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Fig. 1 The error calculation of
the center of gravity position

(x0, ¥o)- the measured center of gravity, Ad. the absolute error for the

shift of center of gravity, L. the half length of diagonal for one unit reef
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Fig.2 The error calculation of the peripheral area

So- the design area size, S. the measured actual area size
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Fig.3 The error calculation of the overlapping area

S;. the size of the overlap area, S. the design area size, S. the actual area
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Fig. 4 The error calculation of the number of
monoblocks

N,. the designed reef number in one unit reef, N. the actual reef number

in one unit reef
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Fig.5 The error calculation of reefs spacing

{p - the designed spacin among reefs, £;. the actual among reefs
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Tab.1 The parameters of hypothesis distribution

YTy, P
P Eaa %Hiﬂzﬁfﬁ o 2 o A
L e 12 PE T o exponential lognormal
artificial YRZETRIR normal distribution distributi distributi
. deviation index 1stribution 1stribution
reef area P u - P 2 P u 0
HONLE gravity center 0.530  0.659 0.322 0.053 1.484 0.033 / /
SN TR peripheral area 0.052 0419 0.393 0.258 2.289 0.068 0.556 1318
- H B F overlapping area 0.481 0417 0212 0.046 / 0.016 / /
s
harbor areal A% monocase number 0.299 0.099 0.117 0.085 9.663 0.065 0.288 2.761
Tt {4 [B] ¥ average spacing between 0152 0776 0237 0.003 / 0.000 / /
monocases
SRR ZE total deviation 0.150 0.415 0.166 0.006 / 0.199 0416  0.174
007 B gravity center 0.665 0.611 0.330 0.079 1.604 0.101 0.614 0352
HMEITHE AR peripheral area 0.052 0419 0.393 0.258 2.289 0.068  0.556 1318
W & B overlapping area 0.575 0389 0.221 0.071 2.493 0.040 / /
wis
harbor area2 B A% monocase number 0299 0.099 0.117 0.085 9.663 0.065 0288  2.761
(e i
TRAR IR average spacing between 0.152 0776 0.237 0.003 / 0.000 / /
monocases
SRR Z total deviation 0.153 0401 0.159 0.005 / 0.190  0.402  0.166
HO7E gravity center 0.005 / / 0.000 / 0.000 / /
SN T peripheral area 0.177 0261 0.336 0.303 3.634 0.500  0.419 1.833
ST H SN overlapping area 0.000 / / 0.000 / 0.000 / /
island-reefarea & fif & monocase number 0.002 / / 0.000 / 0.000 / /
HRAKIAISE average spacing between 0261 0497 0.339 0.248 1.910 0.000 / /
monocases
MR ZE total deviation 0259 0.565 0.093 0.000 / 0.174 0567  0.101
7 H gravity center 0.001 / / 0.000 / 0.000 / /
SN T peripheral area 0.546  0.249  0.198 0.317 3.882 0.002 / /
O .
ik &M overlapping area 0.010 / / 0.027 / 0.000 / /
open water A% monocase number 0.003 / / 0.000 / 0.000 / /
{4 B ¥ average spacing between 0415 0672 0332 0.003 / 0.005 / /
monocases
MR ZE total deviation 0238 0439 0.150 0.002 / 0.000 / /
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Tab.2 The analysis of fitting test

EA A R el KEOERS A
B SE e b g o exponential lognormal
artificial RZEFRIR normal distribution distributi distributi
eef arca deviation index 1stribution 1stribution
T T
¢ Y ¢ Y ¢ U
HOE gravity center 0.068 0.368 0.075 0.017 / /
SN TR peripheral area 0.068 0.270 0.063 0.304 0.072 0.092
- FH AT overlapping area 0.080 0.307 / / / /
1
harbor areal %7 monocase number 0.063 0.743 0.093 0.569 0.097 0.462
Tt {4 [B] ¥ average spacing between 0.056 0363 / / / /
monocases
SAIRZE total deviation 0.057 0.397 / / 0.024 0.590
#H 7 E gravity center 0.063 0.497 0.068 0.303 0.074 0.067
HMEITHE AR peripheral area 0.068 0.270 0.063 0.304 0.072 0.140
D H S H overlapping area 0.073 0.273 0.079 0.087 / /
harbor area2 {4 monocase number 0.071 0.743 0.093 0.569 0.098 0.462
AR i
A E]E average spacing between 0.064 0363 / / / /
monocases
KRR ZE total deviation 0.050 0.679 / / 0.083 0.273
#HL7E gravity center / / / / / /
A THIAR peripheral area 0.082 0.279 0.071 0.543 0.082 0.457
R H A overlapping area / / / / / /
island-reefarea & fif & monocase number / / / / / /
TEARIAIFE average spacing between 0.060 0.460 0.062 0.162 / ;
monocases
BRI ZE total deviation 0.047 0.856 / / 0.102 0.131
M gravity center / / / / / /
SN T peripheral area 0.066 0.440 0.069 0.414 / /
O .
ik S overlapping area / / / / / /
open waters /A% F monocase number / / / / / /
{4 B ¥ average spacing between 0.060 0.750 / / / /
monocases
SRR Z total deviation 0.056 0.550 / / / /
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Tab.3 The range of error distribution

P
) artificial reef area
RIS W1 W2 By AT AR TR 7KK
deviation index Harbor areal Harbor area2 Island-reef area open water
Ul U2 Ul U2 Ul U2 Ul u2

HLAE gravity center 0.000 1.000 0.000 1.000 / / / /
AMFEI AR peripheral area 0.000 0.999 0.000 1.000 0.000 0.999 0.000 0.843
H &M overlapping area 0.000 1.000 0.000 1.000 / / / /
HL{A% R monocase number 0.000  0.451 0.000  0.451 / / / /
A A E average spacing between monocases 0.064 1.000 0.064 1.000 0.000 1.000 0.000 1.000
RMAKIRZE total deviation 0.077 0.890 0.000 0.877 0.285 0.845 0.000 0.889

PEM AR (R X AT fr i TR e A P
WA . BIHE IR, TS S B R B
W, WRAT G — B AH SCAR HE A N T B
it T AR A o e B, Rl AR X S B
BT B TR R 2 A O 25 AT B Ak
FVEAS, n R TEATE B 58 B ME B, M5 8O 52
Br 4% e TG vk AT WA, S T N T fa ik g
AR Y AT SR PR AR

20120 8O AR T by, TR I ki S 0 T —
TN D€ S (= 0 NG O €8 UK 9 €5 € RS
PEAR i e =2 A3 80 F B, XA ) 8 AU AR T 3R
B, B A % ok B A0 26 A AE A . AR A H
PR B ER, AT RSR A
LRSIt T RN ES, BRIAEFRE
RMER 1o Rt B3 SN T A il 9 SR
TR S BT A R R L DL R
f18 £ 7R TC B 5 2 T O % 2 5 ) 3 R 17 A
W H bR A A5, T BT IE B AL, L
FF i B mr T AR R e B e R
FEME
3.1 N IEFRIER

N TR ENNERE, WAk
fii Joy .t )Lt R AR A R XA )R
i R R K A S e BE Bt T R W £k A 2K
Lo il 22 (8] (8] B AT — 2 B9 20K, R A (]
AP 28 11 1 R 6 1 S T R 5 A
TR Z 1) 3 A AR S v, 3o T B A IR Y T
FR&R/IN, DT, N T o ) A% A A2 £ ik )
A RZ A o fh R B R B AT — E I 2R, fE
Oy B BE ™ A RONE Y Fee /N B, PR A R LA

http://www.scxuebao.cn

Z /D EIAFN400 m o AR B A R £l
A B IR A B DL KA B TR A G . 4%
AR B 25 K 25 ma LB LA T, BE T
e fh fE A BRERCR S B . R, AT SR AE D
0l 5 DR 2 I OO B R 28 A TR
R, PRECEIRE | ANE I ARIR 2E | #EARE]
FEAE IR ZEVEN A BR

32 AIL&HEBIRENDHIRN

TEADE T, O EIRE . B EHIR
75 WURBCRER 25 | MR AR A BE R 25 B FR 4y
fii, I B A8 5, Ul DLIE 2593 A
U5 A PR T RR AR 22 32 o0 A AR BUE BN B
WHEA, X588 Y5, g A AR
VR 22 3 A 18 DL 5 48 KO A A B e AR T
FRAE A [R] A9 DX 38l A AS [ B 23 A 5 O, 3 m g
Je H1 T AN TR DX J8 A% 5 2 3R A R L A9 A A
B[R] B 45 2R o X B A T 3N T £ AR 0 A v B0
B a R REOME , HEWMA, RARLCE
FRZE N R A ML AN AL, XAl B T
15 Tl VR RN T R B AR R AR RS, SEBR
ot i 5 BT i R G AR R T S
BORFTEC, 7eil i X h TR, S
iR 22 TE) ) P R AR A A AR LR, T I il A SR
AT ] 7K 38 ey 7 B A07 0 ik 22 ) R RS B0, A L
A, S AR R 22 TR B wE I O T
I K AN AT S AT AT I A 17 B0 o T 0 % 1 AT R
22 0 AT IR DURL SR IF Ly T DX R B O 4R
BRI AT B AL i, R
O ERPE . HESKERE PARREIR2E L
SHER (] PR 22 X 4R bn T, AN IO T



11 4] B, S AT ARERIR 2 S A Y 1797

ifl B8 0158 22 RO 14 43 A3 4 Dl AR TRt 40 6] i R
TR 25 R A IR 22 A R ) X e 40 oA B o A7 A 22
S, WHGE AT

33 FEAERRE

NGV IR bR, AT AL BN T ik
POCR 22 (TS, AR T F AT E R LA 3%
AR R WIS N TR X ki
SN T il 8 DX LA R T ) K SN T i e i
X, FriwsiRaE e my ok, waE e, Al
BT B A3 A R R SR 25,
e VA TN T AR A BOOR 25, AR
Fiv 2R FH B0 07 36 L [RS8 o L ol AR 52 36 1) 4
P B0, A W7 iR 22 o3 A A L A2 B — 5
o, AR E N T R, fE R
TAEH, et — B W i Ak e R Y R
R MR A 1% 22 23 AT RIS [, R AT S500RS JEE Y
SFKN Iy, N T ARSI A

SE W

(1] P, BT08F, BRAKE, 55 N L # AT 7T
BRI, 777K, 2008, 4(3): 64-69.
Tao F, Jia X P, Chen P M, et al. Advance in the research
on artificial reef design[J]. South China Fisheries
Science, 2008, 4(3): 64-69 (in Chinese).

[21  Z300, sk, FRIE R JE N L fa gl mx 55 A e ) J L
A i JET]. BARHENEAS 2, 2003, 18(9): 3-6.
Li W T, Zhang X M. The Problems to be dealt with in
the development of artificial fish reef in China[J].
Modern Fisheries Information, 2003, 18(9): 3-6(in
Chinese).

[3]  AREEER N Ak e b8 FI A7 A ) R A H 8 WF A
[D]. Lifg: Bk K2, 2007.
Lin L Q. The preliminary research on the management of
artificial reefs construction and reef area abstract [D].
Shanghai :Shanghai Ocean University, 2007(in Chinese).

[4] L&, BT, sgutre, N LAt S5 X e
MR FC[CL//201 14 (B K 72 2 22 R AE 43 18 3
T P EKF=2s, 2011: 487-487.
Wang L, Tang Y L, Huang H L. Preliminary research on
artificial reef design and management [C]//2011
Academic annual meeting of the China society of
fisheries, Xiamen:China Society of Fisheries, Xiamen:

China Society of Fisheries, 2011: 487-487 (in Chinese).

[51]

[10]

[11]

[12]

A 2R L N I R X R AT R 0 R R
FE[D]. EIT: TR, 2012,

Wang L H. Study on layout and adaptive management of
artificial reef in Dongshan sea area[D]. Xiamen: Xiamen
University, 2012(in Chinese).

WRER, B, LR, 5. Blizig s A Ao Ak
BRI KF254], 2015,39(9): 1350-1358
Shen T Y, Zhang S Y, Shen W, et al. Cluster analysis on
distribution status of artificial reefs in field sea area[J].
Journal of Fisheries of China, 2015,39(9): 1350-1358.
(in Chinese)

LR, FEEIRR, 28 RF, 45, CIDIERINA 7 g ER I & 5t
ZEIR[T). HEEENZ:, 2013, 33(4): 79-82

Shen W, Cheng G B, Gong L P, ef al. Review on the
probing system of the C3D bathymetry side-scan
sonar[J]. Hydrographic Surveying and Charting, 2013,
33(4): 79-82.

B AT, i P DG TE v 1) 25 T S A AR AL DI BE [ C.
HFRAE B LR R i 45 2008 [H GIS TR AR 42 8 3¢
#E.2008: 415-421.

Hu T S. The similarity measuresment of spatial object in
map matching [C]//China geographic information
industry development forum, 2008. Guangzhou:China
GIS society, 2008: 415-421(in Chinese).

XU JE 5. BT R 23 18] SR 2 VR U [D]. &b W R,
2011.

Liu Q L. A methodology of adaptive spatial clustering
analysis[D]. Changsha: Central South University, 2011
(in Chinese).

R, X JE 52, A ag, S A AR b KR F M.
JE5t: BlAdiRAL, 2011: 3.

Deng M, Liu Q L, Li G Q, et al. Analysis and
application of spatial clustering[M]. Beijing: Science
Press, 2011: 3(in Chinese).

UGN, I T R RO B SR T SIE W JE (D). B
S SRR, 2012

Ma N N. Research on fuzzy clustering analysis algorithm
based on density[D]. Baotou: Inner Mongolia University
of Science & Technology, 2012 (in Chinese).

M4 T ARG B S Hfh T I EMEEE L A
RWHTFET]. FL TR, 2011 (6): 26-30.

Xiao W. EM algorithm and its initialization research for
parameter estimation of Gaussian mixture models[J].

Electronic Test, 2011(6): 26-30(in Chinese).

http://www.scxuebao.cn



1798

Ko AR

40 %

[13]

[14]

[15]

[16]

[17]

[18]

ER C-HMHRBEER SO AT FL[D]. I35 T R K2,
2011.

Wang H. Research on the improvement of C-means
clustering algorithm[D]. Kaifeng: Henan University,
2011 (in Chinese).

TN, DL, ERE, 55— MO B0 TR R RESR
R & RRFVE ], HUMN BT BHBUK 224K, 2010,
30(1): 26-29.

Wang X H, Shen J, Wang R B, et al. A study on
removing duplication using N-gram terms for Chinese
text[J]. Journal of Hangzhou Dianzi University, 2010,
30(1): 26-29 (in Chinese).

SR, AR KO, HENEOR 5K RE, 2009,
19(4): 134-137, 142.

Ma C. A survey of spatial clustering research[J].
Computer technology and development, 2009, 19(4):
134-137, 142 (in Chinese).

EBEAE, HIEAE, AR, 55 RS R R AT
MRS AL 5T, 2006, 19(6): 6-10.
Wang Y X, Zhou G M, Bai S B, ef al. Methodological
system of comprehensive appraisal of sustainable
forestry development [J]. World Forestry Research,
2006, 19(6): 6-10 (in Chinese).

SEOR R, [ A%, JA 3505, gk i st e s U s
FZE R IEBTFE)]. BRIE R, 2013 (10): 34-36.
Gong X Q, Liu G X, Zhou X F. Research on detection
method of the gross error of settling monitoring data of
high speed railway bridge pier[J]. Railway Engineering,
2013(10): 34-36 (in Chinese).

Patel J K, Read C B. Handbook of the normal

http://www.scxuebao.cn

[19]

[20]

[21]

[22]

(23]

[24]

[25]

distribution [M]. 2nd ed. New York: CRC Press, 1996: 4.
Tong Y L. The Multivariate Normal Distribution
(Springer Series in Statistics) [M]. New York: Springer,
1989: 5.

Hume C A. Understanding the normal distribution. [M].
American, 2011: 12.

Limpert E, Stahel W A, Abbt M. Log-normal
distributions across the sciences: Keys and clues[J],
BioScience, 2001, 51(5): 341-352.

RN I TH e A TR S R R A 1], B AR
REZAR, 2005, 14(2): 70-74.

Xu G. Probability distribution of geomorphic factor of
debris flow on mountain slope [J]. Journal of Natural
Disasters, 2005, 14(2): 70-74(in Chinese).

BPUR A 2 2 Bl B 22 2 AL R 2 R 5l &
SEZE LA M. B UK R AL, 2003: 19-20.
Academic committee of survey adjustment of school of
geodesy and geomatics, wuhan university. Theory of
errors and basis of surveying adjustment [M]. Wuhan:
Wuhan University Press, 2003: 19-20 (in Chinese).
INFITE. IR N L AREE R RN D). F &: 4 [E
B R, 2010.

Sun L Y. Evaluation of artificial reef construction in
Shandong province[D]. Qingdao: China Ocean
University, 2010 (in Chinese).

FRERFS. &y oF R XN L e itk g 8 000 H 7T AT PR 5
[D]. & K2, 2008.

Chen L L. Qingdao development zone artificial reef
construction project feasibility study[D]. Qingdao: China

Ocean University, 2008(in Chinese).



11 4] B, S AT ARERIR 2 S A Y 1799

Distribution model of deviation in artificial reef installation

ZHAO Jing', ZHANG Shouyu'’, SHEN Tianyue’, SHEN Wei'

(1. College of Ocean Science, Shanghai Ocean University, Shanghai 201306, China;
2. Polar Research Institute of China, Shanghai 200129, China)

Abstract: Actual position often deviates from the original design position in the installation of artificial reefs for
the construction of sea ranching program. How to estimate the deviation error at unit artificial reef and artificial
reef groups was the precondition of evaluation of artificial reef building quality. In this paper, three different types
of artificial reefs were chosen to do the research, which were harbor artificial reef area, island-reef area, open
artificial reef water area. Five indexes were used to calculate and analyse the deviation error between actual
artificial reef and designed artificial reef at unit artificial reef level, which were gravity center, peripheral area,
overlapping area, monocase number, and average spacing between monocases. The results showed that the error of
each index was mainly normal distribution, however, error of index in one artificial reef area may follow different
types of reasonable fitting distribution. The same error index of different artificial reef areas may have the same
fitting distribution, and the fitting distribution of different error indexes may be the same. Gravity center,
overlapping areas and monocase number have the same limit error in different areas, the standardizing distribution
scope were [0, 1], [0, 1],[0, 0.451] respectively. Limit error was different from other indexes, generally,
distribution scope of peripheral area was [0, 1], and distribution was [0, 1] and [0, 0.890] separately of the average
spacing between monocased and total error. Based on the analysis of distribution pattern and distribution scope of
artificial reef, the deviation errors between actual artificial reef and designed artificial reef can be divided and can

be used to evaluate the quality of artificial reef building.
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