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A new regularization method for calculating the vertical derivatives of the potential field

ZENG Xiao-Niu, LI Xi-Hai, JIA Wei-Min, LIU Dai-Zhi*
Xi'an Research Institute of High Technology, Xi'an 710025, China

Abstract  Vertical derivatives of the potential field are commonly used in processing and
interpretation of potential field data. These derivatives can narrow the width of anomalies and
locate source bodies more accurately. The higher the order of the derivatives used, the more
pronounced the effect. But as derivative filters are a form of high-pass filters, noise in the data is
enhanced similarly. Thus calculation of higher vertical derivatives of the potential field is unstable
operations in the sense of mathematical physics definition and their incorrect evaluation can
contribute to enlargement of instability of the whole method. Many approaches have been
proposed to solve this problem. Recently, the ISVD C(integrated second vertical derivative)
algorithm which is based on the Laplace equation and combines the wavenumber domain method
with the space domain method has become the main method for the calculation of the vertical
derivatives of the potential field.

One way to stabilize higher vertical derivative evaluation is the utilization of the Tikhonov
regularization. The key of this method is the choice of the regularization parameter. Based on the
regularization theory and the radially averaged power spectrum of the potential field, we propose

a new regularization method for calculating the vertical derivatives of the potential field. First,
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we simply define a special wavenumber named the cutoff wavenumber to divide the potential field
spectrum into a signal part and a noise part based on the radially averaged power spectrum of
potential field data. Next, we use the conventional vertical derivative operator to process the
signal and the Tikhonov regularization operator to suppress the noise. Then, the parameters of
the improved operator are defined by the cutoff wavenumber which has an obvious physical sense.
The new regularization method only needs determining an ad hoc cutoff wavenumber based on the
analysis of the radially averaged power spectrum of the potential field. Moreover, the new
regularized method can not only eliminate the influence of high-wavenumber noise but also avoid
the attenuation of the signal. Additionally, as the vertical derivatives can be obtained precisely,
the stable downward continuation by the Taylor series method can also be achieved.

The comparison analysis of two theoretical gravity models and real aeromagnetic data shows
that the new method is easy to implement and has clear physical sense. Furthermore, the
calculation results of the vertical derivatives are more stable and precise than the ISVD algorithm.
Even the cutoff wavenumber which is determined by the radially averaged power spectrum is not
precise enough, the proposed method still has the advantage of stability. Based on the
computation of the stable vertical derivatives which are obtained by the proposed regularization

method and Taylor series expansion of the field, a large depth and high precision downward

continuation of potential field can be realized.
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Fig. 2 Effects comparison of the first three vertical derivatives based on the model gravity data for the single sphere
(a) Contours of gravity data; (b) Contours of gravity data with noise and (c) its radially averaged power spectrum; The conversion results

in the main profile for (d) the first vertical derivative, (e) the second vertical derivative, and (f) the three vertical derivative.
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Fig.3 Effects comparison of the second vertical derivative and downward continuation based
on the model gravity data for the group sphere
(a) Location of spheres coordinates system; (b) Contours of gravity data with noise at A=0 m and (c) its radially averaged power
spectrum; (d) Contours of the exact second vertical derivative data; the conversion second vertical derivative results for (e) the ISVD
method and (f) the proposed method; (g) Contours of gravity data at A=1000 m; (h) The downward continuation results of the
Taylor series method based on the calculation of the first three vertical derivatives using the ISVD algorithm; The downward
continuation results of the Taylor series method based on the calculation of (i) the first three vertical derivatives, (j) the first five

vertical derivatives, (k) the first seven vertical derivatives and (1) the first nine vertical derivatives using the proposed method.
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Fig. 4 Effects comparison of downward continuation based on the real acromagnetic data

(a) Contours of the original aeromagnetic data; (b) Upward continuation 10 grid interval; (c¢) Contours of upward continuation

aeromagnetic data with noise and (d) its radially averaged power spectrum; (e) The downward continuation results of the Taylor

series method based on the calculation of the first three vertical derivatives using the ISVD algorithm; The downward continuation

results of the Taylor series method based on the calculation of (f) the first three vertical derivatives, (g) the first five vertical

derivatives, (h) the first seven vertical derivatives and (i) the first nine vertical derivatives using the proposed method.
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