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Outline

* Introduction
* OpenRTM and ROS Integration

» Using OpenRTM component for ROS
USers

» Using ROS node for OpenRTM users
» Conclusion
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Robots in JSK Lab (2002)
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Musculo-skeletal Humanoid

Custom made ware

Custom made hardware

Custom made hardware

Micro computer + PC

Embedded PC

Distributed MPU + PC

custom made framework
(nervous: plugin-component
framework for humanoid)

custom made framework
(RT-Linux kernel module —
nervous)

custom made framework
(nervous: plugin-component
framework for humanoid)

EusLisp robot programming environment

— Towards uniform robotics software framework



Tt e, s Lo -t b yro e - i

WHE WNINSERSIT W OF 1O POy O 'EK

Robots in JSK Lab (2012)

Dynamic
Humanoid

Mobile Manipulator
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\ Generate Object Model = b .
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X2

Life-sized Humanoid

Musculo-skeletal
Humanoid

WillowGarage

Kawada Inc.

Custom made

Custom made

Embed. PC

Custom made

PC Servers Embedded PC Distributed MPU + PC
RTM components on Custom made
ROS nodes OpenHRP3 and framework
hrpsys (nervous)

EusLisp robot programming environment

Humanoid

ROBOTIS
Embed. PC
DarwIn-OP
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EusLisp programming environment

« 1986, Toshihiro Matsui@AIST
* Interpreter with solid modeling functions
* Modeling robots and objects

+ scene or task knowledge
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Dally assistive tasks of HRPZJSK

HRP2JSK(2002-)
Tasks generated
based on humanoid
motion planning
technology

Clean u " In the kitchen

Tool manipulation




ROS based framework for integrate
JSK and |AS software

PR2 getting a sandwich

JSK, The University of Tokyo
&
IAS, Technische Universitat Mlinchen

. |AS semantic map  IAS knowrob map

-
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* Inferring likely location for a sandwich using
web based semantic environment models
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JSK task knowledge ROS nodes conn.

— Task planner to generate behavior executives
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Sensor feedback motion

OpenRTM components on

Fail-safe softwares

H R P H u m ar O i d S Sensor data processing

Interpolate angles
I
Control each limbs
I
Zmp calculation
Attitude kalman
filtering
I
Sensor filtering and
transformation
I
End effecter
impedance control
Joint gain controller
Joint torque controller
Auto balancer
ZMP stabilizer
I
Joint error check
I
Self collision check
I
Sensor provider
I
Logger
I
Hand controller

Each module is implemented as OpenRTM module and runs at ever 5[msec]

W g
sl Demonstretion

:'f:"’ @.ﬂ;’
' Fullloocly

Compensetion
bYARBE
(Jolntt Comfrel)

Force sensor monitoring  CoG modification based on Fullbody motion generation

(StateProvider, StateProvider2

ZMPsensor Torquecontrol) Force sensor heedback Based on Joint Torque control

(AutoBalancer) (Torque Control)
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OpenRTM and ROS integration

What is ROS exactly?
ROS = plumbing + tools + capabilities + ecosystem &=

B. Gerkey, Dec 06 '11. answers.ros.org Time to Productivity
. . .
Application Research
 Modules Target of OpenRTM
. Library project
o Simulator Red indicates time to build tools,and greer
. . shows the research. Current PhD student
« Communication Tools spend most of their time to build tools.
. . ROS provides ROS is designed to provide efficient tools
 Device Drivers p. : for researchers to concentrate on the
T I extensive set in “research” ( Steve Cousins speaking at Robo
¢ OO0IS this |ayer Development:

http://www.willowgarage.com/blog/2008/11/17/ste
ve-cousins-speaking-robo-development-tuesday)

— Builing OpenRTM-ROS environment on ROS-tools

« Connecting OpenRTM and modules developed in all over the word.
 Efficient development and maintenance
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http://rtm-ros-robotics.googlecode.com

1. Compile OpenRTM component with rosmake
—  rtmbulid/cmake/rtmbuild.cmake
—  Compile and link OpenRTM idl files

2. Invoke OpenRTM component with roslaunch
— openrtm/scripts/rimlaunch.py

— Add <rtconnect> and <rtactivate> tag to support component management in
launch file.

CMakelLists.txt example (hrpsys/CMakeLists.txt)
cmake_minimum_required(VERSION 2.4.6)
include($ENV{ROS_ROOT}/core/rosbuild/rosbuild.cmake)
rosbuild_find_ros_package(rtmbuild)
include(${rtmbuild_PACKAGE_PATH}/cmake/rtmbuild.cmake) # include rtmbuild.cmake
rtmbuild_init() # this calls rosbuild _init() inside

rtmbiild_genidl() # compile idl
rtmbuild add_executable(AbsTransformToPosRpy src/AbsTransformToPosRpy.cpp
src/AbsTransformToPosRpyComp.cpp) # compile component

Launch file example (openrtm/launch/MobileRobot_2DSimulator_Example.launch)

<node name="rtmlaunch" pkg="openrtm" type="rtmlaunch.py" args="$(find
openrtm)/launch/MobileRobot_2DSimulator_Example.launch"” />

<rtconnect from="TkJoyStick@.rtc:pos" to="TkMobileRobotSimulatore.rtc:vel” />
<rtactivate component="TkJoySticke.rtc" />
<rtactivate component="TkMobileRobotSimulatore.rtc" />
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OpenRTM-ROS Example

# Install RTMROS environment

$ rosinstall ~/prog/rtm-ros-robotics http://rtm-ros-—
robotics.googlecode.com/svn/tags/latest/agentsystem ros tutorials/rtm-—
ros—-robotics.rosinstall

Compile RTMROS environment
rosmake hrpsys_ros_bridge
Launch RTMROS environment
roslaunch hrpsys_ros_brikdge samplerobot.launch

#
$
#
$

ROS
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Interoperablllty of Robot I\/Iodel
between OpenRTM and ROS

» Collada support on both OpenRTM and ROS

— Convert OpenRTM (OpenHRP3 wrl format) to Collada
(openhrp3/export-collada)

— Convert ROS (URDF format) to Collada (robot_model support
collada natively)
« ROS package for OpenRTM software (OpenHRP3,
hrpsys, Choreonoid, OpenVGR, OpenINVENT)

PR2 in OpenHRP3 simulator  gjmylating in OpenHRP3 and display the robots in rviz
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Using OpenRTM for ROS users

e rtmbuild.cmake provides following cmake macros
rtmbuild_init()
rtmbuild_genidl
rtmbuild_genbridge()

« Compile IDL file into ROS service messages file and
OpenRTM/ROS source file

$ 1s rc_gen/
MyServiceROSBridge.cpp
MyServiceROSBridge.h
MyServiceROSBridgeComp.cpp

module SimpleService {

typedef sequence<string> EcholList;
typedef sequence<float> Valuelist;
interface MyService

{
string echo(in string msg); E $ 1s srv

EchoList get echo_history(); S%mpleServ%ce_MyServ%ce_echo.srv .
void set value(in float value); SimpleService_MyService_get_echo_history.srv

float get value(); S%mpleServ?ce_MyServ%ce_get_va1ue.s?v

ValueList get value history(); S}mpleSePV}ce_MySePV}ce_get_va1ue_h1sotory.srv
}; SimpleService MyService_ set value.srv

J

¥
SimpleService IDL File Generated Service messages
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@ rxgraph

Path: |/ v Quiel [J Alltopic: @ Info:
Node [/bridge]
Publications:
* [rosout [rosgraph_msgs/
Log]

Subscriptions: None

SimpleService example

* [bridge/get_loggers
* [bridge/set_value

R /rOSOUt * [bridge/set_logger_level
/brld e —— * [bridge/get_echo_history
* /bridge/get_value_history

Pid: 15367
Connections:
*topic: /rosout

» Calling OpenRTM Simple ey
Service example from rosservice

= _M | R W) 00:22 % k-okada %

File Edit Navigate Search Project Run Window Help

Command list:
echo [msgl : echo message.

th

o i B [7RTSyste...| ~

set_value [valuel: set value. #Na B @Re = 0| & system Diagram. o 52 = B || &= properties i3 = ]
get_value : get current value.
get_echo_history : get input messsage history. i w7
get_value_history: get input value history. o

" A " 5 P t Val
> echo "openrtm service sample L G LERELLY, - aue

v a7 |localhost v 17 MyServiceROSBri

Command list: 75 MyServiceConsumer0|r Path URI localhost/M
echo [msgl : echo message. 3 MyServiceProvidero|rt lj Instance Name | MyServiceR|
set_value Lvaluel: set value. 5 MyServiceROSBridgeo| MyserviceConsumero Type Name MyServiceR!

get_value : get current value.
get_echo_history : get input messsage histor
get_value_history: get input value history.

> [

Description
Version 1.0.0
Vendor
Mys-erviceﬁOSBri dgeo Category
State ACTIVE
¥  owned
¥ & ExecutionCon

LF - :
State RUNNING

MyServiceProvider0

'

MyService::echo() was called. -
service sample” Kind PERIODIC

service sample” kada@kokada-t420s: ~ |

z:::;z: zg::ﬁz k -okada@kokada-t420s:~$ rosservice list

"openrtm service sample” /bridge/echo
"openrtm service sample” /bridge/get_echo_history
“openrtm service sample” /bridge/get_loggers
service sample” /bridge/get_value
service sample” /bridge/get_value_history
"openrtm service sample” /bridge/set_logger_level
echo() was finished /bridge/set_value %
was called. /rosout/get_loggers
Jrosout/set_logger_level
k-okada@kokada-t420s:~$ rosservice call /bridge/echo 'hello, this is echo sample'

hello. this is echo sample
hello, this is echo sample
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OpenRTM simulation

RTM/ROS Bridge Component/Node

C::Z‘iequam[e?lnyerS-efvi(&RUSEriﬂgeCnT:}

RT system Editor - - Eclipse Platform

Publications:
* frosout [resgraph_msgs,/Log]

Subscriptions: Mone

Services:
* [SequencePlayerServiceROSBridgeComp/setinterpolationMode
# [SequencePlayerServiceROSBridgeComp/setJointAngles
* [SequencePlayerServiceROSBridgeComp/loadPattern
* [SequencePlayerServiceROSBridgeComp/get_loggers
# [SequencePlayerServiceROSBridgeComp/isEmpty
* [SequencePlayerServiceROSBridgeComp/playPattern
* [SequencePlayerServiceROSBridgeComp/setBaseRpy
# [SequencePlayerServiceROSBridgeComp/setJointAngle
* [SequencePlayerServiceROSBridgeComp/setBasePos
* [SequencePlayerServiceROSBridgeComp/setZmp
# [SequencePlayerServiceROSBridgeComp/clear
* [SequencePlayerServiceROSBridgeComp/waitinterpolation
* /SequencePlayerServiceROSBridgeComp/clearMNoWWait
# [SequencePlayerServiceROSBridgeComp/setJointAngleswithMask
* [SequencePlayerServiceROSBridgeComp/set_logger_level
Pid: 6818
Connections:
* topic: frosout
*to: /rosout
# direction: outbound

File Edit Navigate Search Project Run Window Help
sl =) Wowe | Qv | A L B o @ R = | R syste...
M Na % BRre = B g *System Diagram. 82 = B || = Properties 2 ==
- [
B > & Property Value
¥ AT 127.0.0.1 ¥ B ConnectorProfile
i» AbsTransformToPosRp HGcontrollerd Name Sequence
[@ CollisionDetectorFacto Viewer0 ¥ ¥ servicePort
[7] DynamicssimulatorFac! Name Sequence

» HGcontrollero|rtc

0 kokada-t420s|host_cxt
[zl ModelLoader|

[# onlineViewer|

i» seq|rtc

L» sequencePlayerservice
2» Simulatoro|rtc

» StateHoldero]rtc

¢ Viewer0|rtc

[2] viewSimulator|

v

Simulater0

HGcontrollero

Viewer0

E configura % “_RE Manager C

Cirmoilabmen ComponentName :

active config name

Launch OpenRTM humanoid example

$ roslaunch hrpsys hrp4c.launch

$ rosrun openhrp3 rtsysedit.sh

Launch ROS-OpenRTM bridge component :
$ roslaunch hrpsys hrp4c-rosbridge.launch

Example code to send walking pattern from rosservice command

$ rosservice call /SequencePlayerServiceROSBridgeComp/loadPattern " ros
hrpsys/samples/HRP-4C/data/walk2m" 1

$ rosservice call /SequencePlayerServiceROSBridgeComp/waitInterpolation

ConfigurationSet : =

port.port_typ: CorbaPo

v B Portinterfacel
Interface Na service0

Type Name | Sequence

SequencePlayerservic g Sl
PlayerServiceROSBridge0.SequencePlay

¥ W ServicePort
Name seq.sequ
port.port_typ! CorbaPo

v B Portinterface

Interface Naj serviceQ

StateHolder0

BT composit | &T Execution | &T RT Log Vi =g
Type Name

Edit Valu Port Interfa

Sequence
PROVIDE

Value

pack find hrpsys /share/

=<
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Using ROS node for OpenRTM users

» Generate OpenRTM component from ROS node in operation

$ roslaunch rosnode rtc stage sample.launch

— Analyze input/output message of the ROS node
— Generate corresponding IDL file for OpenRTM

— Create OpenRTM component wtth the IDL file to provide transformation
between ROS message and OpenRTM data port

gl System Diagram. ! *System Diagram. &3 =B

Imove_base/goal

Jemd_vel

Imove_base/result

Iclock

[move_base_node /move_base_node/current_goal

Jodom
Imove_baseffeedback HE
Imove_base_simple/goal Ij;i rtprint_reader00
rtinject_writer00
/move_base[cancel |::>
move_base_nodel
ROS navigation node Auto generated OpenRTM

component, that provides
interfce to ROS navigation node
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Eile Miew FRun Help 3 a d P p

‘ Civ H @& wl oon | Qv | A B & |7 RT Syste..| »

ROS Navigation .| RTM Component -

B > &
¥ RT 127.0.0.1
* [ kokada-t420s|host_cxt
17 move_base_node0|rkc
2 rtinject_writeroo|rtc

&

rtinject_writer00

rtprint_reader00

move_base_node0

= Configur &2 . _&T Manager |&T Composi &T Executio |RERTLogVi| =8

ComponentName: ConfigurationSet: default Edit Valu
active confi name Value .
7 : Apply
o ; default —
Cancel
Time ] Copy Add Add
wall Time: |1329803436 WallElapsed: 1044.831| ROSTime: 6697.60000C| ROSElapsed: |1044.800 Reset i Pos: (75,144) Size: (93,39)

Launch ROS navigation tutorial

$ roslaunch move base stage tutorial robot.launch

$ rosrun rviz rviz -d “rospack find movebase stage tutorial’ /config/rviz.vcg
Generate OpenRTM component from ROS node

$ roslaunch rosnode_rtc stage sample.launch

Example code to control ROS navigation through RTM data port

$ rosrun rosnode rtc stage sample_send_goal.sh
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Documentation

Developer }

polling

l Commit source code
into repository

Source code repository
(code.google.com/p/rtm-ros-robotics)

Ve

automateq

Report Success or failure of compile

~

J

Ve

A 4

~

Report sample motion test results

A 4

Generate latest tag

A 4

Generate sample motion movides

-
Cl (jenkins tools
Download source codes (rosinstall)
v
\ Install libraries (rosdep)
o ' .
» Download and compile OpenRTM |
v
g | Download and compile OpenHRP3 |
4
mr Compile iis_idl
p v
i || Compile mrobot_ros_bridge
le +: Download and compile hrpsys
v X
Download and compile hrpsys_ros_bridge
T *: Test OpenHRP3
g *: Test hrpsys
1 * Test hrpsyst_ros_bridge

N

L

J

Vs
.

Generate sample motion documents
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Auto roslaunch documentation

« Add extra <sphinxdoc> tags intro launch file that automatically
generate documentation.

<launch>

<include file=" .. " />
<include file=" .. " /> -
<sphinxdoc><![CDATA[ \ =.
. code-block:: bash §e;
. . v,
rosrun roseus roseus rospack find 3
hrpsys ros_bridge /scripts/hrpdc-pickup.1l &
@)
o
This launch file shows an example of ros bridge for open >>2
hrp4 robot.. @
2
. video:: build/images/HRP4C_PickUp =3
:width: 600 ) o
]11></sphinxdoc> E
<test type="test-grxui.py" pkg="openhrp3" .. /> I§

</launch>

http://rtm-ros-robotics.googlecode.com/svn/trunk/rtmros_common/hrpsys_ros_bridge/launch/hrp4c.launch
http://www.ros.org/doc/api/jsk _tools/html/
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OpenHRP3 examples

* Auto-generated mp4/ogv files from test code

7 A0View 11

[ )

T A0View 11

[ )

™ ADView 11

Eneon SREE - B[] FEET
. |

]

<R e

7 aDview 11

B ffoom

Mg g Seies

Eclipse SO 7= W FF= TR =T e Eciipse 50K
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hrpsys examples

» Auto-generated mp4/ogv files from test code

Wiorld S3aste
B rewmoridused w

[ 30w £ T Simtaticn | [ Conteolier| ] Callitien Pair [ Test Editor - n

Blroom [~| (G &3 S "

T dDview [1 O Simedgtion [ ¢

Breem |~ i § & S F

el bl
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& &
& b
- "
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[vIEW] Clipping Distance fromt: o barck: 200 [WEEW]

T M FrlF=h:wx=4% r Eclipws S0K



THE UWNIVERSITY OF 10 YO . - K
It M. s .o -tokyro cEme e A

hrpsys ros bridge examples

» Auto-generated mp4/ogv files from test code
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/ £ hrpsys_ros_bridge ROS

3. rosrun roseus roseus hrp4c-pickup.l - sample euslisp script to control the robot.

hrp4c.launch

roslaunch hrpsys_ros_bridge hrpac.launch
rosrun roseus roseus rospack find hrpsys_ros_bridge’ /scripts/hrpdc-pickup.l

This launch file shows an example of ros bridge for open hrp4 robot, hrpdc. Lounch file

launches folloiwng two program

rosLaunch hrpsys_ros_bridge hrp4c startup. Launch : launch simulated robot

environment, if you use real robot, you don’t need this line

2. roslaunch hrpsys_ros_bridge hrpdc_ros_bridge. Launch - launch rom ros bridge

After that, we need to invoke the client program. Following program is the example of
euslisp language

&= C O jenkins.jsk.imi.i.u-tokyo.ac.jp:8080/job/agentsystem-test/lastStableBuild/artif,

HE WNINTERSIT Y OF 1O RO 'EK

http://jenkins.jsk.imi.i.u-tokyo.ac.jp:8080/job/agentsystem-test/lastStableBuild/artifact/hrpsys-example/index.html
http:/jenkins.jsk.imi.i.u-tokyo.ac.jp:8080/job/agentsystem-test/lastStableBuild/artifact/hrpsys_ros_bridge-example/index.html
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Conclusion

« Many robots, many software frameworks

 Building interoperability between OpenRTM and ROS
— Using ROS tools to build and deploy
— COLLADA support for robot model compatibility

— Generating ROS node from OpenRTM component

 Statically analyzes component (IDL) to generate service message and
ros node source file

— Generating OpenRTM component from ROS node

« Dynamically analyzes ros node input/output message and generate
OpenRTM component

svn: http://tm-ros-robotics.googlecode.com/svn/trunk/
Issue: http://code.google.com/p/rtm-ros-robotics/issues/list
ML: http://groups.google.com/group/rtm-ros-robotics




