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Abstract

Abstract: For the construction of the oriented bounding box (OBB) takes a long time and the efficiency of
the scene collision detection algorithm is not high, a fast-adaptive hybrid bounding box collision detection
algorithm is proposed, which optimizes the bounding box of hierarchy and the way of storage. A large
number of objects that cannot be intersected are excluded by means of the eight-tree space division and
the rough detection of the sphere, and the exact intersecting test of the OBB can be made. The
experimental result shows that compared with the OBB algorithm, the complexity of the bounding box
construction is reduced, and the more the number of objects in the scene, the higher the accuracy of
collision detection.

Keywords
collision detection, space division, hybrid bounding box, spheres, oriented bounding box (OBB)

Recommended Citation
Wang Chao, Zhang Zhili, Long Yong, Wang Shaodi. Improved Hybrid Bounding Box Collision Detection
Algorithm[J]. Journal of System Simulation, 2018, 30(11): 4236-4243.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol30/iss11/23


https://dc-china-simulation.researchcommons.org/journal/vol30/iss11/23
https://dc-china-simulation.researchcommons.org/journal/vol30/iss11/23

Chao et al.: Improved Hybrid Bounding Box Collision Detection Algorithm

F30EE 11 %%ﬁjﬁ%ﬁ@ Vol. 30 No. 11

2018 4F 11 Journal of System Simulation Nov., 2018

Improved Hybrid Bounding Box Collision Detection
Algorithm

1 il 2 i1
Wang Chao’, Zhang zhili’, Long Yong~, Wang Shaodi
(1.Missile Engineering Academy, Rocket Force Engineering University , Xi'an 710038, China;
2.China Aerospace Science and Engineering System Simulation Technology Company Ltd, Beijing 100095, China)

Abstract: For the construction of the oriented bounding box (OBB) takes a long time and the efficiency
of the scene collision detection algorithm is not high, a fast-adaptive hybrid bounding box collision
detection algorithm is proposed, which optimizes the bounding box of hierarchy and the way of storage. A
large number of objects that cannot be intersected are excluded by means of the eight-tree space division
and the rough detection of the sphere, and the exact intersecting test of the OBB can be made. The
experimental result shows that compared with the OBB algorithm, the complexity of the bounding box
construction is reduced, and the more the number of objects in the scene, the higher the accuracy of
collision detection.
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Introduction world of human-computer interaction technology. In

a virtual three-dimensional world, real-time collision

Virtual reality is the use of computer simulation detection and response between objects in a scene is

technology to create a virtual three-dimensional an important guarantee of system realism. In order to

enhance the user's immersive experience, it is

Received: 2018-05-27 Revised:2018-06-25; necessary to accurately detect these collisions and
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- L make corresponding actions in real time. The task of
Master, research direction: for launching missile theory

and technology; Zhang Zhili (1966-), male, Henan collision detection is to determine whether multiple

Puyang, Professor, Ph.D. research direction: weapon

o objects occupy the same area at the same time. The
system simulation technology.
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simplest collision detection algorithm is to test all the
objects to be tested. However, when the complexity
of the model increases, the number of tests and the
complexity increase sharply. Therefore, how to
reduce the number of intersection tests is to improve
the collision detection. The focus of algorithmic
efﬁciencym.
Geometric methods, spatial decomposition
methods, and hierarchical bounding box methods are
common collision detection methods. It is difficult to
meet the accuracy and real-time nature of collision
detection by simply using a single method™. This
paper combines the advantages of spatial
segmentation and hybrid bounding box, rough
detection and accurate detection, and uses adaptive
fast construction of OBB algorithm. On the premise
of ensuring the accuracy, the efficiency of collision

detection is improved.
1 Hierarchical bounding box

1.1 Hierarchical bounding box tree construction

In the bounding box tree, the top-level bounding
box is the beginning of each traversal, and the
number of tests is the most. According to the
literature[3], when the two levels of bounding box
trees perform collision detection, the collision
detection formula between them is:

T=N,xC,+N, xC, + N, xC, +C,4 (1)
In the formula: Np: The number of bounding boxes
participating in the intersection test; Cp: The cost
paid for each pair of bounding box intersection tests;
Np: Number of pairs of geometric elements
participating in the intersection test; C,: The cost paid
for each pair of geometric element intersection tests;
Ny: The number of bounding boxes updated each time;
Cu: The cost of updating a bounding box; Cq: The

cost of the software after deformation.

When the object rotates, the ball does not need
to be updated. Without considering the deformation
of the software, the collision detection cost of the
system is:

Tr

otal =
Np X Cy surround the batt TN'p X Cyy surround the b~ (2)
Therefore, the initial judgment of the bounding
sphere can effectively reduce the consumption of
collision detection. This paper adopts a top-down
approach to construct a bounding box tree that

surrounds the sphere—OBB[4], as shown in Fig. 1.

S
I

OBB first layer
OBB

OBB second layer

OBB | | OBB OBB OBB

outermost layer

third layer

Fig. 1 Hierarchical bounding box tree

For the partition of the OBB, the bounding box
of the global model is first calculated, and then each
node is recursively divided. The division of the OBB
is relatively mature. We will not go into details here.
This article selects the division method of the split
plane.

When the OBB is divided, sometimes some
geometry will cross the splitting plane. In this paper,
the penalty function method is used to determine the
splitting plane. The penalty function is defined as
follows:

f(p)= ‘n' -n"

In the formula, the split surface, and the number

+An° 3)
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of geometric bodies in the left and right bounding
boxes and across the split surface, respectively, is an
influence factor. The ideal split plane is the one with
the smallest penalty function in all axial directions,
is:
min| f (p)P, L X axis,P, €[ X,y Xy ||
min{ min[ f (p)P, Ly axis,P, €[ Vo> Yu ] | { 4)
min| f (p)P, Lz axis,P, €[ 7,2 ||
Among them, X.Y.z are three axial directions for

OBB.

1.2 The structure of the bounding box

Choosing an appropriate bounding box, the
tightness of the integrated envelope and the
complexity of the algorithm are the key to efficient
collision detection'.

1) Sphere

Sphere: It refers to the smallest sphere that

contains geometric objects. It only needs two

parameters description of the sphere center and radius.

The intersection test only needs to determine the
distance between the two enveloping balls and the
radius of the two enclosing balls.

2) Fast adaptive OBB based on approximate
convex hull®

Since the influence of the object convex hull
(including the minimum convex set of all vertices) is
not considered, the conventional OBB takes the mean
of the sum of the vertices of all the triangles as its
center position, resulting in non-uniform size of each
triangular patch and constructing a bounding box.
There is a deviation in direction, as shown in Fig.
2(a). Therefore, this paper uses a fast adaptive OBB
algorithm based on approximate convex hull, as
shown in Fig. 2(b). The specific method is: In order
to reduce the influence of the triangular facet in the

model, a method based on the mean and covariance

ARG HAR
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surrounds the box on the surface of the convex
surface far away from the center of the geometric

model.

(a) Conventional OBB

(b) Improved OBB

Fig. 2 Traditional bounding box and improved OBB

Methods as below:

Step 1: Calculate the model center pointm. The
three vertices of the i-th triangle on the convex hull
of the geometric model are denoted by a;, bi, and c;. 0
denotes the center point, S; denotes the surface area,
and W denotes the total area of the convex hull.
The center point of the triangle patch is represented
as™:

0 =(a+b+¢)/3 (5)
The surface area of a triangular patch is expressed as:

Si:|(ai—b|)><(ai—ci)|/2 (6)

The total area of the convex hull is expressed as:

W = isi (7
i=1

The center point of the bounding box is
expressed as:
O:[anl(si'oi)J/z (8)
iz
Step 2: Calculate the model projection value on
the coordinate X axis. The model is projected on the
X axis. The minimum and maximum values of the
projection area are Pminy Pmaxo
Step 3: The model vertices are divided according
to the X projection position. The projection area of
the model on the X axis is divided into k-divisions.

| is the length of a plot. The formula is:

_ Pmax— P min

k

| keZ” ©)
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According to the projection position of each
vertex on the X axis, the vertex set s of the model is
divided into k subsets, and the encoding of each
subset is calculated. The i-th subset is denoted by S;:

Si = {(X,¥,2)|Pmin +1%1 <X = Pyin
Pemin + (I + D x1}i= 1k (10)

Step 4: Extract the set of vertices away from the

<

center of the model and construct the vertex set SB
for the bounding box. Find the vertices corresponding
to the minimum and maximum values of the Y axis
and Z axis coordinates of the Kk subsets and construct

a set of maximal value points SB.
S'={(xy,2)|
At least one of x,y,z is the maximum or
minimum value in the i subset, i=1,K} 8))

Step 5: The OBB is constructed on the extracted

vertex set SE. Calculate the expected value of the
9]

vertex set SB and the covariance matrix! according
to equations (12) and (13).
U=Li(pi+qi+ri) (12)
o6m i3
C—Liii+ii+FF 13
k=3 4 Pj Pk 40 + 1K (13)
i=1

Among them, M is the number of triangular
faces,gzl:’i -u, qui -u, F=ri—u isavector
inR%, Cik is a 3x3 Covariance matrix.

According to the covariance matrix, its
eigenvectors are calculated, and the results are taken
as the three directions of the direction bounding box.
Calculate the projection length of the vertex set S’ in
each direction and complete the calculation of the
direction bounding box.

For the bounding box of the tank, the volume
calculated by this method is 6 835.488 cm’, and the
volume obtained by the traditional method is
7319.264 cm’. Compared with the traditional method,
the time cost of the improved algorithm to construct

the OBB is shown in Tab. 1.

Tab. 1 Bounding box time overhead
Parameter/s value
OBB Build Time 2.728

Improved Algorithm Bounding Box Build Time 1.463

OBB time/improvement algorithm time 1.865

By adopting the area weighting method of
approximate convex edges, the deviation of the
direction of the bounding box brought about by the
construction method of the conventional structure
OBB is compensated, and the construction time is

shortened by about 1.9 times.

1.3 Bounding box tree storage optimization

A bounding box tree is constructed using a
binary tree structure. Each node stores corresponding
bounding box information. The leaf nodes contain
geometric information of the triangles. Then, the
bounding box tree of N leaf nodes has 2N—1 nodes
that need to be stored. To skip the intersection test of
the leaf node bounding box, the triangle information
of the leaf node is stored in the parent node, and the
intersection test between the basic geometric
elements is directly performed. At this time, only N—1
nodes need to be stored, thereby saving storage
space[lo], As shown in Fig. 3. The number of traversal
nodes required for collision detection is also

significantly reduced.

Fig. 3 Optimization of the bounding box storage

2 Collision detection algorithm

2.1 Algorithm idea

The bounding box collision detection algorithm

in this paper includes two stages: preliminary detection

http: // www.china-simulation.com
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and precise detection. First, the space is divided by the
uniform partition method, the objects in the same
space are sorted before detection, the bounding sphere
intersection detection is performed only on the objects
in the same space, the objects that cannot be

intersected are excluded, and then the OBB pair may

ARG HAR
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The space is first divided into cubes of size a
and numbered. Use the number O, (Q;,0,,---,0,)to
mark the n objects in the space. Set up two linked
lists Alistl and Alist2 to record the spatial units in
which each object is located. The linked list Alistl is

set in the subspace data structure to record the

be used. The intersecting objects are accurately number F of objects in the same subspace. The linked

detected. The algorithm flow is shown in Fig. 4''"". list Alist 2 is set in the object structure data to record

2.2 Initial inspection phase the object identifiers adjacent to the object in each

unit. Only the adjacent objects whose object
2.2.1 Preliminary judgment of space division

[12]

identifiers are larger than the self-identifiers are

Spatial segmentation” ' is to divide the space to

recorded here, to prevent one object from being

be detected int 1 conti i d onl . . . .
¢ detected INto several contiguous Teglons ancd only included in multiple subspaces at the same time.

detect objects in the same region to reduce  the Repeated tests or missed calculations. For object
number of tests. The commonly used spatial .
Y P o} (1 <i< n) , the set of objects that occupy the same
decomposition methods are uniform grids, trees, and o ) .
small space as itis O (1<k< n) , then the identifier
spatial sorting algorithms. In this paper, the improved ) ) o .
. N ) stored in the linked list is Oy (i<k<n), so as to
octree method is used to partition the uniform mesh

Lo avoid repetitive testing.
space, as shown in Fig. 5.

Set linked list 2 to record the set of objects

e ataiehics that belong to the same space as the object

Sorting before object
intersection test

»  Octree partitioning

A4
Constructing sphere-OBB
v Trees for Neighboring Objects

Marking subspaces

Whether the
bounding spheres
intersects

Ser the linked list 1 to record the
number of subspace objects F

Objects don't intersect

Whether OBB
bounding boxes
intersects

F>Fmax

I

Intersect objects

¥

Report collision results |«

Fig. 4 Algorithm flowchart
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2 2

o0, > (1, +1,) (14)

Fig. 5 Space splitting using octree

Set the maximum number of single space
objects to Fy.. If the number F of a spatially
adjacent object exceeds the threshold F,,,y, the space
continues to be split until the number of recorded
objects in this space is less than or equal to the
threshold F,... Set A as the difference between the
number of objects E in the two-record linked list, if

A=0, then stop the space split.

2.2.2 Space object detection before sorting
Collision detection is performed on the same
space area as described above, and a double traversal
process is conventionally performed. The intersection
test is performed on each two objects to cause each
object to be detected twice by the same object. For
example, after No. 1 was tested by No. 2, No. 2 was
repeated test by No. 1. A list of object numbers in the
same area is detected only for objects in the same

table, avoiding duplication, as shown in Tab. 2.

Tab. 2 Intersection test table

Object number 1 2 3 n
1 X 2, @G (n,1)
2 X X 3,2) (n,2)
3 X X X (n,3)
X X X X (Il,...)
n X X X X X

2.2.3 Intersecting ball detection

Judging whether the two bounding spheres
intersect is based on the distance between the center
of the two spheres and the radius of the two

spheres[1 31,

In the formula, 0; and 0, are two spheres that
surround the sphere, Iy and r, are two spheres that
surround the sphere, and |0102| is the distance
between the two spheres. When formula (14) is
established, it is determined that the two bounding
spheres are apart, otherwise, it is judged as
intersecting, and the programming is performed using
the Visual C++ language as follows:

int Test SS (Sphere a, Sphere b)

{

Vector d=a.c—b.c;

float dist=Dot (d, d); // The square of the
distance between two surrounding spheres

float radius Sum=a.r+b.r;

return dist<=radius Sum*radius Sum;

}

2.3 Accurate detection phase

The precise detection phase is to use the OBB
that surrounds the object to perform the intersection
test, using the separation axis theorem method, as

shown in Fig. 6!,

v

< > >
»

r, I TL| | 1

Fig. 6 Separation axis theorem

The two bounding boxes are on the L axis. The
projected radii of the two bounding boxes are r; and
r,, and the projection distance between the center
points is |T . L| O If |T . L| >hL+r, , they are
separated.

The determination of the intersection state of the

OBB requires the testing of up to 15 potential

http: // www.china-simulation.com
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separation axes, including the three axes of Bj, the
three axes of B, and the nine axes perpendicular to
each axis. If the projections of two bounding boxes
on any of the above axes do not overlap, the two
OBBs are separated. Otherwise, the two bounding
boxes intersect and are programmed using the Visual
C++ language as follows:
int Test OO (OBBa, OBBbD, intk)

...... // Get OBB a and OBB b basic geometric
information

// Separation axis detection

for (inti=0; 1< 3; it+)

{

ra = box0.extents[i];

rb =box1.extents[0] * FR [i, 0] + box1.extents[1]
* FR [1, 1] + box1.extents[2] * FR [i, 2];

t = Mathf. Abs(T[i]);

if (t > ra + rb) return 0;

}

...... // The separation plane is parallel to one side
of OBB a, OBB b

ra=box0.extents[ 1]*R[2,0]+box0.extents[2]  *
FR[1, 0];

rb=box1.extents[1]*FR[0,2]+box1.extents[2] *
FR[0,1];

t=Mathf.Abs(T[2] * R[1, 0] - T[1] * R[2, 0]);

if (t > ra + rb) return 0;

...... // The separation plane is also perpendicular
to one side of OBB a and one side of OBB b

return 1;

}
3 Simulation results and analysis

This algorithm is implemented on the VS2010
development platform using OpenGL graphics

program development. In order to effectively verify

ARG HAR
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the performance of this algorithm, different numbers
of triangular facets were used for collision testing.
The object is randomly moved at any initial speed
and collision detection is performed using two
algorithms respectively. The collision detection time

is shown in Fig. 7.

80
70 +
60 -
50
40
30
20
10

0 1
03 06 09 12 15 1.8 2.7 3.0 3.3 3.6

Number of triangles/x10*

=+ ORB algothrim
=8 Improved algorithm

Fig. 7 Comparison of collision detection algorithms

It can be seen from Fig. 7 that using the
improved algorithm shortens the collision detection
time and improves the real-time performance of the
collision detection, and when the number of
triangular facets increases, the superiority of the
algorithm can be better displayed.

This is because the OBB algorithm constructed
in this paper extracts a small number of points close
to the model surface, reduces the time overhead of
the Hybrid level bounding box tree that needs to be
constructed, and combines the space segmentation
method with the bounding sphere intersection test in
a complex multi-object scene. As soon as possible,
the objects farther away were excluded, which

greatly reduced the amount of calculations.

4 Conclusion

This paper presents an improved collision
detection algorithm based on hybrid bounding box

and space segmentation. The use of an approximate

http: // www.china-simulation.com
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convex hull area weighting method for the
construction of the OBB increases the compactness
of the bounding box and reduces the time overhead of
the bounding box construction. Improved the storage
structure of the bounding box tree, and numbered the
objects prior to the intersection detection. This
improves the detection speed while ensuring the
accuracy of the operation, and fully combines the
advantages of the bounding sphere and the OBB.
Experimental results show that the algorithm reduces
the computational complexity and improves the
real-time performance of collision detection. With the
increase of the number of triangular faces of the
three-dimensional object, the efficiency of this
collision detection algorithm is more obvious.

This algorithm also has some deficiencies. The
next research will focus on the following two points:

(1) How to balance the relationship between the
partition depth and the volume of the grid space in

the space division as the model changes.

(2) Look for a generic bounding box type that

can adaptively adjust the surrounding objects.
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