Guide for ABB RobotStudio

This guide explains step-by-step the process of setting up a robot cell in RobotStudio that can be controlled
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Setting Up and Controlling a Robot in RobotStudio from Matlab

This guide will show how to enable and use Matlab to control a robot system in RobotStudio through a
TCP/IP connection. This guide will have its outset in some already developed components for both Matlab
and RobotStudio, which consist of a client class for Matlab and a collection of Rapid modules that together

will serve as a server in RobotStudio.
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Setting Up RobotStudio Controller to Enable TCP/IP Connection

The first thing we need to do is to setup a robot controller in RobotStudio to allow a connection through

TCP/IP. When importing a robot and creating a system, go to the “Options” panel.
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Next, go to “Communication” and select “PC-Interface”, which will enable a PC application (e.g. Matlab) to
communicate with a robot controller over an Ethernet network.
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After clicking “Close”, you should be able to see that “PC-Interface” is added as part of the system. You are
now able to connect to the controller trough TCP/IP, so just click “Finish”.
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Setting Up a Server in RobotStudio

As mentioned earlier, we will make use of some already defined modules that contains the functionality
needed to create a server. So go to the “RAPID” tab, click on “Program” and select “Load Module”.
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Locate and load the four modules “CommandHandler”, “ConnectionHandler”, “FunctionHandler” and
“InitParameters”. From this point this collection of modules we be referred to as “server modules”.
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Afterwards you will be asked if you want to synchronise the server modules with the station. Mark all and
click “OK”.
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The next thing to do is to make use of the server modules, since they only contain the necessary
functionality to create a server, but not actually doing anything yet. So click on “Program” again and select
“New Module”.
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Give the new module whatever name you like.
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The purpose of the created module is to contain a program that will function as a “main” program, which
will be the entry point when running the system. So double click on the created module and make a

program called “main” (or whatever you like).
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The first functionality we will make use of from the server modules is from the “InitParameters” module. So
write the following in the “main” program.

MODULE MainModule

L g

- IPROC main()
5 IP_Initialize;
7 ENDPROC

9 ENDMODULE

Double click on “InitParameters” to take a closer look at the “IP_Initialize” program. As you can see the
purpose of “IP_Initialize” is to set up parameters such as disabling switching of main axis configuration
during linear or joint movement, specifying which tool- and work object that will be our frame references,
and mapping signals to control a gripper and controlling a camera. Setting up and controlling a gripper and
a camera will be explained later in this guide, since we right now only focuses on the robot. For controlling
the robot, we need to specify the tool and work object that we want to work with.
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So modify “IP_Initialize” to look like this (removing the exclamation marks), where “tool0” and “wobj0” are
referring to the default TCP point and base frame of the robot we imported. If you make a custom work
object that you want to use instead, remember to specify that in “IP_Initialize”.

| View1 System2 (Station) X

T_ROBIMainModule® | T ROB1/InitParamaters® X
1 MODULE InitParameters

3 =IPROC IP_Initialize()

4 11111 Disable switch of main axis robot configuration
Y ConfiL\Off;
6 ConfI\OFf;

g8 | —HIN tool and work object that you want to work with
E defaultTool := tool®;
defaultWobj := wobig;

12 11111 Mapping signals related to controlling a gripper

13 1aAliasl0 Gripper_On_0ffe, defaultGripperActivationlO;

14 1AliasI0 Gripper_On_Off_Executedd, defaultGripperActionExecutedIQ;
18 1AliasI0 Gripper_Grasp_Stated, defaultGripperObjectStatelO;

18 IAliasI0 Take_Pictured, defaultTakePictureActivationIO;
'A1iasl0 Take_Picture_Executedd, defaultTakePictureExecutedIO;

® 0

| ENDPROC

NN NN

WO

ENDMODULE

The next thing we want to do is to configure and launch a TCP/IP server in RobotStudio, but before we can
do that we need to know what specific IP address our computer has been given. Open the windows
“Command Prompt”
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In the command prompt write “ipconfig” and hit enter/return. In this case, the IP address that has been
given to the computer is 10.211.55.4.

Command Prompt - O

Microsoft Windows [Uersion 6.2.9200] 2
(c) 2012 Microsoft Corperation—All rights reserved.

C:\Users\Mich@ael Hansson>ipconfig

Windows IP Configuration

Ethernet adapter Ethernet 2:

Connection-specific DNS Suffix . : localdomain
IPvG Address. . . . . . . . . . . : fdb2:2c26:f4e4:0:21f0:4998:86b1: f4FfT
Temporary IPu6 Address. . . . . . : fdb2:2c26:f4e4:0:b1a9:936¢c:ffb1:b8a

Link-local IPu6 Address . . . . . - Te80::21f0:4598:86b1:f4fr%23
IPuY4 Address. . . . . . . . . .(. : 10.211.55.4

Subnet Mask . . . . . . . . . . . r-255.255.255.8

Default Gateway . . . . . . . . . : 18.211.55.1

Tunnel adapter isatap.localdomain:

Media State . . . . . . . . . . . : Media disconnected
Connection-specific DNS Suffix . : localdomain

C:\Users\Michael Hansson>_

Go back to the “main” program and write the following.

e —
T ROB1/MainModule* X ROE AnitParameters®
MODULE MainModule

PROC main()
IP address port number

—Initialize;
CONH_EstablishConnection “18.211.55.4%, 1824;

ENDPROC

ENDMODULE|




Double click on “ConnectionHandler” and take a closer look at “CONH_EstablishConnection”. As you can
see the “CONH_EstablishConnection” program is responsible for setting up a TCP/IP server and wait to just
wait until a client connects to the server. The other programs included in the “ConnectionHandler” module
is to read and send messages between the server and a client.
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The last thing we need to do before the server is set up to enable controlling a robot, is to insert a listener
that translates messages into actions that is to be executed. Furthermore, we want the listener torunin a
loop so that the program keeps running. So go back to “main” program and write the following.

1  MODULE MainModule

%]

-IPROC main()

IP Initialize;
CONH_EstablishConnection “18.211.55.4%, 1824;

WHILE TRUE DO
COMH_CommandListenar;
ENDWHILE
14 | ENDPROC

15 ENDMODULE




Double click on “CommandHandler” and take a closer look at “COMH_CommandListener”. As you can see,

the “COMH_CommandListener” is reading the messages send by a client, extracting the command and the
associated data to the command, and finally calling “COMH_CommandExecutor”, which initiates the action
related to the command.
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Since we did make some changes to the programs we need to save these changes, so click on “Apply” and
select “Apply All”.
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Remember to synchronise to station
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Go to the “Simulation” tab and click on “Simulation Setup”.
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Make sure that the “Entry Point” is to the “main” program that has been created. This concludes setting up

the RobotStudio server for now.
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Setting Up a Client in Matlab
As for RobotStudio, a client class has already been made that’s able to communicate with the server

modules. So place “RobotStudioConnector.m” in your work folder.
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Create a new script and create a “RobotStudioConnector” object. As you can see, “RobotStudioConnector”
requires to be given arguments in the form of IP address and port number, so that it knows where the
location of the server is. Not much had to be done, but the Matlab client is now set up to communicate

with the server.
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3- myConnector = RobotStudioConnector('10,211,55.4',1024);




Using the Matlab Client to Control a Robot in RobotStudio

The first thing we need to do is to run the simulation in RobotStudio, which will start the server.
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Next, execute the creation of a “RobotStudioConnector” object (This can be done by clicking ctrl+enter for
windows user or cmd+enter for mac users).
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%% This creates a RobotStudicComnactor object while conmecting to the server
mylannector = RobotStudiofonnector('16.211.55.4° 1824};




Now it is possible to move the robot using five commands; “moveloints”, “movePTP”, “moveRelativeP2P”,
“movelLinear” or “moveRelativeLinear”. All of the commands, except “moveloints”, takes as input the
position and orientation of a target, whereas “moveloints” takes the values of the joints as input. In
addition, it is required to specify the speed that robot should move with. The speed should be specified in
form of a string that uses the RobotStudio standard, eg. “v100”.

Bl Editor - C\Users Docu AatlabRobotProgram.m
MatlabRobotProgram.m
. L
2 4% This Creates a RobotStudioConnector object while connecting to the server
3- myConnector = RobotStudiolfonnmector('l10.211.55.4",1024);
4
5 % Move the joints directly
&= myConnector . movedJointa (J1,J2,J3,J4,J5,J6, apeed) ;
7
8 &% Joint move the robot with absolute position
v myConnector .movePTP (X, v, Z,91,92,93,q4, speed) ;
1a
11 2% Joint move the robot relative to the current position
12 - myConnector.moveRelativePTE(x, v, z,ql,q2, g3, g4, speed) ;
13
14 %% Linear move the robot with absolute position
15 — myConnector.movelinear (%, v, 2,491,492, 93,94, apeed) ;
1&
17 #% Linear mowve the robot relative to the corrent position
18 - m&*:nnnectcr,mnvekeluwemhearix;::'.rz, ql, 92,33, 9%, speed) 7

You can alternatively also use the commands where the target information is represented in the form of a
vector.

B Editor - C:\Users\User\Documents\MATLAB\MatlabRobotProgram.m*

MatlabRobotProgram.m* RobotStudioConnector.m | -+
1
2 %% This Creates a RobotStudioConnector cobject while connecting to the server
3 — myConnector = RobotStudioConnector('10.211.55.4',102%);
4
S %% Vector with target information
6 — h=[x, v, 2, q1, q2, q3, q4]:
-
-] B = [J1, J2, J3, J4, J5, J6);
-]
10 % Move the joints directly
e myConnector.moveJoints (B, speed) ;
12
13 £% Joint move the robot with absolute position
14 - myConnector.movePTP (A, speed) ;
15
16 &% Joint move the robot relative to the current position
5 3 myConnector.moveRelativePTP (A, speed) ;
e
18 2% Linear move the robot with absolute position
20 - myConnector.movelLinear (A, speed)
21
22 &% Linear move the robot relative to the current position
<« ™ mnyConnector.moveRelativelLinear (A, speed):




Let’s try to make the robot move using the “moveRelativeJoint” command. Write and execute the
following, and you should be able to see the robot moving in RobotStudio.

Ei Editor - C\Users\User
| MatlabRobotProgram.m* | RobotStudioConnector.m 32 | + |

‘\MatlabRobotProgram.m™®

%% This Creates a RobotStndioConnector object while connecting te the server
- myConnector = RobotStudioConnector("10.211.55.4",1024);

%% Make robot move 300 mm in the positive y direction relative to the current pesition

1
2
3
4
5
[ myConnector.moveRelativePTP (0, 300,0,0,0,0,0, "wv100");
7

The final command that can be used in relation to the robot is the “getPosition” command, which returns
the current position of the robot in form of a vector.

Ei Editor- C: s\User\Documents\MATLAB\MatlabRobotProgram.m™
MatlabRobotProgram.m™ | RobotStudioConnector.m 3 | + |

%% This Creates a RobotStndioConnector object while connecting to the server

myConnector = RobotStudiocConnector('10.211.55.4',1024);

*% Get corrent robot position according to used work object

A = myConnector.getPosition()

%% Get the current joint valumes of the robot

W00 -] gy WA W= W R

B = myConnector.getJointValues ()

Command Window

n =
1.0e+03 *
0.8144 0.3006 1.0782 0.0007 0.0000 0.0007 0.0000
B =
21.8171 8.4677 -20.288 -60.3008 24.6584 60.8623
fx o




Setting Up and Controlling a Gripper in RobotStudio from Matlab

This guide will show how to set up and control a gripper and has its outset in using the Schunk WSG
Gripper, which was created in the guide “RobotStudio_Guide_Tool Design”. The first thing to do is to load

the gripper into the scene and attach it to the robot.
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Next we want to set up the 1/0 signals in the virtual controller to control the gripper. Create three signals;

“Gripper_On_Off” is a digital output, “Gripper_On_Off_Executed” is a digital input, and

“Gripper_Grasp_State” is a digital input. You can call the signals whatever you want, as long as you have

created two digital inputs and one digital output. Remember to restart the system afterwards.
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Go to the “RAPID” tap and modify “IP_Initialize”. Remember to apply the changes and synchronise to the

station.
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Next, run the simulation and go to Matlab. There are two commands related to controlling the gripper;
“gripperOn” and “gripperOff”. Try to use them after connecting the client to the server.

MatlabRobotProgram.m +

%% This creates a RobotStudioConnector object while connecting to the server
= myConnector = RobotStudioConnector('18.211.55.4"',1024);

%% Close gripper in RobotStudio
- myConnector.gripperOn();

%% Open gripper in RobotStudio
- myConnector.gripperdffi);

You can also use the “gripperOn” command to save the state regarding if an object has been grasped. “1”
indicates that an object is grasped, “0” indicates that no object has been grasped.

%% This creates a RobotStudioConnector object while connecting to the server
myConnector = RobotStudioConnector(10.211.55.4"',1024);

%% Close gripper in RobotStudio in store feedback if object is grasped
objectGrasped = myConnector.gripperOn(};




Setting up and using a camera in RobotStudio from Matlab

This guide will show how to set up and control a camera. Since a controllable camera component is not
available by default in RobotStudio, this guide will take its outset in a custom made smart component that
will enable saving images of the scene. So the first thing to do, is to place the smart component “Camera”
in “C:\Program Files (x86)\ABB Industrial IT\Robotics IT\RobotStudio 6.02\ABB Library\Components” (or
wherever you have chosen to install RobotStudio). This will make “Camera” available in the smart
component selection menu.
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Next, we want to add some I/O signals to control the camera functionality. Create two signals;
“Take_Picture” is a digital output, and “Take_Picture_Executed” is a digital input. Remember to restart the
system afterwards.
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Go to “Station Logic” and add two smart components
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Go to “Design” under “Station Logic” and connect “MoveToViewpoint” and “Camera” like this.
HDy T .

|Compose | Properties and Bindings | Signals and Connections Design
-

Solution1
@ MoveToViewpoint ] (@ Camera[] )
Properies Proparties
Viewpaint () Path ()
Tirre (0,0 %) File Mame {}
MOy Siginals 10 Signals
LEmm ---------- - | Execibe Executed

Setup the I/0 for the camera (go to “Signals and Connection” in “Station Logic”).




Go to the “RAPID” tap and modify “IP_Initialize”. Remember to apply the changes and synchronise to the

station.
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!111] Disable switch of main axis robot configuration
ConfL\OFf;
ConfI\OFF;

1H1T) Mapping default tool and work object that you want to work with
i defaultTool := toold;
10 defaultWobj := wobjd;

1111 Mapping signals related to controlling a gripper
- _On_Offa, defaultGripperActivationIO;

| Mapping signals related to controlling a camera
10 Take Pictured, defaultTakePictureActivationlO;

sI0 Take Picture Executedd, defaultTakePictureExecutedIO;
ENDPROC

ENDMODULE

15T ANG LATOUG

The last thing we need to do before being able to call the take picture functionality is to configure the

”

camera viewpoint and where to save the image file. First go to the “Home” tap and select “Graphics Tools”.
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Find a “spot” of the scene that you want a picture of. Then press “Create Viewpoint”, and a viewpoint

object should appear in the panel.
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Set up the properties for the “MoveToViewpoint” to use the created viewpoint.
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Finally set up the properties for “Camera”, with a path and a name for where you want to save the image.

Properties: Camera [C\Users\Michael Hansson\...|~ X
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Components
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& MoveToViewpoint [Viewpoint]

& SmartComponent_1

Next, run the simulation and go to Matlab. There is only one command for the camera, and that’s
“takePicture”.

MatlabRobotProgram.m +

%% This creates a RobotStudioConnector object while connecting to the server
- myConnector = RobotStudioConnector('18.211.55.4",1824);

%% Takes an image of the scene in RobotStudio
- myConnector.takePicture();
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