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PNG DUNG KY THUAT TOI UU HOA CHO BAI TOAN
BEAMFORMING TRONG TRUYEN DAN VO TUYEN
V1 BOI CANH DAM BAO AN NINH LOP VAT LY

APPLICATION OF OPTIMIZING TECHNIQUES FOR BEAMFORMING PROBLEMS
IN' WIRELESS TRANSMISSION WITH PHYSICAL SECURITY BACKGROUND

TOM TAT

Céc bai toan toi vu beamforming (BF) trong truyén dan vo tuyén throng la
nhiing bai toan toan phuong khong 16i véi phuong phap dién hinh dé gidi la si
dung k§ thuat SDR cuing vdi k thuat ngau nhién. Tuy nhién, trong nhiéu trong
hop, cac gidi phap nay khong mang lai két qua toi vu dac biét khi hang ma tran
bién t6i vu I6n hon 1. Trong bai bao nay, bai toan beamforming duoc dat trong
béi canh dam bao an ninh 16p vat Iy khi ¢6 d6i twgng xam nhap nghe Ién véi yéu
cau vira ché ap duoc doi teong xam nhap dong thoi phai dam bao cht lrgng tin
hiéu ctia may thu cling nhu tdi thiéu hda dwoc cong suét phat. Nhiing két qué md
phdng véi cac treong hop khac nhau cho théy tinh hiéu qua cta phuong phép dé

Tir khoa: T6i tu beamforming, phuong phap SDP, phuong phéap SDR, ham
phat chinh xac.

ABSTRACT

Beamforming optimization problems (BF) in wireless transmission are often
formulated using unidentified (non-convex) quadratic optimization equations with
the typical method of solving is using SDR technology along with random
technique. However, in many cases, these solutions yield results far below the
optimal value especially when the matrix rank of optimization variables is greater
than 1. In our paper, the beamforming problem is set in the context of physical
layer security when an intruder is eavesdropping with the requirement to suppress
the intruding object while ensuring the signal quality of official receivers together
with minimizing the transmit power. Since then, a more efficient iterative
algorithm is proposed; simulation results show that our proposed method yields
near optimal results and is superior to the conventional approach.

Keyword: Beamforming optimization, SDP method, SDR method, exact
penalty function.
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1.GIOI THIEU

Mang truyén dan vo tuyén di trd thanh mot phan
khong thé thiéu trong cudc song hang ngay clia chiing ta
va dugc (ing dung rong réi trong dan sy cling nhw quan su.
Van dé bao mat tré thanh yéu t6 quan trong khi s dung vo
tuyén dé truyén tai cac thong tin quan trong va riéng tw. Do
do, yéu cau dam bao truy@n dan tin cay trudc sy xuat hién
cla cac thiét bi xam nhap trai phép la yéu t6 dugc dat I1én
hang dau trong béi cadnh cac d6i tugng xam nhap co rat
nhiéu kich ban dé s& httu quyén truy cap trai phép, stra doi
thong tin hoéc thay d6i cac ludng thong tin [1]. Hau hét cac
phuong thirc bdo mat duoc st dung pho bién déu dva trén
nhirng ky thuat ma héa thyc hién & cac Iop trén clla mang
khong day; tuy nhién thay vi s dung mat kénh truyén bé
sung dan dén viéc tén phé tan, cac phuong thic I6p vat ly
c6 thé duoc dung & day dé phan phdi cac khoa bi mat, dé
cung cdp céc vi tri riéng tu cling nhr bd sung céc thuat
todn bao mat I¢p trén khién ké xam nhap kho giai ma
théng tin truyén di hon. Nghién ctu [2] da chi ra rang co
thé dat duoc tinh bao mat hoan hao bang cach st dung cac
ky thuat I6p vat ly voi diéu kién déi tuong xam nhép trai
phép khong biét vé kénh truyén hodc ching chi thu duoc
tin hiéu nhd hon mot ngudng dugc tinh toan nao dé. Nhw
vay, mac du cac k§ thuat méa hoa truyén théng phu thudc
rat nhiéu vao cac hoat déng cla I&p trén, thi viéc tich hop
cac bado mat I6p vat ly sé mang lai cac thiét ké tdi vu vé mat
an toan théng tin.

Trong bai bdo nay, chang téi xem xét bai todn phat
guang ba co ban véi bdi cdnh phai ddm bao an ninh Iép vat
ly. Trong d6, mot tram gdc duoc trang bi nhiéu dng-ten
phéat di cing mot tin hiéu mang théng tin dén mot sé may
thu nguoi dung chinh thirc, méi may thu c6 mot ang-ten.
Gia thiét dat ra la c6 mot may thu xam nhéap trai phép va
nghe Ién Eve c6 cdu hinh phan crng tvong tw nhy mot may
thu ngudi dung chinh théng dong thoi c6 kha nang giai ma
tin hiéu duoc phat tir tram goc. Van dé can xt ly la giai
guyét bai toan tao bup (beamforming) tai tram g6c da ang-
ten dé vira ché ap ddi twong nghe 1én, vira dam bao chat
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lvgng tin hiéu tai cac may thu chinh théng. Muc dich cla
beamforming la tim ra mot vec-to trong s6 t6i vu nham toi
thiéu hda tong cong suat phat vai cac rang budc chan dudi
vé ty s6 SNR & mdi may thu ngudi dung va chin trén cho
chét lugng tin hiéu & may nghe 1én Eve. Cac bai toan téi vu
beamforming duoc biéu dién la ham bac hai khong 16i [9,
10]. Cac gidi phap théng thueong dé giai quyét nhitng bai
toan t6i wu hoa trong cac dé xuat truwdc day da st dung ky
thuat quy hoach ban xac dinh va ky thuat ngau nhién hoa.
Nghién clru trong bai bao da chi ra rang ky thuat ngau
nhién héa cé thé duva ra két qua khac xa voi két qua téi wu
that clia bai toan. Bong thoi tir d6 da dé xuat mot giai thuat
I3p dwa trén quy hoach ban xéac dinh va ky thuat ham phat
dé co duoc két qua toi wu tot hon.

Gia thiét: Ma tran va vec-to cot duoc ky hiéu tvong tng
bang chit hoa in dam va chir thwong. Trong do ky hiéu (A, B)
la tich vo hudng gilka ma tran A va ma trén B dwgc xac dinh la
vét clia A"B. Khi A =0 nghia la ma tran A trd thanh mét ma
trén PSD(positive semi-definite).

2. MO HINH HE THONG

(R

Hinh L. Mdt md hinh hé thdng beamforming c6 d6i twgng xam nhap nghe Ién

Hinh 1 minh hoa mot hé théng truyén dan vo tuyén
phat quang ba gém 1 tram goc st dung N dng-ten truyén
tin hiéu (s) mang théng tin giébng nhau dén M may thu
chinh théng, mdi may thu dugc trang bi mot dng-ten. Hé
théng thu phat nay hoat dong déng thoi véi mot may nghe
Ién Eve c6 cau hinh phan cling twong ti may thu chinh dé
c6 thé bat duoc tin hiéu (s) phat ra tir tram géc. Bing cach
yéu cau phan hdi tin hiéu dan duong dé xac dinh théng tin
trang thai kénh truyén phuc vu cho bai toan tao bup
(beamforming), tram g6c biét dwoc sy xudt hién clia Eve
nhung khdng biét dugc vi tri vat ly clia Eve. Do dé, nhiém
vu cla tram goc la st dung coéng cu thuat toan
beamforming dé ché ap Eve bang cach thiét 1ap mot
ngudng tin hiéu thu SNR trén Eve & muic thap (0dB) hoac
bang 0 tuyét ddi, nhwng van dam bao SNR cla ngudi dung
chinh 1é6n hon & mot mic phu hop, dong thoi théa man
ham muc tiéu la t6i thi€u cong suat phat.

Xét h =[h,h,....h,] ,i=12..M | vec-to hé s& kénh
truyén gilra tram goc va nguoi dung chinh (user) the i,
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trong khi 1=l T la vec-to hé s6 kénh truyén gitra

lysens ]

15105251
tram g&c va may nghe trdm Eve. Bang céach st dung co ché
pilot, thdng tin kénh truyén duoc coi la da biét trudc tai
tram g6c. Gia thiét tin hiéu phat (s) c6 trung binh bang
khong, dang tap trang véi phuwong sai bang 1, nhiéu thu
dugc n, tai may thu cling thuéc dang AWGN véi phuong sai
o?. Tuong ty, phuong sai nhiéu tai Eve 1a o2, . Do dd, tin
hiéu nhan dwoc & user thiv i 1a;

d, =(x,h)s+n,i=12,..,M

va tin hiéu tai may nghe trom Eve la;

dee = (X,1)s+n,,

SNR tai may thu tht clp thir i dwgc xac dinh béi:

H H
SNR = trace(x>§ ,h.h')

,i=12,...N
Tin hiéu truyén dan thi cdp trén Eve la:
_ trace(xx",II")

eve 2
Geve

SNR

Bai toan t6i thi€u hda cong sudt beamforming duwdi miic
tin hiéu han ché trén nguoi dung nghe trom Eve va cac ty
s6 SNR thit cap c6 cong thic:

minxx"

xeCV (la)
H H
theaman: ML o (1b)
<xx“,|l”>
~L<p (1)
(o)

O day, ham muc tiéu 1a téng cdng sudt beamforming tai
tram gdc, rang budc bt ddng thirc (1b) c6 nghta 1a SNR &
may thu thi cap phai vugt qua ngudng o, va rang budc (1c)
dong nghia SNR trén may nghe trdm Eve phai thdp hon
ngudng B (d€ dam bao ngudi ding nghe trdm khong thu
duogc mét lwgng nhat dinh théng tin). Bang céch chia lai ty 1

hi—>£hi
NS

Trong dé: o.=min,_,, ,a; va dua ra bién ma tran bd

sung X = xx". Pong thoi, khdng mat tinh tdng quat, gia
thiét o2 va o?,, déu c6 gia tri bang 1. Bai toan t6i vu hoa (1)
sé twong duwong voi bai toan quy hoach ban xac dinh
SDP(Semidefinite Programming) nhu sau:

in,_ (X) (2a)
Théa méan: (X,H )2 a,i=12,..,M (2b)
(X,Ly<pB (2¢)
X = xx" (2d)

voi: H, =hh vaL=II".

Bai toan (2) 1a bai toan quy hoach ban xéc dinh SDP dién
hinh v6i ham muc tiéu va cac rang budc (2b), (2c) déu cé
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dang tuyén tinh. Tuy nhién rang budc (2d) lai c6 dang
khong lién tuc va khéng 16i (non-convex) khi€n cho bai
toan nay khong thé giai dwgc nhi mét bai toan SDP théng
thuong. O phan tiép theo, bai bao sé trinh bay phwong
phap ti€p can truyén théng dé giai bai toan doé la ky thuat
gian lvoc bai toan SDP két hop k§ thuat ngau nhién hoa
hay con goi la ky thuat SDR.
3. GIAI PHAP GIAN LUQC VA NGAU NHIEN HOA SDR

Muc nay treedc tién trinh bay ky thuat SDR dé giai quyét
bai toan téi vu hda (2) cung voéi viéc phan tich moét s6
nhuwgce diém chinh. Phan tiép theo sé dé xuat mot thuat
toan lap hiéu qua dé giai quyét bai toan toi vu héa nay mot
cach triét dé. Cach tiép can thong thuong la biéu dién rang
budc c6 ham khong lién tuc khéng 16i (2d) bang rang budc
bac mét khéng lién tuc. Nhuv vay, phuvong trinh rang budc
bac mét twong duong (2) la:

min, (X) (3)

théa man diéu kién: (2b),(2c),rank(X)=1 (3b)

Bang cach loai bo (relaxation) rang budc rank(X) = 1, bai
toan (3) sé trd thanh bai toan SDP dién hinh co6 thé giai
duoc nhu sau:

n.(X) 4)

Théa man diéu kién: (2b), (2c)
buong nhién, chi khi nghiém t6i vu X,,, cda (4) 1a bac

mOt, vi du X, =X, X5, thi X cling la nghiém t6i vu cta

(2). Nguoc lai thi gia tri t6i wu cta (4) chi la gi¢i han duwéi so
vGi gia tri t6i vu cta (2). Ky thuat ngau nhién hoa sau duoc
slr dung trong [5, 9] dé tao ra cac nghiém kha thi cta (2).
Gid str rank(X,) = k, thi ma tran nay c6 thé duoc phan réd gia
tri suy bién (SVD) nhv sau:

Xop = UZU" (5)

trong d6, matrandonvi U =(u, u, ... uy) vamatranZ la
ma tran duong chéo co cac dudng chéo dugc sip xép theo
thi tv gidm dan (vi vay Z (i, i) =0 cho i > k). Sau d6, nghiém
clia (2) c6 thé duoc tao ra theo cong thikc sau:

k
x = ULy =" 5*2(i,iv(iy, ®)
i=1

O day, gia dinh rdng cac phan t& v(i), i = 1,..., N cla
v=[v(1), - - -, V(N)]" Ia c&c bién ngau nhién doc 1ap phan bd
dong déu trén vong tron don vi trong mit phang phic
hodc v la vec-to clia cac bién ngau nhién Gauss khong
twong quan, déi xing phtc voi ky vong bang 0 va phuong
sai bang 1. Nhu vay, bang mot s6 16n phép thir ngau nhién,
nghiém “tGi wu” c6 thé dwoc tim ra. Day la nguyén Iy co ban
cla k§ thuat SDR, tuy nhién viéc tim nghiém t&i wvu cho (2)
theo thuyc té bj thu hep thanh khéng gian con k-chiéu duoc
tao boi k vec-to rieng{u,,.., u} khién cho kj thuat ngau
nhién sé khong hiéu qua, do khong thé tim dugc nghiém
trén toan b khong gian. Tom lai, ky thuat ngau nhién c6 xu
huéng xap xi nghiém bang cach thir van may véi mot sé
khong gian tim kiém ngau nhién. Phuong phap nay sé kém
hiéu qua hon khi s6 lwvgng ngudi dung thi cap tang khién
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cho hang clia ma tran Xopt cling tang theo. Ngoai ra, néu
cac nguwdng cdia may thu tang (vi du: dén hang chuc dB) thi
nghiém tir ngau nhién héa cé thé nam rat xa nghiém tdi uu.
4. GIAI PHAP TOI VU HOA BE XUAT

Sw khéng hiéu qua cla k§ thuat ngau nhién khi tang
quy mo clia bai toan khién cho hang ctia ma tran SDP khac
mot déd duoc phan tich & phan trén. Thuc té, ly thuyét da
chi ra trong [7] réng trong hau hét céc trudng hop, nghiém
t6i wu cla (4) 1a bac hai va do dé, viéc ngau nhién hoa trén
c6 thé khong mang lai két qua mong mudén vi khong gian
tim kiém qué hep. Nguoc lai véi viéc loai bd rang budc bac
mot, rang budc (2d) c6 thé dwoc biéu dién nhu sau:

(X)= A (X) <0 (7)

max(
& d6, Apax(X) la tri riéng I6n nhat cda X = 0. Vay (2) tuong
dwong voi bai toan:
Jmin, (X) ®)
théa man cac kién (2b), (2¢), (7).
Muc dich & déy la tim ra dwoc (X) -2, (X) dGnho dé:
X2 A (X) XX

Slr dung k§ thuat ham phat, bai toan (8) c6 thé viét lai
nhuv sau:

i, (X)+H[(X) = Apec (X) ] ©)

Théa man cac diéu kién: (2b), (2c).

trong dé p > 0 du 1on dé dat dwoc gia tri (X) - Apa (X)
nhé. Ham muc tiéu cla (9) rd rang khong tron (khdng vi
phan dugc) cling nhu ham A, (X) khdng tron. Mot vi phan
phu ax,,, (X) ctaham A, (X) duogc xac dinh dé dang [11]

Mg (X) =X X

CO thé thay rang
7\‘max (Y) - )\‘max (X) 2 <X

Do do, dua trén X ® ¢6 tinh kha I1ap voi tri riéng I&n nhit
Amax(X®) va véc-to riéng chudn hoa x¥, viéc giai bai toan sau
day s& dwara mét nghiém t6t hon cho (9):

min, [ (X)+ 1((X) = Ay (X)) [ (xOx¥, X =x9)  (12)

0<XeC™N

Théa man cac diéu kién (2b), (2c)

Thuat toan 1 duoc thuc hién 2 giai doan: giai doan khéi
tao sé tim ra gia tri cila X® va p sao cho (11) tao ra ma tran
¢6 hang béng 1; giai doan t6i vu hoa tiép sau sé c6 dinh
va lap lai cho dén khi X**% va X bang nhau, tirc [a da hoi tu
V@ gia tri t6i wu. Thuat giai 1dp cho (11) cé thé dwoc trinh
bay nhuv sau:

X" Y—X>,VY20

max “*max !

(10)

THUAT TOAN 1

Giai doan khéi tao
- Buwdc 0: Khoi tao v6i p da lon va X© théa man (2b),
(2c). Batk =0;
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- Butc k+1: Gidi (11); Néu nghiém x** théa man diéu
kién hang bang 1 thi reset X% —X© va két thac. Néu
khong thi reset « +1- «,x*? — x® cho buwéc 1ap ti€p theo.

Giai doan toi wu héa

- Budc 1: CO dinh gia tri clia p va X9, giai (11).

- Buwéc k+1: Gilt nguyén gia tri cia p va gidi (11), so sanh
ham muc tiéu twvong tng véi X% va X®: néu bang nhau thi
dirng gidi thuat; néu khoéng, ti€p tuc cho dén khi giai thuat
hoi tu.

5.CAC KET QUA MO PHONG

Phan nay trinh bay mot sd két qua bang md phong dé
chirng minh hiéu qua cla ky thuat chang t6i dé xuat. Bai
toan SDP rat gon cling dwoc giai dé st dung lam can duéi
tham khao cho céc két qua duoc so sanh. Ky thuat nao cho
két qua cang gan can duti hon thi cho kha nang toi vu héa
cong suat tét hon. Cac két qua moé phéng duoc trinh bay
theo hai kich ban: SNR cuia Eve khac “0” (0dB) va bang “0”
(gia tri khong tuyét déi). Trong mbi kich ban, hai ciu hinh
hé thong duoc st dung: (M, N, L) = (16, 8, 1) va (M, N, L) =
(32, 8, 1); trong d6, M la s6 lugng nguai dung chinh, N |a s6
ang-ten & tram gbc va L 1a s lwgng déi twgng nghe 1én.
Bang phuong phap md phéng Monte-Carlo, dé giai bai
todn SDR trén Matlab, bd cong cu gidi thuat t6i vu hoa
Yalmip va SeDuMi duwoc st dung trong bai bao. Tai moi gia
tri ngudng SNR clia nguoi dung chinh thi mai gia tri céng
sudt tvong tng véi mdi phwong phap déu dwoc 18y trung
binh sau 1000 phép thir. Kénh truyén & day duoc gia thiét la
Rayleigh phéng va dwoc chudn hoa. Gia tri kénh truyén
duwoc tao ra bang ham ngau nhién randn() ctia Matlab. Voi
phrong phap ngau nhién hda SDR, bai bao st dung 1000
gia tri ngau nhién dé tim ra két qua tét nhat co thé.

*Kich ban 1 - SNR clia Eve khac khong:

Theo kich ban nay, gia tri SNR clia d6i twgng xam nhép
nghe lén Eve dugc ¢d dinh tai 0dB trong moi tinh hudng.
Sau d6, tién hanh md phdng véi cac gia tri ngudng dudi
SNR clia cac nguoi dung chinh lan lwot tir 0 dB dén 10 dB
vGi burdc nhay bang 2dB. Vi du ndy mé phéng truong hop
tin hiéu tai Eve = 0dB. V& mat thuc t€, co thé hiéu trwong
hop nay, bai toan tao bip (beamforming) gilp ché ap doi
twong nghe lén Eve & mdt cong suat thap khién cho ty Ié 16i
bit BER cao hon so véi ngudi dung chinh, gay anh huédng
dén chat lvong nghe 1én clia Eve. D6 la 3 = 0dB va bai toan
t6i thi€u hda (1) cé thé dwgc viét lai nhu sau:

min(x,x)s.t(1b),{x<" I"}) < 0dB (12)
XeC

Hinh 2 chi ra téng cong suat beamforming cho cac gia
tri ngudng SNR clia nguoi dung twong (ng tr 0dB dén
10dB trong truong hop cong suét tin hiéu tai Eve bang 0dB.
RO rang, k¥ thuat dé xudt cho két qud toi wvu tot hon nhiéu
so voi ky thuat ngau nhién SDR, d&c biét & ving SNR cao.
Tai vung SNR thap, gia tri toi wu clia ¢ ky thuat dé xuat va
k§ thuat SDR déu nam kha gan can dwdi SDP do tai ving
nay ban than bai toan tim can dwéi SDP déu cho da sb gia
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tri c6 hang bang mot. Nhu vay, ca ky thuat ngau nhién SDR
va ky thuat dé xuat déu khong dugc siv dung nhiéu lan
trong ca 1000 phép thir cho mdi gia tri ngudng SNR. Tuy
nhién khi gia tri ngudng SNR tang Ién thi sy khac biét gilra
hai k¥ thuat da tré nén rd rang hon: ki thuat dé xudt ludn
cho két qua t6i thiéu hoa cong sudt bang dudi 1/2 so vai kj
thuat ngau nhién SDR. Vi du, tai SNR = 10dB thi SDR cho gia
tri cng sudt bang 21 va ky thuat dé xuat cho gia tri xap xi 9
va luén luén nam sat can dudi SDP.

40

oo Can duGi SDP,M =16, N=8, L =
|==®@==PP Ngau nhién,M =16, N =8, L=1
- © —PPPéxudt,M=16,N=8,L=1

35
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o 4
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SNR cua User

Hinh 2. Cong suét phat cla tram gc theo ngudng SNR clia ngudi ding khi
cdng suét tin hiéu thu tai Eve khéac khang (0dB), M= 16

Hinh 3 cho thay két qua md phéng khi cau hinh hé
thong duoc thay d6i vai sd lvgng nguoi dung tang gép doi
Ién M = 32. Twong tw nhr cidu hinh ban dau khi M = 16, k¥
thuat dé xuéat cling veot trdi k§ thuat ngau nhién, dac biét &
diém SNR = 10dB thi ky thuat d& xuét cho gia tri cong suéat
bang 10, trong khi SDR cho gia tri 1&n t&i 39. Do s6 luong
nguoi dung tang 1én gap dbi nén cdng suét tiéu hao dé
phuc vu toan bd hé théng cling ting 1én kha dang ké véi ty
I€ twvong duong.
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Hinh 3. Cdng sudt phat clia tram gdc theo ngudng SNR khi tang so ltong
nguoi ding M 1én 32

Kich ban 2 sau day cho thay hé théng van hoat dong tét
voi k§ thuat dé xuat khi vira ddm bao mic SNR cho user vira
ché ap tuyét ddi may thu Eve & mirc d6 SNR = 0.

*Kich ban 2 - SNR clia Eve bang 0 tuyét déi:

Theo kich ban nay, gia tri SNR clia d6i tvong xam nhép
nghe lén Eve dugc ¢6 dinh tai gia tri 0 trong moi tinh
hudng. Nghia la, vé mat thuc té, Eve sé khdng thu duoc
thong tin phét di tir tram gdc. Sau do, ti€n hanh md phéng
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vGi cac gia tri ngwdng dwéi SNR cla cac ngudi dung chinh
lan lvot tir 0dB dén 10dB véi bude nhay bing 2dB.

Hinh 4 chi ra téng cong suat beamforming cho cac gia
tri ngudng SNR clia nguoi dung twong (ng tr 0dB dén
10dB trong treong hop cong suét tin hiéu tai Eve bang 0.
Twong tw nhu kich ban 1, ky thuat dé xuét van cho két qua
t6i wu hoa tét hon so voi ky thuat ngau nhién SDR. Tuy
nhién, so v6i kich ban 1 thi ti 1é chénh Iéch gifra hai k§ thuat
khong dén mirc gap doi. Diéu nay co thé ly giai do khéng
gian tim ki€m nghiém t6i vu da duwoc gi¢i han trong khéng
gian khong (zero space) clia rang budc I1én SNR clia Eve, do
do, ky thuat ngau nhién SDR cling cho két qua kha tét.

30

ssee@eer Can duGi SDP,M =16, N=8,L=1
—-@-=PP Ngau nhién,M = 16, N=8,L =1
- © —PPdéxudt,M=16,N=8,L=1

N
a

N
o

Cong suét phat cla tram base
&

10 ." ’b
""" - TP
_‘,-" - 2 o
o T s = R A
Fommimm G
0
0 1 2 3 4 5 6 7 8 o o

SNR cua User

Hinh 4. Cong suét phat cla tram gc theo ngudng SNR clia nguoi ding khi
cdng sudt tin hiéu thu tai Eve bang khong, M= 16

Tuong tw nhu trén, khi M = 32 user thi cdng suéat tiéu
thu dé vira ché ap Eve nhung van dam bao nguéng SNR
trén cac may thu nguoi dung chinh thdng phai tang Ién.
Theo cdu hinh nay, k§ thuat dé xuat van toé ra vuot trdi so
vGi k§ thuat ngau nhién SDR. Tuy nhién, trong truong hop
nay, két qua téi vu clia ky thuat dé xudt khdng ndm sat can
duwéi nhu trong céc triedng hop trén do s6 lvong két quéa cd
hang Ién hon mét nhiéu hon. Diéu nay da duoc ghi nhan
trong qua trinh tién hanh mé phéng cho kich ban va céu
hinh nay (hinh 5).
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Hinh 5. Cdng sut phét cﬂg tram gdc theo ngudng SNR clia ngudi dng khi
cng sudt tin hiéu thu tai Eve bang khong, M tang 1én 32
6. KETLUAN

V6i yéu cau t6i vu hda bai toan beamforming cho mot
mo hinh truyén dan vd tuyén co ban trong bdi cadnh phai
dam bao an ninh I6p vat ly, bai bao nay da chi ra ky thuat
SDR thong thuong khong thé dva ra két qua tdt cho cac
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trvong hop dugc xét. Tl do, bai bdo da dé xuat mot thuat
toan lap hiéu qua giup dat dwoc cac két qua t6i vu hon thoa
man viéc ché ap triét dé déi tvong nghe 1én nhing van dam
bao chét lvgng tin hiéu cho cac may thu déng thoi t6i thi€u
héa dwgc cong sudt phat. Cac két qua md phéng cho thay ki
thuat duoc dé xuat clia bai bao vuot tréi so véi phrong phap
truyén théng dya trén ky thuat ngau nhién hoa.
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