#37E B2 & TR ¥R Vol.37 No.2
2021 4F 1 H Transactions of the Chinese Society of Agricultural Engineering Jan. 2021 11

E T REMER R 25 AR E R SR B

FeRL, £ fFL KEET, ZE#°

(L IR T RN CRE 2R, 518 255049; 2. (WARHE TR TRESE MBI EER, J#HHE 255049)

H OE: AEESEANALE ANBEFAE L P S8 AR AR S TAEX IR, $EmpLes N R sk fe 5 T4
A, AR — PR AR R RO AL AT 4570 T J 4 X 4l 25 R o 7055 FERO LR A 57 M ) 2t |
DAMLAS A AR 2 e B N B FR AT AT 55 0 BC T E 8 %5 LA A TAE & o AR AR I 5 b TAEM S S — 4 X I 4
TEME AL IR 5 A5 B RS P I A AL B PR Rl b, 7R — 200 X P 3B 7. gy X AR o0 X 23 X A R RN, fRj Ak H
M TAERES; i A 5 SR AR T BE S VR AR 45 & OOk I A% BV R AT U, S I AL SR e (0 R B 22 R IR M 2
FRGEA 25 R T AL SV Y B T B B B 1) 22 57 DA SR P 22 RE MR B B B T N A SO SR, ok T ) P e () st A% SRV A
IR ER S R EIRAE — W X5 4000 X 8] HF3 7 BT (R f s 15 B IR FE AR e 18 R FVALE 400 XN I BSR4 =,
FEAEMIAK B P9 38 17 1) R B AR A 25 ML 28 NI TAE S B TAE X 38, @ EALE ATES TAE X b s oy, seaiples A
A A XA . RIS BRI, Sl L SR TS 2 1038 17 %% 4 X ) B AR K B SISl AR IR B4k G it
FERES B T 2.8%5 69.5%, BAEHGR K EES M T 9.3%5 19.0%; BF 3. 5. 7. 9 il 11 ANBEISYIN 5 TR
BEHb Iy, ML AR A XS AR E RN 6.3%. 8.9%. 16.7%. 21.7%H1 23.4%. £ 4 FhE A FH 25 R 2
AR FH P A [R50 1 B S AT IR RS, 45 SRR 0, HLEs AN FE R B THFLE E H55N 16.7%- 13.1%- 11.9%F1 6.7%.
LA NFE D FIVE ML 37 AR50 25 SRR B, 4 MRIEHLE AT ERUE (I T B3R (25 min) P SERS H TAER, @ mR

FEA NN 5.77% 4.14% 6.75%F 4.85%. WAL RO NE FIAE T LV ALAE NFEH FIVE MV SRS S g S 4
KRR AMLBA; BAMX] B Fk REKRAREE WRAEL

doi: 10.11975/;.issn.1002-6819.2021.2.002
RESES: TP24 XEAARSRD: A

XEHS: 1002-6819(2021)-2-0011-9

BEER, IfH, KEE, F ETFREAFMENRUNF[ABENEIMELRE V], RIUTEFIR, 2021, 37(2): 11-19.

doi: 10.11975/j.issn.1002-6819.2021.2.002

http://www.tcsae.org

Gong Jinliang, Wang Wei, Zhang Yanfei, et al. Cooperative working strategy for agricultural robot groups based on farmland
environment[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2021, 37(2): 11-19. (in

Chinese with English abstract) doi: 10.11975/5.issn.1002-6819.2021.2.002

0 31 &

iR AR RN S D EE P AE R N Y <3 AN
YRR A 1 R IR, 3O KRS N A 37 ) H B
T AR NI B R AP . & RE SR AR AL
BRI L RASRAM R I BT . FTEENK S
R AR, B AL LA N PR L AR5 H 28 R 24 4E,
FLA NAR LB A RERG A2 TE AR I TAER R, &K
SMUATLES NGB R b LA AR KL 55

PLES ANFEDD FIVEML R AT S5 i S e X . 2
A, RIAR I T 45 RGBSR 55 Z R
A 55 73 BC 7 58 1R 5E DR e AL B8 A2 I AT LU i E %
SINTAENLE AR AR, FFARGEHLE A 42 X I
T E o BA LA N AR XS R S HLEs A AR B4R

Wk H3A: 2020-06-25  &1T HIA: 2020-10-27

BEETH : WREFHETRANA “—F—W” EHERFEFHTHE; LREE
SR IFRIE (2019GNC106127) 5 ¥ 17 A2 45 6 A\ AR 3% B 52 e 51 H
(2019ZBXC200)

E# I B4R, Wt 8IEdE, M2l A RIS 28 6
RRG . Email: gjlwing@qq.com

MOMAEIES: SR, Wi, HoE, WA K- — RS A IE
FEHT 5. Email: 84374294@qq.com

http://www.tcsae.org

NG IS AN TAEX . fEmblas AR
TARRCRY, s O LA N BE 4 X 37 56 1 M S B
7t Maxim Z5ECVR F LS A 2 [0 A0 B HE ) SR e o 5635 2
BT FEAE Y X 3k, ATTAR 5% B Ar A X3 7 5
Viet RN A A5 A* TR SRR ZHLEA
EL BB TS, PLAE AR X2 578 o5 75 0N X
PLE 2 FhOTREEIRIES HAR X 28 5, (RNl
B P 2 pm A i % B AT AR o R S AU HE 3 T Al
% B ) P B8 Jie 592 (Internal Spiral Coverage, 1SC)
M A IR E DA EL A 2 JF AT B A2 ] . Agmon
ISR R T M A i 11 5 SO AR LS AR Gy 7
AR, IXLRERARIE AR RN S . Rekleitis %5
H4 B FR 4 X 50 A BB G X, T R A X3
TRl E 2 WL NI A Xk i . Acar 25Ul
FJIEANE] ) Morse 5 #53K 5 & BRI X 3840 i 77 =0, BA
EEHEENE EAFTCRKHE. iR 4 M7 =EMRL
GIR YN S NI R AN i =R S B S il ot | K PN
EX SR 2 55, (AR FEENLSE N RS 2 75
Be Bl N LA TAEX B

AAEH AL N S B 1 i BBt B, AWLES A
TR AR R N AL B AR L 88 N R4 55 23 B 1)



12 My TFESHR (http://www.tcsae.org)

2021 4

FEAE 55 7 RO AR Atk E DAKL & N A 3t ) T AR 2 B2 3 O i
WHE AR, I SOE KRR SR S TR B S R SR AR R
AT R RPN S LA A ) 2 X 7 i )l

1 s AMEN(ES S E

BE B AV AL #8 NH BEOB AR TARSRAE I R,
NG AN AL 38 NAEDT ARS8 REFE. iR
Mg CARMCERSETT A R ZE 5, AL B
PERESHA —BUR AL E8 N € SO R BRI LS A,
RZNFEBHLEEN o AT E XHLES A A A B4R 2 R
MM, ZRa B e Ll BRI Ris R b 1R i 5 57
BB NI TAE I N H o B AR .

RIS OB (reward) S5HEA (cost) FHV
REVES P TERIRGEE U, Hrp s N i BIRSS BLEE sq, X
R, PIRTAESE b REFEc B [ RERHRAE,
MIHLEN i REEU,

U, =reward(sq,) —cost(h,,c,, f;) QD)

DAL 4 Btk RS H0 BUE TG Bl 2= S BOR, BUE BV
M RE S HON LA N RLRE B I 52 2 4 554k . S5 1
T EALA NRLAER 4 FPERESEUNAE, TEIHEALES
N i (RS 2 BB AR IR 5N AR LA N R0 S 8,
H SRR IR R SR A HIE 0~1 2N, WEAK
W BB AR Ny, e E AN

14 4
U, =w -sq, /qui -w, ~hi/2hl. -
i=1 i=1 (2)

w, -cl./ic,. -w, - f, /if,
i=1 i=l

K w, wy, owys w, SRR SR SR T
RV AR 3 8 B3 AR A L 38 N 0 52 PR D B0 E
wytw, twytw, =1

MWRIEAK (2) WE X WL NHIRBENE 2 S5 1 5 2N
TARINLES NS HLER N AR, RADEy: W&l
BN KR EREAT R HEF?, R UCGE PN NN SR
NTAERIA, HARIEHLEEN i (0 TAERCE ¢, 5 TAER PRE
K HUFENEEN B TAEEW, (W= -H) , HE
PLes NI\ AR & w, AN T TAREFREW, - FLEEN i
fsebs AR W, g He TR il 7 i

w.
W' =—-.w, (3
WN

2 ETH&ZERINERRSERLS X

WAL A AT 4 DX o 7 SRR B T RO B b
) ELACDR RN 1 5 F AR DXIsf o, (HANE T HLEE A
REAE S AR B 1, ASCLAN AR B TR 2 T
58 = 141 BA 15 6 R SR Al 24 =) A 3 i B0 A A5 TR A
gl Uy ent, EHvCE AR H R TERS. B
PEEAAO A7 "R AEAE B Al B AR XA U R
HOR AR HT, R TE M, AR A R — 28 ) s
BRI R L, AT [ 223 i A 2 2 1,

wE 1 Fis.

4% i Farmland
[ ]i##Road
I 5 Barrier
FrA1HFarm
] Rz

Command center

250 500 750 1000
X/m

B1 Rytasgh
Fig.1 Plan sketch of farm

NI 2k B A T AR A8 DL T R LA N A
DI 5l D A%, AN SORE FH TRJIE % 2R 70 0K 5 7 A
VER—ZRAFIX, I ARV B A FE @ AR5 AN
BEASYIHEAT K AL B, EBCERAS B> BT R N
Loy XIF B E I XA IR
2.1 M WER SIS KL IE

SE SC— AN FARAS KLU FL e B 420 BB WL 20 A7 10 B A AR
P, 30 3 AR 2 36 AR P AR A e AL AR (R ) AR v
| o L M A 1] e L TO R O PR R, R S AR 5 SR
B 2a o, 2 A STk R L AT B i b i TAEIX
o XISV G ARSI LG LAE SN, A=
B2 rh KRR IE S5 A DU RS A AT I K Ak )
AR &5 R AN 2b s

I e = ‘

20 11 III\‘~ 20 T
A 1D]

15| - 15

[

I
B
117 ]
1T ]
i@tf
]
]
I
a

| el |

< .

| &2 |
B

Pl

I T -
I HHHHHCIHH
0 5 10 15 20 0 5 10 15 20
X/m X/m

a. JZHKRAEEEHT b. KAL)

a. Before expansion treatment b. After expansion treatment
¥: A, B. C. D. E. F M GRREESY. T,
Note: A, B, C, D, E, F and G represent the barriers. The same below.

B2 MR E AR 5 R4 I IR AL 3

Fig.2 Gridded farmland modeling and obstacle expansion treatment
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Table 1 Planning results of different algorithms for different
partition sizes
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Algorithms Partltlpn Path length Numb.er of Tlm_e
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TG 10 230.147 5 16 1.16
Traditional genetic 20 392.623 8 78 4.85
algorithm 30 438.695 8 167 10.43
FEADAR i 10 230.147 5 37 2.24
Simulated annealing 20 393.0527 54 3.54
algorithm 30 470356 8 63 414
O A e 10 230.147 5 4 0.69
Improved genetic 20 384.828 4 22 1.75
algorithm 30 4264333 51 3.73
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Fig.6 Iterative curves of different algorithms
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Fig.8 Traversal path of robot groups under different farmland environment
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Cooperative working strategy for agricultural robot groups based on
farmland environment

Gong Jinliang!, Wang Wei', Zhang Yanfei**, Lan Yubin?

(1. School of Mechanical Engineering, Shandong University of Technology, Zibo 255049, China; 2. School of Agricultural Engineering and
Food Science, Shandong University of Technology, Zibo 255049, China)

Abstract: This study aims to propose a collaborative control strategy with the task assignment and whole area coverage for
heterogeneous groups of agricultural robots under the complex environment of farmland. The new system was also utilized to
reasonably allocate the workload and work area of each robot in the collaborative operation of agricultural robot groups, and
thereby improving the overall work efficiency in precision agriculture. Various performance parameters were considered,
including the energy consumption, failure rate, historical workload, and service quality of agricultural robots. Taking the
overall efficiency of a robot team as the optimization goal, the agricultural robots were selected to effectively perform the
specific task, where the workload of each participating robot was determined in the collaboration control framework. The
complex working environment of agricultural robots was set, according to the actual characteristics in the digital ecological
circular farm of the Shandong University of Technology and Zibo Hefeng Seed Company, China. A field experiment was
carried out on the whole area coverage strategy of robot groups. The farmland separated by the intertwining road was taken as
a primary partitioning, according to the actual farm working environment. The primary partitions were rasterized for
environmental modeling operations, and thereby the common working range of robot groups was set to the unit length of cells
in the grid. Specifically, the irregular obstacle was treated by the expansion operation in binary morphology of image
processing, when the edge line of the obstacle cannot align to the edge line of the raster in the simulation. In the modeling of
rasterized environment and the treatment of obstacle expansion, the raster partitioning at the second level was established
inside the first level partitioning. The merging operation between the raster partitions was also conducted to reduce the number
of partitionings in the raster diagram. The operations expansion and reduction were carried out for the enlarged obstacles after
the partition merging. The Genetic Algorithm(GA) and Hybrid Particle Swarm Optimization (HPSO) were combined to
improve the traditional GA crossover operation in computer-assisted support systems. The genetic diversity and chromosome
population structure were utilized to enhance the convergence speed, where the chromosome was crossed with the
chromosome of real-time optimal fitness value in an iterative process. The GA concept of chromosome population diversity
was established to consider the differences of fitness value for the chromosome in GA, and the species diversity in the different
phases, thereby setting the adaptive crossover probability and mutation probability. The improved GA was then used to solve
the problem of traversal sequence in a depth-first search algorithm when traversing over the partitions of the first and the
second level. The path search rules were set in the second level partition, where the starting point and the end point of a
traversal were determined in the depth-first search algorithm. The work area of a robot was allotted according to the workload
of the robot using the depth-first search algorithm when traversing in the raster chart. The traversal rules of the robot in the
working area were set by A* algorithm and eight-neighborhood search algorithm, further to realize the complete coverage of
robot groups on the whole region. The simulation results showed that the path length of traversing each partition, iteration
times, and the converge time to the optimal solution in the improved GA were 2.8%, 69.5%, and 64.2% less than those of the
traditional GA, while, 9.3%, 19.0%, and 9.9% less than those of the simulated annealing algorithm. When the total area of
obstacles remained unchanged, the total area repetition rate of the robot population covering the whole area increased, as the
number of obstacles increased. The total area repetition rate of the obstacles with the highest dispersion in the map was 23.4%
in the simulation experiment. Four types of special farmland were set, where there were different shapes but the same total
amount of workload. 7 obstacles with the same positions, shapes, sizes and quantities were set in each specially-shaped
farmland. The total area repetition rates of robot were 16.7%, 13.1%, 11.9%, and 6.7% when traversing the four farmlands.
The experimental results showed that the task assignment and regional coverage scheme can achieve the robot group at work
full coverage of work area within the prescribed time. The work strategy of the robot groups can provide theoretical support for
the collaborative operation of agricultural robot groups on the complex environment in modern agriculture.

Keywords: robots; path planing; genetic algorithm; depth first search algorithm; cooperative work
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