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PROBE X Y FROM TO TYPE | FROM TO TYPE | FROM TO TYPE

1 -130 365 0.3 0.61 Y 13.72 16.76 Y

2 -115 370 244 3.51 \Y

3 -115 365 3.96 4.88 v

4 -115 360 244 4.57 \Y 13.72 16.76 \

5 -115 355 5.49 6.71 Y

6 -115 350 5.49 6.4 \Y

7 -115 345 3.96 4.57 Y

8 -115 340 3.96 4.57 Y

9 -160 365 3.96 4.88 Y

10 -170 365 3.05 3.96 Y 12.19 16.76 Y

11 -150 365 457 4.88 v 15.24 16.76 Y

12 4.88 5.49 v 13.72 16.76 v

13 85 45 9.14 16.76 Y

14 95 45 6.1 7.62 Y 9.14 16.76 Y

15 105 45 8.53 10.67 Y 10.67 13.72 Y 13.72 16.76 S
16 113 46 9.14 10.06 ' 15.24 16.76 Y

17 126 46 8.53 9.75 Y 13.72 16.76 \

18 137 47 10.06 10.97 Y 13.72 16.76 \

19 137 34 8.53 9.75 Y 12.19 16.76 Y

20 145 20 9.75 10.36 S 11.89 16.46 S

21 135 20 7.32 8.23 S 15.24 16.46 S

22 125 20 9.75 10.67 s 1341 16.46 S

23 115 20 5.49 6.71 S 11.28 16.76 S

24 100 20 5.18 5.79 S 13.11 16.76 S

25 90 20 8.84 12.5 s 15.54 16.76 S

26 70 20 10.36 10.67 v 15.85 17.37 S

27 60 20 10.67 11.28 v 14.33 17.37 S

28 50 20 8.84 9.45 v 13.72 17.37 S

29 35 20 15.85 17.37 s

30 25 20 14.94 17.37 S

31 25 10 15.24 17.37 Y

32 35 10 15.24 17.37 v

33 60 10 11.28 10.67 v 12.8 17.37 Y

34 70 10 9.45 10.36 \Y 125 17.07 \Y

35 90 10 6.1 6.71 Y 9.14 16.76 \

36 100 10 6.1 7.01 v 10.06 16.76 v

37 110 10 13.11 16.76 v

38 110 10.06 10.67 s

39 100 13.72 16.76 \Y

40 58 89 2.74 5.79 Y 11.89 17.07 \

41 40 90 2.74 6.1 \Y 125 17.07 Y

42 52 45 9.45 10.06 S 125 17.07 Y

43 184 185 8.53 9.14 S 9.14 16.76 h

44 190 229 8.53 10.36 v 1341 16.46 v

45 181 244 5.49 6.1 Y 6.71 7.32 \ 125 16.46 \Y
46 182 259 9.45 9.75 \Y 125 17.07 Y

47 164 276 9.14 9.75 v 13.72 16.76 Y

48 155 288 7.92 8.23 v 8.53 9.14 Y 15.24 16.76 \Y

NOTES: v Void s Soft drill h Hard drill
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Summary

In common classical methods of cavity depth estimation through microgravity data, usually when a pre-
geometrical model is considered for the cavity shape, the simple geometrical models of sphere, vertical
cylinder and horizontal cylinder are commonly used. It is obviously an important fact that in real conditions
the shapes of the cavities are not exactly sphere, horizontal cylinder or vertical cylinder but are near or to
some extent near to these simple models. The linguistic variables “near to” or “to some extent near to” are
consisting of fuzzy concepts and can be described as “fuzzy” variables. The membership degree of each
fuzzy variable shows how much the variable is near to the mentioned simple shapes. Using the fuzzy
variables leads to better results with more accuracy because in real conditions the nature of the cavities
shape is “fuzzy” so that their shape is not exactly but near to the mentioned simple shapes. Consequently,
in this paper in order to help the gravity data interpreter to enhance the accuracy of his/her interpretation a
neuro-fuzzy model namely Multi Adaptive Neuro-Fuzzy Interference System (MANFIS) is used. When the
neural network alone is used the challenge is its black-box operation so that there is no possibility for
sensitive analysis but neuro-fuzzy networks consist of the sensitive analysis via the if-then fuzzy rules
achieved during the training process. In Multi Adaptive Neuro-Fuzzy Interference System, the network
output before the de-fuzzification stage, shows the interpreter how much the cavity shape is near to sphere,
horizontal cylinder or vertical cylinder. In this research, two Adaptive Neuro-Fuzzy Interference System
(ANFIS) models were paralleled to configure a Multi Adaptive Neuro-Fuzzy Interference System
(MANFIS) so that one output of the designed MANFIS is the shape factor and the other is the depth of the
cavity. The inputs of the MANFIS are some of the important features selected from the gravity signal along
the selected principle profiles of the residual gravity map. In order to evaluate the designed MANFIS in the
presence of noise in gravity data, the method was tested for synthetic data with 5% and 10% level of noise.
The results showed that the joint neural networks and fuzzy logic makes it a suitable tool to help the
interpreter to improve the accuracy of shape and depth estimation of cavities. Furthermore, the method is
more robust to noise which were tested for two different noise levels one with low level of noise and other
with medium level of noise added to the synthetic gravity data. Despite the available classical methods or
net neural methods, here without any pre-assumption about the shape of the cavity, both the shape factor
and depth are estimated. In is necessary to mention that the value of the estimated shape factor implies that
which of the geometrical models among sphere, vertical cylinder or horizontal cylinder are better fitted to
the real shape of the subsurface cavity. After checking and confirming the accuracy of the designed
MANFIS for synthetic data, the method was tested for real data through micro-gravity data over a gravity
site located in Great Bahama Free Port, west of North America. The results are very near to the available
borehole and extracted data.
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