
List of Figures

3.1 Maximal Margin Classifier . . . . . . . . . . . . . . . . . . . . . . . . 24

3.2 Comparison of Accuracy for different kernels using SVM for WDBC

dataset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.3 Comparison of Time for different kernels using SVM for WDBC dataset 34

3.4 Comparison of Accuracy for different kernels using SVM for WBC

dataset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

3.5 Comparison of Time for different kernels using SVM for WBC dataset 37

4.1 Architecture of McCulloch Pitts . . . . . . . . . . . . . . . . . . . . . 42

4.2 Biological Neuron versus Artificial Neural Network [85] . . . . . . . . 42

4.3 Shallow Artificial Neural Network vs Deep Neural Network [124] . . . 44

4.4 Block diagram of ICA mixing steps . . . . . . . . . . . . . . . . . . . 54

4.5 Visualization for pre-processing steps in ICA . . . . . . . . . . . . . . 55

4.6 Flowchart of proposed R-DNN with ICA . . . . . . . . . . . . . . . . 56

4.7 Epoch vs Error for Simple DNN model-for learning rate 0.0001 . . . 60

4.8 . Epoch vs Error for Simple DNN model-for learning rate 0.001 . . . 60

4.9 Epoch vs Error for Simple DNN model-for learning rate 0.01 . . . . . 61

4.10 Confusion matrix for train data set-Case 1 . . . . . . . . . . . . . . . 61

4.11 Confusion matrix for test data set-Case 1 . . . . . . . . . . . . . . . 62

4.12 2-class Precision-Recall Curve - Case 1 . . . . . . . . . . . . . . . . . 63

4.13 ROC Curve - Case 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

4.14 Epoch vs Error for Proposed R-DNN model-for learning rate 0.0001 . 64

v



4.15 Epoch vs Error for Proposed R-DNN model-for learning rate 0.001 . . 64

4.16 Epoch vs Error for Proposed R-DNN model-for learning rate 0.01 . . 65

4.17 Confusion matrix for train data set-Case 2 . . . . . . . . . . . . . . . 66

4.18 Confusion matrix for test data set-Case 2 . . . . . . . . . . . . . . . 66

4.19 2-class Precision-Recall Curve - Case 2 . . . . . . . . . . . . . . . . . 67

4.20 ROC Curve - Case 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

4.21 Performance analysis of the proposed R-DNN+ICA model with oth-

ers authors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

4.22 Confusion matrix for train data set - Case 1 . . . . . . . . . . . . . . 69

4.23 Confusion matrix for test data set - Case 1 . . . . . . . . . . . . . . 70

4.24 2-class Precision-Recall Curve - Case 2 . . . . . . . . . . . . . . . . . 70

4.25 ROC Curve - Case 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

4.26 Confusion matrix for train data set - Case 2 . . . . . . . . . . . . . . 72

4.27 Confusion matrix for test data set - Case 2 . . . . . . . . . . . . . . 72

4.28 2-class Precision-Recall Curve - Case 2 . . . . . . . . . . . . . . . . . 73

4.29 ROC Curve - Case 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

5.1 Architecture of ANFIS model with two inputs, one output, and two

rules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

5.2 Flowchart of proposed ANFIS model . . . . . . . . . . . . . . . . . . 87

5.3 Outliers of WBCD data set . . . . . . . . . . . . . . . . . . . . . . . 88

5.4 Feature Selection using Modified Relief algorithm . . . . . . . . . . . 88

5.5 Sugeno FIS for WBCD dataset . . . . . . . . . . . . . . . . . . . . . 89

5.6 Gaussian membership function of Feature 1 . . . . . . . . . . . . . . 89

5.7 Gaussian membership function of Feature 2 . . . . . . . . . . . . . . 90

5.8 Gaussian membership function of Feature 3 . . . . . . . . . . . . . . 90

5.9 Gaussian membership function of Feature 4 . . . . . . . . . . . . . . 91

5.10 Structure of proposed ANFIS model . . . . . . . . . . . . . . . . . . . 91

vi



5.11 Comparison of Accuracy for Simple model: different learning rate

with different epoch for 80 - 20% train-test set . . . . . . . . . . . . . 92

5.12 Comparison of Accuracy for Simple model: different learning rate

with different epoch for 70 - 30% train-test set . . . . . . . . . . . . . 92

5.13 Comparison of Accuracy for Simple model: different learning rate

with different epoch for 60 - 40% train-test set . . . . . . . . . . . . . 93

5.14 Comparison of Accuracy for proposed modified model: different learn-

ing rate with different epoch for 80 - 20% train-test set . . . . . . . . 93

5.15 Comparison of Accuracy for proposed modified model: different learn-

ing rate with different epoch for 70 - 30% train-test set . . . . . . . . 94

5.16 Comparison of Accuracy for proposed modified model: different learn-

ing rate with different epoch for 60 - 40% train-test set . . . . . . . . 94

5.17 Confusion matrix for Train data . . . . . . . . . . . . . . . . . . . . . 95

5.18 Confusion matrix for Train data . . . . . . . . . . . . . . . . . . . . . 95

5.19 Epoch vs. Error . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

5.20 Testing performance with actual output . . . . . . . . . . . . . . . . . 96

6.1 Architecture of Radial Basis Function Network (RBFN) . . . . . . . . 102

6.2 Combining an ensemble of classifiers for reducing classification error

and/or model selection [96] . . . . . . . . . . . . . . . . . . . . . . . . 110

6.3 A general architecture of the Ensemble RBFN . . . . . . . . . . . . . 112

6.4 Flow chart of proposed LR-RBFN algorithm . . . . . . . . . . . . . . 118

6.5 Epoch vs error for Gaussian RBF for different train-test set - Standard

RBFN: (a) 90-10% train-test set, (b) 80-20% train-test set, (c) 70-30%

train-test set . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

6.6 Epoch vs error for Multi-quadratic RBF for different train-test set -

Standard RBFN: (a) 90-10% train-test set, (b) 80-20% train-test set,

(c) 70-30% train-test set . . . . . . . . . . . . . . . . . . . . . . . . . 120

6.7 Epoch vs error for Inverse Multi-Quadratic RBF for different train-

test set - Standard RBFN: (a) 90-10% train-test set, (b) 80-20% train-

test set, (c) 70-30% train-test set . . . . . . . . . . . . . . . . . . . . 120

vii



6.8 Comparison of performance for various values of λ1 and λ2 with dif-

ferent centers - LR-RBFN . . . . . . . . . . . . . . . . . . . . . . . . 121

6.9 Comparison of time for various values of λ1 and λ2 with different

centers - LR-RBFN . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

6.10 Epoch vs error Gaussian RBF for different values of centers and λ1

and λ2 - LR-RBFN . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

6.11 Flowchart of development process for Ensemble LR-RBFN. . . . . . . 124

6.12 Comparison of accuracy for various models with different train-test -

Ensemble LR-RBFN. . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

6.13 Comparison of time for various models with different train-test - En-

semble LR-RBFN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

viii


	List of Figures

