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TOM TAT
Bai bao nghién ciru van dé thay doz thich nghi dang gian do huong anten voi cdu triic thoi
gian tin hiéu nhiéu phdt xa va dé xudt mot thudt todn tong hop va diéu khién gian d6 huwéng
anten cho ra da MIMO. Thudt todn d@é xudt dwoc xdy dung diea trén co sé giai hé phwong trinh
dai so tuyen tinh theo phwong phap phdn ra - QR. Thudt toan dé xuat cho phép giam thoi gian,
khoi lwong tinh toan va cé dé chinh xdc cao hon cdc thudt toan da cong bo trong [6, 8].
Tir khéa: MIMO (nhidu du vao - nhidu diu ra); Tin hiéu truc giao; Hé théng ra da; Tng hop gian dd huéng anten.
1. MO PAU

Hién nay, hé thong ra da dung an ten mang pha dang dugc st dung rong réi trén thé gi6i. Bén
canh cac vu diém 1a do tin cdy cao, duong truyén gon nhe va ché d6 1am viéc linh hoat thi hé
théng ra da nay co nhugc diém 1a gia thanh cao do phai sir dung nhiéu module thu phat (twong
ng la s6 lugng cac phan tir anten), gia thanh cua h¢ thong ty 1¢ thuén voi s6 lugng cac module
thu phat dugc dung. B¢ khac phyc nhuoc diém nay, tirc 1a giam s6 lugng cac phan tir anten phai
dung ma van dam bao duoc s6 luong kénh thu yéu cau thi giai phap t6t nhat la chuyén doi sang
ra da MIMO (MIMO: Multiple Input - Multiple Output). Trong ra da MIMO ¢6 M céc phan tu
anten phat khac nhau, phat xa M tin hiéu truc giao, con N phan tu thu cho phép nhén dong thoi
céc tin hiéu nay [6].

Mot trong nhiing wu diém ctia ra da MIMO so voi ra da dung anten mang pha la kha nang
thay doi (thich nghi) dang gian d6 hudng hé thong anten. Uu diém nay lam giam khéa nang tac
dong nhicu tich cyc 1én bip song chinh, dong thoi cling giam anh huong cia phan xa ky sinh
(nhiéu thy dong) [1-6].

"Trong ra da MIMO, c6 hai phuong phap dé giai bai toan tong hop gian dd hudng ciia hé
thong anten [1, 5-7]:

* Phuong phap thir nhat:

- Déi voi cac tin hiéu truc giao 1an nhau, ma t{én tuong quan R la chuin hoég (ma tran don vi
day du) thi gian do hudng c6 d6 rong cuc dai va bang gian d6 hudng ctia mot phan tir phat xa.

- Béi véi cac tin hidu twong can (nhu trong ra da dung anten mang pha), ma trén tuong quan
R 1a ma tran bac mot, tuong ung vadi gian d6 hudng co dd rong hep.

- Trong truong hop trung gian, bang cach lya chon ma trin twong quan R thich hop (cho phep
tuong quan chéo mot phan cia tin hiéu nhidu), c6 thé tong hop va diéu khién dang gian d hudng
ctia mang anten phat theo yéu cau.

* Phuong phap thu hai:

Trong phuong phap nay chi sir dung cac tin hiéu tryc giao lan nhau. Khi phat xa M tin hiéu
truc g@ao boi M phan tir anten. M tin hi¢u pha:m xa dugc nhan béi,méi M‘ phan t. Tin hi¢u dqu
dua dén cac mach tao bup song, ¢ day gian d6 hudng ao dugc thict 1ap bang cach nhan vai hé so
phirc M2

Phuong phap thtr nhat linh hoat va c6 nhiéu chirc ning hon, vi n6 cho phép kha ning diéu
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khién theo hudng, theo sé lugng bup song va theo do rong gian d6 huéng anten. Tuy nhién, didu
bat lgi & déy 1a tao ra sy tvong quan chéo mdt phan, anh huong dén tinh truc giao cua tin hiéu.
Phuong phap thtr hai kém linh hoat va it chirc nidng hon, vi n6 chi cho phép kha niang diéu khién
theo huéng va theo sé luong bup séng cia gian dd hudng anten, nhung khong 1am anh hudéng
dén tinh tryc giao cta tin hidu.

Bai bao nghién ctru dé xuat mot thuat toan téng hop va didu khién gian d6 hudng anten cho ra
da MIMO theo phuong phap th nhét. Trong dd, van dé thay doi thich nghi dang gian d6 hudng
anten voi cau trac thoi gian tin hiéu nhidu s& dugc xem xét. Thuét toan dugc dé xuat dya trén co
s& giai hé phuong trinh dai s6 tuyén tinh theo phuong phéap phan rd - QR. Phuong phap phan ra -
QR cho phép giam thoi gian, khdi lugng tinh toan va la phuong phép dugc dung phd bién khi
giai cac hé phuong trinh dai s6 tuyén tinh phirc tap [9-11].

2. TONG HQP THUAT TOAN

Xét hé thong anten phat gdm M phdn tir tuyén tinh cach déu. Mdi phén tir thr m phat xa tin
hi¢u nhiéu thar m (d0i v6i d6 rong gian d6 hudng cuc dai). Khi d6, tin hi¢u c6 dang:

N N lkhin=m
T0 sm(6)-sn () d(6) = {0 khin #m
Trong d6: Sp(t) va Sy(t) 14 cu triic thoi gian cia tin hiéu thir m van.

Hinh 1 md ta cdu tric thoi gian cta chudi tin hiéu phat xa nhiéu.

Bién do (V)

Th(‘yi>gian (us)
Hinh 1. Cdu triic thoi gian ciia chudi tin hiéu phat xa nhiéu.
Téng tin hiéu phat xa dai hep voi muc tiéu duge biéu dién nhu sau [5]:
S(6,6) = Ly by 5y (©) 7718 1)
Trong do: bm va Sp(t) 1a gia tri hiéu dung cua bién d6 va hinh bao phuec tiéu chuén cua tin hiéu
ttr phan tir thir m cta anten phat; A 1a d dai budc song; X la toa d¢ phan tir thir m cta anten phat
(goc toa do co thé chon bat ky); 0 1a toa do gdc ctia muyc tiéu.
Khi d6, cong suét trung binh tiéu chuan cua tin hiéu ddi véi muc tiéu:
P =S Sy [ (@ sh(O)d(e). e Ensing @
Trong do: © cd nghia la gia tri trung binh cua tin hiéu theo thoi gian.

Ky hiéu a la véc to biéu dién huéng xac dinh tin hiéu phat xa cua anten phat va Rmn 13 phan
tr cua ma trén twong quan R cua tin hi¢u phat xa:

L2TC . N —
a=[eFHsne o =iFxmsinoyr Tva— fsm(t) si () d(t) = R

Khi d6, (1) c6 thé dua vé dang:
P=a"R.a (3)

4 V. V. Phlc, ..., P. K. Lanh, “Thudt todn tong hop va ... theo phwong phdp phin ri - QP.”
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Cong thire (3) 1a biéu thic chung thé hién gian dd hudng theo cong suat ciia anten phat. Tir
(3) ta thdy rang, dé tong hop gian d6 hudng anten theo dang yéu cau khi vi tri cac phan tir mang
anten dugc xac dinh trude (gia tri véc to @) thi can phai tim dugc ma tran twong quan R clia cac
tin hiéu phat xa. Theo [6], van d& nay dugc giai quyét voi cac rang budc nhu sau:

min
pR™D

a(8o)""Ra(8y) — a(w)"Ra(w) = p,p €
a(6,)""Ra(8,) = ka(6,)"" Ra(6,)
a(6,)"Ra(6,) = ka(6,)*" Ra(6,)
R=>0
Trong d6: 6y 14 huéng goc cuc dai; 61 va 6, xac dinh do rong bup song cua gian do hudng; k la
murc bp song bén; Q la vung badp song bén; 14 = 1.A0 1a huéng goc trong viing bip song bén, AO
1a bude xdy dyng gian d6 huéng va | =0,1...,180/A8.

(4)

Bai todn (4) da dugc giai quyét bang phuong phap 1ap trinh béc hai trong [6, 8]. Tuy nhién,
han ché cua phuong phéap ndy 1a bude xay dung gian do huéng A6 nho (cd 0,01 d6) nén thoi gian
va kho1i luong tinh toan 16n, phai sir dung cac thiét bi tinh todn c6 cu hinh manh va kho dap tng
duoc yéu cau xur ly thoi gian thuc.

Trong phén tiép theo, bai bao dé xudt mot phuong phép khic dé giai quyét bai toan (4),
phuong phap nay cho phép khdc phuc cac han ché cua phuong phap 1ap trinh bac 2.

Xét mang anten tuyép tinh véi khoang cach cac phan tir cach déu nhau 0,5). Bang céach thiét
lap gia tri A6 cua gian do hudng, cong thuc (3) dugc dua vé dang:

( Po, = a"(61).R.a(6y)

P92 = a*T(HZ). R. a(6’2) (5)

kPgN =a'"(6y).R.a(6y)
Trong d6: ;= i.A0 (i=0.1,..., N - 1); N 1a s6 diém cua gian d hudng.
Kich thudc cua vector cot a bang M, véi M 1a sé phén tir anten phat (sé lwong tin hiéu phat
xa). Theo @6, kich thuc ma tran twong quan R 1a MxM. Ky hiéu: a*” = a*. Str dung tinh chat

cua ma tran, c6 thé ching minh dugc:
M M

a*.R.a = afa;Ry; + ajaRy; ..+ afqjR;j + -+ afjayRyy = Z Z af a;R;;
i=1j=1
Khi d6, (5) c6 dang hé phuong trinh dai s6 tuyén tinh:
( Py, = ai+(91)aj(91)R11 + -t ai+(91)aj(91)Rij + - ay(01)aym (01)Rym
Py, = af (62)a;(62)Ry1 + -+ + af (0,)a;(0,)R;; + -+ ag(62)ay (62)Rym (6)

kPGN = a;-(gN)aj(gN)Rll + ai+(91v)aj(91v)Rij + - ay(On)ay (On)Rum
Ta biét ring, ma tran twong quan ciia tin hiéu phai la Hermitian, nghia 1a: R; j = Rj; va duong
chéo chinh phai 1a cac s6 thuc. Piéu kién nay can phai dugc tinh dén trong (6). C6 thé chimg
minh dugc rang:
a+a]-Rl~j + a;’aiRﬁ = a;LajRij + Cl;—al'R;j = Re(RU) (afaj + Cl;—ai)
+ im(R;;){[Im(a} a;) — Im(ai a))] + j[Re(ai a;) — Re(afa;)]}  (7)
D¢ don gian, ta ky hiéu:
sopr(aia; + af a;) = (|im(af a;) — Im(af ap)| + |[Re(af a;) — Re(af a;)]])
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Khi d6, véi su tinh dén (7), hé phwong trinh (6) c6 dang:
( Po, = ai+(91)aj(91)R11 +-t+ [ai+(91)aj(91) + aj+(91)ai(91)]Re(Rij) +
+sopr'[ai+ (91)aj (6, aj+ (91)ai(91)]lm(Rij) + et ai+ (91)aj (91)Rij
Py, = af (62)a;(62)Ry1 + -+ [a;’(@z)aj(ez) + a]f'(BZ)ai(Bz)]Re(Rij) +
) +sopr(af (6,)a;(6,), af ()a;(8,)]im(Ry;) + -+ + af (82)a;(8,)R;; (8)

Poy = af (B3)a;(By)Ryy + -+ + [aF (n)a; (8y) + @t B)as(B)]Re(Ryy) +
\ +50P7”[ai+(91v)aj(9N),afr(QN)ai(eN)]lm(Rij) +et a;r(QN)aj(eN)Rij

H¢ phuong trinh dai sO tuyén tinh (8) c6 N phuong trinh véi MxM an s6. Hé phuong trinh (8)
¢6 thé viet & dang ma trén:

AX=B 9)

Trong d6: A la ma tran cua cac hé s6 ¢o kich thude NxM?, duge xé4c dinh béi vi tri hinh hoc
cua cac phan tur anten; X la véc to c¢ft cac phan tir chua biét ciia ma tran twong quan, kich thudc
M?x1; B 1a véc to cOt ctua cac thanh phan ty do c6 kich thude Nx1, dugc cho trudc theo dang
gian do huong yéu cau.

Ma tran A 13 ma trin suy bién, voi hang nhé hon M?. Trong tt ca cac phuong phap duoc biét
vé giai hé phuong trinh dai s6 tuyén tinh, ta chon phuong phap phan ra - QR vi cac ly do da néu
O phan trén (muc 1).

Nhu vy, theo két qua giai hé phuong trinh (9) ta tim dwoc gia tri cac phan tir cia ma tran
twong quan cua cac tin hiéu phat xa R. Sau khi xac dinh dugc ma tran twong quan cua céc tin
hiéu phat xa R, ta c6 thé xac dinh dugc cau truc thoi gian cua cac tin hi€u phat xa [6]:

s(t) = H. w(t) (10)

Trong d6: s(t) = ||s1(t) ... sy (®)]|7 14 ham s6 véc to M duoc tong hop cac tin hidu phat xa
nhiéu dai hep twong quan 1an nhau; W(t) = |[wy(t) ...wy (]| 1a ham s6 véc to M cilia cic tin
hi€u nhi¢u tuong quan dai hep; H = RY? 14 can bac hai cua ma tran R.

So d6 thuc hién thudt todn da dé xuat nhu hinh 2.

et
| So do tao gian do hwrdmg
wilt) >3 : =© 4 1~
| ®
'y l
wolt) | r@_.(.'J_'..\/ |
| |
| I
[ |
| |
windt) l l
) U Hy | Hoo| Hea Ha |

Hé théng Gr@)
may tinh

Hinh 2. So d6 thuwc hién thudt t0an thay doi thich nghi hinh dang gian dé huwéng anten.
Yéu cau vé hinh dang gian d6 hudng Gy(6) duge dua vao hé thong méy tinh. Hé thong méay
tinh s& gidi h¢ phuong trinh (9) va tim cén béc hai Hermitian cua ma trén twong quan R. So do
tao gidn do hudng thuc hién phép toan (10).

6 V. V. Phc, ..., P. K. Lanh, “Thudt todn tong hop vi ... theo phwong phdp phén ri - QP.”
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3. KET QUA MO PHONG

Vige tinh toan mo phong duoc thyc hién bang phan mém Matlab, Ver 2021a. Dé danh gia va
so sanh hiéu qua cua thuét‘ toér} de xuat, viéc tinh toan md phong dugc tién hanh véi hai trudong
hop: St dung thuat toan d¢ xuat (phuong phap phan ra - QR) va st dung phuong phap lap trinh
bac 2 (phuong phép SDP) nhu trong [6, 8].

Tinh todn m6 phong dugce thuc hién voi cac diéu kién chung: Buéc song A = 3 cm; s6 lugng
cac phén tir anten lan luot 1a M = 8, 12, 16 va khoang cach gitra cac phén tir trong mang anten
0,5X; budc xay dung gian d6 hudng véi phuong phdp phéan rd - QR 1a AB = 1° va vdi phuong
phap SDP 1a A6 =0,01°.

Ung voi tung gia tri M cu thé, viéc tinh toan mo phéng dugc thyc hién voi cac truong hop
nhu sau:

- Trudng hop 1 bup séng véi do rong bup song yéu cau hep, cu thé do rong bup song yéu
cau 6%

_ - Truong hop 1 bip song voi do rong bip song yéu cau rong, cu thé do rong bup song yéu
cau 60°

- Truong hop nhidu bup séng, cu thé 14 3 bip song voi do rong bup song yéu cau 20° va 10°.

Cac hinh 3 dén hinh 15 thé hién két qua mé phong. Cac bang 1 dén bang 3 thé hién két qua
tinh toan d¢ rong bup song tir két qua md phong va thoi gian tinh toan twong Gng voi cac truong
hop mo6 phong da thuc hién.

* Trwong hop M = 8:
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Hinh 3. Biéu kién moé phong: Dé réng buip song 6°, hudng bup song chinh 0
. P ) ,
a) Phuong phap phan ra - QR; b) Phuwong phap SDP.
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Hinh 4. Piéu kién mé phong: Bé rong biip song 60°, hwéng bip séng chinh 0°
a) Phuong phap phdn rd - QR; b) Phuong phdp SDP.
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Hinh 5. Pieu kién mé phong: So luong bup song 3, hudng chinh
cua cac bup song -40°, 0°, 40°; do rong moi bup song 20°
a) Phuwong phap phan ra - QR; b) Phuong phap SDP.
DTH Cs DTH CS
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Hinh 6. Piéu kién mé phong: S6 lwong biip song 3; huong chinh
cua cac bup song -60°, 0°, 40°; do rong moi bup song 10°
a) Phuong phdp phadn ra - QR; b) Phuong phdap SDP.
* Truwdng hop M = 12:
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Hinh 7. Diéu kién mé phéng: Do rong bip séng 6° hwéng bip séng chinh 0°
a) Phuwong phdp phdn rd - QR; b) Phuong phdp SDP.
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Hinh 8. Diéu kién mé phong: Pé réng bip séng 60°, huéng bip séng chinh 0°
a) Phuong phap phdn rd - QR; b) Phuong phdp SDP.
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Hinh 9. Diéu kién mé phong: So lwong bup song 3; huong chinh
» , , ’ A A X , ,
cua cac bup song -40°, 0°, 40°; do rong moi bup song 20°
: . ] ,
a) Phuong phap phdn rd - QR; b) Phuong phdp SDP.
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Hinh 10. Diéu kién mé phéng: S6 lwong biip séng 3; hudng chinh
cuia cdc bup song -60°, 0°, 40°; do rong moi bup song 10°
a) Phuong phap phdn ra - QR; b)Phwong phap SDP.

* Truwdng hop M = 16:
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Hinh 11. Piéu kién mé phong: Do rong bup song 6°, huong bup song chinh 0
, . ) ,
a) Phuwong phap phan ra - QR; b) Phuong phdap SDP.
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Hinh 12. Diéu kién mé phéng: PG réng bip séng 60°, hudng biip séng chinh 0°

a) Phwong phap phdn rd - QR; b) Phuong phdp SDP.
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Hinh 13. Diéu kién mé phéng: S6 lwong biip séng 3; hudng chinh
ctia cdc bup song -40°, 0°, 40°; do rong moi bup song 20°
a) Phuong phap phan ra - QR; b) Phuong phdp SDP.
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Hinh 14. Piéu kién mé phong: S6 lwong bip song 3; huong chinh
cua cdc bup song -60°, 0°, 40°; do rong moi bup song 10°
a) Phuong phdp phan ra - QR; b) Phuong phdap SDP

Qua trinh md phong, két qua moé phong va tinh toan cho ta thay rang:

- Thuat toan tong hop gian do hudng theo phuong phap phan rd - QR cho d¢ chinh xac cao
hon phuong phap SDP. Ta thay 16 didu nay thong qua didu kién mo phong va cac tham sb dic
trung cho hinh dang gian dd hudng anten, d6 1a do rong bup song chinh va mic bap song phu.
Diéu kién mo phong ¢ day: Budc xdy dung gian d6 hudng véi phuong phap phén ra - QR 1a A8
= 1° 16n hon nhiéu véi phuong phap SDP 1a A = 0,01°. Con vé cac tham sb dic trung cho hinh
dang gian d6 hudng anten thi phwong phap phéan rd - QR cho phép dat duoc do rong bip song
chinh, chinh x4c hon (c4c bang 1 dén bang 3) va mirc bup séng phu ciing nhé hon so véi phuwong
phap SDP (cé4c hinh 3 dén hinh 15).

Bing 1. Truong hop dg réng bip séng yéu cau 6°
Két qua tinh toan do rong bup song va thoi gian tinh toan.

S0 phan tir M=8 M=12 M=16
Buéc Dorong |y Dorong |y Bue | Borong |y
<av dun blp séng ian Budce xay bap séng ian xay blp séng ian
Tham s fndo | theo tnh | dunegiin | theo tinh dung | theo tinh
g . mo . do6 hudng mo . gian do mo .
huéng . toan R . toan . . toan
a6 phong S (do) phong S hudng phong S
(o () ©) (o) © | @ | @ ©
Gian db huéng
theo phuong 1 10 0,66 1 7 0,843 1 6 1,02
phap phén r -
QR
Gian d6 hudng
theo phuong 0,01 12 14,85 0,01 75 23,81 0,01 6 31,81
phap SDP

- Trudng hop yéu cau do rong bap song hep, khi sb lugng cac phan tir cia mang anten M nho
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thi d¢ chinh xdc ctia phuong phdp phan ra - QR giam di dang ké, du van :tét hon phuong phap SDP.
Keét qua md phong va tinh toén (hinh 3 va bang 1) cho thay, sai léch vé do rong bip song so véi
yéu cau kha 16n (truong hop M = 8, d6 rong bip song yéu cau la 6° nhung d6 rong bup song méd
phong dugc 1a 10°). Mat khac, mirc bup song chinh bi giam va mirc bup soéng phu tang 1én dang ke.
Bing 2. Truong hop do réng bip séng yéu cau 60°:

Két qua tinh todn dg réng bip séng va thoi gian tinh todn.

SO phan tu M=8 M=12 M=16
. A Do rong Budc Do rong
Bude Do rong L « A
xdy dung | blp séng | Thoi gian| Buée xay dung| PP SN | Thei gian| X8 | DUPSONG |py i oian
£ X X theo dung theo
Tham so gian do theo tinh todn | gian d6 hudng mo tinh toén o an do mé tinh toan
huéng | mo phong | (5) (@) bong | O | fuome | ohone | ©
i i (d9) (d0) ()
Gian d6 huéng theo
phuong phap phan 1 60 0,617 1 60 0,832 1 60 1,022
rd - QR
Gidn o huéng theo | ¢ ) 60 18,38 0,01 59,99 | 3166 | 001 | 5099 | 4653
phuong phap SDP

Bing 3. Truong hop ba bip song, dé rong bip song yéu cau 20°
Két qua tinh todn dg réng biip séng va thoi gian tinh todn.

Sb phin tir M=8 M=12 M=16
Budc Do rong bup Budce Do rong bup Bude  [D9 rong bup
xay dung | sOngtheo | rpai gian xdy dung song theo | rpai gian xay dung | sOng theo ||y gian
Tham sb giér} do md phong | tinn toan giér} do mo phong tinh toan giél? do | mdphong | inh toan
hudng (d0) © hudéng (d0) ©) hudng (d0) ©)
do do do
(d0) 1 (2] 3 (@) 11213 (40) 11213
Gian db huéng
theo phuong 1 |195/20]195(0,799 1 |20|20|20] 0934 1 |20]20]20| 1,103
phép phén ra -
QR
Gian db huéng
theo phuong 0,01 |19,3]|2019,3|21,555 0,01 |20,7|20,2|20,7| 32,373 0,01 19 (20| 19| 49,513
phép SDP

- Thuat toan tong hop gian dd hudéng theo phuong phap phan rd - QR cho phep giam khéi
luong tinh toan, kéo theo 1a thoi gian tinh toan nhanh hon rat nhiéu so voi phuong phap SDP
(cac bang 1 dén bang 3). Uu diém nay cang thé hién rd nét hon trong truong hop tang s6 lugng
phan tir ciia mang anten M hodc truong hop tao gian d6 hudng cé nhiéu bup séng. Véi phuong
phap phan ra - QR thi phan 16n khdi lugng tinh todn nim & cong doan thuc hién phén rd - QR
ctia ma tran A, phu thudc vao sb lugng cac phan tir ciia mang anten M va gié tri budc xdy dung
gian do huong A6. V61 mot dang mang anten cu thé, phan i - QR duogc thyc hién mot 1an ¢ giai
doan thiét ké va dugc luu trir trong bd nh¢ cua thiét bi may tinh. Trong qua trinh hoat dong, khi
thay d6i dang gian d6 hudng theo yéu ciu thi chi thay d6i véc to cot B trong biéu thuc (9). Viée
gidi bai toan (4) phu thugc vao céac gia tri bude xay dung gian dd hudng A0, sb lugng céc phan tir
cia mang anten M va s6 bup song cua gian do huong. Buoe xay dung gian dd hudng A cang
nho, s6 luong cac phan tir cia mang anten M va s6 bup séng cua gian d6 hudng cang 16n thi khoi
lugng tinh todn s€ cang l6n. Cén dic biét chu y trudong hop tao gidn d6 hudng c6 nhiéu bup séng
vi khi thay ddi s6 luong bip song thi s6 lugng cac diéu kién trong (4) s& thay d6i va kéo theo 1a
khéi luong tinh toan ciing s& thay ddi. S6 lugng bup song cang 16n thi khéi lwong tinh toan cang
16n, kéo theo 1a thoi gian tinh toan s& ting 1én dang ké.

4. KET LUAN

Ttr cac phan tich 1y thuyét va két qua tinh toan mé phong d trinh bay, ¢ thé rat ra mot sd két
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luan nhu sau:

- Trong hé théng ra da MIMO, khi phat xa cac tin hiéu nhidu dai hep thi bang cach kiém soat
mdi twong quan chéo (tinh toan ma trdn twong quan R) cua cdc tin hiéu nay, co thé tao ra va diéu
khién gian d6 hudng anten c6 hinh dang yéu cau. Dé diéu khién hinh dang cia gian d6 hudng
can phai cé mot tap hop cac ma tran tuong quan R, dugc luu trir trong bo nhé hodc lién tuc duoc
tinh toan cap nhat n6 bang hé thong may tinh.

- Thuat toan tong hop gian dd hudng theo phuong phép phan rd - QR, cho phép tinh toan ma
tr4n twong quan R cua cac tin hi¢u phat xa, dé thiét 1ap va diéu khién gian do hudng anten co
hinh dang yéu cau.

- Thuat toan tong hop gian d6 huéng theo phuong phap phan rd - QR c6 mot s wu diém so
v6i thudt toan dya trén phuong phép 1ap trinh bac 2 nhu sau:

+ Kha nang thiét 1ap hinh dang gian d6 hudng anten theo yéu cdu c6 do chinh xac cao hon,
dic biét 1a khi téng hop gian d6 huéng co nhidu bup song.

+ Khéi luong tinh toan giam va kéo theo 1a thoi gian tinh toan nhanh hon, dleu nay phu hop
hon vé6i yéu cau xir 1y thoi gian thuc va cho phép giam yéu cau vé cdu hinh cn dap tng ciia hé
thdng may tinh.

- Thuat toan tong hop gian dd hudng theo phuong phap phan rd - QR van ton tai han ché 1a
khi yéu cau do rong bup séng hep hon nira (nho hon 6°) thi d chinh xéac cling giam di, déc biét
1a khi s6 lugng cac phan tir ciia mang anten M nho. Van dé nay s& dugc tiép tuc nghién ciru hoan
thién trong tuong lai.
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ABSTRACT

A proposed algorithm for synthesis and control of the antenna radiation patter in MIMO radar
by solving the system of linear algebraic in equations using the decomposition method - QP

This paper presents a study on adaptive change of the antenna radiation pattern with
the time structure of the emitted noise signal and proposes an algorithm for synthesizing
and controlling the antenna radiation pattern for MIMO radar. The proposed algorithm is
based on solving the system of linear algebraic equations by the decomposition method,
the QR method. The proposed algorithm allows to reduce the time and volume of
computation and has higher accuracy than the algorithms published in [6, 8].

Keywords: MIMO (Multiple input - Multiple output); Orthogonal Signal; Radar System; Synthesis of Antenna
Radiation Pattern.
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