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Abstract: [ Objective] To effectively solve the problems of complex operation, long time consumption, insufficient accuracy, and difficulty
in balancing speed and accuracy in existing quality inspection methods for refrigerated fish. [ Methods] On the basis of a food quality
inspection system that integrates multiple detection technologies, a rapid quality inspection method for refrigerated fish that combines
hyperspectral data and machine vision is constructed. The hyperspectral imaging technology is employed to collect spectral data of
refrigerated fish, and the data are preprocessed and input into an improved partial least squares regression model to achieve accurate
determination of total volatile basic nitrogen content, and then the internal quality is graded based on the content. The machine vision
technology is adopted to collect overall appearance images of refrigerated fish, and the images are input into an improved YOLOV13 model
to achieve the grading of appearance quality. Internal inspection and external inspection are combined to comprehensively evaluate the

quality of fish. Through comparative experiments, the superiority of the proposed method compared with existing methods is verified.
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[Results] The overall quality grading accuracy of the proposed fusion inspection method reaches 98.7%, and the improved PLSR model has
q Yy & g y prop P p

a coefficient of determination being 0.970 for the total volatile basic nitrogen content, with a root mean square error of 0.15 mg/100 g. The

improved YOLOvV13 model has an appearance quality grading accuracy of 99.0% and inference time <C20 ms/frame. [ Conclusion] The

proposed fusion method effectively integrates the internal physicochemical advantages of hyperspectral imaging with the rapid appearance

detection capabilities of machine vision, significantly enhancing inspection accuracy and speed and meeting the needs of rapid batch quality

inspection in processing stages.
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Figure I Food quality inspection system with multi-

detection technology integration
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Figure 5 TVB-N content determined by different methods
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Figure 6 Changes in loss value with iteration before and

after optimization
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Table 5 Results of ablation test
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Table 6 Inspection performance of different fusion methods
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Table 7 Inspection results of different fish subsets
WiR7S FEA IYGRUERNE /% K ) /s

SCHkL11] WK SR A A 94.3 0.42
WK IR T4 93.5 0.43

EHEZL R aE S 92.1 0.45

k[ 12] MK IRAL T4 95.8 0.37
WROK IR T4 94.9 0.38

45 T AR TR 93.6 0.39

e WK IRA TR 98.7 0.30
RS F 4R 98.2 0.30

B A T 97.8 0.31

B 2958 | 2026 F 5 A | BR&SHM

2R MURD 0 28 4 b G A R Y B IR F SOk
(11] ek 12 fr 82 07 3k B m 2R e e e o th o A2
K FEGE T4 T o R R Gk B 98.7% , IR K IR A F 4 R
98.2% , W45 T A T4 0 97.8% , = 2 TAE HEMI R (f 75
97.5% LA b AXAEFE /N I 3, Uk 2 e B 3z N 5 R R
SCHR IR L UEEEZ O B R AR R R BE R TR 37 SR AR X Y
AT TC M R, A R0 IR T B — R I 2 TR 1Y
ALY A . TR A 86 O i B R AR ARG U B 1] R E A
0.30~0.31 s, AH 4 T X5 B 5 v5 4 il &5 R 42 - 15% DL 1, 3fe
JBE e o 0 6 5 R A T T oK, S 4l T Tl R 2k A 3
o MRFERUE AL B BT R A 5 2 86 IE , 784 IE 52
TR REAR R PR FE AL (5 5 JE MR Ze T s —
o Pl i 46 1 R BR A
4 Hik

T2 56 A X 30 ¥ T 28 SO AR WU 9k A A Y [
FEIE T il G v DA T 5 BIL 8 A0 5 AR 1 v i £ 28 B IR
PRI A5, EERR AT

(1) 36 T PN S A I 5 3 X 4 R M R B R
WA P e R AR 0.970, ¥ 77 iR 2 22404 0.15 mg/100 g, 4
BT R IE R ORS B S R T R T . IS AR
5 95 1 X 43 % e 1 R 4R T 2 99.0% , 4 FILRE A 45 o e
20 ms/MT LAY, BEAR B T JRASE 1) P A B AR 4R, SR T
AMULRRAE B RS HE DR, R AR 7 2 DR A 1Y 7 oK o

(2) BT $2& il & K 0 D 3% 1 A I 43 9T G R Gk
98.7% , T 2 A0 X 43 7 €k ORI ik 5 A8 Jo 94 R f 2, o7 96 A
BT T G RS TR R A e TR — Ry vk JC vk 4 i
e £ 2% 5 5 1) Jed PR

(AW ST AF LR A B — (BERY B T B i 1 A Fr 42
T4 RN T8 43 75 R R I HC 8 9 S 0 Y ) L, JE B2 ST
H TR W 50 3 R A | g A R i R R g% L b RS B R
GikEE.

5% Uk

[1] EA %, MREFE, RN AL AN BORTE £ S ) 52 50 % o i b
5 & RBURI. 25 Tk, 2025, 46(4): 293-297
WANG R Y, LIN W X, ZHU P. Application and development
status of robot technology in food testing laboratories[J]. The
Food Industry, 2025, 46(4): 293-297.

[2] ZHANG C X, ZHAO Y S, YANG W D, et al. Computer vision-
based deep learning modeling for salmon part segmentation and
defect identification[J]. Foods, 2025, 14(20): 3 529.

[3]HUANG J, REN L F, ZHOU X K, et al. An improved neural
network based on SENet for sleep stage classification[J]. IEEE
Journal of Biomedical and Health Informatics, 2022, 26(10):
4 948-4 956.

[4] i I A7, AT ol F RS, 55 . B T B U-Net F1 IWOA-
LSSVM i % i £ 43 i BRI 7 ¥R B 52 (0], B S LA, 2025,



F&M | Vol.42, No.5

41(8): 109-117.
SHI L C, BIAN K K, WANG W 8, et al. Research on tomato
comprehensive quality detection method based on improved U-
Net and IWOA-LSSVM[J]. Food & Machinery, 2025, 41(8):
109-117.

[S]ME R TR BT RSB Y R R T

T SR G I BF 5 (0], B Al 2 WA I 24 412, 2024, 15

(7): 192-201.
CONG J, LI X. Detection of freshness of Rongchang pork and
its products during storage based on electronic nose and
electronic tongue technology[J]. Journal of Food Safety &
Quality, 2024, 15(7): 192-201.

[6] 8 L, U, m B f5, . 45 4 Swin-Transformer AY 24 ¢
YOLOvSs fu % & Kﬁ#ﬁvﬂ\lf%i/)* 1. #3&l B 34k, 2024, 46
(12): 34-40.

ZHAO M, FAN Y, GAO S W, et al. Improved YOLOVS5s
packaging defect detection algorithm combined with swin-
transformer[J]. Manufacturing Automation, 2024, 46(12): 34-40.

[77ERNA K H, ROVINA K, MANTIHAL S. Current detection
techniques for monitoring the freshness of meat-based products:
a review[J]. Journal of Packaging Technology and Research,
2021, 5(3): 127-141.

[8]LIU G Y, ZHANG S, WANG L X,
mechanical automatic food packaging defect detection model
based on improved YOLOvVS algorithm[J]. PLoS One, 2025, 20
(4): €0321971.

[97 I W5 3, WA W, A PHIF, &5 L Sk T IR L 2 o) 1Y 65 £ ff 2 1
758 (1], ff 22 A A A 4R, 2025, 16(21): 83-90.
XIAO H W, HU Z G, FU D D, et al. Evaluation method of the

et al. Research on

freshness of Monopteros albus based on deep learning[J].
Journal of Food Safety & Quality, 2025, 16(21): 83-90.

[10] % 5E, JA 2230, XN T iy, 45 . B T BN 28 190 26 1 o D6 315 g

R R ) 22 55 03 6 I 5 00 (0], O 2 5O E 2 7, 2024,
44(2): 367-371.
ZHANG H L, ZHOU X W, LIU X M, et al. Freshness
identification of turbot based on convolutional neural network
and hyperspectral imaging technology[J]. Spectroscopy and
Spectral Analysis, 2024, 44(2): 367-371.

[11] R, sk, SRR, 45 . SR N T WSURE 58 IR 32 2 20 75 46 Ul
2= TA] () 397 6 J3E [J/OL]. £0 i Tolk BHE . (2025-11-05) [2026-04-
12]. https://doi.org/10.13386/j.issn1002-0306.2025070081.
ZHOU B, WU Z W, WU J, et al. Beef freshness detection
using artificial olfaction-vision and deep learning[J/OL].
Science and Technology of Food Industry. (2025-11-05) [2026-
04-12]. https://doi.org/10.13386/j.issn1002-0306.2025070081.

[12] SBAEM, Pedit 7, 5K BE, 55 . 45 & HLas WLE A6 H A 1 7 it
LRy i BRI 7 25 [0]. B b S LA, 2024, 40(9): 123-130.
GUO D C,RAO Y L, ZHANG H, et al.Comprehensive quality
detection method for tomatoes combining machine vision and

spectral techniques[J]. Food & Machinery, 2024, 40(9): 123-130.

2 BE%.ETX#HPLSR-YOLOVI3 KA AR RRER T ERAR

[13] B4 5, EHETF, JH %5 . 3T ik Faster R-CNN £ & £0,
SBR[, £ 5 5 HLAK, 2023, 39(11): 131-136, 151.

XIA J Y, WANG K Y, ZHOU H D. Food packaging defect
detection by improved network model of Faster R-CNN[J].
Food & Machinery, 2023, 39(11): 131-136, 151.

[14] YANG L, ZHANG J K, QUAN X Y, et al. Semantics adaptive
multi-task defect detection in vacuum packaging[J]. IEEE
Transactions on Instrumentation and Measurement, 2025, 74
(2): 1-14.

[15] T #eds, e, 2506, 45 3L T i YOLOVIO Y £ 26 &

F‘é}g@ @%Kahuﬂ'ﬁ“{f[]] £ fh 5 HLM, 2025, 41(4):
236-241.
WANG J L, ZHAO Y J, LI F, et al. Packaging defect detection
method for boxed food production line based on improved
YOLOvV10[J]. Food & Machinery, 2025, 41(4): 236-241.

[16] SCHE, fC24 55, 250, 45 . B T LA L3 5 003 Al & no A

JBTJC ARG I 43 G R e BT 5 R (0] VLI R A R (H AR
“FhR), 2024, 45(1): 38-45.
WEN T, DAI X Y, LI L, et al. Design and experiment of non-
destructive testing and grading system for citrus quality based
on machine vision and spectral fusion[J]. Journal of Jiangsu
University (Natural Science Edition), 2024, 45(1): 38-45.

[17] #2828, nh 0%, SR WI4d, &5 JE T ok RT-DETR 99 T2 %%
AR B PRI (7], £ 5 S HLI, 2025, 41(2): 234-241.

GU Y K, YE B B, GUO M J, et al. Rapid detection method of
biscuit packaging appearance defects based on improved RT-
DETR[J]. Food & Machinery, 2025, 41(2): 234-241.

(18] HEWIJT, E i, P e, 45 . Z&TE&;‘&E’J WOA-LSSVM 1 bk

i P9 8 i R T D v A T (9. O S 2 O RS 43 AT, 2023, 43
(11): 3 541-3 550.
KANG M Y, WANG C, SUN H Y, et al. Research on internal
quality detection method of cherry tomatoes based on
improved WOA-LSSVM[J].
Analysis, 2023, 43(11): 3 541-3 550.

[19] WRsE 3, 75 400, i, 55 . PLAS 2 ) 705 T R 23 ) £
oz 0 450 35k 1 4F 5 SE R [J/OL]. 43 Tl BH . (2025-12-18)
[2026-04-12].  https://doi. org/10.13386/j. issn1002-0306.
2025060341.

CHEN L J, WEN Q C, SHANG J, et al. Progress in research

Spectroscopy and  Spectral

on machine learning in the field of food detection based on
flavour analysis[J/OL].
Industry. (2025-12-18) [2026-04-12]. https://doi.org/10.13386/
j.issn1002-0306.2025060341.

[20] BLAS A, SRAGHE, XIAR, 4 . B T r 4050 i 5wk FAT-Net
PR EL it it B SRS I SE D], A 365 AR R, 2025,
12(12): 282-286.

SHUI P R, ZHANG X L, LIU W, et al. Rapid detection of food

Science and Technology of Food

quality information based on near-infrared spectroscopy and
improved FAT Net[J]. Automation & Instrumentation, 2025
(12): 282-286.

131



