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Problem Statement & Motivation

Precise PID control of the 
drone

Precise positioning of the 
drone

Towards precise movement of the drone in fine (cm) steps!



Motivation

● Precise PID control of the drone

● Precise positioning of the drone

[1] Designing of self tuning PID controller for AR drone quadrotor
[2] Develop App with Geolocation (https://theappsolutions.com/)
[3] Cognitive Indoor Localization (http://sampl.eelabs.technion.ac.il)

https://theappsolutions.com/


Literature Review

PID
• Drone is equipped with various PID 

controllers 
• Prior Work have focused on 

manually tuning these PID 
controllers

Positioning
• Auto Navigation exists with GNSS
• GNSS based positioning can be 

improved with RTK

PID

GNSS based Navigation RTK

[1] http://ardupilot.org/copter/docs/ac2_guidedmode.html
[2] https://www.heliguy.com/blog/2017/10/04/benefits-of-rtk/

http://ardupilot.org/copter/docs/ac2_guidedmode.html


5 cm

5 cm

Problem Statement

Facilitate Fine motion in Indoor and Outdoor Environments



Solution Space

• Drones consist of various sensors 
(Cameras, Radios, IMUs, GPS, 
Barometer) 

→ Improve Sensing

• Drone consists of complex controllers 
(rate, attitude, altitude, and velocity & 
position controllers)

→ Design / Modify & Tweak. 

• Build a precise positioning mode with 
efficient PID controllers

[1] https://oscarliang.com/quadcopter-pid-explained-tuning/

PID

Overall System



System Design
Conceptual Design System Design



Implementation

• Hardware (Drone (MCU + Flight Controller) + Sensors)

• Firmware (Arducopter above PX4)

• Software (Libraries + GUI)

[1] http://ardupilot.org/planner/



Hardware

[1] https://www.intel.com/content/www/us/en/products/drones/aero-ready-to-fly

Additional Payload

RTK Setup

Radio Base



Software Implementation

Get Sensor Outputs Design Position PID Integrating in Ardupilot Hierarchy

[1] http://ardupilot.org/dev/docs/apmcopter-programming-attitude-control-2.html



Controlling via the GUI
Defining Missions Configuring and Tweaking Logs 



Controlling via the Script



Sensors

POSITION 
SENSORS

ATTITUDE 
SENSORS

ALTITUDE 
SENSORS

• IMU (Accelerometer, Gyroscope, Magnetometer)
• GPS

• Barometer
• Camera
• Radio



Position Sensing
• GNSS

• INS

• EKF (GNSS + INS) 

• RTK-GPS



GNSS



INS



Extended Kalman Filtering (EKF)



EKF Positions and Velocities

Displacement

Velocity



EKF Attitude

Roll

Pitch

Yaw



EKF Altitude
Sensitivity: 0.3m change in altitude



Attitude - Gyroscope + Compass

Roll

Pitch

Yaw



RTK GPS
Precision: 0.1 mm → Accuracy: 2.5 cm (From 2.5 m!)

RTK, Penn State University, Dept. of Geography



RTK Advantage

Typical GNSS Real time Kinematics (RTK) Post-processing RTK
2.5m Accuracy 2.5cm Accuracy 10cm Accuracy



RTK Accuracy



Calibration

Electronic Speed Control Compass Accelerometer



Modeling 
the 
Dynamics



Controller
● The drone controller consists of a 

punch of different PID controllers.

● These PID controllers are 
responsible for stability, angle 
correction for manual 
control, displacement PID 
controller for navigation .

● The drone controller has a 
complex design in order to deal 
with different types of PID 
controllers.

Stabilize, Roll, Pitch & Yaw PID’s

[1] https://discuss.ardupilot.org



Controller

• The complexity of the controller design can be reduce by remodel the controller as:

● Stabilize PID controllers (Row, Yaw and Pitch PID controllers)

• Displacement PID controller



Stabilize PID 
controller

Stabilize, Roll, Pitch & Yaw PID’s

• It is responsible for 
maintaining the drone for a 
given position from the 
manual controller.

• It consists of three PID 
controllers for the three 
directions (Row, Yaw, Pitch).

• The input for the PID 
controllers is the manual 
input rate for the different 
directions as the output of 
the angular controllers.

• The angular controllers are 
fed from the pilot joystick by 
the target position. [1] https://diydrones.com/forum/topics/stabilize-mode-like-loiter-mode



PID controller 
Design

• The Position PID controller 
consists of 2 cascade controllers 
one is proportional while the 
other is PID controller.

• The controller is fed by the 
desired position and the actual 
position of the drone.

• The first is proportional 
controller which uses the error 
in the position (i.e the 
difference between the desired 
and current locations) and 
converts it to desired speed.



PID controller 
Design

• The desired speed is the input 
for the second PID controller 
which is converts it to 
desired acceleration.

• The resulting desired 
acceleration becomes a lean 
angle which is then passed to the 
stability PID controller to 
regulate the angles.

• The output from the stability PID 
controllers is the torques to drive 
the actuators (motors).



System Model



PID Step Response

• Stability

• Responsiveness

[] http://www.ni.com/white-paper/3782/en/



PID Tuning

• Proportional part: It makes fast responsiveness for errors, but as 
much it is increase, the system suffers from Overshooting.

• Derivative part: Prediction of the future through the derivative of the 
current error, however it is Noise sensitive.

• Integral Part: it make the system stable, however it is Slow.



PID Tuning

• We will use PI controller in order to achieve the stability 
rather that the responsiveness.



PID Tuning

•We Evaluate the auto 
tuning of the PID 
controller.

•Kp=1

•KI=0.5

•Kd=0



PID Tuning

•We Evaluate the 
auto tuning of the 
PID controller.

•Kp=1

•KI=0.5

•Kd=0



Communication 
architecture

• There are different 
communication 
protocols to transfer the 
data between the 
different modules.

• The flight controller 
captures the data of the 
position from the IMU 
using SPI protocol

• Also the motor outputs 
transferred by UART 
protocol to the FBGA 
which fed the motor by 
PWM input.

[1]https://www.intel.com/content/dam/support/us/en/documents/drones/develop
ment-drones/intel-aero-compute-board-guide.pdf



Analysis Framework

MODELING DESIGN ( EXPERIMENTS, 
MODIFYING EXISTING SCRIPTS, 

ADDING NEW SCRIPTS)

TESTING AND VERIFYING



Limitations 

Weather.

Battery lifetime.



Future Work

• Try to see the effect of changing the proportional gain of 
the PID controller and use cause and effect analysis to 
analyze the PID controller.



Conclusions

Achieving Cm level Sensing.

Control the drone 
movement within Cm 
Accuracy.

Analyze the behavior of the 
PID controller, and the way 
we use for tuning.



Demo




