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Abstract

Passive emitter localization is preferred to use a small number of receivers as possible for the efficiency of strategic

management in the field of modemn electronic warfare support. Accurate emitter localization can be expected when utilizing
continuous measurable parameters and a appropriate combination of theirs. For this reason, we compare CRLB
(Cramer-Rao lower bound) of two moving platform with various measurable parameters to choose a appropriate
combination of parameters for a better localization performance. And we propose the passive emitter localization method
based on Levenberg-Marquardt algorithm with combined TDOA/FDOA and DOA to achieve better accuracy of emitter
localization which is located on the ground and stationary. In addition, we present a method for determining the initial

emitter position for LM algorithm’s input to avoid the divergence of estimation and local minimum.

Keywords :

AL, LIGE 2~
(LIG Nexl)
YA, st A

Electronic warfare support, Passive emitter location, TDOA, FDOA, DOA

I.M

rhu

_ (Agency for Defense Development) TEY 91X FAEoKpassive emitter locahzauon)E
* Corresponding Author (E-mail: jinSpark@lignex1.com) A A HAlEE AlFES o] 8s F9e] o
%P e 020 HYEAFaS s § e onfjh Pt ol eea e
AerA @ A4 U ATseon A9 AE FARTT VIS Asdl %’4?1% Easl:
A& = Azl WAkel= ANz I AlVlE SA4 6
gz 20149069164, =4 L=k 20141104807¢ _ - Sy =1
AR e o B YA ANE Mo NG FAshe W

(121)



tol

122 0|3 47| 2Z0AM A5E T/FDOASt DOAE 0|8

I'

= 2 o2 e Asdel A F4
tAg WE7s B ASAHY e, Al 5718 7
gholl whet AT olAE throl FAVIE bl
A S 259 AEl AS =ZARE xH(Time
Difference of Arrival, TDOA), && A& Lzt Fub4
ZHFrequency Difference of Arrival, FDOA) A HE o]

43t N2 FA3E Alador Ay Yol

o= A4d3g TDOA, FDOAS A& vgo=z 37|
el WG AuE ol§F AAFA Atuct
e A0F4 A5 gl Sam, g
FAAE QAR olAH Agol Asde] we W9
7 BaT B3 QP FA) AEIE FAHA g}
gAFA 0] BAG FSE WAkl #4717 o4
98 Fola A 24712 olgaALRY BE Au
g o)gstel 9AE F4& FAsh: We] NEHT
g)rjlio-12)

A& T F7E o] & AAFAHE AHA R
TDOA, FDOA, WagA] X (Direction of Arrival,
DOA)E ZAdt] AAE 53 FHE o]&ste], ¥
& sl 9xFge] Hsd Aow dHA At
HHEA 02 259 A& Ak Y HAaAs
H(non-linear least squares) Y XF4 Aso] 53}
ARk dE wEe AE 5249 93154 (ocal
minimum) ] A4 && 91z F4 E7Hdivergence) 9]

FARE M S Qe Aow auA gol w3, o

(Cramer-Rao lower bound, CRLB) ¥ 4

$ 2 99o] BAHOR EATL

f
(i
Mo
2
o
rlr
>,
fo
rio,
lo
4
>
Bi)
e
o

(=i
o
=
o
in=}
=

Ho
2

2 918l 209 oEsH 417
q

¢
Mol L An 57

2o

Bk oxl N A

N
1'0 oX oX
o

o o
NI
X
N
k
ot

ol o o N
nir\]
jg‘l—‘

N
L m R
T = T
-

Ho

e

N

H]-&(Blind zone

Ratio(%)) S o] &3le] BAF T s}
aela, B daE e X3 45

= f
S BY ARes Ve R vy Haas

&

.

rot

1y Mz 9 = gY %2 9

2.

=Y A DA olFdte 4171 7|8k
329 AIAIE TDOA, FDOA, DOA A B2 dS A3}
i, Mol A= st 4al7]19 #8374 CRLBE
ol gale] wh=/Bel Auwdd y-yxo] ik x5
4 9t 83hS AT VAol M= CRLBEYE ¢
254 Qx7F 2 AR EAS AdEta Aokl &
1 FE ARt VA= ol& o] &3te] 9XF74
ARE AYsta, oA F5S AA 2 v|a/EA g
FOoZ VI B =Fo A2S =t}

II. T/FDOA % DOA 3x}3 d&zE

B oM olFste 29 Falv|eA 34
TDOA, FDOA 18]al DOA®} 21zl #AE 4

o 29 13 o] 2709 A7 g Al
TDOA, FDOA 12|31 DOA7}F &4 7FsatA et
Ao A FAdd = = A4 (under-determined case)
deol7] wiel dAEAHom AR(TDOA, FDOA,

DOAVES Z43He A2 7Mista, 2 And m9s

lo o ot

SR
178
A

NS

7y g, g WA AT SR Tiz[xivyiazi]Ty

Tj:[xwyj,zj]TODﬂy S 7'1": [xilvyilvzi’]T:
r/ =z, y/, 21" o SHolFoR et A
, r.(z,)
Receivers I -
s - qrf /,
I:_.(I:?) ,/ j ,/

4 e
] -
rd
L/ g
_______________ &) Emitter

X

I 1.
Fig. 1.

ol 7ot nF Ma ol s

The geometry of receivers and emitter.



20153 18 ®MA3&3E ==X A 528 H 1 =
Journal of The Institute of Electronics and Information Engineers

el e 2479 AAE 4 ()3 2ok
T <tn,) =T (t()) + rj/ntA 5

i (t,)=r;(ty) + r/nt

A7NA to= Az ARkl rilty) ek rylte) =
Hz 7719 Aot n, ta 2 242 AR
A W, Ane FHA el

1. TDOA

ANzl 94 = [z,,y.,2.]" i, j AA F

A7) A v, v, ool AR AR A @3 2

d,(t,) =/ (@—ri(t,)) (@ rit,)).

(2)

d,(t,) =/ (@—r;(t,) (@—rt,))

A71A t, 2 nHA AFrela 4,3 di= 4 A
7 o] AR, AEQI 9] Agelth T a7
TDOAE 2] (33 zow Azl A9 Fal7]9
94 BA= F4Re BAT 4 Ak

TDOA(t,)= j<t'1’):di(t”'> (3)

3714 e A5k ol

o} & #AE 7MY

AN Jo| @ =r/) (@ — (1))

Vi n c d[-(t”)

4)

s ()= o @) e = ()

l/j n c d;(tn)
A7 ' = Mg FE f,v Aade] wETus
ot ¥ FA713F FDOA ;= 2 ()¢ 2o, 215.¢3}
FA719] QA e} &£ il AT Fs vy
S g 5 Q) fEle Aede £ 1gola, Al

(123)

123
Vol. 52, NO. 1, January 2015
99wk T APAARIE Qlvkal 7Hg gt
FDOA;(t,) = év;(t,) — ov,(t,) (5)

3. DOA

ANZ A} F=A1717r2] DOA] #AI= Tangent half-
angle 5412 ol&3to], 4 (6)3 o] o3ttt DOA
= TDOAE o] &3 WaFael o3 ud 4 glo

o, A TS TEEA 4o TR,

=y

=
2 2
Vayty;—z,
DOA(t,) = 2arctan(jylij,
Ya
xd =T, xc(tn)’ yd ye y(< 1) (6)
B x;+x, B Y, T+ y,
T, = 9 sy Ye = )
II. CRLBE 0|8¢t ERHE X|2X} &AM
A= 27 oldte FAl7IeA S48
TDOA, FDOA 18]i DOAE @& 5o Hizowm
o] g3t EH FA7)(un -biased estimator)?] ©]&3F

FH A9 ou]st=  CRLB(Cramer-Rao lower

o;-(} Bajupwo

°ﬂ IR e R o=

thoole Asde A g oAl
FoH S Fo] BAsy] 9sto|t

1. EPUH QXS A} SA1HHH
CRLBE +74 3evHe F AHZS ofnjshes
FIM(Fisher information matrix)¢} €38 #AS 71X

™, FIM2 2] (7)3} #o] 2 o] gl

J=H'S'H 7)
A7 He N5 9% gol gigr Azt g
(Jacobian matrix)=A z+ ARW =zl PPL 2]

(8)~(13)3} #o] A9 o]-—T[l?’]’ NS %
| S A1 A

AR SR J)5ro]
IS FE= 5 olu

=]
Z+ ARy FEA



124 olz 7| EuM HALE T/FDOARL DOAE
7F$-A1¢HGaussian) X5 7RG 7RS4 (1
4)~19)s} o] ol
0TDOA
Hiposa = B
TDOA= [TDOA,(t,), TDOA,(t,), ..., (&
TDOA;;(ty-)]"
0TDOA
H _ ox
TDOA,DOA sD0A (9)
ox
DOA= [ DOA(t,), DOA(t,), ..., DOA(t )"
0FDOA
Hppoa= —5,
FDOA= [FDOA,,(t,), FDOA,(t,), ..., 10
FDOA ;(ty— )"
0FDOA
. o
Hipoa,poa = sDOA (11)
ox
0TDOA
0.
Hpposa = 6FDx0A (12)
ox
dTDOA
ox
0FDOA
Hippos,poa = B (13)
0DOA
ox
Xrpos = diag(var(TDOA)) (14)

= diag(var(TDOA), var(DOA))
(15)

ZTDOA DF —

Y rpoa = diag(var(FDOA)) (16)

X rpoa.pr = diag(var(FDOA), var(DOA)) (17)

(124)

i
=
for
rio
10
d0
2
1
0z
oz
I3
iz
=
o
e}

13

X rrpoa = diag(var(TDOA), var(FDOA)) (18)

Y rrpoa.pos = diag (var(TDOA), var(FDOA),
var(DOA))

1714 wvar() = F44
EEC D=

ogHoz BT
UEl)]=  CRLBZ
(Projection)at7] 913} 2] (200 106@““, o] 23}
Y rdg 9z FAl 31ekS UER = ©¥H(slice)

TR

o

o
=

L
i

pJtpT
FoagdEz 24

CRLB, =
o71A P+

(20)
@D o] yEhdith

(21)

P [100]

010

2
s}

-

CRLB, & ol&3te] A&de] st 1354
& YEhile CBP,, = A (@)% 2ol YErd &

[15]

i Vk \[trace (CRLB,) (22)

o714 trace ()= tiZEE e S e ke
eaterel il AAFY Fol EAE FER

CEP,,

P.o ARBAE A= QALY A7 S e
e, A (23)3) e B g
k=—2In(1-P,),0< P, <1 (23)

o714, P,x= CEP9] A9l wtel 052 HAT Ao
A3t FA1713F A 9] HlE 2421 RMSE (%) & #ghs)
7] Sl 4 (248} o] CEP,, = °l-&3te] YErith

=

1.2CEP,,

RMSE(%) = y Y %100,

(24)

d=/(z,— 2.+ (y. —y.)



20154 18 MX3es| =X M 523 ® 1 = 125
Journal of The Institute of Electronics and Information Engineers  Vol. 52, NO. 1, January 2015

2. M7 22BANM HEE QAFH A 2A W F371E £250kme] WIS T, 1xvi Y
B Ao ME olFats 27 Fa17]e] L8343 A Ao el gk ARE F8te] 1670 75 guAlel ¢
BEde] Bl 032 MAste] thE W B3 Jrud AFAE FYote Ao 7M.
o dis] Hxsk FAMSY delA dSHE AAFA 2 AXNFAS 8l 11 29 o] T AHH Ze K
akell djgk CRLB #2415 astch EA 240l A 914 ARER £250km AAFAH AN AAFA BE7FD
=7 927} RMSE 100% o] Ao 9x3=4 & 4 H]& Blind zone ratio %} it $1xF4 L3HH]&
7tg o s 7pAE. RMSE %= # @33t
el A A g ARrdss 7|gtow 3§ 13 2 19 2004 T/FDOAS®} DOAE o] 43 $1x+74
o FA7] L88AAA Y e 14 AT o] thg o]&%4 exte] shgk> Byt RMSE oF 1/01 , A+
AAFAH A 2 By S AE3i) 2709 FAlVE A Bt v&e oF 0% o=2A, 4R 52
Skm o]A %o} 170m/se] £ oz 0k Waow o]F 0e 53 4HES o] &3 A F ME} < HAF
&tal, ARES EA ex= 7+ TDOA 15ns, FDOA BoAkel FAE7G e HlEo] At

IV. TDOA, FDOA, DOA%t M2 £7| RIXIE

1. 2709 7| 2EEE ALz 1
d
Table 1. Parameter for simulation scenario #1. O|&¢t LMAY 7|Hte| ?IX|FF
T & s
B ME o2 AT eAstdtol Y e
T 0 25, 2] km _ .
i L o, , 21 TDOA, FDOA, DOA AHRE o]&3lo] AFHE &
T [ 0, -25 2]km 3= fadel Sag|Ee A oksioh
r; 170 m/s, x5 +3% B =Fo e vy HAASH F Gauss-Newton
' 170 m/s, x5 +48 W] e =9 £%9) Gradient Descent HWHe] oF
TDOA A 3w(EFA%}) 15 ns AA £do EAL = LM wylPle Aedsie 9
FDOA A3 w=(E#AAH 0.3 Hz 2545wty g, vy HaAAS o] 7HA
DOA AZE(ZZEHA}) 1 deg © W g FaA AR AXFAY FES B3]
EL;(]H +950km Q OH}\1 TDOA’“ o]%—t}‘l— {\li%g] DOAQ]' "}f:/x\_]7]0 Z[:
‘)I:X\:} /(‘]jJ;EE_ 167H, 1?}_ ZJ.Z]' }L]Z:]!—Eoﬂ '046‘]' _%lEH ‘?’]j]_il‘zéﬁd%% 01%8}04 ﬂi%q
27] A8 AGake WS A
-E\im;meralo(%)
CRLB T/F/DOA s O] N 1. TDOAE 0|83t NS =7| YR FEF MHY
CRLB T/FDOA Az do] AT vtz 7S weE 18 33
= o

CRLB F/DOA

o] Az YollA WALEE= Az o] 3bH(wave front)
A

by

A AMol Ha, 0~180% HYwh %}‘%‘Zl% s
CRLB FDOA B

o, 2 (205)Z5EH =8t 24 (2609 o] DOAE
A5 4 k. o71A, BE 1,9} £, ke Aelolth
CRLB TDOA

' Bsin(DOA
| | | TDOA,(t,) = ( (t,) (25)

(%)

a3 2 MEY FHEIIGY 58 L UYL b

TDOA ;(t,)c
2 DOA(t,) = Sin_l(—[; : ) (26)
Fig. 2. Comparison blind zone ratio and RMSE %
according to measurable parameters. A uk 0~360%9 Mo talAE= DOAS ®EA

(125)



126 0|5 47| 2Z0AM A5E T/FDOASt DOAE 0|88t 1

rz
fol
o
10
10
>
i
o
oz
i
1=
>
o
o

Ref. Emitter m TDOAE 0| &8t TDOAS 0| &8
\ o i DOA Z = #1 DOA ZH2 #2 ;
| lB0Re e TR
I
’
. '
. ! 2|7 i
I ]

g xg(l)i xg@)l
/” \\.\\ ,/’/ E ——————————————————————————————————————————————————————————————————————
8., NS D lezasaen | Y | 3L 2R
op¥ i =H|#1 =50| #
I . (LM 2 FDOA (LM 22
r(1,) aseline r(z,) e e
1 1 2 2
s TooRE olmel saEl A1 X()i e >||i e >|i @)
Fig. 3. Concept of direction finding using TDOA. P T
ZZEHY A5 97 At i
r.(r ' i !
'( 7::] Y q 1"__. l,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,:\ fffffffffffffffffffffffffffffffffffffffff
| ) Xp
e a8 5 MM YIXEH W,
‘ rr,.(I,,_ ) v — r:r ~—_ Eﬂﬁ[er Fig. 5. The proposed algorithm for emitter localization.
) X A, (t,)% DOA,(t,)2 E&As, 19 59 o
{a
o Alotets Larg]Fe] PodAle sidEt)
g X 17 o] 283N A xS
AW R, E 250kmZ 7HA 8=, TDOAS o] &8}
B o} Eﬁ 27114 DOAQ} A AAFANE AT
E of LMH e AE9] 27] §I = 4 (277 o] A
£ e, 19 5 4 Plof st
=
Rmax
: : F : : ! : z,(1) =] cos(DOA,(t,)),
50 100 150 200 250 300 350 2
POA [eeg ] 52 sin (D04, (£,)),0]"
z,(2) = [ —=cos (D04, (t,)),
3% 4 TDOAO w2 DOA 2EA 2ol of: 2
(a) ;TDOA EMotol w2 Aseel DOA 2“ sin(D0A,(t,)),0]7
25M (b M2 ct2 gh{olM Z2 TDOA

£

Fig. 4. Example of DOA Ambiguity when using

TDOA DF: (a), (o) TDOA DF ambiguity 2. TDOA, FDOA, DOA%} 415819 £7| Q%5 0f

according to measured TDOA. 231 LM J|ulo |7'<|
A ek dE W 2" 4 (b9 2ol M= 2 Ao e fAFA <%
oo e 59 TDOAZE zHA &= AL e Gauss-Newton ¥ ¥} Gradient descent ‘?39] !
otk o) 360 W Wold 24 DOAZE b & 7k LM WS olgdte] 91X AL FAsuE
AL oulatar, o] & st AA DOAo] il thE g},
shbe REAe] WA DOAClth  ole 7tz TDOA, FDOA 12|31 DOA9] 73 ElolE = 2] (28)

o
o

fo n%
r{r -1> rlru i

]

ro

|

Of

(126)



20153 18 ®MA3&3E ==X A 528 H 1 =
Journal of The Institute of Electronics and Information Engineers

Aelaha, o2 ol & %4 Z4

~(30)3} o]
OBt 4] (313 o] mATLL

TDOA;(t,),, = TDOA;(t,) + e(t,) rpos  (28)

FDOA]Z (tn )m = FDOAﬂ (tn) te (tn )FDOA (29)

DOA (tn)m = D0OA (tn) + e (tn )DOA (30)

7_}7% =

_IZi
ro

047]}\1 6<tn)TD0A7 6<t11)FDOA% 1 %
TDOA® =4 FDOAS| =74 eatolal, 7h§-A
FERES AA0n Y e(t,)pp,E DOAY

'g—l‘_J_ =

2

4 9xfolal, TDOAE ©|-&3 DOAo|R& 2 (25)%
e AnaAE A
m= [TDOA,,
FDOA,, (31)
DOA,,
TDOAmZtmns([TDOA (o) ms
TDOA (1)),
s TDOA ;;(ty— 1) ])
FDOA,,= trans ([FDOA;(t, )771,7
FDOAﬁ(tl)m,
 FDOA;(ty—1),,])
DOA4,, = trans (([DOA (to) s
DOA(t,),,,
"7DOA(tN71)m])
o714, trans()= AAFES e TDOA,
FDOA, DOA®] =8t wdle A (32)3} #o] M(x)=
xdgt
M(z)=[TDOA
FDOA
DOA
TDOA = tmns([TDOAﬂ (to),
TDOA(t,)
[ TDOA]z(tV—l)D (32)
FDOA = trans ([FDOAJ-,- (to),
FDOA(t,),
 FDOA;;(ty-1)])
DOA = trans([DOA (to)s
DOA(t,),
W DOA(ty_ 1))

(127)

127
Vol. 52, NO. 1, January 2015

begin
k=0, 0=2, x=Xx,
A=Jx) Jx). g=Jx) (x)
Sfound = ( ||g||x < g ), u=r-max(diag(A))
while ((not found) and (k <k_,))
k=k+1 hy,=—(A+/d)"'g
it o < 200 -2
found = true
else
Xpew = X+hy,
_ 0.5(f() £(x)) = 0.5(£(X yop ) (X o)
B O'Shlm(:{mlm_g)
if p>0
X=X,
A=Jx)'Jx) g= J(x)r f(x)
Jfound = (HOH <g
y7, :;z-max(g, 1-(2p-1)°); v=2
else
U=puv. v=20
end
end
X=X
end
J% 6. fIXFES fF LM 2.
Fig. 6. LM algorithm for emitter localization.
LM 9] 1§35 flz)s 4 ()7 2ol FAs,
LM He a9 693} o] mddT)
flz)= M(xz)—m (33)
a9 6914 = LM MR T8 235 HERl=
Folal, e WA A7I0IH, 79k Ky A AR
A Ao e, dagls Aol W sletolth
ada, J(x)E fle)el AER]SH[acobian) 3 E o]
29 59 P2st 2ol Z17e] LMW E o] 63 4
W s 24706 A 2D z,(1)3 z,(2)E A&



128

T
i Emuter

()

i20-TDOA
izo—FDOA
DOA
a  Roy 1
O Row 2

()

rn

Fap MG 2Aof et LOP.
etween Receivers and emitter.

'_
(@)
S
o

o] Zko] &4
Fe7t & AL 9net
zkeksto]l 1% 59 P3of

F47104 9 e
AH oz 2L 7t
AA e AE st

=
S
=
&
Z
o2
ot
mm
e

P . DOA RMSE+ 1

= 998 A Mlﬂ 0.1

l:7-]9—§l9_§j_/‘o1\;]_ Oluﬂ
Aoz 71438ttt

A£E T/FDOASE DOAE

(128)

o|g3t

r=
fol
rio
10
40
ox
0x
i
1z
A
o
i)

1

13

o|Zet W 2L

£ TDOAE
DOA RI\/IS for the scenario #1 using TDOA.

170m/s 2] <
°ﬂ A +250km

F 139 o] $2217]%k SkmE ©
Z}P‘—i o3k
oA 12wt} 167)
R CRLB% o] g3k 9% Tzé 3l
2t} RMSE 0~1%2 A3h= 0| &
2ol AA 9134 99 o] oF 87%
& ¢ 4 81w, 29 11 @) CRLB
A Yx=A dAdoA 9=

SE 1%& 7}21 o},

EEES
£827

o %

X %ﬂ RMSE (%) 9} 7414&1: u]
< 1003] WHEEgon 1 A=
. RMSE 0~1%& 2x|3}= n]&o]
AA A 9 v o 59%E

do
:oé
td
1o,
>
m

o
A

X

=

Z}A] 8= :
Proposed T/F/DOA &3} zZo] 9234 %7}030_3' o
oF 0.1%E zAstaL, o5 Alejs H PES
1t °F RMSE 2.3%% 7H+=

Al dare]gFe] ©A
W, 19 89 2] TDOA®] 9]
A xZzd] F£Zo] HE gk
714 U2 DOAE o]&3t Al
a9 10 (@l d3de A
)J—];qu (=4 L.;__Q ‘?,];-{]
t}. =%, CRLBeIA 714

o
ro
sk

to ox

Ny off
.

ﬂg
froo
3(2

2

i)
i
2



20154 18 MX3es| =X M 523 ® 1 = 129
Journal of The Institute of Electronics and Information Engineers  Vol. 52, NO. 1, January 2015

Y (m)
¥ {m)

@

Distribution Ratio (%)
Distribution Ratio (%)
o

0~1 1~2 2~3 3~4 4~5 5-6 6~7 T~8 8~9 9~10 10~11

RUSE (%) 0-1 1~2 2-3 3-4 4-5 36 &7 7~8 88 910 10-11
Vst (e RIMSE(%)
(b) (b)

a2 9. T/F/IDOA ME 7|dke|l CRLBE o|&2%t 91 ¢ 2% 10. T/FDOA/DOA ™E 7|gke| H|otsh whHZ ol
M Al 5Fst RMSE (%): (@) RMSE (%) &1 Sk x| £ X} RMSE (%): (a) RMSE (%)
M, () =Y Heule| RMSE (%) bl SIM, (o) =M Heulel RMSE (%)9 H|2
2 s|AETH of s s|AEIH

Fig. 9. CRLB RMSE (%) for the scenario #1 using Fig. 10. BMSE (%) for the scenario #1 using T/FDOA/
T/FDOA/DOA: (a) Contour of RMSE (%), (b) DOA: (a) Contour of RMSE (%), (b) Histogram
Histogram of RMSE (%) of RMSE (%)

olg DOA Al A=l Aol7b 9w 19 9 ()2 A gro= AAS W uin] YAFA Erpd g of

a9 10 (a)v Hxs JXF4 "W FAEE 94 19% p & Hol YAFA 7FeTHel FUkskeE A

A 9ate] UGS HolE AL el 4 gtk omgitt, 2e]x, 19 11 (a) T/F w/o init pos. 3=

1% 11 (a) T/F/DOA w/o init pos. @&} 7o] Al 3 o] Az Y= ddoz HAs T/FDOA
s 9AE dHdog HdAsta T/F/DOAE ©]43) g o] &g 94A] A9 Aede AAFA BHEY
ol A& FAsE Agol= AAFH Erd ol o o] oF 519% A3t ol & Al9|E Bx|gde] Hit
19% 2A8kaL, o] 2 AQ3 o] Hit YA FAHLA A FA QA= °F RMSE 9%2 7HIth
= % RMSE 63%% xA|gt). o]= At W oA AMbS vlastd 17 11 (b)oh 2ol Aeks &
o] 23% RMSEXRT} °F 65% p 45AsE 2 s gl5ol AR e HRE7F 7P ARt Azdde] 9]
oy, w3k Aokst 9x A e 948 27 £ Y3o2 HA3sta T/F/DOAE o]&3 %9 Hls|

(129)



130 0|3 47| 2Z0A ALE T/FDOASt DOAE 0|88t 1Y

T
I 5iind zone ratio (%)
CRLB T/F/DOA ‘ [ IRMSE(%)

T

Proposed T/F/DOA

T/F/DOA w/o init pos.

TIFDOA wlo it pos. ———— ’
; ; : i

T/F/DOA w/o init pos

T/FDOA wio init pos.

(%)
(b)
% 11, CRLB & Hlotst &mz|&e| E7|4ol wWE H|
i
Fig. 11. Comparison RMSE % and complexity with

proposed algorithm  (proposed  T/F/DOA), LM
method without initial emitter position (T/F/DOA,
T/FDOA): (a) RMSE %, (b) Complexity

S

12Y/83F SR/E7F 242 oF 12% p, 4% p =AN, 91A

-
74 Aol 66% p /e A FAT 5 Uk

Ao

JPHo g B =Ro A F8A] "o HEER] A
Slo] TDOA7|HEC 2 DOAE 83 & Ue AHde
7k 3L Q)T

>
fol
o
10
10
>
i
o
oz
i
1=
>
o
o

REFERENCES

[1] Richard A. Poisel, Electronic Warfare Target
Location Methods, Artech House, 2005.

[2] David L. Adamy, EW 102: A Second Course in
Electronic Warfare, Artech House, 2004.

[3] P.W. East, “Design techniques and performance
of digital IFM,” IEE Proc-F Communications,
Radar and Signal Processing, vol. 129, no.3, pp
154-163, Jun. 1932.

[4] PR. Mahapatra, “Emitter Location Independent
of Systematic Errors in Direction Finders,”
IEEE Trans. on Aerospace and Electronic
Systems, AES-16 (6) 851-855, Nov. 1980.

[6] Andrea De Martino, Introduction to Modern
EW Systems, Artech House, 2012.

[6] J. Park, W. Lee, B. You, C. Kook, J. Chung,
“Ground-Platform Sensor Position Optimization
Based Hybrid Time Difference of Arrival
Method for Airborne Emitter,” Journal of the
Korea Institute of Military Science and
Technology, Vol. 13, no. 5 pp. 886~893, Oct.
2010.

[7] Bezousek, P., Kubecek, V. “A 3D passive sur
-veillance system VERA accuracy analysis,”
Microwaves, Radar and Wireless Communi
—cations, vol. 1, pp. 25-28, May. 2000.

[8] Paul E. Howland, “Passive Tracking of Airborne
Targets Using Only Doppler and DOA
Information,” IEE Colloquium on Algorithms for
Target Tracking, London, UK, pp. 37-39, May,
1995.

[9] Mark L. Folwer, “Analysis of Single-Platform
Passive Emitter Location with Terrain Data,”
IEEE Trans. on Aerospace and Electronic
Systems, vol. 37, no. 2, pp.495-507, Apr. 2001

[10] Becker, K., “An Efficient Method of Passive
Location,” IEEE Trans. on Aerospace and
Electronic Systems, vol. 28 no. 4, pp. 1091-1104,
Oct. 1992.

[11] Huai-Jing Du, “Simulation of Multi-Platform
Geolocation using a Hybrid TDOA/AOA
Method,”  Defense R&D  Canada-Ottawa,
Technical Memorandum, Ottawa, Canada, TM
2004-256, Dec. 2004.

[12] K. C. Ho, “An Accurate Algebraic Solution for
Moving Source Location Using TDOA and
FDOA Measurements,” IEEE Trans. on Signal
Processing, vol. 52, no. 9, pp. 2453-2463, Sep.
2004.

(130)



20159 18 ®MXSEs =X A 52 A 1 &
Journal of The Institute of Electronics and Information Engineers

[13]1]. Park, M. Lee, Y. Park, “Analysis of Two
Moving Platform Passive Emitter Location with
Continuous Measurable Parameters,” Journal of
The Institute of Electronics Engineers of Korea,
Vol. 51, no. 9, pp 2043~2050, Sep. 2014.

[14] K. Madsen, HB. Nielsen, O. Tingleff, “Methods
for Non-linear Least Squares Problems,”
Informatics and  Mathematical ~ Modeling
Technical University of Denmark, 2004.

[15] Y. Kim, D. Kim, J. Han, K. Song, H Kim,
“Gauss-Newton Based Emitter Location Method
Using Successive  TDOA  and  FDOA
Measurements,” Journal of The Institute of
Electronics Engineers of Korea, vol. 50, no 7,
pp 1704~1712, Jul. 2013.

iz
™
to

, % o
’__;]\_/

q

R

[S)
]
(@)
>~

=

7174 BA| o]

Or?., _IQ_,“ ﬁ; o}.ﬂ

2011

J?‘J

. A A FE
stab Aab #9.
IGE =9 A z].xa
B 49 A7
WA >

offt 1% ofl o

>

¢

2004 ~

ﬂ
y oy O T
Lo
< >
i
e

=

vl

[
L
2
2 r&
lof = 'y
=

(13D

N Kb A

131
Vol. 52, NO. 1, January 2015

A

o = M43

19979 A8k Ao} A =
Fota} oAb 29,
o} Fujota )35t
b 29,

~2000 LGAHYE A2

20104

19974

i

20051 ~

AR LIGH =9 ARy
N SR |
<FEARF 1 AR,

g >

=

=

Py =

LEZE ], Al



