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ABSTRACT

Study of Efficient Node Deployment and Quantizer Design

Algorithms for Sequence—Based Localization (SBL) Systems

Hyun Hong Park
Advisor : Prof. Yoon Hak Kim, Ph.D.
Dept. of Electronic Engineering,

Graduate School of Chosun University

In this thesis, we study two algorithms for the sequence-based localization
(SBL) systems which have been recently used for in-door positioning.

The first is the node deployment algorithm for SBL systems. The existing node
selection/deployment algorithms seek to place nodes in the centroid of the area
where more targets can be found. However, it is observed that the boundaries
separating these areas might be appropriate for node locations in SBL systems.
From this observation, we propose an efficient node deployment algorithm that
determines boundaries using K-means clustering and finds potential node
locations based on the bisection method for a low complexity design. The second
is a low-complexity algorithm that allows us to design quantizers at sensor
nodes by using the reduced number of training samples which are obtained from
distance samples between targets and centroids, each centroid assigned to one of
the sequences constructed by localization process in SBL systems. In addition,
we further improve performance of the design algorithm by generating more
training samples for the sequences with higher probability. We demonstrate
through experiments that the proposed algorithms for node deployment and
quantizer design at local nodes for SBL systems show a significant performance

gain as compared with typical and previous designs.

Collection @ chosun



ME A E

&)

0l
00
10

o)
o0

0l
Ko

SMHIA f& dA UWERKIAE DI

£ 0/E5tH

&S AlIDI

AlEl

ot SE= MO0l =4

L C
— =

s

S0 QUCH [1-6].

o
110

KJ

I Al J1gH &le

—
—

=dol

u

X

o
+

DOA (direction of arrival) &102l&

—
—

ANE F=dot

_C’>_
2 AOA (angle of arrival) &21el

ok
i00
10

Ol
A
oir

1o
10
o
Ar

ul
H

A
Io

0l

=
[=]

TOOA (time difference of
|8t CPS (col laborative signal

dled 213 JI2 MHES AMSHACH [5].

=got

Hels

o
3

o

<J
<

ok

W

o

processing)

Al A8l (Sequence-based

=X
T o

X

o
A

3

g
[ui}

J

ES

™

RO

Z 20 Al
localization, SBL)

I-’

i0J
()

C

=

0l

HIIAM, el

12 242

¢}

&4l el =AE IR AMFEAZ XIE

SEN

BFA
S .

10l 0I= =0, Ol

r
(e}
ioll
I

ol

AU
RO
KF
=

Ok

1o

40

ol
z)

-

ioll
I

0l

80
il

H 3ItA

It

Ul
O

z

ioll
JI[d

ar
80
ar
30
RO
J

9]

-
1o

ioll
IH

ar
80

o]
ul
H

—_

1]
A
o

Ju

0l
il

-

10
JIJ

I}
U
K-

i
=

Ok

o)
IH

-
1o

RK

i
<
o

Hel

Collection @ chosun



R U W o s of ) o
Ji - — E= o0 HoE H O . KE SRR
S a7 R A 5 O . o) o r F ol K KD
o _ gy Wm MRy s TR < oW
Ko s £ m = U T so s HMmAT W o s
w RO < WA S 3 3 o WA 7 W ak T
=i DK WO~N K Il M _ < Ul _u_r._ i o o) — <]
5 R =B W = M|u|oia¢o_mDEM
oo ST oz om W oo "= mw¥z X*
5 umo J] K = 5 = z o o _ o <l o0 =
h o= Kk oY Wl o fD o Ww ur =
ol o WO W= _ ~ _ N o = o ™ i
112 s o 3 - = ko _ H 3 = o0
= 0o & R & 80 [ S - ur
== M F ©F oo @ =5 = =
S o W 5 o K 5 ol o o= _ < N =2 o W
Y K K = 110 o) — lTe) E_E e} o__._._
K ogr or o on & [T e R ol & "
[0 = 0 o) o ™ om0 o K
%0 Jio Ol o 80 = & o R Mo o0 . iU
o oo N N R H s R 3
LR T I Aoy o o KT W
Kooty <l sy ™ m H W 290 gy Oom on
= < = = 70 SR Joe %R
x M S %0 o KU &0 <k B Dl O 2K ol O fp
s <Ry ¥R O T
W ooy R om o= K Do o W, KOS
R LOEE TR o I <10l g U UK
= = ok S o M X Ny = W6 _ R Mz =
R = K 3k o) = <l = = = S I S N FE @
%0 OF L = 0 N O = & n om PR U
__Afrjjoflgza_ HA R YEmoW B D
2 A <0 S ~ KD = K0 Ll — I_L Kk < T - <
K 5 R < K z0 ~ =1 __ho K = ol o3 — H w = ok
I L B ﬂAE_Imao__o_Eg_o_Em
— S < o g Kz Mo % g 20 K0
o — F ] oF I ~ K m — <0 =
g < o _ & O Bt Tk B w oW Rk N
o MWW S m Mo ok B EﬂEUO__Iool,CLHA__o@
o3 M B . ~ oF = ) Mo g o ool
) or oz 00 & mwomuuoJ Cog o B 00 g
0 S 2HELLY s TwzaREHwy
DR R e B o _ g om ™o
RO oK o ] M_HotwlM@m&aM
e R R L = w0 X < <l = H "0
< of <I % s ROL S m OE B WS 20
W = @ o w S W ST o3 o o7 r _ = @ o w2
RIOT W R #H < X 6 + < o 4 <l Koo~
S 1m0 AJ o7 0 OF M OMFA

Collection @ chosun



ul
H

ilo]
oF

o

00
Jo
X0

ol

<l

RO
Kt
<

Ok

oJ

Il

<l

A Al

T

__2._

2

LK

<
Ju

&)
il

uir

KF

i 3=E AI2dIoldE 2010,

0

JIE <

o)

ol

Al

=)
00

0l
70

&)

<l

R0
K

NE0l 0lo, 2 0lA

PN
o

1

H
0
oF
oln

i00
Jo

deld 4AZ0A AIEA DI

A1 8ZCI0IEHE

= 28l 8200

PN
=

OF
S

i0J

are

E

ol
X0
<+
ur

ol

<l

RO
Kk
=

Ok

—_

)

il
o
K

~

-

oll

n0

0

ol

Collection @ chosun



it

<

H2& fXIF=E Al

9]

80

2

o
—

2|

O &

o

o=

=

=

| e

gel

2
(-

= 2 UM 2K 2

O+

E R~ PN

80l

E

==
o

oJ

0lo
KD
0
<

-

ol

9]

o)
RO
K-

i

iof

K+
K

Ok

o
<\

ioll
on
%0
K-

Ko
_Iu_

-

oll

o)

o0

il
oF
i
oF

T

R
J

=

FXI &

110

n0

Ok
f0

ol

<l

RO
Kk
R

Ok

_

o)

-

= HF0A O

3+
ur

ol
oJ
ol

<l

RO
K

Ra

ol
Al

=

o
Jio

o)

o)

Nz
Dz

KF

A

Collection @ chosun



Ul

0l
sl

<l

R0
Kk
3

Ok

—_

oJ

<l
o

T

A
[N

etel el

= L CC
= LT —

A0l
He U7 AEAM AKX

!

2
=

’

O

t

=
deld sS2=0I

ol
IH

o

[0
RO
K-
K

ok
1o
1o
ol
Xl
ofl
[

ar
80

KJ

o ole

P

¢

o]

RO
Kt
m

Ok

—_

oJ

<
o

ar
80

3r

80
RO
Ju

9]

E

7

ioll
ji[d

o4 o
S A

_|

X

Ju
110
00

-
1o

f

7

ioll
JI[g]

ar

, 2J4 0l

o)

HAIZ 4002 =2 4

o 2hEret
20=F0

C

a8 2.2.01A

g&

?.

gHe=z

il

O
=

P

A M

&

—
=

do=2

iofl
I

DR AMEA

o OlAlZ

%o

™

’

oy

ol

30
«

0|
o
3+

oll

o
B

il

A E2HX

=
B2t DM =&

MJb B, D, C, A=

[4 13 2] Hel =

A2

Heloldd, C, A &=A2 Z0X=
Cet DUIA

(33 11]
MetA

o)

=3
—

AN3A [4 13 1]

o
_DTF

S5k el
o

—
[—

8 9o A2 D7 AIEA

UL,

A
e

oF
=

ol

)

IH

=

JrEoll et

LCO &

= UCtH.

i00
Jo

ioll

ot
3

ioll
=0

ol
<0

g 2.2.

Collection @ chosun



H3E & Xl &12lSE

mJ

<]

Jio
X0

al

<

JJ
=

ok

ol
Ul
H

RS

il

<

RO
K-
=4

ok

00
Rr

i
<
<
IH

9]

ok

o

SHZ fAXFA (tracking)

[14-20].

ALt [8],

i

C
st

-
110!

&l
—

P

J

o1

o)
60

Ju

Ol MIAIZA

=<

o

2el

[e]3

oI

or

010

Ol XI I

st

o
F

SH=EsS =80l

[14],

O

=)

,
=&

ot= JI

0

tI1 <

[¢]

Lo, A2 a4 UWERIN HE

M ol Xl 2Hl

b

(=}
=

2y

Ol MIeteIALCtH [16].

=2
=
=
[=]

N HES3
==Ll

M EH

(s

o}
4
)

1o

H0

o
K

e

K-means &

=
=

Atolel & el

o =E

9]

=
S

ol
ol
=

ok

=

o

Ol Meteldond [18], 2

=
[=]

el

S BHX

e
=

e

io)

Ok

9]

|
ol Xl

o

3

1els

b

ol Xl

=
)

el

!

= Il

2H

H 22501 G010

[§

?
=]

=

=

P

=)

|I-I
Y

X =

IACH [20].

[19],
}

H
oJ

Collection @ chosun



Collection @ chosun

X
o
U
m

08
1
rir
Mo o@
1
nio

o

=2
ﬂ
ol
rr
K
o
=
o
ro

rr o

In
Jo ooz

40
10
HU

!
i

0 b
%
Wz
=
o 1%
i
10



@.
a8 3.2, =5 HiXl €10eIEE #Eot0 =2 BiXIE
ANEA JIEE /IXI=E AL S2UEE

Collection @ chosun



W< s a W -3 MWs s auy
o0 no 6 T MO - = S (G
) 00 S s
T — — ol ol &
. = Rl M 3 = A S 2 2 S
W A o 5 ¢ o 23
= o W T wl oo L8 A
= 8« 0l m_,: 0 = S B0 mo
_ 0 - . ol K0 o
w M S w5 W Aol
- C = H m.vl o < . - 1ol
we = W IR YT R 0 K
~ T2 N =gy SR AUl
— %) -
a &3 T X _— aaﬂol,___i
I . © <] — = B =
ol = < O 3g = N >
== g2 DoEwma S < LR D
=8 m®O = R R T
0 F S L = &0 = 1w S
0 =% x of ™ & _ oS WS
Ko R o o3 = _ W n =585 2
i RO < — = D 5 v = R TR
0 ] mom_% L S <l A - = LAﬂog
B - o o - Do e 50 owmow VY og
0 ol EWw wsmmy 5w 5 W om oo on
(0] b - < |rO Ln._ _I.OI N vie | (@) _— -
a c = 4 N a5 o moHA
= Ul © m 0 do oo - L 24
= — > o o o Ao = L. ) R
E= Q = 0K i Ol . = om B
~ o B _ R oo H T = q ¥4 M
ul n s oo I < ! L,
l_._ 10J o ol o0 ) mm_ 11 K1 ol =
oF LW o3 W Lo &K
- X = B = 10 RO = -
o) i ok g0 oz o W& - ]
= A A= B0 g om o=
= = < = oF @ o= e s
= 5 R = w ok BT
R e UHWWMCA.&. ___kom.ﬂ&n
- 2 = o ™ o2 X5 O o {0
= A 5 & 1 >~ 2 il - S o
oo fom Ty *x g _ oy B
) g o oH < .6 N oW oL ol
— S W <l H o WM IS ) 00
oo o o 20 0l 5 8 U =

Collection @ chosun



G G2
KL > K2
I VR . - B
K4 L3 K3
(G4 G3

ol

& 3.3. K-means clustering A2 0|86t 2 2 Z2AH ZAHH

8 3.30AM =5 JHZ=(=n)J} 501 H<L, K-means clustering Z40| M5t
K, G., L, 2QICt.

Collection @ chosun

ro



L
, L —

O

[¢]

Ol28s 0128

O

L, 9

I

1!
6
ar
7

i

tCE.

HlwStH, Olol et Ol

S

=

=

f

[X] @X

o
F

el

F

=2

22 ANEc0lE0A Bl

=

=2

c
e

=

P!
a0l 2

A =

_'
2to)

A
=

2012t JIEA2IH DIXIX

2te

—

i0J

U
()

i0J
il
T

]I
iy

1o

40

ol
RO
)
I

oJ

0l
oF
RK
i

) Sy

=
=

| Xl @X

o
+

I
oI A

M =E= n-104

w [B, c]72U2z 02
e

3

!
AL+ Ol, =&
[4,, ¢,]0I ECt.

t

02 ®HT2S [4,.,, Bl

n-1JHel 25 =&

[=ke)

Il P22 LB, [4,, BIRATZS [4,, ¢ 17

A
e

o

gt

[
a—

A
oI

1oz X

=8

L CoO
0~ ==

_I

HAI®H, ng

0

| ?IXI0t E

o

OICk.

o]
RO

H

-/

El

| &

N

o
F

L C
— =

t4 Jt0l=cetel 22

[¢]

L3
olEg=2 0l

18 3.4.

Collection @ chosun



= HF0A Hetols == iRl 2helse s 201 #dEt.

CtAHl 1 : K-means clustering 24l 0|0t HAHHS MHSEHCE.
02 Sdll, B2HEZ29 LTI =2 B2H0 s 99 28 M0l 46t
H =L

A 2 : SAH O 22 ZAHE S n-1H2 =& It
i Ol&el BAHBO0I EMotes B2, ?IXl 2XE ZAztols n-1I42

JHHS 2 HHEHC.

©H 3 : OI2E
s

Collection @ chosun



H2&Z AlEdold

2 379 HEH ASY0ldES s 85 2EZ |og-normal shadowing 2& S 0]
60, 0 LE2 24 MM HWERKINM dURIXIFES R 018D, =4 &S
N2I0I HE Helol et 24 42 =S Jtsoti oi=0H, 018 Soff =& =
H29 AHel £80| Jbsotlh [7]. 0l GOS8 20| =422 ES S,

PR(d)=PT—PL(dO)—10nlogmde)+Xa (3)
PffPL(dO)fPR
d, =10 107 (4)

OIIM P2 Helol tHet =& AlS MIDIOIN, P, &8 A5 AIDJI0IL, PL(dO)
= JIEAHel(do=1m)0ll CHEt B2&EAEY, = d2&4 X2, X, = MSES0IC. d
= SE0M SESMRS 2 Helz =4(3)2 AHelol Ut Zelstd, ds&ES
Ol &2l Hel(d,)E FEE = UL, 2 UM ¢2 n= CHE AS0l ASAl, AU
gt RIXIF=EE RA6tH, o= 7, nE 42 DFEHC

= HF0A HMetotes =& HiXl €1helE2 dsd8ItE st 482 AXNFEIS 2
S EHIHE 100m x 100mZ MIStotH, 22t =01 100002l =2 =S iXlot¥ D, &8
of et Ms&ES2 I, S E2S 2EE= U2H MHIUCH

13 -

Collection @ chosun



—=—random node deployment |
—&—full search node deployment

—&— proposed node deployment

o
R : : : . _
(w) Jousa uonezijeoso| abelany

10

Number of node ( N )

Bl

1o
70

ol
Em

e

b

o
=

BH X

L
— =

Ot

L =01 E A

a8 3.5.

=0, GIIA

2

18 3.5.

ok

o
H
I

o
Ea

L

PN
Al

o
y T

g =21

(uniform distribution)

%0
d

oF
Rr
Ok

Ul

?AX

LCoO
0o ==

H O =Xl

0

2482 9

of

JJ
Ok
U

o)
R

i
A

ok
Kr

KO

1003

HH,

1o

o

Collection @ chosun



—&— proposed node deployment, signal noise @ #=10

— & — random node deployment, signal noise : o=4
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