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Welcome

1

1.1

1.2

Welcome

Robotino® View is the intuitive graphic programming environment for Robotino®. Robotino® View
enables you to create and execute control programs for Robotino®.

Improvements

Robotino® View 2 combines modern operational concepts, extensibility by the user and intuitive
usage. All innovations preserve the many positive aspects known from Robotino® View 1. The user
being familiar with Robotino® View 1 will recognize many features from the previous version. These
are for example the function block library or the toolbar by which the connection to Robotino is
established. At first sight Robotino® View 2 looks very similar to its predecessor.

Kept feature?

e Programs are designed as data flow control programs. The function block library contains the units
the data flow graph is build from.

¢ The connection to Robotino is established \via the toolbar.

Whats new?

e The sequence control program is replaced by a "real" control program known from PLC
programming following DIN EN 61131.

¢ Robotino® View 2 is not only able to control Robotino, but any device and in unlimited quantities.
l.e. an arbitrary number of Robotinos can be controlled simultaneously from within one Robotino
View project.

e Subprograms can be reused within the main program.

e Subprograms can be imported from different projects.

e The user can design and implement custom function blocks which are loaded into the function
block library at runtime.

e The user can design and implement custom devices and load them as Plugin into the device
management.

Changes within this version:

¢ The device manager had been integrated into the function block library. See Add and edit devices
123,

¢ Projects can be uploaded to Robotino and also be started on Robotino (requires Robotino CF card
Version 2.0). See upload projects|18).

* New devices for data exchange over network. See Devices for data exchangel143.

Installation, update and de-installation

You must be in possession of the administrator rights to be able to install Robotino® View.
To install Robotino® View follow the instructions in the dialog boxes.

If users without administrator rights are to use Robotino® View,

they will need to include the programs released from the restrictions under Windows® XP
in the security centre for the setting for the firewall of Robotino® View (Port 80 and 8080).

© Festo Didactic GmbH & Co. KG
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2.1

Welcome

Changing language

Robotino® View automatically recognizes the language set in your Windows® System and selects
the corresponding translation of Robotino® View.

You can change the automatic setting at any time via menu item Extras » languages. The new
settings immediately take effect.

Familiarisation with the workspace

Once you have familiarised yourself with the workspace and the designations used in Robotino®
View, it will be easier for you to follow the remainder of the documentation.

In this section you will learn more about:

e The design and concept of the user interface,

e The terminology used in Robotino® View.

Structure and concept of user interface

When starting up Robotino® View an empty project with a single "Robotino" device is opened. The
complete workspace is taken up by the project.

-

2% Unnamed - ROBOTINO ® View 2.2.4 = | Bl i

Eile

=N

Edit

O

View  Extras

Window Help

= bbby 00 m EE 172.26.1.1

O Main program 0 Stepl

- FESTO

4

o Function block library

5 > o Logic 6
> . Mathematics
. Vector analysis
. Display
. Image processing
. Generators
, Filter
. Mavigation
. Input devices
. Data exchange
. My function blocks
| Variables
4 {2} Robotine ®
. Drive systemn
. Collision detection
. Image system
, /O connector
. Mavigation
. I/O extension
. Internal sensors

Rename... Remove
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Familiarisation with the workspace

2.1.1

10

Numbe Name

r

Description

* Shows the name of the current project (Unnamed). If there are unsaved
changes within the project, the project name is followed by a *.

* Next to the project name the application name and application version is
shown (here Robotino View version 2.2.4).

e Default buttons to minimize, maximize and closing.

Menus to load/sawe, edit, view ...

e Quickly accessible buttons to the function from the menus.

e Buttons to start and stop the simulation.

¢ Input box for Robotini's IP address and connect button (see Robotino tool bar
Ly,

e Festo Logo with Link to the Festo homepage.

Here you can switch between the main program and the subprograms of a

project. The subprogram "Stepl"” is visible at present.

Here the program is viewed and edited. Obviously, the subprogram "Stepl" is

empty.

The function blocks available for programming are displayed here.

Shows information about project and application status.

b bo il B[R rema: - FESTO

Create a new project

Create a new sub-program

Open an existing project

Sawe current project

Start main program

Start the currently visible program

1 Title bar

2 Menu bar

3 Tool bar

4 Program
selector

5 Program
workspace

6 Function
block
library[11)

7 Status bar

Tool bar

I =

Y

0

=

(=

P

4

d

40"

Pause simulation
Stop simulation
Upload the project to Robotino

IP address input see Robotino tool barf112)
and connect

button

=F="%5"T [)Festo-Logo with link to Festo Homepage
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Familiarisation with the workspace

2.1.2  Function block library

4 | Function block library
» 1. Legic
4 | Mathematics

» |, Arithmetic cperations

4 | Comparison operations
= Equality
> Greater
2 Greater Equal
# Inequality
< Less
£ Less Equal

» 1. Functions

> ||y Arrays

» L. Vector analysis
» |, Display
» 1. Image processing
» 1. Generators
» 1. Filter
» ) Mavigation
» . Input devices
» |, Data exchange
» L My function blocks
, Variables
4 {I} Robotino ®
4 || Drive system
5 Motor £1
? Motor #2
5 Motor#3
U Omnidrive
2 Omnidrive (inverse)
» 1. Collisien detection
» 1. Image system
> /O connector
» |, Mavigaticn
» 1 /O extension
» 1. Internal sensors

The folder function block library contains function blocks that are available in every project. Currently
visible are the function blocks Equality, Greater ... Less Equal from the sub folder Comparison
operations.

The folder Robotino® contains function blocks that are provided by the "Robotino®12r' device. A
new project always contains one "Robotino®14Y". Currently \isible are the function blocks "Motorl
[128r" to "Omnidrive (inverse)i1dr" from the folder "Drive system[113'.

The folder Variables contains function blocks to read and write global Variables.

© Festo Didactic GmbH & Co. KG 11



Familiarisation with the workspace

2.2

3.1

3.2

12

You can add function blocks via Drag&Drop to the current sub-program.

Function blocks of devices are bound to concrete hardware resources. "Motorl[118" is available once
on Robotino. Therefore you can add "Motor1[118" only once to a sub-program. If "Motor1[118" had
been added to a sub-program already, the icon of "Motord 118" in the function block library is gray.

Terminology

Function block Smallest function unit a subprogram consists of. By networking seweral
function blocks it is possible to realise complex robot behaviour.

Subprogram Function blocks are interlinked by networks in a sub-program

Main program A control program written in sequential function chart connecting the
subprograms.

Project A project consists of a main program and several subprograms. Projects
can be loaded and saved.

Network Function blocks are linked by one or several networks.

Network point Network points are within a network and enable the structuring and

graphic representation of a network. A new sub-network can be started
from a network point.

Using Robotino® View

Robotino® View is used to create the control programs for Robotino®. In this section you will learn
how to:

e create a new project

¢ |oad an existing project

e insert function blocks into a sub-program

e interlink function blocks by networks

e execute a sub-program and the main program

¢ establish a connection to Robotino®

Create a new project

There are two possibilities to create a new project:
¢ Via the menu bar File » New
e Via the tool bar[101 with the button ,Create a new project” .2

Load an existing project

There are three possibilities to load an existing project:

¢ Via the menu bar File » Open

* Via the tool bar[ 101 with the button "Load a project from file" &
¢ Via the keyboard shotcut Ctrl + O

Saved projects do hawe the file extension .rmw2

© Festo Didactic GmbH & Co. KG
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3.4

Using Robotino® View

Insert function blocks into sub-programs

After creating a new project or after loading an existing project from file you can start developing your
own control program or modifying the existing one.

Example:

Make sure a sub-program is shown in the current view. With newly created project there is always
the sub-program "Stepl". The sub-program "Stepl" is shown after creating a new project. The
function block library[111is only visible when looking at a sub-program.

Expand the folder "Logic[32Y" in the function block library. Drag "Counter Up[32Y' from the function
block library and drop it in the sub-program.

Expand the folder "Generators[84Y" in the function block library. Drag "Arbitrary Waveform Generator
[84 and drop it left to the "Counter Up[32Y",

s B T

Interlink function blocks

By connecting output connectors to input connectors of function blocks, data is passed from the
function blocks output to the others function block input. The connection is visualized by a line
called network. A network is always connected to exactly one output connector and at least one
input connector.

The current sub-program example contains an "Arbitrary Waveform Generator[84Y' and a "Counter
Upl 32 function block. Connect the "Arbitrary Waveform Generator[841" output to the upper input of
Counter Upl32Y'.

I S

Do a left mouse click on the "Arbitrary Waveform Generator(s4" output connector. By this you are
creating a net line which is attached to the "Arbitrary Waveform Generator| 84T output and with the
other end to the mouse pointer.

By clicking with the left mouse button somewhere in the sub-program you can create net point. To
create the network click on the upper input of "Counter Up@".

To delete a net point mark it by doing a left click on it and press Del.

To erase a net line mark it by doing a left click on it and press Del. This might erase the whole
network.

© Festo Didactic GmbH & Co. KG 13



Using Robotino® View

3.5

3.6

14

Global variables

Global variables can be read and written in every subprobram of a project; in the main program they

can be used in the transition conditions.

In the main program view the variable management is located on the right side. It enables you to

add, remowve and rename variables and to assign initial values to them.

“2* Unnamed* - ROBOTINO ® View 2.2.4

-

=N X

File Edit View Extras Window Help

Init

A0 H bRl E B[R me - FESTO
O Main program O Stepl
= — Mame Type Value
=1 — Varl float 5
#::Il; T true
%-]-; Stepl

Stepi
=

T false

=,
t4 —=>

Add...

][ Remowve

Main program with variable management

Global variables store floating point numbers only. Support for other data types will be included in
future versions of Robotino View. After creating a variable function blocks for reading and writing the

variable are available in the function block library.

Execute a sub-program

After connecting the "Arbitrary Waveform Generator[s4T to the "Counter Up[32T you can start
simulation of the sub-program by clicking ,Start" I shown in the tool bar[10\.

You can display the values generated by the "Arbitrary Waveform Generator[84' and "Counter Up[32)

" by selecting View » Show Connector Values or by pressing Ctrl + D.

© Festo Didactic GmbH & Co. KG



Using Robotino® View

U'“' TEEa7 —{ime]
=t [0]
[Falze |

You can see the "Arbitrary Waveform Generator[s4T generating values between 0 and 10. "Counter
le?zbr' increments its output when the input changes from false (0) to true (>0). At the moment this
only happens when starting the sub-program. See type conversion| 171 to read how floating point
numbers are converted to boolean. Furthermore it is very unlikely that the "Arbitrary Waveform
Generator| 84Y' output matches exactly to 0.

To see the counter counting, select square from the "Arbitrary Waveform Generator[s4Y' dialog. The
generated output is now in the range -1 to 1.

U'ﬁ' 07E295a [ Fale

1100 s
-0.9511 T s

0 1
izraphics _ﬂ_ Table f

Arnplitude: Time base:
Sine | Cosine Triangle Square

3.7 Execute the main program

By clicking on ,Start" B in the tool bar[13), simulation of the currently visible program is started. If
the sub-program "Stepl" is visible only "Stepl" is simulated. "Stepl" is part of the main program,
which can be simulated as well.

Use the Program selector| 9™ to make the main program the current program.

© Festo Didactic GmbH & Co. KG 15



Using Robotino® View

F |
"i‘ Unnamed* - ROBOTINO ® View 2.2.4 l‘:' =) &
Eile Edit Miew Extras  Window Help

S DS E e B ma - FESTO
o Main program O Stepl
Mame Type Value
?T Init
Fl L=
E"_ T true
Cx) Stepl
| | step1
T false
o,
ol —{>
Init
Add... Remove

By clicking on ,Start" B in the tool bar[13) simulation of the main program is started. The Init step is
run only once, because the transition condition following the Init step is true. As the transition
condition following Stepl is constantly false, Stepl and the sub-program assigned to it (also called
Stepl) is executed.

You can always start simulation of the main program no matter which via is currently \isible, by
clicking the "Start main program" button ¥ in the tool bar[10).

3.8 Connect to Robotino®

Enter Robotino's IP address in the IP address input field in the tool bar[1d). The default address is
172.26.1.1. Click onto the connection button left to the address input field. If the connect button
changes from gray to green, the connection is established and data between Robotino and Robotino
View is exchanged.

16 © Festo Didactic GmbH & Co. KG



3.9 Keyboard shortcuts

Using Robotino® View

Function Keyboard shortcut
Open file Ctrl + O

Sawe file Ctrl+ S

Sawe file as Shift + Ctrl + S
Quit Robotino® View Ctrl + Q

Undo Ctrl + Z

Redo Ctrl + Y or Shift + Ctrl + Z
Delete selection Del

Cut selection Ctrl + X

Copy selection Ctrl + C

Paste selection

Mowe object up

Ctrl + V

Mowe object down

Mowe object left

Mowe object right

Mowe view up

Ctrl + ¢

Mowe view down

Citrl

Mowve view left

Ctrl + !

visibility

Mowe view right Ctrl

Clear selection Esc
Select all Ctrl + A
Demagnify view F3
Magnify view Shift + F3
Magnify grid F4
Demagnify grid Shift + F4
Toggle function block library visibility Ctrl + L
‘Toggle function block connector values' visibility Ctrl+ D
Toggle function block connector descriptions' Ctrl+ T

3.10 Type conversion

Data type implicit conversion to Description

int float, bool
float int, bool
bool int, float
pose path

path pose

© Festo Didactic GmbH & Co. KG

Conwersion to bool will result in true if the value is not 0.
Conwersion to bool will result in true if the value is not 0.
True results in 1, false results in 0.

A pose is converted to a path with length 1.

The result of the conversion of a path to a pose is the path's
first pose. If the path is empty, the conversion results in an
invalid pose.
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Using Robotino® View

float float array A floating point number is converted to a float array with
length 1.

3.11 Updates

Robotino View has an online update feature. To check the availability of a new software version,
select "Check For Updates"” in the "Extras" menu. This check is also done automatically after the
application has been launched. If a new Version is available, it can be downloaded and installed
automatically.

The behaviour of the update feature can be configured in the preferences dialog ("Extras" »
"Preferences..."). If the Internet can only be accessed via a proxy, address, port, user name and
password can be entered here. But in enterprise networks, using the Internet Explorer settings will
mostly be the easiest way.

3.12  Upload projects to Robotino and execute them

Since Robotino View version 2.1.0 and Robotino flash card 2.0 it has been possible to upload
projects to Robotino via FTP and directly execute them from Robotino View. This function is
accessible via Robotino » Upload project.

The first time the upload dialog is called the first Robotino device's current IP address will be entered
into the "Robotino IP address" input field. If there is no Robotino device in the current project, the
input field remains empty.

When the dialog is opened, the directory view in Robotino will be updated. The execution of an

action is displayed by an animation. The view update can also be invoked via the button @ Further
details about browsing the directory structure on Robotino can be found in the section Browse
Robotino[ 19,

The button L= is used to upload the current project into the currently viewed directory. Further
details about uploading and executing projects can be found in the section Upload and execute(20),

18 © Festo Didactic GmbH & Co. KG



3.12.1

Using Robotino® View

Browse Robotino

Since version 2.0 of Robotino's flash card a FTP and a Telnet server are installed on the Ubuntu
Linux system. FTP is used to display the files on Robotino and to upload projects.

.
2% Unnamed* - ROBOTINO ® View 2.5.0

File Edit Simulation Rebotine  View Extras  Window Help

B0 E P o ol @ Mo Roboting available

Robotino IP address:  192.168.3.141]

Upload Update

& = @

MName Value

Refreshing

%" Mew IP address: 192.168.3.141

A

After the first login the directory /home/robotino is displayed. In this case there are the
subdirectories "examples" and "programs” and the Robotino View project "Unnamed" in the current
directory. By clicking on one of the directories, the view is updated and the contents of the selected
directory is shown. By clicking on a Robotino View project, the execution of this project on Robotino

is started. See Upload and execute[2d).

© Festo Didactic GmbH & Co. KG
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Using Robotino® View

3.12.2

20

2% Unnamed-* - ROBOTING ® View 25.0 SR X

File Edit Simulation Robetino View | Extras | Window Help

H DO EE F b il m Mo Robotino available FESTD

Robotino IP address:  192.168,3.141

g E e

@& - Mame Value
[ examples

(L] programs
’“_" Unnamed.rvw2

% FTP success: List ftp://robotino:robotino@192,168.3.141/
%" MewIP address: 1921683141

b

The FTP client integrated in Robotino View uses the user login "robotino" with password "robotino".
Thus it is possible to log in e.g. with FileZilla and create subdirectories or remove uploaded projects.

Upload and execute

Before executing a project it is recommendet to check if the Robotino View version installed on
Robotino is the newest one. Package upgrade on Robotino is described in the section Upgrade

Robotino Packages/21.

By clicking on a Robotino View project “inthe directory view the execution of this project on
Robotino with the Robotino View Interpreter is invoked. Before the execution of the project starts, the
interpreter must be loaded. This process takes some seconds. The log window shows the current
State.

© Festo Didactic GmbH & Co. KG



Using Robotino® View

2} Unnamed* - ROBOTING ® View 2.5.0

-

=[Sl el

Robotino IP address:  192.168,3.141

File Edit Simulation Robetino View Extras  Window Help

A F b g o Mo Roboting available

FESTO

Name

Execute Unnamed. ryw2

)

®e®

%" Logged in...
(i) Telnet session started.......

4 FTP success: List ftp://robotino:robotine®192.168.3.141/
%" Mew IP address: 192.168.3.141

b

After clicking on a Robotino View project a Telnet session is established with user login "robotino"
and passwort "robotino". Immediately after the message "Loading project”, the execution starts. The

process can be canceled any time.

In the window next to the progress indicator the values of the global variables of the project executed
on Robotino are displayed. The update speed can be configured in Extras » Options... » Upload &

Execute » Debug interval.

3.13  Upgrade Robotino packages

Since Robotino View version 2.4.0 and Robotino flash card version 2.0 it has been possible to
upgrade the Linux packages installed on Robotino from Robotino View. This function is accessible

via Robotino » Software update.

The first time the upgrade dialog is called the first Robotino device's current IP address will be
entered into the "Robotino IP address" input field. If there is no Robotino device in the current

project, the input field remains empty.

When the dialog is opened, the package information will be refreshed. During the refresh the whole

application is locked. This action can be easily canceled, though.

A refresh can be forced via the symbol @

© Festo Didactic GmbH & Co. KG
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Using Robotino® View

22

After a successful refresh the versions of local packages and packages installed on Robotino are

displayed. The status symbols have the following meanings:

/% No information is available or installed version is not up-to-date
% The package installed on Robotino is up-to-date

"i" Unbenannt - ROBOTING ® View 2.2.0

File Edit Simulation Rebotine View Extras  Window Help
H 0= Py 01 m 172.26.1.1 -
Robotino IP address:  192.168,3.141

Project Upload Update

FESTO

| 2 ¢-@
Package Filenarme Version Installed version  Status
openrobotinal OpenRobotinol-18.14-Linux.deb 1814 1814 LY
openrobotino OpenRoboting2-18.13-Linux.deb 1813 1813 L
[] robotino-firmware robotino-firmware_1.0.5_i386.deb 1.0.5 A, '
robview? robview2-2.5.0-Linux.deb 250 2.24 oy

¥ FTP success: Get ftp://robotino:robotino@192.168.3.141/ . packages/pkginfo_output
(i) Telnet session closed.

%" Logged inum.

(i) Telnet session started.....

%" FTP success: Put ftp://robotino:robotino@192.168.3.141/ . packages/ pkgtools.tar

[l % FTP success: Mhdir ftp://robotinoirobotine @192.168.3.141/ . packages

/b, Update action cancel by user

%" FTP success: Put ftp://robotino:robotino@192.168.3.141/ packages/Packages.gz

m

The package "robotino-firmware" is special. The upgrade routine checks if there is an EAQ9 10 board
in Robotino. If an EA09 IO board is found, the ver_sion number will be retrieved directly from the 10

board. If no EA09 board is present, the symbol - will be displayed instead of the version number.
Howewer, the package's status is “ pecause the package "robotino-firmware" needn't be installed.

In the first column of the version view, packages can be added to or removed from the upgrade
process. By default the packaged "openrobotinol”, "openrobotino2" and "robview2" are designated

for an upgrade.

In the screenshot abowve, the package "robview" installed on Robotino is not up-to-date. The local
version is 2.5.0. On Robotino, the old version 2.2.4 is installed. Installation of new packaged is
invoked with the symbol “%#. The upgrade dialog shows that the action is performed. In the log
windows the progress can be tracked. When the installation has been finished, the version view will

be refreshed.
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3.13.2

Using Robotino® View

Robotino firmware installation

The package "robotino-firmware" is special. The upgrade routine checks if there is an EAQ09 IO board
in Robotino. If an EA09 10 board is found, the ver_sion number will be retrieved directly from the 10

board. If no EA09 board is present, the symbol “:: will be displayed instead of the version number.
However, the package's status is % because the package "robotino-firmware" needn't be installed.

As the upgrade of Robotino's firmware by the package "robotino-firmware" is critical, this package
won't be upgraded by default. Only if the exact reason for an upgrade is known, this packages
should be added to the upgrade process. The installation of the firmware is described in the section
Robotino firmware installation.

The firmware of the microcontroller (a NXP LPC 2378) on that 10 board can be upgraded from

Robotino's PC104. This process is critical. A failure of the firmware upgrade results in the following

effects:

1. Robotino can no longer be turned off by pressing the On/Off button.

2. Pressing the On/Off button turns on Robotino. When the button is released, Robotino is turned off
immediately.

concerning 1) By removing the command bridge, Robotino can be turned off
concerning 2) The On/Off button must be held until an other firmware upgrade was successful

To just upgrade the firmware (or repair it), only the "robotino-firmware" package should be selected.
Then the installation can be forced via the button %# "Force Update".

| Project I Upload | Update I_
& @ ] @

&5 Force Update

File

ocpenrobotinel  OpenReboting

openrcbotine?  OpenRebotin
V rebotino-firm... robotine-firm

i

robview? robviews-2.2.¢

Interna

The upgrade process is based on a combination of Telnet, FTP and Linux commands concerning
apt.

First the file pkgtools.tar from the directory install_folder\packages is copied into /home/robotino/.
packages. Via Telnet the file is unpacked. The script pkginfo.sh provides information about the
installed packages.

The packages to be installed are copied via FTP from install_folder\packages to /home/robotino/.
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Using Robotino® View

packages. Additionally the file Packages.gz is copied. It contains package informations.

Initially, the script pkginstall.sh modifies /etc/apt/sources.list and enters the directory /home/
robotino/.packages as only package source. Then apt-get is used to install the packages.

pkgremowe.sh forces removal of packages.

startOpenRobotinol.sh is invoked to restart the Robotino deamons.

4 Examples

4.1 Control programs

In this chapter a simple control program with alternative branches is realized.

41.1 Tutorial 2

This exercise shows how a control program with alternative branches is created. The complete

program is located int the file examples/sfc/tutorial2.rnmw2.

The complete control program looks as shown in figure 1.

Init

T true
Stepl
Skepl

T a==0 T a==1 T a===2
Step2 Step3 Step4
Skep2 Step3 Skepd

“[Ctimer == 10 T timer == 10 T timer == 10
Step5
SkepS

I~ skepSCou,.. T b o=0&ft,..

>

TERMIMATE

=

Stepl

24
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Fig. 1: the complete control program

In Stepl the value of a is changed. Thus in every cycle of the program one of the Steps Step2, Step3
and Step4 will be executed. Step5 compares the results produced by the previous steps. After the
6th execution of Step5 the program is stopped. Otherwise it continues with Stepl.

Create a new project

Create a new project by

¢ selecting File » New

¢ pressing Ctrl + N

¢ selecting the symbol for creating a new project in the tool bar 2

The main program contains the steps Init and Stepl.

Init

T true
Stepl
Stepl

T false

_|>

Init

Create global Variables

First, create the following global variables [14)
e timer

e a

b

* step2count

e step3count

e step4count

e step5count

Assign the initial value -1 to "a". All other variables keep their initial value O.
Program Stepl
In this sub-program the global variable "a" is incremented by 1. To make sure that the value of "a" is

always between 0 and 2, "a" will be calculated Modulo 3 and rewritten to "a". The value of "b" will
just be set 0.
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&

| I—IT._._.‘;:/B

' —a0
a - R
Addition Modulo .
1,0 =
3 | p—
airne
amax
0.0 o —— |
)
hinit b

Create steps Step2, Step3 and Step4
Now the steps will be created next to each other in alternative branches. To do that, select the
transition condition below Stepl.

You can see that the transition condition is selected by a dashed line round the condition.
Now click on the symbol to add an alternative branch on the right side ‘5;,

Init
T true
Stepl
Stepl
T_false 'F false

>

Init
Expand the branching you have just created by selecting the transition condition on the right and

selecting the "Alternative branch right" 'E'i» symbol again.

Init

[~ true

|

[ Falze

>

Irik
Now create three Steps in those three alternative branches and call them Step2, Step3 and Step4.

Stepl
Stepl

'F falze 4‘ false
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To do that, select the entering condition of a branch and click on the "insert step after” £3. symbol.
Then assign a sub-program of the same name to each step. To do that, double-click on the step and
enter the name for the sub-program in the following dialog box. Alternatively, you can create a new
sub-program with the tool bar button "Create new subprogram” (9 and assign it to the step.

Init

[~ true

Stepl
Stepl

- False

I~ False T False

Stepz Skeps Skepd

Step2 ‘ Step3 Stepd

[ Falze [_falze T False

_|>

Init
The entering and exit conditions of all three alternative branches are false at the moment. Change
the entering conditions to a == 0, a== 1 and a == 2. Use timer == 10 as exit condition for all
branches. Finally, change the final jump's destination from Init to Stepl.

Init
T true
Stepl
Stepl
T a== T a==1 T a==
Step2 Step3 Step4
Stepz Skepa Skepd
E_timer == 10 T timer == 10 1 timer == 10
Skepl

If you start the main program now, the program will hang in Step2 because "a" is 0 during the first
cycle and the global variable "timer" is not altered.

Program Step2, Step3 and Step4

The sub-programs assigned to the steps Step2 to Step4 are empty at the moment. The sub-program
Step2 is shown below.
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28

e

Puls

= =

ounker Up (1) timer

Tl

10,0 = .—. —_
=k =
Constant (1 Equalicy (1) Addition (1} step2Count

(o
stepz2Caount

Every 200ms the Arbitrary Waveform Generator creates a pulse of 100ms width and height 1. The
settings for the Arbitrary Waveform Generator are shown below.

Zuskonm Skate

arafik M _Tabelle

amplitude; kime scale:

[ sine ][ cosine ][ kriangle ][ square

l.e. every 200ms there is a rising edge from 0 to 1. With ewery rising edge the counter increments its
value by 1. After 2s the value will be 10. When the value of the counter is 10, the result of the
comparison of the constant and the counter's value will be added to the current value of step2Count.
As long as the comparision results in false, 0 is added. As soon as the comparision results in true,
1 is added. At the end of every calculation step of the sub-program, the transition condition below
the step in the main program is evaluated. When the global variable "timer" has the value 10, the
sub-program will be left.

The sub-programs of Step3 and Step4 are built equivalently. Select all in Step2 (Ctrl+A) and copy it
to Step3 and Step4. The only difference consists in the fact that step3count respectively step4count
are read and written.

Once you start the main program, Step2, Step3 and Step4 will be executed cyclically for 2s each.

Create and program Step5
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To add a new step after the alternative branching, select the final jump and click on the symbol to

add a step before I?T. Now create a sub-program named Step5 and assign it to Step5 just created.
Change the transition condition below Step5 to b>0 && timer == 10.

Init
T true
Stepl
Stepl
T a==|:| __a== T a==
Skep2 Step3 Step4
Skep2 Skepa Skepd
_timer == 10 T timer == 10 1 Eimer == 10
Steps
Skeps
T b =08k,
Stepl

The sub-program Step5 is similar to Step2 to Step4. Copy Step2 to Step5 and change step2count to
step5count. Beyond setting the global variables "timer" and "step5count” also a check is performed
if the condition step2count >= step3count >= step4count is valid. If this is the case, the global
variable "b" is set to 1. Otherwise "b" is 0. The condition must always be true when in a correct
program execution because Step2, Step3 and Step4 are executed one after another because Stepl
increments "a" by 1 in every cycle.
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e,

10

Puls
Counker Up (13 (23 timer
- e =
10,0 + | — B _= + .—.
Equality (1} addition (13 stepSCount
L
skepSCaunkt

step2Caunt Greater equal (1) - = &
=
- = = ..
. > - AMD (1) b
step3Count Greater equal (2)
)
skep4Count

If the main program is started now, Step5 remains active for 2s if "b" is greater than 0.

Create program termination and jump to Stepl
Now the program should be terminated when the value of "step5count” has reached 6. To achieve
this, insert an alternative branch below Step5. Select the transition condition below Step5 and klick

on the symbol to insert an alternative branch on the left EL Select the new branch's transition

condition (at the moment it is false) and click on the symbol to create a new jump 14 Change the
transition condition to step5count == 6 and select TERMINATE as new jump destination.

The main program now looks as it was shown at the beginning.

By the way, the alternative branch containing the jump to TERMINATE must be left of the branch
with the condition b>0 && timer == 10 because the initial conditions of alternative branches are
evaluated from left to right. In the first 6 cycles the condition step5count == 6 is not fulfilled. So the
second branch's condition is evaluated.

One run of the main program lasts 24s now.

4.2 Logic

In this chapter well-known electrical circuits are realized with logical modules.
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4.2.1  Multiplexer
51 s0 a
0 0 el
01 ez
1 0 el
1 1 &3
4.2.2  FlipFlop

Examples

false
50 T —
MOT (1)
sl .T‘.
MNOT (2) e
= &=
e0 - AMD (1)
MOT (3) e
= ® & =
-
a1 e AMD (2) _.. z]
AR ] — - E
= MOT (4) & = OR (1)
oz AMD (3)
& =

false -

3

o

rue_w J{FEe 0 @ 7, o]

MAND (1)

T e L

MAND (2)

5 Function block library

The control programs created with Robotino® View consist of interlinked function blocks.
These are located in the function block Iibrau|_9"| and can be inserted into a sub-program via

Drag&Drop.

Function blocks are assigned to different categories. By clicking onto a category name with the left

mouse button,

the category folder is expanded. The following categories are available:

Name Description
Logic@ Components as recognised from electronic logic modules
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Mathematics[491 Simple mathematical operations

Vectorl 63) analysis| 631 Analysis using two-dimensional vectors

Display /69 Function blocks for visualization

Image processing[ 721 Basic image processing functionalities

Generators|[sd) Generation of signals

Filter[ 8 Smoothing of signals

Navigation@ Driving mobile Robots

Input devices [108) Function blocks for the interaction of the user with the control program
Data exchangefiodl Exchange data with external programs

My function blocks 150 Tutorials for the development of own function blocks

5.1 Logic

The Logic category contains components as recognized from the electronic logic modules.

5.1.1  Counterup

[Input (bocl) |
[ Initial walue Gty | [ B [Sutput fint) |
[

The counter counts the number of events at its Input connector

Inputs Type |Defau|Description
It

Input bool [false |Counter input. Counter value is increased if the input changes from false
to true and/or from true to false.

Initial value |int32 |0 Counting starts with the value given here at sub-program start or if Reset
is true.

Reset bool [false |The counter is reset to its initial value if this input is true.

Outputs

Output int32 Counter value
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5.1.1.1

5.1.1.2

Dialog

Counter Up

Counter Up

Count on rising edge
[7] Count on faling edge

Count on rising edge

true.
Count on falling edge
false.
Example
L/ =
[ | |
Arbitrary Waveform Generator (1) [ |

Counter Up (1)

Function block library

Increment the counter by 1 if the input at time t is false and at time t+1

Increment the counter by 1 if the input at time t is true and at time t+1

Arbitrary Waveform Generator (1)

Counter Up (1)

L.

Arbitrary Waveform Generator

-0.9511
o 1

Graphics Table

Amplitude: 1 o

Time base: 1000 ms &

[ Sine ][ Cosine ][ Triangle ][ Square ]

Counter Up

Count on rising edge

[] Count on fallng edae

The "Arbitrary Waveform Generator| 84T’ generates a sin waveform with amplitude 2 and frequency 1
Hz. The output of the generator is of type float. Values less equal 0 are converted to false. Value
greater O are converted to true (see type conversioanﬂ). The counter counts on rising edge, i.e.
when the input changes from false to true. This happens exactly once per second at the beginning of
the sine wave. The counter values represents therefore the time in seconds since sub-program start.

The following example shows how to use the initial value input to count over sub-program

© Festo Didactic GmbH & Co. KG

33



Function block library

boundaries. The main program executes Stepl and Step2 sequentially. After Step2 is finished, we
restart with Stepl.

Hauptprogramm

Init

T true

Stepl
Stepl

T timer =9

Step2
Step2

T timer =9

>

Step1

Stepl

Sl
(—

counk

count

W a0

The Counter writes its result into the global variable "count”. After restart of Stepl the global variable
count is used as inital value for the Counter. Stepl is active until the second "Arbitrary Waveform
Generator| 84T generates a value greater 9. This happens after 10s.

Step2
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[ af)

Arbitrary Waveform Generator (1) timer

Arbitrary Waveform Generator (1) @

Arbitrary Waveform Generator E.

1 10

\_ Graphics /\_Table /
Amplitude: 1 +{ Time base: 1000 ms =

[ Sine ][ Cosine ][ Triangle ][ Square

I
Step2 is also 10s active.

5.1.2 Counter down

Counter down is similar to Counter up[32. The only difference is that the counting value is
decremented by 1 if a counting event occurs.

5.1.2.1 Dialog
See dialog of Counter up[33.
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5.1.3  Multiplexer

[ Zontral signal {int 1E] [ Zontral signal {int 161
[Toput 0 (Roat) JJ |- [Toput 0 (o)
Input 1 (Hoat] [ Input 1 (Hoat]
[ Input 2 (Hoat]
[ Input 3 (Hoat]
[nput 4 (o) | —— 8| [ Gutput foar] |
[ Input & (Hoat]
[ Input & [Hoat]
[ Input 7 (Hoat]
[ Input 2 (Hoat]
Tnput 3 [Hoat]

The Multiplexer connects its output to a selectable input.

Inputs Type |Defau Description

It
Control int |0 Determines the input that is connected to the output. If the control signal
signal is less O or greater equal the number of inputs the output is O.
Input O float |0 The value of input 0 is available at the output if the control signal is O.
Input 9 float |0 The value of input 9 is available at the output if the control signal is 9.
Outputs
Output float The value of an input or O if the control signal is less 0 or greater equal the
number of inputs.
5.1.3.1 Dialog
Multiplexer (1) =
) P —
Multiplexer =§—l
Mumber of inputs: 2 =
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5.1.3.2 Example

0 =
Constant (1 Constant {2)
0,60 = i
Constant (3) 3— = —E
0,50 = :
} Multiplexer (1) Demultiplexer {1)

Constant (4)

Constant (5)

Constant (&)

2,30 = i

Constant (7)

see also Examples»Logic» Multiplexer[31)

5.1.4  Demultiplexer

Control signal [int 16 [ Cutput O (Hoat) | Cutput 0 [Hoat]

[ Cutput 1 (Hoat) ] [Sutput 1 [foat]

Cutput 2 [Hoat]
Cutput 3 [Hoat]
[ Zontral signal fint 1€ =_E Cutput 4 [Hoat]
[ Input (Hoat] | [ Zutput B (Hoat)

Cutput 6 [Hoat]
Cutput 7 [Hoat]
Cutput & [Hoat]
Cutput 3 [Hoat]

The demultiplexer connects one input to a selectable output.

Inputs Type |Defau Description

It
Control int |0 Determines the output that is connected to the input. If the control signal
signal is less 0 or greater equal the number of outputs all outputs are reset to 0.
Input float |0 The value of an output if the control signal is greater equal O and less the
number of outputs.

Outputs

Output 0 |float Value of the input if the control signal is 0, otherwise 0.

Output 9 |float Value of the input if the control signal is 9, otherwise O.
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5.1.4.1 Dialog

Demultiplexer (1) @
Demultiplexer mEN
p B CH
Mumber of outputs: 2 =

5.1.4.2 Example

EEEEEEEFEE

5.1.5 AND

[ Input 1 (baol] | [ Inpuat 1 (bao
mmmm" [Toput 2 boo
| Input 2 (boo
| Input ¢ (boo

| Imput & (boo & I [ (Boall
| Input & (boo
| Input 7 (boo
Input & [Boa

The Output of the AND is true only if all Inputs are true. See type conversion[17Y how numbers are
converted to bool.

Inputs Type |Defau Description
It

Input 1 bool [true
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Input 8 bool [true
Outputs
Q bool see table below
Inputs
1 2 3 4 5 6 7 8 Q
0 0 0 0 0 0 0 0 0
1 0
1 0
1 1 0
1 0
1 1 0
1 1 0
1 1 1 0
1 0
1 1 0
1 1 0
1 1 1 0
1 1 0
1 1 1 0
1 1 1 0
1 1 1 1 0
1 0
1 1 1 1 1 1 1 1 1
5.1.5.1 Dialog
x|

4

Mumber of inputs; | &

5.1.5.2 Example
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5.1.6 ANDFL

[ Input 1 (bool) | [ Input 1 {Bool
[npur 2 (beel | ool rpurz hos
| Input 3 (boo
| Input < (boo
| Input & (boo &T I [ (Bool]
| Input & (boo
| Input 7 (boo
Input & [Boo

The output Q of the AND FL (with edge control) is only set to true if all inputs are true, and if at least
one input was false during the previous cycle. See type conversion[17) how numbers are converted to

bool.
Inputs Type |Defau | Description
It
Input 1 bool [true
ir.1.put8 bool true
Outputs
Q bool see timing diagram

Timing diagram for the AND FL and four inputs.

Step 1 2131415161 71819110
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5.1.6.1 Dialog

Mumber of inputs;

g

4

5.1.6.2 Example

1]

a1, 1)

0

L1000 s

iraphics ﬁ Table

Amplitude:; Time base:

Sine Casine Triangle Square

Function block library

When the output of the generator changes from 0 to 1 the output of the AND FL is true for one cycle.

5.1.7 NAND

[ Input 1 (bacl] | [ Irput 1 (Bao
m,.mmn [Toput 2 {boo

| Input 2 (boo

| Imput ¢ (bool

| Input & (bool &.- [ thool)

| Input & (bool

| Input 7 (bool

Input 8 (Boo
The Output of the NAND is false only if all Inputs are true. See type conversion[ 17 how numbers are
converted to bool.
Inputs Type |Defau Description
It

© Festo Didactic GmbH & Co. KG
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Input 1 bool [true
Input 8 bool |true
Outputs
Q bool see table below
Inputs
1 2 3 4 5 6 7 8 Q
0 0 0 0 0 0 0 0 1
1 1
1 1
1 1 1
1 1
1 1 1
1 1 1
1 1 1 1
1 1
1 1 1
1 1 1
1 1 1 1
1 1 1
1 1 1 1
1 1 1 1
1 1 1 1 1
1 1
1 1 1 1 1 1 1 1 0

5.1.7.1 Dialog

4

Mumber of inputs: | &

5.1.7.2 Example
see Example»LogicPElipFlop[sn
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5.1.8 NAND_FL

[ Input 1 (bool] | [ Input 1 (Bool
m.r-xmn [Tnput 2 boo
| Input 3 (boo
| Input 4 (boo
| Input & (boo &‘I'.. 1© (bool |
| Input & (boo
| Input 7 (boo
Input & [Boo

The output Q of the NAND with edge control is only set to true if at least one input is false, and if all
inputs were true during the previous cycle. See type conversion[171 how numbers are converted to

bool.
Inputs Type |Defau | Description
It
Input 1 bool true
irlw.put 8 bool |true
Outputs
Q bool see timing diagram

Timing diagram for the NAND with edge control and four inputs.

Step 1 2131415161 71819110
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5.1.8.1

5.1.9

44

Dialog

Mumber of inputs: | &

4

OR

[Trpur 1 (el |
[Tnput 2 (beoll ] bl

Input 1

u]n]

Input &

]a]n]

Input 3

]u]x)

Input 4

u]u]x)

Input &

u]u]x)

Input &

n]u]x)

Input 7

uu]n]

Input 2

u]n]

] M [Ebeet]

The Output of the OR is true only if at least one Input is true. See type conversion[17) how numbers

are converted to bool.

Inputs Type |Defau Description

It

Input 1 bool |false
Input 8 bool [false
Outputs
Q bool see table below
Inputs
1 2 3 4 5 6 8 Q
0 0 0 0 0 0 0 0
1 1
1
1 1
1 1
1 1 1
1 1
1 1 1
1 1
1 1 1
1 1
1 1 1
1 1 1
1 1 1 1
1 1 1
1 1 1 1
1 1
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5.19.1 Dialog

c |

4

Mumber of inputs; | &

5.19.2 Example

5.1.10 XOR

[Input 1 (bool) |

mm['!m"

The Output of the XOR is true if the inputs have different values. See type conversion[ 171 how
numbers are converted to bool.

Inputs Type |Defau Description
It

Input 1 bool [false

Input 2 bool [false

Outputs

Q bool see table below

Inputs

1 2 Q
0 0 0
0 1 1
1 0 1
1 1 0
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5.1.10.1 Example

5.1.11 NOT

[Input (Booli ] [ bool) ]
The Output of the NOT is true if the input is false. See type conversion[171 how numbers are
converted to bool.

Inputs Type |Defau|Description
It

Input bool |false
Outputs
Q bool see table below
Inputs
1 Q
0 1
1 0

5.1.11.1 Example

true

The example shows a especialness of the NOT function block. Input and output values are not
shown next to its input or output connector. This has the advantage that the NOT takes only a very
small amount of space and the data display does not overlap with data displayed by other function
blocks.

5.1.12 NOR

[ Input 1 (bocl] | [ Input 1 (boo
mnmm‘ [Tnput 2 (oo
| Input 3 (Boo
| Input ¢ (Bool
| Input & (Bool E.I | [ hoall
| Input & (Bool
| Input 7 (Bool
Input & (B

The NOR's Output Q is true if all inputs are false. See type conversion[171 how numbers are
converted to bool.
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Inputs Type |Defau Description
It
Input 1 bool |false
Input 8 bool [false
Outputs
Q bool see table below
Inputs
1 2 3 4 5 6 7 8 Q
0 0 0 0 0 0 0 0 1
1 0
1 0
1 1 0
1 0
1 1 0
1 1 0
1 1 1 0
1 0
1 1 0
1 1 0
1 1 1 0
1 1 0
1 1 1 0
1 1 1 0
1 1 1 1 0
1 0
1 1 1 1 1 1 1 1 0
5.1.12.1 Dialog
x|

Mumber of inpuks: |2

4
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5.1.12.2 Example

5.1.13 Latchingrelay

48

S (boo
R (ool | RS
Par (boo

Output Q is set by input S. Input R resets output Q. See type conversion[171 how numbers are

conwerted to bool.

Inputs Type Defau|Description

S bool
R bool
Par bool
Outputs

Q bool

Timingdiagramm

R

It

false
false
false

If S is true Q becomes true.
If Ris true Q is reset to false. R owerrules S.

Remanence:

false: No remanence

true: The current status is saved to remanent memory (independent of S
or R).

Q is switched to true by S and remains true until R becomes true.

S
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5.1.14 Sample and hold element

5.2

5.2.1

5.2.1.1

BTTEGTN] —
LT | Ml oo ot

If Sample is set false, the signal at Input can be kept at the current value. See type conversion[17)
how numbers are converted to bool.

Inputs Type |Defau|Description
It
Input float |0 Input signal
Sample bool |false |If true, Output will be connected to Input. If false, the current value will be
frozen at Output.

Outputs
Output float |0 Last value of Input before Sample has been changed from true to false.
Mathematics

This category contains simple mathematical operations.

Arithmetic operations

Modulo

[Divicend fin] | [ Femainder L |
— FEemainder
Ciiwvisor [intl ] = 1]

In mathematics, modular arithmetic (sometimes called clock arithmetic) is a system of arithmetic for
integers, where numbers "wrap around" after they reach a certain value—the modulus. Modular
arithmetic was introduced by Carl Friedrich Gauss in his book Disquisitiones Arithmeticae,
published in 1801. (Source: http://en.wikipedia.org/wiki/Modular arithmetic)

Inputs Type |Defau Description
It

Dividend int 0

Divisor int 1
Outputs
Remainder |int Dividend mod Divisor
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5.2.1.2

5.2.13

50

Division
[Cividend (Hoat) | .
Eivicor st ] E [ Quctient (Hoat] |
Calculates the quotienten from dividend and divisor. See http://en.wikipedia.org/wiki/Division
(mathematics).
Inputs Type |Defau|Description
It
Dividend  |float |0
Divisor float |1
Outputs
Quotient  |float Dividend divided by divisor.

If the dividend is unequal to 0 and the divisor equals 0 the simulation is stopped with the following

Q

3832 2009-Jan-16 10:23:08, 125000 : Error: Simulation plugin Failed with the Following

error: Division by zerol

X|

Multiplication

Factor 1 m‘ . -'. Factor 1
x B [ Product (Aoat) |
11

[ Factor 2 (Hoat]

Hoat)

Factar &

Hoat)

Factor 3

Hoat)

Factor 4

Hoat)

Factor &

Hoat)

Factor b

Hoat)

Factor 7

Hoat)

Factor &

Hoat)

Factor 9

Hoat)

Factor 10

aat

x|

B [Froduct (Aoat) |

The Multiplication function block multiplies floating point numbers. See also http://en.wikipedia.org/
wiki/Multiplication.

Inputs Type |Defau|Description
It
Factor 1 float |1
Factor 10 (float |1
Outputs
Product float "Factor 1" * "Factor 2" * ... * "Factor 10"
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5.2.1.3.1 Dialog

Multiplication (1) =

Multiplication

ENEEEENEEE
X

[k

Mumber of inputs: 10]

5.2.1.4 Subtraction

- e ]
Subtrahend 1 (Hoaf) = I [ Diference (foat) | Subtrzhend 1 [Hoat] =
[ Subtrahend 2 Aozl | [l
[ Subtrahend 7 ifleati |l
[ Subtrahend 4foatl |~
[ Subtrahend & (Roaf] | == [l [ Tifference (Aoafl |
[ Subtrahend & Aaatl | [
[ Subtrahend 7 ifoati |l
[ Subtrahend & ifoati ||l
Subtrahend 9 (Hoat] |
[Subtrahiend 10 (Hoat) |

The Subtraction function block calculates the difference between the minuend and up to 10
subtrahends. See also http://en.wikipedia.org/wiki/Subtraction.

Inputs Type |Defau|Description
It

Minuend float |0

Subtrahend |float |0
1

Subtrahend |float |0
10

Outputs
Difference float Minuend - "Subtrahend 1" - "Subtrahend 2" - ... - "Subtrahend 10"
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5.2.1.4.1 Dialog

Subtraction (1) @

Subtraction

L1l

Number of subtrahends: [T

5.2.1.5 Addition

Eummand 1 iAoar | [l -. Surnmand 1 (Hoat) | 1l
ammanss Rea ] T WISl S e T

Surnrnand 3 (Moat) | 1l

Surnrnand & (Hoat] ==

Surnrnand & [Aoat]

Surnrmand & (Moatl | [l + il | Sumn (Foat) |

Surnrnand 7 (Aoat) | Bl

Surnmand 2 (Aoat) | [l

Surnmand 3 (Aoat | [l

Surnmand 10 (Aeat) |l

The Addition function block adds up to 10 summands. See also http://en.wikipedia.org/wiki/Addition.

Inputs Type |Defau|Description
It

Summand |float |0

1

Summand |float |0
10

Outputs
Sum float "Summand 1" + "Summand 2" + ... + "Summand 10"
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5.2.1.5.1 Dialog

Addition (1) =
| |
| |
| |
.=
Addition e+ =
| |
[ |
| |
[ |
Mumber of inputs: [T =

5.2.2  Comparison Operations

5.2.2.1 Inequal

[Tnput 1 {Aoar) |

ST [Coutput (bool |

The output is true, if the absolute value of Inputl - Input2 is greater equal epsilon, with epsilon =
0.0000002384185792.

Inputs Type Defau|Description
It

Input 1 float |0
Input 2 float |0

Outputs
Output bool fabs( Inputl - Input 2 ) >= epsilon

5.2.2.2 Equal
[Trput 1 (Aoaf] |
ST E [Coutput (boal |
The output is true, if the absolute value of Inputl - Input2 is less epsilon, with epsilon =
0.0000002384185792

Inputs Type Defau|Description
It

Input 1 float |0
Input 2 float |0
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5.2.23

5.2.2.4

5.2.2.5

54

Outputs

Output bool fabs( Inputl - Input 2 ) < epsilon

Less equal

[ Tripur 1 (s |
[nput 2 (st | Lpur (ool |

The Output is true, if Inputl is less equal Input2.

Inputs Type |Defau|Description
It

Input 1 float |0
Input 2 float |0

Outputs

Output bool "Inputl” less or equal "Input2”

Less

[ Tripur 1 (s |
[nput 2 (st | Lpur (ool |

The Output is true, if Inputl is less Input2.

Inputs Type |Defau|Description
It

Input 1 float |0
Input 2 float |0

Outputs
Output bool "Inputl” less "Input2”

Greater equal

[Tt 1 (Hat] |
[rput 2 (s | L ool |

The Output is true, if Inputl is greater equal Input?2.

Inputs Type |Defau|Description
It

Input 1 float |0
Input 2 float |0

Outputs

Output bool "Inputl" greater or equal "Input2”
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5.23

5.23.1

5.23.2

Greater

[Tt 1 (st |
[Tnput (eat) | —Qutput (booll |

The Output is true, if Inputl is greater Input2.

Inputs Type |Defau | Description
It

Input 1 float |0
Input 2 float |0

Outputs

Output bool "Inputl" greater "Input2"

Functions

Absolute Value

[ Input (Hoat] | [ Sutput (Hoat) ]

Gives the absolute value of Input.

Inputs Type |Defau|Description
It

Input float |0

Outputs

Output float abs( Input )

Transfer Function

[ (Aoat] | E [y (ot |

Function block library

With the transfer function, it is possible to realize any mapping of the input x to the output y.

Inputs Type |Defau Description
It

X float |0

Outputs

X float see Dialog[561
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5.2.3.2.1

56

Dialog

Transfer Function {1}

\ Graphics ‘ Tahble

With the dialog of the Transfer function function block it is possible to define interpolation points for
the mapping y(x). The default interpolation points are

These points define the following mapping y(x)

y = y0 if x <= x0

y = x if x > x0 and x <= x1
y=ylifx>xl
Boundaries

p0 = ( x0, y0) is the first interpolation point
pn = (xn, yn) is the last interpolation point

Ifx < x0:y=y0
IfX>xn:y=yn

Mapping
If we hawe a list of interpolation points p0, pl, ... pn the mapping y(X) is given by:

y = y0 if x <= x0
y=(yl-y0)/(x1-x0)*(x-x0)+y0ifx>x0andx <=x1
y=(y2-yl)/(x2-x1)*(x-x1)+ylifx>x1andx <=x2

y =ynifx >xn

Move points

Interpolation points can be mowved, added and removed. To mowe an interpolation points you can use
the Graphics-View and mowe the points with the mouse pointer. In the Table-View the x,y values of
the interpolation points can be edited. The x value of an interpolation point can never be smaller than
the x value of the earlier interpolation point and never be greater than the x value of the following
interpolation point.
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Adding points
In the Graphics-View you can add a new point anywhere by using the context menu available by
clicking with the right mouse button.

Insert poink

Irmpart From clipboard
Export to clipboard

Help

In the Table-View the context menu is available by clicking with the right mouse button into a row.
Insert point before
Insert point after
Rerove point

Irmpart From clipboard
Expart ko clipboard

Help
You can choose to insert the new point before or after the current row.

Delete points

Points are deleted in both the Graphics-View and the Table-View via the context menu after right
mouse click onto a point or row. If there is only a single interpolation point left, the function for
deleting this point is deactivated.

Import/Export of interpolation points

The clipboard can be used to import and export the list of interpolation points. By this data can be
exchanged with programs like Excel or Matlab. The function for Import/Export is available via the
context menu in both the Graphics and Table-View.
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5.2.3.2.2 Example

Counter up

Counker up

Count on rising edge

Count on Falling edge

{3,5.951057)

b

Y_Graphics

The Counter up is incremented every simulation step. The counting value is restricted to the range

[0,10]. The Transferfunction defines a sine wave with 10 interpolation points.

5.23.3 Minimum

[Trpu T (Rea | - Thpw T
[Input 2 (Hoatl | [ Cutput (Flost) | Trpat 2

Hoafl

Hoat]

Input 2

Hoat]

Input 4

Hoat]

Input 5

Hoat]

Input B

Hoafl

Input 7

Hoat]

Input &

Hoat]

Input 9

Hoat]

[(Input 10

oat]

i [l CCutput (oar) |

The value of the output is the minimal value from all inputs.

Inputs Type |Defau|Description
It

Input 1 float |1e+03
7

Input 10 float |1e+03

58
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Outputs
Output float min( "Input 1", "Input 2", ..., "Input 10" )

1e+037 = 10 pow 37
largest possible floating point number

5.2.3.3.1 Dialog

Mininnunm (2}

4

Mumber of inputs: | 10

5.2.3.4 Maximum

[ Input 1 {Hoaf) | -. [ Input 1 {Aoat]
[nput 2 (Fest) | [Output Boat] | 5 oat]
[ Input 3 [Hoat]
[ Input 4 [Hoat]
[ Input & [Hoat] -

[Trput & (ot riva s [l CSutput (Hoat] |
[ Input 7 (Hoat]
| Input & (Hoat)
[ Input 9 [Hoat]
[(Trput 10 (Hoat)

The value of the output is the maximal value from all inputs.

Inputs Type |Defau|Description
It
Input 1 float |-
1e+03
7
Input 10 float |-
1e+03
-
Outputs
Output float max( "Input 1", "Input 2", ... , "Input 10" )

-1e+037 = - (10 pow 37)
smallest possible floating point number
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5.2.3.4.1 Dialog

Mumber of inputs: | 2 -
5.23.5 Scale
LAty I =l Hoatl |
Easy scaling of values.
Inputs Type |Defau | Description
It
X float |0
Outputs
y float see Dialog[ 601

5.2.3.5.1 Dialog

Function: |y=x W

at |0,0000

c: |o,0000

|
|
b: |0,0000 |
|
|

d: [0,0000

Choose a function from the combo box. The default function is the identity mapping.

Depending on the function selected the parameters are editable or not. If you choose the function
y=a*x+b, you can edit the parameters a and b.
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Sclecy b

Function; |y=a*x+b v|
a: |345,0000 )
b: |39874,4239 )
¢ |0,0000 |
d: |0,0000 |

The mapping here is y(x) = 345 * x - 39874,4239

5.2.4  Arrays

5.2.4.1 Floatarray composer

Index 1 (Hoatvector]
Index 2 (Aoatvector]
B CArray (Aoatveckor] | Index 3 (Aoatvector]
Index d [Aoatvector)
Index & (Aoatvector]
Index & [Aoatvector]
Index 7 (Aoatvector]
Index & [Aoatvector)
Index 9 (Aoatvector]
Inder 10 [Aoatvectar]

Index 1 (Hoatvectors | M,,,3
Index 2 (Aoatvector] |l =

Array (Hoatvector] |

ENEEEEEEEN
-I-I-nl-l-

The Float array composer creates a float array from up to 10 float values or arrays. For the type
conversion from float values to float arrays see type conversion[171,

Inputs Type |Defau Description
It
Index 1 float lempty

array |array

Index 10  (float |empty
array |array

Outputs

Array float lempty |(Index 1, ..., Index 10)
array |array
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5.2.4.1.1 Dialog

Float array composer (1) @
[ |
[ |
[ |
[ |
Float array composer ="=§§l
[ |
|
[ |
|
Mumber of inputs: 10 =

5.2.4.2 Floatarray decomposer

Array foatvectorl | [lln
Start index (int) | S+ o [l [ Sub arvay (Aoatvector] |
Length [intl .':| f

The Float array decomposer extracts a sub array from a float array.

Inputs Type |Defau|Description
It
Array float lempty The array decompose.
array array
Start index |int |1 The value at position Start index of the array will be the first value of the
resulting array.
Length int |1 The resulting array consists of Length values beginning at the value at

position Start index of the input array.

Outputs

Sub array float |empty |( Array[ Start index ], ..., Array[ Startindex + Length -11])
array array

5.2.43 Floatarrayindex access

[Firay Meatvecar | M2 -
eatvectof ] =E-.riz. [Vl ]

The index access module allows access to the single values of a float array.

Inputs Type Defau|Description
It
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Array float lempty Array to be accessed.
array array
Index int |1 Index of the value to be accessed.
Outputs
Value float |0 Value at position Index.

5.3 Vector analysis

This category contains the basic vector analysis methods for two-dimensional vectors.

5.3.1  Vectoroperations

5.3.1.1 Dot product

[ector 1 (wectorZf) | o

[Vactor 2 (vectoref] | [ Eradust (foal] |

Gives the scalar product (or dot product) of two vectors. See also http://en.wikipedia.org/wiki/
Scalar_product.

Inputs Type |Defau|Description
It

Vector1 |vecto|(0, 0)
r2f

Vector 2  |vecto |(0, 0)
r2f

Outputs
Product float

5.3.1.2 Subtraction

[ Minuend (vectorzF] | . Minuend [wectarzF
Subtrahand 1 [wectorzF (IRe5 e (s o2 | Subtrahend 1 (vectarZF]

SuEtraFuen-:
Cubtrahend 2 (vectorZF]
Subtrahend 4 (wectorZF]
Subtrahend € (wectarZF] | a__'.l Difference [wectarzFl |
Subtrahend 6 (wectorzF] |
Cubtrahend 7 (vectorZF] |
Subtrahend &
Subtrahend 9 (wectorZF] |
[CSubtrahend 10 (wectorZF

The Subtraction function block calculates the difference between the minuend and up to 10
subtrahends. See also http://en.wikipedia.org/wiki/Vector_addition#Vector_addition_and_subtraction

=

i

i

i

Inputs Type |Defau Description
It
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Minuend |vecto (0, 0)

r2f
Subtrahend vecto (0, 0)
1 r2f

Subtrahend vecto |(0, 0)

10 r2f

Outputs

Difference vecto Minuend - "Subtrahend 1" - "Subtrahend 2" - ... - "Subtrahend 10"
rof

5.3.1.2.1 Dialog

Subtraction (1) @

Subtraction

IIIIIDEIIIII
1
o
[ |

Mumber of subtrahends: | [T =

5.3.1.3 Addition

Surnmand 1 [vectorZF Surnrnand 1 [wectord

Surnrmand 2 [wectorzf Surnrmand £ [weckors
Surnrnand 2 [weckord
Surnrmand 4 [wector?
Surnrmnand & [wector? —+
Surnmand & [vector? S+ Surn Tvectorsf] |
Surnrnand 7
Surnrnand 8 [weckorsd
Surnrnand 9
Surmmand 10 [wector?

L

The Vector-Addition function block adds up to 10 summands. See also http://en.wikipedia.org/wiki/
Vector_addition#Vector_addition_and_subtraction.

Inputs Type |Defau Description
It

Summand |vecto |(0, 0)
1 r2f
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Summand |vecto (0, 0)

10 r2f

Outputs

Sum vecto "Summand 1" + "Summand 2" + ... + "Summand 10"
r2f

5.3.1.3.1 Dialog

Addition (1) =]

Addition

(L[] [
Wi
o4
|

Mumber of inputs: 10 =

5.3.1.4 Norm

'l Hotrn (Hoat] |

Calculates the Euclidean norm of the input vector. See also http://en.wikipedia.org/wiki/Vector norm

Inputs Type Defau|Description
It

Vector vecto |(0, 0)
r2f

Outputs
Norm float

© Festo Didactic GmbH & Co. KG 65


http://en.wikipedia.org/wiki/Vector_norm

Function block library

5.3.1.4.1

5.3.2

5.3.2.1

5.3.2.2

66

Example
e
1,00 &

The norm of vector (1, 1) is square root of 1+1 = 1.41421....

Element operations

Division

e e
Per element division of Vector by Divisor.
Inputs Type |Defau|Description

It
Vector vecto |(0, 0)

rof
Divisor float |1
Outputs
Result vecto Vector = (x0, x1)
r2f Result = ( x0 / Divisor, x1 / Divisor )

Subtraction
fector Lvecerd)_ [ Feslt (vactarzl |

Per element subtraction of Minuend from Vector.

Inputs Type |Defau|Description
It

Vector vecto |(0, 0)
r2f

Minuend float O

Outputs

Result vecto Vector = (X0, x1)
r2f Result = ( x0 - Minuend, x1 - Minuend )
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5.3.2.3 Addition
[ Wector [vector2F] |
[Surimand (Roat) | [ Result [vector2f] |

Per element addition of Summand to Vector.

Inputs Type |Defau Description
It

Vector vecto |(0, 0)
r2f

Summand |float |0

Outputs

Result vecto Vector = (x0, x1)
r2f Result = ( Summand + x0, Summand + x1)

5.3.2.4 Multiplication
=lmm1
Per element multiplication of vector by factor.
Inputs Type |Defau|Description

It
Vector vecto |(0, 0)

r2f
Factor float |1
Outputs
Result vecto Vector = (x0, x1)
r2f Result = ( Factor * x0, Factor * x1)

5.3.3 Transformations

5.3.3.1 Vector to Polar

Uscior fvectori ] Lengh (oal) |

Split up Vector into its polar components. See also http://en.wikipedia.org/wiki/
Polar coordinate system.

Inputs Type |Defau|Description
It

Vector vecto |(0, 0)
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r2f
Outputs
Length float The length (norm) of Vector
Phi float The angle in degrees between Vector and the x-axis.

5.3.3.2 Vector to Cartesian

ecr wemer ] “ﬂ}

Split up Vector into its cartesian components. See also http://en.wikipedia.org/wiki/
Cartesian_coordinate_system.

Inputs Type |Defau|Description
It

Vector vecto |(0, 0)

r2f
Outputs
X float X component of Vector
y float y component of Vector

5.3.3.3 Polar to Vector

Create a vector from its length and orientation.

Inputs Type |Defau|Description
It
Length float |0 Length (norm) of the Vector.
Phi float |0 Angle in degrees between Vector and the x-axis.
Outputs
Vector vecto Vector with length Length and orientation Phi.
r2f

5.3.3.4 Cartesianto Vector

"ﬂ} [Vector fvactora] |

Create a vector from its cartesian components.

Inputs Type |Defau|Description
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It

X float |0 X component.
float |0 y component.

Outputs

Vector vecto Vector (X, y).
r2f

5.3.3.5 Rotate

[ ectar CwectorZF]
Iﬂﬂhﬁl’.; [ Result fwectorzf] |

Rotates the vector by the specified value in degrees.
Inputs Type |Defau|Description

It
Vector vecto |(0, 0)

r2f
Phi float |0 Rotation angle
Outputs
Result vecto Vector rotated by Phi.
r2f

5.3.3.5.1 Example

1,00 &
Constant (1) E

Conskant (2]

Constant (33

5.4 Display

This category contains the function blocks for the visualization of data.
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5.4.1  Oscilloscope

- [ Channel 0 (Haat)
E% [ Channel 1 (Hoan)
[ Channel Z (Aoat]
[ Channel 2 (Aoat]
[ Channel 4 (Hoat]
[ Channel & (Hoat]
[ Channel & (Hoar]
[ Channel 7 (Hoat]
[ Channel 2 (Hoat] %
[ Channel 9 (Aoat]
Channel 10 (Aaat)
Channel 11 (Hoat]
Channel 12 (Aoat)
Channel 13 [Aoat]
Channel 1 [Aoat)
Channel 15 (Aoat)

The Oscilloscope is used to visualize up to 16 channels.
Inputs Type |Defau|Description
It

Channel 0 |(float |0
Channel 1 |float |0

Channel 16 float |0
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5.4.1.1 Dialog

Os=cilloscope {1} E3

DEEE

A
=

/

7
/T L/
N

'\luml:uer of channels: |4 i I

The dialog visualizes the signals on the channels.For every channel, settings can be changed, like
amplification, e.g. It is also possible to deactivate single channels.

5.4.2 Laserrange finder data display
[(Dats Cangedaral 1 M0

The Laser range finder data displays the data from a optional laser-scanner

Input Typ Description
Data laser range
data
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5.4.2.1 Dialog

Laser range finder data display (1) @
Laser range finder data display .%
[ Fit | | show all ]
5.5 Image processing

This category contains function blocks for image processing.

5.5.1 Segmenter

[ Input firmage] | E [Sutput firmage] |

The Segmenter function block partitions the input image in multiple segments. The output image
contains a list of segments found.

Inputs Type |Defau|Description
It
Input imag Input image
e
Outputs
Output imag Output image augmented with the list of segments found
e
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5.5.1.1 Dialog
Segmenter {1} EI

0 1[+] show image
Show segments

[ ] Freeze image
4 +
5 =
6 t
(AR,

9 10 1 12

g .

ButtonDescription
/
Displa

Display of the input image and of segments found

When checked the input image is displayed

When checked found segments are display

When checked the current input image is hold

Add the current selection in the input image to the list of segments
Delete a segment

Mowve segment up

Mowve segment down

List of segments

Selector of the color channel for segment optimization

O©CoO~NOULDh WNPFPOK

10 Display of values within the selected channel of the currently active segment
11 Close gaps within the values of the selected channel
12 Thin out values of the selected channel

To recognize the red square as a single segment, mark a region within the red square with the
mouse.
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74

segmenter (1) X

Show image

Show segments
Freeze image
[+

t

+

] .

Click onto the + (button 4) to add your selection to the list of segments.

Segmenter {1} X

Shows image

Show segments
Freeze image
E

I

2]

[+[+]

The center of gravity of the segment is displayed with a cross. When the image is changing
(deactivate the Freeze image checkbox) the center of gravity mowves with the red square. Now repeat
the procedure to add the green square to the list of segments.
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segmenter (1) X
Show image
Show segments

|:| Freeze image

II:I

1

ol ]

Now there are two segments within the list of segments. The currently selected segment is marked
with a bold cross.

5.5.1.2 Example
as L

mage Reader (1) [x| | Segmenter (1)

Prefix: | |

Test

x|

Show image
Show segments

|:| Freeze image

0
1
Z

R & - JL - ]

The image reader[108) operates in test mode and generates a sequence of test images. The
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segmenter searches for connected regions within the input image that fit the colors in the list of
segments. The center of gravity of the segments found is shown.

5.5.2  Segment Extractor

i (ink]
EH..E Ao

Selected seqrnent (int]
— Airea [ink
Minimurm are3 (int Seqrient Foun o

Get the position and size of a segment from an image augmented with a list of segments by the
Segmenter[72) function block.

Inputs Type |Defau Description
It

Input imag Augmented image
e

Selected |int |0 Number of the segment information is queried from.

segment

Minimum |int 200 |The Segment found output will become true only if the segment contains

area at least number of pixel given here.

Outputs

X int x-coordinate of the center of gravity of the segment found. If no segment
is found x=0.

y int y-coordinate of the center of gravity of the segment found. If no segment
is found y=0.

Area int Number of pixel within the segment. If no segment is found Area = 0.

Segment  |bool True if the segment is found. False otherwise.

found
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5.5.2.1 Dialog

Segment Extractor (1) [x]

Selected seqment: Minimum area;

Selected The spinbox is editable if the input connector "Selected segment” is not connected. The
segment segment number to search for.

Minimum The spinbox is editable if the input connector "Minimum area" is not connected. The
area minimum number of pixel the segment must contain.

Shows the segments within the input image. The selected segment is marked by a cross (if the
segment is found).

5.5.2.2 Example

[ e
&
o

Segmenter {1} [%| | segment Extractor {1} [x]

show image Selecked segment: EI Minimum area:
show segments
D Freeze image

1]

1
2

(][] +
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5.5.3

78

The image reader creates a test sequence with three colored squares. The segmenter searches the
image for red, green and blue regions. The segment extractor looks for the segment with number 1
(the green segment) and marks its center of gravity with a cross.

Line Detector

Input (irage]

Seatch height Tint]

TEresE-:-a :
Search start (int) “

Searches for a line in the input image.

Inputs Type |Defau Description

It
Input imag
e
Threshold |int |0

Search int 20
start

Search int 20
height

Outputs
X int
Line found bool

Input image

The threshold is defines the sensitivity of the line detection algorithm to
discontinuities within the image. To cancel noises choose a higher
threshold.

Range: [0, 255]

The algorithm starts searching for a line starting at "Search start" from the
bottom.

The image is searched from the bottom up for the detection of edges. The
limit value defines the number of lines the image is searched starting at
the bottom plus "Search start" in order to detected a segment in the form
of a line.

x-position of the line located at the bottom edge of the image
True if a line is found. False otherwise.
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L

Threshold: |0

e
w

Search start:

20

e
w

Search height:

20

e
w

E3

Function block library

The area which is search for a line is marked by the horizontal red lines. The bottom line marks the

"Search start". The top line marks "Search start” + "Search height".

The red + marks the dark to light edge of the line seen from left to right.
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5.5.3.2

5.5.4

80

Example

Funktion: |v=a*x+b
a |0,5000
b |0,0000
¢ [o,0000

d |0,0000

Roboting @

A~

Schwellwert: |0 5 | Beginn der Suche: |20

A~
b

Suchhdhe: |20

A~
b

a
b
©

d

Funktion: |v=a*x+b

-0,1000
0,0000
0,0000

0,0000

Raoboting &

Roboting &

206305 @
EEH
[

Roboting &

]
[
Robating @&
X) Seearl @
. 132441
[

The image from Robotino's camera (here from the Robotino Simulator) is used as input for the line
detector. We use the Image Information[s2) function block to map the x position of the line from the

range [0, image width] to [-image width/2, image width/2] which is in our case [-160,160]. The scale
[601 function block is used to switch the sign and to scale the output of the subtraction[s1) function

block.

The value can be used directly to rotate Robotino so that Robotino turn right if the line is to its right
and turns left if the line is to its left. With a constant forward velocity Robotino follows the line.

ROI

[ Input firmage] | [Sutput firmage] |

Select an interesting region inside the input image (Region Of Interest, ROI).

Inputs Type |Defau|Description

It
Input imag
e

Outputs

Input image
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Output imag

The output image is augmented with the ROI information. Later image
processing takes place inside the ROI only.

5.5.4.1 Dialog

The region of interest can be marked with the mouse.
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5.5.4.2

5.5.5

82

Example

x|

. Schwellwert: |48 2 | Beainn der Suche: |0 3 | Suckhéhe: |26 2

&l

* EE Schwelwert: [0 % | Beginn der Suche: |77 % | Suchhdhe: (20 %

The Image reader generates a test sequence of images. The bottom Line Detector uses the whole
image while the upper Line Detector searches the ROI only.

Image Information

Get the width and height of the input image.

Inputs Type |Defau|Description
It

Input imag Input image
e
Outputs
Breite int Image width in pixel.
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|H('jhe |int | |Image height in pixel. |

5.5.5.1 Dialog

Image Information (1) [x]

The dialog shows the input image.

5.5.5.2 Example
ot 2 80— B

Image Reader {1} [x] Image Information (1) [x]

Pr&fizx; | |

Yerzeichnis: I:I

Test

The images of the test sequence generated by the image reader have a resolution of 320 x 240
Pixel.

5.5.6  Colorspace conversion

[ Input firmage] | [ Sutput firmage] |

Inputs Type |Defau|Description
It

Input imag Input image
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5.5.6.1

5.6

5.6.1

84

e
Outputs
Output imag Converted image
e
Dialog

Colorspace Conversion (1)

[x]

alar space: |H3Y w

In the colorspace conwersion dialog the target color space can be selected.

Generators

This category contains numerous function blocks to create signals.

Arbitrary waveform generator

E [ Sutput (Hoat] |

Generation of adjustable waveforms. See also http://en.wikipedia.org/wiki/
Arbitrary waveform generator.

Inputs Type |Defau Description
It
Outputs
Output float The generated signal.
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5.6.1.1 Dialog

Arbitrary Wavyeform Generator (1)

/1100 ms
-

10

1]
izraphics f‘L Table [
Arnplitude: EI Time base:

Sine: Cosine Triangle Square

The upper part of the dialog is similar to the dialog known from the Transfer Function[ss).

In addition the Arbitrary wavefrom generator has the following parameters and buttons:

Amplitud The output of the generator is multiplied by this value.

e

Time The unit of the x-axis. In the current example with a time base of 100ms the value 10 is
base reached after 1s.

Sine Generates interpolation point approximating a sine wave.

Cosine Generates interpolation point approximating a cosine wave.

Triangle Generates interpolation point approximating a triangle wave.

Square Generates interpolation point approximating a square puls wave.
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5.6.1.2 Example

Robaking &

95, 105E 9E 15k [@]
J =E7E
Falze [@]

|

,0,9510586)

arnplitude: Zeithasis: | 1000 ms 3
Sinus Kosinus Dreieck,

Robotino's Motor 1 rotates driven by a sine waveform.

5.6.2 Constant

0,0 |- el el (Summand T{foa ]
Eummand 7 Foar| 1 M (50 oz

— Input (booll | [l
0 < | I alue (int] J={ Tnitial value (int] HEl 1 h

[ alue [bocl ] E.

[ Input 1 (Bool] |
[

Generation of a constant value. The type of the constant and also the graphical display changes with
the type of the connected input connector.

The input of the value can be performed directly within the program.

Inputs Type |DefaultDescription
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Outputs

Value float, |0/ The value displayed.
int, false
bool

5.6.3 Timer

Iml_-'ﬂﬂll Tirne (Hoaf] |

Measures the time in milliseconds since program start. If reset is true, the measurement is

restarted.
Inputs Type |Defau|Description
It
Reset bool |false |If true, the measurement is restarted.
Outputs
Time float Time in milliseconds since program start or since Reset changes from
true to false.

5.6.3.1 Example

Tabelle

\_Grafik i

Timer and Transfer Function[58 generate a puls of amplitude 10 1s after program start.
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5.6.4 Random generator

[CFMaimumn (Hoat) | [l <=
[T (oorT () M (702 ]

The random generator creates random numbers within a specific range.

Inputs Type |Defau|Description
It
Maximum |float |1 Upper bound of the range.
Minimum |float |0 Lower bound of the range.
Outputs
Value float |0 Random number between Minimum and Maximum.
5.7 Filter

This category contains function blocks for filtering and smoothing of signals.

5.7.1 Mean filter

[ Input (Hoat] | [Sutput (Hoat) ]

Calculates the mean of the input value for up to 1000 steps.

Inputs Type |Defau|Description
It

Input float |0 Input signal

Outputs

Output float Mean value

5.7.1.1 Dialog

P -

Cepth: |10 5

Depth is the number of previous time steps which are taken to calculate the mean value.
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5.8 Navigation

This category comprises function blocks used for navigation.

5.8.1 Position Driver

i set iAoatl |l B e
y zet (Hoatl | B [ o)
[ phiset Moat] | " Comega (Aoat
%ﬂl _';Z?] =¢ B [Position reached (booll |
B [Grientation reached (booll |
[Cohi actual tAoar) |0
restart (koo | B [ Pose reached (Bod

The position driver is used to drive Robotino to a given position.

The position driver generates velocity and angular velocity set values to drive Robotino from the
actual to the set position.

Inputs Type Unit Description

X set float 'mm x coordinate of the set position in the global coordinate system.

y set float |mm y coordinate of the set position in the global coordinate system.
phi set float |deg phi angle of the set position in the global coordinate system.

X actual float |mm x coordinate of the actual position in the global coordinate system.
y actual |float 'mm y coordinate of the actual position in the global coordinate system.
phi actual [float |deg phi angle of the actual position in the global coordinate system.
restart bool Restart movement

Outputs

VX float 'mm/s set velocity in x direction in Robotino's local coordinate system

w float 'mm/s set velocity in y direction in Robotino's local coordinate system
omega float |deg/s set angular velocity.

Position  |bool Is true if x=w=0, i.e. the set position is reached.

reached

Orientation 'bool Is true if omega=0, i.e. the set orientation is reached.

reached

Pose bool Is true if both position and orientation are reached.

reached

See Movements| o1

© Festo Didactic GmbH & Co. KG 89



Function block library

5.8.1.1

90

Dialog

Position Driver (1)

Position Driver

EEEEEEE
2 |
[ ]|

dfmm

]

100

\ Graphics [\_Table [

omega/deg/s
50 4

dfdeq
4

0

\_ Graphics /\_Table |

[1: Drive [Turn Holonomic

Velocity ramp:  1000ms

Angular velodty ramp:  1000ms

Active movement: 1: Drive [Turn Holonomic

4|k

4|k

The dialog is split into three parts.

The upper part reflects the mapping from distance to the target position d (in mm) to the driving

velocity v (in mm/s).

The middle part reflects the mapping from angular distance to the target orientation d (in 1°) to
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angular velocity omega (in 1°/s). The angular distance is in the range [0°, 180°]. Clockwise and
counter clockwise rotations are treated similar. Rotation will be performed clockwise or counter
clockwise so that the angular distance is minimal.

With the ComboBox

1: Drrive [Turn Holonamic -

1: Drive [Turn Holonomic
2: Drive&Turn Holonomic
3: Turn|Drive [Turn Monhalonamic

4: Drive &Turn [Turn Monhalonomic

the kind of movement can be selected (see Movements Eﬁ). The selected movement becomes the
active movement

1. at program start.

2. when the input "restart" is set true.

The velocity ramp is the time in milliseconds after which 100% of the desired velocity is reached.
This awids an abrupt jump of velocity at the beginning of the movement.

The angular velocity ramp is the time in milliseconds after which 100% of the desired angular velocity
is reached. This results in a damping of the movement when a new rotation begins.

Example

500,0 |2 l—
0,80000/ % | =

Roboting &
—l.ﬁl
Roboting & [ ] 1_

. _= B .= F'_nl:m=t|r1n )
Roboting & —B .0-_. — |
I=. — a‘ = =l = [ | 2 ||
FLo8 25 e
] = =l = Roboting @

[ | 3 ||
[ | ||
Movements

Four different kinds of movements are possible. Two of them are applicable for holonomic and
nonholonomic vehicles each. As Robotino has a holonomic drive - all three degrees of freedom can
be altered independently - Robotino can perform all four kinds of movement. For nonholonomic
movements the output w is 0.

Movements start when the program starts or when the input "restart" becomes true. Effectively, in
the 2nd case the movement begins when the input "restart” is reset to false.

Movement 1 - drive, turn - (holonomic)
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Step 1: drive to the target position keeping the orientation at the initial position
Step 2: after reaching the target position turn until the target orientation is reached

T,

q

Movement 2 - drive & turn - (holonomic)
Step 1: drive and simultaneously turn to the target orientation

4

Movement 3 - turn, drive, turn - (nonholonomic)

Step 1: turn to the driving direction

Step 2: drive to the target position

Step 3: after reaching the target position turn to the target orientation

Movement 4 - drive & turn, turn - (nonholonomic)
Step 1: Drive and turn in to driving direction
Step 2: after reaching the target position turn until the target orientation is reached
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5.8.2  Constant pose

ooo [ [FE=l]

In the input box the pose is specified. Coordinates are separated by spaces characters.

Input Resulting pose

X y phi (x, y, phi)

XYy (X, y, invalid)

X invalid Pose
invalid Pose

The orientation phi is specified in degrees.
Example:

10.5 20 120
results in x=10.5 y=20 and orientation=120°

Inputs Type |Defau Description
It

Outputs

Pose pose |invalid | The constant pose's value. The value for the orientation is displayed in
pose [radians at the output.

5.8.3 Pose composer

RG]
Cy (Fosrl] W, &M [Fese (ol
[_phi {float) f

Inputs Typ |Unit |Defa |Description

ult
X float 0 The pose's x component.
y float 0 The pose's y component.
phi float degr O The pose's orientation in degrees. The unit can be switched to
ees radians in the Dialog[94.
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Outputs
Pose pose (0, 0, |The pose (X, y, phi) composed from the single values. The value for
0) the orientation is displayed in radians at the output.

5.8.3.1 Dialog

Pose composer (1) @

Pose composer

[ [ | ]
43
T
[ |

| valid pose

| Orientation in  |degrees -

Valid pose | Specifies if the pose is valid. Invalid poses will be ignored in paths.
Orientation |Specifies if the orientation is valid and its unit (degrees or radians).

5.8.4 Pose decomposer

B [ Aead

I [y Hoaf)

[l [ohi (Aoat

'F. Poze walid (Bool] |
B [“Crientation walid (bocl) |

[Fose (pozel | [l e+

Inputs Type|Unit |Defa |Description

ult
Pose pose (0, 0, |Pose to decompose.
0)
Outputs
X float 0 The pose's x component.
y float 0 The pose's y component.
phi float Grad O The pose's orientation in degrees. The unit can be switched to
radians in the Dialog|94).
Pose valid |bool false |true if the pose is valid.
Orientation|bool false |true if the orientation stored in the pose is valid.
valid
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5.8.4.1 Dialog

Pose decomposer (1) @
||
<l
Pose decomposer M YH
||
|

Crientation in |degrees vl

5.8.5 Pathcomposer

[k Tt | M e, :
Iyﬁ.

Inputs Type Defau|Description
It

Path 1 path |empty The first sub-path. A single Pose will also be accepted because pose is
path |conwertible into path. See Type conwersion[17.

Path 20 path |empty |The last sub-path. A single Pose will also be accepted because pose is
path |conwertible into path. See Type conwersion[17.

Outputs

Path path |empty The path composed from the sub-paths Path 1 + ... + Path 20
path

5.8.5.1 Dialog

Path composer (1) @

Path composer =E.

Mumber of inputs: 2

L1l
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5.8.6 Pathdecomposer

[Fath pathl |-
Star (| B {1 0 (St ot |
[Length finfl |0 "—

Cuts a subpath out of a path. A path consists of a list of poses.

Index Pose
1 pl
2 p2
N pN

The inputs Start and Length specify the initial pose and the length of the decomposed path. Start
must be in [1;N]. If Start < 1, value 1 is used internally. If Start > the length of the path, the result
will be an empty path. Length must be in [O;N-Start+1]. If Length <= 0 the result will be an empty
path. If Length > N-Start+1, the result will be the subpath starting at index Start.

Examples:

Path = p1, p2, p3, p4, p5, p6, p7, p8, p9, pl0
Start=3

Length =5

Subpath = p3, p4, p5, p6, p7

Path = p1, p2, p3, p4, p5, p6, p7, p8, p9, pl0
Start=0

Length =1

Subpath = p1

Path = p1, p2, p3, p4, p5, p6, p7, p8, p9, pl0
Start = 11

Length =1

Subpath = empty path

Path = p1, p2, p3, p4, p5, p6, p7, p8, p9, pl0
Start=1

Length =0

Subpath = empty path

Path = p1, p2, p3, p4, p5, p6, p7, p8, p9, pl0
Start =2

Length = 20

Subpath = p2, p3, p4, p5, p6, p7, p8, p9, pl0

Inputs Type |Defau Description
It

Path path |empty The path to decompose.
path
Start int |1 The pose at index Start of the path becomes the first pose of the

decomposed path.
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Length int |1 The decomposed path consists of Length poses starting at the pose at
index Start of the path to decompose.

Outputs
Subpath  |path |empty The resulting path begins with the pose at index Start and consists of
path |Length poses.

Path driver

—— alacit m‘
= Angular velogity (Hoat
[ Restart (ool | I B [Position reached (oo
. Mert waypoint [pose)] |

With the path driver it is possible to drive along paths.

From the path and the actual pose the velocity and the angular velocity are calculated so that
Robotino drives straightforward along the path's single poses.

Inputs Type|Unit |Defa |Description

ult
Path path empty| The path to drive.
path
Actual pose (0, 0, |The actual pose determined by odometry or SLAM.
pose 0)
Restart bool false |Restart the movement.
Outputs
Velocity [float |mm/ Forward welocity.
S
Angular  float deg/ Angular \elocity.
velocity S
Position  |bool True, if the path is empty.
reached Otherwise true, when the virtual point is located on the last path
segment and v(d) = 0.
Next way |pose The next target way point.
point
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5.8.7.1

98

Configuration dialog 1

Path Driver (1)

—
Path Driver ] /C’E
" n

Configuration 1 Configuration 2 Configuration 3 Path

v fmm/fs

300

0
Qo,0) 20 Qo,0) 40

Graphics /\_Table / \_Graphics /\_Table f

40
qo,0) 200 4+ 4 180

o

Graphics f\_Table / \. Graphics /\_Table /

Top left
Correlation between angular velocity and angular error dg.

Top right
Correlation between forward velocity and angular error dg.

Bottom left
Correlation between forward velocity and distance to the next way point.

Bottom right
Correlation between forward velocity and angle to the next path segment.
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5.8.7.2 Configuration dialog 2

Path Driver (1) =

—
Path Driver ] /C’E
" n

Configuration 2 Configuration 3 Path

=

Configuration 1

—»
'} i 300

Graphics f\_Table f \ Graphics /\_Table /

0o, 500

Graphics /\_Table /

Top left

Correlation between the robot's distance to the virtual way point and the angle to the next path
segment.

Top right
Correlation between the robot's distance to the virtual way point and the distance to the next way
point.

Bottom
Correlation between forward velocity and distance to the end of the path.
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5.8.7.3 Configuration dialog 3

Path Driver (1) =

—
Path Driver ] /C’E
" n

Configuration 1 I Configuration 2 | Configuration 3 | Path |

Vielodity coupling

Rise time: 2000ms (5| Min: 0,000 Max: 1,005

Bip:  5° £ Min: 0,50 =
. . 0%
Angular velodty coupling
Rise time: 500ms (5| Min: 0,005 Max: 1,00
Op:  5° = Min: 0,50 =
0%

Top
Adaption of the coupling factor between the velocity calculated due to the configuration in dialogs 1
and 2 and the real velocity.

Unten

Adaption of the coupling factor between the angular velocity calculated due to the configuration in
dialogs 1 and 2 and the real angular velocity.
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5.8.7.4 Pathview

Path Driver (1) =
. |y
Path Driver | /.’E
L
| Configuration 1 I Configuration 2 I Configuration 3 | Path
[ Shaow all ]
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Path Driver (1)

Path Driver

| Configuration 1 I Configuration 2 I Configuration 3 | Path

[

Shaow all

)

4

I

-

m
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Strategy

The path driver function block creates a path which first connects the way points straight-lined.

The robot is driven with a virtual way point (painted as a red dot in the figure abowe). Given the robot's
current position, the virtual way point will be placed on the path that the distance between robot and
virtual way point is dp (distance virtual point). The \virtual way point can only mowve along the path
towards the path's end, i.e. if the robot moves away from the \virtual way point, it remains unchanged.
Due to the regulation on the virtual point, the path will be smoothed. The greater dp is, the greater is
the smoothing.

Angular velocity parameterization

The angular velocity o(dg) is specified via the function block dialog dependent from the angular error
do. dg is the angle between the robot's current orientation and the line from the robots center to the
virtual way point.

Velocity parameterization
The welocity is also specified dependent from d¢ and named Vdg). So it is possible to slow down the
movement if the robot is no longer oriented properly.

To be able to reduce \elocity if the path has a bend, the velocity is also specified as a function v(dn)

of the distance between the virtual point and the next way point. A typical curve of (dn) is

V.ll

*dn

l.e. the wvelocity shall decline if the robot gets closer to the way point.

But we want to slow down the robot depending on the angle o . o _is the angle between the current
and the next path segment. If a = 180° (i.e. the path leads straight-forward through the way point)
the velocity is not to be reduced. If a approaches 0° (a very strong bend) the robot must be slowed
down strongly. Therefore the function () is needed. A typical curve of V(o) looks like this
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v

F 3

-;0!.
l.e. the smaller ais the smaller is the velocity.

These three velocity profiles dg), \(dn) und v(a) are used to calculate the overall velocity V(dg,dn,
a):

Vp(dg,dn,a) = min( (dg), max( \(dn), ) ) )

Driving to the last way point

To slow down when the end of the path is reached, the velocity depending on the remaining distance
to be driven is specified and called \(d). The target is supposed to be reached when the velocity as a
function of the remaining distance to be driven is zero.

The unsmoothed velocity results in:
V(d,dg,dn,y) = min(\(d), Vp(dg,dn,y))

Smoothing of velocity and angular velocity

There are two other parameters available to smooth the movement.

The velocity coupling is the time in milliseconds that is needed for the coupling VCC between the
calculated welocity Vp(dg,dn,a) and the real velocity to reach the value 1.

The angular velocity coupling is the time in milliseconds that is needed for the Coupling omegaCC
between the calculated angular velocity o(dg) and the real velocity omega to reach the value 1.

dv=VvCC* (Vp,-Vp,,)
velocity = Vp,, + dv

domega = omegaCC * ( o(dp), - o(dp), , )
velocity = o(dg),_, + domega

The subscript t means the value at time t. t-1 means the value one time step before t.

At restart VCC is initialized with 0 and increases to 1 within the time specified by the velocity
coupling.

At restart omegaCC is initialized with 0 and increases to 1 within the time specified by the angular
velocity coupling.

If the virtual point jumps to a new path segment, vCC and omegaCC will be reset to 0.
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5.8.7.6 Example

Function block library

Robotino &
.§=
oo = =l = 1 —
- —ill— Roboting &
=—— — _ p— S
wooo N .y_:.’.;. = — B = o ;o ®
N2
600 300 [ : —
400 300 [ — B
gl ) Robotine
D e
100 -100 [ ll— pasitionF.eached =? —
—— N |
000 [ —
Robotino @&
B— —
1 *
Byl o8

.F
N B =

5.8.8 Obstacle avoidance

Path (pat

Chstace

ose [pose]

Obstacle radius (Hoat]
[_Anqular distance [Hoat)

B—
=ﬁl [ Dratour (path] |
|

The module Obstacle awidance calculates a detour for a path round a circular obstacle.

Inputs Type|Unit |Defa |Description
ult
Path path empty The path to be driven.
path
Obstacle |pose (0, 0, |The position of the circular obstacle.
pose 0)
Obstacle |float /mm [100 |The radius of the circular obstacle.
radius
Angular  (float |Grad |10 The maximum angular distance between two points of the detour
distance round the obstacle.
Outputs
Detour path empty Detour round the obstacle.
path

© Festo Didactic GmbH & Co. KG
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5.8.8.1 Dialog

Obstacle avoidance (1) @
B—
Obstacle avoidance = ,(id ]
[ |
[ Shaow all ]

The dialog shows the original path, the obstacle and the detour.

5.9 Input Devices

This category supplies the function blocks for realizing the interaction with the user.

5.9.1 Control Panel

5 A vy [Hoat]
E-'H! wy [Hoat)

omeqa [Hoat] |

A control panel usable with the mouse.

Outputs Type Description
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WX float Velocity in x-direction
w float Velocity in y-direction
omega float Angular velocity.

59.1.1 Dialog

Control Panel (1)

N

Olle

o

"4

{)
X
v

V.
->
N

-
-

The control panel can be used as follows:

© Festo Didactic GmbH & Co. KG

By clicking one of the buttons the robot system is mowved into the arrow's direction.

By clicking one of the two circular arrows a rotation into the corresponding direction is performed.
By clicking the button in the middle the movement is stopped.

The movement's \elocity is adjusted \ia the slider.
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Function block library
59.1.2 Example

Roboting (&

Roboking @& -

Robatking (&

Robatking (&

7
=€)
N

L

5.9.2  Slider

I [Value Tinf] |

The slider creates any integer value within a specified range.

5.9.2.1 Dialog

Slider (1)

Slider u

-

Minimum: 0 +{ Maximum: 100 = Orientation: 1

-

108
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In the dialog the slider's range and orientation (1 = horizontal, 0 = vertical) can be adjusted.

5.10 Data exchange

This category contains function blocks for data exchange within Robotino® View or with external
applications.

5.10.1 Image Reader

[ Murnber (int1E] | [ Cutput fimane) |

The image reader reads single JPEG images from a picture sequence from the file system. Path and
prefix can be specified in the dialogm.

Inputs Type |Defau Description
It
Number intl6 |-1 Number of the desired image.
If Number = -1, the image number is automatically increased by 1 in every
step, starting with O.

Outputs
Output imag JPEG image from file "<Path>/<Prefix><Number>.jpg" or "<Path>/
e <Prefix>_<Number>.jpg".
If the file does not exist, the number will be prepended leading zeros up to
a total length of 4 until the image file is found.

© Festo Didactic GmbH & Co. KG 109



Function block library

5.10.1.1 Dialog

Image Reader (13 [x]
Prefix; | |
Directary: | | [EIJ
[] Test

In the dialog it is possible to specify the path and prefix of the picture sequence that is to be read.
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5.10.1.2 Example

Function block library

Bildleser {13 [%| B Bildschreiber (1} (x|

Pr&Fiz: |rD|:ll:ltiI'|D

[] Test

Yerzeichnis: | itikemp

\erzeichnis: |i:'|,tem|:|

Pr &Fixc: | image

|
|

5.10.2 Image Writer

The image writer writes a sequence of JPEG images to the file system. Path and prefix can be
specified in the dialog[113. The image's number is increased by 1 in every step, starting with 0.
Every single image is saved under "<Path>/<Prefix>_<Number>.jpg". The number has at least 4
digits, including leading zeros.

Inputs Type |Defau|Description
It
Input imag Next image of the sequence.
e
Enable bool |true |The image writer is active.

© Festo Didactic GmbH & Co. KG
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5.10.2.1 Dialog
=

Directary:

gl

Prefix: |image

5.10.2.2 Example
See example image readerft1f)

5.11 Variables

Global variables are a kind of special. For all global variables there are function blocks for reading
and writing available in every sub-program. These function blocks do always show the variable's
name and can't be renamed.

Global variables can be added, removed and renamed in the variable manager (main program view)
[14). Furthermore, they can be assigned initial values.

Adding, removing and renaming global variables is also possible in the function block library by right-
clicking on the device "Variables" and selecting "Add" or right-clicking on the variable's reader or
writer and selecting "Remowe" or "Rename".

6 Devices

Devices establish the connection between Robotino View and the outside world. The device
"Robotino" can communicate with real Robotino or a simulated one. The device "Joystick" can read
the positions of the axes of a joystick attached to the computer.
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6.1 Add and edit

When creating a new project the device "Robotino" is automatically added. To add more devices you
have to change the current view to a subprogram.

i B
42} Unnamed - ROBOTINO ® View 2.2.4 =R

File Edit View Edras Window Help

g0 & b b 11 m B[R m2mi - FESTO
O Main program O Stepl X

> |, Function bleck library

| Variables
4 @ Roboting @
> Ly Drive system
» |, Collision detection
> Image system
» ) YO connector
> Mavigation
> I/ extension
> Internal sensors

Roboting ®
Joystick
OPC Client
EasyPort

Local camera

»00EY =G

+ Data Exchange Client

¥ Data Exchange Server
{£}  Festo Forum

i Add T I Rename... Remove

e
Below the function block library devices can be added using the "Add" button. The device chosen will
appear underneath the device "Robotino" in the function block library.

New devices get a unique name. This name can be changed using the "Rename” button, if the
device has been selected in the function block library.

The "Remowe” button is used to remowve devices from the current project. This function is available
only if no function blocks of the devices are used within the project.
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6.2 Show dialogs

Every device has a configuration dialog. This dialog is opened by double clicking the device in the
function block library

i B
42} Unnamed - ROBOTINO ® View 2.2.4 =R

Eile Edit View Extras Window Help

A0 HP R I B B s - FESTO

o Main program o Stepl X
2% Robotino & — @ 3 || || 4 |. Function block library
= > Logic

@ Robotino ® > Mathematics
> L) Vector analysis
> Ju Display
172.26.1.1 - E\n"\\ » . Image processing
> Generators
Camera = || Filter
Resolution: |320x240 v] » 1 Navigation
> Input devices
Frequency: 0Hz > [}l Data exchange
[] pisable drive system > 8 My function blocks
, Variables
4 |7} Roboting ®
> Drive system
> |, Collision detection
> Ly Image system
> I/0 connector
> Mavigation
> /O extension
>, Internal sensors
Add "] [ Rename... ] l Remove

6.3 Robotino

The Robotino Device provides access to sensors and actors of the Robotino® robot system.

6.3.1 Toolbar
#2% Unnamed - ROBOTINO ® View 2.2.4 EEREERC

Eile Edit VMiew Extras Window Help

I D E E b o oiom [E. ™| 1722611 - FESTO

),

You can find the IP address input field and connect button within the main tool bar[10). The IP
address input and connect button refer to the first Robotino device in the list of devices in the device
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manager. The function of the IP address input field and the connect button is identical to the one in

th

632 D

e device dialog.

ialog

r;i\ Robotino 'E'I_ = | =l |ihlﬂ|

@ Robotino ®

W

1 1722611 -

Camera

3 Resolution: | 320x240 -

4 Fregquency: 0Hz

5" | Disable drive system

6

L

The dialog of the Robotino device will be shown after double-clicking on the Robotino device.

1

o ok w

IP address input

Connect button

Resolution
Frequency

Disable drive system
Message window

6.3.3 Function blocks

Robotino's default IP address is 172.26.1.1. If you want to connect to
Robotino Sim (running on the same computer as Robotino View) the IP
address is 127.0.0.1:8080. 8080 is the port number, at which the
Robotino server listens to incoming connections. If more than one
Robotino is simulated, the port number can be higher.

By clicking on this button a connection to Robotino will be established
or closed.

The requested resolution of images taken by Robotino's camera.
Frequency of image updates

If checked, Robotino's motors are deactivated

Display of various message in text form.

The function blocks allow the usage of the Robotino device in a subprogram.

6.3.3.1  Drive system

This folder contains function blocks to control Robotino's drive system.

© Festo Didactic GmbH & Co. KG
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6.3.3.1.1

116

Motor
Roboting &
Speed set-point [rpr] [Hoat B— -
— Actual welocit ] (Aoat
[ Fesetposion ooll | M = (8 (AU 2o,
[Erake fhoof) | .
e (bool) | M 4 g T |
[Acceleration finr | [l
Roboting (&
Speed setpoint [rpr] (Aeatl | [ll=—— .
— Actual welocit t
[Erake (hoofi | .
rake (bool) | M 2 g e T |
[Acceleration (int) | [l
Raoboting &
Speed set-point [rprn] (Aoatl | ll=—— _
e 1 LAl el Tl Foat
[Erake (hooll| M 3 g == o TAT (Foar) |
[Acceleration fint) | [l

Access to one Robotino's motors. The motor number is displayed.

Inputs Type/Unit |Defa Description

ult

Speed set-|float [rpm |0 The speed set-point of the motor control in rounds per minute.

point Please note that there is a 16:1 gear between motor and Robotino's
wheel.

Reset bool false |If true the tick counter of the motor's encoder is reset to 0.

position

Brake bool false |If true the motor is stopped.

Accelerati |int 100 |Coupling of speed set-point at the input and the speed set-point

on really transmitted (see » Dialoglﬂﬂ)

Outputs

Actual float |[rpm The actual velocity of the motor.

velocity

Actual int The number of ticks counted since power up of Robotino or since

position "Reset position" had been true and the false. The ticks are
generated by the motor's encoder which generates 2000 ticks per
round.

Current float A The current measured at the motor's H-bridge.
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M2

6.3.3.1.1 Dialog

Motor #1 @

Motor

Acceleration: 100
kp: 25
ki: 25

kd: 25

[ EBI| G| BB

LIse default parameters
Reset on start

Parameter Description

Acceleration Acceleration/Deceleration factor. With the maximum value 100 speed set-
points are given directly to the motor's controller. With smaller values
differences between speed set-points are flattened over time. This can be
used to generate smooth motions of Robotino.
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6.3.3.1.2

118

kp Proportional term of the motor's PID controller
Ki Integral term of the motor's PID controller
kd Differential term of the motor's PID controller

Use default parameters|Use the values for kp, ki and kd implemented in Robotinos firmware. These
default values are also used if you set kp=ki=kd=255.

Reset on start Initialize the Actual position with O at program start

Velocity control of each motor is performed by a PID controller

1
u(t) = K, | e(t) +T—N

The parameters are:

t
e(t)dt" |+ Kyé(t)

0

From the values set in the dialog the controller parameters are calculated as:

Kp: kp/2
K= ki / 1024
K=kd/2

Default values are
kp = 25
ki =25
kd = 25

Omnidrive

Roboting &

Haat)

Haat)

i [rnrnjs] [Haat] il [rprn
vy Jrornys] (oat] EO! T2 [

[ormega [deqjs] (Haat) 3 e

Harat)

Calculates the speed set-points of motor 1, 2 and 3 according to set-velocities vx, w and omega.

Inputs Type/Unit |Defa Description

ult
X float '/mm/s |0 Set-velocity in x-direction in Robotino's local coordinate system.
w float ' mm/s |0 Set-wvelocity in y-direction in Robotino's local coordinate system.
zuriicksetz
en
omega float |deg/s |0 Set-rotational velocity.
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Outputs

ml float |rpm Speed set-point motor 1
m2 float |rpm Speed set-point motor 2
m3 float |rpm Speed set-point motor 2

The function block "Omnidrive (inverse)" calculates vx, w and omega from the motors' rotation
speeds.

The image shows Robotino's local coordinate system. A positive rotational velocity omega generates
a counter-clockwise rotation when looking from top onto Robotino.

6.3.3.2 Collision detection

Here you can find function blocks referring to sensors for detecting obstacles.

6.3.3.2.1 Bumper

Roboting &

E [\alue (bool] |

A tactile sensor is integrated into the bumper. If contacted, the sensor supplies an output signal.

Inputs Type |Defau|Description
It
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6.3.3.2.2
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Outputs
Value bool True if there is a contact.

Distance sensors

Robating (# Roboting & Robating (#

ey B (5 aloe VT Hoatl ] — [ [aloe [T Hoaf | ey B (e [T Hoatl ]

. 1. Heading [deqg] (Hoat . 2. Heading [deq] [Aoat - 3. Heading [deq] (Hoat
R.oboting & Robotino & Roboting &
_ B (e aloe VT Hoat | —_ B [aloe [T (Hoat | —_ B (e aloe [T Hoat |

. Heading [deq] (Hoat * D [ Heading [deql (Hoat 'E. Heading [deq] (Hoat
Robotino @& Robotino @& Roboting @&
— M (5 aloe VT Hoat | by I [aloe [V Hoaf | ey B (e [T Hoatl |

* i Heading [deqg] (Hoat 'B. Heading [deq] (Aoar * I [ Heading [deq] (Hoat

The sensor reading of a distance sensor.

Inputs Type|Unit |Defa |Description

ult
Outputs
Value float Volt Analog reading of the distance sensor in V. The scaling and
conversion of a distance value must be effected by the user.
Heading |float |Degre The heading of the sensor in Robotino's local coordinate system
e (see image below). The heading is calculated from the sensor
number as

Heading = 40° x (Number - 1)
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IR3 (80°)

IR4 (120°)
IR2 (40°)

IR5 (160°)
—>
IR1 (0°)
‘.al"'
IR6 (200°)

IR9 (320°)

/

R7 (2407 2 250)
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6.3.3.2.2 Example

The data sheet of the distance sensor (its a Sharp GP2D120) shows the mapping between distance
to an object in cm and the sensor's analog output signal in Volt.

A

9 1 4 & 8 U 1X 1& 18 18 30 33 34 26 2B A0 32 35 3p 18 40

Distarice to reflective obgect [cm

With this mapping it is easy to configure a transfer function[ss) so that the analog wltage is mapped
to distance to object in cm. Please notice that this mapping is the inverse of the mapping shown
abowe. This means that we hawe to skip distances smaller 4cm. Distance smaller 4cm can not be
distinguished from distances larger 4cm, because the analog wltage output of the sensor is the
same.

Furthermore the analog digital converter measures wltages up to 2,55V only.

The mapping from analog woltage to distance is also influenced by the material of the detected
object. Owerall it is best practice to measure the mapping by yourself.
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o,
1

Transferfunktion (1}

Devices

The values of the transfer function[55 are given below. You can Copy&Paste these values into your

own transfer function[ss).

0.3
0.39
0.41
0.5
0.75
0.8
0.95
1.05
1.3
1.4
1.55
1.8
2
2.35
2.55

6.3.3.3 Image system

This folder contains function blocks to use Robotino's camera.

6.3.3.3.1 Camera

40
35
30
25
18
16
14
12
10
9

A OTO N O

Roboting @&
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The live image of Robotino's camera.
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6.3.3.3.1
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Inputs Type |Defau|Description
It
Outputs
Image imag The image from Robotino' camera
e

To set the image resolution you can use Robotino's device dialogh13.

Dialog

Shows the latest image. To adjust the image resolution see device dialog[113.
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6.3.3.4 1/0 connector

Here you can find function blocks to access Robotino's I/O connector.

GMD PiM 1)
24V (PiM 11)
DHOve) (PIR 1)
003 Pk 4
24Y (M 1Y) D02 Fins
AINS (PIN 14 DO1 (w7
AlNG (PIN 15) D4 cpim &)
AINT (PIN 18] (LR
AINE (PIN 17 M2 Pl s}
RELD_MC (rin 18 01 (w3
RELD_CO (i 120 MO Pim 2y
RELD_MO ipin m]-L 2EV (PN 1)
Feaeampea=aas 'T'_T?-':::":: .%'#
Mo 2daoibdes L-....-....-h[-'....’...:'.. L) =
- — ————— ——— - -
.- CEEE e e e e e e e -‘H L
RN IR
REL1_NO pw20) | T T T T T T Bavews
REL1_CO (P 1) GHD ik 2
REL1_MC (Pik 18) D15 (Piw 5
AN b1 DG (Piw <)
AINZ (PN 1) DI ik s
AINZ PN 15) DI PN &)
AINT (PN 188 DOS (piw 7
24V (MM 13) D06 Pk
DO7 (kg
D08 (PIN 10}
24V (PIM 11)
GMD Fih 1
6.3.3.4.1 Relay
Fobating (& Robatine &
®R1 ®R2

Switch relay 1 and 2.

Inputs
It

Value bool |false

Type |Defau | Description

If false the relay is switched off.

The connectors for relay 1 are REL1 _NO, REL1_CO and REL1_NC.
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The connectors for relay 2 are REL2_NO, REL2_CO and REL2_NC.

GMD PiM 1)
24V (PiM 11)
DHOve) (PIR 1)
003 Pk 4
24Y (M 1Y) D02 Fins
AING (PIN 14 DO1 (piw 7
AlNG (PIN 15) DI P )
AINT (PIN 18] (LR
AINE (PIN 17 M2 Pl s}

RELD_MC (rin 18 01 (w3
RELD_CO (i 120 GMD Pin 2
RELD MO ipis 20 4- 24V (PN 1)

ek i
g TIEREIIIRIRIIIIY
AEHNY XHNEX
REL1_NO (20| - [24v e
REL1_COvipiwam) GND PiK 2
REL1_MC (Pik 18) D15 (Piw 5
AN b1 DG (Piw <)
AINZ (PN 18 DIF (Pik sh
AINZ PN 15) DI PN &)
AIMT (PiK 14) DOS piM 7
24V (MM 13) D06 Pk
DO7 (kg
D08 (PIN 10}
24V (PIM 11)
GMD Fih 1
6.3.3.4.2 Digital output
Robaoting & Fobating & Robaoting @& Fobating &

e, 4 [(Cetdll, g [Eetdll, g ek, g

Fobating & Raoboting & Fobating @& Faobating (&

= = = =
Liletodll [l g [hhebodi|ll, g [hhefoollll, 7 [heColll, g

Set a digital output.
Inputs Type |Defau Description

It
Value bool [false |If true the output at Robotino's I/O connector is +10V. Otherwise the
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output is OV.

The connector for digital output x is DOx with x in [1;8].

GMD Pl
24V (PN 1)
DO gein 10
D03 Pim 9
24 PN 1Y) DOZ Pk g
AINS [PIH 14) DO1 ipiw A
AING (PIN 15) D& ipim &)
AINT (PIN 18) D13 (PiM 53
AINE (P 1) D2 Pk s}
(R

RELD_MC iPin 12)
GND PN 2)

fﬂ'ﬂ' {PK 1)
- -
-

RELD_CO i 150
RELG_MNO (rin Ju:l]-L

REL1_NO (i 20) N ) 11T Tzavews
REL1_COv(pim 19 GMD M2
RELI_MC (pin 12 D15 (w5

AN (P 1n D& (k)
AIMZ PIN 1) DIF (PIN 53
AINZ (PN 15) DI geim &)
AIMNT (PN 14) DOS (pl 7
AR D06 FNE
DOF wing)
D08 in 100
24V (PN 1)
GND (PN 12)
6.3.3.4.3 Analoginput
R.obating (® Roboking ® Robaoting ® R.obaoting &

v 4 I [ alue [V (Roat] | ba, 2. [\ alue [ (Hoat) | ba, 3. [%alue [\ (Aoat] | ba, 4. [ alue [V (Aoat] |

Robatking (& Robating @ Robaking & Robating &

b, 5. [*alue [V (Hoat] | b, E. [*/alue [\ (Hoat) | ba, T. [*alue [\ (Aoat] | ba, 3. [ alue [V (Aoat] |

Reads the value of an analog input.

© Festo Didactic GmbH & Co. KG 127



Devices

Outputs |Type |Unit |Description
Value float |Volt |The measured wltage. Range [0;10].

The connector for analog input x is AINx with x in [1;8].

GMD FiM 1
24V (PN 1)
DHOhe) (PIM 100
0O3 Pk 4
24N (M 1Y) D02 Png
AINS (PiN 143 DO pw 7
AlNG (PIN 1%) D4 P )
AINT (PIN 15) [HEN T
AINE ipin 1) D2 Pl s}
RELD_MC (PiN 1) D11 Pk 3
RELOD_CO N 190 GMD PN
RELD_MO ipiM J-:l]-L AV (PN 1)
o e e e o e o o
e RS AR ANTE)
- — — - - -
.-n-i:----r-p-—---,'.-. SRR EEEEEsEEEs=
reoaaian e air e ales sl
REL1_NO pwiau | TP T T T Ravews
REL1_C ipis 13 GND P 2
REL1_MC {Pik 18} D15 Piwn
AlME P10 D& (PN <)
AINZ PN 18) DI7 PiM 5}
AINZ PIN 15) DIB (piM &)
AINT (PN 14) DOS (piM 7
24V (PM13) D06 (FKE
DOF ik 4
D08 (PIN 10}
24V i 1)
GND PN 1)
6.3.3.4.4 Digitalinput
F.obatino (& Robating ® Fobating (& Robaoting @&

== == == ==
» 1. , 2. » 3. b 4.

Fobating & Robating & Fobating & Fobating &

== = = =
vy gMICEe Bocll] | ol [Value foofl] |, I [Valuz Bodll] |, gl [Value fBoall]

Reads the value of a digital input.
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Outputs Type |Description

Value bool |The value at Robotino's I/O connector. Voltages less 5.75V are mapped to

Devices

false. Values greater 8.6V are mapped to true. If the wltage at the connector is

between 5.75V and 8.6V the value remains unchanged.

The connector for digital input x is DIx with x in[1;8].

L]

e aiy Bas

GND [FaM 12)
24V PN 1)
CHOM (PR 1)
D03 Pk g
24V piM 1y DOZ Ping
AINS (PIN 14) DO1 ipw A
AINE (PIN 15) DI cpin &)
AINT (PIN 18) D13 (Pin sy
AlNE iPIN 1) N2 PN s}
RELD_MC (Pin 12 11 {Pin =
RELO_CO cpin 140 i GND Pim 2y
RELD_MO ipiM m]-L 28V (PN 1)
o

“!-}.&i}--
RELL_NO pawzo)| TTTTTU T T T T T Ravews
RELL_COv pisa 19 GND Pl 2
REL1_MC (Fin 18) D15 (Piwn
AlNG (PN 17 D& [Pk 2)
AINZ [PIN 18) DIF tPin 5}
AIMNZ PN 15) D13 (PiN &)
AINT (PIH 145 DOS (w7
24V (FM13) DOG g
DO7 (kg
DO (PIN 1)
24V (PiM 11)
GMD Fh 1

6.3.3.5 Navigation

This folder contains function blocks for the location of Robotino.

© Festo Didactic GmbH & Co. KG 129



Devices

6.3.3.5.1 Odometry

Robating &

x [rrn] [Hoat]

v [rorn] (Ao at] i i [rorn] (Aoat]
[ phi [deq] (Hoar) "-"h[_m;ﬂ] Hoat]
[Set (boal] [ phi [deq] (Haaf] |
For this functionality a 1GB Compact-Flash memory card for Robotino (V 1.7 or higher) is

needed.
(No functionality with 256MB memory cards, Version <=1.6)

Odometry is the use of data from the movement of actuators to estimate change in position over
time. See http://en.wikipedia.org/wiki/Odometry.

The rotation of wheels is measured with the highest time resolution possible. In every time step the
distance driven by the wvehicle is calculated from the wheels rotational speed. These very small
distances from the single time steps are integrated over time. This leads to the actual position
relative to the starting position. This method yields good local performance. On long distances or
under adverse conditions (wheels slip because of dust on the floor, drift because of preferential
direction of the carpet) this method leads to very large errors. On this account odometry is always
combine with other methods to compensate for the described errors.

Inputs Type/Unit |Defa Description

ult

X float |mm |0 The new Xx-position. Odometry is reset to the new position if "Set" is
true.

y float mm |0 The new y-position. Odometry is reset to the new position if "Set" is
true.

phi float Degre 0 The new orientation. Odometry is reset to the new position if "Set" is

e true.

Set bool false |If true, the odometry is set to the values from inputs X, y, and phi. To
reset the odometry to (0,0,0) you only need to set this input true for
one time step. The other inputs do not need to be connected,
because the default values are O.

Outputs

X float '/mm The current x-position from the odometry in global coordinates.

y float '/mm The current y-position from the odometry in global coordinates.

phi float |Degre The current orientation from the odometry in global coordinates.

e
6.3.3.5.2  North Star
Robotino @

[ Foorn numnber lintl | [l
[ Cefling calibration (Hoar] | =l . Imm] (Hoar)
i [rara] (Aeatl | B * B i Trorn] (Aeatl

[y [mm] (Hoat) | B8 5 I [ ohi [deq] (Aoat) ]

[CchiTdeal Hoat) | 0 B [Projectors fint

Set (bocll |l

North Star ® is a sensor which determines Robotino®'s absolute position with the help of projectors.
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Inputs Type/Unit |Defa Description

ult
Room int 1 The room number in which Robotino is currently located.
number Rooms are enumerated starting with 1.
Ceiling float 'mm |1 Distance between detector and ceiling. If the ceiling height is 3m the
calibration distance between detector and ceiling is about 2800mm.
X float ' mm |0 X-position of the origin set by the input "Set".
y float '/mm |0 y-position of the origin set by the input "Set".
phi float Degre 0 Orientation of the origin set by the input "Set".
e
Set bool false |If true, the current pose (x,y,phi) is used as origin.
Outputs
X float |mm The current x-position in global coordinates.
y float '/mm The current y-position in global coordinates.
phi float |Degre The current orientation in global coordinates.
e
Projektore |int Number of visible projectors.
n
Room ID Projector type Switch-Setting Frequency [Hz]
] Projectorkit NS 1 Spot15Wz2 =10 1040
Spot25W2 =25 2350
1 Projectorkit NS 1 Spot15Wz =1 1150
Spot25W2=9 2450
2 Projectorkit NS 1 Spot15W2 =2 1250
Spot25W2 =A 2580 Projectorkit N51
3 Projector NS2-50Hz 1 Spot A3025
Spot B 3925
g Projector NS2-50Hz 2 Spot A3125 — )
. Spot B 4025 - ‘
5 Projector NS2-50Hz 3 Spot A 3225 '2aa00
SpotB 4125 Prcjector NS2

The Northstar detector can be attached to Robotino in different ways. Depending on the configuration
the file /etc/robotino/robotino.xml on robotino must be adapted with a text editor. The value for the
orientation must be set according to the figure below.

<Nort hSt ar >
<!--The orientation of the northstar sensor. See www. openrobotino.org-->
<Orientation value="1" />
</ NorthSt ar >
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6.3.3.5.2 Dialog

North Star @ =
| |
B—A
North Star ® Ex}

H B
[ |

Spot A: _ _ 0%

Spot B: _ _ 0%

Current room: 0

Mumber of projectors:

Sequence number: 0
Spot A Intensity of the first light spot emitted by the projector.
Spot B Intensity of the second light spot emitted by the projector.
Current room The room number detected by the North Star sensor.
Number of projectors | The number of visible projectors.
Sequence number The sequence number is incremented by one each time the North Star

sensor provides new readings.
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6.3.3.5.2 Example

Robotine & Roboting @&
= — —
R_Jl._. ..O._ = = |
¢y ||
B 8 E = 19
4 E._ Roboting &
— — -
0,2 E._ = =
E
= Roboting &
100,0 B , — .
EI Roboting & 1= =
00,0 £ - i
K B . =—= [ |
S o =l * [
90,0 |2 = |
Robotino & .=
7 —
. — .
- m_
— |

The control panel is used to move Robotino.

Northstar shall detect the projector that belongs to room 4. The new NorthStar projector must be set
to room 1.
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|
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Via the boolean constant (true/false) the coordinate systems of Northstar and the odometry can be

transformed so that "current Northstar pose" == "current odometry pose" == (100,100,90).

By subtracting the components of Northstar and odometry, you can see the error occurring between

odometry and Northstar.

1/0 extension

This folder contains function blocks to Robotino's other hardware interfaces.

Encoderinput

Roboking @&

— Actual welocity Tticksi=T (ink
Reset position [bool = =
l B (bool) l Actual position [ticks] Lnk

This function block reads values from Robotino's encoder input.
The encoder input interprets signals from a digital motor encoder (A,B-channel gray-code).
Rising and falling edges are considered. This leads to a quad effective resolution.

Example: The motor encoder of Robotino' s drive motors has a resolution of 500 ticks.
Effectively 2000 ticks are counted.

Inputs Type|Unit |Defa |Description

ult
Reset bool 0 If true the actual position is reset to 0.
position

© Festo Didactic GmbH & Co. KG

135



Devices

Outputs

Actual int ticks The measured velocity.

velocity /s

Actual int ticks The sum of all ticks measured since the start of robotino or since
position "Reset position" = true.

6.3.3.6.2 Power output

Raoboting &
e AT Taa

This function block assigns set point values to Robotino's power output (former Motor 4). The power
output can only be used if the sub-program doesn't use the gripper.

The output is instantiated by a H-bridge, which can deliver up to 5A continuous current.

The H-bridge is driven by a high frequency PWM signal and one bit for direction.

The sign of the set point given by the input corresponds to the direction bit.

The absolute value of the set point influences the PWM signal.

A set point of O does not generate any PWM signal, i.e. no current is delivered by the H-bridge.
A set point of 50 leads to a high-low-ratio of the PWM signal of 50%.

A set point of 100 generates a constant high, i.e. the H-Bridge delivers maximum current.

Inputs Type|Unit |Defa |Description

ult
Set-point |int 0 Sets direction bit and PWM signal. Range -100 to 100. Values less -
100 are interpreted as -100. Values greater 100 are interpreted as
100.
Outputs
Current float A Der durch die H-Bricke flieBende Strom.

The current delivered by the power output is limited by default.
To change or disable this limitation edit /etc/robotino/robotino.xml on Robotino.
The new values are assigned after 2 seconds.

6.3.3.6.3  Gripper

Fobotino @&

[Srened ol ]
[Cpen (bool] | iﬂi [Closed (ool |

Use this module with a Festo Robotino Gripper. The Gripper can only be used if the current sub-
program does not contain a power output[138)

Inputs Type |Defau Description
It

Open bool [false |[If true the gripper is opened.
Outputs
Opened bool True if the gripper reached its opened position
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Closed bool True if the gripper reached its closed position.
The Gripper must be connected to port X15 at the PCB behind the battery:

brown cable (+) to the left, blue cable (-) to the right.

6.3.3.7 Internal sensors

6.3.3.7.1 Powermanagement

Roboting @
Powver consurnption [A] (Hoat
[ Battery [ (Aoat] |

The power management module of Robotino.

Inputs Type|Unit |Defa |Description

ult
Outputs
Power float |A The current drawn from Robotino's batteries.
consumpti
on
Battery float |Volt Battery woltage.
6.3.3.7.2 Shutdown
Robating &

01
[Shutdowen (bool] | -”(9

Shut down and switch off Robotino.
Inputs Type |Defau|Description

It
Shutdown |bool [false |If true, Robotino shuts down and is turned off.

6.4 Joystick

The device "Joystick" allows access to a locally attached joystick.

© Festo Didactic GmbH & Co. KG 137



Devices

6.4.1 Dialog
(28 Joystick (o= |
.L Joystick

ITup Gun Fox 2 Pro - I

Mumber of axes: &
Mumber of buttons: 7

1 |List of available The combo box contains an entry for every joystick available at this

joysticks computer. This list is updated whenever a new joystick is attached are
detached from this computer. By selecting a joystick its buttons and
axes become available through the corresponding function blocks.

Number of axes The number of axes of the selected joystick.

Number of buttons The number of button of the selected joystick.

w N

6.4.2 Function blocks

Function blocks to read button and axis states.

6.4.2.1 Button

Jovskick, Jovystick, Jovystick, Jovwskick,
AOmEetn QmEEtn (3)m et ()M ko]
Jovskick, Jovystick, Jovystick, Jowskick,

Gm ek (6)mEkEk (7)mEetan (8) M ke

Reads the state of a joystick's button.

Outputs Type |Description
Value bool |True if the button is pressed, false otherwise.

6.4.2.2 Axis

Joweskick, Jowstick, Jovystick, Jiovskick,
e oM VEET S ey (V]
Jovskick, Jovystick, Jovystick, Jovwskick,

75I 76. Zl 73.
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Read the position of a joystick's axis.

Outputs Type |Description
Value int Range -1000 to 1000.

6.5 Local camera

The device "Local camera" allows access to a camera that is attached to the computer (e.g. a
webcam).

6.5.1 Dialog

{i\ Local camera l = | (=] |ﬁ
K Local camera
‘I[Micrusuft LifeCam YX-7000 v] [2 Scan ] [SCunner_t ] il
D
1 |List of available All cameras attached to the system are shown here. The list is
cameras updated when a new camera is attached to or removed from the
computer.
2 |Scan Update the list of available cameras.

3 Connect/Disconnect Establish/Close a connection to the selected camera.

4  Resolution/Color depth |Coose the resolution and color depth here. All resolutions supported by
the camera are available.

5 |Message window Display of various message in text form.

After selecting a camera a connection must be established. Than it is possible to set the resolution.
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,
‘2 Local camera

KX Local camera

Microsoft LifeCam VX-7000 Scan [ Disconnect ] [352“ 288 @24 - ]

Successfully connected to "Microsoft LifeCam V¥-7000"

6.5.2 Function blocks

The function blocks allow to use the device "Local camera" in a sub-program.

6.5.2.1 Camera

Local camera

Ol W (e Timage] |

Live image of the local camera.

Inputs Type |Defau|Description
It
Outputs
Image imag Live image
e

Color depth and resolution can be selected in the device dialogl138.
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Dialog

Camera @

Camera On

The camera dialog shows the current image. To adjust the image resolution see device dialog[133.

OPC Client

OPC is a standardised interface between different software applications and drivers of different
hardware modules (e.g. PLC).

Multiple OPC-Clients can connect to one OPC-Sener.

A (special) OPC-Sener will often be provided by the common PLC manufacturers.

In the below sample a Festo EasyPort will be connected to RobotinoView via the free Festo EzOPC-
Senver.

The EzOPC-Server allocates the in-/outputs of up to 4 EasyPorts using so called "Groups" and
"Tags":

¢ Devicel shows as group "EasyPort1"
e Qutput 1 therefore shows as Tag "EasyPortl.OutputPortl"

Please follow these steps:

1. Install the EzOPC-Sener.

2. Start the EzOPC Sener and choose "Process Simulation..." and "PLC via EasyPort".

3. Start RobotinoView.

4. Add the "OPC Client" device.

5. From the device dialog's context menu select Predefined settings » "Festo EzOPC EasyPort".
The default values for the EasyPort will be loaded.

6. If needed select "FestoDidactic.EzOPC.1".

7. Start the connection.

8. Use the OPC Client function blocks to access the OPC-data of the EasyPort's in-/outputs.

Hint: if you would like to use a PLC of a different manufacturer you need a OPC server or OPC client
of this manufacturer. Use an OPC client to see which tags are available on your PC's OPC sener.
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Downloads and additional information can be found at http://www.opcconnect.com/

6.6.1 Dialog

1 Festaobidactic. E20PC 2 v| |2 cornect | [3 Scan |
Tag
DO _Paork_1  EasyPortl CukputPortl 4

Do _Pork_2  EasyPortl,QubputPortz
DO _Pork_3

DO Pork_4

DI_Port_1  EasyPortl.InputPortl
DI_Port_7  EasyPortl. InputPortz
DI Pork_3

DI_Port_4

&0 Pork_ 1 EasyPorkl.AnalogOukd
&0 _Pork_2  EasyPortl.Analoglutl
A0 Pork_3

A0 _Pork_4

&I _Port_1  EasyPortl.Analogng
&I _Port_2  EasyPorkl.AnalogInd
&I _Port_5  EasyPortl.fAnaloginZ

&I _Port_ 4 EasyPortl,AnalogIng

1 Select OPC sener The combocox lists all available local OPC seners.

2 |Connect Establish a connection to the selected OPC sener.

3 |Scan Update the list a OPC seneers.

4 Mapping This table defines the mapping from function blocks to OPC "Tags".
Row function block

DO Port 1 digital Output 1

DO Port 2 digital Output 2

DO Port 3 digital Output 3

DO Port 4 digital Output 4
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DI Port 1 digital Input 1
DI Port 2 digital Input 2
DI Port 3 digital Input 3
DI Port 4 digital Input 4
AO Port 1 analog Output 1
AO Port 2 analog Output 2
AO Port 3 analog Output 3
AO Port 4 analog Output 4
Al Port 1 analog Input 1
Al Port 2 analog Input 2
Al Port 3 analog Input 3
Al Port 4 analog Input 4

The context menu provides the following functionality:
Predefined settings  #
Load
Save

Help

Predefined settings P Load a mapping suitable for VirtualPLC
Festo EzOPC

VirtualPLC

Predefined settings P Load a mapping suitable for EasyPort
Festo EzOPC

EasyPort

Load Load a mapping from file.

Sawe Sawe the current mapping to a file.
Help Show this help page.

6.6.2 Function blocks

Function blocks allow use of the "OPC Client" device in a sub-program.

6.6.2.1 Inputs

6.6.2.1.1 Analoginput

OPC Client OPC Client OPC Client OPC Clienk

oPC oPC oPC sOpPC
by 4 WICEEG] ) oMBEm] oM i) ), g W (et

Reading of the "Tag" mapped to Al_Port_x with x in [1;4]

Outputs Type |Description
Value int Range 0 to 65535
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6.6.2.1.2 Digitalinput

QP Client OPC Client OPC Client OPC Client
B [Eit 0 (haol B [Eit 0 (ool B [Eit 0 (haol B [Eit 0 (ool
B [Eit_1 (hool B [Eit 1 Bool B [Eit 1 (hool B [Eit_1 Bool
_=. Bit & (boal _=. Bit 2 (b _=. Bit & (bl _=. Bt 2 (b
SOPC [Eit 3 (hoo SOPC [Eit 3 (boo SOPC [Eit 2 (bool SOPCH [Eit 3 (boo
O | I r 2 [Ei4boa F 3 [Eiditod r 4 [Ei 4 ko
B [Eit & [hool B [Eit & (Bool B [Eit & [haool B [Eit & (hool
B [Bit € (boo B [Eit & (Bool B [Bit & (boo B [Bit & (bool
B [Eit 7 (bl B [Eit 7 (Bool B [Eit 7 (Bowl B [Eit 7 (Bool

Read bit values of the "Tag" mapped to DI_Port_x with x in [1;4]

Outputs Type |Description
Bit 0 bool |True if bit O is set.

Bit 7 bool |True if bit 7 is set.

6.6.2.2 Outputs

6.6.2.2.1 Analogoutput

OPC Client QPC Clienk OPC Client OPC Client
(e Tl I;f’f [elue il | I;f’z" (e Tl If; [elae Tl | I;f';

Write Value to the "Tag" mapped to AO_Port_x with x in [1;4]

Inputs Type |Description
Value int Range 0 to 65535

6.6.2.2.2 Digital output

QP Client QP Client QP Client QP Client

Bit 0 (bocl) | Bit 0 (hool) | Bit 0 (bocl) | Bit 0 (hool) |

Bit 1 (bool) | Bit 1 (bool) | Il Bit 1 (bool) | Bit 1 (hool) | Il

Bit 2 (boo = Bit 2 (boo = Bit 2 (boo = Bit 2 (boo =
Bit 3 (Bool EﬂPG Bit 3 (oo EUPG Bit 3 (Bool EﬂPG Bit 3 (oo EUPG
Bit_& (buocl) | Bit_ [hool) | Y Bit_& (buc) | Bit_ [hool) | AL,

Bit & (bocl) | Bit & (haol) | Il Bit & (bocl) | Bit & (haol) | Il

Bit & (bool) | Bit & (bool) | [l Bit & (Do) | [ Bit & (bool) | [l

Bit 7 (bocl) | Il Eit 7 (bool) | Bit 7 (bool) | Il Eit 7 (bool) | Il

Set bits of "Tag" mapped to DO_Port_x with x in [1;4]

Inputs Type |Description
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Bit 0 bool |If true the value send to the OPC sener is increased by 270 = 1.

Bit 7 bool |If true the value send to the OPC sener is increased by 27 = 128.

Data exchange

Devices from this category are used to exchange data between different Robotino View instances
over a network.

Server

The data exchange server can be used by an arbitrary number of clients to exchange data over an
arbitrary number of communication channels. The communication channels are create at server side.
The communication channels created are broadcasted to all clients. The clients can choose over
which channels they are going to exchange data with the senr.

Server and clients are have equal rights when exchanging data. When a client writes data into a
communication channel the data is transfer to the server and from there to all other clients. If more
than one participant is writing to the same channel it is unpredictable which datum the
communication channel contains in the end.

After adding the data exchange server device to the function block library the communication
channels can be added via the sernvers context menu.
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146

File

Edit View Extras

Window  Help

72 Unnamed* - ROBOTING ® View 2.1.0 el s S

A 0= F ik Il @

o Main program o Stepl

172.26.1.1

-D® FESTO

[

[ @ Roboting &
f’_' Data Exchange 5

. Function block library
|, Variables

Help

Add channel I}

Start server

Add "] [ Rename... ] l Remove

A dialog is displayed to enter the name and the type of the new channel.

e

=

robview?2

(2] =

Channel name:

Channel type: [int32

v

| ok

) o]

The channel's nhame must be unique and must contain ASCII characters excluding the /" character
only. By pressing Ok the channel is created. In the function block library two new function blocks

appear named "channel name Writer" and "channel name Reader". These function blocks are used
to write to or read from a communication channel.
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File Edit View Extras Window Help

@0 HE PR E mEn -B® FESTO

() Mainprogram | € step1 X
[ ,H Function block library
,ﬂ Variables
b &} Robotino ®
L] 4 f; Data Exchange Server

4 My channel Writer
vio My channel Reader

i) ((emmes ) (Renowe

—
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6.7.1.1 Dialog

r'_,i'h Data Exchange Server I_ =] | = |ﬁ]1

D

' Data Exchange Server
SErver
Server port; ‘9030 =
sending interval: 200 =

L

The data exchange sener's dialog is opened by double clicking onto the device symbol in the
function block library.

Sener port is the TCP port the server is listening for incoming connections.
Sending interval is the time intervall after a transmission that must elapse before the next
transmission is permitted.

By "Start server" the sener starts listening. From now on clients can connect to the senrver.

6.7.2 Client

The data exchange client connects to a data exchange senerfi49. Afterwards data can be exchange
with the server using the sener's communication channels.

After the client successfully connected to the data exchange senverf143 the list of communication
channels is available.
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2 Data Exchange Client

= | B [ |

Cliert

Auto reconnect

Sending interval: 200

—
" Data Exchange Client

Server address: |127.0.0.1

Mew configuration

name type
1a B2
2 b B2
3c FLOAT32
4 d FLOAT32
Connected

L

At senver side the communication channels a,b of type 132 (integer with 32 bit) and c,d of type

Devices

FLOAT32 (floating point with 32 bit) had been created. These channels can now be added to the
client in the function block library.
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150

42> Unbenannt” - ROBOTING @ View 2.1.0 =] 5 [
File Edit View Extras Window Help
@0 H Pk B 2 -® FESTO
o Hauptprogramm o Stepl ®
= 1 Function block library
. Variables
i+ {E} Robotine ®
4 7 DataExchange Serve
v, @ Reader
1o @ Wiriter
vin b Reader
1oe b Writer
v4 ©Reader
s © Writer
vo d Reader
o d Writer
:: Data Exchanna Cliant
Help
Add channel 4 a
Add all channels b L\\;"
Connect c
d
Add "] [ Rename... l [ Remove

As with the data exchange server[148) the function block library shows two function blocks after
adding a channel to the client. Via the client's context menu channels can be added one by one or
all at once. Using the "Connect" entry from the context menu the connection to the server can be
established without using the clients’s dialog.
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6.7.2.1 Dialog
2 Data Exchange Client l = | (=] |_ﬂh]

~
Cliert

Server address: |127.0.0.1

Auto reconnect

Data Exchange Client

Sending interval: 200 =
name type

1la B2

2 b 22

3c FLOAT32

4 d FLOAT32

Connected

Mew configuration

L

Server address is the IP address of the sener the client wants to connect to. If only the IP address
is given the connection is established using the sener's default port 9080. If the senr is listening on
a different port the port number can be specified after the IP address separated by a ":".

If the senver is listening on the local host at port 8000, the clients sener address should be
127.0.0.1:8000.

If "Auto reconnect" is active the clients tries to establish a new connection after the current
connection goes down.

Sending interval is the time intervall after a transmission that must elapse before the next
transmission is permitted.
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6.7.3

6.7.3.1

6.7.3.2

6.8

6.8.1

152

Function blocks

The function blocks are used to exchange data with the devices.

Reader

Data Exchange Server Data Exchange Server

b Sl B

a C
The Reader reads data from a communication channel.

Outputs Type Description

Value int, float, float The value of the communication channel.

array, laser range
data

Writer
Data Exchange Server Data Exchange Server
a C

The Writer writes data into a communication channel.

Inputs Type Default |Description

Value int, float, float array, |0 The value is send to the server and the broadcasted to
laser range data all clients.

UDP data exchange

With the UDP data exchange device data can be exchanged between Robotino View and external

applications via UDP.

Protocol

Specification of the data structure

Byte Function

0 Message ID

1-2 Number of Bytes of the whole message N. Type is UINT16[153

3 Checksum (to be initialized with 0 when the package is generated, see Checksum/[153)
N-1 Message's last byte
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6.8.1.1 Checksum
If the message is shorter than 100 byte, the sum sO will be calculated from the whole package's
single bytes. If the message contains 100 bytes or more, sO will be calculated from the message's
first and the last 50 bytes.
In both cases the checksum byte must be initialized with 0. The checksum is calculated to

checksum = 0Oxff - sO

unsi gned char checksum( const unsigned char* payl oad, unsigned int payl oadLength ) const

{
unsi gned char s0 = 0;
i f( payl oadLength < 100 )
{
for( int i = 0; i < payloadLength; ++i )
{
sO += payload[i];
}
}
el se
{
for( int i = 0; i < 50; ++i )
{
sO += payload[i];
}
for( int i = payloadLength-1; i >= payl oadLength - 50; --i )
{
sO += payload[i];
}
}
return ( OxFF - s0 );
}

To check if the package has been transmitted correctly, the whole message's single bytes will be
accumulated to the byte sum s1 if the message is shorter than 100 byte. If it contains 100 bytes or
more, sl is calculated from the message's first and last 50 bytes.

The package is correct if

sl = OxFF

6.8.1.2 Data types

Ty |Width [Description

pe lin
bytes
UIN2 ByteO: low
T16 Bytel: high
On a little endian system a UINT16 data value can be copied directly into the payload.
Example:
/lencoding

uint16 value = 9873;
char payl oad[ 2] ;
uint16* p = reinterpret_cast<uintl6*>( payload );
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6.8.1.3

6.8.1.4

154

*p = val ue;

/ / decodi ng

value = *( reinterpret cast<const uintl16*>( payload ) );
INT |4 ByteO: low

32 Byte3: high

On a little endian system a INT32 data value can be copied directly into the payload.
Example:

/lencoding

int32 value = -3459873;

char payl oad[ 4];

int32* p = reinterpret_cast<int32*>( payl oad );

*p = val ue;

/ / decodi ng

value = *( reinterpret cast<const int32*>( payload ) );
UIN4 ByteO: low

T32 Byte3: high

On a little endian system a UINT32 data value can be copied directly into the payload.
Example:

/lencoding

ui nt 32 val ue = 3459873;

char payl oad[ 4] ;

ui nt 32* p = reinterpret_cast<uint32*>( payl oad );

*p = val ue;

/ | decodi ng
value = *( reinterpret cast<const uint32*>( payload ) );

Message 0

Byte Function

0 0

1 36

2 0

3 Checksum|[is3)

4-7 INTO of type INT32
8-11 INT1 of type INT32

12-15 INT2 of type INT32

16-19 INT3 of type INT32

20-23 INT4 of type INT32

24-27 INTS of type INT32

=]E1I=E]=E1=EI=]1=
a oo fa|a]o|a

28-31 INT6 of type INT32

=
a1
[

32-35 INT7 of type INT32

Message 1

Byte Function

0 1

1 36

2 0

3 Checksum|[is3)

4-7 INTO of type INT32k53)
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8-11 INT1 of type INT32

12-15 INT2 of type INT32

16-19 INT3 of type INT32

20-23 INT4 of type INT32

24-27 INTS of type INT32

28-31 INT6 of type INT32

32-35 INT7 of type INT32

AR

6.8.2 Dialog

-
2" Data Exchange UDP

R E

=
unF

' Data Exchange UDP

Server port: | 9180

Interval

Listeners

% | Start server

100ms

Enable sending message 0 output
Enable sending message 1 output [ |

Y
-

IP Address

Port

b

The dialog of the UDP data exchange device can be opened by double-clicking on the device entry in

the function block library.

In the dialog both sending and receiving UDP datagrams can be configured:

With "Server port" the UDP port number at which the sener listens for datagrams and from which
datagrams are sent is configured.
With "Start senver" the sener is started. Once the sener has been startet, UDP data packages are
received and interpreted and sent.
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"Intenval” is the time intenall after a transmission that must elapse before the next transmission is
permitted.

For each message (message 0 or message 1) sending can be turned on and off individually.

IP adresses and ports of data receivers can be entered into the "Listeners" table. If no port is
specified, port 9180 will be used by default.

6.8.3 Function blocks

The function blocks are used to exchange data with the devices.

6.8.3.1 Message 0

The function blocks in category Message 0 allow sending and receiving data.

6.8.3.1.1 Input
The inputs of message 0 provide received values.
6.8.3.1.1 Reader
Data Exchange UDP Data Exchangs UDP - Data Exchange UDP Data Exchange LUDP
U*Dlm U*"?il U*zlm '3*3-
Data Exchange UDP Data Exchange UDP Data Exchange UDP Data Exchange LDP

°*4lm '3*5- U*Elm D*Tl

The reader reads data and outputs received data. There is a reader for each of INTO to INT7.

Outputs Type Description
Value int The received value

6.8.3.1.2  Output
The outputs are used to send values.
6.8.3.1.2  Writer
Data Exchange UDP Daka Exchange UDP Data Exchange UDP Data Exchange UDP
0 0 0 0
wemad, CEmel) el sEmmefs
Data Exchange IUDF  Data Exchange UDP Data Exchange IUDP  Data Exchange UDP

loﬂl wEr IS l°$"‘5 EEEady
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The writer takes the data to send and passes them to the device to send it to the receivers via UDP.
There is a writer for each of INTO to INT7.

Inputs Type Description
Value int The value to send

6.8.3.2 Message 1
Message 1 is identical to Message 0158

6.8.4 Example

2" Data Exchange UDP = | = x

E‘:\P Data Exchange UDP

Server port: 9180 =

Interval 100ms =
Enable sending message 0 output 5 = Hoﬁ‘

INT!

Data Exchange LDP

Enable sending message 1 output [
Listeners
IP Address Port

127001 Data Exchange UDP

Dﬁﬁl@

INT!

———e—eee =

Server started &
Server stopped
Server started
Server stopped
Server started
Server stopped -

m

7 Programming

To compile function blocks and devices the Robotino® View 2 API is necessary.

7.1 My function blocks

You can find the following examples in
%ProgramFiles%\Festo\RobotinoView2\units\robview\MyFunctionsBlocks
or respectively

%ProgramFiles(x86)%\Festo\RobotinoView2\units\robviewAMyFunctionsBlocks
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7.1.1

158

on 64 bit systems. The environment variable %ProgramFiles% stores the path to the installed
application. Normally this is "C:\Program Files".

Before opening Visual Studio Solution tutorialx.sln you should run the script
RUN THIS FIRST THEN START VS.cmd

from the current tutorial folder. The script generates user specific settings, that can not be stored in
the sin file and enable debugging of function blocks.

For the debugging to work, Robotino View 2 must be specified as executable with the correct
working directory in the project settings as shown below. This settings will be set correctly
automatically if you have executed "RUN THIS FIRST THEN START VS.cmd" before as described
abowe.

tutoriall Property Pages

Configuration: | &l Configurations Vl PlatFarm: |F\ctive(Win32) Vl l Configuration Manager ... ]
Zommon Properties Debugger to launch:
(=) Configuration Properties | Local Windows Debugger hd |
General
Debugging Commmand robview?, exe
C_"ICH' Command Arguments
:”k?; o Werking Directary $HROBOTINOVIEWZ _DIRibin
aniest Too Attach Na
#ML Document Generator Debugaer Tvoe Auta
Browse Information c .gg :'D
Build Events nwmnmeh
Custom Build Step Merge Environmnent Yes
Command
The debug command to execute,
L K, J [ Abbrechen

Tutorial 1

Folder: tutoriall.unit

This tutorial explains how the build a function block with one input and one output connector. The
relevant code can be found in Tutoriall.cpp in the step() function.
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solution Explorer - Solution .., » 1 X Tutoriall.cpp
= (Global Scope) P
"j SEDlLItiDn 'tutoriall' (1 prDjECt) L l,."ﬂ'ﬂ'ﬂ‘ﬁﬁﬂ'ﬂ'ﬂ‘ﬂ‘ﬁﬁ'ﬂ'ﬂ'ﬂ‘ﬁﬁﬂ'ﬂ'ﬂ‘ﬂ‘ﬁﬁﬂ'ﬂ'ﬂ‘ﬁﬁﬁﬂ'ﬂ'ﬂ‘ﬁﬁﬂ'ﬂ'ﬂ‘ﬂ‘ﬁﬁﬂ'ﬂ'ﬂ‘ﬁﬁﬁﬂ'ﬂ'ﬂ‘ﬁﬁﬂ'ﬂ'ﬂ‘ﬂ‘ﬁﬁﬂ'ﬂ'ﬂ‘ﬂ‘ﬁﬁﬂ'ﬂ'ﬂ".
= tutoriall

; 0 Header Files Tutoriall::Tutoriall [easygen::plugin::UnitDelegates del)

[ Resource Files [F: easygen::plugin: :UTnit (del, easvygen::plugin::Deterministic)
= L Source Files {
Cj main, cpp '

€+ Tuteriall .cpp -
Fwoid Tutoriall::step [woid)

{
float in = readInput( "in"™ j.toFloat():

Jddo your processing here
float out = 2.0f * in;

writeOutput | "out®™, out ):

The input value "in" is multipled by 2 and then written to the output. Do whatever you like here. To
see what happens in your code start the debugger by pressing the F5 key. The function block is
compiled and linked and Robotino View 2 is started. Please ignore the dialog that Robotino View 2
does not contain debugging information. As you do not want to debug Robotino View 2, but only
your function block, this message is irrelevant.

Create a sub-program in Robotino View 2 containing the Tutorial 1 function block from My function
blocks. Start the simulation of the sub-program.

O Main progranm . Subprogram
Devices and Actar Yariants Az
=1 Generic
#-3) Logik
+- ) Mathematik
+- |3 Wekkorrechrung
I) Anzeige
+- |3 Bildverarbeitung
=t | Generatoren
W/ Arbitrargenerator
| Canstant
[ Filker
|2 Mavigation
() Eingabegerate
- - () Datenaustausch
L,, |-} Eigene Funktionsblicke
Arbitrargenerator (13 [bung 1 (1) _ T4 Ubung !
=} Robatina ®
) Antrichssystem
() Kalisionserkennung
|2) Image system
) EfA Anschiuss
|2 Mavigation
() EfA Erweiterung
|Z) Interne Sensoren

Th -

*

o

R e S

Place a break point in your step() method.
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e LLUUT] UL IS BAT

Explorer - So.., » 1 X

2l =
ution "tutoriall’ {1 project)
1 tutorial1
[ Header Files
[ Resource Files
|= Source Files
& main.cpp
&+ Tutoriall .cpp

JILGLT L TGS, UL UL ISR U U1 LI LIRS, T

s lNEau, L1TeT) 1ULnaiL, s
Tutoriall.cpp
4 Tutoriall ~ # skepi)

B

/ﬂ‘ﬂ‘ﬁﬂ‘ﬁ‘ﬂ‘ﬂ‘ﬁﬂ‘ﬁ‘ﬂ‘ﬂ‘ﬁﬂ‘ﬁ‘ﬂ‘ﬂ‘ﬁﬂ‘ﬁ‘ﬂ‘ﬂ‘ﬁﬂ‘ﬁ‘ﬂ‘ﬂ‘ﬁﬂ‘ﬁﬂ‘ﬂ‘ﬁﬂ‘ﬁﬂ‘ﬂ‘ﬁﬂ‘ﬁﬂ‘ﬂ‘ﬁﬂ‘ﬁﬂ‘ﬂ‘ﬁﬂ‘ﬁﬂ‘ﬂ‘ﬁﬂ‘ﬁﬂ‘ﬂ‘ﬁ*ﬁttﬁ*ﬁttﬁﬁﬁtt?ﬁﬁtti‘f
J*%%  TImplementation of class Counter LA
_llfﬂ‘ﬂ‘ﬁﬂ‘Tﬂ‘ﬂ‘ﬁﬂ‘Tﬂ‘ﬂ‘ﬁﬂ‘Tﬂ‘ﬂ‘ﬁﬂ‘Tﬂ‘ﬂ‘ﬁﬂ‘ﬁ‘ﬂ‘ﬂ‘ﬁﬂ‘%‘ﬂ‘ﬂ‘ﬁﬂ‘%‘ﬂ‘ﬂ‘ﬁﬂ‘%‘ﬂ‘ﬂ‘ﬁﬂ‘%‘ﬂ‘ﬂ‘ﬁﬂ‘%‘ﬂ‘ﬂ‘ﬁﬂ‘%‘**ﬁ*ﬁ**ﬁ*ﬁ**ﬁ*ﬁ**?tﬁ**?f
(easvgen: rplugin: :UTnitDelegates del)

easygen: iplugin: :Deterministic)

Tutoriall::Tutoriall
easygen: iplugin: :Unic (del,

{
}

Fwoid Tutoriall::step
{

[woid)

float in = readInput| "in"™ ).toFloat():

//do your processing here

float out = 2.0f * in;
[ | writeQutput | "out™, out j;
5 | }
sion Expl... \_)}CIass Wiew | ||1€
~ I x| CallStack
Value Type Mame
in 1.6312256 Float (o unit_robview_myfunctionblocks_tutarialt_simulation. diliTutorialt::stepl) Line 21
ok 32624512 Float
this 00249460 Tutoriall

160
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firmware 23

-A- FlipFlop 31, 48
ABS 55 function 55, 58, 59, 60
absolute value 55 function block 13, 31, 32, 35, 36, 37, 38, 40, 41,
add devices 113 43, 44, 45, 46, 48, 49
addition 52, 64, 67 function block connection 13
analog input 127 function blocks 115
AND 38, 40, 41, 43, 44, 45, 46, 48, 49
AND FL 40 -G-
arrays 61 generator 84, 86, 87, 88
getting started 12
-B- global variables 14, 112
bumper 119 greater 54, 55
gripper 136
-C-
C++ 158 -1-
camera 123, 139 image information 82
cartesian 67, 68, 69 image processing 72, 76, 78, 80, 82, 83
changes 8 input 106, 108, 119, 120, 127, 128, 135, 137
client 141, 145, 152 install 8
color space 83
compare 53, 54, 55 -)-
connect to Robotino 16 joystick 137

constant 86, 93
control panel 106
Cosine wave 84
counter 32, 35 L-
create function block in C++ 158

-K-
keyboard shortcuts 17

language 9

-D- latching relay 31, 48
data exchange 109, 141, 145, 152 length 65
devices 112, 114, 137 less 54
devision 66 line detector 78
digital input 128 load program 12
digital output 126 M-
display 70 _
distance 120 math function 49, 50, 51, 52, 53, 54, 55, 58, 59,
_ 60, 61
division 50 .
maximum 59
-E- mean filter 88
i ini 58, 59
encoder input 135 minimum
Modulo 49

equal 53, 54, 55

motor 116, 118
example 24, 30, 158

multiplexer 36, 37
-F- multiplication 50, 67

filter 88
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-N-
NAND 41
NAND FL 43
navigation 89, 93, 94, 95, 96, 97, 105, 129, 130
new project 12
NOR 46
norm 65
North Star 130
NOT 38, 40, 41, 43, 44, 45, 46, 48, 49

-0-
obstacle awidance 105
odemetry 130
omnidrive 118
OPC 141, 145
operating sytem 23
OR 38, 40, 41, 43, 44, 45, 46, 48, 49
oscilloscope 70

output 125, 126, 136
-P-

path 95, 96, 97, 105

path driver 97

polar 67, 68, 69

pose 93,94

position 89

position driver 89
power management 137
power output 136

-R -

random 88

reagion of interest 80
relay 125

robotino
127, 128, 135, 136, 137, 139

ROl 80
rotate 69
RS 48
RS-FlipFlop

-S-
Sample and Hold 49
scalar 63, 67
scale function 60

31, 48

162

114, 116, 118, 119, 120, 123, 125, 126,

XOR

scope 70

segment 76
segment extractor 76
segmenter 72
sensor
sener
shortcuts 17
Sine wawe 84
slider 108
Square wave 84
sub program 14
substraction
subtraction 51

120, 123, 139
141, 145, 152

63, 66

T-
terminology 12
timer 87

transfer function 55
Triangle wave 84

tutorial 24, 30, 158
type conversion 17
uU-

UDP 152

uninstall 8
updates 8, 18, 23
upload project 18
V-

variable 93

vector 63, 64, 65, 66, 67, 638, 69
W -

wawveform generator 84
workspace 9

38, 40, 41, 43, 44, 45, 46, 48, 49
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