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1 Before Reading

Before reading this paper, you must be familiar with the concept of Minkowski
Sum since it is not explained in this paper.

2 Introduction

In computer games and physics simulations, it is often needed to simulate re-
alistic collision effects among dynamic scene objects. To perform this handle
collisions, first it must be determined if two objects intersect. Then if they do
intersect, the intersected object must be pulled back just enough so that it only
touches the other object without penetrating. In fact how can it be determined
how much back to pull the object? The algorithm introduced in this paper
calculates the vector which indicates how deep and in what direction an object
penetrates, so that this vector can be subtracted from the intersecting object
to pull it back.

2.1 Penetration Vector

Although the term penetration vector is defined in various ways in other
papers, in this paper it is defined in the following way: Penetration vector
describes how deep an object penetrated into another object in the direction of
the object’s movement.

So PPV calculates the Penetration Vector, which can then be subtracted
from the intersecting object to pull it back to the surface of the other object as
shown in the following figures.

3 How PPV Works

In figure 4, body A is stationary and body B has displaced by the displacement
vector indicated with the blue arrow. After the ddisplacement, body B has
penetrated into body A, so it must be pulled back in the opposite direction of
the displacement vector. But it is not known how far it must be pulled back
in that dirrection. Shape C is the Minkowski Difference of the objects obtained
by subtracting body B from body A. this body B is called the simplex. If the
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Figure 1: Before penetrating. Blue arrow indicates the displacement vector of
the red object for the following frame.

Figure 2: After the red object displaces and penetrates into the black body.
Blue arrow is the penetration vector, and the frame is not rendered yet.

Figure 3: Penetration vector is subtracted from the position of red body’s po-
sition and then the frame is rendered.

origin of the coordinate system is inside this simplex, in this case it is, it can be
concluded that objects B and A intersect.

Imagine a bullet shot to the origin of the coordinate system in the direction
of the displacement vector V. The bullet hits the point P on the edge of the
simplex C. So the point P on the simplex C that it hits must be calculated.
Then the position of the hit point can be negated to calculate the penetration
vector.

So how do we find this point P? If we know the vertices (Cn and Cn+1) of
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Figure 4:

the simplex that define the edge on which point P lies, it is possible to calculate
the position of P using basic algebra. So how do we find those Cn and Cn+1?

As the simpex is formed with the body A in the middle, and the inverse of
body B is swepts around it, we first find the edge on the body A that is also
first hit by the bullet. This edge is defined by An and An+1. To find these point
on body A, each vertex in the vertex list of the body A is traversed, and at each
iteration it is check at which side the current vertex lies about the line V. So
if An lies at right side of the arrow V while An+1 lies at the left side it, then
this is the edge we need to be using. However, it is possible to find the opposite
edge of the body A, so the order that An and An+1 lies abut the arrow V is
important. Then imagine the body B is mirrored in both axes and is positioned
at An.

Then find the vertex that lies furthest to line An−1 An. Then start from
that vertex to traverse in the direction which bring you closer to the line V until
the vertex that stands furthest to the line An, An+1 is found. Then imagine the
same object is positioned at An+1. Continuing from the last vertex traversed,
continue traversing each vertex in the same direction until finding the vertex
that lies furthest to the line formed by An+1 and An+2. continue this process
on the other sides of body A.

During this whole process, at each iteration check if Cn and Cn+1 lie at
different sided of the line V. If that is the case, it means that you have passed the
line V, break the loop and you’re done. Calculate the absolute coordinates of Cn

and Cn+1, and calculated the line they form. Then find this line’s intersection
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Figure 5:

with the line V that passes through the origin.(V is used both as line and vector
btw, do not be confused)

Figure 6:
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If the Minkowski difference of the body A and B were known precisely, which
would look like in the figure.2, the penetration vector could be calculated in the
following way.

Traverse the list in which the vertices of the simplex are stored, and find the
two consecutive vertices which define the edge that intersects with the line that
is formed by the displacement vector of the moving object passing through the
origin.

4 Performance Test

5 Optimizations

6 Conclusion

Write your conclusion here.

7 Extenstions

7.1 Collision deteection + correction

7.2 3D?

8 Other Relevant Algorithms

8.1 GJK

Uses minkowski difference to check if two object collide. Creates the minimal
simplex to prove that the simplex contains the origin by using support function
is used to find the vertex of the simplex that lies at the furthest in the given
direction.

8.2 EPA

Used for calculating the minimum possible distance to seperate two intersected
object apart. Uses Minkowski difference to estimate the minimun distance be-
tween the origin of the simplex and the outside of the simplex. Often used with
GJK to first prove the existence of collision.

8.3 SAT

checking collision by using dot product to calculate the projection of 2 polygons
in the axis of all of their edges. If there is a gap between any projection, it can
be concluded that two objects do not intersect. Otherwise, all edges must be
checked to conclude that they collide. So in the cases where it is more probable
that objects are ot colliding, this function can exit quickly. EPA is often used
after GJK.
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