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Fig.1 Schematic diagram of operation of plant protection UAV social service platform
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Fig.2 UAV plant protection path planning for single UAV base station and multiple farmland points

SERTHIBE[ E;, L, [N BALR 558 U AT 55 -
R4 () R 3R SRR , 2 2% 3Gk [17-18 ], % &
FFE HL, 3 250 R 5 P [0 5 A TC N BILAE R BRUAS
PrIH LA | [ A FH AR FIAE ST AR 11 4 4 AR 2 il
f/N IR AR BRI I Horh e AR i
TR
. { 1, TEAHLRMA HI( S ) RATE A 1 (F3k )
"o, Hpls
y.— { 1, T AMLAIR 55 4 1 i
S0, FHifls
7 { L, B T AL
0, HAh
1) FErL BB ARSI a] . i T I AALH B i
di JE AL BT 5 (JC AL H B &+ 2580 45 i) 1Y
oA R, e 1% %5 R AT AR B i e AL T
X HE HL R IR R IL, 5 0% G A AR )
(VRP) A [A], A 458 70 2% 16 5 e A HL 2 47 A 2 1
IR /L, To N AILAE H 3o 3R 20 /s o AR B i P AR
Te ML 3WWWDLC6-20 HILF 5 22 [ 5 (143 5 BT iR
ERITSH MARTAMLE TR C, SFEREE],
My FR A= (D) PR .
I,=aC,+1, (1)
Ho 1, e AALER T AT I FE L 5 kW
I, R TEAHLZS 3 CATRTFE AL % kW s a 5| AFER
BRI R C, A AR T ALY ST i, &0
FE TN 30 kg
PR TC AR 55 1 SR ] T R RE 3 A FH 22 J8]
(1Y AT B[] 5 70 45 A Rl AS R R ATAR PRI A 2R
FristiE) 2 . A ILE(2),

> >, XJ,Jer
— €N P el P ER (2)
v
/H\EF,Tﬁ%}km%ﬁﬁﬁﬂm,min;dgﬁ1f§2

MM G Z BRI EE RS, msx, e APLFER | iy
CATHE S, my o A TE ML RATAYIE E HEE , m/min.
2) Bbrekigl. MR RN SIS T 615 &
T E b R AR ORI 55 BRI A TR AR
ﬁnT:
OAF LR TS AHLTFE HL AR (f)) o AR AR T AL
Fﬁﬁﬁ\ﬂzégﬁﬂﬁﬁﬁﬁi AT 5 M) AN, A FEL AR o
2 Syt a) Xy, (3)

E€(N.P}jE(N,P}EEK

@*E%ﬂﬁ}\m BT IH A fo0 AHOR TS ABLIE S
QAT HE B /AT HA R AT IH AR

f2=wT+uZturn, (1)
ieN

O PR IC AL E 8 A (f) o BDRERS HH —
BRICNL, V- 15 7 2 SO 2 Al B JC A HL AR A B304 [
T

ﬁzZ&%NMK

(5)

OAE PR TC AN 55 B AT NAS (f) o PR RER
A 8 ATEA R B IR 55 I B, 1E32 38 ] — e B il
58 B R, o B iR 55 2 e, A HBE B R R i
- 15 ke 55 B BIR ) A I BT B RO AR e B iR 55
IS B n] B -5 45 d 24 R0 I B AT A i 22 , SO R

$1A1JGZEHI§¥‘“7(??%@$] JEA o

5

2 2 Za max (0, (LT, —t,),
€(N,P}jE(N, P} EEK
(ty—RT)))) X (6)

Forr, o o 5 TOUH IR BEAH 22 1Y 2138 4R I A1) A



% 33

AR A BETRICE 6 SRR T ADUE 55 73 iS5 AR Ak 253

FH 1 M TC ML RFIEAR G (IR, mins[ E,, L, ]
A B (3 )i BRI B 5 LT, e 1 ¢ S BT Bh it
2N IE] s RT, e A H  Fe A2 it 2451t ]

HH AR TE AMLAE A B A% R AT , R 2R T8 AL
W T E A AT S B 1R AT I
A A, L, I AALAE A B AT B ] A 4
A5 4 Y R /N S 1E e, B A T ARS8 A ML
o RATHEE R IE b, B0 B i R 8 e, TTAMLFEAR
M KATHE RS N o, =e+ S, H bRk /ol LI
TRH

f=min(fi+fA+f+15) (7)

3) LIRS A (8) ~ (16) 43 il il 2 1o B LY AR Ik ot
SR RS S ST N SR JEEA Y N e
LR JEh KA F GRS ] 7 295

YRS (8) Fon T AN RITHI A 442 1 4%
A FH G A4 245 119 75 >R 22t 2 AR 3 6 A HILAR 24 1 far
i,

QY <CVEEK 8)
Hr,Q Ak H lE@k%%XE,kg,Cﬂﬂﬁgﬁ%
AMLAR 2 faf 88, kg

LY (9) ORI i BT A0, BIXE T Al
FHEYEZRTC AN =, R R 58 il 1 A R R
550 M RAE T —Hefe FH (Bkk)

D Xu=> X, ViEN,YREK (9)

JEN JEN

PR (10) L (1) Fom Br A e AT S A
BUAR 22 ALk 1 A - fre 23R o] kel -

> Xu=1 (10)
ieEN
> Xp=1 (11)
ieEN

RN (12) FoR B AT VA H A 128
NGNS

ZYM:LVZ'GJV (12)

LYPIRAT (13) FoR AT AN AT AR Y FE 5
AT AL AT R WATIE R . Hp DRy
FRARIC ML R AT RS m.

>N (dytay) Xu<D,YREK

i€{N,P}jE{N,P} (13)
LY (14) FRoR FEli R B [ 5 249 5
El"Yl/cgtlkgllz'!ViEP’VkeK (14)

LIRS (15) R AE— 4R HH A4 I 1] 77 249 2R«
E Yy <ty<<L,Y,ViEN,YEEK (15)
LY A (16) FRm T AR 55 A R A I 78
I [] L 2 A AR AN SRS 2R, 2SR T (k) A T

(FEul ) PETC AAL £ () RATEEE EAFAEAR BB 1T S 2%
R . Hr, grg— A 28R A%, 7] LU 10
177
z‘,k+£+ﬁ—t,k<(l—x,_,k)-g,
v v
Vie{N,P},Vje{N, P} YkeK (16)
W L RB R HIAE OR TC AMLR A OC S50, 24
FEA R 20 L, 800 BT 30 kg, Mt e AN 7 1 ] 5
TP o Forp, W0 i 2 3~10 m, M7 2 B ¥ [l
g 1~10 m/s, i 2 I A€ 22 L I 1] 9 L Ol 15~40
min. APRIEFERECR , 2 AR T ANL RITHI Z2L
AT R A T AR 2 WS I RN AT R R E AN
SRS mAI2 m/s. SR MG /N TN
Y N R L el I = N N 1 v 1| LU R L 2 S
B TR B F 1 IRBUE . BOIABRE R TE A
LR EEES © AT 7 O KL B S s T © AT, TREPY
A E A BH B S A R A 55 1 10 Bk |55
BEAAR AR R AL 1, o, B ML
A7 AR AR R (300, 300)

*1 KHEZSH

Table I Farm parameters

KPS fCEAER/m

Field Position KJZ/m f—vil;é‘z/ m T F/m’

number coordinates Length Width Area
1 (450,450) 100 10 1000
2 (150, 250) 600 10 6000
3 (150,500) 100 10 1000
4 (300,400) 150 20 3000
5 (500,500) 200 20 4 000
6 (250, 350) 200 30 6000
7 (200,50) 20 20 400
8 (350,200) 150 20 3000
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Table 2 Change of battery rated life at full load
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Table 3 Description of the three flight modes

F U

AT AR /8 TE ML S5 1) B A2
- . Number of i
Flight modes Cost UAYV service path
turns
KIS T T 1:1>5>4;
Long side turn grid 427.88 48 2:6>3>10—>7;
flight 3:8>9—>2
RLLE SR AT 1:1>5>4;
Short side turn grid 489.88 668 2:6>3—>10—>7;
flight 3:8>9—>2
HABRE 17 L:1>5>4;
Fly in a right angle 429.88 68 2:6>3>10—>7;
spiral 3:8>9—>2

TE JA T ANUEY O 348, B AT ]2 101.33 min, 53
4 5#[Fl. Note: The number of UAVs used in each group was 3,
and the total flight time was 101.33 min.The same as Table 4 and 5.
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Table 4 Influence of temperature time

window on related factors

A2 I )

Consider temperature WA /7t HABUSE H9e
T . pere Cost UAV service path
time window
1:1>5—>4;

J& Yes 319.88 2:6>3—>10—>7;
3:8>9—>2
1:1>5—>4;

% No 427.88 2:6>3>10—>7;
3:8>9—>2
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A BFIR 2 TR AR AR, A FORBHN MA 4R 2, BFRRMHIT MB R 2 ; C.D KR M 2 R AR 3, C RRBHN MA K25, D
FIRWBHN MB 425 3 E F 2R 436 3 R85, EFRRBEAR 2 MA, FFRRBIRZMB.  FIr BARRIZA A2 R A5 B AL 25500
I P o e i, TR O R R AR TN AR 24 R B AR 2RO I B R AT . A and B represent the local temperature variation of the first day; A
for spraying MA pesticide; B for spraying MB pesticide. C and D represent the local temperature variation of the second day; C for spraying
MA pesticide, and D for spraying MB pesticide. E and F represent the local temperature variation curve of the third day; E for spraying MA
pesticide and F for spraying MB pesticide. The upper dotted line indicates the highest temperature corresponding to the best effect, and the low-
er dotted line indicates the lowest temperature corresponding to the best efficacy.

B4 H3dANHHEETHMLE
Fig.4 Local temperature change curve of the day within three days
RS IEEXTR B R I E & X X E E R0

Table 5 The influence of temperature corresponding optimal efficacy variable time window on relevant factor

e A G A5 I B B/ °C Fe A B 80P P Y s . . . .
s (jﬁt{im}a\l ?i?ﬂm;eiﬁve o J(\) rinff]ﬁ% J:Tl;; i WA/ TN 55 B0 2
Pesticide type P Spravine . pmatsp (y‘ & . Cost UAV service path
temperature range effective temperature time window
10:30—14:10 382.29 1:1>5—>4; 2:6>3—>10—>7; 3:8>9—>2
MA 20~30 10:20—14:50 366.29 1:1>5>4; 2:6>3>10—>7; 3:8>9>2
11:00—14:00 397.29 1:1>5—>4; 2:6>3—>10—>7; 3:8>9—>2
11:20—13:40 416.97 1:1>5—>4; 2:6>3—>10—>7; 3:8>9—>2
MB 25~30 11:20—14:20 403.29 1:1>5—>4; 2:6>3—>10—>7; 3:8>9—>2
12:20—13:20 464.64 1:1>5—>4; 2:6>3—>10—>7; 3:8>9—>2

FEARTE ANUAE PRI 55 1 A2 o TG SR/ AT 4 Z8TE AHLIN , Bl 5 2 i 55 F9 A 55 Ok Bl i 46
SCRATI A AR DR, 2 10 RR IR 5575 TE ABLAYEUE Ik 55 1, AR 38 1R sty , 5k
SRTATAR W 1 RS, A AW s BAE R JGAL A7 (] A3 R R B W R AR e .l D, >4 i 55 B4
RCR IS AR R B O R RATI ] 55 i B S B R I AL, D e AT I
Blg 1 TLAEIE LGS AN b T ANUS T 18], B AR 55 AR | AT 55 BT e Hr i I E AL
ZRBCH G InT  E BN s HTEANECR—E R BOBUE IS A R 2 T A 391906 .
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Table 6 The demand multiple changes in relation to the relevant factors

i RAFH A/ I8 A TR S RATIR ] /min TENHUIRSS A%
Demand multiple Cost Number of UAVs used Total flight time UAV service path
100 427.88 3 101.33 1:1>5—>4; 2:6>3—>10—>7; 3:8>9—>2
110 442.53 3 108.91 1:1>5->9—>4; 2:6>3—>10—>7; 3:8—>2
120 510.08 4 115.57 1:1>5—>9; 2:6>3>4; 3:8; 4:10>7—>2
130 529.97 4 124.76 1:1>5—>4; 2:6>3; 3:8>9; 4:10>7—>2
140 544.40 4 132.98 1:1>5—>4; 2:6—>3; 3:8>9; 4:10>7—>2
150 559.87 4 141.60 1:1>5—>9; 2:6—>3; 3:8—>4; 4:10>7—>2
160 581.03 4 152.08 1:1>5—>9; 2:6—>3; 3:8>7—4; 4:10—>2
170 655.54 5 160.62 1:25 2:3>1—>5; 3:6; 4:8>9; 5:10>7—>4
180 674.83 5 170.03 1:1>5; 2:2; 3:3>10—>7—>9; 4:6; 5:8—>4
190 689.25 5 178.25 1:1>5; 2:2; 3:3>10>7—>9; 4:6; 5:8—>4
200 703.68 5 186.47 1:1>55 2:2; 3:3>10>7—>9; 4:6; 5:8>4

3 i #
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Task allocation and service path optimization for plant protection
drone based on agricultural service platforms

GAO Mengtian', HAN Jiliang', FENG Xiaochun', LIN Na*, RUAN Junhu'

1.School of Economics and Management, Northwest A & F University, Yangling 712100, China;
2.School of Economics and Management, Dalian University of Technology, Dalian 116024, China

Abstract A two-stage mixed integer programming model was established to solve the problem of
fine match of task allocation and scheduling in the “single base station multiple drones” mode of plant pro-
tection drones on the platform of the agricultural socialization service. First, the cost minimization goal of
task allocation and scheduling of plant protection drone was solved under the condition of quickly and accu-
rately solving the dispersed plant protection needs of farmers by introducing agricultural parameter variables
including variable time windows for pesticide efficacy under the influence of temperature , flight mode selec-
tion of crop protection drone in farmland, and variable power consumption rate. Then, the improvement of
the cost minimization goal was studied by changing the rated battery life time, flight mode in the field, opti-
mal time window of drug efficacy corresponding to temperature and the size of demand of the plant protec-
tion drone while ensuring other parameters remain unchanged. The results showed that plant protection
drones reduced the plant protection cost by 40.02% ,12.45% ,21.17% and 39.19% , respectively , by carry-
ing batteries with long duration of flight, choosing the long-side turning grid flight, selecting pesticide types
with the best efficacy and a wide range of temperature, and increasing the upper limit of platform service
volume per unit time period. It is indicated that the mixed Integer programming model, which introduces
specific agricultural production factors, is scientific and effective, and is more suitable for the task alloca-
tion and scheduling of plant protection drones on the platform of agricultural service.

Keywords agricultural socialization service; agricultural Internet of Things; plant protection drone;

green plant protection; variable time window ; smart agriculture
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