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Today’s Objectives

* |Introduction to AR-Drone On-board control
algorithm

* QOrientation/Attitude Estimation using inertial
Sensors
— Euler angles from gyroscope
— Roll, Pitch angles from accelerometer
— Yaw angle from magnetometer
* |nertial odometry

— Linear acceleration from accelerometer
— Measurements covariance
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AR Drone’s On-board Control
Algorithm

Hovering Control Loop

Affitude
estimation

Horizontal
velocities
estimation
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AR-Drone with ROS

[
| n Sta | | a rd ro n e—a Uto n O my ahmad@z510:~/ros_bag$ rostopic list
/ard /bottom/i _raw/ d/ ter_d ipti
packages found at O RRB i e e

Jardrone /bottom/image_raw/compressedDepth/parameter_descriptions
(j H II H Ci. J/ardrone/bottom/image_raw/compressedDepth/parameter_updates
- Su O apt'gEt |nSta rOS'|n IgO' /ardrone/bottom/image_raw/theora/parameter_descriptions
Jardrone/bottom/image_raw/theora/parameter_updates

ard rOne_a utonomy /ardrone/camera_info

/ardrone/front/camera_info
/ardrone/front/image_raw

e U he foll g d Jardrone/front/inage_raw/ E
se the rollowing command 10 S
- d front/i _raw/ d/ ter_updat
launch the quadrotor ROS driver, [eissisiusudemntymtmaum
o o Jardrone/front/image_raw/compressedDepth/parameter_updates
d f t/1 th
make sure wireless connection S
J/ardrone/front/image_raw/theora/parameter_updates

between AR-Drone and e

Jardrone/image_raw/compressed
H 1 /ardrone/image_raw/compressed/parameter_descriptions
CO m p ute r IS a I re a d y e Sta b | I S h e d /ardrone/image_raw/compressed/parameter_updates
J/ardrone/image_raw/compressedDepth/parameter_descriptions
Jardrone/image_raw/compressedDepth/parameter_updates
- ros ru n a rd ro ne_a utono my /ardrone/image_raw/theora

/ardrone/image_raw/theora/parameter_descriptions

ard rone_d river - —eny —.—u-. "aw/theora/parameter_updates

. .
Jardrone/imu

_realtime_navdata:=False fardronSigigl
_navdata_demo:=

/tf
ahmad@z510:~/ros_bag$ rostopic listl
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Euler Angles From Gyroscope (Review)
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Roll, Pitch angles from Accelerometer
(Review)
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Yaw angle from magnetometer

(Review)

My, = Rx(qb) | Ry(g) ) Rz(l/)) - M;
(m,) cos(8) + (my) sin(¢) sin(8) + (m,)cos(¢)sin(0)
l (my) cos(¢p) — (my)sin(¢p)
—(my) sin(8) + (m,) sin(¢) cos(8) + (m,)cos(¢)cos(H)
B - cos(6) - cos(y)
—B - cos(9) - sin(y)
B - sin(8)
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EE565: Mobile Robotics

LabTask6: Inertial Odometry using AR Drone’s IMU and calculating measurement’s covariance

Inertial Odometry

Orientation
Estimation

Orientation
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Complementary Filter

0, =a- (01 +ws-At)+ (1 —a) -0,
Where

6, = Current estimate

6,_1 = Previous estimate

At = Sampling interval

0, = Accelerometer measurements

w; = Gyroscope measurements
a = Weighting constant



Iterative Complementary Filter

Prediction
9;_ — Ht—l + (,()t . At
Correction

0, =0 +a-(6,—6;)
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Crientation [Degrees]
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Gyroscope Only
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Crientation [Degrees]
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Fused (Complementary Filter)
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In-Lab Tasks

Start the AR Drone, make wireless connection, use ardrone/navdata topic to acquire sensor information.
Write code for a node that reads the AR Drone navdata. You'll get linear acceleration, gyro-rate and
magnetometer readings about x, y and z axes.

Now place the quadrotor in a static state. Ideally your IMU readings should give constant values.

Estimate Euler angles (orientation) upon each callback (accelerometer + magnetometer):
— Using the linear acceleration (accelerometer) readings, find the Roll and Pitch angles (¢,, 8,). [See Class Lecture 6]
— Once you have the Roll and Pitch angles, find the Yaw angle (y,,,) using Magnetometer readings. [Slide 44]

Use Gyro readings (p, g, ) to get fused Euler angles (¢, 8,1), upon each callback. Here you’d need values

of (¢4, 04, Yim) upon each iteration. Basically, implement the following equations (E.g. choose o = 0.8) :
[Slide 33]

¢ ¢ bam
6 =a|b +(1—-a)|Ogm| for 0<a<l1
v, vl Yam),
¢ ¢ 1 singtanf cos¢ptanf |p
6| =|6 +1{ |0 cos ¢ —sin¢ [q] At
l/)t l,llt_l 0 sing /cos@ cos¢p/cosb|lr

At can be found using timestamps.

Publish fused Euler angles as an odometry message and visualize in RViz. Assume position to be (0,0, 0).
Verify your implementation by moving and rotating the quadrotor by hand.

Remember to record a bagfile having IMU data, it will be used in Lab Assignment.



Lab Assignment

INERTIAL ODOMETRY

Estimate the position (pose) along the three axes from accelerometer:

— Convert the accelerometer readings from body frame to inertial frame. Use
the Euler angles found in-Lab. [Lecture 6, Slide 22]

— Implement rectangular integration step to find linear velocities from linear
accelerations (in inertial frame). You’d need to find At using timestamps.

— Once you have linear velocities from accelerometer readings, find the position
along the three axes by integration again.
MEASUREMENT COVARIANCE

Estimate the covariance matrix for estimated Roll, Pitch and Yaw. For this,
run your code while keeping the robot in a static state. Record readings for
about 60 seconds, and find all entries of the mean vector (3 x 1) and
covariance matrix of the Euler angles statistically.

Take a few different values of @ and see which gives most certain
estimates.
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Questions
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