
This project is to design and build a hand gesture control system for
wheelchair that can be completely controlled and operated using the hand
gesture mechanism by the patient. The patient will use the hand gesture
controller tied to wrist to provide a more convenient wheelchair navigation.
The prototype consists of an accelerometer, an RF wireless transceiver, a
microcontroller, and a small-scale demo wheelchair equipped with DC
motors. All the devices will be powered by a 9V battery. The wheelchair and
the hand gesture control were tested to properly take commands from the
user to move in all directions.

Based on the CDC (Centers for Disease Control and Prevention) research
in 2019, it was found that the most common disability is mobility which
represents about 13.7% of people [1].

Throughout our research, there are two solutions available: manual and
powered wheelchair. Manual wheelchairs are lightweight, but require
assistance, while power wheelchairs have controls, but expensive.

Our solution is to embed a hand gesture control system into an electrically
driven wheelchair. This project implements sensing, electronic control,
wireless communication, and automated driving technologies into a smart
wheelchair that help the people who are impacted with disability in mobility.

The purpose of the project is to make an accessible wheelchair that is easy
to control without the need assistance.

The overall system configuration is shown in Figure 1. It consists of a
hand gesture controller and electrically driven wheelchair.

The hand gesture controller has four components: accelerometer, Arduino
board, RF wireless receiver, and battery. The accelerometer detects the
movement of the hand of the user. By moving four fingers forward,
backward, and rotating the wrist left and right, the user can control the
wheelchair's movement. The accelerometer data is sent to a microcontroller
which is an Arduino nano board through an RF wireless transceiver. The main
Arduino board in the wheelchair analyze and process data and send
commands to drive the DC motors to move the wheelchair.

Figure 1: The configuration of the Hand Gesture Controlled Wheelchair

The technology that we implemented in the hand gesture control system is the
hand gesture recognition technology that broadly used in the automotive
industry. This technology allows users to control system within the vehicle
without touching any buttons or screens.

The Gesture recognition technology uses sensors to read and interpret hand
movements as commands. It captures the hand movement in any of the four
directions ( as illustrated in Figure 2) .

6V DC motors that operate around 300 RPM are used to limit the highest speed of 
wheelchair prototype.  The wheels used have 65mm diameter. The angular velocity equation 
(figure 6a) is used to estimate the range of speed of the wheelchair ( figure 6b) . This 
velocity gradually increases to the maximum based on the angle of the hand gesture 
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Figure 6: a)  Angular velocity equation b) range of speed of the wheelchair prototype

We designed a hand gesture control system that allows the user to control the wheelchair 
with their hands . The hand gesture controller was tested to properly take commands from 
the user. The outer design of the wheelchair prototype was designed using AutoCAD and 
will be 3D printed. 

The wireless link between the hand gesture control and the wheelchair prototype was 
tested properly to move in all directions . 

The hand gesture controlling system assembly  and the electrically driven wheelchair are 
shown in  Figure 7
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Figure 7: a) Hand Gesture Controlling System b) Automated Driving Wheelchair
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Figure 2:  Hand movement controlling 
The movement of the wrist holding the hand gesture controller determines the direction which the

wheelchairs is commanded. The top left, top right, bottom left, and bottom right respectively show
forward, reverse, left and right hand commands.

The demo wheelchair was designed using AutoCAD for the 3D drawing  (Figure 3)  and 
SOLIDWORKS for the final prototype design ( Figure 4) . The base of the wheelchair is acrylic and the 
sides are aluminum to reduce the overall weight of the prototype 

Figure 3: System Structure Drawing with dimensions in centimeters 

Figure 4: Final Prototype design

The block diagram shown in Figure 5 shows main circuit to control the wheelchair.

Figure 5: The main control circuitry built within the base of the automated driving wheelchair

The wireless receiver will be receiving the signal from the wireless transmitter of the hand gesture
controller. These signals will be passed to the microcontroller (Arduino) and then to the motor driver
which controls four DC motors.
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