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Applying two-step iterative least square approach to determine the geometry and

physical parameters of magnetic sphere sources
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Abstract Through the causation analysis of divergent solution in determining the magnetic
sphere parameters with normal least square method, the result indicates that redundant
parameters, especially the angle parameters, in non-linear equations are the main factor to affect
the convergence. Therefore, an approach was proposed here to eliminate the influence of angle
parameters by regarding the magnetic anomaly components as observed values and substituting
magnetic moment vector for magnetic inclination as well as magnetic declination. Based on the
linear/non-linear relationship between observed value and magnetic moment/ center position, the
geometry and physical parameters of magnetic sources could be precisely figured out by applying

two-step iterative least square approach. In the calculation process of non-linear least square,
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there are only three unknown parameters, so the parameter dimensions were reduced extremely.

Considering the influence of background field and multi-sources situation, corresponding data

processing methods were also put forward. The effectiveness of the suggested techniques has

been illustrated by real magnetic data from a collection of environmental ferro-metallic objects.

The conclusion shows that the presented approach is convergent and the calculated geometry

together with physical parameters has very high precision.
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iterative least square approach
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(a) Survey point distribution; (b) Contour map of total field.
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Fig.4 3-D distribution of center location’s iterative results and its error chart

(a) 3-D distribution of center location;
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Table 1 Result statistic of calculated parameters
with iterative times

;i; Z./m y./m 2. /m m, /Am* m, /Am® m. /Am?
0 5.000 3.500 7.000 — — —
1 5.687 3.434 7.181 —152.482 —210.593 —36.971
2 6.375 3.387 7.315 —143.884 —268.500 —24.040
3 6.983 3.393 7.413 —122.971 —324.007 —12.224
4 7.466 3.444 7.485 —96.700 —366.945 —1.150
5 7.825 3.524 7.538 —71.526 —393.544 9.742
6 8.081 3.618 7.577 —50.675 —406.760 20. 490
7 8.261 3.718 7.608 —34.692 —411.254 30. 925
8 8.386 3.820 7.632 —22.918 —410.601 40. 935
9 8.473 3.922 7.650 —14.416 —406.974 50. 483
10 8.533 4.024 7.664 —8.334 —401.571 59.574
15 8.647 4.517 7.686 3.915 —362. 604 98. 738
20 8.669 4.990 7.646 6. 255 —314.373 128.106
25 8.687 5.451 7.555 7.507 —261.959 148.076
30 8.722 5.906 7.417 9.909 —208.306 159.163
35 8.788 6.361 7.235 14. 490 —155.469 162.077
40 8.901 6.830 7.006 22.222 —104.719 157.545
45 9.089 7.332 6.727 34. 346 —56. 565 145. 956
50 9.389 7.892 6.392 51. 605 —11.622 126. 601
55 9.777 8.456 5.982 68. 607 23. 850 98. 321
60 10.089 8.817 5.488 71.220 36. 655 68. 286
65 10.227 8.923 4.925 59.472 31.399 47.033
70 10.251 8.897 4.317 43.902 21.714 33. 246
75 10.241 8.826 3.696 30.418 13.427 23.391
80 10.233 8.750 3.136 20. 836 7.891 16. 376
85 10.234 8.690 2.710 14. 967 4.798 11. 886
90 10.238 8.651 2.438 11. 744 3. 266 9.332
95 10.242 8.629 2.282 10. 074 2.539 7.982
100 10.245 8.617 2.198 9.226 2.191 7.291
102 10.246 8.614 2.177 9.019 2.108 7.121
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