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Abstract. This paper presents a new approach to identify users of shared powered mobility platfroms using One Shot learning algorithm. An electronic circuit is created using a Raspberry Pi and a camera module. Python programming language is used to create a program to control the function of the camera module and conduct One Shot learning to identify users. A user interface containing Start and Stop buttons is created to operate the camera module. If Start is pressed, the Python program will trigger the camera to take a snapshot, then the program will identify the face in that snapshot and perform facial recognition to compare that face with a database of user facial images. If a match was found a message box popped-up showing the user name. Once a user is identified, their settings and preferences can be downloaded to the shared powered mobility platform. If the face in the snapshot did not match any of the user facial images in the data base, a message popped-up showing that user was not found in the database. Practical testing showed the system behaved satisfactorily and successfully detected users. One Shot learning allowed new users to be added to the database without the need to retrain the whole system. 
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1 Introduction
The work presented in this paper describes a new approach to identify users of shared powered wheelchairs using One Shot learning algorithm. A system was created using a camera module and a Raspberry Pi. The work is part of broader research at Chailey Heritage Foundation and the University of Portsmouth funded by the Engineering and Physical Sciences Council (EPSRC) [1]. The main aims of this research are to use Artificial Intelligence (AI) techniques to increase mobility and improve the quality of life of disabled powered wheelchair users by improving their self-reliance and confidence.
Approximately 15% of the world population are having some sort of disability, and some of them have been diagnosed with significant mobility problems [2]. Due to modern medical achievements, ageing and the spread of long term health problems these numbers have been increasing [2,3]. People with disabilities often have lower quality of life than others [4].
Powered mobility is becoming more important to people with disabilities [5]. Powered mobility includes assistive devices such as powered wheelchairs or scooters. During the past three decades, researchers developed systems to enhance mobility and improve the quality of life of disabled users. Sanders et al. [6] used sensors to control powered wheelchair veer and improve driving. Langner [7] used a rotating ultrasonic transducer to produce a Scanning Collision Avoidance Device (SCAD). Sanders and Bausch [8] developed an expert system to analyze users’ hand tremor and improve steering. Sanders [9] studied self-reliance factors to create a system that shared control between ultrasonic sensors and wheelchair users. Sanders et al. [10,11] considered rule-based systems to provide steering routes for wheelchairs. Haddad et al. [12-14] used ultrasonic sensor array readings as inputs to Multi-Criteria Decision Making (MCDM) deciders and mixed the suggested output from the deciders with user desired directions to provide collision free routes for wheelchairs. Haddad and Sanders [15] applied a MCDM method, PROMETHEE II, to suggest a safe route. Haddad et al. [16,17] utilized microcomputers to create intelligent Human Machine Interfaces (HMI) used to safely steer powered wheelchairs. Haddad and Sanders [2,18] created a deep learning neural network to provide a safe steering direction for a powered wheelchair. Many researchers created systems to study and improve powered wheelchair driving [19-22]. Haddad et al. [23-25] used cameras and microcomputers to translate drivers hand movements to digital commands used to operate powered wheelchairs.
Interviews conducted by the authors with operational therapists, helpers and carers at Chailey Heritage Foundation/School revealed that many students used the same powered mobility platform to practice driving. Each driver had their own settings and preferences. Changing user settings required time and effort. Helpers/carers often struggled with changing wheelchair settings when changing users. Different users often required different interfaces, sensors and input devices.
This paper presents a new approach to identify users of shared powered mobility platforms. Once a user has been identified, their input device is triggered and the user settings are installed. The new approach is described in the next Section. Section 3 presents some results and discussion. Conclusions and future work are presented within Section 4.
2 The New Approach
A new approach to identify users of shared powered mobility platforms is presented. The new approach is based on One Shot learning algorithm. One-shot learning is an algorithm often used in computer vision for object recognition. It aims to learn information about object features from one, or a small number of training images. By learning object features, a One Shot learning algorithm can calculate the probability of the presence of an object in an image. If the probability is higher than a predefined threshold, the algorithm reports the presence of that object in the image.
A circuit connected a Raspberry Pi camera to a Raspberry Pi. The camera was directed towards the powered wheelchair users.
A Python program was created and installed on to the Raspberry Pi. The Python program controlled the function of the camera, triggered the camera to take snap shots, conducted facial identification and compared the snapshot to a database of user facial images. The new approach used the Python image processing algorithm “face_recognition” to compare the identified face in the snapshot to user facial images. The Block-diagram of the new approach is shown in Fig. 1. The Python program is shown in Fig. 2.
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Fig. 1. Block-diagram of the new approach.
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Fig. 2. Python program used in the new approach.
One Shot learning used a similarity function which input two images and output the degree of difference between the input images. If the two images were for the same individual, the function generated a small number. If the two images were for different individuals, the function would output a large number. A threshold could be used to set the degree of similarity.
To use the similarity function in image recognition, a new picture was compared to the images in the database. If the new image was for a person in the database, the function generated a small number when compared to that person and large numbers when compared to other images in the database. If the image was not in the database, the function generated larger numbers for all images in the database which implied that the image was not for any person in the database. That solved the problem of adding new users to the database without the need to retrain the whole system [26].
A simple User Interface (UI) was created containing two buttons: Start and Stop as shown in Fig. 3. 
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Fig. 3. Simple User Interface used to control the Python program.
The simple UI provided straightforward operation for powered mobility platforms and provided a suitable fit between desired commands and driver capabilities [27]. The UI provided a friendly and uncluttered design. When the Start button was clicked, the Python program triggered the Raspberry Pi camera to take a snapshot, then the program would identify the face in that snapshot and conduct facial recognition to compare that face with the database of potential users’ facial images. If a match was found a message box popped-up showing the user name as shown in Fig. 4.
[image: ]
Fig. 4. UI showing a message box indicating the name of the identified user.
Once a user was identified, their settings and preferences could be downloaded to the shared powered mobility platform. If the face in the snapshot did not match any of the facial images in the data base, a message popped-up showing that user was not found in database as shown in Fig. 5. To exit the program, the Stop button should be clicked. When the Stop button was clicked, the UI was destroyed.
[image: ]
Fig. 5. UI showing a message box indicating user not found in database.
3 Discussion and Results
The new approach described in this paper used a One Shot learning algorithm to provide a more efficient outcome for facial recognition than a typical deep learning algorithm using a convolutional neural network, especially when a small learning set (small number of images for each individual) in a database was considered. An additional advantage was that One Shot learning did not require retraining of the whole system when adding a new user to the database. 
The new approach was tested and successfully identified users in a database and did not match incorrect users in the database. Further testing will be conducted to identify a suitable location for the camera and the effect of ambient lighting on the accuracy of the new approach. New users could be digitally added to the system by uploading their facial image to the database. When a users was identified, their input device was triggered and the user settings were installed. Clinical trials will be conducted to assess the effectiveness of the new approach.
Reducing cost was one of the reasons behind this research. The new approach provided reliable results, reduced time taken in setting up, improved user autonomy and reduced the need and cost for carers.
4 Conclusions and Future Work
This paper presented a new approach to identify users of shared powered mobility platforms using a One Shot learning algorithm. An electronic circuit including a camera module and a raspberry Pi was created. Python programming language was used to create a program to control the function of the camera and conduct facial recognition.
The new approach used a simple friendly User Interface and reduced the amount of effort required by the helpers/carers to adjust the shared powered mobility plaform settings.
The authors are currently investigating other mathematically inexpensive AI techniques applied to powered mobility problems as part of a broader research to use artificial intelligence to share control of a powered-wheelchair between a wheelchair user and an intelligent sensor system [13]. 
Future work will consider creating new programs to install the identified user settings to the shared powered mobility platform. Also future work will investigate using AI algorithms and Artificial Neural Networks to improve driving capabilities for powered wheelchair users. Future work will also consider using a camera module and image processing algorithms to capture user movement used to control a powered wheelchair.
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