F40E  F 20
138 2024 4F 10 A

Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol40 No.20
Oct. 2024

E T YOLOVS BOmtk = A 1= M 5o (B IR AP S & 1%t 5156

[ > = = N X

7 #7, BET', kg, REE, TRF', THEWE, hAFHY

(1. fEJbE IR AR, F5E 071003; 2. Jaldbd Kk R S e s SR GH O (EdbE R,
£R7E 071003; 3. VHLEWHEARIYEARRESM , FRE 071000)

7 OE: RIS AL SR PR E T SR, IR T — R T A IR U 1) A sh L AR T AE T &,
DLSE K 25 1 bise > ZH 335 P 1 B sh IS R . P & R B ARSI RGAHIME M KRB K, TEMAN RS+,
JEITH AKConv 5 DSConv £t 5| X\ YOLOVS H LT &k AKDS YOLOvS #6507k, $2 1 5 Gosxt 485 1 R 1 B HE A 2K
TENUE RIS R rp, 35T BORIS0E S U 1 Rl ARz, A WLAES SR o B IR 58 Jaont A ik iy b 2H 35 1 AR B A I
IG5 RR W, HETFJE YOLOvS, AKDS YOLOvS X 45 MR H i IR B HE# 2% . A [E%E . mAPO0.5 33 & T 8.6.
10.7. 7.4 ANE S A LB T MW Ko TR R sl 85 W iia is . IR SFE, Pl RIhRIET 82.5%. T &t
5 SELAIIE =2 AT ShAC PP, AT ORI S R AR A s R — e 5

XKHEIA): W2, ZA32%. YOLOvVS: AKConv; DSConv; AE#4x4%|

doi: 10.11975/j.issn.1002-6819.202405039
FESES: S126 XHEFRERE: A

8, BET, KNG, FETu# YOLOVS FBIR = AR EM R ARMEE SR SRIT]. R TIEFR, 2024,
40(20): 138-146. doi: 10.11975/].i1ssn.1002-6819.202405039 http://www.tcsae.org

YUAN Chao, MA Jianing, ZHANG Panhao, et al. Design and experiment of the visual servo planting platform for phalaenopsis
tissue-cultured seedlings using improved YOLOVS[J]. Transactions of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2024, 40(20): 138-146. (in Chinese with English abstract) doi: 10.11975/5.issn.1002-6819.

XERES: 1002-6819(2024)-20-0138-09

202405039 http://www.tcsae.org
- 5| N\ Swin Transformer Block #idk, w1 H LN ER K
0 35 5 KA m s XUEH 0 SR AT YOLOVT HUFES: 3]

R ARy — RO S A, BRI N
%, BEZMRE T & R AB BT . w2 20 4B
FREEF AR R R, RS, A RES
TER BN L IEM, SR IEIE TAR K Ml N BOZ 4E B A
NTTRAAEr BTt A7 A A i . BRIk,
R FRI AR AL AT, FEMIE 22 4 U 97
POk H SRR, Al 2 AU AR N TREAT e
PEABURT BLRRARA ™ A, 10 HL B AE — E RE S L PR
LB B A R U

NS U SEBUN UG 1) B s A R R A, 75 20 ) i
SRR AT HERA O HARA I, R ARG G I 45 RO AL
T REAT RSB TE SR a1,

X TR =2 2L 5% Y R 0 P v 8 e I A ST B AL A
) — SR8, TR, T BRI 1 H ARk 77
ERZ Bz AN, Hob, YOLO HvEfE N s Al AR 3,
Wer iz BT KRB, AT FORP Sk 4
IR p . e Rk T YOLOVS [k ks, IF

Wk H I 2024-05-08  EITHIH:  2024-08-30

FEEUH: HE AR ERESIKE ST H AR H (U21A20486) ;
WALE EAEF R FE AR R BE (QN2024171) ¢ rh o m i B AR BHI L
% WEIMHE S (2022MS100)

TER A sie, 4, IR, LRSI, 5007 i SN
Z RIS B g2 H] . Email: chaoyuan@ncepu.edu.cn

MOBEES: R, Wt Jm, B4, BFFC5 R AU f2 )
J B A MK . Email: xudawei@ncepu.edu.cn

LR A/NRFAEREAT SR, SRBL 7 BN Fy B3
R SRTT, TR X 8 0 22 2 8 T R H ARAS U SR
TORUD, IF HMR = H B R TR E R 2, REBAARN,
J54f YOLOVS S HAR AR I R A LAE, Bt
A E AR YOLOVS X TR 22 R /0 A e il g
TEX 7T, k) S i R P A A BE REAE P B AT
BENLRFE, SCBL T X B PR 6 300 I i AE AR SRR . ik
b, TR L AL EBONE s, AR SR UL RE R R B A
B e U 2 o R HUE 25 O 5 ORS00 e 2 2 5%
AR 1 B bR S . FEIXOT T, SRS R A
HAx HSV 15 AL B i 2445 3] 1 FEIE MAE A

22 BTURURE PR T8 7 2 4 1 2 ST IO 09 0 2 A 5 v
NI 73—kt . HAT, 2R R I HLE
FERITIRA T Z N . T IR E B A ST BB A
] JIR RN 0 B AR B IR WA . T o B v
T TR e, BALRED, 55 NRED,
T WG R ERAM A G B ERNE, THT
MR A 8 AN AR AR AR e iH 55, B SE R B H AR R A2 1k
ULAERSZ BN 250, AR R I T — R H LS
Tobr o M T7i%, HeT A AR VE S A A AR AE
i TN A AN VACRIDE |25 B Wik Al R R R A s
IR 472 8] 7 35 AR Al PR AR AR A Ml 22 E AT L8 AL K
R BRME S A BRI S, R T RS AL D 22
BN HARE FLAE RO, P AR R AR AR
AT SR R AT URES A i 3 Z


https://doi.org/10.11975/j.issn.1002-6819.202405039
https://doi.org/10.11975/j.issn.1002-6819.202405039
https://doi.org/10.11975/j.issn.1002-6819.202405039
https://doi.org/10.11975/j.issn.1002-6819.202405039
https://doi.org/10.11975/j.issn.1002-6819.202405039
https://doi.org/10.11975/j.issn.1002-6819.202405039
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202405039
https://doi.org/10.11975/j.issn.1002-6819.202405039
https://doi.org/10.11975/j.issn.1002-6819.202405039
https://doi.org/10.11975/j.issn.1002-6819.202405039
http://www.tcsae.org
mailto:chaoyuan@ncepu.edu.cn
mailto:xudawei@ncepu.edu.cn

20

S WISE: BT Ul YOLOVS (i =2 415 v g o (el AR & B 5 ka6 139

AR PALGE YOLOVS S7 35k Fof i g 2% 28 45 1 A6 00 4
FRAW A [ - S BB 2 A B 1 | SRR, A SR
AKConv 5 DSConv #H 5] X% 45 YOLOVS H1, 55 5
XFTEAR 248 B /IMAR H bR BIRL I RE 77, DLI$E my B0t
WA 22 2 % P AR HE R s DASGdE ) YOLOVS Rl
ORI, 5 P RRORY S A o) O B AR AR AL S B T A%
A EART EEhE R JUBURIRR Y, A& TR —Fh
W R SRR S &, R A 1)
AR, DA gl 22 2 21 R o B IR R R B,

1 BR=RIEREPIE T A iE R

1.1 MEFEAEMR

A8 12 L N JAKA ZU3, 5T K
7 PGE15-26 B H it 7 4 & 1a s B Rim e B
ML 22T B B IRAEF L RBCE . Lk KT
B, AEchAf, REERRR TS, WE 1b fis.

b. w5E-F &
b. Test platfom

a. AR H
a. End tool

BT 2,462k 3. R 4. RN 5. 3REHL 6. =6 7. FAGHL AR L 8. UL
PRER 9. AR157F 10NN 11 BI%TRIE

1. Tweezers 2. Fingertip 3. Clamp block 4. Electric claw 5. Camera 6. Pan tilt
7. Camera data cable 8. Electric claw data cable 9. Conveyor belt 10. Robot arm
11. Simulated culture medium

Bl RmkBL5KEBFs
Fig.1 End tool and experimental platform
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Note: Conv2d represents 2D convolution; Resample represents resampling:
Reshaple represents reshaping; Conv represents convolution; Norm represents
standardization; SiLU represents the SiLU activation function.
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Fig.3 AKConv network structure
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variable quantized kernel; © represents the Hadamard operator.
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Note: Conv represents convolution; AKConv represents variable convolution kernel convolution; DSConv represents distribution offset convolution; C2f represents
channel to pixel module; CAT represents feature fusion; UpSample represents upsampling; SPPF represents spatial pyramid pooling.
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Fig.5 Backbone and head of AKDS_YOLOVS
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Note: The T point is the center point of the root recognition box, the B point is
the center point of the leaf position, the diagonal line L is the orientation of the
root, the Y-axis represents the ordinate in the pixel coordinate system, and the 6
is the angle between the root of the tissue-cultured seedling and the gripper (°).
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Fig.7 Calculation process of root orientation of tissue-cultured
seedlings
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Note: £, E. and Ey respectively represent the difference between the horizontal
coordinate and the actual coordinate of the point on the pixel coordinate system,
the change in the horizontal coordinate difference, and the difference between
the vertical coordinate and the actual coordinate; a; and Vy respectively represent
the acceleration of the end effector of the robotic arm along the X-axis and the
velocity along the Y-axis in the robotic arm base coordinate system.
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Fig.8 Structure of end effector controller for robotic arm
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Table 1 Correspondence between the value of E, E and the
numerical values in the domain of membership functions
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Note: NB represents negative large; NS represents negative small; Z0 represents
zero; PS represents small; PB represents large.
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Fig.9 Membership curve of £ and £,
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Fig.11 Comparison of recognition results
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Table 2 Detection results of tissue-culture seedlings of
phalaenopsis orchid by different algorithms

Bk

Aleori Pl% RI% mAPO0.5/% mAP(0.5~0.95)/%
gorithm
YOLOV8 872 71.8 84.5 55.7
SA+YOLOvV8 92.7 80.4 90.9 53.7
AKDS_YOLOvV8 95.8 82.5 91.9 57.8

i PONHERIH: ROVAME; mAP NEEH PR .
Note: P is precision; R is recall; mAP is mean average precision.
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Fig.12 Target tracking results
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Table 3 Results of tissue-cultured seedlings planting experiment
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Design and experiment of the visual servo planting platform for
phalaenopsis tissue-cultured seedlings using improved YOLOvVS

YUAN Chao'?, MA Jianing' , ZHANG Panhao' , ZHAO Mingxue' ,
WANG Jiahao' , WANG Jingxian® , XU Dawei'**

(1. Department of Automation, North China Electric Power University, Baoding 071003, China; 2. Hebei Province Power Generation
Process Simulation and Optimization Control Technology Innovation Center (North China Electric Power University), Baoding 071003,
China; 3. Hebei Baisha Tobacco Co., Ltd. Baoding Cigarette Factory, Baoding 071000, China)

Abstract: Phalaenopsis has been widely popular ornamental plants, due to its unique appearance and excellent market
prospects. The commonly used breeding for phalaenopsis is tissue culture at the same time. However, this task involves high
repetition and labor intensity. It is still challenging to increase the production of butterfly orchids. This study aims to improve
the yield of tissue culture for the labor-saving in phalaenopsis production. A visual servo platform was proposed with the
robotic arm gripping. The picking and planting of tissue-cultured seedlings were realized on the conveyor belt. The visual
robotic arm was constructed as a 6-degree-of-freedom robotic arm with eyes on the hand, according to the uncalibrated visual
servo control. Firstly, the images were captured from the camera. Image detection was implemented to obtain the image
coordinates of the roots, stems, and leaves of phalaenopsis tissue-cultured seedlings. Then, the image data was analyzed to
determine the angle between the tissue-cultured seedlings and the end clamp of the robotic arm, as well as the gripping point.
According to this angle, the end posture of the robotic arm was obtained during gripping. Afterward, the difference in picking
point coordinates was calculated between the current and expected image for the tissue-cultured seedlings. The obtained data
was then fed into the fuzzy as an input. The acceleration value was derived to control the speed at the end of the robotic arm
from the input quantity. The end gripper of the robotic arm was used to track the tissue-cultured seedlings during planting. The
acceleration control was utilized to remain relatively stationary in the planting experiment. The gripping of tissue-cultured
seedlings was realized to estimate the posture of the gripper after tracking. The tracking speed was also maintained to plant in
the given and fixed culture medium. The accuracy of the original YOLOv8 was improved to identify the roots, particularly for
the diverse root morphology of Phalaenopsis tissue-cultured seedlings. AKConv and DSConv modules were introduced to
extract the root features, resulting in an improved AKDS YOLOvVS. Compared with the original YOLOVS, the recognition
accuracy of AKDS YOLOVS increased by 8.6 percentage point for seedling roots, the recall value increased by 10.7 percentage
point, and the average accuracy increased by 7.4 percentage point, when the intersection-over-union ratio of the real box and
the detection box was set to 50%. The recognition performance was improved significantly. A dual-input single-output fuzzy
was utilized by the platform. The input was taken as the difference between the actual and expected pixel coordinates of the
target, as well as the variation in this difference. The membership function was used to obtain the membership degrees of
different fuzzy sets, corresponding to the difference and the variation in difference. The resulting data was then fed into the
fuzzy control rule table. The image deblurring was employed to determine the acceleration at the end of the robotic arm in the
direction of the conveyor belt. 80 repeated planting experiments were conducted to verify the success rate of planting. A
success rate of 82.5% was achieved under the failure situations. The platform can effectively pick and plant phalaenopsis tissue-
cultured seedlings on the conveyor belt, indicating the promising application value.

Keywords: phalaenopsis; tissue-cultured seedlings; YOLOv8; AKConv; DSConv; fuzzy control
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