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1  Artificial Neural Networks (ANNs)
2 Deep Neural Networks (DNN)
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1 Deep Convolutional Neural Network (DCNN)
2 Autoencoder (AE)
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Fig. 1. Bending element [14].
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1 Complete Ensemble Empirical Mode Decomposition
(CEEMD)
2 Power spectral Density (PSD)
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1  Hermitian Cubic Interpolation Shape Function
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Fig. 3. Experimental equipment: (1) Pulse Data acquisition (2) shaker (3) accelerometer (4) force transducer (5)
windows-based laptop (6) power amplifier (7) signal transfer cable.
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Fig. 4. The experimental setup of the beam-like structure.
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Fig. S. Different parts of the experimental setup of the beam-like structure.
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Fig. 6. General model of a neural network [19].
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Table 1. Different classes of damage.
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Fig. 8. Data augmentation using the overlap technique for FE model.
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Table 2. Architecture details of the proposed convolutional network.
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Fig. 9. The proposed convolutional network architecture.
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Fig. 10. The samples allocation to be used in the proposed algorithm for 2 steps of training and testing
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Fig. 12. Frequency spectrum of the FE model for various states.
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Table 3. Comparison of the obtained natural frequencies for the healthy structure using different

methods.
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Table 4. The correlation coefficients mean of intrinsic mode functions with vibrational signals corresponding to

them for the FE model and the exprimental healthy state.
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Fig. 13. Intrinsic mode functions for a sample of the healthy FE model in the time and frequency domain.

EI

o =(BL)
n (ﬂn t) ) (YY)

B, =nr, n=1273,..

Ol 1) oge olad g osle Job i mog L ol o &S
.MQGA
OM] Cwdds QS"H'IO LsLQu.ng)B MLQ.A la &Y JBWL‘-‘" »
sl B L gly b JB Bgy b 2 Jae 90 2 ol
Oy 45 08,5 o aba>de Lo > 5l el Cwsds and
ol Cilien slaloabas pie Sozg 4 dzgi b aS sl $7 Ly 5 s
re o uilS 3 alin b Cpizman ool Jss3 LB Uas e
Ol b J&> g, 5l eoliiwl b Jow 9o 2 5l sdel casoas
aarg b a5 ol OF Loy Uas iy a5 00,5 oo alisdle
BB 85 wguze Ll Jae (giluad a5 5,5 (e Gl o0

S5l

AAD!

b a8 Conl ol 48 5 L5 0 +fe 00 Soed siens B 5 @
oty B9 @ Hlgse Ve 5 alal, o polie ol 6,135
03l oblai | JUiS o diged S il 3 slaciel VY IS o ]
slp 1y el Joo 5 oaiisjluands ools Jao JS5 (g5
w5 e Lt a8 olie o itz glacdl>

S8 slai 03,5 o alimdla V) S5 I oS poblas
i gl o Ll i e L85 55, o 39 50
5 6 NT L S e yeo il clallas g5l oo slallas wiile
20,5 oo aisls 51 S 0 B ol el oo slojgs
oo IS8 55 ol (3l JLS diged S (ol 3 il
s i 15 cas dilize lacdle (clyy odiiig luagnds ool
yoboled wl 0ul s lin pllo Gl b g 00l ey VY S 0
Sy g ainls osd Cael ol )0 cus 3925 08 )T oo alaxDlo oS
33,5 ol Sl 43 o il

oile lp sl (srmbe 52 0 @l i (o p jolitets
50 el oo 08,91 ¥ Jgaz 0 calises sla g, 5l eolatw! b ol

Jse 8 3l elows (ol Sla wilS 3 (0551 sty sl g o]
YAl el o oolial 435

*



YIS B YVAY docis 0+ e Jlo oF 0)loud Y 093 ¢S pool SilSo uodio 4y

~§3 et o 59N (S e 53 (g ile B Jguar
Table 5. Confusion Matrix of the proposed algorithm.
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Table 6. The accuracy of the proposed algorithm compared to the comparative methods.
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Fig. 14. T-Sen diagrams for testing data: (a) the raw time signal, (b) the Conv layer 1, (c) the Conv layer 4, (d)
FC layer 1.
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