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Contribution
• A framework for unconditional video 

generation from noise vectors to videos
• A training procedure that decomposes motion 

and content, providing means to control video 
generation

• An image-based generator capable of 
producing random length sequences

Motivation
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A point in the content subspace and a trajectory 
in the motion subspace define a video

Quantitative evaluation

Quantitative evaluation

Average Content Distance (ACD)

Shape Motion Facial Expressions

VGAN 5.02 0.322

TGAN 2.08 0.305

MoCoGAN 1.79 0.201

User Preference Score

Facial Expressions Tai-Chi

MoCoGAN / VGAN 84.2 / 15.8 75.4 / 24.6 

MoCoGAN / TGAN 54.7 / 45.3 68.0 / 32.0 

User Preference Score, %

Tai-Chi

MoCoGAN /  VGAN 66.9 / 33.1 

MoCoGAN / MCNET 65.6 / 34.4 

Image-to-video translation

Video generation results

Average Content Distance Motion Control Score

VGAN 5.02 0.322

MoCoGAN 1.79 0.201

Action-conditioned video generation results

Inception Score

UCF101

VGAN 8.18 ± .05

TGAN 11.85 ± .07

MoCoGAN 12.42 ± .03

Video generation

Image-to-video translation
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Video generation results

Image to video translation results

Datasets

UCF101
• 101 actions
• 13,220 videos

Tai-Chi
• Source: YouTube
• 4,500 videos

Facial expressions - MUG
• 86 subjects, 6 expressions
• 1,254 videos

Generated shapes motion
• Moving circles and squares
• 4,000 videos
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ṽ
<latexit sha1_base64="k5mL2dY6z8FXTSWUEpgWfb1U28A=">AAACJHicbVDLSsNAFJ3UV42vqEs3g6VQNyURQcFNoRuXFewD2hgmk0k7dPJgZlKoIR/jxl9x48IHLtz4LU7SKtp64MLhnHu59x43ZlRI0/zQSiura+sb5U19a3tnd8/YP+iIKOGYtHHEIt5zkSCMhqQtqWSkF3OCApeRrjtu5n53QrigUXgjpzGxAzQMqU8xkkpyjMvqIEBy5PrpXeYUlAdpM9N/5FF2m9bMk0wfSMo8kn7rkyxzjIpZNwvAZWLNSQXM0XKM14EX4SQgocQMCdG3zFjaKeKSYkbUikSQGOExGpK+oiEKiLDT4skMVpXiQT/iqkIJC/X3RIoCIaaBqzrzE8Wil4v/ef1E+hd2SsM4kSTEs0V+wqCMYJ4Y9CgnWLKpIghzqm6FeIQ4wlLlqqsQrMWXl0nntG6Zdev6rNIw5nGUwRE4BjVggXPQAFegBdoAg3vwCJ7Bi/agPWlv2vustaTNZw7BH2ifXxYcpYs=</latexit><latexit sha1_base64="k5mL2dY6z8FXTSWUEpgWfb1U28A=">AAACJHicbVDLSsNAFJ3UV42vqEs3g6VQNyURQcFNoRuXFewD2hgmk0k7dPJgZlKoIR/jxl9x48IHLtz4LU7SKtp64MLhnHu59x43ZlRI0/zQSiura+sb5U19a3tnd8/YP+iIKOGYtHHEIt5zkSCMhqQtqWSkF3OCApeRrjtu5n53QrigUXgjpzGxAzQMqU8xkkpyjMvqIEBy5PrpXeYUlAdpM9N/5FF2m9bMk0wfSMo8kn7rkyxzjIpZNwvAZWLNSQXM0XKM14EX4SQgocQMCdG3zFjaKeKSYkbUikSQGOExGpK+oiEKiLDT4skMVpXiQT/iqkIJC/X3RIoCIaaBqzrzE8Wil4v/ef1E+hd2SsM4kSTEs0V+wqCMYJ4Y9CgnWLKpIghzqm6FeIQ4wlLlqqsQrMWXl0nntG6Zdev6rNIw5nGUwRE4BjVggXPQAFegBdoAg3vwCJ7Bi/agPWlv2vustaTNZw7BH2ifXxYcpYs=</latexit><latexit sha1_base64="k5mL2dY6z8FXTSWUEpgWfb1U28A=">AAACJHicbVDLSsNAFJ3UV42vqEs3g6VQNyURQcFNoRuXFewD2hgmk0k7dPJgZlKoIR/jxl9x48IHLtz4LU7SKtp64MLhnHu59x43ZlRI0/zQSiura+sb5U19a3tnd8/YP+iIKOGYtHHEIt5zkSCMhqQtqWSkF3OCApeRrjtu5n53QrigUXgjpzGxAzQMqU8xkkpyjMvqIEBy5PrpXeYUlAdpM9N/5FF2m9bMk0wfSMo8kn7rkyxzjIpZNwvAZWLNSQXM0XKM14EX4SQgocQMCdG3zFjaKeKSYkbUikSQGOExGpK+oiEKiLDT4skMVpXiQT/iqkIJC/X3RIoCIaaBqzrzE8Wil4v/ef1E+hd2SsM4kSTEs0V+wqCMYJ4Y9CgnWLKpIghzqm6FeIQ4wlLlqqsQrMWXl0nntG6Zdev6rNIw5nGUwRE4BjVggXPQAFegBdoAg3vwCJ7Bi/agPWlv2vustaTNZw7BH2ifXxYcpYs=</latexit><latexit sha1_base64="k5mL2dY6z8FXTSWUEpgWfb1U28A=">AAACJHicbVDLSsNAFJ3UV42vqEs3g6VQNyURQcFNoRuXFewD2hgmk0k7dPJgZlKoIR/jxl9x48IHLtz4LU7SKtp64MLhnHu59x43ZlRI0/zQSiura+sb5U19a3tnd8/YP+iIKOGYtHHEIt5zkSCMhqQtqWSkF3OCApeRrjtu5n53QrigUXgjpzGxAzQMqU8xkkpyjMvqIEBy5PrpXeYUlAdpM9N/5FF2m9bMk0wfSMo8kn7rkyxzjIpZNwvAZWLNSQXM0XKM14EX4SQgocQMCdG3zFjaKeKSYkbUikSQGOExGpK+oiEKiLDT4skMVpXiQT/iqkIJC/X3RIoCIaaBqzrzE8Wil4v/ef1E+hd2SsM4kSTEs0V+wqCMYJ4Y9CgnWLKpIghzqm6FeIQ4wlLlqqsQrMWXl0nntG6Zdev6rNIw5nGUwRE4BjVggXPQAFegBdoAg3vwCJ7Bi/agPWlv2vustaTNZw7BH2ifXxYcpYs=</latexit>

v
<latexit sha1_base64="4fJdhOPNYYgDPRUz40qiLVCBcBQ=">AAACMHicbZDLSsNAFIYnXmu8RV26CZZC3ZREBF0WutBlBXuBNobJZNIOnUnCzKRQQx7JjY+iGwVF3PoUTtJ6az0w8PH/Z2bO+b2YEiEt61lbWl5ZXVsvbeibW9s7u8befltECUe4hSIa8a4HBaYkxC1JJMXdmGPIPIo73qiR+50x5oJE4bWcxNhhcBCSgCAoleQaF5U+g3LoBelt5hbIWdrI9G95mN2kVes4VyShPk6/jHGW6T/sGmWrZhVlLoI9gzKYVdM1Hvp+hBKGQ4koFKJnW7F0UsglQRSrpxOBY4hGcIB7CkPIsHDSYuHMrCjFN4OIqxNKs1B/30ghE2LCPNWZTyjmvVz8z+slMjh3UhLGicQhmn4UJNSUkZmnZ/qEYyTpRAFEnKhZTTSEHCKpMtZVCPb8yovQPqnZVs2+Oi3XjVkcJXAIjkAV2OAM1MElaIIWQOAOPIIX8Krda0/am/Y+bV3SZncOwJ/SPj4Bqzuqbg==</latexit><latexit sha1_base64="4fJdhOPNYYgDPRUz40qiLVCBcBQ=">AAACMHicbZDLSsNAFIYnXmu8RV26CZZC3ZREBF0WutBlBXuBNobJZNIOnUnCzKRQQx7JjY+iGwVF3PoUTtJ6az0w8PH/Z2bO+b2YEiEt61lbWl5ZXVsvbeibW9s7u8befltECUe4hSIa8a4HBaYkxC1JJMXdmGPIPIo73qiR+50x5oJE4bWcxNhhcBCSgCAoleQaF5U+g3LoBelt5hbIWdrI9G95mN2kVes4VyShPk6/jHGW6T/sGmWrZhVlLoI9gzKYVdM1Hvp+hBKGQ4koFKJnW7F0UsglQRSrpxOBY4hGcIB7CkPIsHDSYuHMrCjFN4OIqxNKs1B/30ghE2LCPNWZTyjmvVz8z+slMjh3UhLGicQhmn4UJNSUkZmnZ/qEYyTpRAFEnKhZTTSEHCKpMtZVCPb8yovQPqnZVs2+Oi3XjVkcJXAIjkAV2OAM1MElaIIWQOAOPIIX8Krda0/am/Y+bV3SZncOwJ/SPj4Bqzuqbg==</latexit><latexit sha1_base64="4fJdhOPNYYgDPRUz40qiLVCBcBQ=">AAACMHicbZDLSsNAFIYnXmu8RV26CZZC3ZREBF0WutBlBXuBNobJZNIOnUnCzKRQQx7JjY+iGwVF3PoUTtJ6az0w8PH/Z2bO+b2YEiEt61lbWl5ZXVsvbeibW9s7u8befltECUe4hSIa8a4HBaYkxC1JJMXdmGPIPIo73qiR+50x5oJE4bWcxNhhcBCSgCAoleQaF5U+g3LoBelt5hbIWdrI9G95mN2kVes4VyShPk6/jHGW6T/sGmWrZhVlLoI9gzKYVdM1Hvp+hBKGQ4koFKJnW7F0UsglQRSrpxOBY4hGcIB7CkPIsHDSYuHMrCjFN4OIqxNKs1B/30ghE2LCPNWZTyjmvVz8z+slMjh3UhLGicQhmn4UJNSUkZmnZ/qEYyTpRAFEnKhZTTSEHCKpMtZVCPb8yovQPqnZVs2+Oi3XjVkcJXAIjkAV2OAM1MElaIIWQOAOPIIX8Krda0/am/Y+bV3SZncOwJ/SPj4Bqzuqbg==</latexit><latexit sha1_base64="4fJdhOPNYYgDPRUz40qiLVCBcBQ=">AAACMHicbZDLSsNAFIYnXmu8RV26CZZC3ZREBF0WutBlBXuBNobJZNIOnUnCzKRQQx7JjY+iGwVF3PoUTtJ6az0w8PH/Z2bO+b2YEiEt61lbWl5ZXVsvbeibW9s7u8befltECUe4hSIa8a4HBaYkxC1JJMXdmGPIPIo73qiR+50x5oJE4bWcxNhhcBCSgCAoleQaF5U+g3LoBelt5hbIWdrI9G95mN2kVes4VyShPk6/jHGW6T/sGmWrZhVlLoI9gzKYVdM1Hvp+hBKGQ4koFKJnW7F0UsglQRSrpxOBY4hGcIB7CkPIsHDSYuHMrCjFN4OIqxNKs1B/30ghE2LCPNWZTyjmvVz8z+slMjh3UhLGicQhmn4UJNSUkZmnZ/qEYyTpRAFEnKhZTTSEHCKpMtZVCPb8yovQPqnZVs2+Oi3XjVkcJXAIjkAV2OAM1MElaIIWQOAOPIIX8Krda0/am/Y+bV3SZncOwJ/SPj4Bqzuqbg==</latexit>

z(1)M
<latexit sha1_base64="0LS9GRGN9yFyrkcrU691kKsh+PI="></latexit><latexit sha1_base64="0LS9GRGN9yFyrkcrU691kKsh+PI="></latexit><latexit sha1_base64="0LS9GRGN9yFyrkcrU691kKsh+PI="></latexit><latexit sha1_base64="0LS9GRGN9yFyrkcrU691kKsh+PI="></latexit>

z(2)M
<latexit sha1_base64="GetOTsWZffL7C8Ik8Kwm8NxnB3s="></latexit><latexit sha1_base64="GetOTsWZffL7C8Ik8Kwm8NxnB3s="></latexit><latexit sha1_base64="GetOTsWZffL7C8Ik8Kwm8NxnB3s="></latexit><latexit sha1_base64="GetOTsWZffL7C8Ik8Kwm8NxnB3s="></latexit>

z(K)
M

<latexit sha1_base64="zlfFxP7Rn2dxxTQ4C5YVGQtnFts="></latexit><latexit sha1_base64="zlfFxP7Rn2dxxTQ4C5YVGQtnFts="></latexit><latexit sha1_base64="zlfFxP7Rn2dxxTQ4C5YVGQtnFts="></latexit><latexit sha1_base64="zlfFxP7Rn2dxxTQ4C5YVGQtnFts="></latexit>

x̃(1)
<latexit sha1_base64="CmnAZgftiqoxGhdoV/GIO3RN/Us="></latexit><latexit sha1_base64="CmnAZgftiqoxGhdoV/GIO3RN/Us="></latexit><latexit sha1_base64="CmnAZgftiqoxGhdoV/GIO3RN/Us="></latexit><latexit sha1_base64="CmnAZgftiqoxGhdoV/GIO3RN/Us="></latexit>

x̃(2)
<latexit sha1_base64="DZUsAXUFr8YMZBvlkPW8p6VJpvM="></latexit><latexit sha1_base64="DZUsAXUFr8YMZBvlkPW8p6VJpvM="></latexit><latexit sha1_base64="DZUsAXUFr8YMZBvlkPW8p6VJpvM="></latexit><latexit sha1_base64="DZUsAXUFr8YMZBvlkPW8p6VJpvM="></latexit>

x̃(K)
<latexit sha1_base64="jdbfPeCjxR7jL30aAPcYUb3ioxg="></latexit><latexit sha1_base64="jdbfPeCjxR7jL30aAPcYUb3ioxg="></latexit><latexit sha1_base64="jdbfPeCjxR7jL30aAPcYUb3ioxg="></latexit><latexit sha1_base64="jdbfPeCjxR7jL30aAPcYUb3ioxg="></latexit>

… …

A sequence of vectors for generating a video clip is 
represented by:

[z(1), ..., z(K)] =
h⇥ zC

z(1)M

⇤
, ...,

⇥ zC
z(K)
M

⇤i
,

<latexit sha1_base64="BuYYtO0dvObdaMRcFr7e3cKOMAI="></latexit><latexit sha1_base64="BuYYtO0dvObdaMRcFr7e3cKOMAI="></latexit><latexit sha1_base64="BuYYtO0dvObdaMRcFr7e3cKOMAI="></latexit><latexit sha1_base64="BuYYtO0dvObdaMRcFr7e3cKOMAI="></latexit>

with

Then the image-based generator 
produces a video as:

z(k)M = RM(k).
<latexit sha1_base64="Chzlv0ziEf+FBxSw0ft/M6Y9oyI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWAR6qYkIuhGKLhxI1SxF2hjmEwn7dDJJMxMhBryGm58FTcuFHGpK9/GSRpQW38Y+PnOOcw5vxcxKpVlfRmlhcWl5ZXyamVtfWNzy9zeacswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHG59n9c4dEZKG/EZNIuIEaMipTzFSGrmm1Q+QGnl+cp+6Se5FkFym6W1SGx+m8Axeuz9Uo7prVq26lQvOG7swVVCo6Zof/UGI44BwhRmSsmdbkXISJBTFjKSVfixJhPAYDUlPW44CIp0kvyyFB5oMoB8K/biCOf09kaBAykng6c5sSzlby+B/tV6s/FMnoTyKFeF4+pEfM6hCmMUEB1QQrNhEG4QF1btCPEICYaXDrOgQ7NmT5037qG5bdfvquNowizjKYA/sgxqwwQlogAvQBC2AwQN4Ai/g1Xg0no03433aWjKKmV3wR8bnN5YroG4=</latexit><latexit sha1_base64="Chzlv0ziEf+FBxSw0ft/M6Y9oyI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWAR6qYkIuhGKLhxI1SxF2hjmEwn7dDJJMxMhBryGm58FTcuFHGpK9/GSRpQW38Y+PnOOcw5vxcxKpVlfRmlhcWl5ZXyamVtfWNzy9zeacswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHG59n9c4dEZKG/EZNIuIEaMipTzFSGrmm1Q+QGnl+cp+6Se5FkFym6W1SGx+m8Axeuz9Uo7prVq26lQvOG7swVVCo6Zof/UGI44BwhRmSsmdbkXISJBTFjKSVfixJhPAYDUlPW44CIp0kvyyFB5oMoB8K/biCOf09kaBAykng6c5sSzlby+B/tV6s/FMnoTyKFeF4+pEfM6hCmMUEB1QQrNhEG4QF1btCPEICYaXDrOgQ7NmT5037qG5bdfvquNowizjKYA/sgxqwwQlogAvQBC2AwQN4Ai/g1Xg0no03433aWjKKmV3wR8bnN5YroG4=</latexit><latexit sha1_base64="Chzlv0ziEf+FBxSw0ft/M6Y9oyI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWAR6qYkIuhGKLhxI1SxF2hjmEwn7dDJJMxMhBryGm58FTcuFHGpK9/GSRpQW38Y+PnOOcw5vxcxKpVlfRmlhcWl5ZXyamVtfWNzy9zeacswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHG59n9c4dEZKG/EZNIuIEaMipTzFSGrmm1Q+QGnl+cp+6Se5FkFym6W1SGx+m8Axeuz9Uo7prVq26lQvOG7swVVCo6Zof/UGI44BwhRmSsmdbkXISJBTFjKSVfixJhPAYDUlPW44CIp0kvyyFB5oMoB8K/biCOf09kaBAykng6c5sSzlby+B/tV6s/FMnoTyKFeF4+pEfM6hCmMUEB1QQrNhEG4QF1btCPEICYaXDrOgQ7NmT5037qG5bdfvquNowizjKYA/sgxqwwQlogAvQBC2AwQN4Ai/g1Xg0no03433aWjKKmV3wR8bnN5YroG4=</latexit><latexit sha1_base64="Chzlv0ziEf+FBxSw0ft/M6Y9oyI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWAR6qYkIuhGKLhxI1SxF2hjmEwn7dDJJMxMhBryGm58FTcuFHGpK9/GSRpQW38Y+PnOOcw5vxcxKpVlfRmlhcWl5ZXyamVtfWNzy9zeacswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHG59n9c4dEZKG/EZNIuIEaMipTzFSGrmm1Q+QGnl+cp+6Se5FkFym6W1SGx+m8Axeuz9Uo7prVq26lQvOG7swVVCo6Zof/UGI44BwhRmSsmdbkXISJBTFjKSVfixJhPAYDUlPW44CIp0kvyyFB5oMoB8K/biCOf09kaBAykng6c5sSzlby+B/tV6s/FMnoTyKFeF4+pEfM6hCmMUEB1QQrNhEG4QF1btCPEICYaXDrOgQ7NmT5037qG5bdfvquNowizjKYA/sgxqwwQlogAvQBC2AwQN4Ai/g1Xg0no03433aWjKKmV3wR8bnN5YroG4=</latexit>

ṽ = [GI(z
(1)), ..., GI(z

(K))].
<latexit sha1_base64="EcJXi/ie5BcXv9pFGTaWfn3pbko="></latexit><latexit sha1_base64="EcJXi/ie5BcXv9pFGTaWfn3pbko="></latexit><latexit sha1_base64="EcJXi/ie5BcXv9pFGTaWfn3pbko="></latexit><latexit sha1_base64="EcJXi/ie5BcXv9pFGTaWfn3pbko="></latexit>

Training
The MoCoGAN framework consists of four networks. The learning 
problem writes as:

where the objective function is: 

where the first and the second terms encourage the image and video 
discriminators to distinguish real versus generated images and videos. 
The third and fourth terms force the image generator and the recurrent 
neural network to produce realistically looking image sequences.

Categorical dynamics
When categorical labels are available the input to the recurrent 
neural network is given by:"

zA
✏(1)

�
, ...,


zA
✏(K)

�#
.

<latexit sha1_base64="BvCfDIBft+LdtWX8njg3E43qPfE="></latexit><latexit sha1_base64="BvCfDIBft+LdtWX8njg3E43qPfE="></latexit><latexit sha1_base64="BvCfDIBft+LdtWX8njg3E43qPfE="></latexit><latexit sha1_base64="BvCfDIBft+LdtWX8njg3E43qPfE="></latexit>

The framework is trained by adding the mutual information term:

FV(DI, DV, GI, RM) + �LI(GI, Q).
<latexit sha1_base64="VTIgnHIhb9b5yWl7jPpwvYFr5ig="></latexit><latexit sha1_base64="VTIgnHIhb9b5yWl7jPpwvYFr5ig="></latexit><latexit sha1_base64="VTIgnHIhb9b5yWl7jPpwvYFr5ig="></latexit><latexit sha1_base64="VTIgnHIhb9b5yWl7jPpwvYFr5ig="></latexit>

Ev[� logDI(S1(v))] + Eṽ[� log(1�DI(S1(ṽ)))]+

Ev[� logDV(ST(v))] + Eṽ[� log(1�DV(ST(ṽ)))],
<latexit sha1_base64="inaBsZUW2rgTZQ52sUY0sLGv/Jk="></latexit><latexit sha1_base64="inaBsZUW2rgTZQ52sUY0sLGv/Jk="></latexit><latexit sha1_base64="inaBsZUW2rgTZQ52sUY0sLGv/Jk="></latexit><latexit sha1_base64="inaBsZUW2rgTZQ52sUY0sLGv/Jk="></latexit>

max
GI,RM

min
DI,DV

FV(DI, DV, GI, RM),
<latexit sha1_base64="eMqLqi3iJHes0RCWtImOt5tNHdY="></latexit><latexit sha1_base64="eMqLqi3iJHes0RCWtImOt5tNHdY="></latexit><latexit sha1_base64="eMqLqi3iJHes0RCWtImOt5tNHdY="></latexit><latexit sha1_base64="eMqLqi3iJHes0RCWtImOt5tNHdY="></latexit>

Video generation results
MoCoGAN TGAN VGAN

Motion and content manipulation108
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Figure 8: Facial expression video generation results. Every three rows have the same identity but different zA.
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Figure 9: Human action video generation results. Every three rows have the same identity but different zA.
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Figure 9: Human action video generation results. Every three rows have the same identity but different zA.
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Figure 8: Facial expression video generation results. Every three rows have the same identity but different zA.
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Each row has the same identity but different action

Changing motion trajectory while generating Changing content for Tai-Chi
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Motivation
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M

z(2)
M
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M
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Motion 1 Motion 2

(b) Proposed architecture for video generation(a) Decomposing content and motion

Figure 1: (a) The MoCoGAN framework adopts a motion and content decomposed representation
for video generation. It divides the latent space into a content subspace and a motion subspace. (b)
The proposed framework. For a video the content vector zc is sampled once and fixed. Then, a series
of random variables [✏(1), ..., ✏(K)] is sampled and mapped to a series of motion codes [z(1)

M , ..., z(K)
M ]

via the recurrent neural network RM. A generator GI produces a frame x̃(k) using the content and
the motion vectors {zC, z(k)

M }. The discriminators DI and DV are trained on real and fake images
and videos, respectfully, sampled from the training set v and the generated set ṽ.

deviation in the second subspace (the motion subspace) results in motions. A video clip of a person
performing an action will be represented by a point in the content subspace and a trajectory in the
motion subspace. Through this modeling, videos of an action with different execution speeds will
only result in different traversing speeds of a trajectory in the motion space.

Decomposing motion and content allows a more controlled video generation process. By changing
the content representation while fixing the motion trajectory, we have videos of different objects
performing the same action. By changing motion trajectories while fixing the content representation,
we have videos of the same object performing different actions. Examples of such control from our
experiment results are illustrated in Figure 1(a).

2 Latent Space Representation

We assume a latent space of images ZI ⌘ Rd where each point z 2 ZI represents an image, and
a video of K frames is represented by a path of length K in the latent space, [z(1), ..., z(K)]. By
adopting this formulation, videos of different lengths can be generated by paths of different lengths.
Moreover, videos of the same action executed with different speeds can be generated by traversing
a same path in the latent space with different speeds. More importantly, the formulation allows a
simple way to decompose motion and content in video clips.

Specifically, we further assume the latent space of images ZI is decomposed into the content sub-
space ZC and the motion subspace ZM: i.e., ZI = ZC ⇥ ZM where ZC = RdC , ZM = RdM ,
and d = dC + dM. The content subspace models motion-independent appearance in videos, while
the motion subspace models motion-dependent appearance in videos. For example, in a video of
a person making a smile, content represents the identity of the person, while motion represents the
changes of facial muscle configurations of the person. A pair of the person’s identity and the facial
muscle configuration represents a face image of the person. A particular sequence of these pairs
represents a video clip of the person making a smile. By swapping the look of the person with the
look of another person but using the same facial muscle configurations, a video of a different person
making a smile could be represented.

We model the sampling process from the content subspace using a standard multivariate Gaussian
distribution: zC ⇠ pZC ⌘ N (z|0, IdC) where IdC is an identity matrix of size dC ⇥ dC. Based
on the observation that the content remains largely the same in a short video clip, we use the same
realization zC for generating different frames in a video clip. Given a fixed zC, the motion in
the video clip is modeled by a path in the motion subspace ZM. In other words, the sequence is
represented by

[z(1), ..., z(K)] =
h⇥ zC

z(1)
M

⇤
, ...,

⇥ zC

z(K)
M

⇤i
(1)

2

Quantitative results
ACD Shape Motion Facial Expression
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