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Remote monitoring system for offshore fish cage based on underwater
acoustic multi-beam technique

Zhang Xiaokang, Xu Xiaomei
(Key Laboratory of Underwater Acoustic Communication and Marine Information Technology, Ministry of Education, College of

Oceanography and Environmental Science, Xiamen University, Xiamen 361005, China)

Abstract: Aiming at the safe problem of fish shoal in offshore fish cage, a monitoring method based on underwater
acoustic multi-beam technique is introduced. The method employs an annular multi-beam array to detect the fish
cage in division cage scanning mode, which integrates with the techniques of multi-path signal processing, wireless
data communication and virtual instrument, and can implement the remote real-time monitoring of the offshore fish
cage. Compared with traditional method of motor rotating cage scanning mode, the method simplifies the system
structure, diminishes power dissipation and accelerates scanning speed. It takes only 4s to accomplish an entire
cage scanning. By using the algorithm of energy integral, the deviation of the fish amount estimation is less than
25%. The prototype is easy to install and operate. Test results in the pool and in the field of Weitou harbor, Quan-
zhou of Fujian show that the system has good performance under different environment conditions.
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Fig.1 Functional block diagram of the monitoring system
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Fig.2 Functional block diagram of the acoustic detecting system

FTRIME S R ERE
FRGRIR AT A I A 55, R S SRR
FOHREFE A 75 73 AT (HUE BRI TR AS A 1)
AR B RS (PUENKITFERE) IR GEAEAR AL B (P

2.1.1

EE D FRER. AERNE S 8GN 50 kHz/
200 kHz XUBUATE . 02 B AR Y ) A IR A Sl
A Je s ARG S, I D SRR O AT DR
TR T TP RAR UL FEITY 2 P A R K K KT



1658 % # 0 £ ¥ M

530 %

Rk, BHRLKMNFERMGE ARG, 45 - BRI Rt
2.1.2 B2 PR AR

K F [ 2 B0 22 18k o 360 i 2% B2 210 00 7K T 4 DX R 7
3, ToTHE s G2l aT CLER U2 AN W F P 0 B E 1R 4y
AU o IR 22 05 A 6 2 B FR 5T AN AT 2R3 7 LA B
TR A7 A0 7] 1) [F) — 705 1 o ol R4 R i LABR TE 45 4
HEBI B, BN RERR T8 4 50T AR A S — R g X
BRI . B4 B C A H R 2, RSB IC IR I X S %)
Oy FUBORE AN, S 1A 20 Fb o X SE MR RRIN K, A
BT R RE AR e A 7 20, ALEEID th A0 )
SR T B LSRN LR A, v e, (i R
AR B8, 1y FLIE AT DASR s PR DI, i/ D i o B
(O EE R, KON o WA P f B R (A RS B o AR
KT 8 ANBEICII T RERR M, B A e A 40 L AT
50 kHz/200 kHz XU ST ThGE, RSN, BRI, o H
FWFEAER: @A, AN, el AR, B 3
BT g B A b B e 2 B T AE =50 kHz IR ATE. H
RiT» A T BRI VR K AR B 5 R 40k A% 12 ms
e 6 m IR AR, XX FEIE L, K fe AR bR BT A
HUL KT R 2~3 m &b, 5t nT LA A 1R300 X R A T
B TR A RG22 )

K3 HE—PFEICTE =50 kHz W] ) 4e 1) P
Fig.3 Directional diagram of a transducer at /=50 kHz

2,13 FE[EAE S Tib A

PRI A 5 AL EE 5 8 B4 5 THA B H 1, 451865 i
AR R LG R RO A I S R I H e, 6
I b B 2 B 8 AN Bl ST 1 [ A

AT E OSSR  Lattice 23w [RI7E 2 48 ] S FE AR A0 2%
{F ispPAC10, H 4 A~ PAC HenT LU b 2% A4 1l 22 iR
Hi, Sl KA 55l 550 kHz [1—80~80 dB 2 [a]f# mf
ARG . A JEIL AR MAXIM A w) [ MAX275 5y
ERAIRIER SR, EEAT 2 A AR SR B s ot
BT, AT EEAMERAY, HEsMER, e LSl
IR I mih 300 kHz [ PY Byl g8 i 2% o bl iz A 2
H 50 kHz/200 kHz U]k TAEREE, B AZESS 5 ikt

PR E hZE R L AR 230 50 kHz AT 200 kHz ) 2
BRI IEI R, LRI S A AR
214 55 RESEIR A3 E

55 RAE S BARARAT R B th 5 WL (AT89S52). #i
Ho 2% CADCO820BCN) Fll 5 A 56 H (first in and first out,
FIFO) #&ilfEfEes (IDT7208) M. B ML i #2256
FHL T DR PRI T4 75 [0 £ 5 PUAR B ) 8 Bk i A
SR U B BRI M b 5E A s B 8 BT 4 A A P
T AR S B AR ARAE R TGP T o I R AR
TR KT R AR B IR A B AR 8D, A, Jogk
H A5 5 FR G UK DR AT 1R B 36 [m] sl P M R
Gt o 1ZFEE 5 R I P I RGeS YU AT R
WRERHUE], MAERE R IE R T R AR, (g
s & TR RIE, HEISEIUIER RI%E A 1.
22 RHEEEWMALK

LB AL R G RSB PR RA RN
1 % SRWF-501-50 % Ht G2t e A ppe o i REHCR:
FH FSK 77 2 228 FH (R BB A 420~450.3 MHz( /3
A 8 ANBIEL, FH AT LUK B 37 R B e 7 1 A0 AR R,
M= ATFPemss e, FIEXRIRIBE); 44 UART
TTL/RS232/RS485 =Rl A, i B AN R Il 1 75 22,
FEHZh 9 600 bps: K DIFA 50 mW, FHECETE] T
(AT SEALAEE B 1200 mo 76 F AR IRIEELY, Ribe
13k UART TTL £ HIER B R0 R 48 50 5 HLIK) UART
FI, Bl ARSI e PR BRI S B S A i 2 FUR I RA
Kl el i 2 SR RS232 R I &
Zih PC 11 RS232 A I, R4 AF iy & R IBCR AL 2 ds
23 RARPENREZS

FH P W0 2R 2 1 T 3T 5 [ ] SR A3 2 W] 1) SR 5
FE I ESEE IR (Laboratory Virtual Instrument En-
gineering Workbench, LabVIEW), &Rl A 320
FERERIS TR DK . BB ALBE, R aBEsAhiih,
THOARE GRS, JHIn et 7 AU AL L, 7
RS SR AE AN B R AR 5 5

R LMW 4 fros: F5eid PC B RS232
) R R G ROE ARG 2, HR BN A 5
Jei s BENBHEBCIRAS, B2l b 0 2 Bt A4 4 & e lnl Ak 1
WO FERDESCHS , R I B 35 N AE A A ) LIk, K
VRS BUARATAE RGASE 25 0] )R LR K5 5 e B Gt v ) 348 25
P ARG MR PAEAT T AL B, TR R | BRI
PRI AR s PR, AR e 4 s RN PR8I 5 2l
S 3R 252 i) R0 £ JEL A 52 12 4L B0 A0 S T AR AL b 2R R
ML, XN R oRTEA SUAR TR 1 TR IA b e, X
K WA RE TR WU 00 50 AT R SR 00, Al AR P i 1)K



%8 1l

FRANEE B e FE T KR PRI WA PR IR T 5T 1659

/0y IR SR (R R TR B AN A o (1t (e AL i %
BRI, RIAT RO, R

:““" BT i“““:
| 1
| |

@@ﬁ@|+~W@ﬁ%%ﬁAF-+|%m
*

RS232 HH

FEMRGRENS | |
|ﬁ%ﬁ%&%§% |
> BEFRES oo > B HilfES
4 P ARG ARG
Fig.4 Functional block diagram of the user monitoring system
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Fig.5 Human-machine interface of the user monitoring system
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Fig.6 Facilities of the monitoring system used in the sea
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Table 1 Statistic of fish amount estimation

of three offshore net cages
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