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Fig.1 The C3D measured image for artificial reefs
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Fig.2 The distribution of artificial reefs

(3) AWrE LR (2), A8 T Jr ik
2 E NS0 1 o

k
E=331lp-m!’

i=1peC;

K E TRV R ZE N, p 23 [ SR, m, R
B C Lk RENECH ,i=1,2,3, k,

TR RR IR KR H =
(] ST R o) 2 R G R A ok AR A
JE—E ORI S RIS 0l 2 FIE 2 R
HR R,

BT AR R IR AR e T P SRR A
HFFRMRE, TUEERAEREREE P IMAT
R R B KT Y . XA E A E
- AL AT 4 L 420t Delaunay = £ 1) 4345 2] ) =
A0 02— 1192 3 L2 A0 2 15 0 R B /N £ X
2 AN ARIE Delaunay = £ 9 v (9 = F 8 30 0L 45
W= H 15 B 19 Delaunay — £f ¥ 2 2%
HA B P o A TR = #1907 S s i) 2 (]
BRI 6 R M E L A ) B % O )
Delaunay = ffj o J& 73 [ 58 2% o SC AR [H] 430 56 R %
KB — Bl A 2007 2 . Delaunay = ffj [ A i i
A BRI BE B, A UG A& T bR L
A LLR ) Delaunay — ffj % ok 3% K %5 ) S0 40 19 25
[RFAE o =4 32 2 52 WG 5 16D 1) 5% 1) < R A IR 3%
JRAEBIR R o HE I, A T AN T AR R A 4 A
BT AR 45 B Delaunay = £ (4, 38 i 7iti in
ASTR)Z R R 28 D 1) 24 o o D)5 iz i 2 4, I
B = AR S AF A 2SR 0 30, T BR R AR IR R
HJR B B2 52 Wi, T B R X R Y R (RP B
A, TR B8 7 ) 408 30 D D) 5B A O R kR A
] A G P, X I R S (B 3 - a) i

http : // www. scxuebao. cn



1352

Koo

¥ i 39 %

Delaunay = /% (&l 3 —b) , it Ji 8 1A 29 o S5 4 F0
JOTP AR A 2 B TR Z IR, DL K B B Fn A %k 2
PN [F) 28 Y B 29 R AE D, K5 Delaunay = £ % 4 43

HZAFECE 3 = c) , 8 M3 e W5 R %,
LR B > R 2 (RIS -d) .

S

. . .: o::. . 0. .. ° §§'\‘%" Vi
* o {. . % o ‘%&Lﬁé&% b
a

R
)

C d

B3 REEZSRE

(a) By 4 5 (o) ¥33& Delaunay = ffi [ 5 (¢) £ R B 141 5 (d) 5 I 5%
Fig.3 Clustering algorithm steps

(a)data set; (b) constructing delaunay ; ( ¢) generating sparse graph; (d) merging clusters
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Fig.4 The results for 3 clustering algorithms

(a) partition algorithm; (b) hierarchical algorithm;(c) constrained algorithm
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Fig.5 The overlap regions for 3 clustering algorithms
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Fig.6 The quantity errors of reef monomer for 3 clustering algorithms
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Fig.7 The center of gravity errors for 3 clustering algorithms
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Fig.8 Area errors for 3 clustering algorithms
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Fig.9 Spacing errors between reefs for 3 clustering algorithms
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Tab.1 Loadings and contribution rates of four components for 3 clustering algorithms

B9k algorithm & H5 index

Ji% Y component

1 2 3 4
R4y 5k . centre of gravity 0.929 0.089 0.348 -0.092
partition algorithm I B area 0.825 0.207 0.428 0.305
fifE {4 [] }F spacing between reefs 0.111 0.991 -0.069 0.020
PR ¥4 quantity of reef monomer 0.509 -0.139 0.849 0.035
TTHL /% contribution rate 65.958 27.187 4.870 1.985
235 Hk % /% cumulative contribution rate 65.958 93.145 98.015 100. 000
JE R B #.0> centre of gravity 0.403 0.911 0.081 0.013
hierarchical algorithm A area 0.884 0.355 0.179 0.244
HE{A [B] #E spacing between reefs 0.121 0.069 0.990 0.011
FA% A quantity of reef monomer 0.929 0.321 0.088 -0.161
1 #ik %/ % contribution rate 65.878 22.478 9.59%4 2.050
241 5Tk %/ % cumulative contribution rate 65.878 88.356 97.950 100. 000
LR 0> centre of gravity 0.849 -0.328 0.415 0.006
constrained algorithm il arca 0.980 ~0.138  0.031 ~0.143
fifs /4 6] }F spacing between reefs -0.179 0.982 -0.062 -0.004
PAR% R quantity of reef monomer 0.968 -0.179 0.067 0.160
1 ik %/ % contribution rate 76.351 20.198 2.314 1.136
23t 5Tk %/ % cumulative contribution rate 76.351 96.549 98.864 100. 000
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Fig.10 Overall errors for 3 clustering algorithms

3 e

N Lo AR e N L o T S Y SRR,
JERR R MR S bR A . T A

AR TR SO B S B A 67 B S B O A A

B R MRS AR R P N T8
TEARERFEZER AN H AT, N T 5K
PO LN VBTN R v VB Ve S - N I R

http : / www. scxuebao. cn



1356 Koo

¥ i 39 %

A TC e BRI ZR S o 38 Ak ) 4 AR
BRAF B9 T A8 K T 23 A3 1 0 HREAS 3 #a 1l A 1A
S B 7 B B, 3 LA M Uk e B S B 4 A
PO R 25 5o T A0 B 0L B B kT A
il B 2B B PG B4 457 £ B 7 52 B g SR o b ] 4
AR A, R 4 A WA M6 BF 58 43, 3% 6 B I
PR T 0 R 3O T4 R BB . A WF 5 F
2% ) SR A T A i AT R 40 A2 BRI
BALE Al S B A A R 0 i X N T R TR 43 A
FRAF I — AN BT 223, M (ol A T 0 7 A 255 ) 3 2K
PRI — B A, N A 5 R A T
43 AR 2 e P A I Rl 43 TR R A
BCRBRHE T AT ER A

7 ) B 2K 4 v 2 DA 2 o s 1A 2 i | G
P Sy SRl AR R A% 1 0BT O U 451 B ) R AT
QA3 VA2, A ) B B 0 o T o U ) 22 57, 2K i 45
RN Kaufman 277 35 Hh & 4y B K 5 32
SH 5 B S T, T Guha 4870 3R i 2
VTR 2K S5 M R, TG i B B I, D L 7
X £ B B N, TE 1 HE I B S A 0 A O A £ 7 2
A2 R AL R i T BRI G AR A
AT AR TR AR . e b, B A v A = (]
F1 85 0 2 B R B o T 24 £ T = 1] 154 ] B
BEE I fRURE Y PR ) A AT RRARG, BRI 7 SR 28 i vp
37 A 2 B0 o R LA L T 24 TR S 5 i B R
[7) J2 R A0 249 SR S5 10, 3 4 T B 2 205 SR v T R D
VA DB 3o 1 A, R i 2 o R R R K
F Ao 455 P 2, X B i A I U S TR R e A
3] 14 237 0 T T BB 25 AR, A AN B 5T
T BEE fh0 Tl 3 SR IK B, £ 40 A 4 T, W AR
% BRI X o AN % B 25 [, 5 5
5 22 A~ A Al K] 43 B[] — AN v T — s
{37 £ T (1) B AR R i %, 5 G RN 5 Ak — s p iy
TR B B PR B e B 2 R o 24 TR B SR AT R 4y
F T PR R X — 2 R AR, A A A AL
il ) B ACRR i 25 B OR B R4 B2 ik AL
AR R T, 15 R O AR
SE N0 B B B2 0 O B T R
TETERE R 22 5o 2R AR I A 7] )2 Wk A [
RN 24 o S PF HEAT B 057 £ RRE 1R R 4 L IEI 2, R 4y
45 SR A

AHFSE I TR 40 958 1 B TR
e DL R B 2 o 1 B, 6 S B i N T R R AT

AT, A5 B A N T A 1 S B 4 A IR
MR AT R 4 T 2 A0F A0 £ R 52 B A7 AE R 25 (0 LA
TR U 0 T AR AR A R R DL A
[6] B 40 g TR A JL A SR 25 07 i 45 SR AT o . T R
ke BF {37 £ fifl 2 B2 A3 A 4 007 B 5 0 TG R e L B
37 461 BEE 1B A9 BB 5 AR A 26 SR IN Sy B 137 0 ffE
1 o 00T B 7 A 50 1) J5 /0N B (07 JIUARE 28 /0 5 B 3
F 400 m’' AE 45 5E TR SRR 9 RS I B £
il 1 P A 2 S T A S Bk T A O LA £ R
A Bk 14 385 22 s, o fE 0 ARt B 2 A s
7 [ 80 . e £ Tl B4 22 ) 40 A 1 55 B AR T
001 2 18] 5] B HAT — 5 10 SR, ki ) B B 4
2 8] i B TR 46 P AR 1) 8 45 /0N £ 22 18] 49 A A
XA, 4 G Bt T B TR D . B KA
M4 o S K R A R T e, R R S M S B
T il R

AFRBEELEFENT LEEERFHRER
IR R AR B, AR e R T B

5% Uk -

[1] YinZ Q. Study on the theory and method of effect
evaluation of the artificial reef [ D ].
Shanghai Ocean University,2010. [ F #4855, A T
MEBCR PN e 5 7 oh g 1. BT R
2 2010. ]

[2] Wang L H. Research on the layout and adaptive

Shanghai .

management of artificial reef area in Dongshan sea
area[ D |. Xiamen: Xiamen University,2012. [ F %
189 AR LTI N L it X AT R 5 3 R M A R F
FE T TR ,2012. ]

[3] XiaZ Y. Artificial reef engineering [ M |. Beijing:
China Ocean Press,2011:112 - 119. [ E & ¥%. A T
TR S JURE VR S RRE 2011 :112 - 119, ]

[4] Liu Q L. Amethodology of adaptive spatial clustering
analysis [ D ]. Changsha: Central South University,
2011 [X)E 5. A & N =S 1) 2K 07 i ot Kb
H R, 2011 ]

[5] YulL. Research of Clusteringalgorithm based on
improved minimum spanning trees [ D ]. Harbin;
Harbin University of Science and Technology,2008.
[ F 5. 3T e ik 1 doe /N A= OB SR R B F 0. s
IRV M R B T K 2% ,2008. ]

[6] Feng X P,Zhang T F. Comparison of four clustering
methods [ J ]. Microcomputer & Its Applications,
2010,29(16) : 1 - 3. [ VI3, ok Bk, DU Fp R K T7

http : // www. scxuebao. cn



9 1 VLR BR % B B T T A A R 33 1357
B2, MOYL S M ,2010,29(16) 1 =3, ] [ J]. Pioneering With Science & Technology

[7] MaH Y. Research on clustering algorithm based on Monthly,2012, (1) ;134 = 135. [ ZZ g2 B . — Fh ol
ant colony optimization [ D ]. Beijing: Beijing i) K — means 2 5. B 4 A 7], 2012, (1)
University of Technology,2009. [ T i JfE. B T iy #f 134 - 135. ]

M By MK B H WS, db 5t db 22 Tk K [17] Huang Y J, Tang D Y, Hu H W, et al. Analyzing
2#,2009. | gene sequence data by dynamically iterative

[ 8] Zhang L. Research on GML data clustering algorithm clustering algorithms [ J ]. Journal of University of
based on spatial topological relations [ D ]. Nanjing; South China; Science & Technology, 2004, 18 (4 ) .
Nanjing Normal University,2010. [ 5K . 3% T # b 57 -60. [ TG, A EM, L R 5%, S B &R
KA N GML %5 [a] i R TR OF5. Bl FEE IR P B B A O A AR
£ 9 2% ,2010. ] 227 2004 ,18(4) :57 - 60. ]

[9] DengM,Liu Q L, Li G Q, er al. Analysis and [18] Li W C,Zhou Y, Xia S X, et al. A novel clustering
application of spatial clustering[ M ]. Beijing : Science algorithm based on hierarchical and K - means
Press,2011:10 — 76. [ AR &, X5 =5, 2 56 08 &5, 23 clustering [ C ] // Proceedings of the 26" Chinese
] 5 28 4 A Soni A db s BL & i AL, 2011 Control Conference. Beijing: Beihang University
10 -76. ] Press,2007:605 - 609. [ Z= 3¢, & 5, &+ 1, 45,

[10] Ma N N. Research on fuzzy clustering analysis —FH R T2 KA K - means FEER B R FH 2
algorithm based on density [ D ]. Baotou: Inner 2526 Ja b E 2 B0 SCE . U AU BT A R
Mongolia University of Science & Technology,2012. K R A 2007 :605 - 609. ]

[ SRR, 3 F 2% B pg i) RS w3 B w58 [19] Lloyd S. Least squares quantization in PCM [J].
NS R KRR ,2012. ] Information Theory,1982,28(2) :129 —137.

[11] Xiao W.EM algorithm and its initialization research [20] MacQueen J. Some methods for classification and
for parameter estimation of Gaussian mixture models analysis of multivariate observations [ C ] //
[J]. Electronic Test,2011,(6):26 —30. [ 14 4. [ Proceedings of the 5" Berkeley symposium on
T BIR G B R S 50 i BM SR e o iR 1k mathematical statistics and probability. California:
BF5E. Bt , 2011, (6) :26 - 30. ] University of California Press, 1967, 1 ( 14 ).

[12] Wang H. Research on improved C — means clustering 281 -297.
algorithm[ D ]. Kaifeng ;: Henan University ,2011. [ F [21] Chen K. Target clustering based oncluster analysis
HC-WHRBREEEWMMHENIT. T E WK applied research [ D |]. Xi’ an; Xidian University,
%%,2011. ] 2013. [ Wize. T 320047 1Y B b 20 B 1] 280 Y 1

[13] Wang X H, Shen J, Wang R B, et al. A study on FABEGY. P % VG % B TR R 24,2013, ]
removing duplication using N - garm terms for [22] Xu X Y. Application of K-means algorithm in
Chinese test [ J ]. Journal of Hangzhou Dianzi relational database [ J]. Journal of Guilin University
University ,2010,30(1) :26 —-29. [ /Mg WA, T of Electronic Technology, 2008 ,28 (4) ;313 - 316.
P, MR TR R BE R IR G REH [ 4 1] B K~ 2 {8 3% 28 B0 06 7 50 R 3R %6 b 1 iz
bt Mo B R % R, 2010, 30 (1) A B AR T R 4R % 2F IR, 2008, 28 (4)
26 -29. ] 313 -316. ]

[14] Ma C. A survey of spatial clustering research [ J]. [23] Qu X H,Gao W L,Ding B R, et al. The K-means
Computer Technology & Development,2009,19(4) . algorithm improvement based on the number of
134 —137. [ 7. = A BEM . BN A S & clustering K and initial centroid [ J ]. Modular
J&,2009,19(4) ;134 —137. | Machine Tool & Automatic  Manufacturing

[15] XieJ Y,Jiang S, Wang C X, et al. An improved Technique ,2011,(4) :42 -46. [ J@H W, m T B, T
global K — means clustering algorithm[ J]. Journal of WMok 5. F T BB MY AR K - means 5 3%
Shanxi Normal University : Natural Science Edition, WS HE MK S B 3k n T 4% K, 2011,
2010,38(2) ;18 —22. [ I 3% , % I, £ H 5, %. (4):42 -46. ]

— P 2R K - W (E R A . BEVE IR TE K2 [24] Huang Z M. Research on interactive spatial clustering
FAR . B RB R ,2010,38(2) 18 —22. ] algorithm with constraints [ D ]. Beijing: China
[16] Li Z J. An improved K - means clustering algorithm Agricultural University ,2007. [ % & 8. # 29 &4

http : // www. scxuebao. cn



1358 K R 39 %
MR EA SR RBREEFR. LT P ERE K Acta Geodaetica et Cartographica Sinica, 2011, 40
5,2007. ] (4):509 —516. [ e 58, X, 1 &, 55 — Rl B T

[25] Liu G J. Research and implementation of spatial LZARN A ) B2 Tk ML %47 ,2011,40(4) .
clustering analysis system SDCAS based on SADBS 509 -516. |
[ D]. Nanjing : Nanjing University of Aeronautics and [29] Kaufman L,Rousseeuw P J. Finding groups in data:
Astronautics,2005. [ XI| [H 6. & T SADBS [ 25 ] An introduction to cluster analysis[ M ]. New York:
BRI Hr & 45 SDCAS MIWFoE 532 P ™ 5% : M9 &t Wiley — Interscience ,2005 ;68 —72.
it 23 i K K2 ,2005. ] [30] Guha S, Rastogi R, Shim K. CURE: An efficient
[26] Fu G X. Spatio - temporal 3D terrain modeling based clustering algorithm for large databases [ C ] //
on measuring data of AUV [ D ]. Harbin: Harbin Association of Computing Machinery Special Interest
Engineering University, 2011. [ 8. & T AUV Group on Management of Data Record. Association
M BRI 23 3D SR M TR A . 0 R A R of Computing Machinery,1998 ,27(2) .73 - 84.
E TR KA ,2011. ] [31] GuoJF,Zhao Y Y, Bian W, et al. A Hierarchical
[27] Zang B. 3D Reconstruction based on laser data of clustering algorithm based on improved -cluster
mobile robot [ D |. Dalian; Dalian University of cohesion and separation [ J]. Journal of Computer
Technology ,2005. [ #& . 3£ T 8 sh AL 2% A\ %6 ) Research and Development, 2008 ( Suppl. 1) :202 -
PERCE ik =4 . KiE: REM LK 206. [ 5850, X KM, 1 £ 04, 4F . BE T B0t Y
%,2005. ] BHEAE N 2R BREE AR S L
[28] Liu QL,Deng M, Shi Y, et al. A novel spatial J&,2008 (3] 1) :202 -206. ]

clustering method based on multi — constraints [ J ].

Clusteranalysis on distribution status of artificial reefs in field sea area

SHEN Tianyue, ZHANG Shouyu” , SHEN Wei, WANG Zhenghua

(College of Marine Science ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract: The flow field variation and fish attraction effects in artificial reefs are usually realized through
different scales of forms such as unit fish reef and fish reef cluster. What distribution status of the hundreds
and thousands of artificial reefs actually launched is and if such reefs meet the requirement of unit reef worth
very much attention. So,how to conduct reasonable classify or eliminate reefs and take the maximum extent
to fit design scheme,is very necessary and has practical significance for evaluating whether ARs are launched
accurately. In this paper, based on high-definition underwater images collected by C3D side — scan sonar
system ,combining with ArcGIS,we can extract the submarine space position of each fish reef monocase as
well as spatial relationships i. e. mutual distance and azimuth between them etc. On this basis, a trial on
spatial cluster analysis based on partition, hierarchical and constrained algorithms, was compared in order to
find a relatively suitable solution for interpretation of distribution. Centre of gravity for deployed reefs, their
potential influenced area,number of unit reefs and distance between each of the two reefs are defined as four
basic indices for further comparison. Results show that the error of three spatial clustering algorithms in an
ascending order is: constrained algorithm < partition algorithm < hierarchical algorithm, the values were
0.093,0.203,0.264. Comparative analysis shows that the constrained cluster algorithm can reflect the actual
distribution pattern of the artificial reefs in a best way.
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