20244 12 13 ﬂk HI ﬁ& %é ﬂ§ 5554 WP

doi:10.6041/j.issn.1000-1298.2024.51.037

BB BT ERIA 3D AL AR RERT 5

NATYE FEE A OEY EAEM HEEC kEE
CENCSUE S S N S P

(1. Jb 35 BRHE RS T AL B T 050 %, JEat 100101
2. E LY BB A N TAFFE IR AR A A ™ S T e 5 EE S 3056 %, Jbat 100193;

4. PR AR RIS BE, 1 2550355 5. JUatfF BRM A BRI HOR JOR A A 55802, dLat 100192)

FHZ: BP0 3D BOLEH SCHUA BN FOR} A 48 B R IS TR A R A B S8 38 . 0015 B | DRI IS (R 25 1], AR
P ORI P2 e, AR SR T — A T AR B IE 20 1) 3D AT AAL BIR R 48, SEBUASHUIN ORI I S 8, DLtk
TR JEAR A B AR RE . BTR T EURL 40 BRI BT TARIGRE, Bk 7 RR SRS G5 se T . i AMi R Tl BT .
SEIRAR ALY 1 BG5S AR, B T REE SR OC PSR IR ERL 1) L R AILIERS R ORI PR AR R H AR R E f
EZIAN R, 3T Haleon VB M CHE T 'S T 50 BEROE AL IEURE P BLAS L RE (1% 3D nl WAL SR, ) A5 2 b AR A o
FEAKERENK (Gray dilation) FLIFAMESTS , SIS HLIN SRR PR 46 BEEIE 5 15 BOREE © BUE 70 B SR B 0 i J3 et
Moo SRJREEMH 1205 0 R . B ) 1ER SERUBRACIRAS T 50IE 46 0E Sond OB SR B0 U RO Ak v BE . S5 5%m], 5
fEEJ7 R 2907, 180° . 2707, 360° N A BT 5 UG KT SR /N T 90%, 28 BN KT 3%, Vo 6k RURIURR R A de 540
F I3 3R 30°~50° A1 40°~607 , IAFEUAS U 28 DA 90% 43 4 135 25 949% F197% LA . RETE Ja HoAG BT A T A4 (] 35
KF6s, FLIEERARES IE/NF0.77, WFFEUER, ASHLEURE AR 2850 56 BE B Y BT 5 vl A3 A be = g kB, i e gtk
TS AR S BUAS RN EUR} PA) 5 e I A AR S

KR AR 3D WL FEEREIE; BOLET; s PREUE

FESES: 1S2513 XEAERIEEE: A XEHS: 1000-1298(2024)S1-0346-10

Design and Experimental Verification of 3D Visual Imaging System
Based on Contour Shaping Unit

BU Lingping'? GAO Guowei' QIAO Zhen® TIAN Huixin®* HU Jingfang'® ZHANG Chunhui®*
HU Xiaojia®* Al Xin®> LI Xia®* WEI Wensong™
(1. Beijing Key Laboratory of Sensors, Beijing Information Science and Technology University, Beijing 100101, China
2. Key Laboratory of Agricultural Product Processing, Ministry of Agriculture and Rural Affairs,
Institute of Food Science and Technology, Chinese Academy of Agricultural Sciences, Beijing 100193, China
3. Key Laboratory of on Site Processing Equipment for Agricultural Products, Minisiry of Agriculture and Rural Affairs,
Institute of Food Science and Technology, Hangzhou 310058, China
4. Zibo Institute for Digital Agriculture and Rural Research, Zibo 255035, China
5. Key Laboratory of Modern Measurement and Conirol Technology, Minisiry of Education,
Beijing Information Science and Technology University, Beijing 100192, China)

Abstract: Aiming at 3D laser scanning to achieve irregular raw meat contour imaging, there are
problems such as incomplete scanning contours, missing data, and low volume estimation accuracy.
In light of these limitations, a 3D visual imaging system was presented based on the contour shaping
unit. This system was designed to address the morphological characteristics of irregular raw meat,
with the aim of optimizing the imaging performance of irregular raw meat. The operational

methodology of the contour shaping apparatus was delineated, and the essential hardware modules,
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including the sample driving and transmission unit, scanning external trigger control unit, and
imaging detection platform. Additionally, the relationship between the rotational orientation of the
hinge bolt in the shaping apparatus, the number of motor rotations, and the desired contour angle of
the raw material meat was determined. A 3D visualization software was ultimately developed on the
Halcon platform by utilizing the C# language. The point cloud processing model reconstruction
algorithm and gray dilation hole compensation algorithm were employed to facilitate the acquisition of
information, analysis of data, and comparison of volume estimation accuracy before and after contour
shaping of irregular raw meat. This was done in order to validate contour shaping to optimize the
imaging performance of meat. A total of 120 pieces of chilled and frozen pork (hind shank and loin)
was employed to substantiate the enhanced functionality of the shaping unit for the imaging of raw
meat contours. The results demonstrated that the post-scanning imaging accuracies of the meat pieces
at 90°, 180°, 270° and 360° relative to the transmission direction were greater than 90%, and the
coefficients of variation were no more than 3%. The optimal angle for shaping ranged from 30° to 50°
for chilled meat and from 40° to 60° for frozen meat. The accuracy of volume estimation was improved
from 90% to over 94%, and 97%, respectively. Following the shaping process, the contour of chilled
and frozen meat morphology can be maintained for over 6 s, with a maximum compression ratio of
hole height below 0.77. The research result demonstrated that the imaging performance of irregular
raw meat can be significantly enhanced through the application of a contour shaping unit. This finding

provided a valuable foundation for subsequent research and development efforts aimed at advancing

quantitative slitting technology based on contour imaging for irregular raw meat.
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contouring 3D visualization imaging system
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Tab.1 Volume estimation results for different sizes of meat

blocks at different angles

RHAB/mm®  ECA/C) AR/ mm® MESR/% MR 2%

0 104 334.67 93.49 6.51
90 102 891.67 94.80 5.20

97 538
180 105 894.67 92.11 7.89
270 100 832.57 96.73 3.27
0 343 443.30 90.78 9.22
90 336 996.30 92.52 7.48

311795
180 323 350.67 96.43 3.57
270 337703.33 92.33 7.67
0 525 778.67 95.41 4.59
90 531791.33 94.33 5.67

501 641
180 521728.33 96.15 3.85
270 532 333.00 94.23 5.77
0 720 665.33 92.12 7.88
90 688 038.67 96.49 3.51

663 897
180 697 277.00 95.21 4.79
270 703 567.33 94.36 5.64
0 110 021.33 94.34 5.66
90 110 061.00 94.31 5.69

103 795
180 110901.67 93.59 6.41
270 111 242.00 93.31 6.69
0 296 847.33 96.47 3.53
90 291 176.33 98.35 1.65

3

286 360 180 294 760.00 97.15 2.85
270 292 038.00 98.06 1.94
0 521622.67 96.80 3.20
90 546 561.33 92.38 7.62

3
50492 180 545 331.33 92.59 7.41
270 543 347.67 92.93 7.07
0 760 918.33 94.26 5.74
90 776 969.00 92.31 7.69

717 231
180 754 638.67 95.04 4.96
270 765 119.00 93.74 6.26

R2 TREHAMGHRIRE

Tab.2 Error analysis of imaging effect at different angles

WA mm? P {E/mm® bRifE2E mm? AR 53 K%
97 538 103 488.4 2153.74 2.08
311795 335373.4 8519.21 2.54
501 641 527 907.8 5078.82 0.96
663 897 702 387.1 8802.33 1.25
103 795 110 556.5 611.29 0.55
286 360 293705.4 2592.32 0.88
504 923 5392158 11803.18 2.19
717 231 764 411.3 9414.55 1.23
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Fig. 9  Comparison of scanning results before and after shaping of raw meat blocks from different parts with different temperatures
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Fig.10  Comparison of contour before and after shaping with the best shaping angle
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Tab.3 Distribution of contour stabilization time after raw meat shaping

EoN [ LR 7] /s e K AL e 4 He HEHI /% britE221% 5 5 AU %
0 /11 89.56/90.56/90.43
¥ i A A 3 0.78/0.72/0.59 93.51/94.51/94.2
12/3 6 0.79/0.72/0.61 93.3/94.3/93.53 0.42/0.45/0.41 0.45/0.48/0.44
9 0.81/0.72/0.61 92.7/93.7/93.46
12~30 0.84/0.72/0.61 92.24/93.24/93.35 0.59/0.58/0.66 0.64/0.62/0.71
0 11/ 93.58/92.49/93.59
3373 3 0.91/0.66/0.67 97.21/97.59/97.73
AR 6 0.91/0.67/0.68 97.07/97.23/97.32
0.54/0.42/0.52 0.56/0.43/0.54
1213 9 0.91/0.68/0.69 96.67/96.82/96.83
12 0.92/0.69/0.7 96/96.66/96.54
15~30 0.93/0.69/0.71 95.58/96.46/96.53 1.06/0.75/1.21 1.11/0.78/1.26
0 /11 91.09/98.9/90.36
Vit I TR R 3 0.85/0.74/0.65 94.95/99.97/96.6
0.38/0.12/0.22 0.4/0.12/0.23
1213 6 0.86/0.76/0.66 94.41/99.81/96.29
9~30 0.88/0.77/0.69 94.28/99.74/96.23 1.16/0.38/0.88 1.24/0.39/0.92
0 /11 90.97/94.06/96.93
3 0.63/0.8/0.82 97.23/97.95/99.22
6 0.63/0.82/0.83 96.81/97.79/99.1
Jri T PR 0.29/0.33/0.35 0.3/0.33/0.35
a3 9 0.64/0.82/0.83 96.63/97.41/98.7
12 0.64/0.83/0.84 96.58/97.25/98.47
15~30 0.65/0.84/0.85 96.43/97.17/98.11 1.11/0.9/0.65 1.16/0.93/0.66
4 it L TR ERR A

(D) BT —Fha] 52 80 50k} R TP 285 0] % 14 %6 g 4%
JEERTT , 45 H 3D AT AL BUROF- 5 . 208 LB e i
1/5 P8, B8 Al B AR Ak 17, 3R] SR 207 ~69° F 4
Fl 48 Y .

(2) B TH T JEAENA 3D AT Ak AR 4, T S B A
TE T S JRURE A 56 I3 25 S s Wi FL ) o5 B 1 shise R
PR I B 2R T 5, B IRV fF 5 RROIR A R S
FEIE I 6l 59 ) PN 5 AL I B 4 E 43 o 0.71 A
0.77, J5i B Y 23 51 49 0.76 F10.77 , BR %R 25 F LI s 45

(3)#& I BT X8 HUA A S IR P A e £ RO £

30°~50°F140°~60" , B Ji7 — 3 B AR 0 v 152 43 31)
IKF 949% FN97% ., JERE A R SR e (AR Ak I0RS B2 A o
ZEINT 1.21% , 815500 I b o 22 45 0] S AT BH R 42 5
S RPN T 1.26% V3 6 L PR A R PR Y [l o
FIR] 350 R 9 s FN 6 s, BRVR A X 12 s $2300FR BE X A
B R FEUAR UOKS B2 52 W B8/, 2 8 T 90% , 8 S R A
3% WFFEIE B, AN B0 JEURE A 26 35 56 B T B e Ak 3
Jei, FLAAFR AR RS B B S v 3R i 2 JEURE R e Ak
SE VI3 B AT A AR I R SRS

2 £ X M

(1] BRGE . BEgEHEE M et P ESETT R, 2023.

[2]  ERA, FIEL, 200, BT LS E LY K & )8 Sl RGBTSR [ ], LA, 2018, 49(1): 335 - 343,
WANG Shucai, TAO Kai, LI Hang. Design and experiment of poultry eiscerator system based on machine vision positioning [J .
Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(1): 335 - 343.(in Chinese)

(3] X%, AT, X%, 4% okt is (3 S LA e i Tk MLas A IR I el (9 ). BLas A, 2017, 39(3): 377 - 384.
LIU Yi, CONG Ming, LIU Dong, et al. Trajectory planning for porcine abdomen cutting based on an improved genetic algorithm and
machine vision for industrial robot[ J]. Robot, 2017, 39(3): 377 - 384.(in Chinese)



354 & ol Lo xR 20244

(4] MBI, EWHE, A5, 55 SET R 2 RIS PCARIHLAs NFEIE BT 5k ). AR RHEOR A2 CELIAREAM) L 2020, 48(11): 54 - 59.
CONG Ming, WANG Yahui, DU Yu, et al. Porcine abdomen cutting method using robot based on point cloud clustering and PCA[J ].
Journal of Huazhong University of Science and Technology (Natural Science Edition), 2020, 48(11): 54 - 59.(in Chinese)

[5] XU W, HE Y, LI J, et al. Robotization and intelligent digital systems in the meat cutting industry: from the perspectives of robotic
cutting, perception, and digital development[J]. Trends in Food Science & Technology, 2023, 135: 234 - 251.

[6] BRI, ESRRRT . BT S0 05 A 19 U e IR RS S S A AL B A S7 [0 ). A LB A4, 2015, 46(3) 2 320.
FAN Zhongmou, QIU Zixin. Tree crown volume calculation and prediction model establishment using cubic lattice method [J].
Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(3) : 320.(in Chinese)

(7] 5GHT, @, MARTIN Kraft, 4. S XCBEIL " RO I S ZE IS BRI IE L) ] ALK A4, 2016, 47(11): 322 - 328.
ZHANG Xin, GAO Chao, MARTIN Kraft, et al. Identification of plant leaf wilting based on double blanket method [J]. Transactions of
the Chinese Society for Agricultural Machinery, 2016, 47(11): 322 - 328.(in Chinese)

[8] STEEN B, REIDAR M, AABY V, et al. An automated salmonid slaughter line using machine vision [J]. Industrial Robot: An
International Journal, 2011, 38(4): 399 - 405.

[9] NYALALA I, OKINDA C, MAKANGE N, et al. On-line weight estimation of broiler carcass and cuts by a computer vision system [ ] |.
Poultry Science, 2021, 100(12): 101474.

[10] ADAMCZAK L, CHMIEL M, FLOROWSKI T, et al. The use of 3D scanning to determine the weight of the chicken breast []J].
Computers and Electronics in Agriculture, 2018, 155: 394 - 399.

[11] PUIG P, MUNOZ B, ESPINOSA V, et al. Automatic Bluefin Tuna (Thunnus thynnus) biomass estimation during transfers using acoustic
and computer vision techniques[J |. Aquacultural Engineering, 2019, 85: 22 - 31.

[12] STURO @, OYE E, SKAVHAUG A, et al. A 3D machine vision system for quality grading of Atlantic salmon [J]. Computers and
Electronics in Agriculture, 2016, 123: 142 - 148.

[13] ALEMPIJEVIC A, VIDAL-C, FALQUE R, et al. Lean meat yield estimation using a prototype 3D imaging approach[ﬂ. Meat Science,
2021, 181: 108470.

[14] HhIgBe, S8, FEAE, 4 JE TR0 M0 E = VB k)] i 5P, 2022, 38(10): 87 - 92.
MA Junxiao, GONG Ze, KANG Jiaming, et al. Research on quantitative fish segmentation method based on line laser scanning[J]. Food
& Machinrty, 2022, 38(10): 87 - 92.(in Chinese)

L1s] HAR, S, SRZESC, 45 BT > 0 oK f 5 D) B B R AL B[], il BiAGAk, 2023, 50(5): 79 - 89.
XIAO Zhefei, MA Tiantian, ZHANG Junwen, et al. Design of system with high-pressure water jet based on deep learning[J]. Fishery
modernization, 2023, 50(5): 79 - 89.(in Chinese)

[16] ERA, Bgdl, 200, FETHLa 0 E LY R & )8 Sl RGEBOT SR [ ], AU, 2018, 49(1): 335 - 343,
Wang Shucai, Tao Kai, Li Hang. Design and Experiment of Poultry Eviscerator System Based on Machine Vision Positioning [J].
Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(1): 335 - 343.(in Chinese)

(171 BrRatF h R HURAT R ) S D7 ik S ey rsImL : 1027292898 P]. 2015.

[18] LIU Y, GUO C, ER M. Robotic 3-D laser-guided approach for efficient cutting of porcine belly [J]. TEEE/ASME Transactions on
Mechatronics, 2022, 27(5): 2963 - 2972.

[19] BOOGAARD F, HENTEN E, KOOTSTRA G. The added value of 3D point clouds for digital plant phenotyping - a case study on
internode length measurements in cucumber| J ]. Biosystems Engineering, 2023, 234: 1 - 12.

[20] AZARMDEL H, MOHTASEBI S, JAFARI A, et al. Developing an orientation and cutting point determination algorithm for a trout fish
processing system using machine vision[ J . Computers and Electronics in Agriculture, 2019, 162: 613 - 629.

[21] PEZZUOLO A, MILANI V, ZHU D, et al. On-barn pig weight estimation based on body measurements by structure-from-motion (SfM)
[J]. Sensors, 2018, 18(11):3603.

[22] BAO X, LENG J, MAO J, et al. Cutting of sheep carcass using 3D point cloud with dual-robot system []]. International Journal of
Agricultural and Biological Engineering, 2022, 15(5): 163 - 171.

[23] KAMARI M, HAM Y. Vision-based volumetric measurements via deep learning-based point cloud segmentation for material management
in jobsites[ J ]. Automation in Construction, 2021, 121: 103430.

[24]  BeT, PRt WRELR, 45 T2 BUEORMECAR A2 REREHE ] IHRHLT AR, 2012, 38(18): 158 - 161.
LU Hong, CHEN Lichao, PAN Lihu, et al. Spatial clustering algorithm based on multi-agent technology and mathematic morphology|[J |.
Computer Engineering, 2012, 38(18): 158 - 161.(in Chinese)

[25]  ®ALte, i, SREKEE, 45 TR ROERIT AR RCEE ORIk ] OGS 205, 2014, 44(2): 213 - 216.
ZHAO Yuhua, YUAN Feng, ZHANG Qiujia, et al. Spot centre arithmetic based on morphology and optical flow equation[]]. Laser &
Infrared, 2014, 44(2): 213 - 216.(in Chinese)

[26] LIU X, WU Z, WANG X. Validity of non-local mean filter and novel denoising method [J]. Virtual Reality & Intelligent Hardware,
2023, 5(4): 338 - 350.

[27] LIS, BIX, ZHAO Y, et al. Extended neighborhood-based road and median filter for impulse noise removal from depth map[J]. Image

and Vision Computing, 2023, 135: 104709.



R

N 45 JET AR EOE ST R0 3D AT HAL SR R ST 355

[28]

[29] ERIHEEEHE)R, T EFARE R B2 54 GBIT 9959.1-2019 fif 44 A K& R i 55 13840 R g[S ], dbat 4l
ARAFTER, 2019.

(300 bat, BRAEme, XURSZAR, A5 BT B bR 20 0 26 I 1A TR 1 35 107 43 3045 ) i [ ] A WU 4R, 2023, 54(9) 2 306 - 315.
XIE Bin, JIAO Weipeng, LIU Kaidong, et al. Adaptive segmentation control method of sheep carcass hind legs based on contact state
perception[ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(9): 306 — 315.(in Chinese)

[31] MYHAN R, MARKOWSKI M, DASZKIEWICZ T, et al. Non-linear stress relaxation model as a tool for evaluating the viscoelastic
properties of meat products[ J |. Journal of Food Engineering, 2015, 146: 107 - 115.

[32]  Z306H], HOSAHALLIS Ramaswamy, T3, 4. 4+ A8 R VR B VIR LRI IE S IFELT . A0l AL#4i, 2014, 45(3): 206 - 214.
SU Guangming, HOSAHALLI S Ramaswamy, YU Yong, et al. Thermal behaviors and ice crystal properties in pressure shift freezing of
beef[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(3): 206 - 214.(in Chinese )

[33]  fotA, ME, ARU], S5 mH R e T A F YR 7 2O H SR BTS2 [ ], Al TR, 2023, 39(24) : 316 - 326.
SUN Guangquan, FENG Yaoze, ZHU Ming, et al, Effects of different freezing methods on the quality of Micropterus salmoides oriented to
long-distance cold chain[J]. Transactions of the CSAE, 2023, 39(24): 316 - 326.(in Chinese)

(E£5%287)

(7] ZESC SR ML, e, 47 2T 2D DWT 5 MobileNetV3 Rl 6 AR ARG T I L) . Ak TR0z, 2023,39(24) :207 - 214
HUANG Liiwen, GUAN Feifan, QIAN Bo, et al. Lightweight tea disease recognition based on fusion of 2D DWT and MobileNetV3 (I
Transactions of the CSAE, 2023,39(24):207 - 214.(in Chinese)

(8] ZE5R4F BN, MR, % BE TG YOLO v5s VY s dth MOkl 77 3 [T ] A I LA 7412, 2023, 54 (1 1) : 230 - 238.

ZUO Haoxuan, HUANG Qicheng, YANG Jiahao, et al. Detection method of crop yellowing leaf curve based on improved YOLO v5s [J].
Transactions of the Chinese Society for Agricultural Machinery, 2023 ,54(Supp.1) :230 - 238.(in Chinese)

[9] REN S, HE K, GIRSHICK R, et al. Faster R-CNN: towards real-time object detection with region proposal networks [J]. IEEE Trans.
Pattern Anal. Mach. Intell.,2017,39(6): 1137 - 1149.

[10] LIU W, ANGUELOV D, ERHAN D, et al. SSD: single shot multibox detector [ C]//Computer Vision—ECCV 2016: 14th European
Conference,2016:21 - 37.

[11] ORCHI H, SADIK M, KHALDOUN M, et al. Real-time detection of crop leaf disseases using enhanced YOLO v8 algorithm [c] 2023
IWCMC,2023:1690 - 1696.

[12] YANG Z,FENG H,RUAN Y, et al.Tea tree pest detection algorithm based on improved Y010v7-Tiny[ﬂ Agriculture, 2023, 13(5): 1031.

[13] SHIQ,LIC,GUO B, et al.Manipulator-based autonomous inspections at road checkpoints : application of faster YOLO for detecting large
Objects[J}.Defence Technology,2022,18(6):937 - 951.

[14]  ZEihs MRS, THEL, 47 . 2t Faster R-CNN B4 FH 3 T 0 4G L) . Al T /274412, 2020,36(12) : 179 - 185.

LI Jiuhao, LIN Lejian, TIAN Kai, et al. Improved field disease detection of bitter melon leaves by Faster R-CNN [J]. Transactions of the
CSAE, 2020,36(12):179 - 185. (in Chinese)

[15] XUEZ,XUR,BAID,et al.YOLO-tea:a tea disease detection model improved by YOLO v5[J].Forests,2023,14(2) :415.

(161 MR, PRUEEE, 8/, %5 BT YOLO-V5 45 ResNetS0 ()¢ HIT5 UG [ )], AT RE S HLAas ABFE, 2022, 11(3) :236 - 247.

LIU Chunyuan, CHEN Hongjian, ZENG Xiaohui, et al. Detection of farmland pests based on YOLO-V5 and ResNet50 [J]. Research on
Artificial Intelligence and Robotics, 2022,11(3):236 - 247. (in Chinese)

[17] W& RS, BB, 4F . 3 T 208 YOLO v8s B/ /AR BRI AT TE [ ] A HLBR 7417, 2024, 55(7) - 280 - 289.

SHI Lei, YANG Chengkai, LEI Jingkai, et al. Wheat spikelet detection of fusarium head blight based on improved YOLO v8s [J].
Transactions of the Chinese Society for Agricultural Machinery, 2024,55(7):280 - 289. (in Chinese)

[18] W, ED4ME, FAEWE, 55 FET Android FHLAY I AR AL i BN R e it [ ] AW ALA R, 2023, 54 (35 1] 2) : 252 - 259,277.
HU Can, WANG Xingwang, WANG Xufeng, et al. Design of field cotton yield prediction system based on Android phone [J].
Transactions of the Chinese Society for Agricultural Machinery, 2023 ,54(Supp.2) :252 - 259,277. (in Chinese)

[19]  JRFM. HT Android B YR A it MO IR A S BEAR ST 42 [ D ). B - VLI TR, 2017,

YUE Yicheng. Development of Android based capture & transmission of crop canopy and automatic system on its image management[ D ].
Hangzhou : Zhejiang Sci—Tech University, 2017. (in Chinese)

[20] 7% B9 FR, 98, 45 35T Android FIRRE 2 T ISR ARAYI R RE M R Ze ) ] AT RS, 2021,47(4) : 174 - 179,233,

LIU Wanxue, KUAI Naiyang, HAN Shuang, et al. Intelligent recognition system for invasive alien plants based on Android and deep
learning [J]. Plant Protection, 2021,47 (4) : 174 - 179, 233. (in Chinese)

[21] FU-KUAN W , YI-QL H , ZHAO-CHENG H , et al. MRUNet: a two-stage segmentation model for small insect targets in complex
environments[ J |. Journal of Integrative Agriculture,2023,22(4):1117 - 1130.

[22] ZHANG X Y, ZHOU X Y, LIN M X, et al. ShuffleNet: an extremely efficient convolutional neural network for mobile devices [(cln
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition,2018:6848 - 6856.

[23]  WANG T,CHEN Q, LANG X, et al.Detection of oscillations in process control loops from visual image space using deep convolutional
networks[ J |. IEEE/CAA Journal of Automatica Sinica,2024,11(4):982 - 999,

[24] CHENJ, KAO S, HE H, et al. Run, don’t walk: chasing higher FLOPS for faster neural networks [C}//Proceedings of the IEEE/CVF

WANG M, ZHENG S, LI X, et al. A new image denoising method based on Gaussian filter [ C] /2014 International Conference on

Information Science, Electronics and Electrical Engineering (TSEEE), 2014,

Conference on Computer Vision and Pattern Recognition, 2023:12021 - 12031.





