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Abstract: The analysis of occurrence of discontinuities is a basic work for further study on mechanical analysis
and stability of rock mass. Traditional analysis of the plot method is insufficient and inadequate. And they are
unable to analyze occurrence data of discontinuities accurately. Although the fuzzy cluster method can achieve
accurate dominant occurrences, the initial cluster centroids must be given in advance. And the method uses a
local optimized algorithm. Different choices of initial guesses of cluster centroids can lead to different partitions
of the same data. In order to obtain objective results of classification and the dominant occurrence, a fuzzy c-
means cluster analysis method based on the Particle Swarm Optimization(PSO)algorithm is proposed. This hybrid
method uses the PSO algorithm to solve the problem. So it can avoid the subjectivity of the initial cluster
centroids specified manually, overcome the defects of the fuzzy c-means algorithm such as the local optima and
sensitivity to initialization, and analyse the occurrence data efficiently, even if there are a large number of
discontinuities. Meanwhile, the optimal cluster number can be determined automatically during the operational
process of the algorithm. On the basis of the field measured data from the real rock mass, the proposed
approach has been testified to be reliable and reasonable. And the classification and dominant occurrences are
more realistic.

Key words: Rock mass Discontinuity Fuzzy C-means cluster algorithm PSO algorithm

Wk H i1: 2011-10-25;

Fe el

EIXK H AR R 542 (40972195) MU 9K 5 7 ¥ -5 T PR B8 (RGP [ 5 3 05 5286 5 ) AR % 3 42 (SKLGP2009Z009)
PEF A 0 ARG e, EE N AR SR 5 LR 7 1 9F5T . Email: boris_song@163.com

G A :
BT R REEE A AR AT IREEI C IR T [9]. TREHSE 4K, 2012, 20(4): 591-598.

. PARTICLE SWARM OPTIMIZATION ALGORITHM BASED FUZZY C-MEANS CLUSTER ANALYSIS FOR DISCONTINUITIES OCCURRENCE IN ROCK MASS[J]. Journal
of Engineering Geology, 2012, 20(4): 591-598.

11 9kfioc, £k, F224 . TR B IMT . bt H s ik, 1994.



[2] Zhang Zhuoyuan,Wang Shitian,Wang Lansheng.Principles of Engineering Geological Analysis.Beijing:Geological Publishing House, 1994.
[31 VLR F R TR S0 2 A B [J]. TR M5 244k, 2011, 19 (3): 304~316. #%

Wu Faquan.Principles of engineering geological dynamics of rockmass.Journal of Engineering Geology, 2011, 19 (3): 304~316. 3%
[4] Shanley RJ,Mahtab MA.Delineation and analysis of clusters in orientation data. Math.Geol. ,1976, 8 (3): 9—~23.

[5] Mahtab MA,Yegulalp TM.A rejection criterion for definition of clusters in orientation data//Proceedings of the 22nd Symposium on Rock
Mechanics.New York:American Institute of Mining Metallurgy and Petroleum Engineers, 1982, 116—~123.

[6] Hammah RE,Curran JH.Fuzzy cluster algorithm for the automatic identification of joint sets.International Journal of Rock Mechanics and
Mining Sciences, 1998, 35 (7): 889~905.

[7] %koRu, TS, B0, A5 B T AL L K A AR S M T (K RO CIY (B R R UA D] 6 A 12 5 TR 4R, 2005, 24 (3): 371~376.

Cai Meifeng,Wang Peng,Zhao Kui,et al.Fuzzy C-means cluster analysis based genetic algorithm for automatic identification of joint
sets.Chinese Journal of Rock Mechanics and Engineering, 2005, 24 (3): 371~376.

[81 A, JETDT, INHE A ARG T IR E5 5 BRI SR 2 0 T [9]. 4 41 )27 5 T RE# 4R, 2005, 24 (13): 2283~2287.

Zhou Yuxin,Zhou Zhifang,Sun Qiguo.Synthetic fuzzy clustering analysis for joints occurrence of rock mass.Chinese Journal of Rock
Mechanics and Engineering, 2005, 24 (13): 2283~2287.

[9]1 2R, ThRh AR, 5. 1 B A5 R T 5 Rt 7& T VBRI 98 [3]. LRE T 244, 2011, 19 (6): 887~892. M

Feng Yu,Ma Fengshan,Gong Chengcheng,et al.Data analysis method for optimized and dominant orientations of joints in rock mass.Journal
of Engineering Geology, 2011, 19 (6): 887—892. %

[10] ME4kZR, 1RO6EE, Ml 48 B T USURE SR IR 5 R TR IR BRI CIUE SR 28 40 BT [9]. 2 5B T2, 2010, 17 (4): 114~117.

Teng Jidong,Xu Guangli,Shen Yanjun.Fuzzy C-means cluster analysis based on ant colony algorithm for orientations of joint.Safety and
Environmental Engineering, 2010, 17 (4): 114~117.

[11] BHVGR, FEREWT, AR, S5 A AR AR T — 2 P 2 LU NG 5 TR ] [MT B S B2 ik, 2008.

[12] Jia Hongbiao,Tang Huiming,Liu Yourong,et al.Theory and Engineering Application of 3-d Network Modeling of Discontinuities in
Rockmass.Beijing:Science Press, 2008.

[13] HEORfe, W B BOWIECE: KON MY A st B AL, 2007.

[14] Liang Baosong,Cao Dianli.Fuzzy Mathematics and Applications.Beijing:Science Press, 2007.

[15] Bezdek JC.A physical interpretation of fuzzy ISODATA.IEEE Trans.Syst.Man Cybern. ,1987, 17 (5): 873~877.

[16] Pal NR,Bezdek JC.On cluster validity for the fuzzy c-means model.lIEEE Trans.Fuzzy System, 1995, 3 (3): 370~379.

[17] Eberhart RC,Kennedy J.A new optimizer using particle swarm theory//Proceedings of the 6th International Symposium on Micro Machine and
Human Science.Piscataway,NJ:IEEE Service Center, 1995, 39~43.

[18] Kennedy J,Eberhart RC.A discrete binary version of the particle swarm algorithm//Proceedings of IEEE Conference on Systems,Man and
Cybernetics.Piscataway,NJ: IEEE Press, 1997, 4104—~4108.

[19] Chattejee A,Siarry P.Nonlinear inertia weight variation for dynamic adaptation in particle swarm optimization.Computers & Operations
Research, 2006, 33 (3): 859~871. ri

[20] SKKME. SRAFMR . ZRISHIH L o) AR G b I BT ST KA i ARORS%, 2009.
[21] Zhang Changsheng.Research on Hybird Particle Swarm Algorithms for Programming,Clustering and Scheduling Problems.Changchun:Jilin
University, 2009.

[22] Shi Y,Eberhart R.A modified particle swarm optimizer//IEEE International Conference on Evolutionary Computation
Proceedings.Piscataway,NJ:IEEE Press, 1998, 69~73. s

[23] Lee C-Y,Antonsson EK.Dynamic partitional clustering using evolution strategies//the 26th Annual Conference of the IEEE Industrial
Electronics Society.Piscataway,NJ:1EEE Press, 2000, 2716—~2721. s
[24] M¥i<y, M BOR S AT UM et 8 3] v H L TR 512, 2009, 31 (9): 122~124.

Tang Minghui,Yang Yan.Research and development of fuzzy clustering validity.Computer Engineering and Science, 2009, 31 (9): 122~124.

[1]  SKIEME, VRIS, TICH A T A BY V) AR R PR T T [9]. CRRMLB2A4R, 2012, 20(4): 564-569.

[21 XEB%E, TRk 7O, SRIBHE. REUA 435 3% I 70 OCTERL K2 Wk MERT 5L [0]. LREHRSAKR, 2012, 20(4): 570-575.
[31 TR, 2R, MR, FRk, ARRGH. A AT SRR A AR Y U B ik S CRE R [3]. R4, 2012, 20(4): 585-590.
[41 &k, 2500, R, ke, 04 4w T 2 10 1K) o B0 3 0 R A LRI F 7 [0]. LR, 2012, 20(3): 305-310.
[51 BN, E, BT 2 BUml R A 06 ) 2 2 Bk Beb i 81 [3]. CREHUREA4R, 2012, (2): 283-288.

[61 7KK, AROUEE, FOk, SRR, RBUE 128 Gt KA HT [J]. LIEHURSAAR, 2012, (2): 296-303.

[71 o, SEAiohr, vks. WU & o o L S s Ll st 57 3 10 8020 47 [3]. LAEHUSA4R, 2012, 20(1): 74-81.



[8
o]

[10]
[11]
[12]
[13]
[14]

[15]

W3R, T RaL, DU, FRHE, R, U R N B A A A M TR A IR e AR [I]. DR MR AR, 2011, 19(6): 887-892.
Ky . MR I S AR TR AR I RSE RON T[], DR AR, 2011, 19(5): 642-647.

TR Pk TR R By ) 5 A JUBE [3]. TR 244), 2011, 19(3): 304-316.

M2, BN, SRR, IR ST R A L AR P I A T 2 B R ) B R R IE R AL [J]. AR AR, 2011, 19(3): 332-337.

JAS, SRERT, TR KT 2R A A 3 2w b e 45 R T8O BE 9T [J]. TR T4, 2011, 19(3): 352-358.

B, 2SR, WA, AR AR I G AR E Tk 2 K WY [9]. LRI AR, 2011, 19(3): 397-403.

AR, O, B, FIRERE, 2R B A 1 W A SR R i A R M RO B M B W F Y [9]. TREHLBTAAR, 2011, 19(2): 205-212.

JEBLTH © 2009 (CLFEHBUAARY GndEis
Huhl: Jbnto825(m4H HEH%{G: 100029
Hiifi: 010—82998121 , 82998124 fLIi: 010—82998121 Email: gcdz@mail.igcas.ac.cn



