Other RTOS services

Embedded Motion Control 2012

Group 7:

Siddhi Imming
Bart Moris

Roger Pouls
Patrick Vaes

Technische Universiteit
Eindhoven
University of Technology

Eindhoven, May 29, 2012 Where innovation starts



Other RTOS services
Connecting two nodes
ROS debugging tools
Gmapping

Technische Universiteit
e Eindhoven
University of Technology

/ Department of Mechanical Engineering 29-5-2012 PAGE 1




Other RTOS services

« Definition of service in the book is not the same as
the definition in ROS

 Micro-kernel
« Adjustability
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Other RTOS services

File system

Core
Kernel
service

]
i
I
1
I
h 4

: _ TCP/IP Protocol Stack
., '
A 4 L
S BSP (device drivers, ISR handlers) l

RTOS Services
(Kernel Services + BSP Services + Ksrnel Add-On Components Services)
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Other ROS services

* File system component
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Other ROS services

* File system component
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Other ROS services

2 Applications Places System @)~ @ & )| Wed May 6, 2:01 PM | Gleb Reys [§)

* File system co |
- Command shell R R—
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Other ROS services

* File system component
« Command shell
- Target debug agent
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Other ROS services

File system component
Command shell

Target debug agent
TCP/IP protocol stack
RPC component
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Connecting two nodes

ROS
master

XML/RPC

|

connect(“scan”, TCP)

Gazebo . . > _
XML/RPC: host:38637 TCP server: host:36195 RViz
< I I I I I I A A _>

LaserScan data messages
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ROS debugging tools

* Rviz
« RXconsole

RXgraph

RXplot

RXbag and Rosbag
Command line tools
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ROS debugging tools

Rviz
* Visualizes messages.
« Can subscribe to multiple topics.

« Can publish messages on topics.
=] RViz BIEIE)

File View Plugins Help B

| Move Camera] Interact Select 2D Nav Goal 2D Pose Estimate

Displays [x] Tool Properties 3]

=] .Global Options Interact
Background Color [l (0,0,0) E|
Fixed Frame fbase_footprint Topic goal
Target Frame <Fixed Frame> E|
.Global Status: OK Topic initialpose

01. Robot Model
{02 Loser scan

Status: OK
Topic fscan
| Selectable
Style Billboards

Billboard 5ize  0.01 [~ |.Save Current| |Load| |Delete|

Collision Enabled Selection =

Whether to display the collision
representation of the robot.

Add | ‘ Remove | |Manage... ‘

Time 3]

wall Time: Wall Elapsed: ROS Time: ROS Elapsed: |96.250000 l | Reset |
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ROS debugging tools

RXconsole

Node —_> rosout —_— RXconsole

V1

GetLoggerLevel Message:
-  Message
1. Debug - System time
2. Info - Message level
3. Warn - Node
4. Error - Topics
5. Fatal
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ROS Debugging tools

RXconsole

* Display ROS messages
« Set logger level
* Include and exclude messages

/ Department of Mechanical Engineering

[ rxconsole (—]@)[x]]
Message Sewverity Node Time Topics
Message published on fmin_dist Debug /checkrange 1495.296000000 Jrosout, n~|
Message published on /min_dist Debug /checkrange 1495.347000000 frosout, /m
Message published on /min_dist Debug /checkrange 1495.396000000 frosout, /n
Message published on /min_dist Debug Jcheckrange 1495.446000000 frosout, /i
Message published on /min_dist Debug Jcheckrange 1495.496000000 frosout, /i
Message published on fmin_dist Debug /checkrange 1495.546000000 frosout, /n
Message published on /min_dist Debug /checkrange 1495.596000000 frosout, /n
Message published on /min_dist Debug /checkrange 1495.646000000 Jrosout, /m
Message published on /min_dist Debug Jcheckrange 1495.696000000 frosout, /i
Message published on /min_dist Debug /checkrange 1495.746000000 frosout, /i
Message published on fmin_dist Debug /checkrange 1495.796000000 frosout, /n
Message published on /min_dist Debug /checkrange 1495.846000000 frosout, /n
Message published on /min_dist Debug /checkrange 1495.897000000 frosout, /m
Message published on /min_dist Debug Jcheckrange 1495.946000000 frosout, /r|
Message published on fmin_dist Debug /checkrange 1495.996000000 frosout, fni|

a I BN
Severity Fatal Error Wamn Info Debug [ Pause l [CIearl ISetupl [Levels...l [New Window...l
Enabled [ ] [ Include c] [ Regex From Message v] Node [v| Location [v| TopicsE]E]

Enabled ["Incoming queue full for topic "Vl] [ Exclude| c] Regex From Message [ | Node [] Location [] TopicsE]E]

Enabled ["Vhome\.-’roger\.-'msviazz_examph] [ Exclude| c] Regex From [ | Message [ | Node | Location [] TopicsE]E]
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ROS debugging tools

RXgraph

* Visualization of all nodes and connecting topics

= rxgraph

(=)E][x]

Path: [J Quiet [ All topics

Iclock

Jrosout

frobot_state_publisher

fgazebo Jrosout

\ frosout
——
frostopic_2398_1338190160446

Info:

Node [/rosout]

Publications:

* jrosout_agg [rosgraph_msgs/Log]

Subscriptions:
* frosout [rosgraph_msgs/Log]
* /clock [rosgraph_msgs/Clock]

Services:
* frosout/set_logger_level
* frosout/get_loggers
Pid: 1961
Connections:
* topic: fclock
* to: http://rogerlaptop:45564/
* direction: inbound
* transport: TCPROS
* topic: frosout
* to: http://rogerlaptop:44821/
* direction: inbound
* transport: TCPROS
* topic: frosout
* to: http://rogerlaptop:46550/
* direction: inbound
* transport: TCPROS
* topic: frosout
* to: http://rogerlaptop:37615/
* direction: inbound
* transport: TCPROS [
* topic: frosout
* to: http://rogerlaptop:45564/
* direction: inbound
* transport: TCPROS

<]
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ROS debugging tools

RXplot

* Subscribes to topic and plots data from topic field

= RXPlot [=]a](x]

/topic

—_— RXplot m— \/isualization

Technische Universiteit
e Eindhoven
University of Technology

29-5-2012 PAGE 15

/ Department of Mechanical Engineering




ROS debugging tools

RXb ag an d RO S b ag fml rxbag - 2012-05-27-22-32-53.bag E][E][_]
GV O B X & 4 | @
* Record and playback topic messages 100
emd vel [ TTTTTTTTITTTTITTITITTIT T T T I T T T T I TII T T I I TITITTITTITd]
) min_dist [ [P PE P L P P P PP P PP i
/tOpICl [ rxbag - cmd_vel [Plot] H@lﬂ\
K 4 » W | &
. 0.20 - : : -
ftopic2 Rosbag —> Bag-file
o R S e S RN SR S B SRS S -
Y O A S SO T U T £
Jtopicl S Rt A A B AR S E S A
) 0.00 1 2 3 4 5 6 7 8 9 1‘0 il 1‘2 13 1:4
Bag-flle % RO S b ag Jtopic2 81.110 81.011s 10.051s
p o rxbag - min_dist [Plot] =)
H 4 b H e
0 U N O N T T S S RN O
Bag-file s RXb ag = \/isualization |*°| """"""""""""""""""" """""""""""""""""""""""""""""""""""
1] 1 2 3 4 5 (1 7 8 9 iD 1.1 1.2 1.3 1‘4
81.110 81.011s 10.051s
[ 81.123 81.0125 110.0525 [
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ROS debugging tools

Command line tools

* rostopic Topics

* rosservice Services

* rosnode Nodes

* rosmsg Messages

° rossrv Service files

* roswitf Report with warnings and errors
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ROS Debugging example

- Example: simple collision avoidance

/scan

L— —
Checkrange  \_/min_disty Jazz ~Lemd Yely, Jazz Robot

node Node

A N //

‘\\\‘\\-__/ < x“\\-__/ o
o Receive laserdata o Receive distance
o Calculate distance o Compare with minimal
o Send distance tresshold (0.3m)

o Send velocity message
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ROS Debugging example

Iscan
Using RXconsole D o
g Checkrange / min_dis Jazz /emd_vel Jazz Robot
node Node
Checkrange node: Jazz node:
scan pub.publish (min dist) ; vold min distcallback (..) {
ROS DEBUG ("Message published on /min dist"); ROS DEBUG ("Message received on /min dist");
i rxconsole mE8)

Message Severity Node Time Topics

Message published on /min_dist Debug Jcheckrange 1495.296000000 jrosout, /n(~]

Message published on /min_dist Debug /checkrange 1495.347000000 frosout, /n

Message published on /min_dist Debug Jcheckrange 1495.396000000 frosout, /n

Message published on /min_dist Debug Jcheckrange 1495.446000000 frosout, /n

Message published on /min_dist Debug /checkrange 1495.496000000 frosout, /n

Message published on /min_dist Debug /checkrange 1495.546000000 frosout, /n

Message published on /min_dist Debug Jcheckrange 1495.596000000 frosout, /n

Message published on /min_dist Debug /checkrange 1495.646000000 frosout, /n

Message published on /min_dist Debug Jcheckrange 1495.696000000 frosout, /n

Message published on /min_dist Debug Jcheckrange 1495.746000000 frosout, /n

Message published on /min_dist Debug [checkrange 1495.796000000 frosout, jn

Message published on /min_dist Debug /checkrange 1495.846000000 frosout, /n

Message published on /min_dist Debug Jcheckrange 1495.897000000 frosout, /n

Message published on /min_dist Debug Jcheckrange 1495.946000000 {rosout, /nrgi

Message published on /min_dist Debug Jcheckrange 1495.996000000 frosout, jnj
a I | D

Severity Fatal Error Wam Info Debug [ Pause ] [Setup] ILeveIs...] [New Window...l

Enabled [ | [ Include c] 7] Regex From [ Message ¥ Node /] Location TOpiCSE]E]

Enabled I"Inmming queue full for topic "Vul [ Exclude| c] Regex From Message [] Node [ Location [ TopicsE]E]

. . Technische Universiteit
Enabled IAwome\,-'roger\f’ros\.i]azz_examplul [ Exclude| cl Regex From [ | Message [ | Node || Location [ ToplcsE]E] e Eindhoven
University of Technology
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ROS Debugging example

Iscan

Using RXgraph . e
g g p Checkrange / min_dis Jazz /emd_vel
node —_—t Node Sy, Jazz Robot
= rxgraph (=J(E@)(x]
Path: |/ E [ Quiet All topics Info:
Node [frosout]
Publications:

* frosout_agg [rosgraph_msgs/Log]

Subscriptions:
* frosout [rosgraph_msgs/Log]

Services:
* rosout/get_loggers
femd vel * rosout/set_logger_level
Jmin_dis /jazz_example - Pid: 3579

Connections:

* topic: /frosout
frosout /rosout_agg * to: http:/froger-laptop:33799/
* direction: inbound
* transport: TCPROS
/scan N * topic: /rosout
/min_dist

* to: http:/froger-laptop:54090/
* direction: inbound
* transport: TCPROS
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ROS Debugging example

Iscan
Using RXgraph . 0
g g p Checkrange / min_dis Jazz /emd_vel
node —_—t Node Sy, Jazz Robot
=] rxgraph (=)
. . Info:
Path: |/ ~ | [ Quiet All topics
Node [/jazz_example]
Publications:

* frosout [rosgraph_msgs/Log]
* jomd_vel [geometry_msgs/Twist]

Subscriptions:
* Jmin_dist [geometry_msgs/Point]

Services:
* fjazz_example/get_loggers
* fjazz_example/set_logger_level

Pid: 4309
Connections:
a5 TR op o
* to: frosout

* direction: outbound
* transport: TCPROS
* topic: /min_dist
* to: http:/froger-laptop:33799/
* direction: inbound
* transport: TCPROS
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ROS debugging example

Iscan

Rviz ‘ L
.
Checkrange / min_dis Jazz /emd vel Jazz Robot
node Node
=] RViz =8
File View Plugins Help
. Move Cameral Interact Select 2D Nav Goal 2D Pose Estimate
Displays = Tool Properties =
=] .Global Options Interact
Background Color JJJj (0,0,0) =] 2D Nav Goal
Fixed Frame /base_footprint Topic goal
Target Frame <Fixed Frame> =] 2D Pose Estimate
.Global Status: OK Topic initialpose
01. Robot Model
=] 02. Laser Scan ( 5]
Status: OK s
Topic Jscan
[ Selectable
Style Billboards
Billboard Size  0.01 |Sa\.re Current || | Load| |Delete|
Collision Enabled Selection =
Whether to display the collision
representation of the robot.
Add | | Remove | | Manage... |
Time =

Wall Time: |1338190087.52521 Wall Elapsed: |109.112641 ROS Time: |135.971000 ROS Elapsed: |135.951000
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ROS Debugging example

Using RXplot

e e —
Checkrange / min_dis Jazz /emd_vel
node —_—t Node Sy, Jazz Robot
rxplot /min dist/x ' )
o RXPlot : 41 = |
| File
o Ba n =
T 20 T T T T T
15 | 4
10 | 4
05 |- . Technische Universiteit
e Eindhoven
L ; ? ; i ; University of Technology
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ROS Debugging example

Using RXbag and Rosbag

(=] rxbag - 2012-05-27-22-32-53.bag BE8
CIRRCY IO B RO £ & 4 (@@

0.0 0.5 1.0 1.5 2.0 25 3.0

-
emd vel [ [TTTTTTT T T T T T e LTI T T T
min_dist [ | [V CE PP PP e e P e il
— rxbag - cmd_vel [Plot] P—_Eli]
R I
| 0.20

= linear.x

0.15+

0.10+

0.05
0.00
1 = 3 4 5 6 7 8 9 10 11 12 13 14
|85.111 |85.111s 14.151s
- rxbag - min_dist [Plot] [-1[o][x]
M 4 » M &
-

e . e e
T S e B s s s
LT A AN NISHETE O SRR SRS SRR N (S S e

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Technische Uni iteit
| 71.100 |70.960s |0.000s cchniscne niversitel

! e Eindhoven

| } 71.257 |71.0265 |0.000s = University of Technology
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Introduction gMapping

* Purpose
 Making a map and localize
the robot on the map.
- Hardware Requirements

 Robot that provides
odometry.

* A horizontally-mounted,
fixed laser range-finder.
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Introduction gMapping

Subscribed Topics Published Topics
tf Map_metadata
scan map
entropy
gMapping
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Open SLAM

* gMapping is based on open SLAM
- SLAM Simultaneous Localization and Mapping

- SLAM is applicable for both 2D and 3D motion.

* For his lecture we only consider 2D because of our
maze problem.

 SLAM consists of multiple parts:
 Landmark extraction
e Data association
e State estimation
e State update
« Landmark update
TU /e s
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SLAM process

Laser Scan

4
Odometry change \l:

l, Landmark Extraction

EKF ‘1’
Odometry update

Data
l Association

EKF
Re-observation

!

EKF
New observations
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SLAM process

/ Department of Mechanical Engineering

Robot '

Landmark +

Sensor measurements \
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SLAM process

Odometry position t/

-‘llll:‘
Estimate position % ,»*

*

Actual position '

Landmark +
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Extended Kalman Filter (EKF)

* Recursive data processing algorithm.

« Extended Kalman filter is used for non-lineair
systems.

« Extended Kalman Filter filters the data based on:

« The process noise.

— A known error of the odometry (used in prediction
step).

 The measurement noise.

— A known error of the range and bearing (used in
measurement step).

« Kalman gain relies more on odometry or scan data.
Tgchn'lsche Universiteit
TU e Slr:}ﬂg:‘s:te; of Technology

PAGE 31
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Kalman Gain

Estimated position with Kalman gain ‘;;7
Odometry position —/

Measured position % .+

Actual position '

Landmark +
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Extended Kalman Filter

« Overview of the process

1. Update the current state estimate using the odometry
data.

2. Update the estimated state from re-observing
landmarks.

3. Add new landmarks to the current state.
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SLAM process

Laser Scan

4
Odometry change \l:

l, Landmark Extraction

EKF ‘1’
Odometry update

Data
l Association

EKF
Re-observation

!

EKF
New observations
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Using gMapping

Add this to the launch file.

<node pkg="robot_pose_ekf" type="robot_pose_ekf" name="robot_pose_ekf">
<param name="freq" value="10.0"/>
<param name="sensor_timeout" value="1.0"/>
<param name="publish_tf" value="true"/>
<param name="odom_used" value="true"/>
<param name="imu_used" value=“false"/>
<param name="vo_used" value="false"/>
<param name="output_frame" value="odom"/>
</node>

<node pkg="gmapping" type="slam_gmapping" name="slam_gmapping" output="screen">
<rosparam>
# Time between updates in the map. We keep it small for better
# user feedback during mapping. Increasing this will decrease CPU
# usage. However, map updates are single-CPU bound.
map_update_interval: 0.05
</rosparam>
</node>
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http://www.cs.unc.edu/~welch/media/pdf/kalman_intro.pdf
http://ocw.mit.edu/courses/aeronautics-and-astronautics/16-412j-cognitive-robotics-spring-2005/projects/1aslam_blas_repo.pdf

Questions
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