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Background

Geostationary Earth Orbit (GE
O) satellites have been widely us
ed in satellite navigation systems
such as Beidou and some augme
ntation systems of GPS. Because
GEO satellites are almost station
ary relative to the earth, some mu
ltipath signals are varying very slo
wly. This feature will cause the so
called “standing multipath™ [1], wh
ich can dramatically decrease the
accuracy of positioning. Multipath
errors are related to the character
istics of the signal, the processing
method In the receiver, the anten
na and signal receiving scenario.
These complex factors make it qu
ite difficult to eliminate the multipa
th errors.

Some approaches combined b
y radio frequency (RF) and post-p
rocessing methods have been pr
oposed to mitigate the standing m
ultipath errors. For example, a co
de noise and multipath (CNMP)
monitor is proposed to reduce the
error on the measurements in Wi
de Area Augmentation System (W
AAS) [1]. However, It still remain
some shortages.

* We use a novel Data-Driven T
ime-Frequency Analysis (DDT
F) method [2] to model the ch
aracteristic of the standing m
ultipath errors.

* As an improvement of CNMP
monitor, we have proposed a
coefficient-adaptive filter. The
coefficients of this filter are est
imated according to the model
iIng of the standing multipath e
rrors.

Time-Frequency Analysis

We use the measurements from t
he two GEO satellites in Japanese M
ulti-functional Satellite Augmentation
System (MSAS), and analyze the Co
de-Minus-Carrier (CMC). However, t
he MSAS only transmit single-freque
ncy sighal, So the CMCs is the multi
path error without ionospheric correc
tion.

Japanese MSAS GEO Satllites L1 C/A measurements

, beginning ending
File name

(week: second) | (week: second)

data 20110112 1618:271792 1618:361103

data 20110114 1618:463967 1618:530022

data 20110115 1618:555260 1619:39805

This figure shows the modeling of
one of the GEO signal CMCs by DD
TF method. On the upper subfigure,
the red curve is the original CMCs a
nd the blue curve is the modeled on
e. On the bottom one, the residual of
modeling Is presented.
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These results have inspired the co
nstruction of the adaptive filter to miti
gate the multipath in GEO code mea
surements better.

The CNMP monitor in [1] Is acting as:

CMCB(t,)=C(t,)-®(1,); CMC(t,)=0

CMCB(t)=CMCB(t-T)
1

N
CMC(t)=C(t)-D(t)-0Al(t)-CMCB(t)
where SAI(t)=ACMC(t)-ACMC(t-T)

multipath (meter)

—(C(t)-D(t)-CMCB(t—T)—- A (1))

From the formulas, we can see t
hat they actually formed a filter wit
h constant coefficients. According t
o our analysis of the standing multi
path, this filter may not work very
well, because the characteristics of
the multipath is time-varying.

With the modeling by DDTF, we
have proposed a adaptive filtering f
or mitigation of standing multipath.
The main iteration of our filter is:

M, ,=aM, +(1-a)(C, —-®, —tec, )
where the coefficient « is calculat
ed from the DDTF analysis.

This figure shows the results of t
he proposed adaptive filter. The gr
een curve Is the multipath. The blu
e line Is the residual processed by
CNMP method. The red curve is th
e residual of the improved filter.
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Conclusion

*The DDTF method can model the
standing multipath of the signal fro
m GEO satellites well.

*Our proposed adaptive filtering w

hose coefficient is calculated from

DDTF can significantly eliminate th
e standing multipath.
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