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Abstract

Abstract

Most bridges in Japan were constructed in a short span of time after the period of high economic
growth in the 1960s. There are concerns that owing to deterioration, these bridges will require
operation, maintenance, and upgrading simultaneously or the demands for these tasks will
increase dramatically in the near future. Although damage identification by considering the
vibration properties of bridges and monitoring for performance evaluation have been performed
conventionally, the extent of such activities is limited to the field monitoring of specific bridges.
Application of monitoring technology as a strategic means for performance evaluation and
operation and maintenance of a large number of bridges is important, and the development of an
efficient and effective monitoring system is an urgent issue in a challenging environment with
severe financial constraints and few available specialists. Instead of conventional, manual
monitoring, an automated monitoring system intended to save labor, an Internet-based real-time
monitoring system, and a two-way monitoring system that allows many bridge administrators to
view and obtain necessary data and remotely send instructions to take measurements without
being restricted by time or place are desirable. The anticipated situation also calls for a transition
of strategy from the conventional passive symptomatic treatment style of maintenance and
management to a strategic preventive maintenance style. Planning a comprehensive production
management system encompassing the production system and the maintenance and management
of bridges has become important. Monitoring can reveal unexpected bridge performance and
enable rational management from the perspective of performance upgrade of not only new and
updated bridges but also existing bridges.

According to the bridge design code, Japanese bridges are designed for standard loads of heavy
vehicles rarely seen in ordinary traffic, and therefore, it is possible that they are uneconomically
designed. In recent years, there has been a demand for the development of an intelligent bridge
that is designed with the live load of ordinary traffic but can be controlled to maintain a safe state
when stressed with a potentially dangerous large live load. Unlike a bridge designed under the
standard large live load, the yet-to-be-realized intelligent bridge, has the potential to reduce the
initial material and construction costs, thus contributing to resource savings; the number of
inspections necessary during its service life with its sensing and decision-making functions; the
maintenance and repair costs through rational structural self-diagnosis; and the future potential
life cycle costs.

To respond these demands and expectations, in this study, a monitoring system and an
intelligent bridge using this monitoring system were developed for a cable-stayed bridge model,

and the system operation and accuracy were verified via model experiments. In this paper, the
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Abstract

background and process of development and the feasibility and benefits of the system are
discussed using the example of the model experiment.

In the first phase, three systems were built: a stand-alone monitoring system, which is primarily
installed in the field and which measures and displays measurement results saved in the form of
charts; a web-based Internet monitoring system, which allows multiple authorized personnel at
remote locations to collect and view data on a real-time basis; and a remote monitoring system
that integrates both of these systems and that remotely sends instruction to measure. The operation
functionality of the systems and practicality of the measurement accuracy were verified by
monitoring the behavior of the cable-stayed bridge model. Furthermore, a security measure was
built in to protect the system from external attacks like external security risks and breaches; this
security measure comprised client authentication and encryption of communication using SSL
(Secure Socket Layer) and multi-level authentication of passwords.

In the next phase, using a cable-stayed bridge model, an intelligent bridge equipped with
sensing, decision-making, and control functions was developed. This study adopted a system
that changes the main girder displacement caused by the application of a large live
load to the displacement caused by the design live load by tensing the stay cables. The
countering tension was calculated by the counterforce calculation system developed in this study.
An experiment was conducted to test the model with various kinds of loads, and the operation of
different functions and the accuracy of the counterforce calculation system were verified.

Subsequently, a series of control experiments were carried out to verify the performance of the
intelligent bridge and the feasibility of its application to actual bridges: (1) measuring by using
the monitoring system to understand the behavior like main girder displacement and tensile force
of stay cables of the model; (2) determining the necessity for controlling and calculating the
counterforce using the counterforce calculation system; (3) sending instructions to the control
device; and (4) controlling by using the control device. The control experiments confirmed the
control accuracy and effectiveness based on a comparison of calculated and measured values and
based on the ratio of the measured restoration amount for the calculated (rate of restoration)
regarding to the displacement of the main girder due to the load and the restoration amount
attributed to the counterforce.

The automatic operation of the respective functions in the model experiment, the sufficiently
reliable accuracy of the counterforce calculation system, the good approximation of the measured
values in the control experiments and calculated values, and the approximately 80% rate of
restoration all indicate that the developed system has sufficient practicality.

Finally, based on the findings of this study, suggestions for enhancing the monitoring system
and the possibilities and challenges in developing an intelligent bridge are summarized at the end

of the paper.
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3.4 Hl{E S X T LDIREE

BA%E LIl DB o 2T LA DEHEM & ZUMEREET 272012, KT AT LOFENT
i L EEMEDOmMWILH 7 1 7T L&A L 72 @ R O iz X v i@t oE MR
FOARV AT LOFNTER & EBRICE T 25HAREROHEBIZ LY VAT LR L%
FRAES 5.

3.4.1 fRITHERE DIREL

BR%E L7l N E S AT LIS L DT RE R OB A2 TR 32 72012, LA O FEM
fftr 7’1 77 5 Cd % [DIANA RELEASE7.2| D& f# i UMATHRE R & AT AT L OMRHT
it R A LB % . FEA TR AR IS K ONERT ERATIRRR 12351 2 EHTAALIS K ORS 7
— T NVDBREINCDWTITAER & BT 5. RREET 2 72D OFFNTIZE WV TUE, FEMEIT
160. ON/m DEZE/3 AR B, 1ETRFEIE 20. ON 8 KON 50. ON OEFRE & L, (&R EOH ¢
(LI FEHTEA N b R E RBRLAFEAET L FMT EIMUDRIS - — T L & DA (His
©®; 31, B35 #&ETLH. BTERLERS-2, RI-3, KR4I 7.

AR A7 & TDIANA RELEASE7.2| OfFEHTRESR TIX, FEfrE it L OVETT E#
FRFOWTINOEE S, TR RICOT N RZRERN R OGNS, EHTOSRE RO HFKRE
ArZ21%0. 006 [mm] , &7 —7 VO FEKESZEIT0.100 [N] TH 5.

ZROFEFRRIL2ERZNEZ OND. BHOFRRIL, EHEMOBITHEOERRE
TR 72 <, 1/1000 [mm] BAZOF T 3 CHAO SRR THLLEEX BN
%. WORRIL, WE ORI ST OFHE LI 2 kT — A > FCrmfE7e & Ol
HERMEANDNTHRY AT K EWEOHHETER EORMERZ AL TT 17T A
DI CHIERE E & 3+ 5E 35 [DIANA RELEASE7.2) £ D AR OENNZLD LD
EEZOLND.

EHTOEEF A OOV T, TEHRES0. ONELATRF DO F KZEA7-0. 788 [mm] 1Z%
L CRARDZEMZE0. 006 [mm] , &7 E20. ONSRIF O RZE7-0. 645 [mm] 12t L CHk
ROZENFE0. 005 [mm] (THIEARE OO ORITFERE L CRIZEFEN RN EE X
bid. £7o, M —T7 NV OETNZONTHRERTH Y, IEHESO. 0 NEREEORHF
r—TVIRTI DR RAESS. 210 [N] (T84 23RN OFKRZER0. 100 [N] , {ERFES0.0 N
R ORI 7 — 7 VIR DR RES4. 700 [N] 1Sk 2B O KRZER0. 100 [N] 1%
AHNE S AT LOFENT 24T 5 ETIRIEREN 2N EEZHND.
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& 3-2 EMEHAEOEMTER

FimES $ATE ZE 37 [mm] EhiE 53

A ZXTL| DIANA | [mm] | (K2 RT L DIANA)

1 0.000 0.000 | 0.000 —

2 -0.178 -0.179 | 0.001 0.99

3 -0.334 -0.336 | 0.002 0.99

4 -0.453 —-0.456 | 0.002 1.00

5 —0.526 -0.528 [ 0.002 1.00

6 -0.548 -0.550 [ 0.002 1.00

7 —0.522 -0.526 | 0.005 0.99

8 —0.454 -0.455 [ 0.002 1.00

9 -0.354 -0.355 | 0.001 1.00

10 —0.239 —0.240 | 0.001 1.00

11 —0.126 -0.126 | 0.000 1.00

12 —0.037 -0.037 | 0.000 1.00

13 0.000 0.000 | 0.000 —

14 -0.037 -0.037 [ 0.000 1.00

15 —0.126 -0.126 | 0.000 1.00

16 —0.239 —0.240 | 0.001 1.00

17 -0.354 -0.355 | 0.001 1.00

18 -0.454 -0.455 [ 0.002 1.00

19 -0.522 -0.524 [ 0.002 1.00

20 —0.548 —0.550 [ 0.002 1.00

21 —0.526 -0.528 [ 0.002 1.00

22 -0.453 -0.456 [ 0.002 1.00

23 -0.334 -0.336 [ 0.002 0.99

24 —0.178 -0.179 | 0.001 0.99

25 0.000 0.000 | 0.000 —

— f|MT—JIVRAN | RNE t

[N] [N] | (KR RT L DIANA)

a 21.020 21.120 | 0.100 1.00

b 32.430 32530 | 0.100 1.00

c 32.430 32530 | 0.100 1.00

d 21.020 21.120 | 0.100 1.00

% 3-3 FEFRTE+20.ON EHTEFDEMEER %= 3-4 FFETEA50. ON ORI ER
= $n1E Z {2 [mm] ERE t = SAEZE L [mm] EHE L

HAES ALRTL| DIANA | [mm] | (A RT 4 DIANA) HRES AV RATA| DIANA | [mm] | (ELRF 4 DIANA)
1 0.000 0.000 | 0.000 — 1 0.000 0.000 | 0.000 —

2 -0.207 —0.208 | 0.001 0.99 2 -0.251 -0.252 | 0.001 1,00
3 -0.390 -0.392 | 0,002 1.00 3 -0.473 -0.475 | 0.002 1,00
4 -0.531 -0533 | 0.002 1.00 4 -0.646 -0.649 | 0.002 1.00
5 -0.617 0619 | 0,002 1.00 5 -0.753 -0.755 | 0.002 1.00
6 -0.643 -0.645 | 0,002 1.00 6 -0.785 -0.788 | 0.002 1.00
7 -0.613 -0.618 | 0.005 0.99 7 -0.750 -0.756 | 0.006 0.99
8 -0.535 -0.537 | 0.001 1.00 8 -0.658 -0.659 | 0.001 1,00
9 -0.422 -0.423 | 0.001 1.00 9 -0.523 -0.524 | 0.001 1,00
10 -0.290 —0.291 | 0.001 1.00 10 -0.366 -0.367 | 0.001 1.00
11 -0.159 —0.159 | 0,000 1.00 11 -0.208 -0.209 | 0.000 1.00
12 -0.052 -0.053 | 0,000 1.00 12 -0.076 -0.076 | 0.000 1.00
13 0.000 0.000 [ 0.000 — 13 0.000 0.000 | 0.000 —

14 -0.024 -0.024 | 0.000 1.00 14 —0.005 -0.005 [ 0.000 0.98
15 -0.103 -0.103 | 0,000 1.00 15 -0.068 -0.069 | 0.000 1.00
16 -0.209 -0.209 | 0.001 1.00 16 -0.163 -0.164 | 0.001 1.00
17 -0.319 —0.320 | 0.001 1.00 17 -0.266 -0.267 | 0.001 1.00
18 -0.416 —0.418 | 0.001 1.00 18 -0.360 -0.361 | 0.001 1.00
19 -0.484 —0.486 | 0.002 1.00 19 -0.428 -0.430 | 0.002 1.00
20 -0.512 —-0.514 | 0.002 1.00 20 -0.459 -0.461] 0.002 1.00
21 —0.495 —-0.497 | 0.002 1.00 21 -0.448 -0.450 | 0.002 0.99
22 —0.428 —-0.431 | 0.002 0.99 22 -0.391 -0.393 | 0.002 0.99
23 -0.317 -0.319 | 0.002 0.99 23 -0.290 -0.292 | 0.002 0.99
24 —0.169 -0.170 [ 0.001 0.99 24 -0.155 -0.156 | 0.001 0.99
25 0.000 0.000 | 0.000 — 25 0.000 0.000 | 0.000 —

by | PMT—JLERS |RNE[ K | BHTILED |HAE| K

[N] [N] | (KL RFLDIANA) [N] [N] | (&L RT L DIANA)

a 21.560 21.650 | 0.090 1.00 a 22.370 22460 | 0.090 1.00
b 34.700 34.800 | 0.100 1.00 b 38.110 38.2101 0.100 1.00
c 33.110 33.200 | 0.090 1.00 c 34.130 34.220 ] 0.090 1.00
d 22.880 22.980] 0.100 1.00 d 25.670] 25.770] 0.100 1.00
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E% HEE 5. HBHRE R IIR 3-6 D@ Y Th 5. HlE 9™ 2 IE far SR 1% 40N 35 L TV 50N,
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I ; JE& R EE SR 50N HfRre oo AT E
I ; JEFRFEESREE 40N HfTHF OO FHHIME
IV ; [T EE 8 50N Hfmrid o FHAIlE

=

FEHTENAZ DT, TG E OGN E 7 H OIS far B8 2Bk 72 < AEATIE & 31l

EIIRRD TR EEILTWD. —F, f 7 —7 v OENIZHON TR, Mo r—7 1
(=T aBLODb) ITAENTE & FHEMED B R < SEELL TW 523, WD —7
W (=T c BRI OMEHTEIZFHEIEOK 2 (IR %2R T.

ZOBEUE, EMFEFEBEOMITRAIED AT AL Db O LHESNLD. EHTOIS
RIE L el U C RIS O T RPENMEW 20, FIEOBMBAKE <, N —7 v 534l
=NV IV o bDEBZ BND. I, FEEARFONES —T LD
DAMAr— T v ERIBOETNGEL TR EELE X b H. BET X, N
=T JAISIMAN T — T A B U TR A TSRS 8 » TG R E HEE S D . EBRBAAGHT
I, FRATIC X 0 SRR ERGDRIL ORI 7 — T L O N A B H L C, #6— 7 LIS HE R
HEOENZEASETEL ZLICL VAP TRETHD L EXD.

3.5 #Eim
X LA TV Py b7 U DITREIERE, HITHERE, 5 X OHIEEED OBk
SILDD, HIEHT) 2T D Bl s N EH S AT AT EEREE A F S, FEM T
FRICESWTCRAS L@l hE Y AT A DEHEME & U2 REET 572012,
LA @ FEM f#fr 7' v 7' Z 5Cd» % TDIANA RELEASE7.2| %M L 7- i &R & AL =
T AORNFEROHEL, BLO, K2 AT AOMRHTER L EBRICE T 2 3HIED ik %
1To7z.
ARBEOEELEREESZOBEEITROBY THD.
1. R AT LOfFNER L TDIANA RELEASE7.2] % H\ /-G B=iciE, Ao
BB IR —7 VDR & BITENRERNROND DS, HlIH 2T LoH
TORIEEE S L CHET IERTER. Ko T, AV 27 LA TRH% L7 FEM fi#
FrE+DEETE DV AT LATHD LR 5.
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2. FENTIE & EHANE & DB OSSR, EHTENLILTETR B OB OV o E5RE (2 Bk

72 < FEHTIE L HANEIE D TR IR L TR Y AT AT ADOZ LIRS D,

R — T N ORINIIMA T — TV ERA T — T VTR LBR PR 6N 5. SMAlT

— 7V TR & FHRMEAS FLie ) B <SPl L T 5723, W — 7 L OfEpT 15

BEDK 2 F BV EN 2. ZOBGEIE, Fr & EEOHITHEIEDEIZ LD b D

CHEE SN D, EMTOITHEIPEIC EE U CEE O ITREIMESMRW 2D, FEDEALA

R&EL, WRIZ =7 ARIMAl T —7 v KD SlIZ e T2 b D EE X BV, £, fir

EEA R ISR — T L ISAMANr — T BB L CTREA TSI B o T fE R L HEE

SH, FEBRBGRICAM 7 — 7 NV OBRNEFAETIIHRTE LD EEX D,

3. B LIS A EH > AT AOEHEME & 2 S HEITMR S 7208, S%IChT CFR

DIREDOFERNBULETH 5.

(a) ARBFFRICE T DMITEREZENEF 3T TR LD, B RTALRAY
17T 5L OITRERICERNRAE LIHESND. BT 5 MU, =2
3D U CRERBRIEOEEMEIIEICHREIC 2D L B2 HD.

(b) B AT LAOBFEERICENT, EROFEORKEE LM EIE57-oI2E, =
B BR AR C FERT B BT S OB 7 — 7 LV DR E R 7 — T VITHER S8 T
< HEHREIILATH .

© ATV M7V v VIIBRNPEHRIND ETHRET LILERNH Y, BEF
IZY AT A, BECN— RSO b7 TVEIESICHEE SN D, HIES LB R R
REDMFLIE LRV E 92, POMBEOBRAMELZMATA TV V= b7 Y v PD
BN LETHD.

(d) R AT LTIE, MEOBHZBHNICEBHIEL AT AITIEE-> TRV
DIV AT LAO—EHZFETUEL TNWD. 5%, ATV P2 T v UD5E
FUCHEITC, EROBEZBRAMTE 50V 2RET IR EOFEORAT, 21
BEEEab LI 2T LD LE BIEIC LIEFROMGESALETH D.

[£3F HARBREFEREE]

R CHE L-AEBER O LT U V= M7 Y v, BUAHERE, HIkHERER
LU EHERE & & ICEHERE Y OMEEZ R L, BROA > T VU V= v MEDFTHEME &
RBYTHILENTE ., EBRISERAT 51250 TIE, EMOBE) & BE L-HIEEED
BE KRB 22 B8 /) O#ATEEE 72 & ORBEIXH 503, HIEZh R AR /EE TH DAL
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BIE AT UV b7V v VORRE
BREHEA DA T U Ve MUIZEBRTE T,

L%I1%, Av—MEOEMREZED T, ATV V2 b7 v DICEET HIERE
KGR & HH O FESF A BRHITHER LIRS RO HiLd. RIFFE T,
WEETT D /NBAREE &G BIT T 5 R Em O EREDOEICERL TA VT
VY= M7y DEEELTELD, WAEOBATEATEEE TR E & 250kN DK
i 2B LI AFZIEBIERMEOADER TH Y, WEBEEIZLA2M TV
YRTU Y OREEERT D EIIRETH D, HEEREPEEN ICER S LTV D
ROF, A7V P2 b7V PHBRFOMA BICEYE, HEREOSEMEL 5751
Fam L CHIIREE~DE ALK L Z LN KREITHD.

FIRBRRIS, AFFENMRIC LI BBEMEICH S Z &<, F, HBIIHELT
WD HIELE R, BIEOMK R EOBRRKEL /R LA TV V= P T v PO
FFEICHERTRETHD.
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4.1 [FL&HIC

RIRFBHEER 2 XI5 LT, AR THRE LA T UV V= b7 U » IO CHIE
EBRZTH), FHEBEOA 0T VP2 MEORFEBLOA > TV Pz h 7Y » VOB
VEMERE & EERA~OBHOFTREMEDOEE, 720N, HEOMHEZ1T 5.

M EER I, BAIHERE, HIMTd SRR K OVRIEIERE 4 2 7o RHRGIEALZBASE L
Tey AT KAEA LT, MR OZEE 2R 5720 OFHAEI, il o BT & flE S o
B, HEHEE ORI E G5, 5 L OHIELEEEIC X DHIENCED EORIEER LTS .
BARB I RBNETT RIS £ 2 FHFOLENL 2 REHER B RATREO LN £ CHEITI 57

[CLERHIE N ZHIE DB AT ATEHL, 77 Fax— X ICL0HIEL, HlHE
AR DR r — 7 VD8RS & A B BE D FMTANL 2 FHAI L, SRHTIE & FHAE & o FEBic &
DALT IV v 7 Uy PORYEBLOHEDEH S AT AORE L (EEELZ R
AET S

ABFFEICIBN T, BR ORGP TITEHEICET T OEMELRFNERE S LT
FLCHE, BRICAERE KX T AREMD & 2 KENER B #AT L7258 I B R e L2
ZRORRBICEIE S5 2 & 2 48E LT, KNG ESRIRBEAUHEG SN 235E O M
DENLZ, B — 7 NV DERIRIC K o TRREMREIZ L 2 FAHTZENL £ CTHIH =& 2 il o
AT LEHRTIA LTIV b7 v OERBRTS.

FEBRDOBIEREITIR DB Y TH 5. FHRBHEALDOELLORM 7 — T VDR F78 E13EA
IR SN AERE Ch DB I K VEHAIL, HIHERE L L CEERBER CHLE
(L A4S D 72D OFM 7 — 7 )L O8ESIT FEM B 27E A L CR% L= HE s H
AT LML VBB L, HIEEE L L kT4 — CEREEEE L L BB Y
VH—EEA AR (T Fam—%) TRM TV ERIET S,
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(&, REGERIEIS & 2 AR O EHTENL & FT 7 — 7 LV DBRIZ X 2 HiliEiik o EHTA
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ENLOETTOIFHE) & FHANCR T I OF BIRED EHEMOZE (ERICKBITHE
HIZENLDOIETTOFHHIE) 2 #d 2% Z L1210 HHENC K D1E TR 2 REET 5.

4.2 RRIBER L HIEEBROME & ETE
4.2.1 RERBEETOME

ARBFFE T, BE2-NORTHREBER (BR4.0n) 20REEMELT, 17V
Ty F TV DORIEER LTS .

RHERBEAORFE T, =2 ) o 7O Ot o, #F o —7 L ORI
HiDIZDDOHAIA LT 7 F 22— 2 OAER EOBEIIRS-1ITRTIEY Th o,
DFATF & FEIIR Y —R 3 — MREEA L, FHTIIAHTIES10mm - 475 70mmod> 76 F B A,
T 2 MO A&7 EIIES0mm + [ 44 75 181 50mm D T i CHER S Cnd. R3-1ck v
Y OFHER LR S E R, R3-1CBT Da-1~d-213 &/ 7 — 7 )L OERI|ZHE
I ENZOPTHTF =V 2R L, R —TVOENZFHETSH. A~ JIZEHRTZEN
ZEHAIT 2 720 DENLE, O~@IXFEM OISR LZ AT, £, FREEIOITHIZEE
aRE L, BEAEDOKIRZ FHITS.

REBRTIIFHAGH L LT, BRIED L2 O TEIRRBEIE b AlReZ2, HWARKELE

EICEN I m B E R CPDEE E AN AV A EA T 5. Eo, RAM T —T7 L OBRIZEY
FHEMZHIET DT 7 Fax—H L LT, T—X— L EREE#EL ML LB
) UHVERAL, T/ F a2z —FEAMEISEL 2 LK EEOTER L TimICE

ELIBELB L CRM 7y —7 VICHIE A AR SE 5. Sbic, EBv ) o201, &
B — B0 T, 7OV ARER— 2N L CEET 5.

4.2.2 HIEHRBROME
REBRTIE, AFETHE LA LTI V= b7 U v PRI L TRBERE#
(2 & D ENTERLZ HEHERIEIC XV BREHEREIC L 2 AN E TERIRSE T, £TDE
TNRERFES D Z L A EERER LT 5. HRIERIIR 4-2 1R TFIET, TROX
)T E S L 7.
FHTOBENLZMENT D 72 OICHIEH N ZAER S L/ 7 — 7 VDR ITERIZE T
2 FHARE R ORI TERIHELE RIET 120, R 7 — 7 NTRERNFED Z LT
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HEETSROERBICERENNELLHACKENUNAELERBS 5.
(Z3) HHSAHWMATESLICHEEECEESA, 7IO/F1I—5THES S,
((X4) EMEMTRIET 5.

4-2 MERBEEERBOIA—

EBROVATE ST UL, EMEZ#N L2EZRZFAGT 5. B 3-1 1R T8E
HIEM ORISR [A; @] ~ [E; @] 2B 2REHEREI L ORI IEHE 2 & L
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FAE FEBEAEZRAWEA TV P2 N7 U » UHIEISEE
TRBED EMTENL I L ORI 77— 7 L D8RI % 3HA e © ONCFEIT T 5 . & 4 DL F
BIARICBIT 2R FHERNEIC L 23 HMEZ 0 md , Tmd, fEHTEZ 6ad, Tad & L, KA
TEREICE HFAESE dml , Tml, fEHEZ 6al, Tal &4 5.

REVE R HQERICERZETIUL, BROMREICRE Sz r— R&/L O i A FH
S, FHE S AR EDRIIRE I EAT S AU, TN OFIEN LB e il ) A B
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Ry 2T AR T, FHET 2EECHE SRR T 2 ULAERE <, HllT —
Y D7 — U =& (FFT) f#fT7e ENFTRERCPUR Y 7 v 2 A€V, BF LT
ET=Z VT VAT DEEZIABNFRERFPGA v 7, U= T Hh—E LTOH
HE % PN L C U5 CompactRIO (National Instruments #:52) ZF2fH LT, AIHRMEC1E
EMER LA EATLE Y AT ABBEOWR 21T > TV 5.
@ EHAIR/EFHRRREOME

ZER72EHIZR DR G DN FTRE 72 LabVIEW  (National Instrument f184) % 2 27 AITH
R Z LITED, #Rx RIS ATER T 2 LN TE DR REREA ATV AT A
BEOURAFHEL TN,
@ T—4HiEfE

HSFBAEY), FROBROY L7 SITMEHICIR S 3 UE7Ze Slc@Ek S niz b
DL, BRCBIEFEOHERNEELRERICR D, Xy MUV —7RBETIE, HH
BRSPS ENBEZ DN DD, EABIIHICEBET 20 EN SV BEN TR,
EHmRA T AV HEIIREET 27T — 2 BEBET D2 L BREILR D,

R AT LORBEG R CTIIEHHRLZHERT L 2 L 2RI, BE LMEEDE=
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2N TRERTONTWD ZLEBEL, RBERY 7Y 7 L— FNORELZIRD
TV TR 2= DEE R AIABT — X BEDRRE, LT, TORELE
AR ON TRRELE LB N OB SEOT —2 &+ A —NVE LTERE, 5

ML, TORE LTIEEORMEEZBA HEICEEA— L E L TEETLIREDY
AT LDOBRFERBRZFERT 5.
® T—2EHE

WBWEHOET=2 Y T IIZER PRV TIThh s o hah s
ST =2 7 7 AN ERITRY, TOFEIT =2 7 7 ANV BRI b DTS
ERBZOND. DX IITEENORERFHT — Z 1 DIEEY OMERFE BRI L E
T =2 EMHT A0, T 27 7 ANV EHERIERL, WEIDGLT
ERTDFHAT — X ZRBCTEXDEHT — X X—RA VAT ARKEIIR D . BRI
XEHAIT — 2 7 7 A VD~ ZIERE TR AT, FHAHECFHRREEE L, €
NHEREIIRELY U om— RRARR VAT ARFIND. RUAT LAOLRT
1, IRET D4 T — 2 OMBEHE AT L LT, HEENSHADSHDERET
—H T ANDEBRLWNIT =X OMR, ¥vru—FK, 7y 77— FOEEL#F
DUAT ABREOSRBEZED TN D,

5.2. 3 /MBI TXRAHIEIRZEEDER

5-3 CompactRI0 M4+ 5-4 CompactRIO M /0 €L 2 — )LD E]

VAT LADOBREHKERE LT, HUAY— AR 2 TN P RBETE DU AT
LD MEDOER, Sk o ISwn L CEHAMER &S HAME L O T O i
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FE, 7B ONT, ANEURIZ X DB T AT & BRECIE TR T D mVMEEME & fF 2 72
JNED T3 AR S5 & & L C, RIO( Reconfigurable 1/0) 7 7 / v Y & Ff L /-
CompactRIOFAE AL FTRERIA > 2 7 A0 4 L.

CompactRIOFE & K FTREALIA & A 7 L DAMEL 2 B5-31Z, CompactRIODI/OE ¥ =2— /b
DI A R5-47~ 7.

AR AT LOBRBEWE ORIEINERIERE & L CE A OEIEIZ 72 - 72 CompactRIO D FF#
HI 722 REIC STk B,
LabVIEW®D #8E

777 4 IVEGEE I DS LabVIEW CHE L2 7' 1 7T L Z CompactRIO D FH#AL

AJREFAIA 3 AT LAFPGA (Field Programmable Gate Array) v FIZ# AT Z S 12 LD
77 7 R BB & OMRENE DAL, R E ITERER A M EE THES
NEBEBAREBET 2 ZLICEV VAT AZHETE 5. BEREICRARREFHT—4
DR 7 — ) = (FFT) f#tr7e & SIEBRFRECTH 5.

1/0E 22— L#EE

HIEIN R E OVOTE ¥ 2 — W IZITHIA S OfE B3EI, 227 U = —¥#i+, BNC, DSUB
aARxy ZiMED > TEY, BERATREMEAR Y ¥ — Y DVOE Y 2 — LV AHEST D Z &
THWICHSTCHBZFHAITE 5720, MO THAMEICEATLZE=4) VTV AT Lk
HBET DL LENFRETH .

Y7 ILEA Ly b a—SHEE

FIENSEEE SN SNV T A2 A A7 at vy HIC i 0 U T A A AOFIE, 7—
ZuX U, fENT, BE7R ENTIREIRMIMAT S AT LOBENTE 5.
H—/\HRE

WAEE I Compact Flash A b L — U2 {H 2 TRV, FHUlT —X% OUE - IIT - RIF7%
CEHAIHPC L A% D%&EI %4 5. F 7=, FTP (File Transfer Protocol) ¥—/3 & L COHHEE
HLAEZTEY, LabVIEWDO T =77 Y w2 v 7 — )L CHER LIZHIML 7 7 A V& T
=77 Z 7% ETCompactRIO (27 7 EAFT5HI & T, VAT AMIURGF LIZFHAIT — 4
BB FRETH .

AR B TEA L 72CompactRIONE, FHHITE B CFHEIAFEICEE S T o FofES
fEE A B HICHETE 2 — FEET TR, ERo X512y 7 FEIZEWT b EER
RS ILREEDR SV, FHllEE 1 B TR TUIKHIONAIEETH H. £z, a7 Mgl
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PSS LSRR DB S LTV A T-0DIT, AIHEEICEN, BRECHENES 2 A
T LDOWEENTRETH 5.

5.2.4 CompactRI0 ZHW-ZRERBE=Z2Y) VI AT LA

KU AT LDORBEH R TIE, EREICHRE L RO RO AR EOFEEN LT
=X ) T HEBEMET=F Y VTV AT AE LTV AT AR EREE L. AL
ORI CompactRIOZ 52 & L, BB L DR EOEE R & NIRRT & &
(LT £ 23R B R O N & 2847 % 5155

CompactRIONIZ I, FHlT —X D7 T 7R, md 7 — U =2 (FFT) fi#dT, fR1F
Y DMREAEB T DL AT LB, ZOVAT LY 2T 7T THETE
% X DIZHTMLY 7 A MDA S ORMRIFS LTV A, E72, 10/100BaseTXA —
PRy =TV THFEELANE 8t STV TR VHTMLY 7 A v Z 1A TS AT
Ly NI =728 LTS, ZERHNALOE=4Y 7L LT, RS-5IZRT L

HNTHFZEEE D & EBREICHRE L7-CompactRIOIC T 7B A L, FHHIF—% #ME T 54
FIZ 72 > TN D,

+) SRERE LHAZRE(E 10/100TX 4 — 9y k4 —J )L THfR

X 5-5 =EBREE=F2 VU VI AT LDOERK
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5.2.5 LR T LDWREE
KU AT AOBREWR R TEAH L7=CompactRIODENEM: L K E 2 R4 57-012, K
5-BICRT VAT L AEE L CRAEERZIT 9.

(1) EROBE

AR HLROBBEICIMEEE & L—F—EF2RE L (F5-528) , AfFbRIC
EEZ M A CEOERBZFHERCEHAT 5. BP0 OEBEZRF oS, —F
AR CRHEMR L C&E a7 — 2 u i —28i L, )5 % CompactRIOWZ#5fE L C it
BN FEDESAZETELEBICL, FFHAIBR CRELLESE /7 7R RESET
s 5%.

72, BRIV T ) 7 b— MR D IRENE-CIRBIRE IS K IT T B2 R T 2
7oz, 7Y 7 L— hET—% 1 —Z100KHz, CompactRIOIZ 2 KHzIZF%E L
TEHAIZAT 9.

(2) RROBRLER

ZENLIZBE U CIIR5-612 7”9 & 9 12, ME L & (SRS o0 FHIRE F I 38R o TR
PIL7lRE =Y. £72, EEICOWTHRS-TIRT L DS, MWEHEEo s &
IR CRr e o 72l 2R L, IEEE B IZIXE CEZ2 R LTS5, [FEROO0. 05
TR RT3 1T 2 1/ NRE RS C O D3 BE O 203 72 22k 25 CompactRIO TIEEHH S LT,
VG ERB IR ETRELHRT 2720, 2o OEFAFFT T L, Bk
Rtk 2 3T Lz, IR RS K OVERLOWTE 2 FFT MRt L 7= 4 4 B5-8, B5-912/~ 7.
N =27 MLOE—7 I CEEECTHELL, TORBLECEELZRLTEY,
—HIZOHHB L TOWDHE—Z I IHFEEL TR, LEN-T, 0.5 FEIc R b
MR INE EE DI AR EREE A ST D BEOR X R BB R 7 b7 Il T &
5. LibEX v, FEFHRIZH L TCompactRIODH > 7 v 7 L— k% 2KHz CEHAl 24T
S THT = H—OFHARER & BFREDRVERERFHNAFRTH D Z LA T
5.
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5-6 ZEMIDFTAIFER
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5-7 MLEEDEHAKER

F—45 OH—F A

5-8 ZEHID FTT fEMTHER

5-9 NMEED FTT TR

79



B53E VAT LAOEEICET AIRE
5.3 AVTFUSIU RIS HEBFEELIRE

5.3.1 HIHEE (FVFax1T—%)
(1) HEADBEARE

ARBFFECORIEER TIL, BE VU & O OBRENS TRM r— T VDR AR L e
W B, BB — T VAZETE D8R A 8 AT D FAE T EMEN A HIE L2, fistr—7
VRN OFBEIT 7 — 7 VDI N ZFHI L7 BENZRET H Z L2720 | BREF Ol
WCIXERENR D . FBABEDOA T VP2 b7V v VIZBT A REHIEAEH v A7 A
X, BREM =T NV ROVERFEHRELZRE LT 5 AT AL LTHELTWD D,
BHICHE TS = L BEHBICAM r— 7 LV EAERT A NAEMTHS. £, E
DOFHED X 57240 IR LOEEEEMET L Z LN T, BEOBEOES S & ATEAY
ThD.

L1k, BEN ) VX OB TR ZEAT HHET, T CREB L2 — T VRO
MEE ClEANZBEANT HFEICHETD.

2 FUOFa2I—320WMR

AR HRBEBERDOE T /LI LIz mORBEREIL, A2EE 9. 85m (HEiHE 7. 5m,
HE 2.35m) , KGR 62m, R —T VAR (1) O/MUERRBEE CH 5. iR
BRI D, B —7 0 1RG0 OENITHKI 200 horTH Y, B r—7 L ~05%
TIEARFIIAKT 200~250 F DR T T, BRI —7 VREHK Len T 5 2 L1278
5. BEEEHERZ AW HIEER T, 727 Fax—2 L LTE—F— L EREEE
—{MEUTZEE U X 2B L2y, B ICE R I CEEEh S ¥ 5 Z L RESR S
HEBRCTORENHE TRV EIIRGICHETE .

ATV Yz MUy VOEBICHET T, Hix 722 B RO K22 HI i E Bk
ENhD. SHOFEEBOMERE T, EATENOREZESH THIER - BT L
MM TR PO E TR E CTERBL XA TOMR L RBREZEMATS
EBRETHY, KREARHFMET CHERES CHBIC SN TE, 2ol Hl#EE o
WRBRFEIHFSND.

53.2 ATV U Ty COERDERER
AT V=2 b7y URERTL, REHEWEZERSED 2 LICLVE—8
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7R RBNERTE CRREE SV ABRITHE LT, BRERIFOMEL & IR E O, & &R
~OER, AT O RREEONER, ARSI X D EREEES
WIEE DOHI, 726 OIFRAICIZT A 79 A 7L a A N OBEENABFETE 5 101,

BT OERIE R T EOIER B AR A EER R RHTHE & BTEICEA L C, i ERE S
W TEEARE LR EZR -1 IR T. REBROEB LOXHECIEE 2 XD
BRFELIIRIORLIEEY Th Y, RECIIEWE & L CBUITOERBBRFZICHE S
NTVWHLAEREL BEMELZMRIZ L. 22 TlE, AGERE TR LIZBRICBE
FIENEA SNCIGEI, ATERE CREFLIEBRORAMEZ BIEHEHEIZX L TEE
7etERRICA LS AR AAEE LT, miEWEICLAIREBRL LT 5.

AT OBRIE T T E W OIEMEIIRER 250k N O RRER 2 R ICHESNTEBY,
AJERE & BIEREIXLHFHEIZHBIT D28AEARICENH D OH T, FEBEITEARMITIE
KENRD. 2O, REMBRETIE, FEMEICLIEZIMITHY, 12TV V=
YRT yPL LTOBEREREERD RN, A TV P22 h 7Y v POER
PEAFEEIZT 572D, BRENERTE & RENERTEOREZZ TR T 2 L 9 126 2 13X
WMEEOUET VLIRS, MRERERRFOGEMENER SN TWVDISHT, 17V
Vb7V vV EBRRICLERENENRESND Z E AT 5.

®O5-1 MIMEELHMRIEORTRER

£ K B R = FE A = BT E
BiEHE 185 (t)| 205 &@%5M
3ZMER
) 97.5m ABEE 172 ()| 195 &5A
I B RUMARHTAR
T EFE R LB 13 ()| 10=75A
BiERE 505 (t)| 484 mxrM
3FEMER
) 162.5m AERE 487 (1| 471 m75A
JE B RUMFEHTIR
T EFE R LB 18 ()| 13 =@75Am

S ARMTZAAED ; 30.0 + 375 + 30.0 (m)
FENTXRE ; 50.0 +62.5 + 50.0 (m)
FxEER . 95(m)

FE ARG OMREIFFERTEICRK X < B CRE 700m OFKETIE 90%, XfEE 40m &
HFUNMEZETIZ 50%) SNDH7DIC, EWMEOREZENKIWIEAETH XA RMEITEIE
TERV. —F, FUMER T, FFHERE & KENEREOREDOZLZIIRKT HZ L
FVBRELRDENFGIND. 5%, F/IMEREXRIC L THRRZOMBIL NG T
LRGP EHIEFEREZET D5 Z ENMETHD. FRFIZ, AFERMRIZLIZE

81



EHE VAT LAOEEIZET HIRE
FHEMEICD Z L7, ITHE, BEICEA L CVWIHIESCER, EEHKke SR
RKEERBIZLIEA LTIV N7 v POBRRICHLERTRXThH 5.

54 E=R YV LRATLDEEL

541 E=42 ) RATLOEELEDES

B ERE R ICER SN EREERDPOZROBROEMLL L L HITEED
KREVEEIZ LA EENES SN TEY, RO MIR & EERIERS %2 —BhEN 1O E
FINCEAT 2 EBRFENERIN TV D, BROBMESRBEDOE ML LRI FikE L
LT, £, BROEENDIREOWBEOFIEL L TREDE=F Y  JIIRARRF
EThD.

A A BLERRG (2013 45 6 A 14 ARERIE) I2BW\WTH, 2030 F0 HIEL LT EAN
DEEA 7T - EHA 7 T7132 TS, nRy b, ERERERINFEZERL
TEE TR R - e BDEBRIRL WD ERBF LTS Y. Zoke,
PER D BIRSOBEERIC K 2 AR E LT L C, BTN RN ATERA LicE=4
Uo7 OERAPFIFFS TS,

F=H VU TIEBTHEERBEOOL DL, TE=X VT VAT AEERT D
YRS B L ONEEHRSE DR H, 200N, VAT AOEMABZERT S Z
ETHD. T IRVIT AL ROBREFIERA LIt OB, BUt i EORBEIFEE
LBEROMFEROEE (L E Bfs L2 ER(L, ~— LY 7 FOmE»bOEENL,
KEICK L TR S AT LOBER 2B L TE=4 Y v 7 EAOBERE? KD Hh
Tn57,

542 EZ4 VUL RATLOERIER

(1) FAISRTLOERIE

BROE=FY 7IIEREL IR BRBEOT TEMSNLRETH Y, IBE
RMMEDOET T L W HESLER, KESCHFEOLELET 5 2 LN TSI RVREICE
PIVTND eI BRKFICMAG LB AT LNMETHD. £z, FHASHE
BV OB IR EB RS 57201001, @RERY UV EEREICES S, BROER
OEFTZEHBEOE LV EHZE LB Ry N~ OB LETH 5.
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BROE=Z Y U ZIZBWTUIERD X512, BROEIRMEITI S LR DL
DY RRESN, REEICE > THREOREBELBHITL &N —RNTHL.
X ERF OB EE DR & F A DIRBUL & FRFIZ, Y AT DDA LT F U A7 Y=
AR CH Y, Wikl X HEFHRIPE-CEHAIREEZR ED N T TV A EEEY 5 7o DI E T D
FrEEOE N7 & O E A OBBIIZEHI > AT L D ERIGIIMmO TEETH S.

7o, E=4 1 7 BISOERL L FERIC, BIGOEHEF L ERBOEBEEFHEOE
WIRETEREF AR IN D2 BERIINTAZER L TERLEXY, BAKESTHENR
W72 SIC LD T TAOEICLY, F=2 U U 7RIEDOR EE L BTy 2T A0
FEROEE LB ZEET 5.

(2) At Y OERIE

FHAIS AT AOERL & ERILICHE S FHAEE O & E(LO AT, FHllt Y &7 —
2 ERRREOBEREEOERIZH L. BPEOEFEEICBT NI 77
7 Y—D KD RFHIRO B A F X, BIEEEICB T SIS REFICRR D &
IR - D HINTIC 5 5. AR FOFE L BO%H CTh 5 ETEENEFO
FHEIROMAEIZL D, vV 2 UV FER BB et o GRS S HEE T B AR
fb L7zt & LT, MEMS (Micro Electro Mechanical System) , NEMS (Nano Electro
Mechanical System) & EHiLTW\D a7 N CTEMi7eT /B3T3 2O
HEIRNTNWDY,

MR EROE P EERTL2 IR, BT ORBESBEEROEH R SICET
LI L NINHENCE, =4V v 7 Oax MERICFET 22 L2k 5.

Q) AR TLOAEAIL

TBUHRT —HEEZETHE=X VT DTN, AL, BMAEBRICT 5 AT A
VIR E Th D7, EMAZHIIE RIS HAERFE R & FRRICRER & T NDBBLETHY,
EAOAHIC/R> TV,

TAXY VAR Y NU—=ZHFFCIX, *y hT—7 O&TOJ — RICEMERE/R IR 2N
LT, TOXRESNTERLANC AT LNREL, BERRZTRE L CRERT L &
HIZAY —=TREICAD L ORIV AT LEEEST D, LWL, E=F VI T —HIC
BEAREL T, REULEOT =2 OHEETHL I RV AT L EZITREEU EORE
R AT IUTESE 2 RET D AT AT LT, hoERIZ R Y — AREEICA D &
VIRV AT DEEET L. FHHIV AT AOEENLICIE, ERROKL SR T FOBREFEL

83



BHE VAT ADOEEICET H1RE
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BENMESNIZE=2 ) T EBOEAEAENMEEZER LY 7 FOBRFEIC
BHICH > TFNA ADEMAZMNRERE=F Y VAT ADOEBEFREICT D
ZENEETHS.

54.3 E=A YUY VRTLICETIEE
) E=4)TT—20ER

BT T ORGICT HBRIL, MO, BROBEIRE R b NCEE
B EBEL ENSEEZRTH Y, HILCBRIEE AW 5 72 0 O FHARBAL - FHHITE B
B LOFHAIESL, 705 ONCERFTIER &0 & GHEIIMO THRETH D . fka RiGg
IZH L CE=2 U I RERS I TEN D2, REFBAHIB-CRE 2 X8+ 510+
31T — 4 DERER IV AR OBENREFEICRETERBIID 2N E ST D
2, BREREBEOBRFEHEMEEE LIS E=F Y 7T 5Z LA TEIUR, UNRZEL
ZREHT D2 ENTED. BROBEIIOVEIN, WmkiE, EE, EE, s
ELIGITPE DN, E OFEIL TN DO BB EROZELT L ORE DT FRIRED
Bkl L& LTHREA b5, fx OBREER ORI T TRELRGET 2 Z L1
LV, TORRELEEEZWIISHT LI ENTES.

TR YT 2D L) ek oY OERE, FHEIL AT LAOER(L, FHEIT T A
DEBE MR EZBLTCE=F Y T ORBEDOR L a X MIEARD Z LICXY, %
2D B ORGGROE=4 I T & FERi L CT — X ZUE -T2 /34 7 v ME72
FELIHET T, 7—2XRREEET O LPEETHD.

(2) BRFHLDEE

BATOE=4 U 70203, BHEEEERORHEI O = 2 MEE: & CNZEHEIS A 7 A O#EFRT
ICET ORME T NBIOCER X FOERBR EDRERBETH L. BHOL

O, MERE=FY VIRBELZENRT LI, By oFEEkE &b kiko X
LB LOEEIMLS N BV POV AT LADBENEETH 5.

Bz, BAHROMEMSSONEMS & SO L EMICRE I D K91, MPEOETFE
EIBT DT T 7 7 mY—0 XD R, HEERICRTRINLBEEEICLT D
N=RBIOY 7 FEROEFCESRTIERE LV, EARPHENORTESE THLE
T ECHE B O & L E TERBL TSRO A L BREROMA & R
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LT, BIEMEMIC L > CREDRARICEY e Z & HIfFEIND.
@) Tz T HDOREMGIE

BAE, E=4 U 7280 - BERNE bIZ, =2V TOBEMMR, €
=2V IR HREETRESRFMEE, OO, B ORMImAMLE L EEKE
NILBOMEIZ /2> TND. 22T, =XV X 2EHE8HIL -V OREY
MAMEIZ DN TBUR &R ~, ZO@E(bICx L TRET 5.

KENZBWTHE, FA FINO A S—IGHRE (1967 4) % ZHEITHER O EHI72
RRROBBEMENERSND Z L1020, 2EBRAMEBENHIE (19714) sh, K
HIABROMFFEBNIAE o7, TOH®IL, FL L CHREZERL LIZART —4
ZHLIER~YRVAL P AT AL VBROBREEZEEL Ty, BEAM
DOEBEHITBEE TE RN OOFEMEIC LD EAREROIXLSENHETHLZ &N
S ND Z Loy, REBANC X 5BROMREL EHHICHET 5 REIGRIERE
7w 25 2 (LTBP ; Long-Term Bridge Performance Program) 7% 20 £ER O#FZERE
FE7nv=s bELTHER (2006 F) L, BHEICHEAE LI R Y 2N OEGER (2007
) HHICARRE=2 ) TV AT AORBENEE T, TOHBRD U AT LERF
A% % T, #7E Long-Term Data Collection Phase (2817 (201343 A~) LTW5%
To D 19,

ERNICBWTY, E=2 U 7Oil, E=2 U 72T LORE, T=4U
7 DFERE EOFRRBITKE L FEERROBRL WS> T .

FREASR DORREERRMT 24T\, IR Z 4 E LT B CRERR 705 188 & FT 2 40 - 723
ERETIIEMOE=2) VI TENEZEZERT DI ENFRETH LM, £ OMDZEIR
BRI DOF=4 U 7 IXRHICR 0B8RI TH 5. ITE, BIBREE > TV
DIGR OB ETGROMERETE D 72D DA~V AT =2 U V7 TlE, YEENEE %
Bz H5FE TCOMAMBFRBRCERT LI ENERIND. Filf, ERERAINT
BRI OT AT —DIfbo ThRT7 7 A N— P RFER SNATND. K7
7 A N—t YL, OBKAHEGZO LB 72, @QOTHOF I ATEEFFH A (£
5000 1), QEBIKIE (—200C) 2HEiE (+£900°C) £ TEHAIFTRE, @AM E=
BIZLoTHE—F (ZF v a0 FHNERE, OO AT —VICHEk L TRAFEE
LR D7 RHIMOBEE=2 U 7l L TW5, 72E% < OIATTRERFEN &
L. INHOREEER LT, $iIEORBEETREELFKANCE=2) 2 7T5
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& L TFGB (Fiber Bragg Grating) 2 (67 7 A4 N\—k ) BMMEHI
NTWDHIDB 5 20,

T — 5 OIEE - BH - BRICOWTHRME =4 U JIZET I iFRR%, 7
LN, ERAEIERL WD, ERE LTEERT WA EORH TACHKET D
TLER) AFMAL, FENENER (ZigBee i) THIE L, RF-ID (Radio
Frequency Identifica-tion) % 2 CF— & OIUEIZEEITH . 1D, HERO RF 4 7
IEHOBTRTNESZREIFEER THEER STV, 358, IC X 7 LTS/
SRV TF 7O IC (BEFERIE) TEBRTELHLIITho7z. IC #7I21%, Bz
WEETIZ) =N 0BER A= VX—JiL LTEET 5y 727, EillaN
BLTEERICBLOENCTERERT LT V77447, FALV AT A~OBEES)
Xy T HATEB L THNBLIZEM THETOIEIT /7472701350, &5
PWAIER LERFER RN TWD

7o, B oRFMEVERLSGE, REZFHIT DIEE 728 ST ER T
VHERWESICRE TEOHREZEAL T V2RI T 5 REN KON, =4
U7 OREAERES N TND.

BHIE=2V U 7T 2P0 % & ERL 2Ry, & o, 1SR ERE
B, XY NI VAT AR EDEENTIIEETHLIN, T=4 ) U 7IZBW T
EROLED LD R E, EOBRMT, COL)RBETIELCT, okt
RICBRIT TS Dh] ZFICE#HLEMERETCHLRETHD.
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1 =42y Y

FHNE O = FERR IS iR B AR | 20 | il SV AB R OMERFEBRICB W T, =4 Y
Y7 ORERMER IOEERITASBIMINTWDLEITE T A 505, FBREYDAFH I
ERSNTVD LITEVEEW. ZREZRD DR BBEOBRICHTLE=2Y TR
T LDOBEAITIE, AT LOWE OB O T AT AOMERFE R 25 DI &M
BIEOBER EVFREIC > TV D, RS, e RBRICHTL2E=FV 7D
FERENA R SN D 0, REEBRIRERORAMERESCEERE R L OHMW 72 b ITHR
DEFmbz G TERCIERGIEZ AR T 5O 0OmM BT — 4 DE@EN DN &
HLIRETH D,
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FoH ) T VAT MR UHROFHARR RS K ONEEHER R & TR SN DAY, i
HOMBRIIBTFCBEOEEROERICL D L ZANERTHSH. WOBEDOBFEEIT
FITI ) RT=D XS RHENOS AR X, BEEEIISEHERICREIND LD
([ RACHERE 72 D AL 2 5N TN D, T U U T ICBITA5%DONN— R =713,
BET\EE e & ORSBHFOHM & AR E O BRI L7z B & Ot s
WX DMFERBICENDL ZEDREETH LS. HlxlE, T/ 2T/ 2D LI
MEMS-°NEMS & ED D v AT A, REDEFRIRE & /NULZIRR T 5 EFE O
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