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Background

Movies

3D Cartoon / Anime

Games

VTubers

IMU-based MoCap

Optical (Marker-based) MoCap

Vision-based (Markerless) MoCap



Cai* et al., GTA-Human, 2021

Yang*, Cai* et al., SynBody, 2023

Cai* et al., HuMMan, 2022

Cai* et al., SMPLer-X, 2023

Sun*, Wang*, Cai† et al., AiOS, 2023

Yin*, Cai* et al., WHAC, 2024

Zhang*, Cai* et al., MotionDiffuse, 2022

Qing, Cai et al., Story-to-Motion, 2023

Cai* et al., Digital Life Project, 2023

Overview * Equal Contributions, † Corresponding Author

Data Algorithms Applications



Data | 3D Human Data is Expensive

In-the-Wild 3D Human Data is Expensive [1]

[1] Y. Rong et al., Delving deep into hybrid annotations for 3d human recovery in the wild, ICCV 2019



Data | Reduce Setup Cost!

Low-cost Setup with Commercial Sensors

Z Cai*, D Ren*, A Zeng*, Z Lin*, T Yu*, W Wang*, X Fan, Y Gao, Y Yu, L Pan, F Hong, M Zhang, CC Loy, L Yang, Z Liu. HuMMan: Multi-Modal 

4D Human Dataset for Versatile Sensing and Modeling. European Conference on Computer Vision (ECCV) 2022, Oral Presentation. 

Microsoft 
Azure Kinect

High-resolution 
Scanner

iPhone 12 Pro Max
(with LiDAR)

HuMMan v1.0: Recon/MoGen/Point Subsets



Data |  Reduce Setup Cost!

Mega-scale Multimodal 4D Human DatasetLow-cost Setup with Commercial Sensors

Z Cai*, D Ren*, A Zeng*, Z Lin*, T Yu*, W Wang*, X Fan, Y Gao, Y Yu, L Pan, F Hong, M Zhang, CC Loy, L Yang, Z Liu. HuMMan: Multi-Modal 

4D Human Dataset for Versatile Sensing and Modeling. European Conference on Computer Vision (ECCV) 2022, Oral Presentation. 

Microsoft 
Azure Kinect

High-resolution 
Scanner

iPhone 12 Pro Max
(with LiDAR)



Data | Synthetic Data is Nearly Free!

Diverse Data (Subjects, Locations, Weathers, and Light Conditions)GTA-Human

Z Cai*, M Zhang*, J Ren*, C Wei, D Ren, J Li, Z Lin, H Zhao, S Yi, L Yang, CC Loy, Z Liu. Playing for 3D Human Recovery. 2022.



Data | Synthetic Data is Nearly Free!

Large-scale Game-playing Synthetic Data

Z Cai*, M Zhang*, J Ren*, C Wei, D Ren, J Li, Z Lin, H Zhao, S Yi, L Yang, CC Loy, Z Liu. Playing for 3D Human Recovery. In submission to 

IEEE Transactions on Pattern Analysis and Machine Intelligence (TPAMI).

Diverse Data (Subjects, Locations, Weathers, and Light Conditions)



Data | Fully Controllable Synthesis

Unreal Engine-Empowered Synthetic Data Synthesis Layered Human Model with Procedural Clothing / Accessories

Z Yang*, Z Cai*, H Mei*, S Liu*, Z Chen*, W Xiao, Y Wei, Z Qing, C Wei, B Dai, W Wu, C Qian, D Lin, Z Liu, L Yang. SynBody: Synthetic Dataset 

with Layered Human Models for 3D Human Perception and Modeling. International Conference on Computer Vision (ICCV) 2023. 



Algorithm | Faster – Higher – Stronger

Z Cai*, W Yin*, A Zeng, C Wei, Q Sun, Y Wang, HE Pang, H Mei, M Zhang, L Zhang, CC Loy, L Yang, Z Liu. SMPLer-X: Scaling Up Expressive 

Human Pose and Shape Estimation. Conference on Neural Information Processing Systems (NeurIPS) 2023.

Animation & Film MakingModel & Data Scaling



Algorithm | Faster – Higher – Stronger

Q Sun*, Y Wang*, A Zeng, W Yin, C Wei, W Wang, H Mei, CS Leung, Z Liu, L Yang, Z 

Cai†. AiOS: All-in-One-Stage Expressive Human Pose and Shape Estimation. 

Conference on Computer Vision and Pattern Recognition (CVPR) 2024. 

W Yin*, Z Cai*, R Wang, F Wang, C Wei, H Mei, W Xiao, Z Yang, Q Sun, A Yamashita, 

Z Liu, L Yang. WHAC: World-grounded Humans and Cameras. ArXiv, 2024.

World-space Motion Capture

All-in-One-Stage: Detection + Motion Capture



Applications | Autonomous Characters

M Zhang*, Z Cai*, L Pan, F Hong, X Guo, L Yang, Z Liu. MotionDiffuse: Text-

Driven Human Motion Generation with Diffusion Model. IEEE Transactions on 

Pattern Analysis and Machine Intelligence (TPAMI). 

Z Qing, Z Cai, Z Yang, L Yang. Story-to-Motion: Human Motion Synthesis using 

Trajectories and Semantic Descriptions. SIGGRAPH Asia (Technical 

Communications) 2023

Story-to-MotionText-to-Motion



Applications | Autonomous Characters

MoMat-MoGen: Motion Matching + Motion GenerationSocially Intelligent 3D Characters

Z Cai*, J Jiang*, Z Qing*, X Guo*, M Zhang*, Z Lin, H Mei, C Wei, R Wang, W Yin, L Pan, X Fan, H Du, P Gao, Z Yang, Y Gao, J Li, T Ren, Y 

Wei, X Wang, CC Loy,  L Yang,  Z Liu. Digital Life Project: Autonomous 3D Characters with Social Intelligence. Conference on Computer Vision 

and Pattern Recognition (CVPR) 2024. 



What’s Next?

Better Quality

Massive Collection

Motion 

Capture

Better Noise Tolerance

Emergent Capabilities

Motion 

Generation



Thank you!
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