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Design and Experiment of Adaptive Depth Planting Device
for Small Transplanters in Southwest China
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Abstract; Aiming at the problem of irregular ridge surfaces in the mountainous and hilly terrains of
Southwest China, which makes it difficult for traditional transplanters to adaptively adjust the planting
depth, an adaptive constant-depth planting device was proposed for small transplanters in Southwest
China. Based on the agronomic requirements for vegetable plug seedlings and the design specifications of
the mechanism, kinematic modeling of the mechanism was conducted, and the working principle of the
planting system was analyzed. Using the results of the kinematic modeling, a computer-aided analysis and
optimization interface for the planting mechanism was developed to study the mapping relationship
between structural parameters and the planting trajectory. By establishing an objective optimization
function and setting mechanism constraints, a relatively optimal parameter combination was obtained by
using the successive approximation method. A simulation test for constant-depth planting was conducted,
verifying that the proposed mechanism can adjust the planting depth through five sets of angle variations,
while meeting the requirements for the planting trajectory and the velocity at the planting endpoint. A
static trajectory test of the mechanism was carried out, showing that the maximum error of the lowest point
between the five sets of actual static trajectories and the simulated static trajectories was 6. 86 mm, and
the maximum error in trajectory height was 13. 98 mm, with a high degree of coincidence for each set of
trajectories. The constant-depth planting performance test indicated that, at a planting frequency of

15 plants/min and a unit speed of 3. 6 m/min, the hole width on both flat and uneven ridge surfaces was
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less than 100 mm, the qualified planting rate was above 94.45% , the maximum coefficient of variation

for plant spacing was 3. 86% , and the average qualified rate for planting depth was above 92.22% ,

demonstrating the feasibility of the mechanism for adaptively adjusting the planting depth.

Key words: Southwest China; small transplanter; constant-depth planting device; multi-bar mechanism

kinematic analysis
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Fig. 9  End-effector trajectory of planting mechanism

at different angles

A S JITO0E B B9 SR B S R R 1 TR B
FARIIE R BRI AT S LR AR, 2B v e R 2
86. 55 mm, A A ffy HE 25 5 W el /)N, o B L i S B
N B R AR A F AR, U — 2P BE 1 KA
BUABTE REAU 05 B P AR A R 255 A B 5 PR

x1 EXRABEMEXESH

Tab.1 Key parameters corresponding to each
included angle
0C 5 X i N AW, WAL NAGEE/
ZE i /mm

Je s (°) mm E2E/(°) mm
130 -239.54 50 12.13 0.55
135 -214.50 50 12. 09 0.38
140 -191.59 50 11.53 0.43
145 —-170.98 50 11.08 0. 05
150 -152.99 50 10. 11 0.89
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Fig. 10 Prototype control process
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Fig. 11 Comparison results between actual and simulated trajectories
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Tab.2 Relative error between actual and simulated

trajectories mm
A Tl iR 22 U R 22
1 6. 80 13.93
2 4.95 10. 88
3 4.95 13.32
4 6. 86 13.98
5 6.28 8.26

K12 HEHRRT &
Fig. 12 Prototype test platform
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Tab.3 Matching relationship between sensor distance

information and mechanism depth mm
0C 5 X ik ?%ﬁi‘ﬁiﬂ']% 35 5 45 it
/() B WL

130 [128,148] [ -239.54, -227.02) 50. 0
135 [108,128) [ -227.02, -203.045) 50. 0
140 [88,108) [ —203.045, -181.285)  50.0
145 [68,88) [ -181.285, —-161.985)  50.0
150 [48,68) [ -161.985, —152.99] 50. 0
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Tab.4 Response time corresponding to changes in

each angle

e faAs b/ W] 37 i ] Je fa AR b/ Wi S Hf [

(*) ¥fE/s () BfE /s
130—135 0.73 135—130 0.73
130—140 1.45 140—130 1. 46
130—145 2.18 145—130 2.19
130—150 2.91 150—130 2.92
135140 0.72 140—135 0.72
135145 1. 44 145135 1. 44
135—150 2.18 150135 2.17
140—145 0.72 145—140 0.72
140—150 1.45 150—140 1.45
145—150 0.73 150—145 0.73
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Diagram of pot-seedling planting experiment

Fig. 13
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Tab.5 Test results of planting performance on

flat ridge surface

A om FkH PREEAS AR I B
FY  MEU SE/ A% KR/ em RE AR/
3 mm  RK/% 5/ % %
1 60  92.53 96.67 24.77 +0.95 3.84  95.00
2 60  89.47 98.33 24.40+0.73 2.99  91.67
3 60  94.35 90.00 24.77 +1.18 4.76  90.00

FHE 60 92.12 95.00 24.65+0.95 3.86 92.33

T BRI ROR “BRBE X (E « dRifE2ZE” . Tl

6 FATHEZmMBEMHRREER
Tab.6 Test results of planting performance on

uneven ridge surface

o R S Y PREEAS AR B
FY OBV SE/ A% FR#E/em RE AW/
3 mm RK/% 5/ % %
1 60  95.30 95.00 24.33+0.87 3.58  91.67
2 60 94.82 91.67 24.82+1.06 4.27  88.33
3 60  96.57 96.67 24.03+0.89 3.70  96.67

FHE 60 95.56 94.45 24.39+0.94 3.85 92.22
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