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Abstract
This contribution proposes replacing the current single-resolution lightweight CFTE model in AHG16 GFVC software with a multi-resolution lightweight CFTE model through architectural (i.e., depthwise separable convolution) and operational (i.e., pruning) optimizations. Additionally, we propose incorporating the color calibration method into the AHG16 GFVC software to address the occasional color shift issues observed in some generated video frames. Experimental results illustrate that our proposed lightweight scheme can reduce the complexity and number of parameters whilst maintaining the coding performance, while color calibration noticeably improves the subjective quality of the generated video frames, as summarized below,
· Compared to the current multi-resolution CFTE model, our proposed lightweight approach reduces the number of parameters by 89.7%, and kMACs per pixel by 83.1% and 79.7% at resolutions of 256×256 and 512×512, respectively. Besides, at 256×256 resolution, the overall bitrate savings of the proposed method in terms of Rate-DISTS and Rate-LPIPS are {2.56%, 2.57%}. At 512×512 resolution, the overall bitrate savings of the proposed method in terms of Rate-DISTS and Rate-LPIPS are {5.57%, 9.03%}. 
· Compared to GFVC models without color calibration, those using it can produce more natural reconstruction results that are closer to the corresponding original video.
Introduction 
The current AHG16 GFVC software employs a single-resolution lightweight CFTE model, optimized through methods from JVET-AG0139 [1] and JVET-AH0109 [3]. JVET-AG0139 [1] proposed the integration of depthwise separable convolution into the dense motion module of the CFTE [2] method for generative face video compression (GFVC), reducing the computational complexity and the number of parameters while maintaining comparable performance. JVET-AH0109 [3] proposed to reduce the number of channels and selectively replace some of the 3x3 convolutions within the generation module with depthwise separable convolution layers. The lightweight model from JVET-AH0109 has been incorporated into the AHG16 software. 
However, it was observed that, the main components, particularly the hourglass networks in the feature extraction modules and the dense motion modules, still contain excessive parameters. Furthermore, the aforementioned lightweight methods were implemented based on the single-resolution CFTE model. In contrast, at the latest 36th JVET meeting, a multi-resolution pipeline proposed in JVET-AJ0052 [4] was adopted into the AHG16 GFVC software, supporting multiple resolutions within a single model. Therefore, building on the current AHG16 GFVC software, we propose to optimize the multi-resolution CFTE model through two primary strategies: (1) architectural optimization, i.e., optimizing the hourglass network architecture with more lightweight architecture to reduce parameter redundancy, and (2) operational optimization, i.e., implementing efficient pruning techniques across the multi-resolution CFTE model.
Additionally, we propose to integrate the color calibration algorithm from JVET-AL0156 [5], as a post-processing step into the AHG16 GFVC software. This will address the occasional color shift issues in the generated face images, improving the subjective quality of the GFVC algorithms.
Proposed methods
Proposed Lightweight Multi-resolution CFTE Method
Figure 1 illustrates the architecture of the lightweight multi-resolution CFTE model. This lightweight design extended optimizations from prior efforts in the current AHG16 GFVC software, to reduce computational complexity and model size while maintaining comparable performance. Specifically, we replaced a subset of 3×3 convolutions with depthwise separable convolutions in the feature extraction, dense motion, and generation modules, significantly reducing computational complexity and the number of parameters. Additionally, in the generation modules, the number of channels was halved to further decrease computational requirements. Moreover, as highlighted in Figure 1, we applied a pruning strategy to eliminate redundant channels. 
[image: ]
[bookmark: _Ref199961495]Figure 1 - Illustration of framework of lightweight multi-resolution CFTE
a) Architectural Optimization: Depthwise Separable Convolutions 
Building on the single-resolution lightweight CFTE model in the current AHG16 GFVC software, we extend the use of depthwise separable convolutions to hourglass networks in the feature extraction and dense motion modules for multi-resolution CFTE. As shown in Table 1, the hourglass networks account for the majority of parameters in both the feature extraction and dense motion modules.
[bookmark: _Ref199961390]Table 1 - Parameter distribution details in single-resolution lightweight CFTE 
	Module
	Feature Extraction
	Dense motion Module

	Network Structure
	Hourglass Network
	Others
	Total
	Hourglass Network
	Others
	Total

	Lightweight CFTE (Single-resolution)
	13.2M
	0.9M
	14.1M
	9.3M
	3.0M
	12.3M


To optimize this, we replace all 3×3 convolution layers in the hourglass network of both modules with depthwise separable convolutions, as illustrated in Figure 2. By separating spatial and channel-wise convolutions, we further reduce computational complexity and parameter amount.
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[bookmark: _Ref199965059]Figure 2 - Illustration of modifications in feature extraction and dense motion module
b) Operational Optimization: Pruning
As illustrated in Figure 3, we propose to apply a channel pruning strategy to further optimize the multi-resolution CFTE model.
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[bookmark: _Ref199967792]Figure 3 - Channel pruning mechanism based on BatchNorm scaling factors
The pruning mechanism, detailed in Figure 3, is inspired by Network Slimming framework [6] and uses scaling factors (γ) in BatchNorm layers to identify and remove less important channels based on their magnitude. Channels with γ values below a calculated threshold are removed. Finally, we fine-tune the pruned lightweight model to compensate for loss caused by channel removal.
Color Calibration for Generative Face Video Coding
To improve the generation quality of GFVC, JVET-AL0156 [5] proposed to utilize channel-wise distribution calibration as an optional post-processing step in GFVC decoding in order to adjust the color distribution of the generated frames to match that of the original frames. By doing so, the subjective quality of generated frames can be improved. JVET-AL0156 proposed to modify the GFV VSEI message in order to accomplish the color calibration step. In this contribution, the same algorithm is proposed only as a post-processing module in the AHG16 software without any modification to the GFV VSEI message. 
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[bookmark: _Ref200634167]Figure 4 - Diagram of proposed color calibration
As shown in Figure 4, at the decoder after frame generation, the distribution parameters of the decoded frame and generated frame are calculated for each color component. Let  and  be the mean and the standard deviation of the samples in the VVC-decoded frame for color component , respectively, and   and  be the mean and the standard deviation of the samples in the generated frame for color component , respectively. These parameters can be derived as follows,
                               (1)
                         (2)
                               (3)
                         (4)
where is the decoded sample value at coordinate  of the decoded frame for color component , is the generated sample value at coordinate  of the generated frame for color component ,  and  are the frame height and width, respectively. 
After the distribution parameters calculation, the proposed channel-wise color calibration is performed by normalizing each channel of the generated frame with its own distribution parameters and then shifting to the target distribution of the corresponding VVC decoded frame. The calibration process can be described as follows
                     (5)
where  is the calibrated sample value at coordinate  of the generated frame for color component .
Experimental results
We follow the test conditions and software reference configurations for GFVC testing specified in JVET-AJ2035 [7]. For VVC, we use the VTM22.2 platform in Low-Delay Bidirectional mode with quantization parameters (QPs) set to 37, 42, 47 and 52. For CFTE, its key frame is compressed using the VTM 22.2 with the QPs of 22, 32, 42 and 52, and subsequent frames are compressed with the GFVC model. For the testing sequences, we utilized 33 test sequences for each of the 256×256 and 512×512 resolutions, as specified in JVET-AJ2035 [7].  
1.1 Lightweight Multi-resolution CFTE Results
a) Reduction of Model Parameters and Complexity Computation
Table 2 summarizes the number of parameters and kMACs per pixel (kMACs/pixel) of the multi-resolution CFTE model, the single-resolution lightweight CFTE model, and the proposed lightweight multi-resolution CFTE. Compared to the current multi-resolution CFTE model, the number of parameters is reduced from 58.2M to 6.0M, a decrease of 89.7%. The kMACs/pixel is reduced from 1072.8 to 180.9 at the resolution of 256×256, a decrease of 83.1%. When the resolution is 512×512, the kMACs/pixel is reduced from 392.9 to 79.9, representing a decrease of 79.7%. 
Additionally, compared to the single-resolution lightweight CFTE model, our approach reduces the number of parameters from 28.3M to 6.0M, a reduction of 78.8%, and decreases kMACs/pixel at 256×256 resolution from 209.3 to 180.9, a reduction of 13.6%.
[bookmark: _Ref200106440]Table 2 - kMACs/pixel and total parameter number of the multi-resolution CFTE, single-resolution lightweight CFTE, and proposed lightweight CFTE
	
	Parameters
	kMACs/pixel
@256px
	kMACs/pixel
@512px

	Multi-resolution CFTE
	58.2M
	1072.8
	392.9

	Single-resolution Lightweight CFTE 
	28.3M
	209.3
	-

	Proposed Lightweight Multi-resolution CFTE 
	6.0M
	180.9
	79.9


b) Rate-Distortion Performance
Figure 5 shows the rate distortion performance comparisons among the VVC codec, the multi-resolution CFTE model, the single-resolution lightweight CFTE model and the proposed lightweight CFTE model in terms of Rate-DISTS and Rate-LPIPS. After lightweight optimization, the proposed model shows acceptable performance drop compared with the multi-resolution model, and both outperform the VVC codec with a large margin.
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[bookmark: _Ref199962227][bookmark: _Ref200704030]Figure 5 - Rate-Distortion performance of VVC, multi-resolution CFTE, single-resolution lightweight CFTE, and proposed lightweight CFTE at different resolutions in terms of rate-DISTS and rate-LPIPS
c) BD-Rate Savings
The BD-Rate saving of the proposed lightweight CFTE against VVC and the multi-resolution CFTE on 256x256 and 512x512 scenario is shown in Table 3 and Table 4, respectively. Compared to VVC, the proposed lightweight multi-resolution CFTE can achieve 57.63% and 47.68% BD-Rate savings in terms of Rate-DISTS and Rate-LPIPS. Compared to the multi-resolution CFTE, the proposed lightweight CFTE can achieve 4.07% BD-Rate savings in terms of Rate-DISTS and exists 5.81% performance loss in terms of Rate-LPIPS. 
Table 5 shows that, compared to the single-resolution lightweight CFTE, the proposed lightweight CFTE incurs 11.94% and 10.00% performance loss for 256×256 resolution in terms of Rate-DISTS and Rate-LPIPS, respectively. The performance loss is within an acceptable range given the large complexity and parameter reductions. It should be mentioned that the result “#VALUE!” means the RD curves cross over each other for some sequences so that the BD-rate cannot be calculated.
[bookmark: _Ref200106505]Table 3 - Average bit-rate savings for proposed lightweight multi-resolution CFTE compared with the traditional VVC codec
	
	Over VTM-22.2

	
	DISTS
	LPIPS
	RGB444_PSNR
	RGB444_SSIM
	YUV420_PSNR
	YUV420_SSIM

	Class A(256px)
	-60.21%
	-59.66%
	0.00%
	-26.74%
	0.00%
	-17.46%

	Class B(256px)
	-46.34%
	-38.94%
	-1.28%
	-16.36%
	-0.42%
	-15.61%

	Class C(512px)
	-66.65%
	-52.61%
	0.00%
	-4.20%
	0.00%
	0.00%

	Class D(512px)
	-59.24%
	-43.00%
	-1.06%
	7.07%
	0.00%
	-2.02%

	Overall
	-57.63%
	-47.86%
	-0.64%
	-9.57%
	-0.11%
	-8.78%


[bookmark: _Ref200106515]Table 4 - Average bit-rate savings for proposed lightweight multi-resolution CFTE compared with the multi-resolution CFTE
	
	Over the multi-resolution CFTE

	
	DISTS
	LPIPS
	RGB444_PSNR
	RGB444_SSIM
	YSNR
	YUV420_SSIM

	Class A(256px)
	-0.70%
	-2.68%
	3.44%
	4.29%
	5.73%
	1.16%

	Class B(256px)
	5.82%
	7.83%
	10.47%
	4.13%
	0.79%
	0.89%

	Class C(512px)
	4.97%
	8.60%
	10.80%
	1.74%
	4.58%
	18.09%

	Class D(512px)
	6.17%
	9.47%
	0.61%
	9.06%
	4.87%
	9.29%

	Overall
	4.07%
	5.81%
	6.33%
	4.81%
	3.99%
	7.36%


[bookmark: _Ref200106559][bookmark: _Ref199962671]Table 5 - Average bit-rate savings for proposed lightweight multi-resolution CFTE compared with the single-resolution lightweight CFTE
	
	Over single-resolution lightweight CFTE

	
	DISTS
	LPIPS
	RGB444_PSNR
	RGB444_SSIM
	YUV420_PSNR
	YUV420_SSIM

	Class A(256px)
	7.48%
	4.01%
	9.44%
	13.00%
	3.41%
	#VALUE!

	Class B(256px)
	16.40%
	16.00%
	12.61%
	11.33%
	8.54%
	10.94%

	Overall
	11.94%
	10.00%
	11.03%
	12.16%
	5.97%
	#VALUE!


d) Subjective Quality Comparisons 
Reconstructed face images are shown in Figure 6 to provide subjective comparison of reconstruction quality using multi-resolution CFTE, single-resolution lightweight CFTE, proposed lightweight CFTE, and VVC at ultra-low bitrates. 
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[bookmark: _Ref199963617][bookmark: _Ref180073421]Figure 6 - Visual quality comparison of VVC, the multi-resolution CFTE, single-resolution lightweight CFTE, and the proposed lightweight CFTE
1.2 Color Calibration Results
Figure 7 and Figure 8 show the color calibration results for the proposed lightweight multi-resolution CFTE models, with and without color calibration. Figure 7 compares their rate distortion performance in terms of Rate-DISTS and Rate-LPIPS, while Figure 8 shows subjective quality. It can be seen that after calibration is applied, the rate distortion performance can be further improved, and some generated frames appear more natural and closer to the respective original frames.
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[bookmark: _Ref200732382][bookmark: _Ref200716795]Figure 7 - Rate-Distortion performance of proposed lightweight CFTE (with and without color calibration) at different resolutions in terms of rate-DISTS and rate-LPIPS                 
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[bookmark: _Ref200717040][bookmark: _Ref200715042]Figure 8 - Visual quality comparison of VVC and proposed lightweight CFTE model (with and without color calibration).
In Figure 9, this color calibration algorithm is also applied to other GFVC models (i.e. CFTE, DAC, FOMM, FV2V) in the AhG16 software. It can be seen that after color calibration, the reconstructed video can be more natural and closer to the corresponding original video.
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[image: 一群人的照片

AI 生成的内容可能不正确。]
(b) ClassD Seq 004
[bookmark: _Hlk200704867]Figure 9 - Visual quality comparison of VVC and multi-resolution GFVC models (with and without color calibration).
Conclusion
This contribution proposes a lightweight multi-resolution CFTE model for generative face video compression that significantly reduces the number of parameters and computation while maintaining competitive RD performance. We also introduce color calibration as an optional post-processing step in GFVC decoding to solve the color shift issue and improve the subjective quality. We recommend to 1) replace the existing lightweight CFTE model in the AHG16 GFVC software with the proposed lightweight multi-resolution CFTE model, and 2) adopt color calibration algorithm as a post-processing technique in the AhG 16 software.
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