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Abstract— The stroke and spinal cord injury patients, elders 
and physically challenged who are affected by higher degree of 
disability such as quadriplegia, are not able to extensively use the 
powered wheelchairs for long periods of time. The major reason 
is that they are not able to provide the continuous physical effort 
required to guide the powered wheelchair which has joystick 
control mechanism as a standard control interface. An 
automated powered wheelchair can solve several problems. In 
this proposed automated system, the user does not have to 
continuously provide input. This substantially reduces the 
physical effort to guide the wheelchair and will be quite beneficial 
for quadriplegics. In addition the system does not use GPS, or 
any other wireless devices to determine the position of the 
wheelchair. This way, the system’s cost can be reduced without 
compromising in accuracy. The reduced cost can increase the 
popularity of this system among individuals who belong to 
middle class families, especially in developing countries like 
India. 

 
Index Terms— stroke, spinal cord injury, elders, physically 

challenged, paralyzed, auto navigation 

I. INTRODUCTION 

To reduce the stress of stroke and spinal cord injury 
patients, elders and physically challenged who use powered 
wheelchairs we develop an automatic navigation system for 
indoor navigation which takes the user to the desired location 
inside his/her house. A number of specific locations inside the 
house to which the user often navigates is identified and stored 
in the system like the kitchen, living room, bedroom etc. 
Whenever the user wishes to navigate to these locations, he/ 
she can press a dedicated push button or give a predefined 
gesture to indicate the destination to which the wheelchair 
should move. On receiving the input, the system will 
automatically take the wheelchair to its destination through the 
shortest path.  

The Location Aware and Remembering Navigation 
(LARN) algorithm computes the shortest path to the 
destination regardless of the wheelchair’s present location. The 
algorithm has been developed based on Dijkstra’s shortest path 
algorithm. The algorithm requires the floor plan of the house to 
be stored in the system. The stored floor plan is divided into a 
number of square grids of equal size and each grid is assigned a 
unique address. The locations identified by the user would 
always correspond to a particular grid. All such grids are 
mapped and stored in the system. A dedicated push button can 
be assigned to each of the identified grids.  

Apart from the identified grids, one specific grid has to be 
set as the reset grid. In order for the LARN system to 
understand where the wheelchair is initially located, the 
wheelchair has to be manually brought to this grid and a reset 

button has to be pressed. This is known as resetting the 
wheelchair system. Once the system is aware of its present 
location, the automatic navigation can be initiated. Another 
assumption based on which this research work progressed is 
that the wheelchair is not manually moved to any other 
location. In another words, it has to be always operated only in 
automatic navigation mode. In case it is manually moved to 
any other location, the wheelchair system has to be reset by 
bringing back to the reset grid.  

II. MOTIVATION 

In a study conducted by Michael K. Gusmano [6], Assistant 
Professor of Health Policy and Management, Columbia 
University, for NYC’s population 75+, 56% are living with at 
least one disability. But there are roughly 200 census tracts in 
which 88% of these age cohort are living with one or more 
disability. As per the WHO, 2011 report on disability, more 
than billion people live with some form of disability which is 
about 15% of world’s population. It also says that 18.6% adults 
over the age of 18 are having moderate to severe difficulty in 
moving around. Another report in Mont, 2007, supports this by 
stating that one out of five people has at least some walking 
and one in twenty has severe difficulty. According to the study 
by ISPO/USAID/WHO, 2006, the number of people with 
disabilities in developing countries who require a wheelchair is 
approximately 1% of the population. This means that in India 
alone, more than ten million wheelchairs are required. 

III. RELATED WORKS 

Several techniques exist at present that are used for 
identifying the location of a subject and to track its movement. 
Some involve the use of wireless transmitters and receiver 
whereas the rest make use of sensor reading to identify the 
current position with in an environment. The most common as 
well as basic approach used for indoor localization is 
estimating certain signal parameters. These parameters include 
time-of-arrival (TOA), angle-of-arrival (AOA) or Received-
Signal-Strength (RSS). Then in a second step, the collection of 
estimated parameters is used to determine an estimate of the 
emitter’s location[1]. However, the systems based on AOA 
need multiple antennas or a scannable antenna that are usually 
costly. 

In the previous method, each of the receiver or antenna 
would individually calculate the position of the transmitter. 
This value need not be accurate. Another approach involves the 
estimation of transmitter location by combining the reading of 
multiple sensors. Here an indoor space is divided into grids. 
The grids are represented in the sensor readings as vectors. The 
grid in which the transmitter exits is assigned a positive integer. 
The rest are assigned zeros. Readings of all sensors together 



 

form a matrix [2]. This matrix would give the position of the 
transmitter after certain mathematical operations. In [1] the 
authors propose a super resolution TOA for indoor localization 
and claim that the performance of FFT is equal to or better than 
the super resolution techniques.  

Another technique involves use of RFID tags and detecting 
or reading the RFID tags using multiple detectors. In this 
method also, a particular area is divided into several grids. 
Each grid corresponds to the coverage area of a single RFID 
reader. Square grid network presents the solution of placement 
pattern of RFID readers, hence optimal number of required 
readers and guaranteed coverage can be achieved. The 
proposed diffusion algorithm makes use of distance 
information between the reader and the tag to estimate the 
RFID tag position [3]. In this approach an accuracy 
improvement of up to 65 percent was achieved than the other 
existed algorithms. 

An entirely different approach exists, that makes use of 
radio propagation modeling for tracking the motion of a mobile 
terminal within an indoor environment. In addition to radio 
propagation modeling, Kalman filtering is used that is 
extensively used in navigation and control of vehicles. The use 
of Kalman filter reduces the error by reducing the sampling 
time. With this technique, an error less than 2.2 meters was 
achieved in location estimation. The Kalman filter, also known 
as linear quadratic estimation (LQE), is an algorithm that uses a 
series of measurements observed over time, containing noise 
(random variations) and other inaccuracies, and produces 
estimates of unknown variables that tend to be more precise 
than those based on a single measurement alone [4]. 

IV. DESIGN AND ARCHITECTURE 

Effective functioning of the LARN system requires a 
significant number of hardware devices to function 
synchronously. The Autonomous Navigation System will be 
divided into five modules viz. LARN module, Microcontroller 
module, Obstacle Detection module, Digital Compass module 
and Rotation Encoder module. The LARN module will contain 
the floor plan of the house and will be responsible for 
executing the LARN algorithm and determine the shortest path 
when the user requests for it. The LARN module hardware will 
comprise of a microprocessor and supporting hardware to 
communicate with the microcontroller module. Figure 6.1 
shows the block diagram of the various hardware components. 

 

 

 Figure 1. Auto Navigation Platform Design Block Diagram 

The microcontroller monitors the distance traversed by the 
wheelchair with the help of the Rotation Encoder module. This 
module has hardware attached to the motors of the wheelchair 
which can count the number of rotations of the motor. The 
inputs from the Encoder help the microcontroller track the 
location of the wheelchair in grids and ask it to stop when the 
destination is reached. The Digital Compass module as 
mentioned before functions when the wheelchair has to be 
rotated and oriented in a specific direction. It is directly linked 
to the microcontroller module. Figure 1 shows the block 
diagram of the proposed automatic navigation platform. 

A. Microcontroller 
The Microcontroller used in our system is the ATMega328 

on the Arduino UNO board. The microcontroller is connected 
to the LARN module via USB. The Rotation Encoder, Digital 
Compass and Obstacle Detection Module are interfaced with 
the microcontroller through its IO pins. The major function of 
the microcontroller is to control the motors of the wheelchair 
on receiving inputs from the various modules. 

B. LARN Module 

Tracking the wheelchair’s present location, calculating the 
shortest path to the destination from the current position on 
receiving input from the user and providing instructions to the 
microcontroller are the major functions of the LARN module. 
The module stores the floor plan of the house and locates the 
wheelchair in a specific grid. It communicates with the 
microcontroller with a predefined protocol. 

C. Digital Compass Module 

HMC 6352 Digital Compass module from Honeywell is 
used to determine and set the orientation of the wheelchair. It 
uses magneo-inductive technology to calculate the heading 
value relative to the earth’s magnetic field. It is interfaced to 
the microcontroller using I2C protocol and has onboard 
circuitry which converts the sensor output to pulse width 
modulated signals, which can be easily received by the 
microcontroller. 

D. Rotation Encoder 

The encoder is used to track the grids traversed by the 
wheelchair and sends the data collected to the microcontroller. 
An optical incremental encoder that employs an opto-coupler 
to encode the shaft rotations accurately track the distance 
traversed by the wheelchair. A comparator processes the output 
of the opto-coupler and generates a perfect square pulse. This is 
given as input to the microcontroller, which counts the square 
pulses and computes the distance traversed. 

E. Obstacle Detection Module 

The obstacle detection module requires 5V VCC which is 
given directly from the Arduino UNO. The output of the 
detection module is Pulse Width Modulated (PWM) signal. 
Digital pin 2 of the UNO is configured as input and the PWM 
value is received. The microcontroller then converts the 
received voltage to numerical values which can be easily 
compared to determine the location of the nearest obstacle. 

F. Motor Drivers 

The motor drivers are directly control the rotation of the 
motors. The motor drivers used are two Pololu High-Power 
24V Motor Driver for each of the two motors of the 



 

wheelchair. Each driver requires a direction pin and PWM pin 
as input. To control the left motor, digital pin 5 and digital pin 
12 act as the PWM pin and direction pin respectively. Digital 
pin 6 and digital pin 13 serve the same purpose for the right 
motor driver. 

G. Push Buttons 

There are three push buttons that are interfaced to the 
microcontroller apart from the components. These there push 
buttons represent three destination points the user can give as 
input. Each push button has a grid address assigned to it. When 
a push button is pressed, the Arduino UNO detects the 
destination point and sends it to the LARN module. Figure 2 
shows the auto navigation platform system architecture in 
which various connections that are made to the microcontroller 
module are marked. It gives an overall idea which all pins are 
required to interface the Arduino. 

V. IMPLEMENTATION AND TESTING 

The LARN algorithm was implemented in MATLAB and 
was tested with a sample floor plan. The LARN algorithm is 
elaborately explained in one of our earlier papers [5]. The 
working of the algorithm is illustrated in the following 
example. This algorithm is based on Dijkstra's shortest path 
algorithm. Figure 2 shows a simple floor plan that is divided 
into 36 grids, with no obstacles or walls. Each grid is assigned 
a unique address and grid (2, 3) can be assumed to be the start 
grid and (4, 6) the destination grid.  The grids (2,2), (2,4) and 
(3,3) can be reached by traversing one grid from the starting 
grid.  

Similarly, grids (2,5),  (2,1), (3,2) and (3,4) can be reached 
by traversing two grids, which makes the total cost to reach 
these grids 2. Likewise, the algorithm populates the matrix till 
the cost to reach the destination grid is calculated. Here, we can 
see that the cost to reach (4,6) is 5, meaning the wheelchair will 
have to traverse five grids to reach this destination.  

We can see from the populated matrix that there are various 
shortest paths to reach the destination. Figure 3 shows the 
various possible shortest paths the wheelchair can take to reach 
the destination. The algorithm picks the path which requires he 
least number of 90° turns. In this case, there are two paths 
which require only one 90° rotation. In such cases, the 
algorithm identifies the initial orientation of the wheelchair and 
chooses the optimum path.  

 
 

Figure 3.Sample floor plan illustrating the LARN algorithm 

Figure 4 shows the various shortest paths that are available 
for the wheelchair to reach the destination. Of all the paths, 

there are two which require only one 90° turn to reach the 
destination and the wheelchair may arbitrarily take any of these 
two. It is at this juncture that the initial orientation of the 
wheelchair has to be considered. The heading values of the 
wheelchair with respect to the grids are given in Figure 4. To 
move down any column, the wheelchair would have to first 
orient to 0° and then move forward. Similarly, to move across a 
row, it will have to orient in 270° and so on.  

 
 

Figure 4. Various shortest paths 

The system requires the aid of a digital compass or 
corresponding hardware to determine the orientation of the 
wheelchair. The heading values 0°, 90°, 180° and 270° on a 
digital compass correspond to North, East, South and West 
respectively. 

A.  Protocol For Communication Between Microcontroller 
And LARN Module 

The floor plan, grid wise dimensions, wall locations, 
reference grid, the grids corresponding to the push buttons (i.e. 
the destination grid values) would be known to the LARN 
module. On pressing the RESET button, after positioning the 
wheelchair in the reference grid, the Arduino sends a reset 
command to Matlab, which acknowledges it using a RESET 
Acknowledge command. The command is again send by 
Arduino, if it fails to obtain the Acknowledgement before the 
timer expires. 

On receiving the reset command from Arduino, the LARN 
module would set the startgrid value as the value of the 
reference grid. Now the user can press one of the 4 or 5 push 
buttons corresponding to the various rooms included 
inautomatic navigation system, and the Arduino sends a 
destination command to Matlab. Matlab understands he 
required destination and assigns the corresponding grid value 
to the stopgrid parameter. Now Matlab asks for the current 
orientation of the wheelchair, which also acts as an 
acknowledgement for the destination command, and if this is 
not received by Arduino before the timer expires, then the 
destination is resend by Arduino. 

Arduino receives the orientation data from the digital 
compass, and it uses the heading values to compute the current 
orientation and send it to Matlab, which sends back an 
acknowledgement. On receiving the current orientation, the 
LARN module computes the shortest path to reach the 
destination, and sends the lengthof the path to Arduino. 
Arduino sends a request for the path, on receiving the path 
length, to Matlab. This request acts as an acknowledgement for 
the length of the path send from Matlab. Matlab sends the path 



 

as a sequence of directions of motion to Arduino which 
acknowledges with a path acknowledges command. If Matlab 
fails to obtain it before timer expiry, the path is resent. 

a)  Protocol of Serial Communication in Normal Operation 

Two possible scenarios can arise when the wheelchair is in 
motion. The first one is that the wheelchair will be able to 
reach the destination grid without encountering any obstacles 
in the path. This is referred to as the normal operational 
scenario of the wheelchair. In this scenario the protocol for 
communication between the microcontroller and the LARN 
module comprises of a set of eleven distinct commands. The 
commands involved are as follows: 

1) RST 

The function of this command is to inform the LARN 
module that the wheelchair is now at the reference grid 
location. This is a user initiated command i.e. this command is 
generated by the microcontroller in response to a user input. In 
order to switch to the automatic navigation system, the 
wheelchair has to be manually brought into the reference grid 
location and the reset button on the user interface has to be 
pressed. 

2) RACK 

This is the acknowledge command generated in response to 
the RST command. This command is send by the LARN 
module to acknowledge that the current location has been 
updated to the reference grid address. The microcontroller 
module is provided with a time out facility. This means that the 
microcontroller starts a timer immediately after it sends the 
RST command. If the RACK command is not acknowledged 
before the expiry of the timer, the RST command is sent again 
and the timer is initialized. 

3) DST 

This command is used to send the destination information 
to the LARN module. DST is another user initiated command. 
This command is generated by the microcontroller module 
when the user presses one of the destination buttons in the user 
interface. After the DST command is received by the LARN 
module, the algorithm uses the predefined floor layout to 
understand the grid address corresponding to the push button. 
This grid address set as the destination grid address. 

4) RQOR 

This command is the send by the LARN module to the 
microcontroller, requesting the current orientation of the 
wheelchair. The microcontroller uses the heading values 
provided by the digital compass to compute the orientation of 
the wheelchair. Apart from that, the RQOR command serves as 
an acknowledgement that the destination grid address has been 
received by the LARN module. 

5) ORN 

The current orientation of the wheelchair is send by the 
microcontroller module using the ORN command. The 
microcontroller uses the heading values generated by the 
digital compass module to determine the current orientation of 
the wheelchair.There are four basic orientations recognised by 
the LARN module. 

These are termed as increasing-x (Nx), increasing-y (Ny), 
decreasing-x (Dx) and decreasing-y (Dy) directions. They are 
illustrated in Figure 5. Each of these four directions will have a 
range of heading values associated with it. The heading value is 
a non-negative real number lesser than 360. The range of 
heading values associated with each direction depends on the 
orientation of the floor plan. Thus for a floor plan with Dx 
direction along the geographical north direction will have the 
heading value range of (178, 182) for the Nx direction. 

 

Figure 5. The four basic directions are shown for a 5 X 5 
grid indoor plan 

6) Other Commands 

OACK: This is the acknowledge command send by the 
LARN module when it receives the orientation information 
from the microcontroller. The microcontroller initializes a 
timer after the ORN command is sent. If the OACK command 
is not received before the expiry of this timer, then the 
microcontroller resends the ORN command. Once the LARN 
module receives the orientation information, it computes the 
shortest path from the current location to the destination grid 
using the LARN algorithm. 

LEN: The LARN algorithm computes the shortest path as a 
sequence of grid addresses starting with the current gird 
location, and ending at the destination grid address. Due to the 
difficulties involved in the transmission of grid addresses, this 
sequence is modified into a sequence of numbers named as the 
Path Vector. The LEN command is used to specify the size of 
this sequence to the microcontroller. 

RPTH: On receiving the LEN command, the 
microcontroller requests the LARN module to send the Path 
Vector. The primary function of RPTH command is to carry 
this request from the microcontroller. RPTH command also 
serves as an acknowledgement for the LEN command. If the 
LARN module fails to receive the RPTH command before the 
expiry of the timer, LEN command is resend by the LARN 
module and the timer is reset. 

PTH: Once the RPTH command is received, the LARN 
module uses the PTH command is used to transmit the Path 
Vector. The Path Vector is a sequence of numbers generated 
from the grid addresses involved in the computed shortest path. 
Every Path Vector comprises of a combination of six numbers - 
0, 1, 2, 3, 4 and 5. Here, the number 0 is used to specify the 
wheelchair to move one grid forward. The numbers 1 to 4 are 
used to specify the four directions - Nx, Dx, Ny and Dy. The 
number 5 is used to signal the wheelchair to halt. This 
command is used to stop the wheelchair once it reaches its 
destination. 
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wheelchair traversing from the reference grid to destination 1 
and destination 2. Destination 1 requires the wheelchair to take 
two 90o rotations. The path was divided into three segments as 
shown in Figure 8 and the deviation values for each of these 
three sections were taken. For destination 2, only one 90o 
rotation was required and the path was divided into two. The 
results are tabulated in Table 1 and Table 2. The testing paths 
are shown in Figure 9. 

 
Figure 8. Floor plan of test environment 

 
Figure 9. Testing path for destinations 1 and 2 

TABLE I.  DEVIATION FOR DESTINATION 1 FROM REFERENCE 

S.No Reference to 
A 

A to B B to Destination 

 Deviation to 
left (cm) 

Deviation to left 
(cm) 

Deviation to left 
(cm) 

1. 12 15 11 
2. 12 13 10 
3. 11 10 13 
4. 13 13 14 
5. 12 14 11 

TABLE II.  DEVIATION FOR DESTINATION 2 FROM REFERENCE 

S.No Reference to A A to Destination 
 Deviation to left (cm) Deviation to left (cm) 
1. 10 13 
2. 14 10 
3. 11 11 
4. 14 13 
5. 15 14 

 

VI. CONCLUSION 

The entire algorithm is implemented on a microprocessor 
board and integrated with the wheelchair along with the 

microcontroller, obstacle detection module, rotation encoder 
and digital compass to verify LARN algorithm on a real time 
wheelchair. A new communication protocol is defined for data 
transfer between the microprocessor and the microcontroller. A 
rotation encoder was designed and evaluated for the 
measurement of distance traveled to keep track of the number 
of grids traversed. Finally the evaluation of the navigation 
system with LARN algorithm is presented. The results verify 
correctness of LARN algorithm for find the shortest path to the 
destination and taking the wheelchair to the intended 
destination. 
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