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Abstract; Aiming at the automatic control demands of the pneumatic ejecting type high-speed
transplanter, an automatic control system for the transplanter was designed based on Arduino
microcontroller. The system mainly included multi task modules of tray displacement detection, orderly
tray supplying and high-speed seedling ejecting. Taking the position and displacement of the seedling tray
as the main control conditions, the methods for controlling tray supplying speed and seedling ejecting
interval were determined by analyzing the coordinated relationships of the tray supplying speed-tray
feeding speed, and seedling ejecting interval-tray displacement. Two finite state machines were
established respectively; the control flow was designed based on the dynamic time slice polling algorithm.
The accuracy test of the control system was carried out to assess position accuracies, results of which
showed that the maximum relative errors of tray supplying position and the seedling ejecting position were
1.27% and 12.85% respectively at high-speed (90 ~ 150 plants/min), the maximum cumulative
relative errors of the 2nd to 6th seedling ejecting positions were 11.85% , 5.63% , 4.25% , 1.94% and
2.44% , respectively, which were all within the allowable error range and met the working requirements.
The transplanting performance test was carried out with the indicators of the success rate of tray
supplying, seedling ejecting and throwing. The test results showed that the automatic control system
worked reliably at high-speed, the tray supplying and tray feeding motions were connected effectively,
and the seedling ejecting sequences were synchronized with continuous tray feeding accurately, the
success rate of tray supplying and the success rate of seedling ejecting were both 100% , and the success
rate of seedling throwing was above 94.44% . The automatic working of the orderly tray supplying and
seedling ejecting at high-speed of the pneumatic ejecting type high-speed transplanter was realized.

Key words: high-speed transplanter; automatic control system; pneumatic ejecting type; tray supplying
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Tab.4 Sates and corresponding sub-tasks of B X % ¢ (7)
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Tab.5 Events in FSM model of high-speed

seedling ejecting task module
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Fig. 14 State transition diagram of FSM model of
high-speed seedling ejecting task
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Fig. 15 Accuracy test of tray supplying and seedling

ejecting positions
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Fig. 16 Schematics of the allowable error of tray
supplying position
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Tab.6 Relative error of tray supplying position of

each pallet
BT/ (B -min ") $08% 1/% 585 2/% 4045 3/% M/ %

90 1.27 0.63 0.63 0.85
120 0.95 0.79 0.79 0.85
150 0.79 0.79 0.63 0.74
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Fig. 17 Schematic of allowable error of seedling
ejecting position
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Tab.7 Relative errors of each seedling ejecting position

BRI 1/ B 2/ W 3/ B 4/ B 5/ BF 6/ 1Yy
(Bk-min~') % % % % % % {E/%
90 3.84 6.14 2.47 0.39 6.62 4.02 3.91
120 5.32 471 2.48 2.44 12.85 4.48 5.38
150 5.30 6.55 4.34 2.26 8.8 5.66 5.50
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Tab.8 Cumulative relative errors of 2nd to 6th

seedling ejecting position

U A3 %/
eomin 1) W 2/% WFF 3/% WHF 4/% B 5/% WEHF 6/%

90 9.98 3.02 1.89 1.02 1. 41
120 10. 03 3.77 1.94 1.94 2.44
150 11.85 5.63 4.25 1.36 1.90

5 BEBRNIELELE

5.1 RIE&HG

h T A F R BRANE A shiEw R GAEH
A AL A IR R 7E v RO KA AR
o i e k= | R S B N e e |
FEIREEA YRR g . I T A 28 e B AR L b
B REFRERIT Y . AR E AR 4197 B
HCRHAIVEFRE METSE R B3RS g
AL 301 1, 5108 45 d, B s 2y (141 £11) mm,

Fe A (110 £12) mm, AR (9 1) i, ANl 18

F R, E TR & KN 63.37% ~75.63%
52 RIAR

R A ) A4t 5 w5 1 MR A b 20 T R B L
BLIE Y, MU SR Y, AR Y, LA R
D Y AR e bR, i H 5l

P18 e T A

Fig. 18 Bottomless tray with pepper seedlings for test
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Fig. 19  High-speed transplanter
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Fig.20 Transplanting effect at 90 plants/min
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Tab.9 Results of performance test of high-speed

transplanter at different frequencies of ejecting seedlings

BHER, R SR B BRI ZRa )

(Beemin™') F5 EY/% FYV,/% FY/% FY,/%

1 100 100 100 100

2 100 100 97.22 97.22

% 3 100 100 97.22 97.22

SEIfE 100 100 98. 15 98. 15

1 100 100 97.22 97.22

2 100 100 97.22 97.22

120 3 100 100 97.22 97.22

FHIME 100 100 97.22 97.22

1 100 100 94.44 94. 44

2 100 100 94.44 94. 44

120 3 100 100 97.22 97.22

I 100 100 95. 37 95.37
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