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Abstract It is crucial to manage and maintain the geodetic reference coordinates of GNSS continuously
operating reference stations (CORSs) in consideration of their fundamental roles in geodetic control and
positioning navigation infrastructure. Earthquake-induced crustal displacement directly impacts the
reference coordinates, so such events should be promptly detected, and appropriate action should be
made to maintain the target accuracy, including update of the geodetic coordinates. To this end, this
paper deals with online schemes for the detection of persistent shifts in the coordinate time-series
produced by an automatic GNSS processing system. Algorithms were implemented to test filtered results,
such as hypothesis tests of the innovation sequence of a Kalman filter and a cumulative sum (CUSUM)
test. The results were assessed by the time-series of coordinates of 14 CORS for two years, including the
2011 Tohoku earthquake. The results show that the global hypothesis test is practical for detecting
abrupt jumps, whereas CUSUM is effective for identifying persistent shifts.
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Where, ¥, is the innovation vector, Z, is the

measurement vector, Hy is the design matrix,

and x,(—) is the predicted state vector.
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Where n; is the degree of freedom at i epoch.
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Table 1. Results of the global and the local
hypothesis tests about the innovation
sequence (unit: the number of epochs)

STN
ID
CHJU
CNJU
JINJ
JUNJ
KANR
KWNJ
SEOS
SNJU
SOUL
SUWN
TABK
TEGN
WNJU
WULJ

Global Tests
Delayed
N/A

Local Tests
Delayed
N/A
1
N/A
N/A
0
N/A
1

Correct
0

Incorrect
1

Correct
0

Incorrect]
1

oo |Oo|o|o|w|Oo|Oo|O

—
o

NP N[N [N [ O (n|O|O|N

olo|o|a|o|o|o|o|o|=|o|lo|o
n

olo|o|o|—]|—]|—

olo|o

<o |un oo [ = (o [N ]=|— |w

3.3 THY AAZE0 et CUSUM Z-

CUSUM Alitoll = tb7H B (py)oll st 3
A2HOE AAs|oF 3}H9,10]. oJ7|ME FEA AR
o 9714 8 F FEE Smm+ 0.5PPMI 714
& F 40kmE WFYs] 18mmE Z-&stt. Fig. 8
CUSUM A9 HAUESES ZAISE Aog, 238 I
o= 7 33 AR d4S5 W CUSUM 22 vet
W Aotk ™04 T4 FHE AA L] g CUSUM
Zr9] HskE veRd 29 29 J8ix= 201149 3€ 1Y
SYE dAX T AZIRE 1 gho] $7HE A&3i
CUSUMo©| Ak =315 o) Holg HET & glen
=, ol& A™sHA AAske Zlo] Faslith wef, AARL
< 3A AR d= FAAR A2F LFE HAE0l A
A= 1 A4S =Y S AUtk o] ¥l UE A
AT A= A1F o5 HA o] &obA BAgst
go] B 5= Q) B AFoME xAof uhE ©
A& AL FasH 1ot 14704 GAHES
4 AIAET} CUSUM g #43 250 = 3 YAZS

668

2 AAsi3ict. A R0 wE Rwolel =2 Fig. 8
o] ZA I 24 ¥k CUSUMOIA 20114 19 ®
2o] "orl AE&H ol= 139 2¢ Tzl efgdoz
HAJE BEo| == g 7|7 WAEsE wolof ojst
olt}, o9} 7S AAFS GNSS A&9 7S 28

3 B eol Helo] 2X)4) Aol A8 IGS 55

BEa0} 22 /1AW T 2okl o) wyE 4 gtk

)

Filtered Time-Series of Northing Filtered Time-Series of Easting

40

20 20 ot
E ) Mot b £ H
g 0 £ DWW

20 20 7

-40 -40

C"[-CUSUM C;-CUSUM

1 10000
E] g
30 3 5000
> >

-1 0

C;[-CUSUM C;(-CUSUM

1 0
E] g
50 55
> >

-0
Jan Apr Jul Oct Jan Apr Jul Oct Jan
Month (Year 2010 to 2011)

A
Jan Apr Jul Oct Jan Apr Jul Oct Jan
Month (Year 2010 to 2011)

Fig. 8. Filtered coordinates time-series and
CUSUM values of KANR station

deS Rl

5 Ao
A=Y =
GNSS A=A

& HolHA2 Aaglez F4dgt

Filtered Time-Series of Easting

CUSUM Values

mm

Critical Value

0o
08

10 11 12
Day of March in 2011

09 14

Fig. 9. Magnified the time-series and CUSUM
values of KANR for seven days before and
after the earthquake event (i.e, 11th
March, 2011)



ZargE o] 7N GNSS AATEL HE AALS AZo] 12 BYAZ 7o) B AT

AAY Holels 1227142 Holck, wetA, o] AlAY o EAo] PRt S2OAS T3 CUSUME U% 7]
gl QJa X|ZiEo] nhE |o| ) ojiel olo] W 7k whsh Wo] o] AHAYL & 4 ek
= ourlad AN 52 APl 44 ge A
olch. Hhe, T CUSUM%?E |mefw e 29, —
Be Aol 272 BE AT gous Helg ol =5,
24 45T 4+ UG Aol o] 44 Anke) MG e a -
ol At T W UATLS AT = UL AL, ol Ok s
= 57 GNSS A& 98 A9s =T 4 gich 51:“0} JR///{ 5] . _—

BaAgoz A 9T wols A2 > AW ° °
CHJUC] thet CUSUM #4F 27 Fig. 1090 Yehligl s o E——
o} 47) TEE E B4 9 g dFEAZ] A7 A : :
AEE AT 7]7k0] AP T wo] Z7)31t} o] AL AF é:E} souL S:E} _—/sui//{
gHow 2o wolz Qs Bq. (9)9] 84 ZE(z, )0l

10]

2 Hobd P4 vHE ARlol W] R A
olt}. CHJU BoA&o] 4et Asio] YA, Bl
EARgoR Bk W AL 22T Aol Fash,
ol CUSUM @74o] ARHel wy 24 42T &

£ A9OE 2,7} FAOR WAT F Y& Jnlate,

S} 2~ O o
2 T MXue

Filtered Time-Series of Northing Filtered Time-Series of Easting

40 40
20 20
E 0 MW A gt LA Vo, ‘,,JWM
g ° g °
=20 -20
40 40
ci-cusum Ci-cusumM
2 2000
g g
21 2 1000
> > /
0 0
C,-CUSUM C,-cusumM
1 1
E] E]
50 0
> >

-1
Jan Apr Jul Oct Jan Apr Jul Oct Jan
Month (Year 2010 to 2011)

-1
Jan Apr Jul Oct Jan Apr Jul Oct Jan
Month (Year 2010 to 2011)

Fig. 10. Filtered coordinates time-series and
CUSUM values at CHIU

Fig. 11 AgolA 13t RE AN BHE40] ZUR
gAA o]% 7ACHU 23%9) Bt BA FHEA
CUSUM ¥3}s YeRd Zo|H, Table 2= CUSUM #
3 AIE 9kl Ao}, o|kuo] o] gt FY Azt
v e of %ﬂﬂ q& E% HAZaoA AFOR Q1T
HYE HET 5 = AT 11714 #Z549] HY
A& 24 ol 110101 e Aotk HolA 24
g5t AEE vehd 22 AT 533 AEE GNSS

AFA
]
Lo

o

B2lolE T Hdne] Bgo] B2 Aol os
207} 42 29S AR olwulo]d AN E7

669

TABK TEGN

WNJU

I

12 13 14 15 16 17

Day of March in 2011

16 13 14 15

Day of March in 2011

Fig. 11. Positive CUSUM values of the easting
component for seven days after the
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Table 2. Summary of CUSUM tests about easting
component of the filtered time-series

STN ID Incorrect Correct Delayed epochs
CHJU No Yes 22
CNJU No Yes 2
JINJ No Yes 3
JUNJ No Yes 4
KANR Yes Yes 1
KWNJ No Yes 4
SEOS No Yes 3
SNJU No Yes 2
SOUL No Yes 2
SUWN No Yes 2
TABK Yes Yes 1
TEGN Yes Yes 2
WNJU No Yes 2
WULJ Yes Yes 1
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