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Executive Summary

I. Title

Development of the remote—controlled concrete surface grinding machine

II. Needs and Objectives

This research is about the remote—controlled concrete surface grinding machine
which uses concrete to construct most of bridge decks "and aims - at the
improvement of bridge stability, worker safety and productivity.

A construction field is in difficulties because of the lack of skilled worker. Also,
the productivity and quality of concrete surface grinding depend on levels of
skilled worker. The development of the remote—controlled concrete surface
grinding machine’s system with the support function related with decision making
of operator is urgent to prevent the deterioration of productivity and quality which
are caused by the lack of skilled worker. It also needs for preventing shoddy and
fault construction and the rehabilitation are caused by gréen hands' and mistakes
in bridge construction. Moreover, it is necessary for operator to avoid ' the

hazardous work condition and prevent air and water pollution.’

M. Scope and Contents

The ultimate object of this research is the development of the remote control
system for concrete surface grinding work. This system consists of Graphical

control MMI, Path Planning & Collision Avoidance System, Realtime Quality



Control System and Remote Control Unit.
The unmanned and semiautomated concrete surface grinding system which is
proposed will be manufactured into prototype and semiautomated equipment will

gain the just prior step of commercial product through experiment.

IV. Results

The final findings of this research are as follows:

1. Analyzing works required to the automation and related the factor
functions, we examined alternations and deduced the optimum
technology of its.

2. We set up the optimum model through technical and economical
feasibility study and the conception of remote control model.

3. We determined and manufactured the plan of ultimate concrete surface
grinding machine through the reasonable valuation for design items.

4. We completed the collision avoidance system using sensor and designed
the path planning system using CAD.

5. We designed the graphic MMI system related with RTK GPS.

6. We designed the driving H/W and S/W of the equipment for the remote
control and developed the improved wireless controlled system through
the connection of the path planning and MMI.

7. We designed the machine vision system on the back side of the
equipment and developed the quality management system which is
displayed the result of worked surfaces in real-time through the image
processing with the location information.

8. We established the application plan of the ultimate development system

and executed the valuation of its performance through field tests and

_Vi_



groped out the improving plan hereafter.

V. Expected Benefits and Applications

It is expected to apply this machine to the common construction widely and the
cutting work of bridge decks especially. It is also able to apply to the asphalt and
concrete pavement automation, the dredge automation, the crane and concrete
pump control automation and the large-scale underground excavation work
automation over the next years through expanding the graphic control methods
using sensor and technology connected graphic. Moreover, it is applied to the

position measurement of various mobile construction equipments.

- vii —
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% JBo] gedla 9000 AAAE ANE M5B 2T Lxe 2L gRaF
o] Walo] 93l offsets Y A&l EASHA Hot 71749 QI7MEH A 282 AE
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Y qut
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D s """""""" \ CAN (— —J

»  Offset
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X \\
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¥

*Amplification

%(:: Module /D1 <
Motor User ;1(:: RS232 >, )
Drive i Interface | Module 0Cess0 e
: 5 ) A2
/ Convert T

*"{ﬁ ------ PWM |
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STX | CMD | GFE | GRD2 | GRD1 | GRDO | GMD1 | GMDO | CHS1 | CHSO | ETX

- GFE :

B
gy et 24 H®¥ (Y/N)

ex) ‘Y-l A<, N-22db &4

|

ex) - 010 : AARFLZ 10°3]
- 180 : 180°3 A
- 350 ¢ A Ao 2 10°8 A
- GMD<1:0> : Fg£5=( 00 - 99 )
- CHS<1:0> @ A% ® CheckSum ZE
- ETX : A$FT5E ¢8le 2= (0x03 )
(2) TR
Wl AEZ A E 94 HEZHAA $AHE ASER ofye} vl HEE
o AlelEg T3 HH d2H e A 2 2EFAAN ] AF L o] F4l
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ASCHI| STX R N 0 0 0 2 0 6 E ETX
HEX | Ox02 | 0x52 | Ox4e | 0x30 | Ox30 | Ox30 | 0x32 | 0x30 | Ox36 | Ox45 | 0x03

FEA =0 - (0x52+0x4e+0x30+0x30+0x30+0x32+0x30) =

P2 B33 BE(Baudot, IMENS olEIA fasgnh AgdlE Assel 438

AE B2H$o 29 EE F9 2018 3130y, AgL Nyt fEts 23 99
Nz £52 oudlA JHooh gutd oz vel &5 2 oujsly, o]x AEQ A= A
+5 = 23 ¥lE <(bits per second'bps)®} ZL FXZ Jelpx|nl & A3 7} 26| EL

PEE Jehle ASWHE QOB bpss 2 S ohrh [FARAIA ) Y 3]
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= =
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ZA Zgol FAEHL YA BUHGNN dA2FS Fste AL W§ Fa5
ok o] & A8 1Y ZEE ALFS A dA AAS B, S5, Ag9d 4=
sto] AR aEa AP IHE F& AEs FAE Y FH) Fd AR
= g7 AFser ok weEkxd g ZEE A" stEdo] 7S
MMI(Man-Machin Interface) Unit# A&& 93 AE AFE #13 GPS A|&"H L

A AEEAE FHoz JfEgn

T3 ] 2FTAE AYNA AHE 2FIA HEE dAFA dd ARE
Soto g Felo] 75 sttt wrEkAl AR A (Machine-vision) A &8E& =8+
Haro] BebAstA o] Folx FEeA A AFY #EE AT F Y=EF T
tt. [Masahiko et al, 1994] [Makoto et al, 2004]
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1) &Y FAAE 2HY MMIE T3t € Z4ol 3 7M53 =& gl =,
BEAY, FH2AY, PriAole BRE BE AAA R § o] THEH
Fid=g

2) e Z2A2e AA7 g2Eg o] (Real-Time Display)® ©]F0] Xt}

3) 253 AXY 7= AA et 2 A dolHe F5o] rheslor gt

4) ZAAe] HeAdH T&HS LHT AHEA AEFH ol 2E et

6) ZYzzagge 2T YgAEA S A daljof g
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1}, GPS A"
GPS(Global Positioning System)2 A 719 SIS 2 HE A Ee Aj7to] XAR
E 4302 A AANE AG3 ¢ F d= FHAA Y. BE, AE, I=8¥T

=
olys} 32t £2744 ¢ F vk &
A AA e £=E 1Y MMI A|Z=F
7} 8} (Visualization) & =X3} 3t}
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AFoRA AAA BIHL AT A
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(1) GPS &9 494
GPSE =9 W wet F/E FEIU o8 o] EAFIY gEH R g5
29, Differential GPS(DGPS), RTK(Real Time Kinematic) GPS2] 3 £¢] GPSE

4= S99+ dAd 9ASFFHelHE 3, 1ol GPS FAl7| 2 A ES] tlolH
E FAst AANTeE A4 AdAXE el E SF3Holth d539dA =
<8 = dE EFS YA ¥ 2(Standard Positioning Service :

SPS) 83 3rF @ AMEAUT HEE F JdE ALEYAH] 2 (Precise

Positioning Service : PPS)E ©] &30}, EFESAH 29 A9 3 A9 A&
o @A 100m ol 52 AREE 5% FE FFNA 156m otk ALZ A ]
2% 5% & FEAA 8 AgEE 16milel £ +3 JF=E 23m v &

=
DGPS(Differential GPS)E F F417] =& I o449 A& 7|Zx&E=d 712 H )
A F 7[R = FA 7] B FREE 2 FA7] 2 93 2719 x99 98

ARAY Aol E 4le] FEY 4ol WEA F% FrolN FAA FHHlk B

T‘
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o @z Sard g3 Qe AT GPSIIA ue 91X Ex 238 dAAd

W 4o Ae ox RAAE AR ART F OB A AR o FFE 5

718l et o] o] &= WAJH o] WALE v I1¥ 3-613% 2

T~
— - -~ == .\-
- \J.L—l-g -
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\-

~.

DGPS#IXI
18 3-61 DGPS
BAE gHolE FAVENE AFZ Y (telemetry) S F3 AYHIL GEZY
wed Wd B AFA o FFY AXNE Ave

F oA S Fx AN #5d oA (pseudoranges) 9k At AE A
o] 2] Zo]lZHEH Y& & ALA ] (pseudoranges) R 7] &3t} A BAH A w2
A2 H]&(range rate) =3 FZ XM AatH ARG, o)Fae B2 ALAE
= 2T grAY BAo] AEH o3 B drh. o W 433 54l

2 AEEE AFste ity o AR HE WY F9 dutolth o9 &A

o anFFel oa aTHE e AN wolu)
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C/A-codeE AH&3to] 3~5m &9 ATEE YAFHox 58 + vt 2
ng $£F9 AFEE A7l YA WE=A] phase smoothed code ranges H<= high
performance C/A-code F217]2 Algsfof gt} Wk} ] (carrier phases)S At
g8t AF3) e FEH 5T A= F 5 Ak

AEAE AR FFY F dE SFPAI JIEH ) AAE 5F8 GPS F
A7) 7 =A% GPS 994 = 2 94 HolEHE =R GPS $AI712 $415)
o] GPS £A712 stz T "7 A, 49 5

3o}, olw dHolE e $441& UHF FH7|& AH&g

J8 3-62. RTK GPS

=
—
=N
A
oft
rlo
Ay
ol
g
>
o

o Bt=A] %7] 3} (Initialization), & 23 AT E 4}

£ HAe AAkE SR A5 27135 Y TR gol gEEn

(7B 71X & o] 8¢ %713 (Two known point initialization)
Ao 7AHE o] 43t F ALY AYE A HEE, o] F o] &5t BRI A
FAE NAT Atk Wk SF A Aol F Y JAH FM BSS A
i 27182 BT F ¢ AP M 5 GA doh ol 2L AEE o] 83D

- 102 -



27138 &7 (RTK initializer) & AH-&-3td & HAIA 27185 dAsteE BHE 3
o 5% 2ol 2718 A7 AAR, S ] FelE dAH R st

A7y Rt E W A58 o]Fdte] dF A e FHo] AN FEW, npA =
2 S8 A EolrbA Al 2713}

rr

299 Adoly HEE B3 YE A A

(W) A5 %7]3HAutomatic Initialization)

2573 21719 Bde VAR fldBE 94 F3 MA T 1R ol BAA A
HE Zded A5ez 27371 A #3 354 2713 Zy7} At gs

AL ARA AR A ZIEE 27137 HER, 24 K Goy FeoEo] BE X Fd A
RTK Z%FA] A&7 o)t}

BA ZEA AFZ271E7) e R 250 FA7Y ASolE olF Tk AFL
B 27|37 beste s AAE & ded ol¢t 22 7|5 S OTF(On-The-Fly) 1
ot ZAA ol Gl Eo] §& X H A RTKA Y OTF 7154 o] 43ty 3L
AAetd 2 e U8 SUAE F Ak SAHAANY 9ABFE 12~ F
L d9t AYEE 1~3cmelth. UHF #uQ 252 o] &3 RTK Al&

715 (Base)2 7|E5-8 GPS +417], 7l&%4§ @2 24, o]F = (Rover) ©]F
& GPSF217], ols =& g By doly 2AZ FAH Ao AH_Its A
AZ F2km~5bkmol i, #/4d2 oF 10km AFolt} SIE YL 0] &3 RTK A
d 7]&5 (Base)& GPS 41719} GPS Base SoftwareE o] &34 4 IPE &
o A3t o]F = (Rover)2 o548 GPSFAY], FAA 3, Heolg 2482 74
o ot AH&7Hs AYE JEF o2 BE 25kmAF o|th

o

H

l% i)
i
J:{o

t
5]

ol

(2) GPSe] AAZ24 A

GPSe] 912124 de & e dHstd FAE Axd oA FEe AxE

23 Qe AN A sE HAabE FASH AN #EHRA ] An =EA
Aoty mEtA A Fe] Al AAd=

P 925 A7ro]H, GPS $)AolE A 23] FA R = YAAAES A
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o AR ZE YA H4AE A8E & dvh. 2 A4 A dAAA
£ ol$ 2rolmg duwigle] A&7 E BAFEI FA|de Avke] v
AE7t e AAE AHES

GPSe] Z99E = A& 4] ol 948 E Ve R Ag5Fe A5
S oI 3o X E A3 YA AR wASF WX )Y Do A9H T
2719 A AR m A5 10(6t), F 4709 R A FE Ao 319 o] & e
Ak 470 o] $14& Fustoiol gt

Satellite message® £33 A TFALZHEEH 7149 HAH(UDSY, 94 AE=2F
Bl X749 FA717F e F7 A 8 7A ] AZAH(y)E ATFTHAA 3
744 9l A HE (Rp)E ALE + AU

al

A

i

7’Z'=| U,'_ Rp|+ V.ot

=V(X,— X)+(Y,— Y)+(Z,— Z)+ V-5t

ri=V(X,— X))+ (Y — Y )+(Z,— Z,)+V-5&¢

ro=V(X,— X )+ (Y,— Y )+ (Zy— Z )+ V-5t

=V(X3— X))+ (Y= Y )+(Z3— Z,)+ V-6t

ri=V(X,— X))+ (Y, — Y )+(Z,— Z,)+ V-6t
( q71A,
v 92 H SHAAX A
=V x At, (VAREE, AtiiAFEDA| 7D
Xi, Yi, Zi : $143¢] 324 A
Xp, Yp, Zp : FatiAsE F3 9 XA
5t 914 FA79 AALA )

o}

il
k

JACRRH 24 P AEX Y 2F ANE & AT 47 2ol 1EE Y
AL, 249 92 AR FAA Aol A AYAA AE FAF
oo str), 34 A P E A FAAE HoI= 4719 4NN AhE FA
g % golok @k,

32

Al
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(3) GPS HEA| HALZ

ZagE TR 39 AuH o2 £ B AFT FY BYrt 27HE
Z B hg gujelA A8 H = GPS AJ&F2 RTK GPSolt. 3 & A ] o A
= gvle Agd e 9wt opye} et AYE H2E w HE PFo
2 olgateA RUEP] da) ule Aol Besez 2719 GPS ¢t
E AFE3te], GPS <tHWEe] 1A A E ol 838 FHle] A2NFE Ul ¢ A=
FcH Trimble 2003].

A HF o He ANROR Y AEA ARG ATHAA U B3
ASS TFETh AN NG S| o83 209 GPS

3491 HlolH
A7E s ARE TEE o} Ak,

h xkEst 9% 54 R FH

() &F Az R AHAAN HolH 715

(th 2zt AAA 47he T8 A8 54

(2h) 91449 "X Ze(DOP)7F ¥ Fejel A 53

(4) GPS 71&= AA
2 dFoA AL3E= RTK GPSE QxR AANTE Y3ty 7|&2 S o2 3o
ZNEFS AF HEA o= vtEA 278 9 B34S Foft RTK GPS7| ¥ &3

S%S AFst7] Ao FF Ao AT LS WF R FAop
Trimble fitoll 4] #| &3 Trimble Survey Controller® ©]&3t9 RTK GPS¢ 7|4
BRAGE ot Ve HAA AZEYOE AHEE dHYUY TR} ALY A=F
AE A% AWM ZREHY ey A 44 € gre 2d Y & £HS &
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2o F AA FTAFE, SDK, GeoDXFY 3719 2 REE TAHHA Ut} 54l

d ZEE o] &3t GPSHA, B4, A Aol AZE F549 7F
, SDK+= GPS F417] AR, & FAEHE H49 &, x|, Fxus
1= ¥€%9 Componente]th. GeoDXFE DXF

viewer?] 7|52 F33= BEE DXF Y S ¢lo] T2ade e RAFE 7]

ofr
e

2 29 & e JBe AT

5% 339, GeoDXFE double buffering ©]&+E 7]8& AlE3le] AAte 2
AEE A olF AHE Fuidd HAE 9, W EFFH s HiE

& 4 Q)& Z /2% Component®] o}

WFCIHicrosntt Foudstion Library)

B8PS Pathfinder Tonls 50K

BPS 40| MRS HEE + e ¥% VIS8 Cowponet
HElR HSHI0] 22 Z2OBMEH ME ¥ = = §

'

GeoliF

rilEE B4 e $H Doble buffering J[RI8 AN IO
gAlZl2 R Digste BHY ZYWLUE FHL56100 BHE.
(OlExd 2. NISZ2(E4-EN, HY 0IS3SRE 20HE)

J8 3-71. GPS AZEfN 28
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974z%F 2aPe FUAL B9 AS FH LA AN FNE Aol

7] WEe] AaE Fge] FAE AT 4 Qorz AN AE A4EL

Qg 4 Qe FA8E Axdo]l AT 9AUNAN Fadd g AL
i

¥ 3729 2ol AA, 24 AG F aPAd e DAY A

2 ENE & JE A AHEA Univh Basd, B4 29 F9 A4E4¢
542 4 b A4¥Ed 24 Univl Qe mAnez Fasq 29s
RTK-GPSS} dAshe] 281 MMIol 8% 5 glojok @k,

GPS GPS

ah%d HAE
SH £4 £3 Unit

Unit

Smart Cameras

7 el - wde Wi AEste] HEH Fawe P4 AFstach

22 AL AME B4 HAZEH £F
3D Camera 30 Camera
UM AAE
Laser Scanner Laser Scanner
OI0|X] E2AMA Hel(AE) HA Itoi et
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H 3-27 SE3C ANLE 2ME FHE

7= =H oHE
« AEO2 01F ol 2
URIGA AIAE |« M8 A US asss ol Wrdd =X
. 02 AFZAl 20| S 2 QS
AN =X
(3D Camera) (=2 ) Cxs0| o
. AJNH A2 AR
UMGA AAE |« M8 A UAS
- HADIQ| AHHOE =X
ANHE =X
(Laser Scanner) (E2 2488 =H) . xs0) o
OI0IKI Z2HA | = AlAE RS0 ] _
. E} BHAIG) HIGH RYE X8t
Al A - MoRE S Moo @nAE a0l BO
(MM +3t0eH) | = IS0 gso0l B sro EsmE T =

7ol v 8 AU Y5AE 24 A5 QAGY ALEe A sE Aol
Hg Holdk Asg BHRoG A FEaAHe gt YAIY N2ge =2

Rk
AFEY FAHAANE AT 52 o] &HI o] AL Abgdle HARRAE
A ¢ JE AU Fo ¥re] FrEA X7 "ottt 3 3D Camera$t

Laser Scannerg AH&3 YA G Al2"9 #HolA FULe ATl WFA 0] 433l
Hofetnr Fo] Agh & A gujo HEolle B JAFAAE AT FA < I
o] g 5o}

HABE A& 40~200me] 3 TS o83 SAF THY EFE SA3
= A& EHAAR = AHE ZAE FHY 1~2 £ EFFE Gg3r]de b
5 frEskA R Aarw e AA 2] AR E AdE A olH &l ATt ol
Hke] Aol gt o] 8% o e
oo A HAstE TR A AR L 24 F2 ALE Uegon, ojn|x X
ZAG AHEEHE HARA B JEYA Jvets A 2
GRS A5, HE5E AN U AR E d2F R AdE e

2 & g FABe Aadez Agdrld N AR Aoz oy
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7 & AL
USEFUL ELECTRICAL STROKE 340° + 4
INDEPENDENT LINEARITY

RESOLUTION Infinite
TOTAL RESISTANCE( £20%) 1/4.7/10kR
OPERATING TEMPERATURE =55+ .+100C
STORAGE TEMPERATURE ~5Q0¢-sere .+125°C
SPEED <600 giri/min
TORQUE < 0.20 Ncm
LIFE

>100 x 10”6 cycles

TRANSDUCER BODY MATER | AL Dialiphthalate

SHAFT MATERIAL Stainless steelAlS| 303

ELECTRICAL CONNECT!IONS Terminations to be welded

PROTECTION LEVEL {P40

MECHANICS AND INSTALLATION Assembly of servo(flange)

External diameter 22.25mm
DIMENSIONS

Shaft diameter 3.175mm
Transfer machines, Textile machines, Injection

MAIN APPLICATIONS

presses

(2) A4+ Ao

192 B3 doln gl 944 g B
Dol %A A Aoistr] AAAE Tkl
o Eold We ZAEAAY FAR] WA B shefo] Ay ofoF Buk. 2T

o
]

MstEs S48 23= 7 3-29¢9 20
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H 3-30. UESI3 t0lct Ar

7 =2 Al &
mode|s Axis 210

Image sensor 1/4" Sony Wfine Progressive scan RGB CCD
Lens 4.0mm, F1.2 fixed iris

video compression

Motion JPEG, MPEG-4

Resolution

16 resolutions from 640%480

frame rate up to 30 frames per second in all resolutions

shutter time

2 sec to 1/12500 sec

Processors

Video Processing. and compression : ARTPEC-2

CPU : ETRAX 100LX 32 bit

RAM : 16MB
Flash : 4MB
Power 7-20 V OC max 5 W
operation .
. 5-45°C
conditions
dimensions 38 x 88 x 157mm 305¢g

(2) 544 AWH

HED 7tz RE 3R

FEH7] fste] FAUEHNAE T8 oF &

o =Y A ikl HFE S 111 74 ad-hoc E=E TASIAT. ol 938t

FAA ABEE o] ARstAon, £ 3-319 AFAIGE ZF3 it

H 3-31. Fdu AHE A

2=

AL &

Model

buffalo Wireless—G
(WLI—TX4—GB4HP)

Siandafd Compliance

IEEEB02. 11.b/g

Frequency Rate(MHz)

2,412 - 2,462

Data Transfer Rates

"~ 10/100Mbps

antenna

X 7d81 2.46hz

antenna cable

low loss cable
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A A71E 1% 3 (Grouping)
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q (0= Dy (0= 1)+ tP(t)
)

p— @\t

Mz(t)zw—

H1 (t)=

e FCE EAEE
HlZ A s {Thresholding
value)
0 ’ 255 @ig

J# 3-88. Otsu £112|E 0I&3 &t

(3) =ol= AA

ol 3}7} o] FolF GAE EAES ZA, IT¥EA, oA, wkHAA=(Skid
marks), $< 2 94Hlow-contrast image) 5o &3 wo]=7} WAIEIY o] =9
HAZ AAZF FHo] X} ol X A7 WHLS Gaussian, Soften, Blur, Erode & ©]
otk HAH e wol= AA WY S fste] B Ao HA GdS A 88t Bt
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1. 71&%40 9 £Pu] & 4

7t A

E=FH](2911F) 1 77,0009 (A 7] Al 71 Ah+68,000 (A7 Al ¢ B E) =

145,000¢! /day

A gul: A(EHEA240]) 20L/day * 12009/L + 3&f-(A4734]) 5L/day *
16009/L = 32,0009 /day

SHHH] (uEA -], -7/, 88 5 3 1 100,0009/day

18k =d9s, Ad 5 100,000¢/day

Total: 377,000 /day

N

g, gul(EE AR D 45g)
) 71 5500 9, e 54
A BUO=(E 1303 17]) - 1,089, W75 3044

71k &EF B A (F5H £3) - 2009 /year

o Azt 100¢ #Fd, 59 V€

I 1]: 380,0008 * 100day/year * Syear = 19,0009+

A 55008 + 1,0009F1/30day * 100day/year * Syear + 200%F<d/year * Syear
= 23200%H

Total: 42,2009+

2. /&g u] e 3Pu]E FHA

7. o

EER(19012): 77,0009 /day (A7 A=A 71AH

A =8 A 30L/day * 1,2009/L = 36,000 /day
eubu|(euA e ), f51), TP S ET): 100,008 /day
71eb: suts) Adl F 50,0004 /day

Total: 263,000 /day
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o Az 1009 &4, 7d 7€

A H]: 270,0009 * 100day/vear * Tyear = 189007

ZFR}: 10,0009 + 1,000%+99/30day * 100day/year * 7year + 100%H/year *
Tyear = 34,0005+
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A 6F AFMNLFANAN FH AYFEr AR

Az A, A AE st T FHeR A9
3R AYe AQd FE Az 219 @
S

2 Joen #HE Vs FEF JH F, ¥ 3} 7] % (micro and nano-

v}

technology), 414 7] < (vision, microwave and ultrasonic sensor %), ¥4 §4l7|&
(wireless communication, GIS, GPS, PDA 5)¢] FR.9} &4 AFo| FA I 3
o I AEEE HS WA gle A4t [Munuyoshi et al, 1994]

AAF ez 1980d ] 2wEE w9l R&D FAE &3t gAe g A+4E
TAoZ AM 28 2 AF3 A2 g ©AE Jteta Jow dAAES A
A g ZA 99 AL et b5 guj e JdE R ¢ Ao B2
v g 2R 22 Nd FA g 2E3 FAste A7 TACl tE A4 3

Aol Al B2 AssA 2" A 9 HEE Tk BHAAMY dAAE 1T AE
E

M §3 gdTa FAY AFAEE 2 fFARF 2R AL dE O
AMGAES TR & AxF U9 7F Al=d (Av]= SMART System, &4}
oFA] ABCS, tholAlo] T-UP System, U W7}t Lift-Up Method)e] 702 o]
AT =He T T2 dgn & F Avh B A AEs R 2EHEH2E D A

F¥ 2 AAEA 7] < (wireless sensors, micro and nano-technology)®] &ed] 3¢
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o A 252 ALsta £33 HE FAY. vFdM e 53 (NASA)
2 FHEFI(NIST) T 7 7718 2 A5 digtalel s ojed 14d A53 <

19909 t) S0] AAEA 2] ot ASE TZo] 0y AMIAZEE JTHO
2 AYP T U} o) B3 BA FABAL AA L AAES FAAA gou 9

HAE =88 AFe 1 JYH(Balaguer, 2000). £3F 33 HA 2 FXBSF vfol
=2 1)-

eld g7 22 trenchless technologiesd] B& #AE 7Mx2 A3 ES 3

44 gnlel daz AAARs) Sde] AR AL AART Sste] A2 374
CAD tiz}el B3} zlo]x 4H 2 o] &8 349 24 Al g e AADANN 48
S

=
[Fujita, 2002] [Moore, T et al, 1998] [Kumiko et al, 2006] [Naohiro, 2006]
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