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Tom tit:

Bai bao dé cap dén nghién ctru mot mang truyén théng khong day dua trén hé théng vo tuyén nhan thirc
vGi mot cap thu phat so cap va mot mang chuyén tiép so cap ¢ nhiéu ngudn thu. Trong mang so cap, mot
nit chuyén tiép sir dung md hinh thu hoach ning luong dé thu nang lwong tir tin hiéu vo tuyén cua céc
ngudn phét thir cip va so cap, sau do, st dung ning lugng thu hoach dé truyén théng tin cho nhiéu nguoi
dung Internet van vat thong qua k¥ thuat da truy cap phan chia thoi gian. Nhom tac gia dé xuat phuong
phap ti wu hoa dé ddng thoi toi uu cong suét, khoang thoi gian cho truyén ning lwong va théng tin nham
t6i da hoa tong thong luong cua mang so cap. Bé giai quyét bai toan, nhém chuyén doi thanh mot van dé
dé tinh toan hon va d& xuat mot thuat toan lip, trong d6 giai phap dang dong thu dugce & mdi lan lip. Hiéu
qua cua phuong phap d& xuat so vai cac thuat toan khac duoc xac minh thong qua két qua md phong.

Tur khoa: Mang v tuyén nhan thac; Truyén thong khong day; Thu thap ning luong; Internet van vat.

Abstract:

This paper investigates a relay-based cognitive wireless-powered communication network with multiple
secondary receivers and a secondary relaying network. In the secondary network, a relay adopts an energy
model to harvest energy from radio frequency signals of the primary and secondary sources and
subsequently utilizes the harvested energy to cooperate with the source for information transmission to
multiple Internet-of-things users over time-division multiple access. The research group formulated a novel
optimization problem that jointly optimizes the power and time fraction for energy and information
transmission to maximize the sum throughput of the secondary network. The authors first converted the
non-convex problem to a more computationally tractable problem and then proposed an iterative algorithm
in which closed-form solutions are obtained at each iteration. Thus, simulation results verify and
demonstrate the effectiveness of the proposed approach.

Key words: Conitive radio network; Wireless communication; Energy harvesting; Internet of things.

1. Giéi thiéu khan, doc hai hoac tai nhitng noi gap thién tai,
céc co s ha tang vién thdng bi phéa hay [3]. Tuy
nhién, viéc trién khai nay ciing gay can tro su
thay thé nguén nang luong cho céc thiét bi, nhat
la cac thiét bi st dung pin. Mot trong nhiing
cdng nghé gidp giai quyét van dé ning luong

Hién nay voéi su tang truéng nhanh chéng vé sb
lugng céc thiét bi Internet van vat (1oT) do xuat
hién nhiéu tng dung trong cac linh vuc nhu
cham séc stc khoe, nha may thong minh, ngoi
nha théng minh [1], [2]. Nhiéu ¢ng dung loT
duoc trién khai trong cac méi trudng nhiéu kho
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cho cac tng dung loT la nap nang lugng (EH)
khong day tir tin hiéu vo tuyén (RF).

Cong nghé EH duoc nghién ciu khé nhiéu,
hién nay tap trung chi yéu theo hai huéng:
Cong nghé thu hoach ning luong, dong thoi
truyén thdng tin (SWIPT) va cong nghé chi tap
trung truyén niang lugng khéng day (WPT). Vi
hé SWIPT, cac thiét bi c6 ngudn pin han ché,
vira nap ning luong, vira thuc hién truyén hoic
nhan thdng tin trong tin hiéu RF [4]. Déi véi hé
WPT, viéc truyén ning luong khéng day hoan
toan doc 1ap véi truyén nhan thdng tin, cu thé
hon, trong hé nay cé nhirng nat chi lam nhiém
vu cung cdp nang luong khdng day va khdng
tham gia vao qué trinh thu phat théng tin cia hé
[5]. Nhiéu cong trinh di sir dung cdng nghé
SWIPT trong cac md hinh nhu truyén théng
hop tac [6], bao mat Iép vat ly [7], hé thong
truyén théng nhan thic [8]. Trong nghién ctu
[6], su tac dong cua hai cach thuc phan bd ning
luong cho ky thuat da truy cap phi truc giao
(NOMA) gom: NOMA véi phan b ning luong
¢b dinh (F-NOMA) va NOMA lay cam htng tir
v tuyén nhan thicc (CR-NOMA), trén hé thdng
SWIPT. Nghién ciu [7] cho thiy mot khuén
khd bao vé chung vé an ninh ning luong va
quyén riéng tu thong tin cho hé EH véi phuong
phap hoc tap lién két. Bang cach giai quyét su
can bang giira xac suat hoat dong va co hdi truy
cap pho, cac tac gia da dé xuat mot giai phap toi
vu gitp ti da hoa thong lugng ciia hé nhan thic
thu hoach nang lugng [8]. Tuwong tu nhu vay,
céng nghé WPT ciing dugc nghién ciu rong rai
trong nhitng hé théng truyén thong nhu hé thiét
bi két ndi thiét bi (D2D) [9], hé loT [10]. Véi
muc tiéu 1a toi da héa hiéu suat ning luong
trung binh cua tat ca cac lién két D2D, trong khi
van dam bao chat luong dich vu caa ngudi ding
va cac rang budc EH thudc lién két D2D. Cac
van d& phan bé tai nguyén bao gém phan bo khe
thoi gian EH cua thiét bi, phan bo cong suit va
khéi tai nguyén phé ciing duoc tdi wu va dé cap
trong nghién ctu [9]. Kuang va cong su [10]
trién khai mot mé hinh cé kha ning truyén di
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liéu hiéu qua ¢ toc do cao cho da thiét bi hai
chiéu va thu nang lugng.

Trong nghién ctu nay, nhom tac gia gidi
thiéu mot mang vo tuyén nhan thirc, noi c6 mot
mang thtr cip va mang so cap dong thoi ton tai,
mang so cap chia sé bang tan cho mang thi cap.
Nhom tap trung nghién ctu mang vo tuyén
nhan thic dang nén tic cdng suat caa cac nat
phét tht cap can dudi mot ngudng cho trudc tir
quy dinh cia mang so cip. Mang so cip gom
mot cap thu phat. Mang tha cap gdm mot nguon
phat, mot nat chuyén tiép va da nguoi dung.

CAu tric phan con lai cua bai bao nay bao
gom: Gigi thiéu md hinh hé thdng st dung cong
nghé thu hoach nang luong khéng day duogc
trinh bay trong muc 2, sau d6, cho thiy mot sé
két qua dé danh gia nhirng thuat toan dé ra. Cudi
cuing, nhom két luan nhitng két qua thu duoc,
dong thoi, néu nhitng dinh huéng nghién ciu
tiép theo véi ky thuat thu hoach ning lugng
khong day.

2. Bai toan diéu khién cong suit cho hé théng
thu thap ning lwgng khong day

2.1. M6 hinh h¢ théng

Nhom xem xét mot mang so cap clng ton tai
v6i mot mang chuyén tiép so cap. Mang so cap
bao gdm mot ngudn phét (PT) giao tiép voi
ngudi ding so cap (PU). Mang thtr cap ¢6 mot
ngudn phéat (ST) ¢ ké hoach giao tiép véi K
ngudi dung thtr cap, tac SU,, ke{12,..,K}. Tuy
nhién, do qué trinh truyén tin hiéu bi suy hao
nghiém trong bai cac vat can nén nhiing lién két
tryc tiép gitta PT va SU khong kha dung. Nhu
vay, nit chuyén tiép thi cip (SR) hd trg ST
chuyén tiép cac thong diép tuong Gng téi cac
SU. Nhém gia dinh rang ST duoc trang bi N
ang ten, PT, PU, SR va SU la cac nit don ang
ten. Pat h,, eC% va h, , eC"™ biéu thi

cac vector kénh cua cac lién két ST-SR, ST-PU
va

st, pu

tuong l'mg Dét hpt,pu ' hpt,sr ) hpt,suk ) hsr,suk )

biéu thi cac hé sb kénh cua PT-PU, PT-SR,

hsr, pu
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PT-SUk, SR-SUk va SR-PU tuong tng. Thong
tin trang thai kénh hoan hao (CSI) cua tit ca lién
két duoc gia dinh 12 c6 sin tai cac ngudn phat.

So d6 khdi vé thai gian truyén cho mang thi
cip cia mang RCWPCN duya trén k§ thuat da
truy cap phan chia thoi gian (time-division
multiple access: TDMA), tixc mdi nhiém vu nhu
nap ning luong hoic truyén thong tin duoc thuc
hién trong mdi khe thai gian con truc giao(Hinh
1). Cha y rang ki thuat TDMA 4p dung trong
nghién ciru nay nhu sau: Cac nit phat truyén
nang lugng va tin hi¢u téi nat thu trong mot

khoang thoi gian nhat dinh. Nhu Hinh 1, PT va
ST truyén ning luong cho SR trong khoang thoi
gianq,, sau d6, qua trinh truyén thong tin dugc
thuc hién tr ST toi SR mot khoang thoi gian
a, 12 Va truyén thong tin tir SR téi mdi nguoi
dung thir k mot khoang thoi gian ¢, /2. Tong
thoi gian hé thuc hién ca truyén ning luong va
truyén tin hiéu téi tit ca K nguoi dung la

K e 2 2
T=a,+) a /2. Khdng mat tinh tong quat, tong
i=1

thoi gian nay duoc chuan hoa thanh don vi.

WET thir cip / WIT so’ cip

PT-5R ST-SR ST-SR | SR-8U;

................... ST-SR |SR-SUg

o /2 o2

<« e
ag/2  ag/2

Hinh 1. M6 hinh hé thong va so d6 thé hién hai pha: Nap ning lugng va truyén thong tin.

Toan bo qua trinh truyén tir ST t6i nguoi ding
trong mang thir cap duoc chia thanh hai pha lién
tiép gébm pha nap ning lugng (WET) va pha
truyén thdng tin (WIT). Luu ¥ rang, trong mang
so cdp, PT dong thoi truyén tin hiéu téi PU
trong hai giai doan ciia mang thu cap. Trong
pha WET, SR duoc cdp ngudn tir ca hai tin hiéu
RF cua PT va ST, sau do, trong pha WIT, SR
hd trg ST truyén thdng tin dén nguoi ding.

2.2. Pha nap ning lwong cho mang so cap
Trong khoang thoi gian «,, PT va ST truyén dir
=1 va tin hiéu nang luong x,,

lieu x |x

pur |“pu
Ix,|* =1, dugc gui cho PU va SR vdi cong suét
phat P, va P. twong tng. Gia st ST sir dung k§
thuat ty 1& truyén tdi da (MRT) dé truyén tin
hiéu dén SR v&i vector dinh dang chum tia
Phy e /[y

SR duoc biéu thi bang:

. Tin hiéu nhan duoc tai
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eh | H
rsr - hst,ereXe + \/ PP hpt,sr Xpu + nsr (1)

Véi n, ~CN(0,5%) la nhidu Gauss tring

(AWGN) tai SR. Ca hai tin hiéu cua PT va ST
déu duoc sir dung cho EH tai SR. Dya trén md
hinh EH thuc té [11], ¢ thé tinh dugc ning
luong thu dugc tai SR nhu sau:

Enin = O (2
Vi,

2+PF,‘h

hst,sr

©)

2
pt,sr

Trong do, ¢ 12 hiéu suat chuyén doi nang lugng.

®Oé¢(PE

2.3. Pha truyén thong tin

Sau giai doan WET thir cap, trong pha WIT tha
cap, thong tin dugc truyén tir ST dén nguoi
dung vai su hé tro cua SR theo ki thuat TDMA.,
Truyén tin hiéu giita ST va SUk thuc hién trong



L& Anh Uyén Vi, Nguyén Xuan Phwong, Nguyén Tién Tung

mdi khe thai gian con truc giao (TS), duoc ky
hiéu la o,k efL,...,K}, chia thanh hai budc pha
truyén tin hiéu. Luu y, gia dinh rang PT truyén
tinhiéu x,, dén PU véi cong suat phat P, trong
hai pha nay. Truéc hét, ST truyén tin hiéu
X,|%|* =1dén SR véi cong sudt phat P, bang ky
thuat MRT trong khoang thoi gian ¢, /2. Do
do, tin hiéu nhan duoc tai SR c6 dang:

ka Xk + \/ I:)P hpt,srxpu + I‘]sr

H
st,sr

rSI’ :h

(4)

st,sr

==, n, ~CN(0,87) la
st,sr
AWGN tai SR. Tiép dén, dua trén giao thuc
khuéch dai va truyén (Amply-and-Forward:
AF), SR str dung cong suat phat p, dé chuyén
tiép phién ban khuéch dai cua tin hiéu nhan
duoc VoI hé s khuéch dai
sz | 1 dén SUy trong thoi

VPl + P

gian ¢, /2. Do d9, tin hi¢u nhan dugc & SUk

, A
Trong do6, w, =./Py

2
2
+0g

duoc dua ra:

I‘k = \/p_khsr,ruk (ﬂrsr ) + \Ehpt,suk Xpu + nk (5)
Trong do, n ~CN(0,57) 1a AWGN tai SUk.

Do d6, théng lwong c6 thé dat duoc cho ngudi

ding SUk dugc biéu thi:
oy
R =W 7Iog 1+ 1) (6)
Vi,
2
A Psk hst,sr pk hsr,suk
Xk = 2 2 (7)
I:)sk hst,sr XZ + pk hsr,suk X1+ Xlxz
Xl = I:)P ‘hpt,sr i + 5321' (8)
Y
XZ = PP ‘hpt,suk + 5k ' (9)

2.4. Han ché cong suit phat caa may phat
thi cap

Do hoat dong & ché do nén, thiét bj mang thir
cap duoc phép sir dung ciing phé tan véi mang
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so cap. Tuy nhién, cdng suat phat caa mang thi
cap dugc dam bao dudi ngudng quy dinh trudc
dé tranh anh huong tiéu cyc dén viéc truyén tai
thong tin ciia mang so cap. Biéu dién 1, lacong

suat nhidu cuc dai ndt nhan PU c6 thé chap nhan
dugc [12]. Vi vay, & mang tht cAp tai pha WET,
cdng suit phat cua ST dé EH tai SR bi han ché
nhu sau:

P.<P. £min{—2" (10)

2’Pmax

h

st,pu

Trong d6, P la cong suat t6i da cua ST. Trong
pha dau tién caa pha WIT thtr cap, cong suat
phat cua ST phai rang budc:

>

A IP

P

skS

S min 2 77 max (11)

h

st, pu

Trong pha tha hai cua giai doan WIT thu cép,
cdng suat phat cia SR dé truyén di liéu téi Uk
phai bi han ché:

p

P = (12)

2

h

sr, pu

2.5. Phan bé tai nguyén dé t6i da hoéa thong
lwgng tong cha hé thang

Bai toan tdi da héa thong luong tong cua hé
thdng dwa theo giao thirc AF cho mang th cap
c6 thé duoc xay dung dudi dang toan hoc:

(P1): max iw ﬂIog(l+ Z)
i 2

K
st.C1: ) a, <L, €(0,1), Kk,
k=0
K
k=l

(13)

akzpk < 0,0y, YK,

C3:p, 20,vk,C4:0<P, <P,

C5:P, =P,
(10), (11), 12),

Trong d6, ©, va y, lan lugt dugc dua ra trong

(3), (7). P, biéu thi cong suét phat téi da cho

phép cua ST. Rang budc C2 chi ra rang tong

muc tiéu thu nang lugng cua SR cho pha WIT

C2:

0



Phan bd tai nguyén cho mang chuyén tiép khéng day nhan thirc véi thu hoach nang lwong

khong dugc 16n hon nang lugng thu dugc trong
pha WET. Rang budc C3 thé hién rang cong
suit phat ciia SR khong vurot qué cong suat phat
cho phép. Dé tang hiéu ning truyén thong tin
trong pha WIT, nang lugng thu hoach nén dugc
str dung tdi da, tirc rang bude (10) duoc gitr.

B6 dé 1: R =W log(1+ z,) 1a ham I6m cia
ba bién p,, «,.

Chitng minh: C6 thé d& dang kiém tra bang
cach xem dau cua dao ham bac hai R, tuong
g vai tiing bién.

3. Giai phap dé xuit dé xac dinh cuc dai
théng lwong tong

Trong phan nay, nhém tac gia thiét ké giai phéap
t6i da hoa tong thong luong (13) cua hé. Luu y
rang, mic du ham muc tiéu cd dang téng cua
cac ham 16m nhung do su lién két manh caa cac
biéng, va p, trong C2 dan téi (P1) 1a mot van
dé ti uu khong 16i (non-convex optimization).
Vi vidy, day 1a mot thach thic dé c6 duoc
nghiém cua (P1). Nham c6 dugc giai phap kha
thi, trudc tién, can st dung bién phu &, =, p,
dé bién d6i ham muyc tiéu khong 16i cua (P1)
thanh ham muc tiéu tuong duong:

As o, | o,
X0 la, +B
2

 Wa, Iog[1+
(P2): max >

Fo % k=
{a

ok 14
st.CLC2:) & <20,a,, YKk, (14)
k=0

C3:¢, >0,vk,C4,C5,
(12),12),

h

Dé giai (P2), can dua ra ménh dé sau:

Trong d6, A2P, |h,

2
» B=P, |n

st,sr‘

X, + %,X, -

Ménh dé 1: (P2) la bai toan téi wu 1di
(convex optimization) do ham muc tiéu la cac
t6ng cua cac ham 1dm da duoc ching minh dudi
day va khong c6 cac rang budc khéng 16i.

Chitng minh: Can chang minh rang mdi
ham trong (P2) déu 16m d6i véi hai bién ¢ va
a, . Tham khao tai liéu [13], 6 thé chung minh
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tinh I6m ciia R, véi hai bién &, va o, bang cach

|

Trong do, t, =—W¥&?, t, =—Wa? lan lugt 1a dao
ham riéng bac hai cua R theo ¢ va ¢,
t, =We.a, la dao ham riéng cua R, theo tung
bién con lai, i
ABa, [ 2(A+ X,) X,6,0 + 2AX 0, + ABat, @, |

B 2[( X,&,0, +akB)((A+ X,) &, +ng)J2 /e, +B

2 i . n . t,,t
kiém tra dau cua ma tran Hessian H, { o

k’tZk

VoI

Co thé nhan ra t, =t, (s/a)’, t, =ty (e/a).
Luu y, mot vector sd thuc ton tai dang

u=[u,u,]” de:

u'H.u=ujt, +2uu,t, +uit,. (15)

Thay thé t, va t, vao (15), c6 duoc
u'Hu=t, (u, (s /ak)—Uz)Z <0 do t, <0. Vi
vay, R lamotham 16dm. Ham muc tiéu cua (P2)
c6 dang tong cac ham I8m véi cac bién ¢, va
a, . Dé giai quyét van dé nay, can chia thanh céc
budc nhu sau:

Buwéc 1: Xac dinh phuong an téi vu phan bd
thoi gian truyén thong tin (PTI) o) Vi & va
a, d@ cho. Theo ménh dé 1, cd thé sir dung

Lagrangian cua (P2):
K
)
k=0

Trong d6, @2 {e,}, va 412 h¢ s6 Lagrangian

L(a,2)=D "R, -4

k=1

(16)

K

tuong tng véi C1. Bé dat dugc giai phép téi uu,
diéu kién Karush-Kuhn-Tucker nén thoa man:

oL(a, A
(e.2) = V—Vlog 1+—A€ka}k
oa, 2 X0, +aB
_ WABg, ¢, m, (17)
2(X.50 +aB)(Asa, + X g0, +2,B)
-1"=0
* K *
y) (Z a —1) =0 (18)
k=0
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K

< o . As o
Vi 2" >0nén [Zak s

-~  ~ )
s X0, +a, B

—1]:0. bat «=
(17) c6 thé biéu dién:

Kk(A- XlK)_Z_/I*

oL(w,2)/ 0e =log(1+x)- ST =0 (19)
D& dang nhan thiy y(,c):|og(1+,()_"gA(‘ﬁ;<) A
K

ham don diéu ting do dao ham bac nhit
Y (x) = 2X,x° +(A+2X1)K
A(x+1)

> 0. Diéu nay ton tai mot

. . 2
nghiém duy nhat y<K)_W:O' Do d6, c6 duoc

Ag,o, _
X0+, B

_ Agy o
X, &0, +a, B

, tac la:

(P3):E(ay.€) = maEXW(

k=1

Cho truéc «,, (P3) dugc xem la bai toan khéng
16m d6i véi &, bang cach kiém tra dau ciia dao
ham bac hai caa ham muc tiéu. Nhom tac gia
cung cap bd dé sau dé xac dinh phan bb ning
luong t6i uvu tai ST.

B dé 2: Phan bd nang luong téi uu thu dugc
nhu sau:

:max[O 1 ao (\/7+ A+X ) Qk] (23)

Vi, a 2(n8)+ w Q, [2x1(A+x1) i giwl]a)k

Dé tim gié trj t&i wu 6, nhém thuc hién mot
thuat toan tim kiém bisection v&i han ché

1_%jxlog

— K f—
st.C2:) g, <20,a,,C3.

s@ W

a Qg

(20)

K

V6i a,cho trude, tir (20) va > o, -1=0, PTI
k=0

o, la:

. (- g0,

Z‘Sk“’k
k=1

Bwéc 2: Dan ra dang dong cho giai phap phén
bd nang lugng téi wu (EA) & Véi o, VA o di
cho. Thé (21) vao (14), bai toan (P2) tr¢ thanh:

(21)

Aieka)k
1zgka)k

1 ao B (22)

K
C2:) & < thuc hién trong khoang

k=1

QE(O,M), M

20,a,
la mot gia tri da lon.

Buéc 3: Sau khi di tim duoc gia tri t6i uu
g, , thé vao (P3):

Aifiwk
 Jog| (24)
X, > &o,+(1-a,)B

k=1

E(ape)= maxW(

ay

Sau d6, dung thuat toan tim kiém mot chiéu
(1D) cho =(a,.&") dé xéc dinh gid trj toi wu ;.

Thuat toan ti uu tong quat nhu sau:

Thuat toan téi wu dung lweng tong

Raylelgh hst sr’ st pu ! hpt,pu ’ hpt,sr ’

tri xrat nho.
2. Bt dau thuc hién vong lap.

1. Khoi tao céc gié tri bang phan mém Matlab: Tao cac kénh truyén ngau nhién theo phan bd
hpt,suk’ hsr,suk va hsr put g 7, =0, Ty =1, FZ(\/g—l)/Z, mét glé'
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Thuat toan téi wu dung lwong tong

u

. Tinh & ={g; | theo (23) véi giatri z,.

. Tinh T=1,—(1,— 74K 1, =7, +(z, — 74 ) K-

. Tinh gid tri Z,(¢,) véi cac giatri r,va ¢ .
Tinh & ={z} theo (23) voi gid tri 7,.

. Tinh gid tri Z,(z,) Voi cac gidtri r,va ¢ .

© © N o U A~ W

. Két thaic vong lap khi |z, —7,| <« .

Két qua thu duoc: «; =(r,—74)/2,¢ .

.Néu 2,(,)>E,(z,) thi 7, =7,, nguoc lai 7, =7,.

4. Mt s6 két qua dat dwoc

Céc thdng s thiét lap dé thuc hién md phong:
Vi tri ciia PT va PR lan luot 1a (50 m, 10 m) va
(50 m, -10 m), vi tri cua ST, SR va SU la (0 m,
0m), (50 m, 0 m) va (100 m, 0 m). Hé s chuyén
d6i ning luong ¢=0.8. Bang thong W = 1
MHz, ngudng nhiéu |, =20 dBm.Dé so sanh,
nhom gidi thiéu hai giai thuat toan khac gom
thuat toan thuc hién khi cb dinh thoi gian truyén
nang lugng (FIT) va thuat toan khi chia nang
luong bang nhau (EP). V&i thuat toan FIT, cho
a, Mot gié tri trong khoang (0,1), sau d9, thuc
hién t6i uu cac bién o, va p, nhu cach thic trinh
bay & muc 3. Véi thuat toan EP, thiét 1ap gia tri
&, nhu nhau, con lai cac bién khac o, «,thuc
hién nhu cac buéc & muc 3. Hinh 2 biéu dién
tong thong luong caa hé theo cong suat phat toi
da ST, P, véi s6 luong SU 1a 4, s6 ang ten tai
ST la 2, cong suat phét caa PT la 5 dBm. Cac
ky hiéu “Pro.”, “FIT:0.5 (s)” va “EP” chi thuat
toan dé xuat, thuat toan véi khoang thoi gian
truyén nang luong ¢ dinh cu thé 1a 0.5s va
thuat toan véi viéc chia déu cong suat cua SR
khi truyén cho nhiing ngudi dung SU. Téng
thong lwong cua hé ting dang ké khi cong suat
P_ tang, néu cong suat phat thap dudi 15 dBm,
su chénh léch hiéu nang cua cac thuat toan
khong dang ké. Tai Hinh 2 ciing cho thay thuat
toan dé xuat “Pro” di ching minh tinh hiéu qua
khi dat tong thong luong cao hon so véi Cac
thuat toan con lai nhu “FIT: 0.5 (s)” va “EP”.

Pé danh gia hiéu niang cta hé théng véi sb
lugng ang ten tai ST, nhdm tac gia khao sat tong
thong luong theo s6 lwong dng ten nhu Hinh 3.
C6 thé nhan thy hiéu ning cta thuat toan dé
xuat lubn vuot trdi so vai cac thuat toan khac ca
tai P =20 dBmvaP_ =30 dBm. S¢ dng ten

cua ST cang ting, tong thong luong cua hé cang
I6n. Piéu nay co thé ly giai do luong ning
lwong cua SR thu dwoc nhiéu hon, ciing nhu tin
hiéu truyén tir ST toi SR dugc ting cuong.
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E

o.
T:0.5 ()
P

Tong thong lugng (Mbps)

5 10 15 20 25 30

Hinh 2. Tong thong lwong truyén thay ddi theo
cong sut phat tbi da caa ST, P, .
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)
2
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Hinh 3. Tong thong lugng thay doi theo s6 ang ten
cua ST v6i P, =20 (dBm), P, =30 (dBm).
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5. Két luan

Nhom di nghién ctu bai toan téi da hoa téng
thong lugng ciia mang vo tuyén nhan thic c6
thu hoach ning luwong biang cach téi uu hoa
chung thoi gian nap nang luong va théng tin,
cdng suat phét caa nat chuyén tiép. Van dé toi
wu duoc giai quyét bang ba budc trong d6 thuc
hién thuat toan 1ap, mdi 1an 1ap cé céc giai phap
dang déng cho cac bién can tdi wu. Thuat toén
dé xuit da chimg minh tinh vuot troi so véi cac
thuat toan khac va duoc kiém ching théng qua
cac két qua md phong. Trong hudng nghién ctu
tiép theo, nhdm tac gia s& &p dung cac ky thuat
truy cap tién tién nhu truy cap phi truc giao cho
qué trinh truyén cta nat chuyén tiép. Ngoai ra,
viéc danh gia hé EH trong bdi canh bao mat 16p
vat 1y [14] ciing 1a mot hudng nghién ciu can
dugc xem xeét.

Tai liéu tham khao

[1]K. W. Choi, P. A. Rosyady, L. Ginting, A. A.
Aziz, D. Setiawan, and D. I. Kim, “Theory and
experiment  for  wireless-powered  sensor
networks: How to keep sensors alive,” IEEE
Trans. Wireless Commun., vol. 17, no. 1, pp.
430-444, Jan. 2018, doi: 10.1109/TWC.20
17.2767579.

[2]Z. Chu, F. Zhou, Z. Zhu, R. Q. Hu, and P. Xiao,
“Wireless powered sensor networks for Internet
of Things: Maximum throughput and optimal
power allocation,” IEEE Internet Things J., vol.
5 no. 1, pp. 310-321, Feb. 2018, doi:
10.1109/J10T.2017.2782367.

[3]R. Zhang and C. K. Ho, “MIMO broadcasting
for simultaneous wireless information and power
transfer,” IEEE Trans. Wireless Commun., vol.
12, no. 5, pp. 1989-2001, May 2013, doi:
10.1109/TWC.2013.031813.120224.

[4]1. Krikidis, S. Timotheou, S. Nikolaou, G.
Zheng, D. W. K. Ng, and R. Schober,
“Simultaneous wireless information and power
transfer in modern communication systems,”
IEEE Commun. Mag., vol. 52, no. 11, pp. 104-
110, Nov. 2014, doi: 10.1109/MCOM.2014.6
957150.

46

[5]T.-T. Nguyen, V. -D. Nguyen, J. -H Lee, and Y.
-H. Kim, “Sum rate maximization for multi-user
wireless powered 10T network with non-linear
energy harvester: Time and power allocation,”
IEEE Access, vol. 7, pp. 149698-149710, 2019,
doi: 10.1109/ACCESS.2019.2947321.

[6]Z. Yang, Z. Ding, P. Fan, and N. Al-Dhahir,
“The impact of power allocation on cooperative
non-orthogonal multiple access networks with
SWIPT,” IEEE Trans. Wireless Commun., vol.
16, no. 7, pp. 4332-4343, Jul. 2017, doi:
10.1109/TWC.2017.2697380.

[7] Q. Pan, J. Wu, A. K. Bashir, J. Li, W. Yang, and
Y. D. Al-Otaibi, “Joint protection of energy
security and information privacy for energy
harvesting: An incentive federated learning
approach,” IEEE Trans. Ind. Inf., vol. 18, no. 5,
pp. 3473-3483, May 2022, doi: 10.1109/TIl.2
021.3105492.

[8] X. Liu, K. Zheng, K. Chi, and Y.-H. Zhu,
“Cooperative spectrum sensing optimization in
energy-harvesting cognitive radio networks,”
IEEE Trans. Wireless Commun., vol. 19, no. 11,
pp. 7663-7676, Nov. 2020, doi: 10.1109/T
WC.2020.3015260.

[9]M. M. Salim, H. A. Elsayed, M. S. Abdalzaher,
and M. M. Fouda, “RF energy harvesting
effectiveness in relay-based D2D
communication,” in 2023 Int. Conf. Computer
Sci., Inf. Technol. Eng. (ICCoSITE), Jakarta,
Indonesia, doi: 10.1109/1CCoSITE57641.2023.
10127846.

[10] Z. Kuang, G. Liu, G. Li, and X. Deng, “Energy
efficient resource allocation algorithm in energy
harvesting-based D2D heterogeneous networks,”
IEEE loT J., vol. 6, no. 1, pp. 557-567, Feb. 2019,
doi: 10.1109/J10T.2018.2842738.

[11] P. K. Sharma, Y. -S. Jeong, J. H. Park, “EH-
HL: Effective Communication Model by
Integrated EH-WSN and Hybrid LiFi/WiFi for
loT,” IEEE 10T J., vol. 5, no. 3, pp. 1719-1726,
Jun. 2018, doi: 10.1109/J10T.2018.2791999.

[12] E.Boshkovska, D. W. K. Ng, N. Zlatanov, and
R. Schober, “Practical non-linear energy
harvesting model and resource allocation for
SWIPT systems,” IEEE Commun. Lett., vol. 19,



Phan bd tai nguyén cho mang chuyén tiép khéng day nhan thirc véi thu hoach nang lwong

no. 12, pp. 2082-2085, Dec. 2015, doi: [14] N. Wang, P. Wang, A. Alipour-Fanid, L. Jiao,
10.1109/LCOMM.2015.2478460. and K. Zeng, “Physical-layer security of 5G

[13] T. -T. Nguyen, V. -D. Nguyen, Q. -V. Pham, J. wireless networks for loT: Challenges and
-H. Lee, and Y. -H. Kim, “Resource allocation opportunities,” IEEE loT J vol. 6, no. 5, pp.
for AF relaying wireless-powered networks with 8169-8181, Oct. 2019, doi: 10.1109110T.201
nonlinear energy harvester,” IEEE Commun. 9.2927379.

Lett., vol. 25, no. 1, pp. 229-233, Jan. 2021, doi:
10.1109/LCOMM.2020.3023937.

a7



