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Abstract: [Objective] In response to the problem that the existing integrated transplanting mechanism for picking and
planting seedlings carries soil during operation, which affects subsequent seedling-picking and seedling-planting
verticality, this study proposes a rice pot seedling transplanting method using dual mechanisms for seedling picking and
planting. [Method] Firstly, based on the requirements for seedling picking, handover, and planting, several key pose
points during the transplanting process were set as constraints for the picking and planting actions, and the motion trajectory
was planned. Based on the principle of constant link length, a multi-position approximate motion synthesis model for a
planar 2R mechanism was constructed. The particle swarm optimization (PSO) algorithm was used to solve for the optimal
layout of the two rotating pairs of the mechanism, determine the rod length, and establish geometric constraints for the
handover section. By combining the positions of the rotating pairs and the rod length parameters, the motion trajectory was
reconstructed to solve the relative angular displacement between the two components and obtain the non-circular gear
transmission ratio. To improve the concavity and convexity of the non-circular gear pitch curves, an objective function for
the roundness coefficient of the pitch curves was established. The PSO algorithm was used to optimize the roundness of
the non-circular gears, thus completing the design of the two-wheel mechanism for seedling picking and planting. [Result]
Simulation analysis and bench tests of the mechanism showed that the maximum deviation between the actual motion
trajectory and the theoretical trajectory is less than 1.8 mm, the error in the key pose clamping angle does not exceed 1.2°,
and the transplanting success rate can reach 88.7%. [Conclusion] This study adopts a cooperative operation mode with
separated picking and planting, which can effectively solve the problem of poor transplanting effect caused by soil carry-
over in traditional mechanisms, and provides a new theoretical basis for the development of efficient rice pot seedling
transplanting equipment.

Key words: rice pot seedling transplanting mechanism; separation of planting and picking; motion synthesis; non circular
gears; particle swarm optimization algorithm
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Table 1. Posture points of seedling picking and planting trajectories
DAY R AL
Picking 1 2 3 4 5 6 Transplanting 1 2 3 4 5 6
pose point pose point
x(mm) 369.25 33557  172.09 253.60 341.97 373.18 x(mm) 185.65 28.47 0.00 49.68 30.45 26.10
y(mm) 225.00 245.23 61.23 1239 13841 185.38 y(mm) 67.50 —-211.25 -215.00 -146.60 -36.10 172.78
(°) -90.00 -95.58 —55.00 —24.66 —63.43 —80.42 a(°) 180.00 91.01 90.00 146.57 178.01 —129.69
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Table 2. Coordinate data of the beginning and end
positions of the handover section
B —4 Group 1 %5 4 Group 2

(B1, yB1) (66.85,67.50) (xB2, yB2) (51.24,80.00)
(C1,yCl) (185.65,67.50)  (xC2, yC2) (180.17,90.14)
(D1, yD1) (308.20,21.90)  (xD2,yD2)  (308.20,21.90)
(EL, yEl) (246.42,-4728)  (xE2,yE2) (233.31,-32.82)
(xF1, yF1) (172.09,61.23)  (xF2,yF2) (171.18,76.25)
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Table 3. Optimal values of angular displacement for
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*4 RERABUBRNE

Table 4. Optimal value of angular displacement for seedling

seedling-picking planting
I B FAE B
Seedling-picking 2 ” i s Seedling planting 2 3 e s
wARME -2428 2708  -3360 —4221  —4.904 A 4.645 4.005 3.472 2.764 2.304
Optimal value Optimal value
LIRAE -2202  -2202 -2202 -2202 -2.202 LPRAE 5.030 5.030 5.030 5.030 5.030
Upper limit Upper limit
TRAE -5.560 —5.560 —5.560 —5.560  —5.560 TRRAA 1.547 1.547 1.547 1.547 1.547
Lower limit Upper limit
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Fig. 12. Trajectory of planting mechanism
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RS BERIBESAH
Table 5. Key attitude angle of the transplanting mechanism
S HA
Som E.X?ﬁ % ' Intersection angle e
Seedling-picking HUHHLAY FAEHIA .
Type Planting angle
angle Seedling collection Seedling-planting
mechanism mechanism
PR THE Theoretical design value 59.0° 94.0° —40.0° -130.0°
JE U EAY Virtual simulation value 58.8° 94.3° —40.2° -129.9°
FENLIREAA #1241 Group 1 59.8° 94.6° -38.9° -128.8°
Prototype test values 5 2 2 Group 2 58.1° 93.2° -39.5° —-130.3°
%5 3 41 Group 3 60.2° 93.7° —40.2° —130.9°
A B
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Fig. 14. Changes in attitude angle and distance from seedling clamping point
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Table 6. Transplant success rate

LR L) THE et 554D ES

Type Picking Handover Planting Transplant success rate(%)
FEHLIRSAA 1 4 Group 1 49/50 45/49 44/45 88.0
Prototype test values 5 2 41 Group 2 47/50 44/47 44/44 88.0

% 3 41 Group 3 49/50 46/49 45/46 90.0

FH{H Average(%) 96.7 93.1 98.5 88.7

I3
Seedling picking attitude
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Fig. 16. Key position attitude
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