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Robotic FrameWork
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Robotic FrameWork

Industrial Service
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Robotic FrameWork

Industrial

U Known environment

1 High speed design

O Intelligence close to the hardware
O Limited robot cooperation

U Limited (forbidden ?) human

interactions

nnnnnn

Service

d Unknown environment

[ Need to deal with uncertain

1 Higher level of intelligence

[ Strong human interactions

[ Possibilité of robot to robot, human

to robot cooperation



Robotic FrameWork

Current Robotic
Needs
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Robotic FrameWork O ?)

A ¢

Develop Robotic Framework

 Specific implementation L Naoqi

(J Heterogeneous communication d Urbi

O Centralized communication O RT-Middleware
( Re-Inventing the Wheel Syndrom 4 ROS

-pr®
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8 RT Middleware:
® Robot Technology
Middleware
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Robotic FrameWork

What is RT Middleware ?

A Robotic Middleware

= A common plateform to assist development of robots

= A Modular Design

= OpenRTM-aist implementation

0 @@ : rFe
based on Corba Voice synthesis Caneré Force Sensor .Aot.ator %: .ACt. tor

nae
component component component component component component

B () =

recognition* interlocution Movable camiage
component component component

@

=  Under LGPL License

=

o™ Service
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Who provides RT-
MiddleWare ?

' NATIONAL INSTITUTE OF
X A Is ’ ADVANCED INDUSTRIAL SCIENCE
’ AND TECHNOLOGY (AIST)

Develop an implementation
of RT-Middleware called
OpenRTM-aist

=

MIDDLEWARE

o —
S - s —
- - ? = r_.—-/’f-
T =t 8 ' T T & ¢
e % B o
i e e = P —
B~ &~ B

OBJECT MANAGEMENT GROUP

Defines / discusses RT-
component specification/
standard

Copyright Leber,Jumel, Saraydaryan 2015
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Who uses RT-MiddleWare ?

Choromet 2

G-RIg80TS

Mobilerobots
PeopleBot

GAR-00"

\

Copyright Leber,Jumel, SaraygF\%pﬁgRs GROO1
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Robotic FrameWork

Who uses RT-MiddleWare ?

http://robot.watch.impress.co.)p/

Kawada Industry Humanoid Robot - HIRO
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How does it work ?

e ——— (‘I’l= Le11image Rightimage
‘] e [
j &+ =
4 1./
o ¢
RT-Component Core Logic RT-Component
Framework
Introspection / configuration
interfaces
Service Port In ,,-6,:/-;--,—- Service Port out
________ (i vrl/

1
1
1 [
i |
_________ }
P Data Port out Data Port out
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How does it work ?

Communication links
(service or data)

Execution context
(periodic, real time, extra trigger)

/] /

Lef

timage Rightimage

General Purpose RT-C

Tools for helping

...I ....| developer in

HER BEEE cystem-

Basic Services Libraries Basic Tools configuration
Group processes

General common RT-Middlewa re

libraries used in RT-C /

Pty Manager, execute the action
defined by the RTE
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How does it work ?

Communication links
(service or data)

Execution context
(periodic, real time, extra trigger)

/] /

Lef

timage Rightimage

General Purpose RT-C

Tools for helping

...I ....| developer in

HER BEEE cystem-

Basic Services Libraries Basic Tools configuration
Group processes

General common RT-Middlewa re

libraries used in RT-C /

Pty Manager, execute the action
defined by the RTE
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How does it work ?

Interfaces for introspection and configuration

SDO Interfaces RTC Interfaces

I
I
|
I
I
|
I
1

! use RT-Component provide |
. _> ----- consumer \ ...... :
Use Activity |
i """ - provider provider e ! E
: State !
: consumer maChine consumer :
: InPort OutPort :
i buffer ﬂ writ buffer E
i : InPort Execution OutPort i
| H buffer . buffer |
y TECEIV Execution context send |
Data port Data port
http://www.openrtm.org/openrtm/sites/default/files/440/RTCArchitecture_en.png
-_——-ﬁ,
CPE
st Copyright Leber,Jumel, Saraydaryan 2015
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Robotic FrameWork

How To develop ?

1. Define the specification of a

class CpenRTM /

component.
Manager
2. Generate the templates of
the component by using a T
cord generator.
+ecs|0..7 0.7 [+rtc=
Execution =EEXECUlE** | AT.Component

3. Integrate libraries etc. you o
have in a specific location in
+dataports +svoports

the template.

0.~ 0.~

4. Compile, test and debug.

Cata port Service port

5. Integrate into a system.

nnnnnn



Robotic FrameWork

ROS:
® Robot Operating System

nnnnnn



Robotic FrameWork

What is ROS ?

= A Robotic Middleware

= Aset of libraries
= Adistributed Modular Design

= Free and OpenSource

UBUNTU ’
— |
-y

nnnnnn




Robotic FrameWork

What does ROS Provide?

Applications

Fetching beer,
scraping the seafloor,
play football,

manufacture objects

Libraries

Tf, opency, pcl, kdl,
cisst, simulation,
drivers ...

Capabilities
Grasping, move, control

execution, navigation,
object detection ....

Core

Packaging & build tools,
Communication infra

Ros API language binding

Copyright Leber,Jumel, Saraydaryan 2015 ntrospection tools 21




Robotic FrameWork

Who provides ROS ?  anacive community

A great history

Switchyard at
Stanford

o

NOVEMBER ],
2007

nnnnnn 2007 2008
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Who uses ROS ?

*iRobotnik
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How does it work ?

—
|-

Plumbing Tools Capabilities Ecosystem
I
I I
0 >
Q =

N

Set of Nodes Name Service Communication Build Tools
=  Application = Node registration = Asynchrone = Complilation
= Services = Node Directory (topics) = Packaging '
= Modules = Communication = Synchrone = Dependency
orchestrator (services) management
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ROS: The Basics
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ROS: Node

Process that uses ROS framework

Can be Remote

Are known via Roscore

Can be written into different languages : Python, C++

RosCore

= Ros Core acts primarily as a name serveur

& " Provide communication architecture

CPE = Hold global parameters

nnnnnn



Robotic FrameWork

ROS: Communication

= Topics
=  Asynchronous
= Many to Many
» Publish/subscribe anonymous message passing

Publisher —>-|<: Subscribers

= Services

=  Synchronous
= RPC request /reply interaction

Request __

Client ” ! > Server
Response

P Service

nnnnnn



Robotic FrameWork

ROS: Communication

O Connect("Scan" ,TCP)

TCP server: f00:2345 @

—

@ Connect(foo:2345) I Viewer
Node

Lazer Probe
Node

LazerScan data messages @

nnnnnn
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ROS: Command line

roscore
rosrun
roslaunch
rostopic
rosservice
rosparam
rosbag
rosnode

rosmsg

nnnnnn

Start the ros Master

Start a ros node

Start a set of ros node

Interact with ros topic

Interact with ros service

Getting and setting ros parameters
Register/replay ros topic

Display information about ros node

Display message data structure



Robotic FrameWork

ROS: Command line

Yoscore

= Dfn:
Start the ros Master

= Usage
roscore
roscore —-p 4523

o

CPE

ECALE SUPERIENRE
DF CAIHIE PRYSIOUE ELECTRONIOVE

@ ™ @ roscore http:/fastroros-VirtualBox:11311/
astroros@astroros-VirtualBox:~$ roscore
. logging to fhome/fastroros/.ros/log/893ca7cO-49fc-11e4-88c9-08002799def9/rosl
Checking log directory for disk usage. This may take awhile.
Press Ctrl-C to interrupt
Done checking log file disk usage. Usage is <1GB.

started roslaunch server http:/fastroros-VirtualBox:56033/
ros_comm version 1.11.3

SUMMARY

PARAMETERS
* frosdistro: <...
* frosversion: <...

NODES

auto-starting new master
process[master]: started with pid [30879]
ROS_MASTER_URI=http:/ffastroros-VirtualBox:11311/f

setting frun_id to 893ca7c0-49fc-11e4-88c9-08002799def9
process[rosout-1]: started with pid [36892]
started core service [/rosout]




Robotic FrameWork

ROS: Command line

rosrun @ & @ astroros@astroros-VirtualBox: ~
astroros@astroros-vVirtualBox:~% rosrun turtlesim turtlesim_node
[ INFO] [1412232629.757742090]: Starting turtlesim with node name [/t
urtlesim

= Dfn:

[ INFO] [1412232629.831810387]: Spawning turtle [turtlel] at x=[5,54
4445], y=[5,544445], theta=[0,000000]
Start the a ros node

= Usage

rosrun <package> <executable>
rosrun vision facedetection

nnnnnn

Copyright Leber,Jumel, Saraydaryan 2015
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Robotic FrameWork

ROS: Command line

/home fastroros/ros_ws/src/turtle_sampleflaunch/turtle.launch htkp://loca

roslaunch

astroros@astroros-virtualBox:~$% roslaunch turtle_sample turtle.launch

. logging to /fhomefastroros/.ros/log/1f28151e-4a00-11e4-9096-080027
99def9/roslaunch-astroros-vVirtualBox-1172.log
Checking log directory for disk usage. This may take awhile.
[)fr]: Press Ctrl-C to interrupt
Done checking log file disk usage. Usage is <1GB.

Start the multiple ros node

started roslaunch server http:f/astroros-VirtualBox:4912%/

= Usage

roslaunch <package> <file.launch> PARAMETERS
* frosdistro: <..

rosrun vision facedetection * [rosversion: <...

NODES
/

mimic (turtlesim/mimic)
fturtlesimi/

sim (turtlesim/turtlesim_node)
fturtlesim2/

sim (turtlesim/turtlesim_node)

ROS_MASTER_URI=http://localhost:11311

core service [frosout] found
process[turtlesimlfsim-1]: started with pid [1190]
process[turtlesim2/sim-2]: started with pid [1192]
irncess[mimtc-s]: started with pid [1212]

—-—
CPE
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Robotic FrameWork

ROS: Command line

turtle.launch

roslaunch
<launch>
<node pkg="turtlesim" name="operator" type="turtle teleop_ key">
<remap from="/turtlel/cmd vel"
u [)fr]. to="/turtlesiml/turtlel/cmd vel"/>

</node>
Start the multiple ros node . .
<group ns="turtlesiml">
<node pkg="turtlesim" name="sim" type="turtlesim node"/>
</group>

|
Usage <group ns="turtlesim2">
roslaunch <pa ckage> <file.launch> <node pkg="turtlesim" name="sim" type="turtlesim node"/>

rosrun turtle sample turtle.launch </group>

<node pkg="turtlesim" name="mimic" type="mimic">
<remap from="input" to="turtlesiml/turtlel"/>
<remap from="output" to="turtlesim2/turtlel"/>
</node>

</launch>

d-__—--'zﬁ

CPE

ECALE SUPERIENRE
DF CAIHIE PRYSIOUE ELECTRONIOVE
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ROS: Command line

astroros@astroros-VirtualBox: ~

I‘OStOPIC astroros@astroros-VirtualBox:~% rostopic list
Jrosout
Jrosout_agg
Jturtlel/cmd_vel
Jturtlel/color_sensor
= Dfn: /turtlel/pose

Interact with published topics

astroros@astroros-VirtualBox: ~

astroros@astroros-virtualBox:~% rostopic echo fturtlel/color_sensor

= Usage
roslaunch list
rostopic echo
rostopic pub
rostopic type

@ @ astroros@astroros-VirtualBox: ~

astroros@astroros-virtualBox:~$ rostopic pub /turtlel/color_sensor turtlesim/Color
{r:10,q9:0,b:12}
publishing and latching message. Press ctrl-C to terminate

astroros@astroros-VirtualBox:~$ rostopic pub /turtlel/cmd_vel geometry_msgs/Twist
{linear: {x: -5, y: 0.0, z: 0.0}, angular: {x: 0.0,y: 0.0,z: 0.0}}'
publishing and latching message. Press ctrl-C to terminate

o

CPE
T Copyright Leber,Jumel, Saraydaryan 2015
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Robotic FrameWork O] 9

ROS: Command line

astroros@astroros-VirtualBox:~$ D astroros@astroros-VirtualBox:~$ D

o astroros@astroros-VirtualBox: ~
astroros@astroros-VirtualBox:~$ [i

astroros@astroros-virtualBox:~$ D

T Copyright Leber,Jumel, Saraydaryan 2015




Robotic FrameWork

ROS: Sample Python publisher

#!/usr/bin/env python

# license removed for brevity

import rospy

from geometry_msgs.msg import Twist

def talker():
pub = rospy.Publisher('/turtlel/cmd vel’, Twist)
rospy.init_node('Turtle Manager', anonymous=True)
r = rospy.Rate(10) # 10hz
while not rospy.is_shutdown():
twist = Twist()

twist.linear.x =0.1;

rospy.loginfo(twist)

pub.publish(twist)

r.sleep()
if _name_ ==' main_ "
try:
talker()
except rospy.ROSInterruptException: pass

nnnnnn
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ROS: Sample C++ publisher

#tinclude "ros/ros.h"
#include <geometry _msgs/Twist.h>
#include <sstream>

int main(int argc, char **argv)
{
ros::init(argc, argy, "Turtle_Manager");
ros::NodeHandle n;
ros::Publisher turtle_pub = n.advertise<geometry _msgs::Twist>("/turtlel/cmd vel", );

ros::Rate loop_rate(10);

int count = 0;

while (ros::ok())

{
geometry _msgs::Twist base_cmd;
base_cmd.linear.x=0.1;
msg.data = ss.str();
ROS_INFO("%s", base_cmd.str());

turtle_pub.publish(base_cmd);

ros::spinOnce();
loop_rate.sleep();
++count;

}
-pr® return 0;
CPE }
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ROS: Distribution

= Package
Contains nodes and libraries that logically constitues a
useful module

- Composition CMakelLists. txt

' launch
/src cpp source files turtle-cmd.launch
/scripts python source files turtle.launch
/msg message definition files Rsg
. o . L— coord.msg
/srv service definition files
) package.xml

/launch launch files scripts
package.xml package manifests L— turtleMgt.py

(metadata about package) =
CMakeLists.txt build and installation turtleMgt.cpp

1)
instruction SUM.Srv
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ROS: Distribution
CMakeLists.txt (172)

cmake_minimum_required(VERSION 2.8.3)
project(turtle_sample)

find_package(catkin REQUIRED COMPONENTS fMakE;iStS.txt
AUNC
rosepp turtle-cmd.launch
rospy turtle. launch
std_msgs msg
message_generation coord.msg
) package.xml
scripts
## Generate messages in the 'msg' folder L rtju rtleMgt.py
add_message_files( -
FILES turtleMgt.cpp

15

coord.msg
)
## Generate services in the 'srv' folder
add_service_files(
FILES
sum.srv
)
## Generate added messages and services with any dependencies listed here
generate_messages(
et DEPENDENCIES
comont e StA_MsgES

nnnnnn

SUm.srv




Robotic FrameWork

ROS: Distribution
CMakeLists.txt (2/2)

nnnnnn

catkin_package(
CATKIN_DEPENDS roscpp
rospy
std_msgs
message_runtime
)
include_directories(
S{catkin_INCLUDE_DIRS}
)
## Declare a cpp executable
add_executable(turtleMgt src/turtleMgt.cpp)
## Add cmake target dependencies of the executable/library
add_dependencies(turtleMgt
turtle_sample_generate_messages_cpp)
## Specify libraries to link a library or executable target
against
target_link_libraries(turtleMgt
S{catkin_LIBRARIES}

CMakelLists. txt

Llaunch
turtle-cmd.launch
turtle.launch

msg

L— coord.msg

package.xml
scripts
L— turtleMgt.py

1y
turtleMgt.cpp
S~
SUM.Srv
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ROS: Distribution

| Package 3 | | Package 3 | | Package 3 |
| Package 2 | | Package 2 | | Package 2 |
| Package 1 | | Package 1 | | Package 1 |
STACK a STACK b STACK c
DISTRIBUTION

nnnnnn
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ROS: Toolbox
RVIZ $ rosrun rviz rviz

Copyright Leber,Jumel, Saraydaryan 2015 42
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ROS: Toolbox

RQT Software framework implementing various GUI tools in the form of plug-ing

demo - RosGui

File Plugins Running Perspectives

web
hittps//www.ros.org/wiki/rqt
L]

rqt

Usage

ROS.org

Help

DE@ o x Publisher

rgt graph
rgt image view
rgt logger level

1. Stack Summary

o lirenca: RSN

rosrun rqt gui rqgt gui [P
Message

#7 Starting scene monitor
#6
#4
#5

Exclude Rules: Messages matching ANY of these rules will NOT be displayed

+ Author: Maintained by Dirk Thomas

Integration of the ROS package system and ROS-specific pl

Displaying 9 Messages

severity
Info
Info
Info
Info
Info

Info

& Severity Filter: Debug Info Warning Error Fatal

topic v

Topic [cmd_vel3

D@ o % Robot Steering

v | Type |fFloat32 | v | Freq. |5 | »|Hz | dp @

rate enabled expression

v femd_vel2 std_msgs/Float32 10.00  True

data

<os(i/20)*20

v femd_vel3 std_msgs/Float32 5.00 True

data

Node

/moveit_setup_assistant 11:11:25.293 (2012-08-02) /rosout, /move,

iyl
sl VUV VU

Highlight Rules: Message matching ANY of these rules will be highlighted

& Message Filter: | monitor

o

Lyow

CPE

ECALE SUPERIENRE
DF CAIHIE PRYSIOUE ELECTRONIOVE

sin(i/20)*10

DECE@ 0% Plot

Resize Columns |  Topic |/cmd_vels/data

Time =

29

232

o

Jemd _vel

Stop

subscribe Topic

DE@ o x Logger Level

DE@ ox
Nodes Loggers Levels
[rosout ros Debug

/rat_gui_cpp. ros.moveit_c¢ Info
/rat_gui_cpp. ros.roscpp | |Warn
[rviz_134392! ros.roscpp.ro |Error

ros.roscpp.su | Fatal

Refresh

DC@ ox

Pause Remove All

232+

Regex a 0]

200

400 00
— fcmd_vel2/data - fcmd_vel3/data

T T T 1
800 1.000
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ROS: Toolbox

= Usage
rgt graph display a graph of ros Node and topics
rgt image view display available image topics
rgt logger level set Ros log level per ros node
rosrun rgt gul rgt gui gul contalner for ros helper tools

turtle1
w urtle1/cmd_ve
rostopic_14239_1412754589937

turtlesim1 turtlesim2

Joperator . rtlesim1/turtle1/crnd_v-rtlesim1[turtle1/p @ urtlesim2/turtle1/cmd_ve w

§ i

nnnnnn
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FLogger Level D@ -0
u o 0 ox Nodes Loggers Levels
u Jmimic ros Debug
Joperator ros.roscpp Info
Jrosout ros.roscpp.roscpp_internal warn
frostopic_14239_1412754589937 ros.roscpp.superdebug Error
Jrgt_gui_py_node_18005 Fatal

Usage for debug
rgt graph

rgt logger level
rgt console

-_——{W

CPE

ECALE SUPERIENRE
DF CAIHIE PRYSIOUE ELECTRONIOVE

/teleop_turtle
Jturtlesim
Jturtlesim1/sim
Jturtlesim2/sim

Refresh

Default - RosGui

File Plugins Running Perspectives Help
Console
& Load & save [l Pause | Displaying 39 messages
Message Severity
#12 @ The input topic '/narrow_stereo/left/image_raw' is not yet advertised warn

#10 @ The input topic '/narrow_stereo/right/image_raw' is not yet advertised
#11 @ The input topic '/narrow_stereo/right/camera_info' is not yet advertised
#8 @ The input topic '/narrow_stereo/left/image_raw' is not yet advertised
#9 @ The input topic '/narrow_stereo/left/camera_info' is not yet advertised
#7 @ Holding arms

#18 @ The input topic '/wide_stereo/right/camera_info' is not yet advertised
#16 @ The input topic '/wide_stereo/left/camera_info' is not yet advertised
#17 @ The input topic '/wide_stereo/right/image_raw' is not yet advertised
#6 @ The input topic '/wide_stereo/left/image_raw' is not yet advertised

#5 @ Moving torso up

P ar—

Exclude Rules:

Highlight Rules:

Copyright Leber,Jumel, Saraydaryan 2015

Node

/narrow_stereo_textured/...
[narrow_stereo/narrow st...
/narrow_stereo/narrow_st...
/narrow_stereo/narrow_st...
/narrow_stereo/narrow_st...
farm_holder

Jwide_stereo/wide_stereo...
fwide_stereo/wide_stereo...
Jwide_stereo/wide_stereo...
/wide_stereo/wide_stereo...
farm_holder

DIC@ ox

Clear

Time
21:39:04.833 (2013-05-06)
21:39:02.337 (2013-05-06)
21:39:02.337 (2013-05-06)
21:39:02.336 (2013-05-06)
21:39:02.336 (2013-05-06)
21:39:01.402 (2013-05-06)
21:39:01.086 (2013-05-06)
21:39:01.085 (2013-05-06)
21:39:01.085 (2013-05-06)
21:39:01.085 (2013-05-06)
21:38:56.400 (2013-05-06)

P P

A

Resize Columns

Jre
frc
Jrc
fre
Jre
ftc
Jro
fre
Jre
fre
Jte .

v

45
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ROS: Libraries
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About Arm and Gripper Manipulation
with ROS; TF and Move it

KR 30-3

Le KR 30-3, un artiste avec une enveloppe d'évalution
sphérique, est I'idéal quand il s'agit d'espace et

dinvestissements limités.

Charges
Charge admissible 30 kg
Charge supplémentaire 35 kg
Enveloppe d'évolution
Portée max. 2033 mm
Autres caractéristigues et versions
Nombre des axes 6
Répétabilité =+0,06 mm
Poids G665 kg
Pasitions de montage Sol, plafond
Commande KR C4
bis Mitte B
\ to oznterlre 7 Y Draulsicht
\\ A3 /.\/ b B Plan view
- 2
<
2N Zucatzlast
2 =120 \" Supplementary load
= \
4 - Y
i - Z
2 !

%

CPE

ECALE SUPERIENRE
DF CAIHIE PRYSIOUE ELECTRONIOVE

" Traglastschvrerpunkt P
Lcad ocpter of gravity-F

s o

1e1 \(/ A
X
P \\

Storkantenradius des Anbautiansches
Interference racius ot the mounting tlang2
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OgP 0P
Peore: B, Po,

s

Ap = Ap LA
Fo, = "Fo, * "Pecre

Rot(z,0)

Trans(x - = » - 9 //

' S
&
K, aenni par o \
0,x,z

Trans
(z,1)
T
"R -
Etape 4 k
Trans(z,r) - . . ot
10 0 0\ /100 a1\ fecos6i —sinf, 0 0\ /1 00 0 oy ; . 0
T _ |0 cosa;y —sina;y 0 010 0 sin#; cos#; 0 0 010 0 . ) . !
L1710 sina;y cosasy O 001 0 0 0 10 001 nr l Ry " Ty
0 0 0 1 000 1 0 0 01 000 1 R ) .
: g 0 0 1 2 —1 ~
R(z, 1, au1) wanslation de a,_1z,_, Rz, 6) translation de r,z, T =9T(). “T(a).°T I - )
v ) T(@ = T(@-,T(q).- 3T(q).™ ) T (q) o
s0it
-y cosb; —sinf; 0 i1

ﬁ-——-ﬁ, cosa;_ysinf; cosa,;_jcosf; —sina,_y —risinag_g

B PE T = sina;_1sinf; sino;_jcosf; cosa;_y  Ticosy_ g @
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Robotic FrameWork

TF

= Definition:
Move a robot arm to a given position

= Properties
register object coordiantes,
transform data from one
landmark to another
distributed architecture
timestamp coordinate frame

T Copyright Leber,Jumel, Saraydaryan 2015 49
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TF

Fle \iew Plugins Help

Displays

=] .Global Options
Background Color - (0.0,0
Fixed Frame fbase_link
Target Frame Jbase_link

01. Grid (Grid)

0E (FON

wall Elapsed:

Z

PDUO&@O
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URDF; Unified Robot Description
Format

iner - -
nertial>
isual>
<origin xyz= 0
{geometry>
<cylinder length-
L/geometrcy>
'ti»:_'ﬁ .F.'.‘.v:l;id v =
<eonlor rgba="'
/material>
risual>
1lision>
o n X
g I

http://www.ros.org/wiki/urdf

—_— from David Lu ; ROSCON 2012 presentation

Copyright Leber,Jumel, Saraydaryan 2015 -
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State Publisher

PARAMETER SERVER

/ [robot_description \

JOINT STATE ROBOT STATE
PUBLISHER PUBLISHER

—»| /joint_states

<node name="jolint state publisher"
pkg="joint state publisher"
type="joint state publisher" />

CPE from David Lu ; ROSCON 2012 presentation
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Generated Gui Controller
PARAMETER SERVER

/robot_description \

ROBOT STATE
PUBLISHER

Joint Controller
joint A
/joint_states

cnter

<node name="jolint state publisher
pkg="joint state publisher
type="joint state publisher">
<param name="use gui" value="True"/>
</node>

LA

—_— from David Lu ; ROSCON 2012 presentation
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Robotic FrameWork

Model Representation

<link name="box">
<visual>
<geometry>
<box size="1.5 .5 .25"/>
</geometry>
<material name="pattern">
<texture filename="package://roscon urdf/logo.jpg"/>

</material>
</visual>
</link>
<link name="mesh">
<visual>
<geometry>

<mesh filename=
"package://roscon urdf/shoulder pan.dae" />

</geometry>
</visual>
</link>
-

—_— from David Lu ; ROSCON 2012 presentation
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Robotic FrameWork

IModel Simulation

<fir;»el‘tial;> _- ._ | I= IUJ/ I;tfg' Iy

mass value="25.799322"
o e A — 098" _IZ:ZT [zy z2Z
-1‘-‘:‘3:-T- - : —='Ny ¢ n ..‘="_ |b:i" l _:”_ n
_" _ll —‘41' '..‘?:——"_ ICAIF*" l__:” "’7,‘—"
inertial

joint name="r shoulder pan joint" type="revolute"
l I.,-\ 1— ;.‘:.’: l_z" " e = S =l' .\..:"

—_— from David Lu ; ROSCON 2012 presentation
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Robotic FrameWork

How move gripper from AtoB?

Kinematics and Dynamics Library

FORWARD
KINEMATICS
Joint
State
INVERSE
KINEMATICS

—_— from David Lu ; ROSCON 2012 presentation

nnnnnn



Robotic FrameWork

IMove it !

= Definition:
Move a robot arm to a given position

[ ROS Param Server]

= Properties 1.1

olal €

. . < % o

Inverse kinematics User Interface 3;' L9
motion plannin {

b 7 | s @
manipulation, 5 Enove_group_interfacﬂ | MoveGroupAction o B
3D perception, (C+1) PickAction _JointTrajectoryAction |8 2

. . 3 PlaceAction g s "2 E
kinematics, : 3 S
con t ro l a nd nav i g—a t i on § moveit_commander E: Get CartesianPath Service > Q

. : 5 (Python) & Get IK Service |l 3 —
Collision avoidance : ; Get. FK Service () .5
; _Get PlanValidity Service | g [«— 2n-cloudTopic | 8 &

: ; Plan Path Service bﬁ z 2

! ; ; S = @)
[ GLI {Reaiz Pugn) j : Execute Path Service g \_ 02

i i Get Planning Scene Service NS

.......................... . =

{  Other Interfaces AttachedObject __Joint States Topic §

B T TCEPPRPTPPPPS co CoIIifionObiect‘ Robot 8

PlanningSceneDiff State :é

Publisher

o

CPE
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Robotic FrameWork

IMove it !

MONTAGE 2013
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Robotic FrameWork

PCL Point Cloud Library

= Definition:
2D-3D point cloud processing

= Properties
Filtering
Feature estimation
Surface reconstruction
Model fitting
Segmentation

o

CPE
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Robotic FrameWork @ O] 0

PCL Point Cloud Library




Robotic FrameWork

OpenCV O

= Definition :
an Open source Computer Vision and machine learning software library
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Robotic FrameWork

Stage simulator

= Definition :

Stage is a robot simulator. It provides a virtual world populated by mobile robots and
sensors, along with various objects for the robots to sense and manipulate.

& stageros 2 de MW O ; = 4 [ @ ws2 FriSep23 11:57:42 William Woodall Q

01. Grid (Grid)

Topic initialpose

G
02, Transforms (T {7
03. Laser Scan (Laser Sc {ff

Alpha 1

Color B @ss.1210

Color Transformer  Flat Color

Decay Time 0

Position Transformer XVZ

selectable v

Status: OK

style Paints

Topic /base_scan =
04. Map (Map)
05. Point Cloud? (Point &7 Crbity
06. Pose (Pose)

Stage: world/willow-erratic.world

h .
[ " s
.
.
.
| 1 F
- r 1
. K] =
N
-
-
;[XM Frame T g -,
rame into which all data is transformed
before being displayed. ‘1'-:'_-__
- Mo 'r'
r.-.,-,.:-_.‘ . ui ru k
M Add Remove | | Manage... -
— | uld lr "
e Time L " b
I : PE Wall Time: |1316797061.860819 Wall Elapsed:  48.815524
ECOLE SUPERIENS

1 L]
ROS Time: |49.600000 ; 36.100000 TT Reset
e
DF CHIMIE PRYSIOUE ELECTRONIOVE
oE crow




Robotic FrameWork Do O

Gazebo simulator

= Definition:
Gazebo is a simulator of complex robots, probe and environment simulator

) Gazebo : default

World | Insert

Scene

Physics
> Models
> Lights

Property

) " )l Real Time Factor: Sim Time: Real Time: Iterations:

Copyright Leber,Jumel, Saraydaryan 2015




Robotic FrameWork

Gazebo simulator
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Robotic FrameWork

Our ROS Feedback
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Robotic FrameWork

Ros Usage

Robocup@work
2014

Precision place
Action

Pick Action

4 Sy ?’ﬁl

Bl N (1B |

Ml
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Ros Usage
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Robotic FrameWork

o Pros

O Free and open-source

O Lot of robots and equipments compliant

O Tools box impressive

O Very Active community (lots of
examples and new tools)

O More and more mature (stability, easy

to use, customization)

nnnnnn

O Inequal contribution maturity

O Currently lot of difficulty to use package
between different versions

L Design for a single core on a single
computer (need to synchronise time
between computers, no official multi-
core support)

O Security and reliability need to be

evaluated



Robotic FrameWork

Robocup@work Usecase

KUKA Youbot Platform

omni-directional mobile platform
S-degree-of-freedom manipulator
2-finger gripper

real-time EtherCAT communication

open interfaces (ROS compliant)
S16 s11 basic control software
A arm and platform can be used independently
H H
[ ]
S15| E
START n . $13 H
S14
517 n ! |512
GOAL

Working area

. . Precision place
Pick Action 2 P
Action

o

CPE
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Robotic FrameWork

Robocup@work Usecase

O3 1 4 1748 B

=
<

I“NERAROYS GO
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Robotic FrameWork

Map Manager Map Server @

Get target position /Map

Youbot_Navigation_Hy
dro

BNT Order

Command a base position (and gripper action)

@

Youbot Driver ((Ha‘

Openni_launch Get the Depth of
the targeted object

General Manager

Openni_launch

Youbot kinect

Publish kinect images (rgb) publisher

| Read the position
Tracker opencv “\ of the detected object

Youbot_threshold_robotcup_holes

Kinect_depth_nodepth

Publish the 3D position of the detected object

Set Targeted object + object properties

——BMT Orde Youbot moveit manager

Command a base position (and gripper action) Command an arm position

Moveit on Youhot

Youbot_demo.launch

Youbot Driver

d-__—--'zﬁ
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References

nnnnnn



ERCK= K eN RO

Robotic FrameWork

References

http://www.ros.org/history/
http://wiki.ros.org/Robots
http://www.ros.org/about-ros/
http://wiki.ros.org/ROS/Tutorials
http://wiki.ros.org/rqt

http://wiki.ros.org/tf
http://wiki.ros.org/ROS/Introduction
http://wiki.ros.org/ROS/CommandLineTools
http://wiki.ros.org/opencv2
http://osrf.github.io/www.ros.org/features/
http://www.cnblogs.com/kekec/archive/2011/06/20/2085035.html
http://moveit.ros.org/documentation/concepts/
http://code.opencv.org/projects/gsoc2013/wiki
http://playerstage.sourceforge.net/doc/Stage-3.2.1/

* Ros Workshop , Lorenz Mosenlechner, Technishe Universitat Minchen, 2012

* Advanced Techniques for Mobile Robotics ROS, Wolfram Burgard, Cyrill Stachniss,
Kai Arras, Maren Bennewitz
Summer course on ROS/framework 2013:(Institato Superior Técnico, Lisbon)


http://www.ros.org/about-ros/
http://www.ros.org/about-ros/
http://www.ros.org/about-ros/
http://www.ros.org/about-ros/
http://wiki.ros.org/ROS/CommandLineTools
http://wiki.ros.org/ROS/CommandLineTools
http://wiki.ros.org/opencv2
http://wiki.ros.org/opencv2
http://playerstage.sourceforge.net/doc/Stage-3.2.1/
http://playerstage.sourceforge.net/doc/Stage-3.2.1/
http://playerstage.sourceforge.net/doc/Stage-3.2.1/
http://playerstage.sourceforge.net/doc/Stage-3.2.1/

Robotic FrameWork

Images

http://alligatographe.blogspot.fr/2012/12/robocop-verhoeven.html
http://www.theoldrobots.org/images3/manufacturing4.JPG
http://www.cnblogs.com/kekec/archive/2011/06/20/2085035.html
http://williamjwoodall.files.wordpress.com/2011/09/screen-shot-
2011-09-23-at-11-57-36-am.png

http://wiki.ros.org/tf
http://moveit.ros.org/documentation/concepts/
http://answers.ros.org/upfiles/13855650235971625.png
http://osrf.github.io/www.ros.org/img/rqt.png

Videos

Ros 5 years
https://www.youtube.com/watch?v=PGaXiLZD2KQ
TF
http://www.youtube.com/watch?v=dQylpsMUQSw
Gazebo
https://www.youtube.com/watch?v=RvfuKP5mO0Ow0
PCL
https://www.youtube.com/watch?v=7J-9pN96mBY
moveit

“ https://www.youtube.com/watch?v=dbiCGZzeUqs

EOde O &0


http://answers.ros.org/upfiles/13855650235971625.png
http://answers.ros.org/upfiles/13855650235971625.png

nnnnnn

Captronic’l5

Hardware solutions for
robotics of service




Hardware solutions for robotics of service

Emblematic
Robots
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Hardware solutions for robotics of service

Nao
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Hardware solutions for robotics of service

Nao
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Hardware solutions for robotics of service

Proprioceptive sensors

= MRE (Magnetic Rotary Encoder)
= Temperature sensor

" Current sensors
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Hardware solutions for robotics of service

Exteroceptive sensors

= FSR (Force Sensing Resistor)
= Bumpers

= |nertial Unit (accelero, gyro)
= Sonar

= User button

= Cameras x2

= Microphones x4

" Infrared receiver

= Capacitive sensors

nnnnnn



Hardware solutions for robotics of service

Actuators

= Motors
= LEDs (visible colors)
= LEDs (infrared)

= Loudspeaker

d-__—-{“
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Hardware solutions for robotics of service
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Hardware solutions for robotics of service

Motors + MRE subset ey

= Nao has 25 motors

= Nao has 34 MRE

= \ery good cost/performance/size solution

Yaw

o HJ2 HI1 ..
Rshouterion RAJ 2 LAI2 ishoukdertiont L %"

s RAJL 2¢4' $ $ LAIT tattares

— 7\ ] - .V [ J—
.4'3’
S— k] .11 Jr——"
e ALY - <l s
st RL)3 LL)3 (eopuct
wighot RLJ2 _ LLJ2 (e
mneeinch RL)4 = - [ D
wasieins RLIS LLJS Lankiepnes
wenon RLJ6 b <d LL)6, 5
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Hardware solutions for robotics of service

Motors + MIRE subset

Output Spline.  prive Gears

Servo Case.

Control Circutt

Potentiometer” ™ Motor

Classical servo motor

Copyright Leber,Jumel, Saraydaryan 2015
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Hardware solutions for robotics of service

Example of dynamixel motors

120
; EX-106

100
S 80
v g MX-64
=3
;;.';
~ 60
- gnx-sa
F 40 B Rx-28
,E g MX-28

20 ' AX-18A

9 e g g AX-12W
0 50 60 70 80 90 100 110 120 130 470
SPEED (RPM)
-—p®
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Hardware solutions for robotics of service

Motor recommandations in mobile
robotics

= Brushed (permanent magnets) or Brushless DC motors
» QOptimize size/integration
= Join effectiveness and simplicity of control
= Consider thermal dissipation
= |f your robot ...
= ... makes recurent movements
= ... makes lots of accelerations
= .. is position loop-controled with a « significant » torque to stand

= Electrothermal model = Choose right product / Use as state observer

nnnnnn



Hardware solutions for robotics of service

Coupling and cables ?

= Moving parts and cables... big issue!

= Two main solutions with many variants:

" Loop/loops with cables

= Use of harmonic drives

(rather for industrial arm)

= Recommendations:

= Chose appropriate cables

~<—= = Make endurance tests

nnnnnn



Hardware solutions for robotics of service

FSR (Force Sensing Resistor)

e & '
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Hardware solutions for robotics of service

FSR (Force Sensing Resistor)

= Nao has 4 FSRs per foot
= FSRis the most accessible technologie to measure pressure

= Capacitive technology more appropriate but expensive

&
-~
= —— —
e —
—

— @
RFsrFL
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Hardware solutions for robotics of service

Neato

T Copyright Leber,Jumel, Saraydaryan 2015 92
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Hardware solutions for robotics of service

Proprioceptive sensors

= QOptical wheel encoders

= Battery « manager »

Copyright Leber,Jumel, Saraydaryan 2015 93
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Hardware solutions for robotics of service

Exteroceptive sensors

= Sharp (infrared ranger)
= Bumper
= User buttons

= Magnetic band sensor

. . — A<
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Hardware solutions for robotics of service

Actuators

= Motors (2 wheels, fan, brush)
= LEDs (visible colors)

= Display

Copyright Leber,Jumel, Saraydaryan 2015 95
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Hardware solutions for robotics of service

< 5 = J < :"‘" »D Position sensitive photo-transistors

LED PSD
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Hardware solutions for robotics of service

Lidar (sharp principle)

nnnnnn

= <
Target S =
) :
."l'
h
D

Lidar (phase difference)



Hardware solutions for robotics of service

Lidar (phase difference)

Lj?-i}Rotatlng mirror = S(t) = A.sin(w. t)
: £
! Obstqcle R(t) = B.sin(w. (t — dt))
\'-\ M(t) = S(t).R(t)
- M(t) — 4 B\ cos(w.dt))— cos(2wt —w.dt)

Laser emitter
+ Photodiode

Constant for a H|gh Frequency
certain distance

l

Extract value with f
low-pass filter
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Hardware solutions for robotics of service

PR2

BR[0T TP
LTI
L[ TTTHTT .
S —
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Hardware solutions for robotics of service

Cloth Grasp Point Detection
based on Multiple-View Geometric Cues
with Application to Robotic Towel Folding

Jeremy Maitin-Shepard
Marco Cusumano-Towner
Jinna Lei
Pieter Abbeel

Department of Electrical Engineering and Computer Science
University of California, Berkeley

International Conference on Robotics and Automation, 2010




Hardware solutions for robotics of service

3D Cameras

= Stereo camera

(g

= Time of Flight (ToF) camera

= Plenoptic camera

L R,
L{TT{ERT TR
-
S ——
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Hardware solutions for robotics of service

3D Cameras

Range Witdh Depth
Resolution | Resolution

Stereo O<--->0 ~cm
~50m
Structured = ~10m ~cm ~cm
light
ToF ~50m ~“mm ~cm
O - . - -
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Hardware solutions for robotics of service

Robotic process units
prototyping case study)

Black

@
a

A0 5

=  Arduino

Tre ES

-_——-ﬁ,

CPE

ECALE SUPERIEVRE
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Hardware solutions for robotics of service

Robotic process units
(prototyping case study)

Copyright Leber,Jumel, Saraydaryan 2015
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Hardware solutions for robotics of service

Robotic process units
(prototyping case study)

Raspberry Arduino BeagleBone Panda Wand ODROID ODROID
Pi— B+ Tree Black Board ES Board
CPU

ARM710 A-9Quad A-9Quad A-9Quad A-15Quad

700 Mhz 1 Ghz 1 Ghz 1,ZGhz 1Ghz 1Ghz 1,7Ghz 2Ghz
RAM 512 MB 512 MB 512 MB 1GB 2GB 2GB 2 GB
Con. + ++ ++ +4++ ++++ ++++ + ++++
Price 328 Coming soon 55§ 185 S 135S 129 S 69 S 179 S
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Hardware solutions for robotics of service @ @

LogIn | Sign Up 0800 756 9913 |GBP =
‘ R O B O T S Search entire shop here... n

. Quality Robotics & Electronics
ROBOT  MOTORS & BOOKS &

-~ [EDUCATION 3DPRINTERS ROBOTS paptg WHEELS  SENSORS CONTROLLERS praca7inpg RADIO  BRANDS

Check out the
latest arrivals in our

eE OUR BOOKSTOR
R S
RESEARCH Niew o

ROBOTS FAQs & !
HOW‘tO'DO Guides

Everything you
need for

3D PRINTERS >

m Most Popular Special Offers Clearance

Hll’llllllll!\llll;\l

~# Sharp
GP2YOEO2B 107

GP2YOE02B

e Pressure Sensor
Breakout
MS5803-14BA




Hardware solutions for robotics of service

come to access your account My Account | e ContactUs | English v
Ll Ra U Lt Pt L

' ; A0 AP Search) Product keywords... X o @urcarr )
— <

Putting at your service”
"% A W N
g

™M

Products v Robot Apps v Community v Services v

RobotShop :

Robots to Build & Experiment

s for the House

Service Robots

Best Sellers
Choose v n B <
On. 3l Robot Parts Robots & Kits Personal & Domestic Robots Professional & Service Robots
Choose v Microcontrollers Robot Construction Kits Robot \Vacuums Defense, Security & Surveillance Robots
S =i Motors Robotic Arms Robot Pet Care Guide & Telepresence Robots
Sensors Wheeled Development Robot Window Cleaners Entertainment Robots
New Products Platforms

d-__—-{“
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Hardware solutions for robotics of service @ @

Génération Robots HumaRobotics Blog

The European personal programmable robot specialist My account Subscribe

% .
[ a] Generatlon _RoBoTs  (CIERENEETER

Ex: Mindstorm, Kit Gadgeteer, Capteur...

Consumer Robots | Programmable robots for Education | Electronics and Robotics | Robots for Research Brands

MAKERBOT 3D PRINTERS FEZ CERBERUS TINKER KIT

What are you going to [ ’ 8 module types - 100% open source
prmt toda¥l

| electronics

CHALLENGES
FOR TOMORROW S ROBOTS

*adafruu

[1 Double Robotics [

O=C NEWSLETTER

Stay in touch with robotics and its
development. Sign up for our newsletter!

ARDUINO induscries

your e-mail...
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Images

http://www.intorobotics.com/inside-nao-next-gen-designed-for-future-home-robotic-applications/
http://home.roboticlab.eu/en/examples/sensor/ir distance
http://www.generationrobots.com/en/content/52-localize-with-a-hokuyo-laser-range-finder
http://www.sensorsportal.com/HTML/DIGEST/april 06/Rotary Encoder.htm
http://brooklynhobbies.com/hs-5735mg-digital-servo-hitec-35735
http://robocup.bowdoin.edu/public/software/nao/NaoQi/1.10/nao-

1.10/doc/site _en/reddoc/hardware/FSR.html

Videos
https://www.youtube.com/watch?v=gy5g33S0Gz0
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