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Spectrum of control

DELIBERATIVE REACTIVE
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Purely Symbolic Reflexive
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- PREDICTIVE CAPABILITIES

‘I'JEPEN DENCE ON ACCURATE, COMPLETE WORLD MODELS

Representation-depend ent
Slower response

High-level intelligence (cognitive)
Yariable latency

Representation-free
Real-time response
Low-level intelligence
Simple computation

Source: [Arkin, 1998, MIT Press]
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Middleware

Hardware/Sof

Software Middleware
tware
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WillowGarage PR2 (2007)

Source: WillowGarage
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ROS

* The Robot Operating System (ROS) is a flexible framework
for writing robot software

— Itis a collection of tools, libraries, and conventions that aim to

simplify the task of creating complex and robust robot behavior
across a wide variety of robotic platforms

* Developed and Maintained by the Open Source Robotics
Foundation (OSRF)

* “The primary goal of ROS is to support code reuse in robotics
research and development.”

I
+

Plumbing Tools Capabilities Ecosystem
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ROS

* ROS is based on publish/subscribe message

passing approach
* The core elements are:

— ROS master: process that provides naming and
registration to the rest of the nodes

— Nodes: processes implementing robotic components
— Topics: named buses over which nodes exchange

messages .
/ Topics
/pump_ctl
heron_water_node | v /
'sample_monitor
g oo oson oo
rosout rosout_ag
Node = ‘
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ROS overview

* Process for making two nodes interact with
each other
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ROS overview

* Process for making two nodes interact with
each other

advertise("images")

ros
"master”
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ROS overview

* Process for making two nodes interact with
each other

ros
"master”

topic:images
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ROS overview

* Process for making two nodes interact with
each other

subscribe("images")
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ROS overview

* Process for making two nodes interact with
each other

subscribe("images")
ros

"master”

camera
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ROS overview

* Process for making two nodes interact with
each other

ros
"master”

topic:images

-I images(tcp) -!
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ROS overview

* Process for making two nodes interact with
each other

ros
"master"

topic:images

-ﬁ images(tcp) -al

publish(imq)

CSCE 574: Robotics - I. Rekleitis 1/18/23

14



ROS overview

* Process for making two nodes interact with
each other

ros
"master"

topic:images

-ﬂ images (tcp) -=

publish(img)
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ROS overview

* Process for making two nodes interact with
each other

subscribe("images")

images (tcp)

publish(img)

N

viewer_too
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ROS overview
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* Process for making two nodes interact with

each other
ros
"master"
 topic: images |

topic:images

publish(img)
C,O)

viewer_too
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ROS overview

* Typically, a node represents one
task (driver, localization, mapping,
path planning, ...) ==

,,,,,,,,,,,,

* Nodes run in parallel

/pump_ctl h |
heron_water_node Eoa— T‘;i":?;“i.“"i?‘ ‘

l lsample_monitor m ‘
frosout lrosout_ag%
o
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ROS overview

N
77

* The main mean of communication in ROS are topics and
messages

* However, there are other ways for nodes to communicate
with each other

— Services: similar to Remote Procedure Calls
— Actionlib: preemptable tasks
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ROS overview

e How to decide what to use:
—Topics: especially for stream of data
—Services: execution of fast tasks

—Actions: execution of tasks that need to be
tracked and should be preempted in some
cases
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ROS overview

* Parameters can be easily set
— Statically: rosparam
— Dynamically: rqt_reconfigure

* Be careful in which namespace the
parameters are defined: global or private

2
/j"\\
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ROS overview

* Logging data streams can be achieved by
using rosbag

 Remember the ROS parameter sim_time
especially to run algorithms on bag files

#Bag D@ (o]
1 K (B || & || »o | B0 || (= | = | (@ || =

® | E | 8| |«

camera/depth/image_raw

camera/rgb/image_raw

joint_states
mobile_b../commands/velocity

[ 420.184s 420.184s 6.844s

Source: ros.org
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ROS overview
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topic

* Logging messages are published in rosout

— Different log levels should be used according
to the severity of the message

* rqt_console can be

CSCE 574: Robotics - I. Rekleitis

used to visualize them

Default - RosGui

File Plugins Running Perspectives Help

i Load i save [l Pause | Displaying 39 messages

Message
#12 @ The input topic '/narrow_stereo/left/image_raw' is not yet advertised
#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
prommy S rara—

Exclude Rules:

Highlight Rules:

1/18/23

Severity

warn
warn
warn
Warn
Warn
Info

Warn
Wwarn
Warn
warn
Info

Source: ros.org

Node

/narrow_stereo_textured/...
/narrow_stereo/narrow_st...
/narrow_stereo/narrow_st...
/narrow_stereo/narrow_st...
/narrow_stereo/narrow_st...

/Jarm_holder

/wide_stereo/wide_stereo...
/wide_stereo/wide_stereo...
/wide_stereo/wide_stereo...
/wide_stereo/wide_stereo...

/arm_holder

Clear Resize Columns

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)

Jrc
Jre
Jre
Jrc
Jre
Jtc
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ROS tools
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Navigate: roscd, rosls

Setup: catkin_init_ workspace, catkin_create_pkg
Configure: package.xml, CmakeLists.txt

Build: catkin_make

Execute: roscore, rosrun, roslaunch, rosparam,
rqt_reconfigure

Inspect: rosnode, rostopic, rosservice
Debug: rqt_graph, rostest, rqt_plot
Log & Analyze: rosbag, rqt_bag, rqt_console



ROS packages

source code package_n
header declarations
scripts
message definitions

service definitions

configuration files package_two

launch files

metadata package_one

"package”
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ROS distribution

stack_a-0.4.0 stack_b-1.0.2 stack_c-0.2.1

* Note that in Ubuntu, there are many packages
ready just to be installed with sudo apt-get install
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From source code to executable

Write program Build (compile, Run within

Export the

within ROS link, install
package

package executables) HOE
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ROS tools

| | | | | |
* I'VlZ CAdn be used to v1suahze data
T:Mkn—
| I T—
Source: iheartrobotics.com
A
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ROS tools

» Stage, 2D simulator

File View Run Help

5m 555 700msec [20.7] [ PAUSED]

2

D
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ROS tools

* Gazebo, 3D simulator
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ROS overview

* In a multirobot settings, a possibility is
to share the ROS master over all of the

computers

[
node

node
(computer 2)

| node
(computer N)

@j@ CSCE 574: Robotics - I. Rekleitis

[ | (computer 1) |

roscore

7 (computer 1)

1/18/23

node
(laptop 1)

node
(laptop M)
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ROS overview

* However, to have the system more
robust, multi-master-fkie can be used to
allow robots to see other ROS masters

foo

Master
Discove

rbob /[ Ros-Masterl 'bar
a. :

Sync Master
[|__Modul : 'l Discove;
5. 3 l
Master | | | i RoS-Master |
Discovery 2 s > ‘
7
i ROS-Master
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Summary

* Problems to solve in robotics
— Localization, Mapping, Planning
* Robot software architectures with some history
— Deliberative
— Reactive
— Hybrid
 Middleware
— ROS

* Core elements
* Packages
* Tools
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Questions?
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