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Fig.1 Typical aquaculture monitoring scenario
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underwater vehicles
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transmission system of ROV
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Table 1 The commonly used single underwater navigation technology
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Table 2 The commonly used motion control algorithm for aquaculture underwater vehicle
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jamming ability,low control accuracy
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The stability is not high,and the measurement

error directly affects the control accuracy
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Small parameter perturbation

o IR

Chattering problem
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The solution is complex when there

are too many subsystems

WA T TR0 0, 95 TR TR AR X A A1
Depending on expert experience,and the

control accuracy is relatively low
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. . . . . Strong data dependence,and the
Neural network control Self-learning and nonlinear fitting ability . ) .
theory and learning algorithm need to be improved
B A RE SR K P2 SR AR ) — WOCHE R R . B EXT T K SR B I R IR B A A

KT FRFEIK T BLas ATE 2 IR FTURL S B A28 0T o 5 B A
bR T RE 23 3 I R IE B 7 Al SR BT R B AN E
S ASBERFY BT B R 00 2l 2 ol SR, 0 T
TEIR Ay w] FE LRI Ve AR B, gl Ak
W — 75 TR 80 X % B B 358 B X G2 119 S g R S A5
%#ﬁﬁﬂ&?@ﬁ%i&ﬁﬁ%%%ﬁﬁ%‘mo TE S 5

S5 R A AR T T, AT R T R T PR R
%‘ﬁ[” S5 T BOAR BOR A5 S 1 57 97 B B T I e i 1) 468
B, A sl R SR AT 5 T T BR AL SRR N T3 T ik

B o B 2% ) 2 26 3l 3 T AR S . — 2R MK
FEFRBE K T B A8 SR R BRI R S —
SR i 22 I 255 AL M A B Ol QR A B BB R 3R

iR
SRV R 5 4 AR T AR R U TR AR Y

1 R 0] 5 45 1) H AR 5 B4 G S R I T SR AR 3
PRV B KRS L R TSR0 B B A IR T
WO S oA 152 73 37 58 A 58 10 52 il B2 3 M AR /0%
LA S Al SR
26 ZEHEBEARTKTHZREAN-IHETFHEREE
E

FEARHUA T 19 7K 7 FR B KT L g A BE 58 iUBR 77

B W W A0 552 2 I R AT 55, RORE- T+ T 7K 7™ % Bl

YEMERE ST o AHJZ K LA N 5 HUA T4 1 T 24K
A B K T HLEE A-HLIK T R 48 (underwater vehi-
cle-manipulator system, UVMS) , #4555 2 i 4F #
R/ S

X UVMS #E  f ZE7EK ™ FRFE K T AL
NGRS e R i s TR R TR i R S



92 o Al R R R

%40

JE ML A SR AL, H T B9 3l ) 2 Ry
£ 45 Kane J5 5, Lagrange 5 fll Newton-Euler J5
2% . Kane J7ik i gt )y BR800 WOR B BT 1
A TR A I B DL AR AS B J) 5 Lagrange J7 ik BB
AR BE R R R R T g R R R A
O W s B AH X Be i 7 R AT Y e
iz % ; Newton-Euler 77k A W, &) TiH 5 (H
TR RGN M EAEH Ty, A B e
ST BRSNS 3 i G A B 5 S0 0 O R
B UVMS WK 8h 1 280, BeAh % T K7 FR 5 AR
MH R AT 5 R el B, 75 LR i
R b, AT 3E 2o SR Bl RN R 2 AE B S T R
B R B 1 40 SCREAY I J5 AR 91 552 B A 2o A% v A 4
i 2R B BOIR S AG T X 24 SRR AT IR B, R
UVMS AR HEAE L 32 AR 3R

SEAGHEA K= FRFEAE ML, UVMS 20 H A5 F2
2 HL i BE 0 iz gl 5 i L % A R R Ty sl e .
)&, UVMS B A 028 R A IE k. TU A 5 4
SRR BE R AR R R . R Y LA LT
ARSI UV MS 5 il 25 7] 1N Ak 27 58 K AR Y
S IRPLUR BT A FH 190 3l K o 5% A Dl wf
JEHR , UVMS i A P A4 05 20 (D KL
FIATLAR T 00 R 7 A B 2R 4, 78 B2 48 0 5 o
TR e Ak BERE A AR T 520 5 (2) K BILas A RITHLAR T 40
R AR VORGSR, UVMS Ry 42
il B 2 A A A A R L AR el N 4%
o) R R TR 45 ) 45 . Hachicha 2555 i fi i 4 v
AT S5t 7T 2 HALBTRY UVMS, 5ol 7L
i NTH I AR AR E 2, e 1T B8 e e 2l .
Heshmati-Alamdari 257 28 10 7 —F UVMS J1/
7 BRSO ¥ L AN T SRR i 30 ) o L TR &
oz ful W B2 ASLRY , B R B B . Londhea %07
T[] PRI T AT 55 3 i T — A B LAl T aE
(4 AF 2 AR 45 1 ik S T UVMS (94T 55 25 1]
B .

WA, Ay i 7E BT Ik i v o £ 25 5 1A K 7
A=Wy B K IR BE K T BLAS N T 4 0 LK
T AT R R B . SRR RN T & —Fh R 47
F i i 7 2505 R T A% G WM DL B T,
BT 22 % WS 42 TR AR B 55 A b L, Bk T 2
TR 2 3 £ fiph T~ 45 il HI0HE A S T 00 s A8 0F 110 T

JEIMIR G 25T 2. Tlievski 2500 ffF i T — Fh g7
6 T8 FHARHUIE T, F 2 F AW i, A BRI
2 5 P, Wang 2500 #5511 —Fh 4 34 5%
PR B 3D AT ENH AR AF 19 3 $i8 4R A HLAK T
P T TR M AR T 1 Bh AR ST AT T AU
S, SR MR MR T AE IR K T Y R v )
B T I AR 22 7] R« SR8 b A6 TN g L 55 i R4 2 08
S5 J7 1T 0P R L T R A A Al A R SR 5
BB T 75 2 REoK 7= i ik, vl R &7 AR R AR
AR X T SRS B %) R AR 5 2 25 4 | B AR AR Ak A5 AR
Bk B8 w43 W1 &, T RE 4 77 AR K R ATBOR
FRE M B4 . R, o] S B BT HR A o B 1 L T
REME R 4 R R ZE MR LA T 5 P A e
) ) AL

3 &

1 B N N V| 5 NS - - = S = A ]
R S BORMH A K 7 IR B A 3 T R R R T
Z3 (8], RO AT 32 BR T AR 3 o0l A A TR A
AKFEIRBK T ML N AT A BR . RSk AR
FRGH M 0 S AL T 1 K 7 IR A K R Bl N aE A AR
2 [ WL AR g R . AR BULE S0 R T T

D FRIE PR RELR A I . BT K™ 3R B
T BB — AT RE PRI, RGP 2E . BE T KR AL &R
N TENHL AR SR 7 1 A0 1 0 45 R 4 S
(LS 7 N N N TN N S ]
], 32 FE 5 R | 28 T 4 i X B A5 2 Rl
T B, 52 B SR GE B0 BT 00 R RE 48 5 BUA, B R OR Ok
4 T2 e R 5 1)

2) FRBH X G A B AT 9 R AR SRS B K™
FRFE KT HILAR A FE B0 WY O A5 22 B I 3 4 fi
B Ot AR 200 B, ok R AU 5 N TR i
B S BUIRFE X AN BCRE R B RO VRS
o By L3 1 2 8] 73 A S5 A0 AR A $12 355 8 RL ] g K
7 IR B IR R 5 Al R A R i A

3)FIHE AR A BB REAL R . FRT K 7 5R AE
KT B AR AT 98 AR T i e 38 38 K 7 IR B P M
DA SZ il 29 7 JEAE K5 IR Bl p B 4T BT R
I3 % AR A B B B DL I 12 T35 o B K
S 3 T A AR RS Y R R AL ke A B S B O L
Je AR RAE K IR B R A Y T

)
2]



%3 M Ky

S R SRFE K T AL A BE S ot 93

£ Z Xk References

(1] a3k D 2 0% PTRF 2k e 9 5 K 1) 8 43 B LT .
[ 45 H {5 B 1k, 2017,20(12): 115-116. FAN ] P. Analysis of
major issues affecting sustainable development of China’s ma-
rine economy[ J].China management informationization, 2017,
20(12):115-116(in Chinese).

[2]  FEXURR. 38 3 B K ™= FR 00 A B R 24k & LT . el &
%5,2015,33(5) :4-9.DONG S L.On ecological intensification of
aquaculture systems in China[J].Chinese fisheries economics,
2015,33(5) :4-9 (in Chinese with English abstract).

(3] X3, XA, P AR R, 45 3 B9 K ATl ) BRIk 5 98 ok 5 i 4
Jede 2 P L[]0 75 B 24 5, 2016, 37(3) £ 284-286. LTU
W W,LIU K,XU W G,et al.Status of diving industry and di-
vers” health and safety management suggestions in China[ ] ].
Journal of navy medicine,2016,37(3) :284-286(in Chinese).

[4] ZHANG Q,ZHANG ] L,CHEMORI A, et al. Virtual sub-
merged floating operational system for robotic manipulation[ ]/
OL].Complexity, 2018 (1) :18[2020-12-23]. https://doi.org/
10.1155/2018/9528313.2018.

[5] SHOJAEI K,DOLATSHAHI M. Line-of-sight target tracking
control of underactuated autonomous underwater vehicles [J].
Ocean engineering,2017,133:244-252.

[6] KARIMANZIRA D,JACOBI M,PFUETZENREUTER T, et
al. First testing of an AUV mission planning and guidance sys-
tem for water quality monitoring and fish behavior observation
in net cage fish farming[J].Information processing in agricul-
ture,2014,1(2) :131-140.

[7] ZHAO Y P,NIU L J,DU H,et al. An adaptive method of
damage detection for fishing nets based on image processing
technology[ J/OL]. Aquacultural engineering, 2020,90:102071
[2020-12-23 ]. https://doi. org/10. 1016/j. aquaeng. 2020.
102071.

[8] LIDW,XUL H,LIU H Y.Detection of uneaten fish food pel-
lets in underwater images for aquaculture[ J]. Aquacultural en-
gineering,2017,78:85-94.

[9] THOMSON J S, AL-TEMEEMY A A,ISTED H,et al. As-
sessment of behaviour in groups of zebrafish (Danio rerio) u-
sing an intelligent software monitoring tool,the chromatic fish
analyser [ J/OL].Journal of neuroscience methods, 2019, 328
108433 [ 2020-12-23 ]. https://doi. org/10. 1016/j. jneumeth.
2019.108433.

(107 T, [ b b o SR GUME 8K A6 77 B o B 7 2 e T ] AR i
[J0.#ab BiAR Ak ,2012,39(3) :19-22. WANG R T,CHEN J J,
GONG ] B. Acoustic monitoring for ocean aquaculture in sea
cage [ J].Fishery modernization.2012,39(3) :19-22(in Chinese
with English abstract).

[11] RUNDTOP P,FRANK K.Experimental evaluation of hydroa-

coustic instruments for ROV navigation along aquaculture net
pens[ J]. Aquacultural engineering,2016,74:143-156.

[12] FORE M,FRANK K,NORTON T,et al.Precision fish farm-
ing:a new framework to improve production in aquaculture
[J].Biosystems engineering,2018,173:176-193.

[13] FROST A R.MCMASTER A P,SAUNDERS K G,et al. The
development of a remotely operated vehicle (ROV) for aqua-
culture[ J]. Aquacultural engineering,1996,15(6) :461-483.

[14] SHI C,WANG Q B, HE X L,et al. An automatic method of
fish length estimation using underwater stereo system based on
LabVIEW[]J/OL]. Computers and electronics in agriculture,
2020, 173: 105419 [ 2020-12-23 ]. https://doi. org/10. 1016/j.
compag.2020.105419.

[15] SUN M,HASSAN S G,LI D L.Models for estimating feed in-
take in aquaculture:a review[]]. Computers and electronics in
agriculture,2016,127.425-438.

[16] LI D L, WANG Z H, WU S Y, et al. Automatic recognition
methods of fish feeding behavior in aquaculture:a review[ ]/
OL]. Aquaculture, 2020, 528 735508 [ 2020-12-23 ]. https://
doi.org/10.1016/j.aquaculture.2020.735508.

[17] P RE MRALAE , DR B, 55, — Fh il K R ALAS A &R 5o it I

BRI 75 (1. 0k BLACAK . 2018,45(2) : 36-41.FANG X,LIN L

Q.SHEN X S, et al. System design and model research of a

fishery underwater robot[ ] ]. Fishery modernization, 2018, 45

(2):36-41(in Chinese with English abstract).

NIRE KT T AL K 7= F7 B LA A 2 201510244554.0[ P .

2015-08-05.BU L Q.Underwater unmanned aquaculture vehi-

cle:201510244554.0[ P1.2015-08-05(in Chinese).

(197 J&l i, — FhoK 7= 35 SEHLAS A :201811630761. X[ P1.2019-03-15.
ZHOU ] L.An aquaculture vehicle:201811630761.X[P].2019-

(18]

03-15(in Chinese).

[20] X5 R , TLHAT:, 22k WG, 55 J8 v U UR 1 I A 7 TR AL 28 A9 ik
LI MU % ,2019,57(4) : 11-14.L1U G L,WEL H Y,L1 Z
P, et al.Design of crawler-type deep-sea cage cleaning robot[]].
Machinery, 2019, 57 (4): 11-14 (in Chinese with English ab-
stract).

[21] CARBAJAL-HEMANDEZ ] J, SANCHEZ-FERMANDEZ L
P,VILLA-VARGAS L A, et al. Water quality assessment in
shrimp culture using an analytical hierarchical process|J].Eco-
logical indicators,2013,29:148-158.

[22] L1 C,L1Z B,WU J,et al. A hybrid model for dissolved oxygen
prediction in aquaculture based on multi-scale features[J]. In-
formation processing in agriculture,2018,5(1) :11-20.

(237 e 355 R, 2R 0 D, 3 S MG, 45 /K 77 5% 58 7K 5k M ol 45 A= ML 2 e [T ).
AR A . 2020(7):82-86.JTP G.LI S S, TANG H P, et
al.Biomimetic robotic fish for aquaculture water quality moni-
toring[ J ]. Equipment manufacturing technology, 2020, 7. 82-
86 (in Chinese with English abstract).

[24] O’CONNELL E,HEALY M, OKEEFFE S.et al. A mote inter-



94 o Al R R R

%40

face for fiber optic spectral sensing with real-time monitoring
of the marine environment[ ] ].IEEE sensors journal,2013,13
(7):2619-2625.

(257 XUTH T . MRiFEAe 0 ~F a5 T 56 090 1 /K 0 A% gk 25 M s e 1
Yede B [T ol AR, 2019, 46 (4) . 42-48.LIU Y Q.
CHEN Z H,CAO S Q.Design of water quality sensor monito-
ring and self-cleaning device based on internet of things[]].
Fishery modernization, 2019, 46 (4): 42-48 (in Chinese with
English abstract).

[267 fi] £ Mg B F 2 % I 2 AR Al A& 1) 7K J5T S5 5 A6 0 O i F 5 [ DJ.
BUI WYL K 2%, 2013. HE H M. Research on water quality a-
nomaly detection using multi-sensor data fusion[ DJ]. Hang-
zhou: Zhejiang University, 2013 (in Chinese with English ab-
stract).

[27] RGN BE/K ™ F7 50 R 48 19 T 4% B AR WF 58 [ D] 1 2
K22, 2018. SONG ] W. Study on forecasting and warning
technology of intelligent aquaculture system[ D]. Haikou: Hain-
an University,2018(in Chinese with English abstract).

[28] HEFR A T Wy 006 I A 7K 7™ % F 0 B 8 A M 455 3R GE M T D .
HHE AL K %, 2019. FAN C C.Design of remote intelli-
gent monitoring system for aquaculture based on internet of
things[ D]. Hefei: Anhui Agricultural University,2019(in Chi-
nese with English abstract).

(297 1UCER. T 115304 8 (Y 7K 7 9% B K 5T 00 9% J7 i W 9E [ D .
Jest. P E gl K% ,2014.L1U S Y.Prediction and early-warn-
ing of water quality in aquaculture based on computational in-
telligence[ D . Beijing: China Agricultural University, 2014 (in
Chinese with English abstract).

[30] YU X,ZHANG Y, YIN G,et al.Discrimination of three dimen-
sional fluorescence spectra based on wavelet analysis and inde-
pendent component analysis[ ] ]. Spectrochimica acta. Part A:
Molecular and biomolecular spectroscopy,2014,124.52-58.

[31] 5P A7 07 B, 45 K 7™ F5 58 /K BT 100 45 b5 24 T S i A e ).
ferh gl K 2 241, 2020, 39 (2) : 89-94.E X, YANG F, HOU
J,et al.Reduction algorithm of aquaculture water quality early
warning indexes[ ] |.Journal of Huazhong Agricultural Univer-
sity»2020,39(2) :89-94(in Chinese with English abstract).

[32] ZHU Y Z.NAN C.Dynamic forecast of regional groundwater
level based on grey Markov chain model[ ]J].Chinese journal of
geotechnical engineering,2011,33:71-75.

(337 Aemifill, B ¥, K 7L 45 4 R 12 o 8 57 AL B BOB 25 5 i
W58 [T ] A T 9 U8 5 PR 85,2012, 21(9) : 1131-1136.ZHU L
N,GUAN D, WANG Y J,et al. Fuzzy comprehensive evalua-
tion of water eutrophication of typical lakes and reservoirs[J].
Resources and environment in the yangtze basin,2012,21(9)
1131-1136(in Chinese with English abstract).

[34] ZOU S,YU Y S.A dynamic factor model for multivariate water
quality time series with trends[J]. Journal of hydrology,1996,
178(1/2/3/4) :381-400.

[35] HUTTULA T,PELTONEN A, FRIST T, et al. Accuracy of
water quality predictions with loading scenarios of forest indus-
try waste waters[ ] ]. Water science and technology, 1999, 40
(11/12) :147-151.

(367 gk 4 5. W PCHA, R JE L JE . 45 3 b o0 4 160 A 4G i ) AFE 42 =X
AUV BIH5 R 8 [T]. 1 3 R 2% 54 4, 2016, 25 (4)  607-
612.ZHANG J] Q,HU Q S,SHENTU ] K, et al. Frame-type
AUV design and experiment for sea cage net damage detection
[J].Journal of Shanghai Ocean University,2016,25(4):607-
612(in Chinese with English abstract).

(3770 BARRIE KT AR 55 PR 38 58 B 56 B AR 58 LD AT N « i 7L
K2#,2015.ZHAO X W.The research on underwater imaging,
underwater image enhancement and relevant applications[ D].
Hangzhou: Zhejiang University, 2015 (in Chinese with English
abstract).

[38] SCHETTINIR, CORCHS S. Underwater image processing:
state of the art of restoration and image enhancement methods
[J].EURASIP journal on advances in signal processing, 2010
(1):1-14.

(397 XUFNHE. 16 7] AUV B ] A9 7K R BIL28 A5 F 58 [ D). W IR 15
MR TR K% .2009.LIU H X. Research of underwater ma-
chine vision for AUV docking control[ D]. Harbin: Harbin En-
gineering University,2009(in Chinese with English abstract).

L4070 FB 53 48 TLRI T K R L& N B Ho kT g5l [T ] e L% A
2019(6) :41-44.ZHENG Y,ZHENG W G.Brief introduction of
underwater vehicle and its development[ J].Intelligent robot.
2019(6) :41-44(in Chinese).

C417 S0, 48 M B, 55— i@ K FALS AUl R e[ ],
LS 0 £ 2 4. 2008, 29 (4): 162-164. GUO W, CUIL S G,
ZHAO Y, et al. A kind of video transmission and monitoring
system applied in ROV[]J].Chinese journal of scientific instru-
ment,2008,29(4) :162-164(in Chinese with English abstract).

[427 sk AR T 1) 7K T W 0 i B s =X 00 < A% i 3R e et 5 52
(DKM  #iT K2, 2016.ZHANG Z G.Design and implemen-
tation of a mobile real-time video transmission system for un-
derwater monitoring[ D]. Hangzhou: Zhejiang University, 2016
(in Chinese with English abstract).

(430 Erbsay. BAT HUIR T 68 1 09 /K T DU A5 im0 280 2 15 7 125 1F 5
(D155 & . v [ 7 K 2%, 2011. WANG Z Q. Research of effi-
cient and error-resilient underwater video coding method[ D],
Qingdao: Ocean University of China, 2011 (in Chinese with
English abstract).

(447 X4 56T DSP /7K T 9055 46 40 75 R e P55 (D] 75 & .
[ ¥ ¥ K %%, 2010. LIU J X.Study on DSP-based underwater
video coding system[ D].Qingdao: Ocean University of China,
2010(in Chinese with English abstract).

[45] HOAG D F.INGLE V K,GAUDETTE R ].Low-bit-rate cod-
ing of underwater video using wavelet-based compression algo-

rithms[ J]. IEEE journal of oceanic engineering, 1997,22(2);



% 3

HYEYL 55 K7 IR K T HLas AT e 95

393-400.

[46] KOJIMA J,URA T,ANDO H,et al. High-speed acoustic data
link transmitting moving pictures for autonomous underwater
vehicles[ C]//Anon.Proceeding of the 2002 International Sym-
posium on Underwater Technology, 2002.[S.1.: s.n.], 2002
278-283.

[47] AR IEF U 58T KT £ B s @ AR5 [D] R
W AR B K 22,2012, YU K. Research on underwater multi-
targets location based on vision and proximate sensor[ D]. Wu-
han: Huazhong University of Science and Technology,2012(in
Chinese with English abstract).

[48] R KT HARR AL A 1 % B 3 Bt [T ] AR 0 7 TR, 2014,
34(4):168-173.SONG B. Development analysis of the under-
water target recognition technology[J]. Ship electronic engi-
neering,2014, 34 (4): 168-173 (in Chinese with English ab-
stract).

[49] e e S AP IL A N BRI (DI WA R - I8 /R TR K
#,2017.P1 Z F.Research on the technology of sea cucumber
fishing robot[ DJ].Harbin: Harbin Engineering University, 2017
(in Chinese with English abstract).

[50] PARAGIOS N,DERICHE R.Geodesic active contours and level
sets for the detection and tracking of moving objects[ J].IEEE
transactions on pattern analysis and machine intelligence,
2000,22(3) :266-280.

(510 B AR Mg K B8 23 R BR R AE 52 3R R 5 e R 58 (D], ey
IR W R T RE K 24, 2019.ZHAO C M. Research on under-
water image segmentation and target feature extraction and
recognition technology[ DJ. Harbin: Harbin Engineering Uni-
versity,2019(in Chinese with English abstract).

[52] E A, MR TR IS B OBLR B3 I K R 8 RN 5 7€ A &
L1 HL48 N ,2001,23(2):132-136. WANG W H, CHEN W
D,XI'Y G. lllumination adaptive recognition and location sys-
tem for underwater pipeline[ ] ].Robot,2001,23(2) :132-136(in
Chinese with English abstract).

[53] KIM W, LEE C Y., LEE ] ]. Tracking moving object using
Snake’s jump based on image flow[ ]J]. Mechatronics,2009,11
(2):199-216.

[54] PAULL L,SAEEDI S,SETO M,et al. AUV navigation and lo-
calization:a review [ ] ].IEEE journal of oceanic engineering.
2014,39(1) :131-149.

[55] STUTTERS L,LIU H, TILLMAN C,et al.Navigation technol-
ogies for autonomous underwater vehicles[ ] ]. IEEE transac-
tions on systems man and cybernetics Part C:applications and
reviews,2008,38(4) :581-589.

[56] MIEF. F 5 HiA /K T LA AL Rk g5k (], 1 FoR,
2005,13(1):5-9.FENG Z P. A review of the development of
autonomous underwater vehicles (AUVs) in western countries
[J]. Torpedo technology, 2005, 13 (1): 5-9 (in Chinese with

English abstract).

(570 FhE 1l T3 & EAR AR K 8% S B R AT R IR R 2L 4L
TN AR G M A 201001 :34-42.SUN Y S,WAN L,PANG Y
J.Development and prospect of submarine navigation technolo-
gy[ J].Robot technique and application,2010(1) :34-42(in Chi-
nese).

[587 sk K FHLE N FHE M B ARBFILD].H 5. F S RHH K
2#,2015.ZHANG ] K.Research of navigation and positioning
technology for underwater robot[ D]. Qingdao: Qingdao Uni-
versity of Science & Technology.2015(in Chinese with English
abstract).

[59] KUSSAT N H,CHADWELL C D,ZIMMERMAN R.Absolute
positioning of an autonomous underwater vehicle using GPS
and acoustic measurements|[ ] ]. IEEE journal of oceanic engi-
neering,2005,30(1) :153-164.

[60] VASILIJEVIC A,BOROVIC B, VUKIC Z.Underwater vehicle
localization with complementary filter: performance analysis in
the shallow water environment[ ] ].Journal of intelligent robotic
systems,2012,68(3):373-386.

[61] LOEBIS D, SUTTON R, CHUDLEY ], et al. Adaptive tuning
of a Kalman filter via fuzzy logic for an intelligent AUV navi-
gation system[]]. Control engineering practice.2004,12(12):
1531-1539.

[62] DONOVAN G T.Position error correction for an autonomous
underwater vehicle inertial navigation system (INS) using a
particle filter[ ] ].IEEE journal of oceanic engineering,2012,37
(3):431-445.

[63] LIU Q, XU X S, HAN B. An integrated navigation method
based on SINS/DVL-WT for AUV[J]. Applied mechanics and
materials,2013,303/304/305/306:904-907.

[64] LU P F,HE B,GUO J,et al. Underwater navigation methodolo-
gy based on intelligent velocity model for standard AUV []/
OL]. Ocean engineering, 2020, 202: 107073 [ 2020-12-23 ]. ht-
tps://doi.org/10.1016/j.0ceaneng.2020.107073

[65] ZHANG L Y,LIU L,ZHANG L.Research on position correc-
tion method for AUV large depth navigation based on ranging
positioning[ ] ].Computer communications,2020,150:747-756.

[66] SUND J,GU J,HAN Y F,et al.Inverted ultra-short baseline
signal design for multi-AUYV navigation[ ] ]. Applied acoustics,
2019,150.:5-13.

[67] BAO ] H,LI D L,QIAO X,et al.Integrated navigation for au-
tonomous underwater vehicles in aquaculture:a review[ ] ].In-
formation processing in agriculture,2020,7(1) :139-151.

[68] 90 1lr, -4 B, 7 1= A, 55 %0 RE 7K T AL & A I8 00 &) F 52 90
REREL] W R TR K22 4, 2020, 41(8) - 1111-1116.
SUN Y S,RAN X R,ZHANG G C,et al.Research status and
prospect of path planning for autonomous underwater vehicles
[J].Journal of Harbin Engineering University, 2020, 41 (8) .
1111-1116(in Chinese with English abstract).

[69] B4, 575, Tk 8%, 55 T A K If0 fE &5 Atk ¥ 38 56 4 3 7 o A2 L



96 ISR LR N A = = g 4

%40

LI 1t K222 4 CA SR B 22 D . 2017, 23 (1) 17-26.
ZHONG Y X,GE L,ZHANG X,et al.Complete coverage path
planning of USV used for mapping round island[ ] ].Journal of
Shanghai University(natural science edition),2017,23(1):17-
26 (in Chinese with English abstract).

[70] YAN M Z,GAO F,QIN X S,et al.Sonar-based local path plan-
ning for an AUV in large-scale underwater environments[ J].
Indian journal of geo-marine sciences, 2017, 46 (12) . 2527-
2535.

[71] SUN Y S,RAN X R,ZHANG G C,et al. AUV 3D path plan-
ning based on the improved hierarchical deep Q network[]].
Journal of marine science and engineering,2020,8(2) :145.

[72] Z:W AR KT HLE NS BRI B AR BF SRR L) . e it 5,
2013(24):21-22.YAN G,ZHOU J.A Summary of research on
underwater robot intelligent control technology[ J].Electronics
world,2013(24) :21-22(in Chinese).

[73] GAO Z Y.GUO G.Velocity free leader-follower formation con-
trol for autonomous underwater vehicles with line-of-sight
range and angle constraints [ ] ]. Information sciences, 2019,
486:359-378.

[74] XIANG X B.YU C.ZHANG Q.Robust fuzzy 3D path following
for autonomous underwater vehicle subject to uncertainties[ J .
Computers &. operations research,2017,84:165-177.

[75] dhme, 3015 B JE AL AR5 B /K T LA A Sh st i oe [ ].4%
5 MR %, 2007, 26 (1):24-26, 29. HONG Y, BIAN X Q
Study on dynamic obstacle avoidance method for AUV based on
sensor information[ ] . Transducer and microsystem technologies,
2007,26(1) :24-26,29(in Chinese with English abstract).

[76] 422%, Pk A ¥, 55 6 1 8 4074 W5 510 AUV S o 58 i
[T MR RE A% 4 AR L 2013, 35(11) . 76-80, 85.J1 X, PANG Y J,
XIAO Z,et al.Research on obstacle avoidance based on forward
looking sonar for AUV[]J].Ship science and technology, 2013,
35(11):76-80,85(in Chinese with English abstract).

[77] MWk 3C, B DUHE 1 i, 45 3% T 0l 3h K 75 15 5 i IRk IR &
Bt L], A ol K2 24, 2020, 39(5) : 147-152. YANG
Y W,HUANG H Y,FENG W X,et al. Mixed quantities pre-
diction of freshwater fish based on passive underwater [ ] ].
Journal of Huazhong Agricultural University, 2020, 39 (5)
147-152 (in Chinese with English abstract).

[78] GUO J H,HU P,WANG R B.Nonlinear coordinated steering
and braking control of vision-based autonomous vehicles in e-
mergency obstacle avoidance[ J].IEEE transactions on intelli-
gent transportation systems,2016,17(11):3230-3240.

[79] Z2 0 XURHRE, ot MG, 4% 5 T PR U K R BLas A A 32 sk
Wi R4 [1].0 T A 311k, 2012,31(11) :87-90.QIN F,LIU T T,
YOU H P,et al. Autonomous avoidance system of underwater
robot based on image recognition[ J].Ordnance industry auto-
mation, 2012, 31 (11): 87-90 (in Chinese with English ab-

stract).

[80] FNE 1L, Tk BT, % SC M, &5 5 T B0k i3 ) 7 i 23 1 K F B2
N A R e . P S . 2018,54(2) :17-25.SUN Y
S,ZHANG Y H,CHANG W T,et al.An AUV obstacle-avoid-
ance method based on improving balance point of motion[ ] ].
Shipbuilding of China, 2013, 54 (2): 17-25 (in Chinese with
English abstract).

[81] Rk Rar . #hE , R B TAEW I KB AUV =4 5 F %42
B 5 22 4 ol B B ak [J] 4% 5 B3, 2015, 30 (5) £ 798-806.
ZHU D Q,SUN B, LI L.Algorithm for AUV’s 3-D path plan-
ning and safe obstacle avoidance based on biological inspired
model[ ] ].Control and decision, 2015, 30(5):798-806 (in Chi-
nese with English abstract).

[82] Z=i 55 AL i A K 7™ SR B 7K T A Mk HIL 2% N 6 i B2 R B 5% i
L)1 R0k TR 4% 4R, 2018, 34(16) : 1-9.L1 D L, BAO ] H.Re-
search progress on key technologies of underwater operation
robot for aquaculture[ ] ]. Transactions of the Chinese society of
agricultural engineering, 2018, 34 (16): 1-9 (in Chinese with
English abstract).

[83] fR i AR FHLaR A HLAR T 5 4t 3 ) 2% A a8 3 4 ) F 5
[D].7 & - o B 7 K2, 2010.XU C M.Dynamic modeling &
motion control of underwater vehicle-m anipulator system[ D].
Qingdao: Ocean University of China, 2010 (in Chinese with
English abstract).

[84] ISMAIL Z H,DUNNIGAN M W.Tracking control scheme for
an underwater vehicle-manipulator system with single and
multiple sub-regions and sub-task objectives[ J].IET control
theory and applications,2011,5(5) :721-735.

[85] HACHICHA S,ZAOUI C.DALLAGI H,et al.Innovative de-
sign of an underwater cleaning robot with a two arm manipula-
tor for hull cleaning[J].Ocean engineering,2019,181:303-313.

[86] HESHMATI-ALAMDARI S, BECHLIOULIS C P, KARRAS
G C,et al. A robust interaction control approach for underwater
vehicle manipulator systems[ ] ]. Annual reviews in control,
2018,46:315-325.

[87] LONDHEA P S, MONHANB S, PATRE B M, et al. Robust
task-space control of an autonomous underwater vehicle-ma-
nipulator system by PID-like fuzzy control scheme with dis-
turbance estimator[ J].Ocean engineering,2017,139:1-13.

[88] W WL, AT £ 18 L 4R 35 A0 46 2 MBI HLAR T 19 150 I8 T8 B
FELJ 1B AR M & T/, 2020 (10):45-50. YOU X C, YU J H,
QIAN S H,et al.Research on design and deformation of flexi-
ble soft-bodied manipulator[J]. Modern manufacturing engi-
neering,2020(10) :45-50(in Chinese with English abstract).

[89] #fa ¥ . LA , K W — Fh A & X3 AL T BT .
WE 5 80,2020(5):52-55. YANG M T,LI Z L, YANG Y
G.Design of a combined pneumatic flexible manipulator[]].
Chinese hydraulics & pneumatics, 2020 (5) : 52-55 (in Chinese
with English abstract).

[90] ILIEVSKI F,MAZZEO A D,SHEPHERD R F,et al.Soft ro-



% 3 HYEYL 55 K7 IR K T HLas AT e 97

botics for chemists[]J]. Angewandte Chemie, 2011, 150 (8): curvature sensor for studying soft grasping[ C]//IEEE/SICE
1890-1895. International Symposium on System Integration, 09 February
[91] WANG Z,HIRAI S.A 3D printed soft gripper integrated with 2017,Sapporo.[ S.l.:5.n.],2017:629-633.

Progress of underwater robots for aquaculture

XIA Yingkai'?, ZHU Ming'?, ZENG Xin', WANG Yicai' ,QI Xianghong'

1.College of Engineering s Huazhong Agricultural University sWuhan 430070,China ;
2.Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural
Equipment in Mid-Lower Yangtze River .Wuhan 430070 ,China

Abstract Aquaculture is one of the fastest growing industries in the food industry worldwide, pro-
viding more than half of the aquatic products for human beings. However,aquaculture is currently facing
problems including low degree of mechanization and automation,low production and efficiency,and so
on. Therefore,it is urgent to be transformed and upgraded. The underwater robot is a mobile and flexible
underwater operation equipment. Compared with traditional underwater operations,it has obvious advan-
tages in terms of operating methods,scope,and adaptability. After being applied to aquaculture monito-
ring and operations,it is expected to change the existing aquaculture mode, promote the transformation
of the aquaculture industry to mechanization,engineering and intelligence.and alleviate the development
crisis of the aquaculture industry. Although underwater robots have developed vigorously in recent
years,its application in the aquaculture industry is still very limited, and there are still many technical
bottlenecks that have not been resolved. This article focuses on the practical application of underwater
robots for aquaculture,and analyzes the key technologies covering water quality monitoring, video sur-
veillance and transmission,target recognition and positioning, high-precision underwater guidance,intel-
ligent planning and motion control.and precise operations of underwater vehicle-manipulator systems in
detail. The direction of future development is prospected to provide a comprehensive reference for stud-
ying and applying underwater robots for aquaculture.

Keywords precision aquaculture; underwater robots; water quality monitoring; target recognition

and positioning; intelligent planning and control; image capture and acquisition; flexible manipulator
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