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MOT THUAT TOAN TAO TIA THICH NGHI CHO DAN ANTEN
NGUYEN HOANG LINH

Hoc vién Cong nghé Buu chinh Vién thong

Abstract. This paper develops the adaptive beamforming algorithm LS-DRMTA (Least Squares
Despread Respread Multitarget Array). The system structure and multiuser detection technique are

presented. The advantages of the method are also analyzed.

Tém tdt. Bai ndy phat trién thuat todn tao tia thich nghi LS-DRMTA (Dan anten da muc tiéu trai
pho, gidi trai pho binh phuwong cuc tiéu). Cau tric hé thong va ky thuat tach tin hiéu nhiéu nguoi

st dung duoc trinh bay. Céc ru diém ciia phwong phép cling dwoc phan tich.

1. MO PAU

Dan anten duwoc sit dung nham nang cao chat lwong thu tin hiéu tir cdc may di dong. Ky
thuat nay mang lai hiéu qua rat cao, nhat la trong cdc hé théng thong tin di dong - & dé
nhitng ngudi st dung tir do chuyén dong ma ta khong biét trueée qui dao. Van dé then chat
& day 1a tim dwoc phwong phép hiéu chinh cédc vécto trong s6 w; cho céc cong thich nghi véi
thay ddi cia méi truomg, nhu fading, khodng céch tir may di dong dén tram goc... (hinh 1).
Dua vao dac diem bién do yéu cau ciia cac dau ra y; bang 1, nguoi ta xay dung phwong phép
hiéu chinh w; goi la thuat todn modul hang s6 [2]. Con mot thuat todn hay dwoc dung goi la
thuat toan huéng quyét dinh. Bén canh nhitng wu diém so véi cach giai true tiét cdc phurong
trinh chuan , nhitng phwong phap nay cé mét s6 khuyét diém, nhw phai 4p dung phép truc
giao héa Gram-Schmidt dé cic vécto trong s6 clia cdc cira ra khac nhau khong hoi tu dén
cing mot gid tri; hoac phai thuye hién thu tuc sap xép nham xéc dinh tin hiéu clia ngudi st
dung nao dwoc tach tir dan ra clia moi cong.

DPé tranh nhirng trd ngai trén, bai bdo phét trién mot phwong phdp duwa vao nhan xét
sau: c6 thé st dung ma trai phd c;(¢) cia nguoi st dung thit 4 ma tram goc san c6 dé giai
trai pho va téi trai pho nham tao ra tin hiéu r;(t) va so sdnh véi dau ra y;(t) dé hiéu chinh
vécto trong s6 w; (hinh 2). Y twdng trén da duoc sit dung cho hé thong CDMA véi anten
thuong ([3]).

2. THUAT TOAN TAO TIA THICH NGHI

Tai tram goc ctia ciia hé thong CDMA ludén cé san ma trdi phd c;(t) cia tit cd nhirng
ngudi stt dung . Hién c¢é mot s6 phuwong phap wée lwong thoi gian tré 7; cla ngudi sit dung
i. O day, ta gi4 thiét 7; da dwoc xéc dinh. Ciing nhw trong bo thu truyen thong, dé tich by,
13 bit dir liéu thit 7 cla ngudi st dung thit 4, ta gidi trai pho tin hiéu y;(¢) bang ma ¢;(t —7;),
sau d6 dwa vao bo loc twong quan va thuc hién quyét dinh nguong (hinh 2). Tiép theo ta
trai pho lai bin, bing ma c¢i(t) va lam tre di thoi gian 74, sé nhan dwoc tin hiéu r;(t).
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Hinh 1. C&u tric bo tao tia st dung LS-DRMTA
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Hinh 2. So d6 khéi LS-DRMTA cho nguoi sit dung thit ¢

ri() = binci(t = 7); (n— DT, <t <nlh, (1)
trong d6 T, ky hiéu thoi gian cia chu ky 1 bit. Pau ra y;(¢) 1a ham s6 cia vécto trong s6
vi(t) = wia(t). (2)

Ta cé thé dura vao sai s6 gitra y;(t) va r;(t) dé hiéu chinh lai w;. Cho xir 1y 56, ta ldy cic
mau y;(k), r;(k) véi téc Ao Ry = NsR,, trong dé R, 1 t6c do chip, Ny 14 s6 nguyen 16n hon
1.Vay, s6 lan ld&y mau trong mot chu ky bit 14 K = N N, véi N, la thira s6 trai pho. Ta di
dén bai todn tim w; dé cuc tiéu héa ham tong binh phwong sai s6.

K K
2 H 2
F(w;) =Y |Yilk) —ri(k)|* =Y Jwila(k) —ri(k) > (3)
k=1

k=1
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Ta s& gidi bang phwong phap lap. Mé& rong phwong phap Gauss, ta biéu dién ham muc
tieu (3)

K
F(w) = lge(w)l? (4)
k=1

trong dé:
gr(wi) = |y —ri(k)| = lwi'@(k) —ri(k) (5)
C6 the viét lai

|yi(1) —Ti(l)I

gilw;) = |y:(2) —ri(2) : (6)

Vécto Gradient cia gr(w;) dwoc cho béi

Vigu(u) — 2290 — iy =L @
Ta dat
vi(k) = yi(k) — ri(k) (8)
Sau dé (7) c6 thé bieu dién
)
Phuwong phap Gauss phat bi€u rang cic trong s6 ¢ thé cap nhat nhw sau:
w(l +1) = w(l) = [D(w()) DH (w ()] D(w (D) g(w(D)), (10)
trong dé
D(w) = [V(g1(w)), ..., V(gr(w))]. (11)
Thay (9) vao (11) ta duwoc
D(w;) = [V(g1(w)), V(g2(w))..., V(gr(w))]
L) o w@) ()
Ol P ) 2
= XVicm -
trong dé:
X = [2(1),2(2), ..., 2(K)] (13)
[ vi(l)* . ]
wl ’
0 vi(2)* 0
Viem = v;(2)] ; (14)
@)
vi(K)*
R [0 ().
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St dung phuong trinh (12) va (6) ta cé:

D(w;) D (w;) = XViepy VR, XH = x xH (15)

|vi(1)] IvE;(l)l
D(ws)g(ws) = XViews | O] = x WO e (16)

|vi (K |vi ()]
D(wi)g(wi) = X (yi —ri)", (17)

trong dé

v = [v3(1), v3(2), ..., v( K| T, (18)
Yi — [%(1)7 yi<2)7 ey yi<K)]T7 (19)
r; — [Ti<1), Ti<2), ceey 7’1<K)]T (20)

Vécto y; 1a vécto dir lieu dau ra cda ngudi st dung ¢ va r; 1a wée lwong dang séng tin
hiéu cda nguoi sir dung ¢ trén chu ky bit. Thay cdc phwong trinh (15) va (17) vao (10), ta
nhan dwoc:

wil + 1) = wi(l) — (XXX [a(1) = ra(D)]"
— wi(l) — [XXH) T X X (1) + (X XH] LX) (21)
= [XXHTLXrH(D) .
trong d6 y;(1) va r;(1) 1a vécto dir lieu dau ra va wéc lugng dang séng tin hiéu cia nguoi sir
dung ¢ trén chu ky bit twrong tng véi vécto trong sé wi trong vong lap thit I. Ta ciing ¢6 thé

hiéu chinh cdc vécto trong so sit dung cdc khoi dir lieu dau vao khdc nhau trong moi vong
lap. Ta dat

X({)=[z(1+IK),22+IK),..,z2(I+IK)]; 1=0,1,...,L, (22)

trong d6 L s6 vong lap can thiét thuat todn hoi tu. Thuat todn LS-DRMTA cho ngudi st
dung thit 7 ¢6 the dwoc mé ta bang cdc phwong trinh sau:

yi(1) = [w (X O = [y:(1 + 1K), yi(2 + 1K), ...yl + 1K), (23)
(1+0)k
by =sign{ Re | > wilk)ei(k—K,) | ¢, (24)
k=1+1k
ri(l) = byle;(1 + 1K — kT)e;(2 + 1K — KT)...c;((1 + VK — KT|" (25)
wi(l+1) = [XOXTD)IX()ri) (26)

trong dé, c;(k) 1a mau thit k cda tin hiéu trdi phé cla ngudi sir dung i, k,, 1a 86 mau twong

ing v&i thoi gian tré 7; cla ngudi sit dung ¢ va la wée lwong bit thit I cho ngwoi sit dung 7.
Thuat toan LS-DRMTA duoc tém lrge nhu sau:

1. Khéi tao P vécto trong s6 w;, ..., wp nhw céc vécto cot M x 1 véi phan tir dau tien bang

1, céc phan tir khac bang 0.
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2. Tinh vécto dau ra, sir dung (23).
3. Gidi trai pho tin hiéu cia ngudi str dung thit ¢ va wée tinh bit dir liéu thit 7, st dung (24).
4. T4i trai bit dit litu wée lwong bang ma PN cia ngudi st dung ¢ dé nhan wéce lwrong dang
séng cla nguoi st dung i trén chu ky thoi gian [(n — 1)Ty, nTp), st dung (25).
5. Hiéu chinh vécto trong s6 w; cla ngudi thit 7, sit dung (26).
6. Lap lai buéc 2 dén buée 5 cho dén khi thuat toan hoi tu.

Cuéi cling, ta néu mot s6 wu diém cda thuat toan tao tia thich nghi LS-DRMTA:
1) Khong can thuye hién phép truc giao héa Gram-Schmidt: bdi vi chudi trdi pho c;(t) cia
nhing ngudi sir dung 14 khdc nhau, nén ngay trong truomg hop cdc dau vao 1 (¢), ..., zp(t)
tinh c& giong nhau thi cdc tin hiéu r;(¢) thu dwoc van khéac nhau, do dé cdc ham muc tiéu (4)
ciing khdc nhau va céc vécto trong s6 w; duwoc hiéu chinh sé hoi tu dén nhitng gid tri khéc
nhau.
2) Khong can thue hién thi tuc sap xép: & day dau ra y;(#) cla cira thit ¢ dwoc gidi trai
pho bang chudi ¢;(t) cia ngudi thit 4, nén chac chan bit dir lieu thu dwoc la cia nguoi thi
i. Nhan manh rang ciu tric moéi nguoi sit dung ¢6 mot cira rieng gép phan gidm nhiéu giao
thoa xudéng muttc thap.
3) S6 cira ra P khong bi han ché béi s6 phan tiv M cia dan anten. Cau tric bo tao tia rat
thuan loi doi véi viec mé rong thém cac cira cho nhitng ngudi st dung méi. Cé thé thay trén
hinh 1, céc cira m&i sit dung chung céc dau vao x1(t), ..., xp(¢), khong doi hdi thém bo bién
doi bang tan méi, do @6 ha thap gid thanh cia hé théng.
4) Do phic tap tinh todn ciia LS-MRMTA thap hon cic thuat todn modul hang s6 va huémg
quyét dinh, do khéng can sit dung phép tric giao héa Gram-Schmidt va thid tuc sap xép cho
cac dau ra.

3. KET LUAN

Trén day ching t6i da trinh bay thuit toan tao tia thich nghi LS-MRMTA cing nhw
phuong phap tach tin hiéu cho dan anten. Pay la mot thuat toan thich nghi mu vi ta khong
dung chudi luyén, do d6 tiét kiem dwoc bang thong. Phwong phép trén day c¢é thé mé rong
bang céch két hop véi phwrong phép modul hang s6 va nguwoi ta xay dung dwoc thuat toin
tao tia thich nghi LS-DRMTCMA (Least Squares Despread Respread Multitarget Constant
Modulus Array) ¢6 nhirng tinh chit wu viét cia cd hai phwong phép.
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