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ABSTRACT
Use of statistical decision techniques and structural pattern recogni-
tion can eliminate random noise effects and aid in obtaining consistent
layer reflection coefficients. 2Z, T, likelihood ratio and Chi-squared
tests are used in statistical hypothesis testing in the work reported here.
The structural patterns used are horizontal and sloping linears. Iterative
computation from left to right and right to left in the selsmogram was

found to improve results.

INTRODUCTION

In the selsmogram after deconvolution, the signal-to-noise ratio usu-
ally decreases although a splking filter can restore the wavelet to a
spike. Inconsistent reflectioms occurring as singular moise pulses may
exist in the seisomogram. A simulated seismogram, reflection coefficients

The research in this report was sponsored by the National Science Foundation
under Grant ENG7820466.
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pPlus the Gaussian random white noise with zero-mean, variance g2 = (0.05)2,
are described. Techniques for addressing the spatial "boundary finding"
problem can be found in [1], [2], [3], [4]. In seismic anmlysis, the equi-
walént problem is the "reflection coefficient finding" problem., The Z, T,
likelihood ratio and X2 tests are used in the work reported here to find
toundary layer reflections. The boundary layer reflections have some
structural information so the horizontal pattern and slope pattern are used

also.

HYPOTHESIS TESTING METHODS

Method 1: 2- Test

The statistical decision rule is:

E-1)- (uy

N

Where: X, Y are sample means

( threshold)

Hg Hy = 0 , population mean of Gaussian noise

Nszy
2
Ux -Uy

= 2 (Two polnt pairs are selected)
2 . (0.05)2

The X point is classified as a reflection or moise by using its neighboring
three pairs of points:



PAGE 3
Z, 1s computed from Pair 1 and Pair 2.
Z> 1s computed from Pair 2 and Pair 3.

Z3 1s computed from Pair 1 and Pair 3.

The hypotheses are:

Hp: No reflection present if 29, Zp and Z3 < a4,

Hy: Reflection present if 2y or Zyor 23 >ay.

If Hy is satisified, the testing X point is kept, else the output is zero.

The iterative computation proceeds from left to right and right to left in
the selsmogram. The reflection coefficients plus Gaussian random noise are
shown in Figure 1. The classification result is shown in Figure 2. 1In

this method, the value of the reflection coefficient is not used here,

i.e., the property of Gaussian noise is used.

Method 2: T- Test

-7 - -
o] ¢ ) = G u) >
i < 2
N_s 2 2
xx+NySy .l_..,.l_
Nx+Ny-2 Nx Ny

The selected linear (horizontal) pattern is shown below:

"R RYXERS X - testing point
A

7 points
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A 7-point linear neighborhood is used for ¥. The first 15 points from the

first line represent moise and X is calculated from these samples.

So: N, = 15 Ny =7
S.2 = Sample variance of 15 point moise

s.2 = Sample variance of 7 points

The hypotheses are:

Hp: No reflection present if T < ap,

Hy: Reflection present 1f T > as.
The iterative computations are the same as for the Z- test. The signal
Plus noise is shown in Figure 3 and the testing result is shown in Figure
4, For slope pattern, the testing pattern will be slope. In this met hod,

the value of the reflection coefficient 1is a_lso not used.

Method 3: Likelihood Ratio Test (LRT) and x2 Test With a Linear Pattern

For the two hypotheses:
H1= 91 =m+ni ,i: 1,2,3-0.,N

Ho: Di = ni ’ i 1,2,30--, N

Each noise sample is zero-mean Gaussian with variance 02 The nolse sam-
ples at various instants are independent random variables. The likelihood

ratio test (LRT) [5] is:



- 1 [PGIED
InA@® =1 [P@ Bo)] Hi

or, equivalently

2
E o Nm
1;' In n + = 2

i=1

Usually letn- 1, then

21<—“¥

i=] H
The xz- test decision rule is

Ns >
3 < c3 or u[’ (threshold)

XXXXX

5 testing points

Nmz

22

AV X

olﬂ

For the horizontal pattern, N=5 testing points and threshold is o .
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For the slope pattern, N=7 testing points and the threshold is au_

XXXXXXX

S —

7 testing points

with a U45° slope

The reflection coefficient in Figure 5 is m=0.2. Variance of the Gaussian
random noise g, 2 :0.05)2. The purpose of the X2- test 1s to detect

the homogeneous content (small variance) in the testing points, i.e., they
are all signal. The purpose of LRT is to detect the presence of the sig-

ml. The decision procedure is as follows:

Step 1:
i=1,2,000512

Set matrix R(i,3) = 0
J:1,2,..0 20

Step 2:

If the testing patterns are satisfied by LRT, i.e.,

and by xz- test, i.e.,

2

NS
-2 < threshold

%n
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then the values of the testing patterns are assigned to R(i,j) as the new
values. Else, move to amother testing pattern.

The result of this method is shown in Figure 6.

Method 4: Likelihood Ratio Test and XZ_ Test With Block Pattern

The theories are the same as for Method 3, but the testing patterm

points are different. Three testing points for every pair are used here:

1 3
2Y 2
3 1

N=3 (including Y)
The decision procedures are as follows:

Test Pair 1 (including Y), using Steps 1 and 2 of Me;:hod 3. The same
procedures apply for Pair 2 and Pair 3. The result of this method is shown

in Figure 7. The detected portion 1s three points per group.
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SUMMARY AND SUGGESTIONS

Structural information in a synthetic seismogram was extracted in the
presence of additive noise by various classification methods. The con-
sistent reflection coefficients were retained and the random noise eli-

mnated.

In comparing the four classification methods, the result of the likeli-
hood ratio and -xz- test with 5-point horizontal pattern and 7-point

slope pattern 1s the best.

For more complex seismic reflection, the testing structural pattern

will be more complex.

This structural pattern recognition is recommended to apply in real

seismic data and improve the seismic interpretatiom.
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SYNTHETIC SEISMOGRAM
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Z-TEST SPATIAL DECISION RULE
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Figure 2. Result of Z- Test Spatial Decision Rule
(3 patterns, 3-point neighborhood per pattern).
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SYNTHETIC SEISMOGRAM
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T-TEST SPATIAL DECISION RULE -

=
3
F -3
= 4
3 3
x -+
- -
= ol
HE F
E P
E
j—— —_ — e e — e — — e — b —
=3 +
i' =
— 3
32 =3
£ T
- B4
- 3
£ I
Pl =
£ :=
-
i — — — ¥
4 -
=
3 ¥
- 4
—_ ] — — — — —
T Ed
< 3
> h S
p 2
> T
‘j"— — el e e p— - fe  p— f—— — f— —
3 r
- ER
> 3
T b
el el  — i fro— pr— pr— e B
r d ’_ r—
4
% F
e =4
% 3
— -
=3 Ed
3 i
1 3
r 3
+ 3
£ 3
T b3
5 3
- -
4 3
< 3
= -
b3 -
B il
- r
1 .-;
& 3
3 r
- =
3 -
- 3
-~ 3;__
= =

Figure 4. Result of T- Test Spatial Decision Rule
(7-point horizontal pattern only).
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SYNTHETIC SEISMOGRAM
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X2-TEST SPATIAL DECISION RULE

Figure 6. Result of LRT and X2- Test Spatial Decision Rule
(5-point horizontal and 7-point slope patterns are used).
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X-TEST SPATIAL DECISION RULE

Flgure 7. Result of LRT and X2- Test Spatial Decision Rule
(3 patterns, 3 testing points per pattern).




