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Drone Surveillance System Considering Dynamic POIs
Yukyung Lee - Munjeong Kang + Nayoung Kim * Chungmok Lee
Department of Industrial and Management Engineering, Hankuk University of Foreign Studies

This study proposes a new drone surveillance system by considering the relative importance of spatial area under
the surveillance. Traditionally, the drone surveillance systems employed a simple routing rule often realized as
zig-zag movements without alternation of altitude. Recognizing that the altitude of drones can be manipulated to
take more detailed pictures of the POIs (Points of Interest), we represent a new mathematical formulation and an
efficient heuristic algorithm that considers not only the locations but the altitude of drones. We also incorporate a
machine learning algorithm to identify POIs inside the given area, which enables us to implement a fully automated
drone surveillance system. The proposed system is superior to the previous ones because the consideration of the
relative importance of POIs makes the drone cover the non-POI areas much more efficiently by using higher
altitude and taking fewer photos. We implement a proof-of-the-concept of the proposed algorithm, and report
results obtained from real-world test cases.
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Figure 1. (Left) ZIg-Zag Route Used in the Existing Drone Surveillance System, (Right) A New Drone Surveillance System Can Identify

where the Survivors are and Use the Information to Build More Efficient Routes
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Figure 2. Flowchart of the Proposed System
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Figure 5. Deep Neural Network Classifies Persons from Other Objects
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Figure 7. Discretizing of 3D Space with Grid
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Figure 8. Higher Altitude Yields Larger Covering Areas
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Algorithm 1 Labeling algorithm for solving ESPPRC
procedure ESPPRC(s)

A, +{(0,0,..)}

for all y; € Y \ {s} do
A,; «—0

E = {s}

repeat

Choose y; € E
for all y; € Succ(y;) do
L,‘j «—0
for all \; = (T35, Bi;, YO, Y, .. YL, Y") € A; do
if Y/ =0 then
Li] «~— L,‘j UExtend(x\l,yj)
Aj «— EFF(L,J U A])
if A; has changed then
E« EU {yj}
E <« E\{u}
until E =10

Figure 10. Pseudocode of ESPPRC for(RP)
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=0)¢ & (LP)E =1 22 & ol &3t
®P)Z ¥
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A BRI} AY PHOE de g
2]

(local neighborhood solutions)E H443}=

Shape # nodes = 208 / POl —ratio = 5%

a5 0 o 9 1 10

1PF AeHths Fe S50 O 23 e FoloH WE A
Aol 2 EFAAE B3P0 A TR AR
2] BF& AL o] & o] gt A Al2Elof A 87bs
< HolFE Aol & A7) o7t glon 27l ¢arg
& Al B d7e 5 dTIAE AASHE Hlolth
DLRWAS 7] 913 2] 2 (P)2k 29A 273 71 9] 4
& Hlale Al 57l A ARAs] A etk

D

AR
B Zo| A= 58] B8 (P)E /d-& MIP solvers o] &34 AH
FE A 20A HAF 7 Fe] AsS Hladitt Ak A Y
< Intel Core 3.5 GHz PC, 32GB RAM< 7}A] 1 9+ MacPro
o A 4=8§5}91 2.1 MIP solverZE IBM Cplex 12.6 A3}
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Figure 11. Surveillance Areas Used in Experiments
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<Table 1>%} <Table 2> Area 13} Area 29 T3k A
ARE Rz}, Z4zko] Ao vsiA 18l=e] 7
2A AASE vig 29| st et o E

N op

flo mjn no

Nayoung Kim - Chungmok Lee

meh AR Te Rl el FeE XA A E
B ALsAl AR 4 AR o A
= S7hd

<Table 1>2] prob 1- Area 12] 18] 9] 7H4 o] 714 5
0]l prob 5+ 1H4 0] 714
EEo| i} FhstA ARl B & YR & AR oF s

=

Table 1. Computational Results for Area 1

& 7 %oltt g e

N
)

=

fo o 2 ¢

<Table 1>3} <Table 2>2] Cplex(P)=
523}, Heuristic2 29 23] 71

£ o] g3t

o
e

23 (P)E Cplex

2 oju g}, Bjo] 2] 2} Q(column) 2] o] 7] = T3} ek,

Parameter Cplex(P) Heuristic Cplex/Heuristic
#node bat POI ratio time(s) sol gap time(s) sol time(s) sol
90 800 2% 3600° 444.6 61.2% 3.7 444.6 968.74 1.00
“obl 90 800 5% 3600° 449.4 62.0% 22 463.3 1606.66 0.97
P 90 1500 2% 3600° 444.6 61.5% 3.7 444.6 980.95 1.00
90 1500 5% 3600° 449.4 56.7% 2.8 450.4 1287.48 1.00
106 800 2% 3600° 508.0 65.5% 4.0 516.1 900.19 0.98
ob2 106 800 5% - - - 9.9 542.8
P 106 1500 2% 3600° 508.0 65.3% 5.8 516.1 623.84 0.98
106 1500 5% 3600° 531.9 61.3% 2.5 555.1 1463.92 0.96
120 800 2% - - - 6.7 537.6
rob3 120 800 5% - - - 259 537.9
P 120 1500 2% 3600° 538.1 69.3% 20.7 537.6 173.53 1.00
120 1500 5% 3600° 559.3 64.9% 9.5 538.7 380.83 1.04
132 800 2% - - - 8.2 5155
obd 132 800 5% - - - 30.8 536.8
P 132 1500 2% 3600° 5152 67.8% 8.9 5152 406.74 1.00
132 1500 5% 3600° 542.4 63.9% 7.7 536.8 466.31 1.01
144 800 2% 3600° 543.7 71.2% 10.4 543.7 344.89 1.00
robs 144 800 5% - - - 377 579.3
Pro 144 1500 2% - - - 3.9 544.4
144 1500 5% 3600" 572.1 67.1% 36.9 585.2 97.57 0.98
Table 2. Computational Results for Area 2
Parameter Cplex(P) Heuristic Cplex/Heuristic
#node bat POI ratio time(s) sol gap time(s) sol time(s) sol
80 500 2% 1292.0 3289 0 34 328.9 380.00 1.00
robl 80 500 5% 3006.3 368.3 0 2.6 408.0 1156.27 0.90
P 80 600 2% 578.0 3289 0 2.6 328.9 222.31 1.00
80 600 5% 1937.6 368.3 0 34 408.0 569.88 0.90
96 500 2% - - - 53 4254
ob2 96 500 5% 3600° 423.1 34.9% 15.5 423.1 232.26 1.00
P 96 600 2% 3600° 368.1 26.8% 8.0 4254 450.00 0.87
96 600 5% 3600° 423.1 29.0% 4.0 423.1 900.00 1.00
102 500 2% 3600° 356.2 24.5% 2.9 356.2 1241.38 1.00
rob3 102 500 5% - - - 27.6 496.5
P 102 600 2% 3600° 356.2 20.1% 2.1 356.2 1714.29 1.00
102 600 5% - - - 16.7 496.5
120 500 2% - - - 4.1 466.7
robd 120 500 5% - - - 8.2 475.1
pro 120 600 2% - - - 4.1 466.7
120 600 5% - - - 7.0 486.2
136 500 2% - - - 3.3 513.4
robs 136 500 5% - - - 5.6 719.7
Pro 136 600 2% - - - 5.5 513.4
136 600 5% - - - 9.3 588.7
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« #node : 744 BYG ol L= = HA vid=E 9| A

* bat : 3 Hol| v 7}53 v El 2] o] &

* POl ratio : A AIFEEE Fof FRLE9] H|E, o]+ 4
Yo FaF o fFE = A7) g v
Solm, Hl&9] F7]of e} 125 2= Zlo] ofd.

« time(s) : A& F=H AEle AR E), AR S 36003
(1417

e sol : Z}2+e] darE] o] 42 7H F-2 dll(best solution)

* gap : (best_solution-best_lowerbound)/best_solutionx100 (%)

* Cplex/Heuristic : Cplex} Heuristic®] d%5 Hln, Eo|AZt
(time)9] 73-%- #ol 120} 2% Heuristic] Cplex:.t} 1 7t
o wEgE A4S vEh 7P 2 sl(sol) 9] -l
%ol 1Xth I Heuristic®] Cplex 20} £ 31 & A3
ofm]gh

c

dlo

Ho] B9 A3} Fof| £/ SAZ A H AEL Heuristic
o] Cplex Bt ZAY H £& AFE HYLS ujsiy o
AZEe] *= AZEAIEH3600%) 0 2 S SH R Cplex
T AIHAG Yol 3 E 24 gk o= -2 BAISHH T

At A B A7 AN SR 29 A 223 719 0] Cplex
Bh ALIARE Holl A= il ] o] w2 AL sfo] 4
T AY ZAYE F2 A& HAET 53], Cplexs B2 7
S0l 1A17ke] AZEAI S kol & 8 (feasible solution)Z 213
22 Zahe 7397} B9k} Cplexs EA41 2] 2717} ofF 2He
73-9(<Table 2>9] prob1)l| 5t H A3 & 2 & QA 2H vhr
2 730l B5F u]§- 2 gap & Ho| A FHE 2HA] £}
o}, Bhof 28HA WA A 712 v - whE A7 ko] F2
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T A & 2 5 AU

2HA BHF Ve AR FReE 47 BETE A
Zrol ¥ 2 Aele A By om vEel &5 & A
o]& Ho|7| gttt

32

it
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Surveillance area
selected by the user
and optimal route

6. T2 7HA] A 28 9] Proof-of-Concept T8

B bAoA A AE e o 2 A 7% 58 A
| 2~Elof kAol ek A 2~ 2 B Aol M Ak B 1
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7] Wizl 71 712481 755k T B 5 A AT B Al 2
1.2 DJ12] Phantom 4 (https:/www.dji.com/kr) =28 A5} T

DJI®] Phantom4 EE& 4§ EE0| ofd HR| G EEC®
PCe] A4 AEES A U3kA =tk 312k DI1] Phantom 4
© 2UEET] A5 SDKE Al gate] Al stal k. wabA
£ Aol A 7Ee Al 2281 DIT9) Phantom 4 =23} 2~0LE
E& AH AA AL T3 AnfEZ-2 WA X (message queue)
£ 53l PCY ) 7Rk A 2Hlof] AAE = w A B3 25
74T Al 2Bl FE -2 Javad) Pythone ARS8} 0. HA]
2| 5+ 2= RabbitMQ(https://www.rabbitmg.com) S AH-&-3} T}
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