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Dynamic 3D Localization of a UAV-BS Based on the Extended
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ABSTRACT

Recently, Unmanned Aerial Vehicle Base-Stations(UAV-BSs) are gaining popularity to provide wireless
communications for various purposes. In particular, UAV-BSs can be actively utilized for a large number of users
in areas where base station installation is difficult, inefficient, or restricted in communication use such as in
battlefield environments. In order to satisfy the real-time and low-latency of continuous communication service in
the environments where ground users move, it is necessary to predict the user’s mobility to maintain the
communication service quality and to change the location and altitude of the UAV-BS in real time. In this paper,
the horizontal position of the UAV-BS is determined by predicting the movement of the ground user based on
the EKF(Extended Kalman Filter). In addition the 3D position of the UAV-BS is updated in real time through
vertical maneuvering by determining the altitude to maximize energy efficiency. To this end, the EKF
measurement model was proposed using the minimum received power required in the downlink path of the

UAV-BS and the user, and the effectiveness of the proposed method was evaluated through numerical simulations.

¥ o] Ak ANCRPIEARSAH S ALoR dardAite] 2|81S whol 3% A7I(No. 2021R1A2C2007112).
+ First Author : Ajou University Department of Military Digital Convergence, harry3792@naver.com, %J3]<]
Corresponding Author : Ajou University Department of Military Digital Convergence, jaslim@ajou.ac.kr, £413]%]
*  Ajou University Department of Military Digital Convergence, parkjo05@ajou.ac.kr, 3]<]

T E 1 202204-056-A-RN, Received April 21, 2022; Revised December July 13, 2022; Accepted July 21, 2022

1491



The Journal of Korean Institute of Communications and Information Sciences "22-10 Vol.47 No.10

.M 2

AT FA B4 79 WA ¥4 UAV
(Unmanned Aerial Vehicle)S A& 7|xX|=o2 &
43l wikle] FE-5 Wl itk UAVE 25 vlA)
3ol A AlESHA] el £l < Sl SR 8
Eollxl AAF AREALENA 47 LoS(Line-of-Sight) 2
FR3 4 ol AR 7= AX7E FEAY v
AEAo]al wm FAIRREel Alofo] w2 A4
e AREAE “/H/“'BE UAV BS(Unmanned Aerial
Vehicle Base Station)S A534° & g3 = git}
=3 A% ;mﬁrm] EAE} A4 A EAl
v EY=7F H a3k gl A8l o] FAS %4
she #le A BAl UES =] 3-8 530 &

T=7]6l o]Z 93 UAV-BS2| A wix|e} A7}
= 73S $18k A7) B8sirl w3k UAV-BSY] o
Uzl ZEAQ 28e] TAl 87=r]e 3 AA
Alof] 2A 2nAE 584 So] Eihw|e]of dhrl

A AR} 12| o] 5AS azE{Ele] UAV-BS
7} AAZre R 753 EdF) ubHel sk o=
A= 2] edopel wgk A4k AREAE 252 o] 54
=3} AAgE AT A [6]2] ARk} 3Eo] 7]
© 2 Kalman Filter(KF)ol| 7]Hh‘s}1 Q)71 wxlEA]
Ql o] 5AE s Afoll= ¢l A7) = ol=igt
A5 A5 Zo)7] A KF—4 A 715 w5t
™ UAV-BS?| #-8o] HAFsl|A| 5L ol =] 2m] S9
ol wlEEAde] Al

UAV-BSE -4 A A4} A-8Ak9} UAV-BS 7+ &
Alol|A] AmAE #43kE 918 UAV-BS®| A ul
Aol A7k o] A7l APk 219 AR
UAV-BS®] EA14H]~ 8178 7]uko 2 UAV-BSS]
#HA awg AAsh= 7S AA8ka, UAV-BSe}
A ARSAE Ale] AR £A mdS 283l
LoS 282 malelala LoS BAS 913 HAe| 7
=7hE 2odtk 319 AR Al wEs #Astshd
A] Aful2 7FsgE AF&Z} o] Hsts SR A}
S22 $1A ARE E3le] AREAlA HAaw
S Al AHS él’i-‘ o= FHd AR 7]
WS Al o] 9]el= [4-5] %ﬂwb AMAE
o] A5 aAsAY o5’ Fo| AdEks FAska
UAV-BS$} A|AF AREA} Alo]e] F4] %Zﬂ oA &m]
A& Fa3)sh= ollufA] 841 UAV-BSS| -4
Hiok Q5 #l3Ysligich

wepa] £ el Al 9ok 22 AR sAst
32} UAV-BS®| 54 32191 ¢1=] 2 7S Ak

1

1492

gke}, Aot 7|¥2 Extended Kalman Filter(EKF)E
Fgato] A AREALY] o]l FAE 53k 7R
AR 7 15HlelA = UAV-BS7F A4 A}
S22 ARE &4 Y $4lsle] EKFE 243 H)
A g sle] & A AREARE] oy $1AE 4
gt} 53] UAV- BSS} AAF ARSAL Aleole] vlis=
A% AHE SA351e] EKF 34 2dle] niedgew
# UAV-BS 82| ouf#] agAfo] Foi=ar AHe-
2} o] 549 oF 2AE =R Yk 25 A¢A
= 1Al =437 915 7o AA) AR}
%58 AR 1E 3l A AREAE ZLEelA A
A A SA P AAste] UAV-BS®| 3 4]
== AR} 3%74101] A= opa] A A4k AReA}
2% B4l wHE S-S 7HEe 2 UAV-BS9 ¢
Uzl &84S 18sle] UAV- BSe| 1=3 ZAA3
th Ak UAV-BSS| AA1ZF 914 34 714 &
A 25 ol sAE Tl ARSARENAl A<
FAAR 2 AlFe] 7Fs - MATLAB AlE# oA
Egﬂ :@,}o]g]_oﬂr/},

=] A vt Atk 2eA e AlH

wels Anelar 34l = At 7S 7Rt 4
AellA= AlEdelds S3l A 7Y A
Ao oAt ew, 53l HES derh

gm

II. AJARS DE

B =l 29 13 #2o] UAV-BSE 843
of n7le] A k=G g R A BAl Aulag
Algataat ek 2 A e o] e (a,y,)
AAsle] UAV-BSS] 9121 (a2, y, 2,) & AL

-

HU

Step 1 : mobility estimation by EKF
>
[Step 2 : UAV-BS's horizontal maneuver

Step 3 : UAV-BS's vertical maneuver

ooy 2) H

Step 1

Note 1 @5,
(eeys)

Node

a2l 1. Al]E A AlaE mE
Fig. 1. System model of proposed scheme



=/ UAV-BSelA] t}23 = 24

e A e she] a5S @A oled
tha 7}Asc) w3k UAV-BSE 189 o] 54
Zato] AAkew 9 9 7] 7)o 7hssitt
T A A A A AR A RE 5
Ao wigtH= 7S wEsle] UAV-BSE 72} A
A e ERRE AEe Zew gl vlgkel| tigk A n
& FIMeR ARk JHR a5 S
w2 AA ol sAdE HEshe A (2,.y,) 2 A
Ayt Az e Ayt 7 He] "olA <l

= A roo)e] ARE B4 v RE AHYgk)

AR} 22 3-8 oA A AR v
shte] Igo® Hlsgt o] FAE Mol I 2

_l

it

A5 s A9t Dok webA & =
welAe ARARES] I ol EE =8kl &
ok AP ARgARe] ol AElE Ak, AR W
= F P W Adsta A w0, 02
s A ARSAte] A oled Bl vt
o] FofRIl,

o

S
b AR AN A ARgRES) OF ol 5E
3|

337 5] A e ig] o5 AL o

Hieg
& Ao e,
M=aGM+(1—a) UM, @

N GME 2F AAL B o5 o)
s o IF o)BAE ukdsl] 13 7o)t
Z o7} 19 7PSRE 2F U AR} o)BAle
AXEHA =W a7} 0ol 7PIESE ARRAIES OF
ol gAHrh= /M o]FAE FACE olFdhe AL
S kie=

. Ao 718

3.1 Extended Kalman Filter 22

B Rl A AR o] EHE dlZa]
98] EKFE 28at} 341 KF Ahgo] Zlo]
Sl Z4AE nhekoz A9 Sspie] g 4

R /Htﬁx]/\sﬂ _i vl g
Z BEKF =} gk} &9 BKFoll gk ul$-2 [8]S
Z3) galglth o] F 9)six= A AREALe] Alel S
el Al ge) o) % Alofel Alo] 1 4
a3k o] vhy Ao FdEch

3

AL Uk & Aol G4 7 e AU A
o) AdEs) 4w AT Aol Ay
whe} A4k ARgR}e] Abel o] ghe el of
& 4 o] S e A A4 o
Ae] ke (o) HA] ek Beste] thest 2de)
walgc}

EKFi= KFS}h he] nAI9A o] 54S ol 3alof 5
22 VAR A A Aok sk 4
27} olek @e] A Ae] 42 EKFel 443l7]
S1o1A] el Aol YE 7 BAE Hol 3 of]
oF A wiFtsle] Qe 3ik ofam|gt AL e
e A3 7o) waEc)

oA7lelH At EKFE] A4l 712 SJelste] @)
o) el Aol PE 32 2 8aw AvlR 3ol
3x 32| ayele] WA

EKFol| A1 23 §= UAV-BS9} A4} A4
A Aole] x& 49, y& 49, che A
% AGE WHR Agsie ches) o] ERE)

©)°NAL £, ¢, ma, my= ZF2 v e
o] %%, UAV-BS®] x#13i $1%|, UAV-BS®] yJJr

u N.

—

UM = (%(Sin(HerAt) —sinf)),

%(0059—cos(9+wﬁt)) )
Z}((’Z)) sin(0(k) +w (k) de)
;;((IZ)) cos (0(k) 10 (k)de) “
(k) -+ (R dt

1493



The Journal of Korean Institute of Communications and Information Sciences "22-10 Vol.47 No.10

A= visieh. P> UAV-BSSE A4 AREA} Ale] Algorithm 1 Extended Kalman Filter Algorithm for
o] XS ¢l $417]9] H A4 87 AEL ong) estimating ground user’s location
UAV-BS9| A% AHE #43)3l7] 918 UAV-BS2 1. nitialize :  X;, Py, u(k), 2 (k)
A4 Ao 4\—417]9,] 24 87 AHy A3t 2. Repeat
) e o] 54l AEe el wel 3 X(<1’5+1"|“L):F<I<’“>v“<(’2>l RS
o 4. Plk+11k)=VF+ P o VFT+ R(k+1
242]7] fﬁH—f"ﬂ, UAV-BS%} J_E i *}0154 the-e = 5. K(k+1) = P(i+1 1 k)
A AHE gt 2ol x93 S= o HE+DT(HEk+1) « P(k+11k)
« Hek+1)"+ Q(k+1)) !
_ 6. X(k+11k+1)
Py =P « PL,) ) = X(k+1 1 k) + K(k+1)
o 2(k+1)—n(X(k+1 1 k)))
o Es o] X W gre] Z2lo] EEEr) 4 7. P(k+11k+1)
(< &3l 64 i &kl =2je] = :D}. ™ D1 | ) — K(e4 1)
Al P& UAV- BSQP 2 ARgAE Ale] ] EAlS 917 « Hk+1) « P(k+1 | k)
21719 HAx 87 AES on|hy PL(d»)T‘E 712 8. Until Mission is completed
o W A= &4 e 9wt} gt (6)9] =3] 3 a2 2. 93] 2AS o5k s 2k P Z2 e
Z= x| Al Ao g} 7ro] EKFol| A-8-317] )3 Flg 2. System Extended Kalman Filter Algorithm for
ohamlat sfslo] Basjol ok vhgsh o) wRAE T
Flellx] =23 P U FE o]gsto] =gl L orhe Ale algsie] AR
Al AAER= EKF-CH dre)Ed a7 29} ok E o
aE|Eelde] R(k+1) W4 A9 ko]l= Fhe S — —
oot (i) = argmar (5, =) = (=) ©
3.2 UAV-BS 48 7|5 ZX O L83t A= 7P He] WelA Sl= Al
31 A 76T A AHeAE] oj el 8 TR SIS A A AbeEel Sl
Qdve)ZS gH4sled UAV-BSE| 43 71%5-S A4 & 2% TR AAIrL o) AE FAs
[e]
of dhek o) $la14) A4 AHgAFER T T A She AR 4 2 A F % A
FUHE Askw B WAL A Folor ey, SHee AP (e, (ayyy) ® A o1F 28
slo] A=l
A ARAL 1ge] AR Al el A A
o) A4 ALgAe] 915 2E S DAk w (2y)=| 2 yi+yj) 10
= A AR Alele] ARlE S8 5 7 A= . 2 72
7} Fa] "ol gl F Ak ALeAlE ARAF) o]
10— Z)((l;;)) cosf (k) + Z((]Z)) cos (0(k) +w(k)At)
_oF(X(k),UK))
FRHD) =500 01— 2% Gnate) + 2% (o) 1w k) An) ®)
w(k) w(k)
00 1
2
20) = | P 2L e =2 ()7 + (my =y (R 17
6
ma:—x(kzg ©
my —y(k
w2 167°/°P,  ad(k) ) 6 f°F, | ad(k) |,
o1 2 “ox (k) 2 “oy(k)
H(k) = = C C Y 8
)= xn) ~1 0 0 ®
0 —1 0

1494



=%/ UAV-BSellA] ol A4

1. AEYelAd W
Table 1. Simulation parameters

Parameter Value
Number of users (V) 20
Simulation run time 100sec
Filter update cycle (At) Isec
Ground user’s speed 0~30m/sec
Minimum required power (F.) | -70dBm
Carrier frequency (f,) 2000 MHz
Group cohesion (a) 0~1

Suburban environment

5.2, 0.35, 0.1, 21
(A; B Npo5 Mnos)

Urban environment

10.6, 0.18, 1, 20
(A B 1y Mvros)

Dense urban environment

11.95, 0.14, 1.6, 23
(A; B 15 Mnros)

otel ALt 4 1 A1 A8 Alole] e
Wi o Agete The Ao Follh

r:max(\/(;vc—x,-)“‘(yn_yi)?) (1D

3.3 UAV-BS 37| 7|5 Z#H

B E=FE [5]e04] AAEE  Air-to-Ground
(A2G) Ad =S 83k LoS(Line of Sight)e}
NLoS (None Line of Sight) 7o) wrslA 9 &5
_@ 1,],}:,]_14]_‘:_ jzl—g_u 1:—11_9_ 71—71— 1;]%34. 71:1—01 _;:‘JL_‘LJ_%\;],

of7]ellA A, B= 9] 3+, =4 37, 13 =4
A3 28 A4S 373 rﬂ«—; A<pole) 18] 1
24 AR 1we] B4l Al R (1DelA] =3
kel hit UAV-BSe| tolt}

w3 A2G Edllol|x] UAV-BS2| $414137) 24k
AR A A=) 7]702] F71E-1 A= 4] A

o A el el 275, 10 A2 e
weia) 2

=k

f d
FSPL=20log

L, =FSPL+n, (e:LOS, NLoS) (13)

(13)01]/H FSPLE A5-37kol| 4] Alsle A2 &
Aol N o A W Fr) HE &Ao|th 1=
W} Foke olnls ek We) S, di A4

3 A Z44l Lossﬂr NLoS 3H6llxe] 712l A=
A 7kl LS =23 o) AAl B4 HellM=
LoS®} NLoS %Zﬁ-% FAl et i AR Ao
J g3l o]z thg} o] xFCL

L=Prrsl st Prageshnros (14)

14l (12), (13)= HYAA AHelshd o3 2
o] Ht AR Bd A TZo] 7lg3sic)

(15)% UAV-BS$} A4} AR8a} 152 B4l v
¢l r¥} UAV-BSQ| 2% h 2 o]Fo]7] 3ot} A
U rS (1) 531 =&31917] ui+tell UAV-BS
% hE (158 HAR ke =02 Faizick 1 ¢
o U5 (13)3 A3 AL=e] AAgre] ==
ok

Iv.

0x
oIr
HL
1z

mlo

H HolAl = MATLABS 3431 Al E#o)xde &
a4 Alcksls 719e] Aeg EA o1 513t
o] % AHE= At TP oR ZHF A AR
oA AT AAGk Alole] exlE Yl o
7+ At FXHMAD: Mean Absolute Deviation)S &

1

PI'L{)S(T7 h) =

Plﬂvp}s(r’h) =

1+ Aexp(— B(?arcmn(

LE)

1 _PTL{)S(TJZ) (12)

Nros™ NNLoS

Anf d
L(r,h) :201og( g )+

1+ Aemp(— B( @arctcm(ﬁ)— A))
™ r

15)

1495



The Journal of Korean Institute of Communications and Information Sciences "22-10 Vol.47 No.10

=

AAZE AbelellA] vehbes Solgte] dds AA
A AAAQ oAE AgeE: A FAebsr] 98
MSE(Mean Squared Error) T4l MADE Al-83kc}

S} ol AlEwleld A8 A RHA¥sl= FAIgkt
Al H
5

n

E|At7Pt| (16)

MAD= =1
n

Aol ellA] 85t wisl Wi 19 22

& el Alskehe 71 37K ohe &7 ellA
H7l8ict. &, 1®(suburban), XA (urban), HA =
(dense urban) 2 T-EE" 3E 1ef] I3 37 WHEE
F-Eoisirt. w3 7 AlEEHo]dE 10024 5 5003
Alefate] Hgghs wlassict.

I 3E Ak o E S S el
EKF 34 wele] &3S 718b7] $18te] MAD
e Rl Asjelot UAV-BSS} A% ARgA} Alo]
o] xF, y& #8712 238191S 75 MAD Ftel
AL F7F8e] 1002 ol oF 4m7bA] 718k 2
A 2l x5, y=, f2E= 7EE 2EElE
H= FFH oz oF 0.36me] MAD 32 2k &
A, B w=rellA] Alkele 34 2l x5, y5 e
o} UAV-BSS} A4 AR8AL Atele] vhesd= A% A
28 3= 42 MAD 3ol oF 0.065m A Ee
wfg- gt eAE 7= S ERld S glek o]
= 53l Ak 7S S el A EeE A
2 AR o] FAE odlE TS Elsksich

a8l 4= Akl 7S ael, =4, HA =4
% 371 37l MAD ko] Afelct el =E

kv

>

Ji0i

—

T
—&— measurement model with x-axis, y-axis distance, downlink transmit power
—&— measurement model with x-axis, y-axis distance,euclid distance

35 model with x-axis, y-axis distance

~
o

Mean Absoulte Deviation[m]
R

S 1
05 AU AN ‘
‘f\ SANA\N AUV, A/\/\AA/\MNA&/W\J*\A/\W,J’\

— T e —T

© i€
10 20 30 40 50 60 70 80 90 100
time([s]

2! 3. Extended Kalman Filter®] =74 =dl U] W< u}
2 MAD 3t

Fig. 3. MAD values according to parameter in the
measurement model of the Extended Kalman Filter

1496

o

u] 2] el 71 =2 2F 0.063me] MAD
itk =4 3734 2F 0.136me] MAD %,
Al 7ol 2F 0.195me] MAD 3= 714
Qlgk 4= glek ol Wl 3, =A] 3,
37 27 LoS 37e] = ggo| AA7|
this Zo9lS gl 4 g

o5 50 A3= EKFO| Al 5715 27 05,
1%, 5%% AAsIdS o vehdl MAD 3t e o]
ol A 7171 052 e} 12 u] xfo]r} <F
0.04m A% 2Jo]7} LpA|ut 0522 HAspH <z
= 7L SIg Az HE) Zo1e $13de] sl
3l wIHEE BAI0 R Qlste] 4m] offux] ZriofA]
vlEg2ot}. wjefr] A F7IE 122 Az}
= EKFE H43ld® & 23} glo] A2 A=At o]
F/30] 03] oS 7hsslivhe AS g1l 7
Al 717} 5291 735l A4 ARAle} UAV-BS 2]
o] Ate]o] w|A|R] gt 7HA o] AgE] HolHlef|
2, expgre] FrIRlel SRRt o] Ao ® mkek o
2 HEE 02mE F-8qcbd $83] 24 e A
o2 geslch

I3 62 KFe} EKFE A-481512 wle] A3} 27
zotf. i & mdlol= xF Ao} yF AR
sl en EKFE] 744l F7]e 122 AAsisich
KFe} EKF ®F 744l 718 122 AA-30s ¢
7ol Aol w2} MAD 3] Aol7} =A| #HAds}
gom KFe 734 18 012 H53iHEl=
MAD 3z EKF9| gho] nldted 7WA=]=] 23k &
Q1= 9ic}. webA KFEH= EKFS A-83k= 7o) &
R AgsH FAE k= AS #Elsisich

a5 72 A AR 170 olF f3e wE A

wd Y o
N o
N

w,
o

X,
Ftoo

>,
!

b

2 g

Ml o

Ky
T

0.22
—9— suburban
—&— urban

dense urban

o
o

2
®

o
>

o
=

T A Var g U e NPVAPV A

Mean Absoulte Deviation[m]
)
S

=3

0.08 [

T B N BB g

0 10 20 30 40 50 60 70 80 90 100
time[s]

J2 4. 37 Wl o At 714 MAD g
Fig. 4. MAD values of proposed method according to the
environment variable



=/ UAV-BSelA] t}23 = 24

fijo
)
rok
ot
ol
i
)
iy
Al
N
=
offt
2
W

N
5
e
o,
&
ol
ol
N
i

0.5
—&— Filter cycle period = 0.5s
0.45 | |—<4—Filter cycle period = 1s El
- Filter cycle period = 5s
0.4 1
E
c 035 1
k)
=
©
> 03 b
j<d
a
2025+ 4
>
o}
8 o0z2g 1
<
& L i
$0.15
=]
0.1 1
A——AD— A A A A A s an A
0.05 - 1
— g0 —————0

10 20 30 40 50 60 70 80 90 100
time[s]

a2l 5. e Al F7le wE MAD 3%
Fig. 5. MAD values according to Extended Kalman Filter
update cycle period

100 T T T T T T T T T
—&— KF(update cycle=0.1sec)
90 | [—2— KF(update cycle=1sec) 4
EKF(update cycle = 1sec)
80 1

70 - 1

60 1

50 - 1

Mean Absoulte Deviation[m]

10 20 3 4 s 60 7 80 9 100
time[s]

a2 6. A Fele) 4 A dele] MAD #

Fig. 6. MAD values according to Kalman Filter and

Extended Kalman Filter

O

oo 7kl $17 Alelek o) F flste] 1% ol

AT} FA eew mds)sta AlEde]
il 25 olsAdel HAldl A= A
7b 07l A2 3 Axrl 07 ~ 457
45° ~ 90" 2] WelellM A7 AslsiAl A= =S
stalch Ak ARSAE el A e & drt
MAD %ol 7P Gl fAlEm =4 81l 5=
3|14 Zf=rF 95 MAD #to] $7Fhs 2S¢
Atk SHAIRE, 3 Az} 7 2 7-5ell= MAD
= %F 0.16m2] 2h2 Fhow frA|Ee] 5o 3| °]
Fo] 2 Agoll= F 23 §lo] HF TR &1l
aFslck

a8 82 I ol el SAlE st whE A4t
ARgARS] o) A BT xy Hrdel viehdl Aotk o]

tlo of
rﬁ

}L
o ko odd

=
L A

al

—&— rotation angle of group = 0 pi
0.45 - |—4&— rotation angle of group = 0 pi ~ 1/4 pi
rotation angle of group = 1/4 pi ~ 1/2 pi

Mean Absoulte Deviation[m]
o
(]

10 20 30 40 50 60 70 80 90 100
time[s]

N

a2 7. A AR aF olsdel dd AEe wE
MAD 3k

Fig. 7. MAD values according to rotation angle of
ground user’s group mobility

100 T T T
—&——group cohension(a)=1
90 | |—2— group cohension(a)=0.8

= group cohension(a)=0.2 F /
8ot / 1

y-axis [m]

40 50 60 70 80 90 100
x-axis [m]

2l 8. 2% SARY wE A A8} o] FA]
Fig. 8. Ground user’s mobility according by group
cohesion values (a)

n:{m

o) 2 o] e AT SER A4 58 s A
oR AAsigltt. 2% A= TS 2] A
A ARS meb olgsh 1E SR Ao
A AR Rl olgde] B FA k= ]el 1
w2l A4 o ARmRE Helxle FHE Hld

A<
- 3l

7% 99] Axke 2F SA el wE MAD #e
vl Telseleh aE $AE W a ke A
0.2, 0.5, 0.8 AdAsle] X &Y oL xahs}e]om,
Az} g =E sels) W 2F $HE F5E A
A} AR} AA7) B1SEE o] XS Holm 2 MAD

Yol Aol Z4e 1% 4 gk

—

1497



The Journal of Korean Institute of Communications and Information Sciences "22-10 Vol.47 No.10

0.5

T T T T
——&— group cohension(a) = 0.8
F|—%— group cohension(a) = 0.5
group cohensi =0.2

il
IS
o

o
P

o
w
a

Mean Absoulte Deviation[m]
o
&

o
I

e & — A A A A oA A oA

o
o
a

=}

. . . . . . . . .
10 20 30 40 50 60 70 80 90 100
time[s]

a7 9. I3 $A=e wE MAD #
Fig. 9. MAD values according to group cohesion values

V.2 B

B =ellxE vl UAV-BSE 2Hgslo] x4} A}
252 o] & M= A4 7Fs’F UAV-BS9| 3
A 912 A wAE Al<iskedek Ak 71 A4
ARgAE] o)A of| & Ale] UAV-BSS} A|AF AR&A}
Atele] e =e] AHE uked’t EKF 34 nds
AlFstsdct o]E 7IMke2 UAV-BS®] ofu#] &g
& aEf3le] UAV-BS®| % ZAA sk

EKF 7|4k UAV-BS 3D $]x| 54714] ehdA]
< 45 St ookt AlEHel S sk 3
7¥ssick. WA Algksl= EKF 54 mde] §-848
753513, MAD H7Hs §3l14 Los 7415 w53}
= HYSE o AR S Beli, EKFe] Al
Tt 52 ARR Frlelele LA} 4] 455
selaalet. wgk nldEAl 1F o6 M=

e e 9AE §A% 5 ol YEsck

References

[1] L. Bin, Z. Fei, and Y. Zhang, “UAV
communications for 5G ad beyond: Recent
advances and future trends,” /EEE Internet of
Things J., vol. 6, no. 2, pp. 2241-2263, Dec.
2018.

(https://doi.org/10.1109/JIOT.2018.2887086)

[2] A. Al-Hourani, S. Kandeepan, and S. Lardner,
“Optimal LAP
coverage,” IEEE Wireless Commun. Lett., vol.
3, no. 6, pp. 569-572, Jun. 2014.

altitude for maximum

1498

(3]

(4]

(5]

(6]

(7]

(8]

(91

(https://doi.org/10.1109/LWC.2014.2342736)
M. Alzenad, A. El-Keyi, F. Lagum, and H.

Yanikomeroglu, “3-D placement of an
unmanned aerial vehicle base station
(UAV-BS) for energy efficient maximal

coverage,” IEEE Wireless Commun. Lett., vol.
6, no. 4, pp. 434-437, Apr. 2017.
(https://doi.org/10.1109/LWC.2017.2700840)

R. L A. El-Keyi, and H.

Yanikomeroglu, “Efficient 3-D placement of

Bor-Yaliniz,

an aerial base station in next generation
cellular networks,” in Proc. IEEE Int. Conf
Commun., Kuala Lumpur, Malaysia, May
2016.

(https://doi.org/10.1109/ICC.2016.7510820)

W. Lei, B. Hu, and S. Chen, “Energy efficient
placement of a drone base station for
minimum required transmit power,” I[EEE
Wireless Commun. Lett., vol. 9, no. 12, pp.
2010-2014, 2018.
(https://doi.org/10.1109/LWC.2018.2808957)

H. Feng, C. Liu, Y. Shu, and O. W. Yang,
“Location prediction of vehicles in VANETSs
using a Kalman filter,” Wireless Pers.
Commun., vol. 80, no. 2, pp. 543-559, 2015.
(https://doi.org/10.1007/s11277-014-2025-3)

X. Hong, M. Gerla, G. Pei, and C.
Ching-Chuan “A group mobility model for ad
hoc wireless networks,” in Proc. Z2nd ACM
Int. Wkshp. Modeling, Anal. and Simulation of
Wireless and Mob. Syst., pp. 53-60, 1999.

K. Fuji, “Extended Kalman filter,” Reference
Manual, pp. 14-22, 2013.

J. Park, H. Baek, S. Choi, and J. Lim,
“Power-efficient UAV base station placement
considering position and accessibility of
individual nodes,” J. KICS, vol. 46, no. 1, pp.
66-73, 2021.
(https://doi.org/10.7840/kics.2021.46.1.66)



=/ UAV-BSOIlM of&8 =2 A A12S vefgh b 2w 28 7)a 54 330 913 34 7|4
2+ M 8 (Seongheon Kang) & I o (Jaesung Lim)
2022 24 olFdEtw Ik 198311 29 : olFdsta A=}
SR =R 33} At
_ 20221 69~ - T2 1985 2 : KAIST 34541
als FHFok UAV, UAV-BS, A
2w Fe], 9% 323 199411 8 : KAIST UX|€%&
‘\"’ L [ORCID:0000-0003-1646-6975] Al ukat

=13
=]

& & (Jongho Park)

20109 2% A2t 77
B‘LJ—J——B‘]-H ?ﬂ—/\]—

2012 29 At 7]A
z;]._J__-_ﬁ]-t’ 29 }\]_

201611 8% : AgHEw 7|A|
T)‘LKL—B‘]-H tﬂ—/\]—

20161 109~2019%d 8Y: =
L e R L el
2019 9U~&A: ol TR E-gE)

Z"ruz[:
ok Aol
[ORCID:0000-0001-5406-0306]

< i’]—/ﬂ

19951 99~1998+d 24 :SKH¥
AT FddTd A+
A : ol gk

AR g5t

2

19981 3%~

AW

20061 8¥E~&A : o}t =PHSES = o
:[L/q E]z]—

<ok olF W SAEA, FAMESD, T
AegAl

[ORCID:0000-0003-0080-9398]

1499



