Q estimation by a match-filter method
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Background
» Knowledge of Q is very desirable

* inverse Q filtering
e amplitude analysis
o lithology, porosity, fluid or gas saturation

» Measurement of ()

« VSP data (limited availability and coverage )
 reflection data (rarely attempted)
e sensitive to SNR
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Theory of spectral-ratio method

e classic spectral-ratio method (SR)
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K: the slope estimated from straight line
fitting
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Theory of match-filter method

geometric  local
spreading  reflectivity

t a, (t)

t, —» i l,
> \A(f)\zg(tl)-\S(f)\°\R(f)\-eXp(_—gtl)
| A (D)= g [S(fe[R(1) eexp(52)
e i i
: T I ) source Q attenuation
_ spectrum estimation (smoothing):

multi-taper method (Thomson, 1982)



P

Theory of match-filter method

e match-fi

lter method (MF)
Q’J

= 5

attenuated
embedded -

i Wl(t) = F—l( Al( f )‘eiH(In(\Al(f)\)))

Wavelets
(apparent
wavelets)

L w,(t) = FE(A, ()™ 1%y

H: Hilbert transform



Theory of match-filter method

t
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W, (t) Apparent minimum-phase wavelet in zone 1

1(Q._,t) Forward Q filter

t2 — % :|- W, (t) Apparent minimum-phase wavelet in zone 1
We seek the forward Q filter that best matches the apparent
wavelet in zone 1 to that in zone 2
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Theory of match-filter method

 match-filter method (MF)

Qu = Min g |w, (t) * 1(Q,t) — zow, (V)|

— 7 (tz_tl))_iH (_ﬂf (tz_tl)))

match filter: 1(Q,t) = F *(exp( 0

[ w01 (Q0)e w0t

scaling factor: K= =
j w,” (t)clt



Numerical test
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e 1D Synthetic VSP data
e reflection data with isolated reflectors
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o fitting by estimated Q ‘
——embedded wavelet 1

Y A —embedded wavelet 2 -
Q estimation : estimated Q : 80.06

MF
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Noisy seismic trace0.005
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VSP data
200 tests
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SNR =4
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VSP data
200 tests
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MF

mean value : 90.14
10+

standard deviation : 50.10 -

0
50 100 150 200 250 300
estimated Q
50
40- mean value : 79.58 -

standard deviation ; 12.03

50 100 150 200 250 300
estimated Q



- Wl ) G

e 1D synthetic reflection data



reflected waves
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200 seismic traces
Q=280

Noise free

Local waves:
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200 seismic traces
Q=280

SNR=4

Local waves:

#1 100 - 500ms
#2 900 - 1300ms
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200 seismic traces
Q=280

SNR =2

Local waves:

#1 100 - 500ms
#2 900 - 1300ms
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e 2D synthetic reflection data



Velocity model
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Layered earth models
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e 2D field data
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Conclusions

The match-filter method for Q estimation

~hiic+ +
e robust to noise.

* more suitable to be applied to reflection
data.

* has the potential to identify localized low
Q zone from seismic data.
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