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Self-collision detection algorithm based on fused DNN and
AABB-circular bounding box

Jin Yanxia, Cheng Qifu, Zhang Jinrui, Qi Xin, Ma Bo, Jia Yao
School of Big Data, North University of China, Taiyuan 030051, China

Abstract: Objective The deformation body simulation technology has been continuously developed in recent years and has
been widely investigated in virtual simulation. It has been widely used in animation, design, and games. In the computer
virtual environment, rapid and accurate self-collision detection can immensely enhance the realistic sense of deformation
body simulation. A cloth is a representative deformable body composed of a large number of geometric elements, which is
characterized by thin and soft, and easy to deform, squeeze, and wrinkle. Therefore, fabric self-collision should be detec-
ted and penetration should be prevented to ensure the reality of fabric simulation. Data analysis shows that self-collision
detection takes 60% ~ 80% of the time in the simulated scene of a deformed body. Self-collision detection of cloth fre-
quently consumes considerable time resources. For the deformation model without thickness, such as cloth, whether the
fabric itself has a collision is difficult to determine through traditional collision detection in real time. Therefore, self-colli-

sion detection is a cutting-edge problem in cloth simulation. The self-collision detection effect of a deformed body, such as
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cloth, largely determines the authenticity of virtual simulation. Real-time is a difficult point in self-collision detection. Self-
collision detection consumes considerable time because the cloth model consists of many primitives. Most existing self-colli-
sion detection algorithms focus on improving the test speed. The traditional self-collision detection algorithm uses bounding
box test, which is extremely large and complex. It cannot meet the accuracy and real-time requirements at the same time.
In other words, the pursuit of accuracy will prolong the time consumed by calculation, and the pursuit of real-time will
reduce the detection accuracy. The above conditions will make the simulation effect insufficiently real. A previous work
combined the normal cone test with traditional collision detection method, reduced the computation of intersection detec-
tion, and improved the detection speed to improve the speed of self-collision detection without affecting the detection accu-
racy. The calculation of the intersection test of the primitives is reduced by constructing a hybrid hierarchy composed of
various bounding boxes to improve the fit of the bounding box. However, the improved algorithm cannot meet the real-time
and accuracy requirements. This paper proposes a method combining the aixe align bounding box ( AABB) -circular hybrid
hierarchy of deep neural networks to solve the above problems. Method This paper proposes an AABB-circular hybrid hier-
archical bounding box that integrates deep neural networks. The working principle is described as follows. First, an AABB-
circular hybrid hierarchical bounding box tree is built for the clothing model. The AABB hierarchical boundary box tree is
constructed for the model, and the three vertices of the triangle are used to calculate the circular boundary frame of the leaf
nodes. Second, a bounding volume test tree (BVTT) is generated in accordance with the AABB-circular hierarchical boun-
ding box. Third, the corresponding normal cone is calculated for the nodes in the constructed BVTT tree. Fourth, a boun-
ding box test is performed first, followed by a normal cone test, and multiple pairs of potential collision primitives are out-
putted. Finally, multiple pairs of collision triangles are outputted by performing a primitive intersection test on the potential
collision primitive. Result Experimental results shows that the proposed method achieves a balance between accuracy and
time consumption on the premise of finding the optimal number of hidden layers in the deep neural network and the optimal
number of nodes in each layer. The AABB-oriented bounding box (OBB) algorithm takes 19% to 33% less time than the
classic self-collision detection algorithm. We compared the proposed method with the AABB-OBB method and three classi-
cal methods in terms of time consumption of updating, detecting, and primitive testing to verify the advantages of the pro-
posed method in computation time. Experimental results show that the proposed method consumes a small amount of update
time, optimizes the speed of primitive crossover testing, and reduces the overall time consumption. We compared the pro-
posed method with the AABB-OBB method and three classic methods in the primitive intersection test to verify its superiori-
ty in terms of fit. The proposed method has the least number of pattern intersection tests and the best fit. Conclusion An
AABB-circular hybrid hierarchical self-collision detection method based on deep neural network is proposed. The AABB
and the round form a hybrid layer bounding box to perform self-collision detection on the cloth. The intersection of the cir-
cular bounding box is detected using a deep neural network. Compared with the classic AABB-OBB bounding box and the
classic three bounding boxes, the accuracy and timeliness of the AABB-circular hybrid hierarchical bounding box with
fusion deep neural network are verified from multiple indicators.

Key words: self-collision detection; hybrid bounding volume hierarchy; circular bounding volume; deep neural network

(DNN) ; graph element intersection test
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Fig.9 Flow chart of the intersection of circular bounding

boxes based on deep neural network
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Fig. 10 The influence of the number of hidden

layers on test accuracy and calculation time
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Fig. 11 The influence of the number of hidden layer

nodes on the accuracy and calculation time
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Fig. 12 Experimental screenshot of three scenes
((a) overhanging cloth; (b) falling from the entity;
(¢) cloth colliding with the ball)
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Table 1 Simulation time consumption of three scenes

/s
Jrik s
ARTEATRE SSIRIA T ¥ A 5/ NER A
AABB-OBB 9.08 4.75 6.56
Sphere-tree 9.23 4.81 6.75
OBB 9.37 4.92 6.83
10-DOP 9.55 4.98 6.92
AIC(KFLA DNN) - 7.39 4.13 5.97
(R4 DNN) 6. 05 3.54 5.28
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Table 2 Time-consuming reduction rate of the method
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OBB 0.35 0.28 0.23
10-DOP 0.37 0.29 0.24
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Fig. 13 The time of continuous frame extraction from

collision detection in draping scene varies
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Fig. 14  Update rate, detection efficiency and graph testing

time of the 6 algorithms are analyzed in the drape cloth scene
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&3 3INGHRT 6 FAENETAZ KR E
Table 3 The graph intersection test times

of 6 methods in 3 scenarios

78S
7k
AR SEURI T # A0 5/ Bk
AABB-OBB 1424 64 162
Sphere-tree 1702 72 195
OBB 1424 64 162
10-DOP 974 45 112
A0 (KR4 DNN) 873 43 104
3¢ (4 DNN) 873 43 104
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