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Synchronizing two system clocks

20174 4ERK



 gE&E[m]  0.000

. -
id i
Ay £ ?
s ‘,r v
L 3 . : =
g (- 34 5 ) s |
] U

15(2‘1‘C‘H%?<|JIE,HH (E@‘) -
PPEEZEETAl (mm) =315 20184/ Rk
018 {



Vi

N |

. _I_

i)JnJr‘}ﬂlJ)

]

[
T
N
W

.,
'

I

TECHBNT. PCIHEFEALTTELTLY

o —DT -
7200

« DA DA BNEETEIRX MFEBICIERWZS., X1
dA>ATETETECUED.

BEKDT>F)LEEE T Z URER 9 721 CRFZER
FHAEZ 1 — LR END &R UTS,




R ry ==L
NIV Ao DSEME=S—

%
WiWi Experiment @ Q

Measuring the lean of a steel tower \ /

2018 {ERk

REIWU/D (mm) ZEuzf SH/REZAETE (mm)
BIZEHAIT A EMLGLY &M, fEIC




T o ol RIS TR
s =" 2

2017F1ERK




Wi v o)L REBR]

20184 {ERK



N TAITTER=FILZ

IS D e 3%

#H

i8

16

14

iz

1

&

4

0
i} 7 4 g B 10

» BIRRAIRIZ TE T D (FTHIRWVWC E BHERE .




NV BRIEE LR

1# YY) K&fZi=ts T/ Eaf
| | |

— 1 1

RIHIRE | 10zU# |1<a4o0O 107/# 1Ea#
AEDERH | M-MEIHA & st Al i SR AL #E R A

s 22 ] [=] 344
=i NTP PTP GNSS  Wi-Wi
I A AKX =HEERIG] B4 E BRTHE T
BNy R BEAEIE
o9 —REH BIRENIRE

Wi-WiTIE X R DOy I N TES=O . X RO BEFRT 5!
FEOOIDNTTVr—a>nDEMRITS
i.e. PEIMIMO., DEIE —LTA—3I2T DB ToTTT7LA4%

* GNSSTIEE R D LAY IR TEALY,
13



it
2

@ o m—
Original Assembly Prototype vi vl.5 v2.0 v3.0 v4.0
2015.07 2016.08 2016.09 2017.01 2017.03 2017.08 2018.03

/ 2018.03
20154 F 2016 E -

Wi-Wi'Y D a1—JL

= b 4, B
0) nit 1l|5 "?/( x:./y /%(5%}‘\ @ o —(///Q\>
2N N
20194 E
a]'r’oo;iew ) b) Side view wr (a) (b)
Epmiley: [ || CrotMmal{
Wi-WiES 21—/ o -
D5EF W B ||]|| ey
[CLHEIBIER KRKEZEZ[E-SEER BZzIFE&@EETOra)L
Zmm¥a EE Tatal
—> 20215 20225 & 20235 E
Wi-Wis AT Ls

DiteEE A— IS A—HFEFTCEAMOERZRYANGNSEEZEDHD
I I



Rl 352 NEDORNEIRANSGIEHBEES AT LA

B 20 B8 3 T — 0 A 5 B RIERFERER/LERR

R FEIEE : (d)

WBEH# ZlI R HA 1= ED<
FEFHNRET /M A EIE AR

IE7|< A= I

E LR RAREANFHREEHEHEE (KFR)
HAREFEIEMAESH

EIRFEARRKFE
ENRXRFEARIEKREZESBEMNRRR

E L KFEANEILKRZLT-HAN =24V DIVAIRRZE 45—

EiHifE 3% (2020~20234%F)



1. IREDME(2)

REEFOMERAR

ARBZEE, DWIEWITNSREC AT LORF. 2) EGEREFREBOMIML. ) EFMNICHDRZHLEER-B
K. holEBRING, BAEEREE ICRELCHAEENSETHEELIC, —ﬂt&ém%b\bﬁﬁkémé
A—HTFRNAHFYFEELEZHEL. TNNARARAENSI—RAY—RARTE. TLTEEILEEE T, BISEEEE
UiEA L EHTENEMERREEDH S LT, BEBIIRBEMTOEXILOERARZEHE TR,

4 [ 1-97rRryURES }\
i : HamE |
| S (GRAHH) |
"\ \ ’ll
3)Wi-WiDE$it]
SRADRZ3tE
- S %% - Bi#L
BRI EHR R D < ERIREACE D < y
BSB —R SBIEREC LD AR EERR 2)Wi-WigEHe
REHERSE(E DT ILG It 1o I g (S R R DT

(3EIEK) (BX)

1)Wi-WiF /{1 X

ES AT LADRFE )

, )\ BRI SRS 25 Il
B R A R A e

Wi-Wi RFFw ZF(NICT) TR o 0 X (EFF-KEF (EACK) SRR

TR (- A : s
ﬁ;gﬁﬁgﬁijﬁﬁgm WRWESSERyIaE ERT T ey . -
i EHEERIRSS (EAEnTE) | KRV ND—JE#EEEX))

| I-57RI(FUEES

Synchronization of Things

BELIRY [~ '
;‘ = NI

16



N1 vy EbNE/-OMNEEADE

BrZEfRi R &S
Ek-E/-abEE
BFZERIIBIRD LI T

(uuniE t:\:j_ g, L e =000 G HHE

AR PACZS) o — ) ) pord
H—E R J\—>H)Leb-ET) - MR

R ZERA1 75
KR >ZRAIER!
EARHE
et fEE bR

R 21| 7] BA 4 i

Bs 2 [ BT DT A%
B EEAR Y RO —2
IFZIREEET O ML

LSUT> RELL

BB EEIEE IS
ﬁ‘Z.LT%)'Ia#EJJ_
JUF7>T)L
O=>h) |/7EI w7




s IREZIITIEF v v T ZEHSNIR0
[Z—XM55|E LT TESD UhE

::;\é:) W] SI—FEnEis
il - - BEREMERET B0, BRHE.
-7 Y CoRR B, KRR R Cs
3 EHRE,

» EFRHILHEE WA,

18



Vi XU N

1. N. Shiga, K. Kido, S. Yasuda, B. Patna, Y. Hanado, S. Kawamura, H. Hanado, K. Takizawa, and M.
Inoue,
“Demonstration of wireless two-way interferometry (Wi-Wi),” IEICE Communications Express, Vol.6,
No.2, pp77-82 (2017) https://www.jstage.jst.go.jp/article/comex/6/2/6 2016XBL0181/ article/-
char/en

2. Satoshi Yasudal, Nobuyasu Shigal, Bohla Panta2, Kaori Fukunaga,
"TOWER TILT MONITORING WITH WIRELESS TWO-WAY INTERFEROMETRY (WI-WI)"
International Symposium on Structural Health Monitoring and Nondestructive Testing 4-5 October
(2018), Saarbruecken, Germany
https://www.ndt.net/article/shmndt2018/papers/SHM-NDT-2018 paper 57.pdf

3. S. Yasuda, R. Ichikawa, Y. Hanado, S. Kawamura, H. Hanado, H. Iwai, K. Namba, Y. Okamoto, K.
Fukunaga, T. Iguchi, N. Shiga, “Horizontal atmospheric delay measurement using wireless two-way
interferometry (Wi-Wi),” Radio Science 54 (2019)
https://doi.org/10.1029/2018RS006770

4, Bhola Raj Panta, Kohta Kido, Satoshi Yasuda, Yuko Hanado, Seiji Kawamura, Hiroshi Hanado, Kenichi
Takizawa, Masugi Inoue, and Nobuyasu Shiga,
“Distance Variation Monitoring with Wireless Two-way Interferometry (Wi-Wi)”, Sens. Mater., Vol. 31,
No. 7, (2019), p. 2313-2321.
https://doi.org/10.18494/SAM.2019.2212

5. Daijiro Koyama, Yunzhuo Wang, Nobuyasu Shiga, Satoshi Yasuda, Nicolas Chauvet, and Makoto Naruse,
"Low latency information transfer based on precision time synchronization via wireless interferometry,"
Nonlinear Theory and Its Applications, IEICE, vol. 12, no. 2, pp. 225-235 (2021)
https://doi.org/10.1587/nolta.12.225

6. YUSUKE YAMASAKI, NICOLAS CHAUVET, NOBUYASU SHIGA, SATOSHI YASUDA,
KENICHI TAKIZAWA, RYOICHI HORISAKI, AND MAKOTO NARUSE, "Delay-bounded Wireless Network
Based on Precise Time Synchronization Using Wireless Two-way Interferometry," IEEE Access, (2021)
https://doi.org/10.1109/ACCESS.2021.3087866

19
- 7



