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Introduction

▶ World models: Internal models of how the world works
▶ Previous work on Model-based RL (MBRL):

▶ Learn domain-specific world models from scratch
▶ Pre-train world models with simulated video data

▶ In-the-wild videos: Promising sources of general world knowledge

Research Problem

Can world models pre-trained on diverse in-the-wild videos benefit
sample-efficient learning of downstream visual control tasks?
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Challenges towards a General World Model

1. How to overcome the visual complexity and diversity?

2. What is the shared knowledge transferable from in-the-wild video
domains to visual control tasks?

▶ Contributions:
▶ A paradigm of pre-training world models with in-the-wild videos
▶ Contextualized World Models, which explicitly separates contexts
▶ Significant improvement of sample efficiency on various domains

Contextualized Latent Dynamics Models

Our Insight

Even across distinct scenes (contexts), the environment dynamics and
physics share a similar structure.

▶ Contextualized generative models:
utilizing rich contextual information c
beyond the expressiveness of latent
dynamics variables zt

▶ Latent dynamics inference:
concentrates on essential temporal
variations
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▶ Optimization with ELBO of conditional ln pθ (o1:T , r1:T | a1:T , c) without

the need to model the context distribution p(c):

L(θ) .
= Eqθ(z1:T |a1:T ,o1:T )

context-unaware latent inference

[ T∑
t=1

(
− ln pθ(ot | zt, c)
contextualized image loss

− ln pθ(rt | zt)

+βz KL [qθ(zt | zt−1, at−1, ot) ∥ pθ(ẑt | zt−1, at−1)]
)]

.

Contextualized World Model Architectures

Overview of Architecture

ContextWM empowers the image decoder by incorporating a context
encoder that operates in parallel with the latent dynamics model.
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ô2
<latexit sha1_base64="ZPbS+rgVFh+NEbABwVWihdLZ/cY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga9eIxgHpgsYXYymwyZnV1meoWw5C+8eFDEq3/jzb9xkuxBowUNRVU33V1BIoVB1/1yCkvLK6trxfXSxubW9k55d69p4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5KxjdTP3WI9dGxOoexwn3IzpQIhSMopUesu6QIoknvdNeueJW3RnIX+LlpAI56r3yZ7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZhdPyJFV+iSMtS2FZKb+nMhoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6PukLzRnKsSWUaWFvJWxINWVoQyrZELzFl/+S5knVu6ie351Vatd5HEU4gEM4Bg8uoQa3UIcGMFDwBC/w6hjn2Xlz3uetBSef2YdfcD6+ASvRkJo=</latexit>

ô3

<latexit sha1_base64="YSIW7iDhUgaDAA+yQ8jm+k+zYM4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5oHJEmYns8mQ2dllplcIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94DjhfkQHSoSCUbTSY9YdUiTxpHfeK1fcqjsDWSZeTiqQo94rf3X7MUsjrpBJakzHcxP0M6pRMMknpW5qeELZiA54x1JFI278bHbxhJxYpU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEym75O+0JyhHFtCmRb2VsKGVFOGNqSSDcFbfHmZNM+q3mX14v68UrvJ4yjCERzDKXhwBTW4gzo0gIGCZ3iFN8c4L8678zFvLTj5zCH8gfP5Ay1VkJs=</latexit>

ô4

<latexit sha1_base64="3+gC727uzYbExkkeYJAxAoR93gA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5oHJEmYns8mQ2dllplcIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94DjhfkQHSoSCUbTSY9YdUiR60vN65YpbdWcgy8TLSQVy1Hvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWKpoxI2fzS6ekBOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0fdIXmjOUY0so08LeStiQasrQhlSyIXiLLy+T5lnVu6xe3J9Xajd5HEU4gmM4BQ+uoAZ3UIcGMFDwDK/w5hjnxXl3PuatBSefOYQ/cD5/AC1ekJs=</latexit>

r̂1

<latexit sha1_base64="xK/7pgeQCpV2y6yoyXPFYks1Qrk=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGCeWCyhNnJbDJkdnaZ6RXCkr/w4kERr/6NN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecJxwP6IDJULBKFrpMesOKRI96VV7pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6ekFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0fdIXmjOUY0so08LeStiQasrQhlS0IXiLLy+TZrXiXVYu7s/LtZs8jgIcwwmcgQdXUIM7qEMDGCh4hld4c4zz4rw7H/PWFSefOYI/cD5/AC7ikJw=</latexit>

r̂2
<latexit sha1_base64="p/q+XlpUtR16wYT9sSk2NFdJocg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga9eIxgHpgsYXYymwyZnV1meoWw5C+8eFDEq3/jzb9xkuxBowUNRVU33V1BIoVB1/1yCkvLK6trxfXSxubW9k55d69p4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5KxjdTP3WI9dGxOoexwn3IzpQIhSMopUesu6QItGT3mmvXHGr7gzkL/FyUoEc9V75s9uPWRpxhUxSYzqem6CfUY2CST4pdVPDE8pGdMA7lioaceNns4sn5MgqfRLG2pZCMlN/TmQ0MmYcBbYzojg0i95U/M/rpBhe+ZlQSYpcsfmiMJUEYzJ9n/SF5gzl2BLKtLC3EjakmjK0IZVsCN7iy39J86TqXVTP784qtes8jiIcwCEcgweXUINbqEMDGCh4ghd4dYzz7Lw57/PWgpPP7MMvOB/fMGaQnQ==</latexit>

r̂3

<latexit sha1_base64="IrjPuS7eJ3zQarzkQpg3bZ+Z//4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+l5vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gAHUo2l</latexit>s1
<latexit sha1_base64="L3+AeSVbvoFdDAFEAQY69HUb0ls=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis96F61Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Njt1Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2hC8xZeXSbNa8S4rF/fn5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gAI1o2m</latexit>s2

<latexit sha1_base64="KWYXZetAFrc32P2oKBrzjXoS/fQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga9eIxoHpAsYXYymwyZnV1meoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIoVB1/1yCkvLK6trxfXSxubW9k55d69p4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5KxjdTP3WI9dGxOoBxwn3IzpQIhSMopXuTe+0V664VXcG8pd4OalAjnqv/NntxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9mpE3JklT4JY21LIZmpPycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZ/k36QnOGcmwJZVrYWwkbUk0Z2nRKNgRv8eW/pHlS9S6q53dnldp1HkcRDuAQjsGDS6jBLdShAQwG8AQv8OpI59l5c97nrQUnn9mHX3A+vgEKWo2n</latexit>s3<latexit sha1_base64="wVNPTidnOFb00HtjN39OOcpPzBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSA+15vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gDr142T</latexit>a1
<latexit sha1_base64="q9AISI9UburW4eeMTsXbP+uc7zA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis90F61Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Njt1Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2hC8xZeXSbNa8S4rF/fn5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gDtW42U</latexit>a2

<latexit sha1_base64="Mul+YOA02UtvCY7ytXjn3oFl7fQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga9eIxoHpAsYXYymwyZnV1meoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIoVB1/1yCkvLK6trxfXSxubW9k55d69p4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5KxjdTP3WI9dGxOoBxwn3IzpQIhSMopXuae+0V664VXcG8pd4OalAjnqv/NntxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9mpE3JklT4JY21LIZmpPycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZ/k36QnOGcmwJZVrYWwkbUk0Z2nRKNgRv8eW/pHlS9S6q53dnldp1HkcRDuAQjsGDS6jBLdShAQwG8AQv8OpI59l5c97nrQUnn9mHX3A+vgHu342V</latexit>a3

<latexit sha1_base64="kE7fKs0aJnKAfTgulD7i0H1ib+E=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5oHJEmYns8mQ2dllplcIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94DjhfkQHSoSCUbTSY9YdUiRm0jvvlStu1Z2BLBMvJxXIUe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y6miETd+Nrt4Qk6s0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhtZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LJhuAtvrxMmmdV77J6cX9eqd3kcRThCI7hFDy4ghrcQR0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8ATNxkJ8=</latexit>

ŝ4

<latexit sha1_base64="pooHRH/fOIbR9XcgNhCm0FH4TDQ=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5oHJEmYns8mQ2dllplcIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94DjhfkQHSoSCUbTSY9YdUiR60jvvlStu1Z2BLBMvJxXIUe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y6miETd+Nrt4Qk6s0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhtZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LJhuAtvrxMmmdV77J6cX9eqd3kcRThCI7hFDy4ghrcQR0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8ATHqkJ4=</latexit>

r̂4

▶ Context formulation: a random single frame from the trajectory segment is
chosen as the context c . By random selection, the context encoder learns to be
robust to temporal variations.

c
.
= ot̃, t̃ ∼ Uniform {1, 2, . . . ,T}

▶ Muti-scale cross-attention conditioning: ContextWM adopts U-Net-style
multi-scale feature shortcuts. Instead of naive concatenation forcing a spatial
alignment, an adaptive cross-attention mechanism is utilized.

Flatten: Q = Reshape (X ) , K = V = Reshape (Z ) ∈ Rhw×c

Cross-Attention: R = Attention
(
QW Q,KW K ,VW V

)
∈ Rhw×c

Res-Connection: X = ReLU (X + BatchNorm (Reshape (R))) ∈ Rc×h×w .

▶ Dual reward predictors:

▶ Behavioral reward predictor predicts exploratory reward rt + λr intt for
behavior learning.

▶ Representative reward predictor predicts pure task reward rt for enhancing
task-relevant representation learning.

▶ Overall objective:

LCWM(ϕ, φ, θ)
.
= Eqϕ(s1:T |a1:T ,z1:T ),qθ(z1:T | o1:T )

context-unaware latent inference

[∑T
t=1

(
− ln pθ(ot|st, c)

contextualized image loss

− ln pϕ(rt + λrintt |st)
behavioral reward loss

−βr ln pφ(rt|st)
representative reward loss

+βz KL [qθ(zt|zt−1, ot) ∥ pθ(ẑt|zt−1)]
action-free KL loss

+βs KL [qϕ(st|st−1, at−1, zt) ∥ pϕ(ŝt|st−1, at−1)]
action-conditional KL loss

)]
.

Experimental Setup

▶ Diverse pre-training datasets & visual control tasks

Something-Something V2 Human3.6M YouTube Driving

Meta-World DMC Remastered CARLA

Main Results

▶ Meta-world: ContextWM achieves significant positive transfer (from SSv2) in
terms of sample efficiency, while a plain WM fails.

(aggregated results)

▶ DMC Remastered: ContextWM further unleashes performance boost on
visual generalization benchmark with pre-training from in-the-wild videos.

(aggregated results)

Qualitative Analysis

▶ Video prediction and representations: ContextWM effectively captures
the shape and motion of the object, while the plain WM fails.
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▶ Compositional decoding: ContextWM successfully learned disentangled
representations of contexts and dynamics, while the plain WM suffers from
learning entangled representations and thus makes poor predictions.
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School of Software - BNRist - Tsinghua University - China Code: https://github.com/thuml/ContextWM Mail: wujialong0229@gmail.com


