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Fig. 1 Aquaculture objects intelligent sensing technology framework

AMBIEE AR T,
AL AR 2 0 T R R AR A H
A, ARWEOEOR EE IO . B
BEREdRDs, EESRHZF RGN, W ATIE,

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

o, ot Bess . AEWeEsEnkt . Hi,
AR R EOR LB R, E 8O0 TIrh
AVEIE ) o TR JIPR I ] KR 3 AR SC R T TR S
[ SN Ik p (R BER L X SRSt

https://www.china-fishery.cn



XU 5, &

IKPE244R, 2023, 47(11): 119615

REIER . TEEFENA, HATC 2N EYi
LM HAT, B BB 32
AR FH 3 T S 8 S L A v A 2 I S BRL R o I A
2O, ol A A TR S £ R TR AR
T B Jo A D0 s A A ORI B R 32 R
fif AR B £ R R AL R i L B A XA R BRI
5% 2 2 ) Y A SRS 7 o 2R R0 R B
R 2B A A TR AR Z A R T, XA a]
B M2 X R AR R R T i SR IR, AR A B
F W e T RN 5 e £ 280 Sl RAT S B A W 1
S

ARRERS RS SR EK GEE.
R 2 U B DA S A B A RS B S FR A B2
LR AR bR, R VA PR A o) R I 77 B R
A RE O ARE . HAT, AR RORA N B X
Jyfa et FEFBO ML VLN F AR, {H R
TR T S RO LL ROt EE I 5 2 A
AW, ARG SLAR WL N A5 o3 B B R Fe £
Jodk BN K R S5, R I eyl o 1 RS
RFE LR | KE RO ARG, O B
ARACT BE TR A 7 PR i 15 fifp R A XA

TE A IR TYIIM GTK, FH M 2L P e
FegeE g, R TR H R G i R
Fr B0 G A LR B 000 6 £ S R A, B
SERILEROR A, E A AOCHF ST LA SR ]
gt i 2= P I T BT KR WM
B T B0A % 8K T IR A 40, il
IR, ok BN BI IR S . Ttk
PR o T AT,y T R 2 R DG 2R SR A TEAN(E
B, HHIRHIFSE 32 M AR R R A e [l Y A
SR PO, T O R AR R A JRE
EAMRZESFAEIR, PEBIIR IR,

AR, [E N AIFTEHLA I SE K R 7 A5 L
TFARTT ELSEHTFE, B T K T SL A 65
ANEEARTU KT RS L I L R e R A
REHOAR, WK T 2RREEK P A4 KRN
ARG, LA 2 R A A A KRS ol R TR 2k
WL, AR CRIEBE TR K" IR PR
A pE SRR R, BURE TR R RECR

AT A Bk WK FRIEX AT N
PUINA B TSRS AL IR o8, PREEIRIEAR A, 2
THRFEZ TR HRTIRFEN 24T N BRI AR
WFFE ERSCTEM . AR SR AT S RE T IR AN

https://www.china-fishery.cn

X, EREK . B R ERHAL N AT
NRAESSMERBL GREE . Jr1a) 2SI AR
A4 45
ORI . BEE TR LR,
BLEAILE T7 12 W ot P T el £ 8 T Pk AT o
X s S I PRI T — AR BLA R T
LT BT Al WG B LAS P E FR GE 43 D H AR
AT AAI, T A B R R R ERE R,
Dyt R AR B Bt A S T R HATEE T
AL 7k A 26 A T g I 5T T A P AR BA B R a5
R, EEGM T aifa sk . @3y
(LIRS =i B3-S S o Kl Rl O W &y 11 3
FIHE R Iz B A5 A e Dk AT o 2, B 9T T Bod i
I LB A A B S AR R A, A5
T DA B [T A5 R 3 e i B 25 I 2 4 SRR 22 ot
BB S o3 Brs aEAFsk, BESE BEOFIH5EE 0 A
BRI I HOR M A JE O R Ui e i 2 UM s ) 42
LT ATRERYEOAR T B, PSRRI A R )
MR A | BRERAAR G BA RN Boxia
SR AE Y AR RS S MR RLSE BOR AT RUAT 2K
AW B B F R, TF o R X 24T
APREAE R, (EU R T R AE TR IR AT o AR
3 1) A 3SR 5 T R B AR R 1 28 5, T KR
PRI R AR A £8 8 T g 5 AT BN =22 T B 5% 2R e
— AR B A PR R AR A, T T KA
L G ARE AN IR LUB AR A2 2 e 4 45 i e A S
PRIRBH S, AT M ol R e R, 2
RUBE B A AR FH AL AU igp e ) L
QA o KA BT AT A
A AR At T — MR R T . SR T LG
SEITTIERLE, BT R IIEY R T,
SO T R AR B AR ROl H AT, 2T
A B S 2R A T O LI 32y S gl A 2 5 1 A
ik, o Sy s E 07k
R, CRH T KA S AT s 3
PN IR AR e 8 LB A S, TS oK R
bR 52 S5 [l e i i), A K [l 3 Z 5 LA s H b
ISR BEH TR AEYAT W b B ARSI |
Ore . RE L ATER BRI v A B TR R
U RSB AERE A L BB AL B B I e
P LA o M RE R SFHUME R, BT
AR LR RN (s R | I TR A R (A TT
T [ 2K 7= FRBE M A 72 S B, IR BRAE T2 I H

HPE K FE2:2: 3290 sponsored by China Society of Fisheries



XU 5, &

IKPE244R, 2023, 47(11): 119615

ZHT, AAAFURR I ol AR P S R A LR A TR N 1
BT PR G LR TR TR, #ishmfy
PR —FAER ARSI 2, i W fa 2 e AR
(4 75 R AT AT o M SRR B e i 3
KA . SR . FEER AR K AT R
S 1 3h T ROR £ N RS S RsRIE
7R AR B LA S OK TR K T e, HRTSE T HLAR
= 3] 7 VA AR T 25 R T U R A i RS
S TR 401 Mg 7 30 I LA a0 A ke 5 A 40k 0 e B
FUSTBE, A2 5 i 4 3 7 2 AR 7=\ AR FH BR
il 2
23 BERRER

TR R A = I A P A O T 22—,
B RERE WAL 25 10 e AR v e B A PR RCR L
HEMEH. HET, AR & 50 M
AJrm, — RN ARk, A5
DIREHE i, 456 8 G IRA A Tolk 2 il %
FEEE A, BUEIEl R I s AR &5 5
—FhJE N REDR TR A Bt &, RIS . i2r s
BT B, KBAE AN FE 5 2 AN T8 B F AR X 77
B AR AT 28 () 43 A S5 R i 43 R L R PR
FE B R AT UL A A, 45 St ds il A AR
P, SR M o ol 2 S MR S 1 A e R

EExtub s . T4k A SRR R K R SRR A
FERC DL R MR AN [ R A AR R AR AR R
TR, MR £ B M E i 2R TP RS By 2
KI5 5B AN 5 ) F R ST, SelR R T AR
URIERS S Y | Ol 2CAR Tp R ALY A5 ]
Fuuys . BB B RE R R 4 A i A
FRZWN T AL R i g R $ P T pe e
FiFE© 23S T AR IR o R RS & (3R 2)

®2 BREZEMRIK

Tab.2 Research status of feeding equipment

KT PR AS TR0 58 LI 75 SR AL ) S 2R B AT o
B ATTIETSE, I EAT M AT T 4L
GrEL, D EhAS BB E SR T A R AT o AR
R ACBHE B BT R P R SR A (]
PR FE T 2 SRR I Ap 22 B, B
B TR R AR OGP R PRl | IR
PR A LR s T AR R, AR A
Il 75 BB 7T S B e MR SR . HRT,
R AT AR AL BRI T AT B vh e e 52
Bt wBAE BT AR R E . ATRERY
FARTFBL

®3 BHRRRREZFRIVK

Tab.3 Research status of intelligent feeding decision

algorithms
HARFEH FHERTTTT A - -
: &R RIS

type of main research -
technology directions applicable scene stage
Pl K EFEEATAEM W Tk P PRI
optics . . ) N

PINRE = X N o S AN T WA B
E CEIRESFEN I PIAE BRI AL
acoustics

EXTLESFUN W48 WA B

N 5% TR TT ] PRI
application scenarios main research directions stage
I T 3 2 B 45 MR RIEFENL

e AR AR R AL T i A

T PaE AL RIEFENL

B REAR I 4= BRI B

X 46 pud iR =R WAL LS T it A
PN L T i A

TER RER R DR SR Tr T, A% THLAS 08 19
BEfT RIS, EATTRE T ET K LA

R E K7 2: 2 E /) sponsored by China Society of Fisheries

24 DEITHEE

KT FRBE A W) 53 B R IR A 7 Al H 2
NS, B AR A . 25 5 A% 70 LR
T ESFZ DI, [T, gt BCk s
OEFFER ROy EE, FFEHEUE A A SME RF
LN e S R R e L e T CIE 2 e
P B EWETET ), T RCR R
RDCRIHRER o Ak, B R BEHl & HoAR M A
Wik, RGPl RO AR RN A5
B HEG T E 2 O Joft . R BT RCE
Fe ) RS 1), AR SRR B A I 5
ECE T AREmYE LT, sl s iRa ., €
B W RSB/ SRR S M
BLE AL E 52 BLICHE fih Ui 2R A RO i, 228
BT AR B EEN n = B
PR s, Horh BT T R AR s 1 1o
gty o, R AR IR AR DL AN BILE 23 W) B G R 4L
THEARST, XS5 H R E P A 2 b A e e
RN R PR AR5 vk £ B e A SR e
FALARHC A 2 RS RO S B, X TARRE A%
PO NG R R, (R BB B T S RE T,
RS A B s i R el Ty ik 3 2R R
ZERCAE SR BRSNS R 5

https://www.china-fishery.cn



XU 5, &

IKPE244R, 2023, 47(11): 119615

i, B ERE R s | TR R A, B
it I ey BRI R W S AR S A O TBES
R EGEAT BRI, X BEALAR A R R D A
ARG EOR, B T A OGN R AR B
T BOH R C AR J2E 135 T 2 PRUGORI IR L 5 At
Jrtk . BT, TN X AR B
C 8 A0 T i 7 Ml S B B P72, e 9 2 T AL
e UL A2 B i AL TR I K B B, R IT R
A BT o

3 AFAE ) R S ok B i

3.1 FHERR

FEK = FRa e A ) A 3k . B REETr )
S i, AR AT 1) K 7 SR A A R BAR LA B AN [+
A FER I HURAE AL F SR, “HLERARA IE AR
T XA RZ BRI B e, AR ERIAL
PRAG A A = B RS A IR AR B A
PR REEANE | [FREASEGMEEA
LA E

AP LE FREXN B RAEL
FUK SR EA SRR Z | JRIERAZ | SRAH
DI SRR AR, XA SRAH RS 1 2R EOR R
AR R BRI AR 1 e AR AN A o i, 7K
pRS ik B 11 e S (/62 80 =1 S SV (a4 7
MEALTRBEAR, ol 2 3 A ORI T B0 66l 26 4F 5 1tk
YEFRBHA 55 PR 2 A E e A e 55 O g ok
A A BIE R M HE A, %o 8 i AR I T A T
iR . AL, TR AR 2 4 XK 3R B
B —FK— =i O, B, B
IR Al B b, AR R AR BE Bl 2 7 O
I3

KEFRAFEESHA, KEHARE

F 20 fib20 80 AR, i 4 2UHE S ML A% [ 7= 3¢
FRT I, TR A IR T e 5 W 20 R B
WG, 20 A2 90 ARAR LK, F I il 3 & HoR
K i EBARAE ST HERITHE AL, 7K™ IR 2 i
RRECRBIFEA L, HEROLEOR | SRR =,
FEBETRE B . BN, MIRIETS . AR UL
SEAEL S AR R EAREENT, ATEE L M IRIES)
R 5 AT E B RR A = . B h R | Bl
AR | KT A 25 5 TS 7 i MR RE A
FE e s Ae e e v . AT SRR SF T T AF AR 2
DRt Ar ks, BORRRER R, M ANRE N IR A

https://www.china-fishery.cn

JSE A P it 407 L AR SCHE

FEEARERERGEATY  REKT
TRIRE A5 E AL TR B B, DL fdy
RN A SR FRTAY 0, FRAFRE
TN R SR EMEEAE . HiT, K2
RBomse SR ok & HAEME] T 3h 2l %
TP, mifa A RARAS | URAR L . K RS fE AL
AR ARG 2, S EORT MEBOR 5 PR At
RIAFAE DV REVEBRFE ,  JCIERE 3 w1k 1 3 5 3058
SR RS RAT AR S, WK™
FRPHE A TTI ) . SR 0 5 R AR

32 FRRBR

X AR 7 SR B 2 A i e T R A A Y R
WA BB AR S S DM R B O A
KWH5E, BN TARA IR BIHLARAL T4
UL AL R 1 A AL THE L B B s/l 3
IR RIS, FERpLfe . Ashfe. EaEfl”
(07K 7= IR BT RE 5 R B, 4R T3k K™
FrAE R 5 DAL A R (A AR A

JK 7 R AR IR LB A 4 A R — T
KIWMESS o 5K T4 Tk ™ Ir i A e R HL AL
K AN ST LA R . 32 B SR M A 85
WIRIE TS PIAR e LA S ety | A Wgi 1 A sk
ARANE Ve AN T A 707 20 R SCHAE L
WA, JFEHUMAL AR IE, SEBLHLARAR
N7, HEBER = IRFEA U AL 7= G SRR T Dt 42
R R R R

BUBRAE Y 2R 5 A 3h A hois 2 S8 IR 2 T 0
BARSF . RS E R AUK T IR A S AP
WEA RN, SO HISE Rt Tolk il BeA, 5
ZEAShE A . B ok, duE . RESA
2RISR - L NI E SR (T E S
SR A SR, R AR IR A 3R AR
K FRIEAS , HESEHUA AL A2 7 RO B
1R FRIE A P AR AR L AR

FrFH R 5 R B2 L B A 1 T AR
o HEBIKIRBHAE S HORANH . s vEis R AE
EBOAR, SCBlE a Pehl Fpe SRAS BB AL, &=
ZALEIRET | X R KA S AR AE R AR BRI
ST RV RE 2 AT B0 2R A R BE AR AN 1 AR
b T ) SR BE AR 7 A R T 4 SR B DR R Y
g7 R ACIK (SN P ol /[ X AN &5
A

HPE K FE2:2: 3290 sponsored by China Society of Fisheries



XU 5, &

IKPE244R, 2023, 47(11): 119615

4 KPR RE R A R SR

AR SCAE U EE R [ 7K SR SEATLBR A A 8 BRAR 1Y
BeRl b, MUK IR AR BE RN L B B
Or AT BN SRBE ML e AR5 T5 1) R G o0 1 3 K
FEIRTH R BERE S ORI TSRt g, O SBR[ A
KFEIRIE R 5k L A A, 4R T BLRAE . F 3l
e, BREAL 7K™ SR I B 5 K R FE

4.1 FENREBREBRMEZHL

T ) BRAR AR 7K 7= 35 88 4 O 67 s W T 14 7=l
RIETR, WA BEREL, £ 58 e 2o
BRSBTS . AEBR AR IO H, TR
U0 R RIARESR AN R (R R
TR L AR BT R AR5 IE TSR R S 5
KRB IR RS . TELAL IR 1T
JRERAR M, P2 M G IR AN BRSBTS . Rl
W FF BRI st &, LRGBS A 5
FEME . AR BRI E , T R AR A A
N G N e =Sk Sa = R T w g e <
T3, BRI S B3O A% i 0l ol 9 R ol Ak 3 2
A FRRE T R EER o FERIR A RE AT T IR, %A
W I AR AY A PR, A 3R T 22 ol Tk
WA TRE ST, PRm/K IR0 KE AL & R R E

42 ZEALESElREML

FEDK IR X W, A
[RIFRFEAL A IR AL AL R & 75 SR AL AL
REFBR WL, 7R IREHAE & 0T 0 25 [
MR, X TR AU AL R AR A
B, B E MO A AR ERR . OB . B
RENG S K 25 [ 3k . B BB S TR ROR
TS I A Tt 25 AN R RAL 3R AT LA AL R 50 A
AR IR, W AR THREM S T
SF . A BRI HLMAL ML BE Sy, R
P o RIS, $eTHg s . BOREPUMAL R4
AR IR A S . B REALAELLRE ST s XA
A SRS T E AN TR ERK ™ I,
JO7 3 B iR DRAR T . SRR E A R IR LB AL 2
R Z A, SCBUE R A LA

4.3 IKFEFRFENE AT —LWH S

AT ™ IR FE AL BIL & A Ak T 9 G F 52 By
B, IRy FRFAHL AR AT EAR G AN R BRI
FIRLFHBUIR 32 | 23 TOT RAIFTE o BEXTEOA A |

R E K7 2: 2 E /) sponsored by China Society of Fisheries

7l AR TP A 3 ) T P A RO, A A
8 5538 DRSS, DR s Bl K L By I A s
SR I AT IRAG . SR | A DA
FUB . e AR AR 2 BORIF LR AT,
N H BB ZIRE SRE . a2
MR S SRR, HIESCBLR AN REARAL;
TEALE AL EBORDE 7, W i%E BB K
TR . KT E AL AT R W] L A
ARMERL, BERAA B, dE— PR 57
SEALAR A FH E R o

(2 7 BA A SUTC 52 B s A2 B Al 25 8 )

S E Ak (References):

[ 1] ARl E ol i BOE B R, 4 AR BRI A
v, HREK RS2 2021 H E LGS M),
B PR AL, 2021.
Ministry of Agriculture and Rural Affairs of the
People's Republic of China, National Fisheries Techno-
logy Extension Center, China Society of Fisheries.
2021 China Fisheries Statistical Yearbook[M]. Beijing:
China Agriculture Press, 2021 (in Chinese).

[21 Bose, £35, L8, #RT, i A7 FR LT+
S J R BT FUEE ). kAT B g, 2013,
28(4): 267-272.
Ruan W, Wang Y, Ji W W, ef al. Progress of sustain-
able development and management of aquaculture[J].
Fishery Information & Strategy, 2013, 28(4): 267-272
(in Chinese).

[31 <t EZKP IR AT RS R R g 0F 7 iR x4
B R AT TR K 7= R R R s 0] o B AR
2016, 18(3): 1-7.
Task Force for the Study on Sustainable Development
Strategy of Chinese Aquaculture Comprehensive
Research Group. Development strategy on environ-
mentally friendly aquaculture[J]. Engineering Sciences,
2016, 18(3): 1-7 (in Chinese).

[4] WIYGF, B, TG K MRS SRR
). E T ARRLE, 2016, 18(3): 101-104
Ye N H, Zhuang Z M, Wang Q Y. Development
strategy for realizing the healthy aquaculture industry
concept[J]. Engineering Sciences, 2016, 18(3): 101-104
(in Chinese).

[51 XUBR, Mutdk, 220, & Rl & e il Bk

https://www.china-fishery.cn


http://dx.doi.org/10.3969/j.issn.1004-8340.2013.04.004
http://dx.doi.org/10.3969/j.issn.1004-8340.2013.04.004
http://dx.doi.org/10.3969/j.issn.1009-1742.2016.03.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2016.03.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2016.03.018
http://dx.doi.org/10.3969/j.issn.1009-1742.2016.03.018

XU 5, &

A

IKPE244R, 2023, 47(11): 119615

(6]

[71]

[8]

(9]

[10]

[11]

[12]

[13]

WEF LR 5 % e % 70 i [J]. AR LB 27 41k, 2020,
51(1): 1-18.

Liu CL, Lin HZ Li YM, ef al. Unmanned fishing
grounds leading agricultural intelligence[J]. Transac-
tions of the
Machinery, 2020, 51(1): 1-18 (in Chinese).

0, SRS, PR, o L S &R At R
[7]. #MEEA AL, 2023, 50(4): 1-11.

Huang Y X, Bao X T, Xu H. Research progress of fish-

Chinese Society for Agricultural

ery equipment science and technology in China[J].
Fishery Modernization, 2023, 50(4): 1-11 (in Chinese).
AR AR Y v BUE B R, AR K PR R HE T R
uli, A K 2 2 2022 A [ Y £ TR (M. b
A AR E A H R, 2022.

Ministry of Agriculture and Rural Affairs of the
People's Republic of China, National Fisheries Techno-
logy Extension Center, China Society of Fisheries.
2022 China Fisheries Statistical Yearbook[M]. Beijing:
China Agriculture Press, 2022 (in Chinese).

Liu T C, Liu J, Wang J, et al. Optimization of the intel-
ligent sensing model for environmental information in
aquaculture waters based on the 5G smart sensor net-
work[J]. Journal of Sensors, 2022, 2022: 6409046.
Ehlers S M, Maxein J, Koop J H E. Low - cost micro-
plastic visualization in feeding experiments using an
ultraviolet light - emitting flashlight[J]. Ecological
Research, 2020, 35(1): 265-273.

Wei Y G, Li W S, An D, ef al. Equipment and intelli-
gent control system in aquaponics: A review[J]. IEEE
Access, 2019, 7: 169306-169326.

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.

Biazi V, Marques C. Industry 4.0-based smart systems
in aquaculture: A comprehensive review[J]. Aquacul-
tural Engineering, 2023, 103: 102360.

SF R, A, SlB . BT I A T AR K 5T U
RIS VA R EOR BETRINASE T (0], AL U= 4, 2021,
52(11): 210-218.

Cao S Q, Ge Z R, Zhang Z. Buoy water quality monit-
oring system and prediction model based on internet of
things[J]. Journal of Agricultural Machinery, 2021,
52(11): 210-218 (in Chinese).

https://www.china-fishery.cn

[14]

[15]

[16]

[17]

[18]

[19]

[20]

TR, PRS2, U S JE T KR HLE A 1) K T
PEEERR AT o 2R [0]. Aol TRE 4R, 2020, 36(13):
158-164.

Zhang J L, Xu L H, Liu S J. Classification of Atlantic
salmon feeding behavior based on underwater machine
vision[J]. Transactions of the Chinese Society of Agri-
cultural 2020, 36(13): 158-164 (in
Chinese).

FER, BB, BEGR. K IR e R A
B FEANLEAE R[], AR 243, 2020, 27(4): 73-
77.

Zuo Q, Tian Y C, Ma G Q. Research progress and prob-

Engineering,

lems of aquaculture intelligent feeding system[J].
Journal of Tianjin Agricultural University, 2020, 27(4):
73-77 (in Chinese).

BUE, ek, T, & B U - 0t Bek B R
Wt AR, Al TR, 2015, 31(21): 93-101.
Li M Z, Zhang G F, Yu G Z, et al. Design and experi-
ment of grading and counting device for scallop seed-
ling[J]. Transactions of the Chinese Society of Agricul-
tural Engineering, 2015, 31(21): 93-101 (in Chinese).
PURHK, d3E B, 38— 0, 55, o BB e K= R R R
LR % SERE AL [0, LA AL, 2018, 45(6): 60-66.
Gong M G, Meng F L, Huang Y X, et al. Research on
development status and countermeasures of intelligent
aquaculture in China[J]. Fishery Modernization, 2018,
45(6): 60-66 (in Chinese).

T, TR, SR, S b LR A R TR R
Fe R JREER[I]. LA, 2019, 46(5): 1-8.

Huang Y X, Ding J L, Bao X T, et al. Development
research on China fishery equipment and engineering
technology[J]. Fishery Modernization, 2019, 46(5): 1-8
(in Chinese).

JEL /I, ASLE, AR, S 20214F F [ K P2 R B A FE ML
WAL R FE RS (3], A L R ATLAL 223, 2022, 43(12): 1-4.
Zhou X Y, Ni Q, Xu H, ef al. Development report of
China aquaculture whole-process mechanization in
2021[J]. Journal of Chinese Agricultural Mechaniza-
tion, 2022, 43(12): 1-4 (in Chinese).

iV, EIRTE. FE R EHARTUR S KR @
[9]. ¥ BLAAL, 2014, 41(5): 65-68.

GuH T, Wang Y Q. The development status, issues and
trends of pond aeration technology in China[J]. Fishery
Modernization, 2014, 41(5): 65-68 (in Chinese).

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://dx.doi.org/10.6041/j.issn.1000-1298.2020.01.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.01.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.01.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.01.001
http://dx.doi.org/10.1111/1440-1703.12080
http://dx.doi.org/10.1111/1440-1703.12080
http://dx.doi.org/10.1109/ACCESS.2019.2953491
http://dx.doi.org/10.1109/ACCESS.2019.2953491
http://dx.doi.org/10.1016/j.biosystemseng.2017.10.014
http://dx.doi.org/10.1016/j.aquaeng.2023.102360
http://dx.doi.org/10.1016/j.aquaeng.2023.102360
http://dx.doi.org/10.6041/j.issn.1000-1298.2021.11.022
http://dx.doi.org/10.6041/j.issn.1000-1298.2021.11.022
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.13.019
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.13.019
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.13.019
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.13.019
http://dx.doi.org/10.19640/j.cnki.jtau.2020.04.014
http://dx.doi.org/10.19640/j.cnki.jtau.2020.04.014
http://dx.doi.org/10.11975/j.issn.1002-6819.2015.21.012
http://dx.doi.org/10.11975/j.issn.1002-6819.2015.21.012
http://dx.doi.org/10.11975/j.issn.1002-6819.2015.21.012
http://dx.doi.org/10.11975/j.issn.1002-6819.2015.21.012
http://dx.doi.org/10.3969/j.issn.1007-9580.2018.06.010
http://dx.doi.org/10.3969/j.issn.1007-9580.2018.06.010
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.001
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.001
http://dx.doi.org/10.13733/j.jcam.issn.2095-5553.2022.12.001
http://dx.doi.org/10.13733/j.jcam.issn.2095-5553.2022.12.001
http://dx.doi.org/10.13733/j.jcam.issn.2095-5553.2022.12.001
http://dx.doi.org/10.13733/j.jcam.issn.2095-5553.2022.12.001
http://dx.doi.org/10.3969/j.issn.1007-9580.2014.05.19
http://dx.doi.org/10.3969/j.issn.1007-9580.2014.05.19
http://dx.doi.org/10.3969/j.issn.1007-9580.2014.05.19

XU 5, &

A

IKPE244R, 2023, 47(11): 119615

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Wang X Y, Hong J Q, Sun Y P, ef al. Design of traject-
ory planning system for river crab farming with auto-
matic feeding boat[J]. Journal of Physics:Conference
Series, 2020, 1575(1): 012143.

B35, Brivede, M E R, & 58, R IR IBIERS ) 35
X E A 5G], ol IAAL, 2018, 45(3): 9-14.
Hong Y, Chen X L, Tian C F, ef al. Design and test of a
kind of moving feeding device for crab and shrimp
ponds[J]. Fishery Modernization, 2018, 45(3): 9-14 (in
Chinese).

Brive e, HE R, B0, &6, @ B R 5 3
FIFAANL BRG], #L B4, 2016, 43(5): 18-
22.

Chen X L, Tian C F, Yang J P, et al. Research on pneu-
matic automatic feeding machine for intensive pond
aquaculture[J]. Fishery Modernization, 2016, 43(5): 18-
22 (in Chinese).

RUDEHE, frit, SR %, 55, M3 2 3 2R BH B8 K 5L
PN 5 BB [0]. Ak TRE 23], 2014, 30(19): 1-
10.

Liu X G, Xu H, Zhang Y J, et al. Development and
experiment of movable pond aquaculture water quality
regulation machine based on solar energy[J]. Transac-
tions of the Chinese Society of Agricultural Engineer-
ing, 2014, 30(19): 1-10 (in Chinese).

FRFE, PR, £ W, 55 F3) 2ORBH AR LY
1 EPERET AN (0], ARl TRE2 4R, 2014, 30(23): 246-
252.

Wu Z F, Cheng G F, Wang X R, ef al. Evaluation on
aeration performance of movable solar aerator[J].
Transactions of the Chinese Society of Agricultural
Engineering, 2014, 30(23): 246-252 (in Chinese).
w5, RS VAR E AL IR T T R[], Tl
THAR, 2014, 51(3): 168-175,202.

Shang J Y, Tang Y H. Research progress of the dis-
solved oxygen sensor[J]. Micronanoelectronic Techno-
logy, 2014, 51(3): 168-175,202 (in Chinese).

LiuY S, Diao Y X, Hu G X, et al. Renewable antimony-
based pH sensor[J]. Journal of Electroanalytical Chem-
istry, 2023, 928: 117085.

Trevathan J, Read W, Sattar A. Implementation and
calibration of an IoT
sensor[J]. Internet of Things, 2022, 19: 100576.
Chauhan M, Singh V K. Hydrothermally grown ZnO

light attenuation turbidity

R E K7 2: 2 E /) sponsored by China Society of Fisheries

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

nanorods based optical fiber sensor for salinity detec-
tion[J]. Measurement, 2022, 203: 111913.

Liu F, Wei S P, Li B, ef al. A novel fast response and
high precision water temperature sensor based on Fiber
Bragg Grating[J]. Optik, 2023, 289: 171257.

W0, HER, #IER, 5. o [H It IR B &%
Pasts BURATR & FE[]. ol BARAL, 2020, 47(3):
10-15.

Huang Y X, Tian C F, Meng F L, et al. Research on the
history, current situation and development of pond cul-
ture facilities and equipment in China[J]. Fishery Mod-
ernization, 2020, 47(3): 10-15 (in Chinese).

D, AREE, TR B KR IR AR AR
R B SR I]. STMAOL AL, 2016, 44(7): 87-
91.

Huang Y X, Xu H, Ding J L. Situation of China Land-
based Aquaculture Engineering Equipment and Sugges-
tion for Its Development[J]. Guizhou Agricultural Sci-
ences, 2016, 44(7): 87-91 (in Chinese).

M, R TR SRR B A Skl & 5t
B[], L EAAL, 2016, 43(4): 1-5.

Yang J M, Zhu H F. Lift type automatic water quality
detection system for aquaculture[J]. Fishery Moderniza-
tion, 2016, 43(4): 1-5 (in Chinese).

FE 0, R, FEARRE, 4. BT PLCIH L) oK™ %
FEBLE X B SR RGBT SR AR R R
22,2014, 41(22): 159-165.

Cui L X, Ni Q, Zhuang B L, et al. Design and experi-
ment for PLC-based rail-type automatic feeding system
of factory aquaculture[J]. Guangdong Agricultural Sci-
ences, 2014, 41(22): 159-165 (in Chinese).

B, B, AT, 5. K IR KA IR
55 %% 2% BT JCBE JE (1], R ROl R 2 A 4, 2023,
46(1): 1-13.

Xiao M H, Li Y J, Wang X C, et al. Research progress
of aquaculture tailwater treatment technology and
equipment[J]. Journal of Nanjing Agricultural Uni-
versity, 2023, 46(1): 1-13 (in Chinese).

MR, e ] s S e e AL B ¥ 55 B A [0, A R
ML, 2022(1): 4-7,25.

Chen H. Design and application of rotary drum back-
washing microfilter[J]. Fujian Agricultural Machinery,
2022(1): 4-7,25 (in Chinese).

Roy S M, Pareek C M, Machavaram R, et al. Optimiz-

https://www.china-fishery.cn


http://dx.doi.org/10.1088/1742-6596/1575/1/012143
http://dx.doi.org/10.1088/1742-6596/1575/1/012143
http://dx.doi.org/10.3969/j.issn.1007-9580.2018.03.002
http://dx.doi.org/10.3969/j.issn.1007-9580.2018.03.002
http://dx.doi.org/10.3969/j.issn.1007-9580.2016.05.004
http://dx.doi.org/10.3969/j.issn.1007-9580.2016.05.004
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.19.001
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.19.001
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.19.001
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.19.001
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.19.001
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.23.031
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.23.031
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.23.031
http://dx.doi.org/10.13250/j.cnki.wndz.2014.03.006
http://dx.doi.org/10.13250/j.cnki.wndz.2014.03.006
http://dx.doi.org/10.13250/j.cnki.wndz.2014.03.006
http://dx.doi.org/10.13250/j.cnki.wndz.2014.03.006
http://dx.doi.org/10.13250/j.cnki.wndz.2014.03.006
http://dx.doi.org/10.1016/j.jelechem.2022.117085
http://dx.doi.org/10.1016/j.jelechem.2022.117085
http://dx.doi.org/10.1016/j.jelechem.2022.117085
http://dx.doi.org/10.1016/j.iot.2022.100576
http://dx.doi.org/10.1016/j.measurement.2022.111913
http://dx.doi.org/10.1016/j.ijleo.2023.171257
http://dx.doi.org/10.3969/j.issn.1007-9580.2020.03.002
http://dx.doi.org/10.3969/j.issn.1007-9580.2020.03.002
http://dx.doi.org/10.3969/j.issn.1007-9580.2020.03.002
http://dx.doi.org/10.3969/j.issn.1007-9580.2020.03.002
http://dx.doi.org/10.3969/j.issn.1001-3601.2016.07.025
http://dx.doi.org/10.3969/j.issn.1001-3601.2016.07.025
http://dx.doi.org/10.3969/j.issn.1001-3601.2016.07.025
http://dx.doi.org/10.3969/j.issn.1001-3601.2016.07.025
http://dx.doi.org/10.3969/j.issn.1007-9580.2016.04.001
http://dx.doi.org/10.3969/j.issn.1007-9580.2016.04.001
http://dx.doi.org/10.3969/j.issn.1007-9580.2016.04.001
http://dx.doi.org/10.3969/j.issn.1007-9580.2016.04.001
http://dx.doi.org/10.3969/j.issn.1004-874X.2014.22.035
http://dx.doi.org/10.3969/j.issn.1004-874X.2014.22.035
http://dx.doi.org/10.3969/j.issn.1004-874X.2014.22.035
http://dx.doi.org/10.3969/j.issn.1004-874X.2014.22.035
http://dx.doi.org/10.3969/j.issn.1004-874X.2014.22.035
http://dx.doi.org/10.7685/jnau.202201028
http://dx.doi.org/10.7685/jnau.202201028
http://dx.doi.org/10.7685/jnau.202201028
http://dx.doi.org/10.7685/jnau.202201028
http://dx.doi.org/10.3969/j.issn.1004-3969.2022.01.002
http://dx.doi.org/10.3969/j.issn.1004-3969.2022.01.002
http://dx.doi.org/10.3969/j.issn.1004-3969.2022.01.002

XU 5, &

A

IKPE244R, 2023, 47(11): 119615

[38]

[391]

[40]

[41]

[42]

[43]

ing the aeration performance of a perforated pooled cir-
cular stepped cascade aerator using hybrid ANN-PSO
technique[J]. Information Processing in Agriculture,
2022, 9(4): 533-546.

FRR, B, BEE, & LT G K IR T R4
NG I N R K R B R R (0], Ak TR 22 IR,
2014, 30(23): 253-259.

Guan C W, Yang J, Shan J J, ef al. Water treatment per-
formance of O;/UV reaction system in recirculating
aquaculture systems[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2014, 30(23): 253-
259 (in Chinese).

SEEHB, BUEAS, XI5, &5, BT CFD &M A & 141
ARG IR AR 53 AT 2 S HEEAR D], Rl TR 24,
2017, 33(2): 252-258.

Shi M M, Ruan Y J, Liu H, et al. Solid phase distribu-
tion simulation of culture pond with recirculating biof-
loc technology based on computational fluid
dynamics[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2017, 33(2): 252-258 (in
Chinese).

TRAFTK, B 520 BT R AL R AR ) U8 A Ak B K SR
PROKPEREREFL]. H B R 2200, 2016, 32(29): 29-35.
Zhang H G, Guan C W. Effluent purifying perform-
ance of new style fluidized-sand biofilter in recirculat-
ing aquaculture system[J]. Chinese Agricultural Sci-
ence Bulletin, 2016, 32(29): 29-35 (in Chinese).
BN, B R, FEORT, S5, RN G i AR 77 5
e 5 2% & R B FLR3R (0], ik B 27 3 g, 2022,
43(6): 121-131.

Huang X H, Pang G L, Yuan T P, ef al. Review of
engineering and equipment technologies for deep-sea
cage aquaculture in China[J]. Progress in Fishery Sci-
ences, 2022, 43(6): 121-131 (in Chinese).

0, SR, R, & b E T e IR AR
JEIRU R B2, kB, 2022, 49(5): 8-14.

Bao X T, Chen Z X, Cui M C, et al. Discussion and
consideration on the development of deep sea aquacul-
ture equipment in China[J]. Fishery Modernization,
2022, 49(5): 8-14 (in Chinese).

e 7, SORE, 4R R AR . YR I ¥ A K 7 TR K
JEMER[T]. /K77 7541, 2021, 42(10): 23-26.

Fu X Y, Huang D Z, Xu H L, et al. Overview of the

Development of Cage Aquaculture in Deep Sea[l].

https://www.china-fishery.cn

10

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Journal of Aquaculture, 2021, 42(10): 23-26 (in
Chinese).

EER, AP PIAE IR AR HOR BRI K
PEIENE, 2021, 42(7): 64-65.

Wang Z Y, Feng S Q. Current status of fish capture
technology in cage aquaculture[J]. Journal of Aquacul-
ture, 2021, 42(7): 64-65 (in Chinese).

D, ARG, TRUR. B R K IR T B
RIRWEF[I]. il BARE, 2016, 43(2): 76-81.

Huang Y X, Xu H, Ding J L. Research on the develop-
ment of offshore aquaculture facilities and equipment in
China[J]. Fishery Modernization, 2016, 43(2): 76-81 (in
Chinese).

2022 LEJBIE TR R K AL R 48 50 5 R A 5 A
B2 A0 BOR 2% 4 %% 3% 25 3L [EB/EQ]. (2022-10-14).
http://www.amic.agri.cn/secondLevelPage/info/30/
146652.

Selection results of light simplified technical equip-
ment for pond aquaculture tail water treatment and raft
suspended and bottom sowing enhanced aquaculture in
2022[EB/EO]. (2022-10-14). http://www.amic.agri.cn/
secondLevelPage/info/30/146652 (in Chinese).

5, B3 R EORET FUdt e 5 4 JR i
ST A B4R, 2018, 49(1): 1-20.

Li D L, Yang H. State-of-the-art review for internet of
things in agriculture[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2018, 49(1): 1-20
(in Chinese).

FrEA, WINN, [, & K FRE KRN 5 1
AW FERE 3 [T]. AL AR A3, 2019, 50(2):
1-13.

YinBQ,Cao S S, FuZT, et al. Review and trend ana-
lysis of water quality monitoring and control techno-
logy in aquaculture[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2019, 50(2): 1-13
(in Chinese).

Zhang K, Zhang H L, Li W J, et al. PtOEP/PS compos-
ite particles based on fluorescent sensor for dissolved
oxygen detection[J]. Materials Letters, 2016, 172: 112-
115.

Rungsima C, Boonyan N, Klorvan M, et al. Hydrogel
sensors with pH sensitivity[J]. Polymer Bulletin, 2021,
78(10): 5769-5787.

Prerana M R, Shenoy B P, Pal B D, et al. Design, ana-

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://dx.doi.org/10.1016/j.inpa.2021.09.002
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.23.032
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.23.032
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.23.032
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.02.035
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.02.035
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.02.035
http://dx.doi.org/10.11924/j.issn.1000-6850.casb16070138
http://dx.doi.org/10.11924/j.issn.1000-6850.casb16070138
http://dx.doi.org/10.11924/j.issn.1000-6850.casb16070138
http://dx.doi.org/10.11924/j.issn.1000-6850.casb16070138
http://dx.doi.org/10.19663/j.issn2095-9869.20210816003
http://dx.doi.org/10.19663/j.issn2095-9869.20210816003
http://dx.doi.org/10.19663/j.issn2095-9869.20210816003
http://dx.doi.org/10.19663/j.issn2095-9869.20210816003
http://dx.doi.org/10.3969/j.issn.1004-2091.2021.10.006
http://dx.doi.org/10.3969/j.issn.1004-2091.2021.10.006
http://dx.doi.org/10.3969/j.issn.1004-2091.2021.07.017
http://dx.doi.org/10.3969/j.issn.1004-2091.2021.07.017
http://dx.doi.org/10.3969/j.issn.1004-2091.2021.07.017
http://dx.doi.org/10.3969/j.issn.1004-2091.2021.07.017
http://dx.doi.org/10.3969/j.issn.1004-2091.2021.07.017
http://dx.doi.org/10.3969/j.issn.1007-9580.2016.02.014
http://dx.doi.org/10.3969/j.issn.1007-9580.2016.02.014
http://www.amic.agri.cn/secondLevelPage/info/30/146652
http://www.amic.agri.cn/secondLevelPage/info/30/146652
http://www.amic.agri.cn/secondLevelPage/info/30/146652
http://www.amic.agri.cn/secondLevelPage/info/30/146652
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.01.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.01.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.01.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2019.02.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2019.02.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2019.02.001
http://dx.doi.org/10.1016/j.matlet.2016.02.119
http://dx.doi.org/10.1007/s00289-020-03398-8

X i, 55 IKPE244R, 2023, 47(11): 119615
lysis, and realization of a turbidity sensor based on col- levels in fish[J]. Biosensors and Bioelectronics, 2017,
lection of scattered light by a fiber-optic probe[J]. IEEE 93: 57-64.

Sensors Journal, 2012, 12(1): 44-50. [62] Endo H, Yonemori Y, Musiya K, et al. A needle-type

[52] PuHB, LiuD, Qul H, ef al. Applications of imaging optical enzyme sensor system for determining glucose
spectrometry in inland water quality monitoring —a levels in fish blood[J]. Analytica Chimica Acta, 2006,
review of recent developments[J]. Water, Air, & Soil 573-574: 117-124.

Pollution, 2017, 228(4): 131. [63] Takase M, Yoneyama Y, Murata M, et al. Mediator-

[53] Carstea E M, Bridgeman J, Baker A, et al. Fluores- type biosensor for real-time wireless monitoring of
cence spectroscopy for wastewater monitoring: A blood glucose concentrations in fish[J]. Fisheries Sci-
review[J]. Water Research, 2016, 95: 205-219. ence, 2012, 78(3): 691-698.

[54]1 Z=iE5, Xg. N TR RETE K77 IR 58 R i 5T A 43 Bt [64] Makaras T, Razumiené J, Gureviciené V, et al. A new
SRk R[] B E L (R IE), 2020, 2(3): 1-20. approach of stress evaluation in fish using B-p-Glucose
Li D L, Liu C. Recent advances and future outlook for measurement in fish holding-water[J]. Ecological Indic-
artificial intelligence in aquaculture[J]. Smart Agricul- ators, 2020, 109: 105829.
ture, 2020, 2(3): 1-20 (in Chinese). [65] Saberioon M, Cisat P. Automated within tank fish mass

[55] Bk, 21852, 2R, & 3T RN K rs estimation using infrared reflection system[J]. Com-

SPIRLIERFIE I B A 7T SR [T, Al TR 5441, 2015, puters and Electronics in Agriculture, 2018, 150: 484-
31(15): 1-11. 492.
Duan Y E,LiD L, Li Z B, et al. Review on visual char- [66] Hao M M, YuH L, Li D L. The measurement of fish
acteristic measurement research of aquatic animals size by machine vision-a review[C]//Proceedings of the
based on computer vision[J]. Transactions of the 9th International Conference on Computer and Comput-
Chinese Society of Agricultural Engineering, 2015, ing Technologies in Agriculture. Beijing, China:
31(15): 1-11 (in Chinese). Springer, 2016: 15-32.

[56] Endo H, Wu H Y. Biosensors for the assessment of fish [67] Pérez D, Ferrero F J, Alvarez 1, et al. Automatic meas-
health: A review[J]. Fisheries Science, 2019, 85(4): 641- urement of fish size using stereo vision[C]//Proceed-
654. ings of 2018 IEEE International Instrumentation and

[57] Li DL, Wang G X, Du L, ef al. Recent advances in Measurement Technology Conference. Houston: IEEE,
intelligent recognition methods for fish stress 2018.
behavior[J]. Aquacultural Engineering, 2022, 96: [681 xitthadh, ZEER, T E, & K- IR0 A5 B
102222. RB R[], LB, 2021, 48(3): 1-9.

[58] Hvas M, Folkedal O, Oppedal F. Heart rate bio-loggers LiuSJ,Li G D, Tu XY, et al. Research on the devel-
as welfare indicators in Atlantic salmon (Salmo salar) opment of aquaculture production information techno-
aquaculture[J]. Aquaculture, 2020, 529: 735630. logy[J]. Fishery Modernization, 2021, 48(3): 1-9 (in

[59] WuHY, Aoki A, Arimoto T, et al. Fish stress become Chinese).
visible: A new attempt to use biosensor for real-time [69] Garcia R, Prados R, Quintana J, et al. Automatic seg-
monitoring fish stress[J]. Biosensors and Bioelectron- mentation of fish using deep learning with application
ics, 2015, 67: 503-510. to fish size measurement[J]. ICES Journal of Marine

[60] Wu H'Y, Ohnuki H, Hibi K, ef al. Development of a Science, 2020, 77(4): 1354-1366.
label-free immunosensor system for detecting plasma [70] Costa C, Antonucci F, Boglione C, et al. Automated

[61]

cortisol levels in fish[J]. Fish Physiology and Biochem-
istry, 2016, 42(1): 19-27.

Wu H Y, Ohnuki H, Ota S, et al. New approach for
monitoring fish stress: A novel enzyme-functionalized

label-free immunosensor system for detecting cortisol

R E K7 2: 2 E /) sponsored by China Society of Fisheries

[71]

sorting for size, sex and skeletal anomalies of cultured
seabass using external shape analysis[J]. Aquacultural
Engineering, 2013, 52: 58-64.

BAR. ML B LR BOK R il A KRS
SEARKS I R SRR 58 e B AE 15 BRI A A

https://www.china-fishery.cn


http://dx.doi.org/10.1109/JSEN.2011.2128306
http://dx.doi.org/10.1109/JSEN.2011.2128306
http://dx.doi.org/10.1016/j.watres.2016.03.021
http://dx.doi.org/10.11975/j.issn.1002-6819.2015.15.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2015.15.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2015.15.001
http://dx.doi.org/10.1007/s12562-019-01318-y
http://dx.doi.org/10.1016/j.aquaeng.2021.102222
http://dx.doi.org/10.1016/j.aquaculture.2020.735630
http://dx.doi.org/10.1016/j.bios.2014.09.015
http://dx.doi.org/10.1016/j.bios.2014.09.015
http://dx.doi.org/10.1016/j.bios.2014.09.015
http://dx.doi.org/10.1007/s10695-015-0113-2
http://dx.doi.org/10.1007/s10695-015-0113-2
http://dx.doi.org/10.1007/s10695-015-0113-2
http://dx.doi.org/10.1016/j.bios.2016.10.001
http://dx.doi.org/10.1016/j.aca.2006.04.068
http://dx.doi.org/10.1007/s12562-012-0495-3
http://dx.doi.org/10.1007/s12562-012-0495-3
http://dx.doi.org/10.1007/s12562-012-0495-3
http://dx.doi.org/10.1016/j.ecolind.2019.105829
http://dx.doi.org/10.1016/j.ecolind.2019.105829
http://dx.doi.org/10.1016/j.ecolind.2019.105829
http://dx.doi.org/10.1016/j.compag.2018.05.025
http://dx.doi.org/10.1016/j.compag.2018.05.025
http://dx.doi.org/10.1093/icesjms/fsz186
http://dx.doi.org/10.1093/icesjms/fsz186
http://dx.doi.org/10.1016/j.aquaeng.2012.09.001
http://dx.doi.org/10.1016/j.aquaeng.2012.09.001

IKPE244R, 2023, 47(11): 119615

ff Fl [EB/OL]. (2022-11-24). http://www.fmiri.ac.cn/
info/1013/22528 htm.

Qian C. The three-dimensional detection system for
high-throughput growth status of underwater fish inde-
pendently developed by the Fishery Machinery Insti-
tute has successfully completed on-board testing and
been delivered for use on the "Guoxin 1" ship[EB/OL].
(2022-11-24). http://www.fmiri.ac.cn/info/1013/22528.
htm (in Chinese).

[72] Papadakis V M, Papadakis I E, Lamprianidou F, et al.
A computer-vision system and methodology for the
analysis of fish behavior[J]. Aquacultural Engineering,
2012, 46: 53-59.

[73] Wang H, Zeng L J, Yin C Y. A video tracking system
for measuring the position and body deformation of a
swimming fish[J]. Review of Scientific Instruments,
2002, 73(12): 4381-4384.

[74] Dell A 1, Bender J A, Branson K, et al. Automated
image-based tracking and its application in ecology[J].
Trends in Ecology & Evolution, 2014, 29(7): 417-428.

[75]1 Kleinhappel T K, Pike T W, Burman O H P. Stress-
induced changes in group behaviour[J]. Scientific
Reports, 2019, 9(1): 17200.

[76]1 Israeli D, Kimmel E. Monitoring the behavior of hyp-
oxia-stressed  Carassius auratus using computer
vision[J]. Aquacultural Engineering, 1996, 15(6): 423-
440.

[77] Zheng HY, Liu R, Zhang R, et al. A method for real-
time measurement of respiratory rhythms in medaka
(Oryzias latipes) using computer vision for water qual-
ity monitoring[J]. Ecotoxicology and Environmental
Safety, 2014, 100: 76-86.

[78]1 Terayama K, Hioki H, Sakagami M A. Measuring tail
beat frequency and coast phase in school of fish for col-
lective motion analysis[C]//Proceedings of SPIE 10225,
Eighth International

[79]1 Kelley J L, Phillips B, Cummins G H, et al. Changes in
the visual environment affect colour signal brightness
and shoaling behaviour in a freshwater fish[J]. Animal
Behaviour, 2012, 83(3): 783-791.

[80] LiDL,HaoY F, Duan Y Q. Nonintrusive methods for
biomass estimation in aquaculture with emphasis on
fish: A review[J]. Reviews in Aquaculture, 2020, 12(3):
1390-1411.

https://www.china-fishery.cn

12

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

Ohshimo S. Spatial distribution and biomass of pelagic
fish in the East China Sea in summer, based on acous-
tic surveys from 1997 to 2001[J]. Fisheries Science,
2004, 70(3): 389-400.

Rowell T J, Nemeth R S, Schirer M T, et al. Fish sound
production and acoustic telemetry reveal behaviors and
spatial patterns associated with spawning aggregations
of two Caribbean groupers[J]. Marine Ecology Pro-
gress Series, 2015, 518: 239-254.

Handegard N O, Tenningen M, Howarth K, et al.
Effects on schooling function in mackerel of sub-lethal
capture related stressors: Crowding and hypoxia[J].
PLoS One, 2017, 12(12): €0190259.

Jézéquel Y, Bonnel J, Coston-Guarini J, et al. Sound
characterization of the European lobster Homarus gam-
marus in tanks[J]. Aquatic Biology, 2018, 27: 13-23.
Hassan S G, Ahmed S, Igbal S, et al. Fish as a source of
acoustic signal measurement in an aquaculture tank:
Acoustic sensor based time frequency analysis[J]. Inter-
national Journal of Agricultural and Biological Engin-
eering, 2019, 12(3): 110-117.

BRI, MR, TR, 5. BOIEAN KA A R B f TR
FEL PR 58 g 7 ) k5 43 BT (D). ¥ I, 2017, 39(3):
314-321.

Yin L M, Chen X Z, Zhang X G, et al. Measurement
and analysis of the aquaculture noise for Larimichthys
crocea in the fiberglass fish tank[J]. Marine Fisheries,
2017, 39(3): 314-321 (in Chinese).

Brown A, Garg S, Montgomery J. Automatic rain and
cicada chorus filtering of bird acoustic data[J]. Applied
Soft Computing, 2019, 81: 105501.

ER, Hak, GEM. K™ 7REE s R E RS
HBEREMIEAE I RET]. A B4, 2020, 27(4): 73-
77.

Zuo Q, Tian Y C, Ma G Q. Research progress and prob-
lems of aquaculture intelligent feeding system[J].
Journal of Tianjin Agricultural University, 2020, 27(4):
73-77 (in Chinese).

sl ELRRG, 15, 45, =N L) K70 F 3
T R G B SR (0] Ak TRE %4 4%, 2013, 29(3):
169-176.

Yuan K, Zhuang B L, Ni Q, et al. Design and experi-
ments of automatic feeding system for indoor industri-
alization aquaculture[J]. Transactions of the Chinese

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://www.fmiri.ac.cn/info/1013/22528.htm
http://www.fmiri.ac.cn/info/1013/22528.htm
http://www.fmiri.ac.cn/info/1013/22528.htm
http://www.fmiri.ac.cn/info/1013/22528.htm
http://dx.doi.org/10.1016/j.aquaeng.2011.11.002
http://dx.doi.org/10.1063/1.1518143
http://dx.doi.org/10.1038/s41598-019-53661-w
http://dx.doi.org/10.1038/s41598-019-53661-w
http://dx.doi.org/10.1016/S0144-8609(96)01009-6
http://dx.doi.org/10.1016/j.ecoenv.2013.11.016
http://dx.doi.org/10.1016/j.ecoenv.2013.11.016
http://dx.doi.org/10.1016/j.anbehav.2011.12.028
http://dx.doi.org/10.1016/j.anbehav.2011.12.028
http://dx.doi.org/10.1111/raq.12388
http://dx.doi.org/10.1111/j.1444-2906.2004.00818.x
http://dx.doi.org/10.3354/meps11060
http://dx.doi.org/10.3354/meps11060
http://dx.doi.org/10.3354/meps11060
http://dx.doi.org/10.1371/journal.pone.0190259
http://dx.doi.org/10.3354/ab00692
http://dx.doi.org/10.25165/j.ijabe.20191203.4238
http://dx.doi.org/10.25165/j.ijabe.20191203.4238
http://dx.doi.org/10.25165/j.ijabe.20191203.4238
http://dx.doi.org/10.25165/j.ijabe.20191203.4238
http://dx.doi.org/10.3969/j.issn.1004-2490.2017.03.009
http://dx.doi.org/10.3969/j.issn.1004-2490.2017.03.009
http://dx.doi.org/10.1016/j.asoc.2019.105501
http://dx.doi.org/10.1016/j.asoc.2019.105501
http://dx.doi.org/10.19640/j.cnki.jtau.2020.04.014
http://dx.doi.org/10.19640/j.cnki.jtau.2020.04.014

XU 5, &

A

IKPE244R, 2023, 47(11): 119615

[90]

[91]

[92]

[931]

[94]

[95]

[96]

Society of Agricultural Engineering, 2013, 29(3): 169-
176 (in Chinese).

B AR, XYL, ZFTH, 5. 2 EKER T Gk
I OH R G R R B 4R R vk 0], vk AR AL, 2019,
46(1): 21-26.

Xiao H J, Liu K, Li L L, e al. Design of intelligent
feeding car for multi-layer sink-type industrialized
recirculating aquaculture system[J]. Fishery Moderniza-
tion, 2019, 46(1): 21-26 (in Chinese).

X L8, XIBUE, 246, 5. 5 1WA 7754 BRI 1 15
TSR], IR AL, 2015, 42(3): 38-42.

Liu Z Q, Liu S X, Li W, et al. Design and test on feed-
ing gun for marine cage calture[J]. Fishery Moderniza-
tion, 2015, 42(3): 38-42 (in Chinese).

Ochme M, Aas T S, Serensen M, et al. Feed pellet dis-
tribution in a sea cage using pneumatic feeding system
with rotor spreader[J]. Aquacultural Engineering, 2012,
51: 44-52.

R, AN, W, S5 IR K IR TR i PR Y A K
B B 5 AT A T LA T[], AL 4R, 2016,
47(8): 288-293.

Zhao J, Zhu SM, Ye Z Y, et al. Assessing method for
feeding activity of swimming fishes in RAS[J]. Trans-
actions of the Chinese Society for Agricultural
Machinery, 2016, 47(8): 288-293 (in Chinese).

MRS, Mok, R, 46, T MR SORARE M 37 5
0T 3% i Bl 38R VAR (D] ARk TR £ 4, 2017,
33(5): 232-237.

Chen C W, Du Y G, Zhou C, et al. Evaluation of feed-
ing activity of shoal based on image texture[J]. Trans-
actions of the Chinese Society of Agricultural Engin-
eering, 2017, 33(5): 232-237 (in Chinese).

Trlde, Jb2, BIRIK, 5. FET LA 0o S P st 2
R R G 7 [)]. LRE Bt 2431, 2015, 22(6): 528-
533.

Qiao F, Zheng D, Hu L Y, ef al. Research on smart bait
casting machine based on machine vision
technology[J]. Chinese Journal of Engineering Design,
2015, 22(6): 528-533 (in Chinese).

B ETEESFEEEENFAEANRENES

R E K7 2: 2 E /) sponsored by China Society of Fisheries

[971]

[98]

[99]

[100]

[101]

[102]

13

PARBCARBEIE [D]. T TR, 2018.

Guo J. Research on feeding patterns and bait techno-
logy of fish culture based on information of image and
sound[D]. 2018 (in
Chinese).

BB, R, B0, S ARE MR BN &S
FEFOAR EL[T]. v IAR AL, 2023, 50(4): 68-75.

Zhao L, Song X F, Li X, et al. Design and simulation of

Ningbo: Ningbo University,

roller fish grader[J].
50(4): 68-75 (in Chinese).

B, M, T, 55, e sGE 0 0 S5 T Bl Y
Wik 5] LI, 2019, 46(4): 49-54.

Fishery Modernization, 2023,

Hong Y, Zhu Y, Jiang T, et al. Design and test of rotary
live fish grading and counting device[J]. Fishery Mod-
ernization, 2019, 46(4): 49-54 (in Chinese).

Logt, 220, RSO, 4. JET BRI AR NS
Iy R G TR A BB [I]. KIEK ™ B 54, 2016,
24(6): 549-552.

Ma XY, Li M, Xiong W C, et al. Design of sea cucum-
ber grading and counting equipment based on techno-
logy of image recognition[J]. Journal of Dalian Fisher-
ies University, 2016, 24(6): 549-552 (in Chinese).
JHWerk, D, F£IEF, S LT HLAS KT, £
PRI & R G2 (05T 55 SE L. ik IR AL, 2022,
49(6): 108-117.

Zhou X L, Ma C, Wang Z P, et al. Design and imple-
mentation of trait measurement system for common
carp (Cyprinus carpio) and crucian carp (Carassius
auratus) based on machine vision[J]. Fishery Modern-
ization, 2022, 49(6): 108-117 (in Chinese).

B, RN, Wik, T SR A B A R R
SFIURELD]. Ak TR AR, 2020, 36(21): 220-226.

Li Y J, Huang K W, Xiang J. Measurement of dynamic
fish dimension based on stereoscopic vision[J]. Trans-
actions of the Chinese Society of Agricultural Engin-
eering, 2020, 36(21): 220-226 (in Chinese).

Liao Y H, Zhou C W, Liu W Z, et al. 3DPhenoFish:
Application for two- and three-dimensional fish mor-
phological phenotype extraction from point cloud ana-

lysis[J]. Zoological Research, 2021, 42(4): 492-502.

https://www.china-fishery.cn


http://dx.doi.org/10.3969/j.issn.1007-9580.2019.01.004
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.01.004
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.01.004
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.01.004
http://dx.doi.org/10.3969/j.issn.1007-9580.2015.03.008
http://dx.doi.org/10.3969/j.issn.1007-9580.2015.03.008
http://dx.doi.org/10.3969/j.issn.1007-9580.2015.03.008
http://dx.doi.org/10.3969/j.issn.1007-9580.2015.03.008
http://dx.doi.org/10.1016/j.aquaeng.2012.07.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2016.08.038
http://dx.doi.org/10.6041/j.issn.1000-1298.2016.08.038
http://dx.doi.org/10.6041/j.issn.1000-1298.2016.08.038
http://dx.doi.org/10.6041/j.issn.1000-1298.2016.08.038
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.05.034
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.05.034
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.05.034
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.05.034
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.05.034
http://dx.doi.org/10.3785/j.issn.1006-754X.2015.06.003
http://dx.doi.org/10.3785/j.issn.1006-754X.2015.06.003
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.04.008
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.04.008
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.04.008
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.04.008
http://dx.doi.org/10.3969/j.issn.1007-9580.2022.06.014
http://dx.doi.org/10.3969/j.issn.1007-9580.2022.06.014
http://dx.doi.org/10.3969/j.issn.1007-9580.2022.06.014
http://dx.doi.org/10.3969/j.issn.1007-9580.2022.06.014
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.21.026
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.21.026
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.21.026
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.21.026
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.21.026
http://dx.doi.org/10.24272/j.issn.2095-8137.2021.141

e

X H: IKPE244R, 2023, 47(11): 119615

Current development status of aquaculture equipment in China

LIU Shijing ?, LI Guodong', LIU Huang', ZHENG Haojun®, CHEN Jun"

(1. Fishery Machinery and Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China;
2. Sanya Oceanographic Insitution, Ocean University of China, Sanya 572011, China;
3. School of Navigation and Naval Architecture, Dalian Ocean University, Dalian 116023, China)

Abstract: Aquaculture equipment is an important technical support for the efficient development of modern
aquaculture and the promotion of structural reform in the aquaculture industry. The intelligent aquaculture model
based on the collaborative efforts of multiple disciplines such as aquaculture equipment, information technology,
and automatic control, has become a new trend and an important lever for the high-quality development of modern
fisheries, which also puts forward higher intelligent requirements for the existing equipment and related technolo-
gies of aquaculture. This article summarizes the current development status of five main aquaculture methods and
equipment, including pond, factory, cage, raft, and bottom sowing aquaculture. From the perspectives of digitiza-
tion and intelligence, it analyzes the research progress of commonly used equipment in aquaculture processes such
as environmental monitoring, object perception, feeding, and graded counting. It points out the key issues that
restrict the development of intelligent equipment and technology in aquaculture in China, A new concept of
"mechanization, automation, and intelligence" for the development of aquaculture equipment and technology has
been proposed, aiming to achieve the historical transformation of China from a major aquaculture country to a
strong aquaculture country.
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