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Ma.n Part 
 

Problem Statement and Mot.vat.on 
 
We started th8s project w8th the goal of bu8ld8ng a remotely controlled 
mob8le platform us8ng Ackermann steer8ng geometry. Our 8ntent8on 
was to create a system that could m8m8c the steer8ng behav8or of real-
world veh8cles, wh8le be8ng controlled remotely through a graph8cal 
user 8nterface (GUI). In8t8ally, our plan was to use advanced 
technolog8es l8ke ESP32, ROS, and Zephyr for real-t8me 
commun8cat8on and motor control. However, 8n the process, major 
8ntegrat8on challenges arose, wh8ch turned us toward a s8mpler yet 
effect8ve solut8on that 8ncluded Ardu8no, the L298N motor dr8ver, and 
the HC-05 Bluetooth module. Th8s change allowed us to focus more 
on the funct8onal aspects of the platform w8thout gett8ng bogged down 
by complex software compat8b8l8ty 8ssues. 
 
Th8s project was born from the des8re to ga8n pract8cal exper8ence 8n 
robot8cs and control systems. Further, we needed to go a step further 
than theoret8cal knowledge 8nto the appl8cat8on of the acqu8red 
knowledge on some hands-on, real-world problem. Interest8ng was the 
Ackermann steer8ng geometry, for 8ts w8de appl8cat8on 8n automot8ve 
eng8neer8ng; that was an opportun8ty to learn about 8ts 8mplementat8on 
8n a small-scale, controlled env8ronment. 
 
We d8v8ded the work among team members based on our strengths 
dur8ng the beg8nn8ng per8od. Some of us put more focus on the 
hardware aspect, l8ke the setup of the motor and steer8ng mechan8sm, 
whereas others worked on software aspects, wh8ch 8ncluded 
develop8ng the GUI and programm8ng the m8crocontroller. The f8rst 
try at 8ntegrat8ng ESP32 and ROS resulted 8n compat8b8l8ty 8ssues 
related to w8reless commun8cat8on and real-t8me control. After 
d8scuss8ng 8t thoroughly, we dec8ded collect8vely to make the project 
s8mpler by us8ng Ardu8no, wh8ch would prov8de us w8th a more stable 
and rel8able platform. 
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In our f8nal solut8on, Bluetooth commun8cat8on was ach8eved by us8ng 
the HC-05 module. The Python-based GUI was used as the ma8n 
8nterface to send commands to the platform for movement, such as 
forward, backward, left, and r8ght. In our des8gn, the L298N was used 
for power and d8rect8on control of DC motors, and a servo motor for 
the steer8ng angle based on Ackermann geometry. The platform was 
tested on a ser8es of tr8als to ensure 8t was perform8ng rel8ably and 
meet8ng all funct8onal requ8rements. 
 
Apart from the development of the fully funct8onal mob8le platform, 
the project taught us many lessons: problem-solv8ng, teamwork, and 
adaptab8l8ty. Trans8t8on8ng from a complex to a s8mpler system proved 
to be a turn8ng po8nt to re8nforce the 8mportance of flex8b8l8ty 8n 
eng8neer8ng projects. At the end, we ach8eved a funct8onal, remotely 
controlled Ackermann steer8ng platform, and we are proud of the 
results. 
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F8g. 1 Left v8ew of the robot 



 6 

 
 

F8g. 2 Front v8ew of the robot 
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F8g. 3 R8ght v8ew of the robot 
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F8g. 4 Upper v8ew of the robot 
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Solut.on 
 
Overv/ew of Solut/on 
 
Our solut8on focuses on the funct8onal remotely controlled Ackermann 
steer8ng geometry platform that can make prec8se movement poss8ble. 
Ma8n parts 8nclude the follow8ng: 
 
Ackermann Steer8ng Geometry: Allows the model to make very 
real8st8c angle and movement s8m8lar to steer8ng 8n veh8cles. 
 
Ardu8no M8crocontroller: A bra8n for the whole system. 
 
L298N Motor Dr8ver: Interfaces the power supply w8th control log8c 
to the DC motors of the platform. 
 
HC-05 Bluetooth Module: Keeps the platform w8reless to the user 
8nterface d8splay. 
 
Python-Based GUI: The GUI w8ll prov8de an 8ntu8t8ve 8nterface for 
remote control, lett8ng the user manage speed, steer8ng, and d8rect8on 
w8th ease. 
 
Th8s cond8t8on requ8res very accurate control over the steer8ng angle. 
For the latter, we have ut8l8zed a servo motor controlled by Ardu8no. 
The to-and-fro movements of the platform are real8zed v8a an L298N 
motor dr8ver, through wh8ch the amount of power 8s prov8ded to DC 
motors. For the commun8cat8on w8th the platform 8n order for w8reless 
control to be ach8eved, a Bluetooth module w8ll be used w8th8n the 
GUI. 
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Tools Used on the Project 
 
Software: 
 
Ardu8no IDE for programm8ng the m8crocontroller. 
 
Python (w8th Tk8nter) for creat8ng the GUI. 
 
Hardware: 
 
Ardu8no Uno m8crocontroller. 
 
HC-05 Bluetooth module for commun8cat8on. 
 
L298N motor dr8ver for controll8ng motor power. 
 
Servo motor for steer8ng. 
 
DC motors for platform movement. 
 
Deta8ls of the Solut8on 
 
The solut8on has gone through s8gn8f8cant evolvement throughout the 
project. F8rst, we 8ntended to use ESP32 w8th ROS and Zephyr for 
h8gher-order commun8cat8on and control capab8l8t8es. However, 
d8ff8cult8es 8n system 8ntegrat8on sh8fted us towards Ardu8no-based 
control w8th Bluetooth commun8cat8on. 
 
The f8nal setup 8nvolves: 
 
Commun8cat8on: The HC-05 module transm8ts commands from the 
GUI to the Ardu8no. The Ardu8no 8nterprets these commands and 
executes the correspond8ng act8ons, such as mov8ng forward, 
backward, or turn8ng. 
 
Motor Control: L298N-the motor dr8ver for DC motors 8s appl8ed 8n 
order to g8ve speed and d8rect8on 8nput from Ardu8no.  
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Steer8ng Mechan8sm: Servo motor for g8v8ng steer8ng angle for 
Ackermann geometry 8n order to take proper and smooth turns. 
 
Code Implementat/on 
 
Ardu8no Code 
 
The Ardu8no code was des8gned to process commands rece8ved v8a 
Bluetooth and control the motors accord8ngly: 
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The Ardu8no 8n8t8al8zes commun8cat8on w8th the HC-05 Bluetooth 
module. 
It cont8nuously l8stens for commands from the user 8nterface (GUI). 
 
Python GUI Code 
 
The GUI code enables the user to send commands to the platform 
us8ng a graph8cal 8nterface: 
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The Python GUI uses the ser8al l8brary to establ8sh a connect8on w8th 
the HC-05 Bluetooth module. 
The user 8nteracts w8th buttons 8n the GUI to send commandss. 
 
Each button tr8ggers a funct8on that sends the correspond8ng command 
to the Ardu8no. 
 
The Ardu8no processes these commands to control the motors and 
servo, execut8ng the des8red movement. 
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Tests and Results 
 
Funct8onal8ty Tests: Ver8f8ed movements. 
 
Bluetooth Range: Stable commun8cat8on w8th8n a 10-meter range. 
 
Stab8l8ty Tests: Cont8nuous operat8on for over an hour w8thout fa8lure. 
 
GUI Usab8l8ty: Commands executed seamlessly w8th no not8ceable 
delay. 
 

 Summary 
 
Evaluat/on of the Project 
 
The project successfully demonstrated the development of a remotely 
controlled mob8le platform us8ng Ackermann steer8ng geometry. 
Desp8te 8n8t8al challenges, the f8nal system performed rel8ably and met 
the funct8onal requ8rements. 
 
Poss/ble Enhancements 
 
Better funct8onal8t8es about mov8ng the robot left-r8ght from keyboard. 
Extended Bluetooth range for broader usab8l8ty (maybe w8th more 
advanced bluetooth module/board) 
Add8ng sensors for obstacle detect8on and nav8gato8n. 
Enhanced GUI features for better control. 
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Append.ces 
 
Project Plan and Dev/at/ons 
 
The or8g8nal plan 8nvolved us8ng ESP32 and ROS. However, due to 
8ntegrat8on d8ff8cult8es, the project was restructured to use Ardu8no, 
HC-05, and a Python GUI. 
 
Tasks and D/str/but/on 
 
Hardware Des8gn: Managed by Marc8n Kochalsk8 
 
Software Development: Managed by Tuğçe Avcu 
 
Test8ng and Debugg8ng: Collaborat8ve effort. 
 
Report: Collaborat8ve effort. 


