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In electronic warfare, accurate estimation of signal parameters plays an
important role in helping to correctly identify radiation sources and
determine their operating modes. On the other hand, the signal at the
receiver consists of echo and noisy signals. Therefore, to improve
accuracy when estimating signal parameters, this article studies the
linearly constrained last mean square algorithm (LC-LMS) for reducing
noise in signal processing and verifies with a generated radar signal by
generator E8267D. The effectiveness of the LC-LMS filter is evaluated
through two main steps: the first step provides a simulation of the LC-
LMS and compares it with LMS and its variants, such as normalized
LMS (NLMS) and leaky LMS (LLMS), with simulated radar signals
such as continuous waveforms and radar pulses in a MATLAB
environment. The second step provides verification of the LC-LMS
filter by generating radar signals from vector signal generator E8267D.
Simulation results show that the LC-LMS filter has better noise
filtering than the LMS and its variants, such as the NLMS and LLMS.
Additionally, the validation results confirm that the LC-LMS filter can
be applied to real-time radar signals with a signal-to-noise ratio (SNR)
greater than 0 dB.
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Trong tac chién dién tir, wdc luong chinh xac cac tham so tin hiéu dong
vai trd quan trong gitp nhan dang ding cac ngudn phat xa va dua ra cac
ché d6 hoat dong cua nd. Mit khéc, tin hiéu tai dau vao may thu bao
gém ¢6 cac tin higu c¢6 ich va nhiéu. Chinh vi vay dé nang cao d¢ chinh
xac khi u6c luong cac tham sé tin hiéu, trong bai bao nay tac gia nghién
ctru xdy dung bo loc tuyén tinh thich nghi trung binh (LC-LMS) cho bai
toan loc nhiéu cac tin hiéu ra da. Hiéu qua cua bo loc LC-LMS duoc
danh gia qua 2 budc chinh: Budc mot md phong bo loc trén phan mém
MATLAB va so sanh véi cac bd LMS va cac cai tién cia LMS nhu:
LMS chuan héa (NLMS) hay LMS xap xi (LLMS). Budc 2 kiém ching
higu qua cia LC-LMS voi cac tin hiéu tr miy phat song chuin
E8267D. Két qua md phong cho thiy bg loc LC-LMS c6 kha ning loc
nhiéu tét hon so véi cac bd loc LMS va cac bo LMS cai tién nhu:
NLMS va LLMS. Ngoai ra, cac két qua thyc nghiém khang dinh rang
bo loc LC-LMS thich hop xir 1y cac tin hiéu thoi gian thuc véi ti s6
tin/tap I6n hon 0 dB.
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1. Gioi thigu

Trong chién tranh hién dai, hé thong ra da thu dong dong vai tro quan trong va cac két qua
phan tich x{r 1y tin hiéu cta hé théng thu dong cung cap mot buc tranh toan canh vé dién tur
truong, hd trg nguoi chi huy dua ra cac quyét dinh kip thoi dé nang cao hiéu qua chién dau va
kha ning chién thing. Cac nhiém vu chinh cua hé thong ra da thu dong bao gdm:

- Pinh hudng va dinh vi ngudn phat xa;

- Phén loai va nhan dang cac ngudn phét xa [1], [2].

Cac phuong phap thong dung dugc dung dé xir 1y tin hiéu bao gdm c6 3 nhém chinh: Nhom
thur nhat 1a xur ly tin hi¢u trén mién thoi gian, nhom phuong phap thar 2 1a xir 1y tin hiéu trén mién
tan s6 va nhom giai phap cubi cung la xtr ly tin hiéu trén ca hai mlen thoi gian va tan s6 [3], [4].

Céc phuong phap tiéu biéu dé xir 1y tin hiéu trén mién tan s 1a bién doi Fourier nhanh (fast
Fourier transform — FFT) hay blen 601 Z [5], [6]. Han ché 16n nhat ctia nhom phuong phép nay la
chi quan sat duoc tin hiéu trén mién tan sb va kho khin khi xac dinh sy bién thién tan sé tin hiéu
theo thoi gian hay ndi cach khac 1a nhan dang cac tin hiéu diéu ché. Pé khac phuc cac han ché
noi trén, cac phuong phap xur 1y tin hiéu trén ca hai mién thoi gian- tan s6 da duoc sir dung. Cac
phuong phap nay cung cép thong tin tirc thoi Ve sy thay doi tan sb theo thoi gian. Cac két qua
phan tich nay dugc goi 1a anh thoi gian — tin s cua tin hidu va no dugce st dung nhu dau vao cia
cac by nhén dang. Cac phuong phap xur 1y tin hiéu trén ca hai mién thoi gian - tan s6 thong dung
bao gdm c6 bién d6i Fourier thoi gian ngin (short time Fourier transform — STFT) [7], phan b
Wigner-Ville (Wigner-Ville distribution — WVD) [8] hay bién d6i Wavelet lién tyc (continuous
Wavelet transform — CWT) [9]. Han che clia cac phuong phap nay 13 yéu cau thoi gian xir 1y 16n
va kho xr Iy dbi véi tin hiéu co cong suit thap.

Mat khéc, dé ting d6 chinh xac khi uéc luong tham s tin hiéu, cac hé thong thy dong thuong
sir dung két hop voi cac phuong phap xtr ly trén mlen thoi gian nhu: cac bd loc thong thap, loc
thong cao hay loc thong dai [10] de loai bo cac tan sb khong mong mudn. Hon nira, cac hé thong
thu dong con st dung cac bd loc s6 nhu FIR va IIR dé han ché tac dong cua nhiéu va ting ti so
tin trén tap am (SNR) [11]. Hién nay ngoai cac bg loc s6 FIR va IIR, hé théng con st dung cac bo
loc khac nhu Wiener [12], LMS [13] va cac bién thé ctia LMS nhu: LMS chuan hoa (Normalized
LMS - NLMS) hodc LLMS (leaky LMS) [14]. Han ché chung cua cac b loc noi trén do la chua
triét dé giai quyét bai toan tdi wu sai sd trung binh nho nhat. Pé giai quyét bai toan trén, bai bao
nay xay dung co s 1y thuyét bo loc tuyén tinh thich nghi LMS (linearly constrained LMS — LC-
LMS) dé nang cao chét lugng loc nhiéu tin hiéu ctia hé théng thu dong. Hiéu qua cua bo loc LC-
LMS dugc danh gia qua 2 budc chinh. Budc 1 mo phong danh gia hiéu qua cia bd loc LC-LMS
so sanh véi cac by loc LMS, NLMS va LLMS trén phan mém MATLAB. Budc 2 thyc hién kiém
chimg hiéu qua cua by LC-LMS bang cac tin hiéu tir may phat song chuan E8267D.

Dé giai quyét cac van dé trén, ndi dung ciia bai bao duoc bd cuc gom ¢6 3 phan chinh. Phan 2
trinh bay co s 1y thuyét ciia bo loc LC-LMS. Phan 3 trinh bay cac két qua m6 phong danh gia
hi€u qua cua bd loc LC-LMS so sanh véi cac bo loc khac s dung phan mém MATLAB va két
qua kiém tra v6i cac tin hiéu tir may phat séng chuin E8267D. Cac két luan tong két va hudng
nghién ctru méi dugc trinh bay trong phan 4 cua bai bao.

2. Co s 1y thuyét cia bd loc LMS tuyén tinh

Trong trinh sat xtr 1y tin hiéu [15], ngoai cac bo loc sé FIR, IIR, cac hé thng thu dong sir dung
két hop cac bd loc thich nghi nhu Wiener, Newton’s va LMS. Han ché chung cua cac bd loc ndi
trén do 1a chua gidi quyét bai toan téi uu hoa gia tri sai s6 trung binh binh phuong (Mean Square
Error — MSE). Mat khac, tham s6 MSE dong vai trd quan trong va dac biét 1a giai quyét bai toan
cong suit dau ra cua cac bo loc. Dé giai quyet bai toan trén, bai bao nay trinh bay b loc LC-LMS
muc dich t6i wu hoa tham s6 MSE. Sai so giita tin hi¢u dau ra bo loc va tin hi¢u khong co nhidu
dugc dinh nghia theo (1):
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e(n)=d(n)—-w" (n)x(n) 1)

trong d6 e(n) la sai sd giita tin hiéu diu ra b loc va tin hi¢u khong c6 nhiéu va d(n) 1a tin

hi¢u dau ra cua bd loc, w(n) 1a ma tran trong s, WT(n) 1a ma tran chuyén vi cia w(n) va
X ( n) tin hiéu voi nhidu. Mit khéc, dit an phy (2)

-

c'w=a )

trong d6 ¢ 1a vector cho trudc, a 1a hang s6. Ap dung phuong phép nhan tir Lagrange cho ham
sai s trung binh binh phuong J, theo (3):

J =E{e2(n)}+k(cTw—a) (3)
v6iA 1a nhéan tr Lagrange. Dé thudn tién cho tinh toan, chung ta dit gia thuyét (4):
ol
Ve =0va —=2=0 4
Wle=0 Vi = @

& day biéu thirc 6;—}: =0 biéu dién tinh tuyén tinh ctia ham sai s6 trung binh phuong. Thay gia

tri sai s6 e(n) tir biéu thire (1) vao biéu thie (3) ta co:

Jo =Jmin +ETRE+(cTE- ') ()

VOl
g(n)=w(n)-w®, wW° =Rylpg, va R, =E{x(n)x" (n)} (6)

va
Pax =E{d(n)x(n)}, a'=a—-c™w® ©)

Thay thé Viude =0 va (2]—75 =0 vao biéu thirc (5) chung ta c6:

2,
o0&y [ 26n +28,0, +L 26y | [ ¢ ]
vide=| . |= . Al . |=0 (8)
e | 28w + 281 +L +28yn | [Cy |
VI
Cong thirc (8) co6 thé viet lai dudi dang ma tran (9):
2R,E +Ae=0 9)
trong d6 &2 1a gia tri toi wu ciia vector & . Ngoai ra, véi diéu kién tuyén tinh (10):
a‘]c Tgo
5 O & (10)
Giai hé phuong trinh (9) va (10) véi cac an A va & ta duoc:
24’ » aRjc
A=——-—val;,= (1)
cRlc T ¢'Ric

Thay gi4 tri A vao biéu thuc (5) dé tim gia tri nho nhat cua Je taco:
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a2
J.o=J o e 12
c min CTR;(:LC ( )
v6i w(n)=¢(n)+w° thay vao biéu thirc (11) ta thu dugc:
Rle
wo =wo 4 E0x 13
¢ c'Rilc (13)
Phuong trinh (2) dugc giai qua 2 budc:
Budce 1:
w'(n)=w(n)+2pe(n)x(n) (14)
Budéc 2:
w(n+1)=w(n)+n(n) (15)

trong d6 n(n) théa man diéu kién c'w(n+1)=a véi n' (n)n(n) c6 gia trj nho nhét. Dé

thoa man diéu kién trén, n ( n) duoc chon theo phuong phap nhan tir Lagrange (16):

T
a—c'w (n)
nn)=——-—- (16)
(n)="—=,
Cubi cung, thay gid tri n(n) tir biéu thire (16) vao (15)::
T\,
a-c win
w(n +1)=w’(n)+f() (17)
ccC
Tin hiéu dau ra cta bo loc y(n) duogc tinh theo cong thuc (18):
y(n)=w" (n)x(n) (18)
Bang 1. Cdc tham $6 cia bé loc
B0 loc Tham s Gia tri
R Kich thudc bd loc M (-) 32
B9 loc LMS Step size 0,01
R Kich thudc bd loc M (-) 32
B¢ loc LLMS Hé s6 cb dinh nho nhit a () 0,25
R Kich thudc b loc M (-) 32
B0 loc NLMS He s6 ¢6 dinh & () 05
R Kich thudc bd loc M (-) 32
B§ loc LC-LMS HE 56 cb dinh a,c (-) 0.8 val

3. Két qua va ban luin

Hiu qua cta bg loc LC-LMS dugc danh gia qua hai budc. Bude 1 danh gia thong qua cac tin
hiéu m6 phong trén MATLAB va so sanh v6i cac bo loc NLMS va VS-LMS. Buéce 2 tién hanh
kiém chung hiéu qua cia bo LC-LMS véi cac tin hi€u tir may phat song chuan E§267D.
3.1. Két qud ddnh gid véi cdc tin hiéu mé phéng trong MATLAB

Trong phan nay, tac gia tién hanh so sanh danh gia hiéu qua cua bd LC-LMS véi cac bo loc
khac nhu LMS, ‘LL-LMS va NLMS véi 2 de;mg tin hiéu: tin hiéu lién tuc (CW) va tin hi€u Xung ra
da trén phan mém MATLAB. Cac tham so cua cac bo loc st dung trong md phong dugc tong
hop trong Bang 1 va tham so tin hi¢u dugc liét ké trong Bang 2.
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3.1.1. Kiém tra voi tin hiéu xung ra da

Hinh 1 minh hoa tin hi¢u xung ra da khi khong cé nhidu (Hinh 1a) va khi c6 nhiéu véi ti s6
SNR =0 dB (Hinh 1b). Hinh 1b cho thay khi c6 nhiéu dan téi sai sb trong udc lwong cac tham sé
thoi gian cla tin hiéu (d0 rong xung 7, chuky lap Ty, ).

Bang 2. Tham s6 tin hiéu mé phong

Tin hiéu Cic tham sb tin hi¢u Gia tri
Tin hiéu lién tuc (CW) Tan so song mang f. (MHz) 5
Tén s6 séng mang f, (MHz) 5
Xung ra da D¢ rong xung t(ps) 5
Chuky lap Top ( ;,LS) 10
. Tén s6 ldy mdu fg(MHz 1000
Céc tham so chung , Y s ( ) .
Ti s0 tin/tap &m SNR (dB) 0 dén 15
15 3
‘I L
05f
z 0
<
05
1k
15 : : : ' 3 ‘ : ‘ '
0 2 4 6 8 0 2 4 6 8 10
t(us) t(ps)
a) b)
Hinh 1. Tin hiéu xung ra da: (a) khong co nhiéu va (b) SNR = 0 dB
‘ ; ; ‘ -8
15} ——LMS | 'y %= LMS
——LLMS A X7 —A—LLMS
——NLMS -94M Y -9.33974 --8--NLMS |4
Ir -~ LCLMS|] e TE -~~~ LCLMS
«{;\* j X7
0.5F = -10 \0\'\ Y -10.2484 L
%3 \‘G\_ i - N
% O 1y g i G\‘&_ ¥ o593 F_-a;nm’“i:
&
051 1 120 Y-11.53)ftz B\“o\
..
1 "o,
13 S
s
1.5+ h
. : ; : -14 : :
0 2 4 6 8 0 5 10 15
t (us) SNR (dB)
a) b)

Hinh 2. Cdc tin hiéu sau loc nhiéu va sai 56 trung binh binh phuong: (a) tl'rg hiéu da loc nhiéu;
(b) sai so trung binh binh phuong (RMSE) phu thugc vao ti so SNR
Hinh 2a cho théy, tat ca cac bo loc co kha ning loc bé nhiéu va lam ting ti s6 SNR hay noi
cach khac 1a giup ting do chinh xac khi u6c luong tham sb thoi gian cia tin hiéu. Mic khac,
Hinh 2a cho thiy cac bd loc ¢6 hiéu sudt khac nhau. Hinh 2b thé hién sai sé trung binh binh
phuong (RMSE) cua cac bg loc phu thudc vao ti s6 SNR. Hinh 2b cho théy, tai SNR =7dB,
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LC-LMS cho RMSE nhé nh4t (RMSE =-11,53dB , dudng mau xanh 1a), tiép theo d6 1a LMS
(RMSE =-10,55dB, duong mau do), NLMS (RMSE =-10,25dB, duong mau den) va LLMS
¢6 RMSE cao nhit (RMSE = -9,33dB , dwong mau xanh lam).

3.1.2. Kiém tra vdi tin hiéu lién tuc

Tuong tw, Hinh 3a vi du minh hoa tin hi€u lién tuc (CW) khi khong c6 nhiéu va Hinh 3b 1a tin
hi¢u CW v6i SNR = 0 dB. Hinh 3b cho thy khi ti s0 SNR thip din toi kho khin khi quan sat
dang tin hiéu trén mién thoi gian va ude lwong tham sb tin hiéu. Tin hiéu diu ra cua cac bo loc va
RMSE phu thudc vao SNR duogc trinh bay trén Hinh 4.

3

1.5+
1
0.5

d

-0.5 f 1

A (V)

t(us) t(us)
a) b)

L5 ——LMS g
——LLMS —A—LLMS
———NLMS --4--NLMS
1 ——LCLMS --p—-LCLMS
m -1 N X7 | Y -8.60442
05 = Y -8.94599 s
~ ° 9t e T e 4
2 e Tl
:>£ 0 | @ o \’4'\4, _________ ]
L x7 | B, -,
5 -10 Y -9.52732 TR 'q\'<l~.,4
-0.5 \&\ g
11 “Spx. 1
B ~,
1 b
12 f T
-1.5 F
0 0.5 1 1.5 2 0 5 10 15
t (us) SNR (dB)
a) b)

Hinh 4. Cdc tin hiéu sau loc nhiéu va RMSE: (a) tin hiéu dd loc nhiéu va (b) RMSE phu thugc SNR

Hinh 4a cho théy, cac bd loc LMS va cac cai tién ctia LMS déu c6 kha ning loc b nhiéu voi
tin hiéu CW. Hinh 4b cho thdy, v6i cung SNR = 7 dB, LC-LMS cho RMSE nho nhit
(RMSE =-9,53 dB), tiép theo NLMS (RMSE =-8,95dB) va LMS (RMSE =-8,60 dB) va
LLMS cho RMSE 16n nhit (RMSE =-7,67 dB). Hay néi cach khac, LC-LMS ¢6 hiéu qua loc
nhidu t6t nhit (duong xanh 1), tiép theo NLMS (dudong mau den), LMS (dudng mau d6) va hiéu
qua loc nhidu thip nhét 1a LLMS (dudng mau xanh lam). Tir cac két qua mo phong cho thiy
LC-LMS cho hiéu qua loc nhiéu tét hon so vi LMS va cac cai tién khac nhu NLMS va LLMS.

http://jst.tnu.edu.vn 180 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 229(14): 175 - 183

3.2. Két qud thue nghiém véi tin hiéu tiv mdy phdt séng chuin E8267D

Trong phan nay, tac gia tién hanh danh gia hidu qua cua bo LC-LMS véi cac tin higu tir may
phat song chudn E8267D. So d6 thyc nghiém _phat tin hiéu ra da tr may phat song E8267D
dugc minh hoa trén Hinh 5. M4y phat song chudn E8267D lam viéc trong dai tin tir 20 kHz dén
20 GHz va c6 kha nang phat cac tin hiéu ra da nhu: CW, xung ra da, AM, FM, LFM.

Hién thi song

May phat E8267D

Hinh 5. So do thiee nghiém

1.5

A (V)

0 0.5 1 1.5 2

Hinh 6. Tin hiéu xung ra da: (a) khong 6 nhiéu va (b) SNR = 0 dB

1.5

1+

0.5

0

A(V)

-0.5 1

o1k

15 . . .
0 0.5 1 1.5 2
t (ms)

Hinh 7. Tin hiéu xung ra da sau b loc LC-LMS
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3.2.1. Kiém chitng vdi tin hiéu xung ra da

Hinh 6a minh hoa tin hi¢u xung ra da phat ra khi khong c6 nhiéu tir may phat séng chuan
E8267D. Hinh 6b minh hoa tin hiéu xung ra da vdi SNR = 0dB va cho thiy khi c6 nhiéu tac dong
dan téi giam d6 chinh xac khi udc luong cac tham sé thoi gian cua tin hi¢u. Hinh 7 1a két qua loc
nhiu ciia b loc LC-LMS va cho thay rang bo loc LC-LMS ¢6 kha ning loai bé cic nhidu va
tang do chinh xac khi uéc luong tham s thoi gian cia tin hiéu (d6 rong xung va chu ky lap)
v6i RMSE = 0,22 (-).

1

04+
0.3+
02t
0.1
> Z 0
< <
0.1
02
031
04+
-1 L L ! I | L
0 0.5 1 15 2 0 0.5 I 1.5 2
t (ms) t (ms)
a) b)
0.2
01}
I
<
0.1}
02}
03 ‘ ‘ |
0 0.5 1 1.5 2

t (ms)
D)
Hinh 8. Tin hiéu CW: (a) khong co nhieu, (b) SNR = 0 dB va (c) tin hiéu sau loc

3.2.2. Kiém chirng vdi tin hiéu CW

Trong phan nay, tac gia tién hanh kiém tra hiéu qua ctia bo loc LC-LMS véi tin hiéu CW phat
ra tir may phat song chuan E8267D. Hinh 8a minh hoa tin hiéu CW khi khong bi nhidu tac dong
va Hinh 8b minh hoa tin hiéu CW v6i SNR = 0 dB. Hinh 8c 1a tin hiéu dau ra sau bo loc LC-
LMS. Hinh 8c cho thiy bd loc LC-LMS chi c6 tac dung loai bo nhifu va ting ti s SNR va
RMSE ép dung véi tin hiéu CW 1a RMSE = 0,44 (-). Tl cac két qua mo phong va thuc nghiém
cho thiy, bo loc LC-LMS hiéu qua ddi véi ca tin hiéu c6 SNR thap (SNR = 0 dB) va LC-LMS
cho hiéu qué loc nhiéu tét hon véi tin hiéu xung (RMSE = 0, 22 (-)) trong khi tin hiéu CW ¢6
RMSE = 0,44 (-).
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4. Két luan

Trong bai bio nay, tic gia tién hanh so sanh, danh gia va thuc hién b loc LC-LMS st dung
MATLAB. B¢ loc LC-LMS duogc danh gia thong qua 2 budc chinh: budc thu nhét so sanh véi cac
b6 loc khac nhu LMS, LLMS va NLMS bang cac tin hiéu mé phong. Cac két qua mo phong cho
thiy, tat ca cac bo loc co kha ning loc nhiu véi SNR = 0 dB. Ngoai ra, voi cing SNR = 7dB,
LC-LMS c¢6 hiéu suét cao nhat hay néi cach khac RMSE = - 11,53 dB nho nhét, tiép theo 1a LMS
(RMSE = -10,55 dB), NLMS (RMSE = -10,25 dB) va thap nhat 1a LLMS véi RMSE = -9,33 dB.
Bude thtr 2 kiém chirng bo LC-LMS bang cac tin hiéu tir may phét song chuan E8267D. Ngoai ra,
cac két qua thyc nghiém khang dinh ring bo loc LC-LMS thich hop xir 1y cac tin hiéu tir may phat
song chuan véi SNR = 0 dB va két qua thuc nghiém cho thiy LC-LMS cho hiéu quéa cao hon dbi
v6i cée tin hiéu xung ra da (RMSE = 0,22 (-)) trong khi v6i tin hiéu CW (RMSE = 0,44 (-)).

Trong cac nghién ctru tiép theo, tac gia tién hanh thuc thi bo loc LC- LMS trén cong ngh¢ phan
cung FPGA va kiém chung hi¢u qua cta b loc véi tin hiéu thu thyuc té dé 1am co s& xay dung
thiét bi thu trinh sét.
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