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Abstract: Traditional logging methods need a lot of data support such as suction profile information,
reservoir geological information, and production information of injection and extraction wells to
calculate oil and gas production, which is a tedious and complicated process with low interpretation
accuracy. Distributed fiber optic vibration signal logging is a technology that uses fiber optics to sense
the vibration signals returned from different formations or well walls to analyze the surrounding
formation characteristics or downhole events, which has the advantages of strong real-time moni-
toring results and high reliability of interpretation results. However, the currently distributed fiber
optic vibration signal logging also fails to fully utilize the technical advantages to form a systematic
production calculation process. Therefore, this paper proposes to use the K-means++ algorithm
to divide the vibration signal frequency bands to represent different downhole events and use the
amplitude mean curve envelope area of the reservoir-related frequency bands to calculate the rela-
tive production of each production formation. The experimental results correspond well with the
relative water absorption data interpreted by conventional production logging, and the accuracy of
production interpretation is high, which fills the gap of a production calculation method in the field
of distributed fiber optic vibration signal logging in China and strongly promotes the development of
the intelligent construction of oil and gas fields.

Keywords: distributed fiber optic sensing technology; distributed fiber optic vibration signal logging;
yield calculation; production logging; production profile; injection profile

1. Introduction

An important way to monitor the dynamics of oil and gas field development is to
measure the fluid flow profiles in oil recovery wells and water injection wells. The purpose
of the measurement is to understand the nature and flow rate of the produced or inhaled
fluid in the production well section and to make an evaluation of the production status of
the well and the production properties of the formation [1–5]. However, in the actual oil
and gas field development process, although one can know the total amount of produced
oil, gas, and water, it is difficult to determine the contribution of each shot hole section
stratification to the output [6]. The study of the contribution of each injection section
stratification to the production capacity of the whole well and the clarification of the oil
and water production location can facilitate subsequent work, such as dissection and water
plugging, and can effectively improve the recovery rate of oil and gas reservoirs.

Distributed fiber optic sensing technology is an important part of the fiber optic
sensing field, which can continuously sense the spatial distribution and change information
of physical quantities such as temperature, strain, vibration, and so on at each point on the
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fiber optic transmission path. Distributed fiber optic sensing technology is increasingly
used in a variety of industries [7]. For example, Sekip Esat Hayber et al. proposed a
highly sensitive fiber optic microphone (FOM) based on a cellulose triacetate diaphragm in
2018. Based on the evaluation of the obtained results, the FOM can be used for medical
spectral analysis and imaging applications as well as long-distance listening and speech
recognition in military and public safety [8]. Moreover, Serkan Keser et al. developed a
metallic hemispherical nozzle sensor based on a Fabry–Perot interferometer for surface
roughness identification in 2021 [9]. In 2019, Liu Junrong et al. filtered the noise signals
and derived the fractured layer segments by analyzing the area ratio and the area variance
of the area bounded by the vibration energy and the minimum vibration energy of the
segments in the acoustic waterfall map at a certain moment, the post-fracturing fluid-
producing layer segments, and the proppant distribution [10]. In 2023, Arnaldo Leal-Junior
et al. introduced a new type of fiber optic sensor system, which utilized the data fusion
method of different fiber optic sensors for salinity monitoring [11]. In 2023, Lin Qingjin
et al. successfully used distributed fiber optic logging technology to solve the problem of
insufficient recording of dynamic monitoring data due to asphaltene precipitation during
gas injection and development in the Tarim Donghe Oilfield [12]. In recent years, the
software and hardware of distributed fiber optic technology have developed rapidly, but
less research has been performed in the field of processing and interpreting the recorded
data of distributed fiber optic vibration signals, which needs to be improved urgently.

Distributed fiber optic vibration signal logging is a technique that uses fiber optics
to sense vibration signals returned from different formations or well walls throughout
the transmission path for formation characterization and downhole event analysis [13–16].
This technology not only provides real-time continuous downhole information but also
allows static testing with less interference to well production, easy access to the well, and
is competent for small-size tubular columns. It also has a lower cost. Currently, with its
rapid development, distributed fiber optic monitoring technology provides new ideas for
determining output formation, accurately obtaining the output profile of oil and gas wells,
and estimating fluid production.

2. Principle and Method
2.1. Principle of Distributed Fiber Optic Vibration Sensing System

The fiber optic sensor is mainly composed of five parts: a light source, an incident fiber,
an outgoing fiber, a light modulator, a light detector, and a demodulator [17]. The principle
of the distributed fiber optic vibration monitoring system is shown in Figure 1 [18].
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At t = 0, a narrow linewidth single-frequency pulsed light of angular frequency f and
pulse width W is incident into the sensing fiber, and the wave function y(t) of the returned
Rayleigh scattered light in the absence of perturbation is [19]

y(t) =
N

∑
k=1

cos(2π f (t − τk))ake(−α
cτk
nk

)rect( t−τk
W ) (1)

In the above equation, N denotes the number of scattering points, τk is the optical
echo time of the kth scattering point, and ak is the amplitude [20].

rect
(

t − τk
W

)
=

 1, 0 ≤ t − τk
W

≤ 1

0, else
(2)

The above equation is the pulse width equation and the distance, Zk, between the kth
scattering point and the incident end of the pulse light is [21,22]

zk =
cτk
2nk

(3)

Then, the power of the backward Rayleigh scattered light p(t) is [23–25]

p(t) =
∣∣∣y2

(t)

∣∣∣ = p1(t) + p2(t) (4)

p1(t) =
N

∑
i=1

a2
i e(−2αCτi

ni
)rect( t−τi

W ) (5)

p2(t) = 2
N−1

∑
i=1

N

∑
j=i+1

aiajcosϕije
(−α

C(τi+τj)
ni

)rect( t−τi
W )rect(

t−τj
W ) (6)

From Equations (1)–(4), it can be seen that the backward Rayleigh scattered optical
power consists of two parts: the backward Rayleigh scattered optical power accumulated
by N scattering points, p1(t), which represents the optical power scattered by the optical
signal interacting with the microstructure of the fiber material during the transmission
process [26,27], and the other part of the power of different scattering points interfering with
each other, p2(t), which represents the interference effect between the different scattering
points of the optical signal during the transmission process [28,29]. ϕij is the relative phase
difference between the i-th and j-th scattering points, which can be further expressed by
combining Equations (1)–(3) as

ϕij = 2π f
(
τi − τj

)
=

4nπf
(
zj − zi

)
c

(7)

From Equations (1)–(6) and (1)–(7), the interference term p2(t) is a function of f, ni
and the distance zj − zi from the adjacent scattering point. When vibration occurs at any
position on the sensing fiber, the length and refractive index, ni, of the fiber at that point
will change, causing phase modulation [10,30–34]. This phase modulation effect causes
a corresponding change in the intensity of the backward Rayleigh scattered light, so the
change in the light intensity can be detected to determine whether the vibration is occurring
on the fiber and its location.

2.2. K-Means++ Algorithm

The K-means++ algorithm is a method that optimizes the randomness of the initialized
centroid selection of the K-means algorithm [35,36]. Its goal is to divide the samples in
the dataset into k clusters, each of which contains some similar samples. The core idea of
the algorithm is to select the next center of mass by calculating the distance of the sample
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points from the selected center of mass so that each center of mass maximizes the distance
from the other centers of mass and all the samples in the cluster.

The optimization strategy for the K-means++ initialization of the clustering centers is
specified as follows:

1. Select the first cluster center, u1, arbitrarily and randomly among the data points as
the initial cluster center.

2. For each data point Xi that has not yet been selected, calculate the distance between
Xi and the nearest center that has been selected: D(Xi) = argmin∥Xi − ur∥2

2,r =
1, 2, · · · kselected.

3. The similarity between the data points is calculated based on the distance between
them and the nearest centroid, and the probability of each data point being a new
centroid is assigned proportionally. Then, a new data point is randomly selected as
a new centroid from this probability distribution, where the probability of point Xi
being selected is proportional to D(Xi).

4. Repeat steps 2 and 3 until k centroids are selected.
5. For the other data points, Xi, mark them as the closest classification cluster to the

category center, uj.
6. Update the centroid of each category, uj, to the mean of all the samples belonging to

that category.

3. Distributed Fiber Optic Vibration Signal Logging Data Processing and
Interpretation Method

In the actual distributed fiber optic vibration signal logging fluid-producing profile
processing, it is usually assumed that the friction signal within the rock particles and the
output fluid is a minimum-phase subwave, and the friction signals generated by different
pores change with the radius of the pore roar, i.e., the resulting subwave waveforms
(amplitude and bandwidth) are different. On-site DAS injection profile monitoring is
recorded multiple times, generally reflecting one DAS time series in five-minute monitoring
steps. These data are preprocessed to obtain spectrograms. The spectrogram can be fed
back once per monitoring, and the duration of a single monitoring only needs to satisfy the
sampling theorem. The data preprocessing includes the time–frequency domain conversion
of the distributed fiber vibration signals using the short-time Fourier transform, the thinning
of the distributed fiber vibration signal data using the Douglas-Puke algorithm, and the
decomposition and reconstruction of the distributed fiber vibration signals using the ARO-
VMD-SSA algorithm to achieve denoising [37].

3.1. Spectrogram Analysis

The distributed fiber optic vibration signal data extracted from the fiber optic sensor
for injection well A were selected for processing, and the well was logged for the purpose
of detecting the extra-tubular tampering channel and the main suction layer level. The
drilling depth of well A is 1993 m, the inner diameter of the casing is 139.7 mm, the inner
diameter of the tubing is 62 mm, the shot hole sections are all sandstone reservoirs, and
the measurement well section is 0–1961.95 m. The measurement time is from 21:23:15 on
10 May 2022 to 20:51:55 on 11 May 2022, and the frequency domain of the measurement
is 0–512 Hz. The distributed fiber optic vibration signal into a spectrogram is shown in
Figure 2.

The spectrum shows that the high energy points are mainly concentrated in the depth
section 1913–1961 m, and there are high energy points from low frequency to high frequency
at a depth of 1943 m. Therefore, it is inferred that a depth of 1943 m is the main water
absorption level, and there is a situation of extraneous channeling at this location.

The analysis of the vibration signal profile for the distributed fiber at a depth of
1943 m is shown in Figure 3. Due to the large value of the measured amplitude data, we
performed normalization operations to facilitate a comparison of amplitude trends. In this
vibration signal profile, the energy peaks appear three times in the frequency bands of
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0–50 Hz, 80–100 Hz, and 400–500 Hz, respectively. However, it is not possible to directly
determine which frequency bands represent the downhole water absorption process and
which frequency bands reflect the out-of-tube trenching situation via the spectrogram or the
individual formation vibration signal curve. Therefore, this paper proposes an innovative
method to cluster distributed fiber optic vibration signals using the K-means++ algorithm
to represent the vibration information of various flow types downhole by dividing the
frequency bands. Then, the stratification yield is further obtained by calculating the
waveform envelope area of the vibration signal curve representing the frequency band of
the fluid flow information.
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3.2. Vibration Signal Frequency Division Based on K-Means++ Algorithm

Fisher’s discriminant method is a linear discriminant method that can better distin-
guish individual totals based on the idea of analysis of variance and was proposed by
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Fisher in 1936. The discriminant method does not require any distribution of the totals.
Fisher’s discriminant method is a projection method, which projects the points in the
high-dimensional space to the low-dimensional space. It may be difficult to separate
the samples in the original coordinate system, and the difference may be obvious after
projection. Generally speaking, it is possible to project onto a one-dimensional space (a
straight line) first, and if the result is not satisfactory, to project onto another straight line,
thus constituting a two-dimensional space, and so on. A discriminant function can be
established for each projection.

Fisher’s discriminant method was calculated for the distributed fiber optic vibration
signal data from well A. The appropriate number of classifications was obtained as 3 classes.
The vibration signal data [X1, X2, · · · , Xm] after data preprocessing were subjected to K-
means++ clustering to obtain the effect graph shown in Figure 4.
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From the clustering results of the distributed fiber optic vibration signals in Figure 4,
it can be seen that the K-means++ algorithm roughly divides the frequency domain into
12–116 Hz, 116–275 Hz, and 275–512 Hz segments. The three types of clustered signals
are well distinguished between the clusters, the average similarity within the clusters is
high, and there are only a few discrete values in the very low frequency (0–12 Hz) signal
interval. Therefore, in this paper, the distributed fiber optic vibration signal spectrum of
well A is divided into three bands of 12–116 Hz, 116–275 Hz, and 275–512 Hz, which are
named vibration signal bands I, II, and III, respectively.

The amplitude reflects the signal strength, and the average value of the amplitude
of the vibration signals in the frequency bands I, II, and III was obtained to obtain the
vibration signal curves of each of the three frequency bands of the distributed fiber optic
vibration signals with the stratum, as shown in Figure 5 below:

As shown in Figure 5 above, the amplitude of the vibration signal in band I increases
with depth. The amplitude of the vibration signal increases steeply at 1913 m until it reaches
the peak at 1943 m, and then the amplitude decreases. The vibration signal of frequency
band II is stronger at the surface. The amplitude increases steeply at 1933 m and then
decreases to the normal gradient at 1953 m. The vibration signal of frequency band III is
more gentle and is least affected by the depth of the stratum. The same amplitude peak
exists in the depth section near 1943 m. Overall, the vibration signals of frequency bands I,
II, and III all reach the highest amplitude value at a depth of 1943 m. The vibration signal of
frequency band I has the strongest energy fluctuation, so it is presumed that the vibration
signal of this band contains information on downhole fluid flow. The vibration signal of



Processes 2024, 12, 721 7 of 15

frequency band II has a higher amplitude than the vibration signal of frequency band I near
the stratum, and the amplitude decreases gradually with an increase in depth and starts to
be lower than the vibration signal of frequency band I at a depth of 1893 m, so it is presumed
that the vibration signal of frequency band II represents the information of surface noise.
The vibration signal of frequency band III is always low in amplitude compared with
frequency bands I and II in the whole depth section, which is less influenced by the stratum
and is consistent with the characteristics of the high-frequency band vibration signal, so it
can be regarded as the base value of such a band vibration signal, i.e., background noise.
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From the above data processing, it can only be inferred that the vibration signal of
frequency band I contains the downhole fluid flow information, but it has not yet been
determined which frequency band represents the downhole water absorption process and
which frequency band can reflect the outside of the pipe trenching situation. Therefore, we
needed to use the above-mentioned clustering method to perform secondary clustering of
the vibration signal in frequency band I. The K-means++ clustering algorithm was set to 2.
The clustering results of the two frequency bands of the distributed fiber optic vibration
signal were obtained in the same way and named frequency bands 1 and 2, respectively, as
shown in Figure 6.

From the above, Figure 6 can be obtained from the secondary clustering of the fre-
quency band I vibration signal and divided into two intervals: 12–55 Hz and 55–116 Hz.
The second clustering interval was named as one class of classification points and two
classes of classification points, respectively. The vibration signal curves of one or two
categories of classification points with the stratum were also obtained in the same way as
the mean value of the amplitude, as shown in Figure 7.

In above Figure 7, the vibration curves of frequency bands 1 and 2 were obtained by
secondary clustering. The vibration curve of No. 1 is the amplitude mean signal in the
frequency band 12–55 Hz. The vibration curve of No. 2 is the amplitude rms signal in
the frequency band of 55–116 Hz. It can be seen that the vibration curves of frequency
bands 1 and 2 above 1913 m have similar vibration patterns, and the two curves almost
overlap. At a depth of 1913 m, the amplitude of the vibration curve of the No. 2 band
decreases to the local bottom, while the amplitude of the vibration curve of the No. 1 band
starts to increase steeply, and the amplitude of the vibration curve of the No. 1 band is
higher than that of the No. 2 band almost all the time after this depth. At a depth of 1943 m,
the amplitude of the vibration curve of the No. 2 band reaches the peak and intersects with
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the vibration curve of the No. 1 band. At a depth of 1952 m and 1955 m, the amplitude of
the No. 2 band vibration curve has been decreasing. At this time, the response signal of the
vibration curve of the No. 1 band still exists, which is expressed in the form of two local
peaks at depths of 1952 m and 1955 m, respectively. Accordingly, it is inferred that there
is an extraneous flume in well A from 1913 m to 1955 m, and the vibration signal of the
frequency band I contains the information of the downhole flume. The vibration curve of
frequency band 2 indicates the reservoir flow signal, and the amplitude reaches the peak at
1943 m, where the main water absorption layer is.
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In summary, the vibration signal data from well A are divided into frequency bands
(see Table 1 for details), and the corresponding spectrograms can be obtained (see Figure 8).
Among them, the ultra-low frequency signal (0–12 Hz) reflects the flow of fluid along the
casing in the wellbore, while the low-frequency signal (12–55 Hz) reflects the flow through
the injection section, the damaged area of the wellbore casing, and the aperture of the
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fracture in the cement ring. The medium-frequency signal (55–116 Hz) mainly reflects the
flow of the reservoir, while the high-frequency signal (above 116 Hz) mainly represents the
surface noise or background noise.

Table 1. Comparison of filtering effects of different denoising algorithms.

Number Vibration Source Vibration Signal Pattern Frequency Range Remarks

1 Flow in the tube Longitudinal strips Less than 12 Hz Full well section distribution.

2 Out-of-pipe run-off
(cement run-off channel) Longitudinal strips 12–55 Hz

Extends fading to both sides
from the shot hole section and

can be identified in combination
with well temperature.

3 Reservoir fluid flow Horizontal strips 55–116 Hz

It is related to the pore size,
fracture angle, and openness and
generally has a short extension,

which may be divided into
reservoir pore flow and reservoir

fracture flow.

4 Surface noise No fixed form 116–275 Hz
The amplitude is strongest at the

surface and extends
underground to fade away.

5 Background noise No fixed form Greater than 275 Hz High-frequency signals.
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As shown in Figure 8 above, the A zone is in the 0–12 Hz band. The vibration signal
in this zone is in the form of a longitudinal strip and is distributed throughout the well
section, indicating the flow of fluid in the wellbore. The vibration signal in this zone is also
in the longitudinal band and starts to fade to both sides from a depth of 1943 m. The strong
vibration signal in this zone indicates the possible existence of cement ring trenching. The
vibration signal in this zone has both transverse and longitudinal forms, the amplitude of
the vibration signal is strongest at the surface in combination with the whole well, and the
energy gradually decreases as the depth increases. In actual production, the well accurately
determined the location of the leak point and the reservoir condition by combining the
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shut-in data and the open hole temperature, which was consistent with the above analysis
results. This shows that the results of the K-means++ algorithm, by dividing the frequency
bands to represent downhole events, have good correspondence with the actual production
situation, and the method has good feasibility.

3.3. Production Estimation Analysis

The amplitude of the vibration signal is related to the flow rate, density, and viscosity
of the fluid. Therefore, by analyzing the amplitude of the vibration signal, information
about the downhole fluid motion can be obtained and, thus, the production of the well can
be estimated [38,39].

Taking the actual production well B as an example, the completed drilling depth of
well B is 1615 m, the inner diameter of the casing is 139.7 mm, the inner diameter of the
tubing is 62 mm, the shot hole segments are all sandstone reservoirs, and the measured well
section is 1282–1435 m. The measurement time is from 11:23:15 on 9 July 2022 to 10:51:36
on 10 July 2022, and the measured frequency domain is from 0 to 512 Hz. The distributed
fiber vibration signal is converted into a spectrogram, and the vibration signal is divided
into frequency bands using the K-means++ algorithm, as shown in Figure 9.
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In Figure 9, the distribution of the vibration signals in zone A indicates the flow of
fluids in the wellbore. Zone B shows longitudinal stripes at a depth of 1295–1430 m, and
the intensity of the vibration signals in the upper part is greater than that in the lower
part, which is judged as flow noise outside the tubing and may be a cement ring fugitive
groove and mainly upward fugitive flow, with less fugitive flow in the lower part. Zone C
shows horizontal stripes at 1354 m, 1381 m, and 1419 m. The vibration signal of the lateral
stripes is judged to be the water absorption of the injection layer at 1354 m, the main water
absorption at 1354 m, and less water absorption at 1381 m and 1419 m.

For well B, several other different clustering methods were compared. The specific
frequency band range is shown in Table 2. Figure 10a demonstrates the K-means clustering
used in this article, Figure 10b is K-medoids clustering, Figure 10c is hierarchical clustering,
and Figure 10d is spectral clustering. In analyzing the clustering methods, K-means
clustering is especially suitable for handling large datasets due to its efficiency and ease
of implementation. Regarding the DAS clustering effects and comparing them with the
production experience, Figure 10a shows that K-means clustering accurately categorizes
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the flow within the pipe. It is evident that at frequencies below 12 Hz, the distribution is
consistently maintained from start to finish, while the classified leak frequency bands are
only at mid-depth. Regarding the aspect of frequency division, Figure 10b’s K-medoids
clustering combines the flow within the pipe and leaks; Figure 10c’s hierarchical clustering
also only segments part of the flow within the pipe frequencies and combines some of the
flow with some leaks; Figure 10d presents satisfactory results for the division of flow within
the pipe and a more detailed classification of leaks. However, in actual production, such
detailed distinctions of leaks are not created because the impact of different types of leaks at
different frequency bands is the same. Notably, Figure 10b accurately classifies the surface
noise, but since it is within an ineffective frequency band, these frequencies outside the
reservoir fluids are not considered in actual production calculations. Upon comprehensive
comparison, the advantages of K-means clustering become distinctly apparent.

Table 2. Division results of different clustering methods.

Number K-Means K-Medoids Hierarchical Clustering Spectral Clustering

1 Less than 12 Hz Less than 34 Hz Less than 2 Hz Less than 11 Hz

2 12–55 Hz 34–54 Hz 2–4 Hz 11–23 Hz

3 55–116 Hz 54–107 4–6 Hz 23–32 Hz

4 116–275 Hz 219–257 Hz, 418–432 Hz 6–34 Hz 32–51

5 Greater than 275 Hz 107–219 Hz, 257–418 Hz,
Greater than 432 Hz Greater than 34 Hz Greater than 51 Hz
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It is known that the C-zone frequency band 55–116 Hz represents the reservoir fluid
flow (Figure 9), and the corresponding vibration signal curve is obtained by averaging the
amplitude for each depth point in this frequency band, as shown in Figure 11 below.
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The envelope area of the main water absorption layer positions in the vibration signal
curve was integrated and the water absorption was assigned according to the size of the
envelope area of each layer, as shown in Table 3.

Table 3. Shot hole data interpretation table.

Number Well Section (m) Thickness (m) Porosity (%) Permeability
(mD)

Relative Water
Absorption

(%)

Layer Relative
Yield (%)

1 1345.6–1348.1 2.5 22 128 3.9 3.3
2 1351.7–1353.6 1.9 21 103 4.6 4.2
3 1355.4–1361.7 6.3 22 116 9.9 10.0
4 1363.4–1365.3 1.9 20 87 2.3 2.2
5 1377.9–1385.0 7.1 21 91 4.8 5.7
6 1387.4–1391.2 3.8 18 45 2.3 2.3
7 1392.2–1394.1 1.9 23 159 0.5 0.9
8 1399.0–1404.8 5.8 18 55 1.3 1.4
9 1415.3–1424.8 9.5 20 75 8.9 8.3

According to the well logging interpretation results of well B shown in Table 2, the
fourth and fifth columns are borehole well interpretation data of porosity and permeability,
respectively. By dividing the vibration signals in the frequency domain and calculating the
envelope area of the vibration signals in each frequency band, the relative yield of the layer
obtained was compared and analyzed with the relative water absorption data interpreted
from the original production logging of the well. The results show that the interpreted
results between the layers have good correspondence. Therefore, it can be concluded that
the method of production interpretation by dividing the frequency bands of the distributed
fiber optic vibration signals has high accuracy and can solve the problems in the actual
production process. The method provides a quantitative basis for the interpretation of the
production distribution among the layers.
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4. Discussion

The practicality analysis shows that the method of observing the time–frequency
diagram of a vibration signal has guiding significance for practical applications. And, there
is a large blind spot in guiding practical applications based on the spectrum diagram alone.
Therefore, in order to better guide the practical application, this paper proposes the idea
of using the K-means++ algorithm to segment the vibration signals in frequency bands
and extract the characteristics of vibration signals in different frequency bands to represent
various event types in the well. It was found that the amplitude of the distributed fiber optic
vibration signal is related to the flow rate size, while the frequency depends on the channel
aperture. The fluid flow along the wellbore casing is represented in the spectrogram as
ultra-low frequency (0–12 Hz) signals. Low-frequency (12–55 Hz) signals indicate the flow
through the shot hole section, the damaged part of the wellbore casing, and the fracture
aperture in the cement ring. Medium-frequency (55–116 Hz) signals contain the reservoir
flow information, while high-frequency (above 116 Hz) signals correspond to the surface
noise or background noise. A new vibration signal curve is constructed by calculating the
average value of the amplitude of the frequency band that represents the fluid flow in the
reservoir. Then, the curve is integrated to find the envelope area, and the relative yield
of each layer can be obtained. The comparative analysis of experimental data and actual
logging data proves that the method has good practicality and accuracy.

Distributed fiber optic vibration signal logging data processing and interpretation
methods are based on the actual application environment; the disturbance signal is complex
and diverse so only a small number of vibration signal types can be selected and have a
characteristic degree of differentiation. In addition, distributed fiber optic vibration signal
logging flow interpretation for multiphase fluids, especially oil, gas, and water, results in
greater difficulties, so the interpretation method is mainly for single-phase fluids.

5. Conclusions

This paper introduces the basic principle and K-means++ algorithm of a distributed
fiber optic vibration sensor. At the same time, to address the problem of blindness when
the spectrum map guides the practical application, this paper proposes to segment the
vibration signal frequency bands using the K-means++ algorithm and extract the vibration
signal characteristics of different frequency bands to indicate various event types in the
well. The relative production of each layer is indicated by finding the envelope area of
the vibration signal curve indicating the frequency band of reservoir fluid flow, and the
method has good practicality and accuracy in comparison with actual logging data.

Since the selected vibration signal types are fewer and have feature differentiation, a
richer vibration dataset needs to be established to meet more complex and variable practical
application scenarios in subsequent research. At the same time, the pattern recognition
algorithm needs to be continuously optimized to improve the recognition accuracy and
reliability of the algorithm.
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