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S PHU THUQC CUA DO RONG BUP SONG VAO SO PHAN TU VA HUONG
LAI TIA CUA HE ANTEN THANG ULA
THE DEPENDENCE OF THE BEAM WIDTH ON THE NUMBER OF ELEMENTS
AND THE BEAM STEERING OF LINEAR ANTENNA ARRAY
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T6m tat
Hé anten thang ULA (Uniform Linear Array) lé mot trong nhiing hé anten diéu khién gién
dé huong rét linh hoat. Bai béo nay trinh bay mé hinh toén cia hé anten thang ULA dé
khado sét mot s6 dac tinh co ban cia hé anten nay trong doé cd s phu thudc cia dd rong
bup song vao s6 phén t va huong 13/ tia.
Abstract
Uniform Linear Array (ULA) is one antenna system directivity control very flexible. This
paper presents the mathematical modeling of ULA fo stuady the basic characteristics of
the antenna system include the dependence of the beam width on the number of
elements and beam steering.
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1. Hé anten ULA

DPbi v&i mot hé anten (nhiéu thanh phan), viéc x& ly tin hiéu két hop cho phép khai thac
duwoc ca lwong tin tlrc chira trong cac déc tinh khéng gian cltia ca phan b trwéng séng dién tir va
clia ca phan bd khong gian ctia cac thanh phan anten, mang lai nhiéu (rng dung thwc té, nhw [2]:

- Cai thién mot s dac tinh huwéng clia anten ma han ché viéc phai ting kich thwéc hay sb
phan t& anten,

- Thiét 1ap anten v&i gidn dé hwéng thich nghi, co6 cwc dai vé phia tin hiéu htku ich va suy
giam khong vé cac hwong can nhiéu,

- Kiém soat dong thoi mot vung khong gian nhét dinh (anten nhiéu tia),

- Piéu khién glan dd huéng bang phuo’ng phap quet dién tey, .

Cac phan t&r ca mét hé anten co6 thé dwoc sép xép trong khong gian theo nhiéu dang hinh
hoc khac nhau, nhw theo mét vong tron, theo mét méat phang hay theo mét hinh khéi..., tuy nhién
thwdng gap hon ca la hé anten ULA.

Khai niém hé anten ULA dwoc x& dung trong bai bao nay bao ham hai nghia:

- The nhét: ULA (Uniform Linear Array) 1a mang tuyén tinh cac phan t (dwoc sép xép trén
moét truc thang), cach déu.

- Thi hai: ULA (Uniformly excited Linear Array) 1a mang tuyén tinh cac phan t&r dwoc kich
thich (hodc cam (ng) dong déu, tirc 1a bién do tin higu trén cac phan ti 1a nhw nhau, chi sai khac
vé pha.

Cac nbi dung duwoc khao sat & day la mot sé dac tinh dinh dang blp séng ctia mot hé anten
ULA, v&i mot sbé gia thiét gan voi cac trng dung trong thure té, nhw sau [2], [6]

- Hwéng séng t&i chi xét ndm trong mat phang ma gian dé hwéng cla tirng phan ti la nhw
nhau va 1a ddng huwéng, tirc 1a géc nghiéng @ =7 /2 |, va do d6 goc phwong vi @ dac trung cho
hwéng song toi.

- Khéng xét téi sw ghép twong hd gitra cac phan tor.

- Dai thong cua tin hiéu la nhé so véi tan sb song mang (bang hep).

2. M6 hinh sé liéu

CAu trac dién hinh ctia mot hé anten ULA nhuw trén hinh 1. N6 bao gém N phan t tir 0 dén
N-1 dwoc sap xép doc truc ox, cach déu nhau mét khoang béng d.( 4 ./2), tic la o duwoc coi la
khodng cach chuan héa (so v&i A /2), chon gbc toa do tring véi vi tri phan t&r 0, va huwéng dwong
trén truc ox thé hién trén hinh vé. Cac phan t& anten la ddng hwéng trong mat phang ndm ngang
chtra truc ox.

Hwéng song téi lam vai truc clia hé anten mot géc 6 . Biéu dién sy diéu ché clia mat séng
dén b&i dwdng bao phirc bang gbc la s(#. Gia thiét rang tap am & tat ca cac phan tr riéng biét co
cung dé Ién & moi hwéng. Chon phan ttr 0 lam chudn, sy khac pha cla tin hiéu dén phan to i la:
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Q,=k.d = (2Z .c0s¢).(zic/.§) = .2.d.cos¢ (1
Tin hiéu thu dwoc tai phan t& i clia hé anten ULA 1a:
Z/z' — /45([).6_/% — 145([).6—/‘.7r./1a’.cos¢ (2)

& day A la mét hé s6 tinh toan.
Tin hiéu z#) & dau ra hé anten la:
M- M- y
AN =) wul2) = A we T = A0 /(9) 3)
=0 =0

Ham /(@) dwoc goi la hé sé mang:

N-1
/‘(¢) — Z mle—/-iz'./.d.cosqﬁ )
~=0

Hé sb6 mang xac dinh ty sé cla tin hiéu thu dwoc tai dau ra clia hé anten z#), trén tin hiéu
AS‘(/), do dwoc trén phan t&r gdc, n6é nhw la ham clia hwéng séng téi DOA (Direction-OFf-Arrival).
Bang viéc diéu chinh gia tri trong s6, {w}, co thé nhan dwoc gian d6 hwong co cuc dai lon nhat-
bup séng chinh theo hwéng mong muodn «, goi la hudng lai tia, dé chinh la mét trong cac chire
nang cda hé anten dwoc goi la dinh dang bup song (bearnforming).

Ay Mt song dén P e e
R phinur g |
Ar=id.cosd |
. ot
U Lo M song den \
=7 pluan ki b
- 5\
. - e — o K il %,
phioard O phadnu | phénuc phantit {M-1) . ;
@’ @ @a T4 ' T
W W, W W
D4z
lz(t) nac-!—- Ta ] a 10 R4 1= 16 18 =1 F
bl
Hinh 1. M6 hinh sé liéu hé anten ULA Hinh 2. S phu thuéc cda (Nus) vao
thu mét mét song dén tir hurong ¢ SO phén t N [2]

Hé anten nhu mé ta trén hinh 1, c6 hé s6 mang trong mét phang € = 7 /2 phu thudc vao
cAu tric mang va dac biét 1a phu thudc vao trong sé diéu chinh, cu thé 1a:

I’VI- — e/‘.ﬂ./‘.d.cosa 5)
Khi d6 hé sb mang la:
M-l (cosp
_ ~/j.mw.l.d (cosg—cosar)
=0

Va c6 ham phuwong hwéng chuan héa cla hé anten 1a :

jl’_(¢, a) _ M _ 1 & — j.7.7.d(cosg—cos )

= = A2me (7)
Cong thire (7) cho thay gian d huéng clia hé anten c6 mét sb dac diém nhu sau:
- (@, ) 1a ham chdn dbi v&i ¢, nén chi can khao sat gian d& hwang cia hé anten véi ¢
bién thién tir 0 dén 180°
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- Bbi voi mot hwdng lai tia (a) bu voi mot huong lai tia khac (7-a), gia tri cos ddi dau,
hoan toan khéong lam thay dbi két qua khao sat néu chon phan t&r chuan va huéng truc ox nguwoc
lai.

3. Sw phu thuéc ctia d6 rong bup song vao N va a

Mét trong nhirng (rng dung quan trong cua hé anten ULA la tao blp song hep va diéy khién
quét bup séng. Hay khao sat sy phu thuéc clia dé rong bap séng hé anten ULA vao s6 phan tr N
va hwéng léi tia a.

Trong (6), dat:

@ =LA P, ) véi AP,) = COST —COSP ®8)
Co thé viét lai (6) thanh:

N N-l o
f(¢,a) = Ze/"“/’ — Z M//e/ﬂiL L poar) o
=0 =0

Giatri 2{¢, ) cb thé dwoc coi la dac treng hwéng chuén hoa, trong d6 cosp dac treng cho
hwéng lai tia, quyét dinh béi cac trong sb {mg}, con cos dac trwng cho hwéng khéo sat, « déc trung
cho sy chéch huéng khao sat so véi huwdng lai tia.

Biéu thirc (9) c6 dang mot cap sb nhan, sb hang dau 1a 1, céng bdi bang €. Co thé tinh
ham phuong hwong tb hop bang cach tinh téng cac sé hang clia mét cap sé nhan. Tuy nhién,
trong [1], téng (9) duoc tinh bang phwong phap hinh hoc véc to trong mat phang phrc. Khi dé,
médi s6 hang cla (9) co thé dwoc biéu dién bdi mét véc to don vi. Véc to thi nhét (i=0) trung voi
truc thuwe ox, con cac véc to tiép theo quay so véi truc thuwe mét goc bang (4). Néu ¢ > 0 thi huwéng
quay nguoc chiéu kim déng hd, con néu ¢ < 0 thi hwéng quay thuan chiéu kim ddng hd. Ham
phwong huwéng chuan hoéa la [1]:

1 sin(./\/.l AT.)
i) =—) 2
N

:i. (10)
N

.1

s1n( ) sm(g.dﬂ.zx)

D6 rong bup séng (& mirc suy gidm nlra cong suét) duoc tinh gitra cac diém lam cho A) =
-3dB (ttrc 1a /0.5). Cac két qua tinh toan cho thdy co sw phu thudc clia d6 rong bup séng nra
cbng suét ¢ 3 vao hai thong sb 1a N (sb phan tir clia hé anten) va hwéng lai tia « . Trong [2], dua ra
khai niém do rong bup séng ,chuén hoéa Nus, dé tién khao sat dac tinh clia do rong bup séng cta hé
anten ULA, trong d6 N la s6 phan t& cla hé anten, us la gia tri cla u tai do ham phuong huéng
chuan hoéa suy giam 3 dB. Hinh 2 [2] biéu dién Nus gan nhw khong ddi theo N va bang 0.4429,
ngay ca khi N=3 sai s6 cling chi la 5%, con khi N>7 sai s6 khong qua 1% (hinh 2).

Khi N du Ién, dé réng bup séng dwoc tinh gan dang theo [3]:
y 0.88584
P Nsina

Néu tinh a3 bang d6, dbi /1a khoang cach gitra cac phan t& thanh khodng cach twong dbi
0 v&i ntra bude song /= d.(A/2) ta co:

100

¢ (° )~m (12)

Theo (12), trong mét sé trwdng hop cu thé (va thwong gdp) : d=1, a =7/2 , tirc la dbi voi
hé anten ULA c6 khodng cach gitra cac phan t&r bang nira bwéc song, & hwéng lai tia vudng goc
v&i truc hé anten ULA (Broadsiae), ta nhan dwoc cong thire tinh d6 réng bap séng rat don gian:

(11)
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0
¢3( )z%? (khid=1, a=7m/2) (13)
4. Két luan

Tw (12) va (13), rat ra két luan :

- D6 rong bup séng clia hé anten thdng ULA ty |é nghich véi s6 phan t& N, N cang 16n, khau
do anten cang Ion, bup song cang hep. Do chinh la mét trong cac rng dung clia hé anten ULA. Coéng
thire (12) va (13) tuy la cac cong thirc gan dung, nhwng cé dinh dang rat don gién khi (rng dung tinh
do rong blp song clia hé anten ULA., dac biét & hwdng Broadside (hwong o =7 /2).

- D6 rong bup séng ty 1&é nghich véi gia tri sin cia hwéng lai tia a, & hwdng lai tia
a=r/2,sina =1, dod rong bup séng hep nhat. O cac hwdng lai tia nhd, theo (12), d6 réng bup
séng sé co gia tri rat I&n, tuy nhién cac két qua dwa ra trong [3] chwa luan gidi dwoc cac diém béat
thwong nay.

- Khi st dung hé anten ULA dé tao bup séng hep va diéu khién huéng lai tia, thi muébn git
do rong bap séng & mét hwdng lai tia a (khéng qua nhd) dwoc nhuw theo hwong lai taa =7/2
thi phai tdng s6 phan t& N bang dung sb 1an suy gidm cla gia tri sin « .

- D6 rong bup song ty 1& nghich véi khodng cach gitra cac phan t&, khi ¢ tang, cung mét sb
lwong phan t&r, khdu do cla hé anten tang lén, do rong blp séng hep di. Mot sé cong trinh nghién
ctvu cho thdy nhan xét nhw vay ciing chi dwoc chdp nhan trong mét pham vi bién ddi nhét dinh cla
gia tri @, Tuy nhién trong nhiéu ng dung cu thé, néu chon @'> 1, tirc 14 khodng céach gitra cac phan
tlr Ién hon ntra buéc song thi d& gap giadn d6 hwéng co xuét hién nhiéu bup séng, tuy nhién néu
chon ¢ < 1 tirc 1a 1am giam khdu d6 anten, sé lam tang do rong bup soéng chinh. Do dé thwdng
chon ¢=1 (ttrc 1a khodng cach gitra cac phan t& thudng chon béng nira buéc séng).
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TREN MIEN THO'I GIAN THUC
REALTIME FLATNESS-BASED CONTROL OF A DC ELECTRICAL
DRIVE SYSTEM
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Tom tat

Bai bdo trinh bay viéc xdy dung mé hinh thuc nghiém hé didu khién truyén déng dién mot
chiéu st dung nguyén Iy phéng. Thudt todn diéu khién nay duoc thuc hién trén phin mém
Matlab-Simulink théng qua card ghép néi may tinh PCIl — 1711. BS diéu khién phang voi kha
néng quan sat téi dg dem lai cdc chi tiéu chét lrong ot vér mot doi trong phi tuyén trong ché
do lam viéc khéng tai cdng nhuw o téi. Céc két qua thure nghiém thu duoc chung (6 diéu
khién phdng mang lai wu thé virot troi vé kha néang thiét Iap va bam quy dao dat so vor cde
bo diéu khién truyén thong.
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