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ABSTRACT

In this paper, we introduce a method of predicting time offset by applying LSTM, a deep learning model, to a
precision time comparison technique based on measurement data extracted from code signals transmitted from GPS
satellites to determine Universal Coordinated Time (UTC). First, we introduce a process of extracting time information
from code signals received from a GPS satellite on a daily basis and constructing a daily time offset into one time series
data. To apply the deep learning model to the constructed time offset time series data, LSTM, one of the recurrent neural
networks, was applied to predict the time offset of a GPS satellite. Through this study, the possibility of time offset
prediction by applying deep learning in the field of GNSS precise time transfer was confirmed.

7|9 : GNSS A zku]a, LSTM, e, AlZh @ ZAL AIAEAA]
Keywords : GNSS precise time transfer, LSTM, Deep learning, Time offset, UTC

Received 8 October 2021, Revised 10 October 2021, Accepted 9 October 2021

* Corresponding Author Minho Kim(E-mail: minho@cup.ac.kr, Tel:+82-51-510-0671)
Assistant Professor, Department of Software, Catholic University of Pusan, Busan, 46252 Korea

http://doi.org/10.6109/jkiice.2022.26.3.456 print ISSN: 2234-4772 online ISSN: 2288-4165

€9 This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



.M B

A AA AE QZeEL FAIF R FUH FE Al
7} %7](Time Synchronization) #|A| Q1 A A& A A|(UTC,
Universal Time Coordinated)E- 7|5t 2 2 Ht}. =4
T3 =HBIPM, Bureau International de Poids et
Mesures) ol A= =4 AAFA] 1 TAl(International Atomic
Time)E Akl AAFHAIE AAsk7] S35
SR GNSS(Global Navigation Satellite System)E- ©]
83 ARHENR W74 ol st ik

GNSS= Agst AkE sk Slal dAAAE
A1k 9le. GNSS 914 AlAle] wule i A
22 Aol gt oS Asf A= E
0] YRAAS ol elA] A7kE AAsked | B
SIS QY H Rl AIZE AVS 913 ALE: A AIE AMge
Ao AlgAx}p BpAI AL F AARE 22 A=
A A A chat AT} AR Qe A
(ensemble) A1 A13= UTC7} o 5 Ho] ] 7] 22| 22| A
S8 AY ALEOR Ze)H A7} ohd 74l A7
otk UTC= AlA| 80917 Azt el At7] ol A
Ageka BIBHE g 7o) EAI7H UTCH) S
to] AUA| | S 8 YA ETH JAE A A E A}

\-J

FOHE AL YRS PHIE A AAS Bkl $
SR S 91 5 9] Wolek

2 5o choal Al2Eze) A4S
NSt 7148 A2 7] 71402k Fhch GNSS
| 7142 SALRA G AAB YA

o AFY] - A - Abg)Hoke] 7N 4R
chepstA 2517 9leh

GNSS 7|4 A Zbw] e 51
of Hejahizs] & oA =
2 iAo 2 Stk GNSS 9140]
Aol SA717HA) Asbe @Al
97} R.0150] F7hdr

AU A SISIA 25 A AT
& GNSS AL ZE A7) oA A48 = Al S0

jfz

Whbuba s}

0]-8-5F A|ZH| L

A ATE

EIE \i mlm
— O

—_

e

) 23t 27 dlole 2 E] 1404 A4ke] sk
AN 7A] Aoy oA dhlsls e 93 QR AES
FH )R A|AT] 9T A4} $417] 7He) A2t 2.
A FETT ol i%ﬂlﬂ A AIA 80 LA 2
A71e) A2 @ 24 g5 BIPMO| A =33}l H]

GPS AlZES ZH|0[E{o] ch3t Elaid 2 7|8k A=Al 05
st} 2| A o] PAE AlAIE AT

GNSSS 7[Wko & 3h= 7o) B H QlZee
GNSS Al 5 of| ©]&4 1t GNSS A&7+ FHE| ALt 4241
2 4 Gl S B Aoy AlAHY] o)A TOoR o]
A7} FEE T AR ARREAI7 S S Qlek

=T 9] GNSS A5 o) tigh o] =] ghA] o thgt A+
L GNSS AZ 2 H2E A7} QA 20 th3t A7}
K #o]z] ofo} o}2] ghils}A] oF2- ol 435G
o] #1235k Al = QItH1]. 2|0 A= GNSS A5
2 d& &85k A7t FE 2= = Aol tH2).

~300m
tmisson A

A

. up to hundreds of km

 Relativistic cock correcton ; < 13m

Reception

-m

Vi

Pseuduranqe/}ecmmn( range:p < ~ 20000 km

¥
/‘\onospheu delay :2-30m

Cdelay i 2-30m
<300 km
-m

i

Fig. 1 Transmission of Satellite Code Signal
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MAE
40 predictions | 50 predictions
Simple Moving Average 9.0569 10.2404
LSTM 1.3769 3.2427

461

GPS A|Zt84 Z™ol|0|E{of| chEt Eizld 2Y 7|8 A= o %

V.2 E

2o TS 01 B e A
AAL] B8 Qlserel o] 718 E2 AABRA

Y20l el che A

7Fs/9e SRIE = Ut FF AjZF 2 ZA 50
FFE & ¢ e UE v A8 =&, AT
L xA EAO g g 1E H8 5 ookt AGLE
A gstar gt
References

[1] Y.K.Lee,S.H. Yang, H. S. Lee, J. K. Lee, and S. W. Hwang,
“Outlier Detection Method for Time Synchronization,”
Journal of Positioning, Navigation, and Timing, vol. 9, no.
4, pp. 397-403, Dec. 2020.

[2] W.Fang, J. Jiang, S. Lu, Y. Gong, Y. Tao, Y. Tang, P. Yan,
H. Luo, and J. Liu, “A LSTM Algorithm Estimating Pseudo
Measurements for Aiding INS during GNSS Signal
Outrages,” Remote Sensing, vol. 12, iss. 2, 2020.

[3]1 D. W. Allan and C. Thomas, “Technical Directives for
Standardization of GPS Time Receiver Software,”
Metrologia, vol. 31, no. 1, 1994.

[4] G. M. Lee, Artificial Intelligence, SangNeung Pub., pp.
317-334,2019.

[ 51 G. M. Lee, Artificial Ingelligence, Sangneung Pub, ch. 5, pp.
254-385,2019.

[6]Y.W.Lu, C.Y. Hsu, and K. C. Huang, “An autoencoder
Gated Recurrent Unit for Remaining Useful Life
Prediction,” Processes, vol. 8, iss.9, 2020.

[ 7] J. Azoubib and W. Lewandowski, “CGGTTS GPS/GLONASS
Data format version 02,” 7th CGGTTS meeting, Nov. 1998.

[8] G. Petit and E. F. Arias, “Use of IGS products in TAI
applications,” Journal of Geodesy, vol. 83, no. 3-4, pp.
327-334, Mar. 2009.



$+S3|(Dong-Hui Yu)

10024 SAICHER MAPA| AF
199451 S0ICkshm FRPAFSkaE A
19941 BRTIRIS AloiTe] o1l
200141 SHAICHEYD RAPA ABE D} 94A}

2002 EMTIERIHE W AT EQ|o{Etn) W

«EHAIEO}: SINBIAIAT AZISY|, SRlSZBE, T, TS, SRl
2815 (Min-Ho Kim)

200741 ATHEHD EHBEIZSHS S}

20004 SLMCHS!T ZHFEIZ ot AAl

20114 ST R BEI S0} SAE

202011 S ACHEND AZEQo|mSME] I

20201 BAISRIC D AT ESofstn I

el Rok: XeIlofz|, HEAM, eIBX|S, 7IAHISS

ol

+ FA}

=1
of
A

ot
1} AAL

J

Lok ro Jok

462



