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Localization:

Determination of the pose (= position + orientation)
of a mobile robot in a known environment in order
to succesfully perform a given task

Localization as an estimation problem

The robot must infer its pose from available data

Data (noisy):

» Motion information:

- Proprioceptive sensors (e.g. encoders, accelerometers, etc.)

» Environment Measurements

- Exteroceptive sensors (e.g. laser, sonar, IR, GPS, camera, RFID, etc.)

A filtering approach is required to fuse all information
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Notation
T
Tr= | Y Robot pose
0
e
Tro:t = {Zr0,%r1,-.., 2t}  Robot poses from time 0 to time t
210 = {21, 22, .., 2} Robot exteroceptive measurements
' e from time 1 to time t
ot = {Uo, U1, . - -, uz} Motion commands (or proprioceptive

measurements) from time 0 to time t

Belief of the robot at time t: probability density function (pdf) describing the
information the robot has regarding its pose at time t, based on all available
data (exteroceptive measurements and motion commands):

belt(wwﬂ) - p(xfr‘,t = Ly |Z1:t, uO:t—l)

Prior belief of the robot at time t: pdf before acquiring the last measurement
2

@t (:U’I‘) — P(37r,t = Tr Zl:t—la“O:t—l)
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The robot motion model is the pdf of the robot pose at time t+1 given the
robot pose and the motion action at time t. It takes into account the noise
characterizing the proprioceptive sensors:

p(icr,t+1 |x7“,t7 ut)

The measurement model describes the probability of observing at time t a
given measurement z, when the robot pose is x,. It takes into account the
noise characterizing the exteroceptive sensors:

p(z¢|Tr,t) g_____

Robot Localization Algorithms

Genel olarak lokalizasyon algoritmalan Bayes Filtresine dayaniyor:

1. Adim Tahmin (t aninda x state inde iken u kontrol isareti uygulandiginda t+1 aninda yeni
state olasiligi)

Motion model

.........................................

@t(icr) = gp(xrkcr,t—l = y,ut_l)ibelt—l(y)dy
Q' ..............

2. Adim Giincelleme (t aninda state x iken bir z 6lgiimiinii alma olasilig)

Measurement model

........................................................
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Typical Motion Models
* |n practice, one often finds two types of motion
models:
— Odometry-based
— Velocity-based (dead reckoning)

* Odometry-based models are used when systems are
equipped with wheel encoders.

* Velocity-based models have to be applied when no
wheel encoders are given.

* They calculate the new pose based on the velocities
and the time elapsed.

Dead Reckoning

Derived from “deduced reckoning.”

Mathematical procedure for determining the present
location of a vehicle.

Achieved by calculating the current pose of the vehicle
based on its velocities and the time elapsed.

Odometry tends to be more accurate than velocity
model,

But, Odometry is only available after executing a motion
command, cannot be used for motion planning
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Wheel Odometry

* Odometry is the use of data from motion
sensors to estimate change in position over
time. = Calculate the resulting robot position
and orientation from wheel encoder
measurements (Use the forward kinematics
equations)

Visual Odometry

1
The visual odometry concept. The vehicle ego-motion is
estimated from the apparent motion of the features in
F the image space
i

| & ** LSM laser scan matching kamera yerine laser
__ A verilerini iliskilendirme
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Possible sources of noise

Ideal case Different wheel
diameters (systematic source of noise)

Bump (casual source of noise) Carpet (casual source of noise)

and many more (e.g. distance between the wheels) ...

Deterministic (systematic) errors can be eliminated through
proper calibration

Non-deterministic errors have to be described by error models
and will always lead to uncertain position estimate.

Errors are integrated, unbounded !!
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Accumulation of the pose estimation error under the robot motion
(only proprioceptive measurements)

Start location

AN

. L] §
From Thrun Burgard Fox, Probabilistic Robotics, MIT Press 2006 ~ N

Particle Filters
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the ROS robot_pose_ekf Package

* The Robot Pose EKF package is used to estimate
the 3D pose of a robot, based on (partial) pose
measurements coming from different sources.

* |t uses an extended Kalman filter with a 6D model
(3D position and 3D orientation) to combine
measurements from wheel odometry, IMU sensor
and visual odometry.

* The basic idea is to offer loosely coupled
integration with different sensors, where sensor
signals are received as ROS messages

Robot_Pose EKF (RPE)

Kombine bir odom Uretir
— LSM odometrisi
— IMU odometrisi
— Gorsel odometri
— Tekerlek odometrisi
— GPS
* Robotun pozu en son ty aninda gincellendiyse;

* Abone olunan her bir sensérden ty anindan sonraen az 1
Olglim gelene kadar beklenir.

* ty’dan sonra gelen bir t; aninda odometri bilgisi alinirsa ve
bundan sonra t, aninda IMU bilgisi ulagirsa (yani her bir
sensorden bilgi almak mimkiin oldugunda) kombine odom
bilgisi glincellenebilmektedir.

* Her bir mesajin t, aninda igerdigi bilgi farkh time_stamp
barindiriyorsa, lineer interpolasyon ile déntisim yapilir.
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Laser_ Scan_Matcher (LSM)

© /scan mesajina abone olur
0 /pose2D mesaji Uretir
o lterative Closest Point — ICP temelli PLICP kullanir.

© /odom Uretilmektedir

Algoritma PLICP

Girdi: y—1, Yr. Qo
S7el « y,_, den olusturulan pargali dogru yiizeyi,

k<0
repeat
Pt < pi®qy
i, 7% « p¥ye en yakin iki nokta (ji, j£ € y,_,)
Cye < tim (i, ji, j5) uglileri
C,'dan aykiri degerleri temizle
J @1, Ci) < Xy (nf [R(9k+1)pi + b4 — P,-;D2
J'yi en kugiikleyen g+, degerini bul
k «k+1

until (max _iterasyon_sayisi) or (yakinsama)

Gkt g

LSM Deneyleri — Deney Ortami

7340mm |

| |

4839m:
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