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ABSTRACT

In order to synchronize a remote system time to the reference time like Coordinated Universal Time (UTC), it is required
to compare the time difference between the two clocks. The time comparison data may have some outliers and the time
synchronization performance can be significantly degraded if the outliers are not removed. Therefore, it is required to employ
an effective outlier detection algorithm for keeping high accurate system time. In this paper, an outlier detection method
is presented for the time difference data of GNSS time transfer receivers. The time difference data between the system time
and the GNSS usually have slopes because the remote system clock is under free running until synchronized to the reference
clock time. For investigating the outlier detection performance of the proposed algorithm, simulations are performed by
using the time difference data of a GNSS time transfer receiver corrected to a free running Cesium clock with intentionally
inserted outliers. From the simulation, it is investigated that the proposed algorithm can effectively detect the inserted outliers
while conventional methods such as modified Z-score and adjusted boxplot cannot. Furthermore, it is also observed that the
synchronization performance can be degraded to more than 15% with 20 outliers compared to that of original data without
outliers.
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. INTRODUCTION ©](GST: Galileo System Time)2 UTCo]| 50 ns oW & S-2|=]
1] (Bedrick et al. 2004, Hahn & Powers 2005), eLoran A]AE)

GNSSe} 2H2 914 hH AlA®] B+ eloranit 22 A4 9] 749 UTCef| 100 ns o] E 57| HE5F Q=oAL qlct
o 3 AlAES] 7]l He AAR Z]EAlE shue] Y 7] (LORIPP 2008). 0|25k &Y 7|EA1E AsiXl ®9] HellA] UTC
& AlZHYEP o 2 AIAFA Al UTC: Coordinated Universal o} 5715 Al717] AsliAle Y 715A19F UTC Arol 2] AlZkat
Time)of] thafjA] FPAARE 15T off QFAEHAR = F7] 4 dlolel & AYAdsliof alaL, o] EYE Hske 571 45 o1F
& AlFstr] Y5 Falzl M9 elld 5715 f-AIsoF gt 7] SPBlA 4 A Tk @ IAIS Fsle] Alofsl A Hrt
o} ol 59, GPS 914 FRJAIA812 UTC(USNO)2} 40 ns ©] whbA] T AJZH] AL ] olEfefl A/ Q1 BlelEl 7t obd o)At
Ulof|A] (Naval Oceanography Portal 2020), Galileo A]AE] B} o|E{(outlier data)7} Zx5}A| EH A&ls1A] kS A 9 Fu}

o 2 IS Y5 Hol 57 s AstE 7HA oA Hit
o4 HlojEl: B&d ol dlo|E &3} 34 tfE &4 g 7t
= lOlEii—l njsi, 574 o] Hsolu SHA] HAsH=
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3llA] H-model &1 8]&& AF85lo] 7|5 depthES Lstal 713
depth7} 22 dlo|El & o]4} flojH = @%ﬂ— HhAlo] (Bakar
et al. 2006)°f] 7|&= o] Ut T3 o]4)F dlojele] HE&2 Azt
7] dlole{ ¥t ofg} o7 thefet 54 FolollA e AHEH
ojZ|u, o]t FoF F st Al dlofe] AIES] sfiel S 3t
+ Hleol8 A= (mining)ol™ Aol JFE, A7) 3]+ (regression) ¥
Manhattan A 2] &312]= o] (Ordonez et al. 2011)o]| 7] <X o]
ATt ol2g WS o4t diolEE AlAS] A%k thefe &
12 EE AAsH] YoM ZEEo1d 4 UATE GPS 41717k
Agshe A1zt Hlolelel]l Eafiske o4 HlolEl& AAsH] 9
3l Jgst7loll= AdstA] ek maka] & =FollAe gubd o
2 g Al FHoAR = ol HlolE] HE daEES VRS
HeES AlRFsI3AT

=74 tlolE] MEo] Elish= o)/ diolH & wEshy] Y
Ho 2 Holelrl B RS ZHeths Felo] Wika ®
HAE &85l Z-score, Z-scorel] Wi} HAlto] SHA
1 olideolEle] A FJFE whethe TS Botsl] g 4
A (modified) Z-score, H|o|E]E 7] £0 2 A Hsto] AlgF U
SFoF AAAE 0]85H= boxplot, Bt A (non-symmetric)S
Zk= dlolel & Aot §4517] $18) boxplots 47435 24

l:lF

0

(adjusted) boxplot S-o] 21t} (Seo 2006). o]zt TH HAIEL
71&71E 7HAIA] = AR dlojgol tialiM = eS| &
Sk RFAlo] 2|9k, AlZHH] EﬂOIEioﬂ J—XHoP— Fabg QAo 9]
3 WAL 712718 ZHs dlolEolAE SasR| S Aol
ARt wekA, 71 71 7 EMsh= EﬂolEioﬂ gk o4t Ho]
HE EsH 45T 4 9k Wekel AL 21571 9

A QA=A o] & Y5l & =FollAlE o2 P— Jole] AF
olo] 24 Rholghe AHgsle] ol tlolEl sl el
tfslo] 71&slgict. 7129] 44 Z-score@} 24 boxplot L A
ok sh= uptiel ohs) Lo UL B3 ol Hlolel 4E SHe
HEg A3t 7120 WHEAE AEHA gkt o4 Hloles
& AQbehs WS AMSSH fEsA AET 4 Ut Ae
it

£ 8] A 2o ol Sl Aol A A1
9] Z-score, 4% Z-score, boxplot 2 %4 Boxploty} Z-& Z
Al ‘ﬂ“ﬂoﬂ sl A giet A 37gellx= AN &9 F
*1 GNSS AZH] slofefe] thgh 7]e] 4% Z-scoree} 27
boxplote]] Tk o] dlole] A& 58 E ARbshe WAl ake] v
o Aol thaliA] 7] &shaL, Al 4gellA 2ES BET

il

o

2. OUTLIER DETECTION METHODS

2.1 Z-score

Z-scoret= o|4} Hlo|E|E HESI] Y & 4] W4l F
shol T chapat Bofoll A Ye] AFEElolA 3 Yo, 418
glole] M EZF A &= (normal distribution)& zt11 Q)& wj
£ 7128 o)A HolHE FA43th nll¢] HolE] Alof theh
Al (D Zro] A o] Hrt.

Z-score—=
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Zocore(D) =72, i=1,2, = n. 6]

;‘;_F{N

3714 & Hdpt(mean)o| 1, s= [ 2k (i — D= AE &
Hx}(standard deviation)o]c}. gjo|e] A EQ} AY=}e] hd 7
ol mat FEix] 7] SRR Yo g |z, 7 3En &
o4t dlo]el 2 HAggict.

2.2 Modified Z-score

712&9] Z-scoreo] EA|H L oAl Hlo|HE HEE o] AL
Hoz]= dlolg el Y RREAPE SR Sz o]
A dlojEfof] & S e th= Aoltt (Leys et al. 2013). what
A, olH gt BAIES Bsr] sl Aok Aol Hibgk th4l F
o}Zk(median)E AFE5L1 EFEHX} o4l Median of Absolute
Deviations (MAD)E AFg-5H= 44 (modified) Z-score ©]ui, o]
of gt Bl 4] )9k 2

0.6745(x;—%)

Mi =
MAD

,i=1,2, - n 2)
A7 x& S4Bl A, MAD =median(|x,~%|)o]w], E2}<]
0.6745%= 2 7Fo] noll ti3ll MADS] HH#ZFo] 0.674500] 7] wjEo]]
% #8Hnormalizing) 3 913} AHEEICH = dlofe] % [MJ>D
ol o)A} HlolEl WA Yy o D=357} Y] AHgH
t} (Iglewicz & Hoaglin 1993).

2.3. Boxplot
Boxplot (= Tukey's fences)S 513k 73 A x| 2} AleF 74 A 2]
£ AMg31e] o] 2k HlolLH: Hol8E o)A HlolH 2 s}
o, HlolE & 440 9 MSE x3ste] S92l dlojEe]
£ QL WA gtk o3k boxplote FUA (Ao F
A

3l median) @ 3402 S AAX 0 4% BAA 0.2
Tk WAE Bk KQ-Q) B AHgsle] o] ghuct 2 2
2 ol ol @%om ki BE 159 gro] AHgsolxn,
Qi=x, (A T3 elolel)o], fi= A} (3)3} o] 73k} (Tukey
1997).

f — [(n+1;/2]+1 (3)
T (7} G4k olm Qe 1,9t 1.0 W el Qi=x,,0]
c}. Boxplot HH & AHg3}o] o)A} HlojEl & H&she SAfl o)

= Aok

O A A, 7 429 IQRAFE IQR=Q; - Qi

@ 7 ¥A, YR A 77 4 [Qi- LSIQR, Qs + LSIQR];
@ Al A, 27 A 77F 4H2 [Q - 3IQR, Q; + 3IQR];

@ | ®i, YR ZA bt o5 A k] gle w5

olE & FAA Q! ol HlolE = .
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Fig. 1. Conceptional diagram of a time comparison by using GNSS timing
receivers.

2.4 Adjusted Boxplot

#EE dolert S HgPAAE 7L Y& ] E&H0 R

ol dlole & AASHY] A W F shbrt 2% (adjusted)
boxplot o]t} (Hubert & Vanderviere 2008). 274 boxplot&
boxplota} Hl%a}A) sl HAX| 2} AR AAXE AMs}e] o]
A E Blold dlolE & o4 dlo|e| 2 w3t 3710 wet
AYH do]e] MEo] ti3t Med-Couple (MC)= 4] (4)9} Zro]
ol =

MC = median(h(x;, x;)) (4)

XSXSXj
Xi#Xj

©)

[Q, — 1.5e733MC(Q5 — Q1), Q3 + 1.5¢*M¢(Q; — Q)], if MC =0 (6)

(LUl = [Q: — 1.5e‘4MC(Q3 -0Q1),03+ 1-553'5MC(Q3 - Q] if MC<0

T

3} 7ol 81 A0, U
o]t Qatk Q.= boxplotell A 7 A3k Zrek. MC
14to]2] k& 2431, 9 MC7} 0ol Slo]el= o4
o S S ol 03Tk Ao AEGH o,

FoIA| AL 7ol A L &
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3. PROPOED METHOD FOR TIME
COMPARISION DATA

GNSS A|ZH| I 441712 olgsle] Y77 Zete 71 2
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Zol] 7] A]7]7] ¢Ja) Yutd o & A} Eo 2= HEEE Fig 1
of LFeF WSt Fig. 16]] el 3} o] 42 W 7|&= &%
o4 GNSS 914 Sea} 7h7to] A28 Zetate] A|zka) Hlo]E]
£ Common GPS GLONASS Time Transfer Standard (CGGTTS)
ol Fei 2 ATt AA A oAM= Z]ETollA] AT A1ZE]
o HlolE & JIEY 5& Fall 5L ol & AMgste] 71
ERIT} 4 7] BF ko] A|ZE} H| o] § AY/Adsh, o]HA] A4
HAAAE 002 gr57] $felia] A4 2] S22 Aot o]
SFAIZHH] AL Hlo|E] 9] EA] S (AR o] -2 7|5 A7) 4]
Zkzt Hlolelg A4S o] & AEslo] 715 AlAF7] 714
A 5 (free running) AYef7} A& 7] wfFol] €A 2] et
b Ao o9t 7157171 ARk Aot & FollAle
AR AL HlolElo]] 7]&7]7F £ S 740l 0101*1 71&9
43 Z-score®} 4 boxplot &18]&g ALE5191-S we] oAk
tole] ¥ ol sl 7]&s19laL, the o & Ajtshe W4l 2]

ol dlolg] ¥ 5 W o4} o] & AASIA] kS wie
Azt F7] 2ol tisiA] 7]&s1edot

3.1 Outlier Detection Capability of Conventional
Methods
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0 Ao +- 15 ns o]l ] WESIA Q&S & 4 9
. WA, 7]&9] 4 Z-score B S ©|-85191& 1] 9] original
go]glef tigt MAD, Eokzt W #5HAE= 217F 199, 331 9
274 ns{ 1, 71717} xﬂﬂﬂ residual gjo|Elof] A= Zhzt
32,019 53nsglon, &= He nE A& oA HloH= §igl
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At Original glo|&lof tisliAl= o1eF Z4A| 7k 3.9 nsErh 22
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= AFSF A 78102 ns BTk 2136, 111, 10.9 nse} 2+ 37119] ¢
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£ uff, Fab 2 Ao o3k 7]&7]7F EAstaL, TRt 515 ¢
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3.2 Proposed Algorithm
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Fig. 2. Original and residual data for the simulation.
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Fig. 3. Flowchart for detecting the outlier data of the proposed algorithm.

2} o] Azl Hlolelg 4HE ol Foll WA n-Lfel 24
Hole] AIES HE3} olelzt Helel 4 (NS olgste] 7
e
Yi = |xi+1_xi|li:1!2!'"rn_1 (7)
AL (DoflA] o] 25k T dlofE] Ato]o] xfo] ghell A 3h& *P%
5& olf= F3of IAGle] BRI 71&7] W3l olite] &%
2= dole] AES 5] $istelch. ol=fgh Ho]"iig
A5 | =W o]4F dlofEle} o] HlolE W o] 5 t|o]E|2ke]
o5 3 s ol el oA ek o 0,
QA1 o]4} ol eebn miAl dlolelel m-1iA) 3}
o] g % m+11) co]Elok A HlolEieke) Kol gl thal o]
2 Ellole| 2 TEsA Hot. meba], AAAQ] o) HolHE A
E3l7] $I5 F7HAQ garel ol B s, 2-ME HloE A E
o] 7% Z-score?] o4} to|El & Wk HERE MZ,2t S
o, ol= thgoll 714t Axk At o] & 28 ol HlolEl7F A4
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O = o Nl=

ok 7bgaict
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Table 1. Comparison of outlier detection capability between the
conventional modified Z-score and the proposed method with outliers.
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Table 2. Comparison of phase offset performance for the situations with
outliers and without outliers.

Number of outliers
Parameter Modified Z-score (ns)  Proposed method (ns)
5 10 20 5 10 20
MAD 20.1 20.7 241 1.7 2.2 5.7
Median 33.1 37.0 43.9 2.5 2.8 6.0
Range for normal data <712~ -704~ -81.2 -63~ -86~ -23.6
1374 1443 1689 113 142 35.6
Number of detected outliers 0 0 0 9 19 39

of| Hoksh= 2-M = upH o] 8 7 A
3l|A] original d]o]€]¢] 5,10 2 20
9 OVJ Eﬂol‘ﬁ% dog deglolg & 20 72 o]4k HlolE
7} 23 dlo|El £ Fig. 4ol Uer WQich o]2igh o4 HlolEf <]
4 Z-scoreS AFESIAS wl, AAFHSl Holgg A&
) & AFBBIAT 43 Z-score® AEE 0] o
HEL wlolE|e] 2L 4] (2 AMgalo] [MJ>3.5
o qlom 4] (8)x At

o
rh
Lo,
Jz
i)
z
El
_c:l_"

N
5 o -10

nct rL
ﬂlu.

x; > MAD x3.5/0.6745 + %, if x; = X
x; <X —MAD % 3.5/0.6745, if x; < X (8)

Al (8)& o]-&-51H original Hlo]Elol] theh /4= Ql glole] 2 &
HE= 9 -70.2<x, < 1364 (ns)o|th. whaha] £19] H*H el
ol JIEF o4 Hlo|El & original Hlo|gof] F7laf 1 4
Z-scored AHGSIAE o)A HlolH 2 A& A geth

Table lof|&= 7|&2] % Z-scoreQ} A|otsh= HpAlTle] o)A}
tlole] A& ol theh vl ls] B4 88 19 9 HEd
o4 tlole] & et YiGitt Table 1ol A & 4~ Qe AA™, 7
=717 EAskE 7ol floA 7129 4 Z-score WHAE o]
513 woll= BE 9ol lolA ol HlolE & shue &
ShA] Z3ck whHof| AIjtehe BHAlE o] 8sk BE el ¢l
olA] ol HlolEl & AET 4 AT

Table 20f|= o]4+ Hlo|E|7} &2 of °1E AAH FA] gk
AL sl FAThL 7P S o] 571 435 Astell thsl A
H7] 915} original Ho]Elof] TRl 214 X} e UrER Wisleh
Table 25 HH o4} tlo|&|7} EafistA] ¢k original Ho|E+=
A7 "ol oJgt 71&71ek Aol w914 Wislgo] sl
76.6 nso| A4t o] 4} Hlo|E|7} AT Aol o4t HlolE <]
F7h AR ol whet Wl e o] AXm, o]4 tle]ef 7} 1074 o]
Y wholl= 10 ns o]/do] Q4 QA WA 4 JleS T
b Qo T3 ol HlolBl & AlAN sl Fekakolv Hat ot
T A2 o E e g diAshA] EE 7ol ol HiolH
M7t S7VERE P QX7 AR 7= AR L gkol 2ns
ol & el 22 94 eaE T & TR 4 Stk o
E}H ol ElelEl & Sd3kelt dlEE 712710 s
< dAIsHA] g AbgsiERtE 7] Adsole & X
202 oAt

l'l Ol‘l ru°1'
T r
o A
i L
o
N

o &

]
BA

o

Data types Slope Intercept Phase variation Phase offset

(ns/s) (ns) (ns) (ns)

Original 8.46x10-4 2.0 76.6 0
5 10.10x10-4 -4.8 82.5 5.9
Outlier exist 10 11.30x10-4 -8.5 89.2 12.6
20 10.90x10-4 0.1 94.3 17.7
5 8.51x10-4 1.8 75.3 -1.3
Outlierremoved 10  8.44x10-4 2.2 75.1 -15
20 8.34x10-4 2.7 74.8 -1.8

4. CONCLUSIONS

2 =RolA Uz

L

SERERPCECER I ES RS
A, AARA) 2240] 5] 17171 $160 Ao = Az
3L dlo]elol] EAsHs o4 Hlolel S Faka 0.2 A7sHe ol
thsle] 71451%ict. o]k A2 HIOIEMhO‘HWC’l glole)

of ThEA GNSS AlZHHIE 4417]0] 7% A58 AZsHe 9
AAAES GAFE A 28] 2ol EAFs1E TJ+ oz o
171} el ek £ A Sk A1EAe] 57 4

7= IPgolla] Fotg SIS 2-3]| Folok 7] wiEel| Al
H| 2 tfjo]Efef] QlofA] 7l§7l% A 2A51A Hot. wEbA, 71&
7)ol o3t JFS SO 2 TFAAIFA 7] $Jgt Wiio] Has)
], o] & $fal QIS = dlole] A& xjo] #hS &-gsle] o
2t Zfo] ZHE2] 2-4E H|olE] M EE 59T, o] HA il 2-
AZ dlofE] MEE /421 dlolglof thaliA & 71&7]<t 71&7]
ZH AlAE o] Ato]e] Mg o] ZhE Zh= HhH o4k o]
Elof] thsliAl= B4 S Holvhe 3hs 2 Hol 7€ %
Z-scores AHESlo] o] Hlo[El & HET 4 oAl |t
T3k o)At HlolEE HESH] 8l dutd o g de| A
0JZ] 11 QJ= 34 Z-scorett 74 boxplota} ZHS HIN o] S g A
< sh] sl APAolA AA 24 FQ1 GNSS AlZH] L
olelo] lelo] 7|5 = o4} ol E 75k Eojd
SsIolth B S Fol oheat 22 AR TSIt
A7), 27 boxplote] 7 o4} Hlo|e|7} Ea)s}A] ¢ original
doJElo]] A & o]/t HlolBl & ¥hESH= Z7ko] ql3itt o]z
gt o] R 47 boxplot Hlo|E|E 7] -0 & viX|gt = 515F
ZAAA T g AR E Bloluz HiolEl & o)A Hlo|E & ¥
el A2 AL glo]Efell= 0of] 77k ofF 22 grEo] &
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