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"Waypoint Estimation" challenge, proposed by
John Deere. Our project focuses on designing
and building an autonomous scale tractor that
leverages the powerful STM32H755
microcontroller with dual-core architecture. This
microcontroller enables real-time processing,
which is essential for precise waypoint
navigation and effective integration of various
sensors, including a camera system for
enhanced visual data processing.

Introduction
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Our
solution
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Develop an autonomous scale tractor capable of following
a predefined set of waypoints with high accuracy.
Integrate sensor data fusion to minimize errors in
movement.
Utilize a dual-core STM32H755 microcontroller for
efficient task handling and real-time communication.

Objective:Objective:

Precision navigation with GPS, IMU, and
encoders.
Real-time camera-based position tracking.
Seamless communication via CAN, SPI, I2C, and
UART.

Key Features:Key Features:
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To create an autonomous tractor that can navigate
predefined waypoints accurately, improving operational
efficiency and reducing human intervention in agricultural
tasks.

Product
description

TE2004B

VisionVision

NeedsNeeds

Target group Target group 

How does our product satisfy the
needs of the target group? 
How does our product satisfy the
needs of the target group? 

Precise navigation: Ability to follow waypoints with minimal
error.
Real-time decision-making: Integration of multiple sensors
for accurate data processing.
Robust communication: Ensuring continuous and reliable
communication between components.

Farmers: Looking for efficient automation solutions to
improve farming operations.
Agricultural companies: Seeking reliable technology to
enhance productivity and reduce labor costs.
John Deere: Partnering in the development of cutting-edge
autonomous solutions.

Our workprovides an efficient, scalable solution for
automated fieldwork, minimizing human error and
increasing operational efficiency through precise,
autonomous navigation.
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Software
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STM32 Cube IDE
Arduino IDE

IDEsIDEs

Programming languagesProgramming languages
C
C++
Arduino
Python
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Hardware
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STM32H755 dual core module
Arduino Nano

ESC Module
nRF24 Wireless module
TJA1051 CAN transceiver
MCP2515 CAN Shield
DC motor with encoder (Powered by a 9 V battery)
Servo motor
LM2596 Voltage regulator
LPS John Deere Camera
3.7 V LiPo Battery
MPU6050 IMU Module
9 V Battery
Breadboards
Jumper wires
4 AA Batteries (6 V) 

MicrocontrollersMicrocontrollers

Components and sensorsComponents and sensors
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Development
stages
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Defining system requirements and
project scope.

Stage 1: Conceptualization &
Requirements Gathering
Stage 1: Conceptualization &
Requirements Gathering

Selecting and integrating hardware
components (STM32H755, sensors,
camera).

Stage 2: Hardware Design &
Microcontroller Setup
Stage 2: Hardware Design &
Microcontroller Setup

Developing firmware for sensor
fusion and communication protocols.

Stage 3: Software Development &
Sensor Integration
Stage 3: Software Development &
Sensor Integration

Running test scenarios to ensure
accuracy and system stability.

Stage 4: System Testing &
Optimization
Stage 4: System Testing &
Optimization

Comprehensive testing of the final
system and preparing the project
report.

Stage 5: Final Evaluation &
Documentation
Stage 5: Final Evaluation &
Documentation
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Gantt diagram  
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Communication
protocols
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For communication
between the tractor's core
systems and peripheral
devices.

I2C: For communication
between low-speed devices
like encoders.

For high-speed
communication with
sensors.

For real-time communication
with the camera and external
devices.

CAN:CAN: I2C:I2C:

SPI:SPI: UART:UART:

ImportanceImportance
Ensures reliable, low-latency data transfer
across the system.
Enhances synchronization between sensors,
cameras, and navigation systems.
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State
Machines
and task
handling
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Why State Machines?
Avoided locking the CPU during task
execution.
Allowed smooth multitasking by
switching between states efficiently.
Added robustness and scalability
for handling multiple tasks.

System Tick Handler Modification:
Incremented a variable in the SysTick handler.
Used this variable to manage periodic tasks without busy waiting.
State Machines Implemented:
Route Navigation State Machine:

States:
i. Initial Waypoint: Starting from the first waypoint.
ii.Starting the Curve: Adjusting direction for the U-like curve.
iii.Finishing the Curve: Completing the curved segment.
iv.Final Straight Segment: Approaching the final waypoint.

Controlled the DC motor and servo motor using PWM signals.
Waypoint Notification and Update State Machine:

Notified and updated when a waypoint was reached.
Updated the system to move to the next waypoint.
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Machines
and task
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Machines
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Multithreading
and core
efficiency
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Utilizes the dual-core STM32H755 microcontroller
to handle multiple tasks simultaneously (e.g.,
sensor data collection, communication, navigation
algorithms).

Optimizing task distribution across the two
cores to maintain high processing efficiency and
ensure real-time performance.
Minimizes processing delays and maximizes
system responsiveness during critical
operations like waypoint tracking.
We chose to control the LED that gets toggled
when crossing a waypoint inside the M4, while
other tasks are handled by the M7. 

Multithreading:Multithreading:

Core Efficiency:Core Efficiency:



UML Context
diagram
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Use Case
diagram
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Deployment diagram
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Activity diagram
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Schematic
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Connections diagram
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Final product
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Testing methodology
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Videos of the development process
Videos from Lab Practices (Subsystem Testing)

CAN with a Toyota cluster: https://www.youtube.com/watch?v=H7y588eh7nY&feature=youtu.be
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Testing methodology
TE2004B

Videos of the development process
Videos from Lab Practices (Subsystem Testing)

CAN communication between MCUs: https://www.youtube.com/watch?v=YBVp3XSuf9o&feature=youtu.be
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Testing methodology
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Videos of the development process
Videos from Lab Practices (Subsystem Testing)

ESC module testing: https://www.youtube.com/watch?v=nm80LHiTjtk&feature=youtu.be
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Testing methodology
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Videos of the development process
Videos from Lab Practices (Subsystem Testing)

UART communication testing: https://www.youtube.com/watch?v=dgoM10nOsPw&feature=youtu.be
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Testing methodology
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Videos of the development process
Videos from Lab Practices (Subsystem Testing)

Initial LED testing: https://www.youtube.com/watch?v=tTxDf1LHlo8
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Testing methodology
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Videos of the development process
Videos from the Final Integrated System

InitiCAN communication with the integrated systemal LED testing: https://www.youtube.com/watch?v=Ph2VxUwqdxw
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Testing methodology
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Videos of the development process
Videos from the Final Integrated System

IMU, NRF, and Servo working together: https://www.youtube.com/watch?v=EdVwturkIk4
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Testing methodology
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Videos of the development process
Videos from the Final Integrated System

ESC testing with the integrated system: https://www.youtube.com/watch?v=u44DFOzECO4
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Testing methodology
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Videos of the development process
Videos from the Final Integrated System

DC motor’s encoder communicating via CAN: https://www.youtube.com/watch?v=IM4Gi6i8Pac
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Testing methodology
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Videos of the development process
All Components Working Together

Final Working State: https://www.youtube.com/watch?v=7yVdGDu999Y
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GitHub
repo and
codes
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The team prepared a GitHub repo in
which we stored all the codes used
for the project as well as its
respective documentation. 
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Waypoint
Demo and
videos
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0,120
86,143
86,0
0,0

WaypointsWaypoints
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Testing methodology
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Videos of the development process
Videos from the Waypoint navigation

Waypoints stage 1: https://www.youtube.com/watch?v=dgoM10nOsPw&feature=youtu.be
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Testing methodology
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Videos of the development process
Videos from the Waypoint navigation

Waypoints stage 2: https://www.youtube.com/shorts/KI9Jaax0hrg?feature=share
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Conclusions
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In conclusion, our project successfully demonstrated the
integration of advanced embedded systems techniques in
a practical agricultural application. By designing and
building a scale tractor capable of precise waypoint
navigation, we showcased the effective use of
multithreading, communication protocols, and sensor
fusion. This approach not only highlights the potential of
autonomous systems in agriculture but also emphasizes
the power of embedded technology in real-time
applications.



Reflections
and gratitude
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HumbertoHumberto
This semester was a pivotal step in my understanding of parallel
computing and its practical applications. Learning how to implement
FreeRTOS on a dual-core STM32H755 was both challenging and
rewarding, as it allowed me to manage tasks with higher efficiency
compared to single-core processors. Additionally, working with the CAN
protocol expanded my understanding of automotive communication
systems, which will undoubtedly be useful in future projects. Reflecting
on the challenges, I realized the value of persistence and adaptability,
particularly when working with unfamiliar components and debugging
communication issues.



Reflections
and gratitude
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RobertoRoberto
This semester provided a unique opportunity to deepen my
knowledge of hardware integration and communication
protocols. Assembling the tractor and configuring peripherals
such as the nRF24 wireless modules and servo motors
required careful attention to detail and a solid understanding
of PWM and SPI protocols. The experience of using HAL for the
first time made it clear how abstraction can simplify
programming while maintaining efficiency. I also learned the
importance of collaboration, as working together on
subsystem integration was essential to the project's success.



Reflections
and gratitude
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ErickErick

This semester was a great opportunity to expand my understanding of
embedded systems, particularly in multithreading and signal
processing. Learning to work with the STM32H755’s dual-core
architecture provided a new perspective on parallel task management,
and implementing state machines before transitioning to FreeRTOS was
a valuable exercise in system design. I enjoyed working on the I2C
communication with the IMU module, as it required both theoretical
knowledge and practical problem-solving. Overall, this semester
strengthened my programming and debugging skills, and I feel more
confident tackling complex embedded systems projects in the future.



Reflections
and gratitude
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MauricioMauricio

One of the most valuable aspects of this semester was learning to
program with HAL libraries and contrasting it with bare-metal
programming from last semester. HAL significantly reduced the
complexity of initializing and managing peripherals, allowing me to
focus on higher-level tasks. Exploring multithreading and task
prioritization with FreeRTOS was particularly enlightening, as it showed
how parallel computing can optimize system performance. Debugging
UART communication and observing the results on an oscilloscope
reinforced my understanding of signal processing and communication,
providing me with tools that I can carry into future projects.
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