GaussianProperty: Integrating Physical Properties to 3D Gaussians with LMMs

Supplementary Material

A. Derivation of Grasping Force

In the derivation below, we assume physical properties are
uniform distributed over the entire object to grasp, which
can be easily extended to more generic situations.

The lower bound of the grasping force Fi,;, is the mini-
mal sufficient force applied on the gripper to lift the object
without slipping.
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where m, p and V' are the mass, the density and the vol-
ume of the object respectively, 6 is the lifting angle of the
gripper with upward at 0 degree, p is the friction coefficient
between the gripper finger tips and the object surface, and
g ~ 9.8m/s? is the gravity constant.

The upper bound of the grasping force Fi,.x is the max-
imal force that does not cause any damage resulted by ex-
ceeding the yield stress o, or any undesirable deformation
over some maximum allowable bending curvature k,,x of
the object. Following the formula of bending stress
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Therefore, the maximal grasping force

Fmax = AUmax

= min [Ao,, Ao,]
= min {Aay, ;AEdnmaX]

where A is the area of the force bearing surface of the object
(or equivalently the area of one side of the robot gripper
finger tips), o is the bending stress at a point of the object
at perpendicular distance y from the neutral axis, s is the
outmost point of the force bearing surface, d is the thickness
of the force bearing surface of the object, R = 1/k is the
radius of curvature of the neutral axis, and E is Young’s
modulus of electricity of the object material.

Figure 1. The robot platform (left) and the robotic gripper (right)
utilized in robot grasping experiments.

To maximize the grasping reliability, a reasonable choice
of grasping force would be F' = (Fpin + Fuax)/2. Ad-
ditionally, the grasping force must be confined within the
input bounds of the robotic gripper, and we also attempt
to avoid the gripper executing commands close to its input
bounds, with preferably 0 < 1 < 1 margin. These three
principals yield an optimal choice of grasping force
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with [f], clipping a force f between the minimum
and the maximum grasping forces of robotic gripper G,
[ f];:“: clipping f between fui, and funax, and AF =
max [0, [Finax) — [Fimin)e)- In reality, it is possible to ob-
serve Fiin > Fhax, rendering infeasibility to picked up an
object without damaging it. And F'* remains optimality in
such situations.

B. Robot Grasping Experiment Details

In robot grasping experiments, we utilized a Jacobi.ai JSR-
1 robot platform equipped with a TEK CTAG2F90-C
robotic gripper (see Figure 1). The force-bearing surface
at the tip of the gripper is measured to encompass an area of
A = 110mm? = 0.00011m?. And a maximum allowable
bending curvature kpy,x = 0.5 is used.

B.1. Grasping Force Calibration

The robotic gripper employed in this study offers the capa-
bility to specify the grasping force on a normalized scale
0 < Ngr < 100. Prior to conducting the grasping exper-
iments, we performed a calibration on its grasping force,
where 5 measurements are taken for each normalized input
data point. The calibration curve is shown in Figure 2. We
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