Tap chi Khoa hoc Céng nghé va Thuc pham 20 (4) (2020) 33-42

PHAN TiCH XAC SUAT DUNG CUA VIEC LUA CHON UAV
THU THAP NANG LUQNG

Hé Vian Khwong

Truong Pai hoc Bach khoa - PHQG TP.HCM

Email: hvkhuong@hcmut.edu.vn

Ngay nhén bai: 16/6/2020; Ngay chap nhan dang: 17/7/2020

TOM TAT

Bai bao nay phan tich hiéu ning cuia hé thong truyén thong chuyén tiép duoc hd tro bai
cac thlét bi bay khong nguoi lai (Unmanned Aerial Vehicle - UAV) trong d6 chi mot UAV
trong s6 nhidu UAV dugc chon lam thlet bi Chuyen tiép. Tt ca cac UAV déu co kha ning
thu thap ning lwong tir tin hiéu tan s6 vo tuyén. Trude tién, cong thirc xac suat dung dang
tuong minh chinh xac duoc dé xuat. Sau d6, mé phong Monte-Carlo duoc tién hanh dé xac
nhan d6 chinh x4c cua cong thic duoc dé xufit. Cubi cung, nhiéu két qua dugc cung cap dé
minh hoa anh hudng cia cc thong sé van hanh then chdt dén xac suét ding cua viéc lya
chon UAV.

Tir khéa: Xac suat ding, UAV, thu thap niang lugng, truyén thong chuyén tiép.

1. MO PAU

Thiét bi bay khong ngudi 1ai (UAV) c6 1gi thé vé tinh co dong cao, chi phi thap va trién
khai theo yéu cau, nén di dugc ung dung nhiéu trong nhitng nam gan day, dic biét 1a trong
linh vuc vién thong [1]. Cac UAV, c¢6 thé di chuyén va van hanh nhu cac tram géc mini di
dong trén khong, duoc su dung dé cung Cap cac dich vu khong ddy [2]. Khong giong nhu cac
thiét bi Chuyen tiép truyen thdng duoc cb dinh tai cac vi tri cu thé, UAV c6 thé thay dbi vi tri
Cua chung dé cung cap vung phu song 16n [3]. Hon nita, viéc st dung UAV gan day da noi
lén dé dap ung nhu cau lwu lugng cuc bd cao trong cac mang thong tin di dong thé hé tiép
theo [4].

Ning lugng c6 san cia UAV dé cung cip ning luong cho cac mach dién tir onboard bi
han ché do sir dung pin lam nguon nang lugng. Giai phap cho van dé ning lugng bi han ché
cua cac UAV la trang bi cho cac UAV kha néng tu thu thap néng lugng trong céc tin hi¢u tan
6 vo tuyen dé tyu cap nang lugng cho hoat dong cua ching [5]. Hon nita, trong truong hop
¢6 nhiéu UAV thi lam thé nao dé chon mot UAV lam thiét bi chuyén tiép cho viéc truyén
thong tin tin cay la van dé rat dang quan tim hién nay.

Mot s6 cong trinh di tap trung vao viéc xay dung nhém UAV dé tang xac suat két noi
dau cudi [6-8]. Trong nghién ctu cua Abualhaol & Matalgah, mét nhém slave UAV phat
thong tin ma dugc chuyén tlep boi master UAV dén may thu trén mat dat, xac suat dimng
dugc phan tich cho kénh truyén Nakagami-m [6]. Theo Chen et al., nhiéu UAV dugc khai
thac nhu cac thiét bi chuyén tiép trong hai cu hinh mang (don tuyén nhiéu chang va nhiéu
tuyén hai chang) [7]. Ty 1¢ bit 15i va xac suét ding cua hé théng chuyén tiép dugc hd tro boi
cac UAV da duoc phan tich [7]. Ngoai ra, vi tri ti wu cua UAV ciing duge xac dinh. Trong
nghién ctru cua Hanna et al. [8], khoang cach tir nhom UAV dén thiét bi ngudn da dng-ten va
thiét bi dich dugc t6i wu nham tbi da dung lugng kénh truyén.

Khéac véi cac nghién ciru trudce [6-8], bai bao nay chi chon mot UAV dé chuyén tiép
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thong tin tir thiét bi ngudn trén mat dat dén thiét bi dich trén mat dat va tit ca cac UAV déu
c¢6 kha nang thu thap ning lugng tir cac tin hiéu cua thiét bj ngudn. Lua chon UAV c¢6 kha
nang thu thap ning luong co thé giam thiéu cac yéu cau vé dong bo tin hiéu, bang thong
truyén va cong sudt bj han ché cua cac UAV.

Sau day 1a nhitng dong gdp chinh cta nghién ciru nay:

Dé xuat mot phuong phép lya chon UAV ma chi chon mot UAV lam thiét bi
chuyén tlep tr mot nhom UAV, tat ca déu c6 kha nang thu thap ning lugng tor

tin hiéu tan s6 vo tuyén cho truyén tin tin cay ma khong chiu cac ép luc lon vé
bang thong phat, ti€u thu nang luong, va dong b6 tin hiéu.

Dé xuat mot cong thirc & dang tuong minh chinh xac vé xéac suat dirng (Outage
Probability - OP) cho viéc lya chon UAV thu thap niang luong c6 xét dén suy
hao dudng truyén va fading Rayleigh.

Cung cap nhiéu két qua dé c6 cai nhin sau sic vé tac dong cua cac thong sb van
hanh chinh nhu coéng suét phat, hé s6 chia thoi gian va hiéu suit chuyén doi
ning luong cua UAV dén do tin cay truyén tin cua hé théng truyén thong
chuyén tiép duoc hd tro boi cac UAV.

Bai viét tiép tuc nhu sau: phan 2 trinh bay mé hinh hé théng. Sau d6, OP dugc phan tich

chi tiét trong phan 3. Tiép theo, md phong Monte-Carlo dugc thuc hién dé xac minh tinh

chinh xac ctia phan tich 1y thuyét trong phan 4. Phan nay ciing cung cap cac két qua khéac

nhau vé hiéu ning cua viéc lya chon UAV thu thap ning luong theo cac thong sé van hanh

chinh. Cudi cung, phan 5 trinh bay két luan ctia nghién ctru nay.

2. MO HINH HE THONG

Nhém gém M UAVs thu thip ning lugng

= \ (@)
h R, = \

Thi‘é't bi . F e T / Thiét bi dich (D)
nguon (S) N

Thu thap nang luong Thiét bi ngudn dén UAVs UAYV dugc chon dén thiét bi dich

(b)
oT (1-a)T/2 (1-0)T2

Hink 1. Mb hinh hé théng

Xét hé thong truyén thong chuyén tiép duoc hd tro boi cac UAV nhur duge md ta trong
Hinh 1(a), trong d6 thiét bi nguon trén mat dat S giao tiép vai thiét bi dich trén mat dat D
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Gia s rang truyén thong tryc tiép giita S va D khong kha thi do mot s6 nguyén nhan nhu
duong truyén xa, fading, shadowing, ... Do d6, truyén thong gitra S va D can su trg giup cua
UAV tot n’hét (ky hiéu 1a Ryp), dugc chon tr M UAV c6 san ma hoat dong nhu cac thict bi
chuyén tiep c6 kha nang thu thap nang lugng. Bat UAV tht i la R;, trong do
ie®, ={12,..,M}. Khi d6, UAV tét nhit dugc dinh nghia 1a UAV c6 ty s6 tin hiéu trén
nhiéu (Signal-to-Noise Ratio - SNR) tir tin hi¢u nguon l6n hon SNR cua bat ky UAV R; nao
khic v6i j € @, \b dé giai ma thanh cong nhat tin hiéu nguon.

Gia st rang tat ca cac kénh truyén 1a doc 1ap, phang va c6 phan b6 Rayleigh va khong
thay doi trong moi lan truyén nhung thay doi doc lap tur lan truyén nay den lan truyen khac.
He s6 kénh truyén ciia tuyén u-v duoc ky hiéu Ia hy, trong d6 ue{S,R} va ve{R,D}.
Khi d6, ham mat do xac suat (Probability Density Function - PDF) va ham phan phdi tich lity
(Cumulative Distribution Function - CDF) cua do lgi kénh truyén cua tuyén u-v lan luot 1a

1
fo ()= 7—We " 1)
F 2(x):1—e77w )

2
uV| ma con

trong d6: X2 0 va 7, =Z{|,['} 1a gid ti trung binh cua bién ngdu nhién [h
duogc goi la cong suat fading cua tuyén u-v; = 1a toan tir ky vong.

Tinh dén suy hao duong truyén [7], cong suét fading caa tuyén u-v co thé dugc mé hinh
la 7, =«d,, trong d6 & =(4xf,/ C)72 , 7 12 s6 mii suy hao duong truyén, du 1a khoang
cach cta tuyén u-v, f. 1a tan sé song mang [Hz] va ¢ =3x10° [m/s] 1a téc do anh sang.

V6i thuc té 1a nédng luong c6 san cua UAV dé cung cap ning luong cho cac mach dién
tr onboard bi han ché do sir dung pin nhu mét nguén nang lugng, cac UAV nén tu cung cap
nang lugng bang cach thu thap nang luong tur tin higu tan sd vo tuyén cua thiét bi nQUOn va
su dung nang luong thu thap dugc dé khuech dai va chuyen tiép tin hiéu nhan dugc den thiét
bi dich. Nhu di thay trong Hinh 1(b), tong thoi gian T dé truyén tin tir thiét bi ngudn dén
thiét bi dich dugc chia thanh 3 giai doan. Trong sudt giai doan 1 kéo dai oT VOI O<a<lla
hé s chia thoi gian, cac UAV thu thap nang luong tir tin hiéu tan s6 vo tuyén cua thiét bi

nguon. Nang lugng ma UAV R, ie®,, thu hoach duoc trong giai doan nay la
EH; =naTP ‘hSRi ‘2 , trong d6 Ps biéu thi cong sudt phat cua thiét bi nguon, » 1a higu suat
chuyén doi ning luong, Ng, 1a h¢ s6 kénh truyén cua tuyén S-Ri. Trong giai doan 2 kéo dai
(1—a)T /2, thiét bi ngudn phét tin hiéu xs dén cac UAV. O cubi giai doan nay, UAV 6t

nhét Ry duoc chon theo tiéu chi da dé cap Y dau phan nay. UAV tét nhit hoat dong nhu thiét
bi chuyén tiép dé khuéch dai tin hidu ngudn va phat tin hiéu dwoc khuéch dai dén thiét bi

dich trong giai doan 3 kéo dai (l—a)T /2.

Trong giai doan 2, tin hiéu thu dwoc tai UAV tdt nhat Ry c6 thé duoc biéu thi duéi dang
Yr, = Xshes +Ng , trong d6 Xs 1a tin hiéu dugc truyén boi S voi cong sudt phat Ps,

P, =Z{|X; [}, hes, 1 he s6 kénh truyén caa tuyén S-Ry va Ng, 1a nhidu tai Ry, Khong mat

tinh tong quat, nhidu tai mdy thu v véi v e {R;, D} va i € @, duoc gia sir 1a nhidu Gaussian
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trang cong (Additive White Gaussian Noise - AWGN) véi gia tri trung binh bang 0 va phuong
sai No, nghia 1a Z{n }=0 va Z{|n, [}= N, . Khi do, SNR tirc thoi ciia tuyén S-Ry 1a

2

VR, = l//‘hSRb 3
, Ps .. -
trong d6 7 = —- 1a SNR duoc chuan hoéa.
0
Trong giai doan 3, UAV tét nhét Ry tiéu thu ning luong thu thap duoc dé chuyén tiép
tin higu nguon dugc khuéch dai X, dén thiét bj dich vi cong suat phét nhu sau:

EH

Ry 2
PRb =——2——=¢nk ‘hSRb

(1=a)T /2 “

2a
trong d6 & = ——.
l-«
Tin hi¢u nguon duoc khuéch dai Xy , duoc truyén tir Ry dén D, va duoc bicu thi 1a
Xz, = PYg, , trong do h¢ s6 khuéch dai S duoc tinh sao cho cong suit phat ciia Ry 1a P,

trong (4), nghia la

®)

Do d6, tin hiéu nhan dugc tai thiét bi dich dwoc biéu thi dudi dang
Yo = Xg Ne p +Np = BXsheg Ne o + e o +Np, trong d6 g 12 hé s6 kénh truyén cua
tuyén R,-D va np 1a nhiéu tai D. Khi d6, SNR cua tuyén S-Ry-D c¢6 thé dugc thé hién nhu
sau:
‘2

_ ﬂZPS ‘hSRb ‘2 ‘thD

L ©
B M| No+Ng
Thay (5) vao (6) va sau mot s6 phép don gian héa, ta thu dugc
2 2
Ps sz, | [Ne,o
j/D = ‘ ‘ 2 (7)
2 NP ‘hSRb ‘ K
‘thD No+——F5——+5~
PRb F’Rb

£ " . e ix NZ
Vi cong suat phét Ps I6n hon nhiéu so véi cong suat nhidu No nén —-=0. Do dé, (7)
Rb
c6 thé dugc tinh gan dung nhu sau:
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‘2

2
PS ‘hSRb ‘ ‘thD

7o = 2 (8)
‘ 2 N + NP ‘hSRb‘
r,D| No P
Thay thé P, trong (4) vao (8), ta thu dugc
énl/l‘hSRb Z‘thD 2
Yo = 2 ©))
‘fﬂ‘thD +1

3. PHAN TiCH HIEU NANG

Pé danh gia nhanh hiéu ning cua viéc lya chon UAV thu thap ning luong, biéu thirc
dang tuong minh chinh x4c cta xac suat dimg duoc suy ra trong phan nay. Nhic lai rang
trong s6 M UAV thi chi c6 UAV tét nhét Ry duoc chon theo nguyén tic lya chon tirng phan
ma cung cap SNR 16n nhét trén tat ca cac tuyén S-UAV. Do d6, chi s6 cua UAV tdt nhat c6
thé duoc ky hiéu 1a b=arg Maxyg, . Khi do, SNR tai Ry duoc biéu dién twong dwong 1a

iedg !

Vsr, = MaXygp . Dé thuan tién trinh bay, tit ca cac UAV duoc gia sir 1a dat dong nhat, dan
iy !

dén Je =7Vsp, = =7Vss, =7 Mma la cong sut fading cia tuyén S-UAV. Pat

X =max

iedyp

B6 dé 1: CDF va PDF cua X lan luot duoc cho boi

2 ’ 2N
hge ‘ , ta dat duoc thong ké cua X trong bo dé sau.

Fo(x)=2(-1)'Clie ™= (10)
q=0
M M- _aHy,
fo (X)==—>(-1)'CJ e ™= (11)
VsrR =0
M! .
trong do x>0 va Cf, = —————— 1a hé so nhi thuc.
q!(M —q)!
Chung minh:
PDF cta X dugc dinh nghia la
2
Fy (X)=Pr{X <x}= Pr{rirelgi< hSRi‘ < x} (12)

Vi tit ca cac tuyén S-R; 1a doc 1ap nén (12) duoc viét lai thanh

Fy ()= lilPr{‘hSer < x}: [F : (x)}M (13)

=

Thay CDF cua |hg, ' dugc cho trong (2) vao (13) véi luu y ring Ysr =7sr do phan
bd dong nhat cua cac UAV, ta thu dugc:
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Fo ()= (1— e] (14)

Sir dung khai trién nhi thic (& +b)" = D Cra™"™ , ta c6 thé thu gon (14) xudng (10),
m=0

hoan thanh mét phan caa chang minh.

Lay dao ham cua (10) theo x, ta c6 thé thu dugc PDF cua X giong hét nhur (11), hoan
thanh phan con lai cia chiing minh. [

Dua trén Iy thuyét thong tin, SNR cua tuyén S-Ry-D, 7o, én 16n hon mot mirc ngudng
7., dé giit két ndi dau cudi tin cay*. Xac suat ma yp khong 16n hon mirc ngudng d6 duoc biét
nhu xéc sudt dimg (OP), nghia 14 OP = Pr{y, <, }=F, (7)- St dung yo trong (9), ta

c6 thé viét lai F, (7, ) ¢ dang ngan gon nhu sau:

_ppl XY _Vn

2

2
trong do X :‘hSRb = max[

iedy

2
e } vaY =[hg,

Bo dé 2: Biéu thirc dang twdng minh chinh xac ctia xac suat ding cia viéc lya chon UAV
thu thap nang lugng dugc cho boi

M-1 _(a)7n —
0P =F, (1) -1- 2L S cl e 7 [V K{z (“”)MJ @

YVsr 90 (q+1)‘§7777RD ENWY ¥ ro

trong d6 Ygp =Vrp =+ =7r,0 = Vro V@ Kl(-) 1a ham Bessel hi¢u chinh bac nhat loai hai.

Chung minh:
Viét lai (15) nhu sau:

F.(7n)= Pr{fnY (X —&J < ﬁ} (17)

v) v

Phuong trinh (17) c¢6 thé dwoc don gian hoa bang cach xem xét hai truong hop cua X 1a

Priy<—2n L x>7n
En(wX =7n) v

1 X <2
7

F(7nlX)= (18)

. . . l-a .
Dung lugng kénh truyén ma D c¢6 thé dat duoc 1a Cp = T log (1 + 75 ) . Do do, D giai ma thanh

cong thong tin ngudn néu dung lugng kénh truyén ciia né lon hon hiéu suat phd yéu cau Cw. Diéu nay

twong duong yp I16n hon }y, = 226n/(-a) _ 1
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Nhu vy, x4c suat dimg khong diéu kién dwoc biéu dién nhur sau:

<
=

tt

t=wfx Jax+ [ R, | ——L8— | £, (x)dx 19
7D(7/h) J; +7J:h [fﬂ(‘/’x 7th)) () ( )

Thé Fy(x) trong (2) vao phuong trinh trén va sau mot s6 phép don gian hoa, ta c6 thé
don gian hoa (19) hon nita nhu sau:

O ‘;

o (7th):

Tth Tt
4 4

—m N
fx( dX+ J' {1 e Eniro(wx— 71h)}f ( )dX 1— J‘e Eniro(wx— m)fx (X)dX

(20)
Cén lwu y rdng Ypp = 7o, | € P, do phan b dong nhat cua cac UAV. Do do,
F, (x)=1-e7® dugc dung trong (20).
Bay gio, thay fx(x) trong (11) vao (20), ta sé thu duoc

M M-1 [”%hﬂ—”]
F},D (7’[h) l__Z( ) Clt\tl/l 1I e Envro(WX=71) e dx (21)
SR g=0 Tth
v
Bang cach doi bién t = Xy — 7, , (21) tré thanh
M Mt (q+1)7thoo 7{ 7t (q+l)]
B (7a)=1-—=2> (-1)'Cjie ™ I e (Tt T Ut (22)

WYsr 40

“ p ,
St dung j e & dx = \/EKl(,\/,B;/) trong [9, phuong trinh (3.324.1)] dé tinh tich
’ y

phéan cubi ciing trong (22), ta ¢6 thé biéu dién (22) & dang tudng minh chinh xac nhu (16).
bicu nay hoan thanh viéc chirtng minh. [

4. KET QUA MINH HQA

Trong phan nay, mé phong Monte-Carlo dugc thyc hién dé dat dugc cac két qua mo
phong nham ching minh tinh hop 1¢ cua biéu thirc 1y thuyét dugc dé xuat trong (16) cling nhu
de ¢ cai nhin sau saC vé do tin cay cua viéc lya chon UAV thu thap nang lugng. Mot so thong
s6 md phong dugc ¢ dinh trong sudt phan nay 1a tin s6 song mang fc = 900 MHz va s6 mii
suy hao dudng truyén 7= 2 (twong (ng véi suy hao dudng truyén trong khong gian tu do).

Hinh 2 minh hoa xac suét ding theo SNR dugc chuan héa w =P, / N, khi khoang
cach cua cac tuyén (S-Ri, Ri-D) lan luot 14 dsg = 100 m va drp = 50 m; hé s chia thoi gian 1a
a = 0,5; hiéu suat chuyén ddi nang lugng 1a 4 = 0,8; hiéu suat pho yéu cau 1a Cy = 0,1 bps/Hz.
Hinh nay cho thay sy trung khdp gitra phén tich va md phong, do d6, xac nhan tinh chinh xac
cua biéu thic dé xuét trong (16). Ngoai ra, do tin ciy cua tuyén S-Ry-D duoc cai thién khi

SNR duoc chuan hoa ting. Hon nita, hiéu qua cua viéc lua chon UAV da duoc ching minh,
ma dua trén quan sat trong Hinh 2 1a s6 lwgng UAV cang nhiéu thi xac suat ding cang thap.
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Hinh 3 biéu dién anh huéng cua thoi gian dé thu thap ning lugng 1én xac suét ding cia
D véi cling cac tham s6 nhu Hinh 2, ngoai trir i = P, / N, = 20 dB. Hinh nay x4c nhan tinh
chinh x4c cta biéu thac duge dé xuat trong (16) do su trung khop giira phan tich va mé
phong. Ngoai ra, OP giam khi tang thoi gian cho thu thap nang luong (nghia 1a tang ). Diédu
nay 1a do UAV thu thap dugc nhiéu ning lugng hon dé giir két ndi dén D dang tin cay khi
tang . Tuy nhién, cang nhiéu thoi gian cho thu thap niang lugng thi cang it thoi gian cho

O Sim.: M=1

......... Ana.: M=1

O  Sim.:M=3
Ana.: M=3 )

O Sim.:M=10 * 8 |
R Ana.: M=10 %o 1
% Sim.: M=20 X \b
— — — - Ana.: M=20 *\ -

x O
AN
*
5 10 15 20 %
P /N, (dB)

Hinh 2. Xéac suét dimg theo SNR duoc chuan hoa.
= “Mo6 phong” va “Ana.” = “Phan tich”

“Sim.”

O Sim.: M=1 N N /
........... Ana.: M=1 '\ * /
Q ~ ! b
O Sim.:M=3 N N * i
Ana.: M=3 D\ *< % / I/
*  Sim.:M=10 ho¥y Tk e ¢ H
— — —-Ana.: M=10 “a. }é
O Sim.: M=20 N ,
T Ana.: M=20 1 ! 1 L O~--g Q’(? 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Hinh 3. Xéc suat dirng theo hé sé chia thai gian
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truyén tin, lam cho dung lwong kénh truyén thip hon trong giai doan 3 ma sau cung, s& lam
ting OP. Do do, khi h¢ s6 chia thoi gian I6n hon mot gid trj nhat dinh (vi du: @ = 0,7 v6i M = 10
nhu trong Hinh 3), OP tang khi tang a. Nhu vay, a nén dugc t6i wu de dat duoc truyén thong
tin cay. Hon nira, d6 tin cay truyén tin duoc cai thién bang cach trién khai nhiéu UAV hon,
cho thay hiéu qua cua viéc lua chon UAV.

Bén canh hé sb chia thoi gian, hiéu suat chuyén dbi nang luong 1a mot yéu té quan
trong khac anh huong dén luong nang luong thu thap, ma cudi cung s& anh huong dén hiéu
ning hé thong. Hinh 4 biéu thi OP theo ca « va 5 Véi cac thong sb twong ty nhu Hinh 3 ngoai
trir M = 10. Két qua cho thay rang cho truéc a thi # cang 16n s& cho OP cang nho. Diéu nay
hop 1y boi vi tang n giap UAV thu thap duoc nhiéu nang luong hon va do dé, truyén tin higu
V6i cong sut lon hon va cho OP thap hon. Bé d& quan sat anh hudng cua ca a va 5 1én OP,
ching ta tim vung trén mat phang (n, @) ma OP nho hon mot muc nhat dinh cho d9 tin cay
két noi Chap nhan dugc. Hinh 4 biéu thi vung nay trong d6 OP nho hon 20%. Ta thay rang
hiéu suat chuyén dbi ning luong cang thap thi cang can nhiéu thoi gian dé thu thap ning
luong. Viéc ma 7 ty 1€ nghich véi OP 1a hop 1y dé gilt cho luong nang luong thu thap duoc
trén mot mac nhat dinh (nghia 13, tich cua a va # 1a hang s cho lwong ning lugng thu thap

khong ddi: EH, =7aTP, ‘hSRI‘ ).

OP < 20% 1

Hinh 4. Xac suét dimg theo o va 7

5. KET LUAN

Nghién ctru nay dd mé ta mot hé thong truyén thong chuyén tiép duoc hd tro boi cac
UAV trong d6 chi c6 mot UAV trong s6 nhiéu UAV duoc chon lam thiét bi chuyén tiép. Tat
ca cac UAV déu co kha nang thu thap nang luong tir tin hiéu tan sé v6 tuyén. Hiéu ning cta
hé théng da dugc phén tich theo Xac sut dirng cua thiét bi dich thong qua biéu thic dang
tuong minh chinh xac duge dé xuat. Phan tich dugc x4c minh biang mo phong Monte-Carlo.
Nhiéu két qua cho thay hiéu qua cua viéc lya chon UAV trong viéc gitr két ndi tin cay qua
khoang cach I6n. Ngoai ra, cac két qua da ching minh rang hé s6 phan chia thoi gian cho qua
trinh thu thap ning lugng co thé duoc ti wu hoa dé dat duoc hiéu nang hé thdng tét nhit.

Mot trong cac van dé thu hut nhiéu sy quan tdm vé hé thong truyén thong chuyén tiép
duogc hd tro bai cac UAV 1a bao mat thong tin vi cac UAV c6 thé 1a cac thiét bi nghe 1én nham
trich xuét thong tin mat cua thiét bj ngudn. Do d6, hudng phat trién caa bai bio nay 1a nghién
clru cac giai phap bao mat cho hé thdng truyén thong chuyén tiép duoc hd tro boi cac UAV.
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ABSTRACT
OUTAGE PROBABILITY ANALYSIS OF ENERGY HARVESTING UAV SELECTION

Ho Van Khuong
Ho Chi Minh City University of Technology, VNU-HCM
Email: hvkhuong@hcmut.edu.vn

This paper analyzes reliability performance of an UAV (Unmanned Aerial Vehicles)-
aided relaying system where only one UAV among multiple UAVSs, all capable of harvesting
energy from radio frequency signals, is selected as a relay. To this end, a precise closed-form
outage probability formula is first derived. Then, Monte-Carlo simulations are conducted to
validate the proposed formula. Finally, various results are provided to illustrate the impact of
key operation parameters on the outage performance of the UAV selection.

Keywords: Outage probability, UAV, energy harvesting, relaying.
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