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In the moist lower troposphere, a limitation of the sliding spectral (SS) method is the restriction of the
resolution of bending angle proﬁles because of the atmospheric multipath eﬀect and noise. A modiﬁed
sliding spectral (MSS) method is proposed in this paper to improve the inversion resolution of SS method
in the moist lower troposphere. Simulation results show that the noise in the signal may cause inversion
error in the classical SS method. The MSS method can decrease the inﬂuence of the noise to some
extent. The SS and MSS methods were used to process COSMIC (Constellation Observing System for
Meteorology, Ionosphere, and Climate) atmPhs proﬁles from DOY (day of year) 71–DOY 100 in 2007.
The retrieved refractivity proﬁles were compared with those from the corresponding ECMWF (European
Centre for Medium-Range Weather Forecasts) analysis. The results show that the SS method contains
systematic positive biases in the 3–10 km height range and systematic negative biases below 3 km. The
MSS method, in comparison to SS method, has decreased the maximum positive bias in the range of
3–10 km height from 0.37% to 0.23% in the northern hemisphere, from 1.3% to 0.25% in the tropics,
and from 0.60% to 0.35% in the southern hemisphere. The biases of the MSS method are comparable to
those announced for the COSMIC atmPrf proﬁle; the latter is inverted by full spectrum inversion (FSI)
method.

1. Introduction
Radio occultation (RO) soundings of the Earth’s
atmosphere allow for observations of refractivity,
temperature, pressure and humidity in the neutral
atmosphere, and electron density in the ionosphere. The GPS (Global Positioning System) RO
technique was essentially validated with the launch
of GPS/Meteorology (GPS/MET) mission on
April 3, 1995. The receiver used in the Microlab-1
satellite could not track signals in the lower
troposphere due to strong attenuations and scintillations, resulting from tropospheric inhomogeneity and atmospheric multipath propagation. On

April 14, 2006, a joint Taiwan–US FORMOSAT-3/
COSMIC (Constellation Observing System for
Meteorology, Ionosphere and Climate) mission was
launched and is currently providing 1000–2500 RO
events per day. Implementation of open-loop (OL)
tracking technique in GPS receivers on board COSMIC satellites has two outstanding advantages: (1)
OL RO signals can eﬀectively penetrate the atmospheric boundary layer (ABL) without introducing
tracking errors, and (2) the ability to receive rising
occultations is added, that can double the number of
occultations in the troposphere (Sokolovskiy et al.
2006, 2009; Ao et al. 2009). Reduction of both random and systematic temperature errors is found by
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applying COSMIC proﬁles to weather forecast and
climate analysis assimilation system (Liou et al.
2007; Anthes et al. 2008).
Retrieval of atmospheric parameters from RO
data often encounters diﬃculties in the moist
lower troposphere. Under conditions of atmospheric multipath propagation, calculation of
bending angle from Doppler frequency shift is
usually no longer applicable. Radioholographic
(RH) methods to process RO data in atmospheric multipath zones are suggested to improve
retrieval accuracy in the moist lower troposphere,
such as back propagation (BP) (Kursinski et al.
2000; Gorbunov 2002a), sliding spectral (SS)
(Sokolovskiy 2001), canonical transform (CT)
(Gorbunov and Kornblueh 2001; Gorbunov 2002b),
full spectrum inversion (FSI) (Jensen et al. 2003),
CT2 (Gorbunov and Lauritsen 2004), and phase
matching (PM) (Jensen et al. 2004).
The SS method uses spectral analysis of the
received signals in small sliding apertures. As a
function of the impact parameter, the bending
angle is computed from the frequency of each
spectral maximum and its corresponding position at the aperture center. SS method takes into
account the whole spectral content of the signals
in the small aperture. Multiple signal classiﬁcation
(MUSIC) technique was used to test SS method by
processing 4 GPS/MET occultations (Hocke et al.
1999). By spectral analysis, the contributions from
components of surface reﬂections were detected
in 20%–30% of CHAMP (Challenging Minisatellite Payload) occultations (Beyerle et al. 2002).
Sokolovskiy et al. (2010) thoroughly investigated
the bias induced by the noise in RH methods,
and gave a physical explanation. However, false
spectral maxima induced by the noise can often
result in retrieval errors in SS method. Sorting
out the doubtful maxima can improve accuracy
of SS method, especially in the lower troposphere
(Gorbunov et al. 2000).
In order to identify and decrease the eﬀect of
noise in the moist lower troposphere, a modiﬁed sliding spectral (MSS) method is developed
by using the amplitude and spectral power information of the signal. Both the numerical simulations and statistical comparisons of COSMIC
RO refractivity proﬁles with those from ECMWF
(European Centre for Medium-Range Weather
Forecasts) analysis are available to validate diﬀerent inversion methods.

signal spectral content in an adopted small aperture, without identiﬁcation and selection of local
spectral maxima (Sokolovskiy 2001).
Assuming that the complex signal u(t) measured
along LEO (Low Earth Orbit) trajectory is
u(t) = A(t) exp[is(t)]

(1)

where A(t) and s(t) are the amplitude and phase
of the signal, respectively, t is the time, i denotes
imaginary unit. The main trend in the phase can
be eﬀectively removed by a reference wave ﬁeld
smod (t)
v(t) = A(t) exp{i[s(t) − smod (t)]}.

(2)

The reference wave ﬁeld smod (t) can be obtained
from cubic spline regression of the phase function in
the whole occultation interval. The residual signal
v(t) in equation (2) can be decomposed into a set
of harmonics in a chosen small aperture T
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(3)
v(t) =
Em exp{ism } exp
T
m=1
in which Em and sm are the amplitude and phase
of mth component, respectively, M1 is the number
of harmonics in the aperture.
The bending angle αm and its corresponding
impact parameter am can be calculated from the
frequency of each harmonic component and the
position of the corresponding aperture center. By
sliding the aperture, a set of overlapping physi2
cal parameters {aj , αj , |Ej | } is obtained, where
1 ≤ j ≤ M1 (M − M1 ), M is the number of data in
2
a sounding proﬁle, and |Ej | denotes the spectral
power. The bending angle and corresponding spectral power are then sorted according to increasing
impact parameter.
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unambiguous function of the impact parameter,
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2. SS method
The SS method can reconstruct bending angle proﬁle as an unambiguous function of the impact
parameter with implementation of the whole GPS

where L (in number of samples) represents window
length, ωl is the sum of the spectral power in the
sliding window, and (L/2)+1 ≤ l ≤ M1 (M −M1 )−
(L/2). The aperture is taken as 0.64 s (corresponding to 32 samples at 50 Hz sampling frequency).
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The window length with 300 samples is supposed
to provide a reasonable resolution.
In a spherically symmetric atmosphere, the
refractive index n as a function of tangent radius
r0 can be computed from the bending angle α as
a function of impact parameter a by using Abel
transform (Fjeldbo et al. 1971)
n(r0 ) = exp

1
π

∞
a

√

α(x)
dx .
x2 − a2

(5a)

The tangent radius r0 is related to the impact
parameter and the refractive index
a
.
(5b)
r0 =
n(r0 )

The parameter Amax represents the maximum
amplitude in an occultation event. Tunable parameters μ1 and μ2 in equation (8) determine the
maximum percent and the start time for excluding the noise, respectively. The criterion function ε(t) is proportional to μ1 and increases
with decreasing amplitude in the amplitude region
A(t)<Amax /μ2 . Reliable results can be obtained
when μ1 ∈[10%, 40%] and μ2 ∈[2, 6]. The sensitivity of inversion results to μ1 and μ2 is discussed
based on COSMIC data and ECMWF analysis in
section 5.2. The parameters μ1 = 20% and μ2 = 2
are adopted in this paper.
The noise in an aperture can be assumed as:
2

|Em | < ε(t) |Emax |

The corresponding Abel integral is:
∞

α(a) = 2a
r0

√

1
dln n
dr.
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2
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(9)

2

(6)

The refractivity can be written as:
N = (n − 1) · 106 .
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(7)

The noise in the moist lower troposphere may
result in false spectral maxima which degrade the
accuracy of the bending angle proﬁle computed by
equation (4).
3. MSS method
The whole spectral content of RO signal is implemented in the classical SS method, without consideration for detection and removal of the noise.
In the moist lower troposphere, due to the noise,
the accuracy of the bending angle proﬁle reconstructed by SS method is slightly degraded. The
MSS method is designed to reduce the noise inﬂuence by using the signal amplitude and spectral
power information.

in which |Em | denotes the spectral power as
2
deﬁned in equation (3), and |Emax | represents the
maximum of its spectral power in the aperture.
Harmonic with smaller amplitude can be considered as the noise and removed through equation
(9). As seen in equation (9), the criterion function ε(t) determines noise level which should be
excluded in the small aperture T . Generally, the
signal is not fully separable from the noise in both
time and frequency domain.
In order to improve the resolution of the bending angle proﬁle, the altitude interval is recommended as the window length instead of the
sampling number; which means j ∈ {m|al ≤ am <
al + d} holds in equation (4). Here d (in length)
represents window length. Number of samples in
the altitude interval d can be counted and used
for sliding window averaging in equation (4). A
window length d=100 m might provide a suitable and stable result in both numerical simulations (section 4.2) and statistical comparisons
(section 5.3).
3.2 Signal truncation

3.1 Signal reconstruction
The amplitude of RO signal changes slowly and
stably in the single-path area. In the moist lower
troposphere, the signal changes rapidly and attenuates severely due to the atmospheric multipath
propagation and noise. A possible modiﬁcation of
SS method is to exclude the noise by introducing
a criterion function related to amplitude analysis.
The criterion function ε(t) is related to the signal
amplitude A(t) as:
⎧
A(t)
⎨μ1 × (1 − Amax /μ2 ), A(t) < Aμmax
2
ε(t) =
(8)
⎩
0,
A(t) ≥ Aμmax
2

Below 3 km height, equation (9) cannot yet eﬀectively remove all the noise, because of the low
signal-to-noise ratio (SNR) in the moist lower
troposphere. A simple approach is to adequately
truncate the corrupted signal below a certain
truncation height (or the corresponding impact
parameter) by spectral power analysis. This process can be summarized as follows:
(a) to estimate sums ω(a) of the spectral powers in
the sliding windows using equation (4);
(b) to compute the mean value of the sums of
the spectral powers ω(a) from impact height
20–60 km, where the RO signals are fairly
stable;
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(c) to exclude the bending angles and corresponding impact parameters with ω(a)<μ3 ω(a) below
impact height 20 km.
The impact height is deﬁned as impact parameter minus the local curvature radius of the Earth.
The parameter μ3 = 10% is adopted in this paper.
The above process can ﬁnd the truncation height
and remove the interference signals in the moist
lower troposphere. Figure 1 depicts the sums of
the spectral powers from a simulated proﬁle (see
section 4), in which solid line represents ω(a),
dash–dot line represents ω(a), dash line represents μ3 ω(a). It can be found in ﬁgure 1 that
the data with relatively low SNR can be simply
truncated.
4. Simulation results
The simulated signals are generated from a solution
of the parabolic approximation of the Helmholtz
wave equation computed by the multiple phase
screens (MPS) technique. SS, MSS, and FSI methods are applied to the simulated signals with
multipath and noise, the retrieved bending angle
proﬁles are compared with those of the direct Abel
integral.
4.1 Simulation of RO signals with
atmospheric multipath
Simulation of RO signals is performed by EGOPS
(End-to-End Generic Occultation Performance
Simulation and Processing System) software based

Figure 1. Signal truncation. Solid line represents the sums
of the spectral powers, dash–dot line and dash line represent the mean values and their 10% level of the sums of the
spectral powers from 20 to 60 km, respectively.

on an ideal atmosphere refractivity proﬁle (Jensen
et al. 2003)


−(h−5 km)2
−h
+ 10 exp
N (h) = 315 exp
7.35 km
0.05 km2
(10)
The above proﬁle represents an exponential refractivity with a Gaussian shaped bump. The bump
in the second term on the right side of equation
(10) is used to illustrate the atmospheric multipath
eﬀect.
Under the atmospheric multipath assumption
with equation (10), the atmospheric propagation
of RO signals is simulated by MPS technique
(Sokolovskiy 2001). The distance constant from
the ﬁrst phase screen to the last one is taken to
be about 2587 km, the distances between adjacent
screens are uniformly taken as 2 km in simulation
experiments. The total number of the phase screens
is about 1300.
For illustrating the multipath eﬀect in the troposphere, the signals with multipath eﬀect were
simulated with equation (10). The phase and
amplitude of the signal are shown in ﬁgure 2(a
and b). The horizontal axis represents occultation
time, and the vertical axes represent the phase and
amplitude of the signal, respectively. Attenuations
and ﬂuctuations of the amplitude from 42 to 52 s,
which are caused by multipath eﬀect, can be found
in ﬁgure 2(b). The signal without multipath eﬀect
is shown in ﬁgure 2(c and d), for comparison.
4.2 Inversion results
To assess the performance of diﬀerent retrieval
methods, the signal is simulated without and with
the noise under multipath condition. In the noisefree scenario, the bending angle proﬁles reconstructed from the simulated signals by the three
methods are compared with those from the direct
Abel integral, respectively. In ﬁgure 3(a), the bending angle proﬁles of SS (triangle line), MSS (square
line), and FSI (circle line) methods are very close
to those from Abel integral (star line) in the
single-path region (above 7 km and below 5 km
impact height). A ﬁne agreement can be found
between FSI method and Abel integral from 5 to 7
km, demonstrating the ability of the FSI method
to invert bending angle in multipath region. As
compared to FSI method, both SS and MSS
methods result in retrieval errors in multipath
region.
In order to investigate the inﬂuence of the noise
on the bending angle proﬁles, we add Gaussian
noise with standard deviation of 15 mm to the
phase delay of the simulated signal, and repeat
the retrievals (Lohmann 2006). The results in
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ﬁgure 3(b) show that SS method is aﬀected by
the noise because of false spectral maximum detection. The accuracy of FSI method is also degraded
to some extent, especially below 5 km impact
height. This is probably caused by the noise and
Gibb’s phenomenon due to the ﬁnite duration of
the received signal (Lohmann et al. 2003). MSS
method can retain the accuracy in a noisy environment, because it decreases the inﬂuence of the noise
through the criterion function equation (9). The
comparison results validate that MSS method is
less sensitive to the noise than SS and FSI methods.
5. COSMIC data process
The accuracy of diﬀerent methods can be evaluated based on COSMIC data and ECMWF analysis. Refractivity proﬁles inverted by SS, MSS, and
FSI methods from COSMIC data can be compared
with those from the corresponding ECMWF analysis. The inversion results of diﬀerent methods (SS,
MSS, and FSI) can be statistically analyzed and
compared.
5.1 COSMIC case study
Four COSMIC atmPhs proﬁles, taken from tropical region, on DOY (day of year) 71 and DOY 72
in 2007 are used to describe the veriﬁcation and
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comparison among diﬀerent methods. The results
are shown in ﬁgure 4.
The retrieved refractivity proﬁles from atmPhs
data by SS, MSS, and FSI methods are compared
with those from the corresponding ECMWF
analysis; and the comparisons show that SS
method results in retrieval error below 8 km in
ﬁgure 4(a–b). MSS method can reduce the retrieval
error to some extent through the criterion function.
In ﬁgure 4(c–d), diﬀerences are exhibited between
the refractivity proﬁles retrieved by SS method and
those from ECMWF analysis below 2 km. In MSS
method, some corrupted data below the truncation
height of 2 km are simply truncated by the spectral
power information of the signal. Relatively small
refractivity diﬀerences are found between MSS and
FSI methods.
Additionally, MSS method could reach an appropriate retrieval height of refractivity proﬁle. The
truncation height of MSS method is generally
greater than that of SS method because MSS
method performs a signal truncation to the signal. The FSI method has the highest truncation
height among the three methods, which might be
related to the strict truncation scheme used in FSI
method. The four COSMIC examples presented
above are taken from tropical region, and have
relatively complicated refractivity structure in the
lower troposphere. Actually, over 80% of COSMIC
OL proﬁles retrieved by SS, MSS, and FSI methods

Figure 2. The phase and amplitude of the simulated signals with and without multipath eﬀect: (a–b) with multipath eﬀect;
and (c–d) without multipath eﬀect.
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Figure 3. Comparisons of the bending angle proﬁles reconstructed by SS, MSS and FSI methods with those from Abel
represents SS
integral (taken as the true values): (a) no noise; (b) Gaussian noise with standard deviation of 15 mm.
represents MSS methods,
represents FSI method and
represents Abel integral.
method,

can reach below 2 km height in the tropics, as seen
in section 5.3.
5.2 Sensitivity analysis
In this section, we investigate the sensitivity of
inversion results to the tunable parameters μ1 and
μ2 in MSS method. Figure 5 shows the mean
fractional diﬀerences (biases) between COSMIC
refractivity proﬁles retrieved by MSS method with
diﬀerent tunable parameters and those of ECMWF
analysis for 1047 occultations on DOY 71 in 2007.
The fractional diﬀerence of refractivity Δf N
between COSMIC occultation and ECMWF analysis is deﬁned as:
Δf N =

NCOSMIC − NECMWF
N̄

(11)

where NCOSMIC and NECMWF represent the
refractivity derived from COSMIC occultation
and ECMWF analysis, respectively. The symbol
N̄ denotes the average between NCOSMIC and
NECMWF .
Figure 5(a) shows the mean values of fractional
diﬀerence in refractivity for diﬀerent μ1 and ﬁxed
μ2 = 2. Figure 5(b) shows the results for ﬁxed
μ1 = 20% and diﬀerent μ2 . Diﬀerent tunable parameters result in diﬀerent inversion biases. Increasing μ1 from 10% to 40% results in decrease
between 1.5 and 7 km height and increase below 1.5
km in the mean fractional diﬀerence. It is seen that
the sensitivity of results to μ1 is not very strong,
while the sensitivity to μ2 is stronger. In this paper,
we choose μ1 = 20% and μ2 = 2.
5.3 Statistical comparisons
Both SS and MSS methods are applied to about
86,880 COSMIC atmPhs proﬁles from DOY 71

to DOY 100 in 2007, respectively. Figure 6 represents the statistical comparisons of refractivity
derived by SS and MSS methods, as well as atmPrf proﬁles, with those from ECMWF analysis.
The atmPrf proﬁles are inverted by FSI method
(Jensen et al. 2003). Both atmPhs and atmPrf proﬁles can be downloaded from COSMIC Data Analysis and Archive Center (CDAAC) station (http://
cosmic-io.cosmic.ucar.edu/cdaac/index.html).
Figure 6 shows the statistical comparisons of the
refractivity in three regions: the northern hemisphere (30◦ –90◦ N) (the ﬁrst row), the tropics (30◦ S
to 30◦ N) (the second row), and the southern hemisphere (30◦ –90◦ S) (the last row). The ﬁrst column
of ﬁgure 6 is the mean value of the fractional diﬀerence of refractivity Δf N between COSMIC occultation and ECMWF analysis; the second is their
standard deviations; and the third is the collocated number of occultation. The altitude interval
is taken as 0.1 km for the refractivity interpolation.
Before statistical comparison, the sample with the
fractional diﬀerence of refractivity larger than 10%
is considered as an outlier, and excluded from the
dataset.
Also, it can be seen in ﬁgure 6 that the MSS
method has smaller biases than the SS method in
the three latitudinal regions. In comparison with
ECMWF analysis, small diﬀerences in biases of SS
and MSS methods are exhibited in the altitude
interval of 10–15 km, which is normally corresponding to the single-path area. Systematic positive refractivity biases are exhibited in SS method
in the 3–10 km height range, with the maximum
approaching about 0.37% in the northern hemisphere, about 1.3% in the tropics, and about 0.60%
in the southern hemisphere. This can primarily be
explained by the noise of RO signal in the moist
lower troposphere. The MSS method is less sensitive to noise than the SS method in the lower troposphere. The MSS method reduces the maximum
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Figure 4. Refractivity comparisons for four COSMIC occultation examples.
represents FSI method and
represents ECMWF analysis.
method,

represents SS method,

1755

represents MSS

Figure 5. Mean fractional diﬀerences between COSMIC refractivities retrieved with diﬀerent tunable parameters in MSS
method and ECMWF refractivities on DOY 71 in 2007. (a) Diﬀerent μ1 and ﬁxed μ2 = 2, (b) ﬁxed μ1 = 20% and
diﬀerent μ2 .

positive bias to 0.23% in the northern hemisphere,
0.25% in the tropics, and 0.35% in the southern hemisphere. Below 3 km, systematic negative
refractivity biases, presumably caused by atmospheric multipath eﬀect, are veriﬁed by both SS
and MSS methods. The biases of the MSS method
are smaller than those of the SS method.
As can be seen in ﬁgure 6, in both MSS and FSI
methods, negative refractivity biases are noticeable in the moist lower tropical troposphere, with
a magnitude approaching 2.5% near the surface

(Ao et al. 2003). These biases are less than 0.7% in
the northern hemisphere and less than 1% in the
southern hemisphere. The performance of the SS
method is worse than that of MSS and FSI methods. The negative refractivity bias is mainly related
to the global distribution of humidity in the moist
lower troposphere.
Small diﬀerences in the standard deviations
of fractional refractivity diﬀerence can be found
among SS, MSS, and FSI methods above 2 km
height. The standard deviations of the three
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methods are less than 1% above 7 km. At about
2 km height, the standard deviations increase to
1.7% in the northern hemisphere, 3.5% in the tropics, and 2.5% in the southern hemisphere. Below 2
km, SS method has larger standard deviation than
MSS and FSI methods, because SS method might
be aﬀected by the noise and multipath eﬀect in the
lower troposphere.
As seen in ﬁgure 6, SS, MSS, and FSI methods
can retrieve most occultation proﬁles above 5 km.
The occultation number drops signiﬁcantly below
about 5 km. In the tropics, the percent of retrieved
occultation proﬁles at 2 km height is 90.2% for SS

method, 87.3% for MSS method, and 78.5% for FSI
method, respectively. This is mainly related to the
diﬀerent signal truncation schemes used in diﬀerent methods. In the northern and southern hemispheres, relatively small diﬀerences in occultation
number can be noticed among the three methods.
In order to compare the penetration ability
between the MSS and FSI methods, an investigation on the truncation height of the MSS and FSI
methods is made based on the COSMIC data on
DOYs 71–100, as seen in ﬁgure 7. Figure 7(a and b)
represents the truncation heights of the MSS and
FSI methods, respectively. The mean value of the

Figure 6. Fractional diﬀerences of refractivity between COSMIC occultation and ECMWF analysis for the northern hemisphere, the tropics and the southern hemisphere on DOYs 71–100 in 2007.
represents the results from FSI method
(atmPrf).

Figure 7. The latitudinal distribution of truncation heights for the MSS and FSI methods based on COSMIC data on DOYs
71–100 in 2007: (a) MSS method and (b) FSI method.
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truncation height of the MSS method is relatively
smaller than that of the FSI method. The percentage of occultation that can reach below 1 km is
70% for the MSS method, and 63% for the FSI
method. The truncation ability of the MSS
method is relatively better than that of the FSI
method.
6. Summary
A modiﬁed sliding spectral (MSS) method is developed in this paper. MSS method can identify and
sort out the false spectral maxima in the signal, and adequately truncate the corrupted signal
below a certain truncation height. MSS method can
decrease the inﬂuence of the noise, to some extent,
by amplitude and spectral power information of
RO signals in both numerical simulations and statistical comparisons. MSS method is superior to
SS method in both noise reduction and vertical
resolution.
Atmospheric propagation of GPS RO signals is
simulated in this paper by MPS technique under
atmospheric multipath conditions. Under atmospheric assumptions with noise and multipath, the
simulated signals are retrieved by SS, MSS, and
FSI methods. Comparisons between bending angle
proﬁles derived by diﬀerent methods and those
from direct Abel integral indicate that FSI method
has the best performance in multipath region. The
noise in the signal can lead to a degradation of
retrieval accuracy in both SS and FSI methods.
MSS method is relatively less sensitive to the noise
than SS and FSI methods.
Four COSMIC occultation examples, taken from
the tropical region, are used to verify the performance of diﬀerent methods. Comparisons between
refractivity proﬁles retrieved from COSMIC data
and those of ECMWF analysis show that SS
method results in retrieval errors in the lower troposphere. Both MSS and FSI methods have a better accuracy than SS method. Small refractivity
diﬀerences are found between MSS and FSI methods. However, FSI method has a larger truncation
height than MSS method for its strict truncation
scheme.
About 86,880 COSMIC occultations are
retrieved by SS and MSS methods, respectively.
Statistical comparisons of derived refractivity by
SS and MSS methods, as well as COSMIC atmPrf proﬁles, with those from ECMWF analysis,
show that SS method contains systematic biases
in the moist lower troposphere. MSS method
can decrease inﬂuence of the noise in the signal,
to some extent, and improve the accuracy of
SS method. The systematic bias comparisons of
refractivity have proved that the accuracy of MSS

1757

method is comparable with that of FSI method.
Thus, MSS method can be used as a reference
method. Further studies or investigations are
needed to broaden the application of RH methods
to data analysis in complicated environment.
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