
Project Title: Wheel Odometry 
Group Member: Dheer Baldua, Yash Mathur, Steven Song 
Type of Project: Combination of Hardware and Software.  
Summary: In our final project, we aim to create a wheel odometer.  We will compare the 
position and orientation data we collect to the respective true values which will be obtained 
through physical measurement. 
Level: Undergraduate  
 
Introduction: Our project is to build a robot that uses wheel odometry. Wheel Odometry will use 
trigonometry at each timestep along with the data from the sensors(wheel encoders) to estimate 
where the robot is and its orientation. We are going to be programming the wheel odometer with 
python coding.  
 
Using a Wheel Odometry Kit, bought from Amazon, a robot will be built. The robot will consist of 
wheel encoder sensors, three dead wheels, and an arduino which will help us read data. The 
written code will help us calculate and eventually track the robot. The aim of this project is to 
create a wheel odometer and test its accuracy. 
 
Background: Odometry, by definition, is the process of using different motion sensors to detect 
changes in the position of a robot. This process can be used in different robotics projects 
including VEX and FRC robotics competitions as well as in some autonomous vehicles and 
drones. There are different types of odometry depending on which kind of sensor the system is 
used, the most common of which are encoders, visuals, and distance sensors. In this project, 
we are focusing on wheel odometry which mainly uses encoders and the encoders will be 
attached to three non-driven wheels in order to prevent wheel slippage that will affect the input 
data. There are certain rules about positioning these three wheels on the robot. Firstly, there 
should be a tracking center on the robot and all three tracking wheels should be perpendicular 
to the tracking center. Secondly, two of the wheels should be placed on the left and right sides of 
the robot and they must be parallel to each other. Thirdly, another tracking wheel should be 
placed on the back of the robot, perpendicular to the other two tracking wheels. As long as the 
three wheels fulfill these three rules, the robot designer can place them wherever they want.  

 
Another part of the background information we might need is the mathematical formulas for 
calculating the orientation of the robot and the position of the robot.  
Orientation Formula: 𝜃 is the angle the robot changed, ∆L and ∆R is the two data from the 
tracking wheels, and  and  are the distance between the wheel and the tracking center. 𝑇
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Position Formula: d is the vector of the position (x and y), ∆S is the data from the back-tracking 
wheel, and  is the distance between the tracking wheel and the tracking center. 𝑇
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Literature Review (5 sources): find five sources on your topic and summarize them (a 
paragraph each) (provide embedded links like this) (make them a list) 
 

1.​ SLAMcore Blog 
Wheel odometry is a method of determining the location of a robot. Wheel odometers can 
provide data from the robot itself, rather than the surrounding environment. Using the wheel’s 
rotation, direction and magnitude of movement can be obtained. However, wheel odometers 
have several limitations, such as the output of noisy data and other factors, including wear and 
tear, uneven terrain, and changes in weight of the robot, can also influence the accuracy of 
wheel odometers. Hence, wheel odometers are often used in conjunction with other sensors, 
such as LiDAR and cameras.  
 

2.​ Slow Processing: Odometry 
Another important aspect to consider when 
creating a wheel odometer is the processing 
speed. Slow encoder processing can cause 
inaccurate results as key movements that occur 
between time steps may pass unnoticed. For 
example, the image to the right shows two 
different paths and two different resulting 
locations. However, the data gathered by the for 
both paths has the equal left and right wheel 
positions. Hence, according to the data, both 
robots should have traversed a straight path, even though this is not the case. Slow processing 
errors will be taken into account in our final project.  
 

3.​ Improving Odometer Accuracy for an Autonomous Electric Cart 
Wheel odometers are useful sensors for position and direction estimation. However, accuracy 
tends to deteriorate as distance increases. Errors can build up and accumulate to provide vastly 
inaccurate location measures, especially when other factors like wear and tear or skidding are 
involved, but not accounted for. Interestingly, neural networks can also be used to minimize 
odometric errors. This can be achieved in multiple ways, including using neural networks to 
rectify errors generated in a simulation or estimating errors and adjusting for them. According to 
the paper, using neural network based optimization can be an effective tool to reduce error in 
data points.  
 

https://www.computerhope.com/issues/ch001984.htm
https://blog.slamcore.com/wheel-odometry-blog
https://groups.csail.mit.edu/drl/courses/cs54-2001s/odometry.html
https://www.mdpi.com/1424-8220/18/1/200/htm


4.​ Dead Wheels 
Use of Dead wheel is a very unique solution to ensure accurate tracking.These dead wheels are 
attached to an encoder sensor. There are two different ways of putting the dead wheels: First Is 
Two dead wheels and the other is Three Dead Wheels. In the two dead wheels, there is one 
dead wheel placed parallel and the other one placed perpendicular with respect to the drive 
wheel axis. The latter one has two parallel and one perpendicular placement of dead wheels. 
Two dead wheels measure the x and y movements, however three dead wheels measure the 
heading(direction/bearing) by calculating the difference in two parallel wheels.  
 

5.​ Encoders in Odometry 
There are different kinds of Encoders that can be used in wheel odometry. Quadrature encoders 
use hall-effect sensors to measure magnetic pulses as the shaft turns, therefore it will be very 
precise as well as being able to tell the difference between forward and reverse rotation. If we 
are using Arduino to read the data, quadrature encoders are the best. The second type of 
encoders are Single-output encoders. They are similar to quadrature encoders but they can not 
determine the actual direction of motion. The third type is optical encoders, which normally have 
a Light sensor combo with a disk that has slots cut in-between them. As the disk rotates, the 
light is interrupted and those pulses are counted. Optical encoders are cheap and easy to install 
but cannot determine the direction of rotation and it is best to use RaspberryPi's GPIO pins. 
 
Methodology:  
The robot we built consisted of the following component: 

1.​ 4 wheels 
2.​ 2 motors 
3.​ L298N Motor Driver 
4.​ Arduino Uno R3 
5.​ Optical Encoder  
6.​ Chassis 

Physical Methodology:  
1.​ First we paced the chassis, then used screws to connect the two motors( Both of Back 

Two wheels) and 2 encoders.  
Connected the Motor Driver to Arduino 

2.​ First we paced the chassis, then used screws to connect the two motors(Both of Back 
Two wheels) and 2 encoders.  

3.​ Connected the Motor Driver to the two motors in its 4 Output terminals (2 Output 
terminals for 1 motor) as shown in the picture below. 

●​ Input 1,2,3,4 on the Motor Driver are connected to Digital PWM 2,3,4,5 on the 
Arduino Uno R3.  

https://gm0.org/en/latest/docs/common-mechanisms/dead-wheels.html
https://docs.donkeycar.com/parts/odometry/


 
4.​ Now that everything is connected, a code was written on Arduino IDE software for: 

a.​ Controlling the Motor: 
●​ The code for this part written solely for controlling the speed of the motor 

and the direction  
b.​ Reading the data from the encoder: 

●​ Define a tick - Meaning every time the pin from the encoder goes on, that 
is a single tick also tells us the angle at which the encoder has turned. 

●​ Reading ticks  
c.​ Sending to computer: 

●​ First we set the Serial Port to 9600 tps.  
●​ For each second, the data is sent to the computer.  

Simulator Methodology: 
The parts we ordered did not arrive on time, hence we had to build a simulator to provide our 
results for the encoder. The components used on this simulator were not  the same except the 
Arduino. In the simulator we used the following components: 

1.​ Arduino Uno R3  
2.​ Breadboard  
3.​ L293D Motor Driver - The one mentioned before is L298N which is similar to this motor 

driver as both can handle two DC motors and consist of H-Bridge(simplest circuit for 
controlling low current motors) 

4.​ DC Motor Embedded with a Magnetic Encoder. The robot uses Optical Encoder and the 
biggest difference between the two is that Magnetic Encoder looks at the number of ticks 
whereas the latter one looks at the number of captured dials. We had no other option 
than using the Magnetic encoder for our calculations.  

On the simulator in TinkerCad, we used 1 arduino, 1 breadboard and 1 DC motor embedded 
with Magnetic Encoder. The picture below shows so.  



 
1.​ Using the Arduino IDE software, we wrote three separate codes. One for Back Encoder, 

One for Right encoder and last one for Left Encoder.  
2.​ We used one encoder code at a time to get results for each timestep. Then after running 

all the three codes, we put them in a table as mentioned in the results part.  
3.​ The data from the simulator was then used to calculate the angle for Back, Left  and 

Right Encoders. The angle for the back encoder will always be zero since the robot is 
moving in a straight direction.  

●​ The angles were calculated using this formula:  
Angle = ((Data at each time step for One Encoder)/ 4096) * 360 (degree) 

●​ 4096 is a discrete position for the encoder resolution of the 12-bit encoder 
we used.  

●​ Multiplying it by 360 degrees gives us the angle.  
 
Division of Labor: provide what role each person will do (1 paragraph for each member) (make 
them a list) 
 
Dheer 

●​ Build the robot by connecting the arduino to the L298N motor driver (which is connected 
to 2 motors), wheel encoder sensors, and cells and gather the data. 

●​ Gather and organize the data from Yash’s TinkerCAD simulation by running Steven’s 
arduino code in TinkerCAD. 

●​ Run the appropriate calculations on the data gathered from the robot and present the 
data in an organized manner. 

Yash 
●​ Create a schematic of the arduino wired with the battery pack, L293D unit and wheel 

encoder 
●​ Build the simulation on TinkerCAD using the arduino, magnetic encoder, and DC motor. 
●​ Help Dheer build the robot. 
●​ Designed how the robot should look on Solidworks and then figured out which robot kit is 

to be ordered.  
Steven 

●​ Write the Arduino IDE code for the wheel encoders and DC motors.  



●​ Run part of the calculations on the data gathered from the simulation, by calculating the 
degrees the rotary encoder rotated per timestep. 

●​ Help Dheer in building the robot 
 
 
Results 
 
Upon receiving delivery of the parts, we realized our encoder sensor was not functioning 
appropriately and the arduino stopped working when unplugged from the computer. Hence, we 
relied on the TinkerCAD simulator to gather the data. We researched how a magnetic encoder 
can be used to calculate position and orientation values. 
 
Step 1 - Raw Data: 

 
Using the formula, Angle = ((Data at each time step from an Encoder)/ 4096) * 360 (degree), we 
were able to convert this data into the number of degrees the encoder rotated per timestep. 
 
Step 2 - Degrees Rotated: 



Using the above table, we were able to find the change in the degrees between two time steps. 
 
Step 3 - ΔDegrees: 

 
 
 
Step 4 - ΔR, ΔL, ΔB:  
We calculated these values by dividing the values at each timestep by 360 and multiplying it by 
1^2 = 1. We estimated the simulator’s encoder’s radius to be 1 cm as most encoders available 
online have a radius of 1 cm.  

 
 
Step 5 - Position and Orientation Values: 



 

Using the same code we developed in Problem 5 of Problem Set 2, we calculated the position 
and orientation values. We faced one issue - as our robot followed a straight line path, the 
orientation angle values were always zero. Hence, we couldn’t use the formulae to calculate the 
position values initially. However, after adding a slight noise of 0.01 to the orientation angles, we 
were able to calculate the position values too. In the image above, the first row of the matrix 
represents the orientation angle values, the second row represents the x values and the third 
row represents y values. 
 

 
Conclusion:  
This project had its ups and downs but we still managed to give our best and have given the 
results and calculations. The library of components on Tinkercad only had a magnetic encoder , 
so the crucial part, which were the calculations, could not be completed. The test track could 
only be a straight line since the motor was not moving after uploading the code on arduino. We 
were sure of the right code written but it's always expected, especially in hardwares, for these 
types of problems to come. Since the robot moved in a straight line, the left and right encoder 
had similar values and the back encoder always had a value of zero.  
 
We could not compare the attained position and orientation of the robot against the true values 
due to the parts arriving late and one of the sensors being faulty, preventing us from building the 
robot, testing it on the track, and rectifying problems with components. Our only option left was 
the simulator to work and it eventually worked where we gathered data for back, left and right 
encoders and performed the calculations for Δ R, L and B. 
  
 
​
 



Next Steps: 
There are several places that we can improve on in the future for this project, which are based 
on the limitations that we faced this time. Firstly, the greatest wish and the improvement we can 
make is to use functioning sensors to gather data using the robot rather than the simulation. 
Since the three of us are in different places, and this is a hardware project, most of our 
groupmates didn’t get a chance to build a physical robot. So, in the future, we might use the 
odometry system on different vehicles and larger scales like driverless cars, autonomous 
delivery robots, etc. Also, this odometry system can be used for different robotics competitions 
like FRC and VEX. Another potential “next step” for us is to improve the codes. For now, our 
codes are still facing several errors and areas for improvement. For example, the raw data we 
get from the Arduino is in “ticks” which is not a usable unit for the calculations, leading to further 
processing and more steps being added to the process, so maybe in the future, we will be able 
to write the code that directly converts the raw data to the numbers that we can use for our 
calculation. 
 


