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Fig.2 Comparison of path length of four sparse planting schemes

SCARIIIE B, AFER R SR Z [ SC Bl . g3k C=0.5[(1+8)P+(1—p)P,] (3)

AIA(2): (3) P, C R BB TR, Py P, ik
gt HS0D HEAE XL 2 AL fR A

=l W (2) IRl 75 S SR 2057 S P12 575 52 2 By

@um)“>% e 6 TR TP A SEEE BB R 1 0~ 1 2 ]

BB, a2 BUNT AR SRR (P,,) |, WS R o7 B
AT, A g =rand (N, D) 528 57 0] Al
BE P S50, G0 /N 0.5, 78 S 38 fin i RE ; an

A2, w20, 11 Z 18 B BEHLEL 9 2 o0 Al 45
B, P S SR IRARI AR
IR R o, 45 SCREEDME, 12 IR &

SEWA A BT FE RN - RKT 0.5, 85D FEHFE , 0 FrE Fk = (4) .
(2"“1_2")(1_”)% ) <05
o= 1 (4)

Lmax — Lmin

o n,+1 ﬁ
1(2(1#)+2(,10.5)<1I"““1) ) ©>5



o541

SROKHT A5 TR AL RSO S8 B 1 B e R AR R B AR I A 251

(), o SR AR 5 B D S FE 5 2 12
G390 212 35 PR A e /M R e B s e 22 [0, 1122 [0
BEMLEL ; 7, 2 50 A P58, T8 S 20 KRN,
T35 M e 1 22 R

fiFH min A1 max pRECR A T A B LR T AT AR
S Ja W {EEBTE A R T A A DRDRE Hh 2 B
T B P ALE R

VWM E N . GAFEES T — 1N
Fa o H ZFEAL W46 FhoE IS L ¥ ACO B3 4 i 3
GAB AR —FRE AL . TEGABIET R T
PRAE A 1Y) o B, AR AR R Sl 200 UK, B 1056 1Y
REYEVERE L], 3k SEMARPE R B 2T — A0, A
AR HEAE . ACO BEIE AR By BLARERAE 2 , RiBg
504X, FEICFPRE T 1020 YA AE 1 ACO FIL TR
R R, FEE AR . XA E BB, )
R R B2 R 3 ACO B E FUN 47 248, AN Wy B8
B B, HA A8 — 2 0 2 A8 U B sl i ) o AN
PR AT . MR R AR B R W R L
5 K id ik ACO AR 5 0 B A2 B8 Il GA I AP RE
rY 3T AR R A S AT S AR B S S A
AFIEE o 3 Ay 2 B mT DRI ET iR v i o0 36
SCRTRAGIAGH B DLB LD, 3G i Fifie i AR e

4) B S5 Rl o BRI R GA B
A% O . I 58 W 200 AR A0S |, SRR 45
1o YR FRAE AR, 330k D A 28 B R v 0 28
HR R I A e NS L o S L% . ACGO
SRR BN 72 L BB 32 FLNER R AR JF AR
BRAEDAE L2AERXMELT, 45 RKE 3
JI7R o
BRI @ KEBRM
O Mgl Bl
%%

600r

m
=4

Il

—
N
Ly

500F

400F

]
ol

300F

Y/mm

200F

55

100F

Ba

- | e I e o |
EIEE

IEEEE
[0 [ i

= —

0
0

200 300 400 500 600 700
X/mm

B3 WE-BEEEALFERREERE
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—_
(=1
(=}

transplanting path model

1.3 BE-WBHELIHEBHEEAXAR

FE 35t 4% - WORE SR B R0 R RS R B AR R 7 B2 1Y
HEZEH  GA B3 T AE ACO Bk i sS40, i
ACORB LM T HMRM RN R . Bl ACOR L

S P B 1 S B g A Ry e AR 1) — 0 43, RS iE
T WIIRACFNEE 38 1 B2 PPk R Al 35 A5 450, ik it
FEE A U, A0 N RN P k. e, R
5B R e R RS A A TRE
ACO B, 52 AL A B AR 5 A2 R 40 ] R 1 1% fe A
PERE.

D it A AL O S . BB A ] Ti0E
WRFR T E B R K L R (evapRate) [ B EX EE
() A K20 7 (B) F 2B BV . (5 8 K%
RRBERN0.1~0.9, AL FRINEGEREHR, )
BT B E ORI R B AR I 5 3 e I 28 R %
s T HRR BB AR 1 3 7, By 1 5 B A R B i
o HEERRBEFEREN1~5. KEEREEEM
A5 WSCHEAE A2 1B B A AR T & S R S Y
R T {5 B R B, A B T3k s Ui 84 = dee A
Bt Ja kNN FEEERE R 1~5. WSHH
hsAk 1R kAR BB AR TR TR VR

i 3 5 1 R W R E AN T A PR, SRR
RS EA S . BN, DUBCRESR L Y i
SR A DA S A 1) R 555 A A A 1)
TE IR o AT AR AR DR LR B v BE B IE I B
IR e AN A B S B S B0 | DAL 58 17 U
kIR B AL B AR

)RS B R MEE B AR . e R IR IF LA,
R 4 30 2o 35 4% R AR A5 B i S 80 ACO 1 iz
TTAEE, R T TR R IFIE B BeAS ST AT B8 A% 7 A= i
UL, A BEAR 1 (5 B 28V R W R A 0.1
FERRAE RS AR AR AL 3 5 v, 7 s AR BR T HTUIR
7 BRI, DR B e SR R A P
A 1] BE BRI B 2] H bR 7 BN T RE 1480 0L
B2 . BB d R R IGHE B (Euclidean
distance ) fe i1, ik = (5)

diy= (2= 2) + (5~ ) (5)
iﬁ(5)¢',<x[*xj)$ﬂ<y[*%)ﬁ%’]%ﬁﬁﬁﬂﬁ
AR

IR . FEARAYE R A O 1
a3, ¥ B 30 W A i s TR AR S B R RS & U
BT R S LA DR A B2 5 15558




252 LRI I NI <3 4

944 %

ReptAR o R IA A UG ORI R LR U R
PLEEFERA 2 09 o A HO e HY AT A B % T 14

P B, 3T BB W e & U5 Bt AT i R i
F, Rk (6) .
P,= (7)) (2) (6)

> s Tit) ()

K(6)H, P, AT i 3 R T, 2
MBI B RWEE s, B K FE R s a Fl g2
filf5 B 2R A &5 B EZMERN S50 allowed &4
I GRS T [7) (14715  2E o

FR AR 1SR, o FH 48 485 0 6 5 0k e s 0 L 14
T 1R 5, B R Ss sy R A R 4
FER SNF RN 283t i 57 a5 T i g FUE B B Gk 28 A
M SRR AR MR S TR 2 5 B E 0.

DEBRETH. HERIHAE 2 FE SR~
FRERFELEMEERBRML, [FERERE WD
S NN =Sy DB U N V= /S RE E S R
F [T B G o 3K — L) S il SRR R 20 1) it
1 A RRFEIR FIH AR . ERUGE A A G T
JIA B AR B R T HOR, Rk h

r,»,jH:(l—p)-r,;j (7)
LD o(HH, 0<p<<1D)BERKESH <,
FR MR AR LR B R

7 S 254 AR R T R 3 Y [ A O R
A AR BE I, DLl A 0 R R Y i
Do ) B A 23R T Z (5 B R, NI 51 38 2 1
Wby AR R e B B AR S L THI R AR R AR Y

fREFI I, 2k .

Q
Arh ="
T

K (&), Q W B LRI Y HAS K . i
D g U0 W o ) B AR R R )£ L B  m  n

(8)

FIX R ME B REETRE L FEREENRLX
n=(9):
T1—=1, ﬁAr,@ (9)

() m RA YA A P S B WO . e
A I SE O ERARE , RHE R ER AR R R AT 1R
B B ORAE B R LR e T BT 05 A R R
X AR, ACO SL 4y 1% BHAR B A Y 53R
A AN BAE B A A 55 40, RAIE T 305 ISR R PR A
O S 22 () 9 P45, 2 AL b ok A4 52k RE 6 3 ¥ 2 10T
SRR , [ Ak 3k O [T A Jey S pe DL A L

S)IEACUHUE S AR . AR AR B B

100, A UIEACAR &3 T B 1015 B Z MR — 21

RSP, . FEZ UGBS, P8R 5 AT SRR kAR

o e A S Y B AR E MR B AR . B AR A1 A i

AR AT, AR AR PR B BE B  E R AR

A 1202 R, GACO S5 KR i M 72

LIRS 32 FL o EL I BEARZE SR & 4 P
ORIl @ KRB

600, O R o BERE
FbRocd Bkl
soor- | B 3
400 RS
£ 300 | 20|28 {ER|EE
By — ~
EIEIEE
200 |53 | as || B9
silfisa |55 s7
1oop [ RS
59161 | |5
01&6&/ o L | | | ! y
0 100 200 300 400 500 600 700

X/mm
B4 BEE-WEHEEANRERRBEEDR
Fig.4 GACO algorithm to optimize sparse planting
transplanting path model

2 ZFERESW

R GG IEASBIF I B G 2 ol A A RS P e A A
e 5t b g A EEECFOM L GrA .GA (ACO
B 5 ACGO . GACO B LTt e . — A3
TR B A 12.5% 1, PR, Ve BB i 8
9B, A 72 FLI AR RS AR B 32 FL7EE , BB A 1Y
10 AR IR B 017 I A B HRA , S S an e 1
R SHMEIEBAR AR N 2 PR

& LAE 207, 5&50 FOM ik,
GrA .GA |ACO ., ACGO fil GACO ¥JTEMLfb i 12 K
FE7 A BTkt . 5 FOM B M EL , GrA Btk
MR RE A 15.7 %0 AE T A Sk ARG . ACGO
SR () 2 AR R 19 786.77 mm, AR
PRI RE 5 GA B0 13.9 %6 7 fr ekt , A2 00 1k e
HJ19.2%, 5 GARIER T 5.3 H o i . GACO L
FERTAT S b M R S, 1 38 AR K R KR 4
# 9 970.53 mm, ¥ 48K B 3 FOM BRI A %42
KW /DT 14 532.91 mm, - 34 42 0 A0 R B v ik
59.3%, 85I A GA B Z AT 1) ACO B3k 1 42 1
FEBRBESRTE 20.4 B 43 o TEMG AH RS R BK AR HL A v,
ACOB /R T AR PERE , P2 AR e A e
38.9%, L GA B 13.9% , & it Ak 5 1y
GACO B2 i on T 3zt oA 3307 1 i Rt i



Ham SRUKEA 45 FE TR AR AE B L 0 X B AR AR A R AR Ak 253
F1 AN2REBF2AZEREH A INBEBRBEFENKKE
Table 1 Path planning length of sparse transplanting from 72 to 32-hole tray with 9 missing seedlings mm
Numﬁiﬁiﬂples FOM GrA GA ACO ACGO GACO
1 24 620.81 20 265.41 21 335.35 14 179.29 19 767.79 10 036.32
2 24 007.16 20719.45 21425.60 14 955.15 19 782.62 10 038.16
3 24 101.78 20 696.76 20 689.10 14 705.37 21176.19 9931.28
4 24 908.42 20299.42 21 041.66 14 850.16 19421.30 9967.72
5 24 664.44 20 460.48 21 291.95 15 580.36 19 266.87 10 021.84
6 24 923.67 20 949.76 21 562.62 14 883.95 19 079.85 9759.95
7 24 527.68 20 651.56 19 853.47 14 680.08 20 569.92 9 955.87
8 24.429.26 20 999.00 21 296.15 15 367.89 19 329.19 10 210.01
9 24 552.25 20 498.11 21259.42 14 809.64 19 921.57 9716.17
10 24 298.92 20 647.84 21 265.96 15753.31 19 552.39 10 068.02
R2 HEBRBEANKESH
Table 2 Analysis on path planning length of sparse planting transplanting
B LIS BRI /mm AR /mm FHIEAIE/ % SR LA T 24
Path planning algorithm Average path length Average shortened path Average optimization range Improver?neTll rate of
optimized

FOM 24.503.44 / / /
GrA 20 647.84 3 855.60 15.7 /
GA 21102.13 3401.31 13.9 /

ACO 14 976.52 9526.92 38.9 /

ACGO 19 786.77 4716.67 19.2 5.3

GACO 9970.53 14 532.91 59.3 20.4
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Fig.5 Comparison of path length of seedling

number less than hole number
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Fig.6 Comparison of optimal length of plug transplanting path with different specifications
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Fig.9 Comparison of optimized lengths of transplanting paths for 200-hole plug trays of different specifications
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Optimizing path of sparse planting and transplanting plug seedlings
based on genetic-ant colony interactive algorithms

CAIT Jimeng, WANG Weibing, QU Jiahao, GUO Xiaolong, I.I Guodong, WU Xiaoyu
College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832000, China

Abstract The ant colony-genetic optimization algorithm (ACGO) and genetic-ant colony optimiza-
tion algorithm (GACO) interactive algorithms based on genetic algorithm and ant colony algorithm was pro-
posed to optimize the path of sparse planting transplanting to solve the problem of low efficiency in planning
the path of transplanting plug seedlings to low-density plug trays. The fixed sequence method and five oth-
er algorithms were used to calculate the length of transplanting path for plug trays with holes from 72-32,
72-50, 128-50, and 128-32 holes through simulation experiments. Comparative analyses were conducted
on the performance of algorithms in optimizing the length of transplanting path and the time of calculation.
The stability of the algorithm was evaluated by the relative standard deviation. The results showed that the
GACO algorithm reduced the average length of path in transplanting plug tray with 72 to 32 holes by
59. 3% compared with the fixed sequence method, with an average time of calculation of 5. 15 seconds and
a relative standard deviation of approximately 1.5%. The ACGO algorithm reduced the average length of
path by 19.2% , with an average time of calculation of 13. 50 seconds and a relative standard deviation of
approximately 1%. The results of further studies showed that the optimization effect of ACGO algorithm
in the scenarios of transplanting from 200 holes to 72 holes and 105 holes was weaker than that of greedy al-
gorithm, while GACO algorithm had higher universality and stability under different combinations of hole
numbers and numbers of missed seedling. It is indicated that both interactive algorithms have improved the
performance of the original algorithm, but the GACO algorithm performs better in dealing with problems in
planning path of complex sparse planting and transplanting plug seedlings. It will provide a strong reference
basis for optimizing the path of sparse planting and transplanting plug seedlings.

Keywords plug seedlings; sparse planting and transplanting; path optimization; interactive algo-

rithm ; genetic-ant colony optimization algorithm
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