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probability expression of knowledge

« state variables: x = (x;, ¥y, ... Xp)

— 1 = 3 : mobile robot self-localization
~ 1 = 10": SLAM (mapping)
— The actual x i unknown,

« bel(x): the belief of the robot about x

— a probability density function

heeytalled distoutian peaky gitribation peaky but some peaks

/" lunconfident)., teonfident]

Algorithm Bayes_filter( Bel(x),d ):
n=0
1If d is a perceptual data item z then
For all x do
Bel'(x)= P(z | x)Bel(x)
n=1n+Bel'(x)
For all x do
Bel'(x)=1"Bel'(x)
Else if d is an action data item u then

For all x do
Bel'(x)= IF()‘ L, x") Bel(x") d'

. Return Bef{x)
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X1 |cosB/2 casB/2 -
y|=|sin8/2  sing/2 [vr]
31 | 1/1 17 |

* wheel separation_
onst double wr = wheel radius multiplier vheel radius :
// Compute wheels velocities:
const double vel_left = (curr_cmd.lin -curr_cmd.ang * ws / 2.0)/wr;
const double vel_right = (curr_cmd.lin + curr_cmd.ang * ws / 2.0)/wr;

// Set wheels velocit

Subscribed Topics
cmd_vel (geometry_msgs/Twist)
Velocity command.

Published Topics

odom (nav_msgs/Odometry)
Odometry computed from the hardware
feedback.

[tf (tf/tfMessage)
- SEik: 1. http://wiki.ros.org/
Transform from odom to base_footprint 2. https://github.com/
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@ ROS2 BRSNS B -7 X | @ ROS2HEZITHIE - B X | @ ROS2FE-IHBIE B - X @ ROS2 EESSHIE-ROSHL: X + - X

& (S @ langiao.cn/courses/1635/learning/?7id=45711 Y 0O = R c :

demo.rviz* - RViz & _Bx
@ ROSHEEATFAAR R ESEESSEEL K
) Interact | % Move Camera | ] Select £ Focus Camera == Measure # 2D Pose Estimate . 2D Nav Goal ¥ Publish Point = = @
“ I pisplays (<]
o= Plane Cell Count 10 =
0= et s Normal Cell Count 0
— - rin L momne f e e Cell Size 1
B LT LI Py ::: . ot 12 e | ™ ._u--— Line Style Lines
a0 e £ Color [ 236; 236; 241
. - - Alpha 0.5
= — | Plane XY
b Offset 0;0:0
h, RobotModel v
y, EXBOT » " Status: Ok
& o Visual Enabled v
T Collision Enabled
Update Interval 0
N Robot Description  robot_description
<) TF Prefix G 3
b Links
T v
b " Status: Ok
Show Names v
Show Axes v
Show Arrows v
Marker Scale 0.2
Update Interval 0
Frame Timeout 15
g » Frames
b Tree -
Alpha

Amount of transparency to apply to the links.

EXBOT Add
() Time
w» ROS Time: [1598322639.12 ROS Elapsed: |189.48 Wall Time: | 1598322639.14 Wall Elapsed: 189.41 Experimental
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options 29 fps
#} Applications demo.rviz* - RViz ™ Joint State Publisher ! Terminal - /home/shiyan... @Z'(IEJFJgf%JzEJU
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ROSHEASE:

("base_link™, laser _point, base point)

base_laser

ROSHEISE:

EHD ERD WY RED REs S

base_link

pwent Lf

0.1m, y: 0.0m, 2.0.2m|

base_link

Y
base_laser child

bRRY

st

P A St S Breakanhi ¥ b A0 L0 s |

@ langiao.cn/courses/1635/learning/?id=45711
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# Global Options
Fixed Frame
Background Color
Frame Rate
Default Light

¥ Global Status: Ok

v’ Fixed Frame

@ Grid

. RobotModel

b Status: Ok

Visual Enabled

Collision Enabled

Update Interval

Robot Description
TF Prefix
b Links
3= TF
» ' Status: Ok
Show Names
Show Axes
Show Arrows
Marker Scale
Update Interval
Frame Timeout
» Frames
bk _Traa
Alpha
Amount of transparenc

Add

(9 Time

X | @ ROS2 BIEETEEIE B -2 X 0 ROS2 BRSNS -ROSH X+ - s
* O v » @
urdfrviz® - RViz
File Panels Help
rhlnteract “¥ Move Camera ] select = Focus Camera == Measure # 2D Pose Estimate A~ 2D Nav Goal ¥ Publish Point L = W
= L pisplays (=]

base_link
W 48; 48; 48
30

base_to_lift
—_—
base to_head
e

base to_flw
base to frw

base to riw

rear Ie& wheel
L°It

base to_rmw

Randomize

Center

ROS Time: |1598323260.55 ROS Elapsed: 153.53 Wall Time: | 1598323260.58 Wall Elapsed: 153.47 Experimental
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. shift: More options. 31 fps
™ joint_state_publisher_gui urdf.rviz* - RViz | Terminal - fhome/shiyan... = L’ Izl JJ{QJ’—-U

¥ Applications
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Linux

source /opt/ros/$ROS_DISTRO/local setup.bash

# Retrieve the sources
cd /path/to/ros2_ws
git clone --recurse-submodules -b $ROS_DISTRO https://github.com/cyberbotics/webots_ros2.git src/webots_ros2

# Check dependencies
rosdep update
rosdep install --from-paths src --ignore-src --rosdistro $ROS_DISTRO

# Building packages
colcon build

# Source this workspace (careful when also sourcing
source install/local_setup.bash

Windows

€:\optiros\foxy\x64\setup.bat

# Retrieve the sources
cd /path/to/ros2 ws
it clone --recurse-submodules -b $ROS_DISTRO https://github.com/cyberbotics/webots_rasz.git src/webots_ros2

# Building packages
colcon build

# source this workspace (careful when also sourcing others
call install\local_setup.bat

JEROSUR, BIERBEAGNE, 78)
AFHROSHF 1, 58 S0 R il = 1 -
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[*-] Terminal 84 - rosrun turlie_actionlib s server a_mx|

XFHE WWE WEY SO FEA WRIH

o roswun turtle_a- X |rosmn tumle @+ X |rqt_graph . |roscore http://o X B

XfHE WEHE) TAOD $ FAHEE WOW W

. o = | T < L
] Linki executable /hom / S _Ws ib/t

get
target liste

le_namespaces
target 1 er_multiple
t target 3
ROS_INFO( "N i Y t ) ] Built target
i1 target

actionlib: { c L t e_act peAction:

ac.waitFor$

ROS_INFO;

RosGeaph - rat

) &
15 Node Grapn o - o
Nodes only - B = &

Group: |2 % Namespaces /| Actions ¢ tf ¢ Images | ¢ Highlight v Fr

Hide: ¢ Desdsinks ¢ Leaftopics | Debug H | Unseachable ¢ Params

———— % fthl/ondl -~ L shapn ol
hape_client utf-8] 20,1 Ex A4
i EnRBRE s - XEAREE {7 shape_client.cpp (~/rosde- |l Terminal 44 - shiyaniou®--- 08:04 f) BEREMERE 5 rotgraph_ResGraph - rat fsre - XAEIDE] ™ TurieSim B Terminal £ - rosrun turt- 08:10
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= Terminal #3§ - rosrun rqt_tf_tree rgt_tf_tree

?ME} fRIGE) NEY GO FEQ FTEHH

BT

Translation

rqt,tL{reeVRo.'.-Tﬂ‘ree =gt

#Translation transformation

i ] v Fit
X=Xt ¥y =¥+,
. . ¥ actionlib sh
* Translation vector or shift vector T = (t,, t) [ 0] [ 4981, i for action
* Rigid-body transformation P
i L A o \ a. vo H ction f 1 .
* Moves objects without deformation o . t fl t ,l rqt_tf
TurtieSim
¥

” FifilARF 50 rquti_tree_ RosTfTree - rqt [geometry_tutorials - 3C{$%...| ] TurtleSim |= Terminal #43 - rosrun rgt_t-+ 08:26 |

K3 E  ROSHE A 5% IRF2 A%




* Bl-IR & K BR-HUR

urdf.rviz® - RViz
File Panels Help
g @ Imeract 3 Move Camera "] setect “i#= Focus Camera =2 Measure # 2D Pose Estimate /2D Nav Goal 9 Publish Point 5 = L
: 3 Displays |:|
| ~ @ Giobal Options
1 Fixed Frame base_link
B o2 — [ 255; 255; 255
Frame Rate 30
. Default Light [
v Gilobal Status: Ok
. v Fixed Frame OK
S Joint_state_publisher a_nox
-
sfef3f =) s 0 u &
right_front_wheel_joint 0,00
HAER
LA AR right_back_wheel_joint 0.00
LeaATiemTR
i -
E left_front_wheel_joint 0.00
= 2
= 4
left_back_wheel_joint -0.00
gripper_extension 0.06
left_gripper_joint 0.38
right_gripper_joint 0.35
Bg | head swivel 0.00 ¥
Ba Randomize
Center
|
B .
© Time
ROS Time: L585812299.39 | ROS Elapsed: |131.39 Wall Time: |585812299.42 | Wall Elapsed: 131.39

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.

f’ FiAREFEF | joint_state_publisher | urdf.vize - Rviz ‘\g| [Terminal £28j - /opi/ros/k+

roslaunch urdf _tutorial display.launch model:=urdf/08-macroed.urdf.xacro
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Fle Panels

Help

™y interact | 5 Move Camera L 4 Select = Focus Camera Measure # 20 Pose Estimate # 20 Nav Goal ¥ Fusnen

* + Nigapyriontrol

” ol
ontrol + 6-D £o E_30
E. ROTATE
MOVE_3D

Simple 6-DOF Control mpie &-DGF Conirol
(fixed orientation)
6-DOF
(Arbitrary Axes)

(D Time

ROS Time: |5858163 7 ROS Elapsed: |62.36 Wall Time: 1585816372.28 Wall Elapsed: 62.36
Reset

Laft-Click: Rotate. Middie-Click: Move X,/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.

& EAREARF | R

Expenmental

10 fps)
[geometry_tutorals - A G src- SHETEN B Terminal B34 - rviz

22 b o
ﬁkjfa :1‘7

CHANGSHU INSTITUTE OF TECHNOLOGY

File Panels Help

Smerat | T Move Camera 1 select Focus Camera = Measure # 20 Pose Estimate # 20 NovGoal ' Publish Point

(@ Time

ROS Time: |585¢

529.00  ROS Elapsed;

Wall Time: |585816529.05 Wall Elopsed: 52.45 Experimental
Reset | LeM-Click: Rotate. Middie-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options 27 fosf
fg FARBRE Rviz* | Igeometry tutorials - SCFHE... |l st - RS B Terminal #4 - viz 08:35

R
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roslaunch stdr_launchers server_with_map_and_gui_plus_robot.launch
roslaunch stdr_launchers rviz.launch

File Panels Help
™) interact | “* Move Gamera [ ] Select

) Displays

» {8 Giobal Options

b " Global Status: Ok

» v

» v

» v

» v

v

b Status: Ok
Topic
Unreliable

Alpha
Bufter Length

Queus Size
b $® SourcesMarkers

Color

Color to draw the range.

Add

(© Time

/robot0/sonar_0

0 170; 255: 0
05

100

v

ROS Time: |585826258.40  ROS Elapsed: 383.27

Reset

iy FaRmBEF

rosrun teleop_twist_keyboard teleop_twist_keyboard.py cmd_vel:=robot0/cmd_vel

Kind

config.rviz* - RViz

Focus Camera

3 Measure

Wall Time: |585825258.43 | Wall Elapsed: |383.28

Left-Click: Rotate. Middie-Click: Move X/Y. Right-Click:: Zoom. Shift: More options

¢} STDR Simulator - GUI

* 20 Pose Estimate

# 20 NavGoal  § Publish Point &

v Views

Type: | TopDownOrtho (rviz) -

~ Current View TopDownOrtho (rviz)
Terminal #3i - rostopic echo /robot0/sonar_0
XHHED WSE HNEY SO FEQ WRIH)
Jopt/ros/kinetic/sh-++ 3 rosrun teleop_twist_-* X | fopt/ros/kineti
seq: 6176
stam
secs: 1585825258
334390953
robot®_sonar_0"
radiation_type: @
field_ t B 00084768
min #.15000000596
max_rang
range: 0.5
header:
seq: 6177

158582525¢
432163
robot®_sonar_@"
radiation_type: @

field of _view: 0.870000004768

Experimental

|u Terminal #855 - rostoplc ec--

ROSHL 88 AH 5 5= BRIRAZ AR X 4T 5 Bt
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& - - rat_graph__RosGrph - rat
= |5 Node Graph 51
|5 Node Graph o@ - o :
> £ || Modes/Topcs (alfy - |l ¢ B ® =
a1 = > [ [ o
B | | Nedes/Topics (all 4 == | Grou: |2 |2| Nemespaces 7] Actionis (V1 [ images | ¥ Highlight (¢ Ft
Group: | 2 5| Mamespaces +| Actions ¢/ tf |V Images v Highlight ¢ Fit Hide: ¢ Deadsinks ¢/ Leaftopics |/ Debug tf + Unreachable o Params
Hide: ¢ Dead sinks |v Leaftopics | Debug tf | Unreachable |v Params /

/robotO/sonar_1

e
wuin_server/Gabate_robor/action_topics

/1. o, /robot0/sonar_4
e i | T

/robot0/laser_0

[ | s st |
PR T /robotd/sonar_2
= N
/0 v e sk /robotO/sonar_0 /rostopic_1653_1585824946872
T /R _srven /ragisten_robot,/sclion_topics. ‘ topec: lK?Z')F’»ﬂnV 0
“ P=
/ot parvenfsoums_husaization mackars
= ~ o Lt n__niz
o S f' BT config.viz* - Rviz " rat_graph__RosGraph lm STDR Simulator - GUI @ Terminal #4% - at_graph 11:07
’; FfRRBER config.rviz® - Rviz & rat_graph__RosGraph - rqt Iﬁj STDR Simulator - GUI B Terminal #i - rt_graph 11:05
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STDR Simulator - GUI
File Help
|Oea s @
£ Information
Map width 155 m
Map height 1492 m
Resolution 0.02 m/px
= Robots
il robot0 )
4 | ¥
Time elapsed : 5 min 12 sec 724 ms
W) FRERRET [config.viz* - RViZ) |@ STOR Simulator - GUI ]/_\ shiyaniou - TAHEIEE |[# [Terminai #3 - rosrun star---

roslaunch stdr_launchers server_with_map_and_gui_plus_robot.launch

11:24

config.rviz® - RVLz a-Bx
File Paneis Help

Mimemet G Move Camers [ Selent { Focus Comera =D Measwe . 2DPoseEstimate o 20 NevGoa  '§ Publish Point & = &

() Time ]
ROS Time: | 585826634 94 | ROS Elapsed: | 225.46 Wl Time: |585826634.99 | Wall Elapsed: 225,42 Experimental
Reset | Lef-Click: fotate, Middie-Click: Move X/Y mum Zoom. SH: More options. 14 fos)
" FARREF config.viz* - RViz [STDR Simulator - GUI| If.\ shiyaniou - XfFSHP% La [Terminal £3 - rosrun star-- 11:23
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rosrun gmapping slam_gmapping scan:=/robot0/laser_0 _base_frame:="/robot0" map:=/gmapping/map

rosrun stdr_samples stdr_obstacle_avoidance robot0 laser_0
roslaunch stdr_launchers rviz.launch

rosrun teleop_twist_keyboard teleop_twist_keyboard.py cmd_vel:=robot0/cmd_vel
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Activities [[] Distorted_xxx = Tue 0916

< > 4 GXHome  SLAM

CFBO0

v \V"”"

undistorted_xxx

B a8 B & <

+

dgc.Ccpp.0
[ 50%]
[ 50%] Built target undistortImage
[ 75%] Built target stereoVision
[100%] Built target joinMap
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ROS HLaw A & £ 55 B

Hands-On ROS for Robotics Programming

[GHET ] 4441 % « A% « i (Bernardo Ronquillo Japon)
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ROS23#35i8

ROSEX&webotsitiknavigation(SAn) =6

ubuntufg®: 18.04
webotskR4: 2020 revt
roshEZ: melodic
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