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[Abstract]

The use of unmanned aerial vehicle (UAV) have been regarded as a promising technique in both military and civilian
applications. Nevertheless, due to the lack of relevant and regulations and laws, the misuse of illegal drones poses a serious threat
to social security. In this paper, aiming at deriving the three-dimension optimal surveillance trajectories for group monitoring
drones, we develop a group trajectory planner based on the particle swarm optimization and updating mechanism. Together, to
evaluate the trajectories generated by proposed trajectory planner, we propose a group-objectives fitness function in accordance
with energy consumption, flight risk. The simulation results validate that the group trajectories generated by proposed trajectory
planner can preferentially visit important areas while obtaining low energy consumption and minimum flying risk value in various

practical situations.

Key word : 3D path planning, Particle swarm optimization, Group unmanned aerial vehicles, Group trajectory planner.
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Table 2. Main simulation parameters.

Parameters Symbols values
Grid size - 20*20
Operation space - 20*20%*1.5
Group MDr number 2,3,5
Group MDr unit power 20
Group MDr speed 10
Particle number 32,64,128,256,512
Iteration number 50,100
Event detection threshold 20
Flight time threshold 2
SAI update control , 1.5/0.2
Maximal turning angle
Maximal gliding angle
Maximal climbing angle
Minimal safe distance 0.2
Initial SAI value 1~10
Initial environmental risk 1~5

SYEE SX|E 93 PSO 7|ut TR EE 2|55 HA A
I Terrain
—#—UAV1
—&— UAV2
1.5
1
0.5
]
100
(a)
I Terrain

——UuAav1
-UAvZ2
—#—UAV3

0.5

100

[ Terrain
—*—UAV1
= k UAVZ
16 \ —+—UAV3
\ — % —UAV4
— & —UAVS

0.5

100

J8 5. 28 =2 &= HA 3D #8 (a) T e
UAV ZZH[3, (b) Ml Chel UAV &3
(c)EMA CHel UAV Z&H|3
Fig. 5. The optimal trajectory in 3-D representation
for (a) two UAV group flight, (b) three UAV
group flight (c) five UAV group flight
S5, U vlae AAks7] Aol 821(22) - (25)F AA
smk-;— 7asher Atk Bo=, HlgAlzlel Ny, b BS
o, FAT L A G WA £ G Pehs wE Ao

A4 AzAfNe W AR =S4 AT,

www.koni.or.kr



J. Adv. Navig. Technol. 24(5): 382-381, Oct. 2020

100

90 ot

<> Terrain
—*—-UAV1
UAV2

=5

60 70

100 |

80 90

100

1 <> Terrain
90 [ e —— | ——lAV]
P i —=—UAV2
80 —+—UAV3
\ D 2
70 [
B0 [
> 50
40r
30
20t |
10
100
100 1
& e &> Terrain
a0+ // e — %AV
# T | —=—UAv2
80| < T ¢ |—#—uaAv3
*«D s ’t — - -UAV4
70 F > — g 7 — - -UAVS
O S, S— > /r\
60 - | - Sy A ;_
.« B )
> B~
] g e

O8 6. (a) T el UAV 22H|3
2R, (c)oke thel UAV EatLlEl

ﬂl’ﬁﬁl%'?I Zx

Fig. 6. Multi UAV trajectory planning results for (a)
two UAV group flight, (b) three UAV group

flight (c) five UAV group flight

V. Al=ejolM Zat

o] Aollx=, AlEelold vtz =R AHA g7 €]
WA m3kE HERiITh

€
5k

https://doi.org/10.12673/jant.2020.24.5.382

, (b) Al THel UAV

160 T T T T
2UAV mean EC
3UAV mean EC
140 /,/_\_\q 5UAV mean EC
~J AN
/ N—

N}
S

=3
S

Mean Energy Consumption
5]
a8

60
40 . . A . .
0 5 10 15 20 25 30 35 40 45 50
Literations
(@
24
2UAV mean FR
22 K 3UAV mean FR | |
| 5UAV mean FR
20 [
| \ /
[ N /
18 = S

Mean Flying Risk
=

12+ N
10/ -
8l
6l
4 . i . . . i i
0 5 10 15 20 25 30 35 40 45 50
Literations

J8 7. (a) ¥ oHX[AH|E, (b) B BlfIE Ol
78tg & HAH X3 ™

Fig. 7. PSO trajectory optimization performance in
terms of (a) mean energy consumption, (b)
mean flight risk.

6-1 2E=E ARAL |2 M5}
MATLAB AlE#lo]d o5 T tle] #5] BREE, 4] Y]
FAAZ =2, T de] 2UAR mRow 48 wae

WHE3}A] she 7}

AR, AFeE AR A&7l of3) TEoxl HA o A4 &
A8 F7sta, ®EEelX] AA el 71HhE F SAI 7841 HlAY
2] Q14| gR1%H). V. Roberge & ©| #|<Fst PSO 32}
H 27|38} Algd o] ] = ghebi]E = Hol & 119} 2

57l A, AlQter A3 Hghare] HA o] A gholl WA7F o
WA FEE FEAE BolFH, A% kS vHEslgel S
7ol whe o] whE A =gk} Fig. 3.9} Fig. 400141 3 0] a)A]
Zre] A &M, HIE AHEE HofEr) WHE3lee] St

o wa}, 7§§5%4 o UA] &M 9} H| P = H Aol

WA S ST H e} S ek 4 2k Fsh,

= oy 4
£



RS AL AAAE 77 HAHolgh= AL gu]git) BE
#1415 3D WA, Fig. 5.(a), ()2 ()14 7 thel =
=8, Alde] =gt ol die] =g Ak AAE
3D FASIATE Fig. 6.9014 SA17-3 ARAEA] -2 2t
7k st A A o) A o FAJEI O (a), (b)9F (o)l
o], Ao, oA o) 2 EEe] #HA s AAs sd ok
H16§°1 A2 Al AA] 1°‘ = AR A aEska, 1o w
Ak H A A 277} o %42 %03 oJolS EAEH

S, v YA R =
6-2 2 =& HIXAET 2| =8 IHMS T}

Fig. 6.914 (a) 5 ™) UAV =4 H] 3, (b) Al The] UAV
A, (kY thel UAV 018 AZAZ7 ] Axtz v g
HAAS Bt} Fig. 7.904E (a) B AR ZRHE, (b) H
TRz 7S E AE H A8 3 AYE HojF
LX) U AAY 2UAV, 3UAV, SUAVE HER -5
SE7FAA AEE WSl wEbA et oy R b et
I H A F T} A I FEo] P S o Sk

. d B

3 =RoA] AR UEE AAAD)E o S
oM T EEECIA RPERY EAZ PAshe AEHY
28 5 QS s, A A 7S Brkshe 2 0 ol
A ], W S G =S TAA A $HE 5 o8] he] A3} Q)
GsE e 7Y BAR AT G548 etk AA% AAL
234 3 b2 Aviaste] Qom], ghal 4 ool A2 A}
o] AL W YAX Y SHEE Faba o A, A
Felold Ak ¥ AlRbe] #3 ER S B A3 gt
%% 319 WAL AT 434 2 2 AFIn

Acknowledgments

P Q5 WS RHMIST)7F F95Hs 37T A HNRE)©
NE W AT Zzade A7 A%z FAHAs.
(2019R1F1A1061696)

References

[1] E. Salami, C. Barrado, and E. Pastor, “UAV flight experiments
applied to the remote sensing of vegetated areas,” Remote
Sens, Vol. 6, No. 11, pp. 11051 —11081, Nov. 2014.

[2] Q. Yang and S. J. Yoo, “Optimal UAV path planning: sensing

—

—_

—_

—

—

data acquisition over IoT sensor networks using
multi-objective bio-inspired algorithms,” IEEE Access, Vol. 6,
pp. 13671-13684, 2018.

Y. Zeng, R. Zhang, and T. J. Lim, “Wireless communications
with unmanned aerial vehicles: opportunities and challenges,”
IEEE Communications Magazine, Vol.54, No. 5, pp.36-42,
May. 2016.

A. Abdallah, M. Ali, J. Misic, and V. Misic, “Efficient security
scheme for disaster surveillance UAV communication
networks,” Information, Vol. 10, No. 2, p. 43, Jan. 2019,

T. Turker, O. K. Sahingoz, and G. Yilmaz, “2D path planning
for UAVs in radar threatening environment using simulated
annealing algorithm,” in Proceeding of International
Conference on Unmanned Aircraft Systems (ICUAS), Denver:
CO, pp. 56-61, 2015.

S.J. Yoo, J. H. Park, S. H. Kim, and A. Shrestha, “Flying path
optimization in UAV-assisted IoT sensor networks,” ICT
Express, Vol. 2, No. 3, pp.140-144, 2016.

J. Carsten, D. Ferguson, and A. Stentz, “3D field D: improved
path planning and replanning in three dimensions,” in
Proceeding of IEEE/RSJ International Conference on
Intelligent Robots and Systems, Beijing: China, pp. 3381-3386,
2006.

K.Yang and S.Sukkarieh, ‘“Real-time continuous curvature
path planning of UAVS in cluttered environments,” in
Proceeding of 5th International Symposium on Mechatronics
and Its Applications, Amman: Jordan, pp. 1-6, 2008.

C. Zheng, L. Li, F. Xu, F. Sun, and M. Ding, “Evolutionary
route planner for unmanned air vehicles,” IEEE Transactions
on Robotics, Vol. 21, No. 4, pp. 609-620, Aug. 2005.

[10] R.J. Szczerba, “Threat netting for real-time, intelligent route

planners,” in Proceeding of Information, Decision and
Control. Data and Information Fusion Symposium, Signal
Processing and Communications Symposium and Decision
and Control Symposium, Adelaide: SA, pp. 377-382, 1999.
X.Li, Y.Zhao, J.Zhang, and Y.Dong, “A Hybrid PSO
algorithm based flight path optimization for multiple
agricultural UAVs,” in Proceeding of IEEE 28th
International Conference on Tools with Artificial Intelligence
(ICTAI), San Jose: CA, pp. 691-697, 2016.

J.Kennedy and R.Eberhart, “Particle swarm optimization,” in
Proceeding of Neural Networks, IEEE International
Conference, Perth: WA, Vol.4, pp. 1942-1948, 1995.

www.koni.or.kr



J. Adv. Navig. Technol. 24(5): 382-381, Oct. 2020

el & & (WonHo Lim)

1993 28 : ALY st MALZ ST} (2EHA}), 20014 8¢ : SAlTIst HESAI5D} (SEA A}
2013~ : Ql5IC)Stm ShEAIA| AR S atT} (HhALnlY), 19824 ~20094 : et=&4
2010 ~2018H : EYUHE AR 9| 2019 ~Sixl| : @AISIAX| L0 - AR

® o

A EOE 1 Group UAV, Particle swarm Optimization, 3D Path Planning, Al

& & # (HyoungChan Jeong)

1994 28 SOt st MRS ST} (A, 200414 8% : Mt HES AT St (SStAA}
20134d~3xY: °IofEH§.FI'L S AAA AR S5 (BEALRPY), 1995 121~1999A 74 Sh=RZ &S AL M FX| At
1999 82 ~3AY: M A S SSA SAX A 7|2 FH

KIS0} UAV, o|%o Al 28kZ3F, NAVI-AID COMM

Z S (Teng Hu)

2016 : S413 35 Chongaing University

20174~2018 : ¢lstol st MAtS stnt (W 2hsty)

220 - Mobile ad—-hoc networks for UAV and anti—drone technology using Al

OI&7|2 (Alamgir)
20164 8¢ : ST EtW MALS &t} (&AL
2020 29 olst st MALZ st} (S EHA{A})
2020 A ~FAY : QIEIMT| M AT AIS| AL I
x ZHA 2 oF - Mobile ad—hoc networks for UAV and anti—drone technology using Al, Maritime & underwater communications using
machine learning.

\
& A 3| (KyungHi Chang)
@ 19856128 © AN EHI HRKS I (SEHAD), 1987428 : AR TRBE2S (BEH1AD
. 199248 : Texas A&M Univ., EE Dept. (Ph.D.), 10894 ~1990W : AIMZESH | &2l Felodel
y = | 190214~ 2003 | SHAHAISLATE Ol S Bl TL PHHSUAATEY

2003 ~siA : ¢lsti &t MALZ &t W4
22Ok 3GPP LTE-A & 5G Systems, HetNet, Public Safety & Mobile Ad—hoc Networks, Maritime/Underwater Communications

https://doi.org/10.12673/jant.2020.24.5.382 392



