99-9-2130
MOTC-1I0T-96-EEB002

608t R

3B EBEE M FTFh
S EL 99 & 2




99-9-2130
MOTC-10T-96-EEB002

6 el g

52 i
v

B AP 3

5B 3E &5 B T P

FAREI9 £ 2



HRBABRFERESE / YENEE —
. — 2T . RBIFEAA, KI9.02
® o  an
$#EZ8 .|
ISBN 978-986-02-2474-0(F % )

1. RBEHE 2. HRLAE 3. ®R 4 AN
B

557. 15029 99001804

BRI T E TGS
FooH R TS TR RS - ST R
i frﬂ 5; %Ma A e
L ﬁ’?ﬁ%%‘% : qﬂﬁﬁﬁﬂ?@f%
Yy k10548 £e* T By (=] =4% 240 5
A i wwwiot.gov.tw (F[ I > qigﬁ' ; {755 > 4 Fid '#’?Fﬁ#[)
?Ef:’ ?‘ﬁ 1 (02)23496789
LIS E] Hlﬁ";J[g;zigggﬁ 2 F|
DR T
5P ¥ ) 95 P
T IR A S A
€ 1200 A
CN S
ES ﬂﬁzféﬁﬁﬁfﬁ‘“r e YA . Fj‘?%—ﬁ ©(02)23496880
@I%‘\é ”—:H‘AL FIF 110485 _5}5[14[ HIL ]EM‘“EE'?, 209 5 FE= Fi ﬁf' :(02)25180207
;17@ NEE 40042 B B 6 B - T ¢ (0422260330

i
o
b

2
—
%

GPN : 1009900288  ISBN : 978-986-02-2474-0 (- 4E)

A S ( l&%y&:wﬁm ﬁﬂ‘m
(R @*‘IJ FEFI 2 S P ﬁﬁ B SR

A A -




BRI A RS BHRSEES

m%%?ﬁiﬁﬁﬁmﬁﬁiﬁpaﬁg

RREHEL 5 (F A5 | SRS S B (ERA T TIRS R %R

ISBN978-986-02-2474-0 (L %) 1009900288 99-9-2130 96-EEB002

SR ER LS NS LR A L AR A iR

—"? -yl FHEIFA EET KR B96E 5 &

PR TR FrAR BT FRECFALSFRD S

FELAR My s s IhE HET R @R E T 96# 127
bbbt d A REART B 2 B S8 EL

PR R 3 1 (02)2349-6826 w2 % 5 1 (02)7738-0145

B F B (02)2545-0427

MR R e 2 8RR

PR LA AR P AR

FE

T & HAZE 25,000 BARF o TIOMGELRIT 20 £ > fRR(E MO (RGP -

R 2 ApFRRE S
WEIHFTRED R OES ,’;m‘}, BF 2
A4 TR S SR & DR FARE D A

ARG ERES 2 B2
A RE K B A O AR T 4k

BHRB R BE S M EFR Q248 PR R

R TIB - B R R R
Pl > T 5 AR 0P o

GER SRR TIESE S R TR RS
%“@ﬁﬁﬁ”‘ﬁﬁﬁ%M°?%ﬁF%%%

% TR
R

BRI ]

REFAREZD RV

SSh RN LU of b

BRI LS B R B AR B
SRR TR

E s ST 0 AL BEA N

Jup g P | T A 4 %, om B @ 3 N
m%ﬁk‘?’“} AR OB o FAPBIRE Y L o
99 & 2 ¥ 148 | 200 | ¥ M EHZE RT IGEASLIERE F 42 FFHE
Wy p -
A
[1# v [(Heisw [eqHds
(egpipie [0 & ppg D2t epg e seRg
(la ez g ks 1 a7 At a2 s)
_ R
B LAy 2 EheEad N AREML R o
2R hig QWIS Y L o




PUBLICATION ABSTRACTS OF RESEARCH PROJECTS
INSTITUTE OF TRANSPORTATION
MINISTRY OF TRANSPORTATION AND COMMUNICATIONS

TITLE: Project of robot arm development for bridge inspection

ISBN(OR ISSN) GOVERNMENT PUBLICATIONS NUMBER |IOT SERIAL NUMBER | PROJECT NUMBER
ISBN978-986-02-2474-0 (pbk.) 1009900288 99-9-2130 96-EEB002
DIVISION: Engineering Division PROJECT PERIOD
DIVISION DIRECTOR: James C.H. Tseng FROM May 2007
PRINCIPAL INVESTIGATOR: James C.H. Tseng TO December 2007

PROJECT STAFF: Chen, Mao-Nan , Wu, Po-Huei
PHONE: (02)2349-6826
FAX: (02)2545-0427

RESEARCH AGENCY: Oriental Institute of Technology

PRINCIPAL INVESTIGATOR:Fung, Chin-Ping

PROJECT STAFF: Jeng, Ming-Jang, Hwang, Jiun-Ren, Doong, Ji-Liang, Tung, Pi-Cheng, Lin, Chih-Yung, Sung, Wen-Hsu,
Hsu, Chun-Chia

ADDRESS: 58,Sec.2,Sihchuan Rd.,Pan-Chiao City, Taipei County 22061, Taiwan, R.O.C.

PHONE: (02)7738-0145

KEY WORDS: Bridge inspector, Two-way two lanes bridge, Robot arm, Visual inspection

ABSTRACT:

The number of bridge is over 25,000 in the Taiwan area, and the average age of the bridges is
20. The work load of inspection and maintenance increases with bridge age. The bridge
inspector,which is being used now, has some disadvantages, such as high cost, huge body and
hard operability. Additionally, huge risks occur during the inspection procedure in which a worker
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This research focuses on developing the prototype of a bridge inspector being carried by a
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of robots is analyzed using the finite element method, and the bridge inspector prototype is
examined in a field-test to validate the smooth-running procedure and the quality of photographs
taken by the CCD.
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ek FEPW LR ES S FE Y2 P SONY 360 A& 425 Chameleon Eye Y12 7 12
1% 4 i ss o 74864 2463155 - RPU-C2512 2 RPU-C3522 0 £ £ 4 8] % 315 2
320 50 > His a3t & 3-1o pdEd R 5 > B X wiviE 66 & > 4-H 3.8
#757 o Chameleon Eye 360 B 4 gf i & “f R dmz b HEEEEE T TR 360 B >

PHEY I 7IRSBETRYEATR - EDLG AATE - B 45360 R 2

%3-1 SONY 360/ 48 RPU-C2512/RPU-C35224L

Items RPU-C2512 RPU-C3522
View angle +38 to -17 degrees +66 to 0 degrees
White Balance Automatic electronic control  Automatic electronic control
system system
Total number of pixels 2M pixels 2M pixels
Frame rate 7.5Fps 7.5Fps
Video output; VBS mode NTSC/PAL NTSC/PAL
Minimum Ilumination 20 Ix 20 Ix
Vision Pattern 7 modes 7 modes
Power supply voltage DC 6 to 8V DC 6 to 8V
Power Consumption 3.15W (at DC 7V) 3.15W (at DC 7V)
Outside Dimensions W75 x H80 x D75mm W75 x H80 x D75mm
Weight 315+£20g 320 +20g
Operating temperature -5 to 45°C -5 to 45°C
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RPU-C3522
1 - BEE
WA E

RPU-C2512
M 38R
R 17

@ 3.8 SONY 360 & 4L2g i & &

Processed image from annular image
o panorama image

Alumium deposition:
Reflect area

360 degrees
Panaorama Camera

Module Approx. +38 to

-15 degrees

Relay lens 360 degrees annular

image captured on a CCD

360 degrees surrounding area
is shown as a annular image.

B 3.9 SONY 360 A 45 % 547 15 1

SONY 360 & 4tef Chameleon Eye % §8 if i+ “ﬁc‘ EEgEet o H fﬁ?"‘ R XA
HE Foo Q@”‘ Bl erEs 5 2 }‘\i'ﬁ » d ** Chameleon Eye #_p # 3% T_¥ 3 {7 360 & %%
Bripd Pt v @R F 0 REATLEA e RETF B I R - HRRRURE 0t
HboA 0k 66 8 BiEHIBIT L S PB P> mARE LA RLF > AR Leh
i}ﬁm T e R PR R P S o 11 Chameleon Eye #7§ % 4p &R tfde 8] 3.10 #7oF o

MRY F g ST kg o a2 EIRRUEF NIRRT
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B 3.10 Chameleon Eye 7 "“24p#&F % 3 # £ 08 T

d 3+ SONY Chameleon Eye # i % SAf F el § £ 235 V€3 4222 0 &
k& iz vb A R AR Speed Dome #ER4H#4cB] 3110 B¢® L s ul i (DEPHRE > ()
BEB QBPBALE > DL O F  (OBERALE > DFEE > )
O nkdn R M

Speed Dome #HER:H 5 B 24T A/ KB AR Z H¢ HUH > B4 223 k52 10 Bk
= W 4R HEMEBAR S 0.01Lux > 47 0.002 Lux > S 2/IR B S 0 ¢
FAGAEREAT LG R R RS RRRT R ki R
MOBRFVGET BRELHZHEREI OV GIREHN > A BE kB T d
KAT I Lo/ B L 6/p Bodrd] o AT 0LRT 360 B Fadg > 3 90 B i (0.9
BArAafr ) 180 B p dfudd » @ b7 E 50 O % 2 fEHL o & 3-2~3-7 LR

T2 RREP o



B 3.1 4] 22 3 & ks i o R AR Speed Dome #%7#

#3-2 ITHR

GRR B K T/E3 @ #iE B 5 B /S~240 B /S
PREEFER 2S~60S
kTR R 0.1 &~240 &/S
L8 g R 0.1 &~240 &/S
ASEECEE 4] 360 A& i 7 iE
L HLE il 2 0B ~90 A& (0.9 A& M)
kT A R 0.1+0.03 &
TERETE 64 B Fp % B
R R <1.58

kT 1240 B /S
TRELR £3 1120 &/S
2R ED <28

£33 B EET AR

HLER 22 % R F W 545 0 F1.6-3.8, =3.9-85.8mm
[k 22 k8 5 10 @ #ci

ICR (IR-Cut Removable) Bd (N IRCut 2 44/p &g & 27 )

|8 15 po#/E B

T (NTSCJ : 1/60-1/120,000 #}

(PALJ : 1/50-1/120,000 #; 14 *
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34 924 JAABRA

w2 1/4-Inch Image sensor
3 xR E 811x508 [ NTSC ) /795%596 ( PAL )
Fh o (NTSC ) : 525lines,60fields/#
(PAL ) : 625 lines,50fields/#)

KT fEAT R 480 %/ 520 15 (2 v Hic5l)
B 4R B 0.01 Lux F1.2,0 Lux (IR F¥ k%)

% Sk s $io;% £ 0.002 Llux F1.2
i E gL 52dB (MIN) /60dB (TYP)

(AGC OFF, r=1, APC OFF, Y-OUT)
DNR # i A BRI R A A 0 et ¢ 4.5dB
ek s R A P}Fﬁ(ﬁr )
B kit o A T A8 B p Be A KAt )
v T g ATW/AWC/FIX (3200-9600 & K)

(& ¢ FP)
jﬁ,af;?ﬁi%] 4 1.0Vp-p rE4175Q
AGC/ALC # & B (5~ 24dB)/ p & & FH 2
g 1200 ~ 2400 ~ 4800 ~ 9600bps ¥
L F RN d OSD # it E 7 ¥ K T
WS d OSD # it iE 78 ¥ & T

%3-5 =t MLEDAR %
=t & LED 28 % 850nM A= “F & LED » % % 6000 -] F*
FEER/ELER 45 B /30 B
St RS 50 = =
#3-6 T EBARE

R ERE R ET &R DCI2V/3A (£20%)

(ZERAZHTR)
e % <30W
BRI AIT RS 6W
@A M RS-485 i 3
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4.3-7 BRI

T x —30°C~+50°C
b ok B IP 66 (% *t3])
HREHEH (2D ASA

Bl 3.12 5 2t =t Rk

1

X

LMz B R A IR A e WP AT

B 3.12 #Ptsr®

@ # i &t % (Function Display ) © & 77 3% 17k i 2 % ¥
@ 4t an
MENU : i& » 3 i# 2R 5 H
TOUR : fx#-/iz b 3f = 8 1940
SCAN : fr#s/iz ok & BEF 35 5y
PRESET : ff B if*f B o 2 RO 2F)f L 8 > R =8 5L 71 (1-32)
(34-66)
CLEAR : i # » % % cifcF
CALL : 2 &3 * ik g
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PGM : # it 3% T4
B~ 50 > 3% PGM 4t - £ 3% P4ttaik
ﬁﬁj” 44 > 4% PGM & > 5 # D 42153
31,?]% 12 > # PGM 4% > EH i 5 5 1200 bps
@?J% 24 > ¥ PGM 4 > :EF i i F 5 2400 bps
31,?]% 48 » ¥ PGM 4 > E#FH 311 & 5 4800 bps
ﬁig?J% 96 » 3 PGM 4t » £ i i F 5 9600 bps
CAM : i 7 =5t (1-64):% $% 4
O : A F ot 1K
PONIAIBLEE R E B2 EPP S A IR
CLOSE / OPEN: 43 &f £ B] 4= #[Iris Control]
NEAR / FAR: 4 8f & i3 #4][Focus Control]
TELE / WIDE

F % i< 41 [Zoom Control]

E:&LER
@ HAx P ovEe g oL R T ER

MERPBRABEFRAFREL AR LR IR ER G TOEL T 4 NRE AR
HUEE BB LhBIFPFTRLRAMBARAT S S EF BPPHDEL T RFF -
BMBRE L@ or gk LR F 8 TR 0 Lux @ oo T BB
S h B o T2 Lux ME g MR ORP AR f S0 Fd A SRR R
Speed Dome #2452 SONY 360 & 4t Chameleon Eye » Speed Dome #HF: 5 & H 4
FREE A FiEid 122 Bc™MBBA 5 0.0lLux » @ SONY 360 A 4t Chameleon Eye

Z B MR AR 5 20Lux > Flut 5 R OIFR B AR RIS 0 A3 FE* Speed Dome
TR

v Speed Dome #2484 %] foe Rk iR ~ Hedi kR E R RRGIRE T R E &

PEf o 4ol 3033105 AR REREATAFBED R DR UBR TR SERD S

FaspPr Wzt a Rl wRIRR LS SRAR D] TEIIOE G o d B 3.5
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BAGC  AUTO %—l —————— 4 BAGC
SENS AUTO [m r-SENS

Bl 3.13 % &k /ARHEBK T Speed Dome HH P HEH ST (= + Bl A B B MEBET 35

AGC - SENS

AGC - SENS

Freeze -=0FF
ON

2AGC AUTO ====-- - BAGC ~ AUTO
SENS AUTO = =SENS AUTD =m

Bl 3.15 23 £ Am%EH T Speed Dome #F W H#H ST (= + Bl A B o F KRR T 353

i
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AN

DISPLACEMENT

srees o 0 g
SUB =1

TIME=1

DMX =2.21

Bl 45 L FS 3 SFRPERDEL 4 89

AN

NODAL SOLUTION

STEP=1 Tt
SuB =1
TIME=1
EPTOEQV  (AVG)
DMX =2.21
SMX =.144E-03

—

0 _320E-04 _639E-04 _959E-04 .128E-03

.160E-04 .479E-04 .799E-04 .112€-03 .144E-03

B 4.6 $H LA S 3 SR HEDBL S BE R




NODAL SOLUTION AN
Fes 20 208
SUB =1
TIME=1
SEQV (AVG)
DMX =2.21
SMX =8.9

| I

0 1.978 3.956 5.933 7.911

.988883 2.967 4.944 6.922 8.9

Bl 47 L FS 3 SFRPEGBL 4 B F

=

£ 3RS R e R R TR R L R AR TEARY 3T Pl R
;2 &

A BAS AR Y F 28 THEIERFAG F3ERF HEL R w W L

o B4R EREE ¥ 2 e T E L R %3%%*9@#%%"?%&%@@1‘1@%
AR>NME T REIEREFZ TR B 410 T3 B RIFAY 3 BEEEE FaR

GHERENEREY 525 REre T 3OO %3%%@%%%§%@%£@Hi§£ﬁ
T P R S S A SRt EEY ERE T T I TR TR
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AN

. FEB 29 2008
- 15:52:11

ELEMENTS

=

W48 L Bk ivar ¥ 1 PR 2 ERpdEefets e

AN

FEB 29 2008
11:06:30

ELEMENTS

F

Bl 40 £ A Ak (TiEAY $2 BHRCE 2 @R HiiFdfot 4 51



AN

FEB 29 2008
13:24:49

ELEMENTS

E

E "‘L'fri 4 0% &

Bl 4.10 8455 B Bk (TR 5 3 BRER R 2 R kiEe

PR AR TERY § 1 BRSO R B Y A G A YR
% 3.25 mm ~

-

TAH AL 2R 413 R RAE - RBRE S ZHEG R RSN

0.342E-3 % 23.587MPa - @ 452 £ 6061-T6 t1% %is & & 275MPa» Fl &% 1 B 5

B AR A SRR R o
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AN

DISPLACEMENT

e 20
SUB =1

TIME=1

DMX =3.25

Bl 411 LAk iTER" 51 BRREELI B2 ELERT

NODAL SOLUTION 29 2008
FEB

STEP=1 14:16:35

SuB =1

TIME=1

EPTOEQV  (AVG)

DMX =3.25

SMX =.342E-03

—— I
0 _761E-04 .152E-03 .228E-03 .304E-03
.381E-04 .114E-03 .190E-03 .266E-03 .342E-03

Bl 412 WELEFLETER? 5 1 BEEC-ESAF2ZHLRY
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NODAL SOLUTION AN
STEP-1 Fes 29 2008
SUB =1 e
TIME=1
SEQV (AVG)
DMX =3.25
SMX =23.587

I

0 5.241 10.483 15.724 20.966

2.621 7.862 13.104 18.345 23.587

BlA13 HH SR Adk riEae 5 | BRECE 24 B BERA A6

B SR G (TR B 2 BHORICE R Y PR BB A A
FNE 414 T 4160 B A BUE RS E B 2 HEITE 2% A% 3716 mm
0.432E-3 2 28.485MPa> 3+ ¥ 4% a7 &% 2 B HEHE B PF AT K8 4 4 10 ASEIL R

F\o
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DISPLACEMENT

STEP=1
SUB =1
TIME=1
DMX =3.716

AN

FEB 29 2008
11:29:11

N 27 44 K o 2y B S 5 & bE 4 A
Bl 4.14 L Bk Ty %2 BRIRCE X4 B2 F AR
NODAL SOLUTION / 2“9I2008

FEB
gagpzi 11:23:49
TIME=1
EPTOEQV  (AVG)
DMX =3.716

SMX =.432E-03

——
0 -961E-04 -192E-03 -288E-03 -384E-03
-481E-04 -144E-03 -240E-03 6E-03 -432E-03
B 415 < A8 Al (EBARY % 2 BRCRRE L LB RRA
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NODAL SOLUTION AN
eTEP-1 Fee 29 2008
SUB =1 e
TIME=1
SEQV (AVG)
DMX =3.716
SMX =28.485

I

0 6.33 12.66 18.99 25.32

3.165 9.495 15.825 22.155 28.485

Bl 416 LA A3 TERY F2 BRI L AP HELRY A H

Bois o SR AR TIEARY 3 BRI OB LR R R A G
AGRTE 417 2R 4190 % 3 BHEEE LY 3 SRS gy W R 2
MRS W G Tk A SRR B¥E B 2 HEE R R AU 40601
mm ~ 0.493E-3 2 33.97IMPa - 3+ & & %47 o % 3 BHIEREE Pk 4 4 Al
FRN - ZE F3BHECE AR RN EITPHES 2 BRI PO I E

FTRALE CEAFSISFEIR IR A RSB NBEEST B ERE T BE

NS
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AN

DISPLACEMENT

=
SuB =1

TIME=1

DMX =40.601

Bl 4.17 8L B Ak iy %3 BRIREE X4 B2 FART

NODAL SOLUT ION FEB‘ zﬂglzoos
STEP=1 13:43:14
SUB =1

TIME=1

EPTOEQV  (AVG)

DMX =40.601

SMX =.493E-03

0 -110E-03 .219E-03 -329E-03 -438E-03
-548E-04 -164E-03 .274E-03 -383E-03 -493E-03

B 418 L AFAE TEAY S3BHRMEEZ A FLEFLREAT
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NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (AVG)
DMX =40.601
SMX =33.971

AN

FEB 29 2008
13:42:02

——
0
3.775

7
33.971

Bl 4.10 84 = B ok (vEfz? &

4.2 ENRE

&
#4447 L R B £ A2 % 3

5 B

3 R

/' 4 EE§ 7 <§;»nh E?E 4 A}

DISPLACEVENT DISPLACEMENT AN
FEB 29 2008 FeB 29 2008
STEP=1 B
et 15:41:10 15:42:5;
FREQ=.620320 Fheoz 723435
DUX = 887254 DX =.850128
DISPLACENENT AN DISPLACEUENT
FeB 29 2008
st Fep 29 2008 STEP=1 Pratared
B =4 8
Fheqss 030 FREQ=4.161
oux'=.82783 DI =. 762032

B 4.20 L% 3 &

4-13

RE -

e
A

i

S

437 Bl

__.\



FRREIF2 S oG BHEARBI LT T ET 3 SFZ B & ab i
AT R R R A SR A PP B R GT 4 T oA e B F
PR 35 2T g 4 Gt L AR 3§ ks it 3 48 # (Harmonic

vibration) » #=#+#f F j£_1Hz ¥] 50Hz -
PR LFAETERY S ] BRI SH

‘Er

LT 83 S A b LR
BTt TEE S b BB 421 1 o3 E 2R AT B JRE 0.64mm AR

BEiTd AT XA 4 BT Xk B
s A B 423 B 5% 3 HEFER A A Buh 4 i K

IHz iR > i gp ot #8 i p et + 25 B 0 £ 89
422 5 24K T S s E

<~ &+ ] 3 6MPa o

POST26 AN
AMPL ITUDE MARog%oS?gg
.8
.72
.64
.56
.48
VALU
.32
.24
.16
.08
0 ==
0 10 20 30 40 50
5 15 25 35 45
FREQ

B 421 % 1 BHE-E

>‘1 3
B
;,‘_\‘\
w
P
"
e
P

Ens
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)~
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I
Jemh
A
9
K2
X
=k
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09:11:08

POST26
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.36
.32
.28
.24
VALU 2
.16
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.08

.04

FREQ

BA422 % | B IE-E SHAT* I PFL4 32 24 LT30S

AN

MAR 1 2008
09:33:24

POST26
AMPLITUDE

VALU

FREQ

M423 % | BHERCE SO 4 Y 3 EAF R it %1
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