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Study on Optimal Allocation of Field Collection Points for Pineapple
Harvesting by UAV Considering Dynamic Energy Consumption

MA Ruijun, MA Hongzhen, WU Enhui, CHEN Yu, LI Chenghui, HONG Yuangian

(College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract: This study investigates the application of UAVs (Unmanned Aerial Vehicles) in the harvesting and transportation
of pineapples in agricultural fields, specifically focusing on the method of UAVs hovering to deposit pineapples into
collection bins. The operational range of UAVs, significantly impacted by the weight they carry, limits the efficiency of
pineapple harvesting tasks. This study proposes the establishment of pineapple collection points within the fields and
determines the optimal number and placement of these points to facilitate efficient harvesting operations. This study utilizes
the K-means algorithm to determine the most favorable locations and grouping for the collection points. It also develops
models for calculating the energy consumption and cost associated with UAV-based pineapple harvesting. By coding these
models to solve the models and address the constraints related to UAV endurance, the study ascertains the maximum
operational area and the quantity of pineapples that can be harvested by a UAV. Through comparative analysis of various

design involving different numbers and placements of collection points, the study determines the most effective strategy,

K is BHA:2024-01-10
HEWH 7 & 448523 8 (202181212040009)
F—1EH: LER(1970-), B W4, 308, N F SR AU &- T A B BB AR MHAS 5, E—mail:maruijun_mij@163.com



-344- oMok L ok F F R % 55 %

that without battery replacement, a single agricultural UAV is capable of harvesting approximately 480 pineapples over an
area of about 44 m® With the increase of number of collection points, the UAV’s total travel distance and energy
consumption decrease steadily, whereas the total cost gradually rises. The analysis reveals that the establishment of 15 fixed
collection points within a pineapple field of 667 m® achieves an optimal balance of total energy consumption, travel
distance, and cost. The collection point configuration optimization scheme proposed in this study offers constructive
recommendations for the number and location of collection points in using UAVs for crop harvesting and transportation
tasks in agricultural fields.

Key words: pineapple; agricultural drones; dynamic energy consumption; collection point configuration; enduranc
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Figure 1 General flow chart of pineapple harvesting by drone
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Table 1 Set variable definition

A HE Aggregate variable AR Hr 15 Variable description
1={ili=1,2,3,--.n} TR X I3 8 i 19 4E A The set of pineapples i in the experimental area

J={j=0,1,2,3,---,n,n+1} AR 5 2 The set of collection points j

K={klk=1} A To AHLEHEA The set of agricultural UAV k
F2 RRETEEX
Table 2 Decision variable definition
AL A L
Decision variable Variable description
0, 17385, FrR AR RUR T AE j sidehh, Hob y, =1 W s e j s etk , 75 00, ASAE
¥ 0, 1variable, indicating whether the collection point is located at point j. Where y;=1 denotes the collection point is located

at point j, otherwise, it is not
0, 1784k, R I8 R R P ICBI O A A G L, ey, = 1 N BRI R, 0, A2
Yij 0, 1variable, indicating whether pineapple i is assigned to the coverage area of collection point j. Where y; =1 denotes the
pineapple is to be harvested and assigned to collection point j, otherwise, it is not
0, 1784 , SRR 5 B SK AT , Herfr, W=1 FR i s j I S AR AN , EE AN, w0, 8f
W. 0,1variable, indicating whether the purchase cost of collection point j has been paid. Where W, =1 denotes that the purchase
cost of collection point j has been paid and is in use, otherwise, it is not
0,178 45k, Ferm i gl i j 5 U0 X 8 0 O A B AR 7 T s i b
B{; 0,1variable, indicating whether the path formed between collection point j and pineapple ¢ in the experimental area is in the

flyable airspace
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Table 3 Parameter variable definition

ZHUE - SR oo
AR AR
Parameter . o Parameter . L
. Variable Description . Variable Description
variable variable
¢l WACHE A 1 M S A ch Al T B 3K A
/ Purchase cost of the collection bin / Purchase cost of the agricultural UAV
c BTN A oo B P S A0S A
‘ Unit electricity cost 4 Unit distance maintenance cost
ot FLRE BT IR e BAA P S F 44 9
! Unit distance depreciation cost ! Unit distance battery maintenance cost
TNk ISCERE R j B 2 R i =22 8] 9 T — - o PN
. MR R BIBBR B Z FIB A3 AL B 7 B 4 2
E, HEFE . . . .
g . . E: Flight energy consumption of UAV £ from pineapple
Flight energy consumption of UAV £ from / . o . .
. PR . L. harvesting point i to collection point j
collection point j to pineapple harvesting point
N Ak T AHLECR L TN H R E F R
¢ Number of agricultural UAVs ¢ Maximum weight capacity of the UAV
FNGIVN & SEVE N 2P - R R . e
M D R TR JE AL TR B 5 AR 2 T
Lk L sight of pineapples carried by the UAV f; ineapple
Y Weight of pineapples carried by the UAV from " Weight o plneap[') e FE_LH“T Y the U %nm'pmeapp ¢
. L . . o harvesting point i to collection point j
collection pointj to pineapple harvesting point ¢
TENHIL ke NSCEE s B9 25 R i i Y E B TE AL b DT 85 SR i B WA 13 (9 HE 29 Distance
Dg Distance traveled by UAV £ from collection point D;‘; traveled by UAV £k from pineapple harvesting point i to
J to pineapple harvesting point ¢ collection point j
PNGINY N e SEVEIF % PR gRe it ] Tt TENNL b AT R ¢ BIYSCEE 53 4 B 8] Time taken
i . S i . . L .
T; Time taken by UAV £ from collection point j to / by UAV £ from pineapple harvesting point i to collection
pineapple harvesting point i point j
TENHU ISR £ B0 2 RO i 1 R AT R .
LI SR D AT RAEABLH
V. Flight speed of the UAV from collection point j to W . .
v . . L Own weight of the agricultural UAV
pineapple harvesting point i
WA A A TR Y g s
ORI LR Ay AR
N. Construction numerical threshold value of the n o .
/ . . Propeller power transmission efficiency
collection point
v T KETTHE L . PSVNGII R e v O
UAV flight lift—to—drag ratio Power consumption of electronic components in the UAV
SO RAT IR R ® AT TEAALHL bR K REFE =
e Maximum allowable flight altitude e Maximum energy consumption of the UAV battery
L, <L VkeK (6)
F(6)F R KMTC AN UEE AT R AT Ao i A R B AT o
EL+ B <E', YkeK (7)
A(NFTRTEANLEREFEA BB I HAE 2R i it BT RE S PR A B i«
W/yyy/D <Lnn\ (8)
F(8)Ferm 1R X I A A BT AT 3 3 P4 4 125 WA s A B S L N
yi/Lif <Zma\ (9)
() WA 5 P 7 i )X DX iy 2 SO e R R A i
¥ <NN; (10)
F(10)FR 7 AR £ A Bl A RE R TS E ek A K0 .
ko a b c
Ci=Cr+Cl+C; (11)
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3 RAARSNA

3.1 BWERREABXSHIZE
ABIESE 1 P % AT 1K 85 mg—1p A JCAALIE HOR A B 58 58 i R T A, T AHLYERE
SR MO TR A%, TE LIS B TR SOOI SRS B BNk 4.
F4 RIANSHIZE

Table 4 Agricultural drone parameter settings

i H /84 Project/Item ZH Parameter $0{H Value
T ANHLIESE B A UAV purchase cost/JG C,l‘ 20 000
FrifEde K H i Standard takeoff weight/kg L, 23.8
T AHLHLHL £ UAV battery capacity/kWh E.. 0.044 4
T LA Commercial electricity price /(JG+ kWh!) C, 1.27
T ALK AT Y728 Maximum UAV flight power/kW P .. 6.4

T ANHLHL FIC#R 4 BEFE Power consumption of electronic components in the UAV/W e 200
WETEIL BN 1A R R Propeller power transmission efficiency n 0.75
AT FHFE L Flight lift—to—drag ratio Y 4
AL A EE(C A SRR E ) kg w

16.8
UAV own weight (battery and harvester weight included)

K KAT 1 Maximum flight altitude/m H,.. 2 000

P I B 4E & (7K Unit distance maintenance cost /(JG*km™) C; 0.35
PN BT IH AR Unit distance depreciation cost /(JG +km™) C/[f 0.66
WS EEFE W SE B AR Purchase cost of the collection bin/Jt C; 100

3.2 RIS FAEEUK H 85 2 B 5 4b 18

FEABEFEH, R H DI Phantom 4, — /N Z2 i 38 T A AL, ok AR IR 58 AT DX ) 8 40 BE S 214
T AR 2 M R OE R T EUR PR R, iy ke — > K 2 1 h® (438 35 T A 50 UG, O DA Pk
HL0.067 hm? 1 R ELAR X IAE R i 50w 50 52 . R Python 45 #2315 5 BiC & OpenCV EIR AL, Xf
ARG AT TERASIT 38 2 78 G DURE s bR 38 2 i B B S0 1S 0 P B 88 7 8 Py Al
FREHE , Ry I S B W X S T W () SE AR o A G i I [R] S BRI 5 6 B G AR AN 81 2.
33 TANRBCEZRER R ARB L RS

ARTIF 5 35 B Y A4 T B iy SR ALV AR AT X 5, AR IS JC A HIUAE 33 8 SR i A v A WA o i
[, R A TEAMLEATTE 2P0, A R0 ARBUAS I A 55, SR i JHL R 5 0 A ) AT SR 2
ARBFGE TR R 05 o U R R S A it 25 8 A BRI, JC A ALY AT B[] AR AT T 449 22 31— 2 1Y) ol
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g7, Ll T AMLTE © AT R R AR AR LB E A AT o X — 283 d R PR B bl /D T BB R T #E A1 HEL
HARFE , TR 31 T I ML SRS AN R AT IR B A R
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Figure 2 Selection and coordinate identification map of pineapple harvesting experiment field by UAV
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Figure 3 Comparison of energy consumption of collection points numbers with the maximum energy consumption
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Figure 4 Changes in total distance and comprehensive operation costs of drones for different collection sites
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Figure 5 Comparison of results of different numbers of collection sites
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