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ABSTRACT 
 
Non-Stationary statistical Geophysical Seismic Signal  Processing (GSSP) is of paramount importance for 
imaging underground geological structures and is being used all over the world to search for petroleum deposits 
and to probe the deeper portions of the earth.Hilbert Transform can be made fashionable for seismic signal 
processing  with a view to precise subsurface imaging. The complex trace attributes are widely used in seismic 
interpretation. These attributes are based on the properties of the analytic signal. The analytic signal is usually 
computed through the  Fourier transform. This transform has a global character and hence is not fit for 
characterization of local signal parameters. The complex trace attributes are derived from the analytic signal . 
The most commonly used attributes are the envelope or reflection strength, the instantaneous phase, and the 
instantaneous frequency, the derivative of the phase . The analytic signal is usually computed through the sum 
of the real-valued trace with its imaginary Hilbert transform . Since the Hilbert transform is a step function in 
frequency, it has a global character in time. This behavior can cause undesirable Gibbs phenomena. Due to 
these phenomena, the characterization of seismic signals through the analytic signal is often contaminated with 
noise and therefore scientists have exploited different approaches for the computation of these attributes. The 
analytic signal that consists of the real-valued signal with this so-called local Hilbert transform has superior 
characterization qualities compared to the conventional Fourier-based analytic signal. Due to its smoothness in 
frequency and its finite length in time, the complex trace attributes computed through convolution with these 
filters tend to be very accurate. The performance of transform depends on the filter length. The Hilbert transform 
preserves the orthogonality, local smoothness ,  and connection ( coefficients)   of a scaling function (wavelet) 
basis.  In other words  the Hilbert transform of a wavelet is a wavelet .  To describe a signal simultaneously in 
time and in frequency is to consider its instantaneous frequency.The signal and its Hilbert Transform are 
orthogonal. This is because by rotating the signal 90° we have now made it orthogonal to the original signal, that 
being the definition of orthogonality  The signal and its Hilbert Transform have identical energy because phase 
shift do not change the energy of the signal only amplitude changes can do that. In Digital Signal Processing we 
often need to look at relationships between real and imaginary parts of a complex signal. These relationships are 
generally described by Hilbert transforms.  Hilbert transform not only helps us relate the real  and  imaginary  
components but it is also used to create a special class of causal signals called analytic which are especially 
important in simulation.  The  sweetness factor is defined as the quotient of instantaneous amplitude to 
instantaneous frequency  of a seismic trace which are determined by Hilbert Transform. HT  limitation is that it 
does not provide physically meaningful results in situations where the seismic trace contains events  that overlap 
in time but have different frequencies.Such cases are frequently encountered in exploration seismology. This 
limitation is rectified by S-Transformation.  
 
INTRODUCTION 

Geological interpretation of seismic data is commonly done by analyzing patterns of seismic 
amplitude, phase and frequency in map and section views across a prospect area. Although many 
seismic attributes have been utilized to emphasize geologic targets and to define critical rock and fluid 
properties, these three simple attributes – amplitude, phase and frequency – remain the mainstay of 
geological interpretation of seismic data. 

Any procedure that extracts and displays any of these seismic parameters in a convenient and 
understandable manner is an invaluable interpretation tool. That Hilbert transform approach now forms 
the basis by which almost all amplitude, phase and frequency attributes are calculated by today’s 
seismic interpretation software. 
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Fig  1. -  A complex seismic trace consisting of a real part x(t), which is the actual seismic trace, and an 
imaginary part y(t), which is a mathematical function calculated from the real part by a Hilbert transform. When 
the real and imaginary parts are added in a vector sense, the result is a helical spiral centered on the seismic 
time axis (t). This helical trace is the complex seismic trace.  

The Complex Seismic Trace 

The action of the Hilbert transform is to convert a seismic trace x(t) into what first appears to be a 
mysterious complex seismic trace z(t) as shown on figure 1 

In this context, the term “complex” is used in its mathematical sense, meaning it refers to a number 
that has a real part and an imaginary part. The term does not imply that the data are difficult to 
understand. 
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This complex trace consists of the real seismic trace x(t) and an imaginary seismic trace y(t) that is the 
Hilbert transform of x(t). 

On figure 1 these two traces are shown in a three-dimensional data space (x, y, t), where t is seismic 
time, x is the real-data plane, and y is the imaginary-data plane. The actual seismic trace is confined 
to the real-data plane; the Hilbert transform trace is restricted to the imaginary-data plane. 

These two traces combine to form a complex trace z(t), which appears as a helix that spirals around 
the time axis. 

 
Fig  2. - Instantaneous seismic attributes – amplitude a(t), phase (t) and frequency (t) – that can be calculated 
from a complex seismic trace using the listed equations 

The projection of complex trace z(t) onto the real plane is the actual seismic trace x(t); the projection 
of z(t) onto the imaginary plane is the Hilbert transform trace y(t). At any coordinate on the time axis, a 
vector a(t) can be calculated that extends perpendicularly away from the time axis to intercept the 
helical complex trace z(t) as shown on figure 2. The length of this vector is the amplitude of the 
complex trace at that particular instant in time – hence the term “instantaneous amplitude.” 

 
Physical Meaning Of Instantaneous Attributes 
 
Seismic interpreters know that frequency spectrum usually becomes lower with increasing arrival time 
as the high-frequency components are attenuated faster than low-frequency components. The way to 
deal with these non-stationary processes is to Fourier transform finite time windows, which are 
continuously shifted in time. The results tell us how the frequency components evolve with time. 
However, the time window must have a finite width. The time window should be large enough to make 
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Fourier transform meaningful .This introduces a resolution problem since there is a tradeoff between 
the length of time window and the accuracy of frequency estimation. Also, the time window, although 
very small, may not satisfy the assumption that the process within it is stationary. Hence, it is useful to 
have a theoretical approach to cope with the continuously varying frequency spectrum in order to 
define instantaneous attributes. 
 
Conventional seismic attributes in time-lapse seismic surveys are based on a description of the real 
seismic trace. Event picks on the top and bottom of a reservoir and subsequent calculation of time 
shift and amplitude variation may be difficult or inaccurate due to interference. This resolution limit 
could lead to misinterpretation of amplitude change. The Fourier transform in a time window allows us 
to look at its average properties, but it does not examine local variations, which may change in 
response to wavelet interference. In addition, Fourier analysis, assuming that all spectral components 
are stationary in time, is not effective for analysis of nonstationary 
seismic signals. 
 
CONCLUSIONS  
 
Complex trace analysis enables separation of amplitude from angle (frequency and phase) and 
definition of instantaneous amplitude, phase and frequency, which are independent of each other. The 
instantaneous amplitude, a direct response to the magnitude of reflectivity, defines single lobes for 
individual wavelets and thus has more power to resolve reflectors than the conventional seismic trace, 
which combines amplitude and angle. The instantaneous frequency is a measure of most energy 
loaded frequency or center frequency of the instantaneous power spectrum and, along with the 
instantaneous phase, traces frequency and phase change with time. It is also sensitive to wavelet 
interference, manifesting abrupt change at strong interference. In the case of strongly overlapping 
wavelets, instantaneous amplitude and frequency have characteristics that help identify wave 
interference. In time-lapse seismic surveys, the power of resolution improves event picks and 
calculation of time shift and amplitude variation, and the representation of frequency and phase 
facilitates the study of frequency and phase change with time. 
 
REFERENCES 
 
Karsli H., Dondurur D., and Çifçi G.,2006, Application of complex-trace analysis to seismic data for random-noise 

suppression and temporal resolution improvement , GEOPHYSICS, VOL. 71, NO. 3 _MAY-JUNE 2006_; P. 
V79–V86,  10.1190/1.2196875 

Arthur E. Barnes,1996, Theory of 2-D complex seismic trace analysis, GEOPHYSICS, VOL. 61, NO. 1 
(JANUARY-FEBRUARY 1996); P. 264–272. 

 Parolai, S. (2009): Determination of dispersive phase velocities by complex seismic trace analysis of surface 
waves (CASW). - Soil Dynamics and Earthquake Engineering, 29, 3, 517-524  

DOI: 10.1016/j.soildyn.2008.05.008. 
YI LUO, et al.2003, Generalized Hilbert transform and its applications in geophysics, p198-202 THE LEADING 

EDGE MARCH 2003 
Karsli, H., 2002, Evaluation of stacked seismic traces with complex trace analysis in terms of resolution: Earth 

Sciences, 26, 15–26. 
N. Thrane, 1984, “The Hilbert Transform”, Technical Review No. 3, Brüel&Kjær, BV 0015 
Sheriff, Robert E. and Geldart, Lloyd P., 1995, Exploration seismology, Cambridge: Cambridge 
University Press. 
Taner, M. T., Koehler, F., and Sheriff, R. E., 1979, Complex seismic trace analysis, Geophysics, v. 44, 
n. 6, p. 1041-1063. 
Robertson James D. and Henry H. Nogami, 1984, Complex seismic trace analysis of thin beds, 
Geophysics, v. 49, n. 4, p. 344-352. 
Barnes, Arthur E., 1991, Instantaneous frequency and amplitude at the envelope peak of a constantphase 

wavelet, Geophysics, v. 56, p. 1058-1060. 



VI CONGRESO CUBANO DE GEOFÍSICA (GEOFISICA´2011) 
Temas Especiales de Geofísica  GEF3-P15 

 

CUARTA CONVENCIÓN CUBANA DE CIENCIAS DE LA TIERRA, GEOCIENCIAS´2011.                                                                                                            
Memorias en CD-Rom, La Habana, 4 al 8 de abril de 2011. ISBN 978-959-7117-30-8 
 

5

Bodine, J.H., 1984, Waveform analysis with seismic attributes, the 54th SEG annual meeting, 
December, Atlanta, Expanded Abstracts, p. 505-509. 
 


