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T6m tdt: Trong bai bao nay, chiing toi d& xuat mot thiét
ké cho mang truyén thong s dung géi tin ngan c6 su hd
trg cua mat phan xa théng minh RIS két hop véi thiét bi
bay khong nguoi ldi UAV nham dam bao chit lvong mang
cling nhu han ché nhirng anh huéng boi nhitng diéu kién
bét loi cua dia hinh truyén nhan thong tin trong méi truong
v tuyén. Thong sb dé phan tich nham dam bao chat lugng
mang la ti 1& 18i khdi duoc chitng minh & ca hai dang chinh
X&c va xap xi. Hon nia, vi tri cia UAV ciing dugc khao
sat dé kiém chiing anh huong cua diéu kién bat loi tir dia
hinh. Két qua phén tich dugc kiém chung lai bai két qua
mo6 phong Monte-Carlo. Ngoai ra, cac két qua phan tich
trong mé hinh dé xut ciing dugc dung dé huan luyén cho
mang no-ron sdu nham tang do tin ciy cua mo hinh da dé
XUit va ddng thoi tiang tde d6 xur ly dya vao céc thuat toén.

Tur khoa: fading Rayleigh, hoc may, hoc sau, giai ma
va chuyen tiép, mat phan xa thong minh, thiét bi | bay khong
nguoi lai, ti 18 15i khdi, truyén thong gai tin ngan.

I. GIOITHIEU

Ngay nay, mat phan xa thdng minh — RIS dang duoc
su dung rong rai trong cac hé théng truyen thong khong
day vi c6 nhitng dac tinh wu viét do cd cau trdc phan cing
dac biét. RIS 1a mot bé miat ¢ kha néng phan xa hoic khic
xa mot hodc nhiéu chum séng truyen t6i. RIS gom cac
phan tir phan Xa roi rac va dugc ghép néi lai véi nhau. Diéu
khéac biét cua RIS so vai cdc mat phan xa thdng thuong,
ching han nhu céc loai guong phan xa, d6 1a RIS c6 déac
tinh c6 thé cdu hinh va diéu khién bai mach diéu khlen tich
hop [1] RIS duoc coi la mgt cong nghe méi tiém ning
trong céc g dung truyén théng. Chinh vi vay, RIS duoc
du doan sé tré thanh mot trong nhitng cong nghe chi chét
trong tuong lai. Cac két qua nghién ctu cta cac nha khoa
hoc trén thé gisi gan day da cho thdy duoc tinh hiéu qua
khi tin hiéu duorc‘truy,en tir may phat téi may thu théng qua
RIS ma khdng can dén cac mach xu ly phac tap nhu giai
ma va ma hoa.
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Cu thé, trong [2], céc téc gia da co bai viét n6i vé tinh
kha dung cua RIS cd thé diéu khién dugc. Hon nira, trong
[3], cac tac gia da trinh bay chi tiét cac giai phap da duoc
dé xuat mai nhét cho RIS va cac cong nghe khac, dong
thoi cling dua ra cac huong nghién ciru méi cho RIS trong
tuong lai. Bén canh do, trong [4], cac tac gia da dé xuat s
dung phuong phap hoc may (ML) dé cau hinh hoat dong
cua RIS. Ngoai ra, trong [5], cac tac gia da dé xuat mot mo
hinh dich pha cho cac hé thong c6 sy hd tro cua RIS. Trong
[6], cac tac gia da danh gia hiéu nang cua mang truyén
thong két hop quang-vod tuyén dé truyén trong khong gian
tu do ¢6 su hd tro caa RIS.

Mat khac, phuong tién bay khong nguoi lai (UAV)
dang ngay cang dong vai tro vo cung quan trong trong cac
hé théng khong day. Véi kich thuac nho va tinh linh hoat
cao caa UAV. Ching han nhu; kha nang hd tro truyén nhan
thong tin cho cac thiét bi thu phét dya trén cac két ndi
khong day, kha nang trién khai di d6ng ¢ cac vi tri khac
nhau, c6 nghla la UAV khong doi hoi chi phi thué dia diém
lip dat va cap két ndi céc thlet bi truyén dan, va cd thé st
dung nhleu UAV dé két ndi voi nhau tao thanh mang lu6i
dé két ndi 1an nhau [7]. Chinh vi vy, UAV duoc can nhéc
str dung nhleu hon so véi tram chuyén tiép (Relay) thdng
thuong dé két ndi céc thiét bi thu phat thong tin ¢ nhung
noi bi han ché kha ndng truyén dan thong tin nhu ¢ cac
vung c6 dia hinh hiém tro khi ma diéu kién két ndi co day
con gap nhiéu kho khan. Vi vay, cac nghién cuu vé UAV
ngay cang dwoc quan tdm nhiéu hon. Nhu chung ta da biét,
mang thu thap nang luorng dong vai tro vO cung quan trong
trong céc hé théng vo tuyén [8] khi ma sé lwong thiét bi rat
I6n va hoat dong o nhitng khu vuc co di¢n tich rong. Trong
[9], cac tac gla cling da dé xuat he thong su dung mang
chuyén tiép c6 su ho trg cia UAV két hop véi mang thu
thap nang luong bang viéc phan tich xéc sut dung cua hé
thong véi cac moi trtrorng khac nhau. Hon nira, vai tro bao
mat trong mang vo tuyén [10] ciing dugc dat Ién hang dau
va tro nén vo cling quan trong khi muén phat trién ha tang
hay céc dich vu thong tin. Trong [11] C4cC Van dé an ninh
cua hé thong truyen tin trong moi truong vo tuyen cling
duoc céc tac gia nghién ciru voi UAV dong vai tro ho tro
nhdm nang cao dung lwong bao mat trung binh. Ngoai ra,
twong tu nhu cac tram Chuyen tlep thong thuong trong
mang vo tuyén [12] dong vai tro nang cao hiéu nang va mé
rong vung pha séng cua hé théng. Trong [13] Céc tac gia
cling da st dung UAV nhu mot tram chuyén tiép thong tin
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va téi vu quy dao nhém dat dugc dung lugng kénh tét nhat.
Ngoal nhitng vu diém vira néu trén, UAV cling dang duoc
cac nha nghién ctiu két hop cuing véi cac cong nghé khac
nham tan dung nhung tinh ning wu viét cia né va dong
thoi cling gop phan nang cao hiéu niang cta hé thdng.

Céc hé¢ thong thong tin di dong hi¢n nay dong vai tro
vb cung quan trong trong truyén théng nham ket ndi moi
nguol trén toan thé gioi cung nhu viéc giao tlep gitra con
ngudi voi cac loai thiét bi may mac hién dai. Bén canh do,
viéc két ndi gira cac thiét bi méay mac Ian nhau tao nén hé
sinh thai trong nén cong nghi¢p hién dai cling dang dugc
quan tam rat nhiéu tir cac nha khoa hoc trén khép thé gidi.
Pé dam bao dugc sy két ndi lién tyc va d9 tin cay trong
qué trinh truyén thong tin thi can phai c6 ky thuat tién tién.
Chinh vi vay, truyen théng gm tin ngan [14] dugc xem nhu
la img vién hang dau cho cac yéu cau trén.

Tuy nhién, nhitng (tng dung va hiéu nang cuaRIS trong
céc hé thong thong tin lién lac két hop cung UAV véi sy
hd trg cua mang truyen théng gm tin ngan van chua duoc
nghién ctru mét cach day du va kg ludng trong cac tai ligu
nghién ctru. Dé thic day su phét trién trong cong ddng
nghién ctru khoa hoc cling nhu nhitng lgi ich vé mit hi¢u
ndng khi két hop RIS — UAV trong mang truyen thong goi
tin ngan bang céach st dung mot mo hinh h¢ thong truyen
théng tin tir nat ngu0n (S) dén nat nhan (D) voi su hd tro
cta RIS cung véi UAV sir dung k¥ thuat giai ma va chuyen
tlep (DF Decode -and-Forward). Trong mé hinh dé xuat
nay, gia su UAV hoat dong twong ty nhu mot mang chuyén
tiép. Su két ndi thong tin tir nGt phat RIS, tir RIS dén UAV
va tir UAV dén nGt nhan D bj anh huéng béi dia hinh
khdng bang phang két hop cling céc yéu t6 bi che chan
trong sudt qua trinh truyen thong tin. Chinh vi Iy do do,
chung t6i dé xuat mé hinh sir dung kénh truyén fadlng
Raylelgh Ngoai ra, trong md hinh dé xuat, UAV duoc hoat
dong ¢ do cao thap nham muc dich tang hi¢u ning cua h¢
théng. Cu thé, UAV c6 thé dugc gén trén cac tda nha hoic
trén céc vi tri cao trong khu vuc. Bén canh do, RIS ciing
duoc Iap dat ¢ nhitng vi tri thuan loi trén cac tda nha cao
tang nham muc dich phan xa tin hi¢u nhan duoc tin hi¢u
tir S truyén téi va sau do RIS tong hop ta'g ca cac tin hiéu
nhan duoc thdng qua bo diéu khién pha nham dam bao sao
cho UAV thu dugc ti 6 tin hiéu trén nhiéu (SNR) mot cach
tot nhat nham dam béao d tin cdy cao va dé tré cyc thap
trong qua trinh truyén tin hiéu caa hé thong.

Gan day, mot sb phuong phap hoc sau (DL) da dugc
nghién cuau vao mang thong tin di dong the hé mai (5G)
[15], va cu thé hon nhu trong mang truyén thong hop tac
[16]. DL ¢6 d¢ chinh xac cao dya trén kha nang tinh toan
manh m&. Khong giéng nhu cac phuong phap truyén
thong, phuong phap DL khong can biét truge thdng tin
trang théi kénh truyén (CSlI).

Nhu vay, trong bai bao nay, chiing tdi ciing tién hanh
dé xuét thém ky thuat hoc sau dua trén mang no-ron sau
dua trén mo hinh da dé xuat. Hon nira, dya trén mang no-
ron siu da thle'[ ké, ching t6i tién hanh khao sat véi sé
luong cac lop a an khac nhau dé danh gia chat lugng cua mo
hinh da dé xuét. Ngoai ra, ching tdi cling huan luyén mang
dya trén cac thong S0 nhu so lugng phan tir cia RIS, vi tri
ciia UAV va h¢ so suy hao cua kénh truyén theo mang no-
ron sdu cia mo hinh dé xuét.

Cu thé, nhiing dong gop chinh ctia nghién ciu nay bao
gom (i) ching toi xay dung mo hinh mang truyen thdng
g6i tin ngan vai sy hd trg cua RIS theo so lugng cac phan
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tur khac nhau (ii) tinh toan ti 1¢ 15i khdi theo mo hinh da dé
XUt va x@y dung m6 hinh mang DL nhim ting cuong
cong cu dé danh gia hiéu nang cua hé thong. (iii) la khao
sat cac vj tri khac nhau cia UAV va anh hudéng chia hé sb
kénh truyen trong hé théng va cudi cung 1a (iv) véi cac gia
tri hé s suy hao khac nhau theo mé hinh dé xuat.

Phan tlep theo cia bai bao dugc trinh bay nhu sau.
Phan I [a md hinh hé thong dé xuat trinh bay cach thic
truyén dir Ilou tir NGt ngudn dén nut dich vai sy hd tro 1an
lugt 1a RIS va UAV. Phén I11 trinh bay phuong phép phén
tich theo mé hinh dé xuat dé danh gia chat luong cua hé
thong véi thong sb ti 1¢ 15i khdi véi ca hai dang chinh xéac
va xap xi. Bén canh do, chung 6i cling xdy dung md hinh
mang DL nham tang cuong Cong cu dé danh gia hiéu nang
cua hé thong. Phan 1V la cac két qua tinh toan s& duoc
kiém chang lai bang phan mém Matlab va két qua huan
luyén cia mang no-ron sau dwa vao mo hinh da dé xuat.
Cudbi cung la phan két luan va hudng phat trién cua dé tai.

Il. MO HINHHE THONG

Trong nghlen clru nay chiing toi dé xuét mo6 hinh mang
truyen thong goi tin ngan két hop cung véi RIS va UAV
dé truyén thong tin tr ndt ngudn dén nut dich nhu trong

Hinh 1.
g
@

h hy

RIS

NGt phat Nt nhan
Hinh 1. M6 hinh mang chuyen tlep da chang trong
truyén théng géi tin ngan

Céc thanh phan chinh cua mang gom mot nat ngUon
(S), mot mat phan xa thong minh dugc cau tao gom nhiéu
phan tar phan xa duoc ghep lai v&i nhau, va ket hop véi
thiét bi bay khong nguoi lai (UAV), va cudi cung 1a 1 nat
dich (D). Trong mo hinh dé xuét, gia sir khong c6 duong
truyen tryc tiép tir S dén D. Vi vay, tin hiéu tir S s& dwoc
truyén toi D voi su trg gitp lan luot cua RIS va UAV. Tat
cacac nit S, UAV va D déu dugc trang bi mot dn-ten don.
Riéng mit phan xa thdng minh gom nhiéu phan tir phan
xa, mdi phan tr duoc trang bi mot an-ten don dé nhan tin
hiéu tr S truyen toi. Gia sir qua trinh truyen tin hi¢u hoat
dong trong moi truong fading phang va chdm. Mo hinh dé
xuit dugc phan bo hai khe thoi gian dé truyén tin higu.

Trong khe thoi gian thir nhét, tin hiéu tir S s& truyén téi
RIS. Dya vao ciu tao cia RIS 1a cac mat phan xa dong vai
tro nhu nhirng Chlec ~guong va s& phan xa tin hi¢u nhan
duoc tir S dé truyén dén dwoc UAV. Nhu vay, tin hiéu nhan
duoc tai UAV la

Yu :{Z\/Fshgiem}(s"'nu , @

voi X latin higu tir nat S, P, 1a cong suat cua nat S, h,
i=12,...,N lacac hé sé cua kénh truyén doc lap véi nhau
tir S dén phan tir thir i caa RIS, g, 1a hé sb kénh truyén
doc lap tir phan tir thir | caa RIS dén UAV, ¢ la goc pha
c6 thé didu chinh dwoc cua cac mat phan xa théng minh
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thtr i, va n, 1a nhiéu Gauss cong thu duoc tai UAV, c6
gia tri trung binh bang 0 va phuong sai bang N, .

Trong (1), dat h =|h|e va g, =|g,|e™, voi 6 va
w; lan luot 1a pha cia h, va g, , (1) duoc viét lai nhu sau:

Yo :|:Z\/Es|h||gi|ej(¢_el_%)i|x5+nU' )

Gid st mo hinh h¢ thdng str dung k¥ thuat lya chon giai
mé& Chuyen tiép, nghla 1a tin hi¢u sau khi nhan duoc tai
UAV sé giai ma va budc tiép theo tai UAV s@ tién hanh
ma hoa lai tin hiéu vira nhan duoc. Trong khe thoi gian thir
hai, UAV s& truyén tin hiéu da dugc ma hoa téi D. Nhu
vay, tin hiéu nhan duoc tai D c6 dang la

Yo = PUhDXU +Np, (3)
v6i P, 1a cong suat phat cia UAV, hy 1a hé sb kénh
truyén tt UAV dén D, x, latin hi¢u tai UAV sau khi
da dugc ma hoa lai va n, la nhiéu Gauss cong thu duoc
tai D.

Tir (2), ta cd ti 6 tin hiéu trén nhiéu tuc thoi tai UAV
la

i%|h|2|gi|2 ‘ej(vi—ﬂ.—m)r

= I:l . 4
Yu N, (4)

Quan sat (4), ching ta thiy rang y, Ion nhat khi
el=47) =1 Gia st tai RIS biét dwoc cac pha cua cac
kénh truyén h, va g, , bang cach sir dung m hinh két hop
ti s6 16n nhat, ching ta chon ¢ =6 +w, . Do dé, ti s6 SNR
tuc thoi 16n nhét 1a

N
ZPS|hi|Z|9i|2
i=1
= N, : (5)

= Az?’s

Yu

N
véi A=Y |h]|g;| 1ahé s6 kénh truyén twong duong, dong
i=1

vai tro la tong cia N phan tir phan xa RIS cua hai hé sé
kénhtruyén tr S— RIS — UAV cd phan bo doc 1ap nhau
va ys = i

7s N, .

Twong tu, tir (3), ta cd ti s tin higu trén nhidu tic thoi
tai D la

, (6)

Vi |hD|2 la d loi kénh trung binh cua kénh truyén tir
UAV —>D.
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I11. DANH GIA HIEU NANG HE THONG

A. Tilé16i khei dang chinh xac

Xét truong hop RIS ¢c6 N mit phan xa, theo [17, ch
2.2.2], ham mat d¢ Xac suat (PDF) cua bién ngau nhién doc
lap x c6 thé dugc biéu dién theo chuoi Laguerre mé rong
la

=>"C, exp[-x]x“LY (x), ©)
n=0
voi L (x) 1a da thire Laguerre duoc chuan héa va C, I
hé s6 cua chudi Laguerre ma rong.

Theo (7) cac hé sé C, cang cao thi do phuc tap trong
qua trinh tinh toan cang tang 1én va Chudi Laguerre thuong
sir dung hé 50 dau tién dé cung cap gia tri xap xi chinh xac
mot cac'h t6t nhat. Nhu vay, ham PDF cuaa x trong (7)
duoc viét lai nhu sau:

o=l 5) o

V6i o va S lan luot la gia tri trung binh va phuong sai
cua f(x).

Ap dung (8) dbi voi blen ngau nhién 1a A duoc dinh
nghia latong cia N bién ngau nhién doc lap co phan phdi
fading Rayleigh doi. Nhu vay, ham PDF ciia A c6 két qua
nhu sau:

(%) =#;+l)exp[—§j o
Voi
a:tl—:—l, (10)
b =% , (11)
o= (12)
k, = 4N (1-%)2 , (13)

va I'(.) 1a ham gamma va dugc dinh nghia theo toan hoc

la mét trong nhung phan ma rong cia cac ham s6 g|a| thua
v6i bién sé cua né giam xudng 1 cho cac sé thuc va phuc.

Trong (12) va (13), k, va k, lan luot la gia tri trung

binh va phuong sai cia A dya theo két qua cua ( 2.74)
trong tai liéu so [17] va duoc biéu dién nhu sau:

k, =E[A] (14)

va
k, =4V[A], (15)
véi E[]Jva V[.] duoc dinh nghia lan luot Ia toan tir ky

vong va phuong sai.
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Vi h va g, lahaibién ngau nhién va doc lap 1an nhau.
Ta khai trién gié tri trung binh cua (14) nhu sau

o -€lA
=;E|hi|E|gi|l

Ta c6 |h| va |g;|trong (16) c6 phan bd Rayleigh véi
phuong sai bang 1 nén ta dé dang c6 dugc

enl-ela]={5 a7

Thay (17) vao (16), ta duoc

(16)

k=N (18)

Ta cd ham CDF cia A duoc tinh nhu sau:

I(x):J.ya exp(—%]dy. (20)

Tinh |(X) bang cach doi bién, dat z :%—>dz :%dy.

Nhu vy, ta viét lai cong thirc (20) nhu sau:
x/b
1(z)= I (zb)” exp(—z)bdz
’ x/b ' (21)

=b** j z* exp(-z)dz

0

Ap dung cdng thirc (8.350/1) trong bang tich phan cua
[18] vai diéu kién phan thyc cia s6 phic a >0, ta co

1(z) = baﬂy(au%j, 22)
véi 7(...) 1a ham gamma khong hoan chinh thp hon (the

BLER, =

Ap dung ham CDF cuaa A trong (23), ta tinh dugc ham
CDFcua y, la

= (x)=Pr(y, <x) . (24)

Thay (5) vao (24), ching ta cé

= 09-pe az [X)
-5 ()

Dua vao cong thtc (23), chiing ta c6 két qua caa (25) la

1 x
foife
—7/5. (26)

I'(a+1)

(25)

F, ()=

L4y dao ham cua (26) theo bién x, chiing ta thu dwoc ham
PDF cua 7, la

dF, (x)

L=

——Mx exp| — [~ |
26 (a+1) g s

Trudng hop hé théng dé xuét chi truyén tin hiéu trong 2
. .oom oL L
chang nén khai tin cua ta sé bang > dan dén ti 1€ ma héa

tuong duong 1a

rzﬁ. (28)

m

Trong truyen thong goi tin ngan khi goi tin du dai va
I6n, cu thé m>100, ti 1¢ 15i khéi trong khe thoi gian thi

nhat duoc xap xi theo [19, PT. 59, & 20, PT. 4] la

BLER, ~E, {Q{M

‘ )/m]} (29)

v6i BLER|, la ti I¢ 15i khéi trong khe thoi gian thir nhat

va duoc dinh nghia la E, (X) = I Xfy dX Viét lai (29)

l\i\(/_){pHF(a) F[a,i@]ﬂ@bz [a+2,é 2‘]

{er(a)er(a é\/EJ”SbZ [a+2,; ’;:m (31)

(f Lo b{ [M,; @_r[a+z,; ﬁﬂ

lower incomplete gamma function) [17].

Thay (22) vao (19), taco
X
F(EJ_yiatiE) (23)
b)) r(a+1)
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dang tuong minh la

BLER,, :IQ[%J £ (x)dx  (30)

véi fy (X) 1aham mat do xac suat cua bién ngau nhién
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BLER, ~uvm | [1—exp[—7l]}1y

D

PL (32)
o -7 o -2 |- 22|
7 7o
X . Vi md hinh d¢ xuat hoat dong trong kénh truyen
fading Rayleigh nén (30) khéng ton tai dang dong (close- y[a +1 1 X]
A PR -~ Py 'b
form). Theo [21, PT. 14], xap xi ham Q()~Z(n), ta BLER, =vym Vs
duoc két qua nhu sau: 5 T(a+l)
Py
]i Yu=P :_l\iJzT) y(a,% %]dx (36)
Z(7U): E_V\/EO/U_Q)i PL <7y <Pu> & | :
0, ¥4 Zp Py a
’ " (33) - V\/ﬁ j(l AJ EXp(_l\/Zjde
F(a+1)pL b\ 7 by 7
. 1 1 )
Voi V=————, 0=2"-1, p, =6+ va 2
2r-1
272 2v/m |l=pHr(a)—pHr[a,1 Pu || ar2, s [Pn
—_p_ 1 by 7 Vs
PO
- pI'(a)- Falﬂ+ b’I" a+21&
Thay (33) vao (30), ta duoc PL PL By 72 Vs o\ 7
A 37
BLER, = [Z (1) f,, (X)dx ‘ 7
v va
i Py ' (34)
=vJm [ F (x)dx
JF.( L, =27 02| Tl a+2,t |2 |orfas2l [2 || (39)
,L 2 S b 7, b 7.
S S
Thay (26) vao (34), ta duoc
[1\/?]6144
BLER,, val T b a7+51 dx
@] (a+) N - @
_ wm 1 )2 LN
_I"(a+1)(a+1)[b2;/s} [(pH)Z (o) }

)
2
Py Thay (37) va (38) vao (36), ching ta dugc ket qua nhu
BLER, =v/m j F (x)dx (31) dau trang bén trén.
PL

Tuong ty, trong khe thoi gian tha hai, ti 1€ 15i khdi duoc
X ] . (35) Xap xi
d

a+1,1 —

e
=W | ey BLERDzEm{Q{%} )
Yp)im

v6i BLER,, lati ¢ 16i khéi cia mot chu ky truyén tin higu
tir UAV dén D.

Thuc hién cc bude tinh trong ty nhu trong khe thoi gian
thir nhat, ta c6

Khai trién cong thuc (35), ta duoc

BLER, = [Z(7) f,, (X)X
° (40)

Py '
:v\/ﬁj. F, (x)dx
PL

Ap dung tinh chét phan bé mi, ta thu duoc két qua cia
(40) nhu (32) ¢ dau trang lién trudc.
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Ky thuat giai ma va chuyén tiép c6 lva chon (SDF) la
mot k¥ thuat duoc ap dung tai nut chuyén tiép véi co ché
1a néu nat chuyén tiép khong gidi ma dung duoc dir ligu
nhan duoc thi s€ khong tiép tuc chuyén tiép dit liéu dén nat
tiép theo [22]. SDF la mot ky thuat dugc uu tién su dung
trong md hinh truyén thong goi tin ngan da chang so vai
ky thuat khuech dai va chuyén tiép vi luon ddam bdo kha
nang chuyen tiép tin hiéu t6i chang ké tiép ludn chinh xéac
ma khong c6 hoac han ché téi da nhidu kém theo.

Gid sir tai UAV sir dung ky thuat giai ma va chuyen
tiép c6 lya chon (SDF). SDF la mot ky thuat hoat dong vei
co ché nhu sau: Neu tai UAV khong gidi ma ding dir ligu
thi s& khdng thé tiép tuc chuyén tiép di liéu dén nit D [22].
Nhu vay, két hop (31) va (32), ta c6 ti I¢ 18i khéi toan trinh
theo [14] duoc tinh cu thé nhu sau:

BLER,,, = BLER, +(1-BLER)BLER,. (42)

B. Ti ¢ 16i khoi dang xdp xi

Tiép theo, chling t6i s& trinh bay dang xap xi cua ti 1¢
Iol khéi dé co danh | gid vé hiéu nang cta h¢ thng & muc ti
s tin hiéu trén nhidu cao. Dang xap xi nay la gidi han trén
cho gia tri ti I¢ 13i khéi khi SNR cang tang va tién toi vo
cung. Diéu nay c6 nghla 1a ti 1¢ 15i khdi toan trinh cua hé
thong luén dat duoc gia tri nho hon hoéc bang gia tri duong
gi6i han trén cho du ¢ tang SNR 16n thé nao di ching nira.
Khi ti 1¢ 15i khdi cang nho thi ching té hiéu nang cua hé
thdng duoc cai thién.

Két qua tiém can cua ti 1€ 13i khoi tir S dén UAV dugc
tinh nhu sau. Cu thé, theo [23] khi ti s6 SNR 16n, nghia 1a
Vs —> 00, khi d6 ta co

a+l
(1 Xj
1 yx by 7s
a+l=- |— |0 ——2—, 43
7[ l'b 731 a+1 (43)
khilfi—)O*.
b Vs

Thay (43) vao (35), ta duoc cOng thic xap xi nhu cong
thic (41) & dau trang.

Tiép theo, chiing ta di tinh két qua tiém can cuati 1¢ 15i
khéi tir UAV t6i nat D. Xét SNR & miic cao, ngh1a la
ching ta gia st nhidu vo cling nhoé va cong suat phéat & mic
cao. Bang cach sir dung vo cing bé twong duong ciia ham
1—exp(—x)U x khi x—0 cho (32) khi cong suit phat
caa UAV ¢ mirc cao (tién ra vo cing), tic 12 7, —> oo thi
2 50 . Nhu vay két qua tiém can cua BLER, duoc
7o
tinh nhu sau

Py
BLER,,, ~ovm | L-dy

P }/D (44)

_uodm [,Oﬁ -p J
7o 2

Ta nhan thiy rang ti I 15i khéi rat nho khi cdng sut ngudn
phat cang Ion. Nghia la, ta c6 BLER, 0 1 va
BLER,, [ 1, khi 6
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BLER,,BLER,, ] BLER +BLER,,. (45)

Utc

_Nhu vay, i I¢ 16i khdi tir S dén D ¢ dang xap xi duoc
viét lai nhu sau

BLER,,,, = BLER, +(1-BLER,,, )BLER,

[ BLER,, +BLER,.

e2e,tc

(46)

C. MO HINH HOC SAU

Trong phan nay chung t6i thyc hién phan tich hé thong
dwa vao mo hinh hoc séu str dung mang no-ron an va két
qud ngd ra duoC str dung dé kiém chimg tinh dang dan cua
mo hinh dé xuat theo két qua phan tich ly thuyét cing véi
phuong phap Monte-Carlo. Dong thoi, khi s dung
phuong phéap hoc séu thi mé hinh co6 két qua tinh toan
nhanh hon qua d6 tiét kiém dugc thoi gian xir ly va tbi vu
hé théng.

Céc budc thyc hign huén‘luyén mang theo m6 hinh hoc
sau gom sau budce theo so d6 nhu Hinh 2.

Bwéc 1: Chon div liéu vao va ra

Buwédc 2: Xy ly di liéu

Bwdc 3: Xay dwng mang

Bwéc 4: Huan luyén mang

Buwdc 5: Kiém tra mang

Bwdc 6: Phan tich va danh gia

két qua mang

Hinh 2. Lwu d6 céc buéc thuc hién hudn luyén mang

Trong 6 budc ¢ trén, abi véi Budc 1, ta da c6 di ligu
ngd vao la ti s6 tin higu trén nhiéu, s6 hrong RIS va hé s6
suy hao cua kénh truyén. D4i vaoi ngd ra cia mang no-ron
sau la BLER. Tir Budc 2 dén Budc 6, chlng t0i dva vao
cac ham xay dung sin cua Matlab (Toolbox) dé danh gia
hiéu nang cia md hinh mang.

'Mang no-ron su duoc ap dung vao trong mo hinh dé
xuit 1a mang F eedforward (Feedforward network) thuong
c6 mot hoic nhiéu 16p 4n gdm cac no-ron. Dé tao mang
Feedforward, ching t6i sir dung ham duoc xdy dung san
trong Toolbox, c6 tén la feedforwardnet, ham nay tu dong
gan cac ham xir ly cho cac ngd vao va ngd ra ciia mang sao
cho phu hop dé huan luyén mang. Ngoai ra, ching ta cling
c6 thé diéu chinh cac thong sé cua mang nhu: s6 no-ron
trong mét 16p hoac cé bao nhiéu 1p an trong mang.

Trong budc thr 2, mang no-ron sau gom cac thanh
phan ngd vao la mét vector R chira cac phan tur 'ngod vao.
Mbi dau vao dugc gan trong sé w thich hop. Tlep theo la
cac l6p an bén trong chira céc no-ron. MGi I6p c6 thé chira
nhiéu no-ron. Mai no-ron & bén trong thuc hién tinh toan
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va luu trir thong tin dya vao viéc tong hop cac trong s ngd
vao va do léch, sau do ket qua ngo ra tai moi no-ron sé
dugc dua dén ham truyen f. DS voi mang no-ron sau co
thé sir dung ham truyen co ténla I095|g Ham logsig tao ra
cac dau ra tir 0 dén 1 khi cac dau vao caa no-ron di tir &m
dén duong vo6 cung. Ngoai ra, cdc mang no-ron sdu cling
c6 thé sir dung ham truyén co tén 1a tansig. Dol Vvéi ngd ra
ctia md hinh, ngd ra caa no-ron 1a ham truyén dang tuyén
tinh (ham purelin) dugc sir dung cho cac bai toan fitting.

Tuong tu, d6i vai viéc khai tao trong s hay do léch
cling duoc thyuc hién dya vao Toolbox. Ngoal ra, ching ta
cung ¢6 thé tiy chinh dé khai tao céc gia tri khéac. Sau khi
da xay dung mang va khoi tao cac gia tri ban dau phu hop.
Budc tiép theo 1a huan luyén mang.

Khi huan luyén mang no-ron sau, thong thuong truéc
tién chlng ta chia dir li¢u thanh ba tap con. Téap con dau
tién la tap huan luyén duoc sir dung dé tinh d¢ dbc va cap
nhat trong sb va d¢ Iéch ciia mang. Tap con thtr hai la tap
xac thyc. Sai s6 trén tap xac thuc duge dung de theo doi
trong sudt qua trinh huan luyén ‘mang. Trong s6 va do léch
mang dugc luu tai cac thong s nho nhat. Tap con thir ba
la tap kiém tra, tap kiém tra 16i thuong khong duoc st dung
trong qua trinh huan luyén, nhung thuong duoc sir dung
dé so sanh vai cac mo hinh khéc nhau. Sau khi chia cac tap
dix liéu xong, Mang no-ron sau sé& tién hanh huin luyén
mang dua trén cac thuat toan dwra vao mang. Thuat toan toi
wu don gian nhat thudng dugc str dung trong mang la thuat
toan gradient descent. Két qua cudi cung cho ta dugc két
qua nhu trén Hinh 4.

Neural Network

Output

5 (Rell) TRell-

Algorithms

Data Division: Random (dividerand)

Training: Bayesian Regularization (irainbr)
Performance: Mean Squared Error (mse)
Calculations:  MEX

Progress

Epoch: o [ 4 iterations 1000
Time: 0:00:00
Performance: 0191 748e-08 1| 000
Gradient: 0.522 9.88e-08 1.00e-07
Mu: 0.00500 50.0 1.00e+10
Effective # Param: 7.00 6.97 0.00
Sum Squared Param: 324 J 283 0.00
Plots
Performance plotperform
Training State (plottrainstate)
Error Histogram (ploterrhist)
Regression plotregression)
Fit (plotfit)
Plot Interval: ' :1 epochs

V Opening Fit Plot

@ Stop Training @ Cance

Hinh 4. M6 hinh mang No-ron
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IV. KET QUA MO PHONG

Trong phan két qua mo phong, ta thuc hi¢n lan luot hai
phan gom 1) Khao sat dic tinh cia mang gdom: anh huong
ctia so phan tir RIS, vi tri RIS, vi tri cua UAV Ién higu nang
cuia hé thdng. 2) 1a phan danh gia giai thuat DL va so sanh
véi két qua phan tich ly thuyét.

Déi véi mang no-ron sAu, dya trén mo hinh da dé xuat
vai mot 16p ngoal cung bén trai nhan tin hi¢u vao, 6 16p an
bén trong vai mdi 16p an theo mic dinh cua chucng trinh
€6 10 no-ron (nat) bén trong va lép ngd ra & cudi cung bén
phai.

Ngoai ra, cac thong s6 m0 phong cia m6 hinh dé xuat
dugc thuc hién trén phan mém MATLAB sir dung phuorng
phap Monte Carlo va trong sach mé phong [24] Tham s6
kénh truyén va hé thong dugc chon nhu sau: so bit thong
tin 12 =256 va chiéu dai khdi tin m=256, cong suat

nhiéu 1a N, =1. Trong Hinh 3, ching t6i sir dung 7 = 3.
Vi tri caa nat mang duoc thiét 1ap nhu sau: Nat S va D
lan lugt duoc dat tai toa d6 (0,0) va (1,0) trong khong
gian hai chiéu. Vi tri cia RIS va UAV duoc dat tai cac v
tri linh dong co thé dieu chinh dugc. Nhu vay, d6 loi kénh
trung binh tir S dén RIS va tir RIS dén UAV lan lugt duoc
tinh theo m6 hinh suy hao trong khéng gian tu do la

Oy =h[=dy va Q,=|g[=dy ., s
i e(1,2,..., N
phan tir ther i cua mat phan xa la bang nhau ciing nhu dy,

la khoang céch tir phan tir thir i cua RIS dén UAV 4 bang
nhau va 7 1a hé s6 suy hao cua kénh truyén (gié tri dién
hinh ctia 77 la tir 2 dén 6).

). gia sir dg 1a khoang céch tir S dén céc

A. Bai toan thudgn

Chung t6i xét truong hop mo hinh dé xuét & truong hop
tong quat hon khi RIS gom nhleu phan tr phan xa ghép noi
lai vé6i nhau. Cu thé, RIS gom lan luot 1, 2 va 5 phan tor
phan xa. Két qua ti 16 18i khéi (BLER) dua trén md phong
Monte-Carlo va uéc lugng bang ky thuat hoc sau cua mo
hinh d& xuét theo nhu Hinh 4 bén duéi. Két qua thu duoc
ta thiy duong ly thuyét nét lién va cac diém hinh tron sau
khi str dung thuét todn theo phuong phap hoc s&u gan nhu
trung khop, Ngoai ra, ta ciing thiy cac dau hoa thi biéu
dién cho két qua md phong cling trung khép voi két qua
phén tich ly thuyet Hon nita, dé thiy dwoc tinh hiéu qua
cua md hinh huan luyén mang no-ron sau, ching téi ciing

10
N=1,25
>>>>p
1o cpeREEEEBREEESS
B > > > -3 Preppbb
E o
=] 107 F
)
102 £
* Mo phong
Ly thuyét
> Chuwa dwgc huén luyén
108 © Huén luyén mang no-ron sau | |
0 5 10 15 20 25 30

SNR

Hinh 3. Mang no-ron sau 6 I6p 4n
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da vé& cAc tap diém biéu dién dir liéu voi dau vao ciia mang
la SNR va ngo ra 1a BLER trude khi dugc mang dugc huan
luyén nhu cac dau miii tén trong Hinh 4. Véi két qua thu
duoc cho ta thay tinh hiéu qua cua k¥ thuat huan luyén
mang da dé xuét.

Tiép theo, dé thay 15 hon dwgc tinh hidu qua cia qué
trinh huan luyén mang no-ron siu. Ching i xét truong
hop mang huan luyén chi c6 2 lép an bén trong va moi l6p
an chta 10 no-ron nhu trong Hinh 5. Dbi véi RIS gom
nhleu phan tu phan Xa ghép ndi lai véi nhau. Cu thé, RIS
gom lan luot 1, 2 va 5 phan tir phan xa. Két qua huan luyén
1a cac diém hinh tron khong khop hoan toan vai két qua
phan tich 1y thuyét va md phong Monte- Carlo nhu Hinh
4. Nhu vay, md hinh hinh mang no-ron sau géom 2 I6p an
hoat dong kém hiéu qua hon so véi mang gom 6 16p an.

N=1,215

o
) (e}
o
o
o
a o
107 °
o
@ o
[<a] o
o
" ox ©
o
2
10 o
Q \ o
0
o
* Mo phéng
Ly thuyét
10| © Huén luyén mang no-ron sau | | Jo%
0 5 10 15 20 25 30
SNR

Hinh 5. Mang no-ron c6 2 I6p én
Pé thay 0 hon, chung t6i tién hanh khao sat cac thong
s6 dung dé danh gia hiéu nang dua trén mang hoc sau lan
luot la Performance, Training State, Error Histogram va
Fit.

o Best Training Performance is 4.1417e-12 at epoch 414
10° 1

Train
Test
Best

Mean Squared Error (mse)

0 5‘0 1(;0 15‘0 2(;0 25‘0 3(;0 3;0 4(;0
414 Epochs
Hinh 6. Théng sé danh gié hiéu ndng cta mang no-ron
séau
_Thong s6 khao sat Eiﬁu tién 1a Performance duoc bié’u
dién nhu Hinh 6. V§i 16i trung binh binh phuong nhé nhat
(MSE) dat 4.1417e-12 dugc xac dinh tai Epoch thi 414.
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Gradient = 9.9063e-08, at epoch 414
T T T

Mu = 500, at epoch 414

2

gradient
3

L L L
Num Parameters = 12.16, at epoch 414
T ;" " z

L L L L I
Sum Squared Param = 47.3186, at epoch 414
T T T T T

\

L L L L
ion Checks = 0, at epoch 414
T T T T

val fail

B . . . . . I I .
0 50 100 150 200 250 300 350 400
414 Epochs

Hinh 7. Théng sé trang thai hudn luyén cda mang no-ron
sau
Tiép theo la cac thong sé bicu dién trang thai huan
luyén (Training State) dugc hién thi nhu Hinh 7.

Error Histogram with 20 Bins

I Training
[ Test

Zero Error

Instances
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Hinh 8. Thong sé biéu dién sai sé két qua ngd ra cda
mang so voi ngd ra ban dau

Sai s6 (Error) dwoc biéu dién theo Hinh 8.

Training: R=1 Test: R=1
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Hinh 9. Tién trinh huén luyén mang dwa vao cac tap huén

luyén
Hinh 9 la do thi biéu dién két qua cua Regression véi

tham sé R trong ca ba tap huén Iuyen lan Iuot 12 tap dit liéu
huan luyén, tap di liéu xac thuc va tap dir liéu kiém tra.
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Dua vao két qua R = 1 trong ca 3 truong hop, ta thay rang
két qua huan luyén cua mang va dit liéu cung cip ban dau
Ia hoan toan trung khop.

Tiép theo Ia ham Fit theo Hinh 11, rd rang, cac két qua
sau khi huan luyén la trng khép véi dit ligu ¢ ngd ra ban
dau.

Function Fit for Output Element 1
T T

o
»

o
>

Output and Target
°
IS

o
N

o

Error

.
Input

Hinh 11. Biéu dién d6 chinh x&c cda ngd ra mang no-ron
sau

Tiép theo, trong Hinh 12, chling t6i khao sat anh huong
cia vi tri cac ndt RIS va UAV lan luot I3 (0.3,0.3) va
(0.7,0.3) . Dya trén két qua hién thi, ta thay rang ti I& 15i
khéi da bi tang 1én vi UAV c6 khoang cach xa hon ddi véi
nat dich D nhu & truong hop cua Hinh 4 khi mang huan
luyén str dung 6 16p an véi 10 no-ron trén moi I6p. Ngoai
ra, cac ket qua huan luyén mang dua trén cac thong s6 da
d¢ xuat ciing tot.

10 T
N=1,25
107" ®
a1
=
i
)
102 F
* Mo phdng
Ly thuyét P
LL° Huén luyén mang no-ron sau | |
10
0 5 10 15 20 25 30

SNR

Hinh 12. Két qua huén luyén mang no-ron sau dua
trén thdng sé anh hwéng vj tri cda UAV

Hinh 12 md ta gi4 tri caa hé sb suy hao kénh truyén
theo BLER theo s6 luong phan tir thir i caa RIS (N) lan
luot 1a 1, 2 va 5, cc gia tri cia hé s suy hao kénh truyén
n thay doi tir 2 dén 6. RG rang, khi ting 7 1én, ta thay
ring gia tri BLER trong 3 truong hop cling tang theo.
Ngoai ra, dva trén mé hinh da dugc huan luyén, két qua
ngd ra ciing trong d6i khép véi ngd vao.

Va cudi cung la két qua kiém chang dua vao SNR o
muc cao duoc biéu dién nhu Hinh 13, két qua huén luyén
ctiia mang khi RIS chi c6 1 phan tir phan xa la tring khép
v6i két qua ly thuyet Tuy nhién, khi ting s6 lwong phan
tir RIS Ién 2 phan tir phan xa thi chat lugng mang sau khi
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BLER

* M6 phéng
Ly thuyét
O Huén luyén mang no-ron sau

Hinh 10. Két qua hudn luyén mang no-
ron séu khi thay ddi thdng so suy hao cuda
mé hinh dé xuat

huan luyén khong con chinh xac. Ly do la vi dix ligu ngd
ra lic nay la qua nho dan dén két qua khdéng con chinh xac.

10°

By
"Dy
PPy,

BLER

* M6 phdng

5 Ly thuyét
10 - - Xép xi
O Huén luyén_ly thuyét N=2
4> Huénluyén_Xap xi
10” ! 3 .
-5 0 5 10 15 20 25 30

SNR
Hinh 13. Két qué huén luyén cda mang no-ron
sau khi xét @ murc tisé SNR & mic cao

B. Bai toan nguoC

Trong bai todn ngugc, ching t6i dya vao két qua ly
thuyét da ching minh duoc, nghia 1a tir cdng thic tinh két
qua cua BLER dya vao SNR da tim duoc, bay gio ta di tim
SNR dya vao BLER cho truéce. Nhu vay, cach huan luyén
mang ciing twong tw nhu cach hudn luyén déi véi bai toan
thuan. Theo bai toan nguoc, ta sé thay d6i théng sé dau
Vao va thong s6 dau ratrong qua trinh huan luyén mang va
céc thong so khac van giir nguyén. Két qua thu dugc theo
phuong phap hoc sdu dya trén thuat toan Bayesian
Regularization dugc biéu dién nhu Hinh 14. Tur két qua
SNR ng6 ra thu duoc dya vao BLER tir ngd vao ta co thé
ude luong duoc SNR can c6 dé thu duoc BLER mong
muon.
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30 gy

N=125

25

20 -

Ly thuyét
O Mo phdng

10 10°
BLER

Hinh 14. Két qug huén luyén mang khi ddo nguoc
trang thai ngd vao va ngd ra lan nhau

V. KETLUAN

Trong bai bao nay, ching toi da dé xuat mang truyen
thong goi tin ngén sir dung k¥ thuat giai ma va chuyen tiép
voi su hd tro cua RIS va UAV. Theo kénh truyén fading
Rayleigh, chung t6i da dua ra biéu thirc dang dong cho ti
18 15i khdi cia md hinh dé xuat. Bén canh do, chung t6i
cung da dua ra duoc biéu thwc tinh tiém can cua hé thdng
¢ dai cong_ Suit _phat cao. Cac két qua phan tich s6 trong
md hinh dé xuat déu trung khép véi két qua md phong
Monte-Carlo. Hon nita, chiing t6i da sir dung k§ thuat hoc
sdu dé kiém chuang két qua phan tich ly thuyét. Thong qua
mo6 hinh d& xuit va mang huén luyén no-ron sau, ta thiy
rang cac két qua phan tich ly thuyet mo6 phong Monte-
Carlo va mang no-ron sau la twong doi tring khép. Ngoai
ramang no-ron sau con duoC st dung dé kiém ching thdng
s6 hé s6 kénh truyén ¢ nhing gia tri khac nhau ciing lam
thay doi gia tri cua BLER. Khi SNR ¢ muc cao thi higu
nang h¢ thong duogc cai thign. Tuy nhién khi ti s6 SNR
cang cao va két hop véi sb lugng RIS cung tang nén ket
qua huan luyén chua that sy tot. Cu0| cung, khi xét téng
quan vé hé thong, ré rang, néu xet yéu té cac phan tir cua
mat phan xa thong minh, ta thay rang vai cac thong sé da
thiét lap thi vai gia tri s6 phan tr & muc bang 5 1a dam bao
phat huy dwoc hiéu ning cua hé thdng.
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ESTIMATED PERFORMANCE BY DEEP
LEARNING TECHNIQUES OF RIS-ASSISTED
UAV IN SHORT PACKET COMMUNICATIONS

Abstract: In this paper, we propose a design a short
packet communications network using a reconfigurable
intelligent surface (RIS) with the support of UAV
(Unmanned Aerial Vehicle) with the aim of significantly
improving the network quality as well as affected by
adverse conditions of the information transmission and
reception terrain in the radio environment. The parameter
for network quality analysis is the block error rate (BLER)
and are proven both as exact and approximate by a close-
form expression. Furthemore, the location of the UAV was
also surveyed to verify the effect of adverse conditions
from the terrain. The analysis results are verified by
Monte-Carlo simulation results. In addition, the analysis
results in the proposed model are also used to train the
deep neural network to increase the reliability of the
proposed model and at the same time increase the
processing speed based on the algorithms.

Keywords: fading Rayleigh, Machine Learning, Deep
Learning, Selected Decode-and-Forward  (SDF),
Reconfiguration Intelligent Surface, Unmanned Aerial
Vehicles (UAV), Block Length Error Rate (BLER), Short
Packet Communications (SPC).
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