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qualitative results5

Figure above illustrates the reprojected landmarks in X-ray image (left) 
and registered camera poses (right) where 

 and  cameras are 
drawn for each method.

initial registration result 
(green), optimized result (blue) ground truth (red)

Visualizing Registration Results
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DeepFuoro[1] - CT scans of six specimens with 366 real registered X-ray 
images. All real X-ray images were used for evaluating RayEmb*.
CTPelvic1K CLINIC[2] - 103 CT volumes with varying resolutions and diverse 
range of subjects were used for simulating X-ray images using DiffDRR.

DiffDRR[3] - Gradient based optimization of normalized cross correlation 
between the X-ray image and rendered image.

Both, Fixed landmark Estimation and Rayemb maintained median mTRE 
below 10mm across all specimens. However, rayemb demonstrated lower 
mTRE and Failure rates on specimen 6, which is the difficult test case in 
terms of patient and pose variability.

Datasets

Baselines

Results

Fixed Landmark[1] -  Estimates heatmaps of 2D landmarks and runs PnP 
with RANSAC for registration.

Ray embedding with the largest similarity is 
considered as the corresponding 2D landmark

Calculate closeness of a ray embedding to 
the subspace using its projection

Corresponding 2D Landmark Estimation

Calculate projection matrix onto the subspace.
Stack the template ray embeddings to form a matrix.

Let                                             be the ray embedding of the query input image and                                                                                             

                                                                                      be the ray embeddings of the 
template images.




Subspace Representation of a 3D Landmark

Train an image encoder such that the ray embeddings of intersecting rays 
are mapped close to subspace spanned by a subset of known intersecting 
ray embeddings.

Represent a 3D point in a volume as a subspace spanned by ray embeddings 
associated with rays intersecting at the point.


Key Idea

Method overview3

motivation2

We propose to estimate the 2D landmarks of arbitrary 3D landmarks inside 
the volume to mitigate the issue of non-visible landmarks.

Previous methods estimated 2D landmarks of
. In images with heavy truncation effect, the landmark estimates 

are not reliable for registration.

pre-defined fixed 3D 
landmarks

Fixed Landmark Estimation

Arbitrary Landmark Estimation

2D-3D Registration
The problem of estimating the  of the 
imaging system, given 3D model and 2D projection Image. It is a crucial 
technique for precise navigation and alignment during 

camera extrinsics / camera pose

orthopedic 
surgeries.
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RayEmb: Arbitrary Landmark Detection in

X-Ray Images Using Ray Embedding Subspace Visit our project page for interactive 

visualizations and code !


