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ABSTRACT

An FM radio based PCL system is a passive radar technique for detecting the multiple moving targets from
FM radio signals and tracking the trajectories of the targets by calculating the cross-correlation function of
direct-path signal and target echo signals. However, the interference signals are received from a surveillance
channel, which is designed to receive the target echo signals. Because of this problem, the target echo signals
are masked by the strong interference signals and this makes it difficult to detect the true targets from the
cross-correlation function. Adaptive filters are known as effective methods for suppressing the interference signals
but there is a problem to present their accurate performances in the PCL system because many literatures used

the cross-correlation function and the ratio of input and output power as a measure of the performance analysis.
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In this paper, a performance analysis method is proposed to evaluate the performance of interference

cancellation algorithms. By using the property that each component of the filter weight vector is adjusted to

suppress the specific interference signal, a performance measure of the interference signal suppression is defined

by a function of adaptive filter weights. Based on the proposed method, we compare the performance of the

adaptive filters used in the PCL system. Simulation results show that the proposed method can be very effective

for evaluating the performance of interference cancellation algorithms.

= =
29w, e A AR AAse] 4% i
AT 5 YET i AndE YR oma,

o AR AAE A5 2 F=2A=] LA
2 L1gAl A Ao g ghedus Ao
A=}

Jolshs 83 847 QAFE I gk =
] (monostatic radar)+ tHEA ] o
2A, A2 |9 WEsta Aoy
B B A5 S st AW 34 SARAE
3t spA|Rl, FF Ao ~Ea V)% 4233}
g1}, Axp}ls3 (ECM, electronic countermeasure)
o] g3} WAlel wle} wiesefE Holrie A
2 Rolellxe] ipd) FHe] AslEar e,
PCL (passive coherent location)> S =~ellg #|
olrje] 7144 AE FRap] 913 5 vlo)x
gHg #olt] 7]%2A4], FM (frequency modulation),
DVB-T (digital video broadcasting - terrestrial),
DAB (digital audio broadcasting), GSM (global
system for mobile communications) 5] A& W
g FAEE o83l %A SAE HHIZ}
RAGH pOL $125HA] A2l nlo] e 78l
(bistatic geometry)e} ¥ 2 EAXSE o R
FAE TAE] wlell, #lolt] e Alse] Wk o
RS Fastehs 2El ARr]e] g7 7heshd,
o] Als FAle] B3 23] witel] 25 ghgo] o
of Al FYFL] kF 1o e 5AL A,
aE0 R ol ¥AL FAVIEHE LOS

=
o
z o

820

(line-of-sight) & JAFs= 272 A& (direct-path
signal) 2} Ao 2 YE] wkakEl FAHA] Al (target
echo signal)®| AHel-=Z2] Fol4 Aks At gk
(range-Doppler frequency cross-correlation function)
£ freste] &A1 = ook Ag-ge] T 4
3 A R alol2dE A W mZe St
T5 FA, vlo|28Y SAAE 7o R %49
A2 2 Eres 34 = gleh FA4 el Uik vle]~
e Azlel =3 FulE 4317] 918, PCL
A7 ARAA R Alse} xual AlsE 77 E5
S FAo 2 sk= 7HA A (surveillance channel)¥}
HHHA AAd (reference channel)S- 23}, Z} )
de FejHoR RejEl wldiolE s A
vl gk} ofgle]E o]g3le] XY W& AdEte]
A5 FAlgke) AR ARk AlE A4S 9l
A Adells EAERAL AS o] SNR
(signal-to-noise ratio)= 7HAl= AAHARE Alsel &
HE] 5] 7K 457t FAlel SAEH, o] weh
A5 A gkl 24 gk vlolzeiE] Ar] F
= T 4 ghel Ags] FAEA 9] Wi
o, A4 gk 912 34 Aeel AstEAG 914
FA ol digh eFr} ksl A7) g

Antenna array

v

| Beam-forming algorithm

v

Adaptive filter algorithm

v

| Cross-correlation function

!

CFAR (constant false alarm rate) detection

v

Target tracking algorithm

a2l 1. PCL $417] %
Fig. 1. PCL receiver structure.

www.dbpia.co.kr



=/ FM Al 714F PCL Al2~wloll A 2k AlE Al A dae]Ee) A

H
24

s

T3 1 PCL S)A5HA] Alwlef|A Az A e] e
TEE 2R debi AeR2A, A8 FE 7HS
A A\ 7o) F Alsel] 23 7] Als
= AAs] fl8] ARsEIch 28 el e A
J2HE] $LAGE AAA R AT E o] 23] TAukA)
AZZ ARk 2] Ade] A A5 E AAR 5 ol
o tEHSF LMS (least mean squares), NLMS
(normalized LMS), RLS (recursive least squares) 5
o] gHg=m gy,

B ErelAle A8 BEE o8’ A A% AlA

v

Ef.f.}L A A Alse) 7Hd Also) 24171% 7&/‘] 24
g Alwe] ghe] vlEEE ] Als A des &

Sahe, s, elst e Wi vheel 2y
Alzo]l o3k 7=l INR (interference-to-noise
ratio)®} CNR (clutter-to-noise ratio)= A4 2271
wlgel, 7H7ke) 1) Agel dia A g
S ek =ela Z7tel e A Aol 5
A 214 AwE A 21 Ak 4e D)

skl 2 Aasl ) A5 A

2 Aelaeh, olo) e e
#-g- %_‘51 74]#* 7]Hk—i AA Aes& ALk o
of, 7t 71_‘\3 Als. —"4 Xﬂﬂ Aes A M E

=

KN
Al F4ol ] g Be) el Zel nhe A%
2 Sageh vHoR V el AEe Ea 2
S ohelg

tol
HI
e

IREVARY

A AZzE= vlo|z~ElY  7|sE (bistatic
geometry), Bid Qrelut wix] wPH, $-Al 3o
ul e 2 ZeiEo] os AAE) £ Aol
= Al AlZe] 8RS nxE 2 Qe s Aels)
a7, PCL A1716419e] =Al Als melg- A ojglc)

2.1 Hlo|AEHEl J|5t7E
PCL 1A Alzsmle £a17lsh 4119 AAl
ARg Eo Qs GYAE Assh A
o] FA1eI SAEE EAAL AEE o]§ao]
g49) 917 9 $ug FA) GUAR A5} %
ﬂuw Az 247k 7] 29} e ol zee Jla
= fe} Auje|n, 7t A159] A} Aze} wAo
Ml Wl AR Alsel BANAL A5 £
AR ] Feee] o]} AR PCL 914
PA Azde ARAE AEe} BANML AR =
G A7t Holst KFe] Fa Aol Fal A4 9]
Ag 24 5 ol
2% 19} 23 26 BAG A3} o), $A7]-S
71 ARlE L, $A7)-34 7RIS ry, 34 %
= Tos xlx‘jﬁi A]_—Z;_g]_ i;da]_/\]_ A]ig _t,:_r‘/___} x]
Aol 2 7ok @ u), AR Alxsh AL A5
A5} A Aol F vehii ulo] e A2 (bistatic

range) 7,3 Thr AE 5T

>~

=

r,=Tc=r +try,—L. (@))]

3714, c=3x10°m/s & 2| &=F vepir).
A (el <3 2R 1B e 4 olor, 94
3 volzele] Aele] ke AP Hlolle el
e} (bistatic range ellipse) = 13 374- Zro] el
% gleh. vlolae Al Bl wx
e A% e A2, 3 A BRI
42 S0 B3] 0] A 22 3 )
ulol e A2 gho] Bssle 3 7hel FM 44171}
shte] FAlZ)E o] g3sh= HE|AEE (multistatic)

T2% Ed, B49) 9AE 24 2% 24 5 ek

Target

) Target echo path

Bistatic
triangle

Direct path

T
'
'

Transmitter | L Receiver

27 2. wjelzeld S13TE
Fig. 2. Bistatic geometry.

821

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-04 Vol.42 No.04

Constant bistatic
range ellipse

Target

O 3. ule]zeE Az gd
Fig. 3. Bistatic range ellipse.
i HWH SANell & 2}y, vy, 1B 22,
W), e} sp, 1) 4k o] Vel 4 glem, %
°a1f'{ **17l°ﬂ A A (1] ARt
nlo]~ele =Z2] (bistatic Doppler) T f,=
J-z{q. /\]1:]-_,] Ah:ﬂ;do e ;‘c}o]o]] ulz} tﬂ-xﬂ
Spol, NI ATl EM AL AL S] Faeh
ulaste] f, mige] Zube Mab} Uehdel, £ 2
9 Tk, 0 E 340 £, o0t g5 18 20
ehgl zhesl gk @ ), vlel ey wEe)
o A (2)¢F 2] Ay

fa =2%v cos (a)cos([)’/Q). 2)

w2ba], FM $A17] 248 wabs ”iﬁ s(n)el
2} 3 o, ulo]xEe] ol 23 vkl Qleuiol <)
FAAE 2(n)& by A B)oE = t*a 2 ek

Constant bistatic
range ellipse

Tx3

M _ .2 _ 0
n=n=n

13 4. HelzdE 72
Fig. 4. Multistatic structure.

822

z(n) :Ads(n )+ A, s(n— Te)eﬂmn

A s 4 l), O

i=1

n=0,..,N—1.

21 3)ellM 7,9} 7= 2 AP E AlEe} Ak
AR AlB o] e AI7RS vehle A0 4 = B4 Al
Z (complex amplitude)S &Jn13}H, N = FE9]
& i A FeEe] 29 Ak 40 0w
Felee] 54 AE v(n) = 7RAIRE 3R, NS 5
AAAZE ol Ae] 3 AE 5 viehdch & =l
A Afske Aol 1, 7, e B o]k Az
o3 (discrete-time domain) °f] W&t Fhoz A e|gic}

\

it

i

2.2 Hid olE|L} Hlix| 2ol hE $Al AlS el

PCL 417]+= tf9] gHUE o] 838 uld gt
HUZS B3, 3} Al U A-HAR ASE 54
gt} dubd o g PCL A7) 19 59 7o), vix|
2o] 4ol A Slel WAF A% ¢ =2/M
(m=1,.., M) 22 M 2 nx3l= oo
213 wjd e} (uniform circular array)% Ag-gkc)

T 43 wdtEE ARl W, 7 eyt
ol o] Al Az sl $1|of] w2 917 Apel7h
WAl o] wf dehdss S Aol 23 wlE
(steering vector)E ©]§3}e] RS 4 glow, 1
=7t 9o} W17 goll gk 1 43 v teltellA
o] 3k WE] a(f,¢) = A (@)9F 7ol vhehdr,

Plane wave

12 5. e ¥ fed <ket wiA| W
Fig. 5. Antenna placement of uniform circular array.

www.dbpia.co.kr



=T EM AlE 7]8F PCL Al Z~ElellA] 714 A% Al Saelze] A A
(0,6) = [e*JkTPlye*JkTsz _”’eﬂkfpu] r 4) A A EH ALE u (n) 3} H¥zs Jfhe] &
H A% v, (n)S A @A 9F o183l vk 4
714, k¢t p,(m=1,.., M) Zz+ I o vehd 4 9k
(wavenumber) ME]9} 7} qheule] 91%] wlE] & ofn|
3, Ao A} v}k WEl & u,(n) =wi (0, 6,)x(n) (10
e=[—sinfcos¢, —sinfsing, —cos 0] 7 2 &
kel p, > A 5)9 A (6)>2 vehd 5 ek u, (n) =wi(6,¢)x(n) an

)
P, = [dcosqS dblnqﬁm’O} ©6)

ARAR AT} FAAL AE i i Fee)
A2 {0, babs {6, 0.}, {00, ¢} e) A=z el o
uljed okelitel] sakghcka 7P w, A7 7] gl
vz e e 18 wjedskEelde] 41 AlE
)= [2,(n), sy ()] 72 A @)% o]8310] 4]

M3} o] thekd 4 9lek

x(n

x(n) =Ada(9d,¢d)5(n )

+A4,a(0,,¢,)s(n—

A,
£ 3240809, 60 (n

i=1
+v(n),

) J2mfan

@)

714, v(n) = [Vl(n),...,yM(n)]T% M 72 ok
pele] S5 hAlel

23 Y ddo|e] 24 M=

PCL il7]= AU} Alsel A7 e Aes
72t 555 918 A Ak AsEs 49 &
Solel, 2 AL AR 55 AR 4159
Qe disje] WE zalel AEE ST
W sEle) 23 EE (0, g )olet @ W, 24 A
T} HoH s Adol] Higk ¥ 715 (beam weight)
MEE 1 2] 8] AR AR vl 4 9le.
o, ol A ®)% 4 )

Wbs(el,gbl) = {w[(i)7 7w]()511)} T7 (8)
Wy (0,6) = [wll, .y w™] . ©)

o5 24 Ul
B A Ael-wSe 45T gemie 7
A A5 AAE 91T 23 Be) daelze] Banel

sl 71ska, ”OJW Ry A ge ok
)2l sl A, .

N5 A7 A e Bashe WS
sl el

3.1 72l Ea Assly B

ok A9 914 Fe wlo|zeleg Azjs
ol 2B g2 Folael High @A) = 45 7
HEO R o] FolRIrt njo]ielE Ao} gl 54
Al el AR R Ao st ghpellxde] |
A AsE FE e o glom, 34 whpaleg)
AR Ase P 3] A E1 Alset ™
2 e 21 AEE o83t H57 5 sk Al
7k A|ed 7o) Fhar o fo] vjgk 2t Ahd Sl 4
A 3 ohe Al (12)9F 7o) A=k

T)efj‘lm‘fn. (12)

N—
T,j z:]

A At AR Ade] 2 A5 A
T FapollA] Ao g vle| el Az] 9 =22
5 24 2 Asb] et A AL T
A} A1%9] SNR (signal-to-noise ratio)o] iz 1}
ehfjo} glel AR, ZRA] Aol AAHA R 4159}
SHE] 59 T Als Fo] 3o FAlH7] e,
qg_u]-;do] "]E /K] :@1-75101“{.‘: 7]—H /\]i,] SNRO]
o A vehdel o2 glsl, AUk A3l gk
ulo| e Az o mZefeld At g9 44
digte] FAEA ehz Ak AR 3 6
Al AEF HER s A Sl i’ Adsakst ?Q"/l:
o Z7] 1Zrmf)| A IR NS LR Aoz,

823

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-04 Vol.42 No.04

s
=

e (km)
z

(=]
=

Target: (120.34Hz, 28.68km) |

Bistatic rang

-
0
Bistatic Doppler (Hz)

-100 100 200

% 6. A A HeEe A A3 Adsalsk 35
Fig. 6. Cross-correlation function of the surveillance
channel and reference channel.

dubEsl PCL 54l M= AHHER Alse
SNRe| 71 7] el ool thgh nio] el 72
2 wZeloA Asast el Fdigle] vl
) 2 dsjels el AAAR Assh 244 A
de) 2A AR X132 #7] A (auto-correlation)
A3z ekl o], EAe et nlelsele Az
U = Zer) gx|ER] et o3k w5 sl A st
7] 918, A8 ZE] da]ES o83 1A Als Al
7 FAS A3 5 F=s] Aol e

2 Alej=]ojof qlch

32 Mg g ¢zl

7 AlE AA dae]Ee a7 73 7ol 7] Al
g AEE desired A%, HHHAA Ad AFE 91
Az F 3= AS e E o] g3l A% = olk
7K As AAE A3 A8 Zef= deRs A Al
Zoll tigt K9] & Z7]5 7= WE o(n) =u,(n)

& ooz sjul, ol thest ol ekl 4+ Sirk

(n) =u,(n)
e PN E)
= [uT(n),...,uT(n—K—O—l)] .
Kol & =71E 7X= ® Al #E (tap weight
vector) w(n) < 2] (14)¢} 7o) #oJet wj, #-3- L]
Surveillance

channel

O =® » §.(n)

»

d(n)=u.(n)

u,(n)= [u, ), .., u,(n—K+ ])]'

Adaptive filter
Reference y(n)= w"(n)u, (n)

channel

J8 7. 72 AR AAE A7 AS 3H daElE 7E
Fig. 7. The adaptive filter algorithm structure for
interference signal cancellation.

824

o] 9 y(n)2 4] (15)9F Zo] Foixir).

w(n) = [wo(n), ...,w[(,l(n)] T, (14)

K1
y(n) =Y wy(n)u, (n—k)
=0

(

15)

=w’(n)u.(n).

T

$ dwe]Ee 9 AlS WE win)
3= whe] wlg} LMS, NLMS, RLS &32|& S0
2 ¥ e, RLS &322 LMS, NLMS &7E|=
ol vlal] 3 et kAol gt Aeg el
Wick &1A]w LMSeF NLMS &we]&e] =) A% 73
Aol 2K+ 13 3K+ 12 4 A4le] 7%= A
H3l, RLS &e|&e 4K7%2] 34 oike- Zaw &
7] wiiell RLS are]s Falollis W qalske] &
R il=l

3.2.1 LMS (least mean square) ¥12|5"

LMS ¢72]Z-2 stochastic gradient algorithm 7|
ge| &ye]Z 0 &4, the steepest descent method™
o 8 TkeA W Aeld sl el g
auto-correlation matrix2} ¢J2 ®E] 9} desired A15.29]
cross-correlation vectorE A FAFEOE AR5}
W Al e E AR win) S LMS ga2]Ee]
g Al wWE, pE LMS Y1259 step-size,
e(n)(=d(n)—y(n))& = A&, on)s ZE
o= weleta 3 o), | Alg A o A 173t
o] o]Foi%lt}.

ml oo
o

v?r(n-ﬁ-l) :v?l(n)-l—,ue*(n)q(n)- a7

4

3.2.2 NLMS (normalized LMS) 2mz|z"
LMS ka5 ol wE o] 413 o] F 7
- gradient noise®] 743l $F 22 Qlsle] MSE
(mean square error)”} AFSHE dito] WS = ]
t}. NLMS 2|52 18 HeE L,-norme] Al

o2 A3l LMS ¢a2]&2] gradient noise

www.dbpia.co.kr



718k PCL Al z="lell A 74 Al AA el Ee] A w4

amplification A& 1A% 4 3)2H, NLMS 432
259 step-sizeS peh & o, § A P o
Al (18)F zro] sejxich

w(n+1) =w(n)+ —¢" (n)q(n). (18)
3.2.3 RLS (recursive least squares) Zm2|&"
RLS &72]Z2 linear least squares filters

recursive algorithm o2 33 ZloZA, \E

forgetting factorz} & wl, 4] (19)2] B]E- <= (cost

function) & #Ai3tehe 7|Eo2 e | Al 734

g g

7,K:1 . (19)

win+1) =w(n) +k(n)¢ (n). (20)

1714, k(n)L gain factor, £(n)-2 AP 33
2] (a priori estimation error)©], o]} F&E $4]
= 27 vy A 21), (22), (23) # Atk

£(n) =d(n) —w" (n—1)q(n), @1
_ & '(n—1)q(n)

) = e D)’ 2

&(n) = i])\"*iq(i)q}[(i). (23)

A5 e daelFe] A AlE Al e A8
ATE B8 AA=E A Alse] Y-S
A3 5= gle) SR s Adelxe] 4
AE5 AYAR Aty 7P o, dsds [
Aol =4l Al ok Ao el 4 ek

u,(n)=A,s(n—1,). 24)

2 dele] &) A% e S w=[wy - wy )7
2} sla, A 24)F WSk 7PEE o, ARk}

A5 33k s, (n) & o 2] 25)9F o] el

s.(n) =u,(n) —wu,(n)
o1
,ué(n)—kz:]owku,,,(n—k) 25)

K-1
—Wﬁx(n) — EwZ[Ads(n—Td—k)].
k=0

Al
A

25)14 k=08} k=7 —relie] | A=
A= Alzet i WA FRIEE A 1%
Al e vehdick 48 FEe] | Al k=09
k=1 =1, o gk SRR, o)F o gsle] 4]
@5)el A (11)& A dsisel Aelskal ohe 4
26)7} #Fe] =rh

~

72t

N3

g:\l

s,(n)=s(n—1,) [Ad(wﬁa(%, b)) *wSAd}

+s(n—7'e)

<[4, (wlal6, 00" i, ]

N,
+ Es(n—rfj’))

i=1

X {A{(’)(Wﬁa@f’) ; ¢E’) )) — w: E:’) ’])A(]] .

s.(nik=k)S FM $4 A% s(n—k)7}
k=k, 2] AZkREE A9 255 velicka & o,

X 27)
=S (n_Td) {Ad(wlga'(edv ¢d)) _w()Ad] )
;P(n, k:=7'§f))
ZS(ﬂ—Tﬁj)) (28)
<[40 (wla0l), o) —wiy A
825

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-04 Vol.42 No.04

elel kol dish Is(n—k)F =1 o] Rt &
ul, A1 @7 A @8)elr] A= Alset Sefele] &
2 R A7 4] 29)9} 4] (30) 2= Al ¢ gl

A (qu ( dr ¢d)) d7 (29)
A (wia(0!, ¢) —win_ A, (30)

A Adeld ARAR AlEe] SNR
(signal-to-noise ratio)®} i WH FeJE]¢] CNR
(clutter-to-noise ratio)S SNR, 2} CNRg} 5}, o
= A7 v A (3D, (329 &2l e S gk

SNR,, = 20log, |4, (w/a(6, ¢,))]. 3D
CNR' =20log, |4 (wia(01, ). (32)

FANRE A5 A7 s, (n) of] Z3HE AAAR
A1zl SNR¥ Z=[E1®] CNRS Z7F SNR',<}
CNR'Vz} 3w, 4] 29)sh 4] 30)& o]85}ed th-
A (33), GHE FIT = gk

SNR/, 33)
= 20108210’14(1 (Wzﬁa(ed, ¢q)) = w;Ad‘V
CNR'®
= 2010g10Ac(Z) (Wga(ﬁgf), ¢£}))) : (34)

*
Ty

APV, w0 A Sl AAE Sla A

< e AS e e, (17 -
ulo| e g] AelE o|v]gich

AL gy dye|=9] 714 A% 11]7-] e 7HA]
Adef|x1e] SNRF 3EAHEAL *11 kel 3k
7M1 2182] SNR 2o = viepd &= 9lon, *—1 (31)

W)= 2eEe

5 A (39 E o83t A }‘]Ev/] P
& A} 2] A 4 siek
SNR,—SNR/,
201 |A qu ( (st))‘
—=920lo ;
b0 ’A Wbb (‘9d bq )) 7w(]Ad‘
= 20log —'w“ a0, 6] (35)
10‘ Wia ‘9d ¢’d) 700‘7
826

CNR'"” —CNR'"
201 |47 (wiial6, o)
0O i i *
10 A7 (wia(6, ¢£Z)))7w(/—”fm>Ad
(36)
V. ZoAH

& gellA= A (33)FE A (36)5 ol8ste] A%
e darE|Fel e 34 iH%tﬂlH-"% M Alse
SNR¥} 7H] 413 A7 AdsS 43} 48 HE 9
7 Al A7 s LMS, NLMS, RLS &5
2 a}gate] delsldck

221 FuAkolA 2] EM $Al7), S =
2lE], FA9] f]A|o} See TF 8ol 4EM&’1% L8
o) d el AR FAIAQ detrlE= & 1ol HPs
st HEds Adexe A A e A3E Ald
Aoz 7Hgsisien, A Apdelxe] W f
delay-and-sum ¥ HAJ71E 49| wlgko g #|gs}
vk 7] Ade] W 71 (beam weight) HE]E-
23 wELE ol gale] Aoz vpehd ok 4] (37)
3} 2ok

Wi = %a(es, b,)- 37

a8 99} 73] 102 M A152] SNRI} 4—3— e
daE]Ee] 7] Als AA Ass vehd A=A,
200 ¥o| B AANE MHE Harst Aok 1
9w A Aldeld] EAEw AAAR Ao
SNR Hisle} 28 Fg] dwe|5e] HARE 415 Al
A Ades veEbd A2, 27 9 (a)elld] AAAR
A1%F2] SNRe] RLS ¢772]=2 %3] -40 dB |3}
2 asle As Eld # et w3k 1% 9 b=
RLS &2]&9] W,j 2 AA Aso] 2F 1179 dB
2 LMS2} NLMS &are|Ze| vla] wl$ =2 7S

B
= 50 — (450,-320)
.2
5 (60,30.95) Glo.40) W
30,21.29
= 0 ¢ )6
= (-50,0) + (50,0)
= + (13,-13.99)
= 40,-25.04) O Transmitter
2 -50 X Receiver
= 4+ Clutter
—wmd Target
50 0 —= Velocity

Location x-axis [km]
J7 8. A1, IM $AV0, 4, o S@E9] 914
Fig. 8. Geolocation of a receiver, an FM transmitter, a
target and multiple clutters.

www.dbpia.co.kr



= /FM AlE 7|8k PCL Al&dloll 4] 74 A3 AlA dae]lEe] As #4]

1. AlEeld skehvle
able 1. Simulation parameters

kI

—

The number of
antennas

8

Antenna configuration

Uniform circular array

Transmitter location

(50, 0) km

Receiver location

(-50, 0) km

Clutter location

(13, -13.99), (30, 21.29),
(-40, -25.04), (-60, 30.93)
km

Target location

(-10, 40) km

Target velocity

(-150, -320) m/s

Bistatic range (clutter)

3.598, 11.992, 20.39, 46.77
km

Bistatic range 28.68 km
Bistatic Doppler 120.3431 Hz
frequency

S.NR (direct-path 331134 dB
signal)

CNR (clutter -to-noise
ratio)

35, 30, 28, 25 dB

SNR (target echo
signal)

-10.09 dB

Sampling frequency

250 kHz

Observation time

60 ms (15000 samples)

Carrier frequency

93.6 MHz

Tap size of the
adaptive filter

60

Parameters in the
adaptive filters

LW(LMS) = 1.5e-10,
[L(NLMS) = 175, RLS : A
=1,0 =01

RolFr) 7] 102 nlo|=elE A2z} 11.992 kmal
Felele] CNR¥} o] digh A& e dwe|Fe] &
oo HERd 2024, RLS dare]5e|
LMS<F NLMS dwe]Zel vl F218] AlA A5e]

HE AA A

80 120
a o RLS W@,Q.@c@@ Al
o 60 MS 5100{6
= B e NLMS|| 2
= % ~ | pednainds
T 40 2 Ve
c < 80
50N £
£ 200y < /[
o 2 o
5 O e o
13
= N R 5/
S 0 s P
& e £ o~ RLS
I A 20 IMS
- NLMS
-60
0 5000 10000 15000 5000 10000 15000
Iteration index Iteration index
(a) ®
9. (@ AHAE 41352 SNR, (b) IHAZ A1E A7

a8

=
s

Fig. 9. (a) SNR of the direct-path signal, (b) suppression
performance of the direct-path signal.

80 80
el RLS
60 o ;ITYII?dS | g 60 s
....... g POVIION
s‘ ; Q r0¢<'om
407 S 40
g 40¢ i
T 5 A\\ E L E
i !X £ 20 Vs
% 0 W T 4 a 0 K
o .\‘x g
Z £
20 Pl g-zo A/‘
5. 2,
" 06@.0,0.0_ N % 10 ¥ —6-RLS
- - LMS
- NLMS
60

0 5000 10000 15000 _600
Iteration index

5000 10000 15000
Iteration index

@ ®)
% 10. (a) CNR (vle]z=elg A= 11.992 km), (b) =]
o AA A%
Fig. 10. (a) CNR (bistatic range 11.992 km), (b)
suppression performance of clutter.

5% AL gl o= gl 18 10 (a)= RLS &L
2]=8 &3] o]83le] CNRS -40 dB °]3}= 7

my P>

A7l & BodFgw, o]dl ulE RLS ¢vE|5o]

Target

: (120.34 Hz, 28.68 km)

=,

-?00 -100 0 100 200
Bistatic Doppler (Hz)

El
=
[
an Target
E : (120.34 Hz, 28.68 km)
: &
E
-100 100
Bistatic Doppler (Hz)
(b)

Target
: (120.34 Hz, 28.68 km)

-

=100 0 100 200
Bistatic Doppler (Hz)

(©

J2 11, A Alse] A e Al Alse
AF3 283 @4 () LMS, (b) NLMS, (c) RLS

Fig. 11. Cross-correlation function of the target echo
signal estimates and the reference channel (a) LMS, (b)
NLMS, (c¢) RLS.

50

Bistatic range (km)

.
2

8217

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-04 Vol.42 No.04

e AlA 5L 723 10 Bl & 5 9 e}
7o, °F 53.03 dB <l Z& 1% = 9lck
T3 11 7F A-eE] odae]Zel] gk AUk

1

A~

5
o]
A

-

A& FAZE s, (n) 3} AHAHA A 2w As

A1 A ol vfoloee] =
Z27}9] 0 Hz $*]ollA 22 $-43 (sidelobe)o] A

© 7S Feldd S glek ke, RLS el
A AL Sells A8 412 wjolzele A

s} 23] 10014 S}alak welalgl Ao 3t

LS dae|Fo] 1A Al A7 Adsel =2 A

A AlER QI3 AR A5 A3 HAIE lAs]
$1g 4 Als AlA daelEe] We-S Aelska, 2t
A AE AA daElEe] s B e W A
71%e] 1 Al wieje} 48 e Al ks o]g-stod
frestolel. w3l B mella] Aokl 7k Als A
A Ae B S 7Hke 2 2hA] Aldel|x] S E
= AR AE 2 FHEe] AA A LMS,
NLMS, RLS dwe]5s o]83te] #A3isdrk = 4
3}, RLS &ae|Zo| AHH 2 Als+= <F 1179 dB,
el 9F 53.03 dBE Al73le] 5ol 7
A5 Falslsla, ool digt Avs Al Akt
S frsle] vreliglel 2 =tell A Algkel 2k
& A7 As B4 HPH 35 PCL 7]4b $1x|5%
glo] odelx] 7H] AE Al daeEe] A
Hrlshs AEEA f83 &85 ZeR 7

> ot
N
o

]

=

2 e,
[ ot

ofr

it rU[o
o

References

[1] Nicholas J. Wills and Hugh D. Griffiths,
Advances in Bistatic Radar, SciTech Inc,
2007.

[2] H. D. Griffiths and C. J. Baker, “Passive
coherent location radar systems part 1:
performance prediction,” IEE Proc. RSN, vol.
152, no. 3, pp. 153-159, Jun. 2005.

828

[3] R. Cardinali, F. Colone, C. Ferreti, and P.
Lomboro, “Comparison of Clutter and
Multipath Cancellation Techniques for Passive
Radar,” in IEEE National Radar Conf., pp.
469-474, Apr. 2007.

[4] S. Haykin, Adaptive Filter Theory, Prentice
Hall, Upper Saddle River, New Jersey, 4th
Ed., 2002.

[51 James E. Palmer and Stephen J. Searle,
“Evaluation of adaptive filter algorithms for
clutter cancellation in passive bistatic radar,”
IEEE Radar Conf.,, pp. 493-498, Atlanta,
USA, May 2012.

[6] F. Belfiori, S. Monni, W. van Rossum, and P.
Hoogeboom, “Antenna array characterisation
and signal processing for an FM radio-based
passive coherent location radar system,” [ET
Radar, Sonar and Navig., vol. 6, no. 8, pp.
687-696, 2012.

[77 M. Malanowski and K. Kulpa, “Digital
beamforming for passive coherent location
radar,” IEEE Radar Conf.,, pp. 1-6, Rome,
Italy, May 2008.

[81 T. Tsao, M. Slamini, P. Varshney, D. Weiner,
and H. Schwarzlander, “Ambiguity function
for a bistatic radar,” IEEE Trans. Aero.
Electron. Syst., vol. 33, no. 3, pp. 1041-1051,

Jul. 1997.
[9] P. Stinco, M. S. Greco, F. Gini, and M.
Rangaswamy, “Ambiguity function and

Cramer -Rao bounds for universal mobile
telecommunications ~ system-based  passive
coherent location systems,” IET Radar Sonar
Navig., vol. 6, no. 7, pp. 668-678, Feb. 2012.

[10] B. Demissie, “Clutter cancellation in passive
radar using GSM broadcast channels,” IET
Radar Sonar & Navig., vol. 8, no. 7, pp.
787-796, Jul. 2014.

[11] G. Gassier, G. Chabriel, J. Barrere, F. Briolle,
and C. Jauffret, “A unifying approach for
disturbance cancellation and target detection in
passive radar using OFDM,” IEEE Trans.
Signal Process., vol. 64, no. 22, pp. 5959-
5971, Nov. 2016.

[12] J. Dhiman, S. Ahmad, and K. Gulia,

www.dbpia.co.kr



=1 /M A%
gt Xl @ (Jin-Oh Park)
20043 249 : HAHEtn 7]
A BAo]FE sl =4
2011 29 :gkefdlEw Az}
ZA5ElEAlEs T Al &
20043 39~&A]  LIGE A
AR AT AT
Az 2w A,

adaptive filter

“Comparison  between
algorithms (LMS, NLMS and RLS),” IJSETR,

vol. 2, no. 5, pp. 1100-1103, May 2013.

S1A9

H 2 S (Geun-Ho Park)
20131 29 Akt Ax)
o ©

Z7]gEHt 3 St
2015+ 24 HAkdiEtaL A)
7173588 Aa =4
2015 39L~&A] Ak e
71D FE TS At 0| & & (Won-Jin Lee)
4 19994 29 : wE st Ao]
<FAlHol #Heolr] AlzAg], wid AlsAe Azzsta) sl
= 2002 79~3A)] : LIGY A
AP AT 974
<HAlEel vAREFAl], o

A Az A2, A7

wl

S T (Dong-Gyu Kim)
W 2011 2% HabElw AR}

?:I
713 Sk 29
2011 39~ ¢ HabEhar
A7 A FE S ARt
1 X 8 (Jae Heon Ko)
19971 2 : QIS Ha}

Fatat shAE &4
199799 19~8A4) : LIGY~Y
AP A4 el
<IlRol AR 9 Hlelr]

A Ae], Al AlsAe]

gy
<ok AR W o]t

AlzAe], il Alse]

& = T (Ho Jae Kim)
20159 29 : Ak sta Az}
Z71gE A £
7]

2017 29 : pAkslw

AR AFE TS A &
2017+ 39~&A) : HabEhar
A7 g what
74
<Al Fol A WAl E A

829

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-04 Vol.42 No.04

Z & Y (Hyoung-Nam Kim)
199331 29 : E3lEIstn
AR 7)gsk = A 9
19951 29 : FaEIhstw
ARkt Aab 24
20004 29 : Ea3FoEta A
2375wk uhal 24

2000 549 : EFFFIf et A
AAFE - uap & ol

20004 59~20039 29 : IEAAFEAIATY FA1H
FATA A 7Y

20034 3Y~2007 29 : WAk
T Zalg

20074 39€~2012\d 2% BAR A AR 7| EA

O~

El
N

A= 7]1 541

e

2009 294~2010 249 :Johns Hopkins Univ.
Visiting Scholar

20159 99Y~2016% 8% :Univ. of Southampton
Visiting Professor

20120 d~& A « b Akt a

<ol HgAlzAe], dHeolr U v AlsA
2], ORI kg AlsAe, A Alsx e

- =
al
06‘

830

www.dbpia.co.kr



	FM 신호 기반 PCL 시스템에서 간섭 신호 제거 알고리즘의 성능 분석
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 수신 신호 모델
	Ⅲ. 간섭 신호 제거를 위한 적응 필터 알고리즘의 성능 분석 방법
	Ⅳ. 모의실험
	Ⅴ. 결론
	References


