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Abstract
In NNVC14.1, it was observed that when the tools Deep Reference Frame (DRF) and RPR were enabled in combination, the encoder crashed for some of the test sequences. Several bugs in the DRFG software were detected and fixed. These bugs occurred in relation to the DRF frames when RPR is applied. The fixes are available as a merge request. This input contribution explains details of the modifications needed to enable simultaneous functionalities DRF and RPR in NNVC. 
Introduction 
Upon turning on GOP based RPR in combination with DRF int16 model, several crashes were observed in the encoding of the CfE and CTC test sequences. These bugs have been fixed. 
Description
After further debugging, three bugs were discovered. 
1. One was related to the initialization of the DRF frame in the software which prevented rescaling of these frames. Crashes were observed.
2. The size of the DRF and input buffers were initialized only once and did not account for further changes due to RPR processing. Crashes and incorrect usage of the image sizes were observed.
3. With RPR, its possible for the images used to generate the Deep Reference Picture to have different dimensions. This aspect was not considered in the DRF implementation which uses the size of the first frame to allocate the buffers for all input and output frames.  This could have led to potential crashes or incorrect buffer handling. 
The fixes for 1 and 2 are straight forward fixes in the software (this makes contribution relevant to AHG14). As for fixing problem 3 normative changes are required (this makes contribution relevant to AHG11). The solution we provide simply scales one or both of the input frames used by the DRF network to the size of the current frame. Fig 1 illustrates one such scenario. 
[image: ]Fig. 1: Rescaling of the input frame to DRFG to the size of the current picture  
Results
When RPR option was enabled using the configurations “-c nn-based/nnsr/rpr.cfg” and “-c nn-based/nnsr/ nnsr_classA_multiRatio.cfg” in NNVC 14.1, some crashes were observed. Since RPR is enabled only for Class A, the crashes were observed here, in ParkRunning3 and CatRobot. A memory corruption error was also observed in FoodMarket. Table 1 shows the results of CTC sequences after the bug fixes. 

Table 1 BD-rate performance of DRF with the proposed bug fixes (RPR enabled, CTC test conditions, Tools off)
	
	BD-rate Over NNVC-14.1 Tools Off

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU

	Class A1
	-10.32%
	-3.99%
	-3.69%
	-28.56%
	-11.29%
	-11.29%
	131%
	47356%

	Class A2
	-4.81%
	56.18%
	3.45%
	-15.73%
	-15.92%
	-14.28%
	133%
	44549%

	Class B
	-1.88%
	-2.04%
	-1.83%
	-2.36%
	-3.29%
	-2.78%
	167%
	73029%

	Class C
	-3.68%
	-3.28%
	-3.32%
	-4.69%
	-5.10%
	-4.74%
	140%
	58452%

	Class E
	 
	
	 
	 
	
	 
	 
	

	Overall
	-4.63%
	8.88%
	-1.54%
	-10.90%
	-7.90%
	-7.31%
	145%
	57168%

	Class D
	-4.43%
	-2.36%
	-2.30%
	-4.33%
	-5.52%
	-4.65%
	131%
	46273%

	Class F
	-1.02%
	-0.84%
	-0.49%
	-1.55%
	-1.50%
	-1.33%
	196%
	86161%



Tables 2 and 3 shows the results with only RPR enabled and with only DRF enabled. The RPR and DRF gains are additive.	









Table2 BD-rate performance of RPR only with the proposed bug fixes (CTC test conditions, Tools off)
	
	BD-rate Over NNVC-14.1 Tools Off

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU

	Class A1
	-9.00%
	-2.32%
	-1.38%
	-32.45%
	-8.36%
	-8.36%
	91%
	77%

	Class A2
	-2.62%
	1184.03%
	7.80%
	-13.06%
	-13.23%
	-11.84%
	94%
	90%

	Class B
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	102%
	108%

	Class C
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	95%
	93%

	Class E
	 
	
	 
	 
	
	 
	 
	

	Overall
	-2.32%
	236.34%
	1.28%
	-9.10%
	-4.32%
	-4.04%
	96%
	94%

	Class D
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	101%
	101%

	Class F
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	100%
	101%




Table3 BD-rate performance of DRF only with the proposed bug fixes (CTC test conditions, Tools off)
	
	BD-rate Over NNVC-14.1 Tools Off

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU

	Class A1
	-1.21%
	-1.35%
	-2.01%
	-1.56%
	-2.89%
	-2.82%
	162%
	65305%

	Class A2
	-2.16%
	-2.08%
	-2.10%
	-2.91%
	-3.29%
	-2.79%
	151%
	60236%

	Class B
	-1.88%
	-2.04%
	-1.83%
	-2.36%
	-3.29%
	-2.78%
	157%
	70765%

	Class C
	-3.68%
	-3.28%
	-3.32%
	-4.69%
	-5.10%
	-4.74%
	137%
	57551%

	Class E
	 
	
	 
	 
	
	 
	 
	

	Overall
	-2.28%
	-2.24%
	-2.32%
	-2.93%
	-3.69%
	-3.31%
	151%
	63814%

	Class D
	-4.43%
	-2.36%
	-2.30%
	-4.33%
	-5.52%
	-4.65%
	131%
	46462%

	Class F
	-1.02%
	-0.84%
	-0.49%
	-1.55%
	-1.50%
	-1.33%
	191%
	83844%




Tables 4 shows the results of CfE sequences after the bug fixes, with RPR and DRFG enabled in NNVC 14.1 under Tools Off configuration.   Before the bug fixes, a crash was observed in a HDR RA 4k sequence, SparksWelding PQ. Due to improper rate matching and due to RPR being switched on only after a threshold QP, the PSNRs do not monotonically increase/decrease. Hence, the BD rate computations are not accurate for the sequences. Fig 1 shows an example of this. 





							Fig 2: RD plots leading to improper BD rates for CfE sequences

Table 4 BD-rate performance of DRF with the proposed bug fixes (RPR enabled, CfE test conditions, Tools off)
	
	BD-rate Over NNVC14.1 Tools Off
	
	
	
	

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU

	SDR RA UHD/4K
	-30.3%
	-43.9%
	-46.0%
	-54.5%
	-57.2%
	-62.4%
	144%
	38839%

	SDR RA HD/2K
	-3.3%
	-4.9%
	-5.7%
	-3.5%
	-5.5%
	-5.7%
	170%
	76924%

	HDR RA 4K
	66.0%
	-31.5%
	-62.9%
	-35.2%
	-42.6%
	-57.7%
	170%
	52708%

	HDR RA Cropped 8K
	-20.9%
	-5.0%
	-13.1%
	-38.5%
	-30.8%
	-27.7%
	137%
	34661%

	UGC RA
	-3.6%
	-2.2%
	-5.8%
	-3.9%
	-5.5%
	-5.5%
	250%
	88262%

	Overall
	1.1%
	-16.1%
	-24.8%
	-25.0%
	-26.2%
	-29.4%
	176%
	56962%



Tables 5 and 6 show CfE results with RPR only enabled and DRF only enabled.











Table5 BD-rate performance of RPR only with the proposed bug fixes (CfE test conditions, Tools off)

	
	BD-rate Over NNVC14.1 Tools Off
	
	
	
	

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU

	SDR RA UHD/4K
	-27.2%
	#VALUE!
	-43.2%
	-52.3%
	#VALUE!
	#VALUE!
	84%
	52%

	SDR RA HD/2K
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	98%
	100%

	HDR RA 4K
	66.1%
	#VALUE!
	#VALUE!
	-34.9%
	#VALUE!
	#VALUE!
	88%
	63%

	HDR RA Cropped 8K
	-19.3%
	-2.3%
	-10.0%
	-37.2%
	-28.2%
	-25.4%
	75%
	44%

	UGC RA
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	99%
	101%

	Overall
	3.6%
	#VALUE!
	#VALUE!
	-22.6%
	#VALUE!
	#VALUE!
	89%
	71%





Table6 BD-rate performance of DRF only with the proposed bug fixes (CfE test conditions, Tools off)
	
	BD-rate Over NNVC14.1 Tools Off
	
	
	
	

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU

	SDR RA UHD/4K
	-3.0%
	-3.8%
	-3.5%
	-3.4%
	-5.1%
	-3.8%
	219%
	78461%

	SDR RA HD/2K
	-3.3%
	-4.9%
	-5.7%
	-3.5%
	-5.5%
	-5.7%
	168%
	76021%

	HDR RA 4K
	-0.2%
	-1.9%
	-2.2%
	-0.3%
	-3.4%
	-2.5%
	226%
	85139%

	HDR RA Cropped 8K
	-0.9%
	-1.9%
	-3.0%
	-1.0%
	-2.3%
	-2.3%
	247%
	80974%

	UGC RA
	-3.6%
	-2.2%
	-5.8%
	-3.9%
	-5.5%
	-5.5%
	245%
	86466%

	Overall
	-2.4%
	-2.9%
	-4.2%
	-2.6%
	-4.5%
	-4.1%
	221%
	81772%



Tests were also conducted using CfE sequences and -c gopBasedRPR.cfg configuration. Similar results were observed and the results are shown in Table 7.







Table7 BD-rate performance of DRF with the proposed bug fixes (GOP based RPR enabled, CfE test conditions, Tools off)

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM

	SDR RA UHD/4K
	-16.1%
	-51.8%
	-42.5%
	-30.1%
	-10.5%
	-64.1%

	SDR RA HD/2K
	-3.3%
	-4.9%
	-5.7%
	-3.7%
	-5.6%
	-5.7%

	HDR RA 4K
	-20.8%
	66400.9%
	-47.0%
	-45.6%
	-35.5%
	-39.6%

	HDR RA Cropped 8K
	-13.2%
	-24.2%
	-24.9%
	-33.2%
	-41.2%
	-43.6%

	UGC RA
	-6.3%
	-4.8%
	-8.8%
	-23.3%
	-6.6%
	-5.9%

	Overall
	-11.4%
	12056.9%
	-24.2%
	-26.8%
	-18.7%
	-29.4%




Conclusion
The bug fixes are necessary to enable the usage of the technologies of RPR and DRF (Deep Frame Reference) together and we ask for them to be adopted into the software of NNVC. The merge request to NNVC has been created.
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