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Low-cost electronic control with resistive joystick
and arduino for children electric wheelchair

Abstract

Wheelchair is an assistive technology device that allows people with physical disability
to have more independence, quality of life and social inclusion. The lack of access to
a wheelchair is a serious problem all around the world. Almost 20 million people
in the world do not have access to a wheelchair due to the high costs. The electric
wheelchair is a special device for people with severe physical disability (quadriplegia,
cerebral palsy and others). The lack of access to electric wheelchairs, due to the high
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costs, is a relevant factor in lack of inclusion of disabled children in formal education.

The aim of this study was to develop and evaluate a low cost electronic control for
children electric wheelchair. The methodology was based on constructing and testing
an electronic prototype using Arduino and a low-cost resistor position sensor for

electric wheelchair control.
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Introduction

The wheelchair is as an assistive technology device fundamental
for mobility and to promote the independence, quality of life and
social inclusion of people with motor disabilities.! In the world,
approximately 1% of the population needs a wheelchair, but 20
million do not have access to it An electric wheelchair (EWC)
reduce the effort of the user or his caregiver during propulsion
being indispensable in three situations: a) User with severe motor
disability (tetraplegia, cerebral palsy, advanced multiple sclerosis,
among others); b) User unable to perform physical effort (elderly,
cardiopathy, obese, among others) or c)User that needs locomotion
in long distances.** However, EWC has been indicated as a limiting
factor in social inclusion due to high technology costs (average of
USD 4,000.00). This is a serious problem, because the largest part
of disabled people are part of the low-income population. The lack
of access to electric wheelchairs for children is an important factor
in the lack of access for children with motor disabilities in formal
education.’ The purpose of this study is to develop a control system
for children’s EWC and test it on a children’s EWC frame. It was
based on resistor joystick (position sensor), H-bridge and an open-
source electronic development Arduino platform. With this research
we are developing and spreading the control knowledge of EWC
aiming at reducing the costs of assistive technology.

Experimental methods

Figure 1 illustrates the resistive sensor and shows a blocks diagram
of the electronic control of the EWC. The electronic system was
implemented with a platform compatible with an Arduino model
UNO R3 (Aduino, Ivrea, Italy). That platform has an ATmega 328P
microcontroller, 16MHz clock, 5V battery, 32KB flash memory, 2
KB SRAM memory, 1 KB EEPROM memory, 6 analogic input and
14 digital input or output. Into the 14 digital doors, 6 Pulse Width
Modulation (PWM). The firmware was developed in the Wiring
language, based on C/C++, dedicated to the development of the
platform. A resistive model joystick (SparkFun Eletronics, Boulder,
EUA) was used for the man-machine interface. The component has
input for 5 V supply, two analogic outputs (X and Y axis) and a digital
output.® Two H-bridge Shields were used to drive the motors. These
circuits are driven by low current, capable of feeding and controlling
the direction of rotation of direct current (DC) motors.” The H-bridge
circuit is based on the integrated circuit (IC) BTS7960 (Infineon
Technologies, Neubiberg, Germany). This component has field-effect
transistors (MOSFETs). Therefore, they consume low electric current
(7pA) for the gate and have a typical current of 43A at their output.
The BTS IC works in PWM frequencies up to 25kHz, allowing the
motor speed to be controlled in addition to the direction of rotation.?
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Figure | Electronic circuit of the wheelchair control: Resistive sensor (left) and diagram (right).
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Two motors were used for the propulsion of the EWC (engine
coupled to the speed reducer). The model is CEP 9.390.453.086
(Bosch, Stuttgart, German) and it has 12V, 5.5A and 25W (nominal
power), 38 rpm and nominal torque of 6Nm. The power source supply
were two lead acid batteries 12V 7AH (Unipower Group, Extrema,
Brazil). A circuit with LM7805 IC voltage regulator (Farchild
Semiconductor, Sunnyvale, USA) was used to convert the 12V
voltage of the batteries to SV. The resistive joystick circuit and control
panel were connected to the 5VDC and GND potentials from the
Arduino. The performance tests were made with the electronic control
system applied to a children EWC framework, built with PVC pipes,
weighing 15kg, general dimensions of 45x73x100cm (width, depth
and height) and 6 inches wheels.” The tests were carried out with
additional weights of Skg, 10kg and 15kg, simulating a child. The
EWC prototype was submitted to nine field testes, where trajectories
of approximately 20m were performed on flat ground, in an internal
and external environment, simulating the use of EWC in daily life.

Results and discussion

In the system operation, the control circuit receives analogic
signals (variation in amplitude voltage over time) from the joystick,
containing horizontal (A1) and vertical position (AO) information.
Figure 2 shows a component cursor that can be manipulated by
the user. Analogic signals (voltage between 0 and 5 V) are read by
analogic port of Arduino. This is possible because the microcontroller
has an analogic to digital (A/D) converter of 10 bits. The analogic
values at the input of the Arduino cause a digital variation between
0 and 1023 value of relative programming variable. This variation
corresponds linearly to the mechanical position of the joystick cursor.
When the joystick cursor is in the center (rest position), the values
read by the analog input are in a range from 519 to Al and from 500
to AQ.
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A/D values when \
joystick is central
position:

A1 (X)=519
A0 (Y) =500

2nd quadrant
A1(X) <= 450
AO(Y) >= 550

1st quadrant
A1(X) >= 550
A0(Y) >=550

3rd Quadrant
A1(X) <= 450
A0(Y) <= 450

4th Quadrant
A1(X) >= 550
A0(Y) <= 450
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Figure 2 A/D values as a function of joystick position.

The embedded software was developed using state machine
(switch-case) and level tests with if-else in an infinite loop. Within
this loop the program may use eight distinct situations, each defined
by a subroutine. In the flowchart (Figure 3) of the embedded program
the “A” function represents a range of options where the wheelchair
performs rotational movement under the axle (one wheel rotates
forward and the other one rotates backward) or curve movement (the
two wheels turn in the same direction, but one spins faster than the
other one). The speed and direction of rotation of the motors depend
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on the X and Y position of the Joystick. The control system showed
to be very efficient during the execution of the performance tests, for
the execution of movements in different directions, but presented a
problem in 11.11% of the cases due to the small deviation during the

straight movement.
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Figure 3 Flowchart of the embedded software.

The total cost considering just components for the construction of
the electronic system (batteries, motors, drivers, joystick, plastic box,
and other components like capacitors, resistors, voltage regulator,
among others) was USD 300.00. Studies indicate the use of the Arduino
platform as the basis of a low cost control system for DC motors in
EWC.5791% The advantages of using Arduino are the low cost (USD
22.00) and the possibility of working together with Shields, which are
accessory boards such as sensors, display, joystick and control drivers
(H-bridge). The joystick exceeded the expectations, presenting low
cost (USD 3.95) and ease of application in the circuit and use. The
component presented a linear response of voltage variation (0 to 5V)
at its X and Y outputs as a function of the mechanical displacement
of the joystick. This is because internally there are two potentiometers
configured as voltage divider, which vary the resistance in proportion
to the displacement of the joystick cursor, converting the mechanical
displacement to electric voltage.”!°

Conclusion

An electronic control system for children EWC was developed and
its functionality evaluated. The methodology employed was successful
in the development of a functional and low cost system. The device is
replicable and has high potential to assist the low-income population
to get access to a motorized wheelchair.!!!?
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