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Fig.1 Structure diagram of water quality inspection system
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Fig.3 Schematic diagram of autonomous navigation system
composition
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Fig.4 Path planning schematic diagram of inspection system
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Fig.5 The minimum path distance and travel time under different
methods are used
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Table 1 Comparison of energy consumption with different
numbers of obstacles
[ERELTE gy AEFE Energy consumption/J
Obstacle number AR L% Present study MOVNS RCHF
2 110 132 157
4 122 143 169
6 136 163 197
8 142 167 200
10 145 170 204
12 148 173 205
14 156 193 221
16 174 210 243
18 186 224 254
20 193 228 256
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Fig.6 Iteration times and computation time under different

4 FE Computation time/ms

methods are used
HE 6 AT%N, SIA 7ML, AR SCEER A
KBS 18] B & B, 5 MOVNS Al RCHF AHLE, 439 B A%
T 20% F1 33%.

4 K8 Rt RENIRIX I

AT RGN PE R PEAN 4R br E E AR = 4E B0 R
SLAM # I HERE . EA S SRS FE . B J2 ke fRkS B2
DA B B ke A 2. gt IR AE R B2 e 4 R = RS 55k
Briz i RSFRIUC LR RO R4 e Ak 5 AL 4R s A ik
RO BAS B S SErA B I 2, RE SN 2R
BV & A s i ik 5 Lhrigsh s a i mER". &
Gt [ RS [ A 4R AR GUAEPIAT 1[5 A 55 IR P A 4 A
R, FRGRES w7 AR RS (K f N A R B R A
I BRI RO R FR A RS 5 N TATI 45 R — 50k,
H5RGURFEVUMT B R e YA o0, A HURT 8 £ R
AR R R AR S M KRR FEATE, GRS N T
AR ZE R, AR [ K P B 2 F 7 B ol LA
AT TG 22 (2R 47, 4EIAHK 50 m, % 20 m.

4.1 ZHEHCELEIE SLAM BEVEHE

AHIE F I I T R 2 Sz AR A o ke R AR e A
A LL 0.5 m/s FEEEEAT, JFRERBOC R s MEaE R,
T Z RO EIA Salm @R FE W =4S =B, W
K7 Biom. BT BOGERIEREN G IRE L1 =488 =
B—MmiLy 54 AR, BERREER, NERDIHEE,
X JE A6 = 4E = AT AL P

ik, A% I8 R B H VA SR B (region of interest,
ROD miz, IHFXF Mz RHARE T RAE, IS ILE R
B =4 2 S BRI T3 T RS = SR s i 4y
PR EE S RIS R =, B 56K FH i~ i
% (ground plane fitting, GPF) 53 4 Fa 1l i A1 Hh
Moz SRJE A R R E A 2R R =4 s A B TE A
MY S, HKG RS S R RERERN 1.6 m; [H



66 flk TR (http:/www.tcsae.org)

2024 £

W, R S SRR, RN IR RIE (least
squares monte carlo, LSM) 5 iE R EEE 15 28 5 W] 4A %
Bo W%, KRR E xy Pl b, RHAS
HFEFRHE, ARG AR B AL SRS

e 1~5 RN E.
Note: 1-5 is test location
B7 REE=4%E5H
Fig.7 Three-dimensional point cloud image of experiment
workshop
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Table 2 Mapping error

o E e S E

. 2 ] 2
{\/‘ﬁ Point cloud Actual measurement é.@ R
Location Mapping error/%
measurement value/m value/m

1 19.58 20.0 2.1

2 7.87 8.0 1.6

3 3.46 35 1.1

4 1.00 1.0 0.0

5 1.98 2.0 0.8
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Fig.8 Schematic diagram of navigation accuracy experiment

®3 ENSSMBEEMNLER
Table 3  Experimental results of positioning and navigation

accuracy
R gt AR g
Measuring point Lateral deviation/cm don.gl.u M85 Course deviation/(°)
eviation/cm
1 4.5 3.6 4.1
2 5.4 4.7 5.2
3 5.1 42 4.6
4 7.2 6.3 6.9
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b. Experimental layout diagram
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Fig.9 Schematic diagram of water collection experiment
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Table 4 Collision test results
Tl 175 %, Collision situation

P i ] B 25

Distance of obstacle/m {36 1 Test 1 {36 2 Test2 {3 3 Test 3
0.8 0 1 0
0.9 0 0 0
1.0 0 0 0
1.1 0 0 0

1 RN NRB B T 5 RSy R B, 0 A R AR .
Note: 1 indicates that the robot chassis or mechanical arm collides with the obstacle,
and 0 indicates does not collide with the obstacle.
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Table 5 Experimental results of water quality detection (3 times)
- R
iRl paRrA Tem /:rLaEJre C Concentration of lr-)ll_f/lie
Detection method P dissolved oxygen/ (mg-L™") P
1 2 3 1 2 3 1 2 3
AL 243 243 243 24 24 24 686.86.8
LA A 243 243 243 2.4 2.4 2.4 6.8 6.8 6.8
5 %
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Laser radar water quality inspection system for recirculating aquaculture
workshop based on multi-objective genetic algorithm

TIAN Changfeng'? , CHE Xuan'? , ZHANG Chenglin*** , ZHOU Yin!, LI Xinfeng® , LIU Andong*

(1. Fishery Machinery and Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China; 2. Key
Laboratory of Fishery Equipment and Engineering, Ministry of Agriculture and Rural Affairs, Shanghai 200092, China)

Abstract: With the expansion of the scale of the aquaculture workshop, the types and quantities of fish in the aquaculture pond
have increased significantly, which is prone to water pollution or water quality changes, resulting in production safety accidents
in the aquaculture workshop. The use of water quality inspection system for regular inspection of aquaculture ponds can not
only reduce the labor intensity of aquaculture workers, but also detect abnormal water quality in aquaculture ponds in time and
reduce economic losses. Due to the high humidity and poor lighting conditions in the recirculating aquaculture workshop, and
the existence of a large number of aquaculture facilities and supporting aquaculture equipment, if a single target path planning
method is adopted, it cannot meet the operational requirements of the water quality inspection system. To solve the above
problems, this paper proposes a water quality inspection system based on three-dimensional lidar positioning technology. At the
same time, a multi-objective genetic algorithm is used to solve the optimal inspection path of the robot considering five main
factors, including safety, distance, stability, travel duration and collision-free path. And the feasibility of the water quality
inspection system is verified by experiments. In the process of multi-objective genetic algorithm calculation, the number of
path filling is first initialized; then, multiple objective functions are calculated to measure the fitness of individual paths, and
the path satisfying the fitness criterion is selected as the optimal path of the water quality inspection system. The best individual
is selected from the population with its probability by the tournament selection method, and then the two chromosomes are
exchanged. The new offspring are generated by cyclic crossover, and then the adaptive bit mutation is performed to randomly
exchange the input bit string. After executing the genetic operator, the fitness of the path is calculated and the fitness standard is
checked. Repeat the above process until the specified conditions are met. Finally, the optimal path suitable for the movement of
the water quality inspection system is selected. The experimental results show that the minimum lateral deviation of robot
navigation is 4.5 cm, the maximum deviation is 7.2 cm, the minimum longitudinal deviation is 3.6 cm, the maximum deviation
is 6.3 cm, the minimum heading deviation is 4.1°, and the maximum deviation is 6.9°, which meets the navigation and
positioning requirements of the breeding workshop. The detected water temperature, dissolved oxygen, and pH were
completely consistent with the manual detection results, indicating that the water quality inspection system was stable and
could replace the manual detection of water quality in the aquaculture workshop. The simulation results based on multi-
objective genetic algorithm show that compared with MOVNS and RCHF methods, the travel time of this algorithm is reduced
by 31% and 42% respectively under the same driving path, and the obstacle collision rate is reduced by 15% and 31%
respectively under the same path and number of obstacles. When selecting the path with the minimum time complexity in path
planning, the performance of the proposed algorithm is more efficient and smoother. The research results can provide reference
for the development of water quality inspection system in aquaculture workshop.

Keywords: robot; laser radar; path planning; multi-objective genetic algorithm; water quality inspection
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