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Optimization of Seedlings Lower Density Transplanting Path
Based on Greedy Algorithm
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Abstract.: Seedlings need to be transplanted from high density into lower density trays for more space to
grow in the greenhouse. Automatic transplanter could detect seedlings health state and do the tasks of
lower density transplanting. It can work in high efficiency and good quality comparing with the traditional
manual work. The lower density transplanting path includes end-effector leaving from original point,
grasping health seedlings from high density to lower density trays one by one, and going back to the start
at last. The distances of transplanting path were decided by seedlings grasping order. Traversing search
algorithm consumed large calculation to plan this transplanting path which does not meet the real time
requirement. In this paper, four schemes of fixed sequences were optimized by using the greedy algorithm
separately, and eight schemes were formed totally. The path planning methods were used in the sparse
and dense trays to verify the effectiveness of the greedy algorithm scheme. Comparing with the longest
mean value of fixed sequence schemes for high density trays path planning, optimal scheme of GAS3

could get a better result with more than 10. 6% amplitude optimization. The average calculation time of
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the optimization scheme was 0. 84 s. Significance test showed the increase of vacancy holes reduced the

effectiveness of length shorten. As a whole, the greedy algorithm scheme optimizes the lower density

transplanting path, meets the real-time work requirement, and improves the transplanting work

efficiency.
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Fig. 1  Automated seedling transplanter in greenhouses
IO N 3 20 TV o N A K I BT
3. AR OT 4 ORI PAT SR RS R T

AMLIIAT 27 5 17 59 B 7L AN Bl AR 5 5 A
P AR P AT AL B S A A R R B B
AR AT s A 3K B AT Bl T AT S TR RS AR A
o 24 B 3R BALRAT A ST S 1 BR S P F T
F R R AR A b P AL 8 40 0 T A 00 14 v 8 A g 2
PEH X 7E AR S PAAT 2 B2 BT N R AT R s
A AR B L BT A2 AL G A 3R
ARG i i PR A B A S 4 o AR AR R S LR B
X.Y.Z = A m EEMAALIIURE (B 2), 47 30 K
PAAT A W 1 2 o 22 4 G 0 7 AL, 3 — M 7 A S AR
ZH IR BN

P2 =8 AR
Fig.2 Robotic arm with 3-DOF rectangular coordinates

1.2 HEBRBENK W

B HEMINE RS 5 — 4 250 mm x 500 mm,
MRAL G &A1 32,5072 .,128 fFLELHMG . &3 y—
A 50 FLEUAR B oA ) 32 L B I B A S A B
Fa s T L AR O Sy 2 L A R A T e 1 o %
TR, 7k A /UM B AR R R B i, 25 /O IR 45 o
PR R K AL AL s H A9 Rk AR B o AR
(25 Ak s B L ML R T 3E S A A T A R T



10 & Ml

U

2016 4

AL SR A AL R AL AR R Bl
61 X P PTUHCAE R B v A A R H ) X P 4%
2 ALY ST Ia By, B A A o R AR AR B A A B

SOV )7, i
ofofofo]o
olofo]o]o

r~ o~ o~
, == Jololo] |o
NoTRRalolo|o
: : “Po| TPetele
£ ololefo]o
ofolo| [o
/,/ olo|ofo]o
g olo| [olo
X - olofo] Jo

30'-’/

0 30 280 380 630
X/mm

B3 L TR AE B R i AR R R
Fig.3 Schematic diagram of seedlings lower

density transplanting path

FERABS R L FLHO 78 G, AL
WIS G, A AL A LR SR 7 AL
T A B R T A 65 ¢ o A 7
B B 2 AL B TSR R B B
PBAHL G B ORI B m b Il m=>G,) 38 3L
RS SR ST 8 MRS AL 1 T3 350 2
R LR i H 1T
55 5 B A TR )7 0T
TR AR B 5 5 12 LS
B LR B 1 .

05 o8 S HE B BBV 547 6
BRI T HR K B O 5 B
IEL SR A 65 ¢ 5 B 8 K I 358 A B 7L
B 5 L3 BB A AL o 0k 8
I LS 2 1 520 A 355K

P R 7 A 7L B
L RSB35 F 197 2 9% ALY JE 7 11 B
e KB AT H B A2 5 %
S T LY A B 70 1 B L
AR A A7 T KB 5 9 A 5 AL
R LB LU0 B A0 31 A M
WP I AR

2 BN NSO AL B R LRI TT B

2.1 4FHBEERFHEBRBEERANTE

SET AL B A DL BR8] 3) 5 BLIEY 4 Fif
I 7 Ly S A B 7 SR AR

J7 % L(FSL) #7224 N B 2= TR0 948
PR L MUK 25 AL B 1 H R RE 1 Bk RS A =
FUBYCEE, &l 4a fros .

4
12

FTTE2(FS2) He AR N L ETIRF 4
PERT R KUK & AL NG B A W EET
(4 57 A% 4% 2 H I X, An &l 4b TR o

Jr%E3(FS3) fig N B 2R A & AT 45 4
PERT /B ARV A AL N L BT WG 2
(5P A% % 2 H I 7B, A&l 4e IR .

JEEA(FSA) i N B EF A 2 A Y 4 4
HERGCEE ARVCK 5 ANALBR N EE T WNAERES
Y B % 2 H A, n & 4d TR

Elioe=s BEE B R HEE T
[
]
[ERENEINE S5 ) AT Y ] )
S B sE '(T:%_L s )
S W S E Y - B g o S S
Pkt [ = =53 3 5 ==Y [N i i - =3 £ E=2
o o e S [BiB]8, <R [ S 3 PR
el i i :;‘. JSNESRSSRESRESY ‘,;: 58 B Fe Y B SYSTRESNE SY
T STE[B1, 5] B 5 STEIBI-18,
= T T e B0 [5]D]HD, AE e e 3 B [ B oD
L e '>:, P o S o ) f < < [ B P
ol ire B S o) <l<liels2 SlHBiH
() B EWFFEL (b) [ 72 I 77 2
B 7 LB B 7 HEET T
n[ Py —Pzlelve PRy dololse
vi v:‘“&\:e\p/—@féié)@b I En SR o[855
v - 3\( Lo [o]o] Zi_j‘jj - H [ [ [ [
HM BN g Sumtio CENE ¢
v % Bl eso RuntiRhN: B [5[®
v 1% L& [ |l [ |l® 5{@4«4‘ L& |: o |
Vil vi[ Vi §5¢®§ RiatslE2 ndid il
Y et e b Kol Ko ea e L8 |1® |0 (@8
Vi T v &)'@i: o [ 7\“.'{ Vil YA \@@;; o [
vil yi] v I EA YRS ErilE SICIEIE)
(c) Bl BT 77 583 (d) B IR 77 54

4 4R E T
Fig.4 Four schemes of fixed sequence

22 BEFRLEENIMBERUEATR

T BEIE I R AR B L0 75 18 B bR, T A
TEFE HOe A Kb SCRY JRy 7 dee Pt Y 38 45 5 Ay B0 i
B — YR T AR B0 B B, A5 IR 2 2 2R R S AR i
AR 4 AV o

B B LA T 81 Sk R AR R A [ I
Fepeder, Jr g al R o - O D 22 1 2% [ 8 Y
TR BN R BT A, Q@ wRAEN B
BRI DU DAY R A H Y 7 s LB S B Y
HWH BN Z . & i NEHA ST S (K i<
G IREME X BA W XAy 5 (Hjsm) ,d;
PP AL IR BE B, 0 3 O e B RS AR PR B B AR R
mind ;B AR A H B W BB K D =
_Z mind ;s PAT %A A0 58 125 BT 5 158 AL ) A
JER BB TR EB N T=6,(2m -G, +1)/2,

W 4a, BT B EWUF %1 #4750 01k,
PRFEH BN B N EZE T R ARUT ;
FO R v A N BB B T A AL S B 1 5
JCALIRNEE B, fe Ji 1Y 7 AL A B R 52 5 4 R Ty 7k X6F



%3 1

R G T OO AR RO R R B AR A

AR GE M TE Y H Y7L =S L AT O s H RS
Ao FERE m =45,6, =32, M5/ LGS B
BT =944 5 n] WL R AL ] 500 fiE DR AL R P 1k
BRAR T AL RS AL S IR B 25K

WS R TG AL T7 XA 4 B 4
SE MUY J7 58 00 B #EAT A, Foh, S A 7 6 1
2.3.4(GASI ,GAS2  GAS3 ,GAS4) 43 5| 55 [# % I I+
Ji%1.2.3 4(FSI FS2 FS3 FS4) % Jif .

3 BEIE MRS TT R AR LR

VM Fak 8 i Fi A B AR % AR HL R O A0S
PR 4 5 6 # g AR CH I TSk 32 L HE o
50 FLHLAK ) s 4L 7T (B B ot 72 fL R X
128 FLALAK ) HF 17 5 A2 0% A2 FL R EL 3¢ s A 7% AR A
AP AR AN E] 3 s, A AR AR B BE ML Bk A
5% ~20% ",
3.1 BENEREDHEEMRLRE

(1) X BB ECR S AR b 3

& 3 Fron k50 FLAEE R /<A 1) 32 fL H W X BE R

11

Elioe=s HBEE TS Eliphe: HEE T

—F— L
— ] [ T ]
ERENENE bJoJofo]o AT ] |||[6]o]o]o]o
[ <
[HERERE fo[dlofo]o AR RN Mtel®lololo
ST HolbJo| [o| =2 == |||=2®[o] |o
b i 1 [[[He]d]ofo[o] | il [—=j0|o[o]o
S5 1551=| |lLfe| Tololo < X ||—eo| [olo|o
cIixitsds | |“fe[ololo]o = £ B0 olo|o|o
cisssl| —Rlelol 1o = 2 o|o| |o
=== o|o[olo]o i A o|o]ofo[o
i olo] lolo] [EIEIEL olo| |ojo
Sihssds ololo| |o < <2 olo[o| [o

(@) UMM R s T 52
EliMe=s HEET T 97EE HEE T
" Q" l—o[oJoJo]o oloJo]o
ROt oy Ly B to[e[ofo]o T to|p|o[o]o
il '::3‘.5 ololo| |o S ololo| |o
i Hl T—e[o[o[o]o Sr——to[oo]o[o
Y Vil Y———o| |o|o]o i o|ofo
vil vil viPl—te[o]ofo]o I o[o[o]o
TV TERl—te[o[o] Jo 1 —+te|o[o] [o
\;jj;j,;‘ olo|ofo|o et ofojo|o|o
iy —relo| [o]o ~———1I5[o| [o]o
Vi il Vi ¥=——tololo]| [o LY olo| |o

(o) ORI E3 (@ s T R4

K5 4o ifedr s
Fig.5 Four schemes of greedy algorithm
FLAR B RL BEALAE I 10 AN BT RO S /Bt o
FEAS, 20 i T Bk 8 FhJ7 2 aE 4T AR LI LA, 4
n 1 .

Rl SHARNHEEANERBHAS WBERBEANHKELE

Tab. 1

Transplanting path planning using eight strategies with five vacancy holes in providing tray mm
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7 23 486 23201 23021 23568 ° 23 481 23 020 21654~ 21867 2027
8 23353 23 052 22 805 23 628" 23011 22717 21781° 22019 1930
9 24166 * 23 879 22401 22 926 23 620 23 369 22084 " 22253 2157
10 23299 23 001 23241 24226 22 958 22 663 21656 21955 2193
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Tab.2 Results of variance analysis and significance test
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Tab.3 SNK test for optimization range with
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