From Gallery to Wrist: Realistic 3D Bracelet Insertion in Videos

Supplementary Material

We highly recommend that readers view the supplemen-
tary videos provided alongside this document to explore
additional results and visualizations. Below, we include
technical details omitted from the main text.

1. Bracelet 3D Motion Calculation

Given a 3D Gaussian Splatting (3DGS) model G of the
bracelet and its initial pose Py = (Rj,T;) in the first
frame, we compute the bracelet’s pose in subsequent frames
to align it with the wrist’s motion. We rely on 2D keypoint
tracking result of skin near the bracelet, and use them to
calculate 3D bracelet motion.

Specifically, this is modeled as a Perspective-n-Point
(PnP) [1] problem. The input is a set of 2D points {xi} ¥,
on the skin, initialized in the first frame as {x%}Y,, and
tracked across frames using CoTracker [2]. Then, we lift
these 2D points {x}} to 3D using the depth map D, cam-
era intrinsics K, and the initial pose P;:
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where D and K are estimated by UniDepth [5]. For each
frame ¢, the corresponding pose is computed by solving PnP
equation:
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Finally, we smoothed the poses by applying a bilateral filter
to the translation vector T and quaternion representations
of the rotation R to get the final Py.

2. Occlusion Handling

To ensure a correct depth ordering between human, back-
ground, and bracelet, we use monocular depth maps Dy
from UniDepth as the 3D context to handle the occlusion.
To align depth across frames, we compute a scale factor s,
for each frame ¢ using the calculated pose P;:
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The solution to this optimization problem is:
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Once the depth maps are aligned, we compute the occlu-
sion mask M, for each frame by comparing the scene depth
D; with the bracelet’s depth rendering Dbracelet,
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To avoid hard edges and aliasing artifacts, we further apply
a Gaussian blur to the initial occlusion map Oy, yielding the
soft mask M; = G, * Oy, where GG, is a Gaussian kernel
with standard deviation o.

Finally we compute a preview of the bracelet in the cur-
rent frame:
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where 1Pt jg the rendered image of the bracelet at pose
P, and I;**" is the original scene image. This preview
is an intermediate output, with further refinements applied
later to enhance realism.

3. Optimizing 3D Gaussian for Smoothing

To achieve smooth temporal transitions while preserving
the geometric structure of the bracelet, we optimize only
the spherical harmonics (SH) coefficients associated with
each splat in the 3D Gaussian Splatting (3DGS) model [3].
The SH coefficients encode view-dependent color informa-
tion for each Gaussian splat, allowing us to adjust the ap-
pearance of the bracelet without modifying its geometric
attributes (position, scale, rotation, and opacity). For each
splat 4, let c;(d) represent its view-dependent color, which
is a function of the viewing direction d. This color is com-
puted using the spherical harmonics basis functions Y;™(d)
and the corresponding SH coefficients s;, where s} are the
SH coefficients for splat i, with [ and m representing the
degree and order of the spherical harmonics, respectively,
Y;™(d) are the spherical harmonics basis functions evalu-
ated at the viewing direction d.

During optimization, we update the SH coefficients s;
for each splat ¢ to minimize the photometric error between
the rendered image and the refined reference image Ii*fined,
This ensures that the color and shading of the bracelet are
smoothly adjusted while keeping the geometric structure
fixed. The optimization can be expressed as:
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where G(s;) denotes the 3DGS model with updated SH co-
efficients s; for each splat. We employ the Adam [4] op-
timizer to solve this optimization problem, with a learn-
ing rate of 10~2 for the DC (direct current) component
(I = 0) and 10~* for the AC (alternating current) compo-
nents (I > 0) of the spherical harmonics.
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