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Abstract

There are some problems that need to be solved in the field patrol work of national nature reserves,
mainly in the lack of infrastructure and technological support environment for patrol, as well as the
combination of high-altitude satellite remote sensing monitoring and ground monitoring for eco-
logical and resource monitoring. The application of low altitude unmanned aerial vehicles for patrol
has problems such as the economic construction and maintenance cost reduction of patrol stations,
among which the site selection and layout are the most critical issues. The article first establishes a
general mathematical integer programming model for the problem of unmanned aerial vehicle
(UAV) patrol coverage. Then, taking the Hupingshan Nature Reserve as an example, the maximum
distance between each functional zone is collected using satellite images of water injection, vector
maps registered with geographic coordinates, and raster maps, forming a distance adjacency matrix
table. Take the D]I forestry drone as an example, the general mathematical programming software
LINGO is used to program and calculate the preliminary solution to the UAV patrol coverage prob-
lem in three different scenarios: low range, medium range, and long range. Combined with the ac-
tual terrain, a feasible solution that can be flexibly selected is finally obtained, realizing a new par-
adigm of modern patrol with “few stations, wide coverage, and fast response”. After verification, the
solution is scientifically reliable.
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Figure 1. Satellite image of Hupingshan Nature Reserve [3]
B 1 TR BARIFRIEZGES]

Figure 2. Functional zoning map of Hupingshan Nature Reserve [4]
2. TRLBRFRIFX IhEES X E[4]

3.2. XIS XERSHEVNERERSE
H R G E R XX 0 520X | R AR EORERES dy THERRE: (1) &= T & B ek R A,
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HE4d ArcGIS HEATHIFINCHE, HA WGS-84 A4hr R N HAMRE R, ARG FHRAX 1 57X j IR &K
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Table 1. Distance adjacency matrix table for seven major functional zones (Units: km)

T 1 EANEES X IR PR R(RAL: km)

) X 1 X2 X3 X 4 X 5 71X 6 a7
X 1 0 25.29 31.73 27.54 9.21 21.45 39.80
X 2 25.29 0 7.16 12.36 30.25 21.26 18.20
X3 31.73 7.16 0 19.06 31.54 28.35 10.88
4rIX 4 27.54 12.36 19.06 0 35.21 16.32 26.66
47X 5 9.21 30.25 31.54 35.21 0 27.42 35.44
411X 6 21.45 21.26 28.35 16.32 27.42 0 32.06
TIX 7 39.80 18.20 10.88 26.66 35.44 32.06 0

Table 2. Basic parameters of range for forestry UAV patrol function (taking DJI UAV as an example)
2. Ml BT ANKAP T REAIE R A S BR(AKE T A A1)

TANELS AR (km) AR IR fiE (km) KA IR (min) Bt AT I BE (m/s)
FlyCart 30 8 16 18 20
Mini 3 12 24 51 16
Air 3 16 32 46 21

3.3. FANKP B EBEHRB NI ESERATITE S

TRAPIX 3 XA n AR, TR SRR 0-1 BRI R 1y 73 e RS SEIL[1], 7RIS 2 R
& LINGO [8] [9]8 MATLAB 4S5 [10], #/ 3 BORFEINIRE 7238, KIRAF BT S5 HinE
MITHEAR, WAL 3R,

Table 3. Calculation results of integer programming model for unmanned aerial vehicle patrol coverage

3. RANKIP B SBENIERITEERSE

WiFE L X1 X2 X3 X4 X5 X6 X7 HbrfE
HTFE 8 km 1 0 0 1 1 1 1 5
WFE 12 km 0 0 0 1 0 1 0 2
ALFE 16 km 0 0 0 0 0 1 0 1
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Table 4. Site selection coordinates for a range of 8 km (WGS84 coordinate system)

2 4. HRFE 8 km BUEHE A FR(WGS84 AR R)

Frs e AR 2P “ifE
1 M 1 110.56775808 30.01942813
2 PG 2 110.68012763 30.02438014
3 MG 3 110.80118824 30.08657868
4 M43t 4 110.90696066 30.05625139
5 PG 5 110.62404156 29.92675245
6 AP 6 110.73023243 29.90218810
7 Rk 7 110.82249284 29.97137904

Figure 3. Site selection plan for a range of 8 km
3. fiiE 8 km HUIENEF R

2. ifE L=12km 75t

RS R B IRIAAE X IR 4 A1 6 b, SebrAi B IEAAE M. % B3 35 BURA G B iRms, W]
TEXIR 5 2@ 1A A, B TERIR 4. 5. 6 BE T 1 MKPuh. R4y gl R, U
3 AU ARSI 7RI X B 5, I HTA AR SR NVE AL E, T e AL B A4S, LA
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Table 5. Site selection coordinates for a range of 12 km (WGS84 coordinate system)
52 5. fiTF2 12 km B9ENEARER(WGSS4 IR R)

Frs APk g Z 4%
1 PG 1 110.60479939 29.99265432
2 PG 2 110.76945864 29.90983726
3 WG 3 110.84923983 30.05342782

Figure 4. Site selection plan for a range of 12 km
B 4. #7212 km BOELES R

3. fifEL=16 AHIg=

TR A TR AR IR 6 dufi. S5 AR IR 6 JEA7 P/ uh nd BT S sz i B AR ORI X A 7
i 1 WRFEBR ARSIk B RIM A AR A, IR s 1 TR Ry 165 2
BT 16 A Bk RE R, &5k 2 MOREF 16 A B 207 ROME 7 BRI X EeE S, =
IS P A3l RS AE T AL B ORBS T (A, UL 5 R, WGS84 ALdz & T AR 16 km frIEhEALFR W3

6 7.

Figure 5. Site selection plan for a range of 16 km
B 5. RS 16 km BOEHES R
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Table 6. Site selection coordinates for a range of 16 km (WGS84 coordinate system)
52 6. ARFE 16 km AUIEIEARER(WGS84 2R FR)

75 Tk g S % g i
1 WPk 1 110.62301695 29.94869292
2 Wk 2 110.82796991 29.99814212
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