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Fig.1 Structural block diagram of water quality monitoring and sampling integrated unmanned boat
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LR s 2. B AE; 3. KGR AR 4. {5 & GPS K4k
5. %G 6. KFERESE; 7. Ml 8. KEEREMAL;
9. IREHHLHL,

1. The catamaran; 2. The cabin; 3. Water quality sensor;

4. Communication and GPS antenna; 5. The control box;
6. Water sample collection catheter; 7. The lithium battery;
8. Water sample collection bottle group; 9. Drive motor.
B2 AEEaE
Fig.2 Structure of the boat
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Tab.1 Mass of hull parts kg
##44: Components JE & Mass
A4 The hull 21.54
HEHE The cabin 8.54
HiH/L The motor 5.90
SKEEIHZH Water sample collection bottles group 5.74
JK A5 4% Water quality sensor 2.00
2 &5 The control box 0.94
HHL Y The lithium battery 9.92
JKZE The water pump 0.72
HoAth 771 2% Other load parts 60.00
ST Total 115.30
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a:fiiZkf Course angle

B: il f Heading angle

0:Fifkfa Yaw angle

A: BB Starting position

B: ¥+ Target position

C: 4R E Current position

d: FEHPAE Vertical distance
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—— LA Hull course
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Fig.5 Schematic diagram of autonomous cruise control
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Fig.7 Flow chart of control system
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Fig.8 Structure diagram of water quality monitoring system
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Fig.9 Schematic diagram of sampling bottles group collecting water
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Tab.2 Longitude and latitude of the six monitoring points
e B8 Wil 5, Setted point 51 UK Test 1 %52 YR Test 2
s I i i i s i
Longitude/ (°) Latitude/(°) Longitude/ (°) Latitude/ ( °) Longitude/ (°) Latitude/ ( °)
1 121.904 897 30. 865 528 121.904 882 8 30.865 535 4 121.904 904 2 30.865 531 4
2 121.904 719 30. 865 395 121.904 720 0 30. 865 409 3 121.904 720 0 30. 865 405 2
3 121.904 560 30. 865 254 121.904 557 2 30. 865 266 9 121.904 557 2 30.865 258 7
4 121.904 789 30.865 075 121.904 785 1 30.865 079 7 121.904 785 1 30.865 079 7
5 121.904 944 30. 865 241 121.904 931 6 30.865 230 3 121.904 931 6 30.865 238 3
6 121.905 094 30. 865 375 121.905 078 1 30. 865 368 6 121.905 078 1 30.865 372 7
Wil 53 IR Test 3 554 IR Test 4 55 UK Test 5
Puinlt: B 21 S ZJE 21 S 7 41018
Longitude/ ( ©) Latitude/ (°) Longitude/ ( ©) Latitude/ ( °) Longitude/ ( ©) Latitude/ ( °)
1 121.904 899 0 30.865 531 4 121.904 899 0 30.865 531 4 121.904 905 3 30.865 535 4
2 121.904 720 0 30.865 409 3 121.904 720 0 30.865 401 2 121.904 720 0 30.865 405 2
3 121.904 557 2 30.865 258 7 121.904 557 2 30. 865 266 9 121.904 557 2 30. 865 262 8
4 121.904 785 1 30.865 079 7 121.904 785 1 30.865 075 6 121.904 785 1 30.865 079 7
5 121.904 931 6 30.865 242 5 121.904 931 6 30.865 238 4 121.904 947 9 30.865 234 3
6 121.905 078 1 30.865 372 7 121.905 078 1 30.865 3727 121.905 078 1 30.865 371 6

Fe T AR T SR s, A R A

Mo BRI AR AR AR AR, i 15 e =0.081 7,

BRAO A AR BRI, Z A 1) B, X Bl A A
FRIFUSAR LG T, Y B S X Z Wik s T
AEPRAR o
X=(N+H)cosB xcosL
Y=(N+H)cosB XsinL
Z=[N(l-¢)+H] xsinB
AN g HEER Y U PG B2 AR L W& B 4
3 H N BE e HRERES — D 0%

(8)

N=ay1 -e€’sin’B 9)
/ 2 2
e:ai_b (10)

a

N ca B b 7 BRI AR R A AAA

*=3

WM AL, By H) M B(L,, By, H,) 5%
ﬁmﬁ%ﬂé*ﬂ?A(xl’Yl’Zl)*n B<X2’Y2’Z2) ,DIIJW
SRR Dy A

D=/ (X, =X,)>+ (Y, -Y,)* +(Z, - Z,)°

(11)

HY AR 7K J5iE W T A A 2 /N 91 L 1) 7K T T AR
RN, S 2 Z, - Z, 0,0

D =/(X, -X,)>+(Y,-Y,)> (12)

MR (12) X 3R 2 o Bl 647 8 o 1R 22

OB EE RN 3 B, W A S KA 25 5 A 1. 49

m, I/ M ZE 4 0.39 m, P15 255 1.003 m,

BNRIREE

Tab.3 Monitoring point position deviation

5L WRAAMZE R AT 2 IR ALMZE R AR 3 R ZE R % 4 WA AL ZE i 2 5 U RUAL e 25 B

%J"JAE‘ Point deviation Point deviation Point deviation Point deviation Point deviation ) ﬂjﬁé% X
Points in test 1/m in test 2/m in test 3/m in test 4/m in test 5/m Average deviation/m
1 1.154 123 04 0.796 241 17 0.394 461 66 0.575 847 20 1.111 980 21 0. 806 530 658
2 1.433 492 24 1.024 890 24 1.433 492 24 0.628 012 74 1.024 890 24 1. 108 955 539
3 1.320 037 88 0.858 661 75 0.547 083 17 1.320 037 88 1.273 106 44 1.063 785 424
4 0.610 737 26 0.754 320 89 0.610 737 26 0.832 165 85 0.610 737 26 0. 683 739 702
5 1.492 146 11 1.269 054 77 1.249 039 63 1.266 964 88 0.775 241 90 1.210 489 456
6 1.178 855 38 1.114 001 80 1.212 023 10 1.114 001 80 1.108 016 25 1. 145 379 664

1122 Average deviation /m

1.003
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Fig.10 Water quality monitoring boat track route
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Tab.4 Water quality monitoring data

. R i

W) A5 - Mass concentration

R Water pH L
Points temperature/C. of dissolved

emperature oxygen/ (mg/L)

1 30.10 7.17 6.44

2 30.30 7.33 6.40

3 30.25 7.27 6.42

4 30.65 7.58 6.35

5 30.75 7.66 6.32

6 30.38 7.84 6.40
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Design and experiment of water quality monitoring and sampling integrated
unmanned boat

LI Jun, CHEN Pukun, CHEN Leilei, ZHANG Lizhen, HU Qingsong
(College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Favourable water quality is the basis of pond healthy aquaculture. In order to realize the automation
of monitoring and sampling, an integrated unmanned water quality monitoring and sampling boat was designed
and its performance test was carried out. Considering the requirements of water quality monitoring and
sampling, the hull structure was designed, and the layout of the functional areas of water quality sensor,
sampling system, power supply, control box, and water sample collection bottles in the cabin was designed
considering the load bearing and stability. The autonomous cruise control system was developed based on the
differential twin-propellers driven model and the integration of GPS and attitude sensor. The water sampling
control system and water quality monitoring data platform were integrated with Internet of Things technology.
The comprehensive test results showed that the trajectory of unmanned boat was accurate, the maximum
deviation of monitoring point was 1.49 m, the minimum deviation was 0.39 m, and the average deviation was
1.003 m. The water quality monitoring and sampling function was stable, and the pH value, water
temperature and dissolved oxygen of water could be returned in real time. Six 500 mL water sampling bottles
could collect water samples of underwater 50 c¢cm accurately, which is in line with national standards. The
results provide a low-cost and reliable implementation scheme for the whole surface water quality monitoring of
aquaculture.

Key words: water quality monitoring; water sampling; unmanned boat; autonomous navigation
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