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Investigation of debris cloud image produced by
hypervelocity impact based on multiple image segmentation algorithms
WANG Xiao, SONG Yan

(School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China)

[ Abstract] Majority of researches on hypervelocity debris cloud are digital simulations based on Smoothed Particle Hydrodynamics
(SPH) method. Debris cloud is simulated by some discrete particles. But it is difficult to identify each debris individually. Some of
results make a diagnosis of dynamic images of debris cloud and conduct qualitative analysis by using X-ray image of debris cloud.
However, it is impossible to acquire the precise parameters of debris cloud. In this paper, two sets of debris cloud images with high
resolution and high contrast are obtained by employing the Hypervelocity sequence Laser Shadowgraph Imager. To get obvious
contour characteristics of debris cloud image and separate the debris from the background as well as the adhering debris, multiple
image segmentation algorithms are applied. Then an image feature recognition algorithm based on Hu moment invariants in the region
of interest location( ROI) is conducted and the qualitative analysis of dynamic debris is achieved. Finally, the axial velocity of debris
is calculated and the trajectory of debris is simulated. It is demonstrated that the recognition rate of debris is the highest by combining
with the simple linear iterative clustering super—pixel segmentation algorithm and the velocity of debris from the rear of debris cloud
to the front side of debris cloud is increasing. The velocity of debris in the front side is the most fast one. According to the trajectory
of debris, the area around the center of the rear wall suffers a severe damage. In conclusion, this method is of great significance to
study on the characteristics of hypervelocity debris cloud.

[ Key words] hypervelocity ; debris cloud; image segmentation
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Tab. 1 Experimental parameters

F5 D/ mm t/mm vy /(km-s") A/ ps
1 2.0 1.0 3.00 5
2 2.5 1.0 3.24 5

T, D FRRFILINEAR; ¢ R oLiE S
AR AR, A i 2 (8] A 54 80 mm ; v,
FNERIUIE T R Ar Fom B R FABR I R AT RR A
A SLIFIARAT 8 WikE F = EIE, 5 oAbt K0 L
55 6.7 WEMR B IE R 43 A B 34 5] HLAE R Rk 5
8, AR R S B T2 6 MRS 7 Wik R = &
BAE N TIAT G2, 2 LS 1 R AR I = G an &
1 & 2 s, AT &, I OPENCV FRE
T range PREOH B HEAT T G5 — 35T, 16 0% B iF
o B B RIRT  RBR T ORI 5

(a) 55 6 i (b) %57 i
(a) Frame 6 (b) Frame 7
E1 W 18BAZERES®

Fig. 1 Original image of debris cloud of experiment 1
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Fig. 2 Original image of debris cloud of experiment 2
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Fig. 3 Debris cloud image after meanshift denoising
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Fig. 8 Fragment contour recognition results based on slic algorithm in experiment 1
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Fig. 10 Debris movement trajectory
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