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Abstract 

Static correction is a key technology in seismic data processing. The effect of static 
correction depends on the accuracy of first arrivals, but it is often difficult to accurately 
identify and pick first arrivals in low signal-to-noise ratio areas. Facing the latest 
requirement of the oilfield company to pick up the first arrival point, KLseisII 
independently developed the seismic first arrival picking technology based on the 
energy ratio method, aiming at the massive data in the low signal-to-noise ratio area, it 
can not only quickly pick up the first arrival time, but also improve the picking efficiency. 
Moreover, it can realize the direct pick-up of the jump-off point, meet the calculation 
accuracy of the inversion of the superficial velocity model and the static correction 
amount, and achieve good results. 
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1. Introduction 

The first arrival picking is a very important step in the processing link, which directly affects the 

calculation of the static correction and the accuracy of the inversion of the superficial velocity model. 

The ideal wavelet is a sharp pulse, and the position of the pulse represents the first arrival time. The 

zero-phase wavelet peak position coincides with the first arrival time, the seismic trace is the smallest 

phase wavelet, its peak is different from the real first arrival time, and the starting point position 

coincides with the first arrival time [1]. 

At present, the processing system used in production can only pick up the wave peak at the first pick-

up, and cannot directly pick up the take-off point. The pickup accuracy is high, but the efficiency is 

extremely low and it is seriously interfered by human subjective factors; the second is constant pickup, 

which time-shifts the wave peak. The accuracy is low and it is difficult to meet the production 

requirements; the third is to perform waveform fitting to fit the wave peak to the starting point position, 

which can achieve the expected effect and fully meet the production needs. The signal-to-noise ratio 

is extremely low, and it is seriously affected by noise. It is difficult to pick up the peaks at the 

beginning of the whole process. After waveform fitting, many abnormal points are generated, and the 

effect is lacking [2.3]. 

2. Key Principles and Technical Analysis 

KLSeisII first-arrival picking software has three independent research and development characteristic 

technologies: real-time time window space interpolation technology in quadrant, automatic picking-

up first-arrival technology, abnormal first-arrival evaluation and correction technology. 
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2.1 Sub-quadrant Real-time Window Space Interpolation Technology 

The multi-domain time-window space interpolation technology is adopted to easily and quickly 

determine the time-window range of the first-arrival wave, and four quadrants are used to precisely 

control and guide the time-window range of the first-arrival wave. The speed of the left and right 

arms of a single source varies greatly, and the definition of the time window is more reasonable and 

accurate. At the same time, the control points are appropriately added on different terrains, and the 

space-varying time window is interpolated in real time, which lays the foundation for the accurate 

pickup of the first arrival time. The window selection is shown in Figure 1 [4]. 

 

 

 

Figure 1. Multi-quadrant definition time window(bottom), 3D full work area time window control 

point(top) 
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2.2 Automatic Picking First Arrival Technology 

2.2.1 Pick up Peaks and Valleys 

The energy ratio method is based on the energy difference characteristics in the time window before 

and after the first arrival of the seismic record, where the time window is a fixed amount of time, and 

the calculation formula is converted into the number of sampling points according to the sampling 

rate. The basic formula of the energy ratio method: 
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In the formula, R is the ratio of energy before and after the time window; x(t) is the amplitude value 

of the seismic record, T1 is the start point of the time window, T2 is the end point of the time window, 

A is the relative energy of a seismic trace, and N is the seismic trace used. number of samples. 

On the seismic trace, set the sampling point as the calculation time window, divide the seismic records 

into time window lengths of equal length, calculate the energy in the two time windows respectively, 

and obtain the energy ratio, and then bring the energy ratio formula into the energy ratio curve, 

According to the set threshold value, the approximate first arrival time of the seismic record is 

obtained [5]. 

The working principle of the sliding time window is that it moves from the beginning of the track to 

the end of the track. Every time the time window moves, the energy size ratio of the front and rear 

time windows is calculated, and the sampling point with the largest amplitude is found. Approximate 

arrival time.[6].The selection of the time window will directly affect the picking accuracy. The length 

of the time window has a great relationship with the sampling rate of the data. Different time window 

lengths will result in different picking results. Improper selection of the time window will affect the 

picking accuracy of the first arrival, resulting in a large number of Error fly point. 

After the approximate position of the first arrival is obtained on the energy ratio curve, a precise 

search is performed near this position with ten sampling points as the search length,and constraints 

are set. If the constraints are met, it is regarded as the real first arrival, and the precise peak position . 

Similarly,the trough position can be obtained [7]. 

 

 

Figure 2. Energy ratio curve (bottom) of actual seismic trace (top) 
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From the analysis in Figure 2, through the improved energy ratio formula, the interference of the 

continuous wave is effectively avoided, and the random interference before the first arrival is 

suppressed to a certain extent. 

Preliminary picking with clustering algorithm, on the basis of using energy features to characterize 

the original seismic data, the variance (or expectation) of the mean value of the sampling points is 

also selected as the characteristic function of the data, which can effectively separate the signal and 

noise, and improve the picking up on a single track. Accuracy of the first arrival wave, and at the 

same time use the waveform and energy of the adjacent traces to make the abnormal first arrival with 

large jumps to return [8]. 

 

 

Figure 3. Single-track seismic record (upper) time window data (middle) mean point classification 

(lower) 

 

From the analysis in Figure 3, for the first arrivals with low signal-to-noise ratio, due to the influence 

of random noise before the arrival of the first arrivals, it is difficult to determine the demarcation 

point between the noise and the signal. Picking, on the basis of using energy features to characterize 

the original seismic data, also selects the variance (or expectation) of the mean value of the sampling 

points as the characteristic function of the data, which can effectively separate the signal and noise 

and improve the accuracy of picking up the first arrivals on a single track. , and at the same time use 

the waveform and energy of adjacent traces to make the abnormal first arrivals with large jumps to 

homing. For low signal-to-noise ratio first arrivals, it is difficult to determine the noise due to the 

random noise before the first arrivals arrive [9]. 

2.2.2 Picking up the Jumping Point 

Accurately picking up the jump-off point is based on picking up accurate peaks and troughs. The time 

difference between the jump-off point of the first arrival and the peak point of the first arrival is 3/4 

of the cycle of the first arrival wave, so it is the key to determine the position of the peak and trough. 

and then determine the period of the wavelet, and move the first arrival forward by 1/4 of the period, 

which is the starting point. 

2.3 Automatic Pickup Abnormal First Arrival Evaluation and Correction Technology 

After the first arrivals are initially picked up, due to the influence of serious interference, the first 

arrivals of some tracks are incorrectly picked up. If these data values are put together with the normal 

first arrivals for statistical analysis, the accuracy of the geological information results may be affected. 

At this time, if the abnormal first arrival can be eliminated, the result can be more in line with the 
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objective underground situation, but if the suspicious first arrival is within the allowable range of 

error and is discarded, important underground information may be ignored. Therefore, the important 

problem at present is how to establish a criterion for identifying abnormal first arrivals, and accurately 

determine whether suspicious first arrivals are abnormal and should be eliminated, so as to obtain 

reliable first arrivals. 

Based on this, a multi-angle "single track→single arrangement→single shot" is proposed to judge the 

reliability of the first arrivals picked up to determine the abnormal first arrivals. 

2.3.1 Evaluation of Single-track First-arrival Quality based on Waveform Area Method 

Taking the picked first arrival as the reference point, if the peak is picked, calculate the average value 

of the positive waveform area of the wavelet where the first arrival and the two nearest peaks are 

located. The corresponding average values are A0, A1, and A2 respectively. If the ratio A1/A0 of the 

average value of the waveform area of the peak and the first arrival or the ratio A1/A0 of the average 

value of the waveform area of the lower peak and the first arrival is greater than the given threshold 

(1+δ) (δ>0), then the first arrival is When the abnormality first arrives, the parameter δ is adjusted 

according to the signal-to-noise ratio of the data. If the signal-to-noise ratio of the data is relatively 

low, δ takes a value less than 1, otherwise, δ takes a value greater than 1. Suitable for strong 

interference noise channel (single channel). 

 

 

Figure 4. Seismic trace 

2.3.2 First-arrival Evaluation of Single-arrangement Phases based on Permutation And Combination 

The arrival time of the first arrival wave on the common shot record changes continuously with the 

offset, so the first arrival of adjacent traces will not have a relatively large jump, which provides a 

basic criterion for abnormal point detection. However, for areas with large changes in the geological 

structure near the surface, resulting in large changes in the thickness and velocity of the low-velocity 

zone, the first arrivals of adjacent traces are no longer linear, so linear sliding linear fitting cannot be 

used to predict anomalies. First arrival. Based on this, the permutation and combination method is 

used to discriminate the first arrivals of a single permutation anomaly. 

Select any source, and calculate the average value ω of the first arrival time difference between 

adjacent tracks of the reference source, as shown in the following formula, where m is the total track 

number of any source: 

 

�̅� =∑
|𝑡𝑖 − 𝑡𝑖−1|

𝑚 − 1

𝑚

𝑖=2
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Figure 5. Single source arrangement (partial) 

 

For any track of any source to be picked up, use the arrangement and combination to calculate the 

relationship between the track and the adjacent neighbors, and calculate the difference between the 

average values of each combination. 

 

|𝑡𝑖 − 𝑡𝑗| < 𝛼 ⋅ �̅� 

 

Among them, ti is the discriminant channel, tj is the selected adjacent channel, and ɑ is the given 

threshold value. 

If it is satisfied, it is reliable. Repeat the above calculation on the common shot gather to judge the 

credibility of the first arrival of each trace. 

This method is mainly used to delete abnormal first arrivals with large adjacent first arrival jumps. 

2.3.3 Evaluation of the First Arrival Quality of the Same Shot based on Normal Distribution 

The remaining anomalous first arrivals have a certain continuity with the adjacent traces. For such 

anomalous first arrivals, the adjacent arrangement of single shots can be used to discriminate. 

 

 

Figure 6. Orthogonal observation system 

 

Rotate the receiving line according to the position of the source line, so that the source line and the 

receiving line are orthogonal, with the source point as the origin, the receiving line as the horizontal 

direction, and the source line as the vertical direction, and distribute the receiving points to the four 
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rectangular coordinate systems respectively. quadrant area. The first arrivals at the same offset are 

selected for each receiving line in each area, and the first arrival times are t1, t2...ty, y is the number 

of receiving lines, and the mean and variance of the group are calculated, if they satisfy: 

 

|𝑡̅ − 𝑡𝑖| > 2𝜎 

 

The mean t and the standard deviation σ of the first arrivals, ti is the discriminant track, if the equation 

is satisfied, then the track is the first arrival of the first arrival abnormally, and the first arrival of each 

track is discriminated in each area, and the abnormal first arrival can be automatically eliminated. 

This method is used to delete abnormal first arrivals with good continuity in a certain arrangement. 

As shown in Figure 7-8, Combined with the basic idea of ant colony algorithm, an improved method 

for identifying first-arrival waves of earthquakes following ants is proposed, which uses reliable first-

arrivals to ensure that the picked-up first-arrivals belong to the same horizon. The human intervention 

in the first-arrival picking process has significantly improved the efficiency of the first-arrival picking 

of seismic data. 

 

 

Figure 7. Before correction (left) and after correction (right) 

 

 

Figure 8. Before correction (left) and after correction (right) 
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2.3.4 Technical Process 

In summary, the technical process of KLseisII is shown in the figure 9. 

 

 

Figure 9. technical process 

3. Application Case Analysis 

The KLseisII first-arrival picking technology was applied in a three-dimensional work area in Tarim, 

Xinjiang, and a single shot in a complex mountain area was selected for effect comparison analysis. 

First-arrival picking in complex mountain areas will combine automatic picking, first-arrival quality 

evaluation, and secondary picking. 

 

 

Figure 10. First arrival picking process 

 

As shown in Figure 10, after one automatic pickup, the noise is relatively developed, and there are 

many abnormal points in the first shot of a single shot. Remove outliers completely. 
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Figure 11. peak pickup + manual modification + time shift effect(upper)KLseisII's first arrival 

pickup effect(lower) 

 

 

Figure 12. peak pickup + manual modification + time shift effect(upper)KLseisII's first arrival 

pickup effect(lower) 

 

As shown in Figure 11-12, it can be seen from the comparison of the single-shot pickup effect that 

the KLseis automatic pickup has stronger pickup ability and higher pickup accuracy for the take-off 

point. 

In terms of efficiency, in a 3D work area in Tarim, comparing the efficiency of KLseisII automatic 

first-arrival pick-up and automatic peak-picking + manual modification + time-shifting, the total 

explosive source in this work area is 70,000 shots, and KLseisII automatic first-arrival picking only 

takes two days. It takes 3 people 15 days to complete the automatic peak picking + manual 
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modification + time shift, and the picking efficiency of the former is much higher than that of the 

latter. 

4. Conclusion 

KLseisII first-arrival picking software, compared with the previous picking methods, can better 

effectively pick up the first-arrival point, and at the same time can realize the direct pick-up of the 

take-off point, and has a certain anti-noise ability, which can effectively pick up areas with relatively 

high signal-to-noise ratios the first arrival. 

For areas with low signal-to-noise ratio, a secondary picking method can be carried out on the basis 

of one-time automatic picking, and on the basis of accurate first-arriving and first-arriving picking, 

first-arriving quality evaluation and correction can be performed to effectively filter out abnormal 

points. First-time pick-up has profound significance for seismic data processing. On the basis of 

existing technology, continuous innovation is needed to meet the precision requirements of seismic 

data processing. 
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