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Abstract 

Collision detection technology is one of the key technologies in the construction of 
virtual surgery system. It can effectively improve the real-time and immersion of virtual 
environment. The research goal of collision detection is how to meet the real-time 
performance and complete the intersection detection of a large number of complex 
objects at the same time. We propose a Sphere- AABB bounding box collision detection 
algorithm based on octree form. The hierarchical structure of octree is used to realize 
effective collision detection. This structure can quickly determine the objects that need 
intersection detection, improve the efficiency of collision detection, and use Sphere- 
AABB bounding box to surround the geometric model. Finally, it is verified that our 
method improves the accuracy and real-time performance of collision detection. 
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1. Introduction 

Collision detection has a long research history in the field of computer graphics.In recent years, 
with the increasing diversity of scene models in virtual reality, the scale of scene is also 
increasing expanding. How to effectively improve the efficiency of collision detection has once 
again become the focus of research. Most of the current geometric models are tetrahedral mesh 
models. The most original collision detection algorithm is to judge the intersection of all 
geometric elements in the two input models, which will lead to a large number of calculations. 
Therefore, reducing the computation of intersection determination between basic geometric 
elements and improving the speed of algorithm to ensure the real-time interaction of virtual 
environment is the core of collision detection. In this paper, the octree structure is used to 
classify the nodes in the scene, and collision detection is carried out on the nodes in the scene 
by top-down traversal, so as to reduce the number of detection times. At the same time,Sphere- 
AABB  bounding box is used to improve the accuracy of collision detection algorithm. 

2. The Method Of Octree Partiton 

One of the cores of bounding tree structure collision detection is tree selection. With the 
increase of the number of layers and nodes, the detection time of bounding box tree is longer[1]. 
The greater the degree of the tree, the smaller the division depth. In addition to reducing the 
depth of the tree as much as possible, it is also necessary to reduce the volume of nodes and 
reduce the computational overhead. Therefore, the partition with large degree can be selected 
to reduce the depth of the tree. At present, researchers mostly choose binary tree as the tree 
structure of spatiotemporal bounding box algorithm, but this method is easy to cause the depth 
of the tree to be too large, and finally increase the time cost of the algorithm[2]. Octree is a 
common tree structure used to describe three-dimensional space. Each node represents the 
volume of a cube. Each node of the octree can be divided into eight child nodes, and the volume 
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of the parent node can be obtained by adding the volumes of all child nodes. The structure of 
octree is shown in the Figure1. 

Figure 1 : The structure of octree 

The implementation process of octree is shown in the following Table 1. 

Table 1: The algorithm of octree 

Octree 

1:  int depth  

2:  initial index 

3:  bounding box 

4:  father [] = OctreeNode *  father 

5： for index < depth do 

6:  child [] =OctreeNode * child[8] 

7:  Mesh mesh[n] 

8:  if  Mesh = = father 

9:  end for 

10:  end 

In the algorithm, lines 1-2 are mainly used to set the maximum recursion depth of octree nodes 
and initialize the sequence number of leaf nodes. The bounding box in line 3 is mainly used to 
describe the bounding box information of nodes. Line 4 finds the object with the largest size in 
the scene and sets it as the father vector. If the maximum recursion depth is not reached in lines 
5 ~ 7, the parent node is subdivided into 8 child nodes.. In lines 8-9, if the volume of the leaf 
node volume element is found to be the same as that of the parent node, the algorithm ends. 

3. Implementation Of Sphere-AABB Bounding Box 

In order to improve the speed of collision detection, collision detection should be divided into 
pre detection and accurate detection[3]. The idea of collision detection in the pre detection 
stage is to eliminate objects without collision by using fast and easy to implement methods. In 
the precise detection stage, the method with high accuracy is selected to accurately detect the 
collision part[5]. Therefore, this paper selects the sphere surrounding sphere with simple 
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structure and easy implementation as the method of pre detection stage. The sphere bounding 
box is constructed for two objects respectively, and whether the two objects intersect can be 
quickly determined by determining the relationship between the center distance and radius of 
the two bounding spheres. In the precise detection stage, AABB bounding box is used to 
surround the root node of the object. The structure of the mixed bounding box is shown in 
Figure 2 . 

Figure 2: Sphere-AABB bounding box 

If so, the two surrounding balls are not in contact, indicating that the two objects must not 
collide; If the two bounding spheres intersect, it means that the two objects must collide. If so, 
it means that the bounding spheres of the two objects are tangent, but it is uncertain whether 
the two objects collide. Therefore, simple and fast pre detection can be realized through the 
relationship between D and d. We can use equation(1)to(2)what is D and d. 

   

  (1) 
  

It should be noted that if the collision between two objects is detected in the pre detection stage, 
the specific location of the collision cannot be determined. Therefore, it is necessary to use the 
octree structure hybrid AABB bounding box mentioned above to determine, index from the 
bounding box of the root node, traverse the bounding boxes of all child nodes, and stop the 
whole algorithm until the bounding box of collision detection is detected. 

4. Result  

In order to verify the performance of the hybrid bounding box collision detection algorithm 
based on octree mentioned above, this section establishes a sphere bounding box for surgical 
instruments in the virtual injection system and a hybrid bounding box for blood vessels, and 
realizes the collision detection between two objects through puncture operation. The red box 
indicates that the algorithm detects the root node and its child nodes of the object surrounded 
by AABB bounding box, and the yellow box indicates that the algorithm detects the leaf node of 
the object, that is, the AABB bounding box where the collision actually occurs.  

When the hybrid bounding box algorithm detects the collision between the surgical instrument 
and the vascular model, the surgical instrument can puncture the vascular model. The effect 
comparison between surgical instruments and blood vessels before and after collision is shown 
in Figure 3 . 

  (2) 
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(a)                                                                            (b) 

Figure 3: 3.(a)is no collision occurred between the two objects,3. 

(b) is Collision detected between two objects 

Through experiments, it is found that the hybrid bounding box algorithm can not only detect 
the collision between two objects in the scene, but also realize the multi-object detection in the 
virtual scene. The effect is shown in Figure 4. 

Figure 4: Multi object detection in the same scene 

In order to verify the detection efficiency of the hybrid bounding box collision detection 
algorithm based on octree structure, the performance of the algorithm is compared. The three-
dimensional models of organs with different complexity are selected for collision detection 
experiments, and the average time required for algorithm detection is recorded with the 
increase of model complexity. In addition, multi tree hybrid bounding box algorithms with 
different structures are selected, and the time required for detecting 3D model collision 
between octree hybrid bounding box algorithm and other multi tree hybrid bounding box 
algorithms is recorded. Finally, the results are analyzed, summarized and summarized. The 
experimental results are shown in Table 2. 
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Table 2: Average running time of algorithm 

Model triangle AABB Binary tree+mixed box Octree+mixed box 

142 7.32 6.48 5.72 

584 8.43 7.54 6.88 

1471 9.61 8.51 7.91 

2267 12.47 10.57 8.98 

6593 15.82 13.39 11.73 

9842 18.22 16.81 14.36 

 

5. Conclusion 

In this paper, a new hybrid collision detection method based on spatial subdivision and 
bounding box is proposedThe algorithm selects the construction of fast octree as the 
hierarchical tree, which can effectivelyThe time and expense of sub process space subdivision 
are shortened; Using the method of traversing down at the same time,Combined with the idea 
of spatiotemporal correlation, the traversal of hierarchical bounding box tree is accelerated; 
According to threeThe positional relationship between the angle and the intersection line of 
two sides, and the element distribution method is used to intersect the triangle.The efficiency 
of primitive intersection test is significantly improved by optimizing the test. 

The experimental results show that the AABB bounding box algorithm takes the longest time, 
which shows that a single spatial domain collision detection algorithm in the virtual surgery 
system is difficult to meet the requirements of accurate detection and less time-consuming in 
virtual surgery. Compared with the octree hybrid bounding tree collision detection algorithm, 
the binary tree hybrid bounding tree algorithm takes a long time. With the increase of model 
complexity, the detection advantage of octree hybrid bounding box is more obvious. 
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