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ABSTRACT

This paper investigates the detection performance of fault location using STDR(sequence time domain
reflectometry) and SSTDR(spread spectrum time domain reflectometry) with various length and types of
sequences, and then, proposes an improved detection technique by eliminating the injected signal in SSTDR. The
detection error rates are compared and analyzed in power line channel model with various fault locations, fault
types, and spreading sequences such as m-sequence, binary Barker sequence, and 4-phase Frank sequence. It is
shown that the proposed technique is able to improve the detection performance obviously when the reflected

signal is weak or the fault location is extremely close.

.M B 2E g2 21352 A7k Al correlation) S ©]-&
3= TDR(time domain reflectometry), A|7-F3}=
AP AN A 1A £57e} 925 &Ex|sh= 7|H ododo] ARS  o]83l= TFDR(time-frequency

¥ 2 od¥= 20139% "l 7AH-8714A13](Dual Use Technology Program)®] &1-7H] A4 2 2013W% 7=kl wm]ed4]
(M-2014-B0002-00032)°] #|1o2 43)=|gls )

¢ First Author : The Catholic University of Korea, School of Information, Communications, and Electronics Engineering (ICEE),

Communication Signal Processing (CSP) Lab. DoubleJHan88 @gmail.com, &H33]¢]

Corresponding Author : The Catholic University of Korea, School of ICEE, CSP Lab., srpark@catholic.ac.kr, £413]<1

= E D KICS2014-09-351, Received September 15, 2014; Revised November 3, 2014; Accepted November 3, 2014

637



The Journal of Korean Institute of Communications and Information Sciences ’14-11 Vol.39A No.11

domain reflectometry), 25 FHZ FAAA ARS-
3= STDR(sequence TDR), 593 A&7} Z W34
7 AFg-3l+= SSTDR(spread spectrum TDR) 7% %
o] gl

TDR 7|H-& 7P 7hdsh 2] 7]Ho]#]2 P 4l
37} zha]ell FHoksto] A= Al ©A] Aol
Hojx]= whgo] glrt. o] ®akshr| $lste] P Al
FE $°Y(spreading sequence)Z FiFsl= 71w<l
STDR3} k= Fop | S 83t 4 s o

7] 913 b el AT} WxE #-43 SSTDR

71"l Alk= ik

gHH TFDR-2 7219t #{(Gaussian chirp) Al€-5
ARg3te] ske Tk diods 283 o qloewiA

AlZE T de] mpellA] AdE A wl
o] A9 A Bx|A S0 53k o] gl o), FE
3t FoE =G A= 'Rl Aele Al
o] wl$- Z7ksh= whlo] 7] wiiEel o] i=iellA
= STDR¥} SSTDR2| Al v]we} 7|4l vh-g- 75
3tk

7R e] AR o)A (pseudo-noise) A
& Q7MIER o] 83= STDR 7ol T2 7=l
=), 3-g7)el mlAdE o] Mil-Std-1553 E5 Ho|E|S
Agsh= ARl 243k STDR 7]'d=}, SSTDR 7|4
Q7M15 2 PN Sdou} Gold 98 AH&315-2S
] FEoleE Aldele] zpr|Alaauto-correlation)
Felle} AHUEe] 3t A7t Qi

o] =EellA ekt d o] Holet i, ke
T AIAES TRH R aesle] STDRIG
SSTDR 7]ﬂﬂ4 ° zol_or] 2 A2 AlS5E /ngim
SSTDR 7|H5 AHE-3h= 750l WAl S} oFst of
oF a9A7} Ml Ee) v Tke wle] eskA]

& wole 7S Akt

(o4

Hd

K

>
oy

ol

o

jg

I. TRIX EX T X MY 2y

o] A4 STDR % SSTDR 7| wA2]]

Reference

Sequence
Generator
Local
Oscillator

9] glels} 5

Ade]  myste] i3l
STDR/SSTDR 7]%¢] E=
STDR 7% AA|7] 4=
43132 SSTDR 7|®]-& HhxA

=4, 223 wo)Ad
s a9 19

alo] Q7B ARaRIT)
TAo 2 QlF wkalEl Al3e) 3

= AR AsAe ¥
ke o] 7 915

2.1 STDR
STDR 7]W-& Ap7|Ab AAlo] & 2odo A
Aol 7Kk A Aol whalEe] EEeless Al
5] BAAT} S Dol wAIAe} 7 F

3L x5l 7o) AlEE

Yy ¥
i i

o A1 A

A=, A

el MRS AR
A% g

Q171 A3l 4

A7) AR d ekt o] 7 5 gl

d= 3

714, v,= AHANA
(velocity of propagation)®| 3L 7= A7} Q71 A
Aol A5E 317 2| H A vakE]o] FEoler|7fA]
el A 7te|c}

Zol7} Nal o]Zl 4 ¢ =
(e}

g yMilE s(t) &= o

N—

VpXTph

QM A=

=1

[007017...
0] EJY 5 Slck

oyl B AR

chpj t—nT,) @
0<t< T,
pr (1) = {é Dei<T, 3
17|14, T+ 3 FZHchip duration)o]c}. mE3F r(¢)

= A3 9V} &=

Al 51 Alse) & “H, Ql
}

THIE s(t) 9 BESAE r(1) 2] A7l A

Received

Signal

1
Signal ooignal Time | I ;l
Cable > 1" |_Correlator .
SSTDR I I !
Reflected | 1
|
1

<Signal processmg>

Fault
Detector

T2 1. STDR/SSTDR 7|#9] 5%
Fig. 1. A block diagram of STDR/SSTDR

638



=i /ode] 744 $4& 43 STDR/SSTDR 7149 A% vl g 7)A

lele}. |R,, (7)|2] HeH Sogkst +
A7 7,=300[ns] o] 22 v, 7} TOW‘%%_ A D=

Agele] 2ANAE 2L 5 ek

r
p:3
:?‘é

I I I I I I I I I I
0 100 200 300 400 500 600 700 800 900 1000
time(ns)

|
|
I I 1
0 100 200 300 400 500 600 700 800 900 1000
time difference(ns)

O 2. A5} Aghee] 1]
Fig. 2. An example for the measured signal and its
correlation function with reference signal

2.2 SSTDR

SSTDR 7|1 271431 4%5o] $-3F 738 AL
gajo] dlelg shlshw $AHHo] M Z(phase shift
keying)3t A1 55 QI7}gk F|, A 2ol 4] ukalE o]
Bobetz A1) EAA|7} 24 WE] 1
9} A $388 Bx5l= 7o) A3 E <y}
3 23ellA 38 A3 d7k1] 712] d+= STDR3} w3t
Az A (et ol T 4 e

Zol7b N3l ol" 9 c=lepe eyl
{1,118 2R3 7RE s(t) &= 4] (3)¢lA
2 Sgell ek py, (1) 7} chest o] el o
ejo]ct

pp (0 ={e B OIS T
A7VA, f.=n/T,+= QTN carrier) TI70|3L n

o]tk STDR 7IWellAle] 4 'F] de]e} nizt
PR NS W} F Aol 5 ALEE (1)
2} & o, QyMlse} BEA15e] Akee A (9)
oF 2 ()l s(t)<] ‘?}/\Hli Je] ExE o
a3 AA dE 2ol 4 9lrh

8] 32 Ao|7b 79l S FAF HlsR A
9e1s w Zb s Alse] I Ak
(normalized) ¥]5=7|(aperiodic) A &5 el
t}. SSTDR 7|Hel|4+& STDR 7|H<e] 7-¢-<} =
HATE Fodol] F3P7| wjiol A UTQJ Aoikell
A =77} vlamA 2 3ei(side-lobe)o] A7) = /ﬂ
E = 9lvh w2, SSTDR 74 ellAl= A3t
Akl R, (7)[2] FHigke] & A3S 2ol a4
A5 Fde w, 7ol Hd(side- lobe)2] =
717 ZHEe  wHEokes HRMIse] £
(main-lobe) Bt} AR = 797} WhAlste] &2 &5 ¢

ofmel= flele] =7]= ek

L mlo

STDR: Maximal Length (m) Sequence SSTDR: Maximal Length (m) Sequence

1
0
-1

signal
signal

0 05 1 15 0 05 1 15

us us E2)
=
1 1 «

5 \ 5 v
5 o5 S o5
E E
£ £
8 H N

0.5 0 0.5 05 0.5

a2 3. Aoz} 791 FUF I A3 STDR/SSTDR
s7hilEs} wlgr] gk

Fig. 3. STDR/SSTDR  reference signals and their
aperiodic correlation functions using sequence with length 7

23 MM A =23

A#HA Ad-e ZH4(attenuation), HHAKreflection),
A (delay), ©FE7d Z(multipath), F-S-{(noise)= 117
st theat o] m3EEt 4 QP

L
»
—aP)l /o)
Hp)=3 p e e T+ a7,(f)
4 g - n
i=1 reflection attenuation delay AWGN
efficient portion portion portion
6

A7, H,(f)= 7Hd 4 At AHHAWGN:

639



The Journal of Korean Institute of Communications and Information Sciences ’14-11 Vol.39A No.11

additive white Gaussian noise) -, LpT‘:— AR
L= A As Az 2o, alf) = Tl we
AR, g 1A AlEe] WRAMAS(reflection
coefficient) = UERIt} HRAMAlE Ao EA
ou]\:qg: Z.9F Al A5 whaxAe] Fxt qlul
2 7, % AHeSle] the) o] Aol@ 5

. o2 7H| LS ARS8t J|dQ| &S Hlu

o] #ell43= STDR 7|43} SSTDR 7| ell4] =17
/KJ—% *5]7%0] <=3l 0#31 7 FHES A3
i el whE oS A 2

3.1 of2] 7ix| =4

STDR 7]|%3} SSTDR 7|®ellx] G=ade] zpr| Akt
Al Aoz BlA|ol| Z o33ke- w]Fc}. Sade] =}
TRt el stk oule A @ellde]
R (0)=1°] 54““%}01—1— R (T )xO =08 AL

&4l m, Barker Frank 9% lﬁqﬁﬂ—?}"/}.

m(maximal length) 8-> 2] X}<7F m el 4]
(primitive) THIAE AMEale] WE 4 ol 2 2
oJel N=2"—12] Zo]& 7[X|+= o]#l(binary) 42
2A, F71H & MEE = oM At glel
7090 w1/ ola}e] gholeh. Barker 208 4]
43 kel 1™l vlF7IAQl AellA]
IR, (D)< 1/N, 7= 00|22 57|15 F53 o] -4
3 Fedol A, BAHA o)l S Hel Zo]
7} 1322 deJx] Qich Frank 92 $A4Hs p7ll AF

640

3= Zo] N=p?al tHlpolyphase) Fdoln], F
FPHe e Rl Sdeli] AP gl 720

ol o ooley™

3.2 M5 dHluw ZolAly
o] o4 MATLAB® AlEo]4do
217 GA Aeg mojAld ff}"ﬂ"' Xus} =

£,=200[MHz], A=A AoEEE v =2 108[m/s],

>§

P

A R 7200, zjbw,%w— alf)
=-15.86[dB/400m] = 7}4sksict =)o A=Al 1
4 AEE EW(Z=oo)°1 wjo} Awlg w4

(Z,=150)d wj9] F EF2 AdAsly, 7AYA7
A% <l7} X]ZJJTEi 3[m], 10[m], 30[m]&] 73-$-
o] '] Aes AHgith ZHel 7(m=3), 15
(m=4), 31(m=5)3] o]z m $4, Zo] 1331 o]z
Barker 54, Zo] 2*=162 494} Frank $9& A&
3l uj], SNR(signal to noise power ratio)2] H3}el] w}
2 9A oA ES vlasldnh ARl A=Al
SNR-Z w4l 27g e wle} -15~20dB -7FkellA] vebd
T ol oAM= AL 7HES] LA
#}o]7} 2k Eeu}= 0~10dB :[Lﬂ_"i SNR-E 33}
AL 1 o] A= AY

F5E 4 ok

T3 4% IAERTL SAlel Hol} 15am=4),
31m=5)20 m 5:23& AHgale u) 349) A0 mE
YA A1 g dehia sleh WA, 74
A AR, A R TSI} ke g
MPHIES] 2118 AETL U] w25 el

-

Detection Error Rate

O 4. gA]el e A 7 s
Fig. 4. Detection error rates with different fault locations
and detection methods



=/ A

a1, a7k A Ae] A5 7} A o2 NE] oA
= WRplse] ZR7F AR BR o' Ee] A=
e & 4 olrh sk 1 sk gl tisle]
el Hoke rcH STDR 7|¥{ ¥t} SSTDR 7|He] &
28] o 2 Zle® ®Walrh o]z vhMIE 714
7} a5 Aﬂﬂ—e— ofspA sto] nhabel Alge] F
4d(main-lobe)2] =77} 217M115.2] H-4i(side-lobe) K.
o} zfolx|A| o] wARalE L] $A|oll4] F WA S
s ZE 7] wiEel) o]’ of-E VA=
SSTDR 7]&4 o /\]..Q_zﬂ— ;q] o]7]_/n]i_e_ X«”7ﬁ6‘]~__ 7]1;14
+ Akl Ass BAE gk
1% 5= STDR 7S AHgslar aA-f-3o] Al
15 2491271 30me wel] o] /e Aol
w2 OEIXES HofF ik dukEle g 4o
Aol7t AeE 'A| Aol 93 SAe] 11 5ol
Z e gich 24 o] F53 v A Aol
132l Barker 43} Zo] 1581 m 2] Asto]7k
AA o' A3, o] 169 Frank 83} Zo] 159
o] Asatel7t AR AA vehd Zlo]
t}. Zo)7} 132l Barker 543} Zo]7} 16<] Frank 5
o g2z Zol7} 158 m 92 ko] o
(out-of-phase) H]F7] A7) Hoigke Zb2t
0.0769, 0.0884, 0.200°]3, 1§ 5+ o]} 72 44
2] A 5Ae] uked®l 7%)4& L ‘}lv}.
a9 6= Ao} 15(m=4)3] 23S ARE3kaL
AEE=2 oy 7vlglh WLE qﬁ,—cﬂ S

K

o
o rU

b1

H

212 (5m, 10m, 30m)!d &8-S el 3 lD}.
Ak wAke] Ao ulaAEe] vAAGTF A &
&o] il 739} 27| wlio| STDR¥} SSTDR
T 7 B nE gkl o] Ao mAY XS

Barker (N=13)
Frank (N=16)
m=3 (N=7)
m=4 (N=15)
m=5 (N=31)

Detection Error Rate

SNR(dB)

13 5. 549 F

o} Aolol] mhg 2A|&

Fig. 5. Detection error rates with different sequences

Detection Error Rate

SNR(dB)

O 6. gl e A= evAE
Fig. 6. Detectlon error rates with different fault types and
locations

=

A5 34 Fshe ZloR vehdr] wmak oo mejAl
Yol Bk wASIA7} ol 77k w(Sm)= <l
7}*112} WPL@?} FA =] HAMlEe] AR

S AZ 3 5 7] witel] g7 el FAgle]
AFR)A| %Lxl*é—cﬁl uf-§- o, Zhael] whE odske
2 7927} 30m v B} 10mY W] o
o] Yokt mix|uto g 77 4of|x] AlwlE nle} 7ko)
SSTDR 745 AM-& wf 3917} <l7kel Alse]
SN[l el w 7R 2 Qs Ql7Mlse] Ao vt
HAfE|o] Foleqaz 4150 Frfo] Alolx| B Ak
27F H el A2 °EH%£ Folzlch

el 2A91x] ' 1 RS 6}711 3 o
WMIE AA 7S Al”kRich

V. Q7RIS R J1H

SSTDR 714 AHg-& w] wAF$) %7} Heoix 714
7} ZA 73Ret 3 frdelld ukakalse] Al717h
OE&J ZAelle s Azt Alsizlck ol=igk AHeke

5}7] o)al] Abk P# IR, (7)[2] 2 ozt 9121
F B3z

AAz}A
S e, e(t) o s(t) A
2o Fdizk 1A & sl
ﬂw‘—?@_i Tp :7—277—1—% e A A Ak
gt} Agksls AlEalE] duElEs a8 744 B2
=2 vehdiglch 3 WA Axb)eld ql7kalEe] ¢
A(r)E Tote] AAR F, F HA Aol wial

r(t) <A 7HlE s(t) &
e(t) r(t) s(t )
Hg |R,, ()]l

641



The Journal of Korean Institute of Communications and Information Sciences ’14-11 Vol.39A No.11

<Signal processing>

Reference Time 1 Fault
Eliminator Correlator |1 Detector

1 Peak
Received _I1_ Time
Signal 1 Correlation
1
1
1
Reference _; \1
Signal I

a7 7. Adsks 7YY 5=
Fig. 7. A block diagram of proposed technique

A5 $H(r)E o 2 $IAE zeplrk AIqk
g WRAle w3} 927} S Q7 E e} BIARA
7} FHH 7450l Q7MEE AR EA Holg)
= HRRlse] $AE 1A zhepd 4= olA slar, A
27} EAY gt wAbellA] 7127} Alste] wkalkal
wo] A 277} 2 Afell= Ao 2 vt
AET AAGeRA 2] 2% AT 5 A

gl
:LEJ 8 oM7) =7] 1, ZHeo] 78l m $go]
3, ATRee] Bate] 0.25, =77 Huke g zhaE
J* a7} el 7S, ARk whle] AlsAe] 55
< Az BeiFr) R, (7)ol F wiA S
Foo] obd Q7S Ak
_/':.

T

v S Alatalkgee I
of Fslo|nm napilse] §1AE Ags] o 5 gl

1 1 1 1
0 50 100 150 200 250 300 350 400 450 500 550 60D
t(ns)

aE et | .y
sl L ,ﬂruﬂz{umz

AstAd]

0D 50 100 150 200 250 300 350 40D 450 500 550 60D
t(ns)

I |
0 50 100 150 @ 250 300 350 400 450 500 550 60O
T, T(ns)

2
J2 8. Alkeke 7S AR we] AzAe]
Fig. 8. An example of signal processing in proposed
technique

642

R, (D19 FHd Sd3t Y% 1 =50[ns]¥
IR, (1)2] el S0k $12] 7, = 200[ns] 2 -5}

HA
7, =150[ns] & & 4 itk

Q7B E AATI] TAL A S A= 7S
mge] woldgelael 2e 202 wodye 4
Aatsick 17 9% Aolr} 15m=4)2l m $4& A}

< m
S8kaL Alsksle 7S H8-E sholE
ok& e} 72lel whe Ak
War gk 2= 3%
71 Aesisis
adsteh
Aokt 714ellx] A 54 el w2 e A
Hr7] fsted, 3 WA At o]l 7ol 25771 9l
= AFHVRIES 3] A s 3 et
257t § el 3 sl A "Rl v
S mlaslel. 19 102 13 99 v A
o7k 15(m=4)8] m2& Ak Aol vl
olv] A7} ql7MALE 9] Ao ZNE] 10m
wl, 2 WA A Al el 0F77) 9leriA o8

O
:[o
od K
_\‘i
4 4

& P/MW Xﬂ Sh=

o LA Eo] GoAl= A

4>

5m, proposed
10m, conventional
10m, proposed
30m, conventional
30m, proposed
negligible fault

Detection Error Rate

SNR(dB)
O 9. AR AA 7, 3R eeAE

Fig. 9. Detection error rates of the conventional and
proposed SSTDR



n
a;
2
v
N
=
>
m&

0
N
rii'
g
z
[97]
g
=
N

i
L
ol ¢
R
R
NE
X
r>~

A& &E p,, ., =P(7; error, 7, erron)?} 2FH7F G1o
WAl e&A & &F p,y ., =P(r; no error, 7, error)
= A WA AR AFel ol 2571 U #E p, =

P(7y error) ¥ A A& p,, =P(r, error)®} H]
aste] vehglel. aARAE EREA] Sgk 792
e MIES s AASA] Eahele o)
HhAgth= AS o 5 9lon, s o R q7ME

= HAsPl AASA F3RE dels nRSIAE
o= HE Hohlw Qs 2 4 ek

T 1S 33 109 mojAds}) 2t st R
WA At A3l el 2F7F QoA E A1 A|

= 2nEd 2SS #E pp =P(r eror, 7, no
error) S e itk QI7MIEE 3] A A
23190e A$el= SNRo| 712 w4 $1A%
Zlopdl ghgo] F71gke o & olrh

3 —— P(T, error, T, error)
1 —A— P(T, no error, T, error) i

Detection Error Rate
3

P Sy Dy Y oy BRI

SNR(dB)

8 10, RIS AA eF7E LFAE VA= gk
Fig. 10. The effect of erroneous elimination on detection
error rate

E 1. 7ol L5} glemAE vA9AS ol BHE
Table 1. The probability p,, ;, =P(7; error, 7, no error)

SNR (dB)| O 1 2 3 4 5 6 7
Pet a2 .859.890|.9121.935].953(.948 |.989| 1.0

V.28 B

o] w=itoxE Bt pdo] A7kl RS o]
3= STDR 7|¥3} SSTDR 7% ell4] T}zl Zo]
m 4, Zo] 1331 o]l Barker <+, Zo] 164! 4
2} Frank 95 AH8311& o 4§33 24
25 delste] 7 o] SRA|EF g o

lo

O
Jo

o
o, Ao

k)

H

ol A5 7h2]7} wo] deu}y] wjitel] 28HA]Eo]
35 Hol7t 21 o] '] Ago]
FekadaL vlseq AeolellA= At AAde] v
Fde] '] 27 o diich
7 Aes o o}_um STDR 7]®el H]3l|4]
SSTDR 7|¥e] 7327} 2 wAke] 739} vAe] W
FoflAe] rAdellA] Q7M1 e] Heje] Sigkect vt
AtEle] Fokess Alwe] Fio] Sigte] zleiAl=
7397} A717] wiiEell SSTDR 7o) 2&r|&o]
STDR 7" 7391} =9k} SSTDRO| ®H4| A5
< Fol7] fl5te] Q7Mlse] fIAE setsie] AlA
g A AR B AhamlEe] S1AE dlelst
= 7S Aljksisdel. 53] Aol 77k 7l
7S *l»-%‘&a‘ o S¥kA|go] AE] I

o, ® 7ele] wAeE

tlo
e
4
pod
2
1 o

= AR
SSTDR 7|Ho 2 7vlgh wA4e B2 & 4 gigl
W Ahe 2 Ak 7S AHgsk AmIe
[Kisis

o] Aol RAES I o ek =3 Aok
71He AR i%ﬂ%ﬂ s 7=
ol Wi Zﬂﬂ"ﬂ } Sk 7dfolH, VMl

References

[1] R. A. Guinee, “A novel transmission line test
and fault location methodology using
pseudorandom binary sequences,” in Proc. IET
Irish Conf. Sign. Syst., pp. 350-355, Galway,
Ireland, Jun. 2008.

[21 P. Smith, C. Furse, and J. Gunther, “Analysis
of spread spectrum time domain reflectometry
for wire fault location,” IEEE Sensors J., vol.
5, no. 6, pp. 1469-1478, Dec. 2005.

[31 S. H. Doo, K. S. Kwak, and J. B. Park,
“Estimation of fault location on a power line
using the time-frequency domain reflectometry,”
J. Inst. Electron. Inf. Eng. (IEIE), vol. 57, no.
2, pp. 268-275, Feb. 2008.

[4] C. K. Lee, T. S. Yoon, and J. B. Park,

643



The Journal of Korean Institute of Communications and Information Sciences ’14-11 Vol.39A No.11

[5]

[6]

(7]

[8]

[9]

[10]

[11]

644

“Localization of concentric neutrals corrosion
on live underground power cable based on
time-frequency domain reflectometry,” J. Inst.
Electron. Inf. Eng. (IEIE), vol. 62, no. 2, pp.
239-245, Feb. 2013.

N. H. Rahim, I. S. Chairul, S. A. Ghani, M.
S. A. Khiar, N. Abas, and Y. H. M. Thayoob,
“Simulation of TDR circuit for the analysis of
wave propagation in XLPE cable model,” in
Proc. IEEE Int. Conf. Power and Energy, pp.
796-801, Kota Kinabalu Sabah, Malaysia,
Dec. 2012.

M. Zimmermann and K. Dostert, “A multipath
model for the powerline channel,” [EEE
Trans. Commun., vol. 50, no. 4, pp. 553-559,
Apr. 2002.

J. H Yoo, S. H. Choe, and N. Pine,
“MIMO-OFDM BPLC over statistical power
line channels with cross-talk,” J. Korean Inst.
Commun. Inf. Sci. (KICS), vol. 36, no. 12, pp.
1565-1573, Dec. 2011.

E. Y. Seo, Y. S. Kim, J. S. No, and D. J. Shin,
“Cross-correlation  distribution of a p-ary
m-sequence family constructed by decimation,”
J. Korean Inst. Commun. Inf. Sci. (KICS), vol. 33,
no. 9, pp. 669-675, Sept. 2008.

K. S. Ahn, Y. G. Lee, S. Yoon, Y.-J. Kim, J.-G.
Park, M. Jeong, Y. Lee, and S. R. Lee,
“Performance analysis of sequential estimation
schemes for fast acquisition of direct sequence
spread spectrum systems,” in Proc. KICS Fall
Conf., pp. 292-294, Seoul, Korea, Nov. 2013.
H.-R. Park and J.-H. Shin, “Eigen-Analysis
Based Super-Resolution Time Delay Estimation
Algorithms for Spread Spectrum Signals,” J.
Korean Inst. Commun. Inf. Sci. (KICS), vol. 38,
no. 12, pp. 1013-1020, Dec. 2013.

A.W. Lam and S. Tantaratana, Theory And
Applications Of Spread-Spectrum Systems, pp.
93-130, IEEE, NJ, USA, May 1994.

8t A T (Jeong Jae Han)
20149 2% 7= st A
HEAAAE Fekal
20143 34~&A) : 7EY st
A BgAAAgEE Ay

Ht & & (So Ryoung Park)

199743 24 : At ARlF-
s gl

1999 24 : ==slr]ed A
71HAAE g Al

20024 24 : el A
7R gkl

20031 39~ . 7= st

A REAAR I S

<ok AR AsAle], FAEA, A &



