
vi 
 

LIST OF FIGURES 

 

Fig. 1.1. Basic parameters on which damage depends. .................................................... 1 

Fig. 1.2. Structure health monitoring system. ................................................................... 4 

Fig. 1.3. Main categories of NDT methods for SHM. ...................................................... 5 

Fig. 1.4 Elements of structural health monitoring. ........................................................... 6 

Fig. 1.5. Flow chart of structural health monitoring ......................................................... 7 

Fig. 2.1. Schematic diagram of nerve cell ...................................................................... 26 

Fig. 2.2. Basic working of artificial neural network ....................................................... 27 

Fig. 3.1. Block diagram of different fiber optics sensor technologies ............................ 35 

Fig. 3.2. Co-ordinate axis position for fiber curve.......................................................... 43 

Fig. 3.3. Schematic showing working of discrete wavelet transform ............................. 53 

Fig. 4.1. Advantages of aluminum as a structural material ............................................ 57 

Fig. 4.2. Schematic of sample notch location ratio ......................................................... 60 

Fig. 4.3. Actual photograph of the sample with a notch ................................................. 61 

Fig. 4.4. Actual photograph of samples for FOS testing ................................................ 61 

Fig. 4.5. Schematic diagram of the sample used in diffuse wave analysis ..................... 62 

Fig. 4.6. Samples used in diffuse wave based SHM ....................................................... 63 

Fig. 4.7. Major equipment’s used in FOS based testing ................................................. 65 

Fig. 4.8. Additional equipment’s used in diffuse wave based testing ............................ 66 

Fig. 4.9. Complete experimental setup for FOS testing.................................................. 67 

Fig. 4.10. Experimental setup used in diffuse wave analysis ......................................... 68 

Fig. 5.1(a). Different error comparison of Levenberg-Marquardt and Bayesian                                                  

Regularization algorithms (root mean square error) .................................... 77 

Fig. 5.1(b). Different error comparison of Levenberg-Marquardt and Bayesian 

Regularization algorithms (mean square error) ........................................... 77 

Fig. 5.1(c). Different error comparison of Levenberg-Marquardt and Bayesian 

Regularization algorithms (mean relative error) .......................................... 77 

Fig. 5.1(d). Different error comparison of Levenberg-Marquardt and Bayesian 

Regularization algorithms (mean absolute error) ........................................ 77 

Fig. 5.2(a). Regression histogram showing variation in sample type at different 

loads(Training R-value histogram) .............................................................. 78 



vii 
 

Fig. 5.2(b). Regression histogram showing variation in sample type at different loads 

(Testing R-value histogram) ........................................................................ 78 

Fig. 5.3. Schematic of neural network architecture for strain detection ......................... 79 

Fig. 5.4(a). Comparative results of strain gauge and finite element modelling (Strain 

value comparison at different loads). ........................................................... 81 

Fig. 5.4(b). Comparative results of strain gauge and finite element modelling (Relative 

mean strain gauge error histogram). ............................................................ 81 

Fig. 5.5(a). Comparative results of analytical solution and finite element 

modelling(Strain value comparison at different loads). ............................... 81 

Fig. 5.5(b). Comparative results of analytical solution and finite element 

modelling(Relative mean strain gauge error histogram). ............................ 81 

Fig. 5.6(a). Comparative results of neural network model and finite element 

modelling(Strain value comparison at different loads).. .............................. 81 

Fig. 5.6(b). Comparative results of neural network model and finite element 

modelling(Relative mean strain gauge error histogram).. ........................... 81 

Fig. 5.7(a). Results of k-fold analysis at different k values (Root mean square error 

using LM algorithm) .................................................................................... 84 

Fig. 5.7(b). Results of k-fold analysis at different k values (Root mean square error 

using BR algorithm) ..................................................................................... 84 

Fig. 5.7(c). Results of k-fold analysis at different k values (Regression analysis using 

LM algorithm) .............................................................................................. 84 

Fig. 5.7(d). Results of k-fold analysis at different k values (Regression analysis using 

BR algorithm) .............................................................................................. 84 

Fig. 5.8. Schematic representation of the neural network model ................................... 85 

Fig. 5.9(a). Mean square error plots of data set of different samples at different 

loadings(Loading at 2N) .............................................................................. 88 

Fig. 5.9(b). Mean square error plots of data set of different samples at different 

loadings(Loading at 4N) .............................................................................. 88 

Fig. 5.9(c). Mean square error plots of data set of different samples at different 

loadings(Loading at 6N) .............................................................................. 88 

Fig. 5.9(d). Mean square error plots of data set of different samples at different 

loadings(Loading at 8N) .............................................................................. 88 

Fig. 5.9(e). Mean square error plots of data set of different samples at different 

loadings(Loading at 10N) ............................................................................ 88 



viii 
 

Fig. 5.10(a). Strain comparison obtained from different methods (Sample A). ............. 89 

Fig. 5.10(b). Strain comparison obtained from different methods (Sample B). ............. 89 

Fig. 5.10(c). Strain comparison obtained from different methods (Sample C). ............. 89 

Fig. 5.10(d). Strain comparison obtained from different methods (Sample D). ............. 89 

Fig. 5.11. Schematic representation of the neural network model. ................................ 90 

Fig. 5.12(a). Comparison of k-fold analysis at different k values (Root mean square 

error). ........................................................................................................... 92 

Fig. 5.12(b). Comparison of k-fold analysis at different k values (Regression 

analysis). ...................................................................................................... 92 

Fig. 5.13(a). Sequential k-fold analysis at different phase (Root mean square error). ... 93 

Fig. 5.13(b). Sequential k-fold analysis at different phase (Regression analysis). ......... 93 

Fig. 6.1(a). Comparative plots of approximate coefficients of open and constrained 

boundary conditions @ 2MHz (Sensor 1) ................................................... 98 

Fig. 6.1(b). Comparative plots of approximate coefficients of open and constrained 

boundary conditions @ 2MHz (Sensor 2) ................................................... 98 

Fig. 6.1(c). Comparative plots of approximate coefficients of open and constrained 

boundary conditions @ 2MHz (Sensor 3) ................................................... 98 

Fig. 6.1(d). Comparative plots of approximate coefficients of open and constrained 

boundary conditions @ 2MHz (Sensor 4) ................................................... 98 

Fig. 6.2(a). Comparative plots of approximate coefficients of open and constrained 

boundary conditions @ 2.5MHz (Sensor 1). ............................................... 99 

Fig. 6.2(b). Comparative plots of approximate coefficients of open and constrained 

boundary conditions @ 2.5MHz (Sensor 2). ............................................... 99 

Fig. 6.2(c). Comparative plots of approximate coefficients of open and constrained 

boundary conditions @ 2.5MHz (Sensor 3). ............................................... 99 

Fig. 6.2(d). Comparative plots of approximate coefficients of open and constrained 

boundary conditions @ 2.5MHz (Sensor 4). ............................................... 99 

Fig. 6.3(a). Comparative plots of approximate coefficients of open and constrained 

boundary conditions @ 3MHz (Sensor 1). ................................................ 100 

Fig. 6.3(b). Comparative plots of approximate coefficients of open and constrained 

boundary conditions @ 3MHz (Sensor 2). ................................................ 100 

Fig. 6.3(c). Comparative plots of approximate coefficients of open and constrained 

boundary conditions @ 3MHz (Sensor 3). ................................................ 100 



ix 
 

Fig. 6.3(d). Comparative plots of approximate coefficients of open and constrained 

boundary conditions @ 3MHz (Sensor 4). ................................................ 100 

Fig. 6.4. Schematic of neural network architecture. ..................................................... 102 

Fig. 6.5(a). Mean square error plots of different sensor @ 2MHz (Sensor 1). ............. 105 

Fig. 6.5(b). Mean square error plots of different sensor @ 2MHz (Sensor 2). ............ 105 

Fig. 6.5(c). Mean square error plots of different sensor @ 2MHz (Sensor 3). ............. 105 

Fig. 6.5(d). Mean square error plots of different sensor @ 2MHz (Sensor 4). ............ 105 

Fig. 6.6(a). Mean square error plots of different sensor @ 2.5MHz (Sensor 1) ........... 106 

Fig. 6.6(b). Mean square error plots of different sensor @ 2.5MHz (Sensor 2)........... 106 

Fig. 6.6(c). Mean square error plots of different sensor @ 2.5MHz (Sensor 3) ........... 106 

Fig. 6.6(d). Mean square error plots of different sensor @ 2.5MHz (Sensor 4)........... 106 

Fig. 6.7(a). Mean square error plots of different sensor @ 3MHz (Sensor 1). ............. 107 

Fig. 6.7(b). Mean square error plots of different sensor @ 3MHz (Sensor 2). ............ 107 

Fig. 6.7(c). Mean square error plots of different sensor @ 3MHz (Sensor 3). ............. 107 

Fig. 6.7(d). Mean square error plots of different sensor @ 3MHz (Sensor 4). ............ 107 

Fig. 6.8(a). Comparison of ANN based output to the target values @ 2MHz 

excitation. ................................................................................................... 108 

Fig. 6.8(a). Comparison of ANN based output to the target values @ 2.5MHz 

excitation. ................................................................................................... 108 

Fig. 6.8(a). Comparison of ANN based output to the target values @ 3MHz 

excitation. ................................................................................................... 108 

Fig. 6.9(a). Variation of residual energy @ 2MHz (Sensor Location 1). ..................... 116 

Fig. 6.9(b). Variation of residual energy @ 2MHz (Sensor Location 2). ..................... 116 

Fig. 6.9(c). Variation of residual energy @ 2MHz (Sensor Location 3). ..................... 116 

Fig. 6.9(d). Variation of residual energy @ 2MHz (Sensor Location 4). ..................... 116 

Fig. 6.10(a). Variation of residual energy @ 2.5MHz(Sensor Location 1). ................. 117 

Fig. 6.10(b). Variation of residual energy @ 2.5MHz(Sensor Location 2). ................. 117 

Fig. 6.10(c). Variation of residual energy @ 2.5MHz(Sensor Location 3). ................. 117 

Fig. 6.10(d). Variation of residual energy @ 2.5MHz(Sensor Location 4). ................. 117 

Fig. 6.11(a). Variation of residual energy @ 3MHz(Sensor Location 1). .................... 118 

Fig. 6.11(b). Variation of residual energy @ 3MHz(Sensor Location 2). .................... 118 

Fig. 6.11(c). Variation of residual energy @ 3MHz(Sensor Location 3). .................... 118 

Fig. 6.11(d). Variation of residual energy @ 3MHz(Sensor Location 4). .................... 118 


