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Tom tat

Mang cam bién khong day ngay cang dong vai tro quan trong trong nhiéu linh vuc quan sy, y té, moi trudng, an ninh xa
hoi. Trong bai bao nay, ching t6i dé xuat mot mo hinh mang cam bién khong day mdi st dung thiét bi bay khong ngudi lai
(unmanned aerial vehicle - UAV) c6 gén may chii dién toan bién hd trg cho nhiéu nat cam bién dua trén co ché truyen thong
tan xa nguoc (backscatter communication - BC). Bé hd trg cho cac nut cam bién xtr 1y dit liéu, ching t01 dé xuét két hop
chién lugc giam tai mot phan, k¥ thuat da truy cap phi truc giao (NOMA) va co ché thu nang lugng vo tuyen (RF EH) trong
hé thong nay. Ngoai ra, chiing t6i ap dung phwong thirc lya chon nit cam bién dé dap ung tot nhit yéu cau vé d¢ tré. Theo
d6, chiing t6i xay dung cac biéu thirc dang xap Xi cuia xac suét tinh toan thanh cong va xac suat dimng nang luong bang cach
str dung céc déc tinh thong ké cua kénh vo tuyén. Tiép dén, chung toi khao sat tic dong ctia cac théng sb quan trong nhur
cong suat phat, sb luong nat cam bién, ti 1& phan chia tac vu, 6 cao cia UAV va ngudng do tré dén hiéu ning cua hé thong.
Cubi cung, ching to1 kiém chimg céc két qua phan tich bang phuong phap md phong may tinh Monte-Carlo. Nghién ctru
cho thiy ring viéc tich hop cac cong nghé nay c6 thé cai thién dang ké ca dung luong va do tré hé thdng.

Tir khéa: truyén thong tan xa nguoc; mang cam bién khong day; UAV; thu ning luong vo tuyén; da truy cap phi truc giao.
Abstract

Wireless sensor networks are increasingly playing a crucial role in various fields such as the military, healthcare,
environmental monitoring, and social security. In this paper, we propose a novel wireless sensor network model that
utilizes an unmanned aerial vehicle (UAV) equipped with an edge computing server to support multiple sensor nodes
based on backscatter communication (BC). We introduce an integration approach that includes a partial offloading
strategy, non-orthogonal multiple access (NOMA) technique, and a radio frequency energy harvesting (RF EH) scheme.
Additionally, a sensor node selection scheme is applied to the system to meet latency requirements. Closed-form
expressions for success probability and energy outage probability are derived by leveraging the statistical properties of
the wireless channel. Furthermore, we investigate the impact of critical parameters, such as transmit power, the number
of sensor nodes, task splitting ratio, UAV altitude, and latency thresholds, on system performance. Our mathematical
analysis is validated through Monte Carlo simulations. The study demonstrates that integrating these technologies can
significantly enhance both system capacity and latency performance.

Keywords: backscatter communication; wireless sensor network; unmanned aerial vehicles; radio frequency energy
harvesting; non-orthogonal multiple access.
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1. Giéi thiéu

Mang cam bién khéng day (Wireless Sensor
Network - WSN) 1a mét hé théng bao gom nhiéu
cam bién khong day két ndi voi nhau dé thu thap
va truyén tai dir liéu moi trudng. Cac cam bién
nay c6 thé do luong nhiéu loai thong sé khac
nhau nhu nhiét d9, ¢ am, khéi hra, anh séang,
chuyén dong, ap suat hay cac thdng sé sirc khoe.
Diém néi bat ciia mang cam bién khong day gom
kha nang di dong, tu dong hda, kha nang mo
rong, ung dung da dang va tiét kiém niang luong
[1-2]. Vé kha ning di dong, cam bién c6 thé
duoc dit ¢ nhiéu vi tri khac nhau ma khéng can
day néi, gitp dé dang trién khai trong cac moi
truong khac nhau. Vé dic diém tu dong hoa, cac
cam bién thuong tu dong thu thap di liéu va
truyén vé trung tam, giam thiéu su can thiép cua
con nguoi. V& kha nang mé rong, hé thong co
thé dé dang mao rong bang cach thém cam bién
mé&i vao mang ma khong can thay doi ha tang.
Vé tng dung da dang, WSN c6 thé dugc tng
dung trong nhiéu linh vyc nhu néng nghiép, moi
truong, thanh phd théng minh, chim soéc stc
khoe, va nhiéu linh vuc khac. V& vu diém tiét
kiém nang luong, cac cam bién thuong duoc
thit ké dé tiét kiem nang lugng, gitp kéo dai
tudi tho pin va giam nhu cau bao tri.

bién toan bién di dong (Mobile Edge
Computing - MEC) 1a mot mé hinh tinh toan
trong do cac dich vu va tai nguyén tinh toan dugc
cung cip dén gan hon vdi cac thiét bi di dong va
cam bién, thuong 1a tai bién ctia mang, thay vi
tai cac trung tam dir li¢u tdp trung xa x06i1 nhu
dién toan ddm may truyén thong [3-4]. M6 hinh
nay nham giam do tré, ting cuong hidu suét va
giam bang thong can thiét cho cac tmg dung di
dong va két ndi van vat (IoT). Ung dung cua
MEC trong mang cam bién khong day bao gom:
Giam do tré, ting cuong tinh toan ven va bao
mat, tiét kiém bang thong, xur Iy thong minh, cai
thién hiéu suat.

Thiét bi bay khong ngudi lai (Unmanned
Aerial Vehicle - UAV) 1a cac may bay hoic thiét
bi bay duogc diéu khién tir xa hodc ty dong ma
khong can sy can thiép cua con ngudi truc tiép
trong khoang 14i. UAV c6 thé bao gdm nhiéu
loai nhu may bay khong nguoi lai (drone), may
bay truc thing khong nguoi 14i, hay céac thiét b
bay khac. Viéc trién khai UAV trong mang cam
bién khong day c6 nhimng uu diém nhu: M6 rong
vung phu song, tang cudong kha nang linh hoat,
giam chi phi trién khai, hd trg tinh hudng khan
cap, thu thap dir liéu va giam sat, cai thién kha
nang phan phdi va mang luéi tam thoi [5-6].

Truyén thong tin xa ngugc (Backscatter
Communication - BC) 1a mot cong nghé truyén
thong khong day ma trong d6 thiét bi khong phat
ra tin hiéu truc tiép ma phan xa hodc tan xa tin
hiéu tir mot ngudn phat khac dé truyén dix liéu [7].
Day 1a mot phuong phap tiét kiém niang lugng va
chi phi, dic biét hitu ich cho céc thiét bi c6 nguon
ning luong han ché. Truyén thong tan xa nguoc
12 mot cong nghé dang phat trién va c6 tiém ning
{mg dung rong rai trong nhiéu linh vuc khac nhau
cua mang khong day, dac biét la trong cac tng
dung can tiét kiém nang luong va giam chi phi
nhu mang cam bién khong day [8].

Khac vé6i cac co ché da truy cp truc giao truyén
thong (FDMA, TDMA, CDMA), trong d6 nhimng
nguoi ding khac nhau duoc phan bd cac bang tan,
khe thoi gian hodc ma riéng biét dé tranh nhiéu, co
ché da truy cép phi truc giao (NOMA) cho phép
nhiéu ngudi ding chia sé ciing mot tai nguyén thoi
gian, tan s6 va ma béng cach tan dung su khac biét
vé mirc cong suat [9-11].

Cong trinh [12] nghién ctru sy két hop cta co
ché da truy cép phi truc giao duong 1én véi thu
ning luong RF cho hé thong dién toan bién di
dong. Su tich hop cia NOMA va giao tiép tan xa
nguoc da dugc nghién clru trong cac cong trinh
[13-14]. Cac tac gia trong cong trinh [13] da
trinh bay chi tiét cac truong hop str dung méi cho
truyén thong tan xa ngugc hd trg NOMA va mot
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nghién ctru dién hinh vé nong nghiép thong minh
xem xét dén tdc do dit lidu téng thé cua céc thiét
bi cam bién tan xa nguoc st dung NOMA. Cong
trinh [14] d& xudt mot bai toan t6i vu hoa luan
phién tiét kiém ning lugng hd tro co ché da truy
cap phi truc giao cho giao tiép cam bién khong
day hd trg tan xa nguoc trong mang xe co. Tuy
nhién, theo hiéu biét cua ching toi, viéc trién
khai thu ning luong RF, giao tiép tan xa nguoc
va ky thuat NOMA trong mang cam bién khong
day sir dung UAV van chua duge xem xét. Do
do, trong cong trinh nay, chung t6i tap trung vao
viéc khao sat hiéu ning cta su két hop cua thu
ning lugng RF, giao tiép tan xa nguoc va k¥
thuat NOMA trong mang cam bién khong day sir
dung UAV-MEC véi co ché giam tai mot phan.
Nhiing dong gop chinh cua bai bdo nay nhu sau:

« Chiing t6i dé xuat mot mo hinh hé théng
NOMA MEC cho mang cam bién khong day sur
dung UAV dua trén giao tiép tan xa nguoc thu
nang luong RF véi co ché giam tai mot phan.

« Chuing t6i dua ra biéu thirc dang tudng minh
Xap xi clia x4c suat tinh toan thanh céng (SCP)
va xéc suat dimg ning lugng (EOP).

* Ching t61 nghién clru tac dong cua cac
thong s6 quan trong nhu d6 cao ctia UAV, hé s6
phan chia nhiém vy, h¢ ) phan xa tan xa nguoc,
d6 16n cua tac vy, sb luong nat cam bién va cong
sut truyén tai 1én hiéu sut cua hé théng.

Phan con lai cia bai bao nay duoc td chuc
nhu sau: Muc 2 mo6 ta mo hinh hé théng va kénh.
Phén tich hiéu sudt duoc trinh bay trong muyc 3.
Két qua sb dugc cung cip trong muc 4. Myc 5 1a
phan két luan va huéng phat trién.

2. M6 hinh hé thong
2.1. M6 hinh hé théng va kénh truyén

Trong cong trinh nay, ching t6i dé xuat mot
mo hinh hé théng mang cam bién khong day nhu
Hinh 1, trong d6 hé théng st dung truyén thong
tan xa nguoc dé thu thap dir liéu cam bién va
dién todn bién di dong tai may bay khong nguoi
lai dé xtr ly. Cac nit cam bién duge chia thanh
hai cum riéng biét, cum A (cd M nat, ki hiéu la
Am,m € {1, 2, ..., M}) va cum B (c6 N nut, ki
hiéu 1a An, n € {1, 2, ..., N}), mdi cum nay co
cing mot loai cam bién va hai cum c6 mirc 46
uu tién khac nhau. Khong mét tinh tong quat,
chung t6i gia sit cum A vu tién hon cyum B. Piém
truy cap UAV, ki hiéu 1a U, duoc trién khai gan
ngudi dung dé cung cap dich vu tinh toan cho
c&c nit cam bién bang cach tich hop voi may chi
bién va bay lo limg trén bau trdi & d6 cao hy. Cac
nat cam bién sir dung phuong thirc truyén thong
tan xa ngugc voi tin hiéu RF tir tram R dé giam
tai dir liéu. Gia sir tat ca cac thiét bi khong day
déu duoc trang bi don ang-ten va hoat dong &
ché d6 ban song cong.
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Cum cam bién

Tram phat song RF
R

Cum cam bién

B

Diém truy cap UAV
U

Hinh 1. M6 hinh hé thong

Trong nghién ctru nay, toa do Descartes tinh
dugce sir dung dé biéu dién vi tri cia UAV va mdi
nat nhu Hinh 1. Trong dé, ching t6i biéu thi vi
tri cia U 12 (xu, Yu, hu), vi tri ctia niit cam bién
Sk € {Am, Bn} thir k & (x«, Yk, 0) voi k € {m, n},
vi tri cia R 14 (Xr, Yr, 0). Gia st cac kénh khong
day mat dat-khong trung va khéng trung-mat dat
dugc md hinh héa bang hai loai fading: mé hinh
quy mo lén va quy mo nho. Trong do, mo hinh
quy md 16n dugc diéu chinh boi mé hinh xéc
suit c6 duong truyén thiang (Line-of-Sight -
LoS) va khong c6 duong truyén thing (Non-
Line-of-Sight - NLoS) [15]. Suy hao duong
truyén trung binh khi xem xét xac suat cia ca
lién két LoS va NLoS giita U va nat cam bién
thir k dugc tinh bang cong thirc sau:

_ ‘]LDS — JNl_os a
L _l:‘]LoS +W dde (1)
trong do, Oy 2arcsin(h, /dy, ),

dye =406 =% )7+ (¥, —y,)* +h2 , @ la sO mi suy
hao duong truyén, u va B biéu dién cac tham sb
c6 gia tri thay doi dua trén mdi trudng xung
quanh, J, 2w, (4zf, /c),Qe{LoS,NLoS} bicu thi
tham s6 phu thudc vao méi truong va tan sb song
mang fc, ¢ biéu thi téc do anh sang va v, biéu

dién suy hao duong truyén qua mirc cia qua
trinh truyén LoS va NLoS [15].

Hé sb kénh cua cac lién két R-Sk, Sk-U duge
ky hiéu 1an luot 1a h, va h, . Gid sir céc kénh
truyén nday doc 1ap, dong nhat va tuan theo
fading Rayleigh. Khi d6, ham phan phéi tich liy
(cumulative distribution function - CDF) va ham
mat do xac suit (probability density function -
PDF) ctia d6 loi cong suat kénh tuong tng |hRsk
va |h, U| Sk € {Am, Bn}, lan lLr0't 1a

R (x )=1—e 2V, (2)
f ()= e . ®
trong do, V e{| | [ } A 2E(V).

2.2. M6 hinh tin hiéu

Trong md hinh hé théng dé xuét nay, dé ap
dung k¥ thuat da truy cép phi truc giao NOMA
nham nang cao hiéu ning hé théng, chiing t6i lua
chon mdt cap nit cam bién dong vai tro 1a cac
cum truong bang cach:

(4)

A=arg max {I he I}, B=a2rg max{| P I}

1<n<N

Tin hiéu nhan duoc tai U nhu sau:
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’ &, P f &P
y:( dg:LzAbAhRAhAU + ﬁthRBhBUJX*‘W' (5)

trong do6, x 1a tin hiéu truyén tir R, thoéa méan ky
vong E( x[?)=1; bavabg € {0, 1} trong tng dai
dién cho céc bit dir liéu ctia {A, B} ;w~ CN(0,07%)
1a nhidu tring cong Gaussian (AWGN) véi trung
binh 14 0 va phuong sai 13 2. &a V& &3 lan luot
14 hé s tan xa tai ntt cam bién A va B. Do cum
A uu tién hon cum B, nén & va s duoc thiét ké

dé thoa man diéu kién & > a. Cac hé sb kénh
truyén hra Va hrs trong tmg dugc biéu dién nhu
Sau:

h 1<m<M 6
: ©)

Ngoai ra, hau va hsu lan luot 1a hé sé kénh
truyén tir cic nt cam bién A va B dén U. Ham
phan phdi tich lity (CDF) cua d6 loi kénh truyén
Ihral? Va |hraf? c6 dugc nhur sau:

)M M1/ M _{M-m)x
Jra _ M-m Ara
For (0= 1-¢ ] S0 i IR )
A\ N1 N _(N-m)x
— Az — N-n rs
F\hRB\Z(X)_ 1-e } _1"';(”)(_1) € . (8)
Ap dung ky thuat triét nhidu lién tiép  trong d6, H, 2 h., [Ihy Py Hg 2 he Plhg, P,
(Succesive Interference Cancellation - SIC) tai o & _EaT0 2 Gl 2 R
U, ba duoc giai ma trudc tién bang cach xir Iy odnly, 7 dgly T o

thanh phan bg nhu nhiéu va sau d6 trir di thanh
phan bg da giai ma dé thu duoc ba. Ty 18 tin hidu
trén nhiéu cong véi nhiéu (SINR) dé giai ma ba
va ty 18 tin hiéu trén nhiu (SNR) dé giai ma bs
tai U lan luot duoc biéu dién nhu sau:
— a'A | hRA |2| hAU |2 — aAHA
aBlhRB |2|hBU |2 +1 aBHB+1’

(9)

A

7s =85 | Neg |2|hBU |2:aBHB’ (10)

Pé hd trg cho viée phan tich hi€u nang h¢
thong, dau tién ching t6i xdy dyng Bo d& 1 dé
tinh toan CDF cua H,, X €{A B}.

Bo dé 1.

Ham phan phdi tich liy (CDF) cua
Hy, X €{AB} duoc biéu dién nhu sau:

Fo (X)=1+ zle('\r:j(—l)Mm\/('\/;I _lm)XKl(Z\/(T _Am)x} (11)
., (x)=1+2Nz_f[';'J(—1)N-" (2"—/1“))‘1(1(2 (/';' _l”)x} (12)

trong d6, Ky(.) 12 ham Bessel da stra d6i loai 2 béac v [14].

Chirng minh.

X

F, (X)=Pr(H,<x)=Pr(lhy, [lhy, < x)= Pr[| s < ] Thay (3) va (7) vao va dung cong

[Ny I
thire (3.471-9) trong tai lidu [16], ta duoc két qua nhu (11).

Tuong ty ddi voi (12). B4 dé 1 da duoc chimg minh.

H¢ qua 1.

Hy, X e{AB}

Ham mét d6 xac suit (PDF) cua dugc biéu dién nhu sau:



8 N.Ngoc Rang, N.A.Quéc Huy, H.Bdc Binh | Tap chi Khoa hoc va Cong nghé Bai hoc Duy Tan 02(69) (2025) 3-15

i, (%)

m=

N-1 N N _ _1 N-n+1
fHB (X) B ZnZ_(;( J ( ;R)B(A’BU)

n

zle('V' j (M —m)(-)" "

m ARAA’ AU

o

2.3. M6 hinh nang lugng

Céc nat cam bién nhan duoc tin hi¢u RF i R,
mot phén tin hiéu thu duoc nay dugc tan xa
nguoc sau khi da diéu ché thong tin dén U, phan
con lai duoc chuyén hoa thanh ning luong ding
dé xu 1y dit liéu tai chd. Nang luong thu dugc tai
nit cam bién duge tinh nhu sau:

E; =nl—&, )R | he |2 T, (15)

trong do, X e{A,B}, nlahé s6 chuyén hoa ning
luong (O < < 1).

Gia stu, dir liéu cia cac nat cam bién duoc
chia thanh hai phan: phan dir liéu xir 1y tai chd
¢6 d6 16n LY —bit, con phan giri cho U ¢6 d6 16n
L? —bit . Nang luong ti€u hao cho viéc xu ly tai
chd duoc tinh nhu sau:

E!?cal = pCx (fx )2 L(;)’ (16)

trong do, p biéu thi cho hé sb dién dung hi¢u
dung cia CPU phy thudc vao kién trac cua nd
trong cac thiét bi nat cam bién, cx va fx biéu thi
chu ky CPU dé tinh toan mdt bit va tan sé chu
ky CPU cua X tuong tng. Di véi viée xir 1y cuc
b, diéu kién sau day phai dugc théa man:

Ey >EX. 17)
2.4. M6 hinh giam tdi va xw ly bién
Nhu di trinh bay ¢ phén trén, co ché giam tai
mot phan duogc ap dung cho hé théng nay. Phan
xtr 1y tai chd can thoi gian xtr 1y duoc tinh nhu
sau:

(O]
T)I(ocal — CX LX , (18)
fX

K0[2 /W} (13)
KO[Z /W} (14)

véi X e{AB}. Trong khi d6, phan con lai dugc
giam tai vé& cho U v&i thoi gian truyén va xir ly
tai U 1an lugt duoc tinh nhu sau:

T = % (19)
TG d) (20)

f

U

trong do, C, =W log(1+y,) voi W la bang thong
kénh truyén; cy va fu tuong tng 1 chu ky CPU
dé tinh toan mot bit va tan s6 chu ky CPU cia U.

3. Phan tich hi¢u nang
3.1. Xdc xudt tinh todn thanh céng
Trong hé théng nay, ching t6i khao st hi¢u

nang thong qua do tré ciia hé thong. Do tré cta
hé théng dugc dinh nghia nhu sau:

Tmax _ max{maX(TAlocal ,TBIocaI )’ max (TAoff ,TBOH )_i_-l—uexe}l (21)

Xac suat tinh toan thanh cong (Successful
Computation Probability - SCP), ky hi¢u la
Ay , dugc sir dung nhu mot tiéu chi quan trong
dé danh gia hiéu ning cua hé théng nay. N6 duoc
dinh nghia la xac suét cac tac vu cua cap nguoi
ding dugc hoan thanh trong d6 tré hé thong tdi
da cho phép T nhu sau:

<Ti)- (22)

Agep = Pr(Tmax <
Pinh Iy 1.

Xac sudt tinh toan thanh céng Ay, cua hé
thdng dé xuat duoc tinh theo biéu thirc:
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0, o>T,
47 NS (M) (N (N —n)(=)M e J(M ~m)(2" (@ (=Inu,)+1)
N mz;)z(;;( m]( nj s Aeu Dean (23)
scP ™ S<T,
— wo_ — — — —
" 2\/(M m)(2" ~1)(a, (~Inu,)+1) k|2 [(N=m)Inuy) | [ %
PVRER Vo esda L+x,
trong do, 8 = max (T;’ca' Taee), Chirng minh.
L@ o (o, +1) Xem phan chimg minh ¢ Phy luc A.
— A — ag — a r
A N (L(AZ) N |_<BZ)) P @8 T W =TT 300, Xde xudt durng nang luong
T —_ A /4 \ 7 A \ =~
" f, Trong hé thong nay, x&c suat ding nang
o —oos| 2971 o L2 v6i 0 12 luong (Energy Outage Probability - EOP), k;’(
“ 2Q ") G (L +19) hiéu la A, cling 1a mot tiéu chi quan trong dé

th

fU

hé s6 danh doi giira d6 phuc tap va do chinh xac
cuia phuong phap tich phan Gaussian-
Chebyshev.

Agop =Pr(ES™ > E} or Eg*' >

trong d6, E! VAEX™, X e{A B}, lan luot duogc
dinh nghia & cac biéu thic (15) va (16). Tuong
ty nhu phan 3.1, ching t6i ciing xay dung duoc
Dinh ly 2 cho x4c suat dimg nang luong.

Pinh Iy 2.

Xéc suat dimg nang luong A, cua hé théng
dé xuat dugc tinh theo biéu thirc:

S

_ o (f)° LY
ﬂ(l_gx )POT

O
1_ e Ara

trong 4o, Q, , X e{A B}.

danh gia hiéu nang cua hé thong. N6 duoc dinh
nghia 14 x4c suat nang luong tiéu hao cho tinh
toan cuc bo I6n hon nang lugng RF thu duoc:

Ey)=1-Pr(EQ™ <EJ Eg™ <E}), (24)

Chirng minh.
Xem phan chimg minh ¢ Phy luc B.
4. Két qua sb va thao luin

Trong phan nay, ching t6i cung cip cac két
qua s6 vé SCP va EOP bang cach sir dung
phuong phap mé phong Monte-Carlo. Dé thuan
tién, chiing toi gia sir cac thiét bi cam bién trong
ting cum 14 giéng nhau, khoang cach giira cac
cam bién trong ting cum 13 rit nho so voéi
khoang cach tir R va U dén cum A va B, khi do,
khoang cach R va U dén cum A va B 1a nhu nhau
vGi moi niit cam bién trong cing mot cum. Cac
tham s mo phong duoc dua ra nhu Bang 1.

Bang 1. Cac thdng s6 md phong

Théng s6 Ky hiéu Gida tri sir dung
Mai trudng truyén Rayleigh

Tham sé phan bb Rayleigh ARX, AxU 1

Hé s6 suy hao duong truyén a 2

Tham s6 méi trudng u B 9.6177,0.1581
Hé sd tan xa En, &8 0.5,0.5

Tan s s6ng mang fe 10°Hz

Toa do cua tram RF (Xr, YR, hR) (2,2,0)

Toa do cua Ay, Bk (Xk, Yk, hk) (1,2,0),(2,1,0)
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Toa do cua UAV (Xu, yu, hu) (0,0,5)

Cong suat phét caa R Po 0-40 dB

Tan s6 CPU cua cc ndt cam bién va may chu U fa, f, fu 108, 108, 10° Hz

S6 chu ky CPU tinh toén 1 bit Ca, C8, CU 2,2,2

D6 rong bang thong kénh W 108 Hz

Hé sé chuyén d6i ning lwong RF n 0.75

Do dai cac tac vu La, Ls 1Mbs, 5Mbs, 10Mbs
Hé s6 phan chia tac vu En, & 0.4,0.3

Ngudng do tré Tt 1s

Ngudng nang lugng Eth 1]

4.1. Xdc sudt tinh todn thanh céng

Trong phan nay, ching t6i trinh bay két qua mo
phong va phan tich theo tiéu chi dénh gia x4c suat
tinh toan thanh cong (A ).

Hinh 2 m6 ta sy thay ddi A, theo do cao cua
UAV véi cac gia tri khac nhau ciia s6 lugng nut
cam bién cum A. Quan sat hinh nay, ta thiy duong
cong ¢6 chiéu hudng ting nhanh khi do cao cua
UAV thay ddi tir 0 dén nho hon 5, tic A, ting.
Khi d6 cao ciia UAV tiép tyc ting thi dudng cong
di xudng, tlic Ay, giam. Hién tuong nay duoc giai
thich nhu sau: khi d cao cia UAVgiam vé 0, mic
di suy hao dudng truyén giam nhung do sy che

chin ctia chudéng ngai vat trén dudng truyén,
NLoS chiém vu thé nén A, giam. Khi d6 cao ciia
UAV ting cao, tuy LoS chiém wu thé, tuy nhién
suy hao dudng truyén anh hudng 16n nén Ay,
giam. Nhu vy, ton tai mot gid tri d§ cao cia UAV
can bang giira LoS, NLoS va suy hao dudng truyén
1am cho dat gia tri 1on nhat. Ngoai ra, Hinh 4 cho
thdy rang A, tang khi s6 luong nat cam bién cum
A tang. Piéu nay noi 1én khi s6 luong nit cam bién
cum A tang, n6 cho phép ching ta lya chon dugc
nat cam bién tot nhat dé gui dir liéu cho tram UAV
xu ly, tr do cai thién dugc hi¢u nang cua hé
thong.

0.7 F
0.65 |
06|
0.55
05

045

CP

D 04F

0.35

0.3

Phan tich

O MSphong M =2
O MéphongM=3
# M6 phong M =4

0 5 10

15 20 25

Dg cao clua UAV (hU)

Hinh 2. Ay, thay ddi theo d cao cia UAV va sb lwgng nit cam bién cum A

Hinh 3 v& dudng cong A, thay doi theo cong
suat phat cua tram RF va s6 luong nat cam bién
cum B. Tir hinh 3 ta thay, khi ting cong suét phét
thi Ay, ting, diéu nay néi 1én hiéu ning cia hé
théng dugc cai thién. Tuy nhién, khi cong suit
tang tir 15dB tro di, hiéu ning hé théng bio hoa.

Ngoai ra, Ay, ting khi sé lugng nit cam bién
cum B tang. Nhu vay, khi sb lugng nat cam bién
cum B tang, n6 cho phép ching ta lya chon dugc
nat cam bién tdt nhét gitup cai thién duoc hi¢u
nang cua hé thong.
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0.65

0.6 f

0.55

A SCP

0.5

Phan tich

O Mé6phongN=2
O MéphéngN=3
* MoOphongN=4

-10 -5 0 5 10

15 20 25 30 35 40

Cong suat phat ctia tram RF (P,dB)

Hinh 3. A, thay ddi theo cong suat phat ciia R va s6 lugng nat cam bién cum B

Hinh 4 1a cac duong cong minh hoa A, thay
d6i theo hé sb tan xa va d6 16n dix liéu cua cum
A. Tu Hinh 4 ta théy, hé sb tan xa cia cum A
cang 16n tirc viéc phan bd cong suat phat cho nut
cam bién cum A cang nhiéu cho giam tai dit liéu

toi may chi & UAV gitp nang cao hi¢u nang
mang. Dong thoi, ta cling thay lugng dit lidu cia
cum A cang tdng thi cang lam gidm hi€u nang
mang.

10° ; " ! r

10-1 L

Agep

Phan tich
O Méphéng L, = 1Mbs
o Mé phong L, = 5Mbs
Mé phong Ly= 10Mbs

1073 : . .

0 0.1 02 03 04

05 06 07 08 09 1

Hé s6 tan xa cum A (e4)

Hinh 4. Ay, thay d6i theo hé sb tan xa va d6 16n dit liéu cia cum A

Hinh 5 mé ta su thay doi Ay, theo hé sb tan
xa va do 16n dir liéu ctia cym B. Tu hinh nay ta
théy hé s6 tan xa ciia cum B tang tu 0 thi xac suét
tinh toan thanh cong ting. Tuy nhién, khi hé sb
tan xa cua cum B tiép tuc tang thi xac suét tinh
toan thanh cong giam. Diéu nay duogc giai thich
nhu sau: ban dau hé s tan xa cia cum B tang thi

gitip cho cum B ting cong suit giam tai gitp cai
thién hi€u nang h¢ théng, khi hé sb tan xa cua
cum B tiép tuc tang thi n6 ting thanh phan nhiéu
ctia SINR theo biéu thire (9). Ciing tir hinh nay
ta théy, lugng dir liéu cua cum B cang ting thi
cang lam giam hiéu ndng mang.
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Asep

Phan tich

© M6 phéng LB = 6Mbs
o M6 phong Ly =8Mbs
% Mé phong Lg = 10Mbs

401 . . . . .
0 01 02 03 04 05 06 07 08 09 1

Hé s6 tan xa cum B (ep)

Hinh 5. Ay, thay ddi theo hé sb tan xa va d¢ 16n dir lidu ctia cum B
Hinh 6 va Hinh 7 v& cac dudng cong Ay, thay  giam. Diéu nay cho thay dé cai thién hiéu ning
dbi theo hé sd phan chia tac vu va d0 16n dix lieu  hé thdng thi ta can nang cao kha niang xu 1y tai
ctia cic cum. Chiing cho thay dit liéu giam tai & céc nat cam bién.
may chu bién cang ting thi hiéu ning d¢ tré cang
T e PRI ST TS e oo

0.95
09F
0.85
08}
0.75
07}
S
3065
-
0.6 f

0.55

Phan tich

© Mé phong LB = 1Mbs
O  Mé phong Lg = 5Mbs
% Mo phong Lg = 10Mbs

0.5

0.45

L L L L L

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Hé s6 phan chia tac vu clia A (€a)

Hinh 6. Ay, thay ddi theo hé s phan chia tac vu va do 16n dir liéu cia cum B

Agep

Phan tich
10-6 O M6 phdng LA = 1Mbs
O M6 phong L, = 5Mbs

% M6 phdng LA =10Mbs

10-7 L L ' L L
0 0.1 02 03 04 05 06 07 08 0.9 1

Hé s6 phan chia tac vy ctia B (&)

Hinh 7. A, thay ddi theo hé sb phén chia tac vu va d6 16n dit liéu ciia cum A
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4.2. Xdc sudt dirng ning lwong

Trong phan ndy, ching t6i khdo sat xac suit
dimg ning luong A, theo cong sudt phat cua
tram R va v&i céc gia tri $6 luong nat cam bién

10°@

107 |

Aeop

10-2 L

Phan tich

O  Méphong N=2
O M6 phong N =4
M6 phong N = 6 |

khac nhau. Tir Hinh 8 va Hinh 9 ta thay cong
suat phat tang hodc sb lwong nat cam bién ting
déu c6 thé 1am giam xac suit dimg ning luong,
tir 46 néng cao duoc hiéu ning hé thong.

107
0 5 10

15 20 25 30

Cong suét phat cia tram RF (P,dB)

Hinh 8. A, thay d6i cong suét phat tram R va s lwong nit cam bién cta cum B

1076

107 |

Aeop

102
Phan tich
O  Mé6 phong M =2
O M6 phong M =4
3 Mé phong M =6
10" ;
0 5 10

15 20 25 30

Cong suét phat ctia tram RF (P ,dB)

Hinh 9. A, thay dbi cong suét phat tram R va s lwong nut cam bién cua cum A

Quan sat két qua tir cac hinh 2-9, ta thay két qua
phan tich khép voi két qua mé phong. Didu nay
khang dinh tinh diing d4n cta két qua phan tich.

5. Két luan va huéng phat trién

Bai bao nay da trinh bay két qua phan tich hiéu
ning ctia mang cam bién khong day st dung thiét
bi bay khong nguoi lai co gan may cha dién toan
bién hd tro cho nhiéu nut cam bién dua trén k¥
thuat truyén thong tin xa ngugc. Chiing toi da tién

hanh x4y dung cac m hinh: mé hinh hé thong, mé
hinh tin hi¢u, m6 hinh nang luong va mé hinh giam
tai. Déng thoi, dé khao sat hiéu nang cua hé théng,
ching toi da xay dung cac biéu thirc x4c sudt tinh
toan thanh cong va xac suit dimg ning luong.
Hanh vi cia hé thong ciing dugc khao sat theo cac
tham sd chinh nhu cong Suat phat cua tram RF, do
cao ciia UAV, céc hé sb tan xa, hé sd phan chia tac
vy, s6 luong nat cam bién, d6 16n dit lidu. Két qua
khao sat cho théy dé cai thién hiéu nang cua h¢
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thdng mang cam bién khong day nay, ching ta co
thé tang cong suét phat ctia tram RF, ting s luong
nat cam bién, gidm do 16n dir liéu va lya chon cac
gia tri hé s6 tan xa, hé s6 phan chia tac vu va do

PHU LUC A: Chimg minh Dinh Iy 1.

cao cia UAV phu hop. Trong twong lai, ching t61
phat trién theo huéng xem xét hiéu nang tinh toan
va ning luong cung luc va dong thoi hinh thanh
bai toan tdi uru hiéu niang hé thng.

Agp = Pr(max (T,{"Ca' [T Jocel ) <T,,,max (T;\’ff T )+le*e < Tm)

0,
= L@ 1P 4+1®) @
Pr| =A- <Th _M‘L <T,—
A fU CB
0, max (T, 7,7 ) > T,,

H An A
n:Pr[aA—Azzw “la,H, >2V —1}

agHg +1

G, (L9 +19)

y g =
aA aB

Ap Ag
wo_ wo_
Pr(HR(z D(aHy+D) |, 2" -1

AA
0 W —
1 |aer, 2V —1)(a,t+1)

2W 1 a,

., (Ot

max (T/:ocal ’-I-Blocal ) > Tyh

]‘ max (TAocal ’TBlocaI ) < Tth

(M - m)(Z% -D(ag(=Inu)+1)

(i) (M N _A\M+N-m-n (N_n) @
S

ARAX‘AU aA

K. 2\/(M —m)2% —1)(a, (~Inu)+1) KO(Z [(N “n)(=In U)Jd_u
ﬂ'RA/lAU aA ﬂ’RB/IBU u

mj)ln Are sy

Kl{Z (M -m)(2"¥ —1)(ag(~Inu,)+1)
/‘i’RAﬂ’AU a'A

(M jm (N )"0 (M —m)(2" ~1)(a, (~Inu,)+1)

ﬂ’RAﬂ‘AU a'A

KO[Z\/(N—n)(—Inuq)J\/l—xq.
Js Ao 1+,

Budc (a) c¢6 duoc 1a do st dung két qua (11) va (14) va thay bién bang cach dit u=e* V3 @ =e ™

Ag

L 2V -1
VOl o=

B

1 da dugc chirng minh.

. Budc (b) c6 dugce nho ap dung phuong phap tich phan Gaussian-Chebyshev. Dinh 1y
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PHU LUC B: Chung minh Dinh 1y 2.
Agop =1-Pr(EJ™ <E},Ef™ <E})
=1-Pr(| hg, >, )Pr(| heg > Q)

=1-[1-F (@) 1R (0]

Ap dung céc biéu thuc (7) va (8), ta di ching minh dwgc Dinh 1y 2.
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