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An Adaptive Wavelet Transform Based on Cross validation and

Its Application to Mitigate GPS Multipath Effects
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Abstract GPS multipath disturbance is a bottleneck problem that limits accuracy of Global Positioning System
( GPS) positioning. A method based on the technique of cross validation to automatically identify wavelet signal lay
ers is developed for separating noise from signals in data series, and applied to mitigate GPS multipath effects. Ex-
periments with both simulated data series and real GPS observations show that the method is a pow erful signal de-
composer, which can successfully separate noise from signals as long as the noise level is lower than about half of the
magnitude of the signals. A multipath correction model can be derived with the proposed method and the sidereal
day to day repeating property of GPS multipath signals can be used to remove multipath effects in subsequent days of
GPS observations, and therefore improve the quality of the GPS results.
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Tab. 1 Central frequencies of Meyer wavelet for data series ,
with sampling rate of 1 Hz ( 4 )
d1 d2 d3 d4
/Hz 0.3317 0. 1658 0.082 9 0.0415
d5 d6 d7 d8 ’
0.1 mm

/Hz 0.020 7 0.0104  0.005 2 0.002 6

)

0.06 Hz 40 mm;
’ ) (12) 0.1 Hz, 40 mm 20 mm,
20 mm 10 mm 45 min

RMS
Tab. 2 Signal layers selected with the cross validation
method and RMS values of differences between
simulated and filtered data series at different

noise levels
/ em 0.4 1.0 1.4
d5~ a8 d5~ a8 d5~ a8 4
RM S/ cm 0. 100 0.262 0. 364 Fig. 4 Motion simulation table and layout of reference and
/ cm 1.8 2.4 3.0 rover stations for the experiment
d7~ a8 d8~ a8 d8~ a8
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Tab.3 Signal layers of wavelet decomposition with cross validation method and RMS of noise series

X Y H
Day
RMS/ em RMS/em RMS/em
d6~ a8 0. 122 d7~ a8 0.216 d7~ a8 0. 462
2 d5~ a8 0. 120 d5~ a8 0. 236 d6~ a8 0. 493

3 d5~ a8 0. 122 d5~ a8 0. 228 d6~ a8 0. 509




3 GPS 285
GPS 52(2):205213.
[6] BERIMAN L, FRIEDMAN JH, OLSHEN R A, STONE C J.
’ (Classification and Regression Trees[ M| . Belmont: Wadsw or-
: th, 1984,
’ [71 HUANG S X, LI P H, YANG B C, XIANG D. Study of the
, Characteristics of Multipath Effects on GPS Dynamic Defor
, mation Monitoring[ J]. Geomatics and Information Science of
Wuhan U nivesity, 2005, 30( 10): 877-879. ( R ,
P s
GPS 20% ~ 40% Lo
[J]. . ), 2005, 30( 10) : 877 879.)
’ [8 HOFFMAN WELLENHOF B,LICHT ENEGGER H, COLI-
INS J. GPS Theory and Practice (4th edn) [M]. New York:
s Springer, 1997. 389.
[9 KIM D,LANGLEY R, BOND J, CHRZANOWSKI A. Local
' Deformation Monitoring Using GPS in an Open Pit Mine: Int
’ tial Study[ J]. GPS Solutions, 2003, (7) : 176 185.

( ) [10] FORWARD T,STEWART M, TSAKIRI M .GPS Data Stac
king for Small Scale GPS Deformation Monitoring Applica
tions[ A]. Proc 11th FIG Int Symp on Deformation M easure

. 2’_‘\3; % ,41'/}; %_ F}S'Iﬂf% /%}?_-I-k ? :j.%ff-" _/i'\é"j ments| C] . Santorini: [s. n. | . 2003. 233 240.
’Jﬁ’:\ﬂ}] . [11] DAUBECHIESI. T en Lectures on Wavelets| R] . Philadelpht
a:STAM, 1992.
%%Ifﬁjﬁ [12] XIONG Y L, DING X L, HUANG D F, et al. Integrated
Single Epoch Algorithm Based on Wavelet T ransform and Its

[1] LEICK A.GPS Satellie Surveying ( 3rd edn) [ M]. Hoboken: Application to Structural Vibration Monitoring[ J]. Acta Geo
John Wiley & Sons, Inc. , 2004 daetica et Cartographica Sinica, 2005, 34(3) : 202-207. (

[2] GE L,HAN S, RIZOS C. Multipath Mitigation of Continuous , , ,

GPS Measurements Using an Adaptive Filter[]J]. GPS Sokr [1]. . 2005, 34
tion, 2000, 4(2) : 19 30. (3):202-207.)

[3] HUNG D F,DING X L,CHEN Y Q, et al. Wavelet Filters [13] GAOF, QU JL,ZHOU Y P. The Comparison of Different
Based Separation of GPS Multipath Effects and Engineering Wavelet Bases on Filtering[ J]. Chinese Joumal of Scientific
Structural Vibrations[J]. Acta Geodaetica et Cartographica Instrum ent, 2002, 23 (4) : 437 440. ( , ,
Sinica, 2001, 30( 1) : 36-41. ( N N N [J]. ,
GPS 1. 2002, 23(4) : 437 440. )

,2001,30(1):3641.) [14] ZHOU Y H,ZHENG D W. Monte Carlo Simulation T est of

[4] ZHENG D W, ZHONG P, DING X L, CHEN W. Filtering Correlation Significant Levels[ J]. Acta Geodaetica et Carto

GPS T ime Series Using a Vondrak Filter and Cross V alidation
[J]. Journal of Geodesy, 2005, 79: 363 369.

CLARK M R, THOM PSON R. Objective Method for Smootlr
ing Paleomagnetic Data[ J]. Geophys. J. Roy. Astr. S., 1978,

graphica Sinica, 1999, 28( 4) : 313 318. ( s
Monte Carlo [1]. s
1999, 28(4):313 318.)

(Tt %t & A7)



