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SAGEEP 2004

SAGEEP 2003 - weillustrated the use of combining the
Euler Deconvolution with inversion for the magnetization vector

Extending to a processing method
for multiple objects of different sizes

Synthetic Example

Example over a Test Site

All results and graphics generated in EMIGMA®©




On Inversion for Detection of Multiple Buried Metallic Objectives

Processing Overview

 Euler Depth Estimator

1) focus on small structural index range—e.g 1.5-2.5
i) FFT or ssimple difference horizontal gradients

1) Measured or FFT Vertical gradients

» Process Euler Solutions
a) Rodin Algorithm

b) Statistical L ocation Processing

*Magnetization Vector Inversion
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Flow Chart for Implementing Euler Depth Estimator and Vector | nversion

Step 1. Data preparation

Gradients have to be calculated if not measured. Vertical derivative can be computed via
FFT. Horizontal derivatives can be computed either by simple difference or FFT.

Step2 Generate I nitial Euler solutions

This involves setting appropriate moving window size, structural index indicating the type
of anomaly. Any solution which has positive z, or whose distance from its respective
moving window is over certain valueis discarded.

Step 3. Post-process Euler Solutions by applying Rodin Algorithm

This process selects/eliminates solutions according to the spatial distribution of initial
coarse Euler solutions. Only those solution having relatively high geometric concentration
will be kept.

Step 4. Deter mine location of each individual body

Based on the spatial distance to distinguish buried bodies, clusters are split into groups,
each of which identifies a body. The location of this body is calculated by means of
statistics.

Step 5. Apply Magnetization Vector Inversion

A local search grid is set for each individual body and a subset of measured total datais
selected. By performing an automatic iterative target volume modification according to a

prescribed volume range of the buried objectives - optimum solutions giving the locations
aswell asthe internal magnetization vectors of buried objects are produced.
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Svnthetic Example - .5m x .5m data sampling- Fixed search Grid with arange of Sl

Body X Z dip decl M Size

-3 45 45 6 0.008
-2.5 7 0.008
-2 35 70 7 0.008

Actual locations

True B and dB 0.01
-7.97
7.98
-0.01
-7.82
7.86
-0.13
-71.97

7.92

noisy B and FFT dB

noisy B and FFT dB/dz
simple difference
horizontal derivatives

W N P W DN P WDN EPWwDN

All resultsrelatively good
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Synthetic Example - Vector Inversion — Course Grid 1m x 1m data sampling

-For thefinegrid VI dlightly improvesthe Euler results

-For acoursegrid the Euler solutions are poorer for noisy data

Vector Inversion Results by Processing

Body X center Y center Z center dip Cell Size

1 ] 45 0.008
2 -2.5 0.008
3 -2 0.008
1

True tota
field

Noisy total
field
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L ayout of Buried Objects, Columbia Test Site, University of Waterloo

Filled circle
vertical 45 gallon drum
Volume .21m3 ,height 0.92m

Filled rectangle
vertical sheet

8m by 1m by 0.1m

Segment of line
horizontal pipe

diameter 0.1m
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L ayout of Buried Objects, Columbia Test Site, University of Waterloo

nTesla
S8556.02 [-] 5888315

SE228.88 [-] 5g556.02
57201.75 [-] 55228 .88
5751462 [] 5790175
5724743 [-] 57574 82
522058 [-] 57247 49
5858522 [[] 5892058
Se2es.08 [-] 5858522

55238.596 [-] SE2e6.02

55611.82 [-] 55238 .56

55284 65 [-] 5361182

54257.56 [-] 55284 6%

5463043 [-] 54957 .56

54305259 [-] 5453043

5397816 [] 54350529

ENNOEENECOCO0OC0CODE.
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128 by 256 FFT grid with grid cell size 0.4m by 0.2m

Horizontal Derivative (North) from FFT
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Cesium Magnetometer (SMARTMAG) — 1m x 0.1m data sampling
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Step2 Generate I nitial Euler solutions
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Step2 Generate I nitial Euler solutions
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Step3 Rodin Processing

-

Artifacts?
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Step4 Statistical Removal Processing
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2 solutions
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Step4d  Statistical Removal Processing
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Step4 Statistical Removal Processing
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Step5 Magnetization Vector | nversion
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M agnetization Vector | nversion
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Step5 Magnetization Vector | nversion

Jia VI Ctr Top

0.47 0.78 71 0.25

-Jia depth to top good for shallow drums
-VI depth to center good
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Step5 Magnetization Vector | nversion

-Jia depth to top good
-VI depth to center good too deep
- multipleM ?, constrain V ?
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M agnetization Vector | nversion

-Jia depth to top useful
-VI depth to center good for P3 only
- multiple M’s? constrain V ? Larger grid?
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Step5 Magnetization Vector | nversion

-Jia depth to top quite good — error about .2m
-VI depth to center good for S3, S1,$4 poor
- multiple M’s? constrain V ? Larger grid?
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CONCLUSIONSAND DIRECTIONS
 Preliminary Euler useful
Correct use of Structural Index for Euler
*Rodin post-processing very helpful

«Statistical grouping givesinitial location
with good horizontal positioning and approximate depth
*\/ector Inversion quick and useful but ....

v" Use of constrained volumes
v" Distribution of magnetization
v' Use of multiple Euler solutions from different S|




