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Teorik Ders Saatleri: Sah 09:00 - 11:50
Dersler simdilik online ortamda olacak.
Duyurular icin: https://avesis.vildiz.edu.tr/fcakmak/dokumanlar

» OBS Toplu Mesaj Sistemi

Google Classroom Sinif Kodu: 5lidsgw
* Dersle ilgili sorulariniz1 Classroom iizerinden duvar paylasirm yaparak sorabilirsiniz.

Zoom Personal Room:
e https://us04web.zoom.us/j/37522870392pwd=TTFKNittZWIJTUEhHREovcklOVTVYUTQ9
» Meeting ID: 375 228 7039
» Passcode: 5AXMNd

Dersle ilgili soru ve damsmalariniz icin EN AZ 1 (BIR) GUN ONCEDEN linkten randevu aliniz.
+ https://fcakmak.simplybook.it/v2/
» Mail ile randevu verilmeyecektir.
» Alinan randevu saatinde liitfen yukanda verilen Zoom odasinda bulununuz.
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1 28.02.2023 Ders Tamtim1, ROS ve Platform Tamtimi, Robot Cesitleri ve Robotik Konular Baslangic
2 7.03.2023  ROS Platformu Tamtimi - 1
3 14.03.2023 ROS Platformu Tamtimi - 2
4 21.03.2023  Kinematik - Genel Tanimlar - Diferansiyel Siiriislil Robot Icin Hesaplama Ornekleri
5 28.03.2023  Sensorler - Cesitleri ve Calisma Sistem atikleri ve Uygulam alarn
6 4.04.2023  Odometri ve Lokalizasyon Kavramlan
7 11.04.2023  Haritalama Y&ntemleri ve Uygulamalar (1. Odev Teslimi)
8 18.04.2023 1. Odev Gosterimi
9 25.04.2023  Ara Sinav (2. Odev Teslimi)
10 2.05.2023 2. Odev Gosterimi
11 9.05.2023  Navigasyon ve Kesif Yaklagimlar1 ve Uygulamalar (3. Odev Teslimi)
12 16.05.2023 3. Odev Gosterimi
13 23.05.2023  Robot Uzerinden Gériintii Isleme Teknikleri
14 30.05.2023 3B Haritalama Yontemleri
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- Kitaplar

1  Introduction to Autonomous Mobile Robots. Roland Siegwart and Illah R. Nourbakhsh. A Bradford Book.
The MIT Press.

2 A Gentle Introduction to ROS, JasonM. O’Kane
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* ToF
+ Sonar
» lLazer
+ Radar

» Kamera
* RGB
* Infrared
* RGB-D
» Stereo Camera
» Thermal

* IMU (Inertial Measurement Unit)
* Accelerometer
* Magnetometer
» Gyroscope
» Ortam alg1 sensorleri
+ Isik, nem, su seviyesi, CO, CO,, sicaklik, dokunma vb.
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» Combination of various physical (hardware) and computational
(software) components

* A collection of subsystems:

Locomotion: How the robot moves through its environment.

Sensing: How the robot measures properties of itself and its environment.
Control: How the robot generate physical actions.

Reasoning: How the robot maps measurements into actions.

Communication: How the robots communicate with each other or with an
outside operator.
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Wheeled Mobile Robots

Contents

Introduction

Classification of wheels
— Fixed wheel
— Centered orientable wheel

— Off-centered orientable wheel
— Swedish wheel

Mobile Robot Locomotion
— Differential Drive

— Tricycle

— Synchronous Drive

— Omni-directional

— Ackerman Steering

Kinematics models of WMR
Summary



Locomotion

* Locomotion is the process of causing an autonomous robot to move

= In order to produce motion, forces must be applied to the vehicle

Wheeled Mobile Robots (WMR)

Yamabico MagellanFro Sojourner

ATRV-2 Hilare 2-Eis Koy



Wheeled Mobile Robots

« Combination of various physical (hardware)
and computational (software) components

* A collection of subsystems:

— Locomotion: how the robot moves through its
environment

— Sensing: how the robot measures properties of itself
and its environment

— Control: how the robot generate physical actions

— Reasoning: how the robot maps measurements into
actions

— Communication: how the robots communicate with
each other or with an outside operator

Wheeled Mobile Robots

+ Locomotion — the process of causing an robot to
move.
— In order to produce motion, forces must be applied to the robot
— Motor output, payload

* Kinematics — study of the mathematics of motion
without considering the forces that affect the motion.
— Deals with the geometric relationships that govern the system

— Deals with the relationship between control parameters and the
behavior of a system.

+ Dynamics — study of motion in which these forces are
modeled
— Deals with the relationship between force and motions.
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Notation

N
Las Pose/Posture: position(x, y)

and orientation O

{Xm, Y} — moving frame

+  {Xp, Yp} — base frame

X
a=\y
o

robot posture in base frame

cos® sine 0
R(8)=|-sin® cos8 0 Rotation matrix expressing
the orientation of the base
frame with respect to the
moving frame

0 0o 1

Wheels

roll
y axis
> Rolling motion
X axis _
y axis
o
: Lateral slip
Z motion



Steered Wheel

e Steered wheel
— The orientation of the rotation axis can be controlled

t
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|dealized Rolling Wheel

e Assumptions

1. The robot is built from rigid

. mechanisms.
Tajectory

2. No slip occurs in the orthogonal
direction of rolling (non-slipping).

3. No translational slip occurs between
Velocity of the wheel and the floor (pure rolling).

contact point

4. The robot contains at most one
steering link per wheel.

5. All steering axes are perpendicular to

Non-slipping and pure rolling the floor

10



Robot wheel parameters

* For low velocities, rolling is a reasonable
wheel model.

— This is the model that will be considered in the
kinematics models of WMR

» Wheel parameters:
—r = wheel radius

— v = wheel linear velocity
—w = wheel angular velocity

— t = steering velocity

Fixed wheel

Off-centered orientable wheel

(Castor Whgel)
|‘*-‘

Wheel Types

11

Centered orientable wheel

r

Swedish wheel:omnidirectional
property

12



Fixed wheel

— Velocity of point P
V= (rXw)ax
where, Ax : A unit vector to X axis

— Restriction to the robot mobility

Point P cannot move to the direction perpendicular to plane of the wheel.

Centered orientable wheels

— Velocity of point P

V= (rXw)ax

dx : A unit vector of x axis

where, . .
dy : A unit vector of y axis

— Restriction to the robot mobility

13

14



Off-Centered Orientable Wheels

— Velocity of point P
v = (rXw)ax + (dXtay

where,  Qx : A unit vector of x axis
dy : A unit vector of y axis

— Restriction to the robot mobility

d
[~

< ™

15

Swedish wheel

— Velocity of point P
v = {rXw)ax + Uas

where, dx : A unit vector of x axis

ds : A unit vector to the motion of roller

— Omnidirectional property

16



Examples of WMR

*  Smooth motion

* Risk of slipping

* Some times use roller-ball to
make balance

» Exact straight motion
* Robust to slipping
» Inexact modeling of turning

Caterpillar type robot

*  Free motion
* Complex structure
*  Weakness of the frame

Omnidirectional robot

17

Mobile Robot Locomotion

 Instantaneous center of rotation (ICR) or
Instantaneous center of curvature (ICC)
— A cross point of all axes of the wheels

Pl ==
NS T

, (3 (b) (c) (d)

ICR

{Instantaneous
center of rotation)

We talk about the instantaneous center, because we (I analyze this at each
instant- the curve may, and probably will, change in the next moment.

18



Degree of Mobility

* Degree of mobility

The degree of freedom of the robot motion

p=

S

* Degree of mobility : 0 .

ol

Cannot move

anywhere (No ICR)

ICR

N

e Fixed arc motion

(Only one ICR)

Degree of mobility : 1

Variable arc motion -
 d

o
]

Fully free motion

(line of ICRs)

\ ( ICR can be located

at any position)

* Degree of mobility : 2 * Degree of mobility : 3

19

Degree of Steerability

* Degree of steerability

The number of centered orientable wheels that can be
steered independently in order to steer the robot

N —
~
//O R

\ T

No centered orientable wheels

V4 * Degree of steerability : 0
o
V-
‘ i One centered orientable
\ wheel
b
- Two mutually P .T‘XO mu(tiualtly
dependent centered | § lhdependen
orientable wheels %, centered orientable
wheels
* Degree of steerability : 1 » Degree of steerability : 2

20



Degree of Maneuverability

0, =0,+0,

The overall degrees of freedom that a robot can manipulate:

Degree of Mobility

1

1

Degree of Steerability

0

1

2

o
o

e N

(8 type (30 \

() type(2.1)

rd

-

P

==

(b) type{2,0)

(e) type (1,2)

Examples of robot types (degree of mobility, degree of steerability)

s~

(c) type (1,1)

w e

1) type 30)
21

Degree of Maneuverability

5, =6 +6

Omnidirectional Differential

5]\/[ =3 SM =2
5§, =3 N
5, =0 s, =0

Omni-Steer
5 M =3
6yp =2
d, =1

Two-Steer
5 M =3
Sm =1
5§, =2

22



Non-holonomic constraint

A non-holonomic constraint is a constraint on
the feasible velocities of a body

So what does that mean?
Your robot can move in some directions (forward
and backward), but not others (sideward).

The robot can instantly
move forward and backward,
but can not move sideward

Parallel parking,

Series of maneuvers

23

Mobile Robot Locomotion

Differential Drive
— two driving wheels (plus roller-ball for balance)
— simplest drive mechanism

— sensitive to the relative velocity of the two wheels (small error
result in different trajectories, not just speed)

Steered wheels (tricycle, bicycles, wagon)
— Steering wheel + rear wheels

— cannot turn +90°

— limited radius of curvature

Synchronous Drive
Omni-directional
Car Drive (Ackerman Steering)

24



Differential Drive

‘ l y ,mér/ o l l

=
r R e
. X LT
X 2 2
» Posture of the robot * Control input
e X (x,y) : Position of the robot [— ( ) ) v : Linear velocity of the robot
- z g : Orientation of the robot w w : Angular velocity of the robot

(notice: not for each wheel)

25

Differential Drive

Two wheels, either side of the
robot driven independently

hieved by driving

e is ac
the wheels at different speeds

Two degrees of freedom -> 2
controllable values: (v,,7,)

26



Robot Reference Frame

Robot position

The robot’s reference frame is three
dimensional including position on the
plane and the orientation, {Xg, Yy 6}

The axes {X|, Y,} define inertial global
reference frame with origin, O

The angular difference between the
global and reference frames is 6

Point P on the robot chassis in the

global reference frame is specified by
coordinates (X, y)

£=[x y 6f

27

2D Translation

P!

Ll

P=P+T

28
April 2010



2D Rotation

y '
, Rotation in angle & about a
% ' pivot (rotation) point (x,,, ).
o«

yr__

X
I >
x .
\ y : x'=x, +(x—x,)cos@—(y—y,)sin0
(x.5")
b4 y'=y +(x—x)sinf+(y—y,)cosd
%. (x.y) P =P +R-(P-P)
(x J‘/) X R- cos@ —sinf
o | sin@ cosd
29
April 2010
2D Scaling
xX'=x-s, y’:y'sy
V' 0 s, ||y
P'=S-P
Ny Scaling about a fixed point (x Y f)
X'=x-s,+x,(1-s,)
° = . _
(xf’yf Y ySy+yf(1 SY)
1 P'=P-S+P,-(1-S)
30

April 2010



Homogeneous Coordinates

Rotate and then displace a point P: P'=M,-P+M,

M,: 2 x 2 rotation matrix. M,: 2x1 displacement vector.

Displacement is unfortunately a non linear operation.

Make displacement linear with Homoheneous Coordinates.

(x,») = (x,,1). Transformations turn into 3x 3 matrices.

Very big advantage. All transformations are concatenated by

matrix multiplication.

31
April 2010

x' 1 0 ¢ ||x
2D Translation YU=10 1 ¢t ||y, P':T(tx,ty)-P
1 0 0 1 1
x'| |cos@ —sind 0| |x
2D Rotation V' |=|sin@ cos@ O0||y|, P'=R(6)-P
1 0 0 1|1
x' S, 0 0f|x
2D Scaling y[=10 S 0[]y P':S(Sx,Sy) P
1 0O 0 1|1

32
April 2010



Orthogonal Rotation Matrix

The orthogonal rotation matrix is used to map motion in the
global reference {X,, Y,} frame to motion in the robot’s local
reference frame {Xg, Yg}

cos@ smm@ 0
R(B)=|-sin® cosd 0
0 0 1

The orthogonal rotation matrix is used to convert robot velocity in
the global reference frame to components of motion along the
robot’s local axes {Xg, Ygr}

£ =RO)E =R0O)[x + of

33

How to convert Degrees to
Radians

* One degree is equal 0.01745329252 radians:

1° = 1/180° = 0.0055555561T = 0.01745329252
rad

* The angle a in radians is equal to the angle a in
degrees times pi constant divided by 180
degrees:

a(radians) = a(degrees) x 1m/ 180°
« or radians = degrees x 1/ 180°

34
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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




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)




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

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




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




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




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 !!




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.




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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Ders Tanitimi, ROS ve Platform Tanitimi, Robot Cesitleri ve Robotik Konular Baslangic
ROS Platformu Tanitimi - 1
ROS Platformu Tamitimi - 2
ROS Platformu Tanitimi - 3

Sensorler - Cesitleri ve Calisma Sistematikleri ve Uygulamalarn

Kinematik - Genel Tamimlar - Diferansiyel Siiriislii Robot i¢cin Hesaplama Ornekleri
Odometri ve Lokalizasyon Kavramlar:

Haritalama Yontemleri ve Uygulamalan

Ara Sinav

(1. Odev Teslimi) 1. Odev Gosterimi

Navigasyon ve Kesif Uygulamalar ve Robot Uzerinden Gériintii Isleme Teknikleri

(2. Odev Teslimi) 2. Odev Gosterimi

3B Haritalama Yontemleri

(3. Odev Teslimi) 3. Odev Gosterimi
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SLAM

* Simultaneous localization and mapping
* If odometry is perfect

map

odometry

sensor

* Since odometry is not perfect

map

localization

odometry

sensor

Online — Full SLAM

* Online SLAM

p(xt'mlzl:tl ul:t)
* Full SLAM

P (X1.6, M|Z1.6, Ug:r)

p(xt'mlzl:t'ul:t) = j ---Jp(xl:t'mlzl:tlul:t) dx1 '"dxt—1




Mapping with Perfect Odometry

* input: odometry (position, orinetation), sensor data (polar laser
range), previous map (grid map)

* output: updated map (grid map)




Quaternion — Orientation format

B 6\ (6 - (6 - (6
[w,x,y,z] = |cos > ,Sin > nx, sin > ny, sin > nz

(ais an arbitrary vector of rotation, nx, ny, nz components of normal
vector a)

a
* For mobile robot travelling on XY-plane \/gg

B 0 0.0 si )
w,x,y,z] = [cos <§>, ,0, sin <§>]

SLAM Problem Statement

e Inputs:
- No external coordinate reference
- Time sequence of proprioceptive and
exteroceptive measurements* made

as robot moves through an initially
unknown environment

e Qutputs:

- A map* of the environment

- A robot pose estimate associated with
each measurement, in the coordinate

system in which the map is defined
*Not yet fully defined




SLAM Problem -- Incremental

e State/Output:
—Map of env’t observed “so far”
—Robot pose estimate w.r.t. map

e Action/Input:
—Move to a new position/orientation
—Acquire additional observation(s)

e Update State:
—-Re-estimate the robot’s pose
—Revise the map appropriately

SLAM Aspects

e What is a measurement?

e What is a map?

e How are map, pose coupled?
e How should robot move?

e What is hard about SLAM?

e But first: some intuition




[llustration of SLAM
without Landmarks

* *
D
»* (Zb/ *

/ ¥ .3

ﬂ With only dead reckoning,

d * vehicle pose uncertainty
grows without bound

Illustration of SLAM with
Landmarks

e Process continues as the
vehicle moves through the
environment




Why is SLAM Hard?

e "Grand challenge”-level robotics problem

- Autonomous, persistent, collaborative robots
mapping multl-scale, generic environments

e Map-making = learning
- Difficult even for humans
- Even skilled humans make mapping mistakes

e Scaling issues
- Space: Large extent (combinatorial growth)
-Time: Persistent autonomous operation

e "Chicken and Egg” nature of problem
- If robot had a map, localization would be easier
- If robot could localize, mapping would be easier
- ... But robot has neither; starts from blank slate
- Must also execute an exploration strategy

e Uncertainty at every level of problem

Uncertainty in Robotic Mapping

Uncertainty: |Continuous |Discrete

Scale:
Local Sensor Data

noise association
Global Navigation |Loop

drift closing
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Gutman, Konolige

What is a map?

e Collection of features with some
relationship to one another

e What is a feature? <—— Uncertainty
- Occupancy grid cell
- Line segment
- Surface patch

e What is a feature relationship?
- Rigid-body transform (metrical mapping)
- Topological path (chain of co-visibility)
- Hybrid representation (geom. + topo.)




What is pose w.r.t. a map?

e Pose estimate that is (maximally)
consistent with the estimated
features observed from vicinity

e Consistency can be evaluated
locally, semi-locally, or globally

e Note tension between
& estimation precision
\ and solution consistency
4

*

T ®

Example

e SLAM with laser scanning
e Observations
e Local mapping
- Iterated closest point
e L oop closing
- Scan matching

- Deferred validation
- Search strategies




Observations

\ \
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Observations
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Scan Matching

e Robot scans, moves, scans again

e Short-term odometry/IMU error
causes misregistration of scans

e Scan matching is the process of
bringing scan data into alignment
i

1 2 IW ZQ
—_— e [ \._\
Il ) \/:Lﬁﬁ\

Ground truth (unknown) - Scan from pose 1 = Scan from pose 2

Iterated Closest Point

e For each point in scan 1
- Find closest point in scan 2




[terated Closest Point

e Find the transformation that best
aligns the matching sets of points

e ACCTT ALY ¥

Iterated Closest Point

.. Repeat until convergence
> A =N
U\‘ s S / b e

e Can ICP across scans, across a scan and
a (sub)map, or even across submaps!




Limitations / failure modes

e Computational cost (two scans of size n)
- Naively, O(n2) plus cost of alignment step

e False minima

- If ICP starts far from true alignment

- If scans exhibit repeated local structure
e Bias

- Anisotropic point sampling

- Differing sensor fields of view (occlusion)

e | ots of research on improved ICP
methods (see, e.qg., Rusinkiewicz)

Loop Closing

¢ ICP solves small-scale, short-duration
SLAM fairly well

e But now, consider:
- Large scale
- High uncertainty

Gutman, Konolige




Loop Closing

e Naive ICP ruled out:
- Too CPU-intensive

e Assume we have a
pose uncertainty bound

e This limits portion of
existing map that
must be searched

e Still have to face the
problem of matching
two partial scans that T S
are far from aligned o T e

Scan Matching Strategies

e Exhaustive search
- Discretize robot poses
- Find implied alignments
- Assign score to each
- Choose highest score
- Pros, Cons?

e Randomized search

- Choose minimal suff-
icient match, at random

- Align and score

- Choose highest score S ™
- RANSAC (1981) "= Gutman, Konolige
- Pros, Cons?




Loop Closing Ambiguity

e Consider SLAM state after ABC ... XY
Large open-loop
navigation uncertainty
Y matches both A & B

... What to do?

Loop Closing Choices

e Choose neither match

= Pros, cons? 2%\
e Choose one match ay ®
- Pros, cons? R\ v
e Choose both matches ® 6 ®

- Pros, cons?




Deferred Loop Validation
e Continue SLAM until Z matches C
e Examine graph for ~identity cycle

Occupancy Grid Map (OGM)

Maps the environment as a grid of cells
— Cell sizes typically range from 5 to 50 cm

Each cell holds a probability value that the cell is

occupied in the range [0,100]

Unknown is indicated by -1

— Usually unknown areas are areas that the robot
sensors cannot detect (beyond obstacles)




Occupancy Grid Map

e
e ¢ Eeks ;
- | |
%l e | White pixels represent free cells
ML S o = ¢ -
g d 2 Y ME Black pixels represent occupied cells
A% | i Gray pixels are in unknown state
- | = ] -
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Occupancy Grid Maps

Pros:

— Simple representation
— Speed

Cons:

— Not accurate - if an object falls inside a portion of a
grid cell, the whole cell is marked occupied

— Wasted space




Maps in ROS

Map files are stored as images, with a variety of
common formats being supported (such as PNG, JPG,
and PGM)

Although color images can be used, they are converted
to grayscale images before being interpreted by ROS

Associated with each map is a YAML file that holds
additional information about the map

Map YAML File

image: map.pgm

resolution: 0.050000

origin: [-100.000000, -100.000000, 0.000000]
negate: 0

occupied_thresh: 0.65

free_thresh: 0.196

resolution: Resolution of the map, meters / pixel
origin: 2D pose of the lower-left pixel as (x, y, yaw)

occupied_thresh: Pixels with occupancy probability greater
than this threshold are considered completely occupied

free_thresh: Pixels with occupancy probability less than this
threshold are considered completely free




Editing Map Files

Since maps are represented as image files, you can edit
them in your favorite image editor

This allows you to tidy up any maps that you create fron
sensor data, removing things that shouldn’t be there, or
adding in fake obstacles to influence path planning

For example, you can stop the robot from planning
paths through certain areas of the map by drawing a
line across a corridor you don’t want to the robot to
drive through

Editing Map Files




SLAM

Simultaneous localization and mapping (SLAM) is a
technique used by robots to build up a map within
an unknown environment while at the same time
keeping track of their current location

A chicken or egg problem: An unbiased map is
needed for localization while an accurate pose
estimate is needed to build that map

Particle Filter — FastSLAM

Represent probability distribution as a set of discrete
particles which occupy the state space

Main steps of the algorithm:

— Start with a random distribution of particles

— Compare particle’s prediction of measurements with
actual measurements

— Assign each particle a weight depending on how well its
estimate of the state agrees with the measurements

— Randomly draw particles from previous distribution
based on weights creating a new distribution

Efficient: scales logarithmically with the number of
landmarks in the map




gmapping

http://wiki.ros.org/gmapping

The gmapping package provides laser-based
SLAM as a ROS node called slam_gmapping

Uses the FastSLAM algorithm

It takes the laser scans and the odometry and
builds a 2D occupancy grid map

It updates the map state while the robot moves
ROS with gmapping video

™
c)

il

[opt/ros/k SRR /home/Furkan/catkin_ws/srcjuyg/l... JDesktop = | Furk rkan: -jcatkin_ws/src/uy... x

B =
/slam_gmapping/stt: 6.6
Islam_gnapping/temporalupdate: 1.0
Jslan_gmapping/throttle_scans: 1
Jslam_gmapping/xmax: 86,
Jslan_gmapping/xmin:
Jslan_gnapping/ymax:
Jslan_gnapping/ynin:

NODES

hokuyo_remapper (laser_remapper/remapper2)

Lsm_node (laser_scan_matcher/laser_scan_matcher_node)
odon_lsm (uygé/pose2d_to_odon)

robot_pose_ekf (robot_pose_ekf/robot_pose_ekf)
slam_gnapping (gmapping/slam_gnapping

tfi (tf/static_transform_publisher)

tf2 (tf/static_transform_publisher)

tf212 (tf/static_transform_publisher)

tf9 (tf/static_transform_publisher)

ROS_MASTER_URI=http://Localhost:11311

core service [/rosout] found
process[hokuyo_remapper-1]: started with ptd [12610]
processlsn_node-2]: started with pid [12611)
process[odon_lsn-3]: started with pid [12617]
process[robot_pose_ekf-4]: started with pid [12645]

process[tf9-5]: started with pld [12660])

p tf2-6 ted with pld [12684]

P t212-7]: started with pid [12698]

ocess[slan_gnapping-8]: started with pid [12707)
[ INFO] [1494718971.800249109]: StartingiLaserscanMatcher

process[tf1.9]: started with ptd [12717]

base_Link /odon_combined /scanz

[ INFO] [1494719014.171166487, 1494501623.454054505]: Laser is mounted upwards.

-maxUrange 28 -maxUrange 29 -sigma 0.05 -kernelsize 1 -lstep 0.05 -lobsGaln 3 -astep 0.05
-sfr 8 -srt 8 -str ® -stt &

-linearUpdate 6.1 -angularUpdate 8.85 -resampleThreshold 6.5

-xmin -86 -xmax 80 -ymin -89 -ynax 80 -delta 0.815 -particles 1

1656
1656
[ INFO] [1494719014.196168500, 1494501623.474198531]: Inittalization complete
Registering First Scan for Robot ->:0
Registering First Scan for Robot <
Registering First Scan for Robot -»
Registering First Scan for Robot <-:
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