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o, EAGENBEETEEXER, AN EEE
SEM LTS 30 . g T FE LA RO PR 2 1) i B R
FREZEt ] o 45 /0 N ) & 5 5 kAT Bl T8 L IR
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PEOS i BUNE B K2 ST Y N 8 Y NS 1S i ]
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Bonde%: 2 it T — BB ) H 2l b ik £ 7 52
e, AT =LA — & Ui Y1 H HLas A
A HE AT T0ORK B B K VYV fE (Salmo salar) F AT 65
(Oncorhynchus mykiss) (g 5% . A b33k 85%~
95%. HAZ.L» 3D Mot RGTH e e = e[RRI
EIESEC S T ek A =W N R NG A 18
FRTFAE 7RO i B

AN TR & Z208E, Hdo)H s
o KR, ARG N TR W AR IR R B h ik AT,
S TN ELHG i B XURS: 70 R, 3 AR
%, $EFHaZEUIE B LK 2T A S Y
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HARL RN TR R UL g, s
AT ARk A Sk B Re LB L.

Jain VDR HLES AL 0 R G000 H T A Sk LAR
Fli5 CCD (charge-coupled device) 153k . Yo%
fich s RV 75 A B BCH A R R £ S A B T H B
WEET F, MRl E k. Azarmdel EVY IR R
WSS AN TALES N, RHAE T T VIEDIH], W]
LBk AN AE . Marel I-Cut 2 51 Y1 #| & 48 12
MR RN S A, A EBTHLE A3 4L 3D
VIEIRE 1, H & 6 H H J¥ (degrees of freedom,
DoF), 4TI B 5 80% . BondeS5 ™ 52
BT —Fh T HOER =4 R, ARHUEA N
=EdE, KIS 1 mm, HTRNAEN S, 55
Plas AT, m4Esk, N TR R Las
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TR EE 2], TR RYIFINLES L RS rh & 15
EEAEM, =5 A r=Lny ] U ERS .
Gamage %5 ") I Laradji %5 ™ 43 511 ¥ AL #% 2% >
CNN W H TR RS, A H 500 E .
Diamond %" ] iz H] U-Net 7£ 2D K& I 73 %
BRI . X EEHRBYFG J a2 T4y
H LRI RE AL & RS T 1 S
2.3 HEEEE

B REAL%E (smart packaging, SMP) J& — Fi S iE
ML R GE, REREHI TN AR 2 P A1 ot o ik
HE, AOUER T BN, BT AW
H iR B B g kb, Bhemd
KRR B KEENEN, BERK TR EqG, #2
F T, I REm N A B RS, hiH
E PR AL R 0 77 D s AR AR B, K
PRI, R TR U NN AR 5T RN R AE B
AR DG T B o BE A AR T 7 S 5 A8 FOK ™
PEREm, B el N E AR L R
IS5 (radio-frequency identification, RFID) &
g, MR ME P BNE S A R,
PR 7= S e 4 | i AR

A 8] ¥ BF #8 #8 (time-temperature indicators,
TTD E& e~ ELH AR, ERETE
v O R ST B RD T 22 D7 ()T BE SR Y 2 A e
BRI AP 5o TTIL 8 A 2 e A48 fb s HL AS T
BN S R A R S B, UGS R
PO TR B 7 T T X AP X K ZE BT (Scoph-
thalmus maximus) ) B iX —ifgfef 7= &, W& T —Ff
BT W Z BRI 19 TTL, % TTIAE K ZE 6 5] B 1) fik
Rt A, BB AT 2 €0 A TG (5 31 2B 40 1Y) i 25 A
Ak A8 7 7 i 0 i BE AR Ak, 5 LRI, Tsironi
SEPY X TTI 754 VRt 6 7 it v (9 1 R AT TR
AWFFE, PPAL T —Fh ST EERY TTI A —Fp T8
AR TTI R G AR Uk K75 & (Prionace glauca)
oy ERIE e S T MER PR TTI i9PERE,
AT E e RS R T — AR,
T LU PR 5 SR A s, A AT IR T 3 s A
TE VAL ¥ KT B R BD P 22 XL ZE 4 (Noto-
todarus sloanii) WA= FIUBCE JiT & A8 4k 77 T 1A 3L
P£. Hsiao S W6 T —FPRUEY TTI, ZIER 4
HEHKIE TVB-N (total volatile basic nitrogen) 7K %4
BUVEAN B 25 1 %6 8y 4 BEfa (Epinephelus lanceol-
atus) 6 R T EEBE o X — B A TTL A B A
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AR IS G, TSR A S OB BERE L A,
RFID FREZE0 GEAAAEAEXR L | IR DL SE 3R
G, BRI T AR B AL P i I H f
{E", Smits 5" JF % 1Y RFID #5328 H 45 X2 4%
AR ROR AT WA £f o = H % (trimethylam-
ine, TMA) 5545 & PR, B m 7 aE i I
MIUERATE . Chung SEU™ 3 i T HE i 1) Y RE AL ISR 2
P2 T M 58 RFID R 46, Wa Il 8 25 6026 9 H,S
B NH; AR BE , A28 3 5 68 28 1k B /s f8. 28
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T - ) 7K o AR AR T N N, 4%
SRR 5, PlAn Kjeldahl 3 | Hoi4E, A
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M, i FOGIE LR H A P . OB R
P Z g H o X AR AE ) (ultraviolet, UV)
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A, Horp VIS-NIR XUEE 2 o f J 5K 7™ i 43
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T AR T T T A A RN T 6 4 M £f (Thun-
nus albacares) (WAL LU H T, AL TR T IER
i f5e /0 3R [ F A IE RS, AT T 10~
1000 mg/kg JE P AL . RIS, Agyekum
O S i BRAW Ol Ao N brin e %= R
TR R AR ek £ K {E 7 N, 23 ACO-
PLS Fik R M A, Wi 4 A 9 A 2 R 8K
231535 98.27% F1 97.86%.

=61 1% (hyperspectral imaging, HSI) $ AR
TRl A Ts SRS g, A B ik
525 MBI I EUS o Ab 2 s o S S,
Bl 3 B0 v Rk B e K 7 B A . %
RIEFAFYT, AETCT5Y,  FRE N 40 2R
i, AAEHE U m G BRI R A B R AT
HigamlE g S s G R, SCBL PG S 7
LRAGIN SRy K i A4 I B T A I A Ok B
F3M T AR AR T A K AN LR %
WM RS, AREHEIX oy O XN £
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(L. polyactis), 56 FHENE K FSORERE, 725K
JE =35 96.88%. BLAN, R fe /Iy 3 Al 9 (partial
least squares regression, PLSR) £ %1 36 1 FA &1,
UE S 5 6 1% 4 AR TR /)N ¥ a0 R R0 b i eT AT
PEUS W, Z5G N TR, mOGIE R R A] F
KA k2 AR A, i, YREEAE S
M2 W 4% (deep learning neural network, DLNN)
5 GiEsUREE A, LR A T 68 £ S AR
RYEWA (TVB-N) &t W TRiEe . 0k SR
KB 2E S W, RGO AT A R X
JEH, TEME LTS B AR R, SRR AU Ay
TR AT R MRS TS G40, ) I PR A s MR

TR PR 5 AR R A 47 B B K 7™ it e
LA RAIE S, 38 3 43 AT 3ok S8 A7 1Y) 20 € R A
A RCH WK ™= R RN, Bedft,  Arora SR
WAt T — M RN R AR, L T Al
R 0 R S OC B A 2, Il B i £
(AT 6 B R0 (Q 1H)o I BE AN 28 0ok S0 35 R 3
TE, MERFR K 98.07%, Lalabadi 55" 32 5t ik
BN T f 28 ) 2% (artificial neural networks, ANNSs)
N 57 F5 W) & HL (support vector machines, SVMs) 4
A, TRAMFGE T T S 1R [ R A% B0 B R A o 38 i
WL I BEERAL (R S Ak, B V] W £ 1) fi
R, (HS M2, SRAYEIE AR A AR LE R g 5
U, TR R S R i R . T Taheri-
Garavand %" DI (Cyprinus carpio) N34,
RN TR - N T p 4 M 2% (artificial bee colony-
artificial neural network, ABC-ANN) £ R #4757,
FFRAE R IR, N TR 28 I 28 7 0 03 e i
ROTHRIN O, HERFR Rk 93.01%, REBL T
CUNGOIASER

3 mRE RN TR A

3.1 SYIBERMMTitENRE

Wit =V G T R R A . AR R A
P, SCHUK N TR 0 B B, R B
(AT 25 T 5 0 e, 8 K = Ak
RIRKGHEINT I o A, B K= Tk 5 i
FA AL . Ak fst @ . @it 5] A E Z R
HA, WXHE . SGEE%, Lo T 40
TR AL M fEAL A B0 TR, 5 k= T
NG s 5 A =L R, TR N e B 1
A AE R EEE , SRR AT I T T 2%
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TR R SR ORI RE TR
FARTE B S T2, TR 45 208 2 %
TG B 2 e, BT REIRE S AL
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BIRmI PO RS e BRI = N U K5 9 S i
T EARE A HE T RO SEL
SEHLREVEAL 5 S 8K AR Refb 9% .l IR
FARRMEAEE, REAW AR, T
I 0N S A T R B AR AR BE T, AT AE PR
B 0 28 it B AR R A TR B, e KA DA, 42T
PORAHECR . AL L, SIARBREER AR
Yy Bk M (internet of things, IoT) @l &, BI#E MW |
A] 38 3 ) HACCP (hazard analysis and critical con-
trol points) AR7fE T A i BUE A, ST 2
BEMNERERBCTFBEE, BRI E 5. I
Ob, BEENGITE S A, Ty R RE RN Ab R
AR, PRI AL RIS, HEZh K AR
HE R A . RHEALELE S . Sy T I R OR I VR BT
PR AT A, AR R i — PR AR 9 a4
R %, PR 355 R R R R,
SEIIA B A B K 7 b AR A, ez o T
TR LRSI, HEShak G R
3.3 MEHFEREESS

Pk ) | N 1 LW K 7 R DS
AN WS A B T B D R T SRR SR A
G R L S hilig , EEE, HiH,
A AT B SR A T 2 D B 7
ez, AAE R RE A 0 I A ST D) 2 e
IR, Rise At feE i, MG, EIE
T, PSR A MARTR R, Ao H P R AL
APEAIR S5, XHERT DI KR i P = 5
0 B 5 75 £l T b 2 B RN P oK o

e REME A7 07 R, P BOHR R R
FELRRERCT R, wit, @&, £, HP s
A 5 P 5 A AT O R R PR T A
ANEHEZ A BRI %, X — ] L
SEE IR T =8 — R RSt
oK, SCHBITIIRSE L — 02 P i s it m
FREEA BT TS, AATIERE LA R BT K
=X R B AT, ARG TR
FH P Al i 2 i 6 2 5 28 st &
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Research status and development trends of intelligent fish processing
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Abstract: The growing global demand for seafood underscores a pressing need for efficiency, quality enhance-
ment, and sustainable practices in the fish processing industry. Intelligent fish processing technology, which lever-
ages advancements in artificial intelligence (AI), machine learning (ML), robotics, and big data analytics, is trans-
forming conventional fish processing methods. This review comprehensively analyzes the fundamental technolo-
gies underpinning intelligent fish processing, such as machine vision, image analysis, robotic automation, deep
learning, and big data analytics. These technologies are instrumental in optimizing processing efficiency, minimiz-
ing labor costs, and maintaining high standards of product quality and consistency. Practical applications of these
innovations are discussed, including automated sorting and grading, precision slaughtering and cutting, and the use
of intelligent packaging systems, which collectively drive improved production efficiency and enhance product
competitiveness in the marketplace. Additionally, this paper explores future industry trends, emphasizing the role
of the Internet of Things (IoT), cloud computing, and personalized consumer preferences in advancing the sector
towards more intelligent and automated processes. Furthermore, the review addresses key challenges in imple-
menting these technologies, such as the need for scalable infrastructure and enhanced data management for real-
time monitoring and quality control. By providing a cohesive overview of intelligent fish processing, this paper
offers valuable insights that support both scientific exploration and industry adaptation, marking a significant step
towards a high-quality, sustainable, and consumer-responsive fish processing industry.
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