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Abstract

Abstract

The global marine fishery resources are going downhill nowadays. Fish culturing
in offshore fish cage is being the developing trend of marine aquaculture for its
advantages of great resistance to wind, waves and strong-flowing currents, large
breeding capacity, high yield and high efficiency. However, it is difficult to grasp the
appropriate amount of feeding, feeding little would affect the growth of fish,
conversely, feeding too much would increase the costs, and the wasted food
accumulation in the seabed causes environmental pollution. Moreover, because of
offshore and wider fish culturing space, it is hard to observe fish activity. In order to
observe fish school activity and avoid inappropriate feeding, it is needed to strengthen
the fish school and water quality monitoring, to provide important information
helping user breed and manage scientifically. According to the special requirements of
offshore aquaculture environment, this paper develops a simple structure, low power
consumption, small size monitoring system to real-time monitor fish school activity
and water quality in offshore fish cage remotely.

The contents in the paper are as follows:

1. Analyses the acoustic scattering characteristics of common economic fish, and
deeply studies the characteristics of typical ambient noise and reverberation
interference in the offshore fish cage, and then determines the detecting signal
parameters, including frequency, pulse width, power and so on, applies the signal
processing method to extract target echo from strong interferences.

2. Proposes an accurate, simple and rapid method for obtaining the information of
the water quality parameters, such as water temperature, dissolved oxygen and pH
value.

3. Uses STM32F103ZET6 enhanced series microcontroller, which has advantage
in high performance and low power consumption, as main controller of the cage field
data acquisition unit; Meanwhile, designs the acoustic signal transceiver circuit and

water quality data acquisition circuit, allowing detecting data to be delivered
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Abstract

immediately upon acquisition.

4. Designs the portable user monitoring terminal combining embedded technology
and wireless data transmission technology. Develops a concise and friendly
human-machine interface what can display the information of fish school quantity and
spatial distribution, water temperature, dissolved oxygen and pH value to user.
According to the previous experience and fishery breeding requirement of water
quality conditions, setting safety threshold reasonably, giving a warning in time under
abnormal condition.

The feasibility and accuracy of monitoring modules is verified, and the
experiment results in lab sink and sea show that the monitoring system can real-time
and reliable complete the fish school and water quality data collecting, transmitting
and displaying. Furthermore, the monitoring terminal is user-friendly and
easy-to-operate. Both fish activity and water quality are taken into account, making it
more comprehensive to obtain the information of cage culture. Moreover, the system
overcomes some limitations, such as limited cable length, bulky system, great power
consumption and so on, by combining with embedded control technology and
wireless data transmission technology, allowing a great deal of flexibility and
mobility. The monitored information can help user to learn about the offshore fish
cage culture in time, providing critical reference data for feeding decision-making,
which has practical significance in improving feed utilization, reducing farming costs,
alleviating environmental pollution, and achieving healthy and productive fish
culturing in offshore fish cage.

Key words: Offshore fish cage; Fish school acoustic monitoring; Water quality

monitoring;  Portable user monitoring terminal; Remote monitoring

v



B B e, I
JAN 018 = o1 HU OSSR USRS 111
B BT LT oo, |
Lol S oottt e e e sttt 1
12 E I BT IR oot e e et et r e e e nenanane 4
L2.1 BEMIEFEIE R oot 4

12,2 B I T T oo et 7

13 D N e S oo e e e et 10
EE RIKMFEIEIM R G T RIETT oo 12
P BNt R L SRS 12
2.2 PRI I R EE T T T o oo 13
2.2.1 TRIKEE ST ZE BT IEEET oo 13

222 FEFEFUBEHTIEI oo 18

PRI 22 )] = 3 eSS 20
231 FH I R IIREMEIR oo, 20

2.3, P R Rt oo 21
FoE FKNEERRSEFEMNEIES REIEAR o 23
B BB R R BT oo er et 23
32 SEFIMEE R AR MOMABIZIMD. ..o 24
R 55 G QW=D A 0553 25

3.2.2 MG PERRIE I A BT AL I T35 oo, 26

3.2.3 G PEVR I BT AL I 7025 oo 29

3.3 A B d Y ARG R oo et r et 30



R B QN L2 122 TSROSO 33
FE FKMFEKBRIMEMEMFEIES BB o, 35
A0 TR I BB I TR Y B oo e e e 35
N 0 s NSRS 36

A3 B R B BB T TR oo et 37
4.4 PH (BB REBEIETR oot 39
BRI RIK TG T ZR 28 I oo, 42
B I BR B oo e e e ettt ettt 42
5.0 AR E B R T FE R B TC e 43

5.1.2 (Al TR AL B BB B TT e 45

5 T R I BB T B oottt et 49
R N - 0 % oo 49

522 TEMREG PHAEREEE TC oo 53

5.3 FIHIBE STMB2FT03ZETO «.cooeeeeeeeeeeeeeeeeeeeeeeeee e e ee e eeeeeeeeneeeeaaeees 54

5.4 BB R G B R I T R TR oot 57
B E R I E S R T oo 60
6.0 T ZR BT L v e e et nene 60
6.2 LA AR R BEIUII ..ottt e et e e e e e ee e e eeeenens 60
6.3 S I B T I B oo e e nenn 62
0.8 T I g T oo e e e ee e e e r s s nnnrenaes 64
ol U - L 70
2 - Al N 72
B T oo et r e st e et r et s e s s s n e enaanen 77

VI



Catalog

Catalog

AbStrat in Chinese ... |
Abstract in English..............ccoooiiicccce e 111
Chapter 1 INtroduction ... 1
LT FOreWOIrd........cooiiiiiieeie et e e s 1

1.2 Research progress in domestic and OVerseas..............ccccccvvivverinniieeennieeennn. 4
1.2.1 Overseas reSearch ProGreSS ......ccvuueerveeervreririreatieeineeieereeesseeesseeessveennns 4

1.2.2 Domestic re€Search Progress .........ccverveiiiiiiueiiieiieeeieenieesreenieesveeneeesnnes 7

1.3 Main research CoOntents..............ccoocuieiiiiiiiiiiiiieciecee e 10
Chapter 2 Schematic design of monitoring system................c.cccoeoevenee. 12
2.1 Overall design of the system framework .................cccooviiiiiniiiinniieee 12

2.2 Design scheme of field data acquisition .................c.ccooviiiiiiniiie, 13
2.2.1 Monitoring parameters selection for offshore fish cage .........c...ccc.... 13

2.2.2 Main controller Selection ............cooceiviiiiiiniieiieeeee e 18

2.3 User monitoring layer deSign ............coccueeeiiriiiieiiiiiiee e 20
2.3.1 Overview of user manager SYSteM........cccuveerureerveeerreeerreeerereeeseneeennes 20

2.3.2 User monitoring module selection ............ccceeviieriiniiienieniiienieeieeiene 21

Chapter 3 Principle and key technology of fish acoustic monitoring

for offshore fish cage...............oooooviii e 23
3.1 Principle of fish acoustic monitoring.................ccoccoeeviiiiniiininiincee 23

3.2 Impact of ocean acoustic characteristics on acoustic monitoring ............ 24
3.2.1 Acoustic attenuation Of SEAWALET .........cccueevueeriiiiieiiieiiere e 25

3.2.2 Ambient noise and its inhibition method ............cccccooeviiniiiiniininene. 26

3.2.3 Reverberation and its inhibition method...........c..ccoocoiiiiiiiniiniinn. 29

VII



Catalog

3.3 Main technical parameters of acoustic monitoring .................ccccceeevneeennn. 30

3.4 Underwater tranSceiver tranSAUCEY ..........coevueieeieineeeeiieeeeeeirereeeeiereeeenenees 33

Chapter 4 Principle and key technology of water quality monitoring

for offshore fish cage...............coooiii e 35
4.1 Introduction of water qUAlIty SENSOTYS .....ccceevvrereecsssnrecssssssrecsssssssssscsnssscsnns 35

4.2 Temperature transducer teChnology ........cc.ccceeeercrcnrecssnrccssnnescioressncroscnscsnes 36

4.3 Dissolved oxygen transducer technology ...........cccccveeeccscniercccccnniiosssnssecsnns 37

4.4 pH transducer technology ........cecceveieisnicnsnncssnncssnnisssniicsiseesssisssssnesssssoses 39
Chapter 5 Implementation method of monitoring system...................... 42
5.1 Acoustic detecting SYSTeIM............cccveeeeeiiiiiiiiiiiiee e 42
5.1.1 Signal transmitting CIFCUIL.......cccciiiiiiericiireeireeeieeeeieeesreeesereeeseaeeeeneens 43

5.1.2 ECho reC@IVING CITCUIL ....c.veeiiiieiieiiieiieciie ettt 45

5.2 Data acquisition of water quality environment....................cccoeeinnnnnnn 49
5.2.1 Acquisition unit of teMPETrature .........c.cceeeevereeiierieenieieeeesecresienieene 49

5.2.2 Acquisition unit of dissolved oxygen and pH.........ccccoeevveevvieecieennnnn. 53

5.3 Main controller unit STM32F103ZETG6.............ccocvvvviiiiiiiiiiiiiieeie. 54

5.4 Data processing and display in user monitoring system ........................... 57
Chapter 6 Experimental results and analysis ..., 60
6.1 Prototype of monitoring SyStem...............cceovviieeiiiiiiieenniieee e 60

6.2 Performance test of monitoring module ...................ccccoooiiiiininiinnnnn. 60

6.3 Experiment in Lab pool...............occoiiiiiiiee e 62

6.4 Field test at S€a ...........cooiiiiiiiiiiiieeee e 64
Chapter 7 Summary and forecast..................cooovvnnnnnnnnnnne, 70
ReEfeIenCes...........coooviiiiiii e 72
ACKNOWIEAZEMENLS ... 77



1.15|8

W R N E A EZRIE, AR 15 AL AN REE T 2D 20%H)
ZE AN, HEEEE N DRIE, BHERRE, BRMEZE, AT RKAR
RI7K 7= it B U e SR AE AN IR I, 1 75 SR B 3 30 T AR B R 0 I A A
AR . X AR AR BN AT IS BUR 2 B85 108,
SRR 5t 1 R K2 o UK SE SR B REAT O AR E A B FH R N
TR — R, [ KA IR AR, KR g Ak S L BLsk b o K E AR
FIBER RIRF A AL xR TR R B, [ 1988 AR fh E 7R 5 = i DA i 4 17
FEE, B 2014 EFREE SR N 73:27,

TR K f S 575E F B EFEAL S A8 TR TH AR K X A6 F7 58 » % G2 A8 70 AT 1E
TR TH P /N KRS 80 22 1) 2 P DN TS RIUE 2 v Ak, DAL 485 g 7 B L S A EC R
ERRTRT AR, RUBOANWK, AH ER T I A R H P R e R B A 1 M A 1
B CInEN-1, AR AL T ™ S U R ARAS . R AR
AR TR S HR A S SRR, A TR GRS 07 e, AN A S I
TR T, SEBOREIR, R TR, AR, M E LT R ERK IR
NSk (32 TR SR 9

El1-1 FEMFEFRE

Fig. 1-1 Tranditional fish cage farms

19984 J [ 51 1t 55— B IK AR I 32EAT IR FE R TR 5 X I it N T HE 1) B



BoE R

RSN . KAPURIREK A IR RS & AR 248, @, |
et Rt Mg mm AR T, HAY R, SE IR %
. RACFALER . KIS = EMFAEEE D). B il & S HPUAIR AE
Jis EEHE R A FERERBY. B, —ANEKB3mI
K &4 (High Density Polyethylene, fij#XHDPE) 7K IX4H )™ & A& 4% Seifg 7K
FaM40M%, FREAEES30% DL b, mHE&PUA240. PUIRES my fif il m/s
e USSR AR B 70, KR RE 3R i T IR ABAE SMEE AL I 22 AP . SRZK AR 9%
FEAE g — MR 758 75 2, AT DA s i B R e 3Rl 468 3R B IR Z R R
HE 557 A 7= (R0 i R 1h) 22 oA BB AR 8 L I M R T, SRR 22 4
i FEAT AT P2 % o),

[1-2 HDPE R 2K PR A
Fig. 1-2 HDPE cylindrical float offshore fish cage

TE AR K W FE FRTE AL 34 BT TE , TR 7K W98 ey B 5% B pit SR 9 S itk it /K 72 5
Ji s SRIREREHOE R R TT U A SRR E W I 548 T AR R R IR K I A
FROEAINHNY R FERRY, IRK I FE TR 2 1 PRI, FIE B ZK X 7 77 T AN
PRI FRAE = BB AE R (LR 1-1)0 B 2013 4EJi, & E & VR K R 77 A
BLTUIL 4030 M1, 4RSS K IR ZK A TR E SR, 2014 44 [ i KRR
IKIMFEFRIE KA 605.58 J33LT7 KAA, FRbE™7 & 8.87 JImil,



g i

R 1-1 IBFEEEFKMETEE &

Table 1-1 Annual production of offshore cage aquaculture

b AR ()
Fr FrEEF R (D
1 Ik AE B (%)

2008 35673

2009 59121 23448 65.73
2010 55517 -3604 -6.10
2011 56190 673 1.21

2012 70974 14784 26.31
2013 73885 2911 4.10
2014 88737 14852 20.10
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Fig. 1-3 Schematic of fish feeding process monitor in a fish farm cage (a) and

echogram (b)
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