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Motivation
Face animation methods can be mainly divided into three categories.

• Model-free methods: limited ability to produce sufficiently realistic images (e.g. FOMM [1])

• Landmark-based methods: disadvantages in identity preservation

• 3D structure-based methods: deficiency in motion transfer (e.g. Face vid2vid [2])

FNeVR takes the merits of 2D motion warping on facial expression transformation and 3D volume 

rendering on high-quality image synthesis in a unified framework.
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Framework and Proposed Method



Framework and Proposed Method

1. 2D Motion Estimation

Motion estimation by 2D keypoints {𝑝𝑆,𝑘 , 𝑝𝐷,𝑘 ∈ ℝ
2} and Jacobians 𝐽𝑆,𝑘 , 𝐽𝐷,𝑘 ∈ ℝ

2×2 [1]:

𝒯𝑆←𝐷,𝑘 𝑧 ≈ 𝑝𝑆,𝑘 + 𝐽𝑆,𝑘 𝐽𝐷,𝑘
−1 (𝑧 − 𝑝𝐷,𝑘)

By 2D warping, we obtain the warped feature 𝐹𝑤.

2. 3D Face Reconstruction

Reconstruct a 3D face mesh 𝑣 from 2D image by encoding parameters 𝜷,𝜽,𝝍 [3]:

𝑣 = 𝑊 𝑻𝒑 𝜷,𝜽,𝝍 , 𝑱 𝜷 ,𝜽,𝓦

By using Gaussian function to process 𝑣, we obtain the 3D mesh feature of the reconstruction 

result 𝐹𝑚.
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3. Face Volume Rendering (FVR)

3.1. 3D Feature Extraction

𝐹𝜎 = 𝑃𝜎 𝐹𝑤 ∈ ℝ𝐻×𝑊×𝐷×𝑁𝜎

𝐹𝑐𝑜𝑙𝑜𝑟 = 𝑃𝑐𝑜𝑙𝑜𝑟 𝐹𝑤 ∈ ℝ𝐻×𝑊×𝐷×𝑁𝑐𝑜𝑙𝑜𝑟

𝜎 matching loss: ℒ𝜎 = exp −𝛼1 < 𝐹𝜎 ⋅ 𝐹𝑚 > − 𝛼2

3.2. Orthogonal Adaptive Ray-Sampling

𝑝𝜎 , 𝑝𝑐𝑜𝑙𝑜𝑟 = 𝑓𝜃 𝐹𝜎, 𝐹𝑐𝑜𝑙𝑜𝑟 ∈ 𝑅𝐻×𝑊×𝐷×1 × 𝑅𝐻×𝑊×𝐷×𝑀𝑐𝑜𝑙𝑜𝑟

3.3. Image Rendering

𝐹𝑟,𝑖 =

𝑗=1

𝐷

𝜏𝑗 1 − exp −𝑝𝜎,𝑖,𝑗 𝑝𝑐𝑜𝑙𝑜𝑟,𝑖,𝑗



Illustration of Motion Estimation and LPE 
modules, and 3D Face Reconstruction module
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4. Lightweight Pose Editing (LPE)

Estimation of new keypoints 𝛿𝑣𝑎𝑙𝑢𝑒 and Jacobians 𝛿𝐽𝑎𝑐𝑜𝑏𝑖𝑎𝑛 under a specific rotation angle 

𝜃𝑟𝑜𝑡𝑎𝑡𝑒:

𝛿𝑣𝑎𝑙𝑢𝑒 , 𝛿𝐽𝑎𝑐𝑜𝑏𝑖𝑎𝑛 = 𝑓𝑒𝑑𝑖𝑡𝑜𝑟 𝜃𝑟𝑜𝑡𝑎𝑡𝑒 , 𝑝𝑆, 𝐽𝑆 ∈ ℝ𝐾×2 ×ℝ𝐾×2×2

Pose editor loss:

ℒ𝑒𝑑𝑖𝑡𝑜𝑟 = 𝜆1𝐿1 𝑝𝐷, 𝛿𝑣𝑎𝑙𝑢𝑒 + 𝜆2𝐿1(𝐽𝐷, 𝛿𝐽𝑎𝑐𝑜𝑏𝑖𝑎𝑛)



Experiments and Results
Same-Identity Reconstruction: state-of-the-art on VoxCeleb [4]



Experiments and Results
Cross-Identity Reenactment:  best overall performance with less computation and 

memory cost (FLOPs and Parameters) on VoxCeleb [4] and VoxCeleb2 [5]



Visualization – Reconstruction
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Our generated video is much clearer than FOMM's, with more natural and realistic 

facial details than FOMM, Face vid2vid-s, DaGAN and PIRenderer(especially eyes 

and mouth).
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Visualization – Reenactment
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Our generated video is much clearer than FOMM's, with more natural and realistic 

facial details than FOMM, Face vid2vid-s and DaGAN (especially eyes and mouth).
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Conclusion

• We propose a Face Neural Volume Rendering (FNeVR) network for face animation, which 

unifies the 2D motion warping and 3D volume rendering in one framework.

• We innovatively develop a Face Volume Rendering (FVR) module to enhance the facial 

details of the warped feature and generate high-quality faces. Moreover, we design a 

Lightweight Pose Editing (LPE) module, which can directly implement pose editing with 

rotation angles.

• Extensive experiments illustrate that our FNeVR achieves state-of-the-art performance.
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