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» World model-based reinforcement learning

® |earning latent dynamics for planning and decision-making;
® Generating imagination trajectories” for agents to learn behaviors.

Environment Learned Planning_ by_
Interaction World Model Latent Imagination
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» Cognitive Science

® Human infants naturally focus on dynamic object interactions to infer
fundamental principles of their surroundings;
® Rewards are predominantly influenced by the dynamic parts.

* Designing a world model focus on the key

Atari 100k - Pong/Krull * Conventional world models process
B 0 0 L : o |
| L observations holistically; |

dynamic features and temporal information.
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» DyMoDreamer

® Prioritizing dynamic features through inter-frame differencing mask;
® Integrating a dynamic modulation mechanism into RSSM;
® All components are trained jointly without separate modulator training.

Differential Observation

(original)

Differential ~ Observation

(vanilla)

(ours)

Differential
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» DyMoDreamer

® Prioritizing dynamic features through inter-frame differencing mask;
® Integrating a dynamic modulation mechanism into RSSM;
® All components are trained jointly without separate modulator training.

Differential Observation
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» DyMoDreamer

® Prioritizing dynamic features through inter-frame differencing mask;
® Integrating a dynamic modulation mechanism into RSSM;
® All components are trained jointly without separate modulator training.

Prediction Loss Dynamic and Representation Loss

Divergence Regularization

i ‘CPred (tp] = Srec('ﬂ) + ﬁrew('ﬁ:‘} + ﬁcnn(‘,ﬁ‘] i iﬁl‘l}’n{qb) = Hax (1' KL[ﬁg{ffﬂ[:t | h‘h ﬂt}} || ptiﬁ(ﬁﬁ | ht:]]) i i KL ‘A &

§ (KLl ) I [ R). | | ) M09 o)
i Lrec(@) = —Inpg(og|he, ze. dy) ! modulation’s dynamic loss i i . exp(Aéy /)

! i 5 |l t

| Loew(9) = —Inpy(relhe, 2, dy) {1 Lrep(¢) = max (1, KL[gg(2¢ | he, o) || sg(po (2t | he))]) | 2 hw,e €XP(A6t /7))’

i N - Inax{l KL[gs(d; | ke, 0)) || sg(ps(d: | By))]) - i i A exp(Aoy /7)

i Leon(9) = —Inpg(ce|he, ze,de) i i ~ “ i o(8ax) = D e CXp(Aoy/T)’

modulation’s representation loss
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» More Efficient Imagination

® DyMoDreamer highlights the dynamic features, exhibits less hallucinations
during the imagination reconstruction than vanilla DreamerV3.

DyMoDreamer DreamerV3

Boxing

Error Imagination

Differential
Observations
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> Performance

® DyMoDreamer surpasses baselines on the Atari 100K, DeepMind Visual
Control, and Crafter benchmark.

Mean Human Normalized Score (Atari 100k)

Atari 100k
160% mmm Transformer-based world model 156.6%
OC-STORM DIAMOND DreamerV3 DyMoDreamer BN RNN-based world model '
(2025) (2024) (2023) (ours) Others 165.9%
140% 134.8%
HNS Mean 134.8% 146% 125% 156.6% 125.0%

HNS Median 43.8% 37% 49% 71.3% 120%
DeepMind Visual Control Suite 100%
TD-MPC2 TWISTER  DreamerV3 DyMoDreamer Median Human Normalized Score (Atari 100k)
(2023) (2025) (2023) (ours) c0s o
Task Mean 720.9 801.8 786 832 o 1%
Task Median 795.9 907.6 861 871
Crafter o
IRIS A-IRIS DreamerV3 DyMoDreamer o
(2023) (2024) (2023) (ours) 0% PRSI o & o o
Rewrn @IM | 55 7.7 9.4 10.3 N Y\a@gﬁh\ SN
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» Removing Dynamic Modulation

® Simply appending differential observations fails to direct the world
model's focus toward dynamic patterns.

Boxing Krull Pong 24000 Road Runner
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I DyMoDreamer without dynamic modulation B8 DyMoDreamer
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