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Research and Development of Sensing System for Road Infrastructure Monitoring System
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Isao Shimoyama, (The University of Tokyo / NMEMS Technology Research Organization)

This paper addresses outline of Road Infrastructure Monitoring Systems (RIMS), features of developed

technologies, and demonstrations in the real expressways and large-scale infrastructure such as dam and power

plant. The system enables 24 hours monitoring of total road infrastructure.
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Bridge Sensing System using Super Acoustic Sensor
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This paper addresses a newly developed palm-sized sensor unit for detecting internal deterioration in bridges.

The unit utilizes event-driven architecture, energy harvesting and edge computing to conduct an autonomous

monitoring of bridges. A vibration sensor, “super acoustic” (SA) sensor, with an extremely wide frequency range is

also developed, which is incorporated with the sensor unit.
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Development of Bridge Monitoring System based on Flexible 2D Strain Pattern Sensor Sheet
Takeshi Kobayashi*, Daniel Zymelka, Takahiro Yamashita (National Institute of Advanced Industrial
Science and Technology (AIST) / NMEMS Technology Research Organization)

Kazuyoshi Togashi (Dai Nippon Printing Co., Ltd. / NMEMS Technology Research Organization)
Ryoichi Ohigashi (Dai Nippon Printing Co., Ltd.)

We have developed 2D strain pattern sensor sheet consisting of a strain sensor array sheet by graphite screen
printing, a weatherproof protective layer, and an adhesive sheet for easy construction. We have attached the

developed sensor sheet to the actual bridge where the stop hole treatment is performed. It has been demonstrated

that the strain sensor near the crack and the stop hole shows a particularly large value.
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(Screen printing, Strain sensor, Wireless sensor network, Structural health monitoring)
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Development of Road Equipment Monitoring System with Tilt-multi-sensor

Hironobu Yao*, Takeshi Suzuki, Nobuya Suzuki, Shinji Kitagawa, Yuki Sameshima, Minoru Kakinuma,
Shinji Matui, (Fuji Electric Co., Ltd. / NMEMS Technology Research Organization)
Yuichirou Fujita, (Central Nippon Expressway Company Limited)

This paper addresses development of the MEMS sensor device, the tilt-multi-sensor terminal and the sensor

system for monitoring of tilt and vibration of road information boards. In order to grasp an information board

behavior, we have conducted a preceding field test and behavior analysis of the road information board.
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Development of Slope Displacement Sensing System

Tadashi Oshima®, Takeshi Amishima, Nobuhiro Suzuki
(MITSUBISHI ELECTRIC CORPORATION / NMEMS Technology Research Organization)
Tsubasa Terada (MITSUBISHI ELECTRIC CORPORATION)

Slope displacement sensing system using the phase difference of 920MHz band radio waves is developed. The
displacement of slope can be measured at the accuracy of the order of millimeters by this system. In this paper,

the experimental results in the real slope is introduced.
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(Displacement measurement, Localization, Slope, Landslide, Phase difference, Sensor network)
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Fig 1. Concept and principle of slope displacement sensing system.
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Fig 5. Results of the forced displacement experiment.
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Development of Wireless Communication Networks Common Platforms
Kenji Shibuya*, Yuji Ishikawa, (NTT DATA Corporation)

This paper addresses the development of wireless communication networks common platforms. Due to the

deterioration of road infrastructure, as various kinds of sensors are installed in road infrastructure, inefficiency

of data collection caused by duplication of communication infrastructure, In order to solve the problem of data

utilization inefficiency, it is necessary to absorb differences in specifications of various sensors and

manufacturers according to the communication specifications of concentrators. We will introduce network

communication infrastructure with cost reduction and secure security through cooperative communication.
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(Network, Data standardization, Modularization, Multi-Hop communication, Security)
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Fig. 8. Fraud detection overview diagram.
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High Durability Packaging Technology of Sensor Nodes for Road Infrastructure Monitoring System
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This paper describes a high durability package developed for long-term stable operation of sensor nodes

composed of sensors, radio circuits, antennas and autonomous power supply under severe environments such as

road infrastructure. As a result of the durability acceleration test on the sensor package which adopted LTCC as

the housing material and the inorganic-organic composite adhesive as the sealing material, the durability

equivalent to the targeted 10 years was obtained.
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Fig.5. Conditions of thermal shock test.
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Table 2. Problems and solutions of the sensor
node packaging.
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Table 3. Packaging process of the sensor node.

LTCC/tys—S (100x70%50 mm)
-9 BAMETIZFE (BS: 0.73 mm)
#HEPE 3 mm
Eafle ) FIVEF 45— IRFASRHE SIEE R
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Fig. 6. Sealed sensor node package.
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Fig.7. Air tightness evaluation system of the sensor

node package.
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Table 4. Conditions and results of durability
acceleration test.

RERIEE M FER
PCT 85°C, 85%, 0.12 MPa, 672 hr &

iR ER UV 162 W/m2, 63°C, 500 hr =Yl

(SRR —40°%C, 100 hr Gt
YA )V ERER —40°C & 85%C, &2 hr x 200[E] &
EKIETE R ER (187K2 hr/ 40°C, 98%, 7H) x 4[E] &

8 WHHRE TORIIMRERZERR

Fig.8.  Outdoor environment exposure test in

Iriomote Island.
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Fig.9. Air tightness evaluation of the sensor

node package after outdoor environment exposure.
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Table 5. Environmental conditions for
durability acceleration test.
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Fig.10. Tensile test sample structure.

(based on JIS A 5557)
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Fig.11. Tensile strength after durability

acceleration test environment exposure.
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Table 6.  Outdoor environment exposure test.
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(t0.20 mm)

30— MEk

SI5RER

39— hMERD. 1T

12 N T A A — M X DB TOFEMET A b
Fig.12. On site tensile load test by handy scale.
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Development of Ultra Low Power Atomic Clock used for Wireless Sensor Terminal

Shinya Yanagimachi®* (National Institute of Advanced Industrial Science and Technology
/ NMEMS Technology Research Organization)
Kazuhiro Harasaka, Mitsuru Suzuki, Ryoichiro Suzuki, Junichi Ikeda, Kazuhiko Adachi
(RICOH Company, Ltd. / NMEMS Technology Research Organization)

In order to accurately perform safety diagnosis of the infrastructure, it is necessary to guarantee the correlation

between the acquired data, then the time synchronization between the sensor terminals becomes important. Road

Infrastructure Monitoring System(RIMS) employs a wireless synchronous system. If an atomic clock can be

installed in sensor terminals, it is expected that a significant cost reduction in a construction of the wireless

synchronous system will be achieved. It is introduced that, for aiming such a goal, the development of Ultra Low

Power Atomic Clock(ULPAC) has been proceeded for years.

F—0—F: FREE, BUvEmR, KIEEES, Fo A — VTR, ReZRE

(Atomic clock, Sensor terminal, Low power consumption, Chip Scale Atomic Clock, Time synchronization)

1. [FC®HIC

KE DARPA Tl 2001 FEH LY F v 7 A7 — V- IF
# (Chip Scale Atomic Clock=CSAC) & Fr L 7=/ Mg+
RiFtOEZFE 7 v Y7 NBRE#EIT L7200, 7 2 U ) E AT
. 7 #F 28 Pr (National Institute of Standards and
Techonology=NIST), Microsemi, Honeywell, 72 & ® 12 7
V=T REB NI UIREREE L CHiT S IR 2 £ 0 ,2011
1T Microsemi fE72>5 CSAC S LGHEE S 120mW)
S, BUTECIIEREREL, WEMES 7 & Global
Positioning System(GPS) ¢ & i1 5% {5 [ #f Mk ¢ o By [ 4=
e L OER S emiH 4 Hm L T\ 5@, CSAC 1EIR
E SRR CHNIE Ny TV —BREINAEETH Y,
F /N THIIAR — NI TH L 72D, By

N =27 ORI AT Lzl - ISk LR A 7 7,
HEREYE=2 ) 7 ORGSR TN L@,

ARFFRITERA > 7 7 =421 7 v 2T 5 (Road
Infrastructure Monitoring System=RIMS) D JGEFIE L L
T 2015 4F 8 A LV B Sz, BAZEHIRIEK 3L 72 D
201943 AL TETPEL TS, T T, KiEEIE
7 k& A 7T K (Ultra Low Power Atomic
Clock=ULPAC) % #{E L->->, RIMS THIf &h 2 & o Vi

RICHEH TRE 22 AR O BT REME - MFTd 2, R LIRS
RIMS jifi I FTREAEAR & U CRel[RIEIMERE(10 ms/10 4RI,
B R ED (BB R O B RB T ICA R & Shd v
7Y v 7 JEBES 100 Hz@, 10 4131 > 7 7 388k s 5 3
DHECEBZLLOLE LTS, HEENQL mWitt
T RICFI A S D 2 & 2% 0 IR A T K A IR AR
(Temperature Compensated Crystal Oscillator=TCXO)%
BEEHZDHH D, A X(15X 15X 5 mm3NEiHH O E A
K iR % (Oven Controlled Crystal Oscillator=0CXO) %
H&L Lz,

B 1134 ) ARl & L C ULPAC 7'm b A 7#dE
HA%E, KOk RIMS i rlaeftk & $kic, BAEMSCA

#1 ULPAC 7'u b & A 7 AR
Table 1. ULPAC prototype target specification.

2015 | 2016%EFE | 20174 E | 2018FE |RIMSEHA
FE G

B5ZIE4R | 0.01s |0.01s 0.01s 0.01s 0.01s
TRE /358 |/6nAB /818 /1208 |/ 105

EBESH 15w |120mW |90 mW 60 mW 1 mw

H4X  |na (0% 40X | (40X35% |(30X30X% |(15% 15
18) mm3 | 11) mm3 11) mm3 X 5) mm3
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Fig. 1. Time keeping device versus power consumption.

FATREZR B RIHERF 7 A 2 DRI FIHEAVERE A R L2 b DT
b 5O, JHEE KX VI CIRZIFEIMERE D ) B3 D — %
ANzxt LT, CSACIZEEBIDN/NS NI EBRFATIN D,
ULPAC 7't F #Z A 713 CSAC % BRICRIELBIAA L,
BENEE LS, ReRIEHIPERR LIS A TEY
JCERIEDOHRTH S 2019 4F 3 ARFS CTHIENZER T
B RiAF L T o TN D, ARESCTIEZ ORI DV THRRAT
T 5,

2. EHEBHEFERFRIHME

TR &I D b OV, — AT B O JE NG 5 & A4
BT BT A R L F A R BRI 2 RIS
BRSNS, BRFEFCThIUE, R2EH O KIHET, SUIHER
HESDSHIESRICHY T 5, 8BRS chET 7
SOE Y TONRRIERR, BUMERE O —E O MEEE 1T RIHA R LS HE 2
T 5,

B BEEE b T £ % 4B %% (Voltage Controlled
Oscillator=VCO) 7> & H 1 ST 15 5 & AR L 08
EANTRERE 2 2 T\ D, Z O MIZIVA DS L FEETH
%, B2 D DIX, BRI UG B2 R+ OE A F L &
BT HHAMAERH Y, ZNOPHETLHEIT, 70— RN
v VSRR E, JRTF OB & —E U TR B R
INDHZETHD, BiEOH GRS & RT ORE A EHREK
g AR O DA R EIC L 0 fEx O FENERA
S 5D, 2002 (2 CSAC DOHAFHI R DT S TR,
IRTH & B B - RERHI, ROk L — 3 (Vertical Cavity
Surface Emitting Laser=VCSEL) & &/ 2 & /L OF|H
DERE & T o720, AT mm A —F DY A X2 Cs R
Rb &7 VA VIRF%ENT 7 AL LICEH AT S, VCSEL
X GHz A —# £ THEAEBI A BHELEFH TE 2 DOMRFLT,
Z1 5 % AW T Coherent Population Trapping(CPT)3Lg
LIEEN B IREEE RS B, VCSEL O HJ1tiE = 1 kMl
W DNFNE T VA U 7 O FB GRS & it oD [ JE e s —
¥4 5 L O EFEEE v m 3BT S (Cs THILE, v m=4.6

BTE JOFHR
Gy (BEIFRSAS
iy
(VCSEL) | i
Zhi 2
BRA :
) (REFT) fas
Bits) CRESIEH)
B iSs—JLR =~
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Fig. 2. Outline of a low power consumption atomic clock.

GHz, Rb THIL v m=3.4 GHz), TNLLENEZT VA U i1
OEARKEEIC T D~ A 7 alZ2EERE L Wizt
W, cm A—HXDHAVIVNHETHY, X~A 7 o —&E
AR LTz, CPT EmBaFIAT 24548, KaEaML
T VCO DI IR H & EA A5 % i v Ra7p 7o, A A
N2 B FEB U, & 1 RO o JEEE 7 A JE
W —RT A 8EA120F, P AEALEZEET S VCSEL @
BRCRESAME LV, ZNEBEEEFICEBRTI L
TVCO D AAEEN—EILRD X OHET 2, X774
ZXT AV FEAIZH L TARIEEDO B A (F H ARLE R L)
DRIA S, HABVEEE OIS L DEMERE, fAEAE
FHEEMZY 1 ms FREE & ffefR C& 5 X 9 722 (10~20 kPa) )
BRI (X 2 ),

3. BR#MY 7 FRFERZIRMMERSEER

JR - 0 [ B B0 3K AR 7 O SRR S & s D &
ZOEEIIREV, 20T, FEKY 7 NER S IFE
T2, ERbDER2ITRT, ZNLOHDOMER—EILRFFE
T, RTPoEABREKZY 7 Fbo ThEHE LTH
R D. FER, FHIEROBRELZMET S LT Bixdn
20, TR LA FEEIEREIZS L LA, L LR
7 NERICEHE T B 8T A =&, 23T AL OREN
REMIAICEA L9 2 & 7 RERE 2 BEED L T 5 A B
eI A B3 2 72 DRI RIEIERE 2 S S L R & 7
5,
VB VR R F 054, MAERRRZ /R T 5
OICEALEART 7 HAET ALY AL OEZRIC L
v, EHBEEET T 5O, ZofEizEr T MIv T N
AvET5E

=BT R AT o)
ERIND, TIT PIIEHERE 0OCICBIT 1T 7 TR

ETHD, B, 6, vIFEIRE, —ROBERE, —Rko
R T, Hz/Pa, Hz/(Pa - K), Hz/(Pa - K)DF A
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Table. 2. Frequency shift estimated from the practical
condition in ULPAC prototype(2016).

Bk o | INTA—2 B | AR
rEREL IR | #HPOME
2R
FEIL | INTFHRPIE | 67885 Hz | 7.4 X 106
P(=15kPa)
HRAEJLEE |1088Hz |1.2x107
T(=75°C)
AC 2Bl | L—Y—J54FE |570Hz | 6.2%X 10
ol 1(=1800uW/cm?)
+—<>3 | W5 B(=14uT) [ 9.6 Hz 1.1x10°
7k

TaruEbo, BIIEMICEZE Y T NIRRT G 2R
BEICHR) &, IR A (1 28 R oD AR e R EE 12 1R SRS 4348
END, BT 7 MREE LT, IO OREMNME L
HEREW,

BT 7 FPOWIZY 7 hEELTRKENDIL AC V2 ¥
NI NRICE > TRET DD TH D, ZhE, L—P &
BIlL o THESNHBEBLIMMBAE— A b & L—FNE
HBOMEEROER, R O3 ¥— L~ n3 832
BT, BlHTA b7 hEBMENS, BET HZRLF
— LV OEEE AW ET D ERROETREINDO,

(0, —w, —k-v)
(0, =@, —k-v) +(T/2)

2
Aw =
(2)

ZIT, ERFV—YHESE, MIT T B, iR S
NHBEBLXIMMGFE—RA b, onldb—HEEE, wolk
TN VIRFD D MOBEE W, TIXERE, k- vIEd
ARV NNOT VT Y R L— P L CEGERId 5
ZETERATD Ny TR ETT, L—YPORESRITL
— YIRS HRT S, £z, FEEICIT VCSEL AR S
L—PRBEBEPEED D TN OREWNRIENT A R
7 NEREARD, 2 THEHMHEOLOINNT A= L LT
U— IR 7T 2 B0 BF ey, X0 BRI IR R
PERESLITHE N D N T A —Z 1T L —YkshE, Bk,
V—HEROLEE ) O REMN R LB TH L, ZiLbiX
VCSEL O=— 7 & {8 0 MR E 2 oRmd 2 L3
EAAN

B—~ 7 M, MBS L KT — A PR AR
AT DL THFADTRLEF—L_ARY T M T B2 LIC
kT 5, It 25T A BRCIE, SRS O BRI 72
WHEEZRET DDA E T m=0F IIgAE S T 24
AET R J OAAEI R OEBNRITND, FDD,
MR A fE < B TR Hl S h =G imsh, 7
A Y RO FEEIRRE(J=1/2) TlE, Breit-Rabi O=IZHE~

HEERARE T ESME (11 x 11 X 5mm?)

'VCSEL -
HEMBREETRIHEE

ULPACZOR44 T (2016)
PRET I (40 % 40 X 18mm?)

3 ULPAC 7'n k% A 7(2016), K OO NEH#EE
Fig. 3. Picture of ULPAC prototype(2016) and internal
structure of physics package. Vertical Cavity Surface
Emitting Laser(VCSEL), Photo Detector(PD), Phase
Lock Loop(PLL), Voltage Controlled Oscillator(VCO)

RS 7 F 3SR AET 500,
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Av = X X = ]hv—hfs 3
IIZTg, gi¥ENFThHEAERSEEZEALY VO glT,
W IER =T+, BTN AB/VITHIINE LTV B9 B35,
Vs (X7 VT U R LR BB G (& 1 OB R JER AL
(Rb : %1 6.8GHz, Cs: % 9.2GHz)TH 5.

PLEFE#E L= ¥y 7 MERIE, EhEi VCO
FEHRJEIEL & R 0 B R A e T DB RE A B AT D
TeDIZHET NN SDTh D, EDD, 70 hFATD
HIETHE, Zhb0EEHY 7 FE&EFKIEEE TONIC
— KT DN EE RN E 2 D,

4. JO a4 THEE

A7z MBS v M A TORETIE, Tv
HVFEFLLT Cs #HWHZ L L LT, CPT HBTlE—
MRAIC DS Do L 0 b SIN B R E <, DB
1% Cs WNAFIE 22 %, B EBO—>% LT, Rb @ Di#iZ Rb85
&SRR D Rb87 DILHEHRI /N7 7 T AYED VI X
DFWT DL ENRFETOND,

Ja hFATERET S ET, EERTLEEZIOND
HAENE VCSEL ZxhEh AR Lz, Ak
FAEEIC L AT A NVBEEE AL B, TABALEHE
KT DFEME ST 7 HAD T A GO BR E E BT
BL, 72, 4F 2 mm A, A 1.4 mm AOIEFIT/N
SWHTERO T AV ERWEL, N7 7 HAIZIE N2 & Ar
2 2.55 DY ELLORE T A& FIH L, BIfEERE 75C% & —
7 & Ul ZRIBERE 2R T X BB Lz, ()T
RENDMEIES T~ DOIREKFNED —ROWBERED TS
HEN5ZLickd, VCSEL 3B E m EE2HEICA
n, BREEEEZAT 52 RRERRLL —FE2EE, F
FL-00(" 3 2HR) (X 4 &),

IO CPT G2 BIFT 27007+ N7 47
7 Z—PD) &4, 11X1IX5mm3 Dt T I v 78y r—
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Fig. 4. Temperature dependence of gas cell implemented

in ULPAC prototype(2016). fi & 2RiZZT N1 No, i
Ar X7 7 H AL LT256 ORI E 7R,

PUCERE L, FEJ) 1~3k Pa O hEZEETHIE L, ThiZ
L0y =DM B O KRKE I LT BEE B LT
b, HARNVOBEZENEEZEBD D0, BERZIZ\NT
A NVIDTH AN PR T 2BEZHE Lz, £/, &
KEETa—7 4 7T5HET, BEHICLZEOEDY b
FHEILTWD, T b OEZEWREE T HOBPTIT 5000
KIW T, HABNEEEE 15 CICHERF T2 720 DOEEEIX
10 mW R TH 5, O FI 3R & fE < 729D DC
WEBEIMMA O 24 LV &EFEE L, PC/—~ o A RS —/L
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Fault Diagnosis of Pump using Core Monitoring System
Katsuhiko Shibata*, Akihiro Shimizu, Noboru Sue, (Takasago Thermal Engineering Co., Ltd.)

This paper presents the result of test conducted in which imitational fault was introduced to understand actual

operating conditions and measuring vibration acceleration, etc. The failure of bearing increased current value,

surface temperature, vibration acceleration and vibration angular velocity. In addition, we verified that it can

detect the failure using the piezoelectric MEMS energy harvester.

F—T—F BEDBE, BERN, K7, W%, BEINEE, RERE, R

(Keywords, Fault Diagnosis, Fault Detection, Pump, Bearing, Vibration Acceleration, Vibration Harvest,

Unsteady)
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Compact Wireless Vibration Sensor module for Health-Monitoring of Ro
Ryohei Takei*, Natsumi Makimoto, Hironao Okada, Takeshi Kobayashi, (AIST)
Toshihiro Itho (The University of Tokyo)

We report a compact wireless vibration sensor module powered by a vibration energy harvester for health-

monitoring of rotating machinery especially like water pump. The key technologies are an ultralow-power power

management circuit and a ScAIN piezoelectric MEMS energy harvester. The power consumption of the power

management circuit during standby was suppressed to be 200 nA. The intrinsic compressive stress of the ScAIN

film was overcame so that the power generation was increased by 3.7 times. Combining these technologies and

prototyping the module, it was demonstrated that the module operation in which the frequency of wireless

transmission varies according to the magnitude of input vibrational acceleration.

F—D— K WY YR, REIEE, ScAIN, EE MEMS

(Wireless sensor module, vibration energy harvester, ScAIN, piezoelectric MEMS)
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Development of structure health monitoring system for building

Takashi Yoshida™ (Yokogawa Electric Co.) , Tetsuya Shimosaka (Nagano Japan Radio Co.)
Kouichi Sato (Taisei Co.) , Takenori Hida (The University of Tokyo)

The structure health monitoring system of the building using high sensitivity silicon vibration-type resonance

sensors was developed. The system was installed in the building of 10 stories, and the behavior of the natural

frequency could observe the difference between in the normal state and at the time of the storm.
¥—U— R :MEMS, VU a3 iRkET1, ESHRMEEE Y, BRERXOT A2 Y, HE~NVAE=2Y 7

(Keywords, MEMS, silicon resonator, resonant acceralate sensor, resonant strain sensor, structure health

monitoring)
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Fig.7.Frequency characteristics of constant observation
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Research and development of sensor systems aimed at maintenance and management of road bridges and
disaster prevention / reduction
Tadashi Satoh*, Naruki Takatori, NEC Corporation Digital Service Solution Division)
Naotaka shikida, Masumi Murano, Zhang Guangfeng, (Highway Technology Reserch Center)

This paper addresses the research and development of a sensor system which can grasp the progression of damage

during the period of 5 years during periodic inspection and the rapid change at the time of a disaster by the vibration /

displacement sensor.

F—I— KR BRE=FXV U, TEEHEHRRY hT—7, B8, Bk, AREE

(Keywords,Bridge monitoring, Short-range wireless network, Vibration sensor, Displacement sensor,

Autonomous power generation)
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Research and Development for Imaging Measurement System for Infrastructure Using Phase Analysis
Method
Motoharu Fujigaki* (University of Fukui), Yorinobu Murata (Wakayama University), Kenichi Kuribayashi,
Nobuo Takeuchi (JR West Japan Consultants Company), Yoshimi Maeda, Hitoshi Tsuda (KYOWA
ELECTRONIC INSTRUMENTS CO., LTD.), Akihiro Masaya, Yoshiharu Morimoto (4D Sensor Inc.)

The main activities of our project are to apply sampling moire method to the displacement measurement and
the rotation angle measurement of infrastructures. We developed an inspection system for general civil structures
and an inspection system for practical railway bridges. Several experiments were performed to confirm the
effectiveness. In this paper, our project and the developed inspection systems are introduced.

F—TJ— R A T THEEY, SCARENT, YT T VA, BAGHAL, b EH
(Keywords, Infrastructure, Phase analysis, Sampling Moire Method, Displacement Measurement, Deflection

Measurement)

1. ZL®I= TobHBARFAET D, EBEHNTIND 2R S FHA

THZET, EISEREITO ZENTES.
AR, LARREIEY ORESVERN & IEM LA SR L <
L0, WFERFEE RO FHIEMORENER Sh
TWBEO, R TEEANS Z LT, BB 5910
HRIZ b B TH 5.

TVE TITHEY OB EHAEA & LT, MR Ak f B 1 R DIz A L fo b A i oI
1 BAVIZ 2 RICHEA /Y — o DALFS AT & @RISR D 5 Fig. 1 Deflection and deflection angle measurement of
_E#T%é%/7)/7%7V&®®%%¥Lf%t\: bridge

DOFEE, BTEBICH LT ) T AT H 2
TR 7 hENEET VEBREARL, %_zgum%

T2 AT B 2RI ARATIED O % 2 WITICHEE L7z o) d’l |l
Thd. BEELIZINEF LT Y L TET LELY, Th
ETIS, BOEFFHAZR EC#A LT, Rais
ZhEY—ZAL LT, 2014 hH NEDO 07 0=/ — 2 I |
b & LTA o7 THEED MBI > 2 7 A OBFFBIRIC 05 /i EG, 0 001 m "9,
BOMACES. ABCEAT R Y= FCHELET A e
DY R EA T TR A AR > Tl wary,  Rmms B g2V ELA
%. IS5+ L= NAS
2 REARENT 32 A v 7 5 v
2. ART I ISEEYAEGRETEID AT A AR A b (A
X 1 ’*@w@ ot oX eX Ry b oY i 1 il b E= Wi O heba e Fig. 2 Imaging measurement system for infrastructure
HHEO@IBIC LY, BRIITT-bANREAE L, AT using phase analysis



MRBAFET— < EBITFEZRAV AU DSBEYRAERERIS X T LD

3. YU TYLVIETLAAS

PV TET LA ATOL, KT EBERET D L,
A TN CRIR DY > 7Y 7T VIEOFRZITW
¥ DN S3AR & FEHEDNLAR /34 & DM ZE A% ) 7
NEALTHNTDZ ENTE 5. NEHEIRN 3 1OR
ENB ko, CMOS O #H 1% FE F, FPGA (Field
Programmable Gate Array), AEJ—, USBA ¥ —7 =
— 2, Bia=y FTHRSATWS. (ACHHZESMM (2
NLGYAR) BV TAEA NI TH L RTE 5.

—— Sampling moire camera —

i Trriger
)
USB3.0
FPGA —interface|] PC
CMOS - Moire phase
sensor ¢ - Grating phase
- Phase difference
Memory

Phase analysis with
sampling moire method

M3 HFrF UV TET LA AT ONERER
Fig. 3 Block diagram of sampling moire camera

AKrav=7 NCIE, BT REGRL, BITE SN
WEY NEGbEAZ EMTEEhBVFE T s
ETLHATHRIELZ. DA TRETREZ 2T S
LT, BURMREOHEBERESMITLI LN TES.
ZOHATVE, BRI A B2 D TR <, BRI
LEDIZIRE T HHEICHND Z LN TED.

4 HBOMNEF LTIV TETVHATIZLED
R 14 451]
Fig. 4 Sample image taken by a developed sampling

moire camera with tilting function

4. F7ILTYXLORFE

AWFZETIE, o7 Y o TET VIEIC L A EAEHRITFE
H—RXELTHWTS, FNEREBSEDZ L TIRIILD
ZERCEHR, FIERA, BT SHADRER S 2T 5T
TYXLEFE L. Eio, BT F— OO T RHE
HERRERALICRT LC, X —Fy ML CEMEHNZLT O Tk

RS L. UUF, EEEAOE 2 —4 y NELOZERT
FHTEIZ DN TR RS,

(4-1) [EEH (zhHA) OFFAFE

BRD X D 7eA 7 FREEMOLAE, WEICE > TE
PEDFARNFAET D L2 LD, BuhirREiss (i)
WRAETD, oY =T VIEOBRAE, By F M
D 2 WILKEFDBREZR Y T o TW5E. 207, £
D 2 WA T OMFMEN D, SEFHITHE Sh T 58k
FEOROENTZT TR, BELFRIRO D ENTE
L. INEFAT D EREAEZENT S 2 ERFREL 72 5.
ToOLE, ZEEOEERC TR RIEICL > THEET
L5728, EVIEE CEERAEZGL 2 ENTEX S,

ARFPIEIC X D EEEA OFHMIEE 2 R T 2 EREiTo 72
BlEK 5 1RT. BAMZBWT, 30m QR HRE TS
Z L o Tl 2R L7z, Hifg YA X% 448x448 [
FLL, BXHEME 15 ms & Lz, BRI 7 L—A L —
I~ 50 fps T T-% 500 B LTV, 500 KoM ¢
YHb UM 43 AT A 2SNl o S YEmifg & L7z, [Elfis AT —
U% 20 prad 97> 200 prad F CTHER SR D, AR
IZBWT 7 L—AL— b 50 fps T 10 MR L. X 5(0)
V25 % T Eldnsg & I L 7o [Elds g O BIfR 2 7. IRIEE AR
RIZR > TBORBELETE T DORbRS. 20
EBROEE, 5§ x7znlfnf & 0L 20 urad L FTH o7,

Deflection angle measured by
N
a o [
o o o
L]
L]
L]

o

sampling moire camera [prad]

o
S

-50 0 50 100 150 200 250
Given deflection angle [prad]

(WEREEES
X 5 [mfs A FHIRE EERRRE SRR (A

Fig. 5 Experiment of deflection angle measurement

(4-2) B—77 v MEL TEMEHAIZT S MARRITFEC
B = BN AT TS, AN LOEw A
FFOWATIAN S — 2 L T ORFHER P TH D Z L 2



MRBAFET— < EBITFEZRAV AU DSBEYRAERERIS X T LD

L72BAehll 7 2 ) XAZBRE L., ZhE Tr— R
AV v K] EREATNS.

X 6 (ZFHFEBOME L RT. £, Ke@IZRT LD
2, mE SR LBRORRIIESE S, K 6(0) 127
T LD IZHED T A iR 2 U CRER S D 2 1ERLT
L. FD1I7A 7= 2 EW|T 52 L TR 6 IZRT
LAy M VEERD. Zh X 0IREROMS &
L, [T RO & OZEE RO TEMITHE S
5. JARE T RO TZENLIZ L TEONRT =S LT
BT ERD D Z LI XV EMERD D, EBIZX
6 (D) IZBWTHH T AMET A v O & A ETRl— D%
e Bl-%, 28D T A %k L TRl— OB 54T
Bt s, Zo& 5L TEL< OmFEOHERE AV TENL
ERERIMT 52 & THIBEZmO TV 5.

e
*%Uckj oo ooo
______ 1 —
*ﬁﬂﬂ] 7 /\%?3%@
Y . N
=i // ///////// . gt
////{:/:///////////////

i

- D
() FEHGE D E SN2 T A G TR S
T 0 A
DS | B
(RRY ENLER)

>
| IR
%%@?ﬁét@
g JINT—
@ﬁi» ﬂ‘n
0 o
ZERE B IR

L (kR

ZEEEIRE T & DAIR L UiEE

(¢) 7— U = ZEHUZ X HATFEZEDOHY
6 B— RARAY v ROJFH
Fig. 6 Principle of Rhodes method

PEERERICRWT, FIHEIE RO AL 2 FHAl L 7= 61 % X
TWRT., BTV 77 ViEEREBLI-EZ A, FiE
EOFANESENE LN TND Z ERNbas.

Shbhbdio

Displacement [mm)]

o
-
N
~
[e)

4
Time [s]
(b) EBAER (o TV 7T LiEE OHIE)
Bl7 m— RRAY Y NIZ K DA ER
Fig. 7 Experiment of displacement measurement using
Rhodes method

5. —MREKAZEMIRIRTLOBEF

YoV TET VAT ERNT, 8 IR TLIH7%
AR TR AT A ERFFE L. 2T, XYZ o3
JFTIOZENL & [BliEAE 0 2K 500 fps TEHAITX 5. fi#hr
V7 Rz TIZBNTL, KT V2B, £ C hEA,
FhEFE A, FFTR, thozlF—% L i+ 2 2+ %
T&D. £, HFHERAS » SOEMT—H &A= 3D E
FOEBEGIREZITH ZENTE, HRMICIREIR D
HTEiETs 28 TE 5.

Z ORI AT A& 41RTRE & 50. 2m
DO NERFEOZENFENCEH Lz, B A T 2GR
BEL, BROHERICERELZE YT 10 mm OBF¥—47
v NOZENE 200 Tps TEHEI L7z, FEGeHJeis 4 8 5 )

1y TY—a1=vhk

USB- VAT LI —A '

= BEr—T1L
8 B L7 — M EARMZEAEHAS AT 4
Fig. 8 Inspection system for general civil structures




MRBAFET— < EBITFEZRAV AU DSBEYRAERERIS X T LD

X ik

1) REE, GEsEL  DERRFINEIC X DA v 7 FHEEY O T &
FREBEL), 28717, Vol. 11, No. 3, pp. 161-170 (2011).

(2) 8. Ri, M. Fujigaki and Y. Morimoto: “Sampling Moire Method for
Accurate Small Deformation Distribution Measurement,
Experimental Mechanics”, Vol. 50, No. 4, pp. 501-508 (2010).

(8) i, BEEIGA [TV U TR T VIEIC L D EE B NS L4y
AiFHl & 2 OIS, K < hs 2 FEBEIT - I RS 2 IR, HEPVET,
DEEREE], R, BIRR AW, BAERRS)F2, pp. 44-47(2012).

@) FRE, AR, LEEE, SR [CCD mitgoY 7Y v
7Bl & e ZIRoeZE MIRRAREATIE ), O, Vol. 25, No. 1, pp. 42-
47 (1996).

(5) Y. Arai, S. Yokozeki, K. Shiraki and T. Yamada: “High Precision
Two-Dimensional Spatial Fringe Analysis Method”, Journal of
Modern Optics, Vol. 44, No. 4, pp. 739-751 (1997).

(6) M. Fujigaki, Y. Sasatani, A. Masaya, H. Kondo, M. Nakabo, T.
Hara, Y. Morimoto, D. Asai, T. Miyagi, N. Kurokawa:
“Development of Sampling Moire Camera for Real-time Phase
Analysis, Applied Mechanics and Materials”, Vol. 83, pp. 48-53
(2011).

(7)) BEESTIR, B HEKE, HEEE [T ST LB L 28M
T oAiatill) |, 5%, Vol. 15, No. 4, pp. 315-319 (2015).

(b) INYERE D A E RIS 5 (8)  JHEHEHITIA, AR —, Aok, MEEIE - AR &2 V7o dE#
. . . . WA D EERG Y X O OBMUNERLEHI] |, 5 48 BIGR T -

Fig. 9 Experiment of displacement measurement using OFBE L SRS K S b £, pp. 111-112 (2017).

inspection system for general civil structures (9 TEAE -, BREITIA, ARFITE, FRRMERD T2 4 i B REE

L L THWSER OB FIRICBT 5 —58) |, MELy

7 SC4E, Vol. 62A, pp. 617-629 (2016).

-

¢ e
v o u o

'
o

Displacement (mm)

0_. 60
Time (s)

VIR U 72 BRI EHE U 72585800 5 12,5 m (L& COZNL DR
T 9 1R T. T L DR OBE ORI MR T&
5.

6. HhYI

AWFTRTIX, A > 7 THEEYOBRCT- I % im b H>
DEREICFHIITE 2V AT LD EIToT-. HLWT
NP RAREBEZRIEL, < OB TOFEIERBRETT
AT LT, EANRVAT ARREEIT) LN TE.

iz, KRTRA LB, BED A T, ShEGEH
DR TV TETLIAT, EEEDH AT %FE
HEETRET D2 ENTE DM N Y VEEE R L ORE
BTl oTWb, £, Auv 7 " aEDLZ LT, =
A E RO H LR OB OREY © 1770 -
TW5. A%, SIHICEFRRAED THRL TV Z &
T, L DOA U7 THEEMIZBWTEBIZFIH S b
IZLTWEV.

HET

AiFFEIX, NEDO O > 7 T HEFFE R - RO
BRHG AT AR Ty 27 FE LTITo 72, vz
Pniekatte b U, BT «— - =L - S,
REfREE I 5.



MRBAFET— < EBITFEZRAV AU DSBEYRAERERIS X T LD

B EH AR 7Y 7T L A T ORISR

FEAR IR A #H%E  Luong Anh Duy Quarles Quentin Antonio (4 D&% — (££))

SR B

JIF e RN BR B BE (U=A7—LlEARKaH L2y (BR)

i ol (@R

Development of Wireless Sampling Moire Camera for Bridge Measurement

Akihiro Masaya*, Yoshiharu Morimoto, Luong Anh Duy, Quarles Quentin Antonio, (4D Sensor Inc.)
Kenichi Kuribayashi, Mitsuhito Kawashita, Nobuo Takeuchi, Yoshihiro Tsuno, (JR West Japan Consultants
Company), Motoharu Fujigaki, (University of Fukui)

Wireless sampling moire camera for bridge deflection measurement device was developed. As a result, accuracy

was improved. Also, the difficulty of installation was greatly reduced. In this research, we describe the

development of the wireless sampling moire camera for bridge measurement. The features of the developed device

were evaluated using a test bench. The displacement measurement result of an actual railroad bridge while a

train was passing was shown.

F—O—F: EBRY LTV TET VAT, $U TV TET VIE BRIDAGH, ZAEH
(Keywords, Wireless Sampling Moire Camera for Bridge Measurement, Sampling Moire Method, Bridge Deflection

Measurement, Displasement Measurement)
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Fig. 1. Principle of Sampling Moire Method

>V g sin(k 27

)
N ——tan@........... (1)
oLy cos(k—)

LROFIAICE-T, o7V TETLEZHWD L,
1 K DK T HEFETEAG > HALFH AR IR A2 R DB Z L AT
5. B, 12y F ORI OAFEZ2 N fICE T 5
ZENTED. 20720, JMNEWMPELT DO mG)SAL
WAL, B L2 OIS 2 KD, EDEEZRDTZD
ZC, REEENEICERT D LB DM %D T &N T
x5.

PPV TETT LiEERWS &, BROTZbI%E G
THZENARETH S, T2 TOBRICAE (115, B

LN S A AT TR ERE L, RGE®RICY 7Y T
ET VIERENT S 2L T, BROEN, Thbb, BRD

LB EFGDENFRETHD.

(2:2) EBRYVTVUITETLHASDER

EHOPHA LT E RO baatill s E 7
V7T LI AT (B ACHRG) X, mig e o728 FPGA
EHWTWE, 207, EETIEH L0, 7 AT OHI#E L
FPGA 2O ENDT—FDZEDI0, HATDTL
iy be—na=y NERETHILERN DT, T
hr—/b=y NIK 200N &V, E7=, BIEOT=HDOEPR
DRENLETH D, BIROEZIIK 200N L EH Y, TV Y
VEUT U OLEE, BELRAET LD, B A—MALLES
AT NHEENTZGATICRRE L T e, SHIS, AT Loy
==y FOEROTD, =7 ANAN LT
7o AT =M - CTHtIE NS 2m DL EONE 2R E
ENDHZTEHLEZ. BB AT RFRESIND &, 7F—
TN bELRBRTILERD L. 2O, r—7 VOB ER
JEDFEZ LV, B AT IR ERAE S, FHlREEIC SR
Mo T o, £I2°C, HEiE, RiEFEouEEs, |k
STHATPRET S Z & TELLMEGBEED S, e
R OWBET — 2 D) A ARy EWElTo 2t EBNE
L, ZRHMOHEEOm E2X5 2 L2 AL+ 5 E
BTV TRT LAATOREEIToT-.

EER Y TR i ) T
A= LR /— FPC
AT

/NRIPC L — A —
Ny — Ny I —

(@) THEPNER

(b) BIHEPHED

(d) T-EENHED
M2 gy TY S TET VAT
Fig. 2. Wireless Sampling Moire Camera



MRBAFET— < EBITFEZRAV AU DSBEYRAERERIS X T LD

X 2 (CBI%E L8Ry 7Y v 7T L AT Ok E
AT K 2R TV T ET LA AT O TH
L. HAFIZIFA—L L AR ATTHY, bm 226
20m £ COWCHoeNARETH D, Fiz, FREONIRIC
INELPC EEMER D Sy 7 U — %14, THENEECY 7Y
VITERT VIERS o CEMNEMRNTT 5 Z LN THD.
o\, W NY H T E A, 3B E TOTHE TR CHE
%%ﬁofﬁ YD EMARETH D, MR N H I

B Y T OESEFICE SV TRG RIS (¥ —F >

N ZREE LT — & 2T 5. R, S L
WF =2 kT Y T VB 0 T L TR s
OENZFHIT 5. 1 201, RS> 7V 7T LA A
TOBETHD. BT, Tk —Z &5 T, 50m DR
Bt CREN -5 O D EM OIS R 2 ZE L, 7
T 7RG EFRT D, K 2T EOA A—THTHD.

X 2 THEPNE DA A — VK E R

ARAERLFHAY AT BIE, T & Bk & O 2 FH B e
WETHILICEY, THTEELET —2 &8s
TNENTHLEREETHIENTE D, ZDDH
THELE B E N — T LV TERNTEERICBWT, F—7
NAPEEND Z LI X VA U D RBEER O S0, RS H{§
DEET —H D ) A Aoy M5 2 LN TE 5.

(2:3) EBYHUTVUITET LA ASOREET
[AEEHE 200rpm, 7 L —2A L— |k 100fps T_LFICHEE)
WA DI Smm Y F O T4 05 0 (117 748 5 fe R
FEBREEE & O fRB I B 2 AT o 7=, BRI L7
IENLFHHIEE L, B LR, koY T v
TETVAATBIOERY T TETLIATTH
L. Zhvh 3TFOMAR CRHII L, A7 0O R RGE % FE 5
U7z, FHURERENZ 20 7, FHRIGEEHIL 1 fEi 256 i X 256
[Hi5R & 2 fEIRfE - CRHl A 1T o 72 (K 3).

Eléz/ S—iD A B

(2) K EERERR M SEBRALE (T HL Y A1 72 0 G ARk
B3 FEREERE N HEER AL

Fig. 3.  Accuracy Evaluation Experiment

SRR 28.4°C, TRIE 40% Th -7z, RIALMT
HOLOLIGHT % 1 Wz, EOL L X 27§72
SN U CERZIT- 72, FHAEERET SsmB LU0
mTaHZEAT 572, FHIOFER AR 1 BLOEK 2 177
FHNORER, WY 7 ) TR T LA AT ORFEN, M
5m, Regionl ®¥;4, ¥ 0.0102mm, #E#E{FZE 0.0014mm
TH-o7=. Ik 5m, Region2 O34, F 0.0069mm, 1=
YEfRZE 0.0021mm TH - 7=, FFEE 10m, Regionl OH5,
) 0.0207mm, FEHE(RE 0.0031mm T - 7=, HHfE 10m,
Region2 M54, 14 0.0115mm, E#EFZE 0.0016mm T
Holz.

F 1 PEHE Sm oKL e R SRR G RS R
BB IRIEIR)
Table 1. Mesurment Result by Accuracy

Evaluation Experiment (Working distance:5m)

=0y Regionl Region2
=4 30|14
No. HRARE T FERE [T FERE
BERtE Y RERE 0.1982] 0.0037[0.3406| 0.0050

YTV ITETLAAS 0.2132] 0.0031|0.3521| 0.0042

BB TYIITETLAAS 0.2084|  0.0023| 0.3475] 0.0030

No.3-No. 1 #% (No. 3DFRE) 0.0102| 0.0014/0.0069| 0.0021
No.2-No.3 #%5 (k&L DE) 0.0048| 0.0008| 0.0046] 0.0013

1
2
3]
4INo. 2-No. 1 Z%» (No. 2MERZ) 0.0150]  0.0006| 0.0115| 0. 0008
5
6

{7 : mm

# 2 TERE 10m K5 R FEBRE RS R
(BhE TR IR NR)
Table 2. Mesurment Result by Accuracy Evaluation
Experiment (Working distance:10m)
No. SEsEE Regionl Region2

1iBERYE oYX EME 0.1984| 0.0046| 0. 3410]  0.0069
A9V TYVTETLAAS 0.2158]  0.0056| 0.3512|  0.0059
| BB TV ITETLAAS 0.2192]  0.0077|0.3525] 0.0085
4|No. 2-No. 1 Z%& (No. 20DF8%) 0.0174]  0.0010/ 0.0102|  0.0009
5
6

No.3-No. 1 Z4> (No. 3DFRE) 0.0207| 0.0031|0.0115] 0.0016
No.2-No.3 ZE4 (hERLDE) 0.0033|  0.0021]0.0013| 0.0025

HAZ : mm




RRBAFET— < AEBNFEZRAV AU OSBEYRAERE RIS X T LOHRESR

3. EBRYUTULVIETLAATICKBIERT-
HaEHE

B LI 7Y v 2T L AT E RN, EiE
BOFERZIT -1, EBRIL, WY TV 72TV
AZ 1EBEEHNT ABGROBERD 7= bAHORE 2L % 5
B L7, BROBRAITIC 5bmm 'y FORT- 2050 117,
6 MmO HEM AW Lz EOEMNMERT /T 75K 4
WRT. X 4()lE, 6 MmO Em S EET S & XDEET
H5. K4adNE, WiET 5 ETORM, EHRYy TV TET
L1 AT & FWWT, 100fps TRHAIZIT 7 & & OB & F
TTITT7ThDL. 7T T7OHEE, REWVZETIZIbAT
WHZEEFRLTND., AFEBRTIE, KK 2mm O7=bx
DEHIl S 7.

A | = B b r

(a) 6 Mifmpk O B 238D & & DFE
2.5

2 f‘ﬂ.\

— 1.5 7 eﬁi ’ﬁ ! 1“.

E 1 ﬂﬂ" \’\ n'f !kf \ “"@‘il .,i%!‘ b

~ YV U W

gos f A 8

/ ) Ty -
0 _

:E; o O H WD W AW AW H O W — 0
0.5 HNOFTINON0O O Anhm S NN O
4 — A R et B
-1.5

B[ [msec)

(b) 6 MmO HL AN EIE L7 & X ORFHEZAL
M4 MRS TV TET LI AT ERONGRZ DR
AT S8R
Fig. 4. Displacement measurement result of an

railroad bridge while a train was passing

4. BHYIZ

KRR TIL, AT HWEET H 2 & TROEE L ML
L, FREDTT )% RIEARI T 5 6 G2 i+ H g o 7Y
VITET VHATOWBET T, YTV TET LR
1%, B UOERICAE Y (T2 0 A7 TR L, 1k
ST T ONANE RT3 5 2 & T, @R X<
B G2 2 &N TE D, (EROBRI-bAHIEEE

X, M TIELLIN, arbe— o=y bR KEL, BE
N Y, ERAREECTH 7228, B LBy 7Y 7
BT LA AT & (TR0 S0N) Tho. E£i-, B
EDOT-ODEFRIZAETHD. S b, EWHEILICEY, 7r—
TOAEPCEDOEBIZL DENANEL 2D, FHIEE D
m L7z,

BIgE L7- Y 7Y U SET LA T, TS B
LOMEMAEIZEIAGEET 22 LICLD, BRVWOT—X
BT NENTHIERSEFETLHIENTED. 7—
TANEND Z L2 LD E U DZREGBEBO SO, BRGE
BOWEGT —% D) A4 Xy EIflT5 2 LN TE. 3
HPESFEIX, 10m BEN 72354 T8 20um THo72. 513,
S ORLHEEONUERA F—F v b E AW EES,
UHBEED TNE,

HEE

AWFEIE, NEDO DA > 7 T HEFFEHE « T D2
XNV AT AR a2y N LT To 7. BRI
WZRGHT 5.

X ik

(1) FEWEN 3 - g fEth - BRI &5 TSR & R RAEED o
BRI E R Ok, FEBIE8 — 2 1 0 8 5 2 5AH (1996)

(2) HE BHl- ABE Eff - Al #|ilL : ERAARETER T ELDY
HEE], BBI2008 5724 3 54%H (2008)

(3) &g FoA - FRE 2K - 4G 2206 - WHE BEE - BE - K = .
Ak 2w NEHE~— I — &2 O AG RO b Ak, £
%%, Vol.12, No.4, pp.375-382 (2012.12)

(4) Ri, S., Fujigaki, M., and Morimoto, Y.: “Sampling Moire Method
for Accurate Small Deformation Distribution Measurement”,
Experimental Mechanics, Vol.50, pp.501-508 (2010.4)

(5) ZEM BE—« KA - A BRI - RS st - AR ok - R o
WHE KM T Y ST LA A TR BB Db
AW EREEE A 4 X OSOKE O NI BT D iat), FEBR)
*#, Vol.18, No.1, pp.18-23(2018.3)

(6) #A EH& - B TR - ER BIR: [H T ) v 7T LIBICE D
ZERE « OV 434 EHHI 1, Journal of the Vacuum Society of Japan,
Vol.54, No.1, pp.32-38 (2011.3)




MRBAFET— < EBITFEZRAV AU DSBEYRAERERIS X T LD

YoV TET LA TN
ERIE G D BB B4 B AN T E O Rt

S B T o R BER OEE B (U=oA TR AR=I LS V)
R i (RHFEREE)

A Study on Objective Soundness Evaluation Method for Railway Bridge

Using Sampling Moire Camera Measuring Instruments System
Kenichi Kuribayashi, Mitsuhito Kawashita, Nobuo Takeuchi, Yoshihiro Tsuno
(JR West Japan Consultants Company)

Motoharu Fujigaki (University of Fukui)

This paper addresses a study of developing useful measuring instruments system which contributes to soundness

evaluation for railway bridges by providing objective and quantitative index. Both displacement and deflection angle

of a bridge are measured in time-series using this system while a train is passing. We confirmed this system’s

possibility of application to the soundness evaluation by measuring the behavior of the existing bridges. These results

show that the system can contribute to soundness evaluation for railway bridges.
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(Keywords, deflection angle, deflection, soundness evaluation, railway bridges, Sampling Moire Camera)
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Development of Sampling Moire Camera and its application to road bridges
Yoshimi Maeda, Hitoshi Tsuda (KYOWA ELECTRONIC INSTRUMENTS CO., LTD.)
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This paper introduces the system configuration of distant-view multi-point displacement and vibration measurements by

using the Sampling Moire Camera, additional functions of the Sampling Moire Camera, and on-site examples for general

highway bridges and civil engineering structures.
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Development of technology to automatically detect concrete cracks from digital images

Hisashi Sato, Shigenori Endo (Shutoko Engineering Company Limited)
Yohei Hayasaka, Hiroshi Minagawa, Makoto Hisada (Tohoku University)
Takeshi Nagami, Takumi Kobayashi, Takeshi Masuda (Advanced Industrial Science and Technology)

In recent years, the aging of the road structure has progressed, and the importance of inspections and
investigations has further increased. Since June 2006, the road bridge of 2.0 meters or more has to be regularly
inspected every five years, the work of the inspector is increasing. On the other hand, as the number of civil
engineers decreases along with the declining birthrate and aging population, burdens on the subjects to be
examined increase, and labor saving of inspection work is desired.

In this research, we focused on cracks in concrete generated in structures and developed a technology to
automatically detect cracks from digital images. In this paper, we report the development function and the outline

of the development situation.
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4 A crack detection result
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Development of self-traveling robot for pipe inspection equipped with neutron moisture meter and X-ray

thickness meter

Kenichi Asami* (Hitachi Power Solutions),

Ryoichi Suzuki, (National Institute of Advanced Industrial Science and Technology)
Toru Aoki, (Shizuoka Univ)

Itaru Miura, (Mitsubishi Chemical Corporation)

This paper addresses we describe the development of a self-propelled robot equipped with ultra-compact X-ray

and neutron moisture meter out of non-destructive inspection technology among piping maintenance and

management in industrial infrastructure.
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Rationalization, Preventive maintenance, Maintenance)
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Non-destructive X-ray inspection of large scaled pipes with battery driven X-ray tube and Flat-Panel
Detector
Takeshi Fujiwara™®, Hidetoshi Kato, Ryoichi Suzuki (AIST)

We have developed a compact, battery driven X-ray inspection system with cold electron emission X-ray source
and Flat-Panel Detector. Our system was tested at large-scaled piping facility and high-resolution non-destructive

X-ray inspection was successfully demonstrated.
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(X-ray NDT, X-ray sensor, FPD, compact X-ray source, TFT)

1. #S5

FEXT T v NEAE 7n & OREIEY) OHERF - E BRI PESL S
TR TEEEOBOREFFSLE L N TH5, X
PR AT I, WA B O R & R TRIZ N W HE T
HHTHTTICT 7 MREFOBY TR HE L L TWD,
Lol ek X MREHEEII R E < B EEBEOAMD
KED, BEFKRICIELSEDNETL D EWVOIFENRH Y | 42
B ERIEBRD N TVWD, Fexix, Ny T U —TEE
MHIBRE) Rl 6E 7 X AR & KRS T « & & L X i Hids & B 38
L., EbIENGEZHREEEEICER L CFr 74 0T X MR
WA % FREIC LT,

2. XBBREVATLA

X#RBEER (T35 v bR LEREER)
EFULLTE¥EA 7 T 70 8 HLEfTZ @2 T2l
LEMMABRDENTNWD, XKEHEHT 52 & T, RIBHM
DOEE 72 &, HEBESCET RG22 & O TR MAIN
IS o I BT O FEMREERR A S TTHEIC 72 5, X Rk 2RI Bk
S PEREITARR 2 7208, KRAUELE O CTIX & 0 2RI
Bz T 570z, Ny TV —EREib, mEE L, @ fERe
b, KEFE LR D LN TR Y HOBIEN MK OLEE T
bHoHZEBRRDLND,
EAZINOOERIZIEZAH LW X 77 > hoixob
AR HER(FPD) % | J LD MR T 4 27 LA BiE7 & 2
ZEALCHELEY, ZoMEz2R 1, 21087, XEE
PRGNS B H 2 AR IE Y — MRS T L72 Gd202S:
Tb % AW TEfiffe & SRS, Rififda Wy S Wiz, @b
MHDOIRNEZITHZ B PITE, T ARICEHEL 7

TF NEAF—RT AL, 7 LA —FNBELD
WUNR CERZT 4 VX NMEFITEBRT D4 121X, TFT
Wk T 4 A7 LA OGS vt 2 2 L E R R E T
2RV —27 @ TFT & iz, ABFZETRFE L 7ol B D 4t
BlAEX 3R T, FREERIT 26X31em?2 T, © 7 &) A
A% 200 X200 um TH D, HEEIHN 16W THY | ~
v T U —BREZR[RE L Lo, Eio, REEIT Y 3 L HE
L. ZT’/74/'C)7/1/5/I’AU)7‘ HEENARETH D,
74 bELF—F

TFT (8U—21k)
#H 7 AR
YyFL—& (5REL)

1 X #RIHER O IS
Fig. 1. Diagrammatic sketch of FPD.
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Fig. 2. Cross-section view of FPD sensor.
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