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Design of Agricultural Machinery Multi-machine Cooperative
Navigation Service Platform Based on WebGIS
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Abstract: In order to provide map and navigation service support for multi-agricultural machinery
cooperative operation application scenarios, a multi-machine cooperative navigation service platform based
on WebGIS was designed and developed. The platform consisted of two functional modules: GIS service
and agricultural machinery scheduling. The GIS module provided web-side map services based on
GeoServer and JavaWeb. While displaying the farm map and marking the location of agricultural
machinery in real time, it also provided the visual display function of the navigation results of multiple
agricultural machinery; the agricultural machinery scheduling module took the path planning algorithm
and task allocation algorithm as the core, and responsible for providing navigation services. When the
user provided the task list and invoked the service, it returned the task assignment and path planning

results of each agricultural machine in GeoJSON format. In addition, in order to screen out the algorithm
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that met the platform requirements and had the best performance, algorithm performance comparison
experiment were designed. The path planning algorithms based on A* | Bellman — Ford, Dijkstra, Floyd
and SPFA were tested on three paths with short, medium and far navigation distances respectively, and
the execution time and optimal path length were recorded and compared; for the task allocation
algorithm, simulation comparison experiments under different task number scenarios were designed. The
task allocation algorithms based on ant colony optimization and genetic algorithm were tested under the
scenarios of 8, 10, 14 and 18 tasks respectively, and the execution speed and optimal path length of the
algorithms were recorded and compared. The results showed that the path planning algorithm based on
Dijkstra algorithm had the fastest execution speed under the premise of optimal results, and the average
single execution time was 0.25 ms. The task assignment algorithm based on genetic algorithm can
effectively reduce the path cost of multi-machine collaboration. Compared with the randomly generated
work sequence, the path cost was reduced by 50% ~ 54% ; compared with the algorithm based on ant
colony optimization, the optimal path length was reduced by 19% ~ 36% , the execution time was
reduced by 51% ~ 66% , and the average running time was within 1 s. The developed multi-machine
cooperative navigation service platform can basically meet the real-time requirements of multi-machine
cooperative operation by using Dijkstra algorithm and genetic algorithm for path planning and task
allocation.

Key words: agricultural machinery; multi-machine collaboration; navigation; task assignment; path

planning; WebGIS
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Fig.5 Execution flow chart of path planning algorithm
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Fig. 6 Execution flow chart of task allocation algorithm

3 RgTIEMK

& BT HAE R B Microsoft Windows 10 JF %,
e %5 @ 4% /FE & 5t & Centos 7, ¥ 4 & it J]
PostgreSQL, P T & 45 £ T B/S 2844, 3 LA war 1)
I 2K 58 1 LT 1Y 3 A E

FH BRI AR OF A QGIS X 4k 3 51
bR AR B3 B b B AF B AT B W Uk L il A g ok
it L 8]0 AR 37 T AT BT AT RS E L 430 DL Shp
il Geo]SON fy4% X BEAT KA . QLA Intelli] IDEA fF
R KRG JAVAAE R RIET I IE R &
Z WP MR 55 V7 . @ik PostgreSQL #1744
W TT 5, AT PostGIS Hfi 4 56 il 2k it 3 18] 18 B A
BEHIfEfE . @EET Dijkstra B3k AL HL AT £
RAVFIE BT FIT &, 5 6 FUBUE BT X 4%,
52 JSCHT 5 S 1Y) A2 B3 R AT 03, S B b B ] 22 B O3
[G) M f8 4T: 55 43 T R it A2 R
3.1 GISHER%
311 HdEE T

iy P15 40 A UL T v L Rl R A O SE B R 3 1Y

P T 00 2 B, L ol T 4 B A AR AR S R i

AT E SN ER BT LIS A AR 8 70 W a5, o8 1 AR R
JE S R AR I A AL AL ' LA K R R B e A H BB R
i 22 , 5 AR RO Wk B BOdS i 28 O & BRI AT
Ak B A AR5 P e R AR K0H 5 TR A AT X L
(75 3 i 5 QGIS X M P K Hl HE AT 36 ve , R & T A2
PRI RO 1 v AR B AN 7 .8 iR o

K7 &kyTREK

Fig.7 Farm satellite image

H R R (LR AR R 2 4 A
{58)FAQCIS

v
[ﬁﬁLi@%ﬂ&mﬁmmﬁ¢ﬁw

AFEERR R A B

tﬁ'ﬁl‘lﬁl’ﬁiﬁé&é?ﬁﬁkil&lf@hpffﬁﬁ)

FHA IR R 2 e S Y e B S

)
ﬁmﬂxmﬂmmaﬂmﬁﬁﬁﬁﬁ ]
]
)

(Shpfit)
v
[ wermRme T LR
v
( IR 15 5 B

B8 i i vk R
Fig.8 Data cleaning process
3.1.2 L M kA

b PR 225 T A5 45 R 7 b T 22 1) RS
117

TE L F Ml 22 638 4, ek BRI v e A8 B T
A4 F /N B DL R 4% 28 Ve 7E Y 1Y 46 A4S 2% it b 5]
SO, R B AR 5 i A P IR 45 B A £ 2 ) A i
Je AR Hb B R H R T R K BT A MR SR o 4
X I N HATH A Z RIS A A TR 4 2
[vi] B 8 2 2 R 55 4 1 [l — &1 )22 2 o, A3t I 55 i 4
HER R . M B 2 25 S an R 9 B .

FE I % A5 B AR A2 O I, 5 R B Sk 0 BT R
AT 45, T B e R 0T GE bl /> 2 552 B 15 45
(14 ] B DR TIE T8 (2 15 21 o0 B 1k R0 G B T LR
T AT SARE 1 b 2 AN Y S 1

AR B E M



B

FIE S5 JET WebGIS (I RALZ ML [ S AR %5 F & it 33

KL A WA R I 2 22 G 2 T 4
RN 10 s .

ST

Fe I B HbR () g

B9 BN AR 7 v 1 M A A

Fig.9 Composition of electronic map of Zhuozhou farm

K10 B A b7 18 45 B AR 2 7R B
Fig. 10 Road information calibration diagram of Zhuozhou farm
.13 BRI R el Ak
1R 55 i WA 30 A BIL IR EE WA 37 LA R A B (R AT 55 7 oK
IR, B R E S H A W AL A EF R, Z
J WA 55 5 SR B R AN AR ML AL A B AT EAE A
PR EE SR . B PUAT R R R 55 Bk R
1745 B A0 B8 GeoJSON # =X 1) £l 4l 2% 18] 3] U5 4% g
28 H W B TE g o ) B 2 i T A Ak 4 R A& 11
Fii7R o

11 ZRHLTALEE R T AR B
Fig. 11

Visualization of navigation results of
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Tab.1 Comparative experimental results of path

planning algorithms

B TR

it ik KB /m A7 L /ms
A* 289.07 0.11
Bellman — Ford 289.07 1.10
11 24 [ —16 24 H Dijkstra 289.07 0.17
Floyd 289. 07 3.18
SPFA 289. 07 0.22
A* 1017. 66 0.36
Bellman — Ford 783. 68 1. 11
1 SHEE-13 5 4H Dijkstra 783. 68 0.33
Floyd 783. 68 2.22
SPFA 783. 68 0.36
A* 1372.71 0.91
Bellman — Ford 989. 01 1.34
1 5k H—8 S H Dijkstra 989. 01 0.24
Floyd 989. 01 2.69
SPFA 989. 01 0.26

R 1A LLE AT B0k BOAR Bl B A R BT
RFE R AR K 1 17 10 T i DA 88 &8 B A% , Bellman —
Ford 53% [ Floyd 5% B 4% BB I 84 2 5t A, (0 1A T
T JEE A X 8018 Dijkstra £ SPFA 533 78 $047 45 5 AN
Ifa] | 22 5 48 /0N {H Dijkstra 55 3% 78 SR 47 3 | g
PF SPFA Bk, LT UL E Ml 15, AR HLTE
BENFEA B T 2 Oy — A b B i), LT Dijkstra



34 &l #Hl

Moo 20224

TR I B A R B B A SR A e ) B e
25 - BLERAT B IRD 2 0. 25 ms, 25 4 PR g 3
B, AT LA R 2 L )5 A TR 45 °F- 6 R T B
BIL A X A 1 S P R R

(2) 155 47 Bl Sk

FNAR G 34 18 A>Ty Ag s P, Oy T 45 i A2
HOBARVIEE S E N S, 5 A R KR AT 5 5
BEE R 5, MR 2T 72 AT 45 250 AR ALY A7 8 {5 B
AN AR AR A 50 8 O [6)AT: 55 25000 3 e kA 7
1155 50 R ML A= o Rl Of 22 58 F 14T 55 43 Bl 33
R BE AR B AR , 43 ) P R T e A vk 1 AL
S AE 55 43 T SR R AT 5 B LG, R AR RO
46 B £ o i e — 15 Ry 500 A1 100,

SEG LSRR 2 Pron, HoP AL TAE )T 8- 3
6 A K B A 38 A BT A0 e A R T AT A AR Y S 2y
PEARAC BE | B AR B AR K BE S AT 55 40 Tl B 0k e p A A
JUTRE L ) B AR A B

K2 EESWMEEFATRER

Tab.2 Simulation results of task allocation algorithm
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