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T0I THIEU TONG CONG SUAT PHAT
TRONG MANG TRUYEN DAN VO TUYEN DA ANG TEN
C0 CHUYEN TIEP UNG DUNG K THUAT T01 UU SPECTRAL

MINIMAL TOTAL TRANSMIT POWER IN RELAY WIRLESS TRANSISSION NETWORK

USING SPECTRAL OPTIMIZATION TECHNIQUE

TOM TAT

Heé théng truyén dan vo tuyén chuyén tiép da dng-ten vdi giao thic x Iy AF
nhan dugc nhiéu su quan tdm nghién citu trong viéc toi uu héa cong sudt phat.
Viéc st dung ky thuat SDR trong cac dé xuat trudc day thong qua viéc véc-to hda
ma tran tién giai ma da tao ra mot ma trén bién trung gian lam gia tang do phic
tap cho bai toan. Khi do, dé gidi quyét van dé nay ddi véi nhiing bai todn c6 kich
thudc 16n thi can sir dung s6 luong bién phu d€ dua ra dugc mt bai toan t6i uu
€6 d9 phuc tap bé hon so vdi ky thudt SDR dugc dé xuat trugc day. Bai béo dé
xuat kj thudt t6i uu Spectral dé xi Iy truc tiép d6i véi ma tran bién can t6i uu
thong qua viéc phan tich tri riéng va véc-to riéng. Cac két qud mo phdong minh
chiing viéc st dung ky thuat toi uu SPO da cho két qua tiém can vdi ky thugt SDR
@ cdc mdc ngudng SINR khac nhau.

Tir khéa: Tong cng sudt pht, kj thudt toi uu Spectral, truyén dén vo tuyén da
dng-ten.

ABSTRACT

The multi-antenna relay wireless transmission system with AF processing
protocol has received a lot of research attention on the power generation
optimization problems. The SDR technique was used in previous proposals by
vectorizing the pre-decoding matrix and then producing a matrix of secondary
variables that increased the computational complexity. To solve this problem
with large size problems, the number of additional variables needs to be
shortened. Finally, an optimal problem with a smaller complexity than the
proposed SDR technique is proposed. The paper proposes a Spectral optimization
technique to deal directly with the variable matrix to be optimized through
eigenvalue analysis and eigenvectors. The simulation results demonstrate that
the use of SPO optimization technique has brought asymptotic results to SDR
technology at different SINR threshold levels.

Keywords: Total transmit power, spectral optimization technique, multi antena
wireless transmission.
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CHU VIET TAT
AF Amplifier Forward (khuéch dai va chuyén tiép

SDR  Semidenifinite Relaxation (bai toan ban bat dinh

gian lugc)

SDP  Semidenifinite Program (bai toan ban bat dinh)
SINR  Signal to interference plus noise ratio (ty Ié tin
hiéu trén nhiéu céng)
SPO  Spectral optimization technique (ky thuat t&i uu
Spectral)
1. GIGI THIEU

Hé théng truyén dan vé tuyén chuyén tiép da ang-ten
vGi giao thic xt ly AF da nhan dugc nhiéu sy quan tam
nghién ctiu trudc day ké tu khi hé théng nay cé thé nang
cao hiéu nang vé téc dé truyén di liéu va cai thién dugc
vling phi séng trong mang truyén dan vé tuyén. Boi véi
phuong thic chuyén ti€p MIMO st dung AF, tai cac nut
chuyén ti€p tin hiéu thu dugc nhan véi mét ma tran trong
sO va sau dé dugc truyén téi cac user bén thu. Van dé can
tim ra ma tran trong s6 t6i uu tai chuyén ti€p nham téi
thiéu dugc téng céng suat phat trong khi van dam bao
dugc chat lugng dich vu QoS bén thu.

Céc bai toan lién quan dén t6i thiéu cdng suat cd cac
diéu kién rang budc SINR khong 16i da gy ra sy kho khan
khi giai bai toan t6i uu cong suat vé mat toan hoc. Nhiéu ky
thuat t6i uu dugc st dung cho bai todn diéu khién cong
suat phat trong dé ky thuat t6i uu SDR vai y tudng thuc
hién gidm hang ma tran ddi vai cac diéu kién rang budc dé
dua vé dang bai toan dang SDP. Tuy nhién, ky thuat SDR
thuc hién véc-to hda ma tran tién giai ma X va sau dé dua
ra mot ma tran bién phu da lam gia tang dé phuc tap tinh
toan va rat kho gidi. D€ gidi quyét van dé nay vdi nhiing bai
toan co kich thudc 16n thi sé lugng bién thém vao can phai
dugc rut gon dé dua ra dugc mot bai toan téi uu véi ham
muc tiéu mdi cé do phuc tap bé han so véi phuong phap
SDR dugc dé cap & trén.
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Thay vi véc to hoa ma tran tién gidi ma cta ky thuat SDR
dé xac dinh gia tri t6i uu, bai bdo dé xuat ky thuat t6i uu
Spectral thdng qua céc bién déi véc-to riéng va st dung
thuat toan lap dé xac dinh gia tri t8i uu. Hon nira, cac budc
I3p t6i thi€u thuc hién tim dugc gia tri t6i uu dam bao tang
téc d6 hoi tu. K&t qua s6 lietu moé phong da xac dinh duoc
gia tri t6i thiéu téng céng sudt phat cha ky thuat t8i uu dé
xudt cing nhu thai gian tinh toan trung binh khi so sanh
vGi ky thuat SDR trong mét sé trudng hgp.

2. MO HINH TRUYEN DAN VO TUYEN CHUYEN TIEP PA
ANG-TEN V61 GIAO THUC XU LY AF
2.1. Mé hinh truyén dan vé tuyén chuyén tiép da ang-ten

Xét m6 hinh truyén dan vé tuyén chuyén ti€p da dng-
ten nhu hinh 1. M6 hinh nghién ctu c6 M user nguén phat
truyén tin hiéu t6i phia thu c6 M user théng qua moét
chuyén tiép dugc trang bi N dng-ten thu va N dng-ten phat.
Khi st dung giao thiic chuyén ti€p da ang-ten sé gia ting
dugc vung phu truyén dan vdi gia thiét khéng thuc hién
thiét 1ap két néi truyén thong tin tryc tiép ti ngudn téi
dich. Chuyén tiép da dng-ten hai ching ducgc hoat dong
trong ché& dé c6 phuong thiic khuéch dai va chuyén tiép.
Bai bao xem xét mo hinh truyén dan vo tuyén chuyén tiép
da ang-ten v4i muc tiéu t8i thiéu téng cong sudt phat
nhung dam bao diéu kién SINR I6n hon mot nguéng cho
phép tai tirng user phia thu. Pham vi c6ng suét tiéu thu tai
tram phat chi tinh dén céng suat thuc hién x ly tin hiéu tu
cac ma tran trong s6 t6i uu dé thuc hién tao bup cho méi
ang-ten.

Chuyén ticp

Hinh 1. M hinh chuyén tiép vd tuyén MU-MIMO phuong thic x Iy AF

Véc-to tin hiéu s=[s,s,,..s,]" € C" dugc gui ti M user
bén phat dugc gia thiét la doc 1ap véi tri trung binh bang
khéng va phuong sai o’ = E|:|Si|2:| . Gid thiét

h, =[h,h,,..h ] e CV,i=12,..,M la véc ta kénh truyén
dan huéng Ién gilla ngudn phat thi i v6i chuyén tiép.
. P T N . N .
Trong khi do, Ij =[Ij1,lj2,...,IjN] eC'i=12,..,M la véc to
kénh truyén dan hudng xudéng gilta nat chuyén tiép va cac
user thu tha j bén phia thu. Giai doan truyén dan thid nhat,
tat ca cac user bén phat truyén tin hiéu dong thai téi nat
chuyén tiép. Khi d6 tin hiéu thu dugc tai nat chuyén tiép
dugc xac dinh:

Yoo =Hs+n, (M

Trong d6, H la ma tran kénh hudng lén c6 cac ¢t la cac
véc-to kénh. Gia thiét n =[n,n,,..n, 1" eC",i=12,.,N la
nhiéu trang cdng Gau-xo ¢ gia tri trung binh bang 0 vai
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phuong sai 67 = E[

n

m

2] Khi d6, X 1a ma tran trong sé téi
uu can tim dugc nhan vdi tin hiéu thu tai chuyén tiép.
Chang tha 2 chuyén tiép sé phat tin hiéu sau khi xt ly téi
cac user tai phia thu.

Tin hiéu thu dugc tai chuyén tiép dugc xac dinh:

Yiely = qup = XHs + Xn, (2)
Téng cong sudt chuyén ti€p dugc xac dinh:
P (X) = E{| Vi 2} = trace((o’HH" + 621, )X"X) (3)

Tin hiéu thu dugc tai user phia thu:
Y4 =LXHs+LXn, +n, 4)
vdi ny la nhiéu trang cong phan b6 Gau-xa tai phia thu
véi phuong sai o7 va L la ma tran kénh huéng xuéng.
Tin hiéu thu dugc tai user thu thi i c6 thé dugc xac dinh:
M
Yo = Xhs +> I'Xh's, +I'Xn, +n, (5)
j#
Ty s6 tin hiéu trén nhiéu giao thoa va tap am SINR tai
user thu thui:

2 H HyH
SlNRi(X): 2 fStracHe(:ili Xhizhix ) HywH 2
o. y_ trace(ll’Xhh'X") + c’trace(l’XX") + o
JA

véi I, = (1) 13 lién hgp phiic cta théng tin kénh hudng
xuéng déi véi user thi i & phia thu.

Trong truyén dan vo tuyén c6 chuyén tiép, muc tiéu
chinh cta chuyén ti€p thuc hién truyén dan tin hiéu gila
phia phat va phia thu nhdm t6i thiéu hoa téng cong suat
nhung van théa man diéu kién SINR.

Bai toan t&i thi€u hoa téng cong suat dudi diéu kién rang
budc SINR dugc xac dinh nhu (7):

)EryNnN trace((c’HH" + 71 )X"X) 7)

théa man diéu kién:
SINR.(X)>q,,i=1,2,..,M. (8)

2.2. Xay dung bai toan tdi thiéu cong suat phat st dung
ky thuat SDR

Trudc khi trinh bay ky thuat t6i uu Spectral dé xuat,
phan nay xay dung bai toan dang SDR dé gii quyét vé van
dé vé diéu kién rang budc rank-1 cho bai toan téi uu. Y
tudng cla ky thuat SDR bién ddi dua vé bai toan t6i uu ma
tran rank-1 thong qua viéc s dung mét ma tran bién phu.
Do d0, bai toan méi yéu cadu mét lugng phép tinh toan 16n
dé dat dugc gia tri t6i uu. Trong trudng hgp dac biét, téng
coéng suat PH(X) trong (7) dugc viét lai:

P, (X) = trace(X"X[(0’HH" + 071,)" ®1,]) 9)

Khi d96, ty s6 SINR tai phia dich th i dugc biéu dién nhu
sau:
_ ortrace(X"X[(hh!)" ®(I1')])
trace(X"XA®(II') + o

SINR;(X) , (10)
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M
véi A=(02) hh"+0l,)". Bing viéc thay thé thanh
i#j
phan phi tuyén X"XeC"™ bing ma tran Hermitian
0<XeC¥™, khi d6 bai toan t6i uu khong 16i (7) dugc
biéu dién:

min _P(X) (11)
0<XeCV N
vdi diéu kién rang budc:
SINR,(X) > q,,i=1,2,..,M (12)

Bai toan t4i uu 16i da dugc bién d6i ludn ludn gii dugc
gid tri t8i uu dat rank-1. Bai toan d6 c6 thé dua ra mot gia tri
t6i uu chinh xac cho bai toan t6i uu khéng 16i (9). Bai toan
toan phuang khéng 16i véi bién ma tran X e CY™ vé6i s6
lugng cac diéu kién rang budc khéng 16n hon N thi c6 thé
gidi dugc mot cach chinh xéc bang ky thuat SDP tuong
duong. Tuy nhién, tir goc do vé mic do tinh toan thi diéu
bat Igi chinh ctia phuong phap SDR la dua ra mot ma tran
bién X trong (11) ¢6 kich thudc Ién. P phuc tap tinh toan
giai theo phuaong phap SDP la O((N’(N’+1)/2)*), diéu dé6
dan tdi ky thuat SDP chi ap dung cho mé hinh truyén dan
chuyén tiép MIMO c6 s6 lugng anten thu phat nhé.

2.3. Thiét lap bai toan téi thiéu cong suat phat st dung
ky thuat t8i uu Spectral

Trong [5] diéu kién rang budc SINR khéng 16i da gay ra
su kho khan trong viéc thuc hién bai toan t6i uu céng suat
vé mat toan hoc. D& gidi quyét van dé nay can thuc hién
céac bién d6i toan hoc nham gidm cac phép toan thuc hién.
Thong qua viéc dua ra mot ma tran Y ma cac phan ta Y(i,i)
nam trén dudng chéo c6 tinh chat phi tuyén
trace(LI'Xh,h!'X"),i=1,2,...,M, diéu kién rang budc trong
bai toan (7) diéu kién SINR trd thanh ham 16i.
alo? Y trace(lXhh'X") + o7 trace(l"XX") + 071~ 02 ¥(i,) <O,

j# (13)
i=12,.,M

Dinh nghia mét anh xa tuyén tinh F(X):C"" — C" véi
F(X) = [I'Xh, I'Xh, ... Xh, T . Khi d6 diéu kién rang budc

trong bai toan (7) déi vdi bién X tueng duang vai diéu kién
cua (13) déi vdi (X, Y), do do, khi va chi khi (X, Y) thda man:

— Y r(Xx)
=y >0 (14)
r~x 1
rank(Y) =1. (15)
Thong thuong (14), (15) tuong duong Vdi

Y(i,i) = trace(Ll'Xh,h!'X") , khi d6 bai toan t8i uu (7) tuong
duong véi:

P (X) (16)

XeC™N yec"™ M
véi diéu kién:
a,[02 ) trace(l ' Xhh'X") + o7 trace(l"XX") + 031 - 07 Y(i,) <O,
f (17)
i=12,.,M
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F(X)} 20 (18)

o | Y
o
rank(Y) =1. (19)
Dua trén ky thuat t6i uu Spectral st dung thuat toan lap
dé gidm hang cho ma tran VCGng nhu gid tri ham muc
tiéu. Pau tién, c6 thé thdy rang tén tai gia tri 0 < pu < oo thi
khi p >y, (17) tuong duong vdéi:
MInP; (X) + UI(Y) = A, (V)] (20)

max (
vGi diéu kién rang budc:
afo? ) trace(ll'Xhhi'X") + o7 trace(l'XX") + 01 -0} Y(i,) <O,
P (20a)
i=12,.,M.

F(X)} 20 (20b)

< Y
Y=
rx 1
véi Y dugc xac dinh theo A (Y) Ia mot ham ctia X va
Y véi gia thiét:

A, (Y)=f(X,Y)
Khi d6 déi vai bat ky ma tran M tuy y thi déu co:
Ao (M+AM)=N__ (M)>x!! AMx__ (21)

trong d6 A, va X,.., 1a tri riéng 16n nhat va chuan véc-to
riéng tuong Ung cla M, khi d6 ta cé:

A (Y+AY) =N (Y)=x" AYx_ (22)
Khi do:
)\m{ Y+AY r(X+AX)}
rf(x 1
(X+A%) >trace(x X AV T ) (23)
. Y X r'ax) o
Are r'o 1
xM
Bang viéc gia thiét x :{ ;‘W} véi X\ gébm M phan
xmax

t0r dau tién cla X, va X! . 13 phan ti cudi cung va sau d6
vé trai clia (23) viét lai:

xM AY  T(AX)
t max H H 1 H
race([x:n aj[(xmax) (X pax) ]LH AX) 0 }) 24)
=trace(x” (] )'AY)+2trace(x” (x!_ )'I"(AX))

Bat dau bang gia tri Y¥ va X%, mét biéu thic déi véi
N X, Y) 6 thé dugc biéu dién nhu sau:

X, ¥) = XY + (X=X, Y9 +(Y - Y¥) >
A X9 YY) trace(d, X ) (Y-Y¥)) +
2trace(x”, (x! )" (X-x%))

Vi vdy, bai toan t6i uu (17) trd thanh:

minP (X) +pitrace(Y) -\, (¥ ) trace(x, (x, (Y- Y*))

(25)

—2trace(x, (x. )T (X—X"))]

max
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véi diéu kién:
a,(0? Y _trace(Ll'Xhh!'X") + o’ trace(LI"XX") + 03) — 02 ¥(i,i) <O,

jA

i=12,..M
v [ HY F(X)} S0
X 1

Cac budc thuc hién tim ki€ém gia tri t6i uu chia thanh hai
giai doan. Giai doan thu nhat xac dinh tham s6 p nhu bai
(25) dé dua ra dugc gia tri rank-1 cho ma tran Y. Hé sé p co
thé dugc lua chon tir mét gia tri dd nhéd chdng han p = 0,5.
Néu gia tri nay nho nhung chua xéac dinh dugc ma tran Y
c6 rank-1 thi thay déi gia tri p bang 2. Giai doan thd hai khi
gia tri y da duoc lua chon & budc thi nhat sé dugc gilr
nguyén khéng déi trong khi d6 thuc hién thiét l1ap cac gia
tri (XY, Y®) sau méi budc 13p. Qua trinh t8i uu ding khi su
chénh léch giira cac gia tri ham muc tiéu trong hai budc lap
lien ti€p bé hon 102 Két qua s6 liéu [4] da ching minh cho
thay ky thuat t6i uu Spectral c6 thé xac dinh dugc gia tri téi
uu ma khéng phu thudc nhiéu vao viéc lua chon gia tri khéi
tao (XY, Y¥). P& hé théng hoa thuat toan thuc hién mé
phong cho ky thuat téi uu Spectral theo céc buéc nhu sau:

Cdc budc thuc hién thudt todn sir dung ky thudt téi uu
Spectral

« Xac dinh gia tri (X, YO)

« Budc lap thu k: Giai bai toan (25) va xac dinh gia tri toi
uu (X® Y& Bya ra muc sai s6 ¢, thuat toan ding va dua
ra gia tri t6i uu (X®, Y®),

+ Néu:

P, (X*) =P (X*) + p(trace(Y® — Y*))

—FX™,Y¥) + f(X*, Y )< g

+ Néu khéng thda man chuyén sang budc lap ti€p theo.

- Dua ra gia tri t6i uu cudi cling.

3. KET QUA MO PHONG VA PANH GIA

D& thuc hién danh gia dugc hiéu qua clia ky thuat téi uu
Spectral dé xuat ap dung cho mé hinh khao sat. Qua trinh
thuc hién mé phéng st dung cau hinh may tinh PC c6 bo
bd xU ly core i7 4770, t6c d6 chip 3.4GHz socket 1150 va
phan mém Matlab 2018b két hop véi goi cong cu Sedumi,
SDPT3, Yalmpl[2]. Gia thiét thong tin trang thai kénh dugc
udc lugng va tat ca cac phan tir kénh phan bé Gau-xa déc
Iap. Cong suét tin hiéu, chuyén tiép va céng suat nhiéu &
phia thu dat gia tri c6 dinh tuong Ung tai cac muc 0dB, -
20dB va 0dB. Vi mbi muc ngudng SINR thay déi tir 2dB
dén 10dB dugc thuc hién mé phéng Monte-Carlo véi 1000
phép thir déi vai mét lan cta gia tri SINR.

Kich ban mé phdng 1:

Truéc hét danh gia so sanh ky thuat t6i uu SDR va ky
thuat Spectral cho mé hinh dé xuat trong d6 véi méi muc
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ngudng SINR ¢6 s6 lugng user nguén, dich va anten thu
phét tai chuyén ti€p trong ba trudng hgp: (M, N) = (3, 5), (3,
6), (5, 7). K&t qua md phdng & d6 thi hinh 2 cho thay véi cac
trudng hgp khac nhau thi ky thuat SDR va ky thuat Spectral
da xac dinh dugc téng cong suat phat téi thiéu chuyén
ti€p. VGi trudng hap (M, N) = (3, 5), ky thuat SDR va SPO cho
két qua cdng suéat ti thiéu nhu nhau. Tuy nhién, ddi vai hai
trudng hgp con lai da cho thay ky thuat téi uu SPO dua ra
gia tri t6i uu tiém can vdi ky thuat SDR.

[—— —sPo M=3,n=5]
— @ —SDR M=3N=5 |
=+=+= SPO M=3,N=6 ' 4
— @ —SDR M=3,N=6 | 7

30 # — SPO M=5,N=7 |
|— 8 —SDR M=5N=7 | 7 .

Tdng cong sudt chuyén tiép

> __ @
<
|
|
|
|

"2 3 4 - . 7 8 9 10
Mirc ngurdmg (dB)

Hinh 2. So sénh tdng cong sudt t6i thiéu chuyén tiép gita k thuat SDR va
SPO

Kich ban mé phdng 2:

Trudng hop nay thuc hién déi véi bai toan vdi trudng
hop s6 ang-ten thu phat nat chuyén tiép N = 5 va s user
bén phat va bén thu M = 4. Ngoai viéc so sanh gia tri cong
suat t6i thiéu con thuc hién so sanh thdi gian tinh toan
trung binh gitia hai ky thuat SDR va SPO. Theo két qua mé
phéng dit liéu thu dugc ti bang 1, gia tri téng cdng suéat toi
thiéu clia ky thuat SPO tiém can vai ky thuat SDR véi cac
muc ngudng SINR thay d&i ti muic 2dB dén 10dB. Dac biét,
két qua dir liéu bang 2 cho thay thai gian tinh toan trung
binh ctia ky thuat SPO nhé hon rat nhiéu so vai ky thuat
SDR nghia la t6c d6 héi tu bai toan da dugc cai thién.

Bang 1. So sénh tong cong sudt t6i uu chuyén tiép gitia ky thuat SDR va SPO

(M,N)=(4,5) 2dB 4dB 6dB 8dB 10dB
SDR 3,218 | 5612 10,37 19,31 27,29
SPO 3,253 | 5674 10,53 19,57 28,23
Bang 2. So sanh thai gian tinh toan trung binh gitta k§ thuat SDR va SPO
Dan vi: giay
(M,N)=(4,5) | 2dB 4dB 6dB 8dB 10dB
SDR 3,2 3,18 3,35 3,54 4,48
SPO 1,69 1,76 2,15 2,55 3,65

4, KET LUAN
V6i mé hinh nghién ciu chuyén ti€p MIMO c6 nhiéu
ting dung trong cac mang truyén dan vé tuyén nhu mang
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thong tin di déng, mang cam bién, mang truyén dan thay
am SONAR. Bong thai két qua mo phéng clia bai bao da chi
ra viéc Ung dung ky thuat SPO xac dinh dugc gia tri téng
cong suat t8i thi€u khi so sanh vai ky thuat SDR. Bén canh
dé, ky thuat SPO con c6 thé thuc hién ting téc d6 hoi tu bai
toan trong mét sé trudng hop. Véi viéc st dung ky thuat téi
uu dé xuat cé y nghia vé mat khoa hoc khi ap dung cac mé
hinh c6 ham muc tiéu véi do phuic tap I6n phu hgp véi cac
mang truyén dan vé tuyén trong tuong lai.
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