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Abstract
This document describes an experiment of applying NNFP functionality for generation of lost pictures unavailable due to network transmission issues in ultra-low latency scenario, and proposes modifications to the AHG18 software to enable this functionality based on existing NNPF SEI mechanism. The proposed implementation is controlled via the NNPF interface and utilizes the additional syntax proposed in JVET-AP0226. The generated pictures can be used both for output to display, and for lost reference frames substitution controlled by specific flag. Being tested according to ULL CTC JVET-AN2039, this picture generation technique allows to reduce video freezes significantly, and noticeable improves subjective quality for short interval freeze substitution. At the same time long distance extrapolation remains challenging. The contribution provides a starting point for further investigation and improvement in various aspects of missed picture generation functionality.
Introduction
During CfE evaluation of proposal JVET-AN0080 “AHG18: CfE response in additional functionality on ultra-low latency and packet loss resilience” conducted at 40th JVET meeting it has been noted that frequent and long freeze events significantly affects subjective perception. Therefore, technology that can mitigate freeze artifacts and protect continuous decoding process even under really poor network channel would improve visual quality a lot. To address this aspect the experiments utilizing NNPF have been conducted.
Use cases
Proposed modifications support two main use cases for generated pictures:
1. Output generated picture instead of unavailable one (Figures 1 and 2)
2. Using generated picture instead of unavailable reference (Figures 3 and 4)
Both use cases are supported for low-delay and random access with short GOP4 configurations evaluated in JVET-AP0200. Frame extrapolation model is used for low-delay configuration, frame interpolation model is used for random access configuration according to figures.
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Figure 1 Frame extrapolation for low-delay configuration
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Figure 2 Frame interpolation for generation lost frames inside a GOP in random access configuration
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Figure 3 Using extrapolated frame as reference for low-delay configuration

T2

T1

T0


NN


Figure 4 Using interpolated frame as reference for random access configuration
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Three configurations have been tested according to AhG18 ULL CTC JVET-AN2039for QP22 Wi-Fi try 0:
LDB

	
	Broadcast w/o feedback, transmission priority off, try #0-WiFi, QP 22

	PSNR vs Latency
	VTM.NNFP  over  VTM 
	 
	 

	at QP 22
	Y
	U
	V
	Freeze
	Delta Freeze
	EncT
	DecT

	Class A
	-0.8
	-0.1
	-1.0
	-83.6%
	83.6 -> 0%
	147%
	3115%

	Class B
	1.2
	0.5
	0.3
	-68.3%
	68.3 -> 0%
	155%
	2482%

	Gaming
	1.4
	1.4
	0.5
	-47.2%
	47.2 -> 0%
	166%
	886%

	Overall
	0.7
	0.6
	0.0
	-66.7%
	66.7 -> 0%
	156%
	1994%


LDB with GDR enabled

	
	Broadcast w/o feedback, transmission priority off, try #0-WiFi, QP 22

	PSNR vs Latency
	VTM.GDR.NNPF  over  VTM.GDR
	 
	 

	at QP 22
	Y
	U
	V
	Freeze
	Delta Freeze
	EncT
	DecT

	Class A
	0.3
	0.3
	0.2
	-51.7%
	51.7 -> 0%
	138%
	1257%

	Class B
	0.5
	0.2
	0.2
	-44.2%
	44.2 -> 0%
	156%
	1121%

	Gaming
	0.2
	0.0
	-0.5
	-22.9%
	22.9 -> 0%
	154%
	441%

	Overall
	0.4
	0.2
	0.0
	-40.4%
	40.4 -> 0%
	150%
	897%
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	Broadcast w/o feedback, transmission priority off, try #0-WiFi, QP 22

	PSNR vs Latency
	VTM.RAGOP4.NNPF  over  VTM.RAGOP4
	 
	 

	at QP 22
	Y
	U
	V
	Freeze
	Delta Freeze
	EncT
	DecT

	Class A
	2.6
	1.7
	1.5
	-38.4%
	40.1 -> 1.7%
	77%
	128%

	Class B
	2.9
	1.7
	2.2
	-27.6%
	27.6 -> 0%
	77%
	120%

	Gaming
	1.4
	1.1
	1.0
	-17.2%
	17.2 -> 0%
	74%
	93%

	Overall
	2.4
	1.5
	1.7
	-27.7%
	28.2 -> 0.5%
	76%
	114%


Random Access GOP4 (no reference replacement)

	
	Broadcast w/o feedback, transmission priority off, try #0-WiFi, QP 22

	PSNR vs Latency
	VTM.RAGOP4.NNPF_NOREF  over  VTM.RAGOP4
	 
	 

	at QP 22
	Y
	U
	V
	Freeze
	Delta Freeze
	EncT
	DecT

	Class A
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	1.1
	0.8
	1.0
	-15.7%
	27.6 -> 12%
	75%
	86%

	Gaming
	0.4
	0.4
	0.4
	-10.4%
	17.2 -> 6.8%
	73%
	78%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!




Discussion
Results demonstrate meaningful freeze reduction for all tested configurations. Results for LDB is very dependent on content and pattern of losses. GDR configuration gives more stable results with picture extrapolation since it is more robust configuration in itself.
Random Access shows the most substantial gain because picture interpolation model can generate pictures inside a GOP obtaining temporal information from past and future both. At the same time, there is noticeable improvement for PSNR and freezes both when missed reference replacement is used.
Software modifications
The functionality of generating missed pictures for output is implemented according to NNPF syntax proposed in JVET-AP0226. 
The extended functionality of using generated picture instead of unavailable reference has been additionally implemented and can be enabled by specific flag.
To provide the most fast and convenient evaluation process these models have been integrated as is using PyTorch implementations using floating-point checkpoints from corresponding GitHub [1] [2] .
Conclusion
The proposed modifications enhance video continuity and quality by mitigating freezes caused by network issues through decoder-side neural network-generated substitute frames. The implementation supports both low-delay (frame extrapolation) and random-access (frame interpolation) configurations, ensuring compatibility with existing workflows while improving resilience against packet loss. It is proposed to include described software modification to AHG18 branch for experimenting on NN-based technologies for missed frame substitution.
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