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Goal of Project

* |mprove state estimation T
method of the mobile robot by .
incorporating more sensors |

* |Improve the trajectory control 0'2: \
of the mobile robot | E
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Brief description of Kalman Filter

Optimal State probabilty |
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\ Measurement

e Update from the /
sensor measurements *t-1 Yk Car's position
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Sensors Used

1CG=AY

« MPU6050

« adafruit_mpu6050
* Gyroscope only

)

Uin 3vo GND SDA SCL nsi fs
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BNOO55
MPU6050

« BNOOS55
e adafruit_bno055
* Gyroscope and magnetometer

* Pololu Encoders
* encoders_and_motors.py
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Brief description of LQR

* Linear Quadratic Regulator
* Minimizes certain objective cost function

State error Motor effort

* Provides optimal feedback control between state error and motor effort

College of Engineering
UNIVERSITY OF WISCONSIN-MADISON



Trajectory Generation

« Generated cubic functions for 5
smoother motion when following ::
way points _ 06

« Satisfy differential flatness for "
mobile robot dynamics :: E
» Position, velocity, acceleration
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Block diagram for mobile robot control
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Offboard implementation of Controller

« ROS Networking between RasPi and Linux Laptop

Iplant [robot_state_estimate /robot_animator
-
@ >  /yaw_gyro Nsﬁm_sﬁmatelekf Irobot_pose_ekf > /robot_animator/ekf_animator
T

Iplant/robot_plant - /robot_wheel_displacements J@te_esﬂdem_me [robot_pose_estimated 4@anlmmﬂdead_mkonlng_a©

/wheel_speeds_desired e Jrobot_control
R as Pi Irobot_simulate frobot_controliqr_DR
N i
/robot_pose_simulated
Irobot_simulate/robot_simulator

Laptop

*Disclaimer: /robot_controller/Igr_DR, can subscribe to
College of Engineering /robot_pose_ekf instead of /robot_pose_estimated
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Demonstration of LQR & EKF on robot



https://docs.google.com/file/d/1zPAVa_meR1BtUyqz10Rdcc9JgmwtIAGQ/preview

Simulation using Gazebo and rviz for Tuning

rosl1 for running
code and rviz
ros2 for simulation

e Edit Camera View Window Help
\.‘.r_jgﬂn _— l..."‘"/'. .lhnhi‘:'. GRf ~ = Minteract Move Camera

on Gazebo .
ROS1-ROS2 :
Bridge =

v \

2
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https://docs.google.com/file/d/1NgG2uCtLKumPlNI3nDJkJuv7odO-uIRw/preview

Next Steps/Challenges

 Tune Kalman Filter Covariances and LQR matrices

« Able to obtain sensor measurement covariances only
» Creating atrajectory for tracking

« Parametrized cubic spline trajectory wrt time

* |Implementing a Kalman/Madgwick/Complementary filter for better IMU yaw
angle
* Modeling system dynamics to account for inertia using Euler/Lagrange
(double integrator) as opposed to system kinematics (single integrator)
 Wejust used the single integrator method
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Questions, Comments, Concerns?

Ros 2: Simulation Code




References

[1] Hindawi, Kalman Filter: Historical Overview and Review of Its Use in
Robotics 60 Years after Its Creation, 2021. [Online].

Available: https:/www.hindawi.com/journals/js/2021/9674015/ag1/.
— [Accessed: 02-May-2022].

College of Engineering
UNIVERSITY OF WISCONSIN-MADISON


https://www.hindawi.com/journals/js/2021/9674015/fig1/
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