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Abstract. This paper presents a new system to steer a powered wheelchair using a Sharp IR sensor and a Raspberry Pi. Interviews with operational therapists, helpers and carers at Cahiley Heritage Foundation/School showed that clicking noise generated from closing switch contact used to operate powered wheelchairs disturbed the attention and reduced the focus of young wheelchair users suffering from mental or physical disability. Also switches often slipped away and became unreachable. The new system replaced lever-switches used to steer powered wheelchairs by an electronic circuit. The circuit consisted of a Sharp IR sensor, Analogue to Digital converter, relays, and a Raspberry Pi. The sharp IR sensor detected movement in its range and the Raspberry Pi interpreted the data and generated commands to steer a powered wheelchair. Two modes were used to overcome the problem of sensors slipping from position: Click to Calibrate and Auto-Calibrate. A technical User Interface was created to modify sensitivity, user and detection settings. Practical testing showed the system behaved satisfactorily. It detected users’ voluntary movements and used them to steer a powered wheelchair and overcome the problem of switches slipping from position. Clinical trials will be conducted at Chailey Heritage Foundation.
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1 Introduction
This paper presents a new system to steer a powered wheelchair using a Sharp IR sensor, a Raspberry Pi and a set of relays. The work described here is part of broader research carried by the authors 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 AI techniques to increase mobility and improve the quality of life of disabled powered wheelchair users by improving their self-reliance and confidence.
Recent studies showed that around one sixth of the world population were suffering from some sort of disability with 2-4% of them were diagnosed with mobility problems [2]. Due to recent medical advancements, population ageing and the spread of long term health problems these figures were increasing [2,3] and disabled individuals usually suffered from a lower quality of life [4].
Disabled people often used powered mobility for daily activities [5] and researchers have aimed to improve powered mobility using: sensor systems [6], ultrasonics [7,8] Multiple Criteria Decision Making and ultrasonic sensors [9,10], Expert Systems [11,12], Rule Based Systems [13], microcomputers and Human Machine Interfaces [14,15], Deep Learning [2] and camera modules [16-18]
Wheelchair is often controlled their speed and direction with a joystick. If a user lacked the coordination to effectively use a joystick or if they could not use their hands or fingers then other input devices could be used (lever-switch, foot control, sip tubes/puff switches, or head or chin controllers, etc.). Of these lever switches were often used to control powered wheelchairs. A lever-switch was a type of electrical component used to control current to the electrical motors. Fig. 1 shows a lever switch used to control a powered wheelchair.
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Fig. 1. Lever-switch used to steer a powered wheelchair [7].
Several switches were often used to control a wheelchair. Wheelchair controllers have normally been open-loop. Powered wheelchair users indicated their preferred direction by pressing the switch responsible for driving a wheelchair in that direction. Pressing the switch closed contacts and connected a circuit which triggered a specific relay and allowed current to flow to activate the motor responsible for driving the wheelchair in the desired direction.
Closing switch contacts made clicking sounds. Recent interviews carried out by the authors with operational therapists, helpers and carers at Cahiley Heritage Foundation/School revealed that the clicking noise caused discomfort, disturbed attention and reduced the focus of some young wheelchair users suffering from mental or physical disability. Also switches often slipped away and became unreachable because of wheelchair movement or because of the terrain. Helpers’ intervention was often required to reposition a switch. That often disrupted driving sessions and user engagement. 
A new system is presented in this paper to replace the lever switches and overcome the problem of switches slipping from position. The next Section presents the new system. Section 3 presents some results and discussion. Conclusions and future work are presented within Section 4.
2 The New Approach
The work presented in this paper replaced the lever-switch used to operate powered wheelchairs with a new system that did not generate clicking sounds and that overcame the problem of repositioning. A replacement system was created using a Sharp IR range sensor (SHARP GP2Y0A41SK0F) and a Raspberry Pi. The prototype system is shown in Fig. 2.
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Fig. 2. Prototype of the new system to replace lever-switches.
The Sharp IR range sensor was suitable to detect objects in ranges from 4cm to 30cm and required 5Volts DC and ground connections. The Sharp sensor communicated with the Raspberry Pi and a program was created using Python programming language as shown in Fig. 3. To control the function of the range sensor, a simple User Interface (UI) was created containing three buttons: Start, Stop and Calibrate. The UI is shown in Fig. 4. Users with cognitive disability often used the UI. The simple UI matched the capabilities of users with disability. The new system had a straightforward operation for steering powered wheelchairs and provided a suitable match between desired commands and user capabilities [19]. 
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Fig. 3. Python3 program used to the create User Interface and control the Sharp IR range sensor.
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Fig. 4. Simple user interface to control the function of the Sharp IR range sensor.
The program was installed on to the Raspberry Pi. The Start button was used to activate the sensor. For safety reasons the sensor would not control the function of the wheelchair unless the Start Button was pressed. If the Start Button was pressed, the sensor would detect the nearest object in its range and the Raspberry Pi would calculate the distance between them. This distance was used as a reference to check for movement. 
If the sensor detected an object in its range, the sensor would send analogue data to Channel 0 of the ADC. The ADC would convert the analogue data to digital data that could be interpreted by the Raspberry Pi. The digital data was used to calculated the distance between the sensor and the detected object using Equation 1.
	(1)
Where D represented the distance between the sensor and the detected object and v represented the digital value generated by ADC.
If a sensor detected an object in its range, The Raspberry Pi would calculate the distance between the sensor and that object. The Python program would set that distance as a reference distance. If the object moved, the sensor would detect that movement and the Raspberry Pi would calculate the new distance between the sensor and the object, the distance moved and the direction of the movement. 
A threshold value was set to identify how much movement was required to activate the wheelchair. A user would have a specific threshold value assigned to him. That threshold value depended on the amount of voluntary movement the user could generate based on their level of functionality and type of disability. If the object moved towards the sensor and the distance moved was greater than the threshold value, the Raspberry Pi would assign a high logic value to a designated pin identified by the program. The high logic value was used to activate the wheelchair motor. If the object moved away from the sensor and the distance moved was greater than the threshold value, the Raspberry Pi would assign a low logic value to the designated pin to deactivate the motor. The Stop Button was pressed.to stop the sensor from controlling the wheelchair.
The Calibrate Button was used to overcome the problem of undesired slippage of the sensor. For example, if the sensor slipped towards the user and the wheelchair was undesirably activated or the voluntary movement produced by the user was no longer in the range of the sensor. In such cases, helpers could press the Calibrate Button to trigger the sensor to search for the nearest object and the Raspberry Pi would calculate a new reference distance to detect movement from the sensor’s new position.
Auto-Calibrate mode was added to the new system. In this mode, the sensor automatically calculated the reference distance without the need to press the Calibrate Button. The new mode did not require a UI since it operated on boot-up of the Raspberry Pi.
3 Testing
A student at Chailey Heritage School was considered as a case study. The student could produce voluntary movement with their head and used that movement to control a powered wheelchair. Head switches were used to transform that movement to steering direction of a powered wheelchair. The voluntary movement was used to steer a powered wheelchair left or right. 
The head switches were replaced by two Sharp IR sensors. The sensors were used to detect the movement of the student’s head. The new system presented in this paper transformed the voluntary movement to steering directions for the powered wheelchair.
A new technical UI was created to allow helpers input user settings, advanced parameters were used to accurately translate users’ desires and filter out unwanted movement, see Fig. 5.
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Fig. 5. Technical User Interface to input user settings.
The new technical UI allowed helpers to input and modify different parameters using track-bars as shown in Fig. 5. The following parameters were considered:
· Threshold represented the minimum detection distance of the sensor. The larger the Threshold value the less sensitive the sensor would be to movements of the user’s head.
· Cut off Time allowed the new system to operate in two different modes: Switch Mode and Time Delay Mode. Setting the Cut off Time track-bar to 0 would trigger the system to operate in Switch Mode, where the system would use the sensors as switches. If an object was detected, a specific relay was triggered on and would remain triggered until the object was no longer detected. Setting the Cut off Time track-bar to any value other than 0 allowed the system to operate in Time Delay Mode.
· Time delay mode where if an object was detected in a sensor range, a specific relay was activated depending on the value specified by the track-bar in seconds, then the relay would be switched off if no object was detected within sensor range.
· Minimum distance represented the minimum cut off distance, where closer objects were not detected.
· Maximum distance represented the maximum cut off distance, where objects beyond it were not detected.
· Sampling Time allowed powered wheelchair users drive their wheelchairs safely across uneven ground. If the drive terrain was unsettled, the sensors could provide readings that did not represent the users’ desires because of the vibrations, head movement, or momentary sensor movements. The new system took two readings for an object detected in its range with the Sampling Time in between. That allowed the new system to overcome the problem of momentary sensor movement and head movement due to uneven driving terrain.
Detection range was calculated by subtracting Minimum distance from Maximum distance. If helpers input Maximum distance smaller than the Minimum distance, an error message would appear asking the helper to adjust the sensor position according to the input distances as shown in Fig. 6.
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Fig. 6. Error message asking Helpers to adjust sensor position.
Fig. 7 shows the prototype of the new system connected to a touchscreen used to input users’ settings.
[image: C:\Users\haddadm\Desktop\Touch Screen and Sharp IR.jpg]
Fig. 7. Prototype of the new system showing a touch screen to input user settings.
Once Driver Settings were input and the Apply Settings Button was selected, the program stored all the settings in a CSV file. The CSV file could be used later to install driver settings during boot-up. The Auto-Calibrate Mode would read the CSV file and install driver’s settings on boot-up.
4 Conclusions and Future Work
A new system was created to replace lever switches used to operate powered wheelchairs. The new system eliminated the clicking noise generated from closing switch contacts and the problem of switches becoming unreachable to users due to powered wheelchair movement or uneven terrain. This was achieved by introducing two functioning modes to overcome the problem: Click-to-Calibrate and Auto-Calibrate. The two modes improved disabled powered wheelchair users’ mobility.
The new system provided a friendly and simple User Interface and required less effort to control a powered wheelchair. To reduce cost, the authors will upload the schematic diagram and the Python program to an open access platform. Disabled wheelchair users will be able to download free of charge. The new system provided a faster response time and required less hardware than the lever-switches. Clinical trials will be conducted to investigate the effectiveness of the new system. 
Future work will consider creating a new UI to incorporate multiple Users [14]. Users could be digitally added to the new system. A specific threshold value will be assigned for each user based on their needs, level of functionality and type of disability. Also future work will consider using Artificial Neural Networks to identify which user is operating the new system and how they are performing.
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