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The purpose of this paper is to develop a mechatronic system, 
the Eye-Controlled Self-Driving Wheelchair (ECSDW), that can 
help paralyzed, handicapped or any peoples who have an injury 
in their upper part of the body to be easily and successfully navi-
gate autonomously from one position to another within indoor en-
vironments while avoiding obstacles dynamically. This research 
aims to present a unique approach which can be achieved in-
expensively and has the eye-controlled additional property with 
robust autonomous assistive navigation when compared to a 
commercial existing wheelchair. The proposed ECSDW system 
platform is capable of localization and mapping, as well as ro-
bust obstacle avoidance, using only a commodity RGB-D sensor 
and wheel odometry. The development of the proposed ECSDW 
system was firstly carried by simulating the navigation of the 
wheelchair using Gazebo and Rviz running in ROS. Secondly, 
the hardware was assembled and built and the ROS nodes were 
implemented using Python programming language. Finally, the 
GUI was designed and implemented for a custom map so that, 
the disabled user can stare to a specific location using the GUI, 
with the help of eye-tracker sensor, which accepts directed eye 
signals and direct the wheelchair to navigate to the desired posi-
tion autonomously.
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I. INTRODUCTION   

Reports have shown growing numbers of people 

who fall into the categories of the elderly or those 

living with some form of disability. Physical and 

functional impairments are broad-ranging across 

these groups and the causes are numerous, 

including strokes, spinal cord injury, spina bifida, 

multiple sclerosis, muscular dystrophy, and 

various degenerative disorders. Rehabilitation 

technologies are a solution to many of these 

impairments and the aim to improve the quality 

of life for the people who require them. Smart 

Wheelchair developments, in particular, have the 

purpose of assisting those with mobility 

disabilities. Providing independence in mobility 

can have significant benefits to the users in their 

daily lives, including improved physical, 

cognitive, confidence, communication, and social 

skills.   

An autonomous navigation system for electric 

wheelchairs, which would allow the chairs to self-

navigate in indoor environments, would 

dramatically improve users’ mobility. Currently, 

there are a huge number of power wheelchairs in 

Yemen and other Arab countries. Thus, it's very 

important to design a cos-effective navigation 

system which can be retrofitted to these existing 

wheelchairs. Such a technology would 

extraordinary increase quality of life and societal 

engagement for this extremely vulnerable 

segment of society. 

 

Fig. 1. Autonomous wheelchair prototype, with the Microsoft Kinect 1 sensor mounted on an elevated 

frame to ensure an adequate field of view. The onboard navigation computer and the eye sensor also 

shown in the figure. 

Previous researches efforts have focused on the 

development of self-driving wheelchair 

technologies using cost-prohibitive industrial 

sensors such as 3D laser scanners and 

advanced stereoscopic depth cameras, as well 

as high-performance computing hardware for 

data processing [2]. These high cost 

technologies make past research on self-driving 

wheelchairs infeasible for use in near-term 

consumer applications.  Furthermore, 

previously-designed systems have lacked the 

requisite robustness for a consumer device. As 

a result of that, we present here in this paper a 

robotic navigation system for electric wheelchairs 
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by replacing the high-cost 3D laser scanners by 

Microsoft Kinect V1 in which we use for building 

the static map and avoiding the obstacles 

dynamically. The proposed system by this 

research has the following properties: 

(a) Inexpensively product — uses only cheap 

electronics, and operates with low computational 

demand; 

(b) Portability — the proposed system software 

able to applied to existing commercial 

wheelchair; 

(c) Robustness and Reliability — the proposed 

system does not rely on vision algorithms that 

are susceptible to poor lighting, and uses 

specialized path planning to ensure ideal 

alignment for tasks. 

(e) Non-proprietary — the implemented 

software uses open source libraries, tools and 

components to reduce cost; and    

(f) Readily extensible — the proposed system 

also able to be extended to add new 

functionalities such as door traversal, speech 

recognition, and navigation in outdoor 

environments.   

Finally, the rest of the paper will be organized as 

follow; Section II presents the previous related 

work and compare them to the proposed system. 

Section III introduces the proposed ECSDW 

system architecture and describes its 

components. Section IV presents the simulation 

experiments and the practical implementation 

for the proposed ECSDW system and discusses 

results. Finally, conclusions and 

recommendations for future results were 

presented by Section V.          

II. THE RELATED WORK 

A wide variety of assistive wheelchair 

navigation systems have been developed over 

the past 30 years, and here it's provided only a 

brief survey of recently related literature. Low-

cost solutions are generally of limited 

functionalities which are, semi-autonomous that 

require an external localization system, operate 

over short distances only without global 

localization, and/or lack global planning 

capabilities [3-8]. Fully autonomous navigation 

proposed approaches were typically relay on 

expensive laser scanner, LIDAR sensors, to be 

able to operate in outdoors environments [9-16]. 

It is noted that the goal of existing systems is to 

provide a working solution in the target 

environment, without attempting to minimize 

cost.  

The idea of the proposed ECSDW system in 

this paper is to enhance the autonomous 

navigation wheelchair system proposed in [17]. 

The contribution is made by using ROS for 

implementing the self-driving in simulation and 

real hardware implementation. Moreover, the 

proposed ECSDW system is characterized by its 

self-driving system that control and direct the 

implemented wheelchair system using eye by 

adding Tobii3 Eye-sensor which accept the 

control/direct signals by the eye with an overall 

lowest cost compared to the work done in [17]. 

Table.1 shows a comparison between our 

wheelchair and the wheelchair designed in paper 

[17]. 

Table. 1. A comparison between our system and the system designed by Ref. [17].  

Compared 

Systems / 

Metrics 

Mapping Localizing 
Self-

Navigation 

Dorr 

Traversal 
Cost 

Method to 

Determine the 

Target 

The 

Proposed 

System 

Yes Yes Yes In-Door 
Approx. 

1200$ 

Eye (Using 

Eye-tracker 

Sensor) and/or 

Manually 

(using touch-

pad) 

The 

Previous 

Proposed 

Systems 

Yes Yes Yes 
In/Out-

Door 

Around 

2000$ 

Manually 

(using Mouse) 
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III. THE PROPOSED ECSDW SYSTEM  

This section firstly, presents an illustration on the 

internal architecture for the proposed ECSDW 

system. Then, the simulation and practical 

design and implementation is introduced and 

discussed.   

1. The Internal Architecture for the 

Proposed ECSDW System  

It is noticed that the proposed ECSDW 

navigation system was implemented into a well-

known standard commercial electromechanical 

wheelchair shown in Figure 1. The additional 

hardware and the corresponding cost are listed 

below:  

- A Microsoft Kinect 1 sensor with cost of 169$ 

- A 4-wheel encoders, with total cost of 40$ 

- An onboard Sony Laptop (Intel i7 processor, 

4 cores). with cost of 1000$ 

Where the total cost of the additional hardware 

is about 12,09$, and would be even lower in an 

OEM production scenario. 

Figure 2 presents the internal architecture of the 

proposed system. The internal organizational 

architecture consists of 4-level layers, the sensor 

and actuator layer, the low-level layer, the high-

level layer, and the user interfacing layer. 

Although, the individual software components 

are built around the Robot Operating System 

(ROS), which facilitates easy integration and 

allows us to leverage open source libraries.

 

 

Fig. 2. System architecture, designed in four layers: sensing and actuation, low-level processing, 

high-level processing, and user interaction. 

2. The Simulation and Practical Design and 

Implementation for the Proposed ECSDW 

Navigation System 

Now, the two steps, the simulation and the 

practical implementation, for the proposed 

ECSDW navigation system are introduced with 

detailed illustration by the following sub-

sections. 

A.  Simulating the self driving using 

Gazeboe and Rviz: - 

The simulation steps followed in order to control 

the wheelchair are: - 

1. Deciding on the ROS message interface: 

The desired characteristics for the wheelchair 

are to be mobile and confined to driving on the 

ground (as opposed to climbing walls or flying). 

This is due to its kinematic configuration, it can 

translate forward and backward (along its x-

axis), it can yaw (rotate about its z-axis), and it 

can do combinations of the two. Furthermore, 

the wheelchair cannot translate side to side on 

y-axis or up and down on z axis. Neither it can 

roll or pitch its body (rotation about its x-axis or 

y-axes, respectively). This result that the system 
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is sufficient to control the wheelchair by sending 

a pair of desired velocities which are: 

• vx "Linear velocity along the x-axis (by 

convention, positive is forward). forward)". 

• vyaw "Rotational velocity about the z-axis (by 

convention, positive is counter clockwise)". 

In return, it's expected by the robot to report its 

position and orientation in the plane as (x, y, 

yaw). The ROS community has arrived at the 

following ROS message interface, which is 

supported by a huge variety of mobile platforms: 

• (geometry_msgs/ cmd_vel topic): The 

desired velocity of the robot, sent as a 

command to the robot. 

• (nav_msgs/ odom topic): The position and 

orientation of the robot, sent as data by the 

robot. 

2. Modeling the Robot: --“URDF” 

In order to use the proposed Wheelchair 

navigation system with many standard ROS 

tools, it is must to write down a model of the 

robot's kinematics (i.e. describe the physical 

configuration of the robot, such as how many 

wheels it has, where they are placed, which 

directions they turn in, how many sensors it has, 

and where they are placed). This information 

could be used by Rviz to visualize the state of 

the robot, by Gazebo in order to simulate it, and 

also by systems like the navigation stack to 

make it drive around the world in a purposeful 

manner. The 3-D wheelchair model used in the 

simulation has been adapted from Argallab's 

smart wheelchair project (i.e. the URDF files are 

written based on his CAD model). 

3. Extending the model with physical 

properties for use in simulation with 

Gazebo: 

For simulating the wheelchair in gazebo, there 

are two tags required which are: 

• <collision>: This tag defines the size and 

shape of the robot's body, for the purpose of 

determining how it will interact with other 

objects. 

• <inertial>: This tag defines the mass and 

moment of inertia of the link, which are 

needed to move it according to Newton's 

laws. 

4. Publishing the coordinate transform data 

via tf and visualize it with Rviz: 

Due to the fact that each link in the model has its 

own coordinate frame, we need to provide the 

proper transformation between each frame with 

respect to another. This transformation is very 

important in order to visualize the robot in Rviz, 

by using the SLAM 

algorithm, the localization, and the navigation 

nodes. In simulation, these transformations 

could be published using plugin in Gazebo as 

shown by the following XML code: 

 

After that, another XML code is written below 

which is used to combine the 1 D position of 

each joint with the kinematic model to calculate 

a tree of 6 D (position and orientation) coordinate 

transforms that describe where in space the 

robot's links are with respect to each other (in 

other words, it performs forward kinematics). 

  

 

5. Adding sensors, and the driver 

"Differential drive plugin": 

The Kinect 360, the encoders, and the IMPUs as 

gazebo plugins, with proper parameters are 

added. Moreover, the driver plugin is added, this 

driver is very important plugin in simulation. 

Since, it controls the robot's motors and read 

signals from its encoders and MPUs.  Moreover, 

this plugin simulates the differential drive 
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behavior in the robot, moves the robot model 

when it receives the command velocity (the 

linear and angular velocity) in the form of ROS 

Twist messages (geometry_msgs /Twist), and 

computes the odometry of the robot, which gives 

the local position of the robot. For computing the 

robot's odometry, the robot's parameters like the 

distance between the wheels, the wheel 

diameter, and the torque of the motors should be 

provided to the motor. 

6. Applying Standard Algorithms: 

There are three different standard algorithms 

used: 

a) The SLAM_Gmapping node: - which 

implements the SLAM algorithm for the 

purpose of building the map. 

b) The AMCL node: - which provides the 

localization. 

c) The Navigation stack: - which provides 

autonomous navigation. 

A brief explanation on these algorithms is 

presented below: - 

a) SLAM_Gmapping node: 

The main purpose of this node is to build the map 

of the environment. The SLAM_gmapping node 

uses an implementation of the GMapping 

algorithm. It reads laser scans (after converting 

the depth images to laser scans) and odometry 

and computes a map. This map can be written 

to a file by writing the following command in the 

terminal  

" rosrun map_server map_saver  

static_map:= dynamic_map"  

and replacing " dynamic_map" with the desired 

name of the map. 

b) The AMCL node: 

This node takes in a laser-based map, laser 

scans, and transform messages, and outputs 

pose estimates. 

c) The Move_Base  node for implementing 

autonomous navigation:  

This node is one of the major elements in the 

ROS Navigation stack, since it links all of the 

elements that take place in the navigation 

process. Its main goal is to move the robot from 

its current position to its goal position. When this 

node receives a goal pose, it links to 

components such as the global planner, local 

planner, and costmaps, and generates an 

output, which is a velocity command with the 

message type " geometry_msgs /Twist", and 

sends it to the "cmd_vel" topic in order to move 

the robot. Figure (3) presents a block diagram 

which shows the working principle of this node.  

 

 

Fig. 3. A Block diagram showing the working principle of the move_base node  
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B. The Practical Implementation for The 

Navigation in the Proposed Wheelchair: 

This subsection presents the Practical 

implementation for the proposed ECSDW 

system. The proposed ECSDW system is 

organized into 4-layers which are: - 

1. Sensors & Actuators Layer: -  

Figure (4) shows the architecture of the sensors 

and actuators layer. 

It should be noted that, an Arduino controller 

(Mega Type) is used in order to read the odomtry 

information from the MPUs and encoders for the 

purpose of localizing the wheelchair in the 

occupancy grid map we are going to build. 

Furthermore, the ultrasonic is used in the bottom 

of the wheelchair for the purpose of stopping the 

wheelchair if there are any obstacles outside of 

the field of view of the Kinect 360.  

 

Fig. 4. Sensors and Actuators Layer 

 

After that, the Arduino is directly connected to 

the main controller and interfacing unit of the 

proposed ECSDW system, the Sony Laptop, via 

USB port. The information measured by these 

sensors are sent to the serial port. 

Furthermore, there is node in ROS, as will be 

explained later, used to calculate the velocity of 

each motors and sending those values to the 

motor's drivers to move the wheelchair 

autonomously to the target position. Finally, The 

Kinect 360 is connected to the Sony Laptop via 

USB, also. 

2. Low-Level Processing Layer: - 

The low-level processing layer of the proposed 

ECSDW system uses the following modules: - 

a) openmi_driver: - which is a node, built in 

ROS libraries, used to interface the Kinect 

360 with ROS and make us visualize the 

depth images, disparity maps and point 

clouds, and use them later in further 

processing in order to implement 

autonomous navigation. 

b) depth_image_to_laser_scan: - this is a 

node which is built in ROS libraries, used to 

convert the depth cloud to laser scan due to 

the fact that the local costmap subscribes to 

the topic published from the laser sensor " 

LIDAR" in order to make dynamic obstacle 

avoidance. Instead of using this expensive 

sensor, this node provides fake laser topic by 

converting the depth image topic to laser 

scan topic. 

c) Wheelchair_driver: - 

which is a set of nodes, which are built using 

python, and they were used to subscribe to the 

values of the sensors from the serial and 

calculate the odomtry of the wheelchair. These 

values are being read from the serial using " 

Arduino node", which is used to convert the 

sensor's values into topics to be subscribed by 

another node. The odometry of the wheelchair is 

sent in " /odom" topic by a node called " diff_tf 
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" which is subscribing to the sensor's values and 

converting those values into proper odomtry 

value after setting the diameter of the wheelchair 

and the distance between the wheels of the 

wheelchair. Consequently, the " 

Navigation_stack", and rtabmap nodes 

subscribe to these topics in order to calculate the 

position of the wheelchair in the map and 

sending the proper twist to move the wheelchair 

to the target position. Additionally, there is a 

node called " twist_ to_ motors" node which is 

used to convert the twist sent by the " 

navigation_stack" to the proper velocities of 

each motor. Finally, there is a node called 

"pid_velocity" node which is used to control the 

speed of the motors by proper tuning of the 

values " Kp,Ki,Kd". Furthermore, there is another 

node which is built to move the wheelchair by 

keyboard for the purpose of building a static map 

for the robot to navigate autonomously in that 

map. Figure.5 shows a block diagram of the " 

wheelchair_driver" module.  

 

 

 Fig.5. A Block diagram of the "wheelchair_driver" module showing the ROS nodes 

 

3. High-level Processing layer: - 

The high- level layer has the following modules:  

a) RGB-D SLAM: -  

Unlike the simulation the " gmapping" node is 

used to implement SLAM and creating a map, in 

the real wheelchair that node cannot be used 

because the topics published from Kinect, and 

other sensors are not synchronized and this 

node is unable to create a map because of that 

reason. In simulation, the various topics were 

synchronized using the simulation time. In the 

other hand, the "rtabmap" synchronize all the 

topics and set the stamp of each topic to be the 

same. Furthermore, the wheelchair can be 

localized in the map using this node instead of 

using "amcl" algorithm which is used in the 

simulation. The RGB-D SLAM module provides 

autonomous mapping capabilities for the 

wheelchair. Based on the open source RTAB-

Map ROS package, the module creates a 

detailed 2D occupancy grid map from RGB-D 

images. The map is a graph, where each node 

stores a synchronized RGB image, a registered 

depth image, a set of 2D projected obstacles, 

and odometry information. Using the poses in 

the graph, a global occupancy grid can be 

generated by assembling all of the local 

occupancy grids. The module can be configured 

in one of two modes: SLAM or localization. The 

SLAM mode is used to create the initial map of 

the environment. After creating the map, 

localization can be activated, without 

continuously adding new data to the map. This 

action may limit computational and memory 

requirements. SLAM mode can be switched 

back to remap an area that has changed 

significantly or to extend the current map to new 

locations. Although incremental motion could be 

computed using visual odometry, VO, it's 

founded that, with a single camera setup, VO is 

insufficiently robust for our application. Because 

of the limited field of view of the camera and 

because the wheelchair sometimes has to 

navigate in areas with insufficient visual 

features, VO can become ‘lost’ easily. Wheel 

odometry is used instead, even if it is slightly 

worse than VO in environments that are visually 

rich. 
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b) Navigation: - 

Our Navigation module is based on the move 

base ROS package. Given the wheelchair’s 

configuration (i.e., geometry, differential drive, 

maximum acceleration, and speed), the Local 

Base Planner module can provide appropriate 

velocity commands to reach a goal location while 

avoiding obstacles in the local cost map. The 

cost map is a 2D occupancy grid where 

obstacles are inflated by a fixed radius (e.g., 

generally the robot radius) so that the planner 

can determine how far away it should pass to 

safely avoid collisions. The local cost map has a 

fixed size of 4 m * 4 m (the robot is always at the 

center) and is updated with the latest sensor 

readings. To handle dynamic environments, the 

local cost map is ‘cleared’ of obstacles at each 

update if possible (e.g., if an obstacle has 

disappeared). To do so, 2D ray tracing (when 

using a 2D sensor like a 2D laser scanner) or 3D 

ray tracing (when a 3D point cloud is used) is 

performed. The latter technique is the most 

computationally intensive, and so for efficiency 

the first approach is used in order to relying on 

the depthImage_to_laserscan ROS package 

to transform the 3D to 2D conversion and ray 

tracing. For fully autonomous navigation, the 

Global Base Planner module of move base is 

utilized. Given the global occupancy grid created 

by RTAB-Map, the current pose, and the desired 

goal, a path is planned through the empty cells 

in the global map. If the goal coincides with an 

obstacle, or if the location cannot be reached 

such as, a new obstacle is blocking the way, due 

to such situation, the planning step fails and the 

user will be notified. When a complete path is 

able to be computed, it is sent to the Local Base 

Planner module and a series of sub-goals are 

selected in incremental local cost maps. The 

Local Base Planner is thus not constrained to 

exactly follow the global plan, allowing for 

maneuvering around dynamic obstacles. When 

RTAB-Map corrects the global map or re-

localizes it, the global path is recomputed 

accordingly from the current map location. 

4. User layer: -  

To make the proposed ECSDW system easy to 

use for the disabled people, end user, a 

graphical user interface unit is designed for a 

custom map (hotel-like map) in which a user can 

specify the target position such as, the number 

of a table, for the wheelchair to navigate to that 

table. Python binding of the Qt framework 

(which is open source, cross-platform user 

interface toolkit and development platform) is 

used to implement the GUI. That is due to that 

the Python binding of Qt is easier to develop 

and integrated when compared to other 

programming techniques/tools. Moreover, 

Python and Qt are interfaced by using ROS 

interfaces specifically, the PyQt module, which 

is one of the most popular Python bindings for 

Qt cross-platform. By enabling and the starting 

of work with practical experiments using the GUI, 

the Tobii3 sensor, shown in Figure (6), is used 

to track the eye in order to specify the target 

position using the eye tracking. It's used in the 

simulation experiments to choose the desired 

target position in the simulation environment for 

the wheelchair to navigate to. In addition, it's also 

used in the practical experiments in the direct 

control mode. 

 

 

Fig. 6. Tobii Eye Tracker   
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IV. SIMULATION AND PRACTICAL EXPERIMENTS  

This section presents the simulation and practical 

experiments carried on the proposed ECSDW 

system. Firstly, the scenario of operation is 

presented and briefly discussed then, simulation 

and practical experiments are introduced. 

1. The Proposed ECSDW System Working 

Scenario: - 

Figure (7) introduces a flowchart diagram which 

illustrate the proposed ECSDW system 

operation either in a simulation mode or in a 

practical implementation mode. In the simulation 

environment, the map is first built in the Gazebo 

world by moving the wheelchair model around in 

the custom map using the keyboard " keyboard 

teleoperation". After that and when the map is 

built, the target positon is specified in Rviz, the 

wheelchair will navigate autonomously to the 

specified position. While, the wheelchair is 

navigating to the target, it autonomously and 

dynamically avoids the obstacles it encounters 

in its path. Finally, when the wheelchair is arrived 

to the target position, the goal is specified and 

the operation is considered as a successful 

operation. On the other hand, in the practical 

environmental execution, the map is determined 

by moving the wheelchair around in the indoor 

environment either manually or using key board. 

The goal here is specified by staring to a specific 

position in the pre-built map. The wheelchair 

navigates autonomously to that position and 

avoid the obstacles dynamically.  

2. The Simulation Experiments 

The simulation experiments were carried on 

Rviz and Gazebo Simulation environments. 

Different scenarios were simulated like, Building 

the map of the indoor environment scenario, 

specifying the target position in that environment 

scenario, and dynamic navigation to that 

environment scenario.    

Figure (8) shows the wheelchair in a hotel-like 

environment (in Gazebo simulation platform). 

When the urdf model of the wheelchair is built, 

and the custom environment is designed in 

Gazebo, the wheelchair is spawned and 

simulating the real-world navigation as in the 

simulation-world environment.  

Figure (9) shows the wheelchair while it make 

maps for the desired room. As shown in figure, 

Rviz program allows us to visualize what the 

wheelchair see and sense while it navigates in 

the indoor environment.    

Figure (10) introduces the map, the wheelchair 

has built for this world after moving the 

wheelchair in the hotel using keyboard. The 

white spaces show that those spaces are not 

occupied, while the colored spaces show that 

those spaces are occupied by obstacles (in this 

case the tables in the hotel-like environment).  

Figure (11) presents the localizing of the 

wheelchair in the map that it navigates to. The 

green scattered points show that the uncertainty 

is very high, but while the wheelchair moves in 

the map, the certainty about where the 

wheelchair is located in the environment 

increases. As a result of that, the uncertainty, 

and the scattering of the green points also 

decrease.         

Figure (12) demonstrate the GUI that has been 

designed in which the user can specify the target 

position using his/her eye by focusing to the 

desired table number and pressing the GO 

button. In order to instruct the wheelchair to 

come back to the initial position, the Home 

button should be pressed. Whenever, the user 

wants to cancel the mission, he can press the 

cancel button. 

Figure (13) shows the wheelchair navigation 

through the map that was built. The red lines 

demonstrate the visualization of the laser scans 

after the node "depth_image_to_laser_scans " 

convert the depth image readings of the Kinect 

to laser scan shown previously. 

Figure (14) presents the final ROS graph for this 

system. It is shown in fig.14, that the Gazebo 

node is publishing the laser scans, and the 

states of the joints and subscribing to the velocity 

to navigate the wheelchair. Moreover, the "amcl" 
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localization algorithm is subscribing to the 

reading of the Kinect, the static transformation 

between different coordinate systems of the 

model, and publishing the current location of the 

wheelchair in the map. Finally, the "move_base" 

node is subscribing to the readings of the Kinect, 

the map that has been previously built, the static 

transformation of the model, and publishes the 

velocity to the actuators in order to navigate 

autonomously. 

3. The Practical Experiments 

The practical experiments show partial functions 

implemented in the proposed self-driving 

ECSDW system as shown in the flow chart 

abovementioned. The practical implementation 

is carried on a single home-room environment 

with direct control mode of operation. The 

practical experiments are carried on an indoor 

environment using the direct control mode and 

partially eye sensor controlling, the GUI 

environment is designed using Python 

Programming language and implemented on the 

working wheelchair system, and the instructions 

to the wheelchair in order to specify the position, 

or to back to the initial position in an indoor room 

is performed by the eye sensor. Figure (15) 

shows the practical experiment in the single 

room environment with multiple users.   

 

 

 



Hatem Al-Doais et al., AJSRE, 2021; 6:3 

 AJSRE: https://escipub.com/american-journal-of-scientific-research-and-essays/     12

 

Fig. 8. The wheelchair in a hotel-like environment. 

 

 

Fig. 9. The wheelchair while it maps the room 

 

 

Fig. 10. The map that the wheelchair has built. 
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Fig. 11. localizing of the wheelchair in the map that it navigates in. 

 

 

Fig. 12. The GUI for specifying the target position. 

 

 

Fig. 13. the wheelchair while it navigates the map it has built. 

 

 

Fig. 14. the final ROS graph for this system. 
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Fig. 15.  The practical experiments. 

V.  

VI. CONCLUSION AND FUTURE WORK 

This paper was presented a cost-effective and 

robust autonomous navigation system for 

existing power wheelchairs. Based on an 

inexpensive sensor suite, an RGB-D sensor and 

wheel odometry, the various modules of the 

system (SLAM, and navigation) function 

synergistically to enable reliable operation under 

real-world conditions. The proposed ECSWD 

system is simulated using Gazebo environment 

either in directed or in self-control modes, the 

map of the environment was built based on the 

target position with avoiding obstacle within 

indoor environment hotel-like environment. The 

practical implementation and experiments were 

carried in a single home-room with direct mode 

of operation while the GUI environment is 

controlled using eye sensor. The proposed 

system is characterized by self- or directed 

controlling and lowest-cost when compared to 

previous work. There are some improvements 

are suggested as future work which are the 

following: - 

• Implementing the Door Detection and 

Traversal task for the self-driving. 

• Implementing the navigation in outdoor 

environment, which is affected by light and 

son radiations, this will need LIDAR sensor 

and GPS. 

• Applying AI and Machine Learning 

(Specifically CNN Algorithm) to the project for 

the purpose of using the 

• speech to specify the target position for the 

wheelchair to self-navigate. 
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