Mag3D Inversion
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Data Inversion

d=F(m)
d » data vector of dimension N

m— model vector of dimension M

F - physical relationship describing the data as a function of the earth
model - In practice an approximation

Approaches
Direct Matrix Inversion - historical
Optimized Inversion - modern practical approach



Data Selection and Search Area

— Data file .pev
Inputfie:  |C\EmigmatEmigma 3 samples_ReleasehaDMag_inv | Biowser | Read | Su rvey Area
e m | @ e m Data Subset

r Selected survey are

B axe T [ eve Data component

r Components Mumber of data

s Ty Tz W o ﬁzm—p eeeee ponert SearCh Area

rérea to gearch a model

Center [m]: Size [m]: Eular angle [dearee]:

2 R TR (R ¢ where is the anomaly expected ?
P N i

Get zean b area framm

% Customize A pev file 4 permeability distribution [.mag) file

:Adat‘.ase; Selectadatasetl Browser | A) User SpeCIerd
B) From a set of prisms
C) From a distribution file
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Inversion Style

Matrix or Optimizaton

Matrix Inversion

direct inversion

d=Fm
d » vector of N-dimension
F - Matrix of Nx M-dimension
m - vector of M- dimension

Optimized Inversion
recursive inversion
minimizing a functional




Matrix Inversion Ho(M = [G(rr)I(r)dr

J(r")=(M(r') —mgy)H, o (r') = 2 (r")Hs(r")

r Method

" Full solution © Interative LM solution [1 © Interative LM solution [2 % Bomn solution I e C h n I q u e S

Barm zalution: [ewert M s M matris ta abtain ] and use Barm approximation bo sokee for
permeability.

¢ Full solution

r Susceptibility constraints Search parame ters n O a.SS u m ptl O n S
ID == I3 |5 bl aimuim ikerations

Cellz with suzceptibility walue equal to

gi;\tJri!L:EtG:E[.ﬁﬁlggp]uftilf:.l pem=abilly W Suzceptibility talerance ‘ I n te ratlve L N
removing non-permeable cells

¢ Interative LN

Internal H=LN H
Born starting model

& Born Solution
Internal H = Background H

Data usage: |100 =
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Inversion Output

—Run ztatus

Permeability Tolerance= 2.073693592401 763E -003 =]
Completed ne-ny-2nz inversion ...

non-permb. cells [ final | > 49

Initial Migfit [ zero model ] >>  5E02011920320103

Final Misfit > 1.930873859285055

RMS Emor > 4.485203500787201

Final Grad_Misfic >> 74 704333294364520
... Terminating katriz lnversi

Progress [HENEEEEENENENNENENENNENNENEEN

—Awiliary filez
Input permeability distribution [.mag) file for search area

Input permeability distribution [.mag] file for starting model

Output permeability distibution [.mag) file Browser |

IE: SEmigrnatE migmat'B. ME xamples_Releaseh\3DMag_inversehlnversion_

i

Cutput Mesheivwer [grd) file Erowzer

Iigma*v"Ei.S'\E wamples_Releaze’3DMag_inverselnversion_Dyke\perm.qrd

—Action
[ et

Clear run stabus

Wiew .mag output

Wigw .grd output

Wirite  pey file

bk Gl

Cutput to databaze

Project name: I

SUMVEL HAarme: | [Vata zef mame:
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Start Inversion
Mag File

¢ distribution of anomalies

Grd File

¢ for Meshviewer

Output to .pev file

¢ maximum 499 prisms



Meshviewer
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Optimized Inversion

= General concept

+ Start with an initial
guess and go looking
for the best fitting model

= Critical factors

¢ Good forward simulation

¢ good minimization technique
& good starting model

¢ good data




Optimized Inversion

o(m) = X ¢g(m) + om(mM)

2(m) - functional to be minimized

2 4(m) - data misfit

2 (M) - model misfit

‘B - Lagrangian multiplier - regul arization weight

Occam style model misfit function

Om(M) = oo ¥WA(2) [ m(r)-m%(r) 1% dv  +

Viexyz %[ W(2) % (m(r)-m°(r) ) ]* dv

<, - weighting factors
w(z) - depth weighting



Physical Modes - Forward Model

= Mvia LN

+ Internal Magnetization vector (M) derived via LN

= HviaLN

+ Internal magnetic vector via LN

= Hvia Born
¢ Internal H and therefore internal M derived via Born

The forward model or estimated data is derived via an approximation
which iseither Born or Non-Linear Approximator. For the LN, one can

assumethat H isderived by LN or M isderived by LN.



Minimization Technique
How to find the minima

Quasi-Newton

¢ approximate 2nd derivatives for Hessian matrix
+ efficient when Hessian of previous iteration utilized

& poor results if Hessians from sequential iterations
very different

Conjugate Gradient

+ gradients used to define search direction
¢ minima by line search

+ terminates when gradient reaches a minimum
value



ptimization inversion -- Starting model

— Get ztarting model from

& Customize A pevfile & permeability distribution [.mag] file

€ & datazet Selectadatasetl Brawzer |

File narme: I

Head

Lizt af starting model zettings

# | Center¥im] | Centerim] | CerterZiml | Size [m | Size ()

1 0.000000 0000000 67 500000 360000000 270000000

| | |
— Edit starting madel

# of Prisms |1 & Modify a prism ™ Add a prism

— Eeometry and suzceptibility
Center [m]: Size [m]: Eular anglez [degree]: Suzceptibility [+
« o w  [260 Stike  [45 |0
y IEI y IE?EI Dip IEI
z |675 z I'I i) Plunge IEI
Apply zize to all Apply angles to suscephibility to
prizmE all prigmz all prizmz

Sdd a prizm kodity a prizm | Delete a prizm |

< Back I [ et » I Cancel | Help

User defined prisms
From a forward model
From a previous inversion



Optimization inverstion

— kode

inimization technique

CMvslN CHvslN || C Gussitewon  © gREReR,
& H i o i i Constrained
i v Bomn Conugate Gradient ¢~ Conjugate Gradient

& =1

¥l = |'3
A0 = |'3

—"w'eighting function and factors

s (202132 2= |E'
I'I bz = I'I

I':' gz <=

niok be output to permeab
[-mag] file.

— Susceptibility constraintt———— 1 — Search parameters

by = I'I Ay =
|3

b a=irnumm iterationz

|2EI
Cellz with susceptibility value equal ta O will
ility diztribution I':'-1 Gradient tolerance

Data uzage: I'I 0o 4
Lambda: I1 ao

0.001 Suzceptibility talerance

ID- om T arget mizfit
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Physical Mode

< internal scattering
assumption

Minimization Technique

¢ mathematical technique for
minimizing the functional

Model weights

& regularization weights
Susceptibility
Constraints

Gradient tolerance
Susceptibility tolerance
Target Misfit

Lambda - data misfit vs
model characteristics



General information -- Dutput : X

— Fun statuz — Action

[teration Mumber = 4 B - -

Misfit = 4107100579977 388E 001 T M f t m t

Grad Misfit = 6.717307263450997 ISTI p arameter
arFINAL MISFIT WYALUDES<<<< Clear i status
MisFit= 37905792457 0B036E 001

RS Error 5> 5. 7796760244701947 p o g 'ess

Grad_Misfit = 7.3357442865165955

... T erminating Optimization

"iew .mag output

Progresz

— Aviliany files Wiew . grd output
Input permeability diztribution [mag] file for search area

Input permeability diztribution [ mag] file for starting rmodel

Output permeability diztibution [ maag) file

Wwirite pevy file

bl

Browzer

i

IE:"-.E migmatE migmat'. 34Examples_Releaze’30M ag_inverselnversion_

i

Olutput kesheiwer [.grd] file Brawezer
Iigma"-IE.EKEHampIes_HeleaseﬂDMag_inverse"-.lnversiun_Dyke'xperm.grd

— Dutput to databaze

Erojest name; |

SUMYEY nATE; I [Vata zef name:
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Meshviewer
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