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Introduction
• Model-based RL for continuous and discrete control

Atari
Figure adapted from github.com/danijar/dreamerv2

DeepMind Control (DMC)

https://github.com/danijar/dreamerv2


Recurrent State-Space Model (RSSM[1])
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[1] Learning Latent Dynamics for Planning from Pixels. Danijar Hafner et al., ICML 2019.



Recurrent State-Space Model (RSSM[1])
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struggle with visual distractions[2-5]

[1] Learning Latent Dynamics for Planning from Pixels. Danijar Hafner et al., ICML 2019.
[2] Learning Invariant Representations for Reinforcement Learning without Reconstruction. Amy Zhang et al., ICLR 2021.
[3] Learning Task Informed Abstractions. Xiang Fu et al., ICML 2021.
[4] Temporal Predictive Coding for Model-Based Planning in Latent Space. Tung Nguyen et al., ICML 2021.
[5] Dreaming: Model-based Reinforcement Learning by Latent Imagination without Reconstruction. Masashi Okada et al., ICRA 2021.



Reconstruction-Free MBRL
• State-of-the-art: TPC[4], Dreaming[5]

• Contrastively learn the latent space
• Underperform Dreamer in distraction-free setting

[4] Temporal Predictive Coding for Model-Based Planning in Latent Space. Tung Nguyen et al., ICML 2021.
[5] Dreaming: Model-based Reinforcement Learning by Latent Imagination without Reconstruction. Masashi Okada et al., ICRA 2021.



DreamerPro: Dreamer[6,7] + Prototypes[8]
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- Stop Gradient//
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Probabilities
<latexit sha1_base64="otg5+emG3xU7yb/HXSi7Jck6cjM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsx0YV1JwY3LCvYB06Fk0kwbm0mGJCOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLPCRPOtHHdb6e0sbm1vVPereztHxweVY9PulqmitAOkVyqfog15UzQjmGG036iKI5DTnvh9Db3e09UaSbFg5klNIjxWLCIEWys5LeVfKQkp3pYrbl1dwG0TryC1KBAe1j9GowkSWMqDOFYa99zExNkWBlGOJ1XBqmmCSZTPKa+pQLHVAfZ4uQ5urDKCEVS2ScMWqi/NzIcaz2LQzsZYzPRq14u/uf5qYmug4yJJDVUkOVHUcqRkSjPj0ZM2cB8ZgkmitlbEZlghYmxLVVsCd5q5HXSbdS9q7p336i1boo6ynAG53AJHjShBXfQhg4QkPAMr/DmGOfFeXc+lqMlp9g5hT9wPn8AopuReA==</latexit>

Projections

[6] Dream to Control: Learning Behaviors by Latent Imagination. Danijar Hafner et al., ICLR 2020.
[7] Mastering Atari with Discrete World Models. Danijar Hafner et al., ICLR 2021.
[8] Unsupervised Learning of Visual Features by Contrasting Cluster Assignments. Mathilde Caron et al., NeurIPS 2020.



DreamerPro: Dreamer[6,7] + Prototypes[8]

<latexit sha1_base64="9c0motNI3dTccO3XqbzUViHsyCU=">AAAB6nicbVDLSgNBEOyNrxhfUY8iDAbBU9j1oB4DXnKMaBIhWcLsZDYZMju7zPQKyZJP8OJBEa9+iZ/gzZO/4uRx0MSChqKqm+6uIJHCoOt+ObmV1bX1jfxmYWt7Z3evuH/QMHGqGa+zWMb6PqCGS6F4HQVKfp9oTqNA8mYwuJ74zQeujYjVHQ4T7ke0p0QoGEUr3Y462CmW3LI7BVkm3pyUKscfI2bkd61T/Gx3Y5ZGXCGT1JiW5yboZ1SjYJKPC+3U8ISyAe3xlqWKRtz42fTUMTm1SpeEsbalkEzV3xMZjYwZRoHtjCj2zaI3Ef/zWimGV34mVJIiV2y2KEwlwZhM/iZdoTlDObSEMi3srYT1qaYMbToFG4K3+PIyaZyXvYuyd2PTqMIMeTiCEzgDDy6hAlWoQR0Y9OARnuHFkc6T8+q8zVpzznzmEP7Aef8BeHaRpw==</latexit>zt
<latexit sha1_base64="F0gTspPG5r1l8+Awrf2ZyH3zIUo=">AAAB6nicbVDLSgNBEOz1GeMr6lGEwSB4Crse1GPAS44RzQOSJcxOZpMhs7PLTK8Yl3yCFw+KePVL/ARvnvwVJ4+DJhY0FFXddHcFiRQGXffLWVpeWV1bz23kN7e2d3YLe/t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8Hgauw37rg2Ila3OEy4H9GeEqFgFK10c9/BTqHoltwJyCLxZqRYPvp4YEZ+VzuFz3Y3ZmnEFTJJjWl5boJ+RjUKJvko304NTygb0B5vWapoxI2fTU4dkROrdEkYa1sKyUT9PZHRyJhhFNjOiGLfzHtj8T+vlWJ46WdCJSlyxaaLwlQSjMn4b9IVmjOUQ0so08LeSlifasrQppO3IXjzLy+S+lnJOy951zaNCkyRg0M4hlPw4ALKUIEq1IBBDx7hGV4c6Tw5r87btHXJmc0cwB847z91apGl</latexit>xt

<latexit sha1_base64="kfyAYOudXPmlqgMnd5Dg11stBEA=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYghYhTsLtQzYpIxgPiQJYW+zlyzZvTt254TjCIKtpY2FImn9OXb+GzcfhSY+GHi8N8PMPD+WwqDrfjtr6xubW9u5nfzu3v7BYeHouGGiRDNeZ5GMdMunhksR8joKlLwVa06VL3nTH91M/eYD10ZE4R2mMe8qOghFIBhFK913fKqzdNzDXqHolt0ZyCrxFqRYKZaenx4nk1qv8NXpRyxRPEQmqTFtz42xm1GNgkk+zncSw2PKRnTA25aGVHHTzWYHj0nJKn0SRNpWiGSm/p7IqDImVb7tVBSHZtmbiv957QSD624mwjhBHrL5oiCRBCMy/Z70heYMZWoJZVrYWwkbUk0Z2ozyNgRv+eVV0rgoe5dl79amUYU5cnAKZ3AOHlxBBapQgzowUPACb/DuaOfV+XAm89Y1ZzFzAn/gfP4AspiUBw==</latexit>

ȳt

<latexit sha1_base64="+ryYg1HYiLegZFVBL0/WbDGvtnk=">AAAB6nicbVA7SwNBEJ6LrxhfUUubxRCwCncWahmwSRnRPCA5wt5mL1my92B3TjiOINiKjYUiVgF/kZ3/xs2j0MQPBj6+b4aZ+bxYCo22/W3l1tY3Nrfy24Wd3b39g+LhUVNHiWK8wSIZqbZHNZci5A0UKHk7VpwGnuQtb3Q99Vv3XGkRhXeYxtwN6CAUvmAUjXSb9rBXLNkVewaySpwFKVVL5afHh8mk3it+dfsRSwIeIpNU645jx+hmVKFgko8L3UTzmLIRHfCOoSENuHaz2aljUjZKn/iRMhUimam/JzIaaJ0GnukMKA71sjcV//M6CfpXbibCOEEesvkiP5EEIzL9m/SF4gxlaghlSphbCRtSRRmadAomBGf55VXSPK84FxXnxqRRgznycAKncAYOXEIValCHBjAYwDO8wpslrRfr3fqYt+asxcwx/IH1+QPvrpFC</latexit>yt

<latexit sha1_base64="PGhTBfOec16Jiw+L1hL12ObD3Iw=">AAAB6nicbVA9SwNBEJ2LGmP8ilraLAbBKtylUMuAjWWC5gNiCHubvWTJ3t6xOyeEIz/BQouI2Ar+F0s78c+4+Sg08cHA470ZZub5sRQGXffLyaytb2Q3c1v57Z3dvf3CwWHDRIlmvM4iGemWTw2XQvE6CpS8FWtOQ1/ypj+8mvrNe66NiNQtjmLeCWlfiUAwila6YV2vWyi6JXcGskq8BSlWsrXvj8nje7Vb+LzrRSwJuUImqTFtz42xk1KNgkk+zt8lhseUDWmfty1VNOSmk85OHZNTq/RIEGlbCslM/T2R0tCYUejbzpDiwCx7U/E/r51gcNlJhYoT5IrNFwWJJBiR6d+kJzRnKEeWUKaFvZWwAdWUoU0nb0Pwll9eJY1yyTsveTWbRhnmyMExnMAZeHABFbiGKtSBQR8eYALPjnSenBfndd6acRYzR/AHztsPVDeRhw==</latexit>c1
<latexit sha1_base64="gEcqNvkEmD7b1563XXNbLxk+Cmw=">AAAB6nicbVA9SwNBEJ2LGmP8ilraLAbBKtylUMuAjWCToPmA5Ah7m71kyd7usbsnhCM/wUKLiNgK/hdLO/HPuPkoNPHBwOO9GWbmBTFn2rjul5NZW9/Ibua28ts7u3v7hYPDhpaJIrROJJeqFWBNORO0bpjhtBUriqOA02YwvJr6zXuqNJPizoxi6ke4L1jICDZWuiXdm26h6JbcGdAq8RakWMnWvj8mj+/VbuGz05MkiagwhGOt254bGz/FyjDC6TjfSTSNMRniPm1bKnBEtZ/OTh2jU6v0UCiVLWHQTP09keJI61EU2M4Im4Fe9qbif147MeGlnzIRJ4YKMl8UJhwZiaZ/ox5TlBg+sgQTxeytiAywwsTYdPI2BG/55VXSKJe885JXs2mUYY4cHMMJnIEHF1CBa6hCHQj04QEm8Oxw58l5cV7nrRlnMXMEf+C8/QB7n5Gh</latexit>cK

<latexit sha1_base64="n1o7VNyuG1PuJjtlzb6c0u7KOII=">AAAB7HicbVA9SwNBEJ1TozF+RS1tFoOQKtwpqJUEbCwjeEkgOcLe3l6yZG/32N0TwpHfYGOhiK0/wd6/YKX/xs1HoYkPBh7vzTAzL0w508Z1v52V1bXC+kZxs7S1vbO7V94/aGqZKUJ9IrlU7RBrypmgvmGG03aqKE5CTlvh8Hrit+6p0kyKOzNKaZDgvmAxI9hYye/KSJpeueLW3CnQMvHmpFIvnFXfv8RHo1f+7EaSZAkVhnCsdcdzUxPkWBlGOB2XupmmKSZD3KcdSwVOqA7y6bFjdGKVCMVS2RIGTdXfEzlOtB4loe1MsBnoRW8i/ud1MhNfBjkTaWaoILNFccaRkWjyOYqYosTwkSWYKGZvRWSAFSbG5lOyIXiLLy+T5mnNO695tzaNK5ihCEdwDFXw4ALqcAMN8IEAgwd4gmdHOI/Oi/M6a11x5jOH8AfO2w9ty5IZ</latexit>�

<latexit sha1_base64="n1o7VNyuG1PuJjtlzb6c0u7KOII=">AAAB7HicbVA9SwNBEJ1TozF+RS1tFoOQKtwpqJUEbCwjeEkgOcLe3l6yZG/32N0TwpHfYGOhiK0/wd6/YKX/xs1HoYkPBh7vzTAzL0w508Z1v52V1bXC+kZxs7S1vbO7V94/aGqZKUJ9IrlU7RBrypmgvmGG03aqKE5CTlvh8Hrit+6p0kyKOzNKaZDgvmAxI9hYye/KSJpeueLW3CnQMvHmpFIvnFXfv8RHo1f+7EaSZAkVhnCsdcdzUxPkWBlGOB2XupmmKSZD3KcdSwVOqA7y6bFjdGKVCMVS2RIGTdXfEzlOtB4loe1MsBnoRW8i/ud1MhNfBjkTaWaoILNFccaRkWjyOYqYosTwkSWYKGZvRWSAFSbG5lOyIXiLLy+T5mnNO695tzaNK5ihCEdwDFXw4ALqcAMN8IEAgwd4gmdHOI/Oi/M6a11x5jOH8AfO2w9ty5IZ</latexit>�

<latexit sha1_base64="n1o7VNyuG1PuJjtlzb6c0u7KOII=">AAAB7HicbVA9SwNBEJ1TozF+RS1tFoOQKtwpqJUEbCwjeEkgOcLe3l6yZG/32N0TwpHfYGOhiK0/wd6/YKX/xs1HoYkPBh7vzTAzL0w508Z1v52V1bXC+kZxs7S1vbO7V94/aGqZKUJ9IrlU7RBrypmgvmGG03aqKE5CTlvh8Hrit+6p0kyKOzNKaZDgvmAxI9hYye/KSJpeueLW3CnQMvHmpFIvnFXfv8RHo1f+7EaSZAkVhnCsdcdzUxPkWBlGOB2XupmmKSZD3KcdSwVOqA7y6bFjdGKVCMVS2RIGTdXfEzlOtB4loe1MsBnoRW8i/ud1MhNfBjkTaWaoILNFccaRkWjyOYqYosTwkSWYKGZvRWSAFSbG5lOyIXiLLy+T5mnNO695tzaNK5ihCEdwDFXw4ALqcAMN8IEAgwd4gmdHOI/Oi/M6a11x5jOH8AfO2w9ty5IZ</latexit>�
<latexit sha1_base64="QkEzYPu5IKq1vOyklbrmMQy/OUQ=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKezmoDkGvHiMaB6QLGF2MpsMmccy0yuGJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VJYJb8P1vr7CxubW9U9wt7e0fHB6Vj0/aVqeGshbVQptuRCwTXLEWcBCsmxhGZCRYJ5rczP3OIzOWa/UA04SFkowUjzkl4KTOvY5BkqdBueJX/QXwOglyUkE5moPyV3+oaSqZAiqItb3ATyDMiAFOBZuV+qllCaETMmI9RxWRzIbZ4twZvnDKEMfauFKAF+rviYxIa6cycp2SwNiuenPxP6+XQlwPM66SFJiiy0VxKjBoPP8dD7lhFMTUEUINd7diOiaGUHAJlVwIwerL66RdqwZX1eCuVmnU8ziK6Aydo0sUoGvUQLeoiVqIogl6Rq/ozUu8F+/d+1i2Frx85hT9gff5A3NEj5w=</latexit>

Softmax

<latexit sha1_base64="QkEzYPu5IKq1vOyklbrmMQy/OUQ=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKezmoDkGvHiMaB6QLGF2MpsMmccy0yuGJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VJYJb8P1vr7CxubW9U9wt7e0fHB6Vj0/aVqeGshbVQptuRCwTXLEWcBCsmxhGZCRYJ5rczP3OIzOWa/UA04SFkowUjzkl4KTOvY5BkqdBueJX/QXwOglyUkE5moPyV3+oaSqZAiqItb3ATyDMiAFOBZuV+qllCaETMmI9RxWRzIbZ4twZvnDKEMfauFKAF+rviYxIa6cycp2SwNiuenPxP6+XQlwPM66SFJiiy0VxKjBoPP8dD7lhFMTUEUINd7diOiaGUHAJlVwIwerL66RdqwZX1eCuVmnU8ziK6Aydo0sUoGvUQLeoiVqIogl6Rq/ozUu8F+/d+1i2Frx85hT9gff5A3NEj5w=</latexit>

Softmax

<latexit sha1_base64="8IqiWdEkhR+T8NudXXTqKtoa9d0=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sez2oD0WvAheKtoPaNeSTbNtaDYJSVYppf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMixRnxvr+t7eyura+sZnbym/v7O7tFw4OG0ammtA6kVzqVoQN5UzQumWW05bSFCcRp81oeDX1m49UGybFvR0pGia4L1jMCLZOerhjYjiQWpzfCKlUt1D0S/4MaJkEGSlChlq38NXpSZImVFjCsTHtwFc2HGNtGeF0ku+khipMhrhP244KnFATjmdXT9CpU3ooltqVsGim/p4Y48SYURK5zgTbgVn0puJ/Xju1cSUcM6FSSwWZL4pTjqxE0whQj2lKLB85golm7lZEBlhjYl1QeRdCsPjyMmmUS8FFKbgtF6uVLI4cHMMJnEEAl1CFa6hBHQhoeIZXePOevBfv3fuYt6542cwR/IH3+QOKe5KB</latexit>

Sinkhorn-Knopp
<latexit sha1_base64="ZvIUgWi281jbOt6lA7HqgFNj+F0=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoMQm3CXQlMGbCwjmA9IjrC32UuW7N0eu3NCOPI3bCwUsfXP2Plv3CRXaOKDgcd7M8zMCxIpDLrut1PY2t7Z3Svulw4Oj45PyqdnHaNSzXibKal0L6CGSxHzNgqUvJdoTqNA8m4wvVv43SeujVDxI84S7kd0HItQMIpWGlSVNUlAkU2uh+WKW3OXIJvEy0kFcrSG5a/BSLE04jEySY3pe26CfkY1Cib5vDRIDU8om9Ix71sa04gbP1vePCdXVhmRUGlbMZKl+nsio5ExsyiwnRHFiVn3FuJ/Xj/FsOFnIk5S5DFbLQpTSVCRRQBkJDRnKGeWUKaFvZWwCdWUoY2pZEPw1l/eJJ16zbupeQ/1SrORx1GEC7iEKnhwC024hxa0gUECz/AKb07qvDjvzseqteDkM+fwB87nDzPPkRs=</latexit>

(over batch)

<latexit sha1_base64="wDAP+ZSF8Kz9caJDgudr5qxJBvQ=">AAAB6nicbVDLSgNBEOyNrxhfUY8iDAbBU9j1oB4DXnKMaBIhWcLsZDYZMju7zPQG4pJP8OJBEa9+iZ/gzZO/4uRx0MSChqKqm+6uIJHCoOt+ObmV1bX1jfxmYWt7Z3evuH/QMHGqGa+zWMb6PqCGS6F4HQVKfp9oTqNA8mYwuJ74zSHXRsTqDkcJ9yPaUyIUjKKVbocd7BRLbtmdgiwTb05KleOPB2bkd61T/Gx3Y5ZGXCGT1JiW5yboZ1SjYJKPC+3U8ISyAe3xlqWKRtz42fTUMTm1SpeEsbalkEzV3xMZjYwZRYHtjCj2zaI3Ef/zWimGV34mVJIiV2y2KEwlwZhM/iZdoTlDObKEMi3srYT1qaYMbToFG4K3+PIyaZyXvYuyd2PTqMIMeTiCEzgDDy6hAlWoQR0Y9OARnuHFkc6T8+q8zVpzznzmEP7Aef8Bcl6Row==</latexit>vt

<latexit sha1_base64="m4ZgU0VbmBv1Ia/CODgMll8Iydo=">AAAB6nicbVDLSgNBEOz1GeMr6lGEwSB4Crse1GPAS44RzQOSJcxOZpMhs7PLTK8Sl3yCFw+KePVL/ARvnvwVJ4+DJhY0FFXddHcFiRQGXffLWVpeWV1bz23kN7e2d3YLe/t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8Hgauw37rg2Ila3OEy4H9GeEqFgFK10c9/BTqHoltwJyCLxZqRYPvp4YEZ+VzuFz3Y3ZmnEFTJJjWl5boJ+RjUKJvko304NTygb0B5vWapoxI2fTU4dkROrdEkYa1sKyUT9PZHRyJhhFNjOiGLfzHtj8T+vlWJ46WdCJSlyxaaLwlQSjMn4b9IVmjOUQ0so08LeSlifasrQppO3IXjzLy+S+lnJOy951zaNCkyRg0M4hlPw4ALKUIEq1IBBDx7hGV4c6Tw5r87btHXJmc0cwB847z9z5JGk</latexit>wt

<latexit sha1_base64="5uYeKISOfC7zGPeGvnFRNFgDFF8=">AAAB6nicbVDLSgNBEOyNrxhfUY8iDAbBU9j1oB4DXnKMaB6QLGF2MpsMmZ1dZnqFuOQTvHhQxKtf4id48+SvOHkcNLGgoajqprsrSKQw6LpfTm5ldW19I79Z2Nre2d0r7h80TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nfvOfaiFjd4SjhfkT7SoSCUbTSbdrFbrHklt0pyDLx5qRUOf54YEZ+17rFz04vZmnEFTJJjWl7boJ+RjUKJvm40EkNTygb0j5vW6poxI2fTU8dk1Or9EgYa1sKyVT9PZHRyJhRFNjOiOLALHoT8T+vnWJ45WdCJSlyxWaLwlQSjMnkb9ITmjOUI0so08LeStiAasrQplOwIXiLLy+TxnnZuyh7NzaNKsyQhyM4gTPw4BIqUIUa1IFBHx7hGV4c6Tw5r87brDXnzGcO4Q+c9x9w2JGi</latexit>ut
<latexit sha1_base64="uYJ/UpgboHd26B9m//VZ++TV49A=">AAACBnicbVC7SgNBFJ31GeNrVbARYUkQrMKuhaYM2IhVhLwgWZfZyWwyZGZ2mZkVwrKVjf9hZWOhiJ34DXY2dv6Hs5sUmnhg4Mw593LvPX5EiVS2/WksLC4tr6wW1orrG5tb2+bObkuGsUC4iUIaio4PJaaE46YiiuJOJDBkPsVtf3Se+e0bLCQJeUONI+wyOOAkIAgqLXnmYY9BNUSQJpepl+QfwZIGZlGaXivPLNsVO4c1T5wpKddK92+l76/9umd+9PohihnmClEoZdexI+UmUCiCKE6LvVjiCKIRHOCuphwyLN0kPyO1jrTSt4JQ6MeVlau/OxLIpBwzX1dme8pZLxP/87qxCqpuQngUK8zRZFAQU0uFVpaJ1ScCI0XHmkAkiN7VQkMoIFI6uaIOwZk9eZ60TirOacW50mlUwQQFcABK4Bg44AzUwAWogyZA4BY8gCfwbNwZj8aL8TopXTCmPXvgD4z3H7FGnZc=</latexit>

J t
Temp

<latexit sha1_base64="RlyXiKviHGfViDOJXY3t7YFGTng=">AAACBnicbVC7SgNBFJ2NrxhfGy1FWIyCVdi10JQRG7GKaB6QjWF2MpsMmX0wc1cNy1Y2Nn6IjYUiipWdvZ0/4Hc4m6TQ6IELh3Pu5d57nJAzCab5qWWmpmdm57LzuYXFpeUVPb9ak0EkCK2SgAei4WBJOfNpFRhw2ggFxZ7Dad3pH6Z+/YIKyQL/DAYhbXm46zOXEQxKausbtoehRzCPj5N2bAO9Akni08uDWpKcQ1svmEVzCOMvscakUN76un15fc9X2vqH3QlI5FEfCMdSNi0zhFaMBTDCaZKzI0lDTPq4S5uK+tijshUP30iMbaV0DDcQqnwwhurPiRh7Ug48R3WmR8tJLxX/85oRuKVWzPwwAuqT0SI34gYERpqJ0WGCEuADRTARTN1qkB4WmIBKLqdCsCZf/ktqu0Vrr2idqDRKaIQsWkebaAdZaB+V0RGqoCoi6BrdoQf0qN1o99qT9jxqzWjjmTX0C9rbNwIvndc=</latexit>

J t
SwAV

<latexit sha1_base64="qRCwvUBKEuDg8FG0zbnoQgTIapI=">AAAB+nicbVDLSsNAFJ34bOsr1Y3gJliEuimJC+2y6MZlBfuANoTJdNIOnUeYmSg1FvwRNy4UcSd+iTvBj3HSdqGtBwYO59zLPXPCmBKlXffLWlpeWV1bz+ULG5tb2zt2cbepRCIRbiBBhWyHUGFKOG5ooiluxxJDFlLcCocXmd+6wVIRwa/1KMY+g31OIoKgNlJgF7sM6oFkKUz647II9HFgl9yKO4GzSLwZKdX2777zD+/n9cD+7PYEShjmGlGoVMdzY+2nUGqCKB4XuonCMURD2McdQzlkWPnpJPrYOTJKz4mENI9rZ6L+3kghU2rEQjOZBVXzXib+53USHVX9lPA40Zij6aEooY4WTtaD0yMSI01HhkAkicnqoAGUEGnTVsGU4M1/eZE0TyreacW7Mm1UwRQ5cAAOQRl44AzUwCWogwZA4BY8gmfwYt1bT9ar9TYdXbJmO3vgD6yPH46AlyU=</latexit>

aug(ot)

<latexit sha1_base64="qRCwvUBKEuDg8FG0zbnoQgTIapI=">AAAB+nicbVDLSsNAFJ34bOsr1Y3gJliEuimJC+2y6MZlBfuANoTJdNIOnUeYmSg1FvwRNy4UcSd+iTvBj3HSdqGtBwYO59zLPXPCmBKlXffLWlpeWV1bz+ULG5tb2zt2cbepRCIRbiBBhWyHUGFKOG5ooiluxxJDFlLcCocXmd+6wVIRwa/1KMY+g31OIoKgNlJgF7sM6oFkKUz647II9HFgl9yKO4GzSLwZKdX2777zD+/n9cD+7PYEShjmGlGoVMdzY+2nUGqCKB4XuonCMURD2McdQzlkWPnpJPrYOTJKz4mENI9rZ6L+3kghU2rEQjOZBVXzXib+53USHVX9lPA40Zij6aEooY4WTtaD0yMSI01HhkAkicnqoAGUEGnTVsGU4M1/eZE0TyreacW7Mm1UwRQ5cAAOQRl44AzUwCWogwZA4BY8gmfwYt1bT9ar9TYdXbJmO3vgD6yPH46AlyU=</latexit>

aug(ot)

<latexit sha1_base64="frUL/4bYN3flIoZPyBVy/apReoA=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laQH7bHgxWMF+4FtKJvtpl262Q27E6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvTAQ36Hnfzsbm1vbObmmvvH9weHRcOTntGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Nve7T0wbruQDzhIWxGQsecQpQSs9trRCletmWKl6NW8Bd534BalCgdaw8jUYKZrGTCIVxJi+7yUYZEQjp4LNy4PUsITQKRmzvqWSxMwE2eLiuXtplZEbKW1LortQf09kJDZmFoe2MyY4MateLv7n9VOMGkHGZZIik3S5KEqFi8rN33RHXDOKYmYJoZrbW106IZpQtCGVbQj+6svrpFOv+dc1/75ebTaKOEpwDhdwBT7cQBPuoAVtoCDhGV7hzTHOi/PufCxbN5xi5gz+wPn8AQzjkSE=</latexit>

Prototypes

<latexit sha1_base64="neO8rIzIz90JmE+ypvyLBwKfntA=">AAAB73icbVDLSgNBEJz1GeMr6lGRwSB4Crse1GPQi8cEzAOSJcxOepMhs7PrTK8QQo7+gBcPinj1D/Id3vwGf8LJ46CJBQ1FVTfdXUEihUHX/XKWlldW19YzG9nNre2d3dzeftXEqeZQ4bGMdT1gBqRQUEGBEuqJBhYFEmpB72bs1x5AGxGrO+wn4Eeso0QoOEMr1cNWE7uArJXLuwV3ArpIvBnJF49G5e/H41GplftstmOeRqCQS2ZMw3MT9AdMo+AShtlmaiBhvMc60LBUsQiMP5jcO6SnVmnTMNa2FNKJ+ntiwCJj+lFgOyOGXTPvjcX/vEaK4ZU/ECpJERSfLgpTSTGm4+dpW2jgKPuWMK6FvZXyLtOMo40oa0Pw5l9eJNXzgndR8Mo2jWsyRYYckhNyRjxySYrklpRIhXAiyRN5Ia/OvfPsvDnv09YlZzZzQP7A+fgBDIKTrg==</latexit>

f✓

<latexit sha1_base64="q5ogkd1Y+BQR051LesDgh18QLJU=">AAAB+XicbVC7TsNAEDzzDOFloKQ5EiEhisimAMoIGsogkYeUWNb5ck5OOZ+tu3WkyPKf0FCAEC2fQENBRUfDt3B5FJAw0kqjmV3t7gSJ4Boc58taWl5ZXVsvbBQ3t7Z3du29/YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA99ptDpjSP5R2MEuZFpCd5yCkBI/m2HfpZJyAq60CfAclz3y47FWcCvEjcGSlXjz7ev0/fSjXf/ux0Y5pGTAIVROu26yTgZUQBp4LlxU6qWULogPRY21BJIqa9bHJ5jo+N0sVhrExJwBP190RGIq1HUWA6IwJ9Pe+Nxf+8dgrhpZdxmaTAJJ0uClOBIcbjGHCXK0ZBjAwhVHFzK6Z9oggFE1bRhODOv7xIGmcV97zi3po0rtAUBXSISugEuegCVdENqqE6omiI7tEjerIy68F6tl6mrUvWbOYA/YH1+gNtZpfn</latexit>

f✓̄
<latexit sha1_base64="LukpUU5j1EJqSMVr7vrl4VaTmqQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkP6rEighehov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup76rSdUmsfy0YwT9CM6kDzkjBorPdzcXfVKZbfizkCWiZeTMuSo90pf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mp07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOkUbgrf48jJpViveecW7r5Zr1TyOAhzDCZyBBxdQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBt12NXw==</latexit>

EMA

//

<latexit sha1_base64="JZRzP0s4bVBzdq+mdme6j1f+JqU=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBjWWmC+2y4EKXFe0D2qFkMpk2NJMMSUaopV/ixoUibv0Ud/6NaTsLbT0QOJxzD/fmhCln2njet7O2vrG5tV3YKe7u7R+U3MOjlpaZIrRJJJeqE2JNORO0aZjhtJMqipOQ03Y4up757UeqNJPiwYxTGiR4IFjMCDZW6rulC3RvZIpuFI4YFabvlr2KNwdaJX5OypCj0Xe/epEkWWKzhGOtu76XmmCClWGE02mxl2maYjLCA9q1VOCE6mAyP3yKzqwSoVgq+4RBc/V3YoITrcdJaCcTbIZ62ZuJ/3ndzMS1YMJEmhkqyGJRnHFkJJq1gCKmKDF8bAkmitlbERlihYmxXRVtCf7yl1dJq1rxLyv+XbVcr+V1FOAETuEcfLiCOtxCA5pAIINneIU358l5cd6dj8XompNnjuEPnM8fw22SfA==</latexit>

- Stop Gradient//

<latexit sha1_base64="7vMpEFxJesRXgpZen4OehKsmKaM=">AAAB7HicbVBNS8NAEN34WetX1aOXxSJ4KkkP2mPBi8eKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/nY3Nre2d3dJeef/g8Oi4cnLaNkmmOfg8kYnuhsyAFAp8FCihm2pgcSihE05u537nCbQRiXrEaQpBzEZKRIIztJL/gAxhUKm6NXcBuk68glRJgdag8tUfJjyLQSGXzJie56YY5Eyj4BJm5X5mIGV8wkbQs1SxGEyQL46d0UurDGmUaFsK6UL9PZGz2JhpHNrOmOHYrHpz8T+vl2HUCHKh0gxB8eWiKJMUEzr/nA6FBo5yagnjWthbKR8zzTjafMo2BG/15XXSrte865p3X682G0UcJXJOLsgV8cgNaZI70iI+4USQZ/JK3hzlvDjvzseydcMpZs7IHzifP8/ajqc=</latexit>

State

<latexit sha1_base64="LkS5Ph4qZobIDul+wNk0aaXTnxM=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5SaMqAjY0QjfmA5Ah7m71kye7esbsnhCN/wcZCEVv/kJ3/xr3kCk18MPB4b4aZeUHMmTau++0UNja3tneKu6W9/YPDo/LxSUdHiSK0TSIeqV6ANeVM0rZhhtNerCgWAafdYHqT+d0nqjSL5KOZxdQXeCxZyAg2mfTQat0NyxW36i6A1omXkwrkaA7LX4NRRBJBpSEca9333Nj4KVaGEU7npUGiaYzJFI9p31KJBdV+urh1ji6sMkJhpGxJgxbq74kUC61nIrCdApuJXvUy8T+vn5iw7qdMxomhkiwXhQlHJkLZ42jEFCWGzyzBRDF7KyITrDAxNp6SDcFbfXmddGpV76rq3dcqjXoeRxHO4BwuwYNraMAtNKENBCbwDK/w5gjnxXl3PpatBSefOYU/cD5/AIwCjeE=</latexit>

RSSM

<latexit sha1_base64="KrmYHDjyuqZmm4bzKsDv5hOoqUo=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe5SqJUEbCwjmA9IjrC3mUuW7O2du3OBcOR32FgoYuuPsfPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7Gd3O/PQFtRKwecZqAH7GhEqHgDK3kN3QcsEBIgQJMv1xxq+4CdJ14OamQHI1++as3iHkagUIumTFdz03Qz5hGwSXMSr3UQML4mA2ha6liERg/Wxw9oxdWGdAw1rYU0oX6eyJjkTHTKLCdEcORWfXm4n9eN8Xwxs+ESlIExZeLwlRSjOk8AToQGjjKqSWMa/s5p3zENONocyrZELzVl9dJq1b1rqreQ61Sv83jKJIzck4uiUeuSZ3ckwZpEk6eyDN5JW/OxHlx3p2PZWvByWdOyR84nz8N2JJF</latexit>

Probabilities
<latexit sha1_base64="otg5+emG3xU7yb/HXSi7Jck6cjM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsx0YV1JwY3LCvYB06Fk0kwbm0mGJCOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLPCRPOtHHdb6e0sbm1vVPereztHxweVY9PulqmitAOkVyqfog15UzQjmGG036iKI5DTnvh9Db3e09UaSbFg5klNIjxWLCIEWys5LeVfKQkp3pYrbl1dwG0TryC1KBAe1j9GowkSWMqDOFYa99zExNkWBlGOJ1XBqmmCSZTPKa+pQLHVAfZ4uQ5urDKCEVS2ScMWqi/NzIcaz2LQzsZYzPRq14u/uf5qYmug4yJJDVUkOVHUcqRkSjPj0ZM2cB8ZgkmitlbEZlghYmxLVVsCd5q5HXSbdS9q7p336i1boo6ynAG53AJHjShBXfQhg4QkPAMr/DmGOfFeXc+lqMlp9g5hT9wPn8AopuReA==</latexit>

Projections

[6] Dream to Control: Learning Behaviors by Latent Imagination. Danijar Hafner et al., ICLR 2020.
[7] Mastering Atari with Discrete World Models. Danijar Hafner et al., ICLR 2021.
[8] Unsupervised Learning of Visual Features by Contrasting Cluster Assignments. Mathilde Caron et al., NeurIPS 2020.



Environments

Standard DMC Natural Background DMC



Standard DMC better data efficiency



Standard DMC



Natural Background DMC

large performance gain



Latent State Visualization

<latexit sha1_base64="ZqBkJSPVrDj3wl7j6kmXpQa+As0=">AAAB/HicbVBNS8NAFNzUr1q/oj16WSxCTyUpoh4LevBYwbZCG8pmu2mXbjZh90UMof4VLx4U8eoP8ea/cdPmoK0DC8PMG97b8WPBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjro4SRVmHRiJS9z7RTHDJOsBBsPtYMRL6gvX86VXu9x6Y0jySd5DGzAvJWPKAUwJGGtrVAbBH0DS7zlNMtVU0G9o1p+HMgVeJW5AaKtAe2l+DUUSTkEmggmjdd50YvIwo4FSwWWWQaBYTOiVj1jdUmkXay+bHz/CpUUY4iJR5EvBc/Z3ISKh1GvpmMiQw0cteLv7n9RMILr2MyzgBJuliUZAIDBHOm8AjrhgFkRpCqOLmVkwnRBEKpq+KKcFd/vIq6TYb7nnj7LZZa9WLOsroGJ2gOnLRBWqhG9RGHURRip7RK3qznqwX6936WIyWrCJTRX9gff4Ac0yVNg==</latexit>

DreamerPro

<latexit sha1_base64="BQqSPIEORC9WsPWsT+lsi4br3u4=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAYhp7AbRD0G9OAxgnlAsoTZSScZMvtgpjcYlvyJFw+KePVPvPk3ziZ70MSCgaKqi+4pP5ZCo+N8W4WNza3tneJuaW//4PDIPj5p6ShRHJo8kpHq+EyDFCE0UaCETqyABb6Etj+5zfz2FJQWUfiIsxi8gI1CMRScoZH6tt1DeELN07ssBWret8tO1VmArhM3J2WSo9G3v3qDiCcBhMgl07rrOjF6KVMouIR5qZdoiBmfsBF0DQ3NFu2li8vn9MIoAzqMlHkh0oX6O5GyQOtZ4JvJgOFYr3qZ+J/XTXB446UijBOEkC8XDRNJMaJZDXQgFHCUM0MYV8LcSvmYKcbRlFUyJbirX14nrVrVvapePtTK9UpeR5GckXNSIS65JnVyTxqkSTiZkmfySt6s1Hqx3q2P5WjByjOn5A+szx8gqJPn</latexit>

Dreamer

<latexit sha1_base64="G4rAfv7WD0fEehAPITUjONqJ47U=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQU0mKqMdCLx4r9AuaUDbbTbt0swm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATX6DjfVmFre2d3r7hfOjg8Oj4pn551dZwqyjo0FrHqB0QzwSXrIEfB+oliJAoE6wXT5sLvPTKleSzbOEuYH5Gx5CGnBI3kecieUNOs3WrOh+WKU3OWsDeJm5MK5GgNy1/eKKZpxCRSQbQeuE6CfkYUcirYvOSlmiWETsmYDQyVJGLaz5Y3z+0ro4zsMFamJNpL9fdERiKtZ1FgOiOCE73uLcT/vEGK4Z2fcZmkyCRdLQpTYWNsLwKwR1wximJmCKGKm1ttOiGKUDQxlUwI7vrLm6Rbr7k3teuHeqVRzeMowgVcQhVcuIUG3EMLOkAhgWd4hTcrtV6sd+tj1Vqw8plz+APr8wcxT5G1</latexit>

TPC

<latexit sha1_base64="vzwFAMVEOrzQtRfM+HomLmfPN4g=">AAAB7HicbVBNSwMxFHypX7V+VT16CRahp7JbRD0WvOitgtsW2qVk02wbms0uSVYoS3+DFw+KePUHefPfmG33oK0DgWHmPfJmgkRwbRznG5U2Nre2d8q7lb39g8Oj6vFJR8eposyjsYhVLyCaCS6ZZ7gRrJcoRqJAsG4wvc397hNTmsfy0cwS5kdkLHnIKTFW8u5lkpphteY0nAXwOnELUoMC7WH1azCKaRoxaaggWvddJzF+RpThVLB5ZZBqlhA6JWPWt1SSiGk/Wxw7xxdWGeEwVvZJgxfq742MRFrPosBORsRM9KqXi/95/dSEN37G80RM0uVHYSqwiXGeHI+4YtSImSWEKm5vxXRCFKHG9lOxJbirkddJp9lwrxqXD81aq17UUYYzOIc6uHANLbiDNnhAgcMzvMIbkugFvaOP5WgJFTun8Afo8wfioY6p</latexit>

Input

Cup Catch @100K Walker Run @1M



Ablation Study



Conclusion
• DreamerPro: First non-contrastive reconstruction-free 

MBRL agent
• Improve robustness to background distractions without 

sacrificing performance in distraction-free settings
• Code available at github.com/fdeng18/dreamer-pro

https://github.com/fdeng18/dreamer-pro

