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Tom tat:

Bai bao nay nghién ctu viéc tich hop ky thuat truyén tai théng tin va nang lugng dong thai (SWIPT) vao
mang 6G ho trg cac hé théng UAV, str dung céng nghé Da truy nhap phi truc giao (NOMA) va truyén thong
thiét bi tGi thiét bi (D2D). M6 hinh hé théng dugc dé xuat nham t6i uu héa théng luong va hiéu suat nang
lugng (EE) théng qua viéc téi uu phan bé cdng suat, thu hoach nang lugng va quan ly nhiéu. Bai toan
t6i uu da muc tiéu dugc xay dung véi cac rang budc thuc té nhu tinh di déng ciia UAV va bat dinh kénh
truyén. D€ giai quyét bai toan nay, mot thuat toan lai két hgp gilta hoc tang cudng sau (DRL) va t6i uu hda
16i dugc phat trién. K&t qua moé phdong cho thay hé théng dat dugc muc cai thién tich cuc vé hiéu suat
nang lugng va thong lugng so véi mang UAV dua trén OMA truyén thong. Nghién clru nay gép phan xay
dung nén tang quan trong cho cac hé théng UAV 6G bén viing va hiéu suat cao trong tuong lai.

Tu khéa: SWIPT-NOMA; D2D; 6G UAV.

Abstract:

This paper investigates the integration of Simultaneous Wireless Information and Power Transfer (SWIPT)
into UAV-assisted 6G networks by employing Non-Orthogonal Multiple Access (NOMA) and Device-to-
Device (D2D) communications. The proposed system model aims to optimize throughput and energy
efficiency (EE) through effective power allocation, energy harvesting, and interference management. A
multi-objective optimization problem is formulated under practical constraints such as UAV mobility and
channel uncertainty. To tackle the non-convex nature of the problem, a hybrid algorithm combining Deep
Reinforcement Learning (DRL) and convex optimization is developed. Simulation results demonstrate
significant improvements in EE and increased throughput compared to conventional OMA-based UAV
networks. This study contributes to establishing a critical foundation for future sustainable and high-
performance 6G UAV system.

Keywords: SWIPT-NOMA; D2D; 6G UAV.

1. GIGI THIEU trong khi SWIPT giai quyét van dé bén viing
A.Téng quan dé tai nang luong va NOMA ting cudng hiéu suat
phé. Truyén thong D2D lam giam d6 tré va

Mang 6G doi hdi hi¢u suat nang lugng cuc gidm tai Iuu luong tir UAV.

cao, két ndi 16n va truyén thong do tré thap ‘ . q
cuc ky dang tin cdy (URLLC). UAV déng UAVs la thanh phan chinh trong 6G nho kha

vai tro then chdt d6i v6i ving phu song dong, 148 trin khai linh hoat va phu séng rong.
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Tuy nhién, han ché ning lugng va nhidu tin
hi¢u lam gidm hiéu sut.

SWIPT: Cho phép UAV vira truyén dir lidu
vira cap nang luong cho thiét bi IoT.

NOMA: Ting hiéu suat phd bang cach ghép
nhiéu nguoi dung trén cung tan so.

D2D: Giam tai cho UAV thong qua két ndi
ngang hang

B.Dong luc nghién ciu

Céc nghién ctru hién tai vé UAV-SWIPT-
NOMA tap trung vao cac sd liéu bi co lap
(EE hodc throughput) va bo qua viéc quan ly
nhidu D2D. Nhiing thach thtrc chinh bao gom
thiét ké quy dao UAV dong, su danh doi ning
lugng-thdi gian SWIPT va viéc hity nhiéu
lién tiép (SIC) cia NOMA theo tinh di dong,
tom lai:

- Céc nghién ctru hién tai vé SWIPT-UAV
chua xét dén két hop NOMA va D2D.

- Thiéu co ché t6i wu hoa da muc tiéu (EE va
throughput) trong moi truong dong.

C. Nhitng déng gop ctia nghién ctu

Nghién ctru khong chi dé xuat mot mo hinh hé
thong dot pha tich hgp SWIPT-NOMA-D2D
cho UAV 6G ma con phat trién giai thuat tdi
uu hoa lai hiéu qua, mé duong cho cac ung
dung thyc té nhu thanh phd thong minh, mang
cam bién khong day. Cac két qua mo phong
va phan tich toan di¢n ching minh tinh uvu
viét ctia dé xuat so voi cac phuong phap hién
c0, dong gdp quan trong vao linh vuc mang di
dong thé hé mai.

1. M6 hinh hé thong: Kién tric SWIPT-
NOMA-D2D hd tro UAV cho 6G, két hop
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tinh di dong, thu nang luong va truyén nhan
biét nhiéu.

- Két hop ba cong nghé tién tién: Nghién ctu
lan dau tién dé xuat mo hinh tich hop SWIPT,
NOMA va D2D trong mang UAV 6G, khic
phuc han ché ciia cac cong trinh trudc chi tap
trung vao tirng cong nghé riéng 1¢€.

- Ti uu hoa da 16p: Pong thoi giai quyét bai
toan nang lugng (qua SWIPT), hiéu suat phd
(qua NOMA) va giam tai mang (qua D2D),
tao ra mot kién tric toan dién cho UAV 6G.

- Ung dung thyc té&: M6 hinh phu hop véi cac
kich ban nhu gidm sat thong minh, ctru ho
khan cap — noi UAV can vira cung cép nang
lugong, vira dam bao tde do truyén dir liéu cao.

- Khac biét so voi nghién ciru truoc:

+ Cac nghién cuu nhu [2], [3] chi tap trung
vao SWIPT hodac NOMA riéng r€, trong khi
[5] nghién ctru D2D ma bo qua SWIPT.

+ Pé xuat cua bai bao loai bo xung dot gitta
thu hoach nang lugng va truyén dit liéu bang
co ché phan chia thoi gian dong (t1), t6i uu
hoa ca EE va throughput.

2. Giai thuit lai két hop DRL va Toi uu
16i: Két hop wu diém cua DRL va convex
optimization.

DRL: Xu ly hi¢u qua moi truong dong (di
chuyén UAV, bién doi kénh truyén) bang cach
hoc chinh sach tdi vu qua trial-and-error.

+ Convex optimization: Téi uu héa cuc
bo cac tham s6 (vi du: phan bo cong suit)
khi bai toan duoc chuyén doi sang dang
16i thong qua k¥ thuat Successive Convex
Approximation (SCA).
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+ Gidm d¢ phtic tap tinh toan: DRL gidm khong
gian tim kiém, trong khi SCA dam bao hdi tu
nhanh, phti hop v6i hé thdng thoi gian thuc.

- Khac biét so voi nghién cuu truoc:

+ Céc cong trinh nhu [4] st dung phuong
phap tdi wu truyén thong (vi du: Lagrange)
cho bai toan tinh, khong hi¢u qua khi UAV
di chuyén.

+ Giai thuat lai dé xuét dat hiéu suat cao hon
25% so véi phuong phéap chi dung DRL hodc
convex optimization riéng 1¢ (thé hién qua s6
lan 13p dé hoi ty trong mo phong).

3. Phan tich hiéu suat: Panh gia hiéu ning
toan di€én dwéi cac kich ban UAV djng.

- Phan tich anh hudng cia UAV mobility:
Nghién ctru do ludng tac dong cua van tdc
UAV dén hiéu suat hé thong (vi du: throughput
giam 15% khi UAV tiang toc tir 5 m/s 1én 20
m/s), mot yéu t6 thudng bi bo qua trong céac
cong trinh trude.

- Pé xuat ty 1 phan chia thoi gian téi wu (1):
Véi mé hinh c6 path loss 1y tuong cho thay t
=0,2 — 0,4 1a can bang Iy tuong giita EE va
throughput, va t t6i wu thay ddi tily theo méo
hinh hé thdng, cung cip hudng dan thiét ké
cho md hinh thyc té.

- Khac biét so voi nghién ciru truoc:

+ Céc nghién ctu nhu [1], [3] chi danh gid
hiéu nang trong moi truong tinh, khong xét
dén tinh di dong ctia UAV.

+ Két qua mo phong st dung dataset da dang
(vd: do cao UAV thay d6i 50-200m, mat do
nguoi dung 820 nodes) phan anh tinh kha thi
trong thuc té.

4. Péng gop thuc tién cho 6G

- Hd tro tinh bén viing: SWIPT gitip kéo dai
tudi tho pin cho thiét bi IoT, phu hop véi xu
hudng “green communication” cua 6G.

- Tang dung luong mang: NOMA va D2D cai
thién pho tan st dung l1én 32%, dap tmg nhu
cau truyén tai dit liéu 16n trong 6G.

- Goi y chudn héa: Két qua nghién ctru cung
cap co so dé 3GPP phat trién tiéu chuan cho
UAV trong Release 19/20.

D. Té chiic bai bao va Ky hiéu Toan hoc

Trong phan tiép theo, bai bao duoc t6 chirc
nhu sau:

« Phan II (Cong trinh lién quan): Phén tich cac
nghién ctru tién nhiém vé SWIPT, NOMA, va
D2D trong mang UAV, chi ra khoang tréng ma
nghién ctru ndy giai quyét.

« Phan IIT (M6 hinh hé thng): Trinh bay kién
trac mang UAV tich hop SWIPT-NOMA-
D2D, cing cic mo hinh kénh truyén va thu
hoach nang lugng.

« Phan IV (X4y dung van d&): Pinh nghia bai toan
tdi uu héa da muyc tiéu (EE va throughput) dudi
cac rang budc cong suat, QoS, va nang lugng. Va
dé xuat giai phap giai quyét sir dung giai thuat lai
DRL va tdi vu 16i dé giai bai toan phi tuyén.

« Phan V (Két qua mo phong): Panh gia hiéu
ning hé thong qua cac kich ban UAV dong va
so sanh v&1 phuong phép co so.

« Phan VI (Két luan): Tom tat dong gop chinh
va dé xuat hudng nghién ciru tuong lai.

Cac ky hiéu chinh dugc sir dung xuyén sudt
bai béo:
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P: Vector cong suét phat (UAV va thiét bi D2D).

T: Vector ty 1€ thoi gian phan chia nang lugng-
thong tin.

h, : He 56 kénh truyen giira thiét bi i va j

n: Hiéu suét chuyén doi nang lugng SWIPT
a: Hé s6 Path loss (suy hao duong tuyén)

o?: Cong suat nhidu Gauss traing (AWGN)

P :Cong suét phat toi da caa UAV.

R . Téc d6 truyén tdi thiéu dam bao QoS.
E,: Ngudng nang lugng thu hoach t6i thiéu.
2.CACCONGTRINH NGHIEN CUU LIEN QUAN
1. SWIPT trong UAV:

Téi wu hoa cong suat UAV dé can bang giita
thu hoach nang luong va truyén dir liéu, nhung
chi tap trung vao kich ban single-user va bo
qua NOMA/D2D [6].

Pé xuat mo hinh SWIPT da nguoi ding véi
UAV, nhung str dung OMA, dan dén hiéu suat
phé thap [7].

Han ché:

- Céc nghién ctru chua tich hop co ché da truy
nhap tién tién (NOMA) hoac tan dung két ndi
ngang hang (D2D) dé giam tai cho UAV.

- Thiéu phan tich anh hudéng cia di chuyén
UAV dén hiéu suat SWIPT.

2. NOMA cho mang UAV

Phén bo cong suadt NOMA tinh dua trén vi tri
ngudi dung, nhung khong xét dén kha ning
UAV cung cép nang luong [8].

Téi wu hoa cong suat dong theo chuyén dong
UAYV, nhung bd qua vai tro cia SWIPT va
D2D [9].
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« Han ché:

- Cac mo6 hinh NOMA hién tai chua két hop
v6i co ché thu hoach nang luong, dan dén gidi
han vé thoi gian hoat dong cua thiét bi.

- Viéc quan 1y nhiéu trong NOMA chua dugc
nghién ctu k¥ trong moi truong UAV di dong
da nguoi dung.

3. D2D Communications trong UAV Networks

Dé xuit D2D dé giam d6 tré truyén dir lidu,
nhung khong tich hop SWIPT/NOMA [10].

Téi wu ning lugng cho D2D nhung dua trén
ngudn pin ¢6 dinh, khong st dung SWIPT [11].

*Han ché:

- Cac nghién ctru D2D trong UAV chu yéu tap
trung vao offloading dit 1iéu ma chua khai théac
tiém ning ciia NOMA dé ting hiéu suit pho.

- Thiéu co ché cung cip ning luong lién tuc
cho thiét bi D2D thong qua UAV.

4. Nhiing han ché

T cac phan tich cu thé vé cac nghién ciu
trude nhu trén, co6 thé tom lugce nhitng han ché
nhu sau:

*Thiéu tich hop da cong nghé: Khéng co
nghién ctru nao dong thoi két hop SWIPT,
NOMA, va D2D trong mang UAV.

*T6i wu hoéa tinh: Cac giai phap phan bd
cong suat/thoi gian thuong gia dinh UAV ¢
dinh, khong phu hop v6i méi truong di dong
thuc té.

* B6 qua trade-oftf EE-Throughput: Chua c6
co ché t6i wu hoa da myc tidu dé can bang gitra
hiéu suét nang lugng va throughput.
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Bang 1. So sanh véi cac nghién ctru lién quan

Nghién ciru SWIPT NOMA
[6] Wu et al. (2020) v X X
[8] Ding et al. (2019) X v X
[10] Zhang et al. (2021) X X v
Nghién ctru hién tai v v v

3. MO HINH HE THONG

Hé thong dé xuat tich hgp UAV 1am tram gbc di
dong, hd tro SWIPT dé cung cap nang luong va
dir liéu cho cac cap D2D st dung NOMA. Muc
tiéu chinh 1a toi wu hoa dong thoi hidu suét niang
lugng (EE) va throughput thong qua quan ly
cong suat, phan bo tai nguyén, va giam nhidu.

A.Kién tric mang

Giao tiép thiét bi dén thiét bi (D2D) la cong
nghé 5G thuan lgi vi n6 hd tro giao tiép truc
tiép giita nhitng nguoi dung ma khong can di
qua BS. Hon nita, mang D2D hd tro NOMA
dudng xudng hd trg truyén thong tin va ning
luong khong day dong thoi (SWIPT) dugc dé
xuat dé bao phu khu vuc khong hoat dong. B
thu D2D sir dung SWIPT chuyén mach thoi
gian: T dé thu nang luong (EH), 1—t d¢é giai ma
thong tin (ID). UAV hoat dong nhu tram gdc
di dong, st dung SWIPT dé cung cap ning
luong cho cac thiét bi D2D. Cac cap D2D st
dung NOMA dé truyén dir liéu uplink.

« Thanh phén chinh:

1. UAV: Pong vai tro tram gbc di dong, phat
song RF két hop ning luong (SWIPT) va dir
liéu dén cac thiét bi D2D. Sir dung anten dinh
hudng dé tap trung ning luong vao cac D2D-
Rx ¢ xa, gidm suy hao.

D2D  Téi wu Pong Pa muc tiéu (EE + Throughput)

EE only
Throughput only

Latency minimization

C L XX

EE + Throughput

2. Cac cap D2D: Gom transmitter (D2D-Tx)
va receiver (D2D-Rx), st dung NOMA dé
truyén dit liéu uplink/downlink trén cting bang
tan. D2D-Tx st dung nang luong thu hoach tir
Giai doan 1 (thu hoach niang lugng) dé truyén
dir liéu uplink dén UAV va ap dung NOMA dé
chia s¢ bang tan v4i cac D2D-Tx khac.

3. Thiét bi thu hoach niang lwong (EH): D2D-
Rx thu nang luong tir UAV qua SWIPT dé duy
tri hoat dong. D2D-Rx thu tin hi¢u RF tu UAV
bang anten tich hop hd tro SWIPT va tach ning
luong tur tin hi¢u RF thong qua mach chinh luu
va loc (rectenna). D2D-Rx luu trit nang lugng
vao siéu tu dién/pin dé sir dung cho truyén dir
liéu & Giai doan 2 (truyén dit liéu uplink).

* Hoat dong:

- UAV bay ¢ d¢ cao c¢6 dinh H véi ban kinh
phu song R.

- Céc cap D2D phéan bd ngu nhién trong ving
phu song, tranh chép tai nguyén voi nhau.

B. M6 hinh kénh

Hé thong két hop kénh truyén khong day UAV-
thiét bi (A2G) va kénh D2D (thiét bi-thiét bj).
M5 hinh héa chi tiét nhu sau:
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Backhaul link —
Interference - - -
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SWIPT Time-Switching: 7(EH),1 — 7(ID)

Hinh 1. Kién tric mang UAV tich hgp SWIPT-NOMA-D2D

1. Kénh Air-to-Ground (A2G)

* Path Loss:

- Phu thudc vao khoang cach 3D gitra UAV va
thiét bi, cing moi trudng truyén song (do thi,
nong thon).

- M6 hinh hoa theo [12]:

Bo(d2 + H2) 5% (Los),

1426 =
Bo(d2 + H?) o5 (NLos)

(1)

trong do:
d: Khoang cach tir UAV dén thiét bi k.
H: Do cao UAV.

B, HE s6 suy hao tai khoang cach tham chiéu
I m.

o Hé sb Path loss cho LoS/NLoS.

LoS aNLoS:
* X4c suit LoS:

~ , 2 H
- Phu thudc goc ngang 6, = arctan (d—k):

1
1+a exp(—b(@k—a))

()

Pros =

v6i a,b 12 hé s6 moi truong [13].

* Small-Scale Fading:

- Rician Fading cho kénh LoS chiém wu thé:

A26 —
hi=" =

(3)

K 1
721 Mos T 77 MvLos

K : Hé s6 K-factor (ti 1¢ cong suat LoS/NLoS).
o5 = €/®: Thanh phén pha cb dinh.

hyros ~ CN'(0,1): Thanh phﬁn tan xa.

2. Kénh D2D

* Path Loss:

- M6 hinh suy hao khoang cach don gian:

B2 = - di0?? @

d :Khodng cach gitra thiét bi m va n.

aD2D: Hé s suy hao (thuong 2,7 — 4,0 cho
do thi).

* Small-Scale Fading:
- Rayleigh Fading do moéi truong da duong

non-LoS:

ha ~ CN'(0,1) (5)

3. M6 hinh thu nang lwong SWIPT
* Cong suat thu tai thiét bi k:

E=71-7-T" Pyay|hse|”
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n: Hiéu suat chuyén doi nang lugng.
7: Ti I¢ thoi gian EH.
4. M6 hinh SINR va nhiéu
Tin hiéu nhan tai thiét bi k (ID phase):
yRb = Hx [Py + 1y

ny ~ CN(0,02): Nhiu nhiét.

(7)

x: Tin hiéu phat tir UAV (bao gdm ca ning
luong va thong tin diéu khién).

*SINR tai thiét bi:

DL __ PUAVlh',IleGl2
Yk = 0_2

*Tbc do truyén downlink:
RP* = tBlog, (1 +v¢") 9)
*Tin hi€u nhan tai UAV
Yuav = D=1V Pk S + Nyay

=S,: Tin hi¢u tr D2D-Tx tha &

(10)

= hi26: Kénh truyén tir D2D-Tx k dén UAV
*SINR tai UAV

peldel

42612 _2
Yjesy Pjln*] ofay

UL _
Ye =

(11)

=S,: Tap nguoi dung c6 cong suat yéu hon
nguoi dung & (chua dugc giai ma).

*Téc d6 truyén uplink:

R{* = (1 - 1)Blog,(1 +yJ* (12)
*Hiéu suit nang luong (EE):
K UL
EE = Zi=fi (13)
Ptotal

Kk _E
*Piotar = Pyay + Xk=1 :

g a-o)T°
thu toan h¢ thong.

Cong suat tiéu

Db thi so sanh SNR cua kénh A2G (Rician)
va D2D (Rayleigh) khi khoang céch thay doi:
A2G ¢6 xu huéng suy hao it hon do hé sb 0
nho hona,, .

Phan b bién do kénh:

*A2G (Rician): Phan bd léch phai do thanh
phan LoS chiém wu thé.

«D2D (Rayleigh): Phan bd ddi xting, dic trung
cho kénh khong c6 thanh phan LoS.

SNR theo khoang cach

SNR (dB)
8
&
i
-

50 100 150 200 250 300 350 400 450 50
Khoang cach (m)

45
40

10 35

PDF
PDF
»
%

0.1 0.2 03 0 0.02 0.04 0.06
Ihl Ihl

Hinh 2. So sanh SNR (trai) va phan bé bién dé kénh (phai)
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C. Giao thuc truyén tai

Giao thtc truyén tai trong hé thong SWIPT-
NOMA-D2D dugc thiét ké thanh 2 giai doan
tuan hoan véi chu ky T, ddm bao cén bang
gita thu hoach ning luong va truyén dit liéu:

*Giaidoan 1 (Thu hoach nang lugng): UAV phat
tin hiéu RF, thiét bi D2D-Rx thu ning luong.

* Giai doan 2 (Truyén dir li¢u): Céc cap D2D
sir dung nang luong thu hoach dé truyén dir
lidu uplink dén UAV bang k¥ thuat NOMA.

Chi tiét timg giai doan nhu sau:
1. NOMA transmission

Nguyén tac: Ghép nhiéu nguoi ding trén cing
tan s6 thong qua phén chia céng suét.

a.Downlink (UAV — D2D-Rx)

Budc 1: UAV ma hoa chong 16p (superposition
coding) tin hi¢u cho K cap D2D:

(14)

K
Xyav = z v PiSk
k=1

V6ip, la cong suat phan bd cho ngudi ding k,
théa man . legzl Pk < PUAV'

Budc 2: Phat tin hiéu két hop SWIPT theo co
ché Time-Switching

- Khoang thoi gian T (Energy Harvesting - EH):

K
2
B =t Tl Y (15)
i=1

v6i1 i 1a hiéu suat chuyén doi nang lugng.

- Tin hiéu nhan dugc tai thiét bi k.

YO = W Py (10

(ISSN: 1859 - 4557)

b. SIC (Successive Interference Cancellation)

«Thiét bi D2D-Rx st dung SIC d¢ giai ma tin
hiéu theo tht ty cong suét giam dan:

- Giai ma tin hiéu manh nhét.

- Loai bo tin hiéu d3 giai ma khoi téng tin hiéu.
- Lap lai cho dén khi giai ma tin hiéu cta chinh né.
*Tdc dd truyén hi€u dung cho user k:

RPL = tBlog, (1 +vPY) (17)

2. SWIPT operation

*Muc dich: Trao d6i dit liéu ngang hang sau
khi nhan tin hiéu tir UAV.

«Chu ky truyén T duoc chia thanh hai pha:

- Thu hoach nang luong (z7): D2D-Rx thu
nang luong tr UAV.

- Truyén dir liéu (1 — 7)T: D2D-Tx st dung
nang luong thu hoach dé truyén dir licu.

* Thoi gian pha: 1, = yr, voiylati 1€ thoi gian D2D.
« M6 hinh truyén dén:

- Thiét bi sir dung nang luong thu duogc 2 dé
truyén dir liéu:

EH

Pex e = - (18)
- Téc d6 truyén D2D:
REED = Blogy (1+723°) (19)

*B: Bang thong
= |h|: D6 loi kénh D2D (Rayleigh fading)
=g2: Cong suat nhiéu

Téc d6 truyén D2D giam theo khoang cach do
Path loss tang. Do vy, trén thuc té s& can mot

105



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAI HOC DIEN LUC

(ISSN: 1859 - 4557)

s6 phuong an toi uu nhu: Str dung thuét toan
phan bd cong suat cho NOMA, cai thién d6 loi
kénh bang cach két hop MIMO, thay d6i bac
diéu ché theo SNR bang diéu ché thich nghi.

Trong m6 hinh SWIPT-NOMA-D2D cho UAV
6G, D2D-Tx truyén dir liéu truc tiép dén UAV
ma khong can trung gian BS, nham ti uu hoa
hiéu suat nang luong, giam do tré, va nang cao
tinh linh hoat ctia mang. Kién tric nay phu hop
v6i xu hudng mang khong day phi tap trung va
UAV lam tram gdc di dong trong 6G.

4. XAY DUNG VAN DE

Phan nay trinh bay bai toan t6i wu hoa da muc
tiéu trong hé thong SWIPT-NOMA-D2D cho
UAV 6G, bao gém muc tiéu, rang budc, va
phuong phap giai quyét. Chi tiét nhu sau:
A.Téi uu héa da muc tiéu

Hé théng hudng dén toi wu dong thoi hai chi
s6: Hiéu suét ning luong (EE) va Tong toc do
truyén tai (Sum Rate).

Bai toan dugc mo hinh hoa nhu sau:

max{EE(p, q,7),Sum Rate(p, q, 1)} (20)
p.aq.T

a
N

1. Hiéu sudt nang lwong (Energy Efficiency - EE)

EE = P o B (piase)

Piotal(0.9) (21)

*Y nghia: do luong sb bit truyén dugc trén mdi
Joule nang lugng tiéu thy.

*Tir s6: Téng tdc do truyén tai ciia K ngudi dung.
*Mau sb: Tong cong suit tidu thy, bao gom
cong sudt phat cia UAV va D2D-Tx.

2. Tong Téc dé Truyén tai (Sum Rate)

K

Sum Rate = Z R (p,q,7)
=1

(22)

* Y nghia: Tong dung luong dir liéu ma hé
théng dat duoc.

« Phu thudc vao: Phan bd cong suit (p) quy
dao UAV (gq), va ty 1¢ thoi gian SWIPT (7).
B. Cacrang budc
1. Toc dg truyén toi thiéu
R (p,q,7) = Rppin, Vk € {1, ..., K} (23)

*Muc dich: Pam bao QoS (Quality of Service)
cho tirng nguoi dung.

1
1
/

3

/ 4
/
/
A
N\

D2D-Tx

—

\
\

\

)

/

D2D-Rx/

Hinh 3. Minh hoa giao thic SWIPT-NOMA-D2D
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*Vi du: Ryin =1 Mbps cho Gng dung giam sat
video.

2. Nang lwong thu hoach t6i thiéu

Ex(p,q,7) = Ep, Yk (24)

« Muc dich: BPam bao thiét bj D2D-Rx c¢6 du
ning luong dé hoat dong.

 Cong thurc nang lugong thu hoach:

E, = TITPUAvthAV,k|2 (25)
3. Di chuyén UAV
Iqe+1 — qell < Vi, Yt (26)

« Muc dich: Gi6i han van toc di chuyén cua UAV
dé phu hop v6i dong co va tiéu thu niang luong.

4. Céng sudt phat téi da

K
Z Pk < Pmax
k=1

« Muc dich: Tuan tha quy dinh vé phat xa va

(27)

tiét kiém nang luong.
C. Phuong phap giai quyét

Phan nay trinh bay giai thuat lai két hop Hoc
Tang cuong Sau (DRL) va Tdi uu Loi dé giai bai
toan toi wu da muc tiéu phi tuyén trong hé thong
SWIPT-NOMA-D2D. Giai thuit tap trung vao
viéc can bang gitra hiéu suat nang luong (EE) va
throughput dudi cac rang budc thyc té.

Y twéng chinh:

« DRL xur Iy cac bién dong trong moéi trudong
(di chuyén UAV, bién do6i kénh truyén).

« T6i wu 16i giai quyét bai toan phan bo cong suat
va thoi gian SWIPT (1) dudi diéu kién cb dinh.

(ISSN: 1859 - 4557)
« Hai phuong phap duoc luan phién t6i uu dé
dat duoc su hoi tu toan cuc.
Cac bwéc chinh:

B1. Khoi tao: Thiét 1ap tham sb6 ban dau cho
cong suét (p), quy dao UAV (g), va .

B2. Téi wu DRL: C6 dinh p va 7, t6i uu q dua
trén chinh sach hoc.

B3. Tbi wu 16i: C6 dinh ¢, t6i wu p va 7 bang
phuong phap xap xi 1i.

B4. Kiém tra hoi tu: Lap lai cho dén khi EE va
Sum Rate 6n dinh.

1. Hoc sau tang cuwong (DRL)

Muc tiéu: Tdi wu quy dao UAV (q) dé tbi da
hoa EE va Sum Rate.

* Moi truong:
State: Bao gdom vi tri UAV (g, cong suét hién

tai (p), kénh truyén (h#*°), va ning lugng thu
hoach (£))
Action: Van toc va huéng di chuyén UAV (Ag)
Reward:

R, = A+ EE + (1 - 1) - SumRate — Penalty (28)
» Penalty: Phat néu vi pham rang budc (vd:
R<R  E<E ).

req
*Agent: St dung mang PPO (Proximal
Policy Optimization) hodc DDPG (Deep
Deterministic Policy Gradient).

Kién trac mang:

=Actor Network: Dy doan action (Ag).
=Critic Network: Danh gia gia tri cta state.
« Huén luyén:

- Input: State hi¢n tai.

S6 38
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- Output: Action diéu chinh quy dao UAV.

- Cap nhat: T6i uu policy dua trén gradient
cua reward.

2. Toi vu loi

Muc tiéu: Téi wu cong suét (p) va ty 1& thoi
gian SWIPT (z) véi UAV ¢ dinh.

* Bai toan toi vu:

X Rg

max Ao+ (1-2)- LR (29)
Rang budc:
Z Pi < Prax
A (30)
0<7t<1
* Phuong phap: Successive Convex

Approximation (SCA)

- Xap xi ham muc tiéu: Chuyén cic ham phi
tuyén thanh dang 16i bang khai trién Taylor.

- Giai bai toan 16i: St dung CVX hodc
YALMIP dé tim nghiém.
- Cap nhat nghi¢m: Lap lai cho dén khi hoi tu.
3. Luong gidi thudt lai
a. Khoi tao:
o p®, q©, T
o Thiét 14p mang DRL va tham s6 SCA.
b. Vong lap chinh (cho dén khi hoi tu):
o Budc 1: Téi vu DRL (Quy dao UAV):
- C dinh p®,
- DRL cap nhat ¢"*” dya trén reward.
o Budc 2: Ti vu Loi (Cong sudt va 1):
- Cb dinh g

- SCA giai bai toan 16i dé cap nhat p*, t*!

Budc 3: Kiém tra hoi tu:
{ |[EECD —EE®| <€

|Sum Rate®*V) — Sum Rate®@| < e
voi € 1a ngudng hoi tu.
Khi ca hai diéu kién thoa man — Giai thudt dimg.
4. Uu diém cua gidi thudt lai
* Thich tng v6i méi truong dong: DRL xtr 1y
hiéu qua su thay ddi vi tri UAV va kénh truyén.
« Pam bao hoi tu: Tdi vu 161 cung cap nghiém

chinh xac cho bai toan con.

« Can bang EE va Throughput: Scalarization cho
phép diéu chinh trong s6 A theo yéu cau hé thong.

Bai todn da muc tiéu dwoc gidi quyét bang
hai ky thudt chinh:

1. Scalarization

« Y twong: Chuyén bai toan da muc tiéu thanh
don muc tiéu bang cach két hop hai ham muc
tiéu qua hé s trong s A.

max[A ' EE + (1 — 2) - Sum Rate], A €
p.4.T

[0,1] (31)
* Y nghia:

= A=1: T4i uu hoéa hoan toan EE.

= A=0: T6i uu hoa hoan toan Sum Rate.

= 0<A<I: Can bang giita EE va Sum Rate.

UAV Trajectory Heatmap for EE Maximization

t
60
0
40
%
20
10
1000

Hinh 4. Ban d6 nhiét quy dao UAV minh hoa
dudng di téi uu dé toi da héa EE

o 200 400 600 800
X Coordinate (m)
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2. TéiwuLudnphién (Alternating Optimization) bai toan phi tuyén phtc tap ndy, dam bao hiéu

« Budc 1: C6 dinh quy dao UAV (q), tdi uu
cong sudt (p) va ty 1& thoi gian SWIPT (1)
bang quy hoach 16i (convex optimization).
- Cong thuc:

rr;ax[l -EE + (1 — 2) - Sum Rate] (32)
- Phuong phap: Str dung thuat toan noi diém
(interior-point) hodc gradient-based.
« Budc 2: CH dinh p va 1, toi wu quy dao UAV
(q) bang xap xi 16i lién tiép (SCA - Successive
Convex Approximation).
- Mo hinh héa bai toan phi 16i thanh dang 16
thong qua xap xi Taylor bac nhat.

- Lap lai dén khi hoi tu.
‘ Khéi tao ‘
| [

‘ Téi i p. T (q cb dinh) ‘ ‘ Cép nhatp. T ‘

| |

‘ Téi vu q (p. T cd dinh) ‘ ‘ Cap nhat q ‘

<

Yes I

‘ KEét thie ‘

Hinh 5. So dé giai thuat

Bai toan ti wu hoa da myc tiéu trong hé thong
SWIPT-NOMA-D2D duogc xay dung dya trén
su cAn bang giita hiéu suat ning luong va
throughput, cung céc rang budc thuc té nhu
QoS, ning lwong thu hoach, va di chuyén UAV.
Phuong phap scalarization va t6i uu luan phién
cung cap mot giai phap kha thi dé giai quyét

suét hé thong trong ca moi truong tinh va dong.

H&I tu Hidu sut Nang luwong
0138 [— et

noy (EE)

2 ]
S 03 \

Energy Effi
.
s

<] 5 10 15 20 25 30 35 40 45 50

@

Sum Rate (Mops}
s o

3 5 10 15 20 25 30 35 40 45 50
Iteration

(a) Hoi tu EE/Sum Rate

Quy dao UAV

Y-coordinate

10 20 30 40 50 60 70 80 90
X-coordinate

(b) Quy dao UAV

Hinh 6. Minh hoa téi uu giai thuat luan phién
5. Mét sé két qua mé phéng

A. M6 ta kich ban mé phéng

1. Muc tiéu:

So sanh hiéu suét giita cac phuong phép truyén
thong NOMA (Non-Orthogonal Multiple
Access) v6i quy dao UAV tdi uu (Proposed),
Static UAV (UAV cb dinh), OMA (Orthogonal
Multiple Access), va Non-SWIPT (khong hd
trg chuyén d6i nang lugng khong day).

2. Kich bdn:

UAV di chuyén theo quy dao dudng tron tdi
uu (ban kinh 45m) hoac ding yén tai trung
tam khu vuc.

10 nguoi dung dugc phan bd ngiu nhién trong
khu vuc 100m x 100m.

109



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAI HOC DIEN LUC

(ISSN: 1859 - 4557)

Mo hinh kénh truyén: Kénh fading Rayleigh
v6i suy hao khoang cach (path loss). Chat
luong kénh giam theo véan téc UAV (md phong
hi¢u ung Doppler).

Panh gia Hiéu suat nang luong (EE) va Tong
toc do truyén (Sum Rate) dudi anh hudng cua
ty 1& chuyén mach thoi gian (1).

B. Cong cu st dung
« Phin mém: MATLAB.
* Phuong phap:
- Téi wu T: Quét toan bo dai t dé tim gia tri tdi wu.
- Tinh EE: Két hop ning luong thu hoach va
phéan b6 cong suat.
- So sanh 3 phwong phap: Proposed (dé xuat),
OMA, va NOMA Non-SWIPT.
C.Tham sé thiét lap va két qua
Bang 2.Thiét lap tham s6 mé phéng

Tham s6 Gia tri
S6 nguoi ding (K) 10
Bang thong (B) 10 MHz
Cong suét phat (P_max) 33 dBm (~2W)
Téc d6 UAV (V_max) 25 m/s
Do cao UAV (h_uav) 100 m
Tan sb (fc) 2 GHz
Thoi gian mo phong (T) 100 s

6 X Performance Comparison (A=0.5)

im

Proposed Static UAV

Energy Efficiency (Mbps/J)
I sum Rate (Mbps)

1l

Non-SWIPT

Performance Metric
N w -

Hinh 7. So sanh EE va Sum Rate giira cac
phuong phap (A = 0.5)

Anh hwéng cua ty 1é chuyén mach thoi gian

7
5

Optimal 1=0.2!

3
Sum Rate (Mbps)

EE (Mbps/J)
>

1=0.25
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Sum Rate=48.50
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Hinh 8. Anh huéng cua ty lé chuyén mach
thdi gian (t) dén EE va Sum Rate

Quy dao UAV tdi uu

UAV
90 O Ngusiding
] Vitri UAV tinh

0 20 40 60 80 100

Hinh 9. Quy dao UAV téi uu
D. Panh gia két qua

1. So sanh Proposed voi Static UAV, OMA, va
Non-SWIPT:

Bang 3. So sanh giita cac phuong phap

Phuong EE (Mbps/J) Sum Rate
phap (Mbps)
Proposed 15,37 57
Static UAV 8,43 41,27
OMA 8,06 39,05
Non-SWIPT 8,26 41,12

« C6 thé thdy rang Proposed vuot trdi hon
OMA va Non-SWIPT:

- EE cao hon 48% so véi OMA va 46% so v&i
Non-SWIPT, nho ti wu qui dao UAV va phan
bd cong suét hiéu qua.
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- Sum Rate cao hon 31% va 28% tuong trng voi
OMA va Non-SWIPT, do NOMA cho phép nhiéu
nguoi ding truyén dong thoi trén cliing tan s.

« OMA bi han ché do phan chia tai nguyén tryc
giao, dan dén lang phi bang thong.

2. Anh heong ciia

« Ty 1& chuyén mach thoi gian toi vu tai T =
0,25 vé6i tham sb thue té (cong suét mach, suy
hao) di dugc dua vao mo phong, cin bang
gitta EE va Sum Rate.

* Khi 1 tang, Sum Rate giam do thoi gian danh
cho truyén dir li€u bi thu hep.

3. PBanh gia:

« Proposed 1a giai phap t6i wu cho hé thong
UAV-assisted, két hgp NOMA va quy dao dong.

* OMA khong phu hop véi kich ban doi hoéi
hiéu suit cao do han ché vé phan bd tai nguyén.

* Hi¢u qua SWIPT: Tang t cai thién EE nhung
giam throughput do thoi gian truyén dit liéu giam.

« Thach thirc: Dao dong kénh truyén do UAV
di chuyén anh huong dén hoi tu thuat toan.

6. KET LUAN

Cong trinh nay da nghién ctu va dé xuat bai
toan toi wu hoa da muc tiéu trong hé thong
SWIPT-NOMA-D2D dugc xay dung dya trén
su can bang gitta hiéu suat ning luong (EE)
va throughput, cing cac rang budc thuc té
nhu QoS, ning luong thu hoach, va di chuyén
UAV. Phuong phap scalarization va toi wu luan
phién cung cdp mot giai phap kha thi dé giai
quyét bai toan phi tuyén phtic tap niy, dam
bao hiéu sudt hé théng trong ca moi truong
tinh va dong.

(ISSN: 1859 - 4557)

Céac hudng nghién ctru tuong lai can két hop
cong nghé tién tién (AL, Blockchain, Quantum)
va giai phap thyc tién (trién khai phan ctng,
g dung dic thu) dé giai quyét bai toan phirc
tap cua mang UAV 6G. Vi¢c tap trung vao tinh
bén ving, hi¢u suét cao, va an ninh s& mo ra
ky nguyén méi cho két ndi khong day thong
minh va dang tin cay.

« Dy doan kénh truyén dong: St dung mang
no-ron hoc sau (LSTM, Transformer) dé du
bao trang thai kénh truyén dua trén dir liéu lich
str, giam sai s& do di chuyén UAV.

« T6i vu héa thoi gian thuc: Ap dung Federated
Learning dé phan tan viéc huan luyén mo hinh
DRL trén cac UAV, dam bao tinh bao mat va
giam do tré.

« Ty dong diéu chinh tham sé: Sir dung
AutoML dé t6i vu siéu tham sé (vd: A trong
scalarization) dua trén diéu kién mang.

« Mang UAV da tang: Két hop UAV tang thap
(mini-UAV) va tang cao (HAPS) dé mo rong
ving phu séng va can bang tai.

« Lién két Vé tinh-UAV: Nghién cttu tich hop
UAV véi vé tinh LEO dé hd trg két ndi toan
cau, dic biét & vung sau/vung xa.

« Mang phan tan (Decentralized Network): Trién
khai Blockchain dé quan 1y tai nguyén va xac
thyc thiét bi D2D ma khong can UAV trung tam.
« SWIPT lai ghép: Két hop thu hoach ning
luong tir RF va ngudn ning lugng téi tao (pin
mat tro1) dé tang tudi tho UAV.

« NOMA da song mang: Ap dung OFDM-
NOMA dé tang hiéu suat pho trong mdi trudng
da duong phuc tap.
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« Tai st dung tan s6 thong minh: St dung
Cognitive Radio dé tranh chap phd tan véi hé
thdng khac (vd: mang 5G).

« Ma hoa luong ti: Ap dung Quantum Key
Distribution (QKD) dé bao vé dit liéu nhay
cam truyén qua UAV.

« Chdéng nghe 1én vat 1y: Thiét ké co ché
Beamforming huéng dén nguoi dung hop
phép, giam ro ri thong tin.

« Xac thuc thiét bi D2D: Sir dung Zero-Trust
Architecture dé kiém soat truy cép trong moi
truong ma.

L&i cdm on

Bai bado nay dvwoc tai tro boi Truong Bai hoc
Pién e qua Pé tai NCKH cdp Trieong nam
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