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 This study aims to improve the working model of autonomous wheelchair 

navigation for disabled patients using the internet of things (IoT). A 

proportional-integral-derivative (PID) control algorithm is applied to the 

autonomous wheelchair to control movement based on position coordinates 
and orientation provided by the global positioning system (GPS) and digital 

compass sensor. This system is controlled through the IoT system, which 

can be operated from a web browser. Autonomous wheelchairs are handled 

using a waypoint algorithm; ESP8266 is used as a microcontroller unit that 
acts as a bridge for transmitting data obtained by sensors and controlling the 

direct current (DC) motors as actuators. The proposed system and the 

autonomous wheelchair performance gave satisfactory results with a 

longitude and latitude error of 1.1 meters to 4.5 meters. This error is 
obtained because of the limitations of GPS with the type of Ublox  

Neo-M8N. As a starting point for further research, a mathematical model of 

a wheelchair was created, and pure pursuit control algorithm was used to 

simulate the movement. An open-source autonomous IoT platform for 
electric wheelchairs has been successfully created; this platform can help 

nurses and caretakers. 
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1. INTRODUCTION 

This study aims to provide mobility for patients with problems such as spinal cord injuries or 

neurological problems who cannot use electric powered wheelchairs (EPW) [1], [2]. Intelligence EPWs can 

move autonomously to the destination point without requiring much human assistance. Intelligence EPW is 

very helpful for patients with disabilities in carrying out mobility independently [3]. 

This research is essential because electric wheelchairs are still a daily necessity for patients with 

disabilities; this is supported by the increasing number of patients, causing hospitals not to provide adequate 

care to patients [4]. Developing intelligent EPWs is an alternative option that will reduce nurses’ workload 

and help patients in the future. The proposed design of autonomous wheelchairs is to provide integration of 

the internet of things (IoT) and human machine interface (HMI) to enhance the mobility or movement of 

autonomous wheelchairs [5]. The wheelchair can be controlled to move in four directions and stop. The  

HMI system is designed to be easy to use. Several previous studies regarding smart wheelchairs have  

been carried out by combining electro-mechanical systems, sound sensors, gyro, accelerometer, compass, and 
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electroencephalogram (EEG) [6]–[13], [14]–[20]. Some previous studies are still in the prototype stage and 

have not yet entered the testing and implementation stages. Some of these studies have applied them directly 

to commercial wheelchairs. In this research, wheelchairs designed by the Rajamangala University of 

Technology Thanyaburi (RMUTT) mechatronics department were used, produced in over a hundred pieces, 

and donated to several hospitals and communities. Therefore, the autonomous wheelchair was implemented 

and tested using the waypoint navigation method in this study. This navigation refers to the position values 

given by the global positioning system (GPS) sensor (longitude, latitude) and the orientation obtained from 

the compass sensor. This study uses the proportional-integral-derivative (PID) algorithm as a closed-loop 

control system. The PID algorithm was chosen because it is simple and easy to implement on small 

microcontroller devices [21]. 

Field testing has been successfully carried out using three scenarios. The advantages of using this 

autonomous wheelchair are: i) autonomous wheelchairs can move at a constant speed of not more than  

5 km/hour when used correctly, ii) they can reduce the task of nurses or helpers, iii) autonomous wheelchairs 

can walk by themselves, and iv) can be operated and controlled via mobile phone. In addition, the 

autonomous wheelchair can gather information and recognize location and displacements through google 

maps coordinates with longitude and latitude. This research also conducted an initial study on applying the 

pure pursuit algorithm to wheelchairs using MATLAB/Simulink simulations. This research needs to be done 

to determine the behavior of wheelchair movements with several parameters specified in the scenarios. 

This paper is organized into four sections. In section 2, an outline of the autonomous wheelchair, 

along with its research methods, including hardware and software development, is presented. Section 3 

focuses on the presentation of experimental results and discussion. Finally, in section 4, conclusions for the 

autonomous wheelchair are provided. 

 

 

2. METHOD 

2.1.  Mechanical design 

The wheelchair used in this study is a product of the RMUTT mechatronics department donated to 

several hospitals and communities, not a commercialized product. This wheelchair is equipped with two DC 

motors as the prime mover of the rear wheels as a booster. Figure 1 shows the specifications and dimensions 

of the autonomous wheelchair. 

 

 

 
 

Figure 1. Autonomous wheelchair mechanical design 

 

 

2.2.  Controller design 

The traditional proportional integral differential (PID) control algorithm is used. PID control is 

designed to be secure enough to control the autonomous wheelchair; this can be achieved by setting the 

correct PID parameters: the proportional coefficient 𝐾𝑝, the integral coefficient 𝐾𝑖, and the derived 

coefficient 𝐾𝑑. PID control is applied to control the position and speed of the autonomous wheelchair [22]. 

The PID control system block diagram can be seen in Figure 2(a). The hardware connection of this system is 

shown in Figure 2(b). The proportional term 𝑃(𝑡𝑘) is used to process gain and measure error. The 

proportional gain condition can be expressed as (1). The integral term 𝐼(𝑡𝑘+1) is properly in the closed loop 

by eliminating steady-state offset. The integral term can be written as (2). The derivative factor 𝐷(𝑡𝑘) is 
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achieved from approximation between the derivative with present error and versus error. The derivative term 

can be written as (3), where 𝑣(𝑡𝑘) written in (4), and 𝑢(𝑡𝑘) provided in (5) [21]. 

 

𝑃(𝑡𝑘) = 𝐾𝑝𝑒(𝑡𝑘) (1) 

 

𝐼(𝑡𝑘+1) = 𝐼(𝑡𝑘) + 𝐾𝑡𝑇𝑒(𝑡𝑘) + 𝐾𝑇𝑇(𝑢(𝑡𝑘) − 𝑣(𝑡𝑘)) (2) 

 

𝐷(𝑡𝑘) = (
𝑇𝑓

𝑇𝑓+𝑇
) 𝐷(𝑡𝑘−1) − (

𝐾𝑑

𝑇𝑓+𝑇
) (𝑦(𝑡𝑘) − 𝑦(𝑡𝑘−1) (3) 

 

𝑣(𝑡𝑘) = 𝑃(𝑡𝑘) + 𝐼(𝑡𝑘) + 𝐷(𝑡𝑘) (4) 

 

𝑢(𝑡𝑘) = 𝑠𝑎𝑡(𝑣, 𝑢𝑙𝑜𝑤, 𝑢ℎ𝑖𝑔ℎ) (5) 

 

 

 
(a) 

 

 
(b) 

 

Figure 2. Overview of the (a) the PID closed-loop control system and (b) unmanned ground wheelchair 

hardware block diagram 

 

 

2.3.  Direction and movement 

The autonomous wheelchair is controlled according to the direction and the curvature of the desired 

autonomous wheelchair speed (m/s) and distance (m) of a traditional vehicle. The autonomous wheelchair 

receives longitude and latitude data from the GPS module (GPS-Ublox M8N). Then, the collected data are 

compared with the database to generate or define the control direction and position of an autonomous 

wheelchair for automatic driving. GPS tracking can be used to monitor the route and the actual movement of 

the autonomous wheelchair. The direction can be obtained as (6), where 𝜃 is (7) [23]. 

 

𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 = 𝑡𝑎𝑛−1 𝜃 (6) 

 

𝜃 =
(𝑥′−𝑥)

(𝑦′−𝑦)
 (7) 

 

Wheelchair movement direction is obtained through longitude and latitude coordinates, and the 

destination point is stored as an array of waypoints. In this case, x and y represents the longitude and latitude 

coordinate functions. In addition, the directional orientation of the autonomous wheelchair is defined by 

signals from a digital compass (HMC5883L), as shown in Figure 3. The steering wheel (two rear wheels) 

will turn left or right according to the command from the closed-loop control system. Algorithm 1 shows the 

pseudocode of the autonomous wheelchair navigation control system. 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

Autonomous open-source electric wheelchair platform with internet-of-things and … (Dechrit Maneetham) 

6767 

 
 

Figure 3. Wheelchair heading system 

 

 

Algorithm 1. Waypoint navigation system 
Data: l_goal, c_goal 

Result: direction 

1. gps_data  GetGPSData(); 

2. compass_data  GetCompassData(); 

3. while gps_data>0 do 

4.     if (l_goal=c_goal) then 

5.          direction=“break”; 

6.     else  

7.               if (compass_data<=5) 

then 

8.                        direction=“move 

forward”; 

9.               else if (CW<CCW) then 

10.                        direction=“turn 
right”; 

11.               else direction=“turn 
left”; 

12.    end while 
13. return direction; 

 

2.4.  Software design 

The internet of things (IoT) has also been designed to access wheelchair navigation controls. This 

system can be controlled via a cell phone. At the same time, it can monitor and store wheelchair movement 

data. The cell phone provides communication to control the speed and direction of the wheelchair. In this 

work, the famous NodeMCU ESP8266 is used. The system will automatically update the database in  

real-time. This study uses Firebase as a hosting and domain provider to access online HTML, CSS, and 

JavaScript files. Figure 4 shows the integration of the mechanism, smartphone, primary control, and IoT. 

 

 

 
 

Figure 4. Overview diagram of autonomous wheelchair 
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2.5.  Simulation design 

The term two-wheel differential drive (TWD) mobile robot model refers to the design and 

mechanical movement of the robot. Figure 5 describes the coordinate system of the mobile robot to the track 

line. The wheelchair has two rear wheels as prime movers plus two caster wheels that can rotate at the axis. 

The robot is limited to linear movement along the x and y axes. The robot’s position in the x and y planes is 

determined by the movement of the angular velocity of the two driving wheels. Figure 5 illustrates a 

simplified robot structure. The kinematic model is obtained after conducting field tests and used to simulate 

the implementation of the pure pursuit control algorithm in the MATLAB application. 

 

 

 
 

Figure 5. Wheelchair kinematic model 

 

 

The robot’s pose is supposed to be 𝑃 = (𝑥𝑟 , 𝑦𝑟 , 𝜃𝑟), where 𝑥𝑟 represents the robot’s x-axis position, 

𝑦𝑟 represents the robot’s y-axis position, and 𝜃𝑟 Indicates the robot’s heading. The robot’s kinematic model 

can be described as (8) expressing the nonlinear system. Additionally, the robot’s kinematic model can be 

stated (9). A robot’s linear velocity and the angular velocity open paren(rad/s) describe its mobility. 

Kinematic equations are calculated using the parameters depicted in Figure 1. The equations (10) and (11) 

describe the robot’s forward kinematics. The equations (12) and (13) present the robot’s inverse kinematics 

[24], [25]. 

 

[

�̇�𝑟

�̇�𝑟

�̇�𝑟

] = [
cos 𝜃𝑟 0
sin 𝜃𝑟 0

0 1

] [
𝑣


] (8) 

 
�̇�𝑟 = 𝑣. cos 𝜃𝑟

�̇�𝑟 = 𝑣. sin 𝜃𝑟

�̇�𝑟 =  

 (9) 

 

𝑣 =
𝑅

2
(𝑅 + 𝐿) (10) 

 

 =
𝑅

𝐿
(𝑅 − 𝐿) (11) 

 

𝐿 =
1

𝑅
(𝑣 −

𝐿

2
) (12) 

 

𝑅 =
1

𝑅
(𝑣 −

𝐿

2
) (13) 

 

{ 
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R denotes the radius of the rear wheel, L represents the robot’s wheelbase, 𝐿 and 𝑅  denote the left 

and right wheels’ respective angular velocities. By modifying the speed of the two driving wheels, the speed 

of the wheelchair can be adjusted, as shown in the forward kinematic equation. When the two wheels’ speeds 

are set in opposite directions, the robot can be propelled forward or backward along the x-axis in a straight 

line. The coordinate system of the wheel is not the same. The linear movement of each wheel shows a 

different direction of wheel rotation. If the wheelchair moves positively concerning the z-axis, the right 

wheel must oppose its axis, and vice versa for the left wheel. It must have a negative value on its axis. 

 

2.6.  Pure pursuit control algorithm (PPA) 

The pure pursuit algorithm uses a circular arc as a reference when the wheelchair moves forward 

toward the specified waypoint. The pure pursuit algorithm (PPA) calculation has a lookahead distance 

parameter starting from the robot’s actual position to the closest point of the reference path. PPA uses a 

constant linear speed, but the controller produces a different wheel speed value. In Figure 6(a), the radius of 

the curve connecting the nearest robot location and the reference path (xobm, yobm) to the following reference 

point (xref, yref) is denoted by r. The variables x, y show the error between the actual position and the target 

rather than the wheelchair. In this scenario, the viewing distance, L, significantly impacts the controller’s 

performance. In (14), (15), (16), (17), and (18) are derived from Figure 6(a) in order to address the issue of 

determining the turning radius, denoted as r. By using these equations, the turning radius problem and derive 

the curvature equation was solved and represented as (19) [26]. 

 

𝑟 = ∆𝑥 + 𝑑 (14) 
 

𝑟 = 𝑑2 + (∆𝑦)2 (15) 
 

𝑟2 = 𝑑2 + (∆𝑦)2 (16) 
 

𝑟2 = (𝑟 − ∆𝑥)2 + (∆𝑦)2 (17) 
 

𝑟 =
(∆𝑥)2+(∆𝑦)2

2∆𝑥
 (18) 

 

𝛾 =
1

𝑟
=

2∆𝑥

𝐿2  (19) 

 

In the simulation performed on MATLAB/Simulink, the application of PPA calculates the 

parameter v as the wheelchair’s linear speed and angular velocity with the actual orientation of the 

wheelchair and the set of waypoints. In Figure 6(b), an illustration of the input and output of PPA is 

presented. I is the coordinate frame, while x and y are the pose points of the wheelchair. The lookahead value 

significantly affects system performance; an inaccurate value can cause system instability. Therefore, the 

lookahead value must be calculated well before field implementation.  

 

 

  
(a) (b) 

 

Figure 6. Wheelchair parameters based on (a) PPA strategy and (b) PPA input-output 
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3. RESULTS AND DISCUSSION 

Figures 7 to 10 show the results of the autonomous wheelchair experiment in the field. Three field 

trials were conducted with three types of tracks. Figure 7(a) shows the path following the plane’s outline in 

the counterclockwise direction. Track coordinates can be set on the device according to the map on Google 

Maps. Coordinates are the points of the location’s latitude and longitude. Several dots are arranged in a 

pattern to form a track. Figure 7(b) shows the system’s performance following the path given in Figure 7. 

The starting point between the assigned route and the actual response is different due to GPS resolution. 

However, the system is capable of following trajectory commands. The most significant error in latitude 

between the set value and the actual value at the starting point is about 3 meters. The most significant error in 

longitude is about 4.5 meters. 

 

 

 
 

(a) (b) 

 

Figure 7. Field trial experiment results (a) curved-up movement scenario and (b) curved movement and 

setpoint comparison 

 

 

Figure 8(a) shows the exact path commands as in Figure 7(a) but in a different direction. The system 

response shown in Figure 8(b) differs from the previous experimental results in Figure 8(a). The second 

experiment showed that the actual wheelchair starts and end points were close to their set points. But, a 

moving wheelchair journey from start to finish has a more significant trajectory tracking error than before. 

The largest error in longitude is about 4.4 meters. The most significant error in latitude is about 1 meter at the 

start and end points. 

 

 

 
 

(a) (b) 

 

Figure 8. Field trial experiment results (a) curved-down movement scenario and (b) curved movement and 

setpoint comparison 
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Figure 9(a) shows a smaller trajectory in a triangular shape. Figure 9(b) shows the experimental 

results; the wheelchair followed the set point trajectory and made a triangular path. The most significant error 

in latitude is about 1.1 meters. The largest error in longitude is about 1.8 meters. Figures 10(a) and 10(b) 

show the results of compass sensor data recording and the actual position of the wheelchair in curved and 

triangular field trials. Based on the results of field testing, it can be seen that the reading from the compass 

sensor is very fluctuating; this is due to vibration from the wheelchair and bumpy road conditions. 

 

 

  
(a) (b) 

 

Figure 9. Field trial experiment results (a) triangle movement scenario and (b) movement and setpoint 

comparison 

 

 

  
(a) (b) 

 

Figure 10. The recorded data from the compass sensor and the wheelchair’s actual direction of (a) curved 

field trial and (b) triangular field trial 

 

 

To map the running field environment, manually measure the distance between waypoints as shown 

in Figure 11(a). The measurement results are then reconstructed using Microsoft Paint (MSPaint) to produce 

a map in .png format. Figure 11(b) shows that one pixel represents one meter; the resulting map resolution is 

612×290 pixels. This image is converted into a binary occupancy grid using MATLAB with the 

‘binaryOccupancyMap’ function and saved in matrix format (.mat). The running field has five main 

waypoints, and the autonomous wheelchair can only move based on the main path that has been determined. 

Binary occupancy maps were tested using the probabilistic roadmaps (PRM) tool. PRM allows you 

to visualize all potential topologies of routes on a map depending on available free space. The PRM 

algorithm uses a network of connected nodes to find the shortest path between two points to plot paths 

efficiently in an environment with randomly generated node positions. Figure 12 shows the PRM results. 

Thus, this map is prepared for the simulation. 

Pure pursuit is combined with a range sensor so that the autonomous wheelchair can track its path 

while avoiding obstacles, as illustrated in Figure 13. The waypoint array is the basis for the autonomous 

wheelchair moving from one target coordinate to the next. Pose and reach are inputs to determine linear 

velocity. Next, select the angular momentum of each right and left wheel to get a pose and visualize it. The 
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detailed input (consisting of pose and coordinates of waypoints) and output (including linear and angular 

velocity as well as target direction) of the pure pursuit block are presented in Figure 14. These values are 

utilized alongside the information obtained from the lidar sensor (block vector field histogram) to determine 

the driving logic of the autonomous wheelchair. 

 

 

 
(a) 

 

 
(b) 

 

Figure 11. Measurements results (a) wheelchair environment and (b) binary occupancy grid map 

 

 

 
 

Figure 12. Probabilistic roadmap testing result 
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Figure 13. Simulation block diagram 

 

 

 
 

Figure 14. Detail waypoint following with obstacle detection block diagram 

 

 

Validation was carried out on the kinematics model, binary occupancy map, pure pursuit control, 

and obstacle detection by providing several test scenarios with different parameters, as shown in Table 1. The 

simulation scenario of the autonomous wheelchair movement is shown in Figure 15; there are five waypoint 

coordinates from numbers 1 to 5 with x and y coordinates separated by a semicolon [300 25; 500 25; 525 

150; 500 250; 300 250]. The autonomous wheelchair will move from the first waypoint to the next point up 

to the fifth point. 

 

 

Table 1. Scenario parameters 
Parameters Scenario 

S1 S2 S3 S4 

Look ahead (m) 0.1 1 4 20 

Wheel radius (m) 0.1 0.1 0.1 0.1 

Wheelchair radius (m) 0.71 0.71 0.71 0.71 

Safety distance (m) 0.2 0.2 0.2 0.2 

Min turning radius (m) 0.25 0.25 0.25 0.25 

Linear velocity (m/s) 0.75 0.75 0.75 0.75 

Angular velocity (rad/s) 1.5 1.5 1.5 1.5 

Simulation time (s) 509.7 465.7 466 464.5 

 

 

The analysis was conducted to determine the optimal lookahead value, and the simulation results 

are shown in Figures 16(a)-16(b), 17(a)-17(b), 18(a)-18(b), and 19(a)-19(b). This study only considered 

kinematic equations without accounting for dynamic conditions. A larger lookahead value resulted in 

smoother tracking. However, with a higher lookahead value, the wheelchair starts turning before reaching 

the target point. In situations where forward visibility decreases, the robot changes direction after reaching 

the waypoint, leading to unwanted oscillations in the robot’s path. Figures 16(a), 17(a), 18(a), and 19(a) 

demonstrate that the wheelchair successfully reached the target coordinates. However, upon closer 

examination of Figure 16(b), there is a noticeable increase in oscillation compared to Figures 17(b), 18(b), 

and 19(b). In the first scenario with a lookahead value of 0.1 meters, the wheelchair exhibited relatively 

high oscillation. Therefore, selecting the most suitable value for the lookahead parameter is crucial. 

Figures 17(b)-19(b) demonstrate relatively stable oscillations in the results, Figure 19(b) successfully 
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reaches all the specified waypoints with smoother tracking results at a lookahead value of 20 meters.   

This simulation revealed that a lookahead value of 20 meters is ideal for the autonomous wheelchair to 

reach all specified waypoints. Figure 20(a) illustrates the speed of the right and left wheels in this 

simulation, while Figure 20(b) displays the movement of the autonomous wheelchair based on the x and y 

coordinates. 

 

 

 
 

Figure 15. Scenario for autonomous wheelchair simulation 

 

 

  
(a) (b) 

 

Figure 16. Simulation results based on scenario one (a) S1 and (b) S1 detail 

 

 

  
(a) (b) 

 

Figure 17. Simulation results based on scenario two (a) S2 and (b) S2 detail 
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(a) (b) 

 

Figure 18. Simulation results based on scenario three (a) S3 and (b) S3 detail 

 

 

  
(a) (b) 

 

Figure 19. Simulation results based on scenario four (a) S4 and (b) S4 detail 

 

 

  
(a) (b) 

 

Figure 20. Simulation results based on (a) right and left wheel speeds and (b) X and Y coordinates of the 

autonomous wheelchair 

 

 

4. CONCLUSION 

The trajectory tracking algorithm has been successfully implemented in the system. The wheelchair 

can follow the track set point assigned to it. The wheelchair has a more significant error in both latitude and 

longitude when given a larger track area. When the wheelchair was ordered around the yard, the fundamental 

error was 4.5 meters. However, when the wheelchair was given a smaller trajectory, the error was also minor. 

When the wheelchair was ordered to rotate the triangular track route in the yard, the most significant error 
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was 1.8 meters. Overall, it can be concluded that the autonomous wheelchair can follow a given trajectory 

setpoint. However, for safety reasons, positional error tolerance must be observed when the wheelchair is 

used with actual patients. Although the wheelchair can follow given lane commands, it must run properly 

along the path for the patient’s comfort. As such, a kinematic model of the wheelchair was created in this 

study, serving as the foundation for simulating the wheelchair and implementing the pure pursuit control 

algorithm. The results of the simulation show that the best value in determining the lookahead distance is  

20 meters. Recommendations for further research are the implementation of the pure pursuit algorithm on 

wheelchairs and increasing heading stability. 
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