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Tom tat:

Bai bao trinh bay cac két qua nghién clru khao sat cac chi tiéu chat lugng phat hién cta hé théng
rada thu dong dung nang lugng song truyén hinh s6 mat dat DVB-T (Digital Video Broadcasting —
Terrestrial) v&i mé hinh muc tiéu Swerling 5 ddng yén va mo hinh nhiéu cdng tinh, doc 1ap théng ké
theo cac phan bd khac nhau. Trong do, qua trinh m6 phéng dugc thuc hién trén phan mém MatlLab
bao gom tao tin hiéu DVB-T va nhiéu theo cac phan bd cho trudc, xir ly tuong quan chéo, phét hién
CFAR (Constant false alarm rate), khdo sat véi s6 lugng phép thir I6n dé dua ra déc tuyén phat hién
theo ty s8 tin/nhiéu & I6i vao bd xTr ly tuong quan chéo.

T khoa:

rada thu dong, truyén hinh s6 mat dat (DVB-T), xac suat phat hién ding, xac suat bao dong lam, xur
ly tuang quan chéo, phét hién 6n dinh xac sudt bdo déng [dm (CFAR).

Abstract:

This paper presents investigation results on detection performance of passive radar systems using
DVB-T (Digital Video Broadcasting — Terrestrial) illuminators of opportunity with the SW5 stationary
target model and statistically independent additive clutter model with different distributions. The
investigation was performed by simulations on MatLab software, including the generating process of
DVB-T signal and clutter with given distributions, cross-correlation processing, CFAR (Constant false
alarm rate) detection, with a large number of trials to derive the detection probability curves as a
function of signal/clutter ratio at the cross-correlation processor's entrance.

Keywords:

passive radar, Digital Video Broadcasting — Terrestrial (DVB-T), detection probability, false alarm
probability, cross-correlation processing, constant false alarm rate (CFAR) detection.

1. MO DAU cac hé thdng rada thu dong dung cac buc
Hién nay, viéc nghién ctu va ung dung  Xa sin c6 trong khong gian quan sat (nhu
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séng phat thanh [1],[4]-[8], truyén hinh
[1].[4]-[8], truyén thong di dong [4]-[7],
tin hiéu vé tinh [3], song WIFI [4],...)
dang rit duoc quan tam. Tai Viét Nam,
c4c tram phat song truyén hinh sb mat dat
(DVB-T: Digital Video Broadcasting -
Terrestrial) da duoc trién khai trén dién
rong. Hé thong rada thu dong dung ning
lugng song DVB-T hoat dong dua trén co
s¢ thu nhan nang lugng phan xa tor muc
tiéu dudi su chiéu xa cua cac tram phat
DVB-T trong khéng gian quan sat.

Hé théng nay c6 thé xac dinh duoc hudéng
tir vi tri thu dén muc tiéu khi anten thu c6
blp séng hep. Bong thoi, tai vi tri thu cé
thé tién hanh tinh ham twong quan chéo
gitra tin hiéu phan xa tor muc tiéu va tin
hiéu chiéu xa truc tiép tir nguon bac xa.
Vi tri cuc dai cia ham twong quan chéo
cho phép xac dinh hiéu cu ly truyén tin
hiéu phan xa va tin hiéu chiéu xa truc
tiép. Nhu vay, vi mot s6 vi tri thu, toa do
muc tiéu sé duoc xac dinh.

So d6 chirc ning don gian cta hé thong
rada thu dong dung nang lugng song
truyén hinh s6 mat dat (DVB-T) [1][8]
duoc thé hién trén hinh 1.

Hé thong rada thy dong dung ning luong
séng truyén hinh sé6 mat ¢at DVB-T am
viéc véi cac dang tin hiéu rat phac tap,
khong biét trudc.

Mit khac, khi thu tin hiéu phan xa yéu,
lubn ton tai tin hiéu chiéu xa truc tiép rat
manh. Tu d6 doi hoi may thu cua hé
thdng rada thu dong can phai ¢ hé sb tap
am thap, dai dong I6n. Cac may thu nay
thuong 1a cac may thu sé véi tin hiéu dau
ra da duoc s6 hoa dé dua téi cac khau xir

ly tiép theo.

Mot kho khin co ban trong cac hé thng
rada nay Ia tin hiéu chiéu xa tryc tiép rat
I6n va lién tyc. Piéu nay dugc khic phuc
nho thuc hién loc thich nghi. Pay ciing 1a
khau xir 1y cé tinh chat quyét dinh nhim
bao dam cac buéu bén cua tin hiéu chiéu
Xa truc tiép khong che lap buéu chinh cua
tin hiéu phan xa tai khau xir ly twong quan
chéo tiép sau do.

Tram phat
DVB-T

Yuc tiéu

Mang anten thu tin

Mang anten thu
tin hiéu chiéu xa

hiéu phan xa truc tiép
v v
May thu May thu
v v
Tao gidn do Tao gidn d6
hudng hudng
\ 4 \ 4

| Tién chon loc | | Tién chon loc |

| Locthljc'hnghi | | Locth;;hnghi |

v
| XU ly twong quan chéo |

v

| Phat hién muc tiéu |

Y
| Udc lugng tham sé muc tiéu |

Hinh 1. Hé théng ra da da thu déng dung
nang lwong song truyen hinh so mat dat

Budc xir ly then chét trong hé thdng rada
thu dong la xtr ly twong quan chéo. N6
vira dong vai tro la mot bo loc phéi hop,
ddng thoi né con cung cap cac udce luong
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cu ly bistatic. Céc tin hiéu truyén théng
no6i chung la cac tin hiéu ngau nhién, c6
cac dic trung gan giéng vai tap am, do do
cac tin hiéu nay c6 khuynh hudng chi
tuong quan voi ban than n6. Khi do, tin
hiéu phan xa sé twong quan vai tin hiéu
chiéu xa tryc tiép voi khoang gitr cham
tuong ng.

Tap trung vao bai todn phéat hién cua hé
thdng rada thu dong dung niang luong
song DVB-T, chiing toi huéng dén nghién
cau mé phong trén cac khau xu 1y tuong
quan chéo va phat hién muc tiéu.

2. KHAO SAT BDAC TUYEN PHAT HIEN

Pé khao sat dac tuyén phat hién cua hé
théng theo mo hinh dé xuit, ching toi
thuc hién md phong, tinh toan trén phan
mém MATLAB. Tin hiéu duoc tao gia va
xt ly trén hai kénh: kénh chiéu xa truc
tiép va kénh phan xa. Két qua phép tuong
quan chéo cia hai kénh nay dugc dua dén
bo phat hién (hinh 2).

Tai mot vi tri thu, ching tdi khao sat cac
chi tiéu chat luong phat hién trong mdi
chu ky xtr ly trong quan. Hon hop tin
hiéu kénh chiéu xa truc tiép bao gém tin
hiéu DVB-T truyén thang tir tram phét
dén vi tri thu cong vai nhiu. Hon hop tin
hiéu kénh phan xa bao gém tin hiéu DVB-
T phan xa tir muc tiéu vé vj tri thu cong
véi nhiéu. Dt liéu trén hai kénh duoc dua
vao tinh twong quan chéo va thuc hién
phat hién theo CFAR.

Do ham béat dinh cua céu trGc tin hiéu
DVB-T van con mét sé dinh khéng mong
mubdn (do cac TPS, pilot, va khoang bao
vé gay ra). Bé khic phuc, can loai bo anh
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huéng cac TPS, céc pilot trén mién tan so,
va cac khoang bao vé trén mién thoi gian
trong tin hiéu thu dwoc, rdi moi dua vao
Xt ly twong quan.

Nhap ché& do, tham s8 tin hiéu DVB-T, tham s6
muc tiéu, tham sé nhiéu

'

| Tao tin hiéu DVB-T trén mién tan sd |

'

Bién d6i IFFT sang mién thoi gian |

: !

Tao tin hiéu chiéu xa Tao tin hiéu
truc tiép .phén a
Tao hén hg }
L .;,p Tao hon hop
tin+nhiéu chiéu xa tintnhidu bha
truc tiép in+nhiéu phan xa

! !

| X 1y twong quan chéo |

| Phat hién muc tiéu |

Hinh 2. Lwu db tinh toan, khao sat
dac tuyén phat hién

Qua trinh md phong thuc hién trén phan
mém MatLab, véi cac tham so:
e Mo hinh myc tiéu diém SW5 khong
thang giang, khong chuyén dong;
e Tin hiéu co ich: cau tric DVB-T [2]
(ché @6 2K, khoang symbol hitu ich:
Ty = 224 ps, khoang bao vé: A/Ty = 1/32
= 7 ps, dai tan s dung: 7.61 MHz,
phuong thire diéu ché: 64 QAM, o= 1.
e Kénh chiéu xa tryc tiép bao gébm thanh
phan chiéu xa truc tiép DVB-T va nhiéu
v6i ty sb tin/nhidu: 20 dB; xét nhiéu
khong twong quan c6 phan bd Gauss.
e Kénh phan xa bao gdom thanh phan
phan xa DVB-T tir myc tiéu va nhiéu; ty
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s6 tin/nhidu: —38 + —16 dB; xét nhiéu
khong tuong quan c6 phan bd: Gauss,
Weibull.

e B0 phat hién: CA-CFAR [9], s6 6 tham
khao: 24; sb 6 cach ly: 2.

e Khoang thoi gian tinh tuong quan
chéo: Ttq =1 + 4 Symbol.

3. KET QUA TiNH TOAN MO PHONG

3.1. Khao sat dac tuyén phéat hién cua
hé théng trén nén nhiéu phan bd
Gauss

Két qua khao sat xac suit bao dong lam
(XSBDPL) cia hé théng thé hién trén
hinh 3.
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Hinh 3. Sw phu thuéc ciia XSBDL theo ngwéng
trén nén nhiéu phan b6 Gauss

Tu két qua khao sat, xac dinh duogc
ngudng T can dit cho b phét hién CFAR
véi cac XSBDL cho trude, 1am co s dé
khao sat xac suit phéat hién dung
(XSPHD):

Bang 1. Ngwdong phat hién CFAR

Xac suét bao dgng | Ngudng phat hign
lam (F) CFAR (T)
107 3.180965
10 3.769227
10°° 4322348
10°° 4.866287

Pé khao sat XSPHP cua hé théng, can
tién hanh md phong theo luu @6 hinh 2,
véi didu kién trén kénh phan xa la tong
hop cua thanh phan tin hiéu c6 ich va
thanh phan nhiéu theo ty sb tin/nhidu (xét
tai 16i vao b xu 1y twong quan chéo) véi
cac dang nhidu c6 phan bé dién hinh.

Trén hinh 4 thé hién su phu thudc cua
XSPHD theo ty s6 tin/nhiéu voi nhiéu co
phan bb Gauss, thoi gian tinh trong quan
chéo: Tyq = 1 Symbol = 224 ps.
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Hinh 4. D3c tuyén phat hién tin hiéu DVB-T
trén nén nhiéu phan bé Gauss, T, = 1 Symbol
Tir dic tuyén cho thdy, cac chi tiéu chat
phat hién duoc dam bao chi voi yéu cau
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rat thip ddi voi ty s6 tin/nhiéu ¢ 16i vao
bd xir 1y twong quan chéo. Vi xac suét
bao dong lam: F = 10°° xac sudt phat
hién dung: D = 0.7, thi ty s tin/nhiéu yéu
cau chi & muc: —19.6 dB. Piéu nay c6
duoc 1a do bd xu 1y twong quan chéo co
vai tro 14 bd loc phdi hop (voi cau tric tin
hi¢u DVB-T), ty sb tin/nhidu sau bo loc
dugc tang lén muc cuc dai. Tin hi¢u
DVB-T c6 d6 rong phd 16n (7.61 MHz)
va lién tuc theo thoi gian, nén két qua sau
tuong quan chéo c6 hé s6 nén cao. Hinh 5
1a két qua xir 1y twong quan chéo véi ty sb
tin/nhiéu & 16i vao chi & mic —20 dB,
nhung ¢ 16i ra muc tiéu xuat hién & vi tri
50 us (twong Ung véi cu ly muc ti€u gia
1ap) v6i bién do ndi troi.

Tin hiéu DVB-T phan xa tir muc tiéu

0.5
0 oo TR " _—
05 ' ‘ ‘ :
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05 Nhiéu trén kénh phan xa
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Két qua xir ly twong quan chéo
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Théi gian (us)

Hinh 5. Két qua xtr ly twong quan chéo véi ty

s6 tin/nhiéu & mirc —20dB, Ttq = 1 Symbol

Khao sat dac tuyén phat hién khi ting thoi
gian tinh twong quan chéo Ty, két qua thé
hién & hinh 6 va hinh 7. Két qua khao sat
cho thdy chat luong phat hién cua hé
théng ting nhanh khi ting thoi gian tinh
tuong quan chéo Ty
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Hinh 6. Bic tuyén phat hién tin hiéu DVB-T
trén nén nhiéu phan bé Gauss, Ttq = 2 Symbol
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Hinh 7. Béc tuyén phat hién tin hiéu DVB-T
trén nén nhiéu phan bé Gauss, Ty, = 4 Symbol

Xét tai ty s6 tin/nhidu & mic —24 dB; xéac
suat bao dong 1am F = 107°; ta c6 su phu
thugc cua xac suat phat hién dung (D)
theo thoi gian tinh tuong quan chéo (Tyg)
thé hién trén bang 2.
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Bang 2. Khao sat XSPHD theo thei gian
tich phan twong quan chéo

Ttg | 1 Symbol | 2 Symbol | 4 Symbol

D 0.038 0.374 0.959

3.2. Khao sat dac tuyén phat hién cua
hé théng trén nén nhiéu phan bé
Weibull

Khao sat v6i mo hinh nhidu phan bé
Weibull véi thoi gian tinh twong quan chéo
Tiq = | Sym, thu duoc két qua twong tur V6i
nhidu phan b Gauss (hinh 8, hinh 9).

Nguyén nhan chinh la su bién doi phan b
nhiéu qua khau xu 1y tuong quan chéo.
Phép tuong quan chéo thyc hién nhén
nhiéu (c6 phan bd bat ky) véi tin hiéu
DVB-T, va cong lai gitra c&c 6 cu ly trong
thoi gian tinh tuong quan. Khi s luong
cac 6 cu ly du Ion, phan bb cua nhidu ¢
16i ra tiém can dan dén phan bé Gauss.
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Hinh 8. Dac tuyén phat hién tin hiéu DVB-T trén
nén nhiéu phan bé Weibull k= 1, Ttq =1 Symbol
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Hinh 9. D3c tuyén phat hién tin hiéu DVB-T trén
nén nhiéu phan b6 Weibull k= 5, Ttq = 1 Symbol

4. KET LUAN

Két qua khao sat cho thiy ddi voi hé
thong rada thu dong ding ning lugng
séng truyén hinh sb mat dat DBV-T, dé
dam bao cac chi tiéu chat luong phat hién,
chi can yéu cau rat thap ddi véi ty sb
tin/nhidu & 16i vao bo xir 1y twong quan
chéo.

Khao sat véi cac dang phan bd khac nhau
cua nhiéu tai 16i vao bo xir ly tich phan
twong quan cho thdy cac chi tiéu chat
luong phét hién caa hé théng khong phu
thuoc dang ké vao dang phan bd. Diéu
nay la do sau bo xu 1y tich phan tuong
quan, phan bé cua nhiéu tiém can dan dén
phan bé chuan.
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