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MO DAU

Anten mang ngdy cang trd nén phd bién trong linh vuc thong tin voi su
phat trién cta k¥ thuat tao bip song sd (Digital Beamforming — DBF). Vi sir
dung k¥ thuat tao bip song s6 ¢ thé d& dang thay do6i pha hodc trong s ctia mdi
phan tir trong Anten mang hay thay doi ca hudng cua bip song chinh. Ching ta
c6 thé thay d6i d6 thi btic xa ctia Anten bang cach don gian 13 thay dbi cac tham
s6 ctia n6. Do d6 Anten mang duoc ing dung rong rai trong thiét bi thong tin

lién lac.

Véi k¥ thuat tao bup song s, cac hoat dong dich pha, thay doi bién do cho
mdi phan tr clia mang va phép lay tong cho may thu, may phat 13 déu bang so.
Vi vay né gitip cho Anten mang linh hoat hon va chung ta c6 thé thay do6i d6 thi
Anten ma khong can thay d6i ca hé thong Anten,

Xuat phat tir nhitng van dé trén, t6i da lya chon dé€ tai nghién ctru cua

minh 13 “K§ thuit tao bup séng sé cho Anten mang”.

Muc tiéu cta khoa luan 13 nghién ctru 1y thuyét tao bup séng sé cho Anten
mang va dap Gmg duoc yéu cau khi thay thong s 16i vao bang sd thi bap song 16i

ra thay doi.

Déi twong va pham vi nghién ctru ctia khoa luan 13 tap trung giai quyét

nhitng van dé sau:

o Nghién ctru cac thuat toan dinh dang bap song sb trén Anten mang.

o Panh gia hiéu qua cta viée sir dung k¥ thuat sd trong qua trinh tao
blip song so vdi cac ki thuat tuwong tu cling nhu cac ky thuat khac.

o Nghién ctru k¥ thuat niang cao chi tiéu cho hé thong Anten mang
cling nhu kha ning Gng dung cao hon cia k¥ thuat tao bup song sb trong linh

vuc thong tin ngay nay.

Phuong phap nghién ctru duoc thuc hién 1a nghién ctru 1y thuyét két hop

v6i md phong bang phin mém matlab.



N1 dung khoéa luén chia lam 3 chuong:
Chuwong 1. Tong quan vé Anten:

Gidi thiéu tong quan vé Anten, khai niém bap song, k¥ thudt tao bup song
ndi chung.

Chuong 2. K§ thuit tao biip song sé va cac thuit toan tao bup séng

Gioi thiéu vé k¥ thuat tao bup song sd, so sanh véi k¥ thuat tao bip song
tuong tu, nhitng wu nhugc diém cua k¥ thuat tao bap séng s6 va cac thuat toan

tao bup song so.

Chuong 3. Két qua mé phéng:

M0 phong céc thuat toan st dung phdn mém matlab

Do gi6i han vé thoi gian, pham vi cua khéa luan tbt nghiép nén khoa ludn
moi chi di vao nghién ctru mot phin nhoé trong pham vi rong 16n cta linh vuc
cong nghé Anten ndi chung va Anten mang noi riéng. Mic du di c6 nhiéu c¢b
gang nhung chic chin khoa luan khong tranh khoi nhitng thiéu sot. R4t mong

thiy c6 va cac ban dong gop ¥ kién dé khoa luan duoc hoan thién hon.



CHUONG 1
TONG QUAN VE ANTEN

1.1.  Giéi thiéu vé Anten

Anten la thiét bi dung dé burc xa hodc thu nhan nang lugng dién tu. PO 1a
thiét bi dung dé truyén ning luong dién tir gitra may phat va may thu ma khong

can phuong tién truyén dan tap trung.

IEEE dinh nghia Anten 1a “phan cta hé thong truyén hay nhan dugc thiét
ké dé bic xa hay nhan song dién tir’. No1 cach khac Anten 1€iy tin hiéu RF(duoc
sinh ra béi radio) va buic xa n6 vao trong khong khi hay Anten ¢ thé nhan song

dién tr cho radio.

Nhu vdy Anten 14 mdt bo phan quan trong khéng thé thiéu cua bat ky hé

thong vo tuyén dién nao.

Pé co thé chon lwa dugec Anten dung dan thi diéu quan trong phai hiéu
dugec mot sb thudc tinh md ta vé Anten. Chung bao gém dang buc xa, hudng
tinh, do lo1i, tré khang dau vao, su phan cuc va do rong bang tan cua Anten.

Hudng tinh cia Anten mo td cuong d§ ciia mdt buc xa theo mot hudng
xac dinh tuong g voi cudng do bure xa trung binh.

D6 loi cling dién ta cung mot khai niém nhu hudng tinh nhung né con bao
gdm ca sy mat mat (vé cong suat) cta chinh ban than Anten.

Dang buc xa cia Anten mo ta sy khac nhau vé gbc buc xa & mot khoang
cach cb dinh tir Anten.

Cong suat buc xa that sy cta Anten 1a cong suat buc xa hiéu dung duogc
tinh bang cach ldy d6 loi cia Anten ( tinh theo dBd ) nhan v4i cong suat ma may
phat cung cip cho Anten,



Su phan cuc: Song dién tor dugc phat ra béi Anten cod thé tao ra nhiing
dang khac nhau anh hudng t61 su quang ba. Cac hinh dang nay s€ tuy thudc vao

su phan cuc cua Anten, c¢6 thé 1a phan cyc tuyén tinh hay phan cuc vong.
Tré khang 13 ty sb gitra dién ap va dong dién chay qua Anten.

D0 rong bang tan la vung tan s6 ma Anten cung cap hi¢u nang cé thé chap

nhan duoc.

Céc thudc tinh cua Anten déu lién quan mat thiét v6i nhau va phu thudc
13n nhau. Vi thé khi chon lya Anten ching ta can xac dinh duogc thude tinh nao 1a

quan trong cho vi¢c nghién ctru.

1.2. Anten mang

1.2.1. Giéi thiéu vé anten mang

Trong nhiéu tng dung, can thiét phai thiét ké nhiéu Anten véi nhiing dic
tinh chi phéi (d0 loi rat cao) dé dap Gmg yéu cau cho truyén thong khoang cach
xa.Thong thuong, diéu nay chi co thé dugc hoan thanh bang cach ting dic tinh
dién cta anten. Cach hiéu qua khac 1a ghép cac thanh phan butic xa lai voi nhau
trong mot hinh thé va cdu hinh dién, khéng cin thiét phai ting kich thudc cla
cac thanh phan buc xa riéng. Nhiéu thanh phan birc xa thi duoc dinh nghia 1a

Anten mang.

Nhu vy Anten mang 1a tdp hop gém nhiéu Anten thanh phin duoc bd tri
tai nhitng vi tri khac nhau trong khéng gian mang. C4c Anten thanh phan nay c6
thé duoc sap xép theo cac cau tric hinh hoc bat ky .Tuy theo cach sap xép d6 ma
mang c6 thé 1a mang duong ,mang tron hay mang phang . Anten mang c6 thé 1a

mot, hai, hodc ba chiéu.

Dang Anten mang don gian nhat 14 Anten mang tuyén tinh. Trong d0, cac
phan tr Anten duoc sap xép doc theo mot dudng thang.

Néu khoang cach giita cac phan tir trong mang dudng thang bang nhau thi
mang duoc goi la mang Anten day.



Dang hinh hoc clia Anten mang va cac yéu té khac nhau nhu gian do
phuong huéng, huéng, phan cuc cia cac phan tir déu c6 anh hudng truc tiép dén
chi tiéu chat lugng ciia Anten mang.

Dbi voi cac Anten mang truyén théng, bup song chinh s& duoc quét t6i cac
huéng mong mudn, va con dugc goi 1a anten mang pha. Cac bup song nay duoc
quet thong qua cac bo dich pha va trude day cac bo dich pha nay thudng hoat
dong tai cac tan so RF. Vé sau, qua trinh nay dugc goi 1a qué trinh quét bup dién

tir vi né s& thay ddi pha cta dong dién tai mdi phan tir Anten.

Céac anten mang quét bup ngay nay s& c6 do thi dugc dinh hinh dya theo
chi tiéu nao 1a t6t nhat lic d6 ma thoi, va duoc goi 1a Anten théng minh. Anten
thong minh con duge goi 1a Anten mang quét bup song bang ky thuat sb, hodc

Anten mang thich nghi (khi &p dung céc thuat todn thich nghi).

Su thong minh ctia Anten dugc tao ra do qua trinh xu ly sb cac tin hiéu
dén cac phan tir Anten, hay 13 su két hop ctia Anten véi cac thudt toan xur 1y tin
hiéu dé tao ra mot hé théng Anten c6 cac tinh nang linh hoat. Cac tinh nang linh
hoat nay c6 thé 1a gian d6 phuong hudng c6 kha ning thay d6i theo sy chuyén
dong cua thué bao...

Hién tai v&i strc manh cta bo xur 1y tin hi¢u sb gia thép, bd vi xur Iy dung
cho muc dich thong dung va ing dung nhitng mach tich hop dac biét...l1am cho
hé théng Anten théng minh dugc tmg dung rong rii trong nhiéu linh vuc truyén
thong. Pay 1a vu diém vuot troi ciia Anten mang noéi riéng va Anten thdng minh

nodi chung so voi cac Anten thuong.

Nhu vay véi mot Anten thuong thi dé thay doi do thi buc xa ta phai quay
ca hé thong Anten, con vi Anten mang ta chi viéc thay d6i mot trong cac thong
s6 nhu khoang cach, bién d6, pha...1a di c6 thé thay ddi dugc d6 thi birc xa cla
Anten. Diéu nay khién cho anten mang ngay cang thong minh hon.



1.2.2. Cac loai Anten mang

Thong thudng, phan tir Anten c6 thé duoc phan loai nhu: ding hudng,
dinh hudng theo ddc tinh blrc xa cua nd. Anten mang c6 thé dugc tham khao nhu
Anten mang pha, Anten mang thich nghi theo chirc nang va hoat dong cua no.

Anten mang pha 13 Anten st dung cac phan tir don va két hop véi tin hiéu
tao ra trén moi phﬁn tir dé tao thanh 16i ra. Hudng ¢6 do loi cuc dai x4y ra luon
duoc diéu khién bai dic tinh bién d6 va pha giira nhitng thanh phan khac nhau.

Anten mang thich nghi 13 Anten c6 kha ning chéng nhiéu tot, thu duoc tin
hiéu chinh x4c va tu hiéu chinh trong hé thong truyén théng. Pic tinh biic xa cta
nhirng Anten nay s& chuyén d6i thich nghi theo sy chuyén doi cia méi trudng
bang cach 14i cac blp khéng va giam cac mirc bip phu trong hudng nhiéu, trong

khi giir dic tinh bup tin hiéu mong mudn.

1.3.  Khai ni¢ém vé bup séng

Cac vung ciia mot mau noi ma ting ich c6 vung phu cuc dai dugc goi la
bap. Bup song la d0 rong cua tia tin hiéu RF ma Anten phat ra.
Bup song doc duoc do theo d6 va vudng goc véi mat dat con bap séng
ngang dugc do theo d0 va song song V& midt  dat.
Ung véi mdi kiéu Anten khac nhau s& c6 bup séng khac nhau. Do d6 chon
Iira bup rong hay hep s& quyét dinh hinh dang ving pht séng mong mubn. Bup

song cang hep thi tang ich cang cao.

1.4. KY¥ thuat tao bup séng
1.4.1. Khai niém tao bup song

Theo cong thirc tin hiéu 16i ra ctia Anten méang:
S=YAe®el?k



Ta thdy s € e!?*. Néu ta thay ddi pha cta tin hiéu( tic thay d6i ¢, ) thi dd
thi birc xa ctia Anten s& c6 blp song thay d6i. Phuong phap lam thay dbi bup
s6ng cua Anten goi la k¥ thuét diéu khién va dinh dang bdp séng.

Dé thay d6i ¢, ta c6 thé thay ddi cac thanh phan ctua Anten ¢ lién quan
dén pha cua tin hiéu nhu hang s6 dién mai (e), d6 dan tir (), tan s6 (f), hay do
dai Anten mang (d) theo nhu cong thirc:

¢ =2nfd\ep

r.: —_ £
Voif= 7
c: van toc anh sang truyén trong chan khong

A: budc soéng cua tin hi€u

Tuy nhién cach 1am trén c¢6 han ché 1a chung ta phai thiét ké phan ciing
phtic tap va do d6 tén nhiéu chi phi. Hién nay phuong phap lam thay d6i ¢, don
gian hon d6 13 thay d6i bang sb dua trén bo xtr 1y sé DSP hay FPGA...Vi vy k¥
thuat thay doi pha cta tin hiéu bang s6 goi 13 k¥ thuat tao bap song sé - digital
beamorming (DBF).

K§ thuat tao bup song 1a k¥ thut sir dung mot diy Anten dé hudng bup
song ctia Anten phat vé mot huéng nhét dinh (hudng cta thiét bi thu hodc mobile
).khoang cach giita cac Anten trong day 1a nho hon % budc song. K¥ thuat nay
con duoc goi 1a k¥ thuat Anten thong minh, duoc dung trong cic hé théng da
truy nhap phan chia theo khong gian (SPMA) nham ting d6 loi Anten phét va

giam can nhiéu.

Trude khi nghién ciru vao k¥ thudt tao bup song sd, ta can quan tim dén
cac k¥ thuat tao bup song don gian.



1.4.2. Cac ky thuat tao bup song
1.4.2.1. B tao bup séng co dién

Trong tao bup cb dién, trong sb tao bip duge chinh twong duong voi vecto
dap rng mang cua tin hiéu mong mudn. Mic du bo tao bip cb dién la lya chon
t6i wu dé hudng cuc dai cua bup séng chinh dén hudng tin hiu mong mudn va
vecto trong s6 w co thé d& dang thu dugc nhung nd thié u kha ning dé hudng cac

bup khong dén tin hi éu nhiéu. Do d6 bd tao bup song nay khong c6 hiéu qua.

1.4.2.2. B{ tao bup song biang hep

K§ thuat tao bip song 13 mot ki thuat xir Iy khong gian chung nhat duogc
thuc hién trong nhiing anten mang. Trong hé théng mang di dong t6 ong, tin hiéu
hitu ich cua mot cell thudng bi tin hiéu cac cell khac tron 1an vao gdy nén hién
tugng nhiéu giao thoa tin hiéu. Bo tao bup song bang hep c6 thé phan tach cac
tin hiéu trong ving giao thoa dé lay ra tin hiéu mong mudn cta cell d6. Tin hiéu
thu dugc tir cac phan tir trong mang dugc tong hop lai roi chon ra tin hiéu co

chat luong tot nhét.

y(t)

Hinh 1.1. M6 hinh k¥ thuat tao btp soéng bang hep.



Theo hinh v¢ thi tin hiéu ngo ra cta day y(t) cho boi:

y(t) = ZW’ZX/ t) =w" x(t)

Vo w=[wy, Wy, .., wi ]

Va X(t) =X, Xy o0 X T

w, biéu thi bo trong s6 phirc & phan tir thir 1.

Xi(t) biéu thi tin hiéu nhan duoc & phan tir thir nhat.
(") 1a lién hop phirc

H chuyén vi lién hop phirc cta vector hay mot ma tran.

1.4.2.3. B9 tao bup song quét biap khong
D6 13 bd tao bup song diéu khién blp khong duoc dung dé triét tiéu mot
song dén mit phang tr mot huéng khong biét truée va nhu vay tao ra diém
“khéng” trong dic tuyén tuwong Gmg voi hudng dén ctia mit phiang séng. Trong
dd thi hudng tinh s& c6 mot bip séng duy nhat ¢ huéng mong mudn va bup
khong ¢ hudng nhidu giao thoa. Piéu nay co6 thé duoc thuc hién bang cach udc

luong trong sb ctia bo tao bup séng, sir dung cac diéu kién rang budc thich hop.

Mic du dd thi hudng tinh duoc tao ra boi bd tao blip song nay cd nhirng
blp khong tai nhitng hudng c6 nhidu giao thoa, né khong dugc thiét ké dé tbi

gian nhiéu khong twong quan tai du ra cta day.

1.4.2.4. B tao bup séng toi wu

Bo tao bup song t6i vu c6 kha ning khac phuc nhitng han ché bdi bo tao
blp séng quét blp khong va bd tao bip song truyén théng dé cap & trén.



Bd tao bup song t61 wu dugce biét dén nhu b tao bup song MVDR, khong
yéu cau biét huéng va mirc cong suat ctia thanh phan nhi€u giao thoa cling nhu
murc cong suat cia nhiéu nén dé lam cuc dai SNR. N6 chi yéu cau hudng cua tin

hi€u mong muon.

Bo tao bup song tdi wu s& quét bup séng chinh dén huéng tin hiéu mong
mudn, ddng thoi didu khién bup khong dén ngudn nhidu mot cach chinh xac nhat

va hi¢u qua nhat.

1.4.3. Nhan xét

Nguyén 1y tao bup song tic 1a dya vao dit liéu dau vao dé diéu chinh tao

ra bup soéng phat phu hop véi hudng thu cua thiét bi.

K§ thuat tao bap song thuong dugc thyc hién bang cach sir dung Anten
mang dé co thé quét, diéu chinh do rong bup song ... nho vige diéu chinh cac
trong sb phirc ctia cac phan tir Anten mang. Chinh b trong sd nay gitp anten co

thé tap trung birc xa theo hudng mong mudn.
e Bién do cua trong s6 quyét dinh do rong bup song chinh va cac
bup bén
e Pha ctia b trong s6 quyét dinh huéng cua bip séng chinh

Trong tao bup séng, ca bién d6 va pha cua mdi phan tir Anten déu duoc
diéu khién dé diéu chinh mirc bip bén va bip khong tét hon 14 c6 thé dat duogc

bang cach chi diéu khién pha.

Tuy nhién dé thu dugc tin hiéu c6 sy sai pha nho thi biang thong cua tin
hiéu phai nhé hon nhiéu lan thoi gian truyén tin hiéu qua mang, goi 1a bang hep
(narrowband). Do d6 khi thyc hién mé hinh tao bip song dé giam thiéu sy giao
thoa thi bang thong cua tin hiéu phai nam trong giéi han cho phép cua hién

tugng bang hep.
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Uu diém cua k¥ thudt tao bup song 13 ¢ thé triét nhidu dong kénh nho kha
ning bam theo tin hiéu, phan bd bip chinh & hudng tin hiéu dén va bip khong &

cac hudng co tin hi¢u khong mong muodn.

Tuy nhién ngay nay van dé ting dung lugng dudng truyén 13 mot yéu cau
quan trong trong vién thong c6 diy ciing nhu khong day. Cac g dung ngay nay
déu doi hoi dudng truyén co tde d6 cao dé truyén tai cac dir liéu da phuong tién
16n, ngoai am thanh s€ 1a hinh anh, video, dir li¢u, tap tin...Vi vay néu chi dung
anten mang dé tao bup song s& chua du dap Gmg nhu cau vé dung luong dudng
truyén boi khi tao bip song ding nhiéu anten nhung chi truyén di c6 mot ludng

dit liéu ma thoi. D6 1a han ché cua k¥ thuat tao blp song.
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CHUONG 2
KY THUAT TAO BUP SONG SO

2.1.  Giéi thi¢u

Céc hé thong truyén théng vé tinh bing rong mé ra kha ning lién két giira
ngudi dung ¢ dinh va nguoi dung di dong véi cac mang dit ligu tdc do cao. Cac
hé truyén dan toc d6 cao doi hoi cac Anten mang c6 do dinh hudng cao, c6 nghia
1a cac hé Anten c6 kha ning diéu khién bip song vé phia vé tinh ciing nhu kha
nang hudng vé nhiéu vé tinh trong cuing mdt thoi diém. Poi hoi ndy co thé dat
dugc nhd cac hé Anten co kha ning diéu khién va dinh dang blp song bang

phuong phap s6 ( Digital Beamforming — DBF).

Thong thudng, bat ky anten mang nao ciing c6 thé dugc quét téi bat ky
huéng nao bang cach s dung hoic phuong phap dich pha bang phan cing hoac
phuong phép dich pha s6 cho dir liéu. Néu tin hiéu thu 1a s6 va da xu ly thi qua
trinh xt 1y tin hiéu sé nay duoc goi 1a qua trinh quét bap soéng sb. Céc ki thuat
xt 1y s6 hién tai gitp cho ngudi thiét ké Anten mang c6 thé bo qua bo dich pha
bang phan cimg dé quét bup Anten theo bat ky hudng mong muébn nao.

Nhitng khai niém ban dau cua DBF duoc phét trién cho cac hé thong rada
va dinh vi dudi nudc. DBF co ban dua trén cac khai niém 1y thuyét da co trudc,
gid day cac 1y thuyét ndy dang duoc trién khai trong thyc té.

Anten mang noi riéng va Anten thong minh ndi chung c6 kha nang tao va
diéu khién bup song bang phuong phap sb dé tao ra cac dic trung bic xa theo

mdt s6 yéu cau dinh trude. Va day 1a mot dic tinh quan trong cua anten mang.
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2.2. Bo K tao biip song s6 tong quat
Hé DBF tong quat:

o , ]
136 thu phit 5 Ba :11:) L3i ra
P i |y

tin

S ey N T SR

e Q

ARP ua) uy
e e s i

Hinh 2.1. B tao bup song sb tong quat

DBF la sy két hop giira cong nghé Anten va cong nghé s6. Mot hé DBF
tong quat gom ba thanh phan chinh:
e Anten mang
e  Cic may thu phat sd
e BJ xur 1y tin hi¢u sb
Trong mot hé théng Anten tao bup séng sd, cac tin hiéu thu s& duoc tach
song va sd hoa & mirc phan tir. Viée thu céc tin hiéu ¢ dang sé cho phép 4p dung
cac thuat toan va k¥ thuat xir Iy tin hiéu dé tach nhitng thong tin tir dit liéu mién
khong gian.
K¥ thuat DBF dya trén viéc thu céac tin hi¢u RF tai céac phén tir anten va
bién d6i chung thanh hai ludng tin hiéu nhi phan bang co s& ( kénh dong pha I va
kénh vudng pha Q). Tich hgp bén trong cac tin hi¢u bang co sé 1a bién do va pha

cua tin hiéu thu dugc tir mdi phan tir ciia méng.
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2.3. B tao bup séng sé cho may thu

Shared
Local
Oseillator

Shared
Sampling
Clock

Digital Beamforming Receiver

1 2 3 4
N NN
1 Tanslalor T |ansla1 or | | T ranshmr

r‘w G Gp) G

L Digital
Dovwwrn-

Converter

Digital
Diovain-
Converler

Digital
Down-
Converter

Digital
Dowwvni-
Converter

Dvigital Beamformer

Beamformer's complex baseband
output o demodulator

s(thw

bovl

To Other
Beamforiners

Trong may thu tao bip song sb gdm co:

Hinh 2.2. B6 tao bip song s6 cho méy thu

B6 chuyén dich tan s6 cao - RF Translator

Bo chuyén d6i tin hiéu tuong tu/s6 - A/D (Analog/Digital)

Bo d6i giam sb - Digital Down-Converter

B¢ nhan phuc - complex multiplier

Phép 14y tong
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Nguyén 1y ctia bo tao bap séng so:

PAu tién tin hiéu thu duoc tir cac phén tir Anten s& duoc két hop v61 bd tao
dao dong dia phuong dé chuyén dich tan s cao tan xudng trung tan. Sau d6 tin
hiéu trung tan nay s& duoc lay mau va chuyén sang tin hiéu sé qua bo chuyén d6i
ADC. Tai ddy tin hiéu s sé tiép tuc duoc ldy mau rdi chuyén dén bo doi giam sb
dé xur 1y tin hi¢u s6 va cling c6 thé duogc dung dé dinh dang blp song khac. Tin

hiéu sau khi qua bo d6i giam s6 s& c6 dang s4(t), 55 (t)... s, (1)
Nhu vay tin hiéu thu duoc tir tat ca cac phan tir Anten 1a:
s=[s1,52, ..., Sy ]
Véi n 14 s6 phan tir Anten trong mang.

Tiép theo tin hiéu thu dugc tir mdi phﬁn tr Anten s€ duoc nhan voi bo
trong 8O (Wy, Wy,..., w,, ) dé c6 thé quét bup song dén vi tri mong mubn. Do d6
chung ta s& str dung mdt ma tran tuong quan w véi mdi phan tir 1a do dich pha va
ty 1é bién d6 cho mdi kénh Anten:

wl =[wy,wy, .., w,]

T: chuyén vi lién hop phirc ctia ma tran

Tin hiéu sau khi nhan voi bd trong sb s& duoc téng hop lai v6i nhau qua
phép 13y tong dé tao ra tin hiéu cudi cung s(t)w. DAy chinh tin hiéu 16i ra bing
tan co s& phirc dé diéu ché dang bup séng sé6 mong mudn.

Ta thiy cac giai doan dich pha, chinh bién d6 cho mdi phan tr Anten va
phép lay tong cho bd thu déu duge thyc hién bang k¥ thuat s6. Ky thuat xu 1y tin
hiéu s6 nhu vay s& giup cho mdy thu tao bup song sb linh hoat va dé thuc hién
hon rat nhiéu so véi tin hiéu tuong tu.

Nhu vay dé tao blup song sb, tin hiéu cao tin can duoc bién doi xuéng
trung tin — xudng bing géc — qua ADC — thanh tin hiéu sé —qua xir Iy may

thu — mach tao bup song sd.
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2.3.1. Bo chuyén dich tin s6 vo tuyén — RF Translator

Bo chuyén dich tan s vo tuyén 1a thanh phan quan trong trong k¥ thuat
tao bup song sd. Do tan sd vo tuyén 1a tAn s6 cao va khong thich hop cho viée
thu tin hiéu ciing nhu ton chi phi nén day 13 b phan dau tién quyét dinh dén chét
luong cua bup song. Tin hiéu tai tin sb cao s& dugc chuyén doi xudng tan sb

thap ro1 sau d6 maéi1 duge xur ly.

2.3.2. B doi giam so: Digital Down-Converter

Bo doi giam sb6 c6 nhiém vu chuyén ddi tin hiéu trung tan dang s6 thanh
hai tin hiéu nhi phin bang co sd, kénh déng pha I va kénh vudng pha Q. Sau d6

hai tin hi€u ndy méi dugc nhan trong sb va téng hop lai dé thu duoc tin hiéu ra.

2.3.3. B¢ nhan phirc - complex multiplier

Thanh phan bing tdn co sé vudng pha I va Q c6 thé sir dung dé miéu ta

mot tin hiéu vo tuyén nhu mot vecto phirc voi phan thuc va phan ao.
s()=x(t) + jy(t)
o 5(t) : tin hiéu dai gdc phirc
e X(t)=i(t) :phan thuc
e y(t)=-q(t) :phinao
Véi tao bup song, tin hiéu dai gbe phirc duoc nhan voi trong sé phuc dé ap

dung dich pha va chia ty 1& bién d6 yéu cau cho mdi phan tir anten
Wi = ay ejSin (k)
Wy, =akCOS(9k) + jaksin(é?k)
e w;, 1 trong sd phitc cho phan tir anten thir k

e q,; la bién dd tuong doi cua trong s
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e 0, la do dich pha cua trong )

Mot bo xir 1y tin hiéu s6 co thé thuc hién phép nhin phirc cho mdi phan tir

anten:

skOwe = a{lx(©)cos(Or) — yi(©)sin(O)| + jlxp (t)sin(6y) +
Vk(t)cos(6k)

Nhu vay bang viéc ¢6 thém bo nhan phtic ma ta c6 thé dé dang thay doi tin
hiéu 16i ra bang cach thay dbi trong s6 phitc w. Thay d6i trong s phuc s& lam
thay d6i bién d6 va pha cta tin hiéu va giup thay d6i d6 thi birc xa ctia Anten

theo yéu cau.

2.4. Nhan xét

wi | | Wt
AD A/D RN AD
AN ] + + il
Digital beamforming processor
Inputs Qutputs
Output

Hinh 2.3. B6 tao bup song twong ty ~ Hinh 2.4. B tao bip song sd
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o K§ thuat tao bip song twong tu va s vé nguyén 1y 1a déu dich pha
va bién d6 cua tin hiéu dén tir mdi phan tir Anten. Tuy nhién k¥ thuat tao bup
song tuong tu chi 13 tao ra téng trong sb cla cac tin hiéu va do d6 1am suy hao
kich thudc tin hiéu ddng thoi con phai thiét ké phan cing phuc tap. Trong khi k§
thuat tao bup song s6 bién doi chinh xéac céc tin hiéu tuong tu thanh $6 qua bd
chuyén ddi A/D gitp Anten c6 thé tao ra cac dic trung buc xa theo mot ) yéu
cau dinh truée. Do xur 1y tin hi¢u béng sb6 nén ky thuat nay mém déo, linh hoat,

d& 1am hon va c6 thé tao da kénh.

o Phuong phép dinh dang bup song sd khong thé goi 1a qua trinh quét
dién vi khong truc tiép lam dich pha cua dong dién trong phan tir Anten. Pung
hon 14, viéc dich pha nay dugc thuc hién béing may tinh trén tin hi¢u da s6 hoa.
Néu cac tham sd ctia bai toan thay d6i hay hudng chuan duge hiéu chinh, thi qua
trinh dinh dang bap song sb c6 thé dugc thay d6i bang cach don gian 13 thay doi
mot thudt toan thay vi thay mot phan ctng khac.

° C6 thé xem k¥ thudt nay nhu mot anten tdi wu, theo d6 tit ca cac
thong tin téi bé mit cua anten duoc thu lai & dang nhiéu ludng sd. Tat ca thong

tin ndy co gia tri trong viéc diéu khién bup soéng

o Ngoai ra con ¢6 k§y thuat tao bup séng sd theo khoang cach phan ti,
hay theo khodng cach bup
: ®
x| ! Tt
1 ’ ADC |2 : > y[ﬂr]
RS
‘ : "‘E\ '
K A il ‘;;:ﬁ)—‘ yl:ﬂ,]
[

Hinh 2.5. K§ thuat tao bip song sd theo khoang cach phan tir
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Hinh 2.6. K§ thuat tao bup song so theo khoang cach bup

Trude khi dat cac trong s6 td1 cac phan tor cia mang, cac tin hiéu tur cac
phan tr cia mang co6 thé dugc xur 1y boi mot bd diéu khi€n nhiéu bip song dé
hinh thanh nén mot mang céc blip séng truc giao.

Tiép d6 16i ra cia mdi bup cé thé duge nhan véi cac trong so6 va két qua 1a
sinh ra m§t bip séng mong muon.

Nhu vay k¥ thudt tao blip song sé theo khoang cach bup cé thé tao ra

nhiéu bup séng hon.

2.5.  Uu, nhugc diém va wng dung ky thuit tao biip séng s6
2.5.1. Uu diém

Thuén loi chinh cua viéc dinh dang bup séng sb 1a viéc dich pha va viéc
gan trong s6 cho Anten mang co thé duoc thuc hién trén dit liéu da sb hoa thay
vi thuc hién bang phan cung. Khi thu, bip song s& dugc dinh dang trong qua
trinh xir 1y dit liéu thay vi dinh dang trong méi truong truyén.

Mot sb lugng 16m cac bup soéng ddc 1ap c6 do dinh hudng cao cod thé duogc

thiét 1ap ma khong 1am suy giam ty s6 tin hiéu trén tap (SNR)

Tat ca cac thong tin dén Anten mang déu duoc st dung trong b xu 1y tin

hiéu, do d6 hiéu suét ctia hé thdng co thé duoc t6i uu hda.
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Céc bup song co thé duoc chi dinh cho timg nguoi dung, do d6 dam bao

rang tat ca cac lién két déu hoat dong vai hé so tdng ich 16n nhat.

Céc hé théng DBF c6 kha ning thyc hién chuan may thoi gian thyc. Do d6
c6 thé lam giam nhe yéu cau phdi hop chit ché cua bién do va pha giita cac bo
thu phat do su thay d6i cac tham sd ndy c6 thé dugc chinh xac trong thoi gian
thuec.

2.5.2. Nhuge diém
Bd dinh dang bup song s6 don thuan chi bao gém mot thuit toan va no toi
uu hoa d6 thi ciia Anten mang bat cir khi ndo méi trudng truong dién tir thay doi
nén nd khong hiru dung va hi¢u qua nhu k¥ thuat dinh dang bap song thich nghi.
Khi s6 nguoi ding it va kénh bj pha-dinh manh (nhu truong hop truyén
song ¢ diéu kién khong nhin thing), hé théng tao bap khéng cai thién dugc tin
hiéu thu do khong bo sung dugc thong tin mdi, ma chi han ché duogc nhiéu da

truy nhap. Do d6 hé thong tao bup khong lam tang chi tiéu nhiéu.

2.5.3. Ung dung

Qua trinh dinh dang bup song sé duoc ap dung trong cic hé théng radar,

hé théng dinh vi dudi mat nudc, va hé théng thong tin dé cho ra mot vai mau.
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2.6.  Thuit toan tao biip soéng so
2.6.1. Thuat toan diéu khién biip séng chinh

Hinh 2.7. Anten mang

Gia thiét rang c6 s6ng phang di d¢én hé thong Anten c6 N phan tir vai goc
tgi 1a 9. Day Anten s& ldy mau trong khéng gian tir mit song toi ¢ thoi diém t,

cho trudce.

Vi song phang di dén Anten nén & cac diém lay mau cac bién do sé gan

nhu nhau. Pha thi thay d6i mot cach tuyén tinh.
Pha cua tin hiéu thu duoc & phﬁn tir tha k sé la:
AD, =k AD (1)
Trong d6 A® 13 hiéu pha giita hai phan tir lién ké
Nguyén nhan do hi¢u quang duong
AR = dsind 2
Thé vao ta c6 hiéu pha giira hai phan tir lién ké:

A® = ARy = dfgsind = d = sing (3)
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Va cudi cung 1a pha ctia phan tir thir k:
AV, =K AD =k 21 sing  (4)

Nhu vay ta thay tin hiéu dén tir cac goc khac nhau (9) sé& co su dich pha
khac nhau. Vi vy dd thi cia Anten mang s& khong gidng nhau & tat ca cic
hudng, s€ c6 mot sb hudng vai bién do 16n hon bién dd cua hudng khac.

Bay gio chiing ta hily xem xét truong hop khi ta thém nhiéu hon su dich
pha A®, dé so sanh phan tir k v6i phan tir thir nhat. Gia sir rang ban dau hudng

¢ bién dd cao nhat 14 0.

Tu (4) ta co:

9= arcsin(A;DZf) (5)

T (5) — néu ta thém dich pha theo hudng cao nhat va gan nhu d6 thi
Anten s€ lai goc 9. Day chinh 1a khai niém co ban cia k¥ thuat tao bup song.

Nhu vy néu ching ta st dung k¥ thuat tao blp séng sé thi ching ta can
tao ma tran w v&i mdi phan tir ciia w 1a sy dich pha nhu cong thire (5) cho mdi
phan tir Anten. Vi 9 lién quan dén ham arcsin nén ta chon w ¢6 dang:

WT — [1’ ejA(I)’ . ej (n—l)A(D] (6)

O day ching ta khong mudn thay d6i do rong bién d6. Ap dung diéu nay

cho tin hiéu, dd thi s& quét goc theo ham arcsin:

e arcsin(iii”) (7)

Duya vao cong thiic (7) ta thay bang su thay doi A® ching ta c6 thé l4i d6
thi dén bat ky goc tiy ¥ ndo.

Néu mudn bip séng chinh cta Anten vudng goc v6i ddy anten luc d6 céac
hé s6 nhan phai hoan toan gidng nhau. Mit phang song di dén theo hudng vudng
goc s& dén cac phan tir ctia diy Anten dong pha voi nhau. Nhu vay chung ta

nhan dugc ¢ dau ra mac tin hi€u 16n nhat.
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Hinh 2.8. Bup song chinh vuéng goc voi day Anten

Néu mudn quay bip séng chinh Anten 1éch khoi vi tri vuéng goc thi khi

d6 phai bu cac budc pha tuyén tinh ti 16 vdi mic goc 1énh bang phép nhan phic.

Hinh 2.9. Quay bup song chinh ctia anten sang phai 30°
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2.6.2. Thuit toan diéu khién biip phu va biip khong
2.6.2.1. Thuit toan Chebyshev
Muc dich: nhim duy tri murc bap phu cua dd thi btrc xa dudi mot muc cho
truge. Pidu nay cho phép khi ngudn nhidu dén tir mot hudng bat ky trong khong

gian ngoai hudng ctia bap chinh thi thanh phan khong mong mudn sé& bj thiét 1ap

blup phu & murc thap.
Tin higu
Mhidu

o
g 10
2
a8 20
&
£

HIE e Mh o an En an
5

Hinh 2.10. Thuat toan Chebyshev cho phép dat blap phu ¢ cac muc cho

truoc

Hinh v& thé hién mot mang 8x8 phan tir, phin cuc tron trai voi mic bup
phu &p dat 1a 20dB, bup song chinh dugc hudng theo (0,0).

Thuat toan Chebyshev c6 ¥ nghia trong viéc chong nhiéu ctia Anten phat
boi trong qua trinh phét, gian 46 huéng duoc st dung co thé chi don gian 13 bap
song chinh dugc huéng vé phia may thu. Trong trudng hop nay can biét trudce
gdéc mé cua bup song chinh ctia mdy thu va cling phai luu y dén ca moi truong
xung quanh may thu nira.

Poi khi xay ra viéc néu ta muén han ché tdi thiéu tic dong ctia may phat
1én cac may thu khac. Pay 1a do tic dong cua cong suat birc xa bai cac bip song
phu ma cac nhidu khong mong mudn ndy c6 thé han ché dugc. trong trudmg hop
nay can 4p dung phuong phap lam giam s6 bup song phu, d6 1a ting do suy giam
O bup song phu.
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Ta c6 thé thay rd dic diém cta bo loc Chebyshev 1a mirc blp song phu rat
dong déu.

2.6.2.2. Thuat toan SMI(Sample Matrix Inversion)
Thuét toan SMI 1a thuét toan bién doi nguoc ma tran léy mau.
No6i dung:

Thuat toan ndy danh gia cic trong s6 mang bang viéc thay thé ma tran

tuong quan mang R bang su danh gia ctia n6. Ma tran R ¢6 dang:

R(K) = TR x (X (k)
Trong do:
. R(k) biéu thi sy danh gia ¢ k thdi diém tirc thoi
e x(k) biéu thi cic mau tin hiéu mang & thoi diém tire thoi tha k
Su thiét lap cua R co thé duoc cap nhat khi c6 cac mau moi

kR(K) + x(k+1)xH (k+1)
k+1

R(k+1) =
Sy thiét 1ap méi ctia cac trong s w(k+1) ¢ thoi diém tirc thoi k+1 c6 thé
duoc thuc hién.
St dung 1y thuyét bién d6i nguoc ma tran ta co:

R (k—Dx(K)xH (KR~ (k-1)

-1 _ -1 _ —
R(k) =R (k—1) 1+ xHOR ™ (k=1)x(K)

Voi:
R7(0) =21
€0
g0 12 mot s6 duong nho

Khi s6 mau tang, sy cap nhat ma tran s€ tiém can tdi ding ctia ndé va nhu

vay cac trong so dugc thict 1ap tiém can to1 gia tri toi uu
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Ttc 1a khi; n—oo
R(k)—»R

Thi w(k)—w téi uu.

Muc dich: Cho phép dit cac bup khong & mot vi tri nhat dinh trén do thi
buc xa.
Thuat toan SMI c6 thé ting ty so tin hiéu trén tap bang viéc thiét 1ap d6 thi

btic xa theo nhitng hudng nhat dinh, nhung van duy tri duoc cac tham sb khac.

Cng subt bic xa (db)

*’ -0 -30" o »* L& 0"

Khéng d&t didm Null
— D&t Gi@m Null =00, 0= 30°

Hinh 2.11. Thuat toan SMI cho phép dit diém khong & vi tri cho trudc

bPuong nét dut thé hién mot do thi bic xa mot Anten mang vo1 bap song

chinh quét theo huéng (0,0), ngudn nhiéu dén theo hudng (0,30).

Puong nét lién 1a d6 thi buc xa sau khi thay doi vi tri bap khong dén vi tri
nhiéu (0,30).

2.6.2.3. Thuét toan két hop

Céac trong sb Chebyshev 1am thay d6i d& dang muc cia cac bup phu.
Trong khi d6 thuat toan SMI ¢ thé hudng nhitng bup song chinh theo hudng
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mong mudn, va dit nhitng bup khong cta dd thi birc xa theo hudng ciia nhitng
ngudn gay nhidu. Khi str dung ca hai phuong phap mot cach ddng thoi thi co thé
thu duogc do thi birc xa véi mdt murc bup phu diéu khién dugc va vi tri cac bup
khong co thé dat & vi tri cho trude.

Trong thuc té ngudi ta thudng két hop hai thuat toan trén trong viée dinh
dang va diéu khién bup song. Thuit toan Chebyshev 1am cho d6 dinh hudng thip

nhung né lai ddm bdo murc cua bup phu ludén dudi mot mirc nhat dinh.

T T Ty
- - ™
- - ~ e
w22 # - -
L == 2
= .’ S,
o - ’ -
& %
E - ! )
E I Fi W
¥ %

£ \
.ﬂ -...' ._.-. 5
2 | A-- Thudt toan SMI Y

- ¢ ——— Thuit todn SMI két hop Chebyshev =

= 40 ki 10 J ) E 40 A

i

Hinh 2.12. So sanh giita thuat toan SMI va két hop giita thuat toan SMI
v&i thuat toan Chebyshev

Hinh v& cho thdy su so sanh giita thuat toan SMI riéng va thuat toan

Chebyshev vo1 mue ctia bup phu dugc chon 1a 20dB.
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CHUONG 3
KET QUA MO PHONG
Dé minh hoa cho céc thuat toan diéu khién bup song sd, trong chuong nay
khoa luan s& dé cap mot s6 vi du mo phong cho thuat toan diéu khién bup séng

chinh. Cac vi du mé phong st dung phin mém matlab.

3.1. MO0 phéng thuit toan diéu khién mét blp séng chinh
Céc théng s6 mo phong Anten mang:
Tan s6 song mang: f= 2,7.10° (Hz)
S6 phan tir cia Anten mang: N = 10
Khoang cach gifta cac phan tir: d = 0,0556 (m)

Array Factor: Frequency =2.7e3; 10 elerment; d=0.53

Beam-pattern (dB)

] 0RO -

1 1 1 1 1 1 1 1 1
] U U Sy U SO SN S _
1 1 1 1 1 1 1 1 1

% I S S TS SN RN S R S
B (degrees)

Hinh 3.1. D thi buc xa v6i bup song chinh hudng theo goc 20°
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Beam-pattern (dB)

Bearn-pattern (dB)

Array Factor : Freguency =2.7e3; 10 element; d=054

|:|—---:- --------- Frmmm----- Fr-------- Fremmmm -~ | = T - P - ——
H ban dau
0 _L___L - dichlpha sangltrai
R .
el | | | | | | | |
-0 -R0 -40 20 0 20 40 B0 80

A idearees)

Hinh 3.2. D6 thi btic xa khi thay d6i pha cta tin hiéu sang trai 10°

Array Factor : Freguency =2.7e2; 10 element;

—————————————————————————————————————————

-80 -B0 -40 =20 ] 20 40 B0 an
2 (degrees)

Hinh 3.3. D6 thi btic xa khi thay d6i khoang cach giita cic phan tur
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Array Factor @ Fregquency =2.7e9; 10 element; d=0.52

ban dau
thay doi bien do

Bearn-pattern (dB)

anl| i i i . i i | i

A (degrees)

Hinh 3.4. D6 thi btic xa khi thay d6i bién d6 cta tin hiéu

3.2. Nhan xét

Trong khoang tir —90° dén 90° thi goc nhon ctia d6 thi buc xa sé& ¢6 gia tri

2 ’( 2 \ o 14 \ /‘\ A 14 \ b /(
nhd nhat & vung 0 sau dé cang vé bién nd cang tang rat nhanh.

Khi thay doi pha cta tin hiéu ta thidy do rong cta bup séng van giit
nguyén, chi c6 hudng ciia bap séng chinh 13 thay d6i. Nhu vay bang cach thay
d6i pha cua tin hiéu ta c6 thé quét bip chinh dén huéng ma ta mong mudn.

Khi thay d6i khoang cach gitta cac phan tir thi do rong ctia bup song ciing
thay ddi theo. Blip song chinh vin gitt nguyén hudng cii, nhung huéng ciia cac
bup phu lai thay doi. Cang vé hai bién thi su thay dbi nay cang rd rét hon.

Khi thay d6i bién d6 cta tin hiéu ciing 1am cho do rong bup song thay doi.
Tuy nhién né lai khong lam cho bup chinh va bip phu thay doi hudng. Ta c6 thé
thdy cong suit birc xa thay doi kha nhiéu.
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Pung trén quan diém tmg dung thuc tién thi thudng co thé chdp nhan ung
dung trong khoang ig , do trong khoang nay gian d6 hudng s& hau nhu giir
nguyén duoc hinh dang, hoic thay doi khong nhiéu nhu & hai bén goc phuong vi.
Con trong trudng hop can quét trong toan b khoang 2 c6 thé sir dung cac day

anten thiét ké theo kiéu phirc tap hon. DAy sé& 1 vin dé phat trién cta khoa ludn.
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KET LUAN

Khoa luan di dé cap dén nhitng van dé co ban ciia anten mang, cac k¥
thudt tao bup song tuong tu, tao bup soéng s6, cac thuat toan va nhirng wu nhugc
diém cua ky thuat tao bup song sb.

Ung dung va phat trién cac k¥ thuat cung cac thuit toan tao va diéu khién
buip song cho cac h¢ anten mang da va dang dugc nghién ctru rdng rai trong linh
vuc vo tuyén. C4c thuat toan di dugc Ung dung dé tao cac blp song vdi cac
thudc tinh dinh trudce cho anten phuc vu cac hoat dong nghién ctru va ung dung
thudc linh vuc k¥ thudt anten-truyén song va siéu cao tan.

Tuy nhién do khudn kho gi6i han cua khoa luan, con mot s6 van dé bo
sung hoan thién va tiép tuc nghién ctru nhu:

Su phat trién cla k¥ thuat DBF, nhitng thudt toan méi va k§ thuat méi dé
tao bup song sb cling nhu viéc nghién ctru mé rong goéc phuong vi 1a vin dé ma
khoa luan chua khai thac duoc.

Vi du phuong phap dinh dang bup séng sé6 SDMA

8[ \ L / 'le—
N
x, (1) Iziro Sy J;v(rJT

B0 Ba(1) Byt
¥(r)
Array
signal
memory
¥E(r)
Correlator and phase detector Bl yE (1)

I S S

Hinh 4.1. Bo thu cdu phuong SDMA
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Phuong phép méi nay co thé duoc dung cho bat ky anten mang N phan tir
ndo. Co thé 1a anten mang tuyén tinh nhung t6t hon 13 mang ngau nhién 2 hoic 3
chiéu va viéc liy pha cho phan tir s& 1a duy nhit tng voi mdi goc dén. Tinh moi
la cua phuong phap mdi nay 13 né c¢6 dugc ban chat cua tin hiéu B, (t), bd nho
tin hiéu mang don nhit, va d6 trong quan dua trén hudng tin hiéu.

Bo thu SDMA méi khdng xir 1y tin hiéu dén bang cac phép dich pha hoic
14i blp ma tim ra huéng dén bang sy twong quan vé do 16n |R,| duoc dung nhu
la mot biét s6 dé xac dinh xem liéu mat tin hiéu c6 hién dién tai goc mong mudn
0, hay khdng. Néu biét s6 nay vuot qua mot ngudng dinh trudc, thi mét tin hiéu
duoc cho 14 dang hién dién va pha cua n6 sé duogc xac dinh. Viéc uée luong vé
cac phép dich pha c6 thé lam tiét kiém kinh phi...

Vi vay k§ thuat tao bap séng sé cho anten mang sé& tiép tuc 1a dé tai duoc
tim hiéu va phat trién trong tuong lai.
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PHU LUC
CAC CHUONG TRINH VIET BANG MATLAB

Phu luc 1. Chuong trinh mé phong thuét toan diéu khién mot bip séng
chinh:

%% %%%%%%%%%%%%%%Bup song chinh hudng theo goc 20°

clear all

close all

j=sart(-1);

c=3e08; % speed of light

fc=2.7e9; % carrier frequency

lambda= c/fc; % wavelength

d=0.5*lambda; % element spacing

k1=2*pi/lambda; % propagation constant for signal at original frequency
N=10; % number of elements

thetaO = 20; %inital steer angle in degrees, measured from the array axis
theta=-pi/2:0.01:pi/2; % scan from O to pi

thetaO= theta0*pi/180; % to convert from degrees to radians
sum1=0;

for n=0:N-1

value = exp(j*(n*k1*d*(sin(theta)-sin(theta0))));

suml = suml + value;

end

AF1=suml/max(suml); %normalised AF

figure(1)

plot((theta*180/pi),20*log10(AF1),'b");grid on;

axis([-90 90 -80 1])

ylabel('Beam-pattern (dB)’)

xlabel('\theta (degrees)’)

title('Array Factor : Frequency =2.7e9; 10 element; d=0.5\lambda’)

%% %% %% %% %% % %% %% % %% %% %% %%% Thay d6i pha cua tin hiéu:
clear all

close all

J=sqrt(-1);

¢=3e08; % speed of light
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fc=2.7e9; % carrier frequency

lambda= c/fc; % wavelength

d=0.5*lambda; % element spacing

k1=2*pi/lambda; % propagation constant for signal at original frequency
N=10; % number of elements

thetaO = 20; %inital steer angle in degrees, measured from the array axis
thetal = 10; %inital steer angle in degrees, measured from the array axis
theta=-pi/2:0.01:pi/2; % scan from O to pi

thetaO= thetaO*pi/180; % to convert from degrees to radians

thetal= thetal*pi/180; % to convert from degrees to radians

sum1=0;

sum2=0;

for n=0:N-1

value = exp(j*(n*k1*d*(sin(theta)-sin(theta0))));

valuel = exp(j*(n*k1*d*(sin(theta)-sin(thetal))));

suml = suml + value;

sum2 = sum2 + valuel;

end

AF1=suml/max(suml); %normalised AF

AF2=sum2/max(sum2); %normalised AF
plot((theta*180/pi),20*logl0(AF1),'b");grid on;hold on;
plot((theta*180/pi),20*log10(AF2),r");

axis([-90 90 -80 1])

ylabel('Beam-pattern (dB)")

xlabel('\theta (degrees)’)

title('Array Factor : Frequency =2.7e9; 10 element; d=0.5\lambda’)
legend(‘ban dau’,'dich pha")

%% %%%%%%%%%%%%%% Thay dbi khoang cach gitta cac phan tir:
clear all

close all

J=sqrt(-1);

c=3e08; % speed of light

fc=2.7e9; % carrier frequency

lambda= c/fc; % wavelength

d=0.5*lambda; % element spacing

d1=0.7*lambda; % element spacing

k1=2*pi/lambda; % propagation constant for signal at original frequency
N=10; % number of elements



thetaO = 20; %inital steer angle in degrees, measured from the array axis
theta=-pi/2:0.01:pi/2; % scan from O to pi

thetaO= theta0*pi/180; % to convert from degrees to radians
sum1=0;

sum2=0;

for n=0:N-1

value = exp(j*(n*k1*d*(sin(theta)-sin(theta0))));

valuel = exp(j*(n*k1*d1*(sin(theta)-sin(theta0))));

suml = suml + value;

sum2 = sum2 + valuel;

end

AF1=suml/max(suml); %normalised AF
AF2=sum2/max(sum2); %normalised AF
plot((theta*180/pi),20*log10(AF1),'b");grid on;hold on;
plot((theta*180/pi),20*1og10(AF2),r");

axis([-90 90 -80 1])

ylabel('Beam-pattern (dB)’)

xlabel("\theta (degrees)’)

title('Array Factor : Frequency =2.7e9; 10 element’)
legend(‘d=0.5\lambda’,'d=0.7\lambda’)

%% %%%% %% %% % %% %% % %% %% Thay d6i bién do cua tin hiéu
clear all

close all

J=sqrt(-1);

c=3e08; % speed of light

fc=2.7e9; % carrier frequency

lambda= c/fc; % wavelength

d=0.5*lambda; % element spacing

k1=2*pi/lambda; % propagation constant for signal at original frequency
N=10; % number of elements

thetaO = 20; %inital steer angle in degrees, measured from the array axis
theta=-pi/2:0.01:pi/2; % scan from O to pi

thetaO= thetaO*pi/180; % to convert from degrees to radians

sum1=0;

sum2=0;

for n=0:N-1

value = exp(j*(n*k1*d*(sin(theta)-sin(theta0))));

valuel = exp(j*(n*k1*d*(sin(theta)-sin(theta0))))+0.1;



suml = suml + value;

sum2 = sum2 + valuel;

end

AF1=suml/max(suml); %normalised AF
AF2=sum2/max(sum2); %normalised AF
plot((theta*180/pi),20*log10(AF1),'b");grid on;hold on;
plot((theta*180/pi),20*log10(AF2),r);

axis([-90 90 -80 1])

ylabel('Beam-pattern (dB)’)

xlabel("\theta (degrees)’)

title('Array Factor : Frequency =2.7e9; 10 element;d=0.5\lambda’)
legend(‘ban dau’,'thay doi bien do")





