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Development of passive wireless sensor powered by vibration generator for safety
surveillance of social infractructure
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Batteryless wireless sensors are very effective for safety surveillance of
infrastructures such as bridges, tunnels and steel towers of the power-transmission lines. In this study,
vibration generators which power the wireless sensors have been developed. These vibration generators,
which harvest energy from minute vibration of the structures, allow us to realize autonomous operation of

the wireless sensors. i i i i i )
Although the structures usually have wide vibration spectra, the conventional vibration generators,

which have linear vibration modes, cannot harvest sufficient energy at nonresonant frequencies. In this
study, it has been found that it is possible to generate chaotic vibration by introducing new design to

the vibration generator and this leads to energy harvesting in wider vibration spectra.

RFID



1. WFFEBRAE Y PO 5

(WFESRE R T4, mEERRE IR L7248
REEREREIE 72 EOEFHLBNEA TN D, B
WOEEHET D L, BROHER EBRKEIC
FoTZho A7 A NIV F v RRET D
fERRMER B 5. FTHESCHEIZLD b
FhipLary ) — MEEMORENKE 72 M
Lo TnD. EHIC, ShEME BEROEHEIC
X 0 FIHE RN RWIMERARREIC /2 D &0 ) Tl
BETWD., ZOX ) REKRBRFEEL LRI
720IIE, #EY - RIEOIRESLOT R, G722
E @V ZERI TR R R R S 2 &
DEHEHTHS.

(2) WA OEA & frE ST ERRO & o ks
7 T OIREIREERIE D= D12, & I MR
REZEH L Ry N =7 RIS
nTna., Lr»LBRow Y3y hU—2 TH
WHNBT 7T 4 T L ERE A BT 5
720, NoTUNBRMEALER-S>TNE., ZOD,
T EREERRORER 72 EFER A O EPTICELE L
TG AORSEREEL <, EAtkic e o 2 E
L7256, Ny 7 U RBIZIFE R 2 2 R 33k
LTLED. —F, U—~H(reader))> b il S iz
TGN %L TENES 2 UHFH#18(950MHz) D
2\ ¥ 7 RFID(radio frequency identification) % 2"
X, Ny T URRELWHFERHD. Ll
— X DI D @ I (AW) OS5 13 10mFR &
OBENFRETH B0, EAIC L Y THNZEOR
WNOMERICIRE S NS, 20104 2 IEmOE2E
SR E LA AT L2 B H O )
(0.25W)/R 7 X 7 NES TRO LR, @
EEEEEI2mEE CH LD, ZOFEFETIT EFTLD
Lot A v 7 T OREBRITIIEN T /e
A%

X1

(3) WFFEMRFEE 1L, RNy v T X T O E AL
LT, N7 UORERERE 2L T
7o(X1). ARERRE IR E S (10pWEL
TYDBEERIE & ENROT T b5,
ENWZBWTIE, EOEHEEICHER LY —# 0D
i S VI UHFAAR O B — VX &% 11 C,
MR Y ORENEENT 5. S IR
THEEIS L CT T DA v E—F U A%
AL S, EROK ORI EE LS/ 5 (S

B ZE T D). ) —F 13 Z ORI % i A B
HZ LT, WEMESEDZENTED., Z0ER
ot EREANCHENT %A, BEERHIRKT
2fRE Th Y, SEECHB R e L O AERIZITE
BN, 2 2 T O EEY OIRE ) 51
BARET 23X 255 2 L2k, BEE
B2 PERT 52 L aER L. FRCERFEED
IRENRE TIEER10~ 100uWELE DB RN E S
5728, ZOXH I Ny T CERENROE
MYV OERBUIARETH D EE X T2

2. WEDOHBY

(1) WFFEEW - ABFEClE, #EY - 308 OIEE)
BT RIVX AT DIRENVREME T 5.
FRIZ, B WIS By, SMHEIR S AN T
TR ER BRI A R 5. E R Y ol
ETUT L, Ny TR U O R L
LCR%T 5. & HICIREVS B O AR & 14
RE % SEZFEANICAIZE T 5. BARAIZ, WFFEHIRIPNIC
UTFOFEHEZHSICT 5.

O REFEEHEOY A A S RITH LT, Hoh
DEALEBIENEDLHIICENTIEONEHL
T D, ET-REY A X2 —TE L LI&MT,
B L BIEE R KA T DS & AR 2 R
© WP ERET OMERE LT, BRSO
BREE, PR EEMBEL, 2 OEE) AR
7 MVIZIIRATRE e, IREWFE B AR N R DI,
ME, HREZ RHT. £7-EE - BESOREE
RIS L0 HIBEWNENBE LI &0, REE
OEALERLNIT 5.

@ U —Z D EH TR FTEEZR P H (0.25W) D
TR & i Uz & &, IREVREM 22 72 2
Ry TR YRS D 2 aEE el e A
HOMCT 5. £ ERE Y O (E AT RE R
WRRERD D72, INT T F O L nlEAE
A BT

(2) FANHI 72 Rt - IRAIRO 72 8 & I B - BRd
DEHI I NNy TR Y ERET DT
DIZIE, F0pWEEE CEMET A JIERIK (T T =
JBORTEE %2 T V% VEICE#T 5 ADZE A
BN METH DD, 8 OADE AT
100uWDIEE B & FFo7=, i & v, #f
ZeRFEH O, BIKEHAOUWLL F) TEMET 2
ADZEHARIBR A B L=, AKEIKIL, —I 2%
OESE L FIERFEROZbICE X Hx, 2
RU—=2 XV TF VX MEEEDL D, BFEE
FH OIXISTHFF SR E OB EEZZ T T, K
ADZHRI S 2 [EBR R S Lo, £7o, MR
v TR LY — D O BRI &5 CH)
ET 2728, BRET XV &2 ENETZETD
INT T FNMETH D, —HFT T HIETE
DIEEF/ITHD ZEMRDENDMN, 77
% BRI D PR (UHF ClEfI30em) D =43 LL R IC
T5H L, AR

HMEDA L E—H U ABEEERD Z ENHELL,
TR 2 RN ZET A EDRE L. T



O, MFREARE TR EIT T 7R E /T 5
RTUETA T T OZIEEN ERRIET
2 BB AR 2 D3 % 715 % BA%E L 72 (Makimura,
Igarashi, et al., IEEE Trans. Magn.). & B2, /Xv ¥
TR P OBRGHIB W TIE, T T T HAR,
[ 3% AR D FRHT CIXEME 7RG R DG DAL 72Tz
W, TONESER LIZROEELZ T I 2 L—
Yar T A ERMETHD. ZOOFRMAE
FH oL, FMEE S IE(FDTDIE) 2 L L Lc @
BEFEMTIE % B % L 72 (Watanabe, Igarashi, IEEE
Trans. Antenna and Prop., Watanabe, Igarashi et al.,
IEEE Trans. Magn.).

IRENVIE BB OB IR AR, =T, =
A NV OREE & B A R kT 20BN D 5. SR
REELITEERE M THL 72T 4 M
VT Z OREEREL( VAL & ErERR L) D T2 8
2, AIRERE &R REELEEN—R L LT
FyE%Z B LTk U (Watanabe, Igarashi et al.,
IEEE Trans. Magn.), A F{E% 5 K0E H U CHRE
A R AT D

AP TIE, BAEMICEIET 28 I3y U7 IR
UV OEBREBRET. ZOOICER, B
W - [B1BE OfENT Fedd LB 2 Bl L, M o3
WCENEMIET 272D ORI EH LB T 5.
ZHUC K0 BUR TR E OMERE - RO AR Y
EEBL, FEEORBWET—Z 21552 LT
R ZEER AT LORBUCHEFETHZ L%
HIEd. 2ok > 72BHEIET 2 EEE 2K
D, MZEELHEmMOT Y - T—F, JASIFEE
M7 EOERIKEEE LG R CTX 5. ZhIC kD
LENO T —T7 VELZHITE, BElk s mEH
BIZO RN EEZD.

mE AR EE

z -
¥
A3
X
pEaT
FA LT AR S B A
R T T Chisacd
RE LRSS T
R EF
SN: :SN .

z
EE = T—{

REAREC X A EBRES Co
AMIEBNDIBETD

2 FRTLIRDBEEROBR & T

3. WrgED HikE

(1) WFFEIFEOREE « &Iy 7 R 0
T DIRENVREMR A BIR L, £ ORARRE: & MERE
PO THEDICUL TON%E AT .

O &, /NUOERTERIRENIE L E 2 B xR
T BT, WK, A, BRaT b5
& - EBRCROEBE DO EEY I 2 L —
gy a— REBFT 5. TR 2 BRIT, FEEHK
DR « TR Z L FIEIC KV Fclis st 3 5.
OXHEBEBEEEZREL, NEEEZ HVCRE
&, HIEREESEOLET — 2 2 ETS.

© ERFHEMREREEEICIV GO
VX TENVET A BT OB TFRIKB LT
VT, BIEENTRS L OVERS AT & O T
WaXEIT 5. SOICHEBEELE ZNOEMA LI
T NE A T Ve L, J@ME FTREFEEE, ks R
72 EOIARVERE 2 W E RN 5 .

(2) BT DRI R EME © KALEREEE H W
7o IREN R O FEAREE 2737, Beeby & I3 K
P OIRENFE B IEEZ L T D 0.
Micromech. Microeng., 17, 1257-1265, 2007), 1E#E
I AR T & aAf VIR i R R
ST, FERERE S E LT, ok
BREOHFXLE L TUEESCHKEL VD HIEN
EINTNDN, JIE RSO ERE N
KONDHEME NS RERDH D, B IIIBEIR
DLETHD. Rt T 23O EMHIZIBNT,
Jelml IR - BER 2 T SR ST SR A,
EXGROREE %521 C EFICREIT 5. SR D
HIRFE B, SR o - M2 2 LS H T
HE TR DO EARIEI I A LEDL L9127 5. )
NEADEINZ L VAN ETICBETLE, a1
L LSRR DREHUE E N T B 7%, BRI
WL aACEEANDRBET S, ZORENT,
WA DR E (BME ISR T DR EB & B 9R
FEH) - #EB LUK a7 - oA L orEd L ke
WCRE KFT DO EHREE S LT/ D,
4. WFFERR SR

(HIRENZE B O m s fEHT FIE OB - IR B R
PRETHEDICE, arta—FIalb—Y
3 NZRY, FRREHNT A —F LIRERIE, F
BRI ERODIVLEND D, & Z TIREIF B
DB 21— R 2AERL Uz, AFRAT CIIIEEh %
BT OB A BEHRETRD, BRI LV RAIC
ERT 2 B NRROEEN 2RO, S HIZaAf L
2 BHA T DGR ORI b B FFERE ) 22K
Wiz, REOMHTCIX, BHROFEA(T ~—
LDV

R &EE) SRR, BT R A 55k (e e
NOFRRZNfE S, TXTOMPIRT 5 F
TE S D HE) T, EIoBARITIZ S
WIS, B & aA VONLENEEA S 2 B{bd 5
7o, FEWER 7 B VAREREZ Y, WikE
LAYy 2D TNEHFRTDHEIICLE
GR3(4)). & DICIEEFR B ORI W T,
RO XD RN AR B ARV IR L, Al e ek Er



INRTG A= ERODUENRHD. LILEAE L
fEMT 2 — RIZFHEER 3R 0 B 72728, &%
WaXFENEE Lo T, 22T, AREXRFERXD
KR % T NAERIE 2 TRl L, ST IRERE]
Z RIEIZEERME L 72 GRsZ(1)).

3 HREhIE I O I

QIEEN R EREOFREE & AME, FEBR - (1) TR L

T = — AR LT, IREVEER 2P L.

BRI L 7 IREN RSB O A 2 X311, ARIRE)
FEHETIE, A NVICEHZ T AR EEIN ST 5
7=, A LHLENIREEIR(T = T A ) Z
AATWDERFT L. F7- 24 L oRME
IR AT IFIERIE e R I M M# < 729, FERRIE
RENZRAESEDLZLNTES., B, I
—a VT A AR ZRAETE . WA RIE
BaRETED L, WL LIAWEREH O
IREICHREBETEXHEWVWIHIFENRD .
3T v H—E T, IRENEEME AR L
72(X4). RIEEHREHOEERZER LI L 25,
A ARE & BRI ETE D Enbhoiz.
F 2RO ER AR COREIHER S 7= (X5).
B OBFFERR TR L), O THE ST
W5, L, BED L Z AL A A EE % 22 EH
WICRASEDLZENTETELT, Floafmh
DEIOBMERE LTT7 =74 B XY bEWiER:
RhHT HEMMWR(T A FHR)EZH D &, B

F AR E NN E R Do, ZOFEK
ZHH 50 Téf_&), fﬁ%ﬁ%%fL?f}Lj—é:k
NUETHD.

) B E RIS K ORI - R8BI &
D FEFE S AR A R L, BRI m¢5
7-ODEEERT L. RIEEZHRET 572012
IRENVFE B DS %@%%?w%WWb,4/t—
Ko AL DRM A ROIZ(FRFHEN). TR
FNRBHITROVIEREE2A L TV 5720, BR
EIIKIZ L BETF ARICIZRA N H 5 = & 3
Sfc. £ 2T, IREFEEM DO ZH) 4 Duffing /7 2 70
THEL, XUV TERSCBIA « 2 A VO ER
& & T A AR EOF EORGREMRF LT,

HUR OYREN 3 B TIZ1IGDONIEE T0.45VDE
JEZFRETETVDN, HBEROREINEE 35
10mGORETH D728, WM IRENCx LTH
BN ERETZHEEORFNLETHD.

1. 3cml. 8cm
X4 1ERR U7z HREN TS B

030609012015020304050607080900utput
power (uW)input frequency (Hz)
X5 % &8O AW

(4) IRIHEE ) ERE O - IREVFEEK A
AR 2 MR B L BT e 21T o 72

MR R — A NL LN EEEZE L

TEMEZBIME L, WIE LIZIRES DT — & & K4t
WA TV —FIZkViRY. 20 k) REEI

i‘t/*flilf'tﬂ ;ﬂz.lzlb 73")’7/])/@|—Jl/\7/7‘
FTRMETHD. DD, BRI X 55K
WikEAWCTERE AT TR L

i L(3), (6), (7))

5. EARFRMIE
(RRFEAREE, BFIE s 105 B OS2 1
)

UdERERm 3] (RH9fF)
(1)Takahiro Sato, Hajime Igarashi, Model Order
Reduction for Moving Objects: Fast Simulation of
Vibration Energy Harvesters, COMPEL, & #if, 5
ke
(2)Takahiro Sato, Hajime Igarashi, A Chaotic
Vibration Energy Harvester Using Magnetic Material,
Smart Materials and Structures, #t#t/4 , vol.24, no.2,
025033, 2015.
DOI:10.1088/0964-1726/24/2/025033
(3)Takuya Mori, Ryo Murakami, Yuki Sato, Felipe
Campelo, Hajime Igarashi, Shape
Optimization of Wideband Antennas for Microwave
Energy Harvesters Using FDTD, IEEE Transaction
on Magnetics, #rmtH, vol.51,no0.3, 8000804, 2015.
DOI:10.1109/TMAG.2014.2359677
(4)Takahiro Sato, Kota Watanabe, Hajime Igarashi,
Coupled Analysis of Electromagnetic Vibration
Energy Harvester with Nonlinear Oscillation, IEEE
Transactions on Magnetics, Zr#iH, vol. 50, no. 2,
7007604, 2014.
DOI:10.1109/TMAG.2013.2284253
GYWeilZve, Ttjal—, BHGEESRRE) 5 E-IE
RICIRENC & 2 I E-, AARAEMF 258, &
A, vol.22,n0.3,374-379,2014
https://www.jstage.jst.go.jp/article/jsaem/22/3/22 374
/_article
(6) M. Ikebe, Recent progress in the technology
linking sensors and digital circuits, IEICE Electronics
Express, #racf, vol. 11, no. 3, 20142003, 2014
DOI: 10.1587/elex.11.20142003
(7)Yuta Watanabe, Kota Watanabe, Hajime Igarashi,
Shape Optimization of Double Antenna for Long
Range Passive UHF-Band RFID, IEEE Transactions
on Magnetics, ZTHEH, vol.49,no.5, pp.2133-2136,
2013.
DOI:10.1109/TMAG.2013.2241752
(8)Yuki Sato, Felipe Campelo, Hajime Igarashi,
Meander Line Antenna Design Using an Adaptive
Genetic Algorithm, IEEE Transactions on Magnetics,
HHA, vol.d9, no.5, pp.1889-1892, 2013.
DOI:10.1109/TMAG.2013.2239979
(9)Takahiro Sato, Hajime Igarashi, A New wideband
Electromagnetic Vibration Energy Harvester with
Chaotic Oscillation, Journal of Physics: Conference
Series, T, vol. 476,012129,2013.
DOI:10.1088/1742-6596/476/1/012129



(PR Grim)
(1) f2 &, Pepfzere, it —, SEEER
]t 2 e L 7o S pk s \EAR B E AR O MERERTATh, B
[REREEKS, 13-Al_3-117, FHIEAHRKFCE
), 201593 H24H
(2) WEHER, Tt —, 7T 7 A EEE AT
% F > 7 L ARFID# 7 O, BRFR2EKE,
1BB-A1_1-023, HEHHRF(HR), 2015434
24 H
() b, AR, Sy v TRRE R —
D3, H23EIMAGDAZ > 7 7 L > Ainia A,
Yri— ha—vmEts E&)IRERT), 2014412
HAs5H
(4) T. Sato, H. Igarashi, An Electromagnetic
Vibration Energy Harvester With Strong
Electro-mechanical Coupling, GREENBAN2014,
2014 Sorbonne University (Paris, France), 2014411
H7H
(5) T. Mori, Y. Sato, R. Adriano, F. Campelo, H.
Igarashi, Optimal Design of RF Energy Harvesting
Circuit Using GA, GREENBAN2014, 2014 Sorbonne
University (Paris, France), 20144211 5 7H
(6) VesZEre, TtjE —, FENTEERIREFEED
BBt & G R O, EXraeERE,
BIR R (EIRE, AR, 20144203 19 H
(7) Takahiro Sato, Kota Watanabe, Hajime Igarashi,
Three Dimensional Shape Optimization of
Electromagnetic Devices Based on Nonconforming
Voxel Finite Element Method, 15th Biennial IEEE
Conference on Electromagnetic Field Computation,
KGAT VAR T —RT V(KA RS H), 2012
F11H12H
(8) Yuta Watanabe, Hajime Igarashi, Analysis of
UHF-band Passive RFID Antennas Loaded by
Dickson Charge Pump, JSST 2012 International
Conference on Simulation Technology, 77 K=~
ERFFEHLIR (Seli b T), 2012429 H 28 1
(9) Yuta Watanabe, Hajime Igarashi, Robust
Optimization of Patch Antennas for UHF-band
Passive RFID, 12th International Workshop on
Optimization and Inverse Problems in
electromagnetism, Ghent University (Ghent,
Nederland), 201249 H20H
(10) Yuta Watanabe, Hajime Igarashi, Robust
Optimization of Passive RFID Antennas Loaded by
Non-linear Circuits, 15th International IGTE
Symposium, Technical University of Graz (Graz,
Austria), 2012429 4 18 H
(11) Takahiro Sato, Kota Watanabe, Hajime Igarashi,
Three Dimensional Optimization of Inductors Based
on Nonconforming Voxel Finite Element Analysis,
International Magnetics Conference 2012, Vancouver
Convention Center (Vancouver, Canada), 201245 H
11H

(MEFE)  Grih)

(1) = HEE, MESE, SR, S,
+E— fh, EXFSEMHREE13175, BT
2, 1493— T (#1446-48), 2014

(& D)

R brl— Uk
http://hbd.ist.hokudai.ac.jp/research.html

6. WFITALAE
(HAFFEREE
fit+H— (IGARASHI, Hajime)
ALHRE K« REFBENE B SRR - Hd%
&R - 90212737
Q) gE
% 15K (WATANABE, Kota)
S| TERY - 15 GR) WF9ER (WF%EkE) -
Hidz
WFIeE 5 1 20322828
G)FgE
il fFz (IKEBE, Masayuki)
ALHRE KT« REPBElE BP9 RE - HEBdz
WFIeE T 1 20374613
(DFFgE o HE
A JIE— (MOTOHISA, Junichi)
ALHRE KT « RFBEts e 2R - #d%
e E TS 60212263



