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Rayleigh wave exploration is widely used in the field of engineering investigation,
which can analyze the near surface velocity structure. However, the traditional
Rayleighwave exploration data processingmethod can only provide the average
change of Rayleigh wave phase velocity with depth under the seismic line, but
cannot obtain the horizontal change of Rayleigh wave phase velocity along the
line direction, which brings great challenges to the detection of underground
wave velocity anomalies. To solve these problems, the Choi‒Williams distribution
is introduced to process Rayleigh waves, and the relationships among the
Rayleigh wave time, frequency and amplitude are obtained. The frequency
dispersion curve is subsequently calculated via similarity analysis. In this method,
first, the Rayleigh wave is intercepted in the time domain. Second, the
Choi‒Williams distribution of Rayleigh waves is calculated, and the time domain
waveform of each frequency component of each Rayleigh wave is obtained.
The time difference is subsequently calculated via similarity analysis, and the
dispersion curve between two adjacent channels is obtained. Finally, the phase
velocity image below the seismic arrangement is obtained via combination with
the multichannel Rayleigh wave dispersion curve. When this method is applied
to the detection of geological anomalies in engineering investigations, it can
accurately reflect the spatial distribution position of the detection target and has
a relatively high lateral resolution.

KEYWORDS

Rayleigh wave, Choi-Williams distribution, high resolution, similarity analysis, phase
velocity imaging

1 Introduction

Since the mid-19th century, seismic surface wave exploration technology
has gradually become an important means to study information in near-surface
underground media. Rayleigh first discovered Rayleigh waves and discussed their
mathematical mechanism in detail (Rayleigh, 1885). Subsequently, Thomson and
Haskel investigated the relationship between the propagation speed and frequency
of Rayleigh waves in multilayered media (Thomson, 1950). However, owing to the
limitations of computing power, the dispersion characteristics of Rayleigh waves
could not be fully verified at that time. With the development of technology,
researchers have begun to use seismic noise sources and cross-correlation methods
to obtain surface wave information and have proven that the random wave field has
a dispersive property. In recent years, researchers in the field of seismology have
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FIGURE 1
Traditional Rayleigh wave data processing which can only obtained the average change of phase velocity with depth.

TABLE 1 Relation between Poisson’s ratio and the depth coefficient.

Poisson’s ratio 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.48

Depth coefficient β 0.55 0.575 0.625 0.65 0.7 0.75 0.79 0.84 0.875

used different methods and techniques to extract surface wave
information from seismic data and carry out surface wave
exploration research (Park et al., 1999). Surface wave exploration
is characterized by high resolution, high frequency dispersion and
noninvasiveness and is widely used in urban underground space
exploration and geotechnical engineering exploration (Liu et al.,
2019; Mulumulu et al., 2024; Wang et al., 2022; Zhang et al., 2019).

The Rayleigh wave is characterized by dispersion, and the
penetration depth of the Rayleigh wave is different at different
frequencies. On the basis of this characteristic, the Rayleigh wave
phase velocity can be calculated by obtaining the Rayleigh wave
dispersion curve and realizing the purpose of formation division.
However, only the variation in the Rayleigh wave amplitude
with time can be observed in time-domain seismic records, so
it is necessary to process the time-domain seismic signal to
obtain the Rayleigh wave dispersion curve (Xia et al., 1999). In
order to improve the inversion accuracy of dispersion curves,
Li et al. (2021) proposed a multi-channel surface wave analysis
method based on short permutation stacked correlation gathers,
which greatly improves the lateral resolution of surface wave
exploration. Le et al. (2024) used particle swarm optimization (PSO)
algorithm to perform Rayleigh wave frequency velocity spectrum
(FVS) inversion without extracting dispersion curves. At the same
time, a global optimal inversion strategy was adopted to reduce
dependence on the initial model, and GPU parallel computing

was introduced to improve inversion efficiency. Ai et al. (2025)
used the Hunger Games search algorithm to achieve multi-mode
surface wave full-parametric inversion, which was successfully
applied to identify glacier thickness and freezing degree in subglacial
sediments.

In summary, geological modeling research based on Rayleigh
wave dispersion curves is constantly advancing. However, there is
a significant problem in the current Rayleigh wave data processing
methods, namely, insufficient lateral resolution; that is, traditional
methods can provide only the average variation in the Rayleigh
wave phase velocity under a seismic arrangement. Owing to the
complex and heterogeneous structure of near-surface strata and the
influence of human engineering activities, such as underground pipe
corridors and tunnels, these factors pose challenges to the accuracy
of Rayleigh wave exploration. Both high- and low-speed geological
bodies exist under a seismic arrangement, and the dispersion curves
cannot accurately reflect the underground geological conditions
because of the averaging action. In addition, complex geological
conditions can lead to significant differences between the initial
formationmodel and the real formation structure,making it difficult
to reproduce an accurate geological model, regardless of how the
inversion algorithm is optimized. As shown in Figure 1, the Rayleigh
wave exploration result is a curve reflecting the relationship between
phase velocity and depth. Using this curve can only show the
depth of the abnormal body, but can not tell us the horizontal
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FIGURE 2
Illustration of Rayleigh wave interception.

FIGURE 3
Choi–Williams and Wigner-Ville distributions of Rayleigh waves in the n and n + 1 channels.

position of the abnormal body. At the same time, there are a large
number of pebbles in the underground of the exploration area, with
strong heterogeneity, resulting in large inversion fitting error (the
minimum error is only 57.31%), which is difficult to reflect the real
geological structure.

To solve the above problems, this paper introduces the
Choi‒Williams distribution method to process each Rayleigh wave

signal. With this method, we can extract the time waveforms
of each Rayleigh wave under different frequency components.
Through similarity analysis, the time difference between channels
of the same frequency component is obtained, and the frequency
dispersion curve between the two channels is obtained. Then, using
a seismic arrangement, the Rayleigh wave phase velocity image
can be obtained. The method introduced in this paper can use
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FIGURE 4
Results of spectral peak detection (The red dot is the peak of each frequency component).

FIGURE 5
Translation of Rayleigh wave with a certain frequency component.

the time domain and frequency domain information of Rayleigh
wave at the same time, and greatly improve the utilization rate
of Rayleigh wave information. At the same time, using a seismic
array, the phase velocity profile of the formation below the seismic
array can be obtained, which greatly improves the horizontal
resolution of Rayleigh wave detection.

2 Introduction to the Choi–Williams
distribution

For a signal that varies with time, the relationships among
the signal time, frequency and amplitude can be obtained via
time‒frequency analysis, and then the phase velocities of Rayleigh
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FIGURE 6
The frequency‒time difference curve was obtained via the spectral peak detection method and similarity analysis method which shows that the
computational stability of similarity analysis method is better.

TABLE 2 Model parameters.

Depth (m) P-wave velocity (m/s) S-wave velocity (m/s) Density (g/cm3)

0–5.5 800 400 1.8

5.5–15 1,500 800 2.2

15-∞ 3,500 1,800 2.5

waves with different frequency components can be obtained. There
are many kinds of time‒frequency analysis methods, and the Cohen
time‒frequency distribution is a type of bilinear time‒frequency
analysis method.

For a multicomponent signal g(t), the expression of its Cohen
time‒frequency distribution can be written as Equation 1 (Cohen,
1966):

Cx(t, f,h) =∭g(u+ τ
2
)g∗(u− τ

2
)h(θ,τ)e−i(θt+2πfτ−uθ)dudτdθ

(1)

where Cx(t, f,h) is the time‒frequency distribution of the Cohen,
h(θ,τ) is the kernel function, and different Cohen time‒frequency
distribution methods can be obtained by using different kernel
functions. t is time; f is the frequency.

The Choi–Williams distribution is a method of Cohen
time‒frequency distribution. When the kernel function h(θ,τ) =
e−

θ2τ2

σ , Formula 2 is converted to the Choi–Williams distribution
expression (Choi and Williams, 1989), i.e.,

CWDg(t, f) =∬√
πσ
τ2

x(θ+ τ
2
)x∗(θ− τ

2
)e
‐π2σ(θ−t)2

4τ2−i2πfτ dθdτ (2)

where CWDg(t, f) is the Choi–Williams distribution and where σ is
the kernel function parameter (The default value for σ is 1).

3 Rayleigh wave analysis method
based on the Choi‒Williams
distribution

3.1 Rayleigh wave exploration data
acquisition

The transient Rayleigh wave operating frequency band plays
an important role in physical filtering in field data acquisition and
digital filtering in data processing. The Rayleigh wave wavelength
at a certain frequency is proportional to the detection depth; thus,
the relationships among the Rayleigh wave phase velocity, frequency
and detection depth can be expressed as:

h = β
VR

f
(3)

β is the depth coefficient, which is a constant related to the
Poisson’s ratio of the rock and soil mass (see Table 1).

The selection of the working frequency band mainly depends
on the detection depth and shallow resolution required by the
project. The maximum detection depth hmax determines the lower
limit of the working frequency band (the lowest frequency), and
the minimum detection depth (or detection resolution) hmin
determines the upper limit of the working frequency band (the
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FIGURE 7
Rayleigh wave analysis process by the similarity analysis of
Choi–Williams distribution.

highest frequency). Formula 3 can be changed to:

f = β
VR( f)
h( f)

(4)

FIGURE 8
Photos of Rayleigh wave exploration and construction in
underground caverns.

The highest operating frequency is fmax = β
VR( f)
hmin

, and the lowest

operating frequency is fmin = β
VR( f)
hmax

.

3.2 Rayleigh wave separation

After filtering is complete, the Rayleigh wave needs to
be separated from the seismic wave waveform. This step can
be performed directly on time-domain seismic waveforms
(as shown in Figure 2). Compared with P- and S-waves, Rayleigh
waves have slower velocities and larger amplitudes. On this basis,
each Rayleigh wave can be intercepted. After the truncation is
complete, the first point of the first Rayleigh wave waveform is
taken as the initial moment, and the last point of the last waveform
is taken as the end moment. The missing part of each waveform is
added to 0 to ensure that the length of each waveform is the same,
which is convenient for subsequent calculations.

3.3 Time‒frequency analysis

For Rayleigh waves g n(t) and g n+1(t) recorded by two adjacent
seismic tracks, the Choi–Williams distribution of Rayleigh waves is
calculated via Formula 2. As shown in Figure 3, the horizontal axis
represents the time of the Rayleigh wave, the vertical axis represents
the frequency of the Rayleigh wave, and the color represents the
amplitude of the Rayleigh wave, reflecting the magnitude of energy.

There are many types of Cohen time-frequency
distributions, and Figure 3 compares the calculation results of
Choi-Williams distribution and Wigner-Ville distribution. In the
Wigner-Ville distribution, especially below 100 kz, there appears a
band like regular distribution of components. This component is
the cross-term of the Wigner-Ville distribution, which is an invalid
signal and will affect the subsequent Rayleigh wave phase velocity
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FIGURE 9
Rayleigh phase velocity‒depth profile of underground cavity detection and borehole histogram.

analysis. Compared to the Wigner-Ville distribution, the cross-
terms in the Choi-Williams distribution have minimal impact and
are more suitable for Rayleigh wave analysis.

The relationships among the Rayleigh wave time, frequency and
amplitude can be obtained via the Choi‒Williams distribution. The
energy of the Rayleigh wave is mainly concentrated between 0 and
600 Hz, and the energy of the former Rayleigh wave is earlier than
that of the latter. Using this feature, the time difference of different
frequency components can be calculated, and then the Rayleigh
wave dispersion curve between two channels can be obtained.

3.4 Time difference calculation

At present, the instantaneous frequency of each Rayleigh wave
signalling component is usually determined via peak detection;
that is, the maximum amplitude of each frequency component
is detected, and the corresponding time corresponds to the
time of the frequency component. The dispersion curve is
subsequently obtained from the time difference between the two
frequency components (the time difference between channels).
However, there are many errors in spectral peak detection in

practice. Strata (especially those with geological structures) are
inhomogeneous media. The attenuation of Rayleigh wave energy
in the process of formation propagation is uneven, so the spectral
peaks detected in the front and back channelsmay not have the same
composition.

Taking the time‒frequency distribution of two adjacent Rayleigh
waves in Figure 3 as an example, spectral peak detection of
both can yield the maximum amplitude of each frequency
component (as shown in Figure 4). In theory, the different frequency
components of Rayleigh waves should have a certain continuity in
time, but owing to the uneven attenuation of the measured Rayleigh
wave energy, the detected spectral peaks are relatively scattered.
After calculating the time difference, the time difference of the
spectral peak points of the 16 frequency components is too small,
and the time difference of the spectral peak points of the 3 frequency
components is too large. Errors will occur in the subsequent
calculation of the Rayleigh phase velocity. The above example
highlights a major shortcoming of the peak detection method,
namely, the low utilization of time and frequency information. The
spectral peak detection method uses only the time and frequency
information of the energy peak point, and the time‒frequency
information of the other signalling components is ignored.
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FIGURE 10
Photos of Rayleigh wave exploration and construction in
underground caverns.

Although the Rayleigh wave propagation process is very
complicated in formations, the signalling components of the same
frequency still have certain similarities in each channel. On this
basis, this paper proposes obtaining the trace time difference of each
channel Rayleigh wave by analysing the similarity of each frequency
component.

As shown in Figure 5, the component whose frequency
component is f is extracted from the Choi–Williams distribution,
and the time-domain waveform of the frequency component is
obtained, denoted as time series y1(N) and y2(N), respectively.
Assuming that the signal sampling number is N0, for y1(x) along
the direction of time increase, m translations, the flat shift length
is t0, then the error between y1(x) and y2(x) will be evaluated. The
commonly used error formulas include mean square error (MSE),
mean absolute error (MAE), root mean square error (RMSE), and
mean absolute percentage error (MAPE). MAE is not sensitive
to outliers, and MAPE may encounter problems when processing
data containing zero or near zero values, as the percentage error
in these cases can become very large or incalculable. MSE and
RMSE are more sensitive to large errors and can better identify
larger deviations. As shown in Figure 5, when conducting similarity
analysis on Rayleigh waves with different frequency components,
it is necessary to identify large errors. At the same time, compared
with MSE, RMSE calculation results have the same unit as the data,
both in seconds, which has better interpretability. Therefore, RMSE
is selected for error measurement as shown in Equation 5.

RMSE(m) =
N0

∑
i=1
[y1(i+m) − y2(i)]

2

(5)

When the RMSE takes the minimum value, y1(N) and y2(N)
have the highest degree of similarity. If the corresponding translation
number at this time is m0, the component with frequency f in
the Rayleigh wave signal has a time difference between the NTH
channel and the n+1 channel td = m0t0. With the above method,
the intertrace time difference of each frequency component can be
calculated in turn.

As shown in Figure 6, the spectral peak detection method and
similarity analysis compare the intertrace time differences in the

Rayleigh wave frequency components between two channels. The
intertrace time difference curve calculated via the spectral peak
detection method greatly fluctuates. The randomness is strong,
and the calculated variance is 1.0502 × 10-5, whereas the time
difference curve calculated via similarity analysis is more stable,
and the variance is 1.4621 × 10-6, which accords with the actual
situation of Rayleighwave propagation at different frequencies in the
formation.

3.5 Phase velocity-depth profile
calculation

After the trace time difference of each frequency component
is obtained, the Rayleigh phase velocity V_R of each frequency
component can be expressed as:

VR =
ΔX
m0t0

(6)

where ΔX is the.
Using Formula 6, the Rayleigh phase velocity‒depth curve

between two adjacent geophones can be obtained. The phase
velocity‒depth profile of a Rayleigh wave under a seismic
arrangement can be obtained by combining the phase velocity‒depth
curves calculated via a combination of multichannel detector pairs.

4 Effectiveness analysis

A transverse isotropic model is established, and the model
parameters are shown in Table 2. A staggered grid is used to
discretize the field variables and media parameters, and a nonsplit
perfectly matched layer (NPML) is used to absorb the boundary to
eliminate the reflected waves generated by the model boundary to
simulate the seismic wave field numerically.

Assuming that the offset is 5 m and the interval is 0.5 m,
there are 24 detectors in total, and the forward seismic wave train
is shown in Figure 7.

Rayleigh wave separation, time‒frequency analysis, time
difference calculation, phase velocity calculation and phase
velocity‒depth profile calculation are carried out to obtain the
phase velocity‒depth profile of the seismic wave train obtained
via forward modelling. The final calculated phase velocity‒depth
profile presents a layered distribution, and there is a stratigraphic
interface at approximately 5.5 m and 15 m, which corresponds well
with the established model.

5 Engineering application

5.1 Detection of underground cavity in
urban roads

As shown in Figure 8, in the cavitation survey under a city road,
an 18-pound sledgehammer is used as the excitation source, 24
channels of the 4.5 Hz detector are received, quick drying equipment
is used to ground the detector, the offset distance is 5 m, the
channel spacing is 0.4 m, and the sampling frequency is 10 kHz.The
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FIGURE 11
Phase velocity‒depth profile of sliding surface detection and borehole histogram.

FIGURE 12
Photos of permafrost active layer detection construction.

planned depth is 25 m. The strata are from the surface to a depth
of 25 m and are paved with asphalt pavement, tabia and sandstone.
Considering the conditions of the rock and soil masses at the site
comprehensively, Poisson’s ratio is approximately 0.35, and the depth
coefficient β is 0.75.

According to field tests, the Rayleighwave velocity of the shallow
overlying layer is approximately 400 m/s, and the average Rayleigh
wave velocity of sandstones with different degrees of weathering
in the detection depth range is approximately 1,000 m/s. The
maximum detection depth is hmax = 25 m, which corresponds to
a Rayleigh wave velocity VR = 1,000 m/s. The minimum resolution
thickness of the formation hmin = 1 m corresponds to VR= 400 m/s

and β = 0.75, and the working frequency band of the detection is
30 Hz–300 Hz.

A multichannel transient Rayleigh wave analysis method
based on the Choi‒Williams time‒frequency distribution
is adopted. Figure 9 shows the Rayleigh wave phase velocity‒depth
profile. It is generally believed that the Rayleigh phase velocity of
rock is greater than 800 m/s and that of soil is less than 800 m/s.
The fluctuation of the bedrock interface can be clearly observed via
the method introduced in this paper. Moreover, the Rayleigh wave
phase velocity reaches 800 m/s approximately 8–10 m underground.
It can be inferred that the bedrock interface is located in this depth
range. Low-speed anomalies appear in the horizontal 4–6 m and
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FIGURE 13
Rayleigh wave frequency distribution slice for permafrost active layer detection and borehole histogram.

underground 4–6 m high-speed areas. The abnormal forms are
closed, and the phase velocity is lower than 200 m/s, which suggests
that this area is an underground cavity.

5.2 Landslide sliding surface detection

As shown in Figure 10, Rayleigh waves were used to detect the
landslide sliding surface before the slope protection engineering
of the regional expressway was constructed. The 18 pound
sledgehammer is used as the excitation source, the 4.5 Hz detector
receives, the offset is 5 m, the track spacing is 1 m, and the
sampling frequency is 10 kHz. The line consists of four geophone
arrangements, the first three arranged 24 channels, the fourth
arranged 12 channels, and each geophone arrangement ends. The
planned detection depth is 20 m.The surface is covered by the fourth
system, and below it is sandstone. Considering the conditions of the
rock and soil masses at the site, Poisson’s ratio is approximately 0.35,
and β is 0.75.

According to field tests, the Rayleighwave velocity of the shallow
overlying layer is approximately 300 m/s, and the average Rayleigh
wave velocity of strongly weathered sandstone is approximately
1,200 m/s in the detection depth range. The maximum detection
depth hmax = 20 m (corresponding to VR = 1,200 m/s), the
minimum resolution thickness hmin = 1 m (corresponding to VR
= 300 m/s) and β = 0.75 are substituted into Formula 4, and the
working frequency band of this detection is 45 Hz–225 Hz.

The Rayleigh wave data processing method introduced in
this paper is used to obtain the phase velocity-depth profile
(as shown in Figure 11). The softer the formation is, the lower the
Rayleigh wave phase velocity is, so the slope body has a lower
Rayleigh wave phase velocity than the landslide bed does. In the
phase velocity depth profile, the morphology of the sliding surface

can be described, and the thickness of the slope can be determined.
The thickness of the landslide front deposit body is approximately
5 m, whereas the thickness of the landslide body gradually decreases
from the landslide front to the landslide back edge.

5.3 Applied to permafrost active layer
detection

As shown in Figure 12, the working area is located in the
KunlunMountains, with an elevation of approximately 4,300 m.The
ground surface is frozen soil, and the frozen soil can be divided
into two parts: the lower part is permafrost, and the active layer
covers the permafrost. The active layer melts in summer and freezes
in winter, which greatly influences engineering construction. It is
necessary to determine the thickness range of the active layer. An
18-pound sledgehammer was used as the excitation source, and 8
parallel measuring lines were arranged with a spacing of 1 m. Each
measuring line is received by 12 channels of a 4.5 Hz detector with
an offset of 5 m, a channel spacing of 0.5 m and a sampling frequency
of 10 kHz. The planned detection depth is 20 m.

Considering the conditions of the rock and soilmasses at the site,
Poisson’s ratio is approximately 0.25, and β is 0.65. In the field test,
the Rayleigh wave velocity in shallow formations is approximately
800 m/s, and the average Rayleigh wave velocity in coarse sand
and fine sand is approximately 1,500 m/s in the detection depth
range. Considering that the maximum detection depth hmax =
20 m (corresponding to VR = 1,500 m/s), the minimum resolution
thickness hmin = 1 m (corresponding to VR = 800 m/s) and β = 0.75
are substituted into Formula 4, the working frequency band of this
detection is 48.75 Hz–520 Hz.

The survey was carried out in the spring, and the active layer
had not completely melted. The material composition of the active
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layer is very complex, so the Rayleigh wave phase velocity continuity
is often poor. On the other hand, the active layer freezes in winter
and melts in summer, and the freeze‒thaw cycle destroys the active
layer itself and the permafrost below the active layer.There is a weak
or broken part between the active layer and the permafrost, causing
the Rayleigh wave phase velocity to decrease. As shown in Figure 13,
there is a relatively obvious low-velocity layer at 9.8 m underground,
which is presumed to be a broken zone formed by the destruction
of the active layer and permafrost by freeze‒thaw cycles. The phase
velocity of some Rayleigh waves above 9.8 m changes sharply, and
the continuity is poor, which accords with the characteristics of
complex material composition in the active layer. The partial phase
velocity below 9.8 m is relatively high, which accords with the
characteristics of permafrost.

6 Discussion

Comparing Figures 1, 9, 11, 13, the traditional Rayleigh wave
data processing method usually only uses the frequency domain
information, and can only analyze the change of Rayleigh wave
phase velocity with depth under the survey line (Figure 1), lacking
the change of Rayleigh wave in the horizontal direction, so it can
only establish the layered geological model. The method proposed
in this paper based on the Choi-Williams distribution similarity
analysis, while both using the time domain and frequency domain
information of Rayleigh wave, can obtain the Rayleigh wave phase
velocity distribution along the line direction and depth direction
(Figures 9, 11, 13), more clearly showing the velocity structure of the
formation below the survey line.

However, there are also some problems to be solved in this
method. First, there is no clear standard for the separation of
Rayleigh waves at present, which is greatly influenced by the
interpretation personnel. Secondly, because thismethod can directly
obtain the phase velocity profile, compared with the traditional
interpretation of dispersion curves, it is more difficult to identify
the geologic anomalies, and it often needs some interpretation
experience to distinguish the true and false anomalies. In view of
the above problems, in the follow-up research, the author considered
introducing artificial intelligence into Rayleigh wave separation and
anomaly delineation, and through accumulating cases, trained the
Rayleigh wave separation depth neural networkmodel and anomaly
recognition depth neural network, so as to reduce the subjective
influence and improve the interpretation efficiency of this method.

7 Conclusion

In this paper, a Rayleigh wave data processing method based
on the Choi‒Williams distribution is proposed, and the method
is applied to engineering practice. The following conclusions
are obtained:

(1) On the basis of the Choi‒Williams distribution, the
time‒frequency characteristics of Rayleigh waves can be
obtained. In the subsequent analysis process, on the one
hand, the time domain and frequency domain information
of the Rayleigh wave can be used at the same time, and on the

other hand, the information of different modes of the Rayleigh
wave can be used at the same time, thus greatly improving the
utilization rate of the Rayleigh wave information.

(2) When the time difference of different frequency components
between two adjacent channels is obtained via the
Choi‒Williams distribution, the similarity analysis method is
proposed in this paper.The time difference between channels is
calculated by using the similarity of the timewaveforms of each
frequency component of each channel, and the calculation
results are more accurate and stable.

(3) Compared with the traditional Rayleigh wave data processing
method, this paper uses a seismic array to obtain the phase
velocity profile of the strata below the seismic array, which
greatly improves the transverse resolution of Rayleigh wave
detection.

At present, the study on Rayleigh wave exploration mainly
focuses on the inversion of dispersion curves, and the key of
inversion is the determination of initial formation model. The
near surface geological conditions are often complex, and it is
difficult to determine the accurate initial model, resulting in poor
inversion results.TheRayleighwave analysismethod based onChoi-
Williams distribution similarity analysis introduced in this paper
does not need inversion, which can greatly reduce the amount of
calculation, so as to improve the calculation speed. At the same
time, the phase velocity profile of the formation below the line can
be obtained by using one seismic arrangement, so as to realize the
characterization of underground high-speed or low-speed anomaly
bodies and improve the horizontal resolution.Therefore, the analysis
method introduced in this paper can be applied to various geological
exploration work near the surface, such as underground cavity
detection, fracture zone detection, bedrock interface detection,
potential disaster causing geological body detection, etc., which is
of great significance for the prevention and control of geological
disasters in civil engineering, power engineering, water conservancy
engineering, mining engineering and other fields.
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