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Design and Testing of Seedling Extraction System for Kale
Transplanters Based on YOLO — Fusion Algorithm

San Hongjun]’2 Yu Kang] Chen Jiupengl’2 Zhang Fan'’ Gong Mengying3 Jiang Wenhao'
(1. Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500, China
2. Key Laboratory of Advanced Equipment Intelligent Manufacturing Technology of Yunnan Province, Kunming 650500, China
3. Yuxi Xintianli Agricultural Equipment Manufacturing Co. , Lid. , Yuxi 652699, China)

Abstract; Aiming at the problems such as the difficulty of picking up seedlings due to the mutual
obstruction of seedlings in the nursery tray when picking up seedlings by kale transplanter and the
omission of seedlings caused by defective seedlings during seedling casting, the intelligent seedling
picking system of transplanter based on deep learning was designed by combining the size of kale potting
seedling with the process of picking up and casting seedlings. The system adopted the YOLO — Fusion
multi-model collaborative algorithm, which consisted of the YOLO v5s — CCB position detection algorithm
and the YOLO v8s — cls residual seedling classification algorithm to achieve the tasks of stalk position
detection and residual seedling screening, respectively. Among them, YOLO v5s — CCB was improved on

the basis of YOLO v5s model, which enhanced the extraction ability of stem features by incorporating the
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coordinate attention mechanism in the C3 module of the backbone network; and replaced the Concat
operation in the neck network with bidirectional feature pyramid network ( BiFPN) to improve the feature
adaptive fusion ability and reduce the misjudgement due to the similarity of stem and leaf features.
Comparison tests showed that YOLO v5s — CCB, compared with the benchmark model YOLO v5s,
although Recall (R) and frame rate ( FPS) were reduced by 0.7 percentage point and 11.9 /s, the
precision of the main target PO and the overall mean average precision (mAP) were improved by 2.4 and
2. 8 percentage points to 91. 7% and 60. 5% , respectively; and compared with the RT — DETR, Faster
R — CNN and YOLO v8s, YOLO v5s — CCB maintained higher detection accuracy and faster detection
speed compared with mainstream models. YOLO v8s — cls algorithm made the decision of strong seedling
retention and residual seedling rejection by identifying residual seedling features, which was verified in
the test set, and the theoretical classification success rate reached 85. 1% . The YOLO — Fusion algorithm
was deployed on the experimental platform to carry out stem position mapping and seedling picking and
dropping tests: in the position mapping test, the maximum error between the actual coordinates and the
mapped coordinates in the z direction was 5. 1 mm, which met the demand for accurate seedling picking;
in the seedling picking test, the average seedling picking success rate of the system using the YOLO —
Fusion algorithm reached 83. 3% , which was 26. 4 percentage points higher than that of the system when
the algorithm was not used; the success rate of seedling sorting and dropping reached 85.1% after
verification by the test set. In the seedling sorting test, the accuracy of judging strong and defective
seedlings reached 94.5% and 70.8% , respectively, and the average sorting success rate was 82.6%.
Therefore, the YOLO — Fusion algorithm could effectively improve the success rate of seedling picking and the
classification efficiency of defective seedlings, and provide theoretical and technical support for the subsequent
research of intelligent kale transplanting machine.

Key words: kale transplanter; seedling extraction system; deep learning; YOLO — Fusion multi-model
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Tab.1 Kale potting seedling morphological size
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Fig. 10 C3CA structure
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Tab.3 Ablation test results

# HAskE R/, Py I Py
N PR

C3CA BiFPN % Kby et
_— /% (f-s")

PO Pl P2 (/% #/MB

X 89.3 47.0 36.8 57.7 60.4 83.3 15.0
X 90.8 47.9 44.3 61.0 58.8 76.9 15.0
V. 92,6 40.3 40.2 57.7 59.0 66.7 15.2
V. 91.7 43.5 46.2 60.5 59.7 71.4 15.3

T x AR AR R AR R (9 75 %5,V 3R R SR AR B 1Y 7 3

< xo <X
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ANH S . %, YOLO v5s — CCB il & 7 C3CA #4
R BiFPN AR H i P A, TR 1A 0 G 0 5 2R 15 31
EARTE X EH AR PO A I R Bl s B B, (]
BrEG W g 2 a7k A E, SRR RN A S
WK,

J TR ek HERL A YOLO v5s — CCB [PERE %
H5 0 B br w8 R 7 R 4R 50 k4 B X

LSRN 4 iR . YOLO vSs — CCB fE 22T H AR
G N 8 - 50K B2 (L L 4 (] 3R b i A 1] 7 T 5 B
WAL: ¥ 3 F RT — DETR, Faster R — CNN, YOLO
v8s.YOLO v9s,YOLO v10s,YOLO 11s, H 5 4 K; &
WE A 9427+ 8.5.7.7.9.7.1.8.10.6 5.8 N H 4
ML, B R RS G F 3.8.6.5,10.5,1.5,10.4 8.2
MEI R

x4 FEBHREUERILER

Tab.4 Comparison results of different target detection models

- % BARK 03/ % - XA B A %% e B )/ i 3/ T rB
PO Pl P2 Y18/ % ms (fs7") W
RT - DETR 83.1 45.6 33.6 52.0 55.9 38.9 25.7 1.6 x10"
Faster R — CNN 80.2 35.6 42.7 52.8 53.2 65.6 15.2 2.4 x10"
YOLO v5s 89.3 47.0 36.8 57.7 60. 4 12.0 83.3 1.6 x10"
YOLO v8s 85. 4 36.0 31.2 50.8 49.2 16.2 62.5 6.8 x10°
YOLO v9s 88.2 45.9 41.9 58.7 58.2 69.3 14. 4 2.6 x10"
YOLO v10s 79.9 38.1 31.7 49.9 49.3 18.2 54.9 2.5 %10
YOLO 11s 87.9 34.6 41.7 54.7 51.5 15.0 66.7 6.3 x10°
YOLO v5s— CCB 91.7 43.5 46.2 60. 5 59.7 14.0 71. 4 1.6 x10"
A YOLO vSs 4 1, YOLO v5s — CCB x G E R G E
AR BT RE 0.7 AN A 43 5, B 40K B2 24 {8 44 H——3 x 3 (%) B0 )i P A% 460 [

2.8 4\ g ad, Mo BB H AR PO MR B Rk
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68. 7% ,EfF HE ¥ i 7 T 0. 45, {07 B A IURS B, W 2
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5 RS D00 280 R 5 LA A5 T 8 25 R T, A U 8
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b

i
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Fig. 11  Effect of single line detection of YOLO v5s — CCB

model
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Fig. 12 Structure of YOLO v8s —cls
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Fig. 13 Seedling retrieval system control flowchart
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Tab.5 z-axis real - mapped position error statistics result

H-W ESWU FSBT A S
ez MERK MEME MEVEF R
2%/ mm #2/mm %/mm’ #2/mm
09 :00 4.5 3.3 412.8 3.6
13:30 3.6 2.9 307. 1 3.1
17:30 5.1 3.6 486.5 3.9
- 3 {8 4.4 3.3 402. 1 3.5
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Fig. 15 Process of seedling
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Tab.6 Seedling test statistics

e A7 5 A ) Al A R

I BGE RBI B R BGE R B A BOR R B AL
mrZ SR R AR Uiy YR/ iy DR/

B BB /% K % 7S %

09 :00 48 31 64.5 39 81.3 30 62.5
1330 48 34 70. 8 41 85.4 27 56.2
17:30 48 28 58.3 38 79.2 25 52.1
EYIE 48 31 64.5 39 83.3 27 56.9

0 3y SRR B S RO TE AR G 1Y, ZE AT A I A 2
AR PO R R W AR e IR B R AL
B, A B R O 2 TN T AR A Bk B4 TR A O AR
I 2 ) 25 R AL B 22, i TURE B8 45 Bl JTUBRCE AT 19
BoE g, AT 1 IO AR

Xt E A P37 G 00 2 T TR 5 365 {07 8 A fif
37 FE RS 0 S TR I o7 5 1) i, & A o A
T R G, i TR AT 7 B 5N e s, BE % 2D
E2 RN ES S N RN RS Rk e
T 12 Bk BOR R R B T 2604 AN R

SRR EOE S R R 83.3% RN, 15 7
TEHURT R v, AT R 2 BRI R A8 1 00, L LA
A OH B B, LR A B AR AR LTI B AL
ZIN AT BA P 22 () L B RN | AR BTUBUS 237 1
FH ARG B2 B IO BR 1 o @ e TR K I S 1R B 4%

R P AT A T A R O R
B PR R B AE MU I TR B R b B
FEFHOA R i A B B BT s R — R b
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Tab.7 Categorical seeding trial statistics

SR 2 BRI R RS S RIS BRREIAE AT BT SR
L3 B bk WU B RIR % WIE R IR % R/ % B wk %

09 :00 48 39 23 95.8 16 66.7 81.2 35 89.7

13:30 48 40 22 91.7 18 75.0 83.3 38 95.0

17:30 48 40 23 95.8 17 70. 8 83.3 36 90. 0

(. 48 39.6 22.7 94.5 17 70. 8 82.6 36.3 91.6
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