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Increase the accuracy of time scales by using the deep learning technique

Tanabe, Takehiko

3,300,000

(1)
UTC  HM

UTC(NMIJ) (uTC

GPS

The time difference between coordinated universal time (UTC% and a hydrogen
maser, which is a master oscillator for the local realization of UTC at the National Metrology
Institute of Japan (NMIJ), has been predicted by using one of the deep learning techniques called a
one-dimensional convolutional neural network (1D-CNN). Regarding the prediction result obtained by
the 1D-CNN, we have observed improvement in the accuracy of prediction compared with that obtained
by the Kalman filter. Although more investigations are required to conclude that the 1D-CNN can work
as a good predictor, the present results suggest that the computational approach based on the deep
learning technique may become a versatile method for improving the synchronous accuracy of UTC(NMIJ)
relative to UTC.



¥ X C—19,. F—19—1, Z—19 (i38)

1. WFZERG SO 5

BUE, EBHEALRICBIT DM OERENTHD (ST B 12, B2 U ARTFO~A 7 v i #E
DB $2(9.192,631,770 GHIZ L W ERINTWD, IHEFEBRT HE U LFFREF D
ODEFN, R B - AT AR OB TH D, — ., A OFEREL LT TE iR
iF (Coordinated Universal Time, UTC) | 7% 1972 ELIkEZ O&KE|ZH > T\ 5, BEFZI O AR
THERZLE, EFEERNIEED 2 LiFifFanen & Thd, £ 2T, BN OREIT Lk E
e, FHE U AFTEEEROKE A — P — A E R BOE %S (Hydrogen Maser, LA N HM) 7z &
DERFEARFFHPIRER O LRI W T E 2 ZEZH > T b, UTCIE, 1R T X oIcE
[ B 7 5 (Bureau International des Poids et Mesures, BIPM)IZ L - CTLL T 3 BxfE G+
SNDHEZTH D,

@) REE DR T 2 IEEHITR AT BIEER A v ¥ —(NMIJ) & & e, 54 80
PRBICRB) L T %59 450 BOEAE T It & £ ORALET — 2 OMEFHTH S
H i B (Echelle Atomique Libre, EAL) % #5%

@i1) EAL OBEE(—FORIRR) %, BRI TR L T2 R o 0 A — R JE AU v
B L OB CRIE L CEERE i (International Atomic Time, TAD & H

(ii1) TAL (Zxf L C, HiEko Bz 6 E £ D04 TH 5 it (Universal Time, UT1) &3 45
SHL7OOFIE(D % 5 HiH) % 5 L < UTC =5

UTC 3B DRt O T — ¥ OINE Y

MOFEEND D EMb LN LD,  ERONOBETERETEONSE ORART K

UTC %O) % @%ZUUﬁ%H#§+&iﬁEﬁT‘ U ! SYRTE NIST PTB NMLUJ A

THEA LD Z LT TERNAR—X—7 B /N (*) (@) (CES] .

0y Thbd, £i-. UTC OFHEIZEH 10 O ) O

AEIZRTH O 5 HED 0 : 00 UTC (22T W(J\% ;;Q)

T, ZOREFIL BIPM 28 H AR T i L —

ABIT L5720, THVCHEEM EAE s it b A
DT, BB CIE, UTC &R S w7 [:i::

UTC(&) (ki 3HEB4 OREFR) &\ 5 RIG 5% 4 SERTE EA) o

e EA L, I AERENEICK T 5 MR =3
e LTAL TN D, ERRTH (Ta)

REZ DR T D PEEBMTR A e ot &

U At L 2 —(NMIJ) T LT U 5 I < >350mn —{ s un) |
A EFE Y UTC(NMID) %, Circular T pre— =
TWE S 5 HE R UTC & ! [srenm o | }
UTCINMIJ) D=4 5E 2. BEKFETH D R EREERES (BIPM)

HM O JE 5 E 29+ 5 2 L ¢ UTC & D N

SEDER 10 ns PAPICHERE ST 5, X1+ UTC 75 Ot X

2. WHEOBEH

PEFES - FHTFCIE. UTCINMIJ) & (S 5 & 7 2 JH I EUE R N 2B b Tl Y |
UTCINMIJ)®» UTC & ORIFREE 2 f ESW 25 Z & ITEERMHIRETH VT T b, Zh
AESEZ T, REBEFIIERFEEOFEDO—>THLHEEFEOFEL AN T UTCINMIJ) O
UTC ~ORIEEZ M ESE5 2 L2 B LTHIZEICERY AT,

2 IZAMEOBEEX Z 73, ek, UTCINMIJ) % UTC (2[R &5 7= HM O JE#
FEEIT, iR HM OJF IR )b 4 % D% %

THLTIToC&le, 07, #HBFE LI BUET o R e
TN DT —F DEE I — R AR (= ARX—F— BRPEE AR TS B
VEa—F ) HENEE L EO/RNOEH LWT

— 2 OMWERZE® 2 Tl - DT DT ORKTH s i PE [ Credtar

Do FRIZ. BEOPRREIREHE 2 ISR EBL LU TR HR [ e
ETFNTHD [ma—Fxy hTU—7 ] BHWE
B B RSB Ch 5, NEHTROME L | [0 e
%7"&:0i\ ﬁf 10 QEL)LJ:L:]E}:) HM @Jg‘wﬁiﬁ?j% “ » "
B OER D, = 2T, [ZOBEDT— 5 & A M2 ATEREORLS
TeRIEFE I L0 HM O JE B HUE 28 T3 © & Uil

UTC(BE R RE)




X 0 SRR EGHE A2 E L, UTCNMIJ)®» UTC ~DREEE 2\ FTXRWnWEAH
N2 LWV, RFEREOFR S TH D,

3. WEDIiE
(2] CH~_7ZBHIOFERDT=DIZ, U TOHINEZEEE T & & LT,

@) UTC & HM ORI % Tl 5 7= DO Tk
(i) TG R4 EBE D HM O BREGHISIC 7 4 — KRy 73572007 LT Y XA

4. HFFERE

() UTC & HM ORI 2T TVEO B R
(2] Tih~_7= BHIOERKIZIE, £9 UTC & UTCINMILJ) Ah

OEWEIKILTH 5 HM OWZEE Tl 5 72 DO FEOH
NRUETH D, ISR LT, kT BIA = 2 —F ==

/L% » b U — 2 (One-dimensional convolutional neural
network, 1D-CNN)J &9 | EEFEHOFEDO—>% i EfE
T HM & UTC OFff#ZEZ T#l L7z, 1D-CNN (Z & 2 Tl
DA 3 1R, HRAIC, wER 3.5 FHo UTC & i
HM OFZET—2 D55, 62 %% 1D-CNN OFE L L
TAD L, T & EEOR R HIfE) & O 37 = .

B2 KM & LCRE L7, o RIcESE, N

[Adaptive Moment Estimation (Adam)| & MEEi 25 B Estimaton(Adamy 8 273 RS
{EBIEZ L 1D-CNN % &aiifk, 20 FE 7=, 20 o }
. FEICHA LTV ARVEY 0F —¥ & ID-CNN 2k p 93 IDPRINIESD U0 < HM®

TR SR b U7z,

AWF22ClE. 1ID-CNN ([2 LA Pl iz~ 7 4 2 — 2 LA T GITeo7-, 2 O0F

FECEVEONTZTHEEBEOT —XDORA > NMEOEE Ty NLIZONRK 4 THDH, HFN

1D-CNN, R N<2 T 4 NF—IZ L DR TH D, 2 OOTEIZ L2 TRIONE — TR

FHE LR, SRS L 1ID-CNNIZH L~ 7 4 V2 —L 0 BWTPHREEZ R+ 2 L
ZRHEULZ, ZOFKIE, v~ 7 404

. S —IT & BRI 7 A RIEZER T 7 1T
4 HESHETHHDITH LT, 1D-CNN (2

s L, X L FRZZ D &5 R EICHIRS VT, &
L g R 0 IRV T A — 5 — 2RI LI
E o Pur S, T 7 52 L 8% 2 B, 1ID-CNN [HiRES T
s & 10 AT OB LOFEETH 58, RS T3
R R e | DEMPFIEL B EZL DIV~ T 4 H—
e A L0 b BV R L7 T b R, E

o0 j ‘ ‘ , i FHFEEOLSTM) 72 EOFIRE = 2 — F L3
57800 57900 58000 58100 58200 58300 \y ]\ ]7 — 7 %FH I/ \ 5 : & «C\\\ é 6 c:?’?ﬁ”ﬂ?ﬁk}_g

Modified Julian Date

\ o R ERESELNDLEEXLND, 0B, 20
41 PR & EEORWRZET — 2 D . e ° .
KA v MEOEG: 1D-CNN, i jy/;;y74;1/5_) FERIZENOREFSTHRET L L LI,
ERSRE ETRE L,

QD) TR R A FEEEO HM OJEEEERIEIC T 4 — Ry 73572007 03 Y X LBHFS

wiz, O TELNETHEREZ UTCINMIJ) S 27 MMIEET 5. SF ) HM o JE %
W7 4= KN 755703 XAOBRFBICED AT, BRIZIE, #EI2IT - &R0
UTC & UTCINMIJ)DBFRZET — 2 B L OMHE 205, Feii 7 JHEIF O & 42 Tl 5 o
TALADORETHDH, ZZTHEHLTEZ0VDlE, HM OFREEGHEEZ TSROV AT ACES
ZEEFAEME LT RNEWS ZETH D, HL ET, BaBNHWEITH ETO—oDME &2
2L IRV AT LAEMHET D LV BATHBICERY AL, ZoBREd, REZLFTET
HIN—FIZBWTTHEE2 ABEENE U, AFEEHH 2 UTCINMIJ) O#ER: - BHic 3
FIRE 2 R L ootz 20703 ) RABRBOZERICITE S RhoTz, L, X
FHHEHHN HM OJE I S & 7= UTCINMIJ) OEMICIEL b D koo oiz720, %
ORBREREZ T LV FEFBICHEA LS AT LADOBREPED LN TWA EEZEL TS, -,
AWFFEHRE 2 2T DI T, HFZEBA S HNCITAEE L TR o 2R FEF OB H b5 b
Tro ZHUTSHROBFFEDRIGIC K E kBl 2 =T b o L bbb,



71
UTC(NMIJ) 2021
53-55
DOl
Takehiko Tanabea, Jiaxing Ye, Tomonari Suzuyama, Takumi Kobayashi, Yu Yamaguchi, and Masami 90
Yasuda
Potential for improving the local realization of coordinated universal time with a 2019
convolutional neural network
Review of Scientific Instruments 125111(1-5)
DOl
10.1063/1.5088533

UTC(NMI)

69

2022

NMIJ

2020




2019 80

2019

https://unit.aist.go.jp/ripm/time-stdg/




