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Wings around 23 times

Trajan

2000 years ago to create you need to have money and power

Shows 155 scenes of 2 Dacian wars

Trajan’s Column - Dacian War Comic Strip



Video credit: https://www.youtube.com/watch?v=AaNjPAFD-UI

Less photorealistic, but serves the purpose very well

2000 Years Later



Present Day - ‘Do as I Do’ Animation
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Each video is produced using a single input image



Siarohin, Aliaksandr, et al. "First order motion model for image animation." NeurIPS’2019

What is Needed for Animation?

• Location

• Orientation

• Missing content

Unsupervised Keypoints
Local Affine Transformations
Inpainting



Siarohin et al. "First order motion model for image animation." NeurIPS’2019
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Siarohin et al. "Motion Representations for Articulated Animation" CVPR’2021



Siarohin et al. "First order motion model for image animation." NeurIPS’2019

Unsupervised Regions

Siarohin et al. "Motion Representations for Articulated Animation" CVPR’2021



Magic Karaoke Lens on Snapchat





Animating Bodies

Siarohin, Aliaksandr, et al. “Motion Representations for Articulated Animation." CVPR’21
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• Convolutional neural networks work very well with images and contain 2D 
inductive bias


• Challenge: how can we introduce inductive bias for 3D?

• Animate Radiance Fields?

• How to reuse 2D bias of 2D CNNs?

Extreme pose changes are 
hard to model in 2D

3D Animation is needed!



UVA: Unsupervised Volumetric Animation

Trained on monocular videos only, UVA reconstructs 3D shape, pose, and articulation parameters

Siarohin et al. “Unsupervised Volumetric Animation” CVPR’2023



UVA: Unsupervised Volumetric Animation

Trained on monocular videos only, UVA reconstructs 3D shape, pose, and articulation parameters

Siarohin et al. “Unsupervised Volumetric Animation” CVPR’2023



Generating Images: Reconstruct-then-sample

Encoder Decoder

Embedding

Reconstruction

Sample 
here



Auto-Encoding 3D Objects?

Decoder

Embedding

Encoder

Reconstruction

There is just not enough data



UVA: Canonical Generator
Canonical Voxel Generator
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K2D

Inversion

Canonical Parts,

Density & 3D Keypoints
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V LBS
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V Density,K3D
p

 generates several things in canonical space


• Density and color, as before in NeRFs


• Learned 3D keypoints


• Learned 3D parts


G

Pose, expression, size is the same for each object



UVA: Canonical Generator
Canonical Voxel Generator
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Inversion

Canonical Parts,

Density & 3D Keypoints
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V Density,K3D
p

 generates several things in canonical space


• Density, as before


• Learned 3D keypoints


• Learned 3D parts
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Canonical volumes in canonical pose and camera

Inversion canonicalizes images



Siarohin et al. "First order motion model for image animation." NeurIPS’2019
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Siarohin et al. "Motion Representations for Articulated Animation" CVPR’2021

Unsupervised parts, learned automatically during training



Canonical Voxel Generator
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V Density,K3D
p

Inversion

• How to connect 2D and 3D 
in a differentiable manner?

• Given canonical 3D points 
and their 2D counterparts 
find camera pose
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predictor

Driving

2D Keypoints
<latexit sha1_base64="EsAub1IKm2li2FTGWD7K6PamSlY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUvVW0IPgpYL9gHYt2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqa+q0nqjST4t6MY+pHeCBYyAg2VmrePqSV60mvWHLL7gxomXgZKUGGeq/41e1LkkRUGMKx1h3PjY2fYmUY4XRS6CaaxpiM8IB2LBU4otpPZ9dO0IlV+iiUypYwaKb+nkhxpPU4CmxnhM1QL3pT8T+vk5jwwk+ZiBNDBZkvChOOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG4K3+PIyaVbKXrVcuTsr1S6zOPJwBMdwCh6cQw1uoA4NIPAIz/AKb450Xpx352PemnOymUP4A+fzBxiWjss=</latexit>

K2D

UVA: Animation & Rendering



Perspective-n-Point Algorithm

Lepetit et al., IJCV’2009

Given points in the world coordinates and their 2D projections, find the camera pose

3D points in the world 
coordinate system

Rotation TranslationProjectionIntrinsics

Points in the camera plane



UVA: Animation & Rendering
Deformed Density & Parts

Canonical Voxel Generator
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V Density,K3D
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Differentiable
PnP

<latexit sha1_base64="S2vOEFozN90dRGh4IaYbLiQHvAc=">AAACIXicbVDLSsNAFJ3UV42vqEs3g0VxISEJonVXcONKqtgHNCFMptN26OTBzEQoob/ixl9x40KR7sSfcZJmoa0XBs7jXu7cEySMCmlZX1plZXVtfaO6qW9t7+zuGfsHbRGnHJMWjlnMuwEShNGItCSVjHQTTlAYMNIJxje533kiXNA4epSThHghGkZ0QDGSSvKN+il88O1zKH3bdfWcODlxCgKhaZqlnN35yTS3CuC6vlGzTKsouAzsEtRAWU3fmLn9GKchiSRmSIiebSXSyxCXFDMy1d1UkAThMRqSnoIRConwsuLCKTxRSh8OYq5eJGGh/p7IUCjEJAxUZ4jkSCx6ufif10vloO5lNEpSSSI8XzRIGZQxzOOCfcoJlmyiAMKcqr9CPEIcYalC1VUI9uLJy6DtmPal6dxf1BrXZRxVcASOwRmwwRVogFvQBC2AwTN4Be/gQ3vR3rRPbTZvrWjlzCH4U9r3Dz2wnhk=</latexit>

R1, t1

R2, t2

...

RNp , tNp

Volumetric 
Skinning

Poses

Inversion

<latexit sha1_base64="S2vOEFozN90dRGh4IaYbLiQHvAc=">AAACIXicbVDLSsNAFJ3UV42vqEs3g0VxISEJonVXcONKqtgHNCFMptN26OTBzEQoob/ixl9x40KR7sSfcZJmoa0XBs7jXu7cEySMCmlZX1plZXVtfaO6qW9t7+zuGfsHbRGnHJMWjlnMuwEShNGItCSVjHQTTlAYMNIJxje533kiXNA4epSThHghGkZ0QDGSSvKN+il88O1zKH3bdfWcODlxCgKhaZqlnN35yTS3CuC6vlGzTKsouAzsEtRAWU3fmLn9GKchiSRmSIiebSXSyxCXFDMy1d1UkAThMRqSnoIRConwsuLCKTxRSh8OYq5eJGGh/p7IUCjEJAxUZ4jkSCx6ufif10vloO5lNEpSSSI8XzRIGZQxzOOCfcoJlmyiAMKcqr9CPEIcYalC1VUI9uLJy6DtmPal6dxf1BrXZRxVcASOwRmwwRVogFvQBC2AwTN4Be/gQ3vR3rRPbTZvrWjlzCH4U9r3Dz2wnhk=</latexit>

R1, t1

R2, t2

...

RNp , tNp

Volumetric 
Skinning

Poses



Volumetric Skinning

video credit: https://www.youtube.com/watch?v=GPFUVgy-7DE 

Each vertex on the mesh moves according to the motion of the closest bones

BonesCanonical Pose Animation & Skinning

https://www.youtube.com/watch?v=GPFUVgy-7DE


UVA: Animation & Rendering
Canonical Voxel Generator

<latexit sha1_base64="1Wet6QFw8cziL6keN+elHbFym8w=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoQpcV7APbUjLpnTY0kxmSjFCG/oUbF4q49W/c+Tem01lo64HA4Zx7ybnHjwXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74Zua3nlBpHskHM4mxF9Kh5AFn1FjpsRtSM9JBejvtl8puxc1AlomXkzLkqPdLX91BxJIQpWGCat3x3Nj0UqoMZwKnxW6iMaZsTIfYsVTSEHUvzRJPyalVBiSIlH3SkEz9vZHSUOtJ6NvJLOGiNxP/8zqJCa56KZdxYlCy+UdBIoiJyOx8MuAKmRETSyhT3GYlbEQVZcaWVLQleIsnL5NmteJdVKr35+XadV5HAY7hBM7Ag0uowR3UoQEMJDzDK7w52nlx3p2P+eiKk+8cwR84nz/PFpED</latexit>

G

Embedding space

2D keypoint 
predictor

Driving

2D Keypoints
<latexit sha1_base64="EsAub1IKm2li2FTGWD7K6PamSlY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUvVW0IPgpYL9gHYt2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqa+q0nqjST4t6MY+pHeCBYyAg2VmrePqSV60mvWHLL7gxomXgZKUGGeq/41e1LkkRUGMKx1h3PjY2fYmUY4XRS6CaaxpiM8IB2LBU4otpPZ9dO0IlV+iiUypYwaKb+nkhxpPU4CmxnhM1QL3pT8T+vk5jwwk+ZiBNDBZkvChOOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG4K3+PIyaVbKXrVcuTsr1S6zOPJwBMdwCh6cQw1uoA4NIPAIz/AKb450Xpx352PemnOymUP4A+fzBxiWjss=</latexit>

K2D

Canonical Parts,

Density & 3D Keypoints

<latexit sha1_base64="OwJdeySlNUXetXqxKnsiXi/Nngs=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRFfOyKbly4qGgf0MYymU7boZNJmJkUSsifuHGhiFv/xJ1/46TNQlsPDBzOuZd75vgRZ0o7zrdVWFldW98obpa2tnd29+z9g6YKY0log4Q8lG0fK8qZoA3NNKftSFIc+Jy2/PFN5rcmVCoWikc9jagX4KFgA0awNlLPtptPSTfAeiSD5O76IU17dtmpODOgZeLmpAw56j37q9sPSRxQoQnHSnVcJ9JegqVmhNO01I0VjTAZ4yHtGCpwQJWXzJKn6MQofTQIpXlCo5n6eyPBgVLTwDeTWUi16GXif14n1oNLL2EiijUVZH5oEHOkQ5TVgPpMUqL51BBMJDNZERlhiYk2ZZVMCe7il5dJs1pxzyvV+7Ny7SqvowhHcAyn4MIF1OAW6tAAAhN4hld4sxLrxXq3PuajBSvfOYQ/sD5/ALsCk7M=</latexit>

V LBS

<latexit sha1_base64="GxIZ62gXDWHXRKOpgrbi/L7P6FA=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFcSEmq+NgV7EJwU8E+oE3DZDpth04mYWYihJCdG3/FjQtF3PoL7vwbJ20W2nrgwuGce7n3Hi9kVCrL+jYWFpeWV1YLa8X1jc2tbXNntymDSGDSwAELRNtDkjDKSUNRxUg7FAT5HiMtb3yd+a0HIiQN+L2KQ+L4aMjpgGKktOSaB81e0vWRGgk/qREuqYrT9ATe9pLTWuqGrlmyytYEcJ7YOSmBHHXX/Or2Axz5hCvMkJQd2wqVkyChKGYkLXYjSUKEx2hIOppy5BPpJJM/UniklT4cBEIXV3Ci/p5IkC9l7Hu6MztZznqZ+J/XidTg0kkoDyNFOJ4uGkQMqgBmocA+FQQrFmuCsKD6VohHSCCsdHRFHYI9+/I8aVbK9nm5cndWql7lcRTAPjgEx8AGF6AKbkAdNAAGj+AZvII348l4Md6Nj2nrgpHP7IE/MD5/ACF6mXE=</latexit>

V Density,K3D
p

Reconstruction supervision

Inversion

Volumetric 
Rendering

Rendered

Deformed Density & Parts

Differentiable
PnP

<latexit sha1_base64="S2vOEFozN90dRGh4IaYbLiQHvAc=">AAACIXicbVDLSsNAFJ3UV42vqEs3g0VxISEJonVXcONKqtgHNCFMptN26OTBzEQoob/ixl9x40KR7sSfcZJmoa0XBs7jXu7cEySMCmlZX1plZXVtfaO6qW9t7+zuGfsHbRGnHJMWjlnMuwEShNGItCSVjHQTTlAYMNIJxje533kiXNA4epSThHghGkZ0QDGSSvKN+il88O1zKH3bdfWcODlxCgKhaZqlnN35yTS3CuC6vlGzTKsouAzsEtRAWU3fmLn9GKchiSRmSIiebSXSyxCXFDMy1d1UkAThMRqSnoIRConwsuLCKTxRSh8OYq5eJGGh/p7IUCjEJAxUZ4jkSCx6ufif10vloO5lNEpSSSI8XzRIGZQxzOOCfcoJlmyiAMKcqr9CPEIcYalC1VUI9uLJy6DtmPal6dxf1BrXZRxVcASOwRmwwRVogFvQBC2AwTN4Be/gQ3vR3rRPbTZvrWjlzCH4U9r3Dz2wnhk=</latexit>

R1, t1

R2, t2

...

RNp , tNp

Volumetric 
Skinning

Poses
<latexit sha1_base64="S2vOEFozN90dRGh4IaYbLiQHvAc=">AAACIXicbVDLSsNAFJ3UV42vqEs3g0VxISEJonVXcONKqtgHNCFMptN26OTBzEQoob/ixl9x40KR7sSfcZJmoa0XBs7jXu7cEySMCmlZX1plZXVtfaO6qW9t7+zuGfsHbRGnHJMWjlnMuwEShNGItCSVjHQTTlAYMNIJxje533kiXNA4epSThHghGkZ0QDGSSvKN+il88O1zKH3bdfWcODlxCgKhaZqlnN35yTS3CuC6vlGzTKsouAzsEtRAWU3fmLn9GKchiSRmSIiebSXSyxCXFDMy1d1UkAThMRqSnoIRConwsuLCKTxRSh8OYq5eJGGh/p7IUCjEJAxUZ4jkSCx6ufif10vloO5lNEpSSSI8XzRIGZQxzOOCfcoJlmyiAMKcqr9CPEIcYalC1VUI9uLJy6DtmPal6dxf1BrXZRxVcASOwRmwwRVogFvQBC2AwTN4Be/gQ3vR3rRPbTZvrWjlzCH4U9r3Dz2wnhk=</latexit>

R1, t1

R2, t2

...

RNp , tNp

Volumetric 
Skinning

Poses

We don’t need no supervision (apart from reconstruction)

Bones

Animated



2D vs 3D Animation: Faces

3D animation better preserves identity, better animates, shows consistent rotations



2D vs 3D Animation: Bodies

3D animation better preserves identity, better animates, shows consistent rotations



3D Video Synthesis

UVA learns a latent space. We can sample from it

Canonical Voxel Generator

<latexit sha1_base64="1Wet6QFw8cziL6keN+elHbFym8w=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoQpcV7APbUjLpnTY0kxmSjFCG/oUbF4q49W/c+Tem01lo64HA4Zx7ybnHjwXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74Zua3nlBpHskHM4mxF9Kh5AFn1FjpsRtSM9JBejvtl8puxc1AlomXkzLkqPdLX91BxJIQpWGCat3x3Nj0UqoMZwKnxW6iMaZsTIfYsVTSEHUvzRJPyalVBiSIlH3SkEz9vZHSUOtJ6NvJLOGiNxP/8zqJCa56KZdxYlCy+UdBIoiJyOx8MuAKmRETSyhT3GYlbEQVZcaWVLQleIsnL5NmteJdVKr35+XadV5HAY7hBM7Ag0uowR3UoQEMJDzDK7w52nlx3p2P+eiKk+8cwR84nz/PFpED</latexit>

G

Embedding space

Generated, novel identities

With UVA, we can learn to generate 3D objects 
without 3D data!



Synthesizing 3D without 3D Data

Embedding

Learned Radiance

Latent Space

Ntavelis et al. "AutoDecoding Latent 3D Diffusion Models" ArXiv Preprint



Animation: Do as I Do





Making the Player Win
Standard approach:

• Reconstruct the scene

• Devise the winning strategy

• Animate players

• Render results

Model 3D environment, its style and physics

Support game AI and game logic

Provide a sequence of commands

Decide on viewing direction and render

Game Engine

Prompt: ”The top player is not able to catch the ball”

Is there a simpler way? Neural Game Engines



Critical moment: What should we do?

Prompt: ”The top player is not able to catch the ball”







Generic Framework for Video Manipulation
<latexit sha1_base64="zFJKiFcx6St08AE5srg2m5OYCK4=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSRF1GPBiyepaD+gDWGznbZLN5uwOxFr6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwja77ba2srq1vbBa2its7u3sle/+gqeNUMWiwWMSqHVINgktoIEcB7UQBjUIBrXB0NfVbD6A0j+U9jhPwIzqQvM8ZRSMFdqmL8IjZHVIEPQkwsMtuxZ3BWSZeTsokRz2wv7q9mKURSGSCat3x3AT9jCrkTMCk2E01JJSN6AA6hkoagfaz2eET58QoPacfK1MSnZn6eyKjkdbjKDSdEcWhXvSm4n9eJ8X+pZ9xmaQIks0X9VPhYOxMU3B6XAFDMTaEMsXNrQ4bUkUZmqyKJgRv8eVl0qxWvPNK9fasXLvJ4yiQI3JMTolHLkiNXJM6aRBGUvJMXsmb9WS9WO/Wx7x1xcpnDskfWJ8/iZWTtA==</latexit>

Statest

Encoder

<latexit sha1_base64="NDjZW/RJgQu141zbSZ1OsvcCsFM=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laSIeix40YtUsB/QxrLZbtqlm03Ynagl9H948aCIV/+LN/+NmzYHbX0w8Hhvhpl5fiy4Rsf5tpaWV1bX1gsbxc2t7Z3d0t5+U0eJoqxBIxGptk80E1yyBnIUrB0rRkJfsJY/usz81gNTmkfyDscx80IykDzglKCR7rvInjC9lnGCkx72SmWn4kxhLxI3J2XIUe+Vvrr9iCYhk0gF0brjOjF6KVHIqWCTYjfRLCZ0RAasY6gkIdNeOr16Yh8bpW8HkTIl0Z6qvydSEmo9Dn3TGRIc6nkvE//zOgkGF17Ks6eYpLNFQSJsjOwsArvPFaMoxoYQqri51aZDoghFE1TRhODOv7xImtWKe1ap3p6Wazd5HAU4hCM4ARfOoQZXUIcGUFDwDK/wZj1aL9a79TFrXbLymQP4A+vzB09fkxU=</latexit>

Inputt

Synthesis
Module

<latexit sha1_base64="8SrBvHvJvPMSKD1UMZ+vclIrnIg=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBU9ktoh4LXjxpBfsB7bJk07QNzWaXZCLWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMi1LBNXjet7Oyura+sVnYKm7v7O6V3P2Dpk6MoqxBE5GodkQ0E1yyBnAQrJ0qRuJIsFY0upr6rQemNE/kPYxTFsRkIHmfUwJWCt1SF9gjZLcGUgOTEEK37FW8GfAy8XNSRjnqofvV7SXUxEwCFUTrju+lEGREAaeCTYpdo1lK6IgMWMdSSWKmg2x2+ASfWKWH+4myJQHP1N8TGYm1HseR7YwJDPWiNxX/8zoG+pdBxqV9ikk6X9Q3AkOCpyngHleMghhbQqji9lZMh0QRCjarog3BX3x5mTSrFf+8Ur07K9du8jgK6Agdo1PkowtUQ9eojhqIIoOe0St6c56cF+fd+Zi3rjj5zCH6A+fzB7YRk9E=</latexit>

Outputt

Encoder Synthesis
Module

<latexit sha1_base64="f5ky2tfy3djXX7jbIKEaDSPvVqE=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRZBEEpSRD0WvOhFKtgPaEPYbDft0s0m7E6kJeSvePGgiFf/iDf/jZs2B219MPB4b4aZeX7MmQLb/jZKa+sbm1vl7crO7t7+gXlY7agokYS2ScQj2fOxopwJ2gYGnPZiSXHoc9r1Jze5332iUrFIPMIspm6IR4IFjGDQkmdWB0CnkN6JOIHMS+HcyTyzZtftOaxV4hSkhgq0PPNrMIxIElIBhGOl+o4dg5tiCYxwmlUGiaIxJhM8on1NBQ6pctP57Zl1qpWhFURSlwBrrv6eSHGo1Cz0dWeIYayWvVz8z+snEFy7Kcsfo4IsFgUJtyCy8iCsIZOUAJ9pgolk+laLjLHEBHRcFR2Cs/zyKuk06s5lvfFwUWveF3GU0TE6QWfIQVeoiW5RC7URQVP0jF7Rm5EZL8a78bFoLRnFzBH6A+PzB3jhlMI=</latexit>

Inputt+1
<latexit sha1_base64="8NLnaDP7Uph3gYYIxnkZui33OAQ=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRZBEEpSRD0WvHiSivYD2hA222m7dPPB7kQsIf4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz48FV2jb30ZhZXVtfaO4Wdra3tndM/cPWipKJIMmi0QkOz5VIHgITeQooBNLoIEvoO2Pr6Z++wGk4lF4j5MY3IAOQz7gjKKWPLPcQ3jE9A4pgsq8FE+dzDMrdtWewVomTk4qJEfDM796/YglAYTIBFWq69gxuimVyJmArNRLFMSUjekQupqGNADlprPjM+tYK31rEEldIVoz9fdESgOlJoGvOwOKI7XoTcX/vG6Cg0s35WGcIIRsvmiQCAsja5qE1ecSGIqJJpRJrm+12IhKylDnVdIhOIsvL5NWreqcV2u3Z5X6TR5HkRySI3JCHHJB6uSaNEiTMDIhz+SVvBlPxovxbnzMWwtGPlMmf2B8/gA9GZUw</latexit>

Statest+1

<latexit sha1_base64="4MisUN0U4O065+gNAsd/C1pkk4Y=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCUpoi4LblxpBfuANoTJdNIOnTyYuRFDiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7jxcLrsCyvo3Syura+kZ5s7K1vbO7Z+4fdFSUSMraNBKR7HlEMcFD1gYOgvViyUjgCdb1JldTv/vApOJReA9pzJyAjELuc0pAS65ZHQB7hOw2gTiB3M3g1M5ds2bVrRnwMrELUkMFWq75NRhGNAlYCFQQpfq2FYOTEQmcCpZXBoliMaETMmJ9TUMSMOVks+NzfKyVIfYjqSsEPFN/T2QkUCoNPN0ZEBirRW8q/uf1E/AvnYyH+jEW0vkiPxEYIjxNAg+5ZBREqgmhkutbMR0TSSjovCo6BHvx5WXSadTt83rj7qzWvCniKKNDdIROkI0uUBNdoxZqI4pS9Ixe0ZvxZLwY78bHvLVkFDNV9AfG5w9qCZVN</latexit>

Outputt+1

Menapace et al. "Plotting Behind the Scenes: Towards Learnable Game Engines" ArXiv Preprint

Menapace et al. "Playable Environments: Video Manipulation in Space and Time" CVPR’2022



Animation Model to Learn Game AI
Player state

pose

location

prompt or action

Tennis ball state

location

velocity

BallPlayer 1 Player 2

BallPlayer 1 Player 2BallPlayer 1 Player 2

BallPlayer 1 Player 2

Animation model

Diffusion sampling

Frame rate

Synthesis modelStyle & Camera

Input state

Output state



Datasets

• 7112 video sequences at 1920x1080@25fps

• 15.5 hours of videos

• 1.12M fully annotated frames

• 25.5k unique captions

Tennis

• 61 video sequences at 1024x567@20fps

• 1.2 hours of videos

• 68.5k fully annotated frames

• 1.24k unique captions

Minecraft



BallPlayer 1 Player 2

Controlling Generation with Prompts

Mask everything but the prompt

“Jumps on a birch wood pillar”“Falls on the stone platform” “Sprints and jumps on a white wall”



BallPlayer 1 Player 2

Controlling Generation with Prompts

Mask everything but the prompt

“The player hits with a backhand” “The player hits with a forehand”



Playing Against Learn Game AI

Completely mask the opponent

BallPlayer 1 Player 2



Game AI vs Game AI

Mask both players

BallPlayer 1 Player 2



Director’s Mode

Initial state Final state



Director’s Mode



Shoutout to our Team, Interns, and Collaborators

Hsin-Ying Lee

Kyle Olszewski Aliaksandr Siarohin

Willi Menapace

Ivan Skorokhodov

Elisa Ricci Stéphane Lathuilière

Vladislav Golyanik

‘Do as I Say’

‘Do as I Do’


