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Abstract 

Collision detection algorithm is one of the key technologies of virtual reality technology. It is 
widely used in virtual maintenance system and has broad prospects and significance. First 
of all, the collision detection algorithm in virtual maintenance is classified according to the 
time domain and the space domain: the time-based collision detection algorithm and the 
space-based collision detection algorithm. Secondly, the research status of these types of 
algorithms is introduced, and the existing problems in various algorithms are analyzed 
according to the research status. Finally, some popular collision detection algorithms are 
prospected.  
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1. Background 

In recent years, with the rapid development of modern computers, virtual reality (VR) technology has 

emerged and is widely used in virtual maintenance systems. The virtual maintenance system has 

advantages in the field of maintenance personnel training, thus enhancing the competitiveness of the 

product. 

Collision detection (CD) is also called "intersection detection" and "collision detection". It is the key 

technology of constructing virtual maintenance system. It is based on the physical laws of the real 

world. That is, two objects can not penetrate each other or can not share the same space. 3D animation 

of the game rendering and robot path planning in the collision detection of real-time requirements are 

high. The simulation requires a frame rate of 30 to 60 frames per second calculation. The poor 

collision detection algorithm will take up the game a lot of time in a frame, and the virtual maintenance 

system requires both real-time and accurate judgment of the interference between objects. Therefore, 

the performance of the virtual maintenance system for the collision detection algorithm has more 

stringent requirements.  

2. Collision Detection Algorithm Classification 

Due to the different application fields, researchers have designed a variety of collision detection 

algorithms for various types of collision problems. At present, the collision detection algorithm can be 

divided into two kinds of mainstream algorithms based on time domain and space domain. 

Based on the time domain algorithm can be divided into static, discrete and continuous collision 

detection algorithm. Static collision detection algorithm for the detection of the accuracy requirements 

far higher than the real-time requirements, so its computational complexity is high. The discrete 

collision detection algorithm deals with the collision problem of the motion model. Such algorithms 

collide the objects in the scene at discrete points in time. By setting the time step to adjust the 

calculation frequency, the algorithm detection efficiency is significantly improved. Continuous 

collision detection algorithm to solve the problem of accurate modeling of object structure, involving 
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four-dimensional space-time, but its detection speed is slow. Spatial domain-based algorithm is 

divided into two categories, based on geometric space collision detection algorithm and based on 

image space collision detection algorithm. The former is based on the analysis of the three-dimensional 

geometric features of objects. Among them, the research on space partitioning algorithm and 

hierarchical bounding box algorithm is relatively mature. The latter regards GPU as the same processor 

as CPU to balance CPU burden to speed up geometric calculation. 

 
Fig.1 Collision Detection Algorithm Classification 

2.1 Section Headings 

2.1.1 Sub-section Headings 

The section headings are in boldface capital and lowercase letters. Second level headings are typed as 

part of the succeeding paragraph (like the subsection heading of this paragraph). All manuscripts must 

be in English, also the table and figure texts, otherwise we cannot publish your paper. Please keep a 

second copy of your manuscript in your office. When receiving the paper, we assume that the 

corresponding authors grant us the copyright to use the paper for the book or journal in question. When 

receiving the paper, we assume that the corresponding authors grant us the copyright to use the paper 

for the book or journal in question. When receiving the paper, we assume that the corresponding 

authors grant us the copyright to use. 

2.2 Page Numbers. 

Do not number your paper: All manuscripts must be in English, also the table and figure texts, 

otherwise we cannot publish your paper. Please keep a second copy of your manuscript in your office. 

When receiving the paper, we assume that the corresponding authors grant us the copyright to use the 

paper for the book or journal in question. Should authors use tables or figures from other Publications, 

they must ask the corresponding publishers to grant them the right to publish this material in their paper. 

Use italic for emphasizing a word or phrase. Do not use boldface typing or capital letters except for 

section headings (cf. remarks on section headings, below).  

c2 = a2 + b2.                                                                  (1) 

3. Collision Detection Algorithm Research Status 

3.1 Time-based Collision Detection Algorithm 

According to the research level from shallow to deep, the algorithm based on time domain is divided 

into static, discrete and continuous collision detection algorithm. First of all, the researchers put 

forward the static collision detection algorithm for the case that the object does not exercise. The 

objective of this algorithm is to determine the object collision situation at a certain time point, so the 

real-time requirement of the detection is low, but the accuracy of the detection is demanding, which 

also makes the algorithm programming more complicated. 
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With the increasing demand, the research of collision detection is also deepening. Researchers have 

proposed the discrete collision detection algorithm to deal with the collision of moving objects. This 

kind of algorithm detects the scene and the objects in the scene only at each discrete point of 

the time axis. Larsen et al proposed a discrete collision detection algorithm for obtaining the collision 

information between objects by calculating the distance between the balls[1]. Bridson et al proposed a 

discrete detection algorithm for the collision problem of fabric flexible body[2], which can calculate 

the penetration depth and self-intersection detection of objects with high precision. Considering from 

the entire time axis, at each discrete time point, the object is regarded as static at its current position and 

the velocity is zero. The static collision detection algorithm is used to complete the intersection 

detection, which greatly improves the efficiency of the algorithm. However, The time between tests 

can not be short enough. Such discrepancy may result in the collision between two discrete time points 

can not be effectively detected. This phenomenon is called "tunnel effect", commonly known as 

"missed inspection." 

In view of the missing detection problem of discrete collision detection algorithm, the continuous 

collision detection algorithm has become the focus of research. Fang Bin and others proposed a 

four-dimensional space-time bounding box collision detection method based on AABB[3]. This 

algorithm can not only effectively avoid the omission and penetration phenomenon in discrete collision 

detection, but also solve the problem of false detection. Redon et al. Proposed a continuous collision 

detection algorithm[4], which solved the problem of missed detection to a certain extent. However, the 

high complexity of the algorithm increased the memory load of the computer and was more difficult to 

apply to the collision detection of large-scale scenes. The continuous collision detection algorithm not 

only involves the collision of three-dimensional geometric space, but also relates to the 

fourth-dimensional time t and exact modeling. Such algorithms can solve the problem of penetration 

and missed detection generated by the discrete collision detection algorithm. However, However, its 

algorithm is complicated and its real-time performance is poor. If this kind of algorithm can be 

improved in computational complexity and precision, it can satisfy the collision detection in 

large-scale scenes. 

3.2 Collision Detection Algorithm Based on Spatial Domain 

Spatial domain-based algorithms can be divided into two categories based on geometric space and 

collision detection algorithms based on image space. Since the 90s, computer graphics began to be 

widely used in the field of virtual reality. With the rapid development of computer hardware, the 

current research on these two types of algorithms has entered a new stage. 

3.2.1 Geometry-based Collision Detection Algorithm 

1) Space division method 

Li Yan et al. Proposed a fast collision detection algorithm based on uniform space[5]. The algorithm is 

more efficient than the traditional algorithm in large and uniform objects in space. However, it is 

difficult to ensure the consistency of algorithm efficiency in the scene with large difference in object 

size. Kim et al. Proposed a fast collision detection method for multiple moving spheres [6], using a 

hierarchical uniform spatial segmentation method, its key issue is to determine a reasonable cell size. If 

the size of the cell is not suitable for selection, the computational memory overhead of the algorithm 

increases a lot. Sun Jinguang and others proposed a hybrid collision detection algorithm based on 

space segmentation and bounding boxes[7]. This algorithm improves the real-time performance of 

collision detection as a whole. However, it is difficult to ensure the consistency of efficiency when 

dealing with the collision of objects in the virtual space of different complexity. 

2) Hierarchical bounding box method 

Hu Yongmei and others proposed a collision detection algorithm based on the combination of AABB 

bounding box and OBB bounding box[8]. This algorithm combines the advantages of the two 

algorithms and effectively improves the collision detection rate, which has practical application value. 
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However, Real-time aspects have yet to be improved. Wang Xiaorong based on the AABB bounding 

box structural characteristics improved based on AABB bounding box collision detection algorithm [9]. 

Wang Wei and others proposed an improved collision detection algorithm based on space division and 

bounding box [10,11]. In view of the problems existing in the initial detection and the accurate 

detection stage of the traditional algorithm, the whole real-time performance of the algorithm is 

significantly improved and the accuracy is improved. 

3) Parallelism 

Fan Zhaowei et al. Proposed a parallel fast collision detection algorithm[12]. This algorithm uses a 

level-based adaptive spatial subdivision approach to construct a balanced Bounded Box Tree for 

dynamic complex scenes and then accelerates the collision detection by traversing the bounding box 

tree in parallel. ZHAO Wei et al. Proposed a collision detection algorithm based on parallel[13]. The 

algorithm mainly used the divide and conquer strategy to build a balanced bounding box tree. By 

traversing the bounding box tree to constructed a task tree, which was traversed with pipeline 

technology to accelerate the collision detection. At the same time the application of multi-threading 

technology, can run on single-processor and multi-processor. 

4) Convex body 

One of the most effective algorithms for the intersection of simplex in space is an iterative algorithm 

jointly developed by Gilbert, Johnson and Keerthi, referred to as GJK algorithm[14]. The GJK 

algorithm does not perform any substantive operations on a group of input objects. Instead, the 

Minkowski difference is calculated on the object to convert the related problem into solving the 

distance between two convex bodies in a single convex body set. LIU Li et al. Aiming at the collision 

detection between several moving objects, a rapid continuous collision detection algorithm based on 

distance algorithm was proposed[15]. The algorithm mainly detects the collision by determining 

whether the minimum distance between two objects is zero during a period of time. The simulation 

results show that this algorithm has high real-time and accuracy for the continuous collision detection 

of multiple moving objects. 

5) Intelligent optimization method 

Fu Yuewen et al. Proposed a fast collision detection method based on multi-agent particle swarm[16], 
which based on the established hierarchical topology, combined with the evolutionary strategy of 

multi-agent system and particle swarm optimization. A multi-agent particle swarm optimization 

algorithm is proposed to solve the problem of collision detection. This algorithm has higher search 

efficiency, superior search performance and meets the real-time requirements of collision detection. 

Qu Huiyan et al. Proposed a fast collision detection algorithm based on optimization operator[17]. The 

optimization operator was introduced to limit the search space to non-uniform local minima and reduce 

the searching time of the ant colony. Compared with traditional algorithms, this algorithm improves the 

real-time performance of human-computer interaction. Jin Yanxia et al. In allusion to the accuracy and 

real-time problem of the deformation detection algorithm, a novel deformation collision detection 

algorithm based on intelligent fusion algorithm is proposed[18]. On the basis of stochastic collision 

detection, Hierarchical Surrounding is used to reduce the particle search space. A hybrid intelligent 

algorithm based on quantum behavior based on PSO and differential evolution is used to search.This 

method uses local attractors as the basis of the differential mutation, accelerates the convergence rate 

of the algorithm while enlarging the population diversity, and effectively solves the problem that 

traditional intelligent algorithms are not suitable for discrete space computation and premature 

convergence. 

Among the above space-based collision detection algorithms, the space segmentation algorithm is a 

collision detection algorithm for complex multi-objects and is suitable for the initial stage of collision 

detection. Based on the hierarchical bounding box method, the algorithm based on parallelism, convex 

body-based, intelligent optimization and so on is a collision-oriented algorithm for two objects and is 

suitable for the exact phase of collision detection. 
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3.2.2 Collision Detection Algorithm Based on Image Space 

The collision detection algorithm based on image space essentially uses computer graphics hardware 

to reduce the three-dimensional geometry to two-dimensional image processing, projects the 

three-dimensional object in space to the two-dimensional plane and stores the depth information of the 

object in the image buffer, determines the collision between objects through the depth of information. 

1) Projection method 

Shinya, who first proposed the use of graphics hardware to aid collision detection algorithm[19]. 

Wang et al. Proposed an expansion detection algorithm based on contour projection[20]. By using the 

overlap of projection area of polyhedron in arbitrary plane space and using the information stored in 

the depth buffer and template buffer of OpenGL platform to determine the collision of convex body, 

this algorithm is suitable for rough detection phase. Li Ziqiang et al. Proposed a fast collision detection 

algorithm based on the separation projection[21]. This algorithm uses the positive projection of convex 

body to speed up the separation detection and judges whether the collision occurs between convex 

polyhedrons by aligning the sets of projection separation surfaces by greatly improving the real-time 

detection. But this algorithm is not suitable for complex convex polyhedron and real-time motion 

scenarios. 

2) GPU acceleration method 

Kim et al. Proposed a collision detection algorithm based on multi-core CPU and GPU acceleration 

and hierarchical bounding box - HPCCD algorithm[22]. This algorithm is suitable for the continuous 

collision detection of flexible body, but the calculated collision point is not accurate enough. Sunon et 

al. Proposed a GPU-based collision detection algorithm for parametric surfaces[23]. This algorithm 

uses the image to generate hierarchical enclosing structures on the GPU in real time and traverses them 

efficiently. The algorithm has better real-time performance than the CPU-based collision detection 

algorithm, but the accuracy of the algorithm is reduced. 

The collision detection method based on the projection method seeks to transform the 

three-dimensional collision problem into a plane collision problem so as to simplify the calculation 

process and improve the collision detection efficiency. However, the transformation process of the 

intersection test is complicated, which leads to the slow progress of the related research. At present, 

this kind of algorithm is mainly applied to the collision detection in large and complex virtual scenes, 

and has some advantages in the initial detection stage with low accuracy of calculation. The 

advantages of using GPU-accelerated algorithms are obvious: 1) High efficiency. Through the GPU 

hardware accelerated graphics rendering, to reduce the CPU burden; 2) universal good. The algorithm 

is suitable for all kinds of virtual environment, no special requirements on the complexity of the scene; 

3) stable high. In various virtual scenes with the same complexity, the time used by the collision check 

is stable. However, these algorithms also have the following problems: 1) collision detection between 

convex bodies can only be handled; 2) due to the hardware acceleration calculation, a reasonable 

balance can not be achieved in sharing the calculation load of the CPU; 3) Collision between the body 

will produce miscarriage of justice. 

4. Outlook 

Virtual maintenance training system requirements can be realistic and intuitive to reflect the reality of 

the collision detection of real-time and accuracy have special requirements. 

Among the algorithms introduced in this paper, there are many types of collision detection algorithms 

based on geometric space, which are the hot points of present and future research. Spatial division 

method can realize the rapid elimination of disjoint objects in the uniform distribution space. In order to 

solve the problem of uneven distribution of objects in space, further study is needed. I believe that the 

hybrid scheme can be used to achieve spatial division, the use of uniform network and the combination 

of tree structure, such as objects or geometric elements into the uniform network, and then the 
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non-empty network elements further organize the data into some kind of tree structure , This can be 

achieved through the network quickly locate a tree structure. 

Hierarchical bounding box based collision detection has developed relatively mature, but different 

bounding box algorithms efficiency and applicable conditions are different, the future complex, 

large-scale virtual scene to such computing count challenges. I believe that the complex virtual scene 

can be used to space division and bounding box hybrid collision detection scheme, that is, the initial 

detection phase using the space division, the rapid elimination of disjoint objects, such as octree and 

uniform network. In the precise detection phase selection of a good tight bounding box for complex 

intersection testing, such as AABB and OBB. 

The collision detection algorithm based on image space is at the forefront of current algorithms and is 

limited by the current graphics hardware. This algorithm is suitable for the initial stage of collision 

detection. I believe that relying on the graphics hardware to enhance the processing power and 

projection algorithm performance improvement, the idea of projection method dimension reduction in 

the future can be applied to the precise detection stage. 
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