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Abstract. Vibroseis seismic acquisition technology is a method of acquiring seismic data utilizing
correlation technology. Specifically, the seismic single shot record is obtained through correlation
between the reference signal and the mother record. Specifically, the seismic single shot record is
obtained through correlation between the reference signal and the mother record. Specifically, the
seismic single shot record is obtained through correlation between the reference signal and the
mother record. In line with pertinent technical regulations, greater correlation between the two
signals equates to superior correlation outcomes. The reference signal is transmitted to the surface
via the vibration of the vibrating plate. This is achieved using the vibroseis machine. However, due
to the coupling relationship between the vibrating plate and the surface, the vibration signal output
by the former is not equivalent to the vibration signal received by the latter. Consequently, the
correlation between the reference signal and parent record fails to procure the best correlation result.
In this paper, a technique is presented for establishing a correlation between the surface vibration
signals captured by the geophone in proximity to the vibroseis and the reference record. This
approach improves the quality of the correlated single shot, and holds significant potential for broad
dissemination.

Keywords: vibroseis, geophone data, mother record, signal-to-noise ratio

1. Introduction
Vibroseis seismic acquisition technology is an essential technique for acquiring land seismic data. It offers
numerous benefits over explosive sources, such as enhanced safety and environmental protection, higher
efficiency, controllable excitation frequency, and lower construction costs. As such, it has been widely
adopted in land seismic exploration. The fundamental principle of this method is to employ a theoretically
designed scanning signal, i.e. a reference signal, to stimulate the vibroseis. The initial record is gathered via
field acquisition, followed by the correlation of the reference signal with said initial record to compact the
seismic waveform. This process yields a single shot seismic record of the vibroseis. The formula is as
follows:
S(t) W(t)=X(t) (1

In the equation, S(t) serves as the reference signal, W(t) acts as the master record of collected data, and

X(t) is the symbol used for calculating a single shot record.
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According to relevant technical principles, the correlation effect is improved by higher correlation
between the wavelets in S(t) and W(t). To this end, a geological model (Fig. 1) was established for
theoretical simulation testing. The second signal (Fig. 2a) is employed for forward modelling in order to
procure the parent record (Fig. 2b). The two forms of correlation singular shots (Fig. 2¢c-d) are then acquired
through the correlation of the two scanning signals (Fig. 2a) with the parent record separately. The results
of the test indicate that the quality of the individual shot (Fig. 2¢) improves when obtained through the
correlation of the No. 2 signal against the mother record. The energy of the in-phase axis concentrates more,
and the correlation noise decreases. Conversely, when using the No. 1 signal to correlate with the mother
record, the resulting individual shot record (Fig. 2d) shows poor energy concentration and generates more
correlation noise. The reason for this is that the No.2 signal corresponds perfectly with the wavelet in the
mother record, resulting in the highest correlation between the two signals and thus a superior correlation
effect. Conversely, the No.1 signal differs from the wavelet in the mother record resulting in a weaker
correlation process and less effective correlation effect. Therefore, after analyzing the relevant technical
rules, it was found that the correlation effect is better when the signal S (t) is closer to the wavelet W (t) in
the mother record. This means that when the signal related to the mother record is more similar to the
wavelet signal, the correlation effect improves. Abbreviations such as S (t) and W (t) have been explained
when first used. Additionally, the language used is clear, concise and objective, and conforms to the
principles of academic writing, including conventional structure and balance.
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Figure 1. Geological model.
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Figure 2. Theoretical simulation analysis.

In practical applications, due to mechanical factors related to the vibrator, the vibration signal output
from the vibrating plate may vary slightly from the input reference signal. Hence, a proposed method of
acquiring the force signal (the true vibration signal output from the actual vibrating plate) is necessary for
accurate measurements. Using the force signal as S(t) to correlate with W(t) could, in theory, result in better

a.scanning signal
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single shot recordings, prompting a theoretical simulation test. Figures 3 (a-b) and 4 (a-b) show that while
the force signal differs from the reference signal and more accurately reflects the output vibration signal of
the vibroseis, there is no significant difference between the single shot recordings acquired through the
correlation of the two signals and the original recording. It is evident that the implementation of force signals
does not provide a significant enhancement in the quality of related recordings. Currently, force signals
predominantly serve to examine the suppression of harmonic interference.
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a. reference signal  b. force signal c. geophone record signal
Figure 3. Schematic diagram of the signal.
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Figure 4. Signal frequency spectrum.
Therefore, the author poses a question: Does the vibration signal received by the surface match that of
the vibrating plate, despite the reference signal being different due to mechanical transformation of the
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source? The answer is negative. The vibrating plate and the ground are not fully connected, and their
coupling is a process that reduces the vibration signal's frequency (Fig.4). This process is defined by the
following formula:

F(t) * A(t) =D(t) (2)

In the equation, F(t) represents the force signal, A(t) denotes the coupling relationship between the
vibrating plate and the ground surface, D(t) is the actual vibration signal produced by the ground surface,
and * symbolizes the convolution operation.

Based on the analysis, it is evident that the quality of a single-shot recording obtained by correlating the
actual vibration signal produced by the surface with the reference recording is superior to that obtained by
correlating the reference signal, force signal, and reference recording.

2. Trial calculation of actual data

In this study, the vibration signal on the surface recorded by the geophone in proximity to the vibroseis
(15m) (Fig. 3c) is deemed to be the representation of the actual surface signal. To guarantee a conducive
coupling relationship with the surface, the embedding of the geophone must be secure and uniform.

As the geophone and vibroseis have a specific distance separating them, the recorded length by the
geophone tends to exceed the scanning signal length of the vibroseis. Thus, to ensure accurate correlation,
it is crucial to rectify the geophone's recorded signal before proceeding with the correlation. This is followed
by correcting the recorded signal of the geophone according to the calculated time difference. Firstly, a time
difference is calculated by employing the surface velocity and distance between the vibroseis and geophone.
Secondly, the detector's recorded signal is intercepted for an equal duration as the reference signal.

Although the detector's vibration signal scanning length and initial arrival time are the same as the
reference signal after the above correction, the signal components are more complicated and unsuitable for
direct correlation. Based on the analysis of the simulation test, when the seismic wave generated by the
source vibration reaches the detector, the vibration signal is transmitted underground. As the signal
approaches a shallow wave impedance boundary, such as the position transmitted at 1 second, it reflects and
is received by the detector. The signal received by the detector therefore contains both the surface vibration
signal and the reflection information from the subsurface (Fig. 5). Extracting the true surface vibration signal
from the complex signal received by the geophone is a fundamental problem that needs to be solved. To
solve this problem, the reference signal is correlated with the signal received by the detector (Fig. 5¢) to
produce Figure 5d, which allows the true surface vibration signal to be determined.

[; ——y

=77

U LG

fi

I LG

[l $—

] LG

(i

U] L

[ i ™

0y

[ e i

ﬂ]l] 0

. 5t .
a.ground vibration signal  b.reflected signal ~ c.geophone signal  d.related records e.extracted surface vibration signals
Figure 5. The process of extracting surface vibration signals.
This method is used to check the actual data. The geophone signal is related to the reference signal, only
the first arrival part is selected and the rest is discarded, and the first arrival wave is inversely transformed
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back to the 'longer' surface vibration signal (Fig.6). The extracted real surface vibration signal is correlated
with the mother record to obtain a single shot.
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a. related records b. extracted surface vibration signals
Figure 6. Extraction of actual data.

The experimental calculation shows that the surface vibration signal recorded by the geophone is
correlated with the mother record, and the signal-to-noise ratio and resolution of the single shot record are
significantly higher than those obtained using the reference signal and the force signal. Firstly, the first
arrival is clearer. The interference wave at point A of the single shot recording (Fig.7a) associated with the
mother recording using the reference signal is no longer present in the associated single shot recording
(Fig.7c) obtained using the surface vibration signal recorded by the geophone. Secondly, the energy and
signal-to-noise ratio of the target layer are significantly improved and the target layer is clearer. Considering
the fact that the single shot recording (Fig.7b) obtained by using the force signal to correlate with the parent
recording is similar to the single shot recording (Fig.7a) obtained by using the reference signal to correlate
with the parent recording, there is no significant difference. Therefore, in the following comparative analysis,
only the reference signal, the geophone recording signal and the mother recording are compared and
analysed.

a. reference signal, b. force signal, c. ground vibration signal recorded by geophones
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Figure 7. Single shot recordings related to the parent recording using different signals.

It can be seen from the enlarged display of the automatic gain section (Fig.8) that the single shot record
obtained by using the reference signal to correlate with the mother record has more noise and reduces the
signal-to-noise ratio of the single shot, while the single shot record obtained by using the geophone record
to correlate with the mother record has a higher signal-to-noise ratio and less correlation noise.
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Figure 8. AGC display of single shot records in relation to the parent record using different signals.

It can also be seen from the multi-frequency scan (Fig. 9) that the single shot record obtained by
correlating the surface vibration signal recorded by the geophone with the mother record is significantly
better than the single shot record obtained by correlating the reference signal in different frequency bands.

2.5

3.0

35

4.0

Figure 9. Two types of records (30-60Hz) filter display.
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From the quantitative analysis of the signal-to-noise ratio of the two methods (Fig.10), it can be seen that
the single shot correlation using the geophone to record the surface vibration signal is higher than the single
shot correlation using the reference signal.

a b

Figure 10. Quantitative analysis of signal-to-noise ratio.
From the comparison and analysis of the profiles obtained by the two methods (Fig. 11), the profiles
obtained by using the geophone to record the surface vibration signal, the reflection of each layer is clearer
and more continuous, and the signal-to-noise ratio is obviously improved.
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a. reference signal b. ground vibration signals
Figure 11. Sectional comparison of two methods.

3. Conclusion

The closer the correlation signal is to the wavelet in the mother dataset, the better the quality of the
correlation single shot, the higher the signal-to-noise ratio and the higher the resolution.

Compared to the reference signal and the force signal, it is closer to the wavelet in the mother data set.
It can improve the signal-to-noise ratio and resolution of the corresponding single shot, improving the
quality of the single shot and helping to improve the imaging effect of seismic data. Using the geophone
recording signal near the vibroseis to approximate the actual vibration signal generated by the surface,
compared with the reference signal and the force signal, it is closer to the wavelet in the mother record.
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