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We begin with a brief introduction into the concept of
instantaneous frequency, where we use the complex Seismic Data
analytical sighal to obtain the time dependent signal phase,
and differentiate the phase with respect to time to obtain the
instantaneous frequency. We reformulate our problem into a
weighted least squares Tikhonov regularization with box
constraints, and explain the advantages of the added terms in
helping to smooth and stabilize our results. We conclude with
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Gabor’s analytical signal z(?) for a real signal f (#)and its Hilbert
transform H[ f(?)].
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2(t)= f(O)+H[f ()] = f({t)+ig(t). (1) Using (3) compute:
We can use the analytical siganl to find the instantaneous 1- Matrix. Spectrogram for each IMF signal
angular frequency w(1). 2-  Vector.
do(t NDe'(t)+ eg(t) (¢t
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| to (@) +(f @) Using (5),(7) & (9) compute:

Reformulating (2) into matrix format. 1- Matrix T.me(mins,

Ao =b. where A=|f['+|gf b=reH-ge) @ 2+ Matrix
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3- Matrix.

For most real data, matrix A is iII—condltloned (high ratio
between smallest and highest eigenvalue), and the
measurement vector b is highly contaminated with noise. Compute using (10) Instantaneous Frequency (IF)
To solve these problems we use three approaches. Estimation

1. Weighted Least Squares Approach:
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We reformulate our problem into a weighted least squares Apply power threshold cutoff A
minimization problem with the following general solution.
ATC,LAd=A"C,b (4) - N«
C = diag| variance( noise ) | (5) Combining all three approaches 5 |
p = A4S By combing all three approaches we obtain a weighted least ] | '|! | Instantaneous Frequency
2. Least Squares Tikhonov Regularization Approach: squares Tikhonov regularization with box constraints minization - | "" . estimation after applying power
We add a regularization term and reformulate our problem to problem, with the following solution, | 1] | j'] | ’|' | threshold cutoft
obtain the following solution. JiE '” jl ,WL o -
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3 Box Constraif?izn rder Difference Matrix In this report, we toke a simple least squares minimization ACkﬂOWlEd ement
. . . . . problem and enhanced it using three methods. | g |
Adding a box constraint as quadratic term with a penalty matrix 1. Weighted least squares. This research was supported by the CBIE-LNASP (Libyan North
C, as follows. 2. Tikhonov regularization American Scholarship Program)
T S T — * *
(ATA+C,) 0=Ab+C.0 (8) 3. Box Constraints. References
. (a)max o wmm) — (a)max T a)mln) 1 1
C, =€ diag| 1 . o= 5 (9) Using the proposed algorithm we were able to take quarry blast - Boashash, B., 19923, Estimating and interpreting the instantaneous frequency of a
. . . . data that was heavily corrupted by noise and estimate the signal. i. fundamentals: Proceedings of the IEEE, 80, No. 4, 520-538.
We obtain the optimal value for € by solving the problem in a instantaneous frequency and obtain an accurate pick for the P - Mead, J. L., & Renaut, R. A., 2010, Least squares problems with inequality
loop until the constraints are satisfied. constraints as quadratic constraints: Linear Algebra and its Applications, 432, No,
and S-wave onset. 2 1036.1949

i UNIVERSITY OF CALGARY
@ CREWES W CreWes.org G7) UNIVERSITY OF CA

Department of Geoscience






