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Abstract

While HunyuanWorld 1.0 is capable of generating immersive and traversable
3D worlds, it relies on a lengthy offline generation process and lacks real-time
interaction. HY-World 1.5 bridges this gap with WorldPlay, a streaming video
diffusion model that enables real-time, interactive world modeling with long-term
geometric consistency, resolving the trade-off between speed and memory that
limits current methods. Our model draws power from four key designs. 1) We
use a Dual Action Representation to enable robust action control in response to
the user’s keyboard and mouse inputs. 2) To enforce long-term consistency, our
Reconstituted Context Memory dynamically rebuilds context from past frames and
uses temporal reframing to keep geometrically important but long-past frames ac-
cessible, effectively alleviating memory attenuation. 3) We design WorldCompass,
a novel Reinforcement Learning (RL) post-training framework designed to directly
improve the action-following and visual quality of the long-horizon, autoregressive
video model. 4) We also propose Context Forcing, a novel distillation method
designed for memory-aware models. Aligning memory context between the teacher
and student preserves the student’s capacity to use long-range information, en-
abling real-time speeds while preventing error drift. Taken together, HY-World 1.5
generates long-horizon streaming video at 24 FPS with superior consistency, com-
paring favorably with existing techniques. Our model shows strong generalization
across diverse scenes, supporting first-person and third-person perspectives in both
real-world and stylized environments, enabling versatile applications such as 3D
reconstruction, promptable events, and infinite world extension.

* HunyuanWorld team contributors are listed in the end of report.
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1 Introduction

“Hold In nity in the Palm of Your Hand, and Eternity in an Hour”
— William Blake

World models are driving a pivotal shift in computational intelligence, moving beyond language-
centric tasks towards visual and spatial reasoning. By simulating dynamic 3D environments, these
models empower agents to perceive and interact with complex surroundings, opening up new pos-
sibilities for embodied robotics and game development. While HunyuanWorl®Li® ¢apable

of generating immersive 3D worlds, it relies on a lengthy of ine generation process and lacks the
capacity for real-time interaction.

At the forefront is real-time interactive world modeling, which aims at autoregressively predicting
future frames to deliver instant visual feedback in response to every user's keyboard commands.
Despite signi cant progress, a fundamental challenge persists: how to simultaneously achieve real-
time generation (speed) and long-term geometric consistency (memory) in interactive world modeling.
One class of methodg.[ 20, 6] prioritizes speed with distillation but neglects memory, resulting

in inconsistency where scenes change upon revisit. The other class preserves consistency with
explicit [14, 22] or implicit [ 29, 32] memory, but complex memory makes distillation non-trivial.

As summarized in Tab. 1, the simultaneous achievement of both low latency and high consistency
remains an open problem.

In HY-World 1.5, we develop WorldPlay 24], a real-time and long-term consistent world model for
general scenes. We consider this problem as a next chunk (16 frames) prediction task for generating
streaming videos conditioned on action from users. Building upon autoregressive diffusion models,
WorldPlay draws power from the model's four key ingredients below.

The rstis Dual Action Representation 4] for control over agent and camera movement. Previous
works [4, 20, 6] typically rely on discrete keyboard inputs (e.g., W, A, S, D) as action signals,
which afford plausible, scale-adaptive movement but suffer from ambiguity for memory retrieval
that requires revisiting exact locations. Conversely, continuous camera pogesprovide spatial
locations but cause training instability due to scene scale variance in training data. To combine
the best of both worlds, we convert action signals into discrete keys and continuous camera poses,
achieving robust control and accurate location caching.

The second key design is Reconstituted Context Memog/] for maintaining long-term geometric
consistency. We actively reconstitute the memory through a two-stage process, moving beyond
simple retrieval [32, 29]. It rst dynamically reconstitutes memory context by querying past frames
based on spatial and temporal proximity. To overcome the long-range decay (the fading in uence of
distant tokens in Transformerg&d]), we further propose temporal reframing to rewrite positional
embeddings of these retrieved frames. This operation effectively “pulls" geometrically important but
long-past memories closer in time, forcing the model to treat them as recent. This process keeps the
in uence of relevant long-range information preserved, enabling robust free extrapolation with strong
geometric consistency.

The third key contribution is WorldCompass RL FrameworkZ7], designed to further improve
complex action following accuracy and visual quality. While RL is recognized as a promising
approach for explicitly and purposefully improving a model's capabilities, its application to world
modeling poses unique challenges due to the inherent long-horizon, autoregressive, and interactive
nature of world modeling. We therefore propose the WorldCompass framework, which uses reward
functions to "steer" the model's exploratory behavior. This framework includes a novel clip-level
rollout strategy to mitigate exposure bias and enhance ef ciency, and complementary reward functions
to suppress reward hacking. This RL stage provides the essential explicit training signal, which
signi cantly enhances our model's performance under various challenging scenarios.

The nal key ingredient is Context ForcingZ4], a novel distillation method designed for memory-
aware models to enable real-time generation. Existing distillation metRodsd1] fail to keep
long-term memory as there is a fundamental distribution mismatch: training a memory-aware
autoregressive student to mimic a memory-less bidirectional teacher. Even when augmenting teacher
with memory, mismatched memory context will cause distribution diverge. We solve this by aligning
the memory context for teacher and student during distillation. This alignment facilitates effective



Figure 1: WorldPlay is a real-time, interactive world model that achieves long-term geometric
consistency. It responds to user navigation commands in a streaming fashion and maintains scene
coherence when revisiting (shown in red boxes). Our model shows remarkable generalization across
diverse scenes, including (a) real world, (b) stylized world, and (c) third-person agent scenarios.
Furthermore, it supports (d) 3D scene generation via reconstruction and (e) promptable event triggered
by text-based manipulation.

distribution matching, enabling real-time speed without eroding the memory while alleviating error
accumulation over long sequences.

Taken together, we achieve interactive world generation at 24 FPS while maintaining long-term

geometric consistency. The model is built on a curated dataset of 320K videos with a custom

rendering and processing platform. As shown in Fig. 1, our model shows superior generation quality

and remarkable generalization across diverse scenes, including rst- and third-person real and stylized
worlds, and supports applications ranging from 3D reconstruction and promptable events.

Matrix-Game

Oasis [4] 2.0[6] GameGenX[l] | GameCraft[17] | WorldMem [29] | VMem [14] Ours
Action Space Discrete Discrete Discrete Continuous Discrete Continuous Cogits"glrjgés *
Real-time 4 4 7 7 7 7 4
Long-term 7 7 7 7 4 4 4
Consistency
Long-Horizon 7 4 4 7 7 7 4
Domain Minecraft General General General Minecraft Static Scene General

Table 1: Comparison with recent interactive world models.

Report Organization. This technical report is organized as follows: Sec. 2 describes our data
processing pipeline. Sec. 3 introduces the pre-training stage for constructing an autoregressive
generative model. Sec. 4 introduces our dual action representation and reconstituted context memory
for action control and long-term consistency. Sec. 5 covers our reinforcement learning post-training,
which leverages 3D feedback and visual feedback to further enhance the model. Sec. 6 details the
context forcing post-training, which achieves real-time latency and mitigates exposure bias while
preserving long-term consistency. Sec. 7 covers the engineering and deployment optimization for
real-time streaming inference. Sec. 8 presents comprehensive experimental results and ablation
studies. Fig. 2 provides an overview of HY-World 1.5.



	Introduction
	Data
	Data Curation
	Data Filter and Enhancement
	Metadata Annotation

	Model Pre-Training: Autoregressive Generative Model
	Bidirectional Diffusion Model
	Chunk-wise Autoregressive Generation

	Model Middle-Training: Control and Memory Integration
	Dual Action Representation
	Reconstituted Context Memory for Consistency

	Model Post-Training I: Efficient Reinforcement Learning
	Challenges of Reinforcement Learning for World Models
	WorldCompass Framework Design

	Model Post-Training II: Context Forcing Distillation
	The Distribution Matching Challenge
	Context Forcing

	Model Inference: Play with the World
	Acceleration and Engineering Optimization
	Go Beyond Action Control: Text-Based Event Triggering

	Model Evaluation
	Main Results
	Applications and More Results

	Conclusion
	Contributors

