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Abstract: A low-cost electronic wheelchair was designed and developed which can perform the similar functions and features as
a commercially available wheelchair. It also provides obstacle avoidance capability as added value. The electronic wheelchair
was realized by modification of a lightweight manual wheelchair. It uses two electric motors each of 320 W 24 V DC, 5-24 VDC 6
A H-bridge drivers, and a 12V 17Ah rechargeable lead acid battery. It is equipped with switches, Line Follower, infrared sensors
and ultrasonic sensors. An Arduino AtMega328 microcontroller is used to read and interpret commands. User’s acceptance
evaluation results show that the developed low-costwheelchair is able to receive and interpret commands provided by the Line
Follower, detect if a person is seated on it, navigate to avoid obstacles as well as to detect edge and stairs. Technical evaluation
result shows that on a flat surface it could move at the speed of around 39.9 m/min without load and 32 m/min with 80 kg load.
At 10 degrees inclined surface, the maximum weight limit is 30 kg with the speed of 12 m/min. At 20 degrees inclined surface,
the maximum weight limit is 10 kg with the speed of 3 m/min. Regarding cost, it is just a fraction of a cost compared to the
commercially available model. Therefore, the developed wheelchair offers an option for potential users who cannot afford to buy
the commercially available one.

Index Term: Selectronic wheelchair; obstacle avoidance; edge detection; Arduino AtMega328; microcontroller.

I. INTRODUCTION

Wheelchair was invented to serve as a primary means of mobility for persons with disability, those who are recuperating from
illness and the elderly [1]. With the aid of wheelchairs, they can move independently, can reintegrate into society as well as live
productively [2][3].The wheelchairs come invariations: manually operated wheelchairs that are propelled by the occupant by turning
the large rear wheels or someone can push it through the handle in the back seat, and electrically powered wheelchairs that use
motors for propulsion. Through decades ofdevelopment and improvement electrically powered wheelchair now uses a mobile
robotic technology [4][5][6] is equipped with some navigation systems that are a combination ofjoystick, infrared and ultrasonic
sensors, camera, and machine vision for collision avoidance andautonomous operation [7][8][9]. The most fundamental type of
controller is thejoystick mounted in the armrest. Operating a manual wheelchair usually needs another person to push it. Turning the
wheels by the seated occupant is difficult, considering the user’s condition. Thus, assistance from others is required. In hospitals,
staffs are responsible for assisting the patients whose maobility depends on the wheelchair. Usually, a staff assists one patient but,
with the electrically powered wheelchair, the staff would be able to assist more patients since the patients can control the wheelchair
by themselves. Electrically powered wheelchairs provide more convenience than the manually operated wheelchairs, but not
everyone can afford to buy one since it is expensive in the market today. Decided to design and develop an electronic wheelchair
that can reach the general performance of electrically powered wheelchairs available in the market today but with minimal cost. This
paper describes design and development of such a low-cost electric wheelchair and proposes obstacle avoidance feature as added
value using appropriate sensors. User’s acceptance test, technical performance, and cost analysis are presented through
questionnaire and, experiment.

Il. METHODOLOGY

The low-cost electronic wheelchair was designed to perform functions equivalent to the commercially available wheelchairs but
with minimal cost. The commercially available wheelchair does not have sensors to serve as asafety switch and to detect and avoid
obstaclesthus, increase the probability of users getting into accidents. In line with this, the authors considered the addition of
ultrasonic and infrared collision proximity sensors to ensure the safety of the users. The microcontroller used is Arduino AtMega328
[15] since it was found to fit the requirements of the design. The authors developed an electronic wheelchair by modifying a
lightweight manual wheelchair. The following materials and components were installed on the wheelchair: two wiper motors,
battery, batteryvoltage indicator, joystick, two ultrasonic sensors, one IR sensor, and the main circuit.
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Figure 1 shows the design of the electronic wheelchair. Each wheel is fixed to each motor using roller chain. Subsequently, the
motors were connected to the drivers and the Arduino. After the assembly, the result is a modified electronic wheelchair. Table 1
shows the specifications of the major electronic parts.The navigational controller has five wires thatare all connected to the Arduino
circuit. Likewise, two pins from each sensor were connected to the Arduino circuit. The operationof the low-cost electronic
wheelchair is shown in the block diagram in Figure 2.The interface between the navigationalcontroller and sensors that were
interfaced to the Arduino is shown in Figure 3. The system consists of a multi directional joystick that indicates forward, backward,
right and leftdirection commands. Once the main switch of the electronic wheelchair is switched on, the battery will start to supply
power to the main controller of the system that is the Arduino ATMega328 with 40 mA output and the H-bridge Motor Driver with
50 mA output [16]. An infrared sensor placed on the right armrest that serves as a safety switch will detect whether a user is present
or not. The presence of the user will trigger the infrared sensor [17] that will cause the joystick to be enabled.Upon tilting the
joystick forward, the 12 V wiper motor will rotate forward together with the rear drive wheels. However, if the ultrasonic sensor in
front of the wheelchair detects that the wheelchair is heading towards the edge of the stairs with a distance of 0.127 meters, the
electronic wheelchair will automatically stop.

Upon tilting the joystick backward, the 12V wiper motor will rotate backward together with the rear drive wheels.However, if the
ultrasonic sensor [18] in front of the wheelchair detects that the wheelchair is heading towards the edge of the stairs with a distance
of 0.127 meters, the electronic wheelchair will automatically stop. Upon tilting the joystick backward, the 12 V wiper motor will
rotate backward together with the rear drive wheels. However, if the ultrasonic sensor at the rear part of the wheelchair detects that
thewheelchair is heading towards an obstacle with a distance of 0.9144 meters, the wheelchair will automatically stop.
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Figure 1: The design of electronic wheelchair

Table 1:Capacity electronic wheelchair specifications

Parts Specifications

Microcontroller I pe., Gizduino Atmega328, 14 digital input/output pins, Six analog inputs, 16 MHz
crystal oscillator

Motor 2 pes, 320 Watt 24 VDC Permanent Magnet Motor

Battery 1 pc., 12 V, 17 AH rechargeable battery

H-Bridge 2 pes, 5-24 VDC, 6 A E-gizmo H-Bridge Driver

Ultrasonic Sensor 2 pes, Maximum detection distance = 4.5 meters

Infrared Proximity Collision Sensor I pe., Maximum detection distance = 25 cm

I1l. RESULTS & DISCUSSIONS
Figure 4 shows the developed wheelchair which consists of the following: wheelchair,joystick, two ultrasonic sensors, an infrared
sensor, two wiper motors, battery, two h-bridgemotor drivers, and Arduino ATMega328 microcontroller that controls the whole
operation of the system. If the command is to move forward, the left and the right motors will revolve clockwise simultaneously. If
the command is to move backward, the left and the right motors willrevolve counterclockwise simultaneously.
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A platform was installed under the wheelchairto place the battery in the wheelchair. The batteryvoltage indicator was then fixed in
front of the battery so that the user will be aware of the change in battery charge. The joystick was fixedto the right armrest of the
wheelchair. The rocker switch that is responsible for turning the system on and off and the toggle switch that controls the speed of
the electronic wheelchair to high (maximum speed) and low (minimum speed) were both attached to the joystick unit. The main
circuit that consists of the Arduino and two motor drivers and an ultrasonic sensor is placedat the rear of the electronic
wheelchair.An anti-tipwas also installed to the wheelchair so that it will still be usable if the battery is completely discharged. Two
ultrasonic sensors and one IR sensor were installed on the wheelchair. One ultrasonic sensor is placed at the rear along withthe main
circuit, tilted 73 degrees to detect obstacles at the rear. The other ultrasonic sensor is placed in front of the wheelchair, tilted 88.63
degrees to avoid falling from the stairs. The IR sensor is placed on the right armrest to serve as asafety switch and ensure that the
wheelchair will not move unless a seated occupant is present. A flowchart was made to show a succession of the electronic
wheelchair operation.
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Figure 3. Schematic diagram of the circuit design
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The software used for the programming of the system was C Programming Language and was loaded to the Arduino AtMega328.
Figure 5 shows the program flowchart. To start the system operation, the rocket switch must be turned on. The system will then ask
if the safety switch is on. If no, the system will end. If yes, the navigational joystick and sensors are enabled. Then, the system will
ask if the joystick is maneuvererforward. If yes, the system will ask if the edge detecting sensor is on. If yes, the wheelchair will
stop and ask if the safety switch is off. If yes, the wheelchair will turn off, and the joystick will be disabled. The program will then
end. If the edge detector is off, the wheelchair will move forward. The system will then ask if the joystick is still maneuverer. If yes,
the navigational joystick and sensors are enabled, and the process is repeated. If no,the wheelchair will stop and ask if the safety
switch is off. If no, the navigational joystick and sensors are enabled, and the process is repeated. If yes, the wheelchair will turn off,
and the joystick will be disabled. The program will then endlIf the joystick is not maneuverer forward, the system will ask if the
joystick is maneuverer backward. If yes, the system will ask if the rear sensor is on. If yes, the wheelchair will stop and ask if the
safety switch is off. If yes, the wheelchair will turn off, and the joystick will be disabled. The program will then end. If the rear
sensor is off, the wheelchair will move backward. The system will then ask if the joystick is still maneuverer. If yes, the navigational
joystick and sensors are enabled, and the process is repeated. If no, the wheelchair will stop and ask if the safety switch is off. If no,
the navigationaljoystick and sensors are enabled, and the process is repeated. If yes, the wheelchair will turn off, and the joystick
will be disabled.
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Figure 4. The developed electronic wheelchair; (a) front view; (b) back view

The program will then end. If the joystick is not maneuveredbackward, the system will ask if the joystick is maneuvered to the right.
If yes, the wheelchair will move to the right. The system will then ask if the joystick is still maneuvered. If yes, the navigational
joystick and sensors are enabled and the process is repeated. If no, the wheelchair will stop and ask if the safety switch is off. If no,
the navigational joystick and sensors are enabled, and the process is repeated.

If yes, the wheelchair will turn off, and the joystick will be disabled.The program will then end. If the joystick is not maneuvered to
the right, the system will ask if the joystick is maneuvered to the left. If yes, the wheelchair will move to the left. The system will
then ask if the joystick is still maneuvered. If yes, the navigational joystick and sensors are enabled, and the process is repeated. If
no, the wheelchair will stop and ask if the safety switch is off. If no, the navigational joystick and sensors are enabled, and the
process is repeated. If yes, the wheelchair will turn off, and the joystick will be disabled. The program will then end. If the joystick
is not maneuvered to the left, the wheelchair will stop and ask if the safety switch is off. If no, the navigational joystick and sensors
are enabled, and the process is repeated. If yes, the wheelchair will turn off, and the joystick will be disabled.
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Figure 5. The system flowchart

The program will then end.Evaluation of the developed wheelchair has been conducted through user’s acceptance test,technical test,
and cost analysis. Results of these evaluations are presented and discussed as follows.The authors conducted user’s acceptance
evaluation for the electronic wheelchair using a survey questionnaire involving 30 persons with disability (PWD) participants
categorized withtheir weights.

The weight categories are dividedinto four, namely: weight category A (88 — 109.9 Ibs.), B (110 — 131.9 Ibs), C (132 153.91bs.) and
D (154 — 175.9 Ibs.). Seven questions were prepared to evaluate the low-cost electronic wheelchair: (1) the electronic wheelchair is
easy to use, (2) it runs smoothly, (3) the joystick works properly (4) the sensor that serves asthe front part of the electronic
wheelchair is effective for avoiding the stairs, (6) the rear sensor is effective for avoiding collisions, and (7) all the parts of the
electronic wheelchair is functioning.
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Table 2.
Cost analysis result
Model 1 Model 2 Model 3 Model 4
(PhP 15 665.00)  (PhP 65 250.00) (P 351 000.00) (P 450 000.00)
Function Low-cost Rear wheel Medalist Rear wheel
electronic drives power drives power
wheelchair wheelchair chair chair
Transports the user comfortably v y y y
Transports a user with a weight of at | i i i
< v N N N
least 50 kg
Transports user to an inclined surface v y v y
Has sufficient speed v y vy y
Has adjustable speed v y v y
Has good battery charge capacity v y y y
Detects and avoids obstacles v v v v
Detects and avoids stairs edge V v Y v
Includes an alternative rear-wheel for | i i i
. v N N N
manual operation
Includes safety switch that makes the
wheelchair unusable when no seated l v v v

occupant is present

Each question was rated using the following Likert scale: 4.5-5.0 = excellent; 3.5-4.49 = satisfactory; 2.5-3.49 = fair; 1.5-2.49 =

needs improvement; 1-1.49 = poor. safety switch works properly, (5) the sensor .

Speed of Electronic Wheelchair at 0 Degrees Inclination

meter/minute

» i i 1 i 1 i i 1
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Figure 6. Speed of the electronic wheelchair as affected by floor inclination and weight of load

The overall mean for the performance of the low-cost electronic wheelchair is 4.5286. Therefore, the overall evaluation of the
project is excellent. It is concluded that the low-cost electronic wheelchair is accepted by PWD userswith regards to the weight
category they belongto. Technical evaluation was conducted by measuring speed of the wheelchair as a functionof load and
inclination. Figure 6 shows the speed performance of the wheelchair.
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On a flat surface, it can move at the speed of around 39.9 m/minwithout load and 32 m/min with 80 kg load. At 10 degree inclined
surface, the maximum weightlimit is 30 kg with the speed of 12 m/min. At 20 degree inclined surface, the maximum weight limit is
10 kg with the speed of 3 m/min.The cost analysis was done by comparing the specifications of the low-cost electronic wheelchair
with the three models of commercially available ones (rear wheel drive, medallist power, and rear wheel drive power). The cost
analysis result is shown in Table 2.

IV. CONCLUSION

Based on the results gathered throughout the study, it can be concluded that a low-cost electronic wheelchair has been successfully
developed. Through testing and evaluation with 30 PWD participants having different weights, the overall performance of the
wheelchair is excellent. Its performance is equivalent to the commercially available electric wheelchair but is less in cost. Moreover,
it has added values such as the infrared sensor as the safety switch and ultrasonic sensors for obstacle avoidance and edge (stairs)
detection. Some recommendations for further improvement are: remote control may be added to the additional navigational
controller so that navigation will be possible to users who cannot stretch their arms, and add buzzers for obstacle indication to alert
the user.
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