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¢ƻŘŀȅΩǎ Objectives

ÅIntroduction to AR-Drone 
ïHardware

ïCommunication

ÅAR-Drone Interface with ROS
ïROS driver nodes

ïTeleopKeyboard/Joystick

ÅROS with Quadrotor Gazebo Model
ïOrientation estimation

ïSetting up pose estimation node based on EKF
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Quad-rotor

26 Feb 2016 Dr. -Ing. Ahmad Kamal Nasir 3

ÅQuad-rotors were introduced 
14 years before helicopters 
but due to control problems 
were not able to make the 
way.

ÅFrench company parrot SA 
Introduced $300 device at 
International Consumer 
Electric Show in Las Vegas 
2010-12

ÅExpanded poly propylene 
body, 380grams(outdoor), 
420grams(indoor)
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Flight Basics

ÅUnstable system, 
therefore, require 
feedback for 
stability
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Flight Control
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Yaw (Rotate)
CW/CCW

Throttle
Up/Down

Roll
Left/Right

Pitch
Forward/Backward
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AR-Drone Hardware

Å CPU(ARM Cortex A8,OMAP 3630) @ 1GHz, 
GPU(PowerVRSGX530) @ 800 MHz,1GB 
RAM, 128MB ROM

Å 2 Webcams
Å 1 WiFi
Å 1 Ultrasonic
Å 1 Barometer
Å 1 9DOF IMU
Å 1 USB Port (GPS and LTE Modem)
Å 4 brushless motors @ 28500 RPM, 14.5W, 

1:8.75 GearRatio, with control board 
(ATMEGA8L)

Å Up to 5m/sec, 13 minsof continuous flight
Å 1000mAh, 11.1V LiPobatteries (Discharge 

capacity 15C, 80grams) voltage decreases 
from full charge (12.5 Volts) to low charge (9 
Volts) 
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Onboard Processing Power

Å Busy Box based GNU/Linuxdistribution with 2.6.27 Kernel
Å It is possible to cross-compilean application for the ARM processor and run it 

directly on the AR-Drone control board. 
Å In this case, one can access the drone cameras and onboard sensors directly 

without a delay caused by the wireless data transfer. Thus, one can achieve faster 
control loopsand experiment with a low level control of the drone.

Å The AR-Drone runs Linux on-board. The AR-Drone is running a telnet as well as an 
FTP daemon . The Telnet daemon will allow login as root (no password e.gtelnet 
192.168.1.1).

Å The cameras are exposed as standard video4linux2 devices (/dev/video0 and 
/dev/video1)

Å The navigation board, which handles accelerometer, gyrometer, and sonar sensors, 
is exposed as a serial port (/dev/ttyPA2) according /dev/ttyPA0 for USB serial 
port and /dev/PA1 for motor controllers

Å DroneGames, which took place over the weekend in San Francisco, tasked 
programmers with hacking the UAVs in the most interesting and creative ways 
possible. { echo "reboot"; sleep 1 } | telnet 192.168.1.1
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Å Vertical camera 63fov @60fps, 240p 
for horizontal speed measurements. 
Front cam 93fov@30fps,720p.

Å Ultrasound sensors has maximum 
range of 6m. Barometric sensor 
( 10pa)for higher altitudes. It 
determines the vertical 
displacement of the vehicle. Vertical 
scene depth in the image.

Å The received video can be from 
either of the two cameras or a 
picture-in-picture video with one of 
the camera images superposed on 
the top left corner of the other one.

AR-Drone Vision System
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AR-Drone Vision System (Cont.)

ÅAR-Drone can run a 
simple analysis of the 
images from the frontal 
camera and search for a 
specially designed tags in 
the images. 

ÅIn the case the tags are 
detected, the navdata
contains estimates of 
their positions.
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TAG
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On-board Velocity Sensor - Vision

Å To achieve a stable hovering and position control, the AR-Drone 
estimates its horizontal velocity using its vertical camera. 

Å Two different algorithms are used to estimate the horizontal 
velocity. 
ïOne tracks local interest points (FAST corners)over different frames 

and calculates the velocity from the displacement of these points. It 
provides a more accurate estimate of the velocity and is used when 
ǘƘŜ ǾŜƘƛŎƭŜΩǎ ǎǇŜŜŘ ƛǎ ƭƻǿ ŀƴŘ ǘƘŜǊŜ is enough texture in the picture. 

ïThe second algorithm estimates the horizontal speed by computing 
the optical flow on pyramidal images. It is the default algorithm during 
flight. It is less precise but more robust since it does not rely on highly 
textured or high-contrast scenes.

Å The AR-Drone uses inertial information from its IMU for estimating 
the state of the vehicle. It fuses the IMU data with information from 
the vision algorithms and an aerodynamics model to estimate the 
velocity of the vehicle
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AR-Drone Navigation System

Å Navigation board contains 3axis 
accelerometer( 50mg), 2axis 
gyro(2000deg/sec), precise yaw gyro(XB-
3500CV, drift 12deg/min dynamic, 
4deg/min static). Data is processed at 
200Hz.3 Axis magnetometer(6deg).

Å The navigation board uses a 16bits 
dsPIC24hmicro-controller running at 40 
MHz, and serves as an interface with the 
sensors. These sensors are a 3-axis 
accelerometers, a 2-axis gyroscope, a 1-
axis vertical gyroscope, and a ultrasonic 
Sensors (200Hz). The PIC micro-controller 
handles the ultrasonic transmitter, 25Hz
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On-board Control Algorithm
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Communication Ports
Å WIFI network with ESSID:ardrone_xxx. 192.168.1.1. clients request IP from DHCP server.

Å AR-Drone sends two types of streams

ï Controlling and configuring the drone is done by sending AT commands on UDP port 5556.

ï navdata, are sent by the drone to its client on UDP port 5554. 15HZ in demo mode and 200Hz in full(debug)

Å A video stream is sent by the AR-Drone to the client device on port 5555

Å A fourth communication channel, called control port, can be established on TCP port 5559 to transfer 
critical data
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Communication Protocol
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ÅAT commands are text strings sent to the drone 
to control its actions. 

ÅAT*PCMD=<sequence>,<enable>,<pitch>,<roll>,
<gaz>,<yaw>
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Android GUI
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AR-Drone with ROS

ÅInstall ardrone_autonomy
packages found at
ïsudoapt-get install ros-indigo-

ardrone_autonomy

ÅUse the following command to 
launch the quadrotor ROS driver, 
make sure wireless connection 
between AR-Drone and 
Computer is already established
ïrosrunardrone_autonomy

ardrone_driver
_realtime_navdata:=False  
_navdata_demo:=0
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/navdataROS Topic
ÅUse ardrone/navdatatopic to acquire sensor information 

such as orientation, linear and angular velocity
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