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ABSTRACT

An FM-radio-based passive radar system is a sort of radar technique for detecting moving targets by
exploiting FM-radio signal. This radar system does not require to design signal transmission parts, and thus it is
classified as a passive radar. In this paper, the implementation details of FM-Yagi-antenna-based passive radar
structure, a relatively simpler method than the antenna-array-based one, are explained. We also suggest the
detection results of five airliners (KAL1002, JJA1451, ABL116, KAL785, TWB227) from the real-data. In
addition, a post-processing technique is suggested to remove the interference detection results and we also

analyze the detection performance after removing the interference.

I.M E 2 3l A s Fgale] 348 2Rk 5 vt

o] ~eljE] #oJt] A|xwlel| gk A7} Ehids] 218

Z|2 frequency modulated (FM) 2}t] 2™ digital =31 gk o] FellA FM 2hr]e Faliellx] S5
video broadcasting-terrestrial (DVB-T)", digital = Al Helre] 54 dgnigl 4% $=
audio broadcasting (DAB)"”, Wi-Fi'* 5] A}-g- ul A71E 7L gle] 53 Heolololo 71 e &

w0 o] R 20179 AVEEDO] AN FRATAE] A9 ol SaE 7] 2A741313] (No. 2017R1D1AIB04035230)
¢ First Author : Department of Electrical and Computer Engineering, Pusan National University, fot97311@pusan.ac.kr, -33]<]
°  Corresponding Author : Department of Electronics Engineering, Pusan National University, hnkim @pusan.ac.kr, £413]¢1
* Department of Electrical and Computer Engineering, Pusan National University, hello_syoung @pusan.ac.kr, SHJ3|<]

A E 1 201902-456-D-RN, Received February 9, 2019; Revised April 17, 2019; Accepted April 17, 2019

1201

www.dbpia.co.kr



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

=2 P 283 FM E}‘:}—‘?— HR2 dnbzQl
Zlole] 8§ Fabell v]s) U2 94l very high
frequency (VHF) tdollA 28=n2 *j=je v|3)
Alel] tHE} radar cross section (RCS) EH7} 7]&2]
glolt] Aldel uls] Aoz golgh Hlow o
22 i),
olegt A8 Wk 2 T4l 52 fl3l S04
wabel AlSeE o] Fdhe A w N E vk 4 gl
o, 753 dolr] Axvle ol2gt A4 kA Als
5 olg3le] A 93] Y Hug FAIY . s)x]
W ¥4 AlEE 0 dB olsle] Hlg-
signal-to-noise ratio (SNR)= 7FX| 1L Qlo], %4 A&
o] A o]55 ¥ & ol o] a7H
¥4 Alse] A o5& Folw dEAl WS
cross-ambiguity function (CAF) 224, CAF= %
71e} 718 A ARR A= 7|F Ase) &
Ao gKHe ukAlEl FA X139 time difference of
arrival (TDOA) % frequency difference of arrival
(FDOA)l| W&t Ak&Atgt 3= (cross-correlation
function) & 2Jv|3lc}. wlgbd CAFE fxsl %4
A Ael o1 Sobafsb] A 14 A
o} 715 AlZE Fefdte] alshe AlaEl FAdo] F

bkl rzr

FM 7|9ke] 53 #lolr] A|xwlef|a] 24 Alse}
71 AsE FEEle] FAlE] ste] wWel AMgs)
= e o kR AR uid gkEE
ol-g3le] FAl7I9} #Ae] wiEkow WS A=
Zelefl BM zlr)e. $alaes} Ao Wake 29
gk 7+ Hlo] &2 7] Ad (reference channel)™}
73X A2 (surveillance channel) ® A=t} skA|qh
Hed St 7Hke s 7] At ZHA] Ads 2
Sl WS v QtElvE 285t wet Als
T3 A=e] ATt STkl A" 4 nu)ge] S
7Fle wAE WA A

B =relAls e gy F2E diAR 5 ole

FM o}7] <Hv 78ke] 453 #lo|t] A|~g] &l
S s, A3 Als 7] 34 9] 59
th w3k 34 ©A] A Follx]
2] A AASRE A wAe] o
S AlRkslar ol gk A5 48 gt
I AellA= 53 #eolr] A2=gle] 7hgel s
Avdstar, I Aellxs 753 dlole] Al 74 4
= AAgR) IV AoA] = 38k A 2Ele] Als Al
Z A3E 2o 29E AAE A7 $A4 71
< AR v 2 V Aox e =Y RS

r

O

=)

r_{

>~1

U o

FSL F—lﬂi i,

3
k1) A
|

o

e

HO
!
Efol] ©

k)
=N
e fo

l

1202

i)
I. 38 30|t 7|8 EX EX] A|A” TR

£ ZollM= 453 olr] 7iE 24 '] Al
& 37 vlolzuElE 7)a} PR} AlaEle] £E tio]
olzEle] F 7Ex] Yo R o] AmEict

2.1 HIO|AEHE] Je} 7=

ulo| 2~ &} 7|sh= FAl7]-3A4-A 15 s L
2 3= A 7R vishe AeRA], a7 12
Zro] ulo]~EE] 7|5} LRoA] FAY]-TA-SA]
R olofA= AR Aol r| + 1y E T FAl7]¢}
FAE 2HoR s eRleR BA9 SHE
Rl = glck oo wlo|~eE Y8} FaE -85}
A 74 Alze] a7t 22 Axns g8 14
o] Y25 el Aow A% & A gk

FA7)-2A4-7A7) AR vy = 71T A
XA Alze] A7k A Ae]al TDOARNE] 4%
4 itk B =Foll TDOAe| Yo S£E2 Falo]
vehd Al W3k ghs vl AR A gk
gl FA0] 31 o] Fitel| wet %4 AlSel =&
Falg= Aoz} Ueksl, o] & als) 715 Alse} %4
AlZe] Ful 2ol o|w|sh= FDOA7} WHAglc)
FAe] 912 2 £ 4L 913 TDOAS} FDOA 5
AL by Aol drdsle Alawl FRelld 3%

&‘é

Line of

/— position

()

L

FM transmitter PCL receiver

27 1. vleledd A1 72
Fig. 1. Bistatic geometry.

22 54 Bole] Aol 7=

29 2 vl e g B4e 5 o
ol2elg] dlolr] Azule] BE tlolol el vehl
AN o
Arls) Ae) ke ) W9 e AohE 7]

www.dbpia.co.kr



oﬂ.

dold 73

Signal acquisition

Y Y

D/C D/C D/C D/C
ADC ADC ADC ADC
|
v v
Beamforming Beamforming
(surveillance) (reference)
Interference Cross-ambiguity
cancellation function
= D/C : down converter i
* ADC : analog to digital 3
converter CFAR detection /
grouping algorithm
13 2. 53 vielzelE we|tje] £ tleloja)

Fig. 2. Block diagram of passive blstanc radar.

Ad= A A AzR Fgaic) 7HA] Ao
A7) FHelME o8] 24 A ool 7]

Sejels] 2 A7} EAlsheR 7H Al

fN a2 e\

)
=

Az

3 A daElEs el ols AR 4 A
3 AA71e =H3} 715 Ade] 3L CAF fries

18l ARE=IM, CAF AFellA b 14 9x]E $I8t
constant false alarm rate (CFAR) ©¢] <wz]&<
#.43kck, 22402 CFAR 97 k4] grouping
dB]ES o] 83le] A4 Al

Ao sw3= TDOA2} FDOAS FA3Ic}

*g Adeta 7 &

2.2.1 Cross-ambiguity function

CAFE= 7HA Ad A% z (t)9) 713 Ad A%
£, ()2 ARk Al ok w=Ze] Sl Ao] el djet
SR FEY 5 9lom, o}F Ao v}
W chet zek

A]—_—Q—_ /ﬂ—‘q—b‘

x, (t—7)e 2™ dt. 1))

vehdich. CAF Z7)9] A
SUFezyE 13 29X daE

Azt 71E

FDOA [Hz] 0 Bistatic range [km]
a3 3. mJAFE 53 CAF = 23
Fig. 3. CAF derivation result through the simulation.
NEE At ol A5 A A e CAF
2 sl vehd Aesa, Al e el oie
CAFS| Szt 4 A3E A 4 Alrk (Al 4
A AZE 12, &S £ 198.45 kHz). ©|¢} -2 CAF

o)

fri= Atell CFAR ®7] dael5-2 4834 &
o] FA -5 CAF AollA 03} 12 F-isle] vel
9 gk

2.2.2 Constant false alarm rate
CFAR 7] 7"J-& CAF Aellx] EAlsls S93k
A& dae|Eo 2, vAE e oAw I}
& fske S 9] A% A Hushe
sh= ARES AAshe 7401 CFAR ©#)7]9] &
o]th. CFAR €)%= wix] o4W &8s Axslw
S7n gl U A4 QAghE dAsel 24
o W 78 Ay

T8 4% AR ek B4 EAGTE 2
th517] $18F CFAR ©4]719] 91%9- A4 wpe o)
bl 712 24|, CFAR BX|7|9] A=$= =4 HA
}ﬂ"’]‘ Eﬂ-l'laﬂ/\ A 7le Adg BRdic) gaE A
S22 FAodsly] 98 AS ow|sh
AR A8} 917 Aoln,
2J3t #z2l s Aol Al52] A

o

J}mn:t

|

YA

k:.

] 1A

E

Z3}ol| CFAR 4|

l °]gk CAF?] S903k
& 1% 4= glck
$J3l cell-averaging
AgsisiE, 29 e

S

o]

u7417 Y AARE

a8 5=
(CA) CFAR %7E|&2

|

[] Testcell B Guard cell

Reference cell

J2| 4. CFAR 47|19 955 4
Fig. 4. Window cells of CFAR detector.

1203

www.dbpia.co.kr



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

100

50

FDOA [Hz] 0 Bistatic range [km)]

33 5. ZoUFE E3F CFAR &4 Z3}
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Table 1. Experimental parameters.
Observation time 1 [sec]
Signal Sampling frequency 200 [kHz]
observation Carrier frequency 91.7 [MHz]
FM transmitter Bulmosan
Interference Algorithm ECA
cancellation Tap size 120
Computation algorithm Stein’s fine
mode
CAF Decimation factor 360
Bistatic range interval 1.5 [km]
FDOA interval 0.27 [Hz]
Detection algorithm CA-CFAR
CFAR False alarm rate 10"
detector Reference window length 20
Guard cell length 10
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