GaussianReg: Rapid 2D/3D Registration for Emergency Surgery
via Explicit 3D Modeling with Gaussian Primitives

Supplementary Material

1. Arc-length Parameterization for Uniform
Sampling

The ellipse is parameterized as
T = b/cosﬁ, y = clsinﬁ, (D
the derivative dx/df and dy/d0 are
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Y —b sind, = cosh. 2

Hence, the differential arc length is given by

% = \/b'2sin20 + ¢'2cos20. 3)

Then the differential value over the discretized angle steps
can be computed by

ds = \/b'2sin20 + ¢'2cos26 x df. 4)

By integrating over the discretized angles, we form an ap-
proximate cumulative arc-length function

s(0') =" ds(0). (5)

The cumulative arc-length is further normalized by
Snorm(0) = 21 x s(0 )/Pb/,c/, so that it ranges from 0
to 27. For the uniformly spaced target angles {6 },JCV:(’J’”” !
(with Nyt sample points along the perimeter), we can ob-

tain them by solving s(6x) = NQka In other words, the
point

desired angles can be expressed as
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Once 6y, is determined, the spatial coordinate of the cell
point to the ellipsoid center ; is calculated as v, = (—a +

J
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2. More Quantitative Results

We show more quantitative results on the DeepFluoro
dataset and Ljubljana dataset in Tab. 1 when only trained
with 100 X-rays. As can be observed, even under time con-
straints and extremely limited data, our method still main-
tains registration accuracy close to 10 millimeters, demon-
strating its robust capability.

Table 1. Comparison of our GaussianReg with different meth-
ods on the DeepFluoro dataset and Ljubljana dataset when training
with 100 X-rays.

DeepFluoro Ljubljana

Method

mTRE| mPD| mTRE] mPD]
PoseNet [4] 32.94 2494 62.58 44.58
Deep6DPose [1] 30.01 23.69 55.49 43.35
FixedLandmark [3] 24.03 18.48 — —
GDR-Net [0] 20.93 16.00 38.26 29.04
RayEmb [5] 22,51 16.57 43.31 34.27
DiffPose [2] 20.90 15.47 39.04 29.86
Ours 13.45 10.21 30.12 21.80

Table 2. Ablation study on the number of rays Z sampled per
peimitive and the number of rays k selected for pose estimation on
the DeepFluoro dataset.

Method mTRE| mPD |
Z =50 17.55 12.93
Z =100 20.00 15.98
Z = 200 12.18 9.91

Z =400 14.89 11.41

k=25 12.76 10.03
k=150 12.18 9.91

k=100 15.19 11.95

k=150 20.97 16.04

3. Extra Ablation Studies

We also conducted ablation study on the sampling number
of rays Z per primitive and the selected number of rays k
for direct pose estimation. Results are shown in Tab. 2. In-
creasing the number of rays Z enhances spatial resolution,
enabling more precise camera search. However, excessive
rays lead to increased computational load and reduced net-
work efficiency, making it unsuitable for emergency scenar-
ios. Z = 200 provides an excellent balance point. When
k decreases, it means only the few rays most similar to
the current X-ray are used for camera pose estimation; too
small a number may compromise estimation stability. Con-
versely, when k increases, rays less similar to the X-ray are
incorporated into pose estimation, introducing additional er-
rors. By comparison, k£ = 50 proves optimal.
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