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3D Magnetics Inversion




3D Magnetics Inversion

d=F(m)
d -~ datavector of dimension N

m - model vector of dimension M

F - physical relationship describing the data asngtion of the
earth model n practice an approximation

Approaches
* Linear Conjugate Gradient(Matrix)
* Non-Linear Conjugate Gradient



General information - inversion technique and input system

=Irverzion Technigue .
% |inear Fast CG (M atriz) O Linear Slow G [fatiz] ' Mo - Linear 06 3 D I\/l ag I n Ve rSI O n

Irveersion Parammeters

Linear CG Technique

— Component Assumes that the forward function can be
Fie o o e linearized. Quick technique but is bounded

by solving for a small amount of
T devde T deifdy v dBiddz Coefficient zatings l pal’ameters_

d=Fm
d - vector of N-dimension

— E arth's backaground field

e Avierage of data within 150

' Selting ininput " Zwerage of data bRt R S e ]

F - Matrix of NxM-dimension

f-‘;\;rjﬁaeﬁn/f d;;i rﬂtmgazn]sm i‘?éiiaﬁﬁ'“””d field ]‘525“03— m - vector of M- dimension
Hee (1) = [ G(r,r")J(r")dr
J(r') =(m(r') =mg)His (r") = X (r" )Hins (r')

CompO N entsleasured data will

only have Btotal or total magnetic field. If you
ook | Mews | Caned | Heb | are inverting simulated magnetic data, you could
chose to invert on the Bx, By, Bz or Btotal

fields.

Earth’s Background Field

You can use the background field value stored irEMéGMA database or use an data average
technique to obtain the value. You can use the etageusceptibility contained in your measured
data survey, take an average of your data, takevbeage within 1 standard deviations or within 2
standard deviations. The earth’s field is displayéal can view the values by different methods
before deciding which method to use




General information - inversion technigue and input system

& Mop - Linear CG

= Inwersion Techrigue "
' Lineat Fast CG [Matis] ™ Linear Slow CG [Matriz) BD Mag I nverSIOn

Irreersion Faramaters

Non-Linear CGaeneral

- Hemeanent conceptis to startwith an initial guess and
gy, FiEy (Eigz  Faloal go looking for the best fitting model by
ok [ By dBude | Coslficientsetings minimizing a given function using an

iteration process.

: i i C i Critical factors to Optimization Results:
Unconstrained Conjugate Gradient Minimization

o . » Good forward simulation algorithm
Uses the derivative information to construct twagussnces of orthogonal vectors

to define the search direction at a given iteratidmen by trial and error (line « Good minimization technique
search) to move to the local minimum in that dicect The iteration stops when

the gradient has achieved the required minimumevdlhis is an unconstrained » Good starting model
minimization technique where the bounds on therperers are imposed after

the search is completed. » Good data

Occam style model misfit function
®m) = A @m) +@y(m) Y

On(m) =a, [ wi(2) [ m(r)-m(r) [Pdv  +

o(m) - functional to be minimized Y af[wW@)V, (mE)-mor)) P dv
d4(M) - data misfit o
d(mM) - model misfit o, - weighting factors

A -Lagrangian multiplier - regularization weight ~ "(2) - depth weighting



Inversion parameters

Linear 05 Fast Inwversion

= SLJSDEFItih”it_!.J cotEtraint

i'l e-003

Cellz with: suzceptibility bebween =z and =z
will ot bre output o susceptibiity distibution
[.rnag)file:

Ftput senaitivity =

Snzcephibility smaller
ET i"l thar #min will be set
bar 24,
Suzceptibility greater
i thar #mak will be st
boE=mnas .

wmax= |1

Search parameters

’5'] M airnn iberstions
;1 Scattered field miskit [2]

] 8

Susceptibility Constraint

OUtpUt SenSitiVity‘,ells with susceptibilities |X]|

(close to O - where the user defines how closeg¢anstrained or

thrown out after each iteration. will not be outpaithe susceptibility

distribution (.mag) files

Xm| N Upon completion of iteration, X values less thaniXwaill

be set equal to Xmin

XmaX Upon completion of iteration, X values greater tixanaz

will be set equal to Xmax

3D Mag Inversion

Search Parameters

Maximum lterationSser

defines the number of iterations the program
will run to generate the final solution. In general
the default (50 for Linear Fast CG and 30 for the
others) is sufficient for the inversion.

Scattered field misfit

Defines the “stop” criteria for an iteration when
the difference between the measured and
scattered field falls within a certain percentage
of the measured value.



3D Maq Inversion

General information - Earth’s backgroud field, input data and components

— E arth's background field
¢ (et from the first input
b ethod to obtain

...................................

yverage af data within 150

~
Average of data [about 63% around mean]

Ayerage of data within 2 50
[about 95% around mean]

E arth' background figld

At be |57550
Intenziky:

Method to ObtaiRou can

use the magnetic susceptibility contained in
your measured data survey, take an average of
your data, take the average within 1 standard
deviations or within 2 standard deviations. The
earth’s field is displayed. You can view the
values by different methods before deciding
which method to use.

Input data for
lnversion

— Input data for inverzion

=i

M aximum survey area

1354

MHumber of lazations in the zelected survey area:

|5Ei'l FEIEETE ¢ w= |5.'-"3E=EE.EE=T-"5 |554BEE'I 5 {=y = |555I]325I
Selected survey area to get data for inversion
BE17E3.6ATE | ¢=u<= |5?EEBB.EE?5 |554BEE'I 5 {=yi= |EEEDEEE|

— Componentz

[ [ [ [+ ETatal

Survey Area'he Maximum survey

area displays the x and y boundaries of your
survey. To use the whole survey area, accept the
default Selected survey settings. You can make
the area smaller or larger by changing the x and
y boundaries. The Number of locations or data
points in the selected survey is displayed for

you.

ComponentSiasured data wil

only have Btotal or total magnetic field. If you
are inverting simulated magnetic data, you could
chose to invert on the Bx, By, Bz or Btotal

fields.



General information -- Inversion search volume and grid

— |rversion search volume

% Use percentage of the input survey ares: Im 3 D I\/I ag I nve rSI O n
£ & magihiler £ 4 datazet || SelEst | " Uzer defined [efifie |

Eile: rrarme: I Bratser Inve rSIOn Search
Thicknesz Z [m):  |79.3 Horizartal Euler Angle [degree]: ID Hiead
Volume
— Gnid for [nverzion
EuubTE;LE:ES; I'I Total nurmber of grid points [cells]: IM‘”:I Use percentage Of the SeIeCted
Colszex  [ET4B  Celsisy. [34125 popcel . [z42903 survey areahis allows you to select a

survey area greater, equal to or less than your
survey area. If, for example, you have some
edge anomalies, you may want to select a

I Use topography informatian search area larger than your original survey.

If you set your area to 125%, it will select a
volume 25% larger than your survey.

Gl’ld fOr |nverSi0n User defined provides an interface that

: : : . . allows you to define the search volume.
The inversion tool will solve for the number ofdypoints displayed here. y

The grid cell size is also displayed. Thickness Z(mpefine the depth of
investigation.

Set Giid |

Set GridYou can define the grid cell resolution by selegtihis

button Horizontal Euler Anglealows

. . ou to define the strike of your surve
Use topography informatiomis option wil be enabled if y Y

you imported your data with a gps z channel. $eles option and the
gps z values will be used when performing the isier. When loading
inversion results to the visualizer, a window agipear asking to display
the survey according to Z or GPS Z. Select GP& s&¢€ the inversion
results with topography.



Set grid for inversion search volume |

= |rversion search volume size . .
wmy [emo 0 vmp  [1290 pa 645 3D Mag I nverSIOn

<Im}

Tobal number of sub-volumes: |1 Total number of gnd IJ,EIE

poirts

—MNumber of gnd ponts for each sub - valume

alorg X direchion [Ny Fﬁ— aloma ™y directian [My] l_‘ﬂ— I n V r' i n r h
Cell size ™ [i3@3 celey [t143333 ersio S earc
Volume Size

| T Evenly spaced nd : . :
il Displays the X, Y and Z dimensions of the

| I* Euponentially spaced and (based on 2| search volume.

, Wertical points [Mz] |3 Thicknezs of top cell |‘32 1428 Z(m) = You can reset the depth of

investigation here.

oK

Number of grid points for each sub-volume

User defines the number of grid points to invertdiong the X (Nx), Y (Ny) and Z (Nz) direction. Zigs can be either
equal thickness (evenly spaced) or increase expafem thickness. Whichever method is choses, tthickness of the top

cell is displayed.

Once you have defined the grid point at the bottibra,total number of prisms and the total numbegrof points are
displayed.



|

Optimization inversion -- Starting model

¢ Customize 4 datazet Seleaia dabaset ag n Ve r SI O n
. : . Lt
™ & susceptibility distribution [.mag] file LTS
File name: | Head
= |nitial kM odel
T otal number of prizms b & suzceptibiliby ki zuzcepfibility

[— F F

Editinitial model |

Starting Model

You can define the starting model in one of fouysia

Customize - provides an interface that allows yoddfine the starting model.

A .mag file — Allows you to browse for a magnetic cestibility file from a previous inversion to us® wour search
volume.

A dataset — Allows you to browse for a data sethiwithe database) and you will have the choicesofguthe survey or a
prism to define the search volume.




General information -- Duktput

—Fun status y ;
Cloze inverzion
r program whet
finizhed:
— Action
Frogress | et
I iitial rrisfit: I Clear run status

kdizfit: I

—Clutput b databaze

FrEstart

Froject name: iUtiIiEiés b ag with Derivatives

HET L TS G
[ —

SLIEY fame: il‘«’l aghetic

Drata zet nare: !LinearEE_Fast

—IC=]|

< Back

R |

Caticel | Help

3D Mag Inversion

Run Status

INvert when you are ready, you can select the Invert butto

Watch the inversion status in the Run Status window

Data set namenter the prefix for the
magnetic inversion output files xxx.

A susceptibility distribution file, xxx.mag will

be generated and stored in the working
directory. This file contains a distribution of
anomalies that generates a magnetic field that
matches your data with a certain fit.

You can use the .mag file to define the search
area or the starting model in a future inversion.

Clear run statusmpties the contents of
the Run Status window

View .mag outpubisplays the raw
inversion output file

RestarReturns the user to the first page so a
new inversion can be performed



General information -- Output

- Run status—— 3D Mag Inversion
Final Drata-bisfit [¥] = GB/3I8E-05 ;I | -
Final Grad_Data_Misfit = 1105

[*] Date_n Mi_sfit = qumalized_ by “Lero Model” Misfit . . .
.. Terminating atrix Inversion In |t|a| M |Sf|t A parameter that

viite datato database. | gefines how close the initial model fits the
measured data. The closer the value to O, the

...End of Pr
Progress AN NTIRERRNNEEREEENNEREEEENN] | Detter the fi.

MNurnber of susceptible cells: a5 - e

[ratial rzfit: 10000 M ISfIt

Final misfit A parameter that defines how close the final
' 0.0000 model fits the measured data. The closer the

Final gradient misfit; 1105000 value is to 0, the better the fit.

Upon successful completion the message “...End oddasd will be displayed and the
progress bar will have reached the end.



- Project: Aitb_mag_Inversion fData Set: Optimized 15 508 in Databaze: F:AProductAEmigma¥'7_5%vAd

Database | Data Processing

r Projects in D atabaze

Ltilities Mag with Derivativi
Ground Mag

Airb_mag_Inversion
Ground Mag

Air Mag

M agnetics Surface
Mear Surface - Mag
Mear Surface - Shell BE
Mear Surface - Concrete
Mear Surface - EM38
Caze_Study hMag
Ground Mag Mining

Project 1D 36

Date Created:
Project Mame:

342672002

Data Cormection

Data Feduction

- Survens in Project

Magretic Gnd 2 backup edit
Magnetic Grid 2_backup_edit

Survey Marne: IMagnelic Grid 2_backup
140

g
|

Change

Survey 10:

Survey Comments BackP

Sim Static_1_541

Airth_mag_|nversion

Change Hame

Sirn Static: 1 541 542

Drata File M arne:

Add Survey Delete Survey |
rData Sets in Survey
Measured _105_134_1 =] Ardla Set [Simuisted Data Set 1D 508
td atriz Inw 14 507 -
Optimized 15 503 Domain Type: ISlatlc Date Created: I‘I 04242002 3:14
Background_16_&09 .
Feb Madel_17_510 FS‘ES'T”SZS'
Measured _105_134_1 Data Set |—= Change | EEliEE
Sim Static, T Optirmized_15_E o] Total

IDptim_H viaBaorr Change |

x| Model Mame:

Attached to the survey after
inversion is a new dataset. This
dataset contains the synthetic data

=IE1% nder the inversion. Thus, the

iInversion creates a model which
~estimates the structure of the

ground and this model has

Simulated data associated with it.

One may load this synthetic data
with Measured data to a variety of
applications such as the plotter to
compare the Measured data with
the Simulated data under the
model.

[EMIGMA _deme2_508.dat W Model Delete DataSet |

Delete Project |
Create Project | Configuration | [~ Haz Related Grid(z) | Data Set Info |
k This license maintenance expires \w’ 2004

The modelor inversion grid is attached to the Miead data in the same manner as a Forward
model. This model may be loaded to either the \lizenor the Contour application



odel Configuration

Prizrz/Flatez/Polphedra I Layers I

N| Conduchivity | Susceptibilitﬂ Permittivity | Algarithm ... | Anomaly M. | PalyFile Mame |
1 kag File emigrma _demoZ_508.mag

General Info

Surwey
HEIER

bodel Marme: |Optim_HwiaBorn_2é

Humber of |1

- Edit Mode————— - Target Properties———

Upon clicking on the Model button, and then sefegcthe Prisms/Plate/Poly tab, the user
gets this display. Attached to the databdse israd.file which is in the database
directory. In this case, the model is coptainethafile emigma _demo2_508.mag.

The model nameisOptim HwviaBorn 2452. Thisisa default name fromtheinverson.

The user may, of course, rename this oy the mai n window.

Data Set IEIptimizeu:I_'I 5 £ Change |
todel Name: %leEE om_2452  Changs |

the *.mag file may be viewed directly or opened
into virtually anything as it is simply ASCII colurar file



Number of Cells

F:5ProductE migmat?. ShadditionalDemo D atabazettd ag_databazeemigma _demo?_508 mag

00000 Qo000 00000 - 22836E-02
00000 Qo000 00000 30755E-02
00000 000oa 00000 A7784E-02
00000 Qo000 00000 -1371E-02
00000 Qo000 00000 J4334E-02
00000 .0000a 00000 .38544E-02
00000 Qo000 00000 J7935E-02
00000 Qo000 00000 J3503E-02
00000 .0000a 00000 .23246E-02
00000 Qo000 00000 1498702
00000 Qo000 00000 22030E-02
00000 .0000a 00000 -13918E-02
00000 Qo000 00000 247R3E-02
00000 Qo000 00000 A8867E-02
00000 .0000a 00000 J13450E-02
00000 Qo000 00000 .2BER3E-02
00000 Qo000 00000 A24B6E-02
00000 .0000a 00000 J4134E-02
00000 Qo000 00000 2BR30E-02

File Marfie: *F:"-.P‘ruduct'\.Emigma"-.f?.E'\.i‘-.dditil:unal'xD emo [ atabazetiag_databazehemigma _demod_508.mag

2452 é

EA54593750 53459000000 7333305 2055656 2095238 533II20 0OOOD 000D
EE545G3750 5459000000 1333330 2055556 2095238 133330 0OOOD 000D
BEE45G3750 GME9000000 323335  OOSEES6 2095238 GGEGESD  0OOOD 000D
EEG4 533750 GIEES000000 7333305 JO5EGEE 096238 533II0 0OOOD 000D
EA545G3750 5IEE9.000000 333335 2055556 2095238 26EEEED DOOOD  000DD
EEE45G3750 53669000000 1222330 2055E56 2095238 1232330 0OOOD 000D
EEG4 533750 GIEES000000 333335  JO5EGE6 2095238 BGEEESD  0OOOD 000D
EE545G3750 53678000000 3333325 2055556 2095238 26EEEED 0OOOD 000D
EEE45G3750 5IG7E.000000 1222330 J055ES6 2095238 1232330 0OOOD 000D
EA54 533750 54085000000 333335 2055556 2095238 26EEEED 0OOOD 000DD
EAG45G3750 54089000000 1333330 2055556 2095238 123330 00000 00000
EEE45G3750 GAOSE000000 323335 JO5EES6 2095238 GGEGESD  0OOOD 000D
EES4 533750 54797000000 333335 2055556 2095238 26E.EEED 0OOOD 000D
EAG45G3750 54297000000 1333330 2055556 2095238 1333330 00000 00000
BEE4EG37E0  B4297.000000 323235  JO5EES6 2095238 GGEGESD  0OOOD 000D
EA54 533750 54507000000 333335 2055556 2095238 26E.EEED 0OOOD 000D
BE54E33750 54507000000 1333330 2055556 2095238 1333230 00000 .000GD G L
BEE45G37E0  B4R07000000 323335  JO5EES6 2095238 GGEGESD  0OOOD 000D poguo oo /'gﬂnnn o
EE54 533750 54716000000 333335 2055556 2095238 26E.EEED 0OOOD  000DD e
BAG45G3750 G4716.000000 1333330 2055556 2095238 1323330 00000 00000 [
BEE45G37E0 B47IE000000 323335  JOSEES6 209038 GAEGESD  0OOOD 000D X
EES4503750 G4S000000 333335 2055556 20905238 JREEEED 000D .nnnn_nr,l

*

fatn Ll | Laterlmim] [l R min (n T (e L La W talaln] faTnlmd —r faTuTu¥ miataln] T W T T P tn L] P m i nim]
4

/ / Cell K value

3 Euler Angles

a e s o s s s e e e s o s s e s s s e }

X,Y,Z centre of each cell

Cell Size — du,dv,dw



Technical Documentsciuded on your EMIGMA CD-ROM is a

suite of tutorials, Power Point presentations, ezl abstracts, newsletters and
manuals. Most of these materials will be copiegaior machine during
Installation. Others can be copied manually orrrefitto on the CD at any time.

*\emigmava8.x
\manual \tutorials
\technical

These files are also available by clicking on tivl&MA Documentation link
at http://www.petroseikon.com/resources/newupdakegs.

Technical Support Support Department
Tel: 905.796.0324

Feed back Your comments and feedback are always welcome@nd a
helpful in making a better product for all users.

WWW. petroseikon.com



