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Fig.1 Major structure of the AUV for aquaculture monitoring
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Fig.2 Architecture diagram of control system hardware
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W,=(P,+P,+P,+P,)i =6583Wh
W(lv = (Pcc + P[] ).tZ + Psmtsm = 0'63 Wh (7)
Wbr = Pi'lVULl + (Pcc + Pd )'t3 = 8~93 Wh

W,=P,t, +PV,+(P,+P,)t,=103Wh
Aorba W, K I BB B REFE s W, o N TS B B g
FE 5 W, o A I T Be T FE 5 W, o B I B B
REfE.

T2 AUVERESZTERFESRGFSH

Tab.2 Main energy consumption device

parameters of AUV system

SIS apY R4 N
B S IER et
Hardwar K Mean 7 Power Run ti
ardware power/W  symbol un time
FHEK ﬁ f; sﬁw; Control and p P L,
communication unit ¢ o
B SR 4 500 ] kT Ok Data 5 p Lt
acquisition unit LED d 17277304
I AR LeftRight thruster 192 PP, L,
e AEERS Vertical thruster 288 P, ta b
A iEHLHL Stepper motor 30 P, t

AUV 5858 1R AR L. /9 S REFE T R R

W,=Wg+ W, +W, +W,=7642Wh (8)

HR i EEL Yt BT ) B TR, AUV 485 7 119 41
Lt L R, 5.184 kWho 4 HH 3l L HE TR A% 10%

30.892 05
30.892 00
30.891 95
30.891 90
30.891 85
30.891 80

30.891 75

48 Latitude(N)/(°)

30.891 70

30.891 65

BF, AUV S5 3OS T TAE, mlerm . Rk, AUV L
FCESTE] 2,2
, = B, x90%
R
250 A 20 VR ML AR S R iR L 20 (9)
HRPE R B A s ] o, B A0 G S0 s [ %) AR T) L
T, AT RE MR TREEG AUV
3~24 h (W ZEAT I R] | A SCU T vl 57 58 W i A
AUV EIFEZK TR FK T AR JRS B 4 2E 25 L7 A
THAERR AL, P UL T YRR () A5 20 A K42 T, A R T
T Y 55 5 AT A0 3 B v
2.2 BEKRSEEHELR
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MATLAB 3 {E 5 AR S Ik X IR
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.T=7732h (9)
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"3 AR ERITEE R

Tab.3 Coordinate comparison table of monitoring points

W g T W 25 AL B Preset point 2 BRI A5 AR B Actual point o NtiR 2
Points Z5)% Longitude (E)/(°) 4% Latitude(N)/(°) 20 Longitude(E)/(°)  4iJ# Latitude(N)/(°) ~ Absolute error/m

1 121.905 501 30.891 666 121.905 509 30.891 669 0.833 072

2 121.905 685 30.891 712 121.905 691 30.891715 0.662 619

3 121.905 896 30.891 666 121.905 892 30.891 670 0.586 098

4 121.905 936 30.891 762 121.905 941 30.891 755 0.912 951

5 121.905 685 30.891 828 121.905 679 30.891 825 0.662 618

6 121.905 617 30.892 007 121.905 621 30.892 004 0.506 912

¥R 22 Average error 0.694 045
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2.3.2 KT MEI A

AR W IR 56 A 2023 4E 5 H 26 H 1 |
FE Sy N3 Ll S B ) - N G 5 Wl 1B s T
WKL) K 7 077 m?, 24 H RS FR H 29
BRI 19~24 °C L iR 56 18] 9 17 B ~18 15 30
gy RIS EEREE pH A AR M TR E 44
ZHE R I B A5, IR 2 2808 oK B il
ICHQ40d K A T-IURE (4 4 W I s 7K BT S 500 hy
XTHRZH o K BB Ik 4 s .

H1 2% 4 50AE T 0, ZE AR R 8 7K B 6 4
W5, AUV IS 05 = RS O 25.1 °C, e (IR
H24.6 °C, X R HF- 152224 0.3 °CL 45 Wl
JIR 2280 AUV IINAS pH f KAH N 8.37, B/ IMHE
7 8.01, 55 X} HE A A P31 25 7 0.1, B 1A 7K J5 ff
SSHEE s AUV 75975 48 B s R 7.42 me/L, B IR
R 7.12 mg/L, 55 X% BRZH 1)~ 3415 25 4 0.185 mg/L,
G212 A AR KB S — bR o s AUV A H

SR N 1683 pwS/em, ;K A 1 663 wS/em, 5
X BEZH (9 271% 2% 4 10.167 pS/em , B 5 R 45—
PREIR KA i o A AT M BRI BT R 2R AT, AR G
K S8 A 3 TR AR TRV R L BT X TR TR R
b, WA 7 BT i 553 B B R R A R X — A
A R K R M B e . R, AR
[ AUV BERS A SR A2 7K 3K 5 A5 B 1T A2 il
FREH B 7K 5T W S oK
2.3.3 KR EER R

IR AUV 42 KA 7K T AU R R AR RCR
53 0 35 B BRI T 21 RO R 55 1Y 73 G R
BTN . 7R BRI B A5 R, AUV 1]
FIHFE B 4G = TG A5k B R K T K77 8)
W R AT G A I, 3 A K T 1 VR AR SR
s gk EAIHL PRGBS A AT L AUV H
SIFTHFAEER LED T, 38 3 I 5 R . AN s BE A
LI 5 5 P ] 13 i o

®4 KBREHEXSLE R

Tab.4 Comparison table of water quality data

KEMHE Detection value

X} BEE Deference value

HARTIIDS

Points R TR jaaliy R L TR el H R
TEMP/C pH DO/(mg/L)  EC/(uS/cm) TEMP/'C pH DO/(mg/L)  EC/(uS/em)

1 25.1 8.01 7.41 1663 25.3 8.18 7.51 1680

2 249 8.12 7.34 1683 24.6 8.21 7.46 1671

3 24.8 8.16 7.24 1679 245 8.31 7.59 1690

4 24.8 8.24 7.23 1681 24.4 8.29 7.47 1672

5 24.7 8.37 7.42 1678 25 8.31 7.55 1675

6 24.6 8.19 7.12 1674 243 8.27 7.29 1665
SEHR 22 Average error 0.3 0.10 0.19 10.167

(a) BRI RE

Observation picture during the day
B 13 055 E 5 W s R

Fig. 13 Video image observation picture
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(b) HHEILNBRE

Observation picture at night
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AUYV for aquaculture monitoring and its control system

WU Shihao', ZHOU Yue', AO Qi', SHI Xun', XING Bowen', GUO Wei*’

(1. College of Engineering Science and Technology, Shanghai Ocean University, Shanghai ~ 201306, China; 2. Institute of
Deep-sea Science and Engineering, Chinese Academy of Sciences, Sanya 572000, Hainan, China; 3. University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract: Aiming at the current situation of low endurance and high cost of mobile monitoring equipment for
aquaculture, which limits the widespread application of such equipment, a small portable AUV for mobile
and fixed-point monitoring of fishery aquaculture is proposed and developed. A seal-like operation mode is
proposed, replacing expensive underwater inertial navigation systems with conventional GNSS. The three
main hulls are arranged in a pin pattern with a modular structure to increase smoothness. The unpowered
diving and floating are controlled by the motor-controlled piston altering the volume of the external oil
bladder. With the low-power STM32F407 chip as the control core, FreeRTOS embedded real-time operating
system and LabVIEW development environment are employed to develop the AUV water surface autonomous
cruise and dynamic obstacle avoidance system, data image acquisition and communication system, and shore-
based intelligent fisheries big data interaction interface. The results of energy consumption analysis and
simulation experiments show that the AUV has low energy consumption, and the endurance time is about 77 h
when carrying a lithium battery of 5. 184 kWh, which can perform autonomous cruising. Tests show that the
prototype can effectively communicate with the shore-based host computer, collect water quality information
and underwater video images. The AUV for aquaculture monitoring has flexibility in carrying sensors, long
endurance, low power consumption, low cost, easy maintenance and upgrading, and is able to meet the
demand for three-dimensional movement and long-term fixed-point monitoring of various aquaculture.

Key words: AUV for aquaculture monitoring; seal-like operation mode; modular structure; unpowered

diving and floating; low cost; low power consumption
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