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Introduction

Indoors Outdoors
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Introduction

Test indoors

Cons

Pros * Limit space for navigate

| * Need a camera for navigate
without a motion capture
system

* There are not applications

* Controlled environment
* Accuracy in the measure
* No GPS need it

Pros Cons
* Need more sensors for a

* More challenge to
good measure

develop control laws

* More space to navigate * Need a GPS |
* Alot of applications * Need to be wind
resistant
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Problem




Sensors

General Scheme

Position & Attitude
Estimator

Ground Station

Attitude & Rate
Controller

Position Controller
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Actuator




Quadcopter model

Classic model

1
r = —sm(é))au
1
j = cos((?)sm(gb)au
1
Z = cos(0)cos (o) —u—g
o (L,—L\ L. 1
0 = o (IZ_I:C) — £¢Q+L~rg Based on quaternion
Iy 1 Iy
B o= () mro= RE4E,
? ? q = gqow
Jo = 7—[w] Jw
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Control law

Nonlinear
U=—0z(ka, 2) — 0 (kp. (2 — 2d)),
%?,D = — Oy (kdww) — Oy (kp¢ (1” - wd))’ Linear
%¢5 = — O0¢, (kd¢¢) — O¢y (kqu((b - (rbd)) — Oy, (kdyy) U :(’I"]. + mg)
_ I _ cosf cos ¢’
092( Py (y yd))a ~ I . I
o = = 00, (kay0) = 00, (kpy (0 = 0)) + 0, (ka, ) 7 = T (e ) = oy (6~ )
+ gy (kp, (. — 14)), To :jyl + ;Qyz — k3p1 — ka2
Tp = — kglﬂfl — @332 — k3t — k402,

Based on quaternion
(w]*Jw + IR Aw,e x RYw + &g
+(qe, TKg + Koe)we + (I + Kig + KueKg)ge,w
Ky(Ge,o X we) + KiKuexa}
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The desired dynamics of the closed-loop system are given by

Uncertainties and Disturbance

Estimator

Consider the following system

2(t) = (A + AA) &(t) + (B + AB) u(t)
+ f(x,u, t) + d(t)
y(t) ==(t)

T (t) = A (t) + B (),

The UDE-based control law, U(s), can be obtained as
U(s)=[I-G;B"B]"'BT[A,, X+ B,,R —AX(1 - Gy) — sG;X]
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Variable Description

i(t)

State vector

u(t)

Control variable

f(x,u,t)

Unknown non-linear
function

d(t)

Unknown
disturbances

AA, AB

Parametric
uncertainties




UAV Sensing

® Problematic
® The Bebop 2

® Kalman Filter implementation

® Results
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Relative Altitude Estimation

® Autonomous Outdoor missions
® Different surfaces

® Irreqgular grounds

® Sensors:

(\*-"_-"/

® Ultrasound

°|3aromet<ler

Absolut
Altitude

® Kalman Filter Gmﬂmmm@

“‘-‘
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R<{Iatlve altitude (2)

_/




The Bebop 2:

® Made by Parrot
®weighs 500 g
® 25 min of autonomy

® dual-core processor
with CPU quad-core
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® Ultrasound sensor

® A pressure sensor

® 3-axis Accelerometer

® 3-axis gyroscope

® 3-axis magnetometer

® chipset (GPS + GLONASS)




KF implementation

® The goal: Estimate a reliable relative
altitude

® Sensors: Ultrasound, IMU, barometer
® The model
® KF detailed
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The Sensors

» __ D T;‘: 5.26
® Baromet: "7 oo0estn)

Where:
P iz the current pressure
Pu is the pressure at location b
Tuis the temperature(K) at location b
his the current altitude{m)
hw is the altitude{m) at location b

® Sonar
D = Vsouna * (T * 0.5)

® Accelerometer

Z = Acc, * R(6,®) — g
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® Barometer

Pressure sensor (MS

® Sonar
Ultrasound sensor

® Accelerometer

3-axes accelerometer
(MPU 6050)
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The Sensors
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The model

¢ Threetstatehktivelative @bitedend hitgiaund
atjtdedd andialiitudg rate ()

Evolution Model:

. t%
Zk+1 = Zk‘l‘ At* Zk + 721{
. £
Zogndk+1 = Zgnak T At * Zp + _Z_Zk
(e,
A . . /.
Zrs1= Zp+ At %7
lative altitude (Z)
Absolute
Altitude Sensor Model:
Wﬂdﬁlﬂb@de Altg,, =7
v
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The Kalman Filter

® Going deeper

Initial state

Kalman Filter Overview

Previous state

New state (predicted, based on
physical model and previous state)

X;C = AXk—l + BU_:C + Wk
P, = AP 1A +Qy

X 0 oo 5 X k—1
P 0 fnitial state P k—1
becomes [
previous Subscript &
represents Current state
each state becomes
Output of iteration cycle | previous
updated state
I !
Xe |, Xy = Xie + K(Ye — HXp)
Py P— (= KIDP,

X= State matrix
P= Process covariance
matrix (represents
error in the estimate)

Y

P.H

U= Control variable matrix
W= Predicted state noise matrix
Q= Process noise covariance
matrix. Keeps the state
covariance matrix from
becoming too small or going to
0.

A,B,C= Adaptation matrices, to
convertinput state to process
state

State and covariance update

I= Identity matrix

" HPJHT + R

Yk o CX_;: +Zk

Calculate Kalman gain

K=Kalman gain

R= Sensor noise/measurement covariance matrix
H= Conversion matrix (to make sizes consistent)
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Measurement from sensor

Y= Measurement of state
Z = measurement noise




Results
® Flying
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Videos

Circular Trajectory KF for Altitude
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Merci

Contacts:
® crdesouz@hds.utc.fr
® gjc.betancourt@gmail.com
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