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TOM TAT

Nang cao hiéu qua st dung mang truyén dan vo tuyén thé hé méi dang dugc
giGi khoa hoc trén thé gidi hét siic quan tam. Dac biét, van dé gidm thi€u cong sudt
phét clia hé thong phén tap dng-ten trong mang truyén dan vo tuyén da st dung
nhiéu ky thudt t6i uu hoa d€ xéc dinh. Bén canh muc tiéu xac dinh gid tri tGi uu, viéc
Gi thién toc do hoi tu cho bai toan ciing dugc nghién cliu. Ky thudt toi uu hoa
Nonsmooth (NSM) da dugc dé xuat nham gidi quyét cac bai toan dua ra gid tri tiém
cén t6i uu. Tuy nhién, phuong phap NSM yéu cau nhiéu lan lap dé thu duoc két qua
hiéu qua do toc d6 hoi tu chdm. Trong bai bao nay, ching toi dé xuat ky thudt t6i uu
SOCP-PR (Second Order Cone Program - Phase Rotation) dé cai thién dang ké t6c do
hdi tu cho bai todn tdi thiéu cong sudt phat trong truyén dan vo tuyén da dng-ten
doi vdi md hinh tram gdc truyén dan da dng-ten.

Tir khéa: Tong cong sudt phdt, kj thudt NSM, ky thudt SOCP-PR, truyén ddn vo
tuyén da dng-ten.

ABSTRACT

Improving the efficiency of using the new generation radio transmission
network is of great concern in the scientific community around the world. In
particular, the problem of minimizing transmit power of the antenna diversity
system in the wireless transmission network has used many optimization
techniques to solve. Besides the goal of determining the optimal value, improving
convergence speed for the problem is also studied. The nonsmooth (NSM)
optimization technique has been introduced as an efficient candidate that solves
the problems at nearly optimum. However, the NSM method requires many
iterations to derive an efficient result due to the slow convergence rate. In this
work, we proppose SOCP-PR optimization technique for multi antena
transmission model that improves the convergence rate in power minimum
problem significantly.

Keywords: Total transmit power, NSM technique, SOCP-PR technique, multi
antena wireless transmission.

'Khoa Dién tt, Trudng Dai hoc Cong nghiép Ha Noi
“Email: trandinhthong@haui.edu.vn

Ngay nhan bai: 15/4/2023

Ngay nhan bai stta sau phan bién: 30/8/2023
Ngay chap nhén déng: 15/10/2023

Website: https://jst-haui.vn

Tran Dinh Théng'”

1. GIGI THIEU

Su phat trién da dang cac dich vu truyén dan vo tuyén
thé& hé mdi trong bdi canh gidi han vé tai nguyén phd tan la
mot trong nhing van dé dugc quan tdm clia cdng déng céac
nha khoa hoc trén thé gidi. Nhiéu céng bé khoa hoc da tap
trung nghién cttu nang cao hiéu qua sir dung cho mang
truyén dan vo tuyén. C6 ba gidi phap co ban dé nang cao
hiéu nang st dung mang vo tuyén: Tang mat do trién khai
cac diém truy cap; bd sung thém bang tan; cai thién hiéu
suat st dung phé tan. Viéc trién khai thém céac diém truy cap
cling nhu cdp phat dai tdn méi kéo theo sy tén kém vé chi
phi va khé thuc hién trién khai hé théng. Do d6, thuc hién t6i
da hoda hiéu suat phd trén mét bang tan cho trudc la mot giai
phap hiéu qua va kha thi.

Bai toan t6i thiu téng cong suat phat cla cac ang-ten tai
tram g&c hodc nat chuyén tiép [a mot trong nhiing gidi phap
ky thuat nham cai thién st dung phd tdn mét cach hiéu qua.
Trong d06, st dung cac cac véc-to hodc ma tran trong sé tao
bup BF cla cac ang-ten phét tai tram géc hodc cac tram
chuyén tiép dé xay dung ham muc tiéu nham téi thiéu téng
cdng suat phat c6 cac diéu kién rang budc tai phia thu. Cac
bai toan t6i thi€u tdng céng sudt phat véi ham muc tiéu
khong 16i phi tuyén thudc 16p bai toan NP-khé (NP-hard) c6
dé phc tap tinh toan cao va khé xac dinh dugc gia tri téi uu
do c6 nhiéu cuc tri dia phuang. Ap dung va phat trién cac ly
thuyét toan hoc dé xac dinh gia tri t6i uu toan cuc va gidm
dd phc tap cda bai toan la mét van dé nghién ctu ¢o tinh
cap thiét trong khoa hoc cing nhu trong thuc tién.Mot diéu
r6 rang khi thiét ké cac vector cong suat téi uu BF déi vai
mang truyén dan vo6 tuyén nhan thic thudng la nhiing bai
toadn toan phuong bat dinh [1]. M6t trong nhiing van dé
giong nhu nhimng bai toan khong 16i, cac ky thuat dé xuat
trudc day thudng chyén vé bai toan SDP 16i vai cac diéu kién
rank-1 [2]. Sau d6, cac diéu kién rang budc khéng 16i va
khéng lién tuc dugc bién déi dé dat dugc cac gia tri téi uu
thich hop va trén co s& ky thuat ngau nhién dé khéi phuc gia
tri t6i uu cha bao toan géc dugc trinh bay trong [3, 4]. Tuy
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nhién, cac ky thuat dé xuat cling chi ra cac két qua cta bai
toan vdi cac diéu kién rang budc co gid tri téi uu khac véi cac
gia tri t6i uu thuc té cha bai toan géc.

Ky thuat t6i uu khéng tron NSM dugc dé xuat dé xac dinh
gia tri t6i uu dugc xem nhu'la moét bai toan thiét ké hiéu qua.
Vi két qua s6 liéu thuc nghiém c6 dugc da chira rang thuat
toan dé xuat da tim ra dugc hau hét cac gia tri téi uu toan
cuc trong khiyéu cau do phuctap tinh toan thap. Nhiing han
ché clia phuong phap NSM c6 thé dugc bdc 16 véi nhing
trudng hop phuc tap khi mét s6 lugng ang-ten I6n dugc st
dung tai tram phat va cac user. Nhiéu trudng hop, cac tha
tuc clia thuat toan NSM yéu cau mot sé lugng 16n cac budc
I3p dé dat dugc do hoi tu kha t6t hodc néu khéng sé mang
dén két qua t6i uu cuc bo. Piéu nay co thé dan téi trong viéc
khé khan Iua chon diém ban dau(xo, po trong bai bao[8])
cling nhu viéc gia tang cac hé sé gila hai budc lap lién nhau.
Trong bai bao nay, ching téi tap trung nham cai thién
phuong phap NSM bang céch thuc hién viéc lua chon gia tri
ban dau phu hop.

Gan day, bai toan c6 dang SOCP-PR [6, 7] da st dung ky
thuat quay pha nham cai thién t6c d6 hoi tu. Bang viéc so
sanh sé liéu vai phuang phap NSM thi ky thuat SOCP-PR ¢6
két qua tot hon. Phuang phap dé xuat SOCP-PR méi dua trén
nén tang clta ky thuat ham phat [9, 10]. Day la mét ky thuat
hiéu qua va quan trong dugc st dung déi véi nhiéu bai toan
ky thuat toi uu khéng 16i. K&t qua mé phong da minh chiing
nhiing dac tinh t6t hon khi so sanh véi phuong phap NSM
truyén théng lién quan dén téc do hoi tu.

Gid thiét: Cac ma tran va vector cot dugc ky hiéu bang ky
tu viét hoa va thudng tuong ting. Béi véi ma tran Hermitian
A thi Amax(A) la tri riéng 1&n nhat trong khi d6 p(A) 1a ban kinh
phé dugc xac dinh p(A) = max|N(A)| véi N(A) la cac gia tri
riéng, i=1,2,.... Khi A >0 thi ma tran A dugc goi la ma tran
PSD. Chung ta gia thiét (A) = trace(A) khi A la mdt ma tran
vuong va (A,B) = trace(A"B) khi ma tran A va B clng kich
thudc vai A™ 1a chuyén vi lién hop cla A. Tuong tu khi hai
vector phiic x va y ¢6 clng kich thudc thi: (xy) = xy,
[X]| = sart(x"x) va |<x,y>|2 = trace(xx"yy") =|x”y|2 Ngoai ra, Ex
la toan hang ky vong ctia bién ngau nhién x.

2. MO HINH HE THONG VA XAY DUNG HAM MUC TIEU
BAI TOAN

Group ‘I---"""

'|f_.[...\_.j__\"

BS (N antennas)

: . GroupG -

Hinh 1. M hinh hé thong tram gdc phat da nhom

Xem xét trudng hgp tram géc trang bi s6 lugng N d@ng-
ten dugc mé ta nhu hinh 1. Trong d6, tram géc c6 chiic nang
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truyén théng tin G mang tin hiéu sg, g =1, 2,..., t6i G nhom

gq bén thu. Méi nhém gg bao gom ig cac thiét bj thu, do vay
G

téng s6 lugng thiét bithu 1a M= Zig .Dé& thuan tién, ching
g=1

ta gia thiét i g, néu thiét bi thu thi i thi cap thuéc nhém

gg. Méi thong tin mang tin hiéu sy dugc gan bai trong sé BF

G
x, € CVtrudc khikéthgp dé tao thanh tin hiéu ngsg dugc
=1

truyén ditur N anten. Gia s cac sq, g = 1,2,...,G la doc lap, gia
tri trung binh bang khong, phuang sai don vi. Do vay, téng
G
cbéng sudt BF dugc xac dinh la ngxg
g=1
h, =[h,,h,,..h1",i=12,.,M la do tang ich kénh gilta bén
thu va phat thi i. Vi tin hiéu nhiéu n; & phia thu tha i 6 tri
trung binh bang khéng, phuong sai o7, tin hiéu thu & user
thaila:

d =trace(x.h)s, + Ztrace(x s, +n,
g=k

. Ngoai ra

Vivay, ty so tin hiéu trén nhiéu giao thoa SINR tai bén thu
thi ie g, dugc xac dinh bdi cong thic:

2
H
b
Hy, 2 2
Z|xghi| +0;
gzk

Bai toan téi thi€u téng céng sudt BF vaéi diéu kién rang
budc dugc xac dinh dudi day:

SNR, =

m|n

Ztrace )]

Thda man:

trace(x, x{hh!')
Ztrace x X, hh')+a?

g=k

Zai,iegk;k =1,..G

h, véi

Dé don gian, bang viéc bién déi h —
9 g vie 0\/»

a. va X =X xg,g 1,2,...G, khi d6 bai toan (1)

i=1,2,..M i

trad thanh:

a=min,

(2a)

trace(X, H,)

Thoéa man: >2q,ieg k=1.,G (2b)
Ztrace(Xg H,)+o;
g#k

Xy =X xg,g 1,2,..,.G (20)

véi H, =hh!". Bai toan (2) la bai toan téi uu khong 16i do
diéu kién rang budc rank-1(2c). Bang viéc ndi long diéu kién
rang budc thi bai toadn(2) tré thanh bai toan SDP. Tuy nhién,
két qua mang lai van chua thda man diéu kién rank-1 doi voi
mdi ma tran Xy nén chua dat dugc gia tri gan t6i uu. Do vay,
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can ¢6 cac gidi phap cai thién dé théa man cac yéu cau vé
rank-1 dé tim dugc gia tri t6i uu tot hon.
3. PHUONG PHAP TOI UU KHONG TRON DUA TREN NEN
TANG HAM PHAT

Theo bai bao [8], diéu kién rang budc cla bai toan téi uu
(2) khong 16i duge chuyén déi thanh diéu kién rang budc co
tinh chat ham 16i theo céng thuc (3):

G

D (trace(X,) -\, (X)) <0 (3)

g=1
Trong d6, Amax(Xg) 12 tri riéng 16n nhat clia Xg = 0, néu xay
ra trudng hgp <Xg> 2N . (Xg) déi véi bat ci Xg = 0 thi diéu
kién rang budc (3) tuong duong véi <Xg> =\ (Xg). Do dé,

tén tai duy nhat mot tri riéng Xy théa man diéu kién

Xy =\ (Xg)xgmaxxgmax Vi Xgmax la Véc ta riéng |Xgrnax =1)
cla Xq tuong Ung vdi tri riéng 16n nhat Amax(Xg).
Bai toan (2) tré thanh:
Ztrace (4)

0<X,q echN Xq ec” 9=1,..G
Thdéa méan diéu kién: (2b) va (3)

Véi gia tri khoi tao X;k’,g=1,2,...,G ctia (2b), (2¢) 6 tri

riéng 16n nhat A (

Xy . Khi d6 bai toan (5):

(k) Z,e , N 2 P
Xg') VGi véc to riéng chuan tuong ung

trace(X,)— A, (X{")
(

—trace(x'x " (X, = X))

9

mantrace

7971

o) FH

Théa méan diéu kién (2b)
VvGi 1 1a mot hé s6 thich hap, c6 thé bién déi dua vé dang
bai todn SDP nhu bai (6):

mmZtrace )+p(trace(Xg)—)\max(X;k’)—trace(x;k’x;k’HXg) (6)

s o
Théa méan diéu kién (2b).
Xét thay réng gia st X{*" la gia tri t6i uu cdia bai toan (6),
vi X‘gk) cling la gid tri cuc tri d6i véi bai toan (3), nén ta cé:
trace(X(g"”))+p[trace()(;k*”)—}\rmx(x("’ —trace(x, ) (")H X("”) —Xg‘) NI<
trace(X’)-+ultrace(X)’) -, (X")]

Khi d6 bang viéc sir dung tinh chat biéu thic:

N (Y) = AL, (X) 2 trace(X,, 5, X mae (Y — X))
fX!) = trace(Xy™) + pltrace(Xg™) = A,.,, (Xg™)]
trace(X{™") -\, (X{")
< trace(Xg‘”)) +
_trace(x(k)x(k)H(x(k+1) _X(gk))) (7)
<trace(X{") +pltrace(X}’) -\, (X;))]

=f(x™)

Website: https://jst-haui.vn

Ky thuat NSM trong [5] dugc thuyc hién théng qua hai giai
doan la khai tao ban dau va giai doan t6i uu. Budc dau tién
dugc bat dau khéi tao véi mét gid tri X© céd rank > 1 duac
gidi théng qua bai toan SDP(2) véi hé s6 u = 0,5. Budc tiép
theo bang cach thuc hién thiét 1ap p:= p + 0,2 cho dén khi (5)
dat dugc gia tri théa man diéu kién rank-1 thi lic dé giai
doan khéi tao két thic. Giai doan t6i uu dugc thuc hién khi
da lya chon dugc hé s6 p & giai doan khdi tao va thuc hién
thiét lap X" :=X{’ sau méi budc lap. Qua trinh cac vong

lap nay dugc két thuc khi sai s6 gid tri t6i uu gilta hai budc
lap lién ti€p bé hon mét gia tri sai s6 cho trudc. Thuat toan
ky thuat NSM dugc xac dinh nhu sau:

Thuat todn NSM xac dinh gia tri t&i uu Xﬁ;"”,g =1,...G

1.Giai doan khai tao ban dau:

% Budc khai dau: Lua chon gia tri g ban dau phu hgp
va X{,g=1,..,G théa man diéu kién (2c). Thiét lap: k:=0..

% Budc k: Gidi (8) dé dat dugc gid tri t6i uu
X¢,g=1,..G.

Néu trace(X“‘”)) A N X5),9=1,.,G (xac dinh dugc
rank-1) thi:
Thiét lap: X{ :==X{"",9=1,..,G, két thuc vong lap

va dua ra gia tri p va X‘g0 ,9=1,..,G.

néu x(gk*”=x;k’,g=1,..,G (khong c6 két qua
rank-1) thi:
Thiét lap: p:=u+0,2 va quay lai budc khai dau.
Con khong
Thiét lap: k:=k+1 va X' :
ti€p theo.
Két thac.
2.Giai doan t6i uu:
- Thiét 1ap: k := 0. Giai (8) dé dat dugc gia tri t6i uu
X<, g=1,..G.

=X cho budc lap

- Néu trace(X‘k”’)z(X‘k’),gz G (hoi tu) thi
Buara X{™ :=X;",g=1,..,G
Con khong

Thiét lap k:=k+1va XJ':
tuc budc lap tiép theo
- Két thuc

=X{",g=1,..,G . Tiép

Pua ra gia tri t8i uu cudi cung Xg”’”,g =1,..,G.

4, KY THUAT TOI UU SOCP KET HOP KY THUAT QUAY
PHA

Theo bai bao [8, 11] bai toan (1) dugc dua vé dang bai
toan SOCP két hgp vdi ky thuat quay pha PR c6 thé mang lai
nhiéu hiéu qua kha quan. Trong bai bao nay ky thuat t6i uu
dé xudt SOCP-PR dugc phéat trién dua trén nén tang lién
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quan dén ky thuat ham phat. Khi d6 mét cach téng quat,
bai toan (1) c6 thé dugc bién ddi vé dang bai toan SOCP-PR
nhu (8):

min trace(x,x,") @)
xgeCN 9=1,...G

Théa man diéu kién:
Re{xfhi} > JE||HMX

X, =1

Jieg k=12,..,G

o’ 0"
voi:| !

va x =[1x],.x.]". Ic la ma trdn d6ng nhat kich thudc G
va lg(;,k) 1a cét thi k clia ma tran le. Bang viéc bat dau tu gia
tri khai tao x°, ky thuat quay pha xac dinh pha cta kénh
truyén dan trong moi budc lap bang cong thic:

) = K9 expl—jol®), (10
vai o = Z0"h) .

5. PHAN TiCH KET QUA MO PHONG VA PINH HUGNG
PHAT TRIEN

DPé thuc hién mé phong két qua, luan an st dung ciu
hinh may tinh cé bé xt ly core i7 4770, téc d6 chip 3,4GHz
socket 1150 va phan mém Matlab 2018b két hop véi cac goi
cong cu Sedumi [12], SDPT3 [13], Yalmip [14]. M6 phdéng
danh gia so sanh ky thuat t6i uu SDR, ki ky thuat Nonsmooth
két hgp vai ham phat va ky thuat SOCP-PR vdi hai tiéu chi:
téng cdng suat phat va sé budc I3p trung binh. Cac tham s6
thuc hién mé phéng dugc thé hién & bang 1.

Bang 1. Cac tham s6 md phong

STT Tham sd mé phéng Gia tri
1 S0 nhom G, 6 ngudi dung M bén thu 4,24
2 | S6.ang-ten phat tai tram gocN 8
3 S0 vong lap itemu xac dinh hé s6 phat p 100
4 | S6vong lap itex giai doan tdi uu 200
5 S0 vong lap ITE d6i vi moi mic ngudng SNR 500
6 Muc ngudng SNR (dB) 2,4,6,8,10,12
7 | Diéu kién dimg & d6i véi ky thudt NSM 10°
8 | Diéukién ding &, i véi ky thudt SOCP-PR 10
9 Hé s6 phat 1° lua chon ban dau ctia giai doan 05

khéi tao doi vdi kj thuat NSM !

- D3i véi cong sudt phat téi thi€u:

DE thuc hién danh gia nhimng uu diém ctia ky thuat t&i uu
dé xudt, da tién hanh thuc hién so sanh ky thuat SDR vdi hai
ky thuat t6i uu NSM va SOPC-PR cling cac tham s6 mo phong
dugc thé hién trong bang 1. Trong d6, ky thuat SDR dé xac
dinh dudng bao chuan. Dua vao két qua mé ta & d6 thi hinh
2 cho thay ky thuat dé xuat SOCP-PR da tiém can dugc gia tri
t6i uu vai ky thuat NSM va SDR khi muic nguéng SNR thay déi
tur 2dB dén 10dB. Tuy nhién, muc SNR tang Ién va Ién hon
10dB khi @6 dé phic tap cta bai toan tang tuy nhién sé vong
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lap ctia kich ban mé phong chua da I6n dan tai gia tri cdng
suat téi thiéu dat dugc cé sai s6 16n so véi gia tri t6i uu that
cla bai toan.

500
—— SR DoUnds
250l = # =mzm 1
¢ - SOCP-PR &
4paf 1
E aso}
= 300
£
5 250 1
E A
E 200 e 1
T r
2 P
~ 130 #
’
10a} f’
-
L] B &5;5:’
e
& _._..—-'—""
2 4 E B 10 12

User Thresnold In 0B

Hinh 2. So sanh cong sudt t6i uu giifa ky thuat SDR, NSM, SOCP-PR

- S6 budc lap trung binh:

D& thuc hién danh gia uu diém cla ky thuat dé xuat, bai
béo chi thuc hién so sanh s6 buéc lap trung binh cla hai ky
thuat NSM va SOPC-PR. D{r liéu mé phong tir hinh 3 cho thay
t6c d6 hoi tu cda ky thuat dé xuat SOCP-PR da tang dan khi
muc ngudng SNR tang. Dac biét tai mdc nguéng SNR = 12dB
s6 budc lap trung binh cia ky thuat SOCP-PR chi bang 0,5
lan so véi ky thuat NSM. Tuy nhién, qua d6 thi két qua mé
phong cho thay, s6 budc ap trung binh clia hai ky thuat NSM
va SOCP-PR phu thudc vao viéc lua chon ngiu nhién hé sé
phat p dan t6i su thay d6i khong déng déu vé sé budc 1ap
trung binh.

- & - NSM P |
{  SDCP-FR -

25

=
.

*
1
k-2

&
Ll

Averaga number of Rerations
i
-
LY
L
S

=t
=]

5

2 4 B B 10 12
User Threshold In dB

Hinh 3. So sanh budc Iap trung binh gitta kj thuat NSM, SOCP-PR
6. KET LUAN

Cac két qua mo phdng cla bai bao da chi ra ky thuat
SOCP-PR khéng chi xac dinh dugc gia tri téng cong suét téi
thiéu tiém can vai gia tri t6i uu that vdi sai s6 nhé ma con
gidam dugc s6 budc lap cta thuat toan tinh toan trong cac
muc ngudng khac nhau SINR khi so sanh véi ky thuat NSM.
Vi viéc st dung ky thuat t6i uu dé xuat sé co y nghia vé mat
khoa hoc khi ap dung cho cdc mo hinh cé ham muc tiéu véi

Website: https://jst-haui.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619 SCIENCE - TECHNOLOGY

dé phuc tap I16n phu hgp véi cac mang truyén dan vo tuyén
trong tuang lai. Déc biét, mé hinh nghién ctiu tram géc cé AUTHOR INFORMATION
nhiéu (ng dung trong cac mang truyén dan vé tuyén nhu Tran Dinh Thong

mang théng tin di ddng, mang cam bién, mang truyén dan

=9 Faculty of Electronic Engineering, Hanoi University of Industry, Vietnam
thdy am SONAR.
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