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A Bistatic Range Sidelobe Suppression Method for Improving
Target Detection Performance in an FM-Based PCL System
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ABSTRACT

A PCL is a passive radar that detects and tracks a target using broadcast and communication signals. The
direct-path signal received through the line-of-sight path of the broadcasting transmitter and the receiver, and the
target signal is received by the reflected signal from the target. The PCL derives a CAF of these signals and
estimates time and frequency difference of arrival for the position and velocity estimation. FM radio signal is
considered in the PCL due to the convenience of signal collection and the wide coverage caused by the high
transmission power of the FM radio transmitter. However, because of the structure of the FM signal, the

sidelobes occur in the bistatic range axis in the derived CAF. Such sidelobes are misinterpreted as targets in the
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detection step and reduce the detection performance of the target. In this paper, we analyze the tendency of

sidelobes on the bistatic range axis according to the structure of the FM signal and propose a system to

suppress these sidelobes. We show that the proposed system suppresses the sidelobes on the bistatic range axis

and also present that the target signal detection performance is improved at the detection stage compared to the

existing system.
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II. Passive coherent location
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. FM 7|8 PCL A|ARIQ| HIO|AEHE! 42|

Ho:
£

B Ao FM 2ElE L Az dis) Avisha,
Aol Fzel whE CAFS| 43S fokgiel 12
3L FM A& 7] PCL Al2~®lollA] BhAlsh= nlo]~
el A7) Fede] wAldel el A%k

3.1 FM AH[EIL A&

e w2970 LB 95 thEA|
ke WAleR §o] de] sR|a glArke A
SAl gt =dle] FM Elt] 8 i SR 2EE S
HRALS Ajelsla gl ow] 1% A1 (L, left signal)<}
Q2% A% (R, right signal) S o]&gh) wA]x] A&
+ 13 83} o] =4 5+ Ad (main channel), F-
d (sub channel), & & 3}UZ (single tone pilot)
Az 2 AR} 71409 (baseband)oll = 5+ Aldell
I A1%°] g (L+R)= wiX|3kaL 38 kHzoll= - A
ZA F 23] ZHL-R), 19 kHzoll= U= AlsE
SIA1A710], o1tz 4] @2 2ol Ve 4 9l

L;H+L

m(t):O.Q[ ;Rcos(ZWfpt)]-‘rOl(oe anf t). (2)
of w, f,i= 19 kHz®| s}l Fok5 2o|v]gihtt.
A (2] wAA AlsE ok WEsE S 71

o FM 2AHHL A5 oe3) 7k

¢
s(t) :exp[jQﬂkf/ m(r)dr ?3)
0

of W, ki 75 kHzel el Fug Aol

(maximum frequency deviation)E 2]7|gtc}

4
Power Main channel

Sub channe]
Strereo audio

Mono audic . LR
pilot /—\/—\
15 19 23 38 53 "
Frequency [kHz]

2 8. 2L WA AdEd
Fig. 8. Spectrum of stereo message.

1131

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-06 Vol.44 No.06

3.2 HIO|ABHE H2| 2

FM ]2 A% 7]¥k PCL Al2dlells] fexd
CAF:= Al52] Akslol| v} 3 71#] HeAdS Helrh
a9 9= 5 HARE ARS8l fr=gk CAFel,

18 10L& &4 WAA|E AME3te] f-%3F CAF, 1
112 55 wARE ARl gt CAFO]D‘r
CAF®] 72| sl FM Wx Al5e] thed o ¢

& nkov, CAFS] Tl aldme A5 & *X‘ *l
7ol 33 btk webd, Alse] 4 ARkl o
AT ) Fok sdme] Wshs §lck Whlel, CAF

10000

5000

I, £l

1] 100
-200

FDOA [Hz) .

50
Bistatic range [km]

32 9. 81 WAAE AH8sle] fwdt CAF
Fig. 9. CAF derived using music file.

10000

5000

Ix(s, )

0

-200
FDOA [Hz] .

Bistatic range [km]

22 10, &4 vIXAE ARgste] f=3 CAF
Fig. 10. CAF derived using voice message.

10000

e

-200 50

FDOA [Hz] 0 Bistatic range [km]
22 11, 5% AAAS AHssle] g CAF
Fig. 11. CAF derived using silence message.
1132

= Al thoFo) <dake Wholx]
7] wjel] CFAR ®4|5 TDOA £°&
‘l‘ﬁg 3731, Zu—% FAo] AlE o] FoIA]A] &
gtk o]eldl o]fZ B i=iellAE CFAR ©AE
FDOA el w3l “afa}odct.

2% 92 CAFS] A2l Sest 7k o, 4
sk elhe) vlelzefe Az Fedo] WA AL
213 4 glor], CFAR 95 3% 7 CAF?]
slel2ele Ae] Ydo] g A 9= BE=HA
grouping d32|Fe] ol T} FAow FFEo]
A,

23 129) 9% Aselld] Ael 14 Azl
S| A3} ofel ule|~elg Az el o7k @] A
b A A geld 5= ot o] ulo]2HE
7131 Hadel] ©J3h /] A3tE %0171 {18l A8 A

lc.7ﬂ /\4245],__ \REE) _% Ey' E]- :,':_ o] oL]_ z«l o 0174]
5 =old v 34 A3t 79l SNR (signal to
noise ratio)] T2 FA-8- ©X|s}r] oJ#rh= TAIF
o] gtk 17 133} 1§ 140l4] + 49| SNR
& 7z¥7+ -10 dB, -15 dBe]ch :LFA 132 45 A
7F ok wje] '] Azelr, U SNRE 7= £
A A 5 AR el e 2] el Sl
WAL SR S o 5 glek wlelzElY A
ool High S WAk sl 13 140l4] A
AAIS A A 0 2 A dAslsic) vlo|2eE Az
gl oF 'A7F EAEA] A P SNRE 7}
2= FA] FAEA] o= Aol AR Sl &

G ik wleb, A8 ARE EolAY EelAl o
% o] zeE] Az Feiel o3 o] FES
% 2= o]b 13].1:140] O:ILE]T;].

ml

__l

o

TDOAFDOA estimation results

300
200

100 H { i

FDOA[Hz)
I 1
1
1

-100
False alarm by bistatic range sidelobes

=200 |

-300

0 20 40 60 80 100 120 140 160 180
Bistatic range [km]

T2 12, wlelzeE Az ool o3 o5 A3
Fig. 12. False alarm by bistatic range sidelobes.

www.dbpia.co.kr



% /FM 714 PCL Alz"ellA] 34 ©7] s NS 213 vlelzdg #=] F4 oA 719

TDOA/FDOA estimation results

300

200
Target #1

100 - @ -

FDOA [Hz]
-

Target #2

®

L
=
=

'
[}
=
=

'
€
=)
=

0 20 40 60 B0 100 120 140 160 180
Bistatic range [km]

38 13, 2 A3 S 483 9 ds)

10 " 1o v

Fig. 13. Detection results with low adaptive threshold.

TDOAFDOA estimation results

200
Target #1

100
w @® 1
Ry i i i ) I
<
5 |
2 |
[T

100

200

300

¢ 20 40 60 BD 10D 120 140 160 180

Bistatic range [km]

8 14, F2 A8 AE A4 9 A

10 " 1o v wu

Fig. 14. Detection results with high adaptive threshold.

IV. HIOIAEHE] 2| £ AHE st AlLH

?@

FM ~H|HL A3 5 3gsle] F-X3F CAF:= A
30] Fxof| o vlelxeg A Fso] HWAYsla,
olefgt nlo|zelg Ag] Fgiol o3 Sxx|7} WA
sle] A AR 9QlE= FAI-o] &g B A
oM FM ZHlE L AlEe] 32 #4118 E8 njo
2elg A7) Bqde] el AHor Bl o
E AP Hg A" FAS Aljkgi

41 FM AHE 4Z°9| CAF &4 (1)
L=R=0.
FM 2h]e nlgol] Alse] 4] AI7E WellA] S5
o o, 2eEe wAR ] F 4S5} CEE Al

2% 0] Hc} o] u] 2HHL WAR] Az ezt
Z},

m(t) =Amcos(27rfpt). 4

o] wl, A, 0.10]ck o] o]gsle] Ba A )
o] FM 4152 AXsH 4] (5)9) 2t

t
s(t) =exp .7'27rl<:f/ Amcos(Qﬂpr)dT}
0

®

kA,
=exp [jff’"gzn(Qﬂjpt)] .
D

Al (5 19 kHz9 7]% 3= (fundamental
frequency) s Z= F7] FelBnE FEldl FF
(Fourier series) e = &8 4= gl on o= o2}
Ao vephd 4= 9lck

s(t) = Z cnexp(j%mfpt). 6)

n=—oo

¢, el AR ot 2ke] A 5 glvk

1/2f,
¢, = fp/ s(t) emp(*j27mfpt)dt
—1/2f,

1/2f, lcfA
P

m

sin (27rfpt) —j27rnfpﬂ dt.
~1/2f, J

)

¢, = %/jﬂexp[j(ﬁSinﬂv —nz)]dz. ®)

B=(kA,)/f,= ¥Z #4* (modulation index)°]
o, A ) J,(B) 2 ZHHE= Al 1F WA
(bessel function of the first kind)2] A& FEo|n g
ol& AR A (6)

=3 LDemmiy) ©

n=—oo

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-06 Vol.44 No.06

wahyl thgst ek

x(7,0) :fw s(t)s (t—7)dt

— o0

10)

o

= % (L@

n=—co

d S %3 CAF7} 19 kHz9] 7|2 715 2
A=} Heljoln, nlo] ey AR Falsld <k
F7IE Zethe Ag o 4 sl el
gedgle] oJste] nlel~ely Az F<de]
WA oF = glek 29 15= HAIRS gkalEl A
B Fual Wxg AlF R RE %3 CAFolth 1
&3l 19 kHz®] A&z} 9] nlol~eie Az
Fodo] MAEh= 7S #ld 4 9lo) ek a9 16
< 1% 159] CAFE Hle|zHE Azle] o2
slo] B A oF, o] flolM & nlo]|elE A7 F-4
o] 15.79 kme| 7|8 7KKz ¥Hlsk= e & 5

Iy(e 1)
s = o
N & @

o

400

]
-200

400
FDOA [Hz] o Bistatic range [km)

T2 15. L=R=0% | CAF
Fig. 15. CAF when L=R=0.

- 1579km

1T| l('|| ||"|| I|f'|I |'|| ||"|| ||'| ||||| |I| ;l ||I" |Inl| ||FI
_.:._95-|| I |||| |||| “ H |||| ||| H ||| || H ||'|.
= VR
o H \I || || ||| H ||| I| I| ||| U || || || ||| || || ||| |I |I ||| ||
Wl U l'J e

0 i) 40 (1] 20 100 120 140 160 18D
Bistatic range [km]

J8 16. L=R=0% wj, vle]=~eg A2] 52| CAF
Fig. 16. When L=R=0, CAF of bistatic range axis.

1k

42 FM 2B AlZo| CAF £4 (2) : L=0,
R=0.

FM 2ht]e wpo] Bgo] obd ul, 2uele. v
Aje] 1% A5oh 288 A5 00] opn olzlat
A5 AAA A5 A @9 2k A @F olested
B2 7] FM A5 S el A (113} ek

s(t) = exrp U0.97rkf51 ()]

k
X exp|j0.225 SZ(t)k—fsin(lefpt) (11)
P

X ea:p[jO.lsin(Zﬂfpt)].

o] w, S\ ()2} S (1) &= 22t A (12)¢}F (13)7 %
o}

S (t) = /:(L(T) +R(7))dr. (12)

5,0 = / :(L(T) — R(x))dr (13)

ot Aol 4] ©¥E A O7AE th sefshd
FM AL A 15 w14l @4e] Bl 4] (149l 2

o}

[eS)

exrp [jﬁsin(?ﬁfpt) } = Z J,(3) exp(j27mfpt).

n=—0o

14

Al (145 o83l A (15 A=shd A (15)2F
2,
s(t)= ea:p[jO.97rkal(t)]

X n;an(ﬂz) eacp(j47mfpt) (15)

X i J,(83) €$Ep(j27rmfpt).

m=—oco

o] wl, 5,9 g,& 77} et 2l

k
B, =0.2258,(t)-L. (16)
kp

www.dbpia.co.kr



T /EM 7I9E PCL Al=HlellA] 24 w4 A WAlS A3k vlelxe]s Az] ] oA 71

Wi
By =0.1-. 17

kp
Al (15)elA A WA g 5 A T Wz
A, oA 2 A Fakes HE AR Al
WA g shelele] Fule Wiz Aok o] & 3}
dzle] Fok Hx AR CAFR2| nielzeE 7z
S oplditar EAskdeh. = el b W
ZF AE-2 CAFY] envelope s 243y, - Ay

el
BN

Wz B CAFS] ol Mt}2 o3k n]x
2] okr}, 17 17904 FM 2H|E 8 A5} 5= A1d
o] Fuhg Wz QRS 7]—;<]‘— AFE ;7
CAFS H|wslgic) 13le E3) = Ade] =
Z AEo] CAF2] envelopes AAsH= Z&
oltt 13 18-S FM ~H|H L A5 e} § Ade]

0
)J

N_I
mhz Jj#ﬁ
) ri’L’

o

T T T T T

s, t)s

main'"/ “sub" “pilot

(t)

s(t)=s
s(t)=s

®)

main

0.1 | L | 1 I 1 . I L
0 20 40 60 80 100 120 140 160 180

Bistatic range [km]

a2 17, 5 A Azel AA WAA] 252 FE3F CAF
H| 2

Fig. 17. Comparison of CAFs derived by main channel
and original message.

Reference
channel |

12t st =s 08, O, O
s(t) = swh(t)
1
_08F [ 1
3 [\
£ [
= / \
~o6f ~ 1
J/ “
04| ~ \/\ 1
/ L
/ ~/ % o~
02 TN A

0 20 40 60 80 100 120 140 160 180
Bistatic range [km]

Izl 18. & A Az} AA wAA] AE2 =3 CAF
B

Fig. 18. Comparison of CAFs derived by sub channel
and original message.

S Wz ARS JIXE Als e zt S5EF CAFS
vlaslelet. 1S g3l - Ad e “zl‘i e A
o] 2] efo|w, CAFS| efjol] o2 J3& 5

A ke AL a4 ek

Hio|A EHE! £ AME flst A" 7Y
Al32] mhade]
© ‘ﬂfsﬂ CAF°] u}o]_ﬂm 7]g] 3alo] ubAY
v] 5= Ado] CAF2] envelopes ZAA = &S
EZ319ic) ulebi] FM AlSE ]85}
b CAFellA] nlo]z=efe 72| 4S5 JAlsh]
M L A5 Fxel4] AEaE o]t
Axe] stelel e AlAsa 7 A
FEste] Faky Wt A58 71E A
Bk AcEl RS ARk A2

Mo

-
>§L
rulo

0

ol
_=

A\ o [ % Tlo o ol o
o
mT; JlN

o
e
ﬁ

Direct-path 1 mt N Mo () Sprapsea(®)
i ’ Demodulation © » Low-p ass filter mam > Frequenlcy
signal (Extract main channel) modulation

B

Cross ambiguity

Target signal function

10000 -

1

1
Surveillance 1
channel

-200
FDOA [Hz) 8 Bistatic range (km)

T8 19. vl Azl Felale] el Al S 9@ AsE A
Fig. 19. System configuration for sidelobe suppression in the bistatic range axis.

1135

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-06 Vol.44 No.06

o e 2% 199} ek A1E A D5 7]
# A5E Bl WA A5E 958 F A9E
SAEE FIAA T AEE FEH w7

T A2 15 kHz ©|3}e] el —E:Tiff]ﬁl 7] W&
o, T Ad F=L5 9 AYEHHEY At
(cut-off frequency)t 17 kHz=Z A3t A9%E
HHelE 53 F=3 7 A AlsE oA Wxst

¥, CAFE sk 715 Ad2A d-8sisict
V. BoA

E AellAe RS Fal At AlzaE T
Jo| ule]2efE Az] Foio] S BHFOR o
AZE 4 glom, o]& QlE| nlo]xefE Az F-ode
28k SREA7} Z3akds Balch a®l 202> $Al7]9
Fal719] 9129 A2 914 2 S=F vehd AL
A, A= A, FA71+= 8, 0, 0) kme] S]]
wixletoick 7 7He] 342 180 =] whakew 7hzt
200 m/s®} 344 m/s® 7]F3EE AAsIla, 2
(30, 30, 7) km, (-50, 50, 11) km<] = 3Eel $]2A14
ol ol2lgt x4 9)A|¢} H=el whE A WA 24
Al%.2] ulo|xHE Az]2} FDOAE 242t 73.43 km
2} 79.14 Hzo|W F WA 242] nlo]xeg Az|e}
FDOAX ZF7} 142.10 km®} - 157.63 Hz= AXF=]
of. 7F Ao 2 WA 4] 4135.9] SNRS 247
-10 dB9} -15 dBE A3k FM glt] e Ad
< 91.4 MHz WK} Fa0-5 7RItk 71 8ol 1,
H =rollAs= 200 kHzell sdsks 3e] =
FM Adibs ARShs A28l 7k s A 4
< Al&sisich

I3 212 29 209 ¥4 19 A3t 7AE
u 7]Ee] A~glF) Aljbshs AlaHe] e B gl
w2 B2 A= vehd e R2A, F 10012 B

ox

o

70
60 O  FM transmitter
Target #2 A Receiver
50 ~—«q <« Target
= Target speed: 344 mis
22, 40 [ Target location: (-50, 50, 11) km Target #1
(2]
§ 30 —
> Target speed: 200 m/s
20 - Target location: (30, 30, 7) km
10 ,Carrier frequency: 94.1 MHz
"™ Transmitter location: (8, 0, 0) km
0 . . . A-O . .
-60 -40 -20 0 20 40 60
x-axis [km]

a2 20. F /B¢ #A43 FM $4l7], PCL +41719] 131
Fig. 20. Geolocation of two targets, FM transmitter, and
PCL receiver.

1136

TDOA/FDOA estimation results

Target
100 [ () 2
_— - b - - -
x
g of 1
Pt ® 107¢
(I
100 H ° 10—10
—15
-200 [ 10
® 1072°
N @ 1028
o 20 40 60 80 100 120 140 180 180

Bistatic range [km]

% 21, 2AMS wE 54 9] A (7]E AzH)
Fig. 21. Target detection results according to false alarm
rate (conventional system).

3 A= FHsle] FASTE 7129 A8
270 A5 WAL nlo| e 7] sl
o7 A7} A4 0 2 sk AL Blet 5 9l
o, 97nge] 10 HEE e A% WAL A
AElojo} o] ~elE] Az] Hedo] 2|7k ekx|7} ukA
3] ekerk w23 22604 YR As} o] A
Qkal A|2El A 712e] A28 Ao B3]
njolzee] 2] adol 23k g wlEsl FAs] F
= A& U 5 Sk
T3 233} 245 7]E20] A 2~H] AT Aok A
g Ao el e R EellA EX]E 100 W
3t A 27k ehdl Zlogx, a3e e 7|2
o] x~# FAel|A] SNRo] Z}7| t}E %A A3
ZAEF 4 JA ulo]~EE Az el o7
T sdek v Aleket

E
gl A2 A8 IS =olA] ol wlo] 2w

N

nﬂ
1m r

> N

TDOA/FDOA estimation results

Target
100 [
= ®
= oh
= ® 10°®
[T
-100 H ° 10—10
—15
200 [ 10
® 107%°
N @ 1025
20 40 60 80 100 120 140 160 180

Bistatic range [km]

a8 22, 273X&ol wE x4 ©@x] 23 (At A=H)
Fig. 22. Target detection results according to false alarm
rate (proposed system).

www.dbpia.co.kr



% /FM 714 PCL Alz"ellA] 34 ©7] s NS 213 vlelzdg #=] F4 oA 719

TDOA/FDOA estimation results

-8
200
Target #1

100 F
i - ® -
< ok
O
[
“ oo b Target #2

- - G) -
-200
-300 F
20 40 &0 B0 100 120 140 160 180

Bistaticrange [km]

T2l 23, vbF 34 Ae] 34 23] A 01F Alaw)
Fig. 23. Target detection result in multi-target case
(conventional system).

TDOA/FDOA estimation results

-8
200
Target #1
100
T ®
L o
S
a .
" o Target #2
-200
-300
0 20 40 80 80 100 120 140 160 180

Bistatic range [km]

2 24, o 54 490 T4 24 A (ke A1)
Fig. 24. Target detection results in multi-target case
(proposed system).

Ae] Hedel o3t &4 glo] v 34E& HEYS &
ek

717 25 AR wh e} 71Ee] nhel] gk 324
Al50] SNRo|| uh2 3 ©%] 3155 el Zlo=
A, e 34 1000 WS S3iske] Ak =Esls]
o} I3 259 moAlg o= 14 1nF EAgct
7H315d7] wliEel, ®E SNRell sl i '] 3l
= 12 vehbs 7o) o]l Ao x| ut nle] 2w
g Al F2o el o) it &A] 371 oS
2 vehd 4 9lrh 18 258 B9 ARKE AlEle
) 1.2 o] FHt 54 315E Hole uk 7|E9]
AlzEle Hd 26 2SR ©A4] 3lgE ves
A& A% 5 olrk olelgh Aape Aljkel Al 2=Hle]
Sedell o3t A5 Alshs ZAt vk e B
o] .

—&—Conventional method
/-/f‘?f —&— Proposed method
\
\ 4

Average number of target detections
~

- ‘ ‘ ! : !
-20 -15 -10 -5 0 5 10
SNR [dB]

J2 26, 2 A4 Ak g @A s
Fig. 25. Average number of detection in the single target
case.

vi.d B

B =Foll= M 2L Al 5] el w4
2] Al5.0] 3}l Adto] CAF9| ulo]z~eie Az|
ol JaE WX, = Ad AJH-2 CAF2] envelope
S AAghe BAS A modEs BE =
] AABIAT) olelgt A AFE 7HEeR nlo]
g Al o AAE St ARG F AL
FZ3lo] Tl Wixd AEE PCL A|2Ele] 7|15
A 2A] gk wieks Alotslgdet Algket Al~H]
= nlo]xefE A Ho] JAE &l ANE x4 4l
3 A Aes Holn &g QIAE FolA| ¢ v
o|z~eg Az Fodol o8t 21| Jlo] xHE AE
g glen® s xAe] EAlske #7elA AA]
gt &2 s FHE 9d Evpder g9 Flow

7] el e,

ot o

2

Reference

[1] G.-H. Park, D.-G. Kim, H.-J. Kim, J.-O. Park,
W.-I. Lee, J. H. Ko, and H.-N. Kim,
“Performance  analysis of  interference
cancelation algorithms for an FM Based PCL
system,” J. KICS, vol. 42, no. 4, pp. 819-830,
Apr. 2017.

[21 K. S. Kulpa and Z. Czekala, “Masking effect
and its removal in PCL radar,” IEE Proc.
Radar, Sonar and Navig., vol. 152, no. 3, pp.

174-178, Jun. 2005.

1137

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-06 Vol.44 No.06

[3]

[4]

[5]

[5]

[6]

[71

(8]

9]

[10]

1138

R. Cardinali, F. Colone, C. Ferretti, and P.

Lombardo, “Comparison of clutter and
multipath cancellation techniques for passive
radar,” IEEE Radar Conf., Boston, MA, USA,
pp. 469-474, Apr. 2007.

F. Colone, C. Palmarini, T. Martelli, and E.
Tilli, “Sliding extensive cancellation algorithm
for disturbance removal in passive radar,”
IEEE Trans. Aerospace and Electron. Syst.,
vol. 52, no. 3, pp. 1309-1326, Jun. 2016.

J. Yi, X. Wan, D. Li, and H. Leung, “Robust
clutter rejection in radar via
subband IEEE
Trans. Aerospace and Electron. Syst., vol. 54,
no. 3, pp. 1931-1946, Aug. 2018.

F. Colone, D. W. O’Hagan, P. Lombardo, and
C. J. Baker,
algorithm for disturbance removal and target
IEEE Trans.
Aerospace and Electron. Syst., vol. 45, no. 2,
pp. 698-722, Apr. 2009.

Y. Fu, X. Wan, X. Zhang, G. Fang, and J. Yi,

“Side peak interference mitigation in fm-based

passive

generalized cancellation,”

“A  multistage processing

detection in passive radar,”

passive radar via detection identification,”
IEEE Trans. Aerospace and Electron. Syst.,
vol. 53, no. 2, pp. 778-788, Apr. 2009.

M. Edrich, A. Schroeder, and F. Meyer,
“Design performance evaluation of a mature
FM/DAB/DVB-T  multi-illuminator
radarsystem,” IET Radar, Sonar & Navig.,
vol. 8, no. 2, pp. 114-122, Feb. 2014.

R. Tao, Z. Gao, and Y. Wang, “Side peaks
in DVB-T based
passive radar,” IEEE Trans. Aerospace and
Electron. Syst., vol. 48, no. 4, pp. 3610-3619,
Oct. 2012.

F. Colone, P. Falcon, C. Bongioanni, and P.

passive

interference suppression

Lombardo, “WiFi-based passive bistatic radar:
Data processing schemes and experimental
results,” IEEE Trans. Aerospace and Electron.
Syst., vol. 48, no. 2, pp. 1061-1079, Apr.
2012.

H. D. Griffiths and C. J. Baker, An
Introduction to Passive Radar, Artech House,

2017.

& & A (So-Young Son)

2017 29 Ak sk
st Axgatt sk £

20199 24 : YAkt A}
A7 75Egs ) AL =4

20199 2¥4~3A) b |eE
Al o7

<l deoly  AlsAE,
2 Als Az

[ORCID:0000-0001-7311-3952]

=
rl

% (Geun-Ho Park)

A7 8 w3 Al 24
2015 3€~dA) Ak sta
A7 FE TS Ak
I}
<Al Eol Helr] AlsAe], wid Az
[ORCID:0000-0002-1919-7048]

(Jun-I1 Ahn)
20044 29 : FtEtw A=}
A7 ) &
20061 29 AEHE|ed

71438 Al 24
20061 29~2007 2% : AHA
AAp A7
20124 8 HFIEr|ed
AR HFER vl 24
2012 109~3A)] - kel A Ag) A
<FAFol> 238 AlE Az, B4 AAA

[ORCID:0000-0003-3192-1315]

www.dbpia.co.kr



T /EM 7I9E PCL Al=HlellA] 24 w4 A WAlS A3k vlelxe]s Az] ] oA 71

& T Sl (Kyu-Ha Song)

199611 29 : At A=}
I3t} st =4

1998 2 : xEEleEha
A7 skt HAE E4

1998 2Y~dx) : ula)sled
T4 A A

201291 3U~3A) : EEIY
stal Az 7|8t} wialet

A
<FHEol Alsale], SRR, A9
[ORCID:0000-0001-9800-2116]

Z & Y (Hyoung-Nam Kim)
1993 29 EagIjdista
Az 71g3 shab &4
1995 2 @ xEEaeEha
A7 1gstat Aab 24
2000 29 Fakgesta
A7 g8k wiap 24
2000 59 E3FIE
AR oAb § A7

20004 59~20034 29 : F=AAEAIG T A
AT A A

2003+ 39~2007d 2 : FAkiEta A7)l
I 2l

2007 39~2012 2% Fabsta 2xpd7) 54l
T

20091 1%4~2010% 19 :Johns Hopkins Univ.
Visiting Scholar

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

20123~ A« FAbeH L AAfgstt s

<iltol AgalsAe, deolrl 2 4 AlsA
2], tAE wkE Als AR, A AlsAle

[ORCID:0000-0003-3841-448X]

1139

www.dbpia.co.kr



	FM 기반 PCL 시스템에서 표적 탐지 성능 개선을 위한 바이스태틱 거리 부엽 억제 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. Passive coherent location
	Ⅲ. FM 기반 PCL 시스템의 바이스태틱 거리 부엽
	Ⅳ. 바이스태틱 거리 부엽 억제를 위한 시스템 구성
	Ⅴ. 모의실험
	Ⅵ. 결론
	Reference


