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Abstract

While recent HunyuanWorld 1.0 enables explorable 3D world generation, chal-
lenges remain with occluded views and limited exploration range. To address these
limitations, we introduce Voyager for consistent world extrapolation, which is a
video diffusion framework generating world-consistent 3D point-cloud sequences
from a single image with user-defined camera path. Unlike existing approaches,
Voyager achieves end-to-end scene generation and reconstruction with inherent
consistency across frames, eliminating the need for 3D reconstruction pipelines
(e.g., structure-from-motion or multi-view stereo). Our method integrates three
key components: 1) World-Consistent Video Diffusion: A unified architecture
that jointly generates aligned RGB and depth video sequences, conditioned on
existing world observation to ensure global coherence 2) Long-Range World
Exploration: An efficient world cache with point culling and an auto-regressive
inference with smooth video sampling for iterative scene extension with context-
aware consistency, and 3) Scalable Data Engine: A video reconstruction pipeline
that automates camera pose estimation and metric depth prediction for arbitrary
videos, enabling large-scale, diverse training data curation without manual 3D
annotations. Collectively, these designs result in a clear improvement over existing
methods in visual quality and geometric accuracy, with versatile applications.

∗ Team contributors are listed in the end of report.
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Figure 1: Voyager is a world-consistent video generation and reconstruction framework. Up: Voyager
can generate 3D-consistent scene videos for world exploration following custom camera trajectories.
Bottom: Voyager jointly generates aligned depth and RGB video for effective and direct 3D recon-
struction.

1 Introduction

The creation of high-fidelity, explorable 3D scenes that users can navigate seamlessly, powers
broad applications ranging from video gaming and film production to robotic simulation [33].
Yet, traditional workflows for constructing such 3D worlds remain bottlenecked by manual effort,
requiring painstaking layout design, asset curation, and scene composition. While recent data-driven
methods [40, 49, 25, 41, 21] have shown promise in generating objects or simple scenes, their ability
to scale to complex scenes is limited by the scarcity of high-quality 3D scene data. This gap highlights
the need for frameworks that enable scalable generation of user-navigable virtual worlds with 3D
consistency.

Recently, a growing number of works [6, 8, 37, 48, 24, 50, 27, 3] have explored the use of novel view
synthesis (NVS) and video generation as alternative paradigms for world modeling. These methods,
while demonstrating impressive capabilities in generating visually appealing and semantically rich
content, still face several challenges. 1) Long-Range Spatial Inconsistency. Due to the absence of
explicit 3D structural grounding, they often struggle to maintain spatial consistency and coherent
viewpoint transitions during the generation process, especially when generating videos with long-
range camera trajectories. 2) Visual Hallucination. While several works [27, 3] have attempted
to leverage 3D conditions to enhance geometric consistency, they typically rely on partial RGB
images as guidance, i.e., novel-view images rendered from point clouds reconstructed with input
views. However, such representation may introduce significant visual hallucinations in complex
scenes, such as the incorrect occlusions in Figure. 2, which may introduce inaccurate supervision
during training. 3) Post-hoc 3D Reconstruction. While these approaches can synthesize visually
satisfying content, post-hoc 3D reconstructions are still required to obtain usable 3D content. This
process is time-consuming and inevitably introduces geometric artifacts [38], making it inadequate
for real-world applications.
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Figure 2: Partial RGB images and partial depth maps rendered from point clouds at different frames.
In scenarios involving complex occlusion relationships, partial RGB images often exhibit signi�cant
visual artifacts. In contrast, partial depth maps can accurately represent occlusions.

To address these challenges, we introduceVoyager[13], a framework designed to synthesize long-
range, world-consistent RGB-D(epth) videos from a single image and user-speci�ed camera trajecto-
ries. At the core of Voyager is a novelworld-consistent video diffusionthat utilizes an expandable
world caching mechanism to ensure spatial consistency and avoids visual hallucination. Starting from
an image, we construct an initial world cache by unprojecting it into 3D space with a depth map. This
3D cache is then projected into target camera views to obtain partial RGB-D observations, which
guides the diffusion model to maintain coherence with the accumulated world state. Crucially, the
generated frames are fed back to update and expand the world cache, creating a closed-loop system
that supports arbitrary camera trajectories while maintaining geometric coherence.

Unlike methods [48, 24, 27, 3] relying only on RGB conditioning, Voyager explicitly leverages depth
information as a spatial prior, enabling more accurate 3D consistency during video generation. By
simultaneously generating aligned RGB and depth sequences, our framework supports direct 3D
scene reconstruction without requiring additional 3D reconstruction steps like structure-from-motion.

Despite promising performance, diffusion models struggle to generate long videos in a single pass.
To enablelong-range world exploration, we propose world caching scheme and smooth video
sampling for auto-regressive scene extension. Our world cache accumulates and maintains point
clouds from all previously generated frames, expanding as video sequences grow. To optimize
computational ef�ciency, we design a point culling method to detect and remove redundant points
with real-time rendering, minimizing memory overhead. Leveraging cached point clouds as a proxy,
we develop a smooth sampling strategy that auto-regressively extends video length while ensuring
smooth transitions between clips.

Training such a model requires large-scale videos with accurate camera poses and depth, but existing
datasets often lack these annotations. To address this, we introduce a data engine forscalable video
reconstruction that automatically estimates camera poses and metric depth for arbitrary scene videos.
With metric depth estimation, our data engine ensures consistent depth scales across diverse sources,
enabling high-quality training data generation. Using this pipeline, we compile a dataset of over
100,000 video clips, combining real-world captures and synthetic Unreal Engine renders.

Extensive experiments demonstrate the effectiveness of Voyager in scene video generation and 3D
world reconstruction. Bene�ting from joint depth modeling, our results in Figure 1 exhibit more
coherent geometry, which not only enable direct 3D reconstruction but also support in�nite world
expansion while preserving the original spatial layout. Additionally, we explore applications such as
3D generation, video transfer, and depth estimation, further showcasing the potential of Voyager in
advancing spatial intelligence.

Our contributions can be summarized as:

• We introduce Voyager, a world-consistent video diffusion model for scene generation. To
the best of our knowledge, Voyager is the �rst video model that jointly generates RGB and
depth sequences with given camera trajectories.
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Figure 3: Overview of Voyager: Given the input image and camera trajectories, we �rst render
partial RGB images and depth maps for each viewpoint as the condition for video generation. Our
world-consistent video diffusion model is trained to generate RGB-D frames simultaneously, thus
supporting the direct reconstruction of the 3D world. The projected points are store in our world
cache ef�ciently, which can be rendered as condition for the next round generation.

• We propose an ef�cient world caching scheme and auto-regressive video sampling approach,
extending Voyager to world reconstruction and in�nite world exploration.

• We propose a scalable video data engine for camera and metric depth estimation, with over
100,000 training pairs prepared for the video diffusion model.

2 Technical Details

Given an imageI 0 2 R3� H � W , our goal is to create an explorable world based on a user-de�ned
camera trajectory. However, there is a gap between video generation and 3D world modeling,
which mainly stems from three aspects: (1) the inconsistency of long-range video extension, (2) the
hallucination of visual conditions for video generation, and (3) the incapability of reconstructing
the world from video outputs. To address these issues, we proposeVoyager, a world-consistent
video generation framework that can directly produce rgb-depth frames with corresponding camera
parameters for long-range world exploration. In this section, we �rst introduce a geometry-injected
frame condition to compensate for perceptual hallucination under visual conditions. (Sec. 2.1). With
this input condition, we propose a depth-fused video diffusion model to ensure spatial consistency
and context-based blocks to enhance its viewpoint control (Sec. 2.2). For 3D world reconstruction
and long-range exploration, we propose world caching with point culling and smooth video sampling
in the auto-regressive inference (Sec. 2.3). We further propose a scalable video data engine to prepare
camera and metric depth for the training of the above model (Sec. 2.4).

2.1 Geometry-Injected Frame Condition

For the control of video viewpoint, camera parameter [50, 1] is a straightforward condition, but this
implicit condition is nontrivial to the training of video models. Recent works [24, 27, 3] attempt to
reconstruct the point cloudp 2 RN � 6 from videos as an explicit control, whereN is the number of
points and each point is represented by 6D coordinates(x; y; z; r; g; b). The warped RGB condition
Î v for a novel viewv can then be rendered according to the camera, which is a partial image with
blank regions.

Nonetheless, such a partial RGB image is insuf�cient to ensure spatial consistency,e.g., complex
occlusion relationships in a scene may lead to visual hallucinations. To enforce spatially consistent
control during training, we introduce an additional geometric condition partial depth map, which
is aligned with the partial RGB image. Speci�cally, we �rst estimate the depth mapD k and
corresponding camera parametersck for each frameI k of the video. Since only the �rst frame is
visible in video inference, we create a point cloudp0 by projectingD0 with c0. For thek-th frame, its
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