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¢ 2 R [Obj&xtives

A Introduction to ARDrone
I Hardware
I Communication

A ARDrone Interface with ROS
I ROS driver nodes
I TeleopKeyboard/Joystick
A ROS with Quadrotor Gazebo Model

I Orientation estimation
| Setting up pose estimation node based on EKF



Quadtrotor

A Quadrotors were introduced
14 years before helicopters
but due to control problems
were not able to make the
way.

A French company parr@A
Introduced $300 device at
InternationalConsumer
Electric Show Iin La%&egas
201012

A Expanded poly propylene
body, 380grams(outdoor),
420grams(indoor
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Flight Basics
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Flight Control

Yaw (Rotate)
CW/CCW

Roll
Left/Right

& &
LEFT 5 FRONT

QH+&A k‘-—_—/ \-._.--"‘ ﬂH-l-ﬂ"':"

REAR RIGHT
Qu+ AN\ A K )QutA,

Throttle
Up/Down

LEFT B FRONT
Qy Qy—Ag
..‘ =
REAR RIGHT
QO +A, O,
Pitch
Forward/Backward

26 Feb 2016 Dr.-Ing. Ahmad Kamal Nasir



To I To To o To o Do

To 3>

ARDrone Hardware

CPUARM CorteXdA8,0MARB630 @ 1GHz,
GPU(PowerVRSGX53D@ 800 MHAGB
RAM, 128MBROM

2 Webcams

1 WiFi

1 Ultrasonic

1 Barometer

1 9DOF IMU

1 USB Port (GPS and LTE Modem)

4 brushless motorg® 28500RPM, 14.5W,
1:8.75GearRatio,with control board
(ATMEGASL

Upto 5m/sec, 13 minsof continuous flight

1000mAh, 11.1ViPadbatteries Discharge |
capacity 15C, 80grams) voltage decreases|
from full charge (12.5 Volts) to low charge (|
Volts) &
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To I

Onboard Processing Power

Busy Box based GNUnuxdistribution with 2.6.27/Kernel

It is possible tawrosscompilean application for the ARM processor and run it
directly on the AFHDrone control board.

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 adastee
control loopsand experiment with a low level control of the drane

TheARDroneruns Linux ofboard. TheARDroneis running aelnet as well as an
FTRdaemon .The Telnet daemon will allow login as root (Eessworde.gtelnet
192.168.1.1L

The cameras are exposed as standard video4linux2 devibegvideoO and
/devivideol)

The navigation board, which handles acceleromaggrometer and sonar sensors,
IS exposed as serial port(/devittyPA2) according  /devittyPAO for USB serial
port and /deVv/PA1 for motorcontrollers

DroneGameswhich 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



ARDrone Vision System

A Vertical camer#®3fov @60fps240p
for horizontal speed measurements.
Front camO3fov@30fps/20p.

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

A 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 10"}
the top left corner of the other one. "~ */

JABAN 0 Iy |
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ARDrone Visiorbystem (Cont.)

A ARDronecan run a
simple analysis of the
Images from the frontal
camera and search for a
specially designed tags In
the images.

TAG

A Inthe case the tags are
detected, thenavdata
containsestimates of
their positions.

26 Feb 2016 Dr.-Ing. Ahmad Kamal Nasir



On-board Velocity=nsor- Vision

A To achieve a stable hovering and positaamtrol, the ARDrone
estimates its horizontal velocitysing itsvertical camera.

A Twodifferent algorithms areused to estimate the horizontal
velocity.
I One trackdocal interest pointgFASTcorners)overdifferent frames
and calculates thgelocity fromthe displacement of these points. It

provides ampre accurate estimate of the velocity arsdusedwvhen
UKS O@SKAOf SQa aitadcgtiexiute inthg gictutey R

I Thesecondalgorithm estimateghe horizontal speed by computing
the optical flow on pyramidal images. It is thiefault algorithmduring
flight. It is less precise batore robustsince it does not rely on highly
textured or high-contrastscenes

A The ARDrone uses inertial information from its IMU for estimating
the state of the vehicle. It fuses thBIU data with information from
the vision algorithmsand anaerodynamics modelo estimate the
velocity of the vehicle



ARDrone Navigation System

A Navigation board contain3axis
acceleromete( 50mg), 2axis
gyro(2000deg/sec), precise yaw gyro{XE £=
3500CVdrift 12deg/min dynamic, -
4deg/min static). Data is processed at
200Hz.3 Axis magnetometerbdeg.

A The navigation board useslébits
dsPIC24micro-controller running at 40
MHz, and serves as an interface with the ™
sensors. These sensors are-axs
accelerometers, a-axis gyroscope, a1
axis vertical gyroscope, amdiltrasonic
Sensors4Z00H2. The PIC microontroller
handles the ultrasonitransmitter, 25Hz
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Communication Ports

A WIFI network withESSID:ardrone_xxk92.168.1.1. clients request IP from DHCP server.

A ARDrone sends two types of streams
I Controlling and configuring the drone is done by sending AT commands on UDP port 5556.
T navdatg are sent by the drone to its client on UDP port 5554. 15HZ in demo mode and 200Hz in full(debug)

A Avideo stream is sent by the ARone to the client device on port 5555
A A fourth communication channel, called control port, can be established on TCP port 5559 to transfer

critical data
Port Explanation
21 (TCP) FTP Server which serves video and image files recorded by the drone
23 (TCP) Telnet Server offering a root shell
55561 (TCP) | FTP access to the update folder for the purpose of firmware updates

VIDEO: The H264-720p frames of the camera are available here if the phone application is
recording

NAVDATA: Current telemetry data (status, speed, rotor speed) is sent to the client here
(15 emds/s demomode, 200 cmds/s full /debug mode).

VIDEO: The video stream of the drone is available to clients here

ATCMD: The drone is controlled in the form of AT commands. These control commands
are sent periodically to the drone (30 emds/s)

CONTROL port: Some critical data, such as configurations are transferred here.
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Communication Protocol

A ATcommands are text strings sent to the drone
to control its actions.

A AT*PCMD=<sequence>,<enable>,<pitch>,<roll>,

<gaz,<yaw>

AT command ff‘ﬁ.rgl.lrmantsil Description
AT*REF input Takeoff/Landing/Emergency stop command
AT*PCMD flag, roll, pitch, | Move the drone

g[i Z, yaw

AT*PCMD_MAG

flag, roll, pitch,
gaz, yaw, psi, psi
accuracy

Move the drone (with Absolute Control support)

AT*FTRIM Sets the reference for the horizontal plane (must be
on ground)
AT*CONFIG key, value Configuration of the AR.Drone 2.0

AT*CONFIG_IDS

session, user, ap-

Identifiers for AT*CONFIG commands

AT*COMWDG

plication ids

Reset the communication watchdog

AT*CALIB

device number

Ask the drone to calibrate the magnetometer
(must be flying)
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ARDrone with ROS

A Installardrone_autonomy I -
— @Z510:~/ros_bag$ rostopic list
d i ¢ z - - 3 =
packag es foundt L R Sy eletpeith i

Jardrone /bottom/image_raw/compressedDepth/parameter_descriptions
- d . I I : d : Jardrone /bottom/image raw/compressedDepth/parameter updates
I Su O apt-get |nSta rOS-I n |gO' Jardrone/bottom/image_raw/theora/parameter_descriptions
Jardrone/bottom/image_raw/theora/parameter_updates

ard rone_autonomy Jardrone/camera_info

Jardrone/front/camera_info
Jardrone/front/image_raw

A Use the following command to [t s

Jardrone/front/image_raw/compressed/parameter_descriptions
I h h d R O S d 1 Jardrone/front/image_raw/compressed/parameter_updates
au n C t e q u a. roto r rIVE Jardrone/front/image_raw/compressedDepth/parameter_descriptions
Jardrone/front/image_raw/compressedDepth/parameter_updates

make sure wireless connection s S —
betwee n AH:) rone and i:igEgzzj{igggzilgsge_rawftheora,-"param:ter_updates

. . Jardrone/image_raw/compressed
Com uter IS al read establlsh Jardrone/image_raw/compressed/parameter_descriptions
p y Jardrone/image_raw/compressed/parameter_updates
Jardrone/image_raw/compressedDepth/parameter_descriptions
| rosru n ard ron e auto nomy iargroneﬁimage_raw;czmpressedDEpth,fpar‘ameter_updati"i
ardrone/image_raw/theora

Jardrone/image_raw/theora/parameter_descriptions

ard ro n e d rlver Jardrone/image_raw/theora/parameter_updates

Jardrone/imu

_realtime_navdata=False fararonejnsy
_havdata_demo=0

[tf
ahmad@z510:~/ros_bags rostopic list]]
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[navdataROS Topic

A Useardrond navdatatopic to acquire sensor information
such as orientation, linear and angular velocity



