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Effect of time span on GPS time series noise
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Abstract; The time series of 72 international GPS service core stations were selected to make perform analysis on GPS noise model and

uncertainties of the velocity. An improved Akaike information criteria and a Bayesian information criteria model were developed to evaluate different

combinations of noise model, so as to establish the best noise model of GPS time series and gain the aureate velocity parameters. Results show that

the noise model of GPS time series cannot be described as simple noise, it tends to showing diversity, and can be best described by power-law,

generalized Gauss Markov, flicker noise plus white noise model, and its three components exhibit different noise characteristics. With the time span

increases, the optimal noise model of time series, GPS station velocity and its uncertainty tends to be convergent and steady. Besides, the

proportion of random walk noise is proved to increase as time span increases. The final results show that the time span of more than 10 years is an

ideal noise model estimation scale.
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Tab.1 Time span value of stations a
Wwh BEEE | WuE BSEE | ek P

ALIC 19.0 CAS1 18.7 | DARW 16.2
ARTU 16.0 CCIM 13.9 DAV1 18.7

ASC1 7.1 CEDU 17.1 DGAR 15.6
AUCK 19.9 CHAT 16.1 DRAO 20.0
BJFS 15.5 CHUR 19.5 DUMI 17.1
BRFT 8.9 COCO 18.4 GLPS 10.2

BRMU 19.1 CRO1 18.9 GOLD 18.8
GOUG 7.9 MBAR 9.6 SCH2 17.8
GUAM 19.2 MCIL 11.2 SCUB 11.5
GUAT 14.0 MDO1 17.7 STJO 19.8

HOB2 18.7 MKEA  18.3 SUTH 16.4
HOFN 17.9 MQzZG  11.9 SYOG 19.4
[IN[® 17.5 NKLG 14.9 THU3 13.6

IRKT 17.2 NOT1 15.1 TIDB 18.9
ISPA 10.8 NRIL 14.7 TIXI 16.6
KARR 18.1 OHI2 13.3 TNML 8.9
KERG 18.8 PARC 13.0 TOW2 19.0
KoucC 11.0 PDEL 15.2 USNO 17.1
KUNM  13.8 PETP 11.4 VESL 11.1

LAE1 6.9 PIMO 15.2 WHIT 19.1
LHAZ 14.7 POLV 14.4 WIND 7.5
MAC1 18.4 QAQ1 13.4 WSRT 18.3
MALI 11.8 RAMO 15.8 YEBE 15.0
MASI 19.2 REUN 12.4 YIBL 10.3
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Tab.2  Optimal noise model statistical results

estimated with AIC and BIC rules
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Fig.1 Power spectrum plot of the residual time series



56 1] BUNEL, 5 <IN TE] 55 BE X GPS AR AR P81 Mk P A5 R K sk B2 A2 i 0 B S15-

R 55 LI A5 5 2 1) ) 4U 5 L 25 e B AR R T
1 XF OHI2Z \MAST 3, AIC Al 11 H 11 I 7 A5 7Y
AL X F CHUR ¥, BIC Al 3+ 19 5 t; xF F
KERG 3, AIC \BIC fli 1 Mg e AR A — 3

Z5 I, AIC 1 BIC 2545 T Z835% 43 #r ) Ie
BTN T3 s EL A B R AP |, AT Sy oA B 3R
15 085 AR B P A1) 1) 15 25 ARl R S 40 A A
FEfi

2 B 5 B R IR AR A B O i i
H 2 i

2.1 HHEFSIEEXREEERE N

SRy T IR B[R] 55 X W P S AR S5 N (14 5 e
G BITAS I B (0] 525 8 Xof 38 3 R HL AN iffy o 2 ) 5% T
ASCNF IR A3 A 1 24 A 1GS 08 %0 3l 47 43
T, 3 B A4 0003t ) e 371 15 3 %570 18 a SR IR
[R5 a 10 a 12.5 a 15 a f120 a [}
] 3 B 254 T3 S AT RS X b o R 3 i e
L5 TR BAT SRR A% i , 4n COCO i |
KOKB 3 , Hort COCO 3l {37 T 2 1 BR X I, 7T g
ZHFRIB N FER ; KOKB {37 T 50 b, B[] 5
H19.4 a, J3hb, IR SATEE, FE 1.2 7 A SR A

b BB T HEZ MR A BT FN +
RW . FN + RW + WN FN + WN GGM ,PL }t: 5 Ff
MR P AR X AN [R]85 BE B 1GS A AR ¥ 51 2E AT
MR AR [ SRl T . AR BT e I M A AR
TR B IS 1] 36 A ML UL 3 (L A s b 73 4 A
@)

H13% 3 ARSI 3 7 AN [ P B I 2 ) e I M
PRI A RSS2 — 1 YIRS 25
FEREIS B ¢ =5 (¢ AASRIS A BS L, LN a)
I 00 3t 1) e DL P A TR PO A s Bt ¢ PR R
(¢=10 i), 0ok 14y d G W 7 A5 R A PR AR A5 2
¢ > 1O}, AU 75 1) AR ARy 51 5k I 7 5 TR
o BEAL, O I [R5 52 3, BE ALY A I e A
BI(EN + RW + WN) ) FCEE A BT . 72 i f) 25
JE5 ~ 10 a i, A0 ol 122 BA i e ) I e A
A FN + RW + WN, 24 Bsf ] 5 i 38 R 3] 12,5 ~
20 a i}, RW i HeH S CHAR B A7 Irsidoin, 2R B Bt
] 25 3, GPS Al ARy 51 Fh 7 1144 ) S
oy CHNBERLIAE W ) AR5 S8, K 52 1 e )
P8 g (R INAR AR 7S A7 AE S I 1T 26 0, 4 Ik f)
FFAIA A I, JEHIE R AE e S R IR H /N
UGN MR RS S ], A BEMER L 2RI H ok

®3 RMBRAEEFEEERLAE(LHFEAE)

Tab.3 Optimal noise model evolution with time ( North)

Miba 5a 10 a 12.5 a 15 a 20 a
ALIC FN + WN FN + WN FN + WN FN + WN FN + WN
CAS1 PL FN + WN FN + WN FN + WN FN + WN
CROL1 PL PL PL PL PL
GOLD FN + WN FN + WN PL PL FN + WN
KARR FN + WN FN + WN FN + WN FN + WN FN + WN
MACI1 PL PL FN + WN FN + WN FN + WN
STJO PL PL PL PL PL
TOW2 FN + WN FN + WN FN + WN FN + WN FN + WN
AUCK PL FN + WN FN + WN PL FN + WN
CHUR PL FN + WN FN + WN FN + WN FN + WN
DAV1 FN + RW + WN FN + WN FN + WN FN + WN FN + WN
GUAM GGM PL PL PL PL
KERG PL FN + WN PL PL PL
MASI GGM GGM GGM PL GGM
SYOG PL FN + WN FN + WN FN + WN FN + WN
WHIT GGM GGM GGM FN + WN GGM
BRMU GGM GGM GGM FN + WN FN + WN
COCO FN + WN FN + WN FN + RW + WN FN + RW + WN FN + RW + WN
DRAO FN + WN FN + WN FN + WN FN + WN FN + WN
HOB2 PL PL PL PL FN + WN
KOKB PL GGM GGM PL GGM
MKEA PL GGM PL PL PL
TIDB GGM GGM GGM PL GGM
WSRT PL PL PL PL PL
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Fig.2  Evolution of velocities and standard deviations of the eastern component of the residual time series
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Fig.3  Evolution of velocities and standard deviations of the northern component of the residual time series



%61 BR/NEL 5 B AT B BE X GPS AR 351 Mt 7 S 780 % 3ok B At 3|5 1 o AT <17
Z 189 GX! E 4 = 30 20
g0 |, 6 Z 2 g0l 4ee—e EIY %*_ o
£ o8 % At @% %\$~¢~e . @8' %\+\$~¢ka §I%8| + : £ 38 #
= 510 15 20 4" 5 10 15 20 & 5 10 15 20 # 5 10 15 20 & 5 10 15 20
" HHiA/a B Wi /a = W /a B W /a " HHi/a
(a) ALIC (b) CASI (e) CROI (d) KARR (e) MAC1
< z CY ) 0 =z
Eabrt— B b BN e Bl EY b
% 510 15 0 #® 5 10 13 2 g B S TR T T 5 10 15 20 g 5 10 15 20
A /a E i/ W/ b #Hil/a At /a
(f) STJO (g) TOW2 (h) CHUR (i) DAVI (j) GUAM
ol 25 OF o ol 2 )
g b g6 g 0 g 1 b g 1
g/ (l)g \eﬂa_é\qa g/ % +\¢\$7®——a g/ 38 %\é—i@-\e © g/ (l)l {ﬂ/%’ + é ’ g/-(l) %\%”é7¢~¢
% 510 15 20 % 5 10 15 20 % 5 10 15 20 % 510 15 20 % 5 10 15 20
fEl/a fEl/a mfEl/a il /a AR/ a
(k) KERG (1) SYOG (m) COCO (n) DRAO (o) WSRT

P4 i) B R AN E PR AL

Fig.4 Evolution of velocities and standard deviations of the vertical component of the residual time series

AP 2 AR Ty ] R R AN o 2 B ) [ A
PR AR T B0 AT LA H, 78 M s B RS- RRiR 2
(e =5) Al H 0o 3l 3 B A o M A K, Y B
BAK (1 =10) B T3 REASf 2 1 B SR )N, 23 K 3
12.5 J5 , M AR T A Dot 24 o (B
T COCO Sfifffe S8 ) ¥R I Bl A o [ 7 51 <
FERIE, GPS 3 1 B AS 1 52 B B 8 A8 /), B
GPS sl sl FEAT T HE TR E . X T AR 7 v 8
S 1) COCO 3w, AL bR T 5 £ 2RI M FN +
RW + WN M R, HH M s AR 40 R e 5 &2
Hr & B COCO 3k (37 F R 7e Wi iE 5 , 32 3 [ 7% I
RIGATE R MK . AR SOPAC B H &
ORFY BTS2 AR B, COCO 3 7E 2000 4F 171
ERH FARB 4T 35.052 mm (A, 5 4k
7E 2000 4E 2004 4 2007 4E 2014 4E2E %L TR
[ AR R B ER (R RR IR AR 51 ) , COCO ¥ 5 37 %
B, R AR E TR, K 3
AR T B R AN o e i A I A A ) i AR
TEOLHEATHHT , 4 SR 2 WA B 5 B T P 970 B 1 3
(10 ~12.5 a PEREJ ) , 48RRIl s B A T
FRafd, f ELs B AT ANl B (B W A8/ B
AT EE B el &g, 5340, 6Ty [ GUAM
TS A VA — RSy, BB 5 I [ 155 2 g 1
T, S RE AL 2 e W S, LB B A o M R R
o M SOPAC 1y B BK %t kL 3 B] GUAM 3 78
2002 = 117 AEB HACTT 10 & 4B T - 14,751 mm iy
MR TRIBE Y B0 A 7 AL AR 2 ) 4 i (AN 4 7
AR)WAFFENTE . DR, 243 07 T 3 52 0 R
I, Z AR S R, o R R A S, TEE
P b AR, B ARG MR A2 Bl 5 A 3 L

PEAT TR AR RCIE , (H 25 7 BR UG % v 1 488 1 1 1
DU, AN ELRE B A 15 B R A B AR AT i
RN 7 TR 7 S A It 3 88 e HE AN o S A
KBW o T3oh, AN RE VBRI 4 KR 23
i (ANZR J7 18] 19 COCO, b J5 18] # ALIC, & J5] /Y
ALIC .KARR . DAV1 ,COCO ) i) & P M 75 45 724 oy
FN +RW + WN, B BEAILIF AE 73 (9 A7 A5, i 45
FERGBEAN AT 5, AN E BEBOR o PR G A S B 1V ]
Hh X S B B A ) AL AE O B 4 i A ot
—WIRTE , AR BE R A WP (S0, i i L )
ATRETE

2 b, R GPS AR AR 8] 2 1 747 i hh 2
ERY BN I TE I, JC R AR 18 B 07 17, IR A6
JIr AR IR S 88 7 i g o7 B I B, HLURVEESR T T
10 a (¥R {a] Fy- 7] LA F) 5 1 7 0 A Ao i [ J 2 31 v
J3E K AN 5E PRI R o

3 #ig

1) $2 1 1 AIC 71 BIC 455 T3 3& 0 ik iy
F A0 MR P TR Al A DU, 2B I MR P R TR 2 k)
MLE {25 R A 20, F3 1o SE ] A5 o3 A e
AIC 1 BIC 2545 J) 4% 73 v ik B A B0 /9 m]
FEE.

2)1GS i AR ARy 57| Mg P AR T AN BB ph P — ) I
PRI, BB ZAEPEARAE , HAZ G20 o 1
FRRURIE A THIA GPS ArAR T 51 i M 7 4 1
IGS AL ARy 41 = Z L BN FN + WN PL GGM
WRPRRIE o B I 8] 255 58 300, BEATL A A e s
AT BB A P i . B Sh, FFE 4 SRR W
IS [8] 3 S B I, B RIL T A M P 52 DR e 7 25 1Y



- 18 -

e AN o 4

5539 &

A BEBER T BRI R o O T HEBR R H
BERLIE A M, 5 2K SRR I L5

3 ) I ] 5 T2 of W A TR I R ol o A 311

SN o A s 18] ]UBE (938, GPS AR A it ]
JE A SR LI 75 RS TR GPS il i 3 R FLAS i 2 1
ST EY R R T ML, BB AL I8 A M P A R ) b T
AT 10 a AL I [a] 25 245 0 AR g e
PRI R

2 % 3Lk ( References )

(1]

Williams S D P. The effect of coloured noise on the
uncertainties of rates estimated from geodetic time series[ J].
Journal of Geodesy, 2003, 76(9/10) . 483 —494.
Amiri-Simkooei A R, Tiberius C C J M, Teunissen P J G.
in GPS
[yl
Research, 2007, 112(B7) . B07413.

M8, JRIERE, 2508, 2L GPS LN rf (1 4H 5C 5 4y
MrlJ]. HiFged, 2010, 32(6) : 696 —704.

TIAN Yunfeng, SHEN Zhengkang, LI Peng. Analysis on
correlated noise in continuous GPS observations [ J]. Acta
Seismologica Sinica, 2010, 32(6) : 696 —704. (in Chinese)
Langbein J.

Assessment of noise coordinate time series:

methodology and results Journal of Geophysical

Estimating rate uncertainty with maximum
likelihood ; differences between power-law and flicker-random-
walk models [ J]. Journal of Geodesy, 2012, 86(9): 775 -
783.

BILN. GPS 3 i il A5 s 2 A5k I 8] S5 57) (39 MR 75 465 P
Brid]. o & 5 ek gl Fy 2, 2006, 26 (2): 31 -
33, 38.

HUANG Liren. Noise properties in time series of coordinate
component at GPS fiducial stations [ J]. Journal of Geodesy
and Geodynamics, 2006, 26 (2). 31 - 33, 38. (in
Chinese)

FARR, THER, BRIR. 5. s GPS LN AL bR 5145
AESTHT. HUBRPIAAR , 2008, 51(5) : 1372 - 1384.
YUAN Linguo, DING Xiaoli, CHEN Wu, et al
Characteristics of daily position time series from the Hong
Kong GPS fiducial network [ J ].
Geophysics, 2008, 51(5) : 1372 = 1384. (in Chinese)
I, % TOF, XU, AE o OB 16S Sk AL BRI
] P 910 M 7R 2 57 A 0T (D). W28 R 2012,
41(4): 496 -503.

LI Zhao, JIANG Weiping, LIU Hongfei, et al. Noise model

Chinese Journal of

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

establishment and analysis of GPS reference station coordinate
time series inside China [ J]. Acta Seismologica Sinica,
2012, 41(4): 496 —503. (in Chinese)

L, JHRE. AR GPS Ak AR i [ J5 4] 55 B X I
FREALA S W T [T ], R A HUEREL A,
2014 (11): 2461 —2478.

JIANG Weiping, ZHOU Xiaohui.
Australian GPS coordinate time series in establishing an
[J]
2014(11) . 2461 -2478. (in Chinese)

He X X, Hua X H, Yu K G, et al. Accuracy enhancement of

GPS time series using principal component analysis and block

Effect of the span of

optimal noise model Scientia Sinica ( Terrae ),

spatial filtering [ J]. Advances in Space Research, 2015,
55(5) . 1316 - 1327.
Klos A, Bogusz J, Figurski M, et al.

continuous GPS time series of selected EPN stations to

Noise analysis of

investigate variations in stability of monument types [ C]//
Proceedings of the VIII Hotine-Marussi
Mathematical Geodesy, 2015 19 -26.

Santamaria-Gomez A, Bouin M N, Collilieux X, et al.

Symposium on

Correlated errors in GPS position time series; implications for
velocity estimates [ J]. Journal of Geophysical Research,
2011, 116 (B1): B01405.

Langbein J. Noise in GPS displacement measurements from
Southern California and Southern Nevada [ J]. Journal of
Geophysical Research, 2008, 113(B5) : B05405.

Dmitrieva K, Segall P, DeMets C. Network-based estimation
of time-dependent noise in GPS position time series [ J].
Journal of Geodesy, 2008, 89(6) : 591 - 606.

Bos M S, Fernandes R M S, Williams S D P, et al. Fast error
analysis of continuous GNSS observations with missing
data [J]. Journal of Geodesy, 2013, 87(4) ; 351 —360.
BUNE, fEmLL, JtiE, 4. PCA 5 KLE ARZ5 4 9 X 3
GPS FALBRFFI 04T [ 1] M2, 2014, 39(7) : 113 -
117.

HE Xiaoxing, HUA Xianghong, ZHOU Shijian,
Application of PCA and KLE in the analysis of regional GPS
coordinate time series [ J ].
Mapping, 2014, 39(7): 113 —=117. (in Chinese)

Gazeaux J, Williams S, King M, et al. Detecting offsets in

et al.

Science of Surveying and

GPS time series: first results from the detection of offsets in
GPS experiment [ J].
2013, 118(5) : 2397 -2407.

He X X, Montillet ] P, Hua X H, et al. Noise analysis for
environmental loading effect on GPS time series [ J]. Acta
Geodynamica et Geomaterialia, 2017, 14(1) . 131 —142.

Journal of Geophysical Research,



