2 A7 | &5t Bl =B 4
Vol. 9, No. 3, pp. 717-720, 2008

Real-time collision detection for dynamic objects

Sang-Young Oh'" and Seon-Min Hwang’
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Abstract This paper studies a collision detection technique to dealing with moving polyhedra. Even though the
problem is well-studied in computer graphics, the existing methods are inapplicable to highly dynamic

environments. We use the GJK algorithm to determine collisions between convex objects. Also, our method is
applied for moving objects.
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1. Introduction collision detection between two polyhedra. As originally

described, GJK is an efficient and reliable algorithm for

Collision detection has received attention in computer computing the Fuclidean distance between a pair of

graphics, virtual reality, physical simulation, and haptic.  convex sets in R”. The GJK algorithm can also be applied

The existing work on collision detection can be classified to arbitrary convex points sets, not just polyhedra [3][10].

based on the types of models handled: polyhedral models, The algorithms depend on the object being rigid, and are

polygon soups, curved surfaces, etc[9]. In this paper, we hence unsuitable for collision detection between

‘focus on collision detection for polyhedral models. deformable objects.

“Hybrid collision detection [7] refers to the algorithm as The algorithms for collision detection between convex

the broad phase and the narrow phase. The former is polyhedra are not applicable to models described as

approximate intersection tests, the latter is exact collision polygon soups. Bounding volume hierarchies (BVH) have

detection. proved successful collision detection for rigid bodies. One

The separation distance between two polyhedra P and  determining factor in the design of a BVH is the selection

Q is equal to the distance from the origin to the  of the type of BV. Some of the common BVs are: spheres
Minkowski sum of P and -Q [2]. This property was [6], axis-aligned bounding boxes (AABB) [1], oriented
exploited by Gilbert et al. [4] in order to design a convex  pounding boxes (OBB) [5], and k-discrete-orientation

optimization algorithm (known as GJK). GJK algorithm is polytopes (k-DOP) [8]. With deformable objects, the

one of the most effective methods for determining  hjerarchical approximation must be updated at each frame

1 and hence, computational process is very expensive.
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2. Minkowski sums and differences

GJK algorithm does not operate on the two objects, but
on the Minkowski difference between the objects. We use
xy for the inner product of x, y&Rm and | x |2 = xx.
For X1, X2CRm, X1+X2 = {x1£x2 : x1 €Xl, x2€X2}
denotes the Minkowski set sum or difference.

The Minkowski sum can be seen as the region swept
by X translated to every point in Y. The Minkowski
difference is presented by adding X to the reflection of Y
about the origin, that is X - Y =X + (- Y) (Fig. 1). If
Minkowski difference Z, Z = X - Y, contains the origin

(Fig. 1). Clearly,

dX,Y)=min{|x-y|l:xe X,ye’}
=min{|z|:ze X -V}

[Fig. 1] The origin must be contained in their Minkowski
difference.

3. Sweeping intersection

One approach to dealing with moving polyhedra is

| 'pres'ented in Xavier [11]. Consider two polyhedra P and
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Q, with movements given by the vectors t1 and t2,
respectively. To simplify the collision test, the problem is
recast so Qis stationary. The vector of P is given by t =
tl - t2. Let Vi be the vertices of P in its initial position.

Vi + t describes the location of the vertices of P at the

end of its translational motion. If P moves from start to

end over its range of motion, the volume swept out by P
corresponds to the convex hull of its vertices at their

initial and final positions (Fig. 2.).

[Fig. 2] For a convex polyhedron under a translational
movement .

4. Multi—level collision detection

Multi-level collision detection is able to divide into
two phases. In the first phase, we use a fast and rough
algorithm likely AABB. In the second phase, we apply
the method based on the distance to decide if the moving
polyhedra will collide or not.

Our approach decreases the operation by reducing the
sweeping test. Sweeping intersection tests detect' the
intersection between the sweeping volumes of objects
over time, or an approximation thereof [12]. However,
these tests conservatively report false alarms that never
actually occur, because they do not account for the
displacement of objects as they move.

Our algorithm proceeds in two phases, as shown in
Fig. 3. We first use an AABB based culling approach.

Next, we perform GIK algorithm based on the distance.
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[Fig. 3] Our multi-level collision detection algorithm
proceeds in two phases.

5. Conclusions and future work

We have presented in this paper a hybrid method that

allows real-time collision detection in

complex

environments composed of moving objects. We use
AABB and GJK algorithm to perform collision detection.
Our approach is very fast and can be adopted in a variety
of environments. We would like to use our method for

other environments such as deformable objects.
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