Table of Contents

Abstract [
Acknowledgements I
Table of Contents i
List of Figures %
List of Tables X
1 Introduction 1
L1 MOUVAION. .. et e e e e e e e e e e e e e e e 1
1.2 Structure of the TheSIS. ...t oo e 2
2 Céllular Neural Network 3
225 R 1 911 0o ¥ Tox 1 o o O P 3
2.2 The Structure of Cellular Neural'Networks................ccoeoviie e enn . 3
2.3 Comparison of Cellular'Neural Network and Hopfield Neural Network.....8
2.4 Discrete-Time Cellular Neural NetwWOrks.......ccoovvveiveiiiie i 9
REFEIEINCES. .. et e e e e e e 10
3 Cdlular Neural Networksfor Seismic Horizon Linking 11
G 300 R 1 011 0o U o 1 oo T 11
3.2 The Brief Introduction of Gathering Seismic Data.............ccvvvvvvnnnnne. 11
3.3 The Preprocessing of Seismic Data............cvvviiiiiiiiiiiiiicie e e 14

3.4 The Seismic Horizon Linking System of Using Cellular Neural
N 0 T T 14
3D EXAMPI ... e e 35
3.6 Experimental RESUITS.......ccociininii e e e e e e e e 43
G A O o 11 o 0 98
REFEIEINCES. ... .. oo s et e e te e e e seeneennneas 99
4  Cellular Neural Networksfor Seismic Pattern Recognition 100

i I N 0 (0o [0 [ox {0 1A 100



4.2 ASSOCIAVE MEMOIIES. .. .u e ee et e e e e e e e e e e e 101
4.3 DT-CNNsfor Associative MemONi€sS........ovuv v ieiiiieiecie e e e 102
4.3.1 Design of Feedback Template..............ccoeveeveiin i iennenn. 103
4.3.2 Stability Results..........ccccovve i a2, 106

4.3.3 Design of DT-CNNsfor Associative Memories..................... 106
4.3.4 Associative Memories Design Principle..........c.cooooveiiiiiiennns 115
4.3.5 Comparison of DT-CNN Associative Memory and Hopfield
ASSOCIAIVE MEMOIY ... et e e v e ee e e e aenn 118
4.4 Pattern Recognition of Using DT-CNN Associative Memories............. 118
A5 EXaMPlE. ..o 120
4.6 Experimental RESUILS.......cccuo it e e e e e 131
A7 CONCIUSIONS. .. ..t e e e e e e e e e 155
REFEIENCES. .. et 156
Conclusions and Future Works 158
5.1 CONCIUSIONS. .. .ttt e e et e e e e e e et e e e e e e e 158
5.2 FUture WOrKS. .. ....ooevvin g B et e e e e e 158
REFEIENCES. .. e e s oahie e e et e e e e e e 170



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

List of Figures

2.1 A two-dimensional 6 x 10 cell array.........ocovvviii i 3
2.2 Radiusr =1, therange of cell C; anditsneighboring célls.................... 4
2.3 The primary element of a cellular neural network - cell C;..................... 5
24 Thecircuit structure of cell Cjj ... 5
2.5 OULPUL FUNCLION. ... oo e e e e e e e ie e ee e a0 D
2.6 The basic model of cellular neural NEtWOrKS.........cccccooeviiiiininieeeeeee 7
2.7 MOLION ©QUBLION. .. ... et e e e e e e e e e e e e aae e 7
3.1 The basic model of seismic source and receivers...........c.ovvvvivvininnnnn 13
3.2 Concept of CDP (Common Depth Point)...........ccoovviiiiiii i, 13
3.3 The preprocessing steps of seismicdata.............occovvevveiieiieennnnn. 14
3.4 The seismic horizon linking System..........ooooi it 14
3.5 Peak data... : e 15

3.6 Nei ghborhood radiusr = 1, the dl stri but| on situation of the center cell and
its neighboring Cells.... st . mmmmdhe e e e 16

3.7 The first kind distribution: the outputs of center cell and its one of
six neighboring cellsare 1. .. .. i 17

3.8 The second kind distribution: at 'least two cells with output value 1 in
the SaME COIUMIN. .. ... i e i e e e e et e e e e e e 19

3.9 The third kind distribution: the output of center cell C; is 1 and there

are cells with output value 1 and input value 1 in the neighboring
columns of center cell, and the distance between one of these cells
and center cell is greater than 1... 0
3.10 The fourth kind distribution: the center cell is not a peak and the output
of center cell is 1 and acell with output value 1 and input value 1 in the
left neighboring column of center cell and a cell is a peak in the
right neighboring column of center cell ina3 x 3window.................. 21
3.11 (a) One situation of linking process; (b) The situation of (a) after the
next iteration; (c) The situation of (b) after the next iteration................. 26
3.12 (@) The first situation which is needed to consider for horizon linking;
(b) The second situation which is needed to consider for horizon linking;
(c) The third situation which is needed to consider for horizon linking;
(d) The first linking result; (€) The second linking result; (f) The third
linking result; (g) The fourth linking result; (h) The fifth linking result;
(i) Thesixth linking result..........co.oi i e, 27



Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

3.13 (a) Sub image of animage; (b) A 3 x 3 mask... i |
3.14 (@) The simulated seismic peak data, (b) The peaks in (a) are shown as

SOIIA 0TS, ..t e e e e 35
3.15 Thefirst extracted NOrzoN..........cccooviie i e e 39
3.16 The second extracted hOrizoN..........ccvviiii i, 41
3.17 (a) The simulated seismic peak data, (b) The peaksin (a) are shown as

1S 0] o [0 [0 (= 43
3.18 (a) The simulated seismic peak data, (b) The peaksin (a) are shown as

1S 0] o IR0 [0 (= 48
3.19 (@) The simulated seismic peak data, (b) The peaksin (a) are shown as

1S 0] o IR0 (0 (= 57
3.20 (a) The simulated seismic peak data, (b) The peaks in (a) are shown as

1S 0] o IR0 (0 (= 60
3.21 (a) The simulated seismic peak data, (b) The peaks in (a) are shown as

1S 0] o 0 (0 (= 63
3.22 (a) The ssimulated seismic peak data, (b) The peaks in (a) are shown as

£S0] o IR0 (0] (=T 67
3.23 (a) The simulated seismic peak.-data; (b)-The peaks in (a) are shown as

£50] 1o [0 (0] (=T e o 70
3.24 () The smulated seismic peak data, (b) The peaksin (a) are shown as

£50] 1o [0 (0] (= TN g P 74
3.25 (@) The rea seismic peak data, (b) Thepeaks in (a) are shown as solid

0055 78
3.26 (a) The rea seismic peak data; (b) The peaksin (a) are shown as solid

Ot .t 83
3.27 () The seismogram at Mississippi Canyon; (b) The peak data of (a);

(c) The peaksin (b) areshown assolid dots............cocviviiiiiin e e, 90
4.1 The process of cellular neural networks for seismic pattern recognition....101
4.2 ASSOCIALIVE MEIMOIY ... ettt e e e e e e et e e e et e e eee e nanas 102

4.3 The connection relation of cells for designing associative memories

(r =1 and n = 16). The links represent the outputs of cdls...................104
4.4 The dynamiC routes of X, ...........oeviiiiiiiiiii i, 116

4.5 (a) Thefirst training pattern; (b) The second training pattern; (c) Testing

4.6 () The 1st training pattern; (b) The 2nd training pattern; (c) The 3rd
training pattern; (d) The 1st noisy input pattern; (€) The 2nd noisy
input pattern; (f) The 3rd noisy input pattern... o132

4.7 (a) Output of Fig. 4.6(d); (b) Output of Fig. 46(e) (c) Output of

Vi



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

o TR T P
4.8 (a) Energy curve of Fig. 4.6(d); (b) Energy curve of Fig. 4.6(e);
(c) Energy curve of Fig. 4.6(f)... . :
4.9 (a) Output of Fig. 4.6(d); (b) Output of Fig. 46(e) (c) Output of
i, 400 ) e
4.10 (a) Energy curve of Fig. 4.6(d); (b) Energy curve of Fig. 4.6(e);
(c) Energy curve of Fig. 4.6(f)... :
4.11 (a) Output of Fig. 4.6(d); (b) Output of Fig. 46(e) (c) Output of
FIg. 4.6(F) e
4.12 (a) Energy curve of Fig. 4.6(d); (b) Energy curve of Fig. 4.6(e);
(c) Energy curve of Fig. 4.6(f)... .
4.13 (a) Output of Fig. 4.6(d); (b) Output of Fig. 46(e) (c) Output of
FIG. 4.6(F) e
4.14 (@) Energy curve of Fig. 4.6(d); (b) Energy curve of Fig. 4.6(e);
(c) Energy curve of Fig. 4.6(f)... .
4.15 (a) Output of Fig. 4.6(d); (b) Output of Fig. 46(e) (c) Output of
FIg. 4.6(F) .o s 8 et et e e
4.16 (a) Energy curve of Fig. 4.6(d); (b) Energy curve of Fig. 4.6(e);
(c) Energy curve of FIg. 4.6(F). ik it it e
4.17 (a) Output of Fig. 4.6(d); (b). Output of “Fig. 4.6(e); (c) Output of
Fig. 4.6(f)............ ¥k SETETE . 0 ..o
4.18 (a) Energy curve of Fig::4.6(d); (b).‘Energy curve of Fig. 4.6(e);
(c) Energy curve of Fig. 4.6(f)... . .
4.19 (a) The 1st training pattern: sealevel fall; (b) The 2nd training pattern;
(c) The noisy input pattern... ..
4.20 (a) Output of Fig. 4.19(c); (b) Energy CUNVE. ..ot
4.21 (a) The 1st training pattern: bright-spot; (b) The 2nd training pattern:
pinch-out; (c) The 1st noisy input pattern (HD = 100); (d) The 2nd
noisy input pattern (HD = 90)........ccoiiii i e e
4.22 (@) Output of Fig. 4.21(c); (b) Output of Fig. 4.21(d); (c) Energy curve
of Fig. 4.21(c); (d) Energy curve of Fig. 4.21(d)............cooivvviiiinnnnn,
4.23 (@) Output of Fig. 4.21(c); (b) Output of Fig. 4.21(d); (c) Energy curve
of Fig. 4.21(c); (d) Energy curve of Fig. 4.21(d)...
4.24 (a) Output of Fig. 4.21(c); (b) Output of Fig. 4. 21(d) (c) Energy curve
of Fig. 4.21(c); (d) Energy curve of Fig. 4.21(d)... R
4.25 (a) The 1st training pattern: bright-spot; (b) The 2nd training pattern
right pinch-out; (c) The 3rd training pattern: left pinch-out...................
4.26 (@) ~ (c) Three noisy input patterns with HD = 107, 118, 118

Vii



FESPECHIVEIY ..ottt et e e e e et e e e e e
Fig. 4.27 (a) Output of Fig. 4.26(a); (b) Output of Fig. 4.26(b); (c) Output of
Fig. 4.26(c); (d) Energy curve of Fig. 4.26(a); () Energy curve of
Fig. 4.26(b); (f) Energy curve of Fig. 4.26(C).......ccuvvvveiiiiniiiiannnnannns
Fig. 4.28 (a) Output of Fig. 4.26(a); (b) Output of Fig. 4.26(b); (c) Output of
Fig. 4.26(c); (d) Energy curve of Fig. 4.26(a); () Energy curve of
Fig. 4.26(b); (f) Energy curve of Fig. 4.26(C).........evvueniiniiiiiieineeann,
Fig. 4.29 (a) Output of Fig. 4.26(b); (b) Energy curve of Fig. 4.26(b).................
Fig. 4.30 (a) Output of Fig. 4.26(a) by Hopfield associative memory; (b) Output
of Fig. 4.26(b) by Hopfield associative memory; (c) Output of
Fig. 4.26(c) by Hopfield associative Memory..........o.veevveveviniininennns
Fig. 4.31 (a) ~ (e) Fivetraining Patterns..........c.vveiee vt e e
Fig. 4.32 (a) ~ (e) Five noisy input patterns with HD = 100, 90, 100, 100, 100
FESPECHIVEIY ... et et e e e e e e e
Fig. 4.33 (@) Output of Fig. 4.32(a); (b) Output of Fig. 4.32(b); (c) Output of
Fig. 4.32(c); (d) Output of Fig. 4.32(d); (e) Output of Fig. 4.32(e);
(f) Energy curve of Fig. 4.32(a); (@), Energy curve of Fig. 4.32(b);
(h) Energy curve of Fig. 4.32(c);.(i) Energy curve of Fig. 4.32(d);
() Energy curve of Fig. 4.32(€) il vt it e
Fig. 4.34 (a) Output of Fig. 4.32(a); (b) Qutput of Fig. 4.32(c); (c) Output of
Fig. 4.32(e); (d) Energy curveofrFig. 4.32(a); (e) Energy curve of
Fig. 4.32(c); (f) Energy curve of Fig. 4:32(€).....ccccccevernenrrneereee e
Fig. 4.35 (a) Output of Fig. 4.32(a) by Hopfield associative memory; (b) Output
of Fig. 4.32(b) by Hopfield associative memory; (c) Output of
Fig. 4.32(c) by Hopfield associative memory; (d) Output of
Fig. 4.32(d) by Hopfield associative memory; (e) Output of
Fig. 4.32(e) by Hopfield associative Memory..........ccceveeeneeneseeneeneenn
Fig. 4.36 TWO training PatternsS. .. .....coouuiri i e e e e e e ee e e
Fig. 4.37 () Thefirst real seismic pattern; (b) Coordinates of successful
recognition; (C) Output Of (8).......c.evvviriiiiiii e,
Fig. 4.38 (@) The second real seismic pattern; (b) Coordinates of successful
recognition; (C) Output Of (8).........ovvviriiriiiii e e
Fig. 4.39 (a) The third real seismic pattern; (b) Coordinates of successful
recognition; (C) OUPUL Of (8)........cvoininiiiceeee e
Fig. 4.40 TWO training PatternS. ......c.vue it ee e e e aean
Fig. 4.41 0ONenoisy iNPUL Pattern..........ccoieie i e e e e e e
Fig. 4.42 (a) Output of Fig. 4.41if r = 1; (b) Energy curveof Fig. 4.41ifr=1......
Fig. 4.43 (a) Output of Fig. 4.41if r = 2; (b) Energy curve of Fig. 4.41ifr=2......

viii



Fig. 4.44 Example of theindefinitecell............ccoooiii i 151

Fig. 4.45 The dynamic routes of Cell C,.......cooviiiiiiiiiii e 152
Fig. 4.46 DT-CNN for associative memory using two-dimensional discrete Walsh
LU= o o T PP 154
Fig. 4.47 1f r = 2, the neighborhoods of C, intwo training patterns.................. 154
Fig. 4.48 The algorithm searching indeterminate cells.............cccovvviiiiii e 155
Fig. 5.1 () ~ (€) Fivetraining Patterns. ........coovi vt i e e e e e 168
Fig 5.2 (a) ~ (e) Five noisy input patterns... e 169
Fig. 5.3 (a) ~ (€) The recognition results of Flg 5. 2(a) (e) outputted by the
first-order CNN aSSOCIiative MEMOIY ........ovvuueeie i e e 169
Fig. 5.4 (a) ~ (e) The recognition results of Fig. 5.2(a) ~ (e) outputted by the
second-order CNIN aSSOCIative MEMONY ... ....c.vue vt e, 170



List of Tables

Table 3.1 The coordinates of the first kind of distribution situation..................... 18
Table 3.2 The coordinates of the second kind of distribution situation.................. 19
Table 3.3 The coordinates of the third kind of distribution situation..................... 20
Table 3.4 The coordinates of the fourth kind of distribution situation...................21
Table 4.1 Comparison of three systems for Experiment 2...............................137
Table 4.2 Comparison of three systems for Experiment 3...............................140
Table 4.3 Comparison of three systems for Experiment 4...............................143
Table 4.4 Comparison of three systems for Experiment 5...............................147



