Nghién ciru khoa hoc cong nghé

XAY DUNG TIN HIEU MO PHONG PAC TRUNG
VA DANH GIA MO‘ HINH NHIEU BIEN BAC‘NHAVT
TRONG RA DA BIEN TAM XA SONG BE MAT TAN SO CAO

Ha Huy Diing'", Lé Duy Hiéu', Cao Viét Linh®, Bui Ngoc M§?
Tém tiit: Bai bdo nghién ciru xdy dung phirong trinh nhzeu bzen bdc nhat, qud trinh xir
Iy tin hi¢u ddc trung trong ra da bién tam xa séng bé mdt tan sé6 cao. Phan mém Matlab
dwoe sir dung dé mé phong danh gia cho thdy sw tin cdy ciia cde mé hinh tinh todn. Tir cdc
tin hiéu, qud trinh xw ly da xdy dung, bai bdo thyc hién khao sat va danh gia mo hinh
nhiéu blen bdc nhat trong mot chu ky quan sat viung phwong vi cua ra da bién tam xa song

bé mdt tan sé cao qua cdc tham sé6 gom quan hé ndng lwong gitta hai vach phé, dé mo
réng pho.

Tir khéa: HFSWR; FMCW; Dit liéu s6; Mé phong; Nhiéu bién bac nhit.
1. PAT VAN PE

Ra da tim xa 1a thuat ngit chung cho cac ra da c¢6 cu ly quan sat vuot duong chan troi quang
hoc (Over The Horizon Radar — OTHR). OTHR duoc dya trén kha ning lan truyén song phan
cuc ding cua dai tan s6 cao (High Frequency- HF) tir 3MHz dén 30MHz. Theo phuong thirc lan
truyén OTHR duoc chia thanh hai loai: OTHR sir dung song bau troi (Sky Wave) lan truyén nho
qua trinh phan xa lién tiép cia tdng dién ly v6i cu ly quan sat tir 1000 km t&i 3000 km va OTHR
lan truyén theo bé mit dan dién (Surface Wave — SW) véi viing quan sat giéi han & 400 km [1].
Do yéu cau hoat dong v6i bé mit dan dién, OTHR theo phuong thirc lan truyén bé mit dugc tmg
dung trong quan sit, quan 1y cdc muc tiéu trén bién va duoc viét tat la HFSWR [8] (High
Frequency Surface Wave Radar) trong phan tiép theo cua bai bao.

Sy khac biét vé dai tan va cu ly hoat dong lam cho HFSWR c6 nhirng diém khac biét so véi
cac ra da tim nhin thang truyén thong nhu: Cau trac va phuong phap dinh hudng hé thong dng
ten; tin hidu nhidu bién dic trung do budc song dai twong tac véi song trén bé mat bién; thong tin
ra da yéu cu qua trinh xir Iy theo khong gian-thoi gian v6i thoi gian tinh toan 16n hon 100s tai
mot vi tri phuong vi duoc quan sat. Vi vdy, ngoai su ké thira cac thanh tuu cua linh vue nguyén
clru nguyén ly, cong nghé chung trong ky thuét ra da, qua trinh phat trién va hoan thién cua
HFSWR gin lién véi nhiing két qua ciia nhimng linh vy nghién ctru riéng biét.

Trong HFSWR, chit lugng phét hién muc tiéu bi suy giam do anh huong ciia nhidu bién bac
nhét (First Order Sea Clutter-FOSC). Nhitng nghién ctru vé nhiu bién ddi v6i dai song HF theo
co s& dit liéu thue té dd mé ta duoc phuong trinh ning luong cta nhidu bién. Tuy nhién, chwa c6
cong trinh cong bd phuong trinh toan hoc mo ta nhiéu bién theo cac thong tin ddc trung. Tiép
theo, HFSWR sir dung céu tric ang ten véi tin hiéu phat dugc phat xa boi mang ang ten mit
phing. Tai phia thu, cic mang dng ten dong dang tuyén tinh (Uniform Linear Array-ULA) dua
trén cac bd thu da kénh két hop voi bd xur 1y s6 theo ting phan tir dng ten dé tao ra gian dod
hudng c6 bup song nho, voi do rong bup song tai vi tri nira cong suét (Half Power Beam Width-
HPBW) dugc tinh theo cong thirc (1) [10, 11].

0.8864
APBWon * N cos 6, @

Trong d6: A 1a budc song cia tin sd 1am viée [m]; N sé phan tir dng ten thu; d 1a khoang cach
giita cac phan tir ang ten [m]; 6 1a goc hudng bup song chinh [rad]. Theo (1) HPBW phy thudc
hudng bup séng chinh, nhu viy, gia tri nay thay doi trong qué trinh quan sat cia HFSWR. Sy
thay d6i HPBW dan t6i sy thay doi trong tmg trong quan hé ning luong phan xa ciia FOSC [6],
[7]. Vi vay, viéc xay dung tin hiéu m6 phong va danh gia mo hinh FOSC trong mét chu ky quan
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sat ving phuong vi ¢6 ¥ nghia quan trong trong cac nghién ciru nang cao chét luong xir 1y tin
hiéu, xt Iy phat hién trong HFSWR.

Bai bao nay s& thyuc hién cac khao sat danh gia mé hinh FOSC qua cac ndi dung chinh gom:
xdy dung phuong trinh FOSC va d& xuit tin hiéu dic trung trong HFSWR tai muc 2; thyc hién
va danh gid do tin cdy ctia mo hinh xtr ly tin hiéu trong HFSWR tai muc 3; trong muc 4 thuc hién
khdo sat danh gia mo hinh FOSC khi HPBW thay doi.

2. XAY DUNG PHUONG TRINH TiN HIEU NHIEU BIEN BAC NHAT VA DE XUAT
TIN HIEU PAC TRUNG TRONG RA DA BIEN TAM XA SONG BE MAT TAN SO CAO

Tin hiéu nhan duoc cia HFSWR duoc téng két theo co s& dir liéu tur thuc té g@)m nhitng nhom
tin hi€u chinh nhu sau [8]:

- Tin hiéu nhiéu loan nang luong 16n giy ra boi cac hién tugng tu nhién, nhiéu vii try, nhiu
do hoat dong cia con nguoi. Nhiéu nay thuong xuat hién trong khoang thoi gian nhat dinh hodc
duoc danh gia khi xay dung hé thong;

- Nhidu tang dién ly: LA nhirng tin hiéu phan xa tir ting dién ly clia phan ning lugng phat
hudng 1€n phia trén, vi thé nhicu tang dién ly thuong xuat hién ¢ nhitng cu ly xa hon 300 km va
c6 céc thudc tinh thong ké riéng biét;

- Nhiéu bién bac nhat: Thanh phan nhiu bién bac nhit ¢ vai trd quan trong trong do luong
trang thai bién nhung lai gy ra cac vung mu trong phat hién va bam sat muc tiéu trén bién. Pén
nay nhiéu bi€n bac nhat chua cé dugc phuong phap thong ké cu thé va la yéu to chinh gy ra tinh
bat dinh trong moi truong hoat dong cua HFSWR;

- Tin hiéu tir myc tiéu chuyén dong nhanh (cac vat thé bay): Tin hiéu nay dwoc nhan biét nhu
mot dai nang lugng doc theo truc Dop-ple;

- Tin hiéu muc tiéu: L& nhimg tin hiéu phan xa tir myc tiéu bién xuét hién theo cac 6 phan biét
cua ra da. Tin hi€u nay l1a muc ti€u xt 1y thu thdp thong tin ciia kénh x1r 1y tin hi€u va phat hién
trong HFSWR.

Nhu vay, tin hiéu thu dic trung di voi mot hé thong HFSWR phuc vu trong nghién ctru mo
hinh, thuat toan xur 1y, phat hién c6 thé dugc xay dung tur hai thanh phan chinh la céac tin hi€u
phan xa tir myc tiéu va tin hiéu nhicu bién bac nhat. Noi dung ti€p theo cta bai bao s€ nghién ciru
xay dung cac phuong trinh toan hoc mé ta hai tin hi€u déc trung nay.

2.1. Phwong trinh tin hi¢u phan xa tir muc tiéu

Trong HFSWR, nham t6i wu thoi gian xtr 1y ddi véi muc tiéu di chuyén cham trén bién va
giam thiéu cong suat dinh trong khi van duy tri dugc ning luong phat xa can thiét, tin hiéu dugc
st dung trong HFSWR 1a céc tin hi€u diéu ché tan so lién tuc (Frequency Modulated Continuos
Wave-FMCW) véi qui luat diéu tan tuyén tinh [8]. Trong N chu ky phat xa tin hiéu phat FMCW
Snrx duge mo ta theo thoi gian t tai phuong trinh (2) [3]:

. N-L 2
Surx (1) = A, @D BT g [0, NT) )

Trong d6: Aty 1a do lon phu thude cong suét phat P, va do khuéch dai ang ten G f; 1a tan s
mang; ¢ 1a pha ban dau cua tin hi¢u; T, - Chu ky phat tin hi¢u; B - Bang thong cua tin hiéu diéu
tan tuyén tinh.

Cing theo [3], tin hiéu phan xa tir myc tiéu Syrx tai cy ly ban dau R(0) twong tmg véi thoi
gian tré 7 va van toc hudng tim theo tan sé Ddp-ple fp dugc viét cho N chu ky nhur (3):

] . . T2
SNRX (t) _ PRXeJZﬂ( fo+fp)t+j9 ZemB(t nT)*/T, (3)

n=0
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Véi nang lugng muc tidu Pry duoc viét theo cong thirc (4) [4]:
B PGG,1°c
" (4r)’RJLL
Trong do: Py la cong suat pht dinh; G 1a h¢ s6 khuéch dai dng ten phat; o 1a dién tich phan
xa hi¢u dung (Radar Cross Section-RCS) ctia myc tiéu; L - Suy gidm h¢ thong, L, 1a gi tri suy

(4)

giam lan truyén dugc thiét 1ap theo ham suy giam song bé mit Norton |F ( )|4 [9];

RCS cua myc tiéu xuat phat tir nhitng nghién ciru su tuong tac giira song dién tir va muyc tiéu
tai dai tan HF va dugc tinh theo (5) véi D |4 tai trong tinh theo don vi nghin tan [5]:

o =52fD* ()

Thay (3), (4) vao (2), phuong trinh tin hi€u phan xa cia muc ti€u trong HFSWR dugc mo ta
tai (6):

SZCPG G ﬂ\/ Jz,, (fot+ o HJSZ j/z'B(t 7-nT)?IT,
(47)°RyL

Trong d6, c 1a van toc anh sang (3.10° m/s) Phuong trinh (5) thé hién day du thong tin cua
muc tiéu 13 thoi gian tré twong g véi cu ly va tan s6 Dop-ple lién quan dén van tdc.

S NRX (t) = (6)

2.2. X4y dung phwong trinh nhiéu bién bac nhit

Thanh phan nhiéu bién bac nhit (FOSC) duoc nghién ciru tir nhitng ndm 1973. Tuy nhién,
cho dén nay, cic nghién ciru van chua xac dinh dugec md ta ham phan bd mat do xac suét cua
FOSC. Céc nghién ctru lién quan t6i FOSC gia dinh rang tin hiéu phan xa vé hé théng HFSWR
chi hoan toan 14 cac phan xa tir bé mit bién tai ving quan sat A(r;) theo huéng quan sat v, nam
gilra ving cu ly 4R cua bap song thu nhu tai hinh 1. Nang lugng FOSC dugc mo ta theo cong
thirc (7) trong [6]:

A’PGG, |F(r)
FosC = (471_)3| i4 | OFrosc (a) W )A) (7)
Véi Geose (@), ) 1a mat do pho dién tich phan xa hi¢u dung ctia FOSC.
Yoo

3
pY

Hinh 1. M6 hinh thu tin hiéu nhiéu bién.
Phuong trinh (6) thyuc chét 13 mot mé ta FOSC nhu mot dang tan xa c6 phan bd bé mit c6 mat
d6 RCS do(R, 6,¢) dugce tinh theo ving quan sat don vi V (6 ra da) véi nang lugng Py nhur (8) [3]:
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__R2Z  (R(0.9)P.(0.9)
o = L, [2T T do(R0.9) ®

\%
Trong do, R, (6,9),P,(6.4), n lan luot 1a cac mau gian dd ning luong phat, thu cua dng ten
va RCS cua nhiéu bién. Theo céc trién khai phuong trinh (8) trong [3], ning lugng nhiéu bién
duoc viét nhu phuong trinh (9):
By AR
™ (47)’LL, R*-AR?/4

0.576,G,G, 9)

Trong d9, 65 1a khoang goc phuong vi & nita do rong bup song tinh theo radian.

Theo dinh nghia FOSC 14 nhidu cong huéng véi nhitng song c6 do dai bang mot nira budc
song lam viéc cua ra da. Song bién c6 do dai cong huong nay lién quan tdi trong luc tao ra mot
d6 dich tan DPop-ple trong tin hi€u phan xa nhu cong thac (10) [6]:

’ ﬂ K
frosc = %:i % (10)

Véig=9,81 m/s? 1a gia tde trong luc; 4 1a budc song cua tan s6 1am viéc [m]; k=27 ;
Khi song bién ndm trén mot dong chay véi van tde V. [m/s] hop véi hudng quan sat ciia ra da
mot goc a, cong thirc (10) trd thanh (11) [7]:

frose = gk‘; - Zj\:c cos«a (11)
T

Cong thie (11) duoc sir dung rong rai trong mot sb linh vuc do ludng trang thai bién [12],
[13]. V6i muc dich danh gid m6 hinh nhi€u bi€n, bai bao s€ st dung cong thic (10) dé xay dung
phuong trinh nhieu bién.

Tai [6], RCS cuia nhiéu bién bac nhit 7 =0, (w,,0) xuat phat tir thuc nghiém va cac nghién
ctru lién quan dén su tuong tac giita song dién tir phan cuc ding va song bién s& duoc mo ta theo
cong thirc tong quat (12):

o, (0,,0) =2°k¢ S F(2k,)D(0 + (M +1) %)5(% —my2gk,) (12)
m=%1

Trong do:

+ Gidi han mat do nang luong phé bién vo hudng tinh theo (13):

0.005

Fk)= o (13)

+ Tham s6 hudng cua ning luong séng bién tinh theo (14):

0-—a T
+(1+m)4}

0.004 +0.996 cos® [

D(0) =
@ n;l 0.755~x

+ & la ham Diract Delta; m thé hién chidu huéng vao hay huéng ra so voi vi tri ra da. S 12
tham so trai pho duoc lya tron tir 2 dén 4 theo [14].

Ham Diract Delta trong (12) thé hién su ton tai cta nhidu bién bac nhét theo hudng song
hudng t6i hay hudng ra xa vi tri cla ra da va khong anh huong dén d¢ 1on cta nang lugng. Thay
(12) va (13) vao (11), nang lugng phan xa ctia nhiu bién bac nhat Py, dugc xac dinh nhu (15):

(14)
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0.004 + 0.996 cos® [9_“ + (1 m)’ﬂ

2
PA’G,G6, AR 5 15)

Py =0,0114-C 2 ——
(47)°LL, R*—AR?/4 44 0.7557

Tir co s6 1y thuyét ra da va dic trung tuong tac gitta song phat xa HF voi bé mit bién, phuong
trinh tinh toan nang luong FOSC dé hoan toan dugc xac dinh. Dé ¢o the tao ra tin hiéu mé phong
dbi v6i FOSC can phai xdy dung phuong trinh mé ta FOSC bao gorn day du cac tham sb lién
quan dén thong tin cy ly va vén tdc theo thoi gian. Dé thuc hién diéu nay, trudc tién, co thé gia
dinh FOSC c¢6 tinh chat nhu mot muc tiéu co phan bd tan xa bé mit & cu ly R, twong ting véi thoi
gian tré 7, va tbc d6 hudng tim tuong tmg v6i do dich tin Pp-ple frosc. Phuwong trinh mé ta
FOSC tai mét vi tri c6 thé dugc viét cho tin hiéu phat FMCW trong N chu ky nhu (16):

Sy (h) = PnblejZJrfot ejZ’{E} 12”[ Fj Zems(t r-nT)?/T, (16)

Tiép theo, dya vao tinh chat xudt hién lién tuc trong mot khoang cy ly dai, twong tng véi
khoang tré 7y, + 7o, phuong trinh (16) duoc viét day du cho mot vimg FOSC S, (t) nhu (17):

S:lnbl(t) _ Pn’;lejZﬁfOt ejz”[\/g} - ”(\F} % TZ: NS YT, 17)
P p—

Trong do, gia tri nang lugng P:bl can phai duoc tinh theo dai cy ly twong tmg véi cac vi tri ton

tai FOSC nhu (18) v6i 7, €[z, 7,

0—«a T
0.004 +0.996 cos® { +(@+m) }
2
P, =0,0114 i cer‘03 42AR > 4 (18)
(A7) LL, (cr,) —AR? i 0.7557

~ Nhu véy, qua cac phuong trinh tin hiéu phan xa tir myc ti€u, FOSC cac thanh phén tin hi¢u thu
s0 dédc trung trong HFSWR dé duoc xay dung day du va twong minh. Tin hiéu m6 phong s6 phuc

vu cho cac nghién ctru xtr 1y tin hiéu trong HFSWR ¢6 thé dugc thé hién qua cong thace (19):
RX hesur (t) = Syrx (t) + ST\Inbl (t) +n(t) 19)

Trong do:

- Syrx (t) : Céc tin hi€u phan xa tr cac muyc ti€u voi tham s6 cu ly, dich tan Bép-ple, do dan
nudc D khac nhau, ¢6 phuong trinh moé ta nhu (5);

Syp: (1) 1 Tin higu phan xa cia FOSC tai cic mién cu ly xuat hién khac nhau, c6 phuong
trinh mo ta tai (16), (17);

- n(t): Gia tri tap nhiéu ngau nhién.

Phan tiép theo cua bai béo s€ wthl,rc hién xay dyng thuat toan xt ‘l)'/ tin hi€u trong HFSWR st
dung dir liéu mé phong nham kiém chirng chirc nang cac thanh phan chirc nang trong cac khau
xUr 1y va sy tin cdy cua cac phuong trinh tin hiéu déc trung da duoc xay dung.

3. KET QUA THU'C HIEN PHAN MEM XU LY TiN HIEU VOI DU LIEU MO PHONG
TRONG RA DA BIEN TAM XA SONG BE MAT TAN SO CAO

Tin hiéu mé phong sé nhu (19) duge xay dung theo cac tham sb hé théng HFSWR va thong
tin dir liéu nhu 1iét ké tai bang 1 va bang 2.
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Bing 1. Tham s6 hoat dong hé thong HFSWR.

TT Tham so6 Pon vi Gia tri
1 | S6 phan tir dng ten thu ULA 32
2 | B khuéch dai ang ten phét, G, dB 3
3 | B6 khuéch dai ang ten thu, G, dB 3
4 | Suy giam hé thong, L, dB 3
5 | Suy giam lan truyén, L, dB 8
6 | Tan so hoat dong, f, MHz 35
7 | Bang thong, B KHz 100
8 | Chukylap, T S 0,26
9 | Piém FFT theo cu ly 1024
10 | Piém FFT theo Pop-ple 512
11 | Goc gitta hudng quan sat ra da va hudng gio6 bo 60
12 | Goc hudng ra da bo 0
Bing 2. Tham s6 muc tiéu mé phong.
TT Doi twong Culy (km) | Vén tdc (m/s) | RCS qui ddi(m?)
1 Muyc tiéu 1 150 30 12000
2 Muyc tiéu 1 155 40 12000
3 Dai cy ly nhidu bién bac nhat 0-50 Theo phuong
80-250 trinh (18)

Khi tao cac tham sb > FFT theo cu ly
Tinh toan Loai bo thanh phin
R(RX HFSWR (t)) cu ly am
R(S A A Chuyén vi ma trén
( wrx (1) —> Tron tan
Khudch dai, FFT theo Dép-ple
Loc thong thép ¢
Dinh dang bup séng
Dir liéu RD Map

Hinh 2. So do chirc ndng thiee hién chwong trinh xie Iy tin hiéu trong HFSWR.

Chuong trinh xt 1y tin hiéu trong HFSWR ¢6 cac bude thuc hién, bién ddi dwoc xay dung
trén phan mém Matlab theo so d6 chirc nang tai hinh 2 [2]. Tin hiéu md phong s 1a phan thuc
ctia tin hiéu mo phong s& duogc dua t6i cac thanh phan xir 1y tin hiéu trong HFSWR véi trinh ty
[2]: tin higu thu duoc s6 hoa va di tdi cac b tron, khuéch dai, loc thong thap, bién doi Fourier
nhanh (Fast Fourier Transform- FFT) theo mién cy ly. Cac gia tri {fuwong tmg voi timg 6 phan giai
cu ly s€ dugc luu vao cac hang cia ma tran Ng X Np voi Nr Np lan luot 14 86 6 cu ly trong mién
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quan sat va sb 6 cu ly duge dung dé tinh toan phd Dép-ple Dir liéu sau d6 duoc Két qua thu
dugc 1a dir liéu chira thong tin ra da dudi dang ban d6 Cuy ly, Ddp-ple (RD Map). Véi cac tham
s6 hé théng duogc lya chon nhu tai bang 1, d6 chinh xé4c cac thong tin vé cu ly va tin sé Ddp- ple
dugc tinh theo cac cong thire (20), (21) lan luot 12 1,5 km va 0,321 m/s. Gi4 tri cac vi tri phd
Dép-ple tinh theo (10) gom: -8,17 m/s va +8,17 m/s.

C
AR == 20
o8 (20)
Av=—S 1)
2T Ny

Két qua sau khi thuc hién chuong trinh md phong dwoc md ta trén hinh 3 dudi dang 3D va
hinh chi€u. SO lugng muc ti€u (nhu danh theo so thir ty) va cac thong tin sau xur 1y (cu ly, van
toc) dugc liét ké tai bang 3.

Bdng 3. Tham so muc tiéu sau phan mém xu Iy tin hiéu.

TT | Doi tugng Cu ly (km) Sai s6 cur ly Van toc (m/s) Sai s vén toc
(km) (m/s)
1 | Muyctiéul 148,5 1,02 30,8 0,18
2 | Muctiéu 1 152,3 0,27 40,97 -0,15
3 FOSC 0-51,2 1,2 -8,29 -0,08
78,8-249 1,0 8,13 0,04

RD MAP (3D VIEW)

RD MAP (2D VIEW)

Dép-ple (m/s)

3
Dép-ple (m/s) 60 Culy () 0 05 1 1.2 - (2m) 25 3 3:;,05

0

Hinh 3. Dit liéu RD Map dang 3D va hinh chiéu dat dwoc sau phan mém mé phong.

Nhu vay, cac két qua vé thong tin cta dir liéu sau chuong trinh mé phong dam bao d6 chinh
xac theo cu ly yé D@p-ple lan lwot 1a 1,5 km va 0,312 m/s cho thay su tin cdy trong cac mo t,é
toan hoc va phan mém Xur ly tin hiéu da xay dqu. Tai Muc 4 s€ thuc hién so sanh voi mot két
qua da dugc cong bo, nham dua ra danh gia chi tiet d6i vdi mo hinh FOSC.

4. DPANH GIA MO HINH NHIEU BIEN BAC NHAT TRONG RA DA BIEN TAM XA
SONG BE MAT TAN SO CAO

Trong HFSWR, cic tham s6 ciia FOSC gém dé dich tin Dop-ple nang luong phan xa, ti sd
nang lugng cia hai vach pho nhiéu va d6 rong pho bién dong theo tan sb lam viéc cia dai ra da,
trang thai bién va sy thay d6i HPBW. Qua md hinh mé phong di xdy dung, bai bao thyc hién
nhitng danh gia va khao sat dbi voi cac tham s ciia FOSC qua so sanh voi nghién ciru da duoce
vé FOSC ctia hé théng HFSWR [5] nhu mo t tai hinh 4 va khao sat 3 mé hinh FOSC khi thay
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601 HPBW trong khoang gia tri tir 1° den 12°, twong ng v6i cac khoang thay d6i HPBW khi quét
mién phuong vi quan sat. Cac tham s khac cua hé thong HFSWR duoc giir nguyén nhu bang 1.
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Hinh 4. Nhiéu bién trong HFSWR hoat dong ¢ ddi tan 3,5 MHz, gié 15 hdi by/h (7,72 m/s) hiéng
gi6 60° so vdi géc quét ciia ra da, tan sé hoat dong 3,5 MHz.

Trén hinh 4 thé hién nhiéu bién duoc thuc hién tai [5]. Cac tham sb ciia FOSC thuc té gdm vi
tri dinh nang lwong phd FOSC, ti sé ning luong giita hai dinh phé FOSC duoc do dic cé cac gia
tri 1an luot 1a: £8,12 m/s; 16,6 dB; Két qua nay hoan toan trung khdp véi cac gia tri duoc thé
hién tai chuong trinh mé phong trong bai bao.
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Hinh 5. M6 hinh FOSC trong HFSWR trong mét chu ki quan sat mién phwong vi.
Két qua khao sat md hinh FOSC khi thay d6i gia tri HPBW dwoc mo ta tai hinh 5 véi cac vi
tri HPBW 12 1°, 4°, 7°, 11°. C6 thé théy:
+Thir nhét, két qua md phéng va nghién ciru da cong bd déu xac dinh trong méi truong khong
¢6 dong chay nén, d6 dich tan Dop-ple FOSC dugc tinh chinh xac theo cong thirc (10).
+ Thi hai, ning lugng giira hai vach pho do dugc twong tmg véi ti so giita hai gia tri ning

62 H. H. Diing, ..., B. N. My, “Xdy dwng tin hiéu mé phong ddc trung ... song bé mdt tin sé cao.”



Nghién ciru khoa hoc cong nghé

xR . . ; - .
lugng nhiéu bién duoc xay dung tai (18) khi ma hé s6 cos® [ & @+m) %} tuong ung voi

cos® F‘Ta} khi m = -1 va sin® [9_7“} khi m = -1 nhu dwoc mé ta tai (21) (véi S = 3,4):

) e

Nhan xét nay thé hién su danh hudng cta trang thai bién tac dong dén FOSC, cu thé 1 gay ra
su bat doi xting vé nang luong phan xa cua cac séng cong hudng hudng tdi va roi xa ra da.
Trong truong hgp hudng gio trung hodc ngugce voi hudng ra da, mot trong hai vach pho FOSC s€
bién mat.

AProse = 20Iogpnfl(m—:+i) = 20Iog(tanS [ 0

nbl m=_)

+ Thir ba, FOSC ludén bi mé rong phd khoang mo rong trai dai trong khoang tur 1 dén 8 6
phan giai Dop ple tuy thudc vao d6 16n nang luong phan xa nhiéu. Tham s6 nay ctia FOSC c6
vai trd quyét dinh dén sy lya chon thich nghi ctra s6 tham chiéu danh gia ctia cac bo phat hién.

5. KET LUAN

Trén co s& cac md ta thuc nghiém cta nhidu bién bac nhit trong ra da bién tim xa song bé mét
dai tan s cao, bai bao di nghién ctru dé xuat phuong trinh todn hoc mod ta tin hiéu phan xa cia
nhiéu bién bac nhét cho tin hiéu phét xa diéu ché tan s lién tuc, qua d6 xay dung dit liéu tin hiéu
thu s6 dic trung cua ra da bién tim xa song bé mit dai tin s6 cao. Cac mé hinh toan hoc duge danh
gia qua chuong trinh phan mém xir 1y tin hiéu da khang dinh su tin cdy va chinh x4c clia cic cong
thirc, phuong trinh dugc xéy dung thong qua so sanh vo6i nghién ciru da duge cong bd. Cac nghién
ctru khéo sat mé hinh nhidu bién bac nhat cho thay tinh bat dinh cta nhidu nay trong qua trinh hoat
dong do sy phu thudc vao nhimg yéu t6 thay dbi lién tuc nhu trang thai bién, huéng quan sat clia ra
da. Cac tham sb nhu sy thing giang nang luong gitra cac vach phd va khoang mo rong phd theo
DPép-ple cta nhidu bién bac nhat di khao sat c6 ¥ nghia quyet dinh dén cac nghién ctru thudt toan
phét hién thich nghi trong ra da bién tam xa song bé mit dai tan sd cao.

Huo6ng phat trién tiép theo cua noi dung nghién ctru 1a xay dung phuong trinh mé ta cac loai
nhidu khac nhu nhidu bién bac hai, nhiéu tang dién ly nham ting budc hoan thién cong cu mo
phong tin hiéu trong ra da bién tam xa song bé mat dai tan sd cao.
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ABSTRACT

DERIVATION OF FIRST-ORDER SEA CLUTTER MODEL AND ITS EVALUATION
IN LONG-RANGE SURFACE WAVE RADARS

The paper studied the derivation of the first-order sea clutter model and the typical

signal processing in high-frequency surface wave radars. All calculation models are
checked and simulated using Matlab to verify their reliability. Based on the derived signal
models and their processing, we investigate the first-order sea clutter model in one period
for high-frequency surface wave radars, evaluating the energy relationship between two
spectrum lines and their expanding spectrum.

Keywords: HFSWR; FMCW; Digital data; Simulation; First-order sea clutter.
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