
Supplementary
Example of Simulated Displacement Wave Field
The Figures in section gives another example of simulated wave field. For the conditions in Fig.S1 - excitation point in upper
middle boundary- the the wave field is plotted in Fig.S2.

Figure S1. Boundary conditions: vertical excitation with generated crack.

Figure S2. The 6 frames (100 time steps interval, from left to right) of a displacement (ux) wave propagation inside the
defined plate in Fig.S1
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Damage Detection Dataset
Fig. S3 shows the number of cases with different crack sizes in training datas and test data. The number of cases with larger
size cracks are slighly smaller than cases of smaller crack size. In test dataset the distribution of crack sizes is more balanced.
The statistic information on crack size is given in table S1. In Fig. S4, the 5 different case types (see Section “The Damage
Detection Dataset”) are marked with different coloured letters. This category can be used for further investigation on model
performance w.r.t case types. Fig. S5 is the true occurrence of crack in full resolution (100 x 100) and Fig. S6 gives the true
occurrence in a reduced resolution (16 x 16).

Figure S3. Histogram of crack size distribution in training data and testing data. A: crack size distribution in training data; B:
crack size distribution in testing data.

dataset mean median std.dev min max
train(16) 0.0515 0.0469 0.0266 0 0.1328
train(100) 0.0055 0.0051 0.0036 0 0.0143
test(16) 0.0525 0.0469 0.0268 0 0.1172
test(100) 0.0056 0.0052 0.0036 0 0.0128

Table S1. Crack size statistics. The crack size is measured as the ratio of the pixels that are labelled as damaged and total
pixel number of the labelling image.

Example of Crack Detection using 1D-CNN Model
Figures in this section show true crack occurrence and predictions made by the best performing model for 320 test cases in 16
columns and 20 rows. The models in this work are trained based on the labels of 16x16 resolution. The output in Fig. S7 - S10
are made by two models which are trained with focal loss with α = 0.9 γ = 0.4 and α = 0.35 γ = 0.2, the two recommended
alpha and gamma values we found in our experiments. Fig. S7 and S9 show the predicted probability of crack existence for
each pixel, a brighter pixel indicates a higher probability of crack inside. While in Fig. S8 and S10, binary predictions with the
threshold that the pixel with probability greater than 0.5 is considered as having a crack inside.
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Figure S4. The category for 320 test cases. The test cases are categorised into four types: 1). randomly generated samples
with randomly generated cracks (Type-N), 2). randomly generated samples with no crack (Type-R), 3). randomly generated
with similar cracks (Type-S), and 4). the same sample with different cracks (Type-C). They are marked by the colored marks.
The special cases (marked as “SC” in yellow) are the 7 cases we intentionally generated with the same cracks in training data
but from different samples.
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Figure S5. The true crack occurrence in reduced resolution (100 x 100) for 320 testing cases.
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Figure S6. The true crack occurrence in reduced resolution (16 x 16) for 320 testing cases.
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Figure S7. The predicted probability of crack existence in pixels for 320 test cases, the brighter a pixel’s color is indicates the
higher probability of crack existence inside the pixel. It is made by the model trained with α = 0.9 and γ = 0.4
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Figure S8. The binary predictions made by the model trained with α = 0.9 and γ = 0.4, where the pixel with a probability
greater than a certain threshold (0.5) is considered as having a crack inside.
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Figure S9. The predicted probability of crack existence in pixels for 320 testing cases, the brighter a pixel’s color is indicates
the higher probability of crack existence inside the pixel. It is made by the model trained with α = 0.35 and γ = 0.2
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Figure S10. The binary predictions made by the model trained with α = 0.35 and γ = 0.2, where the pixel with probability
greater than a certain threshold (0.5) is considered as having a crack inside.
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