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Fundamentals
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Markov Decision Process
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Markov Decision Process
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Reinforcement Learning
● Type of machine learning that involves agents 

learning based on a reward
● No ground truth labels
● Optimizes policy to maximize the reward signal
● Applied in many domains including robotic control and game playing
● Typically formulated using the Markov Decision Process 
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https://youtu.be/F8pdObV_df4



Reinforcement Learning - Environments
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https://youtu.be/F8pdObV_df4

https://www.youtube.com/watch?v=SyonPJc8hMw

http://www.youtube.com/watch?v=SyonPJc8hMw


Mastering Atari with Discrete World Models (2022)

Reinforcement Learning - Environments
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https://youtu.be/F8pdObV_df4

https://1.bp.blogspot.com/-zg-NUE2A7m4/YC6kZqA17EI/AAAAAAAAHL4/XGyOYcW-BzsZ3pRv88bu9SrM6_hixaVywCLcBGAsYHQ/s704/image6.gif


Reinforcement Learning - Deep Q-Learning (Example)
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https://youtu.be/F8pdObV_df4

Human-level control through deep reinforcement learning



Approaches
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Dreamer V1
● Paper: “Dream to Control: Learning Behaviors by Latent Imagination”

by Hafner et al. from Google Brain at ICLR 2020 
● Model based reinforcement learning algorithm
● Learns world model
● Solves long-horizon tasks purely from image base observations
● Imagines novel trajectories in the world models latent space
● Policy is trained using the imagined trajectories
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https://youtu.be/F8pdObV_df4



Dreamer V1 – Architecture
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https://youtu.be/F8pdObV_df4

Dream to Control: Learning Behaviors by Latent Imagination (2020)



Dreamer V1 – World Model
● Representation model 
● Observation model 
● Reward model
● Transition model

○ Predicts next latent state
○ Outputs tanh-transformed Gaussian distribution

● Frozen while learning behaviors
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https://youtu.be/F8pdObV_df4



Dreamer V2
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● Paper: “Mastering Atari with Discrete World Models”
by Hafner et al. from Google Brain at ICLR 2021

● Similar to Dreamer V1
● Transition model uses categorical variables instead of Gaussians
● Performed well in image based Atari tasks



Dreamer V2 – Architecture
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https://youtu.be/F8pdObV_df4

Mastering Atari with Discrete World Models (2022)



Mastering Atari with Discrete World Models (2022)

Dreamer V2 – Latent Imagination
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https://youtu.be/F8pdObV_df4



Dreaming V1
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● Paper: “Dreaming: Model-based Reinforcement Learning by 
Latent Imagination without Reconstruction” by Okada et al. from 
Panasonic Corporation in ICRA 2021

● Similar to Dreamer V1
● World model is trained via contrastive learning
● No generative decoder / observation model
● Tries to avoid object vanishing 



Dreaming: Model-based Reinforcement Learning by Latent Imagination without Reconstruction (2022)

Dreaming V1 – Architecture
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https://youtu.be/F8pdObV_df4



Dreaming V2
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● Paper: “DreamingV2: Reinforcement Learning with Discrete World 
Models without Reconstruction” by Okada et al. from 
Panasonic Corporation on arXiv (2022)

● Applies the concept concepts introduced in 
Dreamer V2 to Dreaming V1

● Also decoder free



DreamingV2: Reinforcement Learning with Discrete World Models without Reconstruction (2022)

Dreaming V2 – Architecture
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https://youtu.be/F8pdObV_df4



Results
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DreamingV2: Reinforcement Learning with Discrete World Models without Reconstruction (2022)

Results
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https://youtu.be/F8pdObV_df4



Mastering Atari with Discrete World Models (2022)

Results
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https://youtu.be/F8pdObV_df4



Dream to Control: Learning Behaviors by Latent Imagination (2020)

Results
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https://youtu.be/F8pdObV_df4



Mastering Atari with Discrete World Models (2022)

Results – Video
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https://youtu.be/F8pdObV_df4

https://1.bp.blogspot.com/-zg-NUE2A7m4/YC6kZqA17EI/AAAAAAAAHL4/XGyOYcW-BzsZ3pRv88bu9SrM6_hixaVywCLcBGAsYHQ/s704/image6.gif


Mastering Atari with Discrete World Models (2022)

Results – Video

26

https://youtu.be/F8pdObV_df4

https://1.bp.blogspot.com/-YHo5BGQdVzY/YC6k6FjgzVI/AAAAAAAAHMQ/EKKLOnWKh8ksjqnrcg5zdB0ICAZ1RyiSgCLcBGAsYHQ/s912/image4.gif


DayDreamer: World Models for Physical Robot Learning (2022)

Results – Real World Reinforcement Leaning
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https://youtu.be/F8pdObV_df4

http://www.youtube.com/watch?v=A6Rg0qRwTYs


Discussion

28

● Sampling efficiency can be improved using latent imagination
● Object vanishing is still a problem even in Dreaming
● Atari performance only for “single GPU” setups
● Categorical stochastic representations improve performance
● Good fit for situations where exploration is costly 

(e.g. real-world reinforcement learning)



Questions?
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