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Abstract; Aiming to enhance the precision and intelligence of feeding in intensive fish farming systems
while addressing feed waste and frequent fish diseases caused by improper feeding practices, a dual-layer
intelligent feeding strategy integrating fuzzy control and model predictive control ( MPC) was proposed.
The system collected real-time fish behavior data and water quality parameters through underwater
cameras and multi-parameter sensors, inputting this information into a multi-task learning and attention
mechanism-based MTL — LSTM — SAT model to predict fish growth rates and disease incidence over the
next seven days. The lower-level fuzzy controller provided initial feeding recommendations based on real-
time conditions, while the upper-level MPC controller performs multi-objective rolling optimization to
maximize feed conversion efficiency and minimize disease risks, ultimately issuing final feeding
instructions. Simulation results demonstrated that this strategy outperformed PID control, fuzzy control,
MPC, and linear quadratic regulator ( LQR) methods in balancing growth rate, disease control, and feed
conversion efficiency. Field trials showed the strategy reduced feed conversion rate (FCR) to 1.23,

achieved a specific growth rate (SGR) of 1.11% per day, and increased survival rates to 94.21% ,
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significantly outperforming manual experience-based groups and scheduled feeding groups, validating its

effectiveness and superiority in practical applications.

Key words: fish; intensive aquaculture; feeding strategy; fuzzy — MPC control
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Fig. 1 Monitoring effect of farmed fish conditions
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Fig.2 System control flowchart
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Fig.7 Feed level curves under five feeding strategies
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Fig. 9 Prevalence curves under five feeding strategies
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Tab.3 Average performance results of five control

methods
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Tab.4 Comparison of breeding effects under different feeding strategies
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Tab.5 Economic benefit comparison of three

feeding modes per unit area JG
- A 4l B4 C 21 (FEp—
=]
(ANT) (HZEh) MPC)
(SRR 600 600 600
)RR A 7562 8 825 6178
2 i 251 400 156
AN T A 1400 600 300
K B A& AT IH AR 855 906 1200
SR AR 10 668 11331 8 434
Bl A 15 600 15 100 16 300
ikl 4932 3769 7 866
6 #it

(1) ABEFEAE AR 5T (5 AR KR B MTL —
LSTM — SAT F A= &Y ) () JEfik I, 32 ] MTL — LSTM —
SAT #5 U Xof £ 24 A5 K S8 15 0 E AT 000, O 25 &
OB #2615 MPC, il 2 T BRI — MPC 458 i 18 1 4%
T S o I RO VR A R 2, MPC O
VER L2 F o W58 i T BRI 4 i B0 00 2, O %
SE T WIS B o RO 4R S LG U
Zi 3k MPC B35 10 2 H AR K 29 o055 153 B0k
THE B R

(2)60 d B 15 B AR SR, AS BiF 52 4 2 A 4% 1)
WS TE A B2 G W I KB R R 5. 16% , ALK
T PID M6 \MPC \LQR %5 % WL 1 )y i, H 2
5 Ff B 1 S m B MK  [R) R EROR R A B R 2 AR
M, LRAORTE , M IR O W A B v A A R A
FEOE RURS: 5515 Z9 ARDR UAS 3 TS B T R VA

(3)60 d 155 21 75 51 i 56 245 SR 2 B, R A M —
MPC K B 17 SR s 1 C 41, 78 45 PR RE 35 1 T A
TARE A (A d) B sh 4 M4 (B 41), Hp,C 4
BTERE R B (FCR) K E 1.23, M8 F A 4HF1 B 4,
S BIREAR T 18. 5% 1 30. 1% , 3% WA )7 B hE% B
FWDRR 2, C 4R R A K R (SGR) i,
KRE) 1 11% /d, R R E A KR A A 4UF1 B 4147
SR BT 7.77% F1 15.63% . C 4111 17 76 % ik 5|
94.21% R E ™ T Ho2 4.

& % x Wt

[1] Food and Agriculture Organization of the United Nations.

The state of world fisheries and aquaculture: towards blue

transformation[ R]. Rome: Food and Agriculture Organization of the United Nations, 2022.
(2] Z=idEse, X% N TR BEAEK ™ SREE P AT 0 e A SRR EELT]. B E AR (R 3E30) , 2020, 2(3) : 1 -20.

Li Daoliang, Liu Chang. Recent advances and future outlook for artificial intelligence in aquaculture[ J]. Smart Agriculture,

2020, 2(3): 1 —=20. (in Chinese)

[3] Abdullah A F, Che Man H, Mohammed A, et al. Charting the aquaculture internet of things impact: key applications,
challenges, and future trend[ J]. Aquaculture Reports, 2024, 39, 102358.
(4] Afaggil, . Wik BT TRt RIT]. ol Kz#4k, 2021, 40(3) : 21 -29.



515 1) FEe A T ROWI- MPC 42 i (14 £ 29 16 F% 580G 1 £ 17 7 vk 147

[5]

(6]
[7]

(8]
[9]
(10]
[11]

[12]

[13]
[14]

[15]

[16]

[17]

[19]

[20]

[21]

[22]

He Xugang, Hou Jie. Research progress on pond in-pond raceway system mode [ J]. Journal of Huazhong Agricultural
University, 2021, 40(3) : 21 —=29. (in Chinese)
Nakamura T, Katano O, Yamamoto S. Effects of water flow and water temperature on the growth of small-mouth bass micropterus
dolomieu and largemouth bass M. salmoides[ J]. Nippon Suisan Gakkaishi, 2004, 70(5) . 745 -749.
R, TR, ORI, . K b U R S R AR SBR[ 1]. FRHITE, 2009(2) ; 64 —67.
W, BRiRA, A, S KU IR R KA BB R IR K H R R SR [T]. ol 5 B 5 8w, 2016, 31(4):
278 -285.
Huang Shiming, Chen Xiangao, Shi Jiangao, et al. Review on status of wastewater treatment technologies and their development
and application in aquaculture[ J]. Fishery Information & Strategy, 2016, 31(4) : 278 —285. (in Chinese)
Akva group. Akvasmart CCS Feed System. User manual & product sheet[ Z]. AKVA Group ASA, 2021.
Akva group. Akvasmart CCS Feed System. Maintenance manual[ Z]. AKVA Group ASA, 2013.
Meng C, Liu X, Liu H, et al. Fish tracking, counting, and behaviour analysis in digital aquaculture: a comprehensive review
[PP/OL]. V3. arXiv(2025-03 —01)[2026 —03 —15]. https: // arxiv. org/abs/2406. 17800.
Hilmil P, Horio K. Automatic controlling fish feeding machine using feature extraction of nutriment and ripple behavior[ PP/
OL]. Vl.arXiv (2022 -08 —15)[2026 —03 —15]. https: // arxiv. org/abs/2208.07011.
Gokulnath S R, Vasanthakumaran K, Thanga Anusya A, et al. Precision aquaculture; empowering fish farming with Al and
IoT[ R]. ICAR-Central Institute of Fisheries Education, 2024.
IHEREFELBERARAT. LHEREEERVEAR LB ARZ]. BOEERE R FE % 1, 2021.
Yang X, Zhang S, Liu J, et al. Deep learning for smart fish farming: applications, opportunities and challenges[ PP/OL].
V2. arXiv(2020 — 06 —30) [ 2026 — 03 — 15 ]. https: // arxiv. org/ahs/2004. 11848.
ANk, AT, BFEE, . SETHLERGE N T IR IR IR B se s s me [T ol A4, 2024, 51(4): 1 -
13.
Li Mai, Li Dongsheng, Zheng Jishu, et al. Intelligent feeding strategy for industrialized recirculating aquaculture based on
machine vision[ J]. Fishery Modernization, 2024, 51(4): 1 —=13. (in Chinese)
INE . WARAK IR B A (], K= FR5H, 2024, 45(2) : 49 -51.
Sun Xueping. Brief discussion on feeding equipment in aquaculture[ J|. Journal of Aquaculture, 2024, 45(2): 49 -51. (in
Chinese)
BREN. L) HE R FRARE MER LA AW (D], oM BrVLRH R, 2024,
Cai Shengjie. Research on precision feeding robot for industrialized rail-based aquaculture[ D]. Hangzhou: Zhejiang University
of Science and Technology, 2024. (in Chinese)
LIS, R, 2ty . BOKAEFRA R AR AR RIS RG], R HR, 2024, 55(8): 152 -
160.
Kong Xianrui, Zhang Qing, Li Hongbo, et al. Design and experiment of pneumatic feeding system for freshwater fish in
Juanyang mode[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2024, 55(8): 152 - 160. (in Chinese)
Wang Z, Liu H, Zhang G, et al. Diseased fish detection in the underwater environment using an improved YOLO v5 network
for intensive aquaculture[ J]. Fishes, 2023, 8(3): 169.
ERE, BRI, ®OBTT, 4. BT MTL — LSTM — SAT (19 5% 58 £ 28 [ Mo A K BUM AR B Al 5k m [ T]. Al MLm= 4R,
2025, 56(11) : 580 —598.
Wang Zhen, Chen Cong, Cao Guangqiao, et al. Construction and evaluation of prediction model for disease and growth of
farmed fish based on MTL — LSTM — SAT[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(11) :
580 —598. (in Chinese)
AN, KR8, B &R, % KT FRADERIRMNBE AR RIERIT]. Rl RE¥% 4, 2023, 44(1): 24 -33.
Wang Xiaochan, Wu Yao, Xiao Maohua, et al. Research progress of intelligent identification technology in aquaculture[ J].
Journal of South China Agricultural University, 2023, 44(1): 24 —33. (in Chinese)
W, ERC, B, . ARSI AR RGO SR ], T ERYLE R, 2023, 44(11) : 130 - 137.
Yang Xiao, Wang Zhen, Zhao Wei, et al. Development and testing of real-time detection system for fish diseases[ J]. Journal
of Chinese Agricultural Mechanization, 2023, 44(11): 130 = 137. (in Chinese)
FRMEEER LR, HERMEAERZE 2 oK BibrifE: GB 11607—2022[S]. dbut: o [ b5 i i AL,
2022.
A, Wi R, K&, . 2T AW - CPSO — Fuzzy — PID B 2% fif i 73 9 ik B2 PR RIS WP 2 [0 ] R HLBF 4,
2025, 56(4) . 275 -283.
Hu Yongguang, Jin Xiaotian, Zhang Zhi, et al. Research on controller of fresh tea leaves grading transport speed based on
AW — CPSO— Fuzzy — PID[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(4) : 275 -283. (in
Chinese)
(T# % 167 TT)



%15 L2 B 45 e OB AR U 1 5 X AR A RAR 0y i 167

[20]

[21]

[22]

[23]

[26]

[27]

[28]

[29]

[30]

Liu Gang, Zeng Xueting, Liu Xiaowen, et al. An automatic measurement method for the body dimensions of group-reared pigs
based on the improved YOLO v5 — pose[ J]. Transactions of the Chinese Society for Agriculture Machinery, 2025, 56 (5) .
455 —465. (in Chinese)

Qu H, Leng A, Deng Y, et al. A keypoint detection-based approach for real-time aggressive behavior identification in goats
[J]. Applied Animal Behaviour Science, 2025, 292 106745.

BN, B, SRIHBE, 4. 3 F it YOLO v7 — Pose A2 i S6 4 S AR I 5 & 25 0B 5 3L (1], AR LA £ 4R,
2024, 55(11) ; 84 -92,102.

Huang Xiaoping, HOU Xiankun, Guo Yangyang, et al. A method for cattle face key point detection and pose recognition based
on improved YOLO v7 — Pose[ J]. Transactions of the Chinese Society for Agriculture Machinery,2024,55(11) :84 —92,102.
(in Chinese)

XLy, #EPHUR, BT, 4F. JE TG YOLO v8 — Pose MY Z1 M B R HUN AR AL [ J]. AL HLAR 2= 42, 2023, 54
(HEF)2) . 244 -251.

Liu Mochen, Chu Zhenyuan, Cui Mingshi, et al. Red-ripe strawberry recognition and pedicel detection based on improved YOLO
v8 — Pose[ J]. Transactions of the Chinese Society for Agriculture Machinery,2023, 54(S2) ;244 —251. (in Chinese)

Ding X, Zhang X, Han J, et al. Diverse branch block; building a convolution as an inception-like unit[ C] // Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognition, 2021 10886 - 10895.

Hou Q, Zhou D, Feng J. Coordinate attention for efficient mobile network design[ C] // Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition, 2021 13713 - 13722.

Hu M, Feng J, Hua J, et al. Online convolutional re-parameterization[ C] // Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition, 2022; 568 - 577.

Canny J. A computational approach to edge detection[ J]. IEEE Transactions on Pattern Analysis and Machine Intelligence,
2009 (6): 679 - 698.

Hotelling H. Analysis of a complex of statistical variables into principal components[ J]. Journal of Educational Psychology,
1933, 24(6) : 417.

Parzen E. On estimation of a probability density function and mode[ J]. The Annals of Mathematical Statistics, 1962, 33(3) .
1065 - 1076.

Zhang X, Song Y, Song T, et al. LDConv: linear deformable convolution for improving convolutional neural networks[ J].
Image and Vision Computing, 2024, 149 105190.

Dai J, Qi H, Xiong Y, et al. Deformable convolutional networks[ C] // Proceedings of the IEEE International Conference on
Computer Vision, 2017, 764 - 773.

Li C, Zhou A, Yao A. Omni-dimensional dynamic convolution[ PP/OL]. V1. arXiv(2022 — 11 —16)[2026 —04 —01 ]. https: /
doi. org/10. 48550/ arXiv. 2209.07947.

Ouyang D, He S, Zhang G, et al. Efficient multi-scale attention module with cross-spatial learning[ C] // ICASSP 2023—2023
IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP). Rhodes: IEEE, 2023, 1 -5.

(35 147 T1)

[25]

[26]

[27]

(28]

MR, WA, &, R FRFE KBS AT S XU M SRR RIS [T ] AR AL 4R, 2024, 55(3) : 290 -
299.

Wei Tianjiao, Hu Zhuhua, Fan Xiyu. Construction of a bidirectional mapping model between water quality and fish behavior in
aquaculture[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2024, 55(3): 290 —299. (in Chinese)
UL, WK P SRR R R AT SR [ D], Mt BEAURE R, 2019.

Zhao Siqi. Design and experiment of precise feeding system for pond aquaculture [ D ]. Nanjing: Nanjing Agricultural
University, 2019. (in Chinese)

BB, SR KUK, SE. M IE K IR GE 1A DU R SR E M A AT [T ). h R AL AR AR 4R, 2023, 44(6) ¢
75 -82.

Zhao Siqi, Zhao Sanqgin, Gu Jiabing, et al. Analysis and research on dissolved oxygen stability in the feeding area of pond
aquaculture[ J]. Journal of Chinese Agricultural Mechanization, 2023, 44(6) : 75 —=82. (in Chinese)

BB, TN, =%, 4. 2T EDEM - Fluent 1938 X S SF BLRMLIEREAIL[T]. AR AL 42, 2019, 50(9) -
130 - 138.

Zhao Siqi, Ding Weimin, Zhao Sanqin, et al. Performance analysis and optimization of pneumatic fishpond feeder based on
EDEM - Fluent coupling[ J|. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(9): 130 - 138. (in
Chinese)



