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MOT SO PHUONG PHAP LQC NHIEU CHO RA PA XUYEN TUONG
SU DUNG CONG NGHE FPGA

Nguyén Manh Cwong?, Nguyén Tién Hail, Phiing Ngoc Anh?, Vii Piang Chién?
Pai hoc Ky thudt Lé Quy Don

Tém tit

Ra da xuyén tuong phat hién cac dbi tuong séng dwa trén nguyén 1y loc tach tan sé
Doppler, tan s6 nay khong dé phat hién khi hé thong hoat dong ngoai troi do nhidu moi
truong manh. Bai bao trinh bay viéc nghién ctru mét sé phuong phap xir 1y nang cao va st
dung cong nghé FPGA dé thiét ké phin cimg thuc hién céc thut toan xir 1y theo céc
phuong phap di nghién cru nhiam cai thién chét luong tin hiéu khi hé théng hoat dong
trong moi trudng chiu tac déng cua nhidu, cac phwong phap xtr 1y bao gdm: Phwong phap
loai bo dudng nén co s6, phuong phap xir 1y tu twong quan va phwong phap xtr 1y thich
nghi. Két qua cho thdy, mdi phuong phap déu c¢6 wu diém va nhugc diém riéng va sy két
hop hop 1y giira cac phwong phap trén s& cho hidu qua loc nhidu t6t nhét.

Tir khoa: Ra da xuyén twong; FPGA; loc thich nghi; b¢ loai tap.

1. Gi6i thi¢u phwong phap xir ly
Qua trinh xtr ly tin hi¢u Doppler nang cao cho ra da phat tin hi¢u lién tuc nhu sau:

o Ty tuong Xt ly thich Tan s6
duongnen ———> ;  —  — i
ugogs@e quan nghi ndng cao Doppler thap

Hinh 1. So do xir 1y Doppler cho ra da phat tin hiéu lién tuc

Ti s6 SNR (tin/tap) cua tin hiéu thu dugc dbi véi ra da dat trong phong 13 twong
d6i cao khi ra da duoc dat gan va d6i dién véi nguoi can phat hién. Tuy nhién, khi dat
ra da & ngoai phong (tim kiém ngudi bi vii l1ap...), do sy chuyén dong cua la cay, cua
Co... dan dén rat kho dé phat hién tin hiéu Doppler do nhip thd va nhip tim cta ngudi bi
che 1ap vi tan s6 nay twong ddi thap va bi nhidu che khuat.

Céac phuong phap xt Iy tin hiéu truyén thdng nhu st dung céc bo loc dap ung
xung hitu han (FIR), bo loc dap tmng xung vo han (1IR) dé loc tan s6 khoi nhiéu c6 tinh
hiéu qua khong cao khi cudng do nhidu Ion. Vi vay, bai bao dé cap dén mot sé giai phap
ki thuat dé loai bo nhidu khoi tin hiéu thu dua trén co so su khéc biét 16n nhat gitra
nhidu va tin hiéu Doppler 12 tin hiéu Doppler ¢6 chu ky con nhiéu thi khong. So d6 xu
1y nhu hinh 1 két hop 3 phuong phap xir Iy dé nang cao ti sé tin/nhiéu d6 1a: Loai bo
duong co s, ty trong quan va xt ly thich nghi nang cao.

1.1. Phwong phap loai bé dwong co so
Dé loai bo dugc dudng co so, st dung phuong phap tinh trung binh don bién theo
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cong thure sau:
2 Sa(d)
=5 _&~j=-M AR/
y(n)=S, (n)- =

trong d6: S, (n) - tin hiéu gdc sau khi dugc s6 héa (ADC) & 6 thi n; S, ( j)- tin hiéu

1)

g6c sau khi sé hda ¢ 6 thir j; M - s6 khau xu ly, gia tri M rat quan trong né mang tinh
quyét dinh dén chét lugng loai bo duong co so. Bang viéc thay doi gia tri M ta s& thu
dugc dap uwng tan sé khac nhau cua bo xir 1y nay. Dudi ddy 1a dap ung tan sé twong Gng
véi cac giad tri M caa bo xur ly.
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Hinh 2. Pdp img tan sé cia bg logi bé duwong co sé véi cac gia tri M khac nhau
Duya vao dap ng trén ta thdy khi gia tri M cang Ion thi tan s cit cua bo loai
duong co sd cang thap va sy dao dong caa gié tri ham truyén trong ving cho qua cang
nho, nguoc lai khi M nho thi tan sé cit s& cao va ham truyén ciing dao dong manh hon.
1.2. Phwong phap tuw twong quan
Phuong phép tu twong quan duoc st dung dé 1ay lai tin hiéu ¢ ich ra khoi nhiéu.
So dd dugc thé hién trén hinh 3, trong d6 s(t) 1a tin hiéu cé ich, n(t) 1a tin hiéu nhiéu, tin
hi¢u thu dugc tir ra da 1a x(t).
x(t) =s(t) +n(t) (2)
Ham tu trong quan cua X(t) dugc tinh nhu sau:
R, (z) = E[x(t)x(t—7)] = E {[s(t) +n(t)][s(t - ) + n(t - 7)]}
=E[s(t)s(t—7)]+ E[nt)n(t—7)]+ E[st)n(t—2) |+ E[n(t)st—7)] (3)
=R (7)+R,(7)+R,,(7) + R (7)
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Hinh 3. So do tu twong quan dé loc tin hiéu c6 chu ky ra khéi nhiéu

Theo cong thac tinh ty twong quan trén thi tin hiéu va nhiéu khong tuong quan
v6i nhau nén ham R_ (z) va ham R_(z) c6 gia trj bang khong. Do nhiéu n(t) khdng c6
chu ky nén ham ty twong quan cta nd chir yéu chi ton tai tai gia tri z = 0. Nhu vay, chi
c6 ham tu twong quan cua tin hiéu x(t) Ia phan &nh ham tu twong quan cua tin hiéu s(t).
Néu s(t) la tin hiéu c6 chu ky thi R (r) ciing 1a ham c6 chu ky va chu ky bang chu ky
cta s(t). Trong trudng hop 7 twong déi 16n thi co thé st dung ham R, (7) dé xac dinh tan
s6 cua tin higu s(t).
1.3. Phwong phdp xu ly thich nghi

Sau khi xir Iy tu twong quan thi ti s6 SNR cua tin hiéu di duoc cai thién twong ddi,
tuy nhién véi tin hiéu c6 SNR kha thap thi van can nang cao ti s6 nay hon nita. Bo loai
tap thich nghi thuc chat 1a b loc thich nghi, noé dugc dung trong diéu kién khi théng tin
day dii v& méi trudng nhidu khong dap tng duoc.
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Hinh 4. So d6 bé logi tap thich nghi
Bo loai tap trén co hai dau vao, mot dau vao kénh chinh va mot dau vao kénh
tham chiéu, hé thong c6 mot dau ra. Tin hiéu s l1a tin hiéu mong mudn, tap no va tap n
tuong quan voi nhau, tin hiéu s khong twong quan véi no. Hé s6 cua bo loc dugc cap
nhat dwa theo nguyén Iy sai s binh phuwong trung binh nhé nhat. St dung n; dé loai bo
No & kénh chinh nén SNR cua tin hiéu kénh thu chinh s¢ dugc tang Ién.
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So dd xt ly thich nghi trén rat hiru ich, tuy nhién né yéu cau phai c6 hai kénh thu,
trong d6 mot kénh chi thu nhiéu, didu nay khd thyuc hién trong thuc tién vi tin hiéu c6
ich mong muén ciing c6 thé lot vao kénh thu nhidu va lam giam chét luong tin hiéu dau
ra. Dé giai quyét van dé nay, bai bao sir dung phwong phap loc thich nghi nang cao,
trong do chi sir dung mot kénh thu.

Cam bién

Sot e +
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tap va =@7+
tin hiéu
Giir Dfﬂl Sai
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bl / loe. &
¥
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Hinh 5. Sor do6 bé xar ly thich nghi nang cao

Trén so d6 hinh 5, so 1a tin hiéu mong mudn, no 1a tin hiéu nhidu, s; va n 1a tin
hiéu sau khi gitt cham cua So va no. Sau khi giir cham thi so va s1 van tuong quan véi
nhau vi n6 la tin higu c6 chu ky con no va ni khéng con twong quan véi nhau, vi vay dau
ra bo loc s6 ta c6 tin hiéu si.
2. Thiét ké cac khoi xir Iy nang cao trong méi trwong System Generator
2.1. Khoi xi Iy logi bé dwong co sé

So do thiét ké chi tiét ¢ hinh duéi, trong thiét ké nay tac gia st dung 256 khau giir
cham dé tinh gié tri trung binh cia mot doan co so:
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Hinh 6. So do khéi xir Iy logi duong co so
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Hinh 7. Tin hiéu dau vao

R

Hinh 8. Tin hi¢u sau xu ly logi bo duwong co so
Hinh 7 thé hién tin hiéu dau vao chiu tac dong diéu ché bién do theo mot dang
duong cong nén co so (dudng cong duoc tao nén do phan xa cua tuong va cac vat chan
khi tin hiéu di xuyén qua), hinh 8 thé hién két qua tin hiéu dau ra sau khi di qua khéi
loai bo duong nén co sa, nhidu nén co s da bi loai bo. Khéi xir 1y loai bé dudng nén co
s dong vai trdo nhu mot bo loc thdng cao, no loai bé nhitng tan sé gan bing tan co so,
tan s6 cat cua khéi ti I¢ nghich vai s6 khau tinh trung binh caa khdi xi ly.

2.2. Khéi xa Iy tw twong quan

Dé giam khéi luong tinh toan va tan dung khai thac Ipcore FFT, bai bao thuc
hién tinh twong quan trong mién tan sb. S6 diém FFT duoc lya chon 1a 2048 diém.
So db thiét ké cu thé nhu sau:
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Hinh 10. Tin hiéu dau vao khéi xir Iy tu tcong quan
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Hinh 11. Tin hiéu dau ra khoi xit Iy te frong quan
Quan st tin hiéu dau ra cua khéi xu ly trén hinh 11, ching ta thiy toan bo tap
chir yéu tap trung vao doan dau tap tin hiéu - tai d6 gia tri 7 = 0, tai cac 7> 0 1a gia tri cua
ham tu twong quan tin hiéu tan s6 Doppler ¢d tan sé bang tan sb cua tin hiéu Doppler. Nhu
vay, qua phép xir ly ndy ti sé tin/tap cua tin hiéu duoc nang 1én tuong ddi rd.

2.3. Xur ly thich nghi
2.3.1. Xur ly thich nghi 2 kénh

Xtr 1y thich nghi 2 kénh doi héi phai c6 hai kénh thu, trong d6 1 kénh thu tin hi¢u
mong mudn va nhiéu, kénh con lai thu nhiéu. Bai bao st dung thuat toan LMS dé thiét
ké bo loc thich nghi loai tap. So do thiét ké nhu sau:
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Hinh 12. So do thiét ké khai loc thich nghi 2 kénh
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Hinh 15. Qua trinh thich nghi logi bo tap
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Hinh 16. Tin hi¢u sau xu ly thich nghi

Trén hinh 14 thé hién tin hiéu dau vao chiu tac dong caa nhiéu twong dbi manh
sau khi di qua khdi xtr 1y thich nghi 2 kénh, trong d6 mot kénh thu nhidu va mot kénh
thu t6 hop tin hiéu + nhidu, b loc thich nghi thuc hién bién d6i cac hé sb truyén cua bo
loc theo tham sb caa nhidu va tin hiéu + nhiéu dé tin hiéu dau ra cé ti sé tin/nhiu cao
hon. Hinh 15 thé hién qué trinh tap dan duoc loai bo (qué trinh thich nghi cua bo loc).
Hinh 16 thé hién tin hiéu ra sau khi thuc hién loai nhiéu.
2.3.2. Xur ly thich nghi mét kénh

Dé xir 1y thich nghi 2 kénh doi hoi phai c6 mot kénh chi thu tap, diéu nay kho dap
g duoc trong thyc té, giai phap dua ra ¢ day la chung ta st dung xt ly thich nghi mot
kénh, trong d6 kénh nhiéu chinh 14 tin hiéu thu + nhiéu duoc giit cham vai diéu kién
nhiéu giir cham va nhiéu khong giir cham phai khéng tuong quan véi nhau. So do thiét ké
va két qua ¢ cac hinh dudi day.
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Hinh 17. Bg xu ly thich nghi logi tap mét kénh

Hinh 18. Tin hiéu + nhiéu dau vao

Hinh 19. Tin hiéu + nhiéu sau khi gii chdm
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Hinh 21. Phéng to tin hiéu dau ra bg xiz ly thich nghi loai tap mét kénh

Hinh 20 thé hién qua trinh thich nghi dé loai bo tap cia bo xir ly, qua trinh dién
bién nay nguoc lai voi qué trinh din bién cua bo loc loai tap thich nghi 2 kénh, két qua
thé hién tin hiéu dau ra trén hinh 21 kém hon khéng nhiéu so véi kiéu xu Iy thich nghi
2 kénh, diéu nay la do viéc lya chon sé mau giir cham dam bao di khoang cach dé mau
nhiéu gitr cham va khong giir cham 1a khong twong quan véi nhau.

3. Két luan

Bai bao da dé cap mot s6 phuong phap nang cao chat lwgng xir 1y tin hiéu Doppler
cho céc hé thong ra da xuyén tuong hoat dong trong diéu kién chiu tac dong nhidu moi
truong tuong ddi 1on. Nhiéu méi truong 1a phd bién véi ra da xuyén tuong hoat dong
ngoai troi nén nd gay anh huong rat 16n dén chat lwong phét hién tin hiéu Doppler,
dic biét 1a nhitng tin hiéu yéu.

Dé giam thiéu sy anh huong nhidu, bai bao di trinh bay mot s6 phuong phap dung
cdng nghé FPGA dé nang cao ti s6 tin/nhidu. Cac phuong phap d6 bao gdm: phuong
phép loai bo duong co so, phuong phép tu twong quan, phuong phap xt ly thich nghi
mot kénh va phuong phap xir ly thich nghi hai kénh. Két qua mé phong cac phuong
phap cho thay tin hiéu dau ra c6 ti sé tin/nhiéu duoc cai thién dang ké so véi tin hiéu
dau vao cd ti so tin/nhiéu thap.
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FPGA-BASED CLUTTER CANCELLATION METHODS
FOR THROUGH-WALL RADAR

Abstract: Through-wall radars detect alive objects based on the Doppler principle, but

the Doppler frequency is not easy to detect when the system operates in an outdoor area due to
the strong environmental clutter. This paper addresses some advanced processing methods and
the use of the FPGA technology to design the hardware in order to improve the signal to noise
ratio when the system operates in the environment affected by the clutter. The processing
methods include: the baseline removal method, the self-correlation processing method and the
adaptive processing method. The results show that each method has advantages, disadvantages
and the exact combination of the above methods will provide the most effective filter.
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