
	-0,93%
	82%
	71%
	2,49%
	-2,49%


The Diff columns show the average absolute bitrate difference and the average bitrate difference. It shows that the bitrate in general is relatively close to the target bitrate and in general below the target bitrate in this example.
Variability in BDR is measured by taking the absolute value of the BDR component and average over sequences in a class. Below it is shown that the variation in BDR is similar to that from using base QP + 1 for the whole sequence (see section 3.1).
	

	
	Y
	U
	V

	Class A1
	1,01%
	0,64%
	0,30%

	Class A2
	0,51%
	0,82%
	0,74%

	Class B
	0,63%
	1,25%
	1,01%

	Class C
	0,08%
	0,55%
	0,43%

	Class E
	
	
	

	Overall
	0,51%
	0,82%
	0,74%

	Class D
	0,05%
	0,39%
	0,93%


Example of quality difference measured by PSNR
In this example we compare PSNR for first and last half of BQTerrace. BQTerrace has 600 frames so here we compare the PSNR for the first 300 frames and last 300 frames, for anchor (QP=37), proposal using same base QP as anchor with LambdaScaleTowardsNextQP=0.5, proposal using base QP + 1 with LambdaScaleTowardsNextQP=-0.5 and finally using the approach of changing the base QP to base QP + 1 in the middle of the sequences with QPIncrementFrame=300.
Anchor CTC:
mean(anchorPSNR(300:end,:))- mean(anchorPSNR(0:299,:)) = Y/U/V: -0.9730    -0.8983    -0.6264
mean(anchorPSNR) = Y/U/V: 32.9365   38.9663   41.8089

Base QP as CTC but with LambdaScaleTowardsNextQP=0.5:
mean(proposed1PSNR(300:end,:))- mean(proposed1PSNR(0:299:end,:)) = 
Y/U/V: -0.9796    -0.8968    -0.6146
mean(proposed1PSNR) = 32.7949   38.8374   41.688

Base QP + 1 with LambdaScaleTowardsNextQP=-0.5:
mean(proposed2PSNR(300:end,:))- mean(proposed2PSNR(0:299:end,:)) =
Y/U/V: -1.0005    -0.8983    -0.5927
mean(proposed2) = Y/U/V: 32.7414   38.8134   41.6687

Base QP as CTC but with increase of QP at frame 300 (QPIncrementFrame =300):
mean(qpifPSNR(300:end,:))- mean(qpifPSNR(0:299,:)) = Y/U/V: -1.3169    -1.1547    -0.8378
mean(qpifPSNR) = Y/U/V: 32.7621   38.8350   41.7020
As can be seen from this example the difference between average PSNR for last half and the first half is like the anchor for the proposed method but is decreased by 0.3 dB for Luma and about 0.2dB for chroma for the QP change method (QPIncrementFrame). The average PSNR is similar for all cases, decreased by 0.2 dB compared to anchor since the bitrate is decreased towards the target bitrate.
Conclusion
It has been shown that less variation of quality can be achieved with the proposed method compared to increasing the base QP by 1 at an intermediate frame to adjust bitrate. It is proposed to include the method into the VTM reference software, and it is suggested to use the method for matching a target bitrate in the context of subjective quality evaluation. 
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