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Abstract

We present penetration depth (PD) computation algorithms using explicit Minkowski sum construction (PD.) and implicit
Minkowski sum construction (PD;). Minkowski sum construction is the most time consuming part in fast PD computation.
In order to address this issue, we find a candidate solution using a centroid difference and motion coherence. Then, PD, con-
structs or updates partial Minkowski sum around the candidate solution. In contrast, PD; constructs only a tangent plane to
the Minkowski sums iteratively. In practice, our algorithms can compute PD for complicated models consisting of thousands of
triangles in a few milli-seconds. We also discuss the benefits of using different construction of Minkowski sums in the context of
PD.
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(a) Penetration depth (b) Minkowski sums

Figure 1: Penetration depth and Minkowski sum. (a) The red arrow
represents penetration depth between .4 (blue) and B (green). (b)
The penetration depth is the minimum distance from the origin o
(the black circle) to the boundary of the Minkowski sum (orange).
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(b) Search region
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(a) Initialization

Q
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(c) Local Minkowski sums

(A D —B)

(d) PD search

Figure 2: The gray hexagon is the entire boundary of the Minkowski sum O M between A and 5. The black circle shows the origin o.
(a) We compute a candidate solution q (the blue circle). (b) A ball S around q is defined. (c) The local Minkowski sum (the orange
lines) in S’ is constructed. (d) We compute the minimum distance from o to the local Minkowki sum and return it as penetration depth

(the red arrow).
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