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Summary of dissertation and new contributions

In recent years, the number of people facing mobility issues has increased in Vietnam and worldwide. For the elderly and people with disabilities, their physical functions are severely compromised, and therefore, electric wheelchairs are nearly the sole means to maintain mobility. This thesis has proposed several methods for semi-automatic control of an electric wheelchair based on electroencephalogram (EEG) signals, cameras, landmarks, and maps. Specifically, to semi-automatically control the wheelchair to the destination, a three-stage process is implemented, including (1) users selecting the destination on a computer interface using EEG signals; (2) the wheelchair autonomously determining a starting position on the map based on landmarks in an indoor environment; and (3) the wheelchair system automatically controlling the electric wheelchair to reach the desired destination based on the starting position and destination information.

In an indoor environment, to initiate an automatic travel route, a destination needs to be selected. In the case of disabled people with limited mobility such as being unable to move an electric wheelchair by their hands or head, blinking operations are suitable for moving by selecting commands on a computer interface pre-designed with destinations. Therefore, the thesis proposes two methods of classifying blink activities from EEG signals, including the amplitude thresholding method and the CNN-1D deep learning model. In particular, the advantage of the first method with eye activities such as left-eye blink, and right-eye blink is that the amplitude threshold algorithm has a high accuracy, over 97% for each type, and can allow to directly process on the signals without pre-training required. With the second method using a CNN-1D deep learning network is that the training data set needs to be pre-collected according to a normalized procedure. With the characteristics of eye activities, only the EEG signals obtained from 4 electrodes of the Emotiv Epoc+ system with 14-electrodes are extracted and reassembled to produce one signal for training. Moreover, the EEG signals are smoothed using Savitzky-Golay filters before training and this can produce the better accuracy. Finally, the classification results for 5 types of blinking activities, including left-eye blink, right-eye blink, two-eye blink, double two-eye blink, and neutral have an accuracy of over 97%.

After the user has selected a desired destination on the map, the wheelchair's initial position needs to be determined. With an electric wheelchair equipped with a camera, the information of natural landmarks, including the image of the landmark and its position in the environment, are essential for determining the position of the wheelchair. To determine the location based on these landmarks, the wheelchair needs to collect landmark information and then stores them in a database during the movement. Therefore, to collect information of landmarks in an indoor environment, the thesis proposes the methods of the maximum feature density for the identification of natural landmarks and determining the positions of landmarks based on the wheelchair's position and 3D information from the camera. In particular, environmental images collected from the camera will be extracted features, and then morphological algorithms are performed to connect these feature points for creating objects in the image. The feature density for each of these objects will be calculated and the object with the highest feature density is selected as the landmark. With the landmark selected, the 3D information of that landmark and the wheelchair's position in the environment are used for locating the landmark. In addition, the thesis proposes the method for locating the wheelchair on a virtual 2D grid map from landmark information in the real environment for controlling the mobile wheelchair. In particular, after identifying landmarks in the collected database, the coordinate of these landmarks in the environmental and camera spaces will be used to calculate the wheelchair position in the real environment and the virtual 2D grid map using the trigonometric equations.

To reduce the user's participation in control and increase safety, the thesis proposes a virtual-real control model for electric wheelchairs based on a virtual 2D grid map, allowing people with disabilities to reach any destination pre-designed on this grid map. In particular, the virtual 2D grid map is built from the real environment by dividing it into grid cells that may contain free spaces or obstacles. This map with the plotted grid cells is then simulated for finding the optimal paths to reach the desired destination using a Deep Q-Networks (DQNs) model with the PreLU activation function. Therefore, the DQNs-PreLU model is designed with a feedforward neural network using backpropagation for updating the network parameters. The network algorithm is that the input is the grid map and the output is the wheelchair actions including Up, Down, Left, and Right. With the experiments performed, the DQNs-PreLU model shows that the training time is much shorter than other models and the model parameters can be stored for controlling the wheelchair in the real environment. In addition, to control the wheelchair in the real environment better, a new algorithm was proposed to convert the wheelchair actions from the output of the DQNs-PreLU model after simulated with the virtual 2D grid map into real control commands. Experimental results show that the proposed control model can allow to automatically control the wheelchair to reach the desired destination with more stability and safety compared to the wheelchair controlled by user.

From these results, the semi-automatic electric wheelchair model for the disabled people can be applied in practice. In addition, the effectiveness of the proposed methods has been evaluated through experimental results. In particular, these proposed methods with the results in this thesis have been published in the proceedings of scientific conferences and scientific journals. With the proposed semi-autonomous electric wheelchair model along with the test results, a low-cost electric wheelchair with the safe mobility can be produced to support the disabled people.
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