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3D Spatial Prior-guided Video Diffusion Models With Controllable Camera Trajectories
ZHU Hong-Zhou' YANG Xue* ZHAO Min' LI Chong-Xuan® ZHU Jun'

Abstract In recent years, video diffusion models have achieved breakthrough progress on camera-controllable im-
age-to-video generation. However, existing methods still face significant challenges in maintaining 3D spatial struc-
tural consistency: The generated videos commonly exhibit spatial-structure blurring and cross-view shape distor-
tions of objects, which severely constrain their visual credibility. To address these questions, we introduce addition-
al 3D spatial prior information into both the training and inference stages of video diffusion models to enhance the
spatial structural consistency of generated videos. Specifically, during the training stage, we design a conditional
embedding method based on warping (Warp-Injection): We perform sequential per-frame warping-and-inpainting to
construct a reference-frame sequence with high spatial consistency, and embed it as a structural-prior condition in-
to the diffusion model’s training process. During the inference stage, we first propose an initial-noise spatial-geo-
metry correction strategy (Warp-Init): The first frame is initialized by adding noise to the conditional image, and
then an initial noise sequence that satisfies 3D-consistency constraints is constructed via iterative warping. On this
basis, we further introduce an energy-function guidance strategy (Warp-Guidance) driven by warping priors during
denoising, which corrects the video’s 3D spatial consistency by reducing the distance between the generated frames
and the expected target video obtained after warping. Experimental results on the standard RealEstatel0K dataset
show that, compared with the current state-of-the-art model, our method achieves a significant optimization of
18.03 in FVD and reduces the failure rate of 3D structure estimation (COLMAP error rate) to 5.2%. Visualization
analyses further demonstrate that our method effectively maintains 3D spatial structural consistency in generated
videos.
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Table 1  Quantitative comparison on RealEstatel0K (the best results are shown in bold)
7k FID | FVD | COLMAP error rate | Transition error | Rotation error |
MotionCtrl® 11.22 91.93 22.3% 5.7274 2.5416
CameraCtr]" 11.09 70.66 19.8% 5.2519 2.1190
NVS-Solver!™ 12.01 79.82 20.9% 5.1824 2.3491
AT 9.61 52.63 5.2% 3.6372 1.9633
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