FreeOrbit4D: Training-Free Arbitrary Camera Redirection for Monocular
Videos via Foreground-Complete 4D Reconstruction
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Figure 1. FreeOrbit4D enables training-free camera redirection from a single monocular video to arbitrary target trajectories. Given a
source video and a target trajectory, our method produces redirected videos with faithful appearance and temporal coherence under large-

angle camera motions, including bullet-time orbits.

Abstract

Camera redirection aims to replay a dynamic scene from a
single monocular video under a user-specified camera tra-
jectory. Large-angle redirection is inherently ill-posed: a
monocular video provides only partial observations of the
underlying 4D world, and existing methods break down un-
der large viewpoint changes due to missing visual ground-
ing. We present FreeOrbit4D, a training-free framework
that recovers a foreground-complete 4D proxy as structural
grounding for video generation. We decouple foreground
and background reconstructions: the monocular video is
unprojected into a global scene space, while an object-
centric multi-view diffusion model completes occluded fore-
ground geometry in canonical object space. Dense pixel-
synchronized 3D-3D correspondences align these repre-
sentations into a unified proxy, whose depth scaffolds con-
dition a video diffusion model for faithful novel-view syn-

thesis. Extensive experiments show that FreeOrbit4D pro-
duces more faithful and temporally coherent redirected
videos under challenging large-angle trajectories. Project
page: https://freeorbit4d.vision.ischool.
illinois.edu/

1. Introduction

Camera redirection synthesizes novel video sequences from
a source video along a user-specified camera trajectory [2,
7, 9, 33], with applications in autonomous driving [5, 36,
37], AR/VR [1], and bullet-time effects [6, 25]. However,
this task is inherently ill-posed: a monocular video provides
only partial observations of the underlying 4D world, and
recovering complete geometry from this limited input re-
mains challenging. Recent methods follow two paradigms:
implicit control [2, 7, 9] encodes trajectories as learned em-
beddings but offers only soft controllability; explicit warp-
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Figure 2. Overview of FreeOrbit4D. Our framework constructs a foreground-complete 4D proxy through two branches: Global Scene
Reconstruction recovers background and partial foreground, while Canonical Object Completion reconstructs complete foreground via
multi-view synthesis. After alignment, depth maps rendered from the proxy condition a video diffusion model for novel-view synthesis.

Figure 3. Decoupled 4D reconstruction and alignment pipeline. Left: A dynamic-aware feed-forward network lift§ \into global
scene space, producing static backgrourf &nd geometrically incomplete foregroum‘ig . Middle: An object-centric video diffusion
model synthesizes multi-view images, from which VGGT reconstructs complete foreground ge@fﬁet’ny canonical object space.
Right: Dense 3D-3D correspondences enable per-frame spatial alignmertt gollowed by Kalman lItering, yielding the uni ed

foreground-complete 4D proxy P = B9 [fP [9 gL, .

ing [10, 23, 32] warps observed pixels via depth but leaves 2. Related Work
occluded regions un lled. Neither achieves both precise
control and complete visibility for large-angle redirection.

We propose FreeOrbit4D, a training-free framework for Camera-controlled video generation. Recent methods en-
arbitrary camera redirection via foreground-complete 4D code camera trajectories as learned embeddings [2, 7, 9, 17]
reconstruction. We decouple the problem into global scene0r geometric representations such dgcRér coordinates [7,
lifting (in world space) and foreground geometry comple- 34] and PRope [11, 16] to control video diffusion mod-
tion (in canonical object space), then unify them through €ls [3, 15]. However, these implicit approaches offer only
dense pixel-synchronized 3D-3D correspondences. The resoft controllability and often fail to follow prescribed trajec-
sulting 4D proxy is distilled into depth maps that condition tories due to the absence of explicit geometric constraints.

a video diffusion model [28] for faithful large-angle view

synthesis. Our contributions:
Reconstruction-grounded 4D generation. Another line of

* A training-free method for foreground-complete 4D re- work [4, 23, 24, 26, 32, 33, 35] reconstructs 4D representa-
construction via global scene lifting, object completion, tions from monocular video via NeRF [18, 25] or Gaussian

and 3D correspondences. ~ Splatting [14], renders partial views, and relies on diffu-
* A camera redirection framework for large-angle view sion models to complete missing regions. However, the un-
synthesis with strong spatio-temporal consistency. derlying geometry is limited to observed surfaces, making

+ State-of-the-art results validated by experiments and ajarge-angle redirection unreliable. Our method addresses
user study; the 4D proxy further enables edit propagationthis by constructing a foreground-complete 4D proxy via
and data generation. correspondence-aware alignment.
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