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Introduction and Background

Motivation was to implement SLAM using Extended Kalman Filter Localization on a physical 

robot. The robot used was one slated to participate in the NASA Lunabotics Challenge. The 

robot uses a differential drive model for locomotion, and is controlled using a Raspberry Pi 

running ROS2. Robot sensor inputs include odometry, LIDAR, and an IMU.

https://www.nasa.gov/learning-resources/lunabotics-challenge/



PID Tuning

The motor provided us with the encoder counts per second and we converted that to 
linear velocity.

Proportional relationship between V and encoder counts per second

Hence the PID tuning was done on encoder counts per second 

Was very important when syncing the 2 motors



EKF in Gazebo

Robot is approximately modeled in Gazebo using an URDF

Used robot localization package to perform sensor fusion for EKF

Input to ekf node from Odom and IMU: Linear velocity of x,y and z, yaw velocity/angular velocity 

around z

https://automaticaddison.com/sensor-fusion-using-the-robot-localization-package-ros-2/

 

https://automaticaddison.com/sensor-fusion-using-the-robot-localization-package-ros-2/
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Autonomous Navigation with Nav2 and EKF

● Creating a simulated world 

in gazebo and evaluating 

SLAM. EKF and NAV2.

Simulated Autonomous Navigation



RQT_GRAPHs

Rqt_graph: During NAV2 implementation 

Rqt_graph: During SLAM mapping



EKF and SLAM in Physical Robot

● BNO055 IMU sensor was used and it communicated to the raspberry PI through 

Inter-integrated communication (I2C).

● Raspberry PI was used as the main System on Chip in the robot, connected to the 

developer machine and remote controlled through SSH.

● 2D RPlidar was used for Simultaneous Localization and Mapping, SLAM, of the robot in 

the unknown environment



EKF and SLAM in Physical Robot

https://docs.google.com/file/d/1YirRWbWrF2-DQY6gYOgG-WCZT49JbpMn/preview
https://docs.google.com/file/d/17TEzlrlwrZb6ATec-yNFhwROzyfrFsua/preview


Conclusion

1. The Extended Kalman Filter (EKF) effectively localized the robot's position by utilizing IMU sensor data 

and wheel odometry from motor encoders, providing precise estimates.

2. The reliability of IMU sensor diminishes during rapid motions.

3. The motor controller demands greater power for angular velocity than what is theoretically expected 

from the differential-drive controller.

4. Raspberry Pi frequently crashed when attempting simultaneous mapping and localization tasks due to 

insufficient processing power.

5. To implement Adaptive Monte-Carlo Localization and NAV2, a higher version of the SOC system is 

required.



Contributions

Eashan: IMU integration, PID tuning, robot localization

Khoa: LIDAR integration, PID tuning, SLAM, robot localization

Brandon: IMU integration, robot localization



Questions?


