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Abstract

“Biology and computer science — life and computation — are related. | am
confident that at their interface great discoveries await those who seek
them.” (L.Adleman, [1])

Natural Computation is a field that draws inspiration from Nature to solve problems that is
hardly solved by our traditional system. Nature has lots of simple rules and premises which
can be applied to new and complex environments quickly and efficiently. It solves
computationally unsolvable problems and even problems that require good quality of

solutions in exponentially large search space.

Our project mainly emphasized groundwater detection methodology using a new technique of
Natural Computation i.e. Cuckoo Search but even we have applied Membrane Computing in
Image Classification. Membrane Computing is a technique that directly comes under Natural
Computation. Thus we have covered two different fields of Natural Computation in different

application areas of geosciences.

“If the wars of the twentieth century were fought over oil, the wars of this century will be
fought over water” [The World Bank]. Groundwater is located beneath the ground surface
which is precious natural resources. Geoscientist had to know the location of groundwater for
extraction of water. Thus we have applied cuckoo search in the detection of groundwater in
various landforms. Geologists provided us with values of landforms; soil, lineament and other
geology features and our algorithm detected the presence of groundwater in such situation.
Thus we have formulated different values of these characteristics as cases and then detected

the potential of groundwater of new cases depending on the previous values of our cases.

In this review we have even applied membrane computing in image classification. Image
processing has been a wide field of application in remote sensing. Remote sensors capture
images of earth and this remotely sensed image is used by scientist and in various
laboratories for identifying different terrain features. Thus natural computation had been used
for extracting the features contained in an image. Thus the work includes natural computation

in image classification.

iv | Bidisha Das: Department of Computer Engineering; DCE



TABLE OF CONTENTS

CERTIFICATE . itiitiiiiiiiiieiiiiaiieiiatnetasessesnssssassssssnssssnssssmonses i

ACKNOWLEDGEMENT .....coctititiiiiiiniieiniiiiecisesassssasessssassens. i

VAN 33 N 2. N G \Y;

TABLE OF CONTENTS. . cuttiiiiiiiieiiiiiienetiicssensstsssssssssssssnnassnn. \

LIST OF FIGURES.....cciiiitiiiiiiiiiieiiiieicsietcsssstcssscssssosnnscones viii

LIST OF TABLES. ... uiitiitiiiiiiiiiiiiiiiiiiniiniintiessessssnssssssssssssnssnse Xi

1. INTRODUCTION. . cuttttuiturnrsernssesasmmsnssssessssessssasssssssssssnssssass 1

1.1 MOBIVATION. ..t e 2

1.2 Related Work.......ouieii e 4

1.3 Problem Statement............ccooviiiiiiiii i, 6

1.4 Scope Of the WOTK. .....o.viniini e 7

1.5 Organization of thesis...........vviriniiei e 8

2. The omnipresence of CBR and CS.......cccievieiieiiiiniiniiniieciessecsonsons 10

2.1 Case based reasoning............ovieiiniit i 10

2.2 Components and features of case based reasoning.................cccceeeenenen 111

2.3 Case based reasoning life cycle.........oooeiiiiiiiiii 13

2.4 Application OF CBR..... ..o 14
2.4.1 CBR using nearest neighbour................o.oviiiiiiiiiiiiinin..s 14
2.4.2 CBR USING INAUCHON. ..ottt 15
2.4.3 CBR USING Fuzzy 10giC......c.ooviiiiiiiic e, 15
2.4.4 CBR using Database technology...............ccooeviiiiiiiiniinnn... 16

2.5 CUCKOO SCArCh. ...\t 17
2.5.1 CuCKOO’S behaviour..........ooviiiiii i, 17
2.5.2 Rules in Cuckoo search.............ccooviiiiiiiiiiiii e, 18
2.5.3 Differences of CS with PSOand GA...........cocoviiiiiiiiniininn.n. 19
2.5.4 Performance Analysis of Michaelwicz’s function.................... 20

2.5.4.1 Comparison of CS with PSOand GA..........c......c.....e. 21

v | Bidisha Das: Department of Computer Engineering; DCE



3. Applying Image Classification in Remote Sensing.........cccccvveeiuiniens 24

Sl INtrOTUCHION. ..t e 24
3.2 Image Classification...........oouiiini i 25
3.3 Traditional image classification methods......................oool, 27
3.3.1 Parallelopiped classification..............coovviiiiiiiiiiiii i, 27
3.3.2 Minimum Distance to Mean classification.....................c.coeennn.. 27
3.3.3 Gaussian maximum likelihood classification............................. 28
3.4 Soft Computing teChNIQUES. .......c.ooviii e 28
3.4.1LROUGN SEt theOry. ...t 29
3.4.2 Semantic web based classification...................cocviiiiiiiiiin 30
3.4.3 Swarm Intelligence technique.............ccoooiiiiiiiiiiii e, 31
3.4.3.1 Hybrid ACO/PSO......coiriiiiiiiiaii e, 31
BA432BBO. ..o 32

3.4.4 Recently Used Technique: Membrane Computing....................... 33
3.4.4.1 Membranous StruCtUIe. .........ouvevreeere i iieieeeereeannnnn. 33

3.4.4.2 The formation of rules..............ooiiiiiiiiii i, 36

3.4.4.3 Maximizing Parallelism....................coooiii 37

3.4.4.4 The formal definition of MC.............cooiiiiiiiiiii 38

3.4.4.5 Performance analysis of MC..............ooiiiiiiiiiiiininn, 38

3.4.4.5.1 Performance.............cooeiviiiiiiiiiiiii i 39

34452 Flexibility......ccooviiiiiiiiiiiiie e, 39
3.4.453Scalability..........cccooiiiiii 39

4. Combining CS with CBR for detection of groundwater possibility.......40
A1 IntrodUCtiON. ..ot 40
A B L L - S 42
4.3 1Integration OF CBR........oiii i, 44
4.4 Algorithm of CS in groundwater potentiality..................ocooiiiiiinnn, 45
4.4.1 The detailed working of the algorithm................................... 46

4.4.2 Flowchart of the working model of CS....................ooa 54

4.5 Usage of Propositional 10@iC........c..ovivriiiiiiiii i 55
4.6 Unified Modelling Language of Groundwater detection....................... 57
5. Applying Membrane Computing in Image classification................... 60
B L INTrOTUCHION. ... e e 60
0.2 Dataset USEd. ... .cuuiiiit i e 62
5.3 Brief description of the image that validates our algorithm................... 63
5.4 Topographic facets extraction interpreted in MC terms........................ 65
5.5 Formulation of evolution rules.............ccooiiiiiiiiii i 68

vi | Bidisha Das: Department of Computer Engineering; DCE



5.6 Algorithm of MC in Image Classification................ccooevveiiiiininnnn... 72

5.7 Description of Mathematical formula used in MC feature extraction....... 76
5.8 Structural Design of Universal Classifier.................coovviiiiiinann... 78
6. RESUILS aNd DiSCUSSION....ceieeeirererneeneeeerereracenneeenecenseenscesasennsenns 83
6.1 CS: results and disCuSSION. .........ovuiiiiiii e 83
6.1.1 User Interface...........cooooiiiiiiiiiiiiii i, 84

B.1.2 RESUILS. ... 86

6.1.3 Graphical representation of CS in Groundwater potentiality........ 88

6.2 MC Classification: Results and discussion..............ccooovviiiiiiinninnn.nn, 92
6.3 Accuracy Assessment of the proposed algorithm............................... 93
6.3.1 Error MatriX.......ooiiiiii i e et 94
6.3.1.1 Producer’s ACCUIaCY......c.vvvuiieiiiiteeiieeiieeiieeaneanans 97

6.3.1.2 USEI’s ACCUIACY .. ..uviiuiiiiieit et eieeeeeeeieaa 99

6.3.2 KHAT StatistiCS.......ooviiti i 100

6.4 Comparative study with other classifiers....................cooiiiiin.. 102
7. Publication from thesiS.......ccciiiiiiiiiiiiiiiiiiiiiinnerieinnesececannnnnn 108
7.1 Details of CONference........c.ovvviiiiiiiiii e 109
8. Conclusion and Future SCOPe......cceeiereiiererecierinrenrcsessasonscsnssnsons 110
B.L CONCIUSIONS. ... ettt e e e e e e 110
B2 FULUIE SCOP. .ttt ettt e e e e 112
T 2{G (3 (0 | (U S PP 114
Vo] o cTalo [DIQANMAY o] o] g=AVAT- LA 0] o TP 118
Appendix B: An Introduction to MATLAB.......ccccetiiiiiiiiniieiienennnas 119
Appendix C: An Introduction to ERDAS Software........ccccceeeevennnnn.. 122

vii | Bidisha Das: Department of Computer Engineering; DCE



LIST OF FIGURES

FIQUIE 2.1 CBR SYSteIM. ...ttt e 11
Figure 2.2 Two major components of CBR............cooiiiiiii i 11
Figure 2.3 CBR II{E CYCIe. ..t e e 13
Figure 2.4 A fuzzy preference function...............ooouiiiiiiiiiii e, 16
Figure 2.5 The landscape of Michaelwicz’s function.................coooiiiiiiiiiiiiinen.n. 20

Figure 2.6 Search paths of nests using CS. The final locations of the nests are marked with ¢

Inthe figUure. ... 21
Figure 3.1 Image Classification ProCess. ... ......o.vuiiiuiuiiiiiiiiii e 26
Figure 3.2 Framework for semantic classifier..............c.ooiiiiiiiiii e, 30
Figure 3.3 Diagrammatic representation of SI classifier..............c.oooiiiiiiiiiiiiininan.. 31
Figure 3.4 A membrane StruCtUre. ... ... ..ottt 34
Figure 3.5 A tree describing the membrane structure................cooooiiiiiiiiiiiiiiiien 35
Figure 4.1 Cases from the case base............ocoeviiiiiiiiiiii i 45
Figure 4.2 Weight of each attribute....... ..o, 47
Figure 4.3 Geology attribute values...........c..coouiiiii i 48
Figure 4.4 Landform attribute values..............cooiiiiiiii 49
Figure 4.5 Soil attribute values............oiiieinii e 49
Figure 4.6 Landuse attribute values............c.ooiiiiiiiiiiii e 50
Figure 4.7 Slope attribute values............oouiiiiiiii i 50
Figure 4.8 Lineament attribute values..............coiiiiiiiii i 51
Figure 4.9 Current Cuckoo searches for the best nest among quality solution.................. 52
Figure 4.10 Detailed architecture of CS in groundwater potential................................ 54

viii | Bidisha Das: Department of Computer Engineering; DCE



Figure 4.11 Use case diagram.........o.ueuiiuiuintiii i 57

Figure 4.12 State diagram.........oouuiiiit ittt e 58
Figure 4.13 Interaction Diagrami..............o.iiuititii i, 59
Figure 5.1 7 bands satellite image of Alwar region in Rajasthan................................... 62
Figure 5.2 8 bands satellite image of Saharanpur region in Uttar Pradesh....................... 63
Figure 5.3 Membranous structure of Alwar region.............c.oveviiiiiiiiiiiiiiiiaanans 66
Figure 5.4 Evolution rule applied t0 AIwar re@ion. ............coeiiiiriiiiiiiiiiiieieieaiaaan 69
Figure 5.5 Flowchart of MC applied in Image classification...................cooevvviininnann... 75
Figure 5.6 MATLAB window containing the code for universal classifier..................... 77
Figure 5.7 Structural design of Universal classifier.................ocooiiiiiiiiiiiiiiiiiiin, 78

Figure 5.8 Graph plot of the standard deviationof each land cover feature v/s each of the 7

DANGS. . .. 80
Figure 5.9 Band selector of Alwar image............ouiiiiiriiiiiiiii e 81
Figure 6.1 Validation dataset of groundwater.................oooiiiiiiiiiiiiii e, 84
Figure 6.2 First window appear upon execution of the software..........................e. 85
Figure 6.3 Window with attribute values...............ooooii i 85
Figure 6.4 Window after values entered DY USer............cooiiiiiiiiiiiiiiiieeea, 86
Figure 6.5 Output display Changes...........coooiuiiiiiiii e 87
Figure 6.6 Purpose of reset button.............ooiiiiii i 87
Figure 6.7 Exit button feature. ..........oooiiiii i 88
Figure 6.8 QUENY INPUL DY USET.. . .ottt e 88
Figure 6.9 Plot of objective function of each nest.................coooiiiiiiiiiiiiiii 90
Figure 6.10 Plot of best SOIUtION. ........oiuiiii e 91
Figure 6.11 Tmages of AIWar r€@ION. ......ouuiniiei ittt 92
Figure 6.12 Images of Saharanpur region.............ooouiieiiiiiiie e, 93

ix | Bidisha Das: Department of Computer Engineering; DCE



Figure 6.13 Density of each feature in Alwar region...............ccooveiiiiiiiiiiiiiniiiienann.. 94
Figure 6.14 Plot of terrain features of Alwar region..............coeiiiiiiiiiiiiiiiien, 96

Figure 6.15 Comparison study between data given by expert and result obtained through our

ClASSITIBT. . .. 97
Figure 6.16 Conflict portion of the Image............c.ooiiiiiiiiiiii e 103
Figure 6.17 Mixture spectral SIZNAtUrE. ...........oueiririt ittt et eearenaaens 103
Figure 6.18 Identified heterogeneity and assigning proper feature.............................. 104
Figure 6.19 A view of traditional classifier....................coooiiiiiiiiii i 105

Figure 6.20 Classified Alwar image after applying various soft computing techniques......107

x | Bidisha Das: Department of Computer Engineering; DCE



LIST OF TABLES

Table 2.1 Comparison of CSWith PSO and GA.............oiiiiiiiiii i 23
Table 4.1 Six attributes used in the dataset...............coeoiiiiiiiiiiiiiiiiiiie 42
Table 4.2 Ranking Of attribute. .. .. ..ot e 42
Table 6.1 QUEIY table. .. ..viee i e 86
Table 6.2 Error matrix when MC is applied to Alwar region.............cc.cooevviiviieeninnannnnn 95
Table 6.3 Error matrix when MC is applied to Saharanpur region.......................c.ov.eee 96
Table 6.4 Producer’s accuracy of AIWar area.............o.vuiiiriiiiireiiiieiinieeieneenenenns 98
Table 6.5 Producer’s accuracy of Saharanpur area..................ooooiiiiiiiiinnnnnn 98
Table 6.6 User’s accuracy of AIWar re@ion............oooiuiiiiiiiiiiiiieeeeeeeeeas 99
Table 6.7 User’s accuracy of Saharanpur region............o.ovuiiiniirinrieiiariieeeanenansn 99

xi | Bidisha Das: Department of Computer Engineering; DCE



