Ky thudt siéu cao tin & Ra da

PHUONG PHAP DUY TRi PO RONG BUP SONG KHI MO RONG
VUNG QUAN SAT PHUONG VI TRONG RA PA BIEN TAM XA
SONG BE MAT DAI TAN SO CAO

Ha Huy Diing*, Lé Duy Hiéu!, Poan Vin Tung?, Bui Ngoc M§?

Tém tit: Ra da bién tam xa séng bé mdt dai tan sé cao c6 hé théng dng ten thu dong
dang tuyén tinh véi kich thide 1om va dwoc ldp ddat cé dinh trén bo bzén Viing quan sat
theo phwong vi tiéu chudn cia cdc ra da bién tam xa séng bé mdt ddi tan sé cao thirong
gidi han trong mién phirong vi £60° do dé réng bip séng bi mo rong vuot qud cdc chi tiéu
phdn biét va phat hién cua ra da. Bai bao nghién ciru, dé xudt phwong phap duy tri do
rong bup song khi gc quan sat cua ra da bién tam xa song bé mat ddi tan s6 cao lom hon
+60° bang cdach hiéu chinh cdc hé sé kich thich cdc phan tir ang ten. Phuong phdp dwoc
thuc hién trén co so xdc dinh gioi han ving goc dwoc mo rong. Trong vung nay, do rong
bip séng tai cac goc mo rong sé dwoc duy tri twong tw nhw tai £60° véi mirc nang lwong
bip bén nam trong giGi han cho phép.

Tiwr khoa: HFSWR; D6 rong bup song; Vung goc méd rong.
1. PAT VAN PE

Ra da bién tim xa song bé mat dai tan s cao sir dung nguyén 1y lan truyén trén bé mat dan
dién cua song phan cuc dung dai tin sd tir 3+30 MHz dé quan 1y, giam sat cac muc tiéu tau bién
trong ving giéi han 400 km [1] duoc viét tit 1a HFSWR [2] (High Frequency Surface Wave
Radar). HFSWR sir dung c4u triic ang ten vdi tin hiéu phat dugc phat xa boi mang ang ten mat
phang phan cuc dung ludng cuc logarit LDPA (Log-Periodic Dipole Array). Tai phia thu, cac
ang ten mang pha dong dang tuyén tinh (Uniform Linear Array-ULA) dua trén cdc bo thu da
kénh két hop vé6i bo xir 1y s6 theo timg phan tir ang ten dé tao ra gian d6 hudng. Viéc tao ra cac
gian d6 huéng hay con goi 1a dinh dang bup song tai cic goc quan sat khac nhau trong mang ang
ten thu duoc diéu khién boi cac trong so kich thich t6i timg phan tir dng ten nhu mé ta tai hinh 1.
Phuong phap dinh dang nay dugc goi 1a phuong phap dinh dang bip song sb (Digital
BeamForming-DBF).

W(1) w(2)

Hinh 1. Phurong phdp dinh dang bip séng hé thong dng ten mang pha.

Trén hinh 1, 0 1a goc huéng phuong vi quan sat; d 1a khoang cach gitra cac phan tu ang ten;
1a d9 1€ch pha gitra cac phan tir dng ten lién k& W = [W(1) W(2).. W(N)] 1a cua s6 trong s0 dleu
khién tham sb gian dd huéng. Gian dd huéng mang dng ten N phin tir duoc thé hién qua hé sb
mang ang ten AF (Antenna Factor) dugc tinh theo cong thirc (1) [3]:
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N-1
AF = ZWT (n).ejn(kd sin6-p3) (l)
n=0

Trong d6, [.]7 1a phép chuyén vi ma tran.

Béng phuong phap DBF, goc phuong vi quan sat dugc trong HFSWR ¢6 thé dat t&i £90°. Tuy
nhién, do sy suy giam chat luong gian d6 hudng theo goc quan sat (Theo khao sat tai Muc 2) g1a
trj tiéu chudn vé goc quan sat cia HFSWR thuong gidi han trong +60° [4]. 901 voi cac quoc gia
c6 dudng bo bién dai, sy giéi han goc quan sat s€ doi hoi sy gia ting vé sb lugng cac tram
HFSWR can dé quan ly ving bién. Vi vdy, nhu cdu mé rong gidi han quan sat vuot qua gia tri
gioi han tiéu chuan c6 ¥ nghia thyc tién 16n trong giam thiéu chi phi, diéu khién dong bo mot hé
thong cac tram HFSWR. Su m¢ rong cac ving quan sat con 6 vai tro quan trong trong viéc phat
trién cac vung chong lan gitra cac tram ra da nham néng cao kha nang phat hién muc tiéu va phat
hién ngudn gay nhicu.

Bai bao sé& thyc hién mot giai phap duy tri chit lugng gian dd hudéng trong HFSWR khi goc
Quan sat vuot qua gidi han +60°. Cac ndi dung chinh gdm co: Dé xuat va danh gia nhitng tham s6
gian dd hudng can duoc duy tri tai muc 2. Nghién ciru thuce hién giai phap duy tri chat luong
gian db hudéng va danh gia két qua thuc hién trén phan mem mo phong tai muyc 3. Cudi cung,
nhing két qua dat dugc va nhitng hudng nghién ctru phat trién lién quan dugc trinh bay tai phan
két luan.

2. THAM SO GIAN PO HUONG MANG ANG TEN PONG DANG TUYEN TiNH

Gian d@) hudng cua mang ang ten thu thuc hién chie néng thu chon loc céc tin hi¢u tir hudng
mong muon, dong thoi nén nhiu va cac tin hiéu can nhicu tr cdc hudng khac. Nhiém vu nay
duogc dam bao qua nhitng tham so chat lugng cta gian d6 hudng, gom co:

+ D0 rong bup song:

Do rong blp song la d 16n goc mo tai vi tri mue -3 dB (Half Power Beam Width - HPBW)
hodc Null cac diém 0 thtr nhét (First Null Beam Width-FNBW) ctia bup song chinh. Trong bai
bao HPBW dugc sir dung dé xac dinh d¢ rong blp séng. HPBW cua blp soéng chinh duoc tinh
bang cach dit hé sb mang AF = 1/ J2 . Vi mang ing ten ULA, HPBW dugc tinh gin dang theo
cau tric ang ten nhu cong thire (2) [5].

0.8864

HPBWy., ~ Nd cos &
0

(2)

+ Mirc bap bén (Side Lobe Level-SLL):

Bip bén 1a nhirng bup song ndm xung quanh bup soéng chinh trong gian dd hudng ciia mang
ang ten. Muc bup bén dugc dinh nghia la bup séng c6 bién do 16n nhat trong cac blup bén so voi
muc dinh blp song chinh. Trong ang ten ULA (c6 d =A4/2) quan h¢ bién do gilra bup song
chinh va mirc bup bén duogc xac dinh gan diing nhu cong thac (3) [5]:

1

+ Bup lap:

La hién twong c6 nhiéu bap song chinh trong gian db hudng. Dé loai bo hién twong nay can
dam bao quan hé gilra ving phuong vi quan sat A¢, ti so giltta budc song lam viéc va khoang
cach gitra cac phin tir Ang ten tudn tha theo (4) [6]:

_1<2¢j<+1 (4)
T
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Bai bao thyc hién cac nghién ctru trén hé théng HFSWR hoat dong tai tan sb fo = 6MHz (budc
song lam viée Ao = 50m), mang ang ten thu dang ULA, c6 s6 phan tir dng ten N = 32; d = 1, /2
=25 m. D01 v6i mang dng ten nay SLLuia = -13.43 dB, HPBW = 3, 172° khi khong str dung ctra
sO trong s& W. Gia tri tham s6 SLL ciia ang ten ULA khi khong str dung ctra s6 trong s6 thuong
thip va gdy kho khan cho cac chirc nang phat hién bam sat muc tiéu. Dé nang cao SLL, phuong
phap cira s trong s6 dugc su dung. Co nhiéu ham ctra s6 [6] nhu chir nhat cai bién (Modified
Rectangular), chudi cau roi rac mé rong (Discrete Prolate Spheroidal Sequences (DPSS)),
Kaiser, Chebyshev. Trén hinh 2 minh hoa gian d6 huéng dng ten ULA khi khong st dung, st
dung cira s6 Chebyshev, cira s6 DPSS.
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Hinh 2. Minh hoa mét s6 gian do hiéng véi cac phwong phap kich thich trong sé khéc nhau.

Nhu minh hoa trén hinh 2, viéc nén nang lugng bup bén df: c6 duge SLL lon s€ lam gia tang
HPBW cua gian d6 huong. Do do, viéc lya chon cac tham so gian d6 hudng can dung hoa chat
1uong gitra cac tham so0 c6 quan hé i 1é nghich. Theo [6], trong ra da noi chung, viéc bic:%t trudce
hé s6 nén cac bup bén va sy dong deéu cua hé sd nén nay cé vai tro quan trong doi vdi chat luong
xu ly-phat hién muyc tiéu. Vi Vay, phuong phap sir dung trong ra da hay HFSWR thuong la cura
s6 Chebyshev. Céc tham s6 gian d6 hudng dng ten ULA, véi cac trong s kich thich phan tir theo
phuong phap cira s6 Chebyshev duoc xac dinh nhu sau:

+ V6i khoang cach gitra cac phan tir dng ten bing d=1/2, ving quan sat khong c6 hién tuong
bup 1dp ndm trong khoang +90°.

+Heé s6 SLL r dugc xac dinh tir cac hé s6 ham Chebyshev nhur cong thirc (5) theo [7]:

A Shfl(l’) nz 27nm
1+ T ———= |cos| — | |cos 5
e e 250 ] ) 25 ©
Trong d6: 1<M<N r=10%1a ti s6 SLL tinh theo dB; Tm(X) 12 da thirc Chebyshev va duoc
tinh theo cong thic (6):

(6)

T 0= {cos(m cos(x))  [x|]<1

cosh(mcosh™(x)) |x|>1

+ D0 rong bup song:
Trong giai phap cira s6 Chebyshev [7] chi cung cap phuong trinh tinh HPBW tai goc 0° nhur
mo ta tai (7):

HPBW =4, :7r—2cos‘1£ ol j @)

748
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Véi biéu thire suy giam:

a1 1 1 107
¥, =2c0s {Ecosh(mcosh [ \E]H (8

Trong qué trinh nghién ctru, nhém tac gia bang cac khao sat mo phong AF cua gian d6 hudng
tai cac goc hudng khac nhau, tong hop cac gia tri HPBW khi str dung ctra s0 Chebyshev nhu trén
hinh 3. Cac gia tri HPBW khi sir dung cira s6 Chebyshev c6 thé tinh gan diing theo cong thirc (9):

7 —2cost L
27d,

HPBW 0
Cheba (07) HPBWULA (0)

HPBWULA(OO

(9)

HPBWq e, (€)= 050

Trong do: HPBWULA(00

s0; HPBW , () 1a do rong biip song cua ULA khi khong sir dung cira so tinh theo (2).

ULA Beamwidth with Chebyshey window

1a 6 rong bup song dng ten tai goc hudng 0° khi khong sir dung cilra
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Hinh 3. D¢ réng bup song theo géc hudong quan sat cia ang ten ULA (N=32;d=1/2) sir dung
phirong phdp cira s6 Chebyshev véi SLL = -50dB.

Hinh 3 thé hién HPBW bi mé rong nhanh chong sau ving goc quan sat £60°. Sy md rong
HPBW la nguyén nhén chinh dan t6i suy giam d6 phan biét, suy giam xac sut phat hién muc
tidu, Xac xut phat hién co thé giam tir 90% Xuong 10% ung vo1 dai thay doi cua HPBW [8]. Vi
vély, d6i v6i nhu cdu mé rong vung quan sat, viéc duy tri chat lugng céac tham sd gian_ dd hudng
n6i chung va HPBW noi riéng dong vai tro quyét dinh. Phan tiép theo ctia bai bao s& dé xuit mot
gidi phap tinh todn hé s ctra so kich thich cac phan tir ing ten nham duy tri chat luong gian db
huéng d6i véi viing quan sat 16n hon £60°.

3. PHUONG PHAP DUY TRI CHAT LUQNG GIAN PO HUONG TAI CAC VUNG
PHUONG VI MO RONG

Tir y nghia thyc tién cua viéc mé rong ving phuong vi quan sat trong HFSWR, dé duy tri
chat lwong gian d6 huéng ddi voi ving quan sat 16n hon +60° cac nha thiét ké thuong dé xuat st
dung ang ten hinh cung [4] hodc gia tang s6 lugng phan tir ang ten dé giam HPBW nhu quan hé
cac tham sb tai cong thire (2). Méc du theo ly thuyét day 1a mot phuong an giai quyét kha thi, tuy
nhién, dé co thé trlen khal mot mang dng ten hinh cung hodc ting sé phan tir ing ten trén dia
hinh bo bién thue té 1a rt kho thue hién. Phuong phap dugc trinh bay trong bai bao la thuc hién
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thay doi cac hé s6 ctra sO trong sd trén co s& dam bao cac tham sb khac cia gian ¢ huéng nam
trong pham vi cho phép va mé ta phuong an thuc hién kha thi trong thuc té.

Theo cac cong thirc (8) va (9), viéc giam HPBW ludn dong nghia véi ting SLL. Do d6, dé c6
thé duy tri HPBW tai cic ving mé rong voi mirc bup bén dam bao khong nho hon mot gia tri
SLLmin thi tai viing quan sat tiéu chudn muc biip bén can dugc thiét 1ap tai SLLmax. Gid tri SLLmax
dugce lya chon sao cho HPBW dam bao chat luwgng phan biét vé phuong vi, gia tri SLLmin can dam
bao kha ning phat hién muc tiéu tai bip, chinh vi thé, SLLmin, SLLmax 1a nhitng gi tri dugc gidi
han khi thiét ké hé théng HFSWR.

Xét phuong phap xay dung bo trong sb theo cira s6 Chebyshev cho hé théng HFSWR nhu mo
ta tai myuc 2. Cac gia tri mirc bup bén SLLmin = -30dB, SLLmax = -50dB. Tur cong thurc (5), cac
trong s6 1an luot cho 32 phan tir dng ten véi SLLmax = -50dB 13 Wo.

&0° Beamforming of ULA 32 elements; SLL =-50dB
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Hinh 4. Gidn d6 hiéng va do rong bup song chinh tqi 60° mang dng ten xdy dung
theo hé so cita s6 Chebyshev voi SLL = -50 dB.

W, = [0.0507; 0,0661; 0,1050; 0,1548; 0,2157; 0,2870; 0,3675; 0,4551; 0,5468; 0,6393;
0,7288; 0,8112; 0,8827; 0,9398; 0,9796; 1,000; 1,000; 0,9796; 0,9398; 0,8827; 0,8112; 0,7288;
0,6393; 0,5468; 0,4551; 0,3675; 0,2870; 0,2157; 0,2157; 0,1548; 0,1050; 0,0661; 0.0507].

Khoang HPBW cua gian d6 hudng trong gi6i han tiéu chuan £60° 12 4,87° dén 9,75°. Gian d6
huéng va HPBW tai goc 60° cuia hé thong HFSWR duoc mo ta tai hinh 4. Trong vung muc bap
bén da lya chon, ving mo rong goc quan st ciing 1a hitu han. Dé tinh dugc gidi han goc mé
rong, tur cong thic (9), géc quan sat 16n nhat c6 thé dugc tinh nhu (10):

Opax =COS ™ I:;[ﬂ' ~2cos™ (V/*‘“—”"MJH (10)
HPBW,, 27d,

oo = 9 75° thu dugc 6, = 66°. Nhu viy,

V@i giai phap duy tri chat luong gian dd hudng bang hiéu chinh hé sb cua s0, mot hé thong
HFSWR c6 thé nang cip ving quan sat so v6i ving danh dinh 1én thém 6° vé hai phia.

Twr gian dd hu’opg v61 bd trong s6 Wy tai 66° duge md ta tai hinh 5, c6 thé thay HPBW bi m¢
rong téi 14° va xuat hién bup doi xing nhu vy gian d6 hudng véi bd trong so6 Wo 1a khong thé
st dung.

Thay h¢ sb suy giam a,;, dé tinh ra w,,,, HPBW
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66" Beamforming of ULA 32 elements; SLL =-50dB
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Hinh 5. Gidn dé hudng va do rong bup song chinh tai 66° mang dng ten xdy dung
theo hé so cita s6 Chebyshev véi SLL = -50 dB.
Str dung SLLin = -30 dB thay vao cong thirc (5) thu duoc bo tham sb W

W = [0.4439; 0.2433;0.3035; 0.3684,0.4367; 0.5072;0.5785; 0.6490; 0.7170; 0.7809; 0.8392;
0.8904; 0.9330 ;0.9660; 0.9886; 1.0000; 1.0000; 0.9886; 0.9660; 0.9330; 0.8904; 0.8392;
0.7809; 0.7170; 0.6490; 0.5785; 0.5072; 0.4367; 0.3684; 0.3035; 0.2433; 0.4439].

Két qua mo phong gian do hudng véi bo tham sO Wi dugc thé hién tai hinh 6. Két qua thu

dugc cho thay, chat luong gian d6 huéng theo HPBW van dam bao 9,75° va muc nén bip bén
dat -30 dB.

66" Beamforming of ULA 32 elements; SLL =-50dB
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Hinh 6. Gidn dé hirong va do rong bip séng chinh tai 66° mang dng ten xdy dung
theo hé s6 cira sé6 Chebyshev véi SLL = -30 dB.
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Nhén goc quét ciia chu
ky tiép theo

G6c quét > Goc danh dinh

Diéu khién

Tinh delta = G6c quét -
Goc danh dinh

Y A

| Taibo hé sb theo vi tri

Tai bo hé s6 danh dinh Tao ma truy cap dit liéu delta

4

Lua chon bo hé sé cz’ip cho bd phan xay
dung gian d6 huéng

Hinh 7. Luu do thay doi hé sé cira sé dép vmg thoi gian thue.

\ 4
4

Dé cac hiéu chinh thich nghi trong s dap ung duoc su 6n dinh vé gian dd hudng tai cac ving
mo rong giéng nhu tai vi tri bién £60° doi hoi cac gia tri trong s kich thich dugc thay doi lién
tuc. Trong hoat dong thuc té, dé loai bo thoi gian tinh toan lai cac tham s6 cira s6 can thuc hién
tinh toan trudc va nap san cac bo tham s6 theo vi tri gb6c mo rong. Luu dd thuét toan thay ddi bd
tham sd duoc md ta tai hinh 7.

4. KET LUAN

Noi dung trong bai béo da xdy dung day du va kiém ching qua mé phong mot phuong phap
duy tri chat luong gian d6 hudng ang ten dbi v6i hé thing HFSWR co cac ang ten duoc lip dit ¢b
dinh trén bo bién khi thyc hién mé rong ving quan sat. Két qua dat duoc cho thay, thyc hién mé
rong vung quan sat 1én thém 10% 1a hoan toan kha thi va khong lam gia tang d phue tap va kinh
phi thyc hién. Giai phap duoc dé xudt co tinh hiéu qua cao dbi véi cac quic gia c6 duong bo bién
dai va can mot sb lugng 16n cac tram HFSWR dé quan 1y toan bo ving dic quyén kinh té.

Theo hudng nghién ciru ciia bai bao, nhitng huéng phat trién tiép theo d6 14 tinh toan kha
ning duy tri chat luong gian d6 hudng két hop giita kha nang thay doi tan sd lam viéc va cac
trong s thich nghi nham thay ddi quan hé vat 1y giita phan tir dng ten va khoang cach giira cac
phan tir dng ten.
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ABSTRACT

METHOD OF MAINTAINING BEAMWIDTH WHEN EXPANDING COVERAGE AREA
IN HIGH-FREQUENCY SURFACE WAVE RADARS

High-frequency, long-range surface wave radars employed uniform linear arrays are
often large in size and deployed at a fixed position. The standard coverage area for
HFSWRs is limited to the area of +60° because expanding the beamwidth degrades the
detection and resolution significantly. The paper presents a new method to maintain the
antenna beamwidth when expanding the coverage area beyond the +60° region. by
adjusting the exciting weights for each antenna element. This method is based on
determining the expanding area. In this area, the beamwidth at each azimuth is
maintained at the same level as at +60° with the side lobe level acceptable limits.

Keywords: HFSWR; Beamwidth; Expanding coverage.
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