
X-Field: A Physically Informed Representation for 3D
X-ray Reconstruction



Task Definition
Following the X-ray imaging principle, introducing a Physically 
Grounded Representation for achieving X-ray Novel View Synthesis 
and CT Reconstruction with Highly Sparse X-ray input.

Imaging Principle: Visible Light VS X-ray

Introduction



Each ellipsoid has :
• a constant attenuation coefficient
• a defined segment length  

Physically Informed Ellipsoid Representation



Pipeline Overview
Our pipeline consists of three stages: initialization, physically informed X-ray field construction, and material-
based optimization.
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X-Field

X-Gaussian

R2-Gaussian

We introduce a hybrid progressive initialization that progressively refines ellipsoid distribution from coarse 
to fine, providing better geometric priors for faster and more stable optimization.

Hybrid Progressive Initialization



Physically Faithful Overlap Filtering
We filter pixel–ellipsoid overlaps based on physical feasibility, replacing AABB association with adaptive OBB 
mapping to avoid redundant computations.
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Segment Length Computation with Intersections
We design an intersection-aware algorithm to ensure 
each spatial region is assigned to only one material, 
avoiding double counting of attenuation.



Material-Based Optimization
Beyond fitting geometry, our material-based optimization adaptively refines ellipsoids near material boundaries 
to capture attenuation differences between tissues.



Quantitative Results – Novel View Synthesis
Our X-Field achieves the best overall performance on both real and synthetic datasets, outperforming 
R²-Gaussian across most metrics and input settings.



Qualititive Results – Novel View Synthesis
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Our method synthesizes sharper, artifact-free X-ray views across a full 360° range, preserving fine anatomical 
and structural details.



Our method reconstructs CT volumes with clearer textures, sharper anatomical boundaries, and fewer artifacts, 
especially in high-contrast regions such as bone structures and cranial cavities.

Qualititive Results – CT Reconstruction
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