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Structure Health Monitoring System based on Wireless Sensor Network
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ABSTRACT

There has been increasing interest in developing Structure Health Monitoring (SHM) system based on wireless sensor network (WSN) due
to recent advancement in sensor network technologies. SHM is the continuous monitoring of the condition such a acceleration or load of a
structure. The SHM system works, which measure key structure parameters systematically, provide information in evaluation of structure
integrity, durability and reliability. Currently SHM system collects data via analog sensor and then sends to analysis application through the
wired network. The wire system support high accuracy, but suffers the disadvantages in installation costs, complexity of connection and loss
of line. It’s also difficult to add new sensor nodes. We design and implement the SHM system based on WSN technology to solve those
problems.
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Fig 1. Structure Monitoring System(wired,

Wireless)

A T2 A LWL AN AT 41 g
fAoR QR ASas TxolT ol Alx
W e AHA L AR w, FA o] vl 2] 4]
go] M, 717 104 B nje} 2o] o] Bt
el gle.

HefidAs FH0E A48 71E9] ¢hd A A
8o FAME A dsly] A8 Fd AA HEHAE
o] & b A A AEE TASH e, detE e Al
MA A & F YE 7SR, 28, §5, 45, AA §
JARE T TEETEATH NS E FHE Y
L = Swisen (Structural health monitoring system of bridge

based on Wlreless SEnsor Network)S- 4 4] 2 +&3} 4

2ege] T4 Bed 2o 2ol E s
24 A4 MEAS) o] & FEE A A

jaf

> -d
2
e
X
=
{m
o
W
rir
&
=8
[
=2
et
o
o
fz
il

N
N
o

L
ZAAZEE o, o] AEE 5 e T A
N 2E AYAA, F, AM =22 7Y Y EN=
£ ot Al A == dotgt 87 Lol A Fahstn
B T A Fol7t BT 5 oL =20 37} 4
AZ A YEAZ BEE2 A7t o) - HlH s A W32
F otk 7IEd EY 2= ddid TAlo] a8 thde]
AA T, AN JEHDZE B2 ALY oy
o] F2 o] ¥tk AN =252 A, WEEE v FE
3t st=glo] A7 CPUY ALk ol u)$- A gtd .
3 AA =282 e 5 ES fste] WiXE
7F B W] 1P F A0 22 FAHQ] AEAE 2t
o] A T3] H 2 o] e T EH L 7HA = A v ES
AL o] &8 T2E AR Algo] Bol AFHIL

oh;]_
=8

TFEEY BES Fohla FHE A s 9¥
}A4L F2E ¢Hd 74 (Structural Health Monitoring,
SHM)z} 1 gt} SHME 73 8l7] 913 s e

o) Aol gk AEH PHOR F2E| HHES
$9ko.2 3el3h= o] giek shA T o] e 7
49l S BAY S 9oL, BEALY o] 344
FohH 22 ¢ Y FAB AT Gk e oz
= Pzge] U AHE BASE A P S AL}
Aol th o] Y & A HQ) o) 3} Y= o}
&5 AW, P2 AR A A 2D A )
X) 9¢ek A4 Y E 4 28 o] §5to] A WP PYE



X

I

o
=
r_“

A HIER ) TEE A A A2

~

& MAdstel £&4ola A9
T %‘4[4]
Y= 2719 A
7] 98 7HHELE4°*X]“} A= g
AL ek 4 A HEY
Aold e F2E ?}ﬁ/‘é AL, A2 A
Al Gl o] S ET56]. WEACE UC Berkeleyo]
WEBS, USC®] Wisden 5 %-& 977} 218} o},
WEBS = UC Berkeley tglol| A 25 t2de
2 uaof 2 £ GAANA 5ol o127)741 A
HE e ANA RobE T 1 At 1 5 Y ES
2 PAHE ALge A L8] 98 LEESo)FE
4101 ZYZ S NLal= NESTE A YEQIE 935
LG AAR TinyOS, A& @ o] €] 2] TOSSIM, 7Habm 2l
<1 Mate, 7] % 2] 9] NesC, 2 9] A 2] A 2= <] TinyDB
& HEE AM Y EY T S804 BHY e ot
& zlaYsta 7]
Wisden-2 USC (University of Southern California) <l 4]
ABe7 Qs T2 ol AAE e ZeAeo]
UHS]. Wisdenol| Al = 2+ 3t d|o] 8] " 4$£ 913 NACK
LTS o8 e A7 A m
<+ dol S &9l7] Y351 wavelet 7)8Fe] 9F 7)
B COERE R ERERS-P R EE
o 2 el REE R ERE S EERHE]
o] zpe] 13t 571818 o] £t

rir

A2

pasa

B0 g
§ ool o
Zolgdols
A, 87 3

p=

Z
o
©
=

> lo,

~H @
_&mlo£
>~_}L

my i ol _“.l
ol
o

of
Ol
e

Swisenol| A & 3153 7148 &4 3} 27§9] Al
St QIH S S8l AL 7HEE 2T EY IR 1A
"} 35 =4 Al A =¢] MeasureLoad = LVDT 414 &
olgsto] =2, o] 35S ST YT Al 2do]
17, MultiHopAccel & MTS310CA H.5 9] 7}&5 AAE

o] g5te] FREo] Mk JlE T2 245l 98 Al A
go|t}, Z A] 28 o) o] A9} A Eao] 7hA] 3T
2 713 2] RTMonitor2 $3}¢, Q181 Y1 & o] &3k 21 A] 7F

WAL R,
- &t% &4 Al 2~®l (MeasureLoad) : 7229 31&L
so}a}7] 913 Al 8o o) 4 A 2 glof 4] AL£5]
= LVDT AN E A4 wo) daste] F3319uk

-7MEE 2R A2 (MultiHopAceel) : -2 89 X
T2 A HE A adeld Fx2E o2 A
ol ==& HX3td FAld ZA 0] tEinE
A3 =ER BHY NZHET87t e 5o
Aok WA FAFAE HEl 2E F 2eE e 7]
R i

- A A ZF A A Z E ¢ o] (RTMonitor) : $] 9] ZF A~
do 2 5Eo] BE HolE] tleolE Hoj o] A
Hrh A g A1 whel A4 dlole & g]lst
3, g A re B Rl 7] TS AT e

V. Swisen sl=%|04

19 2% Swisen®] =g o] 74 & vtERITE Al
de WY wHel 5128 7R 5= LVDT AlA, 24
gold 2 1 AT E A == Ad3stE MDA300CA
o} FA1E dolEl & A elshe 3.2E PCE TAH ¢l
t} A3 B4 RE = UC Berkeley?] Micaz 5 E©| 1,
LVDT 4IM & REC] dAds7] 913 dojy 3 e
(Data Acquisition Board) = MDA300CA B.=& Al-8-3}9 )

LVDT (SDP-1000)% 8}%& ZA3}7] 998, Strain
Gauge 2] ¢] URF 9 A o]t} A HEH 2 2.5mV+0.5mV,
AP 2Volgto] L, 3 -&17FA M 5Vt
AT E AT E o]&3te] 2V HtE <l
=g

] oad System }

i Snges |
{ Gieway |
- ig Micaz {Host}

- . ’ % SesialCatie

e AR LVOT

MiBS10

% 2. Swisen ot=80] AT,
Fig 2. Hardware Architecture of Swisen

393



A GG BB E =8A A2 A2

2% 32 dlofE A4 B9 3¢l MDA300CAS]
WE 337 Ad e Aot AME AZT S 9de
obd 2 Ad (A0~A13)7 t]xE A'd (DO~DS), 7}
FH AL, LR FEE SR AN E JE
A, delo] Ade] gla, o] = R A
-8 #3338} External Sensors Excitation? LEDs, VCC

274" A BEojth B A A= LVDTY 34
=92 st &7t AHskel 2125mvel

Differential Precision Analog Signals¢] A7 |32 A}-£-3}
At

PIN DESCRIPTION

D ; “analog channef D of
a; channel 11 posiive side

Y “anatog channal § b7

- analog channet 11 i
PIN CONFIGURATION 5 e

snalog channel 11 positive side

A3 Single-ended analog channel 3 or
analog channal 11 negative side

A4 Single-ended ar dor
analog channel 11 positive sids

7% Singie-anded analog channel b o7
anajon channel 1

ATA 1136 Dala
LK 126 Clack
00 - 08 | Digital Lines D0 19 06
o Counter Channal
EDT T REDIED
LEDY GREENTED
28 DY exeitation
TOPVIEW K BV excitation
74 B exertation
Vee v of the Hote,
%] Relay one sides (Normally.

( by-Opan}
[ Relay two sides {Normally-Closed}

a7 3. MDA300CAS| =
Fig 3. Architecture of MDA300CA

H AL A ALL3 Micaz REE w55 Alo)oj Al
HoleE FHox Afstr] 3 B4 &
Micaz ZE = 519 &7 71U o] MDA30MCAE A2
ato] 97 AlA ZEE Ho|H & Flslhe RER 1A
33, SA~E PCo T2 e B¢l MIB510S 944
slo} AlolEsio]E vA s Micaz R E & 24GHz
o] 3 9L ARSI, 250Kbpse] BHZ 0 2 o
ot & A4 5 Ath

Alo|Edo]=MIB5107} 54l 22 Addte] 74
39t MIB510-& =2 7™ B Z 2 A Micazo 513
g AdMe] ddste AZEOE gREstn
Micaz 2 5] 418 dlo]EH & T AE PCE A43}7]
Al AHgETh IAE PCE A B UIEE 717 PCE
AMgEtaL, AlEld TEZ GRS Ao|EYo]ZRE b
ol & A g

MTS310CA BE& A, 25, 9, 2719, &5 8

luf
o
e

394

A A4 Bt B AFAHE T 58 7
A 5 9l 7H5E A4 o] 9Tk MTS310CA B

REZ 519 AYHE A48t shute] AlA]
] 3|

V. Swisen A~ EQ|j0q

TinyOS¢] &8 AZEJoje AXVEER T4
t}. MeasureLoad$} MultiHopAccel2 TinyOSE o] &3}
of A 8HF, NHEE S AZEY oojrt. ARl A
AHEEHE AZE o= AA A Z AT ZE
A = 28}= MeasureLoad, MultiHopAccel #} 3.2 E PC
ol A} %2+8}+= Oscilloscope2t A AJ7ko 2 74§ d] o]
HE AB & B3] Hod57] $1 8 RTMonitor 2 74 ¥
1=

MicazZ H-8] #AIA7} AFEHH, wo|A xEeo
TOSBaseo] A= TOS_Msg WAIA & SAE AFEHZ
AGgh o] 2 muot AlE| g Ao B2 AFHE 34
E AFHE A2 34 FA =299 Serial
Forwarder& A}-g-5}0f, A 432 do]E & 4 H 3.2
E PCe| gttt

28l 4. MeasureLoad HEHE AL,
Fig 4. Component Diagram of Measureload

T3 49 AEIEES ] AAEE 2 MeasureLoad
= Mains} A 7] 7 ¥ d EE& A0} 8l MeasureLoadM,
A Z4 L 51 SamplerC, A 7+e)] #8 TimerC, REEA
£ 3}7] 93 GenericComm, LED A}-§-¢f] 38t LedsC 7
TAEEH AAste S2ach LVDTS d49 st



24 A Y EL A Ao FRE obA 7HA] A2

T AN QY-S A7, Main XV EE ALS
SHFZAESS 273190}

e 278kee 22098
AZRICE Bfol = szl Al ztnbet o] IE S wH A A]
B

7]aL o] Wl E 1-4) A] ADC(Analog to Digital Converter) 7
EE| M GetData() 3% 53] MDA300CA ] o}t
21 AERTE do|HE AEsli o2 A%

o H
>
A g
22
}O{I

R vlolE A& o] daHw
Sl E7} BAske o= Ae] £ A vl to]

Hgtet. dlol el 7k m o] 7}5abd w7l ke &
RF 34§ o] §31o] Az m=2 A5d.

Aol ¢u¥Y sendDone OJHE S5e]7} 59
t}. sendDoneol] A= Aol Asfali= 7 -2 dju] sl
AR AAE 716S kgt

MultiHopAccel-2 MTS310CA AlA] HEZEE 71X
I = dolHE ME s, 42y | glolE = 1

E

b
o

R
N

= "u=E%

A=
HET AEE AR L B

Yok

it

Ui o

=2

]

oX i
z
it
It
Y
[

m
ol
o

K

ol
o
2
2o

4 Ob.
of
e
X
8

o
W
b
mn
=
R
)
ofr
o
iz o
o
ut)
2
i
4,
fot
>
m
s}
@]

flo m
|
N
S
N
)
R
rir
>
a3
=2
off
N
b
il
o
B
&l

.

i S R O
oo =z
ol
AC)
o
ot
~,
2 off

o

ﬁjz;zﬂoﬁ

n

o b gm b Sz
oy

e o
o

2L oy
~N
of
lo
-
>
_?L

N
ot
i
>
F
>
)
off
N
o
s
it
2 g
of~
QL
H1

> g
N

X
=R
IE_\—L
1.(1]. -
£ 2 > n
o
B A [
I AL ot o > R o Moo rr ok

o e g
W o Y
o r2
ok
)
b
>
o
> >
rE
1-011
i
o
|
o ox it
S e

ful
>,
14
Hur
f
3

)
o o
b
i
Ir 1
é::l‘
PO
=2 o
2 o
o, H
o
_?1_',

to 3
o
fetl
fetl
i
Ny
>
o
)
rr
Pt
f
of g
)
o
2
i

> 4 joTi ¥

> o
i
e

>
)
o3l
T
fu
>,

S of
N
s
Y
o T
id
>
2
o
I8
[
il
°
1:2
fru
in
X

o
o
h
X
im

P

{2 yo [U
_\'l_‘
olf
ot
ol
rin
i

ol
¥ >

M ot mo £ off ot fol oo
e
i)
iy [ &
ikl ol

N,

o

flo ol

ot
o ¥ o

o ok
it A s
2 2 o

o

L
.

re odn o

o,
2,
12
o
fr

=

off
2
T
e
=2

Agshe 7leol Aasith 1§ 59 9 & 7|
3 MultiHop 7 ¥ E &= MultiHopRouter &}-¢] 2.
o] &3}tk MultiHop HZUEE =9 & 4
FAE nefete} 297 E2lo] o) By e

AALEE ZFER 31 2198 Eg S

1.

i
> ol o
MY 4o
o
H
F

D
o)
[t
‘31___1
o,
o
]
oX
i
K
[t
fetl
S,

2 o

) i : H
StaControl [ Timer || StaControl | Receive | StdCantro [RouteCantiol | Send
[Tmerc st  muithoplt.
RecaiveMsg Receiveblsg |
. g
\
Sefortel | [StdControl | ReceiveMsg |
QueedSend| | GenericCommPromiseuous |

%! 5. MultiHopAccel HEZEHE 2HAH .
Fig. 5. Component Diagram of MultiHopAccel

e 5Byt . 14 Byt :

9 Bylos——an

P . .
{ Tos Msg | HEADER PAYLOAD

7 ™
[Mutinoptdsg |
. o

- pAYLORD

originaddr |

/

{ Oscopettsg | I HEADER ] - PAYLOAD

] sowrceMateiD [IasiSarrx:éeNumberé channet ¥

I8 6. MultiHopAccel T2l FZ=E.
Fig 6. Packet Architecture of MultiHopAccel

Swisenol] M & ol g F79] w2 #] B} AL&3h
A2 = dlo)E A g AR 9 A 3
el A A 8 s = Ak 18 dlo] ] Aol ALg
A2 e 29 63 7o)l A] BEnte} o] Tiny0S 9]
ml Al A B 919 TOS_Msg, 7+ & d| o] ] 4 7} gl
glAlo]dS $1% OscopeMsg, TEF &S
MultihopMsg 2 Y5 At}

f B

Lo
=

ir

N ol
_— =
oo e or

o 2

395



AN GHRE G =7 123 A2E

f
1« 5 Bylaswie- 6 Byl
(708 Msg | HEADER

IS ]
| Oscopetsg HEADER
AN i

32 7. Measureload T2l #=&,
Fig 7. Packet Architecture of MeasurelLoad

Oscilloscope L 2 1388 & »~ E PCol| A %2hs, ID

o Wt A4E AL TYTE Bl RE A 5L B

A%¥ TOS_Msg P A X & == 1D, 7 g1, s d ID

of g} Oscilloscope 3}™ o)) &8 3} 11, H] o] E] W o] 29}

Aesl o HolEE A, AgH dloje g v o
Iz B F e 75 S AT

WEB 714t 2 A|7F ZFA] A] 2 €] 9] RTMonitor: AF-g-
H

Ao Al ZHA1 2 GA & 4 Q= Qo) 22 A Fs})
A7 2z E ootk AME A= AEUS Fate] £
A 7He] &A= AR AA0 7 ZRAYE ARz <)

[e] o]

A = Aol weh fA #8l & £ Qo a9
MultiHopAccel = A& o] 4 270 9] == 2h& A 8 5} o]
El

AN FA 2EEN NS B Helahis slo).

13 8 RTMonitor A3 5™,

AW A EF ALY F o= A st

396

AV AR AAS AT FEZ HTA AN} AF
2 B G PR TEB] W HFEL
IR EERRERER L ESEE EEREE]
Ly oR At 8 4GS 4A 0o 77
HIARE QA E AR FRBO] B NEES
ST

6.1 MeasureLoad 41 3
61143 34

TEE A A A 25 *J?Mé:% @%6}%@} ol
TRES 1Y 99} o] 5T M PRI FEREe
| =

SER400- 3000

a8 9 gz
Fig 9. Experiment Environment

124
@%%ﬂ%ﬂﬂ%%ﬂLWﬂﬂH2ﬂ§¥4ﬂl

A& ESZoRAM AR = f4 A5

o
2
N
E
p%
1-n

J}u o 2
ot
=2
=
rlo
>,
\l
)
é



¥ 23 go] mm 217} o ADCol A ¥ 3Hg T4 €

89 gh2 e 7] o] gte) 2ol sk whg gk, 31

¥ Hjol8 7} ar ek 29 zkel Mekgol 24 Lek

WThe, RFE o[ §8 S gto] §Eatthn 2 4 ok
dol8 e AFY 34 200Hz, 294742

1022 39t Hlo| B 9] B w7} 7|2

A9 dlol 87} J kst 7pd o, 24 A

4
SEREEBERE R E

Displacement (mm)

i

T T I: T v T T T L T L 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Time (1/1000 sec)

33 10. 74 WIS ol B W 5™

Fig 10. Distance Value measured by Wired
Measurement

T T T T T T
1200 1500 1800 2100 2400 2700

Time (1/500 sec)
% 11, Swiseng& 0|28t H12l XL
Fig 11. Distance Value measured by Swisen

o
w

a9 10, 11904 & & o] 4 F FA HolH ¢
o8] Fejrt AR o
7] 7 &9

Ir
=
ek e H &
=
=

ol gdte] HolHE AAeR $337] YA A
A3 dlo]g & A gskzd A= Az diolE )
S AgYd TEE E319 Ho|EE A58 3 1)
A7F 502 olgto] &AM golE|<}e] zfo]7) WA=
Ao

E 1 MY Y foly 2o 24

Table 1. Data Evaluation of Distance Measurement

71E A AZ7) Micaz =Aug | oxe

o ®

&
Ao
olN
N

HX) | H 4

olN

ZHY)

-10.24 -9.73 | 1434 | -1208 124.15 0.01

-0.335 | 9905 | 2668 | 1234 124.58 0.33

-1024 | 9905 | 1433 | -1235 124.68 0.42

0 1024 | 2710 | 1277 124.71 043

-6.615 | -6.615 | 189 | -814 123.05 0.89

!0.335 628 | 2675 779 124.04 0.10

-7.16 -6.825 | 1829 | -846 123.96 0.17

Y
X A1)

3 KX 100 gley

—
<

, 18] 7 A-Bo| A A Zhel] w2 13 9]
Fo|™, fAd AF7 9 AN mEE 0
Aek e XY, S HEDFH F
ae@E2 HeY S g 2 oA
{3 HQ)E ol &3l 78 5 At

=
o,
L—“-t —
e rlo

oo M
g oo
ot
5

o oY oo
= &
do
o o

1
rlo
>

397



oA FAREATE = A #1248 A2z

6.2 MultiHopAccel 2 3]
62149 a7

O 120 #HE MY oA wEk
Fig 12. Target Bridge of Measurement

A AP T2 S 79 129 ZUE 830
T uF 2oz Tmel R4 A5 ao|th 19 13
off A Higuhet o] Mo] A mE s wEke] Eol M RE
21mA| o] A X3 3(DA ), F4 7H 2 A = Om, 6m,
12m, 30m, 36m <] A(A, B, C, E, FX| A)ol] % 5712 A %)
3Tk 3 F- 4 FME R AT 1 o)A BEnte) 3t
ol FL FANAM F4E Y8 T VIS EAY E
3k X A 91 12m, 30m2] F X F(C, EX) @)l H25+Y

O% 13, 54 IS EA.
Strain Gage ( Wired, Wireless )

398

W

Ler?
wg’,"
. v
A
c o EF

N i H
4.4»5«9-»{‘6»;
i [

I8 14, M L= x|
Fig 14. Location of Sensor Node

62243 A 3 £
EE NG TRE?

nx,

Y Ao g o] §8 45N H ) 7
A A& ol g 3te] o
°%ﬁﬂﬁ%ﬂ%@ﬂé

(EINY
S

o r»
2
Moo

0
o,

o oX
—_
T
_\9

¥ 25 AA 50 = Yol 1¢ 14
2] A RAT o 22 41 AR5k A7 4
Folth YL AN B FEE] 5L 7159
1,25 G2 S EE Z459 0 Ahol 49 do]
B A4 F7)% 100Hz 54 A48 10%0]5. 7 e
9 AEsolokshiz A ARG <4 AA ] 22 5
A 28 T o 89 97 £08L wuE
Aho] o] A1 3% Alo] £5] o]} 325 PC ALo] o] A]

=
2
3

o off B i1
2w o wju
_\,1
Aul
=
b4
_Q
Ll
UE
9y
o
o
2t
o, o}m ox

_Qr?L’L]
2

yo 2
2

E 2. 4wzl izl A,
Number of Received Packets and Rate of Packet Loss

wel|xE2]eE3 ] wEd] wrs
A #2015 | 10,000 | 9955 | 9,857 | 9,605 | 9,800
| AAELE | 0% | 045% | 143% | 3.95% | 2%
0.5
C I
5 b
:,g 0.0+ “(‘u 1“\“ Pl b I H 1‘ IH‘ ‘
5 \W
[}
Q
o \
<
-0.5 T T v T v T v
0 5 10 15 20 25 30 35

Time (sec)

a7 15 7o 53 Anh
Fig 15. Result of Wired Measurement



0 A Y ES A 7| He] F2E b 7] AJ2|

0.5
c t !
g i i
® Wil WM
ki | v
Q ’ i
8 b
< i
0.5 T . , ‘ . r -
0 5 10 15 20 25 30 35
Time (sec)

I8 16 £ 5 Z#1

Fig 16. Reult of Wireless Measurement

=

N
riu
oo
ok

o7

=
=
x

HENAE o] 48
AR FEsto
gAY KA A
HAE ALA v B

roh
(RO
=L of

oo

mit o

=
O o Mg do 1 oo &L ooff g 4o 82 o O do X

o rHa
2 He

o

}'ml'ﬂ_u

o rr

to oo [0 Mo
ol
2

we Mo e

o
=

o >

|
oo B x

~

e

e
ol
e

me Jo 17

1o ot ok 1 o= 2
&
s
o
b
ot

m o
2 do fo

1

> o
1 >
iy}
ol
__&
o,

ol
ol
. 0 o
>
o
e
Aot

lN. ¥R oo = ol

ox

ofy st

o e B
oo o ool 30 U

ol
-

O

o M1 nz
—OrL
[y Im ok Ha

N
oty o2 Ho ofm

W N o N2

Ay

=2
>
lo

N
—_
)
=

Jou b

o,
o

i mlo

Q'L
[N rhom
o >

>

ol T

3 44
Aol 7z
e v
AA ] T
A o

=

o,
okt oo 2
oy &
1)
N
= &
>t

M
>

ol
-

]

o

ool

i 2

it
A
=
ol
1

f
-

)

>

ofr
=

i
£ Horr
i 2

ol
o

o
-
1 3R

O )
2
of

%

>
o
o
i
>
>
[
TR A T

[ T 9
b
>

g sie)

N
w24 o
o,
>

RN

L

bt
Ne [4_0.‘

B

o,

D
o e
ry oot 2

=

I

-
o
N
-
ox
ol
-
31

W, oX,

)

o

e o 4o -

2

4 e I
A o
£
<
* ik
—>4‘ =
ok,
o
o
= ol
o,
2 B

[
2
B
N
)
4
i)
et
4

°
I
f

HU
i
i
=
ofr

My

N

N

olf

(ot

Hj l‘d

o
S
o,

lo e
LU
for o ™

a4
ol
3
H
o

>
@
o

o

[ o
m o2 e 2 |»
ol

o

T

1

> M oo oL
T~ N
X
=
ol
1rd
il
BN
& 1o yo
ri";
>~
2
B

ﬂ

N
Mooy o

(SIS B [
Ny
. o
oft [

[

o 1% g,

>
2 >

ikl

ks

[1] Hipley P. “Caltrans’ Current State-of-Practice”
Proceedings of International Systerns for Diagnostics
of Seismic Response of Bridges and Dams.
Consortium of Organizations for Strong-Motion
Observation Systems pp.3-7 January 2001.

[2] Inaudi D, S. Vurpillot “Monitoring of concrete

bridges with long-gage fiber optic sensors” Journal

of Intelligent Material Systems and Structures 7

pp.199-208 1999.

Akyildiz, LF., W. Su, Y. Sankarasubramaniam, E.

Cayirci “A Survey On Sensor Networks” IEEE

Communications Magazine pp.102-114 August

2002.

[4] A. Basharat, N. Catbas, M. Shah “A Framework for
Intelligent Sensor Network with Video Camera for
Structural  Health  Monitoring of  Bridges”
Proceedings of Third IEEE International Conference
on PerCom March 2005.

[5] Arslan Basharat, Necati Catbas, Mubarak Shah ”A
Framework for Intelligent Sensor Network With

3

[}

Video Camera for Structural Health Monitoring of
Bridges” Proceedings of Third IEEE International
Conference on PerCom March 2005.

[6] A. Mainwaring, D. Culler, J. Polastre, R. Szewczyk,
John Anderson "Wireless sensor networks for habitat
monitoring” Proceedings of the 1st ACM
international workshop on Wireless sensor networks
and applications pp.88-97 September 2002.

[7]1 UC Berkeley University, WEBS(Wireless EmBedded
ystems) http://webs.cs.berkeley.edu

[8] J. Pack, K. Chintalapudi, J. Caffrey, R. Govindan, S.
Masri, “A Wireless Sensor Network for Structural
Health Monitoring: Performance and Experience,”
The  Second IEEE Workshop on Embedded
Networked Sensors (EmNetS-1I), May 2005.

399



S BRI =EA A2 A23.

ISP

el 2 ®( Hwa-Jung Lim )

199913 ZFA] o 8} 2. 3§ A 37 (kAT

| 20033 A ek AFE A R g8
(F8494h

20073 AL et s AFEHAPREA
‘ FEA(IAFR)
CAME A, FEAES, Asd 2

ol # gd( Joa-Hyoung Lee )

2003\ Y oh e A B FAF 5k
_-—?sl-/\})

2005 23T HEEHLEA
CREICERA

20053 ~ A A A i3l A FE BB F A8
CAEE

2] ok BT o) A28, A W29 2

Z H(Chong-Myung Park)

19953 7o) 8k w A 25418kt

@
d et e AFE AR EA
F5} (AN
20073 ~ A7) 2L oo A FE Y BB 3}

CREE
s Eok: AU B, AR T)o] A 25

A 9l ¥( In-Bum Jung )

1985\ 312 ) 832 HA-E 33} sl
19853~19953 &9 AHd A A} A FH

A2 RIARG - AT %L%.
1992+1~1994d z&%ﬂrﬁhl AR

EAF3a) A /\]_
1995:3~2000d 8¢ s+ 387 &Y A2rEka) uka}
20013~ A 24 En AFEHAREATAE B
KA EF: SGA A, 2ZE o] F8, DE T
Al 2w, A EY =L

400



