MU E = 719 %] 914

-

A

X

iy

B

To-

)



MU E = 719 %] 914

-

A

X

B

To-

)

o

;’

o
g
HJ

St
of

Ho



i . ]
F&Fo AAL F=E S 3}
SR DO S il
A9 & 2
QAR o A 2




B!
o)

N

shEA stzAe 2

o} 9]

EEA AAERYG

%

a7
ol

s

o
o]
EN

—_

)
X

=

&

O

s

B\

T

3!

7A
o

O

Jn

™ ¥

B

o

3

il

o))

il
o]

9|
"

<A

o

22!

mj
—_—

o

M

o))
R

frou
M
N

ol

o

o
TR
el

=l

R
i

Aol YA A 1 JEE F

)2}

&

al
=

3}
St

AF A o

%O

R
BN

—

)
o

—

N
el

O

~

4K
%

<

=Z9o
A=

FAI L 22 ol Al g

S

= IUE A

=
J—U'\;‘

m
o+

BN

K-

3

o
e

o

)

T Y AFANA 22H X

Aln
<

=

i)
el

i

A
mmm

o

e

7

2007%

ol
o
N
oo

By
00



(

&l

ad A - - v
® A - - vi
o 89 - - vii
A AE - 1
A2 Fd AAUEIAA XA B -FA AR o 3
21. B4 AAMUESZY Ho - - - -3
22, 71¥9 AU, EHA, ez gAY - 4
221 " AT Ak 4
222 YGRAA 7] - v ¢ v e e e e e e e e e e e 4
223, 9 F4 71H - .- - -5
2.3. Received Signal Strength Indicator(RSSI) - °5
24. 21375 9 (Signal Strength Map) - 6
A3 A+ A= - -7
3.1. Nano-24 - -7
3.2. Nano-Q" - -8
A4z A A2 A4 2 AR H4E A a2 - 9
41. 98 % 9Fs ZofellAe EUHY AxHe] oA 9
42. 7 AUEAZ 71719 74 B Tl - s s e e e 9
421 AA - - -9
42.2. 2%H(Router, Coordinator) -+ - - - 10
4.2.3. A4 3 (Sink, Pan Coordinator) - - 10
43. %4 AUE]Z] A - - - - e - 10
4.3.1. AHEA A9 - - 10
432 A QY A= - - 11
4.4. RSSI 713 ZUE R A|2=F - - 13



_IQI_
46.2. A FAA Z FFA A RSSI =4

A5 == Yo P2 A% A RSl F

521. =25 0~5m7hA] 3 A 711 A RSSI
53. Al gt A9 RSSI =4 W

A\
o

53.1. Abd=z=4d -
532. AA 9x @ HA RSSI =4 wH -

5321 HHTE o] &S F4 -

gl

-

5322 HHA AE < dHolElE o] &3 v

5.3.2.3. Power methodZ ©°| &3 1HF% 4 -
5.3.2.4. Maximum Likelihood Estimationg ©]&
5.3.2.5. Expextation & Maximization algorithm

5326. MEA AAS =2 g o]&3 F4 -

o
=
v
i,
2,
oX,
td
i3

Se
6.2. DSNsoll Al A2=o] WFEHE a1y -
6.3. A9 -
6.3.1. DSNs 7]WF B} Al A2 &2 Ad .
6.4. 215 Y9 Magnetic dipole -
6.5. RSSI 7]H o A1 ¢] Pathloss =4 -

6.6. MY =g -

6.61. 71 A4 =4 -

o=

o

- 14
- 16
- 16
- 17
- 21
- 21
- 21
- 21
- 23
- 23
- 24
- 24
- 25
- 25
- 26
- 27
- 28
- 29
- 30
- 32
- 32
- 33
- 33
- 33
- 34
- 34
- 35
- 35



6.62. NEA AN AA =

1w

6.7. 9 Al (Inverse Problem)< ©] &3 B4 4=
6.8. 6.79] A& lA -

77
N8 A& -

9% F5aA -

o
K
e
:

of
M
ko
I~

o

il



21. 7 AMUESA 71ed] 712 /Ad Ak -

5|
22. SAFGNA Az A FA7] Aol AsAE WY L -

31. HHl = BE -

32. #W< 2E -

33. Nano - Q" A%% Fx -
41 e} M EH A -

42 W4 MEHZ -

43 912 A4 Azdel AAMENA ol AL -
44 AR AW 2 AT AA A4 Az AR

45 RF A5 542 dojuy] 98 48 24 -

F A5 Agel uwtgl &4 % RSSI -

=

4.6

H 47 7 Fvig AEAdE BE 7S] Ad Imx1Ime] fEER

o} g+¢-E 3o RSSI =4 -

5 AEjol M =43 RSSI
b) == 6 AHA =73 RSSI

7 AE N =743 RSSI
d) == 8 AEA =43 RSSI

52 0°~330°71A 41715 3 AA7|EA =43 RSOl -

53 AEA AA A BE -

- 21

- 22

- 28

- 28
- 29



H
o

4
o

u
o

6.2 BIA A22Z #A37] Y3 A - .- - e e e e e e 33
6.3 AA EES magnetic dipole & + « « « o 0 34
6.4 A& A AL T, FHE A AE5d9 HEE(Norm Distribution)
- 39
a) BHAl Az ol (2,0, 0.11)Y
) BHAl 21z o] (5,0, 0.11)Y
o) B Azde] (3,1, 011)Y o
d) 82l Az dbo] (0, 2, 0.11)Y uf
A Azl (0, 3, 0.11)Y wl

) E
f) B 2z o] (4, 3, 011)Y W
g) BHAl Az o] (1, 4, 0.11)Y wl
h) b4 Az o] (5 4, 0.11)Y )
) BFA Az el (2,5, 011)Y o

G) B Az el (4, 5, 011)Y o

(
(b
(c
(
(e
(
(
(
(i



- 20
- 22

AE RSSIY #

=

EERIE

[e)
51 2 AR 7

F

41 7z &

=
st
-
it

- <H <t Lo —
3R (q\l (q\] (q\l o
T -
™ ®
~ < o
o LW
5
E
T =
—_
ﬁ )
0
2% 1]
1r,._ ,,.,,A||L e
< £y
S N
K
e} = <
= o
%o . ~ oF
oo B
-~ N S
1_:A| ‘_uro ‘ZT O‘.#
= o
"
7 Y %
X — B
" L
N o wum
gl AT
) ‘_ﬂo Ho
=T W R0
N
—_
w N oW
o S I
e} [To) [Te} [Te}
B B

- vi



2 o

a

=

A AANEDD AW 4K A4 A2PY T L
wEo PgAel BF A7

2 =FdAMe FA AMAMUES I (Wireless Sensor Networks)7]8F %] <14
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(Inverse Problem)E& & §
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HFE Eokel o] 7 &Es] A7t o] FoAL e EokF stuold. 53]

7NEe 4 2 B4 54l 7]17], GPSel| vl ==7+9] ¥ < (Collaboration), #}7]

g olgd AFAY AN FA 2 A4 AWe FuAHZs
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H
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4 A E 9 = (Wireless Sensor Networks: WSNs)= F4 Al Z= )
S FHoE BEH 3 AXE AME FAYE UEYIZZRE $Hd ARE
daHoz d&3le e Yusd(l]. ole 71EY FA WMEYZ AulL7) Zta

e AGe Mol o] §47t AREA YREN AU2E o§T + gon f

MAE S MEADG TFR A 7179 BEoR Be Bopdd $EH T
AAA4e Fust LYAGANE Asse, Nmd Fe FAelA £4 cmol

Jom o8 Fofdd oA HF = 9

=
A AMYEIAA A4 #E3 Arulas ¢ Fasty A4 B A7
7h A8 Fol
2 =FdA AL RSSI 7|M-2 time of arrival(TOA), time difference of
arrival(TDOA), angle of arrival(AOA), 2 ¢4 (IR), W ¥ (ultra-wideband; UWB)
s}
FaA oz AdE AnTE hes] fA o BE AT &Eokol Wi Ao B
=T MY FAZ FAEH Jdew, A MAZ AA AH L AREA AE A X
d& e 4 (Star-Mesh)IEH 25 £8&3 EHF @ ® (Multi-hop routing)”]
HE FEAT. AgE FhAA 9x FRS fal 4 HAAM FHHE RSSIE
AR AZAE WS HolHuolas} Sl AR ¥ AFAVE FUF =
=d afre IDE ¥

F27)% A7) Abole] RSSIF 3P W, F ==k A ANl Adjetw
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22. 129 A A4, EAA, BA 22 A AH

AR A AW Gl wet jare} vo]lag X A Axdow BR
& g Ao FA AAMESZ 7Nk A4 w22 AAAY A2"HS AHE
g F e A=Y S9AY = AUHdA Aoy A= AAE A= Bt
olaZ X Q1A AlzH &gtk AHE HREA AT AEHEES HYHE AME
st AT & T9] active badget active badge[6]e] HXE Zo} HE oA AF&A}

o] HE Adyste Wyola, 2399} RFE o] &3 MITY Cricket[3], WLANS]
RSSIZ Al-&3F MicrosoftAte] RADAR[6,37]5 IEEE.802.11 4 U EYA 71&S
7Rt g2 st dEd9ge] 9A 94 3 F4 A xHo]t. Ultra wide-band(UWB)
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223. 1A F=4 719

2006 J. Lee5 < tri-lateration 7| < Z &3] A Y F9 3/ A}
A Ael ¥lE o] &3t radiometric vector iteration(RVI) €8] &S A A|[10]3}
¥ al, 20043 Omid S. Jahromis & Ring, Star &S o] &3 x| FH44
[11]& AL e, 2003 Y. Zous > energy consumption modeld] <743 7}
AA A &E 9= FFE o8t FAstE W8S ol &ttt &4t Al
Y] E 9] I (Distributed Sensor Networks: DSNs)dlA &= #HESHA XS AAME
FHIJE/ MY BAR S 2HY AA L2225 A= WHS AAGAeH,
particle swarm optimization(PSO)[14], genetic algorithm(GA), simmulated
annealing(SA)[13], evolution strategy(ES)[24]5 &3} 7]"HS o] &3t Asd

o) BE wEo EAclrE BEsE Py Fol Atk

2.3. Received Signal Strength Indicator(RSSI)

Received signal strength indicator(RSSI)v= Al YO ZHE] FAl7]d Eoov
AsHES oujety QHHUe o]SFolu R T E4H4LS s
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3.1. Nano-24

Nano-24= B HAE 2 2739 7|9k 7]&<] AXA MEHZ 73 A 9 us
< 9% =99 EZEZ IEEE 8021545 w3t AMUES A Aulolty. CPU
+ RISC #x9] Atmegal28Lo]™ In-System Reprogrammable(ISR) 7]8Fe] Z &) A]
W 2 2], Wi SRAM, EEPROM3} -9 % SDRAMS A9 3t}[17].

2 =& AH8E EES dHHE EEHR Wl EEolt. CIHIFH)E BE

= MY 2E F2 UE AN REFH ASs] T2 g, 9% dd A
€, Max2325 o] &3 A FAFH 2L Jles ZFn Y. Wl EES

MCU(Atmegal28L)¢} 24GHzo| F34 95 ©] &3t RF $F41 25 (CC2420)
< 7HAL o] 718 A REgAC] 7Fsdtal 0SE FEA71H Zigbee ZEZEE

Z:]l
5l PCBYHEIY7F A= o sl

a9 31, JEHHolA BE ¥ 32, . HWd EE



3.2. Nano - Q"

Nano - Q' I HAAZANAFTAETR)ANA 7HL3 Nano A2HE FE3

71 93 AT EYI=E Simple Scheduler, Timed Scheduler, Preemption

Scheduler, RF Driver, Serial Driver, ADC Driver5 ¢ E &L ¥ &3 AAdd AA

HENZ &4 AAt. B =FdAxes AMAAA ZA3 g& RFE o] &3t A

F3ta 7 A" =58 Afdted RXEE e =22 AFde VTS F
2]

gt =3 A8 E AEL Nano-gqplus 1-5.1e H o] t}h4,16].

Router Map Router Sem‘mﬁ” W Application
0S AP
Task Power RF Message Sensing & g
Mgmt Mgnt Handling Actuating Nano-08
nHAL(nano Hardware Abstract Layer)
[ o [ cwer || rover J[ wm ][ warr ][ aec |
MCu RF
(8bit (ZgBee) Sensor & Adtuator HvY

19 33. Nano - Q" Al%73 #x



Aeg ARP 92 A4 L AAEA 4D A2

41 98 B T EopdAe EUHP A" HaA

A Q7o Frhel we} AEe] BB WA RoE SARY @ F
A el ABHE olFol Holum glom Haolt HY W dAAL FAo
W Azt Fhshe FAh e olE s MEoR AUl R4 A
AMEYZE o gdte AFA AXE FAE BUHD Axgde Fad A
Hlzolth. o8 Robd] oM HE EE milol BAe] AAE Fu &
g 8o @4 guE duus 24 gE7152 Ao AAsAY 9 4

g 270 849 @4 AUE 2UHY @ 0 2SO geba 2 A

H

42. 53 AXNEAA 71719 74 2 7

T4 AMUEN A 7171+ AlA, &9H (Router, Coordinator), 4 = (Sink, Pan

coordinator)Z |t}

421. AAX
AA e dolents AEsta & Ay S8 4 B o (Association)

fr

& 4 §l2™ reduced function devices(RFDs)oll 3@ gttt &, A IoA o
2 2333 3 Z=W 16bit short MAC F4AE Fo] wton 34
A &1 ZFEHAA beacon frameS WHAY HolHE WS ujvl

Hoss] MR Ay £22E 2Y 5 Ak E£F T BB Y F5E 74



o] €A Aztritt AMZRH AYHE dHeold ge AAZ AFdd. e AF

A7y Friste 717190 i o

4.2.2. &+ E (Router, Coordinator)

El
© Z-Yulo]H (Coordinator) J&S gtk Ao nAH = e 71712 AFA9}
[ex]
-

A WEAZ] AW TS s A3 Aol FA7)

e UMEYINA e EAstn A%, 4, Fq7 7MsaAT F$H
ste 28 A UEAIAAM F8"d JR7F Rola AA WELYI FAF 7]
7€ Algdte A % xZFclg & F 9ew o= full function
devices(FFDs)oll 323tk 22|31 3-f3F 16bit short MAC F4&E 7FA 3 919

AM2EE Add dolHE 27 ds & F4 71eS &3t o

i
<

43. 7 AXUESL =S AA

43.1. ALgA 2@



4.32. 9% A& A 2H

Ta% VMES A= HEH-& &% Multi-hop routing) W2AS A &A1 AF
Aoz o] BH a9 419 e UELAS 1" 429 "4 WMEHIE &

&% 2eh-vlA MES S & F Sl

Sink

. Full Function Device Reduced Function Device — Communication flow
a9 41 2l MEY=A a9 42 "4 HEASR

o)

G 9 e A6l EASD dAHoR Fol
A B0l we wErh BEdel AT d9E 43 Alole sppzt 43
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AA Butolzie] REEA WHE oF 0-50m ol T, webA A AFow A W
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=
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Router

Sensorl

Sensor2

Path from sensor1 to router
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Path from router to sink
Path from router to sink
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F7hgth. ol REZF dolE HolAZ o MEHA d4S aAWE F

EA FEx o] RSSIZ AA3te] AA WELI dtolE FL =dozH
AT 4 Ak FES WMESNAY 35S 17 437 2o Y AAT 1H
IDE #HFHE AFsta 5749 et AAZRE ASE D9 RSSIZ
5, Al gBeEe IDE EFs AA2 AL HFHoRF A
dolele AA ID, gt%H ID, AlA e} 298 Alo]o] RSSI, 2h-¢-E ¢k A= Alo] 9
RSSIolth. webr &I FA AMUEYSIE AA 47, 298 57, 43 112
T4 €.

l-H

44. RSSI 7133 2UEHH A2H

E =22 [EEE 802154 72 Wz e AAMNE AFLste AWdx 9% 94
AR oA AL F% &
=

oL
it
=
9]
S
il

>~
>

'y

Fol A o] &3 RSSI WAl Slo] BE &4 (path loss)S

2AsE Qe 9A9 AREE woltu Fasith RSSI 24 A, ole 45E

3t71% 2], A= Friss models F& A &3 AU IUHAH F2 319
NoIA = Siwiak-Petroff, Marquess, Rusch model®] F=Z o]§®t}. 1ZXvt
CC2420 dol¥l AEC <StEvel Zolet golo] A= AAR PCB tElY HH
o FA 2 welE: € F jlol B AHEol YET17]. WM FolI ZielA

ug‘l Hol— /;]

v

&
s

o

AtA o] Z=AHE RSSIS o] &3t HolEuo]AE T3 437

HT

$39th. CC4202 2R =43 RSSIE= 100dBel theluyd] & <lX](Dynamic
range)S Zt1 AlZlE 2 HEH RSSI= 0x00~0xFF7FA] 8HIE 9] 3¢ = o]t}

dwrH oz HUHF A]2E2 real time monitoring system(RTMS), location
based service(LBS)Z W& 4 Stk RTMSE HAteZ $IXE EZYUHFY e

Yoz B9EHI BE4E AYEZ ¥oh LBSE oF F9 A4 XS
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~Com D)

MAC address of sink

MAC address of sink

MAC address of sink
by scanning by scanning by scanning
the channel the channel the channel
v v v
Initialize the Initialize the Initialize the
IEEE 802.15.4 |EEE B02.15.4 IEEE 802.15.4
v v
From sensor,

| Initialize the Nano-Q+

v

[ Fixed ID transfer

l

From sensor,
RF signals in RSSI RF signals in RSSI
store

store
v

Connection to receive Connection to receive
the data using ASSI the data using RSSI

Initialize the Nano-Q+

| Initialize the Nano-0+ |
v v
Receiving transferred Receiving transferred
data from router

data from sensor

Transmitting received Processing receiving
data and router D data

Wait for
receiving

v

@

+

y

A Y
[Chamber pat| | Bath

a9 44 484 A 2 AFA 9R A4 A2d

Position
recognition
Event of receiving
Serial serial data
\ communication v

Bed | At the interval

of 100ms,
evenlfl timer

Parsing
and display

THE
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46. 249 2 4¥ 23

A

46.1. A FZANA 1 ~ 5m RSSI A

3 EAS dolry] g8 FEAZNA 50em o]

Aol g RE 459 L#3 54
FohwA RSSIE ZAHAT. F D Abole $ge mese] w7l
DRAA BAGE Aol AE WHAAWA 308 4

E o834 50cm AR HFE S

=

1Y 45 RF 43 EA4E dolr7] 3 43

jal
a1

Averaged raw data
T T T T T

=

RSSI Values
=]

100
1
| | 1 I 1 1 1 1
o 100 150 20 20 0 5] m IEi| 50
Distances(cm)

1% 46. RF 2159 Agol wat =45 RSsI
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Alz"olth B YWRE Im * Im & Y¥Fo] 5709 #F$HAA H4& 1m, F 3m
74A Zb 1A wieh Al A el 2 E Aol 9] RSSIE 503 Zgstdom ¥ 479 7

_<’)_
AAelM AE e BE FAHSFAT

CRNCRCE

TR R

(8 ........... .(.h ......... (3

é’ ® Sink

 (f) (@ (n O Sensor position
E 8 3 @ Router
| DI Vi @ Sensor
‘ o Available path
[IIORNC ] 1 || L Selected path
() b 5 4 oo - i

a9 47 2 FA0 ASFE YL FASI A Imxime HF= A
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WODE § 46| 8 A S5 RS$H

m0 RSl

a9 48 2HATAAN AR HFEE aste 74 == AEHA 43 RSSI
(@) == 5 AH A 435 RSSI
(b) == 6 AE A =43 RSSI
(c) == 7 e ZA3 RSSI
(d) =5 8 AE A ZFA3g RSSI
(e) == 9 AEelM 543 RSSI
F>* Aol Z+ AH 9 HA dAd FrHIH.
OH 48 7t AE e af YA SHE RSSIE AFH gAY 5=

=3
=
—_
rr
H
o
>~
N
2
2
A\
ol
i,
=
w0
S
o
=3
M
e
)
fu
>
o
o
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¥ 41 72 BeHAA Z4 € RSSI 2FAA}
(1) 258 5914 =42 RSSI £+
(a) (b) (c) (d) (e) (0 () (h) 6)
FFAA | 2.24 | 3.64 | 406 | 514 | 5.66 | 1.40 | 2.19 | 3.01 | 2.00
(2) 28 6914 =4 ¥ RSSI FHA}
(a) (b) (c) (d) (e) () (g) (h)
#£¥94 | 1.14 | 155 | 2,13 | 575 | 3.08 | 5.06 | 3.03 | 1.03
8) 28 7914 54 ¥ RSsl A3
(a) ® | @ | @[ | O |@| 0| O |G
@A | 4.90 [ 5.76 | 3.56 | 1.09 | 5.01 | 3.36 | 4.97 [ 1.15 | 5.58 | 4.17
(4) 298 84 =4 ® RSSI -+
(@ | (b) (c) (d)
EFAA | 3.24 | 2.01 | 4.16 | 4.99
(5) 278 9914 =4 ® RSSI kFHA}
(a) (b) (c) (d) (e) () () (h)
@A | 1.04 [ 5317 | 1.07 | 1.09 | 5.28 | 4.63 | 471 | 3.05
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=
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RSSI

Angle(degree)

238 5.2 0°~330°71A 41712 3 AA7)HEA

rr
oy

th. 7} AEo|A =H®E RSSI= A7t Solgol upah
AR A¥FRor A A3 MAEHZIYE F
300°~30°2 Ao thd RSSI A& Aol 74 =1
At

ol 7H3

£ 51 7k AE 7

Measured RSS

W7 2o HF Az 4438

Distance(m)

A7)k 5417 Atele] Zmel wre vz 7 AHE E 514F TR

EER

A 2

EEE

ER

300°~30°,180°

60°, 120°, 240°

90°, 270°

150°, 210°
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53. Agl digt HAHe] RSSI A W

521014 Abdel A RSSIE AHEE AzdE § 7S HEste AE
FAAT. A FAL Adel 43 A AA o] s AAVENS BE
el Ao Qlsf dA ool Jhed ‘Fdw AEHE e 1
At 4 e 782 Matlab 7.0 o83t A 4 Mol 2789 Az

Z71 1) 300°~30°tF oA ZAE RSSIS] Hit HOHE o] 4349 polynomial
interpolation A-§3% . zv 300°~30°ti el ZAHEH dHolgHY HAES FHI

RSSIZ 72 thatal o g (5.1)3 2t}

f(z)=0.00312" —0.09382° +0.51652° — 3.78422° + 171.3585 (5.1)

flx)e 4 AHAA A8 AgS =493te q5=2 £A72REH F249
RSSIZHEH AZE FHT 4 Ju. tdd By FAGdAe HAE 3+ %
523 2t} m3 300°~30°tH ol A D dHole Y o] ZF YA dHY
2~ RSSIo]t}.
® 52 g B BAHoA SA G At HAMNE A (91 %)
1m 2m 3m 4dm 5m
9 2} | -3.3835e-014 | 3.7397e-014 0 45841e-014 | 3.1396e-013
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AE do]EHE o]&3ly]

hyA
3t

A) =
=

Bl A S ¥ RSSI

1>

e 0°~330° RSSIZ

ol A 2] & RSSIZ

(

b

i

53. Zt AglA F=4

2%E AH 1 of

(1 %)

2
19

Z7 194 =38 AGZE g g AgolA 0°~330° RSSIZ F
A7t 5ol dd wet A3 H

] o

1m

5m

7

N

7

(4

0.1362 % 0.1054 % 0.2067 %

to

0.1682 %

1.1262 %

o2 Ao uE FHZF RSSIE

532.4W4 A4x 2 HA RSSI 3 ¥H

aul

Z71 20014 Agol wzt F3

5321 HHdL 9]

(<

Pae dold [ THA @E Aol

3 S

[CRE=1

BAlA dolE e &
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5322 HZA Ag9 "olgE olL3 gt =34

Z7 2014 FAH® RSSIOlA 300°~30°th Y e HES H3I 9 Hayad A
ol 3t gadaS FHIG =4 g 332 (5.2)9 2}
flz)=—2.09972°+ 16.71452> — 55.2634x + 206.0512 (5.2)

B
o
(it
~
5

J2RE 54 AHA RSSIZ & & At ©Fa FARHAA ] A

e Ao A Atele] HAAE A= X 543 2.

i}
—_
Lo
o,
£
gL

<
e

& 54,37 gge] ALz FAHE AE 19 Fdgy 2 (unit: %)
1m 2m 3m 4dm 5m
L=k 0.4228 1.8728 3.0244 2.2891 0.0811

5.3.2.3. Power Method & o] &

2
K
Jo
g
!
oxl

a7, Yol 2

Power method+ Perron-Frobenius Aol wat dolyg 4 & 71# & 17

rlo
[
)
e
i)
o
2
b
=
o
)
re
B
lo,
|
ox
tilo
Jo
R
rot
kv
=
o0
i
0

43 FH aaae e FEdE AR Al td At ISk 54

® RSSIo| ®ls] 2 ge 7HA YoM APAHo =z 277 yFol 2AY A 3
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fr

%0

Maximum likelihood estimation(MLE)> ## ¥ dlolg < 7174 7l54

B9 dolHe FERETE e WHOoE X (likelihood function)E
o
=

X=X, X5 X,) B & o), o] FEREZRY vy 6=(0,,..,.0,) & F

A ) o' FE o] EAHI FE5LEFSF PXO)E FAHE ZEA2E

FE A dolHZ o]FoA Jdud A R JAFLS (53)F Fol nddY
P(xie)= ] P(x,l0) (5.3)

Plz)= ——c (z—n)*/ (20%) (5.4)

A ¢ FEE 2% % (loglikelihood) 342 WHEAE H, HAdgre T8l7)

A& od dis] HelES W (5.5)9 2o xdH.
9 ik
—log P(x10)= — Z —log P(x;10)=0 (5.5)

A Eto 2 FAE HulghS step 2014 FHE 0°~330° RSSI Hlo]E 3o

HoZ 53217 Y3 2HE =&
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maximization®. & ¥ t}.

O Expectation

Hold X9} A4xe) 48 sug 61 oA 2e ©, = RSSIF 34
& otk QOO B T de BEWS Zo ta 2195 F5o 7]
o},

o

o] 2k (Expectation)& A4t

=

i - 1 1 & o
QU ') =E.llog P(X, 2101 X,6" ') = 3 (log——=——5 D BIZ!1(a" — p.)")
n=1 271'0'2 207 c=1

(5.6)

N

Xoh 671 4%, 0% Q7 FAhsE el AAs B AA wevE o

O Maximization

QU = Aode Zuate AN she FH9EH {u,p, ot E TIH

N C
i 1 1 n n
9= argmax }Q(9|6 1) __argmax Z (10g72_ s ZE[ZF](:E - ,U'C)Q)

T s paspre Tty op} HV0S oS 92 A
_argmun f] iE[Zn](xn — )2) (.7)
{M17M27'-Uc}n: le=1 ¢ ¢ .
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EM ¢85 Holx ¥+ Al W (latent variable)ol]l o]&3t= & =4
X uetvlE el MLES 1zl st ¢u8E 08 Expectation T A ol A A

A W4 1WA S AAHE Maximization ©A A AE FolZ dolE e 7t X
7b BodE JAMSFE ol &3kl setvlE o] MLES AlXFehoh22]. Zldigio]l FH o
7b 28w FEMs5e Al Ui Rsslolth. EM #3 & w5 o), 2195 &
ol A~ H& HAE AAL IFH FHU gk (Local maximum)ol] &gy F

AE Rssle 25d FELEgFo 49 a1 MLEY} 3tyve] FEUREFE F

§ol AL§7

25
ol gH dSAZE P A Yol Lo dleo] Hrh AMEF ¢ElyTL

A new node model

Regulator Voltage
Circuit

Nano-24
Main Module

a" 53 AFEA AAF AM ZE O9 54 AXNT BEY EEE



d g = 193§l A 7
DC ZE & A§gel wet A4 mEe] Azl ool us AR

Y 555 A wE FZFo RSSIZE FAHSE SAEZE AAAZAIG A

e
S
=
9]
o2
it
e
o
315
rr
i
h)
u
v
4
2
2
o,

Measured RIS
from 3007 to 30°

Step 1. Polynomisl interpolation Palynondal

using measured RS2 in every distance from 300% 40 30° interpolation]

l—b Estimated distance

Htep 2. Polynomial interpolation Polynomdal

using the estimated distance in step | interpolation2  FES1 from 0 to 330°

M innthe estimated distance

Htep 3. Location end Estimation
method using Mean Sraled mean Polynomial curve fitting Eigenvalue EM N de modsl
the estimated R33] in step 2 from 0° to 330° | | from 07t 330° i optimel sector uging powet method MLE Algosithm P ACE e

Estimated R33I
using all methods

Palynodal interpolation]: polynomial function means the estimated distance in an optital sector.

Pulynomdal interpolationd: polynomial function approximates R331 in all degrees using the estimated distance in
an optimal sector.

Iy 55 A F4 AAY =M=
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ag 562 2 FALHA dig A#=Z 1~5me FHE RSSIE UEHT MLE

fr

Hele 7k 7kt R 28 mE W F4E v e Fdd 27 ded
T o8 FAUA sdF 4
ez 74 Agagth EM e 1008 33 Fde] exE # 549

TASRT 6~243] EMAA S WHESYGS w RSSIZE FAHIAG. AMEFA AAIH

A ZE2 AFAcz HFH AY hdS ol &3] Mo ddayd 2 A

e SHelA 7bE E& Al

Comparison between the estimated results using all methods and reference

= Reforence

- L. FT )
—— TR
—f— ciws
—t— ana
—E&— wmE
—— cumass
—f— LA E AL

RSSI

3
Distance (m}

a9 56. 24 FAZATS AL vl
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F 54 74 FALRY HAE A (91 %)
FAH 1m 2m 3m 4m 5m
5.3.2.1 10.7143 14.2544 9.7744 19.5565 8.7209

2AY 5321 1.3158 1.3158 1.3158 1.3158 1.3158
5.3.2.2 0.2396 2.2472 3.0059 2.383 2.4734
5.3.2.3 0.6176 3.9432 0.4657 10.5972 0.4886
53.25 5.653 10.5174 12.6803 26.5996 15.2343
5.3.2.6 2.381 0 2.556 3.2258 2.3256
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6.1. Distributed Sensor Networks(DSNs)2] A 9]

Distributed Sensor Networks(DSNs)= 5734 Jdd Ex3t= AAMZ A€
AMUEZE 9wttt DSNse 22t & 3xtd o2 st oA el
o &4

ot

AT He AT GASE PololA e 4% w3 Yr2526]
29 61¢ DSNse| $8¥cke] Ad2 WHalA EEH =59 U &
dee gezHgor RAFALOL0] 4 He AN, 2 He 438 e

AN FAske AERE FASH7] A8 A2V 2RsE dyA avFEES

T ]
. 1 l‘;;-“’ 3 ill":-— _ -"#.j
.,' _——c\\}l _'__--'l -r. & |
— i e
|I ‘TI, e .-'"-i » L
Y AN 1
L] _ B -.{. 4 .-:_L____IF__- e
= | L8 T S
" '__.‘ . S == =5
o ! S
R
Cam ey
. ,\. \ J" |Il » ":F 1;-_ L]
|
i j I i | II(" LI
e u, i =iy e
] [ o L :#/L ﬂ\.ﬁ_'__:
L o - ‘\j i i : i ]

9 6.1. DSNsoll A A= oy =] 4n] i
(@ =259 A

(b) AM7F Az AFste ARE HIAdA F4T u LuvlEe duA #4d
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6.2. DSNsOl| A 229 W3R 717

29 529 Aol BEo] A7) 547 Alole] WS T wcalold A
£5E RSSI HA o A Foadlolt B B =R AFH Jdox A
99 PFHEL T J2e AN 2 AT ARAS FLso] A%
g9 gHS gAY

6.3. A3

6.3.1 DSNs 7|9 g} &2 &3 43

ERx A 94 AN 1mutd AELS 92 £ Y 36709
YAZE 2E 5m x 5me FAZLF e Tl APEAT. 1Y 62 AIBAL
Uebdth ek ge Asdo] 9xg £ Qe AHolm st Ho A5
o] M%stE RSSI HAL AT 4 dE AAMolth MM} A5 Eol=




6.4. A1 5 A2 Magnetic dipole

20014 Patwari, N5 €A 2 EHF FopdlA Agste M EES
magnetic dipoleZ EHHIAT27]. olF T ¥ S AFH 2 EAE D
ARE wWe AMER Fsn B4 FAE (v,y,2)2 F I magnetic
dipole2 (+) 3}, () H3tE zt= F 709 magnetic monopoleE T4 ¥ o
ol Agl whal Azt 5 x(t),y(t),z(t)ol L dipole?] &S dipoled] F4
o el FREAZ FFHY. dipoled] FAA zZ+ AR FHE(D), ¥
7H(#), ¥HAE (r)E magnetic dipole®] W3 2 AXNE 19 6347 HAMA F

W Aoh43]. mEkA B =F2 A5 Y-S magnetic dipoleZ ZFF3Eal 9% ¢}

¥

a9 6.3. AlA EE° magnetic dipole 2 E

6.5. RSSI 7| A< pathloss 24

Pathloss= 2137} Zad u ojde 72 EAL 7]&3th RSSI 7|HAA F

wE Afole]l #4HE A, A HolPE o] L3 pathloss R (61)7 2ol
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Pi ;= Po— 10@10g10(j)dl i \/(%*%‘)QJF (y, *yJ)ZJF (Z//,*Zj)2 (6.1)
pi, e i WA =29 AA =alole] 4w Moz | WA =E7F AEEA j

HA =7 A o] d™8e gujdit. p,e ddds AR 4,908 FAEE

dB 9919 HE. o= pathloss, d; ;= i ¢ j |A =E=Ate]o] AE 9w e,

6.6.1 712 AA =4

71EY] Al mEE RSSIZF M3 At solgel wEt AFHeR HidtE
S 2ATTHE30]. dwtHor AR EHE oy A  HA3 Ed(Energy

propagation model) (6.2)2 EHET}.

A
r=———+w,,1<j< N) 6.2
J ‘X*SD‘Q J J ( )

e AP FAE UEYIAM doJo Asdoz RE jHA AMAME HA$H
RSSI ¢, A= B Az deAe def Aads, X& 239 i Al2=Hol A g
A Asde A, 8 = A MM A, [X— 5| X9 SAteld f2dd
A, as (6.1)9 AAFE pathloss, N HAA 2" NA AA F NF, 0, 3B

=

e ghe FLSAQ wolz

L

0, 24 o

Ll

o vl
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6.6.2 A& A A A

B
)
N
N
el
i
el
frod

~
HO

Gl

(6.3)

,(1<j< N)

A=[Q, % (rj—w) x| X— 5

(6.4)

Do \/(ﬂ%*ﬂ?j)ZJr(yi*yj)er(zi*zj)z

)di,j

d; ;
d()

10log,, (

Al 2~ HEl o]

hy A
it

(z,9,2) 8 zte 339 &

599 g uH, X9} 5t

A

-

€}
50,

BN

w

AeE 175, F

vl
=

2

path model (6.4)°l A

TC

=l

0dBm, d,= 1m, p,= 20.0776 dB°| t}.

AEA AA

I~
0

N

o
frod

Bo

T
_ZT.E

TR

i}

7FA1QF &5 (White Gaussian Noise)= Al 2=

Hl AR
= 1

1)

2.

o} ok
(2) a9y 529 6.3.19 =A

tel EHA

3

FSA ot

7}

T

o

BA Az

3

Al (Inverse Problem)E ©] &

=]
9L

6.7.

3}o}[13,31].
e A s

S

KX
R

A 29l (Forward model)

o
ol
<7

g AFA AT AL BdS o] §

3
N

1o

=
=

o] ] RSSI

ol

2l

2}

F2RE 6 e
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g3tel B A5 de AXE F4F F Ak ¥4 ANHEAINN A5A

ooEY B o=RAA A8d JEAE RE A5 Fold wdel EAET 1
G7h A7) el F Azgold Qo] A@u ol 97l WMol ill-posed?t obn

X= AS (6.5)

XE AAS A4 a2 RE A" RSSI, A= Leadfield 33, S dxAHo=z
FA3s)oF & Fetu g olt},

A k3 Al 2
z},

Step 1. 33t o] A} BIFHES 2t 27 Asds 7HATH.

o,
o

Z33kn ¢

P
r>
}011
o
o
oft
A
Ol
ol
N
Ho
o,
2
2
A<
o
rlo
(o3
o
i)
to

Step 2. 2719 Az A AAG AL ZdS AN A" X

rr
B
N

A A3 AAME Abelo] e o] NFFE(RSSI) ©]H.
Step 3. HEAE EF7] sk, AA A= BE L2 FAVIE 12 7HA s
I x, y, z W& tdl Forward 2@ S A3t Leadfield €& 43
Step 4. 2] (6.5)9] SE A4Fst7] 1384 Singular Vector Decomposition (SVD)

S o] 83t Leadfield 3 € 9] pseudo inverse 3 3, A= 33
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A=vuwvT (6.6)

A=v—=U" (6.7)

AE leadfield 38, A = leadfield 3 2@ 9] pseudo inverse ¥ &, T= L P&
o] AAE vy,
Step 5. 7] A5 A T3] A8 A (655 A (6.9)E HIANGH.
A'X=A"AS (6.8)

A'X=8 (6.9)

Step 6. AlAtE S FHA RE o H(Norm)S FH 3t}

Step 7. =9 Aoz A 7] A5 dY AAE HuwTFT w9 HAHY
AR} 27] Azde AATE & A5, A Az fAS FATL AL

= AA ==@lzd)e] Jdd ol AYgste ZEAAY 4E, SrHAEAM)E T
B

3™ 64 AN AEdold ZdrE B AsdS Ags] g7



distribution)& Y EFHTH.

3 WA AzHe] EA " 6 W NsU2] A
]

e — é%
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19 WA A5a9 8K
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33 WA AEgle &= 35 WA s g

s = — * *
: = 'E- — i_ = : H
= == B=———————— M\
1 - b3 e i . . I
H i i
e . 24 . e ? +
1é ohl 1 M AT - ‘——'_\_?_ & i .
i ; i\ = : —l |
i \ i __I"-:-_ |
i i 1\ - 1l E {
R H L P e + +
3 H 5 0 3 4 3
(i) ()

Sl
S00
4
SL0

a9 64 FFA A F, 4" BA A9 5 £ Z(Norm Distribution)

(a) EHA 2z o] (2, 0, 011)Y
(b) BHA Az o] (5 0, 0.11)4

u
o
(c) B4 2z el (3,1, 0.11)Y =
(d) E-A Az de] (0, 2, 0.11)Y o
(e) EHAl Az el (0, 3, 0.11)Y wf
(f) A 2z ¥o] (4, 3, 0.11)Y o

2z el (1, 4, 011)Y o
(h) Bt Az de] (5, 4, 0.11)Y W
() B Azl (2,5 011)Y o)
() B Az o] 4, 5 011)Y o
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Stk weEbd 2 = elA AlA

Al o
h

.l

73 & 3}

X
W

™
)

cl

i

.

™
w
"
‘__IA‘ﬂ

BN

£ o] (Iteration) L}

A R

=
T

KN
=
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ABSTRACT

Implementation of Location Recognition System and a
Study of the Orientation between nodes in Wireless Sensor

Networks(WSNs)

Yang, Yong Ju
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

In this paper, we implemented location recognition and user identification
system and suggested methods to estimate the optimal distance without the
effect of orientation between nodes. Moreover, we proposed a new sensing

model to calculate RSSI between sensors and a specific source and carefully
considered the orientation vector of the source.

Location recognition monitoring and wuser identification system based on
location based services (LBS) using a signal strength map are necessary to the
database: it is made use of previous empirically measured received signal
strength indicator (RSSI). User identification system automatically controls
instruments which is located in home and freely measures body signal. We
construct a multi-hop routing method using the Star-Mesh networks, use the
sensor devices which are satisfied with the IEEE 802.15.4 specification.
Moreover, we express monitoring program using Microsoft C#.

The most important factor in tracking and estimating the position of a target

is by means of the received signal strength indicator (RSSI). However, RSSI is
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different in angle when we measure RSSI between nodes over the same
distance. This paper serves to describe diverse methods in estimating the
optimal distance by minimizing the effect of orientation between nodes. The
mathematical methods we used are mean, polynomial interpolation, eigenvalue
using power method, maximum likelihood estimation (MLE), expectation &
maximization (EM) algorithm in estimating RSSI in given site. We also suggest
a new sensor device that does not require a complex mathematical process and
which considers the orientation of nodes. The error rates of distance estimation,
on average, were sequentially 12.6%, 1.31%, 2.06%, 1.42%, 14.13% and 2.09%.
Finally, We apply an inverse problem approach to locating a known node
source in a uniformly distributed sensor networks from simultaneous
measurement of RSSI between sensors and sources. We also propose a new
sensing model to calculate RSSI between sensors and a specific node source
and take into consideration the orientation vector of node source. We detect an
original node source by means of linear inverse problem which uses the
calculated RSSI at target source from the improved sensing model. Finally, we
simulate the proposed sensing model to verify an ability which detects an
original node source changing the initial node source and the calculated result
is quite in place. Moreover, norm of the detected node source is much larger

than any other norm of other sources.

Keywords : Wireless sensor networks(WSNs), orientation, tracking, location
based service(LBS), inverse problem, sensing model, distributed sensor

networks(DSNs), source detection, RSSI, signal strength map
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