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b. Example of R-tree querying
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Note: R8-R19 are third level MBRs (level minimum bounding rectangle) which
include actual geography objects (the moon shape area in Fig.1); R3-R7 are
second level MBRs which include part of third level MBRs; R1-R2 arefirst level
MBRs which include part of second level MBRs. The frame Sis querying scope.
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Fig.1 Examplefor explaining R-tree

Kl 1ah A F R IX AR SLPR BN %, BB
N FAEIE RS Pl . 5 R8J5ML, Ed RO £ R19
F SEBR LR R B INA R, BT T R B
M4k A, Hir, R85 R9. R10 BE B ELBGT, # e AT pk
—NEREX I R3, R3 M2 EMNIMALL S, A3, R11
5 R12 A KX R4, R13 5 R14 41k R5 %
%, 1 R3. R4. R5 XA DA KX 4% R1, Hk—
T —, BAETERRM . HE 1 TLER], RMH
TG ERNAT R R R FESK. B 1 h&38E R
P A B L 2 iR

[Ri[R2] ]
v v
[R3[ R4 Rs | [Ré[R7] ]
[R8]R9[RIO] [R1I[RI1Z] | [R13[R14] | [R15[R16] | [R17]R18[R19]

I RI~R19 Fraf B LA 1.
Note: Areas R1-R19are shownin Fig.1.

B2 RHMLEMHE
Fig.2 Structure diagram of R-tree

K 27, B R1AI R2 H b MR 45 5. R1LA 341
2k R3. R4 M1 R5. R1HRR T faml 45 mimfa st ab,

AFEE RS R3 & RS AR R i NA T . [F
¥, R3MA 31454 R8. ROAI R10. R8 & R19 /&M
GE, EAENEE SEPR I IR R BN R TR A3 1)
SRR U R HRE

R WAFAEZ A AR, a0 R+FEA T S R B9 H T 5l 26
G S 5 R A 2 B AR A ) L, ER H SRR 2 1A
AMEES, WE 1+, R3E R4 ESHIMARE R FA
SHI. XFEM E R s AR, ERNE R
PROES %, BEM T ANIRES, WIERE RS, 4k
NBRARA R RE . RV RO R, 2R R A
o EE AR EERE, HREWIN TIRZ LENFTHE.
N R ER MU TE I E ST, FEAARE AR
REME N T R WEORER (], RO IR & T R4t
RN, NEAEHTARS.

R & —Fh e & sh & 2 AR 51 BIR M, dhA T
BRANE ) W] CARI I 04T, R HA T BRI EE. RWR
TE NSRRI IR IE A T ANAERE N, AR RTE AL
PUE . B R R X A, AR R TE ANLS)
USRI BR324 7 8%, oAl RIS A MU LR AE M
VLR LA R Dheed e Ba e 1 2hil.

2.2 RWEIFEN

TINUERAEA T R W FILRFE WA 3 fivs. 1E3K
BT RIWAIFHEATIZ B ELLE, B M-FE e,
REE AEMHENNE, A5 AW A BT A L
2E, WRAE, WA E WREA, WZM-F4 s —5

N R 2GRS T R T4 A % H S
% HE. i\ EEHRIHERSH, FERHESENNH
KA, JFI AR, ZIREE ARG R R, IR
PRI FARHE, WIRESBURSE RN, N R AIE
MRS R IR FORIREE S RIG 1 2 D45 R
IR
B PRI A
IR MRS
12

BARM; B/INARETE
SRS AE
12

Function: ChooseLeaf

REGERARH T RL

B FERLN N
BRIz 7
v

Y Function: SplitNode
T -T2 L SIS RAREILAILL

FININE
FMLELLHEINE

Y
‘ Function: AglustTree | ‘ Function: AdjustTree

ik ) FARERISEH (FLRLL)

AR R
FEAR— BT IARGS R

A3 MR LFA R FEEAAR
Fig.3 Workflow of plant protection job inserting into R-tree
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Fig.4 Workflow of plant protection job region querying
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Note: Fig.6 is the result of region querying in Haidian, Beijing; Frame S is
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Fig.6 Plant protecting job region querying and its results
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Note: Fig.7 isthe result of plant protecting job recommendation in Beijing. The polygon frames are the fields of plant protection jobsin the result.

B 7 RAMAARAEL TR 54 R
Fig.7 Plant protecting job recommendation result with unmaned aerial vehicles
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Matching algorithm for plant protecting unmanned aerial vehicles and

plant protecting jobs based on R-tree spatial index
Yang Ze, Zheng Lihua™, Li Minzan, Yang Wei, Sun Hong
(Key Laboratory of Modern Precision Agriculture System Integration Research, Ministry of Education, China
Agricultural University, Beijing 100083, China)

Abstract: Compared with the traditional plant-protecting machine, plant protection unmanned aerial vehicle (UAV) has
advantages of high efficiency, high performance, good precision and good spraying effect. Most importantly, the promotion of
physical protection is very significant. In order to fully guarantee that the plant protecting assignments can be allocated
scientifically and the plant protecting UAV resources can be deployed efficiently, as well as for meeting the needs of plant
protecting spray jobs, a high efficient algorithm for matching UAV's with plant protecting jobs was designed, and a high
effective plant protecting assignments scheduling system was developed. The system can not only provide the UAV users with
appropriate matching plant protecting assignments, but also help to find the appropriate matching UAVs for the users who
need to rent the specific UAVs to carry out plant protection spray. In this paper, the existing technologies were analyzed and
compared to find out which one could be used to fulfill matching algorithm for UAV's and assignments, the features of plant
protection assignment for UAV were clarified, and a matching algorithm for UAV and its plant protection assignment based on
the R-tree spatial indexing was designed. The R-tree is a completely dynamic spatial index of data structure, and
sub-algorithms such as node inserting, deleting and querying operations are mutually independent. The matching algorithm for
plant protection assignment includes the algorithms of inserting plant protecting assignment into the R-tree, querying plant
protection assignment from the R-tree, and deleting some assignment when it is finished or canceled. By using the matching
algorithm, the plant protection assignment intelligent recommendation system was developed, and it mainly included the
region querying function and intelligent recommendation function. The region search function allows UAV users to search all
the plant protection assignments within the scope of any rectangle dragged on the map. Meanwhile the intelligent
recommendation function based on the user's current location can recommend the UAV users with the plant protection
assignments nearby which meet the UAV'’s spray features, and also can help the users who have the specific plant protecting
assignment to find the right UAVs to rent. We built the entire system by using Django web framework and programmed with
Python language and JavaScript language. The results of system test showed that the matching algorithm for UAV's and their
plant protection assignments based on the R-tree could handle more than 2 000 concurrent requests at the same time evenin a
lower configuration server. The querying algorithm’s response time was less than 1 ms when processing a single request. The
test of plant protection job inserted into the R-tree in batches showed that inserting 1 000 jobs took less than 1 s, and thanking
to the dynamic nature of the R-tree, we could read and write the R-tree at the same time, so the insertion of the R-tree did not
affect the query operation. It illustrates that the algorithm is flexible, accurate, dynamic and highly efficient, and it can be used
to match UAV s with the corresponding appropriate plant protecting assignments reasonably and intelligently.

Keywords: unmanned aerial vehicles; indexing; algorithms; matching; plant protection assignment; R-tree spatial index
technique; intelligent scheduling



