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Figure 1.1: Estimated growth of smartphones number in the United States [1]. From 2010 to 2016 the graph

show exact data, from 2017 to 2022 estimations are provided.



1.1 Gait analysis formalization
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Figure 1.2: Gait phases in a normal gait cycle.



1.2 Human Activity Recognition



Table 1.1: Types of human activities studied in literature [2, 3].



1.3 Motivations and Contributions
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3.1 Data gathering



Figure 3.1: Roll, pitch and yaw angles.

3.2 Video information extraction

Formalization



LucasandKanade

n × n

Kanade, Lucas and Tomasi Feature Tracker

3×3



Input
Output

I(t) I(t+ 1)

I(t) v n × n

I(t+ 1)

3.3 Data preprocessing
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Figure 3.2: Stride, stance and swing times.
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Figure 4.1: Categorization ofMachine Learning problems.
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4.1 Notable Algorithms

4.1.1 Linear Regression

X Rd d Y

R
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4.1.2 Support VectorMachines
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Figure 4.2: Example of margin in SVMhyperplane separation.
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Figure 4.3:Mapping of non-linear separable training data fromR2 intoR3

4.1.3 Random Forests
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4.1.4 XGBoost



4.1.5 Recurrent Neural Network

Feed Forward (FF)

Figure 4.4: Example of feed-forward network.
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Recurrent Neural Network (RNN)

Figure 4.5: Example of recurrent neural network.
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Figure 4.6: Example of unrolled BPTT.
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Gated Recurrent Unit (GRU)

Figure 4.7: Example of recurrent neural network with Gated Recurrent Units.

h

(zt) (rt)

WU WU WU

Figure 4.8: Example of Gated Recurrent Unit.
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Figure 5.1: General scheme of the Gait Anomaly Detection System.

5.1 Data Acquisition



Figure 5.2: Chest support for smartphone.
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Figure 5.3: Example of recording application home screen.

5.2 Data preprocessing



Interpolation

fs = 200

Figure 5.4: Comparison of the sampling frequency distribution of the smartphone employed in the data

acquisition (Asus Zenfone 2) and another smartphone (LGNexus 5X).

Filtering

40



Figure 5.5: Power spectral density of the three-axial aceelerometer data.

10 fc = 40

Figure 5.6: Frequency response of the Butterworth filter in blue, cutoff frequency in green.



samples

Figure 5.7: Comparison between raw signal and its filtered version.

The considered signal is the yaw angle evolution.

Cycles extraction
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Figure 5.8: Example of IC (circles) and FC (triangles) detection.
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Figure 5.9: Example of estimation on left or right step.
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Figure 5.10: Example of initial signal transient.
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De-trending

samples

Figure 5.11: Example of trends in data extracted from video.

Green vertical lines separates different acquisition sessions.



Figure 5.12: Example of video detrended data. Green vertical lines separates different acquisition sessions.



samples samples

Figure 5.13: First acquisition sessione, on the left the trend is present, on the right it is removed. Vertical lined

separates different gait cycles.

samples

Figure 5.14: Example of underlying data trend, visible after detrending and normalization are performed.
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5.3 Regression
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Figure 5.15: Neural networks structure shown using the tensorboard tool.
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Figure 5.16: Evolution of theMSE score throughout several training epochs.

Comparison:
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Table 5.1: Comparison for mean square of prediction error for different regressors.

Samples

Figure 5.17: Comparison of regressors performance on two cycles of x-axis of the accelerometer signal.
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Figure 5.18: Comparison of regressors performance on two cycles of z-axis of the accelerometer signal.

5.4 Prediction error statistics extraction
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Figure 5.19: Comparison between the distribution ofMSE estimation

across all cycles. Considered signal is the x-axis of accelerometer.
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Figure 5.20: Comparison between the distribution of standard deviation on prediction

error across all cycles. Considered signal is the x-axis of accelerometer.
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5.5 Classification

= 3

Figure 5.21: Visualization of grid search scores for the SVM classification algorithms.
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Table 6.1: Performance comparison of SVM classifier applied to the cycles

descriptors obtained using LR and RNN regression algorithms.

γ
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⎠
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Table 6.2: Performance comparison of RF classifier applied to the cycles

descriptors obtained using LR and RNN regression algorithms
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Table 6.3: Performance comparison of XGB classifier applied to the cycles

descriptors obtained using LR and RNN regression algorithms.
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