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Fig. 1 Location diagram of the study area
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Fig.2 The flowchart of data collection

ARG, SRECTAKT 130193
WA A . EOR BRI Ping 2 (50 1K/s),
FEPRBR S 5 RAFRIE LT, AT RE/IN & 5
Bk, P2 M TORESIEAE B, i E X
B4 23 18] 3 HE R, A BT I8 B 1 i
Bt BARYI A O], 4 N T A i e 1 K
25 )5 AR S T, AR T RIF AR X o A A

R E K7 2: 2 E /) sponsored by China Society of Fisheries

FIRT P AR 8Bl KX 7 18 R A3 5 S
1.6 BRI

REARZALKIFEIAT N TAAHERI R
R, AMUGIME B R E T B S TTEA K,
Bt b B3 A e R AR B G H 2, M DEM
HEMERARBUr b, o i A5 R i B

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

W, 5%

K724, 2024, 48(11): 119510

K Z J& DEM W4y B2 DEM /3 BERi s, 1t
BT . L, A ROTAG T R
R K SEBRIs AT B, X SR 4R 1 BRUA BdE R AT
KM AL A R AR = 2 2 a] 5 VR 7 B R L
B SR E . RIS 8T 05 i K R B
8 LR HE A TG B AT o B A 38 R B
AR 7B RS g A B A LI 2

R T FAGHEM H bR A e g5 R, F TR
- RAEN GNSS S5 il B A8 dG . X Seed RAE
P TR E R, AbELE 0 A EE
SENT B ARAT E— DRSBTS e
BRI PLE SR X R BRI T T SN T,
3 R S ER AL BT S A X, B 4 e
B AL BRI RS BE X . PR, B EE bR
HEZWH M 1.7~2.0 cm 25 3] 1.1~1.3 em; 7%
bR AE2E 40 om 2247 42 = B KER A8 F 10 em,
B RS FE AR B TR B, X0 TR
N T e d 2 R ) B 2 s PR RS B
HEE Y,

— WAL A EAE PR UEZ  the SD before processing

0.022 ¢ yp g s A $EbRYE % the SD after processing
0.020
0.018
g
T .01
ﬂ % 0.016
= 20.014
E T 1
0.012
0.010
O'OOSQQQQQQQQ
S S §§F
N N Vv YV Vv Vv Vv i)
i1 /s
time

3 EDREALBBEER

Fig. 3 Attitude data processing accuracy results
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Fig. 4 Positioning data processing precision results
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Fig. 5 Example of processing results of terrain data (a)

and image data (b) of fishing reef area
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Fig. 6 The flowchart of boundary line recognition algorithm
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Fig.7 Straight triangular prism formed by a triangle in

the triangular irregular network

A, B and C represent the three vertices of the triangle, A’ , B’ and C'
are the projection points of A ABC on the reference plane, the red
dashed triangle represents the projection of the triangle on the reference
plane, Z; is the vertical distancefrom point A to point A’, Z, is the ver-
tical distance from point B to point B’ , and Z; is the vertical distance
from point C to point C'.
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Fig. 8 TIN model based on spatial point cloud data of

the measured artificial reef
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Fig. 9 TIN model of the case space point cloud data for

precision evaluation
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Detection and empty volume measurement and calculation method of
artificial reef groups in marine pastures

YANG Long ’, GAO Shan ', FENG Yikai >, LIU Senbo '?, JIANG Fengbiao ', DING Jisheng "**

(1. First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061, China,
2. Key Laboratory of Ocean Geomatics, Ministry of Natural Resources, Qingdao 266590, China)

Abstract: In recent years, the rapid development of social economy and a sharp increase in resource demand have
spurred rapid growth in the construction of marine ranching. The deployment of artificial fishing reefs during mar-
ine ranch construction and their subsequent status monitoring are crucial. Monitoring encompasses not only the
distribution range and condition of artificial fishing reefs and the scouring of the surrounding seabed but also the
verification of the effective spatial volume of the deployed artificial fishing reefs to compliance with technical
indicators during marine ranch construction. This paper exemplifies the detection and empty volume calculation of
artificial reefs to ascertain their location and volume. Initially, a high-resolution Multibeam Echo sounder sonar
system (integrated with high-precision attitude measurement system) and a high-precision Global Navigation
Satellite System are employed to accurately capture the underwater location, shape, and seabed topography of arti-
ficial reefs. Subsequently, various volume calculation methods are analyzed based on the geospatial data obtained
from precise measurements. An optimal method is then selected to calculate the volume of the artificial reefs and
compared with the actual volume. The results indicate a high consistency between the method used in this study
and the actual location of the artificial reef. For empty volume calculation, the error was 25.76% for a long-stand-
ing reef, while it was only 2.22% for a newly placed one. This study demonstrates that the method can accurately
determine the location and morphology of artificial reefs and accurately calculate the empty volume for new artifi-
cial reefs. However, due to factors such as scouring and subsidence, discrepancies are observed in the calculations
for long-standing artificial reefs. The findings also confirm that the integrated use of sonar and high-precision posi-
tioning equipment is effective for an objective and equitable evaluation of marine pastures construction.
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