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Fig. 1 Comparison between isochromatic fringe before and after digital image processing.
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Fig. 2 Image of photoelastic disks after principal component analysis(PCA) transformation extracted

from experimental material under 6kg loading
A, r=0.2,,R; 0=00,7/180, .21+ (x/6)) ;
i=(1,2,-,390),
2t O 5 b Z A0 d FEFFFEAT 1N ) & 4b
B3 A R AR AR AR R LR 22 b o R i, [ R
------------- > yRIETT ) A o FHIETT AT X 5 R AR R
* y 77 1) SR
Z T LLEAE 3 B B A BN B 3907, 2 A A $ fish £
s B b sy T RETE ORI HBL SEREAE 0" % 696 A A S T

Bl 7 1 97 1 SR g 0 AEZ3 WGP A S T O il SR AR BCSE R R L A b

Fig. 3 Direction angle defined as contact M 1~30 T IEK T d FEFF %) 361~390 17,
angle 0, taking the example of normal Sk P A T AR B A R A A A A A e T
component of contact force G A5 i, X 2 W AT SR 2 o 1) 7 0 A TR A v 9T LA
between two disks TEAL PRGN 50T DL 25 B8 A 2 300 X I B A s . 3 e

2K (3) EREHARBERMG

B4 Zadx003) 484 i e B 2 B1E
Fig.4 The image of photoelastic disks after transformation by formula (3)
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Fig.5 The searching process and identification result of a photoelastic disk after PCA transformation
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Fig.6 The searching process and identification result of a photoelastic disk of Fig. 5 without PCA transformation
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Fig.7 The results of identification of contact angle of Fig. 4
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On the Determination of Contact Points of
Granular Material Contact Properties

CHENG Xiang-nan'*, ZHANG Xing-yi''*, LIU Cong'?, ZHOU You-he'*
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730000, Gansu, China; 2. Department of Mechanics and Engineering Sciences, College of Civil Engineering and Mechanics, Lanzhou

University, Lanzhou 730000, Gansu, China)

Abstract; Granular material, such as gravel, grain, rockfill and debris flow, is common in nature, and
a lot of natural phenomena and industrial processes are related to granular material motion state.
Gaining a clear idea of contact characteristics among granules is the key to understand the deformation
and movement of granules. Identifying contact points is the difficult point for obtaining the
information of full field contact force (including the force chain). In recent years, photoelastic method
has become one of effective means to study this problems due to its simple principle, convenient
operation and visual image. However, existing method for contact point identification mainly depends
on the calculation of disk center-to-center distance, which is difficult to effectively identify the contact
features of disks with smaller deformation. Therefore, a new image matrix transformation algorithm
based on zero-order fringe elimination is presented in this paper to effectively identify the contact point
location. The main steps are as follows: firstly, principal component analysis is applied to extract
principal component of images, and original images are reconstructed; then, template matching
method is adopted to extract each disk and image matrix transformation for each extracted disks is
carried out; finally, gray gradient square calculation along perpendicular direction is performed for
local areas of transformed image, the gradient variation curve is plotted, its peak value is obtained.
Thus, contact point locations are identified.

Keywords: principal component analysis; template matching; gradient square; image matrix transfor-

mation



