
CLAIMS 

1. A computer-implemented method for accelerating convergence of iterative inve ion of 

seismic data to obtain a model of one or more physical parameters in a subsurf; e region, 

comprising using local cost function optimization, wherein an assumed or cu •- nt model is 

updated to reduce misfit between the seismic data and model-simulated d. a, wherein the 

frequency spectrum of the updated model is controlled in a first iteration and thereafter to 

match a known or estimated frequency spectrum for the subsurface region, wherein the 

controlling of the frequency spectrum comprises applying a spectral- 	aping filter to both the 

seismic data and to a source wavelet used to generate the mo. 1-simulated data, or to a 

gradient of the cost function in at least a first iteration, said spectral-shaping filter being 

derived according to a criterion that the spectrum of a gr.. ent of the cost function with 

respect to one of the one or more physical parameters 	after application of the spectral- 

shaping filter to both the seismic data and to a source 	avelet, should match the known or 

estimated frequency spectrum for the subsurface regi • 

2. The method of claim 1 	wherein updatin 	the assumed or current model comprises 

computing a gradient of the cost function 	th respect to one of the one or more physical 

parameters, and then applying a spectral 	haping filter to the gradient in at least the first 

iteration; and wherein the model-simul, ed data are generated using a source wavelet having 

a frequency spectrum W(f) that s isfies D (f)rzfl p (f)W(f), where D (f) is an average 

frequency spectrum of the seism 	data, f is frequency, and 4 (fl  is an average frequency 

spectrum of P-impedance in 	e subsurface region or is approximated by a frequency 

spectrum of a different elasf 	parameter of the subsurface region; and wherein said known or 

estimated frequency spect 	m is 4 (fl. 

3. The method of 	aim 2, 	wherein the spectral-shaping filter H(f) is determined by 

dividing a known .r estimated frequency spectrum S(f) in the subsurface region for said one 

of the one or 	ore physical parameters by the gradient's spectrum before shaping G(f), 

where G(f) 's a frequency spectrum of the gradient of the cost function with respect to one of 

the one o' more physical parameters. 

4. T e method of claim 2, wherein the spectral-shaping filter varies with time. 

5. The method of claim 1, wherein the known or estimated frequency spectrum for the 

subsurface region is obtained by averaging spectra of well logs from the subsurface region. 
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6. The method of claim 5, wherein models of at least two physical parameters ar 

simultaneously obtained, and a known or estimated frequency spectrum for each phys.  al  

parameter is obtained by averaging spectra of well logs measuring or correspond 	g to 

the physical parameter. 

7. The method of claim 1, wherein models of at least two physical p 	ameters are 

simultaneously obtained, and the frequency spectrum of each updated model in the first 

iteration and thereafter is controlled to match a known or estimated freque , cy spectrum of the 

corresponding physical parameter in the subsurface region. 

8. The method of claim 7, wherein updating the assumed or c 	ent model of a particular 

physical parameter (denoted by index i) comprises computing . gradient with respect to that 

particular physical parameter (Vi:) of the cost function, and 	en applying a spectral-shaping 

filter to the gradient, wherein the spectral-shaping filter 	tailored to the particular physical 

parameter and a known or estimated frequency spect 	m, S, (f), of the particular physical 

parameter in the subsurface region. 

9. The method of claim 8, wherein the spectral 	haping filter is determined by dividing S;  (f) 

by the gradient's spectrum before shaping. 

10. The method of claim 8, wherein th' spectral-shaping filter varies with time. 

11. The method of claim 1, 	erein the one or more physical parameters are selected 

from a group consisting of P-i• pedance, S-impedance, density, P-velocity, and S-velocity. 

12. The method of cl. 	1, wherein the model-simulated data are generated using a 

seismic source way= et having a frequency spectrum 	W(f) 	satisfying, to within a 

proportionality co :tant, the following equation: 

DO) =.fipWWW 

where f 's frequency, D (f) is average frequency spectrum of the seismic data, and I p  {f) is 

aver.. e frequency spectrum for P-impedance in the subsurface region or an approximation 

th' eof based on a frequency spectrum of another elastic parameter. 

13. The method of claim 12, wherein D (f) 	and I p  (f) are average spectra, meaning 

averaged over the subsurface region. 
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14. A computer program product, comprising a non-transitory computer usable medium 

having a computer readable program code embodied therein, said computer readable program 

code adapted to be executed to implement a method for inverting seismic data to obtain 

model of one or more physical parameters in a subsurface region, said method comprising 

using iterative inversion with local cost function optimization, wherein an assumed or urrent 

model is updated to reduce misfit between the seismic data and model-simul 	ed data, 

wherein the updated model's frequency spectrum in each iteration is controlle 	o match an 

input known or estimated frequency spectrum for the subsurface regio , • wherein the 

controlling of the frequency spectrum in each iteration comprises apply in 	spectral-shaping 

filter to both the seismic data and to a source wavelet used to generat -  the model-simulated 

data, or to a gradient of the cost function in at least a first iteration, s. d spectral-shaping filter 

being derived according to a criterion that the spectrum of a gradi- 	of the cost function with 

respect to one of the one or more physical parameters, afte 	application of the spectral- 

shaping filter to both the seismic data and to a source wave et, should match the known or 

estimated frequency spectrum for the subsurface region. 

15. The method of claim 1, wherein the cost fu 	Lion is a cross-con-elation between the 

seismic data and the model-simulated data, and t e optimization maximizes the cost function 

after the frequency spectrum control is appli- 4 to the seismic data and the model simulated 

data. 

16. The method of claim 15, wherei 	source encoding is used on the seismic data and in the 

model simulation, and a plurality o' encoded sources are simultaneously inverted. 

17. The method of claim 16, 	herein the encoding is changed for at least one iteration of the 

inversion. 

18. The method of 	laim 1, wherein the cost function is an envelope function of a cross- 

correlation betw 	n the seismic data and the model-simulated data, and the optimization 

maximizes the ost function. 

19. The r ethod of claim 18, wherein source encoding is used on the seismic data and in the 

mode simulation, and a plurality of encoded sources are inverted in a single inversion. 

0. The method of claim 19, wherein the encoding is changed for at least one iteration of the 

inversion. 
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21. The method of claim 1, wherein the source wavelet before application of the spect . 

shaping 	filter 	is 	chosen 	to 	have 	a 	frequency 	spectrum 	W(f) 	that 	sat' fies 

D (f) fl, (f) W(f), where D (f) is an average frequency spectrum of the seismic . I a, f is 

frequency, and where said known or estimated frequency spectrum for the subsur <ce region 

l p  (f), is an average frequency spectrum of P-impedance in the subsurface region or is 

approximated by a frequency spectrum of a different elastic parameter o 	the subsurface 

region. 

22. The method of claim 21, wherein the spectral-shaping filter satisf s 

HW= rIp(f) 1/ { a 1/2WD(f) } 

where A (f) is a frequency-dependent factor determined d ch that 

GO =AIDW) id (I) 

where G (f) is a frequency spectrum of a gra 	ent of the cost function with respect to one of 

the one or more physical parameters. 
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CLAIMS 

1. A computer-implemented method for accelerating convergence of iterative inversion of 

seismic data to obtain a model of one or more physical parameters in a subsurface region, 

comprising using local cost function optimization, wherein an assumed or current model is 

updated to reduce misfit between the seismic data and model-simulated data, wherein the 

frequency spectrum of the updated model is controlled in a first iteration and thereafter to 

match a known or estimated frequency spectrum for the subsurface region, wherein the 

controlling of the frequency spectrum comprises applying a spectral-shaping filter to both the 

seismic data and to a source wavelet used to generate the model-simulated data, or to a 

gradient of the cost function in at least a first iteration, said spectral-shaping filter being 

derived according to a criterion that the spectrum of the gradient of the cost function should 

match the known or estimated frequency spectrum for the subsurface region. 

2. The method of claim 1, wherein updating the assumed or current model comprises 

computing a gradient of the cost function with respect to one of the one or more physical 

parameters, and then applying a spectral-shaping filter to the gradient in at least the first 

iteration; and wherein the model-simulated data are generated using a source wavelet having 

a frequency spectrum W(f) that satisfies D(f)g--11p (f)W(f), where D (f) is an average 

frequency spectrum of the seismic data, f is frequency, and I, (/) is an average frequency 

spectrum of P-impedance in the subsurface region or is approximated by a frequency 

spectrum of a different elastic parameter of the subsurface region; and wherein said known or 

estimated frequency spectrum is 4 05. 

3. The method of claim 2, 	wherein the spectral-shaping filter H(f) is determined by 

dividing a known or estimated frequency spectrum S(f) in the subsurface region for said one 

of the one or more physical parameters by the gradient's spectrum before shaping G(f), 

where G(f) is a frequency spectrum of the gradient of the cost function with respect to one of 

the one or more physical parameters. 

4. The method of claim 2 , wherein the spectral-shaping filter varies with time. 

5. The method of claim I, wherein the known or estimated frequency spectrum for the 

subsurface region is obtained by averaging spectra of well logs from the subsurface region. 

6. The method of claim 5, wherein models of at least two physical parameters are 
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simultaneously obtained, and a known or estimated frequency spectrum for each physical 

parameter is obtained by averaging spectra of well logs measuring or corresponding to 

the physical parameter. 

7. The method of claim 1, wherein models of at least two physical parameters are 

simultaneously obtained, and the frequency spectrum of each updated model in the first 

iteration and thereafter is controlled to match a known or estimated frequency spectrum of the 

corresponding physical parameter in the subsurface region. 

8. The method of claim 7, wherein updating the assumed or current model of a particular 

physical parameter (denoted by index i) comprises computing a gradient with respect to that 

particular physical parameter (Vi,) of the cost function, and then applying a spectral-shaping 

filter to the gradient, wherein the spectral-shaping filter is tailored to the particular physical 

parameter and a known or estimated frequency spectrum, S i (f), of the particular physical 

parameter in the subsurface region. 

9. The method of claim 8, wherein the spectral-shaping filter is determined by dividing St y) 

by the gradient's spectrum before shaping. 

10. The method of claim 8, wherein the spectral-shaping filter varies with time. 

11. The method of claim 1, wherein the one or more physical parameters are selected 

from a group consisting of P-impedance, S-impedance, density, P-velocity, and S-velocity. 

12. The method of claim 1, wherein the model-simulated data are generated using a 

seismic source wavelet having a frequency spectrum 	W(f) 	satisfying, to within a 

proportionality constant, the following equation: 

D(/) =f1p(PW(/) 

wherefis frequency, D (f) is average frequency spectrum of the seismic data, and I p {f) is 

average frequency spectrum for P-impedance in the subsurface region or an approximation 

thereof based on a frequency spectrum of another elastic parameter. 

13. The method of claim 12, wherein D (f) 	and I p 	(i) are average spectra, meaning 

averaged over the subsurface region. 
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14. A computer program product, comprising a non-transitory computer usable medium 

having a computer readable program code embodied therein, said computer readable program 

code adapted to be executed to implement a method for inverting seismic data to obtain a 

model of one or more physical parameters in a subsurface region, said method comprising 

using iterative inversion with local cost function optimization, wherein an assumed or current 

model is updated to reduce misfit between the seismic data and model-simulated data, 

wherein the updated model's frequency spectrum in each iteration is controlled to match an 

input known or estimated frequency spectrum for the subsurface region; wherein the 

controlling of the frequency spectrum in each iteration comprises applying a spectral-shaping 

filter to both the seismic data and to a source wavelet used to generate the model-simulated 

data, or to a gradient of the cost function in at least a first iteration, said spectral-shaping filter 

being derived according to a criterion that the spectrum of the gradient of the cost function 

should match the known or estimated frequency spectrum for the subsurface region. 

15. The method of claim 1, wherein the cost function is a cross-con-elation between the 

seismic data and the model-simulated data, and the optimization maximizes the cost function 

after the frequency spectrum control is applied to the seismic data and the model simulated 

data. 

16. The method of claim 15, wherein source encoding is used on the seismic data and in the 

model simulation, and a plurality of encoded sources are simultaneously inverted. 

17. The method of claim 16, wherein the encoding is changed for at least one iteration of the 

inversion. 

18. The method of claim 1, wherein the cost function is an envelope function of a cross-

correlation between the seismic data and the model-simulated data, and the optimization 

maximizes the cost function. 

19. The method of claim 18, wherein source encoding is used on the seismic data and in the 

model simulation, and a plurality of encoded sources are inverted in a single inversion. 

20. The method of claim 19, wherein the encoding is changed for at least one iteration of the 

inversion. 

21. The method of claim 1, wherein the source wavelet before application of the spectral- 

shaping 	filter 	is 	chosen 	to 	have 	a 	frequency 	spectrum 	W(f) 	that 	satisfies 
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D (f) fl p (f)W (f), where D (f) is an average frequency spectrum of the seismic data, f is 

frequency, and where said known or estimated frequency spectrum for the subsurface region 

1 p  (f), is an average frequency spectrum of P-impedance in the subsurface region or is 

approximated by a frequency spectrum of a different elastic parameter of the subsurface 

region. 

22. The method of claim 21, wherein the spectral-shaping filter satisfies 

Hw= fit/240)1i  { a  mwpw}  

where A {f) is a frequency-dependent factor determined such that 

GO =AO)W(I)D0 

where G {f) is a frequency spectrum of a gradient of the cost function with respect to one of 

the one or more physical parameters. 
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