Chapter 1: Getting Started with ROS




What is ROS?

Terminal

—— ———

? aaronmr@aaronmr-laptop: ~
@ File Edit View Search Terminal Help

F aaronmr@aaronmr-laptop:~$

Ubuntu Software Center

k

)
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£
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>




Software Sources .

Ubuntu Software | Other Software Updates Authentication Statistics

Downloadable from the Internet

& Canonical-supported free and open-source software (main)

[ Community-maintained free and open-source software (universe)
& Proprietary drivers For devices (restricted)

& software restricted by copyright or legal issues (multiverse)

Source code

Download from: | Server For Spain v

Installable from CD-ROM/DVD

To install from a CD-ROM or DVD, insert the medium into the drive.

| Revert || Close |

TurkleSim




File Machine Help

fd 2 W

Mew Seffings Start Discard

Name and operating system

Please choose a descriptive name for the new virtual
machine and select the type of operating system you
intend to install on it. The name you choose will be
used throughout VirtualBox to identify this machine.

Name: | Ubuntu 15.10|

Type: |Linux j 'j%

Version: |Ubuntu (64-bit) |

Hide Description = Back Next = Cancel




File Machine Help

d 8 = @

New 5Seffings Start Discard

Hard drive

If you wish you can add a virtual hard drive to the new
machine. You can either create a new hard drive file or
select one from the list or from another location using
the folder icon.

If you need a more complex storage set-up you can
skip this step and make the changes to the machine
settings once the machine is created.

The recommended size of the hard drive is 8§.00 GB.

¢ Do not add a virtual hard drive
" Create a virtual hard drive now

& Use an existing virtual hard drive file

Ubuntu 15.10 Wily (64bit).vdi (Normal, 100.00kd Jw|

= Back Create Cancel |




File Machine Help
s v

New Settings Start O

V Ubuntu 15.10
P

Machine View Devices Help

[ @ petails (& Snapshots
Name: Ubuntu 15.10
Operating System: Ubuntu (64-bit)
(2] system
Base Memory: 8192 M8
Boot Order:  Floppy. CD/DVD, Hard Disk Ubuntu 15.10
Acceleration:  VT-x/AMDV, Nested Paging
&) oisplay
Video Memory: 2 M8
Remote Desktop Server: Disabled
Video Capture: Disabled
Gl storage
Controller: IDE

IDE Secondary Master:
Controller: SATA
SATA Port 0

(CO/VD] Empty
Ubuntu 15.10 Wily (64bit).vdi (Normal, 100,00 GB)
3 Audio

Host Driver:
Controller

& Network
Adapter 1.

PulseAudio
ICH AC97

intel PRO/L000 MT Desktop (NAT)
& use
Device Filters:
(2] shared folders
None

) Description

None

0(0 active)

Ubuntu Desktop

0| @ [e)right it



FATA[@@00] Post http:///var/run/docker.sock/v1.18/images/create?fromImage=ros%3
Alatest: dial unix /var/run/docker.sock: permission denied. Are you trying to c
onnect to a TLS-enabled daemon without TLS?

~$% docker pull ros

latest: Pulling from ros

808ef855e5b6: Pull complete

267903aa9bd1: Pull complete

d28dB8a6a946d: Pull complete

ab035c88d533: Pull complete

0b409bfffcad®: Pull complete

aaBec2450c6b: Pull complete

fealB8d173ca4: Pull complete

5c9bb5cbe512: Pull complete

ae87b758dded: Pull complete

9cadeb3affd3: Pull complete

9c28b2d84bd7: Pull complete

0c7cd879039b: Pull complete

e8530b0325b8: Pull complete

8ab2cb273ccb: Pull complete

c7411052df49: Pull complete

ecO5bfe2ef74: Pull complete

c366f9bbo5b3: Pull complete

e795c4487953: Pull complete

Digest: sha256:078fbd221da8a3126eff2e283655f5a58e0342de272e38e794631a1017568b86
Status: Downloaded newer image for ros:latest







Chapter 2: ROS Architecture and Concepts

<File5ystem Level)

Metapackages
Packages
ﬁ%%%g:t Messages Services Code Others




turtlesim
CHANGELOG.rst
CMakelLists.txt
images
L kinetic. png
include
L — turtlesim
launch
L — multisim.launch

Color.msg
Pose.msg

package.xml
o

turtle.cpp
turtle frame.cpp
turtlesim
turtlesim.cpp

Kill.srv

SetPen.srv

Spawn.srv
TeleportAbsolute.srv
TeleportRelative.srv




L— catkin_ws

in_generated
file

devel

t:: setup.zsh

src

t:: CMakeLists.txt -> Jfopt/ros/kinetic/share/catkin/cmake/toplevel.cmake

example
N |

this is a example.

test
http: //www. test.com
catkin
geometry_msgs

geometry_msgs




catkin

roscpp_tutorials
rospy_tutorials

turtlesim

Nodes

Parameter
Master
Server

Messages

Computation
Graph Level

N

Topics Services Bags




_— e — ——— o ICES DL

Created file chapter2_tutorials/package.xml

Created file chapter2_tutorials/CMakelists.txt

Created folder chapter2_tutorials/include/chapter2_tutorials

Created folder chapter2_tutorials/src

Successfully created files in /home/aaronmr/dev/catkin_ws/src/chapter2_tutorials. Please adjust the values in package.xml.



e oW

Base path

: /home/aaronmr/dev/catkin_ws

Source space: fhome/aaronmr/dev/catkin_ws/src
Build space: /home/aaronmr/dev/catkin_ws/build
Devel space: fhome/aaronmr/dev/catkin_ws/devel
Install space: /home/aaronmr/dev/catkin_ws/install

BUILD_SHARED_LIBS is on

traversing 29 packages in topological order:
- chapter2_tutorials

+++ processing catkin package: 'chapter2 tutorials'

==> add_subdirectory(chapter2_tuterials)

100%] Built target ..........

rosnode is a command-line tool for printing information about ROS Nodes.

Commands:
rosnode
rosnode
rosnode
rosnode
rosnode
rosnode

ping test connectivity to node

list list active nodes

info print information about node

machine 1ist nodes running on a particular machine or list machines
kill kill a running node

cleanup purge registration information of unreachable nodes

Type rosnode <command> -h for more detailed usage, e.g. 'rosnode ping -h'



TurtleSim




TurtleSim




TurtleSim




INFO]
INFO]
INFO]
INFO]
INFO]

TurtleSim
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started roslaunch server http://127.0.0.1:40930/

* Jrosdistro
* [rosversion

NODES
/

examplel_a (chapter2_tutorials/examplel_a)
examplel b (chapter2_tutorials/examplel_b)

auto-starting new master
process[master]: started with pid [19889]
ROS_MASTER_URI=http://localhost:11311

setting frun_id to b334800a-f940-11e3-989f-080027b05884
process[rosout-1]: started with pid [19902]

started core service [/rosout]

process[examplel_a-2]: started with pid [19914]
process[examplel_b-3]: started with pid [19925]

fexamplel_a
fexamplel b
Jrosout




[ rqt_console__Console - rqt

CgConsole Di@ -0
i é ﬂ Displaying 601 messages Rl Fit Columns
# Message Severity Node Stamp Topics
#6017 @ 1heard: [1am the example1_a node ] |Info Jexample1_b | 13:40:09.132487043 (2014-06-21) /rosout /homefaaronmr/de
#600 @ 1heard: [1am the example1_a node ] Info Jexample1_b 13:40:09.031280032 (2014-06-21) /rosout /homefaaronmr/de

#599 | @ 1heard: [1am the example1_a node ]| Info Jexample1_b | 13:40:08.932508626 (2014-06-21) /rosout | fhomefaaronmr/de

[x ] = rqt_reconfigure__Param - rqt

#Dynamic Reconfigure D@ -0
Filter key:
[exampled ®
Collapse all |Expand all
example4 int_param 0 100 |4
double_param 0.0 = 1.0 (o1
str_param Chapter2 dynamic reconfigure

bool_param =

size Medium (1) =

INFO] [1483367196.752115948]: Reconfigure Request: 20 0.800000 gqwert True 1

INFO] [1483367196.942722848]: Reconfigure Request: 20 0.800000 gwerty True 1
INFO] [1483367196.973132691]: Reconfigure Request: 20 0.800000 gwerty True 1
INFO] [1403367197.183714401]: Reconfigure Request: 20 ©.800000 gwertyu True 1

INFO] [1403367197.217819018]: Reconfigure Request: 20 0.800000 gwertyu True 1
INFO] [1403367203.160337570]: Reconfigure Request: 1 0.800000 gqwertyu True 1
INFO] [1483367203.188864110]: Reconfigure Request: 1 0.800800 gwertyu True 1




Advertise( data . Subscribe(data)

data
Advertise Subscribe Pubhsh

Node [/turtlesim]

Publications:

*# [fturtlel/color_sensor [turtlesim/Color]
* frosout [rosgraph_msgs/Log]

* fturtlel/pose [turtlesim/Pose]

Subscriptions:
* fturtlelf/cmd_wvel [geometry_msgs,/Twist]

Services:

* fturtlel/teleport_absolute
Jturtlesim/get_loggers
Jturtlesim/set_logger_level
Jreset
/spawn
fclear
fturtlel/set_pen
fturtlel/teleport_relative
Jkill

*
*
*
*
*
*
*
*

contacting node http://daneel:38674/
Pid: 3881
Connections:
* topic: frosout
* to: frosout
* direction: outbound
* transport: TCPROS
* toplc: fturtlel/cmd_vel
* to: fteleop_turtle (http://daneel:44645/)
* direction: inbound
* transport: TCPROS




Node [/teleop_turtle]

Publications:

* [turtlel/cmd vel [geometry_msgs/Twist]
* [rosout [rosgraph_msgs/Log]

Subscriptions: None

Services:
* [teleop_turtle/get loggers
* [teleop_turtle/set_logger_level

contacting node http://daneel:44645/ ...
Pid: 4156
Connections:
* topic: [frosout
* to: frosout
* direction: outbound
* fransport: TCPROS
* topic: fturtlel/cmd_vel
* to: fturtlesim
* direction: outbound
* fransport: TCPROS




Chapter 3: Visualization and Debugging Tools

/default_controllers_spawner

place

place/action_topics \

move. _topics

move_group

/move_group

/trajectory_execution_event

/attached_collision_object

pickup

/is_already_there

/robot_state_publisher

play_motion/action_topics
left_hand_controller /
/play_motion left_hand_ /_joint_| \_topics L
\ left_arm_controller /
.l left_arm_ _joint_trajectory _topics |
head_controller
\ = A
,[ head_ /_joint_ _topics ]
\\ torso_controller
-
™ o T ]
/gazebo g‘ right_arm_controller
FS
‘1 right_arm_ _joint_trajectory, _topics |
\. right_hand_controller Z
I right_hand_ ,_joint_trajectory _topics I
fjoint_states
» /oy




file Panels Help

[[[ g verace 562 ove camera

Select < Focus Camera = Measure < 2D Pose Estimate < 2D Nav Goal

I Displays

% Global Options
v Global Status: Ok
* Grid

& Rrobot

& Planning

& Localization
& mapping

[ Exploration

[ Laser (usB)

Add Remove. Rename.

Reset ‘I.lft-cli:k: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wh:

Zoom. Shift: More options.

@ Publish point

[~ /Console

EI @I il Displaying 0 messages

@ - o

%l Fit Columnsl

# | Message

| Severity Node Stamp

Topics

Location

 Exclude jes.

¥ ...with severities:

Debug Info Warn Error Fatal

—Highlight Messages...

¥ ...containing: |




[b#@ -o

EI Fit Columnsl

[~ Console
[0 |Displaying 49 messages
# Message Severity Node Stamp Topics Location

#49 Q INFO na... |Info Jexample3 22:18:34.763... | frosout /home/enrigu...
#48 ° FATAL me... |Fatal fexample3 22:18:34.763...  /rosout fhome/enrigu...
#47 ° ERROR m... |Error fexample3 22:18:34.763... | /rosout fhomefenriqu...
#46 & WARN m... |Warn fexample3 22:18:34.762... /rosout fhome/enrigu...
#45 Q INFO mes... |Info fexample3 22:18:34.762... | /rosout fhomefenriqu...
#44 Q INFO thro... |Info Jexample3 22:18:33.763... | frosout /home/enrigu...
#43 Q INFO na... |Info fexample3 22:18:33.763... | /rosout fhomefenriqu...
#42 ° FATAL me... |Fatal fexample3 22:18:33.763... | /rosout fhome/enrigu...
#41 ° ERROR m... |Error fexample3 22:18:33.763... | /rosout fhomefenriqu...
#40 & WARN m... |Warn jexample3 22:18:33.762... | [rosout /home/enrigu...
#39 () INFO mes... |Info Jexample3 22:18:33.762... | frosout Jhome/enrigu...
#38 Q INFO na... |Info fexample3 22:18:32.763... | /rosout fhome/enrigu...
#37 ° FATAL me... |Fatal fexample3 22:18:32.763... | /rosout fhomefenriqu...

-

—Exclude M ges.

[+ ..with severities:

Debug Info Warn Error Fatal

Highlight M

v ...containing:




|~ Consale

@ |Displaying 22 messages

BE@ - o

% | At Columns

Bl ol

Message Severity

Node

Stamp Topics Location

INFO na fexample3

#21 © FATAL me... |Fatal Jexample3 22:20:0:
#20 @ ERROR m.... |Error fexample3 22:20:0:
#19 A WARN m... |Warn fexample3 22:20:0:
#18 (' INFO mes... |Info Jexample3 22:20:0:
#17 ' INFO thro... |Info fexample3 22:20:0°
#16 (Q INFOna... |Info Jexample3 22:20:0
#15 @ FATAL me... |Fatal Jexample3 22:20:0
#14 ° ERROR m... |Error Jexample3 22:20:0:
#13 & WARN m... |Warn Jexample3 22:20:0°
#12 (? INFO mes.... | Info Jexample3 22:20:0°
#11  INFOna... |Info Jexample3 22:20:0
#10 ° FATAL me... |Fatal Jexample3 22:20:01
Exclude

[¥ ...with severities: |Debug Info Warn Error Fatal
Highlight

I¥ ...containing:

Node: fexample3

Time: 22:20:02.943365568 (2014-06-29)
Severity: Info

Published Topics: frosout

INFO named message.

Location:

/home/enrique/svn/ros_book_hydro_ws/src/ros_book_v2/chapter3_tuterialsisrc/example3.cp

p:main:21

Close I

T I Regex ilﬁl
=




[~ Console [Di@ - o

ﬁl ﬂl 1' Displaying 8 of 22 messages LI Fit Columns

# | Message | Severity | Node Stamp Topics. Location
#21 ° FATAL me... | Fatal Jexample3 22:20:02.943... | [rosout [homefenriqu...
#20 ° ERROR m... |Error Jexample3 22:20:02.943... | frosout [home/enriqu...
#15 ° FATAL me... | Fatal Jexample3 22:20:01.943... | frosout [homefenriqu...
#14 ° ERROR m... |Error Jexample3 22:20:01.943... | frosout [home/enriqu...
#10 ° FATAL me... | Fatal Jexample3 22:20:00.943... | frosout [homefenriqu...
#9 ° ERROR m... |Error Jexample3 22:20:00.943... | frosout fhome/enrigu...
#5 @ FATAL me... |Fatal jexample3 22:19:59.943... | frosout fhomefenrigu...
#4 ° ERROR m... |Error Jexample3 22:19:59.943... | frosout fhome/enrigu...

—Exclude Messages...

severities:

Highlight Messages...

I ...containing: | |Messages matching ANY of these rules will be highlighted | [~ Regex = ﬁl

|+ Logger Level B@ - o

Nodes Loggers Levels

jrosout
Jfrat_gui_py_node_4754

ros.chapter3_tutorials
ros.chapter3_tutorials.named_msg

frqt_gui_py_node_5180 ros.roscpp Error
ros.roscpp.roscpp_internal Fatal
ros.roscpp.superdebug
|#|Logger Level [o@ - o
Nodes
Jrosout
Jrgt_gui_py_node_4754 s.named msg
Jrgt_gui_py_node_5180 roS.rescpp

ros.roscpp.roscpp_internal
ros.rescpp.superdebug

Refresh




Process Monitor

B® - o

Filter| [~ regex |
Nod= [P cPU % Mem % Num Threads |
- {rqt_gui_py_node_10852 10852 13.10 1.07 5
jrosout 6271 1.00 012 5
Jrobot_state_publisher 6311 15.20 0.19 6
/play_motion 6398 20.20 0.54 9
-~ {move_group 6365 25.30 0.72 19
--jmove_base 6575 26.30 0.43 11
- fmap_server 6408 9.10 0.14 5
- fjoystick 6319 9.10 011 5
- fjoy_teleop 6314 6.10 0.20 6
fis_already_there 6399 7.10 0.20 6
/gazebo 6296 139.00 3.78 69
--fdefault_controllers_spawner 6299 6.10 0.20 5
- famcl 6438 19.20 0.26 7
Kill Node
[ Topic Monitor 0@ - o
Topic / Trype Bandwidth [hz [value B
MI7amel pose. geometry_msgs/PoseWithCovarianceStamped unknown unknawn
& header std_msgs/Header
frame_id string ‘map'
-seq uint32 0
stamp time genpy.Time[5917000000]
B pose jleometry_msgs/PoseWithCovariance
covariance float64l36] (0.20457495899314834, -0.001707561741432752,
pose geometry_msgs/Pose
= orientation geometry_msgs/Quaternion
W float64 0.9999948663862841
X float64 0.0
by float6d 0.0
z float6a 0.003204247349652341
=+ position geometry_msgs/Point
- X floatea 0.005243756470619018
ey float64 0.023378910660500424
z float64 X
[ /amcl/parameter_descriptions dynamic_reconfigure/ConfigDescription nat monitored
[ /amcliparameter_updates not monitored
[ /attached collision_object not monitored
O /back_camera/camera_info sensor_msgs/Cameralnfo not monitored
/back_camerafimage sensor_msgs/image 10.22MB/s 9.34
O /back_camera/image/compressed sor_msgs/Compressedimage not monitored
O /back_camera/image/compressed/parameter_descriptions ic_recenfigure/ConfigDescription net monitored
[ /back_camera/image/compressed/parameter_updates dynamic_recenfigure/Config net monitored
O /back_camera/image/compressedDepth sensor_msgs/Compressedimage not monitored
O /back_c -_descriptions dynamic_reconfigure/ConfigDescription not monitored
O /back_c —updates dynamic_reconfigure/Confi not monitored
[ /back_camera/parameter_descriptions dynamic_reconfigure/ConfigDescription not monitored
[ /back_camera/parameter_updates dynamic_reconfigure/Config not monitored
Jbase_inclinometer sensor_msgs/Imu 16.80KB/s 50.00

angular_velocity
angular_velocity_covariance
header
& linear_acceleration

x

Yy

Lz

linear_acceleration_covariance

orientation
orientation_covariance

[ /bumper_states

O felock

[ /diagnostics

geometry_msgs/Vector3

float64[9]

std_msgs/Header

geometry_msgs/Vector3
4

float6a[o]
geometry_msgs/Quaternion
floate4l9]
gazebo_msgs/ContactsState
rosgraph_msgs/Clock
diagnostic_msgs/DiagnosticArray

(-1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)

0.0
0.0

0.0
(-1.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)

(0.0,0.0,0.0,0.0,0.0, 0.0, 0.0, 0.0, 0.0}

can not get message class for type "gazebo_msgs/C...
not monitored

not monitored




> Message Publisher

5@ - o

EI Topic [ /distance

7| Type [ std_msgs/int32

| Freq. [20 ] Hz ilil _I

topic / |typa

| rate | expression

data

Ji
- data in

[> Service Caller

/bumper std msgs/Bool 1.00
ool

distance std_msgs/Int32 2.00
t32

False

2%

[DE® -0

{2} | service [/move_base/NavfnROS/make_plan

=PIl

Request
Topic Type Expression B
& /move._| OS/make_plan nav_msg q
start geometry_msgs/PoseStamped
& header std_msgs/Header
iseq uint32 0
stamp time genpy.Time[0]
frame_id string -
£ pose geometry_msgs/Pose
& position geometry_msgs/Point
x float64 0.0
by float64 0.0
z float6d 0.0
& orientation geometry_msgs/Quaternion
X float6a 0.0
by floats4 00
z float4 0.0
Low floats4. 00
goal geometry_msgs/PoseStamped
& header std_msgs/Header
can winf n
Response
Field Type value
EX] nav_msgs/GetPlanResponse
& plan nav_msgs/Path
& header std_msgs/Header
i-seq uint32

stamp  time
- frame_id strin

0
genpy.Time[613797000000]

maj

poses geometry_msgsfPosestampedi] [1




Node Graph [o@ - o
£ | [Nodes/Topics (active) =1 [ [1 B E 3 =
IV Group namespaces ¥ Group actions I Hide dead sinks [¥ Hide leaf topics [ (Hide Debug! [ ¥ Highlight W Fit 1)

/ftemp

/exampled4 /example5

Jaccel

Node Graph @ - o
{3 | [Nodes/Topics (active) = [ [/ _IE _I@ _I@ _I@
[V Group namespaces [ Group actions [ Hide dead sinks ¥ Hide leaf topics [~ {Hide Debug| [ ¥ Highlight = Fit (1)

/temp

faccel

/example4

/example5

frosout

/rqt_gui_py_node_14987




eived with leve

ation received with level

Bar
[1404155713.8

| Dynamic Reconfigure

Filter key:
Collapse all| Expand all

bool
0ol_param -

int_param

/example6

double param 3 4150265350

string_param

baz (Baz)

10 [z
3.14159265359 [1,00530964915

(System message might be shown here when necessary)




Eile
guid:
video_mode:
frame_id:
frame_rate:
iso_speed:
camera_info_url:
bayer_pattern:
bayer method:
auto_brightness:
brightness:
auto_exposure:
exposure:
auto_gain:
gain:
auto_gamma:
gamma:
auto_hue:
hue:
auto_iris:
iris:
auto_saturation:
saturation:
auto_sharpness:
sharpness:
auto_shutter:
shutter:
auto_white_balance:
white_balance_BU:

white_balance RWV:

08144361026320a0 |
‘Format{)_M ode5 ('640x480_mono8') | v |
‘,fcamera |
1.875 m | 240
100 = | 3200
| |
‘nune{"}l | ~ |
‘image_pmc (") | v |
‘Auto (2) | v |
75
Auto (2) v
-10 == | 4095
‘Manual (3) | o |
-10 = | 4095
‘Manual (3) | ~ |
"5 Sl —
‘None (5] | v |
0} 4095 ‘:\
‘Nane (5) | ~ |
0} 4095
‘Manual (2) | v |
‘Manual (3) | o |
‘Manual (3) | ar |
0} 4095 ‘:\
‘Auto () | v |



$ roswtf

No package or stack in cont:

"3dof_bringup" does not fol
"3dof_robot" does not follew the nami

e "3dof_de:

, digits and underscores.

process[rosout-1]: started with pid [12411]
ted core service [/rosout

process[example6-2]: started with pid [124231

[l or eived with leve

double = 0
stri Foo

nd found 9 proble

up® does not foll conventions. art with a Lou er and only contain 1
onventions. It should start with a lower Letter and only contain L
name "3dof_desc onventions. It should start with a e letter and onl
e name "3dof_controller_ the naming conventions. It should

ores.
started with pid [12411]
/rosout
started with pid [12423]
10812] : New conf

eived with leve




Runtime Manitor [D&) - o
Stale (0)

Errors (0)

Warnings (0)

¢ Ok (1)

-~ exampleT: status: ok

.Rnbot Monitor [ -0
Error Device Message
E a /Sensors| /Status/example?: status error

Warned Device | Message

All devices

Message
@ (Err: 2, Wrn: 0) Sensors Error Error
E- @ Status. Error
- @ exampleT: status error
< old

Last message received 0 seconds ago new >

) I 1 I 1 I i T e




— Jtemp/data

— Jaccel/x
— Jaccelly
— Jacceljz
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qe rate:

dge rate:

@Image View

mLn:

mLn:

min:

0.00474s window:

0.00441s window:

0.00426s window:

wilndow:

wlndow:

|/camera

LT W ERREREYIS ESERITE SRR Cm ey B8 .

Learning ROS for
Robotics Programming

Fntigue Fermandes

B® - o



file Panels Help

m by Interact 62 Move Camera Focus Camera

I Displays
@ Global O.
@.

@ Grid

- Axes

@ Marker
Pointclo..

Add Remove Rename

@® Time

£ Measure

_+ 2D Pose Estimate

ROS Time: [1404246429.24  ROS Elapsed: [16.57

‘Wall Time:

1404246429.27

~ D NavGoal  § Publisn Point

Wall Elapsed: [16.47

4

_

I Experimental

Reset ‘I.lft-cli:k' Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Whe:

Zoom. Shift: More options.

‘ 30 fps|

File Panels Help

m () Interact %53 Move Camera Select < Focus Camera

I3 Displays
& & Global 0.

Marker
PointClo.

Fixed Frame
Frame into which all data is
transformed before being displayed.

Add Remove Rename

£ Measure

# 2D Pose Estimate

# 2D Nav Goal @ Publish Point

&

@ Time

ROS Time: [ 1404246586.29 ROS Elapsed: [173.62

Wall Time:

1404246586.32

Wall Elapsed: [173.59

_

I™ Experimental

Reset ||

‘ 30 fps|




file Panels Help

m (k) Interact  # Move Camera

j Select

I Displays
& & Global 0.
Fixed Fra... frame_pc
- Backgrou... W 48;48; 48
Frame Rate 30

size (m)
Point size in meters.

Add Remove Rename

<& Focus Camera

1 Measure ' 2D Pose Estimate . 2D NavGoal @ Publish Point o =

© Time _
ROS Time: | 1404246566.67 ROS Elapsed: I 154.00 Wall Time: I 1404246566.70 Wall Elapsed: | 154.00 r Experimental
=1 3075

File Panels Help

H (+) Interact  *$2 Move Camera

Focus Camera

7 Displays

& Global Options
@

arr

* Grid
& Interactive Marker

CMeasure ¢ 2D PoseEstimate 2D Nav Goal @ PublishPoint 4= =

2-DOF Control

add | remove |
@ Time _
ROS Time: | 1404246816.51 ROS Elapsed: I 46.24 Wall Time: | 1404246816.54 Wall Elapsed: | 46.14 ™ Experimental
Reset ||Left-Click: Move. [307ps







file Panels Help

m (hyinteract ¥ Move Camera [ jSelect  <f»FocusCamera rmMeasure .« 2D Pose Estimate .« 2D NavGoal @ Publish Point  df =

[ Displays | ra Views _|
& 5’5 Global 0. Type: [TopDownOrtho | = Zero
i~ Backgrou... W48; 48; 48 = Current View TopDownOrtho...
- Frame Rate 30 * Near Clip ... 0.01
B v Global St.. i Target Fra... <Fixed Frame>
-/ Fixed ... OK i scale 139.563
@ Grid i Angle 0
o T X 18428
Ly 0497047
Fixed Frame
Frame into which all data is
transformed before being displayed.

@ Time
ROS Time: | 1404247527.55 ROS Elapsed: I 471.70 Wall Time: I 1404247527.58 Wall Elapsed: | 471.63

Reset ||




< Bag @& - o
o |B|®| w«] s ] el =
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accel |
temp i
FY
d
1404248075.9565 Ijul 01 2014 22:54:35.956 0.000s I
A
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0:00 50 05 0:10 0:15 50,20 50,25 0:30 0:35
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Reset Timeline
Play All Messages

View (by Type)...
Publish... ’
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file Plugins Running Perspectives Help

(>Bag
=1 RS sl e i i o 1

[BE® - o x |EMatriot PEEe -ox
Topic| /accel/z] | =~ ¥ autoscroll 10 | %>

0moos 0mo5s 0m10s 0m15s 0m20s
-

aceel [ TTTTTTTTILTTT] I|I LTI
| 0 I |

temp [

T || 200+ mv@ o o= |
| |

=

10— Jaccel/x
— faccelly
— Jaccel/z

100

1404248093.2225 [jul 01 2014 22:54:53.222 | 17.2665 >

(gdb) r

Starting program: /home/luis/devel/catkin_ws/devel/lib/chapter3_tutorials/exampl

el

[Thread debugging using libthread_db enabled]

Using host libthread_db library
[New Thread ex7ffffi17ed7ee (LWP
[New Thread ex7ffffefec7ee (LWP
[New Thread ex7fffebfff700 (LWP
[New Thread ex7fffeb7fe700 (LWP

"flib/x86_64-1linux-gnu/libthread_db.so.1".
6618) ]
6619)]
6620)]
6625)]

[Thread ex7fffeb7fe700 (LWP 6625) exited]

[Thread ex7ffffi7ed7ee (LWP

exited]

[Thread ex7ffffefec7ee (LWP 6619) exited]
[Thread ex7fffebfff700 (LWP 6620) exited]
[Inferior 1 (process 6613) exited normally]

(gdb)




Chapter 4: 3D Modeling and Simulation

robot name is: Robot1l
Successfully Parsed XML

root Link: base link has 4 child(ren)

child(1): wheel 1
child(2): wheel 2
child(3): wheel 3
child(4): wheel 4

base_link
xyz: 000 xyz: 000 xyz: 000 xyz: 000
rpy: 0-00 rpy: 0-00 rpy: 0-00 rpy: 0-00

bYd ™y ™~ b T
- base to_wheell 3 - base to_ wheel2 o base to_ wheel3 o base_to_wheel4 o

— — —

I b 1

wheel_1 wheel_2 wheel_3 wheel_4




[[ﬂ_fq Interact | == Move Camera Select

Focus Camera o Measure " 2D Pose Estimate  _# 2D Nav Goal 9 Publish Point gh

3 Displays

v # Global Options
Fixed Frame base_link
Background C... M 48; 48; 48
Frame Rate 30

¥ v Global Status:...

v~ Fixed Frame OK
> & Grid I~
> i, RobotModel &
v - TF B

I pisplays

v & Global Options
Fixed Frame base_link
Background C... W 48;48;48
Frame Rate 30

¥ v Global Status:...
v Fixed Frame OK

» < Grid &

> iy, RobotModel &

b - TF -




() Interact | =¥ Move Camera Iselect 4 Focus Camera  em Measure # 2D Pose Estimate # 2DNavGoal @ PublishPoint  df -y

I Displays * ra Views X

v & Global Options ——
Fixed Fra:'\e base_link Type: {00t (iz) s 210
Background C... M 0;0;127 ¥ Current View  XYOrbit (rviz)
Frame Rate 30 NearClip... 0,01

v « Global Status:... Target Fra... arm_base
v Fixed Frame OK Distance 0,596581

3 ? Grid gj Yaw 0,0300078

b ih, RobotModel & Pitch -0,014999

> TF

Background Color
Background color for the 3D view.

> Focal Point  0.06; 0.57386;

Save Remove Rename



Joink State Publisher

arm_1 to arm_base 0.00 |
0
arm 2 to arm_1 0.00 |
0
left gripper joint 0.00 |
=)
right gripper joint b [ D.DD]
=)
Center ‘




File Panels Help

Move Camera| Interact Select 2D NavGoal 2D Pose Estimate

Displays @® Tool Properties ®
v .Global Options v ZD‘:;?;CC'OEI goal
k , 0,11 .
B‘ac grou .23 0,419 v 2D Pose Estimate
FpedFrame.: jocom Topic initialpose
Target Fra... <Fixed Frame> p P
» .Global Status: OK ; T
M 01. Grid (Grid) [ Views A
» Status: OK o = =
Reference ... <Fixed Frame> ype: | G0 _ 1o
Plane Cell ... 10
Normal Ce... 0
Cell size 0.5
Line Style Lines
Color [J228, 228, 228
Alpha 0.5
Plane XY < Save Current Load Delete
Selection @ @
Add
Time @®

wall Time: |1363109660.65 | Wall Elapsed: 58.34 ROS Time: |1363109660.65 | ROS Elapsed: |58.34 _ Reset



@ @ ©)!(@) Select objects. Shift to extend select. Drag mouse to select multiple.




Panels

| Move Camera| Interact Select 2D NavGoal 2D Pose Estimate

Displays 3] Tool Properties 3]
v
cell size 0.5 ZD_':OEF;’;‘“[ goal
Line Style  Lines )
v
color [J228, 228, 228 ZD;"SEES“”’“Q initisloose
Alpha 0.5 P P
Plane XY )
» Offset 0;0;0 Views ®
M 02. Robot Mo... [&} :
» Status: OK Type: | Orbit 2 Zero
Visual Ena... &
CollisionE...
Update Int... 0
Alpha 1
Robot Des... robot_descrip...
TF Prefix
» Links Save Current Load Delete
Status: OK selection ®
Add Remove Rename
Time =

Wall Time: |1363113603.66 | Wall Elapsed: |61.03 ROS Time: |1363113603.66 | ROS Elapsed: |61.03 Reset









Gazebo : default

Jrobot/cameral/image_raw




Gazebo : default

World Insert

Property Value
name

Jrobot/camera1/image_raw




luis@retroROV-pct: ~
/home/luis/ca... ® | luis@retroRO... ¥ | luis@retroRO.
st!
Moving around
i o
it

/decrease m. peeds by 10%
increase/decrease only linear speed by 10%
increase/decrease only angular speed by 10

anything else : stop
CTRL-C to quit

currently: speed 0.5

]} Steps: 1, Real Time Factor: Sim Time: Real Time: Iterations:



Chapter 5: The Navigation Stack — Robot Setups

“move_base_simple/goal’
geometry_msgs/PoseStamped

move_base &

“Imap”
nav_msgs/GetMap
global_planner global_costmap
intemal
"o

nav. msgsﬂFalh
e recovery_behav
tiftiMessage Q;s sensor topics

sensor_msgs/LaserScan
sensor_msgs/PointCloud
local_planner local_costmap

nav_msgs/Od

"emd_vel" geometry_msgs/Twist

provided node

optional provided node
1| platform specific node




base_footprint

Broadcaster: /robot_state_publisher
Average rate: 50.203 Hz

Most recent transform: 1418486463.907

Buffer length: 4.920 sec

Broadcaster: /robot_state_publisher
Average rate: 10.208 Hz

Most recent transform: 1418486463.333

Buffer length: 4.800 sec

Broadcaster: frobot_state_publisher
Average rate: 10.208 Hz

Most recent transform: 1418486463.333

Buffer length: 4.800 sec

Broadcaster: frobot_state_publisher
Average rate: 10.208 Hz

Most recent transform: 1418486463.333

Buffer length: 4.800 sec

Broadcaster: /robot_state_publisher
Average rate: 10.208 Hz
Most recent transform: 1418486463.333
Buffer length: 4.800 sec

(' base. mntpnnl

Broadcaster: /robot_state_publisher
Average rate: 50.205 Hz

lost recent transform: 1418486564.748
Buffer length: 4.940 sec

Broadaaster: rabot_t publisher / Broadcaster: frobot_ate_publisher | Broadcaster: roba._state._publiher ™\ Broadcaster: jrobot_state_publsher Braadcaster: robot_state_publisher
Average rate: 100.211 Hz Average rate: 10.208 Hz Average rate: 10.204 Hz Average rate: 10.208 Hz Average rate: 10.208 Hz
| Most recent transform: 247.407 [ Maost recent transform: 1418486564.233 Most recent transform: 1418486564.233  |Most recent transform: 1418486564.233 | Most recent transform: 1418486564.233
r length: 4.750 sec Buffer length: 4.900 sec Buffer length: 4.900 sec | Buffer length: 4.900 sec Buffer length: 4.900 sec
. I — —r
(L_iv_neel 1) Cwneelz (_!mil 3 (wnf\ D

| Reset 30 fps



std _msgs/Header header
uint32 seq
time stamp
string frame_id
string child _frame_id
geometry_msgs/PoseWithCovariance pose
geometry_msgs/Pose pose
geometry_msgs/Point position
float64 x
float6d y
float64 z
geometry_msgs/Quaternion orientation
float6d x
float6d y
float6d z
float64 w
float64[36] covariance
geometry_msgs/TwistWithCovariance twist
geometry_msgs/Twist twist
geometry_msgs/Vector3 linear
float6d x
float6d y
float6d z
geometry_msgs/Vector3 angular
float64 x
float6d y
float64 z
float64[36] covariance




4O D08 |

robot_model




[(ﬂ_rq Inkeract l = Move Camera  |_J Select Focus Camera o= Measure  # 2D Pose Estimate  # 2D Nav Goal »

© Time

ROS Time: 3056.27 | ROS Elapsed: |41.94 | wall Time: 3056.30| Wall Elapsed: |41.91 | Experimental

| Reset 30fps




rqt_graph__RosGraph - rqt
&FNode Graph D@ -o
| @ |  Nodes/Topics (all) 2|/ |/ | &) &) | 5| m]
& Group namespaces [@ Group actions [ Hide dead sinks [ Hide leaf topics [ Hide Debug [ Highlight [ Fit ey

teleop_twist_keyboard gazebo
@_twist_keyboard » /cmd_vel @
joint_state_publisher robot_state_publisher

\4

Jioint_states [robot_state_publisher

/ioint_state_publisher

mapping.rviz* - RViz

Reset 30 fps




[1418594807.613374681]: Waiting for the map

[1418594807.958979924, 126.530000000]: Received a 4000 X 4000 map @ 6.050 m/pix
[1418594807.959452501, 126.530000000
[
[

1: Writing map occupancy data to map.pam
1418594808.997886519, 127.085000000]: Writing map occupancy data to map.yaml
1418594808.998301431, 127.085000000]: Done

map . pgm




map.pgm

Previous MNext E ﬂ @ Y

o el S s Y R

4000 x 4000 pixels 16.0 MB 126% 1/1



position:
x: 0.11499976476

i 0
: 0.
]
1

: 1.8
covariance: [©.001, 0.0, 0.0, 0.0, @
0, 0.0

.0, 0.0, 6.0, 0.001, 6.6, 0.0, 0.6, 0.0, 0.0, 0.0, le-06, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, le-06, 0.0, 0.0,
p.0, 0.0, 0.0, 0.0, 1e-06, 0.0, , 0.0, 0.0, 6.0, 0.0

.6, 0.0, 6.0, 0.0, 0.001]

angular:
x: 0.8
y: 0.8
z: 8.8
covariance: [0.001, 0.8, 0.0, 0.0, 0.0, 0.0, 6.0, ©.001, 0.0, 0.0, 0.0, 0.0, 0.0, 6.0, 0.001, 0.0, 0.0, 6.0, 0.0, 0.0, 0.0, 0.001, 0.0, 0.0,
b.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.001]

geometry _msgs/Vector3 linear
float6d x
floated vy
float64 z
geometry_msgs/Vector3 angular
float6d x
floated vy
float64 z




Chapter 6: The Navigation Stack — Beyond Setups

navigation.rviz* - RViz

[ | . .
(fh_*] Interact | 2 Move Camera [ Select 4§ Focus Camera  mm Measure  # 2D Pose Estimate = 2D Nav Goal »

I Displays “
v & Global Options

Fixed Frame map

Background ... [l 48;48;48

Frame Rate 30
v @ Global Statu...

@ Fixed Fra... Fixed Frame [map] ...
» € Grid
» @ static Map
» = Particle Cloud
» Wi Robot Foot...
» ~ Global Plan
» ~ Local Plan
» ~ Planner Plan
» ~ Current Goal
» )+ TF -

L ]

Fixed Frame
Frame into which all data is transformed
before being displayed.

Add

@© Time ®
ROS Time: |275.62 | ROS Elapsed: |275.62 | Wall Time: 1226.91| Wall Elapsed: |398.53 | Experimental

Reset 30 fps




navigation.rviz* -

(™) Interact | < Move Camera

I3 Displays
v & Global Options
Fixed Frame  map
Background ... [l 48;48;48
Frame Rate 30
¥ v Global statu...
v Fixed Fra...
> & Grid
» [ static Map
» % Pparticle Cloud
» wll Robot Foot...
» / Global Plan
» / Local Plan
» /' Planner Plan
» .~ Current Goal
> b TF
» #1. LaserScan
» i, RobotModel
~ F2 map
» v Status: Ok

%} Focus Camera o Measure 2D Pose Estimate .+ 2D Nav Goal @ PublishPoint & =

v

o
=

Add Remove Rename

(© Time

]

ROS Time: [51.89 | RS Elapsed: [51.78 | wall Time: [1418860858.70 | wall Elapsed: 81.83 [ Experimental

Reset 30fps




- (™ Interact

v & Global Options
Fixed Frame
Background ...
Frame Rate

v + Global Statu...
v Fixed Fra...

» & Grid

» 2 static Map

» % Particle Cloud

» Wl Robot Fook...

» ~ Global Plan

» ~ Local Plan

» / Planner Plan

» ~ Current Goal

» b TF

» ~. LaserScan

» i, RobotModel

v 2 Map

» « Status: Ok

navigation.rviz* - RViz

%5 Move Camers [} Select < Focus Camera

QREJAEEQE@ORES

Ge

Add [ Remove || Rename |

ROS Time: 28154 | ROSElapsed: (28143 | Wall Time: (1418861234.06| Wall Elapsed: [457.26

@ PublishPoint  dk »

"] Experimental

30 fps




x gation.rv| RViz

(¥ Interact

© Time

Reset |

=5 Move Camera

ROS Time: [2860.02 | ROS Elapsed: |2860.02 | wall Time: [1418952931.60| Wall Elapsed: |5450.24 | [ Experimental

Select =€§> Focus Camera = Measure .+ 2D PoseEstimate | 2DMavGoal | @ PublishPoint dk »

1%

30 fps




Camera = Measure 2D Pose Estimate . 2D Nav Goal 9 Publish Point L]

Create visualization
By display type | By topic
v 5 rviz A
J- Axes
B8 camera
== DepthCloud
& Effort |
5l Fluidpressure
< Grid
2 Gridcells
Group
a llluminance
Image
& InteractiveMarkers
~. LaserScan
F2 Map
@ Marker
¥ MarkerArray
~\ Odometry
~ path 2

Description:

Displays an occupancy grid on the ground
plane from a nav_msgs::OccupancyGrid.
More Information.

Display Name

Static Map|
Cancel | [ ok |
» Position
» Orientation
» 2 map
Map

Displays an occupancy grid on the ground
plane from a nav_msgs::OccupancyGrid. More
Information.

Add || Remove || Rename




rviz
Create visualization amera ©m Measure  # 2D Pose Estimate  #" 2D Nav Goal 9 Publish Point  dp »
By display type | By topic

‘a llluminance

[& image

& InteractiveMarkers
#,. Laserscan

F2 Map

¥ Marker

%% MarkerArray

~\ Odometry

~ Path

¥ PointCloud
PointCloud2

@ PointStamped

wl Polygon

/# Pose

“ PoseArray

¥ Range

€1 RelativeHumiditv -

Description:

Displays the poses from a

geometry_msgs::PoseArray message as a
cloud of arrows on the ground plane. More
Information

Display Name

Particle Cloud

| Cancel | OK |

© Time %]
ROS Time: |874.34 | ROS Elapsed: |874.23 Wall Time: 1418862165.54 | Wall Elapsed: | 1388.67 [ Experimental

| Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 30fps



Create visualization amera ©m Measure  # 2D Pose Estimate " 2D Nav Goal 9 Publish Point R

By display type | By topic

“a llluminance

& Image

4 InteractiveMarkers
*~%. LaserScan

F2 Map

@ Marker N
%% MarkerArray
% Odometry

D)

‘. PointCloud2
@ PointStamped
wl Polygon

~ Pose L

% PoseArray

¥ Range

¥ RelativeHumidity
.. RohntMndel
Description:

GT

Displays data from a
geometry_msgs::PolygonStamped
message as lines. More Information.

Display Name

[Rﬂ bot Footprint|

ROS Time: |909.78 ROS Elapsed: |909.68 wall Time: [1418862217.20 | Wall Elapsed: | 1440.43

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

["] Experimental

30 fps




Camera o Measure  # 2D Pose Estimate  # 2D Nav Goal 9 Publish Point

Create visualization
By display type | By topic
v B rviz

) Axes
E& camera
== DepthCloud
@ Effort
2l FluidPressure
< Grid
I Gridcells
Group
a llluminance |
Image |
& InteractiveMarkers
. Laserscan
FZ Map
@ Marker
¥ MarkerArray
“~ Odometry
7 Path

Inflated Obstacles

Obstacles

Description:
Displays an occupancy grid on the ground

plane from a nav_msgs:OccupancyGrid.
More Information.

Display Name

Local Costmap #

| Cancel ,[ oK ]




Create visualization

By display type | By topic

v 5 rviz
L Axes
EE camera
== DepthCloud
& Effort
M FluidPressure
% Grid
I Gridcells
Group
‘a llluminance
B image

& InteractiveMarkers

% LaserScan

F2 Map

@ Marker

%* MarkerArray
~\ Odometry

7 Path
PointCloud
PointCloud2
@ PointStamoed

Description:

Displays an occupancy grid on the

ground plane from a

nav_msgs::OccupancyGrid. More

Information.

Display Name

Camera o Measure  # 2D Pose Estimate " 2D Nav Goal 9 Publish Point

Global Costmap

Cancel | _QL,_..

———




Create visualization

By display type | By topic

I Gridcells
[E Group

‘a llluminance
B image

& InteractiveMarkers 8
~1 LaserScan
F2 Map

@ Marker
%% MarkerArray :
“\ Odometry
# Path

D)

“% PointCloud2
® PointStamped
wl Polygon

~ Pose

4 PoseArray

W Range -]
Description:

Displays data from a nav_msgs::Path
message as lines. More Information.

Display Name
[clobal Plan

Camera

e Measure

# 2D Pose Estimate  _# 2D Nav Goal

@ Publish Point

L]




Camera mm Measure # 2D PoseEstimate . 2DNavGoal @ PublishPoint dk

Create visualization

By display type | By topic

& Group
“a llluminance

B Image
& InteractiveMarkers

D)

~1. Laserscan
F2 Map

@ Marker

¥ MarkerArray
% Odometry

wi Polygon b
/ Pose

“ PoseArray

¥ Range

¥ pelativeHumidifu
Description:

G

Displays data from a nav_msgs::Path
message as lines. More Information.

Display Name

[Lo:al Plan|




Create visualization
By display type | By topic

‘a llluminance

[&] image

& InteractiveMarkers
~1 LaserScan

F2 Map

@ Marker

%° MarkerArray

“\ Odometry

~ Path

i PointCloud
PointCloud2

® PointStamped
wl Polygon

~ Pose

“ PoseArray

W Range

¥ RelativeHumidity
i, RobotModel

Description:

Displays data from a nav_msgs::Path
message as lines. More Information.

Display Name

Planner Plan|

cancel | [L 0K |

Camera

m Measure

~ 2D Pose Estimate

A 2D Nav Goal

@ Publish Point

ol




amera o Measure " 2D Pose Estimate  # 2D Nav Goal ﬂ Publish Point L

Create visualization

By display type | By topic |

. LaserScan =
F2 Map

@ Marker

% Markerarray
% Odometry

~ Path

¥ PointCloud
% PointCloud2
® PointStamped
wi Polygon

~ Pose

“ PoseArray i
¥ Range

¥ RelativeHumidity
., RobotModel

3 TF

i Temperature

- WrenchStamped

Description:

4

e

Displays a geometry_msgs::PoseStamped
message. More Information.

Display Name
Current Goal
move_base
fmove.  lyer, ¢ stamped|
Jmove_baseflocal_costmap/costmap
p— e p—
Ty Lo et
mave_base_simple Imove_baseTojectoryPannerkOs/goballon |
[#move b smgis | | Lo swerrasconmammmostoatsn |
Jmove base /move_| t_goal
el [ m—
- Jmave_base/NavinROS/plan
joint_state_publisher robot_state_publisher [move_base/goal

iRk



rqt_reconfigure__Param - rqt

Dynamic Reconfigure D@ - o

Filter key:

Collapse al| Expand all|

B move_base
» robot

rqt_reconfigure__Param - rqt

#Dynamic Reconfigure D@ -0
Filter key: /move base/TrajectoryPlannerROS %]
i .0 c— | . .
| Collapseall || Expandall | acc_lim_x 0o 200 (25
. acc_lim_y 0.0 e} 20.0 [25
amcl
gazebo acc_lim_theta 0.0 e} 20.0 32
¥ move_base max_vel_x 0.0 3} 20.0
R T:ajbecltoryPtlannerROS min_vel x g, 20.0 [0.05
global_costmap
» local_costmap max_vel_theta .0 <=} 20.0 [0.15
» robot min_vel_theta -20.0 F 00 [-015






ation.rviz* - RViz

E %5 Move Camers [ jSelect < Focus Camera == Measure  # 2D PoseEstimate  # 2DNavGoal @ PublishPoint  ds

ROS Time: ROS Elapsed: wall Time: wall Elapsed: ["] Experimental



Chapter 7: Manipulation with Movelt!

[ ROS Param Server]

5|5l £

gl (=]

S|«w| &

User Interface [ 2R

.4 ------------------------------- (

! ] —\
! - ] . n
' Enove_group_lnterface] i MoveGroupAction N - O
++ v ; i o . . . [
(C+4) ¢ PickAction > JointTrajectoryAction | & 2
’ - < > 0 &
E PlaceAction | < 5
: U

(Python) Get IK Service
Get FK Service

Get Plan Validity Service
Plan Path Service

[moveit commander] ! Get CartesianPath Service

Yy ¥ yY

move_group

F Y N W S W

[ GUI (Rviz Plugin) ]

| Execute Path Service ; \ J
i i Get Planning Scene Service |

i : 5
Other Interfaces AttachedObject Joint States Topic §

' '.‘_ K . . w
. -------------------------- Co|||.5|on0b|ect- - Robot E

: : PlanningSceneDiff State a%

Publisher

) (

Point Cloud Topic

Robot
3D Sensors




F @ Global Optiens
B v Global Status: Ok
B ® Grid

£ tnosianslanning

S)

asd |

Remove

| T

[Motion Planning

Context  Planning | Manipulation | Scene Objects | Stored Scenes | Stored States | Status |

Cor Query

pan ||| setectstart state:
recute ||| Setect Goal State:
Pl xecute | [<random valid> =]
Time: 0.262 |

User Interface

move_group_interface
(C++)

Planning Time (sk: [$.00 =] Planning Attemps: Im
Planning Attempts: [oe =

I~ allow Replanning

I~ Allow Sensor Positioning

AttachedObject

|

Point Cloud Topic

Depth Image Topic

Robot

CollisionObject

[moveit_commander]
(Python)

PlanningSceneDiff

[ GUI (Rviz Plugin) J

__Monitored Planning Scene

Joint States Topic

(scene monitoa (state monitor)

(Optionally Published)

Planning Scene Monitor

monitor

world geometry

3D Sensors
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Movelt Setup Assis

Movelt Setup Assistant

Welcome to the Movelt Setup Assistant! These tools will assist you in creating a Movelt configuration
package that is required to run Movelt. This includes generating a Semantic Robot Description Format (SRDF)
file, kinematics configuration file and OMPL planning configuration file. It also involves creating launch files
for move groups, OMPL planner, planning contexts and the planning warehouse.

—— $Movdl!

Choose mode:

All settings for Movelt are stored in a Moveit
configuration package. Here you have the option to
create a new configuration package, or load an
existing one. Note: any changes to a Movelit
configuration package outside this setup assistant
will likely be overwritten by this tool.

Create New Moveit Edit Existing Movelt
Configuration Package | | Configuration Package |

Movelt! Setup
Assistant




Movelt Setup Assistant

Start

Self-Collisions

Virtual Joints.

Planning Groups

Robot Poses

End Effectors

Passive Joints

Configuration Files

Optimize Self-Collision Checking

The Default Self-Collision Matrix Generator will search For pairs of links on the roboet that
can safely be disabled from collision checking, decreasing motion planning processing
time. These pairs of links are disabled when they are always in collision, never in collision,
in collision in the robot's default position or when the links are adjacent to each other on
the kinematic chain. Sampling density specifies how many random robot positions to
check for self collision. Higher densities require more computation time.

sampling Density: Low ===-} High 10000

| Regenerate Default Collision Matrix |

Link A Link B Disabled Reason To Disable

1 base_link rotor_0_link & Never in Collision

2 base_link rotor_1_link = Never in Collision

3 base_link rotor_2_link =& Never in Collision

4 base_link shoulder_link | & Adjacent Links

5 base_link upper_arm_link | & Never in Collision

6 Ffinger_1_link finger_2_link & Never in Collision

7 finger_1_link Forearm_link =& Never in Collision

8 finger_1_link rotor_0_link ) Never in Collision

9 finger_1_link rotor_1_link ) Never in Collision
10 finger_1_link |rotor_2_link = Never in Collision

11 finger_1_link shoulder_link | & Never in Collision

12 finger_1_link |tool_link & Adjacent Links

13 finger 1 link 'upper arm link | & Never in Collision =

[] show Nen-Disabled Link Pairs Min. collisions For "always"-colliding pai | 95%




Movelt Setup Assistant

Start Virtual Joints
Define a virtual joint between a robot link and an external frame of reference (considered
Self-Collisions fixed with respect to the robot).

Virtual Joints Virtual Joint Name Child Link Parent Frame Type

Planning Groups
Robot Poses
End Effectors
Passive Joints

Configuration Files

| Delete Selected | = Add Virtual Joint |




Movelt Setup Assistant

Start Planning Groups
Create and edit planning groups For your robot based on joint collections, link collections,
Self-Collisions kinematic chains and subgroups.
Virtual Joints Current Groups
¥ arm
- v Joints

Ao shoulder_joint - Revolute

rotor_0_joint - Revolute
Robot Poses upper_arm_joint - Revolute

rotor_1_joint - Revolute
End Effectors fForearm_joint - Revolute

rotor_2_joint - Revolute
tool_joint - Revolute
grasping_frame_joint - Fixed
Links
Configuration Files Chain
Subgroups
¥ gripper
v Joints
finger_1_joint - Prismatic
finger_2_joint - Prismatic
Links
Chain
Subgroups

Passive Joints

Expand All Collapse All | Delete Selected | | Edit Selected | | Add Group |




Movelt Setup Assistant

Start Robot Poses
Create poses for the robok. Poses are defined as sets of joint values for particular
Self-Collisions planning groups. This is useful for things like folded arms.
Virtual Joints Pose Name Group Name
1 home arm
Planning Groups 2 grasp arm

Robot Poses

End Effectors
Passive Joints

Configuration Files

| Show Default Pose | Movelt! | | Edit Selected | | Delete Selected | | Add Pose |




Movelt Setup Assistant

Start End Effectors
Setup grippers and other end effectors For your robot
Self-Collisions
End Effector Name Group Name Parent Link Parent Group
Virtual Joints 1 gripper_eef gripper grasping_frame

Planning Groups

Robot Poses

End Effectors

Passive Joints

Configuration Files

| Edit Selected | | Delete Selected | = Add End Effector |




Movelt Setup Assistant

Start Passive Joints
Specify the set of passive joints (not actuated). Joint state is not expected to be
Self-Collisions published for these joints.
Virtual Joints . . ) )
Active Joints Passive Joints
Planning Groups Joint Names Joint Names

shoulder_joint
Robot Poses

]

rotor_0_joint

w

End Effectors upper_arm_joint

6 rotor_2_joint

Configuration Files |
tool_joint

S

rotor_1_joint

v

forearm_joint k.

o |~

finger_1_joint

0

finger_2_joint




Movelt Setup Assistant

Start Generate Configuration Files
Create or update the configuration files package needed to run your robot with Movelt.
Self-Collisions Uncheck files to disable them from being generated - this is useful if you have made

custom changes to them. Files in orange have been automatically detected as changed.

U i Configuration Package Save Path

) Specify the desired directory for the Movelt configuration package to be generated.
Planning Groups Overwriting an existing configuration package directory is acceptable. Example:
Jufrobot/ros/pr2_moveit_config

Robot Poses Browse
End Effectors Files to be generated: (checked)

M package.xml - Defines a ROS package
Passive Joints [ CMmakelLists.txt

& conrig/
Configuration Files ® config/rosbook_arm.srdf
[ config/ompl_planning.yaml

& config/kinematics.yaml

[ configfjoint_limits.yaml

[ config/fake_controllers.yaml

& launch/

& launch/move_group.launch

[ launch/planning_context.launch

& launch/moveit_rviz.launch

[ launch/ompl_planning_pipeline.launch.xml
& launch/planning_pipeline.launch.xml
[ launch/warehouse_settings.launch.xml
[ launch/warehouse.launch

® launch/default_warehouse_db.launch

] | Generate Package |

|  Exit Setup Assistant |




mavelt.rviz® - RViz

iy interact
& Displays
» @ clobal Options
» v Global Status: Ok
» @ Grid

v/~ MotionPlanning

)
=
»  Status: Ok

% Move Camera  [] Select

Mave Group Namespace

Add

Motion Planning

Context | Planning | Manipulation Scene Objects Stored Scenes Stored States  Status
Commands Query Options

Plan Select Start State: Planning Time (s): | 5.00 Planning Attempts: | 10.00
Select Goal State: Planning Attempts

10.00 -
Plan and Ex Allow Replanning
lan and Execute <random valid> i
Allow Sensor Positioning
Update
Allow External Comm
Path Constraints
None .
Wwoarkspace
= Goal Tolerance: 0.00
Center (xvZ): [0.00  .||0.00 000 C
size (xvz) 2.00 o |200 - |z00 =
Reset

30 fps

mavelt.rviz® - R

yinteract | % Move Camera
& Displays
» @ Global Options
» v Global Status: Ok
» & Grid
¥/~ MotionPlanning

» v Status: Ok

Move Group Namespace

] Select

aE

Motion Planning

Context | Planning Manipulation Scene Objects

Stored Scenes _Stored States  Status
Planning Library

oMpL <unspecified> :_Publish Current Scene
Warehouse

Host: [127.0.0.1 port: (33829 Connect
Kinematics

& use Collision-aware IK

Allow Approximate IK Solutio

Reset

30 fps



mavelt.rviz® - RViz
File Panels
iy interact

& Displays

» @ clobal Options
» v Global Status: Ok

% Move Camera  [] Select

» @ Grid )
v/~ MotionPlanning =
»  Status: Ok
Mave Group Namespace

Add

Motion Planning

Context Planning Manipulation Scene Objects Stored Scenes  Stored States  Status
Commands Query Options
Plan Select Start State: Planning Time (s): | 5.00 Planning Attempts: [ 1000
Select Goal State: Planning Attempts 10.00 =
Plan and Execute pre—re— - Allow Replanning
Allow Sensor Positioning
Update
Allow External Comm
Path Constraints
None .
Wwoarkspace
= Goal Tolerance 0.00
Center (xvZ): [0.00  .||0.00 0.00
size (xvz) 2.00 - 200 . |z00 =
Reset

30 fps



<» Displays

» & Global Options
» v Global Status: Ok
» & Grid

v #~ MotionPlanning

3

v

v Status: Ok

Move Group Namespace
Robot Description
Planning Scene Topic
Scene Geometry

Scene Robot

show Robot Visual
Show Robot Collision
Robot Alpha
Attached Body Color

» Links
Planning Request

Planning Group
Show Workspace
Query Start State
Query Goal State
Interactive Marker Size
Start State Color
Start State Alpha
Goal State Color
Goal State Alpha
Colliding Link Color
Joint Vielation Color

¥ Planning Metrics

Show Weight Limit

Show Manipulability Index
Show Manipulability
show Joint Torgues
Payload

TextHeight

¥ Planned Path

Trajectory Topic
show Robot Visual
Show Robot Collision
Robot Alpha

State Display Time
Loop Animation
Show Trail

» Links

robot_description
/move_group/monitored_plan...
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Pln Select Start Stote: Planing Time (s): [500 |2 Planning Attempts: [10.00 .
Execute Select Goal State: Planaing Attempts: 1000 -
Planand Execute — - Allow Replanning
Time:0.715 Allow Sensor Positioning
update
i Allow External Comm
Path Constraints:
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Reset.
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Chapter 8: Using Sensors and Actuators with ROS

header:
seq: 33
stamp:
secs: 1480289803
nsecs: 599782892

frame_id:
axes: [-0.0, -0.2219386249780655, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0]
buttons: [0, ©, ©, @, ©, 0, 8, 0, 0, 0, 0]




td _msgs/Header header
uint32 seq
time stamp
string frame_1id
loat32[] axes
int32[] buttons

Publications:

* [fodom [nav_msgs/Odometry]

* [rosout [rosgraph_msgs/Log]
* [tf [tf2_msgs/TFMessage]

Subscriptions:
* [fcmd _vel [unknown type]

Services:
* [/odom/get_loggers
* [odom/set_logger_level

contacting node http://daneel:35582/
Pid: 30375
Connections:
* topic: /frosout
* to: /frosout
* direction: outbound
* transport: TCPROS




geometry_msgs/Vector3 linear
float64 x
floatéd y
float64d z
geometry_msgs/Vector3 angular
float64 x
floatéd y
float64d z




Edit Sketch Tools Help

= Ctrl+m

Open... Ctrl+0

Sketchbook -

Bamples e or

Ctrl+W 2 Digital
Ctrl+5 :
Ctri+shift+S 4.Communication

Upload to IfO Board Ctrl4+U s5.control
Page Setup ctri+shift+P 5.5ens
Print Ctrl+P 7,
Preferences Ctrl+Comma g Strings
Quit Ctrl+Q ArduinolSP

nh.advertise (chatter):

ArduinoTestSuite * button_
I'Z'l'j tooeds EEPROM * float64_test
str_msg.data = hello: A
chatter.publish{ &str_msg J: Ethernet
nh.spinCnce(); Firmata
delay (1000) ; .

'S






Left Motor

12V GND 6V 6 8 9 111213

Jemd_left _wheel
jemd_right_wheel
Jdiagnostics
fleft_wheel velocity
Jright_wheel velocity
Jrosout

Jrosout_agg




subscribed to [/left_wheel_velocity]
average rate: 5.6
min: ] std dev: 0.00127s window: 5
average rate: a

min: 8.197s x: B.201s s ev: B.00146s window: 18
~Caverage rate:

min: 8.197s 3.201s std dev: 8.881565 window:
luis@daneel:~ Jright_wheel velocity

subscribed to [/right_wheel_velocity]
5

average rate: 5.007

min: 8.198s max: 0.201s s ev: € 955 window:
average rate: 5.0811

min: 8.1985s max: B.2 std dev: 0.08883s window:
average rate: 5.009

min: @. E x: B.201s std dev: 0.88078s window:
~Caverage rat

min: 8. 1¢ x: B.201s std dev: 0.00081s window:
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X: 0.046875
y: 0.0
z: 0.0

angular:
Xx: 0.0
y: 0.0
Z: 8.9375

inear:
0.046875
6.0
Z: 0.8
angular:
Xx: 0.0
y: 0.0
Z: 0.9375
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7' 9DOF Razor IMU Main Screen

z

Press 'a' to align

Linear Acceleration x / y / z {(m/s™2)

Roll (degrees / radians) Pitch (degrees / radians)

Yaw (degrees / radians)

Angular Velocity x / y / z (rad/s)




Linear Acceleration x /y / z {(m/s"2)
4.75/3.06/7.84

Roll (degrees / radians) Pitch (degrees / radians)
22.19/0.39 -30.9/-0.54

Yaw (degrees / radians)
30.17 /0.53

Press 'a' to align Angular Velocity x / y / z (rad/s)
-0.0/-0.09/0.01

Y @ fhome/luis/devel/catkin_ws/src/razor_imu_9dofflaunch/razor-pub-and-display.launch htt
magn_ellipsoid_center:[0.06000,0.0000,0.0000]
_magn_ellipsoid_transform:[[0.8000000,6.0000000,0.0000000],[0.0000000,0.0000000,0
©.0000000],[0.0000000,0.0000000,0.0000000] ]

r¢(GYRO_AVERAGE_OFFSET_X:0.00
GYRO_AVERAGE_OFFSET_Y:0.00
GYRO_AVERAGE_OFFSET_Z:0.00

[INFO] [WallTime: 1470778293.233547] Flushing first 260 IMU entries...
iINFD] [WallTime: 1470778297.350000] Publishing IMU data...




td_msgs/Header header
uint32 seq
time stamp
string frame_id
geometry _msgs/Quaternion orientation
float64 x
float6d y
floated z
float64 w
loat64[9] orientation_covariance
peometry _msgs/Vector3 angular_velocity
float6d x
floated vy
float64 z
loat64[9] angular_velocity covariance
geometry_msgs/Vector3 linear_acceleration
float64 x
floated y
float64d z
loat64[9] linear_acceleration_covariance



eader:

seq: 43264

stamp:

secs: 1480621387
nsecs: 926049547

frame_id: base_imu_link
prientation:

x: -0.664401936806

y: 0.459286679427

z: -0.562455021343

w: 0.176833711254
orientation_covariance: [©.0025, 0.0, 0.0, 0.0, 0.0025, 0.0, 0.0, 0.0, 0.0025]
angular_velocity:

x: -0.02

y: -0.04

z: -0.0
angular_velocity_covariance: [0.02, 0.0, 0.0, 0.0, 0.02, 0.0, 0.0, 0.8, 0.02]
inear_acceleration:

X: 5.8836

y: -7.60960921875

z: -2.98087078125

inear_acceleration_covariance: [0.04, 6.0, 0.0, 0.0, 0.04, 0.0, 0.0, 0.0, 0.04]
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Size (Pixels) 1
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joy_node

fioy

c8_teleop_joy

joint_state_publisher

fjoint_state_publisher

{ioint stateg

/c8_teleop_joy fcmd _vel,

c8_odom

robot_state_publisher

robot_state_publisher
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Chapter 9: Computer Vision

: Coriander 2.0.1

|Camera Services Controls ROl Tools

Camera Select

| | - . .-l u - |
Power Memory channels Global Iso Control
<loN || &|oFF | | Factory > | BstarT | MsTOP |
& RESET | || ¥LoAD || BsSAVE | | © RESTART

Camera imnformation

Vendor: [ Q- =

Model: == -

GUID: = B "EA Bt I L

Name: | | oy m— " e m 'm mn
IIDC specs: 1.32 ISO Channel: N/A

Port/Node/Gen: 0/0/ 7

Extras
[ | Broadcast







@ /camera/image_raw

D
ST

/ascam/image_raw




proc_rectify_colc
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: VIDIOC ENUM_FMT
: 0

: Video Capture
Format: 'YUyV'

T YUV 4:2:2 (Yuyv)

t 1

: Video Capture

Format: 'MIPG' (compressed)
: MIPEGioctl: VIDIOC ENUM_FMT
: 0

: Video Capture

Format: 'YUyv'

T YUV 4:2:2 (YUYV)

: 1
: Video Capture

Format: 'MIPG' (compressed)




roscore http://siani... x /home/enrique/ros... x enrique@siani: ~

J/camera/image_rect/theora/parameter_updates
J/camera/image_rect_color
/camera/image_rect_color/compressed
J/camera/image_rect_color/compressed/parameter_descriptio
Jcamera/image_rect_color/compressed/parameter_updates
/camera/image_rect_color/compressedDepth
Jcamera/image_rect_color/compressedDepth/parameter_descriptio
ns
J/camera/image_rect_color/compressedDepth/parameter_updates
J/camera/image_rect_color/theora
/camera/image_rect_color/theora/parameter_descriptions
/camera/image_rect_color/theora/parameter_updates
/cameral394_node/parameter_descriptions
/cameral394_node/parameter_updates

enrique@siani:~$ rosrun image_view 1image_view image:
/image_raw
Henrique@siani:~$ rosrun image_view 1image_view image:
/image_mono
enrique@siani:~$ rosrun image_view 1image_view image:

Jcamera/image_raw




roscore http://siani... X fhome/enriquefros... x | enrigue@siani: ~

Jcamerafimage_rect_color/compressed
Jcamerafimage_rect_color/compressed/parameter_descriptions
Jcamerafimage_rect_color/compressed/parameter_updates
Jcamerafimage_rect_color/compressedDepth
Jcamerafimage_rect_color/compressedDepth/parameter_descriptio
ns
Jcamera/image_rect_color/compressedDepth/parameter_updates
Jcamerafimage_rect_color/theora
Jcamera/image_rect_color/theora/parameter_descriptions
Jcamerafimage_rect_color/theora/parameter_updates
Jcameral3%4_node/parameter_descriptions
/camera1394_node/parameter_updates

Jdiagnostics

Jrosout

J/rosout_agg

enriquegsiani:~$ rosrun image wiew 1image_wview

/image_raw

enriquegsiani:~$ rosrun image wiew 1image_wview

/image_mono

enrique@siani:~$ rosrun image wiew 1image_wview

/image_raw

enrique@siani:~$ rosrun image wiew 1image_wview

image_mono

roscore http://siani... X /home/enrique/ros... X | enrique@siani: ~

Jcamera/image_rect_color/compressed/parameter_updates
Jcamera/image_rect_color /compressedDepth
Jcamera/image_rect_color /compressedDepth/parameter_desc

ns
Jcamera/image_rect_color /compressedDepth/parameter_updates
Jcamera/image_rect_color/theora
Jcamera/image_rect_color/theora/parameter_descriptions
Jcamera/image_rect_color/theora/parameter_updates
Jcameral394_node/parameter_descriptions
Jcamera1394_node/parameter_updates

J/diagnostics

enrique@siani:~$ rosrun image_view 1image_view image:=/camera
/image_raw

enrique@siani:~$ rosrun image_view 1image_view

/image_mono

enrique@siani:~$ rosrun image_view 1image_view

/image_raw

enrique@siani:~$ rosrun image_view 1image_view

/image_mono

enrique@siani:~$ rosrun image_view 1image_view

image_color

Jcamerafimage_mono




Jcamerafimage_rect_color

v
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feggregated_Image
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[WallTine:

Reconfigure fstereo_down/stereo_image

O tutonals/launchyy

Jromejennque/dev/ro prefilter_size

outlier disp tolerance
outlier_flow_tolerance
nulti_stage
half_resolution
refinenent
Bucketing parameters: ¢
nax_features
cket_width = 50
et_height - 5o
cdonetry param

prefilter cap
correlation_window_size
min_disparity:
Sparity_range
unigueness_ratio
texture_threshold
'.?r speckle size
iters speckle_range
inlier_thr
reweighting
notion_threshold

54 255
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54 255
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04 100
0 4 10000
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Chapter 10: Point Clouds

I3 pisplays x
v % Global Options

Fixed Frame  odom

Background ... Wl48;48; 48

Frame Rate 30
* @ Global Statu.

@ dFra... Notfdata. Actual...

=

» @ Grid
v % pointCloud2 &
>+ Status: Ok

Topic Jpcl_output
Selectable &

style Points

Size (Pixels) 3

Alpha 1

Decay Time [
Position Tran... XYZ
Color Transf... Intensity

Queue Size 10

Channel Name intensity

Use rainbow

Invert Rainbow [}

Min Color Mo 0,0

Max Color [0255; 255; 255

Autocomput... &
Color Transformer

Set the transformer to use ko set the color of
the points.

Add

I3 pisplays ®
v & Global Options
Fixed Frame odom
Background ... M 48;48; 48
Frame Rate 30
v @ Global statu.
) Fixed Fra... Notfdata. Actual...

PointCloud2 &
» v Status: Ok

Topic /pcl_output
Selectable &

Style Points

size (Pixels) 1

Alpha 1

Decay Time 0

Position Tran... XYZ

Color Transf...  Intensity
Queue Size 10

Channel Name intensity
Use rainbow

Invert Rainbow [

Min Color Mo; 00
Max Color [ 255; 255; 255

Autocomput... &
Color Transformer

Set the transformer to use to set the color of
the points.

Add




Cloud Viewer

$ rosrun chapteré_tutorials pcl_visualize

switch to a point-based representation
switch to a wireframe-based representation (where available)
switch to a surface-based representation (where available)

take a .PNG snapshot of the current window view
display current camera/window parameters
fly to point mode

exit the interactor
stop and call VTK's TerminateApp

+f- : increment/decrement overall point size
+/- [+ ALT] : zoom in/fout

g, G : display scale grid (onfoff)
u, U : display lookup table (on/off)

r, R [+ ALT] : reset camera [to viewpoint = {8, 0, 08} -> center_{x, v, z}]

ALT + s, : turn stereo mode on/off
ALT + f, : switch between maximized window mode and original size

: list all available geometric and color handlers for the current actor map
[+ CTRL] : switch between different geometric handlers (where available)
[+ CTRL] : switch between different color handlers (where available)

SHIFT + left click : select a point

toggle rubber band selection mode for left mouse button



TR TR R et




o

3 pisplays x
» @ Grid & 2
PointCloudz &

» v Status: Ok

Topic /pcl_segmented
Selectable ~

Style Flat Squares
Size (m) 0,1

Alpha 1

Decay Time [+
Position Tra... XYZ
Color Transf... FlatColor
Queue Size 10
Color [ 125; 200; 200
i PointCloud2 &
» v Status: Ok

Topic /pcl_output
Selectable ~

Style Flat Squares
size (m) 0,01

Alpha 1

Decay Time [+
Position Tra... XYZ
Color Transf... FlatColor
Queue Size 10

Color
Color to assign to every point.




