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Abstract; Aiming at the problems of low automation and high cost of field spreading device for factory
planting seedlings, a fully automated bilateral rail type field spreading device with a visual detection
module for abnormal bumps in seedbed was designed. Firstly, the working principle of the tray spreading
structure was analyzed, and then the structural design, force analysis and simulation analysis were carried
out on the full-load operation condition of the tray spreading device. In order to prevent the abnormal
bulge of seedbed from tilting the seedling tray when spreading the tray, which affected the survival rate of
seedling refining, an abnormal bulge target recognition algorithm was proposed based on CBAM — YOLO
vSn, and the improved YOLO v5n algorithm added the attention mechanism, and the average values of
accuracy, recall, and average precision for the detection of the abnormal bulge target of the seedbed were
respectively 98. 1% , 91. 7% and 94. 9% , which were 1. 2 percentage points, 1.7 percentage points and
0.9 percentage points higher than that of the original model, respectively. The developed tray-laying
prototype was tested by orthogonal test method, and the test results showed that when the height of tray-

laying was 90 mm, the rotational speed of tray-laying mechanism was 550 r/min, and the translational
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speed of tray-laying box was 0. 14 m/s, the highest tray-laying success rate was 96.4% , and after

implanting the machine vision module, the tray-laying success rate can reach 99.3% . The designed tray

spreading device can effectively reduce the labor intensity of manual tray spreading and reduce the labor

cost of tray spreading.

Key words: field spreading trays;factory seeding; bilateral rail type; machine vision; YOLO v5n
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Fig. 14  Improved YOLO v5n model structure




78 SO A1 M 1 S S 4

2024 4

KTV T G R K U P B o o R
( Precision,P) . 74 [] & ( Recall, R) . 3 %5 & ¥ {H
(Mean average precision, mAP ) Fl 4 Fb 1% % i %L
(Frames per second, FPS){ERTEM 4845 o

J T REL CBAM — YOLO v5n il £  2 58, %8 Bt
— AR B AR TR O P A A TR ARG I 4 SR X e
mz 1 fron.

F1 ZRNRBIFELIIZGER

Tab.1 Comparison of training results for each

detection model

" HAE
FLTRY P/% R/% mAP/% FPS/(f-s™")
% /MB
YOLO v5n 96.9 90.0 94.0 90.91 3.67
YOLO v5s 97.5 90.1 95.3 66. 58 13. 60
YOLO v7-tiny  95.0 88.8 95.7 29. 67 11. 60
YOLO v8n 94.6 88.8 93.7 170. 23 5.93
YOLO v8s 98.7 90.5 93.6 147.92 21.40
CBAM —
98.1 91.7 94.9 77.52 3.70

YOLO v5n
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Tab.3 Plate spreader full load forward speed test

HiEHE B /m T 5 1] /s Hi ik / (mes ")
1 7.25 0. 138
2 15.08 0.133
3 22.12 0.136

F4 KBEEERMAKE

Tab.4 Experimental factors and levels

(a) ADAMSH1 7

S
KF i 458 v RN AL U VA Eo v IR e 50 v
mm (remin~ 1) (m-s™")
1 90 500 0.13
2 100 550 0.14
3 3 110 600 0.15

(b) BRJEZ

BB AL — U R 2 3 28 A BRAE , — U Hh A
5 YL 140 B, B UG IR B R 3 R E S A
IR RO BB B A e e e R
B U A S B O T SR B =R B (R
IERZIRE T R GERME S Fox, kS LI
Gl A A AP RS U 0. 14 m/s Bl £ 55 B 90 mm
FLBL e 8 550 v/min 47 B 85 I 09 F1 3l B A AR
AL o

RS EXRUERERESN

Tab.5 Orthogonal test results and polar analysis

5 i K .
Al ’ " - - - o Al
BffAl/s RS AR, RSV AR T RS
(d) THNF R/ %
mm BW/(r-min~') BF/(m-s”")
16 ADAMS iz 8 {5 5 K 45 2R 53 1 90 500 0.13 89. 3
Fig. 16 ADAMS motion simulation and result analysis 2 90 550 0. 14 96. 4
3 90 600 0.15 89.3
4 100 500 0.14 85.7
5 100 550 0.15 89.3
6 100 600 0.13 85.7
7 110 500 0.15 78.6
8 110 550 0.13 82.1
(a) HIFIRERL 9 110 600 0. 14 78.6
N N K 275.0 253.6 257.2
P17 B 45 ML e e 1 '
K
Fig. 17  Overall assembly diagram of seedling tray placer 2 260.7 267.8 260.7
K, 239.3 253.6 257.2
R 2 FHEV = H A7 EE K k, 91. 67 84.53 85.73
Tab.2 No-load forward speed test of disk-laying ky 86. 90 89.27 86. 90
machine ks 79.77 84.53 85.73
ST oo N N _ R 11.9 4.74 1.17
T 1 25/ m T 22F P 15/ R HERE B/ (mes ")
1 7. 00 0. 143 .
4.3 XtEbile
2 13. 89 0. 144 . . )
. o s - AT o VRS B 0 SRR 7

PR R AT o0k ek g o 47 o 6 2 w8 B2 L Bl S DL )
FKFER 4 PR o R R 25 A - £ 38 AR ] 7 R R 3 Ao A I ) g
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