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A superior seismic data preprocessing technique to improve the 1 

resolution of surface wave velocity spectrums 2 

Abstract 3 

A high-resolution surface wave velocity spectrum, also known as dispersion image, is 4 

of paramount importance for any seismic survey to accurately predict subsurface earth’s 5 

properties. The presence of diversified noise in the field acquisition and dissimilar attenuation 6 

due to mechanical and radial damping makes it challenging for different wavefield 7 

transformation algorithm to produce a detailed and precise velocity spectrum. Standard seismic 8 

data preprocessing technique like trace normalisation or bandpass filter fails to address all 9 

issues appropriately. Here we have presented a new superior preprocessing technique that can 10 

eradicate most of the shortcomings adequately. Experimental field data and published results 11 

are used to demonstrate the accuracy of the proposed method. The proposed method also found 12 

to produce superior results when compared against the popular commercially available 13 

software package Surfseis 6. Overall, the proposed method improves the quality of the velocity 14 

spectrum significantly, and it produces a sharper dispersion image even for the extremely noisy 15 

data. The work presented here enhances our ability to interpret the surface wave data precisely 16 

and help explore accurate properties of the subsurface earth. 17 

Introduction 18 

Surface waves such as Rayleigh or Love waves get generated in the elastic half space 19 

from disturbances due to natural events like earthquake, tsunami, landslide etc., or from 20 

disruption due to man made events like blasting, construction activities and vehicular 21 

movements. The Rayleigh wave attenuates much slowly compared to body waves but carries 22 

almost 67% of the source’s input energy1. Therefore, surface waves are an excellent choice for 23 

exploring the earth’s properties up to a shallow depth. The surface waves based tests are 24 



relatively simple, non destructive in nature, cost-effective and considerably faster when 25 

compared to conventional testing methodologies like SPT, seismic cross-hole, up-hole and 26 

down-hole test etc. The surface wave testing technique can be divided into three major parts: 27 

namely, i) the acquisition of experimental field record with the help of geophones, ii) 28 

processing the field data to obtain the experimental dispersion image, and iii) performing 29 

inverse analysis to predict the subterranean earth’s properties2–4. Many wavefield transforms 30 

available to generate high resolution multimodal dispersion image from the field seismogram 31 

data with varying degree of accuracy. The two dimensional Fourier transform or frequency-32 

wave number (f-k) transform5,  the slant stack transform or time intercept-phase slowness (τ-p) 33 

transform6, Park’s wave field transform or phase shift method (−c)3 and high-resolution linear 34 

Radon transform (HRLRT)7, are few prominent ones. Park’s −c method is currently the most 35 

popular choice among researchers due to its high accuracy3 and ability to generate relatively 36 

high-resolution dispersion plots especially when limited numbers of traces and offset range is 37 

used3,8–10.  The f-k transform and, to an extent, the τ-p transform has broader application and 38 

are readily available as an inbuilt toolbox among all the coding platforms. Past researchers have 39 

demonstrated the phase-shift method’s superiority over f-k and τ-p transform3,8,9. Even after 40 

applying different processing techniques,  f-k and τ-p transform failed to produce a velocity 41 

spectrum on par with the phase-shift method3,8. A relatively recent development is high-42 

resolution linear Radon transform (HRLRT) which reported producing a relatively sharper 43 

velocity spectrum than the phase shift method 7,11,12. However, the HRLRT is a computationally 44 

expensive method and it also struggles when poor quality data is used. To this end, we propose 45 

a superior seismic data preprocessing technique that can be easily implemented for any 46 

wavefield transformation method. The potential outcomes are, (i) the proposed technique 47 

normalises each traces against dissimilar attenuation due to mechanical and radial damping, 48 

(ii) superior handling of field data contaminated by noise, and (iii) it eliminates the primary 49 



shortcomings associated with different wavefield transformation algorithm, thus produces 50 

superior velocity spectrum. The proposed technique is simple, and it can be easily 51 

implemented.  To illustrate the efficacy of the proposed technique, experimental and published 52 

results were compared. The proposed method produced a significantly better result for the f-k, 53 

τ-p method even for the extremely noisy data. Furthermore, using HRLRT,  the proposed 54 

method produced a superior result against the latest version of commercially available software 55 

Surfseis 6, which uses its own processing tool and traditional trace normalisation. The proposed 56 

scheme unable to improve the quality of the dispersion image for the phase shift method, which 57 

is known to be insensitive towards the data preprocessing technique8. 58 

Improvement for f-k and  τ-p method 59 

The present consensus among geophysicists is that the −c  method generates far 60 

superior dispersion image compared to f-k transform and τ-p transform. Against this long-61 

cherished belief, the proposed preprocessing technique enables the f-k, τ-p method to produce 62 

a dispersion image on par with the −c method.  To demonstrate the effectiveness of the 63 

proposed preprocessing technique, velocity spectrums published by Dal Moro et al.8 are 64 

compared with velocity spectrums obtained using the proposed approach (Fig. 1). The original 65 

seismogram was digitised to reproduce the published results, and the velocity spectrums were 66 

reconstructed using our own Matlab code. Dal Moro et al.8 compared the efficacy of the 67 

different data preprocessing techniques such as trace normalisation, high pass filter, lowpass 68 

filter and bandpass filter using the three most popular wavefield transformation algorithms, 69 

namely, f-k transform, τ-p transform and Park’s −c method. They had used 24 channel 70 

common receiver shot data with a source to first sensor distance of 5m and sensor spacing of 71 

2m.  Dal Moro et al.8 observed that the −c method outperformed the other two wavefield 72 

transform algorithm and generated the best quality velocity spectrums in terms of accuracy. In 73 



Fig. 1 we have compared the result published by Dal Moro et al.8 with the result obtained using 74 

the proposed preprocessing technique. For f-k and τ-p transform, the proposed method 75 

significantly improves the quality of the velocity spectrum. By implementing preprocessing 76 

technique proposed in this paper, both f-k and τ-p transform produced velocity spectrums on 77 

par with Park’s −c method. Furthermore, Dal Moro et al.8 reported that compare to −c 78 

method the f-k and τ-p method suffers from spatial aliasing and noises, which leads to 79 

ambiguous interpretation. Using the proposed approach, we have observd no sign of such 80 

spatial aliasing and noises are relative low.  Dal Moro et al.8 also concluded that Park’s phase 81 

shift transform is poorly sensitive to any data preprocessing technique. For Park’s phase shift 82 

algorithm, trace normalisation and the proposed approach produced identical velocity spectrum 83 

(Fig 1a,b). This outcome is in accordance with the observation made by Dal Moro et al.8 84 

Superior preprocessing of noisy data 85 

In the seismic field data acquisitions, noise contamination is an unavoidable issue that 86 

can occur due to low energy sources, non-source generated waves, defect in sensors, faulty 87 

connections etc. Each of these issues will affect the individual traces and corresponding seismic 88 

data uniquely. The proposed method can effectively preprocess the noisy data better than any 89 

methods currently in use. To demonstrate the efficacy of the proposed approach,  48 channel 90 

common receiver shot gathered with the help of 4.5 Hz vertical geophones was employed. The 91 

source was kept at a distance of 2.5m from the first sensor and 0.5 m sensor spacing was used. 92 

Different types of field noises are added on 12 randomly selected traces to represent assorted 93 

noisy field acquisitions on the ground. The velocity spectrum for this noisy acquisition is 94 

generated using the τ-p method with the help of the proposed preprocessing technique and trace 95 

normalisation technique. Finally, velocity spectrums for original and noisy data are compared 96 

(Fig. 2). As expected, the proposed method produced a superior result than the trace 97 

normalisation method for both initial acquisitions and noisy data. However, it is noisy data 98 



where the proposed method notably outperforms the trace normalisation method (Fig. 2c,d). 99 

For noisy data with trace normalisation, only a few modes are visible and the modes are not 100 

clearly distinguishable. On the other hand, the proposed method produced a velocity spectrum 101 

more or less similar to velocity spectrums without noise. Almost all the seven modes are visible 102 

and they are clearly distinguishable. The dispersion image created using the proposed method 103 

for noisy data is marginally superior to the dispersion image produced using trace normalisation 104 

for original data without noise. From the dispersion image produced using the proposed 105 

method, the fundamental mode and first mode can be separately identified, while it is not 106 

possible in the case of trace normalisation. The results indicate that the proposed technique is 107 

promising.  It is worth mentioning that no frequency filtering technique such as low pass, high 108 

pass or bandpass filter is used to obtain the present results. 109 

Similar results can be obtained for the f-k and HRLRT method, but we have not included 110 

them in the present manuscript due to the limitation on the number of display items.  111 

Improvement for HRLRT method 112 

The previous sections’ results are a clear indicator of the significant improvements over 113 

the conventional data preprocessing technique. In addition to these popular algorithms, we 114 

tested our method against the latest commercially available software package, Surfseis 6. The 115 

Sursfeis is one of the most popular and frequently used software and 6 indicates the latest 116 

release which incorporates the HRLRT algorithm and trace normalisation. The  HRLRT 117 

method is arguably the most advanced wavefield transform and it generates the highest quality 118 

velocity spectrum7,11–13. Using our experimental data, we have compared the proposed data 119 

processing technique’s efficacy for the HRLRT method.  Fig. 3a represents the velocity 120 

spectrum produced using Surfseis 6 with HRLRT and trace normalisation, Fig. 3b illustrates 121 

the velocity spectrum produced by HRLRT and trace normalisation using our Matlab code and 122 



finally, Fig. 3c represent the velocity spectrum produced by HRLRT with the proposed method 123 

using our own Matlab code. The proposed preprocessing technique produced the best quality 124 

velocity spectrum, while Surfseis produced relatively an inferior quality velocity spectrum. The 125 

velocity spectrum produced by Surfseis has lots of noise, especially at higher frequencies and 126 

between 0 to 500m velocity ranges. Moreover, the different propagation modes are not clearly 127 

identifiable and separable.  Our HRLRT code using trace normalisation produced a relatively 128 

better quality velocity spectrum compared to Surfseis; with no visible noises present, different 129 

modes are identifiable and separable except a few.  Our HRLRT code with the proposed 130 

preprocessing technique produced the best quality velocity spectrum. There are no visible 131 

noises present; all the modes are clearly identifiable and separable. It should be noted that 132 

Surfseis software does not display different preprocessing technique they have used while 133 

implementing the HRLRT algorithm. For Surfseis, we have used the default integrity factor 134 

value of 2 as it produced the best possible results.  135 

Conclusions 136 

A new seismic data preprocessing technique is proposed to process noisy field data and 137 

compensate for the losses due to mechanical and radial damping. The accuracy of the proposed 138 

approach has been demonstrated using published results as well as using experimental data. 139 

The present method works well with all the available wavefield transform algorithms except 140 

−c method. In agreement with the literature, the present study found that the −c method is 141 

poorly sensitive to the data preprocessing technique. It is noted that the proposed approach 142 

improves the quality of the dispersion image significantly when compared to a traditional 143 

preprocessing technique like trace normalisation. The present method produced a sharper 144 

velocity spectrum containing multiple easily separable modes with little to no noise. The 145 

proposed method performs better than the latest commercially available software package, 146 

Surfseis 6. Overall, the seismic data preprocessing technique proposed in this paper will help 147 



in producing sharper dispersion image and predicting accurate layer properties of subsurface 148 

earth. 149 

Methods 150 

Although the traditional trace normalisation improves the dispersion image quality by 151 

compensating losses due to radial damping, it can not compensate for the mechanical damping. 152 

The mechanical damping tends to dissipate the energy through molecular friction inside the 153 

material. Unlike radial damping, which affects the wave as per distance travelled, mechanical 154 

damping effects the wave as per the number of the cycle completed while travelling unit 155 

distances. As the higher modes or high frequency wave has to complete more number cycle for 156 

travelling the same lengths, mechanical damping affects them severely. The traditional data 157 

preprocessing techniques are ineffective against these type of energy losses. Furthermore, the 158 

traditional techniques perform poorly for high noise contaminated data.  In this paper, we have 159 

proposed a new seismic data preprocessing technique that normalises the traces in such a way 160 

that the energy losses due to radial damping and mechanical damping can be compensated. It 161 

also suppresses the noise present in the data more effectively. Furthermore, the proposed 162 

method preserves the phase information of each frequency; thus, it can be applied to all the 163 

available transformation techniques. Let 𝑢(𝑥, 𝑡) is the seismogram data in the distance (x) - 164 

time (t) domain . The proposed normalisation technique can be achieved by reconstructing the 165 

data in the following way : 166 

                         𝑈(𝑥, 𝑡) = 12𝜋 ∫ [∫ 𝑢(𝑥, 𝑡)|∫ 𝑢(𝑥, 𝑡)𝑒−𝑖𝜔𝑡𝑑𝑡)+∞−∞ | 𝑒−𝑖𝜔𝑡𝑑𝑡+∞
−∞ ] 𝑒𝑖𝜔𝑡𝑑𝜔+∞

−∞                 (1) 167 

where the circular frequency 𝜔 = 2𝜋𝑓 𝑎𝑛𝑑 𝑖 = √−1. In the above expression, 𝑈(𝑥, 𝑡) 168 

is the normalised form of the original data 𝑢(𝑥, 𝑡). To generate the dispersion image for 169 

different wavefield transform, one need to use 𝑈(𝑥, 𝑡) instead of 𝑢(𝑥, 𝑡). Fig. 4 represents the 170 



seismogram corresponds to original data, trace normalised data and data processed using the 171 

proposed method. From these images (Fig. 4), we can observe that, compared to the original 172 

seismogram, trace normalisation amplifies the signal associated with the furthest sensor while 173 

the proposed method does the best job. The trace normalisation can only raise the amplitude of 174 

the dominating waves travelling close to median velocities, while the proposed method can 175 

augment the amplitude of waves travelling with the entire velocity spectrum.  Therefore, the 176 

proposed method can obtain an enhanced dispersion image with low noise.  177 
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FIGURE CAPTIONS 220 

Fig. 1| Comparison of the velocity spectrum obtained by, a, Phase shift transform with trace 221 

normalization (Dal Moro et al.). b, Phase shift transform with proposed normalization. c, f-k 222 

transform with trace normalization (Dal Moro et al.). d, f-k transform with proposed 223 

normalization. e, τ-p transform with trace normalization (Dal Moro et al.).  f, τ-p transform 224 

with proposed normalization. 225 

Fig. 2| Dispersion image obtained by τ-p transform for, a, Original data with proposed 226 

normalization. b, Original data with trace normalised. c, Noisy data with proposed 227 

normalization. d, Noisy data with trace normalization. 228 

Fig. 3| Dispersion image by HRLRT method using, a, Surfseis software with trace 229 

normalization. b, Our own HRLRT code with trace normalization. c, Our own HRLRT code 230 

with proposed normalization. 231 

Fig. 4| 48 channel common shot gather. a, Recorded field seismogram. b, Trace normalised 232 

seismogram. c, Seismogram obtained after employing the proposed normalization. 233 



Figures

Figure 1

Comparison of the velocity spectrum obtained by, a, Phase shift transform with trace normalization (Dal
Moro et al.). b, Phase shift transform with proposed normalization. c, f-k transform with trace



normalization (Dal Moro et al.). d, f-k transform with proposed normalization. e, τ-p transform with trace
normalization (Dal Moro et al.). f, τ-p transform with proposed normalization.

Figure 2

Dispersion image obtained by  −  transform for, a, Original data with proposed normalization. b, Original
data with trace normalised. c, Noisy data with proposed normalization. d, Noisy data with trace
normalization.



Figure 3

Dispersion image by HRLRT method using, a, Surfseis software with trace normalization. b, Our own
HRLRT code with trace normalization. c, Our own HRLRT code with proposed normalization.



Figure 4

48 channel common shot gather. a, Recorded �eld seismogram. b, Trace normalised seismogram. c,
Seismogram obtained after employing the proposed normalization.


