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Introduction

Code

Ablation study on the normalization 
operation and body representation

Hierarchical means that gesture keypoints
are split into four parts, each part rebased to 
its local root node. IN* denotes instance 
normalization on the dimension of channels. 

Lip-sync error:

where 𝑑𝑑(𝑖𝑖) is the distance between the center keypoints of upper and lower lip in the 𝑖𝑖-th
frame of the generated gesture sequence 𝐆𝐆, and 𝑑̂𝑑(𝑖𝑖) is the corresponding distance for 
ground-truth gesture sequence �𝐆𝐆 .

Fréchet Template Distance (FTD):

where 𝜇𝜇𝐭𝐭 and Σ𝐭𝐭 are the mean vector and covariance matrix of the template vectors 
[𝐭𝐭1, 𝐭𝐭2, … , 𝐭𝐭𝑁𝑁], encoded from synthesized gesture sequences [𝐆𝐆1,𝐆𝐆2, . . . ,𝐆𝐆𝑁𝑁] across the test 
set with the VAE.

Visualize gestures in the template space

We plot the encoding of ground-truth (green) and 
generated (orange) gestures with the encoder of 
the trained VAE. Our results from template vectors 
span a larger space, indicating higher diversity.

Visualization of template gestures

For a better interpretation of the template 
space, we sample characteristic template 
vectors (green) and their opposite ones (orange) 
and feed them into the decoder of our trained 
VAE to obtain a gesture sequence. The gestures 
of opposite template vectors exhibit clear 
semantic symmetry including head orientations, 
arm poses, and hand behaviors.

Human study

Pipeline

Template vector learning
Assignment: Each clip in the dataset is paired with 
a template vector.
Learning: We provide two ways to learn the 
template vectors:
1. template-BP: optimize template vectors with 

the back-propagated gradients of the 
regression loss.

2. template-VAE: train a VAE to reconstruct all 
gesture clips and take the encoding of each clip 
as its template vector.
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Examples of synthesized images
Two English speakers from the Speech2Gesture dataset and two Mandarin speakers from the Internet.

Comparison with baselines on two English speakers and two Mandarin speakers
Our results achieve lower FTD (higher variety and fidelity) while maintaining a low lip-sync error. 
Higher 𝐿𝐿2 distances of our results also indicate a larger diversity.

Different settings of template learning

Our method with clip-wise template vectors 
achieve the best balance between variety (lower 
FTD) and synchronization(lower lip-sync error).

Co-speech gesture synthesis

Challenge: the mapping from speech audio to feasible gestures are not unique, leading to underfitting.

Solution: we relieve the ambiguity by adding conditions, i.e., the template vectors in this paper. These 
template vectors are learned from the data and used to generate diverse gesture sequences.  Further 
exploration of the template vectors validates the essence of the one-to-many mapping and unveils the 
roles of speech audio and our learned templates.

Contributions
 An audio-driven gesture synthesis model,  with the learning of template vectors, relieving the 

ambiguity of co-speech gesture synthesis, enhancing the fidelity and variety without sacrificing 
synchronization quality;

 Two metrics for audio-driven gesture evaluation, lip-sync error as a proxy metric to evaluation 
gesture-syncing, and Fréchet Template Distance (FTD) to assess gesture fidelity and variety;

 Achieve superior performance on Speech2Gesture dataset and two speakers we collect;
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