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Introduction

INTRODUCTION

For years the MATLAB® program package from MathWorks
(www.mathworks.com) has served as a powerful tool in solving technical,
mathematical and economic problems and has been used extensively in the
industrial world. MATLAB® is a numerical computing environment and
programming language. The biggest strength of the program lies in its
handling of large matrices, as its name MATrix LABoratory suggests.
MATLAB® can be expanded using various add-on packages, as Simulink® for
instance. This program package allows graphic creation of simulation models
used to adjust complex technical processes under realistic conditions.

MATLAB
SIMULINK®

4\ The MathWorks

Accelorating the pace of engineering end sciance

Fig. 1: MATLAB® and Simulink® by MathWorks, Inc.

Automatic implementation of Simulink models in C-Code, specially optimized
for use in B&R target systems, offers the developer new possibilities for
designing sophisticated simulation models and control structures that would
otherwise be impossible or very time-intensive to implement.
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The biggest advantage of Automatic Code Generation affects those
developers who already use MATLAB® and Simulink® for simulation and
solutions design and to developers who used to tediously rework
implemented structures in a language supported by Automation Studio in the
past. In the procedures listed below the Automatic Code Generation tool
provided by B&R represents an innovation with endless possibilities that help
to productively reform the development of control systems.

The basic principle is simple: The module created in Simulink® is
automatically translated using Real-Time Workshop® and Real-Time
Workshop® Embedded Coder (optional) into the optimal language for the
B&R target system guaranteeing maximum performance of the generated
source code. Seamless integration into an Automation Studio project makes
the development process perfect.

Simulink® project

Automation Studio
project

iy
Automation system

loo 3 P e WL AP )

. 0

po| 0100 i =
1 | ' =

Fig. 2: Workflow of the Automatic Code Generation

The elimination of extensive reengineering in Automation Studio allows
simple transfer of complex and sophisticated Simulink models to the PLC
(Hardware-in-the-Loop). Closed-loop controllers can also be easily tested
and optimized on the target system without requiring the user to adjust
large amounts of code and run the risk of creating coding errors (On-Target
Rapid Prototyping).
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On-Target Rapid prototyping: Automatic Code Generation makes it
possible to quickly and easily transform sophisticated Simulink based control
systems into source code and integrate them into an Automation Studio
project.

Many potentially successful ideas have been immediately rejected due to
the large amount of time required for conversion into executable machine
code and the risk of developing a dead end solution. The ‘Rapid Prototyping’
concept brings an end to this. Using Simulink® and the Automatic Code
Generation tool provided by B&R, any system, no matter how complex, can
be intuitively built, compiled and tested in a short amount of time. This
practically eliminates implementation errors as the Automatic Code
Generation tool has been well-proven over several years in critical fields
like aviation or automotive industry.

In the case of ‘On-Target Rapid Protoyting’ the prototyping process is
directly performed on the industrial target system which makes test results
even more realistic and significant.

Hardware-in-the-Loop: Every modification of the closed-loop controller
bears the risk of damaging the controlled system during commissioning.
‘Hardware-in-the-Loop’ is the key word that stands for simple transfer of
sophisticated system models developed in Simulink® to a B&R target system.
The prepared PLC assumes the roll of the actual system for the duration of
the first function test. This allows easy and riskless testing of new controller
concepts without risking the damage of costly machine parts. In some cases
the controller and system simulation can even run on the same target
system.

Although there are numerous applications for using B&R’s Automatic Code
Generation, they have one thing in common: the possibility to generate
source code for B&R target systems at the push of one single button.
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1.1 Objectives

After completing the installation described in section 1.3, simple access to
professional application can be learned with the help of an example worked
out in section 3. More detailed examples are located in section 5. In section
6 there is a short introduction to MATLAB and Simulink functions as well as
an overview of more detailed links. A description of all B&R Automation
Studio blocks for Simulink is located in section 2.

Applications with B&R Automation
_Studio Target for Simulink

— B&R.Autqmation Studio Toolbox
_ for Simulink
B&R Automation Studio Target for Simulink™

Adjusting existing Simulink
_models

:Troubleshooting

Fig. 3: Objectives

After successful completion of the training module, the user should be able
to prepare existing Simulink models for the Automatic Code Generation
using B&R Automation Studio Target for Simulink.

An additional part of this training module deals with the integration of
automatically generated tasks in existing Automation Studio projects as well
as recognition of numerous options for error diagnosis.

An introduction to the products of MathWorks is not included in the course
of this module, but must be found in the documentation accompanying the
respective products.

B&R Automation Studio Target for Simulink®
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1.2 Definition

1.2.1 Rapid Prototyping

As mentioned above, ‘Rapid Prototyping’ offers numerous possibilities for
easy and flexible implementation of sophisticated control systems solutions.
Innovative ideas that in the past would have been rejected because of time
and resource restraints can now be smoothly developed using Simulink and
transferred to the PLC using B&R Automation Studio Target for Simulink.
Tedious manual reimplementation of source code, which always bears the

risk of coding errors, is a thing of the past.

Machine Simulation

Automatic
code generation

Automation project

Fig. 4: Rapid Prototyping

The procedure is quite simple - the task created in Simulink and transferred to
the controller via B&R Automation Studio Target for Simulink is ready for
application in a matter of a few steps.

1.2.2 Hardware-in-the-Loop

In order to avoid damaging the real machine system when applying newly
developed algorithms, it is recommended to implement critical system parts
into an emulation system.

For this purpose, a second B&R target system is used. The emulation task
runs on this system, which mimics the behaviour of the real plant as
accurately as possible. New developments are thus tested on the emulation
target system without putting the system operator at risk of experiencing
damage to hardware components.

TM140 B&R Automation Studio Target for Simulink®
TM140



Introduction

Plant ) Controller
C >

Simulation Simulation

Automatic
code generation

Fig. 5: Hardware-in-the-Loop on two separate B&R target systems

As there is enough free processing power available on the controller in most
of the cases, both tasks can be run on the same B&R controller, thanks to
the task structure of B&R Automation Studio.

If the behaviour of the physical inputs and outputs must not be neglected it
is essential to use two separate, hard-wired B&R target systems, however.

Plant Controller
C >

Simulation Simulation

Automatic
code generation

Fig. 6: Hardware-in-the-Loop on one single B&R target system Preparations
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1.3 Installation

The components required for using B&R Automation Studio Target for
Simulink can be installed using the enclosed setup script ‘install.p’.

D Mame L

data. bin
o install.p

Fun

Create Zip File

Rename Fz
Delete

xx_#-""kq :

Fig. 7: B&R Automation Studio Target for Simulink setup

The B&R Automation Studio Target for Simulink components will be installed
into a directory of your choice (e.g. C:\Program Files\B&R Automation Studio
Target for Simulink — the directory ‘B&R Automation Studio Target for
Simulink’ will be added automatically) and registered in MATLAB.

After the installation please restart MATLAB in order to guarantee smooth
functionality.

IMPORTANT

The B&R Automation Studio Target for Simulink components must not be
installed into the MATLAB program path (e.g. ‘C:\Program
Files\MATLAB\R2010a’).

For removing B&R Automation Studio Target for Simulink from your system
please use the enclosed uninstall script ‘uninstall.p’ .

[ |I"-Jame h
I bur
|50 burblks
|5 burhelp
I include
histary Exk
" uninstall.p

Run

_reate Zip File
Renarme Fz

Delete Entf
o ‘-WW

Fig. 8: B&R Automation Studio Target for Simulink uninstall
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IMPORTANT

Only the 32bit version of MATLAB is supported (also on 64bit systems).
For installation on Windows Vista or Windows 7 the installation of B&R
Automation Studio Target for Simulink has to be performed as
administrator (Right-click > ‘Run as administrator’).

Open
Troubleshoot compatibility
Qpen file location

¥ Run as administratar
1-Zip 3
Pin to Taskbar
Pin to Start Menu

Restore previous versions

Send to 3

Cut
Copy

Create shortcut
Delete

Fename

Properties

1.4 Advanced software requirements

For use of Automatic Code Generation with B&R Automation Studio Target
for Simulink, the following software components are required:

« Automation Studio 3 (Version 3.0.71 and higher)’
« Automation Studio Target for Simulink® (Version 3.0 and higher)
« MathWorks Release 2007b and higher”

0 MATLAB® (Version 7.5 and higher)

o Simulink® (Version 7.0 and higher)

o Real-Time Workshop® (Version 7.0 and higher)

For optimal code efficiency Real-Time Workshop® Embedded Coder™ is
suggested to be used for automatic code generation.

« Real-Time Workshop® Embedded Coder™ (Version 5.0 and higher)

Furthermore in case of use of Stateflow objects the following products are
also required for code generation:

' Recommended: 3.0.80 or higher
" Recommended: Release 2008aor higher

B&R Automation Studio Target for Simulink®
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« Stateflow® (Version 7.0 or higher)
« Stateflow® Coder™ (Version 7.0 or higher)

Most toolboxes provided by MathWorks are also fully compatible with B&R
Automation Studio Target for Simulink.
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2. FUNCTION BLOCKS OF B&R AUTOMATION STUDIO TOOLBOX

In this section, the individual components of B&R Automation Studio Target
for Simulink are described and explained step by step.

* B&R Automation Studio Toolbox
+ B&R Config block

* B&R Input block

e B&R Output block

» B&R Parameter block

 B&R Extended Input block
 B&R Extended Output block

e B&R Structure Input block

e B&R Structure Output block

2.1 B&R Automation Studio Toolbox

The ‘B&R Automation Studio Toolbox’ is automatically installed during the
setup of B&R Automation Studio Target for Simulink. It contains several B&R
specific interface and configuration blocks that are described in the
following sections.

E! Simwulink Library Browser O] x|
File Edit Yiew Help

JJ 0O = = JJIEnter searchterm j =

Libraries Library: B&R Automation Studio Toolbox | Search Results: (none) I hiost Frequently Used Blocks I

r+1- | Simulik

E B&R Avtomation Studio Toalbox:
E Contral System Toolhox

- 1| Real-Time Workshop Ba&R COMFIG B&R EXT_IN Bl 3 Ba&REXT_CQUT
E Real-Time Workshop Embedded Coder
f+1- TG Simuiink 20 Animation

i1~ T Simulink Extras
Config E:xtended Input Extended Output
- gh| Statetiow

B&RIM Pl B&R OUT BaR PARAMETER

Input Output Farameter

BaR STRUCT_IN p| [yB&R STRUCT_OUT

Structure Input Structure Output

Showving: BAR Automation Studio Toolkbox

Fig. 9: B&R Automation Studio Toolbox
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2.2 B&R Config block

The ‘B&R Config block’ is used to switch between three modes of operation,
‘Simulation’, ‘Code Generation (ERT based)’ and ‘Code Generation (GRT
based)’. Once the block is inserted to an existing Simulink model the current
configuration set is renamed to ‘Simulation’ and the ‘Code Generation (ERT
based)’ and ‘Code Generation (GRT based)’ configuration sets are added.

IMPORTANT

Only one instance of the B&R Config block can be added to a Simulink
model. The B&R Config block has to be located in the root of your
Simulink model.

E! Block Parameters: Config x|

—B&R - Configuration Block {mask) (link)

Configuration module For BER Automation Studio Target For Simulink.

—Parameters

Config Set: ICu:u:Ie Generation (ERT based) |E|

ode Generation (ERT based) :
Code Generation (GRT based)
Simulation

(4 r Cancel r Help r Apply

Fig. 10: B&R Config block

Selecting the configuration set ‘Code Generation (ERT based)’ automatically
invokes the system target file ‘bur_ert.tlc’ for the current Simulink model.
If ‘Code Generation (GRT based)’ is selected the system target file
‘bur_grt.tlc’ will be activated. Alternatively the corresponding system
target file can also be selected manually by experienced users.

INFO

The configuration set ‘Code Generation (ERT based)’ will only be
available if Real-Time Workshop® Embedded Coder™ is installed on the
current system.
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2.3 B&R Input / Output blocks

The ‘B&R Input block’ serves as the interface between the automatically
generated task or function block based on the Simulink model and the other
parts of the project. For each ‘B&R Input block’ a variable is created on the
target system.

ﬂ
— B&R. - Input Block (mask) (link)
Input interface for B&R. Automation Studio process variable.

— Parameters

Variable Name

| Input
Variable Description

Variable Scope |LOCAL =l
Variable Data Type |LREAL =l
Initial Value

[0
Array Dimension (0...Scalar)
[0

Memory |standard j

oK Cancel Help | Apply

Fig. 11: B&R Input block

Variable Name: Specifies the Automation Studio variable name on the target
system.

Variable Description: Description of the Automation Studio variable.

Variable Scope: Specifies the scope (‘GLOBAL’ or ‘LOCAL’) of the variable
created on the target system.

B&R Automation Studio Target for Simulink®
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INFO

Local variables are created automatically. Global variables have to be
declared manually in Automation Studio or can be generated
automatically by setting the “create global*.var file” feature in the B&R
Advanced Settings. The automatically generated file ‘global.txt’ is
intended as support for the user, however. (see chapter 4.1.8)

Variable Data Type: The data type of the created variable can be selected
from all data types available in Automation Studio and Simulink:

Automation Studio  Simulink Value range
BOOL boolean FALSE, TRUE
DINT int32 -2.147.483.648 ... 2.147.483.647

INT int16 -32768 ... 32767
LREAL (default) double -1.7E+308 ... 1.7E+308

REAL single -3.4E+38 ... 3.4E+38
SINT int8 -128 ... 127
UDINT uint32 0 ..4.294.967.295
UINT uint16 0 .. 65535
USINT uint8 0..255

IMPORTANT

When manually declaring global variables in Automation Studio, the user
must make sure that the data type of the variable in the project matches
the selected data type in the dialog field.

Initial Value: The start value of the variable is defined in this entry field.
The variable created on the B&R target will be initialized with this value.

INFO
All elements of an array are initialized with the same value.

Array Dimension: If the value of this field exceeds zero, an array is created
instead of a scalar variable.

Memory: It can be choosen if the variable is retain or standard.

TM140 B&R Automation Studio Target for Simulink®
TM140



Function blocks of B&R Automation Studio Toolbox

Parameter (only for functionblock): If this feature is active the variable is
treated as a internal variable and not as input.

The ‘B&R Output block’ serves as the interface between the automatically
generated task or function block based on the Simulink model and the other
parts of the project. For each ‘B&R Output block’ a variable is created on
the target system.

x
—B&R - Output Block (mask) (link)
Output interface for B&R Automation Studio process variable.

—Farameters

Variable Name

| Output
Variable Description

Variable Scope |LOCAL =
Variable Data Type |LREAL -
Tnitial Value

|0
Array Dimension (0...Scalar)
|0

Memory Istandard j

OK Cancel Help | Apply

Fig. 12: B&R OQutput block

Variable Name: Specifies the Automation Studio variable name on the target
system.

Variable Description: Description of the Automation Studio variable.

Variable Scope: Specifies the scope (‘GLOBAL’ or ‘LOCAL’) of the variable
created on the target system.

B&R Automation Studio Target for Simulink®
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INFO

Local variables are created automatically. Global variables have to be
declared manually in Automation Studio or can be generated
automatically by setting the “create global*.var file” feature in the B&R
Advanced Settings. The automatically generated file ‘global.txt’ is
intended as support for the user, however. (see chapter 4.1.8)

Variable Data Type: The data type of the created variable can be selected
from all data types available in Automation Studio and Simulink:

Automation Studio  Simulink Value range
BOOL boolean FALSE, TRUE
DINT int32 -2.147.483.648 ... 2.147.483.647

INT int16 -32768 ... 32767
LREAL (default) double -1.7E+308 ... 1.7E+308

REAL single -3.4E+38 ... 3.4E+38
SINT int8 -128 ... 127
UDINT uint32 0 ..4.294.967.295
UINT uint16 0 .. 65535
USINT uint8 0..255

IMPORTANT

When manually declaring global variables in Automation Studio, the user
must make sure that the data type of the variable in the project matches
the selected data type in the dialog field.

Initial Value: The start value of the variable is defined in this entry field.
The variable created on the B&R target will be initialized with this value.

INFO
All elements of an array are initialized with the same value.

Array Dimension: If the value of this field exceeds zero, an array is created
instead of a scalar variable.

Memory: It can be choosen if the variable is retain or standard.

TM140 B&R Automation Studio Target for Simulink®
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2.4 B&R Parameter block

The ‘B&R Parameter block’ is used to make internal parameters of individual
blocks accessible during operation on the target system. For each ‘B&R Input
block’ a variable is created on the target system.

7] Block Parameters: Parameterl x|

— B&R. - Parameter Block (mask) (link)

Parameter interface for B&R. Automation Studio process variable.

— Parameters

Variable Name

| Farameter
Variable Description

Variable Scope |LOCAL =l
Variable Data Type |LREAL =l
Initial Value

[0
Array Dimension (0...Scalar)
[0

Memory |standard j

oK Cancel Help | Apply

Fig. 13: B&R Parameter block

Variable Name: Specifies the Automation Studio variable name on the target
system.

Variable Description: Description of the Automation Studio variable.

Variable Scope: Specifies the scope (‘GLOBAL’ or ‘LOCAL’) of the variable
created on the target system.

B&R Automation Studio Target for Simulink®
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INFO

Local variables are created automatically. Global variables have to be
declared manually in Automation Studio or can be generated
automatically by setting the “create global*.var file” feature in the B&R
Advanced Settings. The automatically generated file ‘global.txt’ is
intended as support for the user, however. (see chapter 4.1.8)

Variable Data Type: The data type of the created variable can be selected
from all data types available in Automation Studio and Simulink:

Automation Studio  Simulink Value range
BOOL boolean FALSE, TRUE
DINT int32 -2.147.483.648 ... 2.147.483.647

INT int16 -32768 ... 32767
LREAL (default) double -1.7E+308 ... 1.7E+308

REAL single -3.4E+38 ... 3.4E+38
SINT int8 -128 ... 127
UDINT uint32 0 ..4.294.967.295
UINT uint16 0 .. 65535
USINT uint8 0..255

IMPORTANT

When manually declaring global variables in Automation Studio, the user
must make sure that the data type of the variable in the project matches
the selected data type in the dialog field.

Initial Value: The start value of the variable is defined in this entry field.
The variable created on the B&R target will be initialized with this value.

INFO
All elements of an array are initialized with the same value.

Array Dimension: If the value of this field exceeds zero, an array is created
instead of a scalar variable.

Memory: It can be choosen if the variable is retain or standard.

20 TM140 B&R Automation Studio Target for Simulink®
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2.5 B&R Extended Input / Output blocks

The ‘B&R Extended Input block’ serves as the interface between the
automatically generated task or function block based on the Simulink model
and the other parts of the project. For each ‘B&R Extended Input block’ a
variable is created on the target system.

The ‘Extended B&R blocks’ provide an easy to use means to convert
hardware inputs or outputs (usually INT) to floating point values (REAL or
LREAL) for powerful calculations in the control algorithm and vice versa. The
conversion and casting is done automatically by the library block.

=] source Block Parameters: Extended Inputl x|

~ B&R - Extended Input Block (mask) (link)

Bxtended input interface for B&R Automation Studio process variable.

— Parameters

Variable Name
| Inpuﬂ
Variable Description

Variable Scope |LOCAL =l

Array Dimension (0...Scalar)
0

Automation Studio Data Type |INT =

Automation Studio Minimum Value
[-32768

Automation Studio Maximum Value
{32767

Automation Studio Initial Value
[0

Simulink Data Type [LREAL =

Simulink Minimum Value

[-100

Simulink Maximum Value
[100

Simulink Simulation Value
[o

Memory Istandard j

oK | Cancel Help | Apply |

Fig. 14: B&R Extended Input block
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Variable Name: Specifies the Automation Studio variable name on the target
system.

Variable Description: Description of the Automation Studio variable.

Variable Scope: Specifies the scope (‘GLOBAL’ or ‘LOCAL’) of the variable
created on the target system.

INFO

Local variables are created automatically. Global variables have to be
declared manually in Automation Studio or can be generated
automatically by setting the “create global*.var file” feature in the B&R
Advanced Settings. The automatically generated file ‘global.txt’ is
intended as support for the user. however. (see chapter 4.1.8)

Array Dimension: If the value of this field exceeds zero, an array is created
instead of a scalar variable.

Automation Studio Data Type: The data type of the created variable can be
selected from all data types available in Automation Studio and Simulink:

Automation Studio  Simulink Value range
BOOL boolean FALSE, TRUE
DINT int32 -2.147.483.648 ... 2.147.483.647

INT int16 -32768 ... 32767
LREAL (default) double -1.7E+308 ... 1.7E+308

REAL single -3.4E+38 ... 3.4E+38
SINT int8 -128 ... 127
UDINT uint32 0 .. 4.294.967.295
UINT uint16 0 .. 65535
USINT uint8 0..255

IMPORTANT

When manually declaring global variables in Automation Studio, the user
must make sure that the data type of the variable in the project matches
the selected data type in the dialog field.

Automation Studio Minimum Value: Minimum value for Automation Studio
input corresponding to the minimum Simulink value used for calculations.

22 TM140 B&R Automation Studio Target for Simulink®
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Automation Studio Maximum Value: Maximum value for Automation Studio
input corresponding to the maximum Simulink value used for calculations.

Automation Studio Initial Value: The start value of the variable is defined
here. The variable created on the B&R target will be initialized with this
value.

INFO
All elements of an array are initialized with the same value.

Simulink Data Type: The data type of the variable used for calculations can
be selected from all data types available in Automation Studio and Simulink.

The conversion operation from Simulink calculation value to Automation
Studio value is:

9 value= (9 _DataType)| 9 _Min+ (S _Max -3 —er_]) [{AS_value— AS_Min)
(AS_Max—- AS_ Min)

Simulink Minimum Value: Minimum Simulink value corresponding to the
minimum value for Automation Studio input. The calculated value is limited
automatically.

Simulink Maximum Value: Maximum Simulink value corresponding to the
maximum value for Automation Studio input. The calculated value is limited
automatically.

Simulink Simulation Value: During Simulink simulations the output of the
block will be set to the value defined here.

Memory: It can be choosen if the variable is retain or standard.

Parameter (only for functionblock): If this feature is active the variable is
treated as a internal variable and not as input.

B&R Automation Studio Target for Simulink®
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The ‘B&R Extended Output block’ serves as the interface between the
automatically generated task or function block based on the Simulink model
and the other parts of the project. For each ‘B&R Extended Output block’ a
variable is created on the target system.

The ‘Extended B&R blocks’ provide an easy to use means to convert
hardware inputs or outputs (usually INT) to floating point values (REAL or
LREAL) for powerful calculations in the control algorithm and vice versa. The
conversion and casting is done automatically by the library block.

E! Sink Block Parameters: Extended Output x|

—B&R - Extended Output Block (mask) (link)
Extended output interface for B&R Automation Studio process variable.

—Parameters

Variable Name

| [}utpuﬂ
Variable Description
!

Variable Scope |LOCAL =l

Array Dimension (0...Scalar)
0

Simulink Data Type |LREAL =]

Simulink Minimum Value

|-100

Simulink Maximum Value
100

Simulink Simulation Value
o

Autornation Studio Data Type |INT |

Automation Studio Minimum Value
[-32768

Automation Studio Maximum Value
|32767

Automation Studio Initial Value
o

Memary |standard j

ok | cancel help | apply |

Fig. 15: B&R Extended Output block
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Variable Name: Specifies the Automation Studio variable name on the target
system.

Variable Description: Description of the Automation Studio variable.

Variable Scope: Specifies the scope (‘GLOBAL’ or ‘LOCAL’) of the variable
created on the target system.

INFO

Local variables are created automatically. Global variables have to be
declared manually in Automation Studio or can be generated
automatically by setting the “create global*.var file” feature in the B&R
Advanced Settings. The automatically generated file ‘global.txt’ is
intended as support for the user. however. (see chapter 4.1.8)

Array Dimension: If the value of this field exceeds zero, an array is created
instead of a scalar variable.

Simulink Data Type: The data type of the variable used for calculations can
be selected from all data types available in Automation Studio and Simulink:

Automation Studio  Simulink Value range
BOOL boolean FALSE, TRUE
DINT int32 -2.147.483.648 ... 2.147.483.647

INT int16 -32768 ... 32767
LREAL (default) double -1.7E+308 ... 1.7E+308

REAL single -3.4E+38 ... 3.4E+38
SINT int8 -128 ... 127
UDINT uint32 0 .. 4.294.967.295
UINT uint16 0 .. 65535
USINT uint8 0..255

Simulink Minimum Value: Minimum Simulink value corresponding to the
minimum value for Automation Studio output.

Simulink Maximum Value: Maximum Simulink value corresponding to the

maximum value for Automation Studio input. The calculated value is limited
automatically.
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Simulink Simulation Value: During Simulink simulations the output of the
block will be set to the value defined here.

Automation Studio Data Type: The data type of the variable used for
calculations can be selected from all data types available in Automation
Studio and Simulink.

The conversion operation from Simulink calculation value to Automation
Studio value is:

AS_value = (AS_ DataType)| AS_Min+ (AS_Max - AS_M|n) (9 _value—9 _Min)
(8 _Max—-9 _Min)

IMPORTANT

When manually declaring global variables in Automation Studio, the user
must make sure that the data type of the variable in the project matches
the selected data type in the dialog field.

Automation Studio Minimum Value: Minimum value for Automation Studio
input corresponding to the minimum Simulink value used for calculations.
The calculated value is limited automatically.

Automation Studio Maximum Value: Maximum value for Automation Studio
input corresponding to the maximum Simulink value used for calculations.
The calculated value is limited automatically.

Automation Studio Initial Value: The start value of the variable is defined
here. The variable created on the B&R target will be initialized with this
value.

INFO
All elements of an array are initialized with the same value.

Memory: It can be choosen if the variable is retain or standard.
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B&R Structure Input / Output blocks

The ‘B&R Structure Input block’ enables the use of structure elements
defined in Automation Studio for Automatic Code Generation. Structures
that are defined in the type files assigned to the current Simulink model can
be used as an interface for the automatically generated task or function
block.

J B&R Structure Block - 0] x|

“Wariakle Mame
lnput

“ariable Scope
[LocaL -

Type File

Ia’empt'f} j

Structure Mame

I:empt\_,r:- j

Structure Element

Idempt'f:: j

“ariable Data Type

Array Dimension (0...5calar)

i

Ok ‘ Cancel ‘

Fig. 16: B&R Structure Input block

Variable Name: Specifies the Automation Studio variable name on the target
system.

Variable Scope: Specifies the scope (‘GLOBAL’ or ‘LOCAL’) of the variable
created on the target system.
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INFO

Local variables are created automatically. Global variables have to be
declared manually in Automation Studio or can be generated
automatically by setting the “create global*.var file” feature in the B&R
Advanced Settings. The automatically generated file ‘global.txt’ is
intended as support for the user. however. (see chapter 4.1.8)

Type File: Lists all available type files (*.TYP) for the current model (see
chapter 4.3). After selecting a type file the according structure names
defined in the file are displayed in ‘Structure Name’.

Structure Name: Lists the available structures in the currently selected type
file. After selecting a structure name the according structure elements are
displayed in ‘Structure Element’.

Variable Data Type: Displays the data type of the currently selected
structure element. The data type is defined in the type file (see chapter
4.3) and cannot be modified in this mask.

Array Dimension: Displays the array dimension of the currently selected
structure element. The array dimension is defined in the type file (see
chapter 4.3) and cannot be modified in this mask.
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The ‘B&R Structure Output block’ enables the use of structure elements
defined in Automation Studio for Automatic Code Generation. Structures
that are defined in the type files assigned to the current Simulink model can
be used as an interface for the automatically generated task or function
block.

J B&R Structure Block o ]

“Yariable Mame
foutput

“Wariable Scope
[LocaL =l

Tywpe File

I:empty:- j

Structure Mame

Ic:empty:: j

Structure Element

Idempty> j

“Wariable Data Type

Array Dimenzion (0. Scalar)

p

Ok ‘ Cancel ‘

Fig. 17: B&R Structure Input block

Variable Name: Specifies the Automation Studio variable name on the target
system.

Variable Scope: Specifies the scope (‘GLOBAL’ or ‘LOCAL’) of the variable
created on the target system.

INFO

Local variables are created automatically. Global variables have to be
declared manually in Automation Studio or can be generated
automatically by setting the “create global*.var file” feature in the B&R
Advanced Settings. The automatically generated file ‘global.txt’ is
intended as support for the user, however. (see chapter 4.1.8)
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Type File: Lists all available type files (*.TYP) for the current model (see
chapter 4.3). After selecting a type file the according structure names
defined in the file are displayed in ‘Structure Name’.

Structure Name: Lists the available structures in the currently selected type
file. After selecting a structure name the according structure elements are
displayed in ‘Structure Element’.

Variable Data Type: Displays the data type of the currently selected
structure element. The data type is defined in the type file (see chapter
4.3) and cannot be modified in this mask.

Array Dimension: Displays the array dimension of the currently selected

structure element. The array dimension is defined in the type file (see
chapter 4.3) and cannot be modified in this mask.

TM140 B&R Automation Studio Target for Simulink®
TM140



Configuration Settings

3. CONFIGURATION SETTINGS

For the configuration of the interface between Simulink and Automation
Studio the following project settings options are available.

#, Configuration Parameters: sample/Code Generation ERT based (Active) x|
Select: — Simulation ki 1=
Start time: | 0.0 Stop time: [inf
aka ImportfExport art ime I op Hme I'n
—Solver option:
ardware Implementation - - -
odel Referencing Type: |FIXEd-StED LI Solver: Idlscrete {mo continuous states) LI
H milation Target Fixed-step size (fundamental sample time): ID.I |
[=-Real-Time Workshop
-~ Report X X X
e Comments — Tasking and sample time option:
-~ Symbols Periodic sample time constraink: IUnconstrained LI
- Custom Code
- Diebug Tasking mode for periodic sample times: ISingIeTasking LI
- Interface - _ »
- Code Style Automatically handle rate transition for data transfer
 Templates ™ Higher: priority. walue indicates higher task pritity
- Data Placement
- Diata Type Replacement
- Memory Sections
- B&R Basic Settings
- BER, Advanced Settings
- B&R Infarmation
=]
Q oK I Cancel Help Apply |

Fig. 18: Fundamental sample time

Fundamental sample time: The fundamental sample time of the Simulink
model must be equal to the selected task class cycle of the PLC. The sample
time is entered in seconds.

IMPORTANT

If the fundamental sample time specified in Simulink does not match the
duration of the cyclic task class for the automatically generated task in
Automation Studio, the task will be suspended and an entry in the PLC’s
logbook will be created.
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#, Configuration Parameters: fubtest/Code Generation ERT based (Active) x|
‘Select: . i - - =
Solver St project path Ic.\pro]ects\pm]ecr_l
~Data Impart/Export Browse... |
[#-Optimization
B-Diagnostics Automation Studio task or function block name Isample
~Hardware Implementation : .
~Model Referencing I Create zip-file
Simulation Target : -
Zip-file path | C:\projects
E-Code Generation i l =:\proje
Report Browse...
Comments =
Symhbols ¥ Add task or library to hardware configuration
S::rfgm Coide, ‘Automation Studio configuration name |S|mu|atmn
- Interface Autornation Studio PLC name [FLCL
~SIL and PIL Verification
- Cade Style Taskelass [ 1.0
~Templates o
- Code Placement I"" Change toskclass timing settings o
—Data Type Replacement Cycletime [s] Iu.m
~Memaory Sections
| Taskclass tolerance [s] |U.Ul
B&R Advanced Settings -
B&R Information ‘Systemtick [] ] 0.001
™ Create function block
o [ ok | concel | melp | appy |

Fig. 19: B&R Basic Settings

Automation Studio Project Path: Base directory (absolute or relative path)
of the Automation Studio project containing the automatically generated
task

Automation Studio Task Name: Name of the automatically generated task

Create zip-file: If the generated source code should not be integrated into
an existing Automation Studio on the developer’s computer, there is also the
possibility to export the generated source code into a zip-file and easily
import the zipped task into Automation Studio (File 2 Import...).

Zip-file path: Destination directory (absolute or relative path) for the
automatically generated zip-file

Add task to hardware configuration: Automatically add the generated task
to the current hardware configuration of the Automation Studio project

Automation Studio configuration name: Name of the current Automation
Studio configuration

Automation Studio PLC name: Name of the current Automation Studio PLC
Taskclass: Number of taskclass where the task should be assigned

Change taskclass timing settings: Taskclass timing settings, of selected
taskclass, are adepted automatically

Cycletime: Taksclass cycletime in seconds

Systemtick: Systemtick in seconds
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INFO
For more information regarding taskclass timing settings, see the chapter
“Real-time Operating System” in the Automation Studio help.

Create function block: Create an Automation Studio compatible function
block instead of a task (see chapter 4.2)

IMPORTANT

The creation of function blocks using B&R Automation Studio Target for
Simulink is intended for discrete models only.

For continous time models, please use the Simulink® Model Discretizer or
contact the B&R support.

#, Configuration Parameters: fubtest/Code Generation ERT based (Active)

b e

 colver A Studio package name |

Data Import/Export Add TYP files... |
Optimization
Diagnostics Add source files... |

Hardware Implementation

Model Referencing Add include directories... |
Simulation Target
=~ Code Generation
Report

Additional compiler switches

- Comments
- Symbals
Custom Code
- Debug
- Interface
SIL and PIL Verification
- Code Style
- Templates
Code Placement
Data Type Replacement
- Memory Sections
-~ B&R Basic Settings
- B&R Information

Version |

Encyption password

[¥ Enable continous time support
I Enable expert mode

I Enable logging

I™ Enable automatic transfer

[~ Enable External Mode

External Mode buffer memory size | 1000000

External Mode IP address [127.0.0.1

| Enable model specific post pracessing

Post pracessing file name |
[~ Create global =.var file

Q [Tox | concel vep | appy |

Fig. 20: B&R Advanced Settings

Automation Studio package name: Name of the target Automation Studio
project package (optional)

INFO
Only one single level of Automation Studio packages is supported by the
Automatic Code Generation. Control Packages are not supported neither.

Add source files: Include additional source and header files (*.c, *.h) to the
generated task (optional)

Add include directories: Include additional include directories (optional)
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INFO
If the generated task is moved to a different development system, please
make sure to adapt all include directories .

Additional compiler switches: Define additional compiler switches for the
Automation Studio compilation (optional)

Version: Declare a version number for the generated task (optional)

Encryption password: Enter an encryption password for source files (*.c) in
Automation Studio (optional)

Enable continuous time support: Allow continuous time blocks in your
Simulink model (not recommended for production use)

Enable expert mode: Enable all options to be set manually (only
recommended for experienced users)

Enable logging: Create a log file of all warnings and errors during code
generation (Simulink model name + ‘.log’).

Enable automatic transfer: Automatically compile and transfer the
generated task or function block to the target system (see chapter 4.4).

INFO

Before using the ‘Automatic transfer’ feature make sure that the target
Automation Studio project can be compiled and transferred without any
errors or warnings in Automation Studio and that the connection to the
target system is established.

Enable External Mode: Enable the External Mode feature described in
chapter 4.5.

External Mode buffer memory size: Buffer size for use of External Mode
(see chapter 4.5).
Default value: 1000000

External Mode IP address: IP address for External Mode (see chapter 4.5).
Default value: 127.0.0.1

Enable model specific post processing: After finishing the code generation,
a specific *.m file could be called for a post processing routine.

Post processing file name: Name of the model specific post processing file.
The file has to be in a MATLAB known path.

Create global *.var file: Automatically generates a model specific global.var
file.
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onfiguration Parameters: untitled/Code Generation ERT based {Active)

Solver
Data Import/Export
Optimization
Diagnostics
Hardware Implementation
Model Referencing
--Simulation Target
E-Real-Time Warkshop
- Repork
- _omments
- Symbols
- Cuskom Code
-Debug
- Interface
-SIL and PIL Werification
- Zode Style
- Templates
- Code Placement
- Data Type Replacement
- Memory Seckions
--B&R Basic Settings
- BRR Advanced Settings
gerieP, Information

Fig. 21: B&R Information

Getting started: Open this documentatio pdf viewer
Info: Show version information

B&R Homepage: Link to B&R Homepa p://www.br-automation.com/)
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4. WORKING WITH B&R AUTOMATION STUDIO TARGET FOR SIMULINK

4.1 Basic example

The following example clearly explains the use of the blocks introduced
above and gives an introduction about the first steps in connection with
B&R Automation Studio Target for Simulink.

Example:

The following introductory example illustrates, in simple steps, how an
existing Simulink model is prepared for Automatic Code Generation with
B&R Automation Studio Target for Simulink.

* Basic Simulink model

* Interface and parameter blocks

» Project and target configuration

e Debugging
An introduction to Automation Studio, MATLAB and Simulink is not

included in this training module and is a prerequisite for working with the
following excerpts.

4.1.1 The model: A simple algebraic system

The algebraic system displayed in Fig. 22 serves as basic structure for the
following implementation example. The two inputs a and b are added,
multiplied by a constant factor k and copied to variable c.

c=k*(a+b)

Because basic knowledge of the use of MATLAB and Simulink is prerequisite,
the implementation of the basic model will not be discussed here.
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=]sample =13l x|
File Edit Wiew Simulation Format Tools Help
D SRE| & E=R|es 4D = oo [Noma N RERE RERE®
@ &) o[> D
a ) c
Gain
b
Ready 125% lode4s v

Fig. 22: Basic Simulink model

4.1.2 Configuration settings: B&R Config block

Inserting the B&R Config block completes the first step towards Automatic
Code Generation. By choosing the ‘Code Generation (ERT based)’ or ‘Code
Generation (GRT based)’ config set all relevant basic settings are prepared
automatically. This means that for instance a fixed step discrete solver is
chosen and the simulation time is set to infinite.

[~ sample 0] x|
File Edit View Simulation Format Tools  Help
D|B“E§|JGE|G==D{HDQ|> ll\nl INorma\ 'I@&HH@JE@
B&R CONFIG
{17} i, } ";II> »{ 1)
a . c
Gain
Z]Block Parameters: Canfig x|
B&R. - Configuration Block {mask) (link;
’7Configuratian module For BER Autormation Studio Target Far Simulink.
Parameter
b
{ate' il [(Cocde Generation (ERT based)
(=] I Cancel | Help | Lpply
Ready [125% [ [ |FixedstepDiscrete v

Fig. 23: Adding the B&R Config block
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4.1.3 Interfaces: B&R Input and Output block

In order to make the process variables accessible in Automation Studio and
to allow communication with other processes in the system application the
corresponding external interfaces must be defined. In the course of the
Automatic Code Generation a variable is created in the target system for
every B&R Input and Output block.

[=Tsample - 1ol x|
Fle Edi View Smulstion Format Tools Help
DEHS| @B et |2z b oy o CO8MDEs REES®
B&R CONFIG [Z)source Block Parameters: Input! x|
B4R - Input Block (mask) (k)
lrlnput intetFace for B&R Automation Studio process varlable.
Variable Name
BER N >} :II> »(T) r::zh.:j [Ismpmn
;. p
_GLOBAL REAL 8[0.2] Gain
Variable Scope [GLOBAL =l
Variable Daka Type: [ REAL =l
Tnitial Value
[1
Array Index (0. Scalar)
|2
_GLOBAL REAL b[0.2]
ok I Cancel | Help
Ready 125% [ [FixedStepDiscrete v

Fig. 24: Adding B&R Input blocks

As the interface blocks should be accessible for other Automation Studio
tasks in our example we decide to use global variables. Furthermore the
process variables created on the target do not have scalar values but
represent arrays of three float values (0..2) in our example.

=1 sample I (=] 1|
File Edit View Smulation Format Tools Help
D& $BR 4|2 0 Noimal BB Es REER

B2R CONFIG L=]Sink Block Parameters: Dutput x|
B&R - Dutput Black (mask) (link

|70utput inkerFace For B4R Automation Studio process variable.

variable Name:
1

Wariable Description

)

BER N

v

7
uld B&R OUT First autput

_GLOBAL REAL a.2] Gain -BLOBAL REAL of0.2) tariable Seope [GLOBAL 5|

Varisble Data Type [LREAL =
Tnitial Value

[o

Arvay Indes: (... Sealar)
|2

_GLOBAL REAL hi0.2]

(&3 I Cancel | Help: | Apply

Ready [1z5% |FixedstepDiscrete v

Fig. 25: Adding a B&R Output block

In our example, variables a, b and c will have the following settings:
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a: Variable Name: a
Variable Description: first input
Variable Scope: LOCAL

Variable Data Type: LREAL

Initial Value: 1
Array Index : 2
b: Variable Name: b
Variable Description: second input
Variable Scope: LOCAL

Variable Data Type: LREAL

Initial Value: 2
Array Index : 2

c: Variable Name: C
Variable Description: first output
Variable Scope: LOCAL
Variable Data Type: LREAL
Initial Value: 0
Array Index : 2

4.1.4 Parameter configuration: B&R Parameter block

To make factor k accessible during operation, a B&R Parameter block must
be inserted.
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[Tl sample P ]9
File Edit Wiew Smulation Format Tools Help
DEE& sBR |2 |z 8 Normal B EE pEEE

B&R CONFIG - : x|

_LOCAL REAL k riable,

— Varlable Description
B&R IN L | K B&R OUT
[parameter

_GLOBAL REAL 8(0.2] Gain _GLOBAL REAL ¢[0.2]

Variable: Scope [LOCAL =

Yariable: Data Type [LREAL 2|
Tritil Value:
[10

Array Index (0., .Scalar)
[o

_GLOBAL REAL h(0.2]

OK I Cancel | Help | Apply

Ready [125% [FixedstepDiscrete: &

Fig. 26: Adding a B&R Parameter block

As described for the B&R Input and Output block, the settings Variable
Description, Variable Scope, Variable Data Type, Initial Value and Array
Index also apply for the B&R Parameter block:

k: Variable Name: k
Variable Description: parameter
Variable Scope: LOCAL

Variable Data Type: LREAL
Initial Value: 10

Array Index : 2

4.1.5 Model settings: Automation Studio project path and sample time

To allow automatic integration of code produced from the model in an
existing Automation Studio project, the according project settings have to
be done.

First of all the path to the corresponding Automation Studio project has to
be entered as well as the Automation Studio task name and package name
(optional).

INFO
Only one single level of Automation Studio packages is supported by the
Automatic Code Generation. Control Packages are not supported.
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If the generated Automation Studio task should also be added to a certain
hardware configuration, the option ‘Add task to hardware configuration’ has
to be selected and the Automation Studio configuration name and PLC name
have to be entered correctly.

In order to be able to handle also time continuous Simulink models (should
not be used for generation of production code) the option ‘Enable
continuous time support’ must be activated. As in this basic model there are
no time continuous Simulink blocks this option is left disabled.

Enabling the expert mode allows the user to modify various additional
settings and should only be activated by users who are familiar with Real-
Time Workshop Embedded Coder.

The log file option can be used to record warnings and errors during code
generation.

# Configuration Parameters: untitled/Code Generation ERT based (Active) x|
Select: =
f Automation Studio project path IC:'l,projects'l,project_l
Browse. .. |
Automation Studio task or function block name Isamp\e
ardware Implementation
odel Referencing ™ Create zip-file
+-Simulation Target
E-Real-Time Warkshop Zip-Ffile path ICllprojects
-~ Report
- Comments Browse. ..
- Symbals ¥ add task or ibrary to hardware configuration
- Cuskom Code |
- Diebug Automation Studio configuration name IConFigl
- Interface
- S1L and PIL Yerification Aukomation Studio PLC name IPLCI
- Code Style
- Templates ™ Create function black
- Code Placement
-~Data Type Replacement
- Memory Sections
seCCF. Basic Settings
- BiER Advanced Settings
- B&R Infarmation
=]
0 QK I Cancel Help Apply |

Fig. 27: B&R Automation Studio settings

Info
The configuration name and PLC name used in the current Automation
Studio Project can be easily checked as seen below.

[ Project Explorer -
Configuration '
B ]| Simulation

[Active] '
I
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Before starting the Automatic Code Generation routine the correct sample
time for the Simulink model has to be set.

#, Configuration Parameters: sample/Code Generation ERT based (Active) LI
— Simulation tim =
pomm——=y— Stark time: [0.0 Stop time: [inf
FOptimization
F-Diagnostics —Solver option:
g::;Zilde\vl\t:;;:lilz:gentatlon Type: IFixed-step LI Salver: Idiscrate {no continuous statesy LI
Bl-Sirulation Target Fixed-step size (fundamental sample time): ID.I
[=1-Real-Time Workshop
- Repork ) ) )
. Comments —Tasking and sample time option:
-+ Symbols Petindic sample time constraint: IUncnnstrained LI
- Custom Code
-~ Diebug Tasking mode For periodic sample times: ISingIeTasking LI
- Intetface
utomatically. handle rate transition For data transfer
Code Style I~ automatically handle rate transition For data transf
- Termplates ™ Higher priority walue indicates higher bask pririty
- Diaka Placement:
- Daka Type Replacement
- Memory Sections
- B&R. Basic Settings
- Bi&R Advanced Settings
- B3R, Information
=
Q QK I Cancel Help Apply |

Fig. 28: Setting the sample time

IMPORTANT

If the fundamental sample time specified in Simulink does not match the
duration of the cyclic task class for the automatically generated task in
Automation Studio, the task will be suspended.

4.1.6 Preparations: B&R Automation Studio libraries

In order to be able to run the automatically generated source code on the
B&R target two B&R Automation Studio libraries are required in the project:
‘brsystem’ and ‘sys_lib’. If these libraries are not yet part of the project
they have to be added.
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|Project Explorer - x
Object Mame | Diescription
B project_1 Drefault project
*e] Globaltyp Global data types
B [@] Globalvar Global variables
Bl [ [Libraries ] Glabal libraries

|IEC B1131-3 type conversion declarations

Intemnal support library

Buil-in [EC £1131-3 gtandard functions

The BRSystem library provides the user with a number of system functions for e.g. handling permanent memory, accessing exception information, etc.
The 5%S_LIE library contains functions for memory management and operating system manipulation as well as hardware-specific functions.

y @ brspstem

@ ayz_lib

" Logical View ﬁ Configuration Wiew | Qi Fhysical Wiew |

Fig. 29: Required B&R Automation Studio libraries

At this point all preparations are complete and Automatic Code Generation
can be started.

4.1.7 Integration: Automatic code generation and project download

Once the above preparations have been successfully completed, you can
start the Automatic Code Generation by using the menu item Tools 2 Real-
Time Workshop - Build Model... (Ctrl+B) or using the corresponding button
on the toolbar.

DISEE|$BR (&= 4|22 r =fr [N BB EERIE ==

A message will appear in the MATLAB command window indicating that the
code generation was successful. Then the automatically created source code
can be compiled in Automation Studio and transferred to the target system.

Project Explorer - x
‘DhactNama IDESCHD[IEI’! | & a @ @ @ @ it .
B [ project_1 Deefaul project | Object Name | Wersian |TM[b§Jles] [Source | Gource File |Descmtion
F- ] Globaliyp Global data types ElFIE
al@] Globalvar £ & Cyclic #1 - [100 ms]
=5 @ Libraries Glabal ibraries L EF sample 1.00.0  UseROM | 0] sample \Cpu.sw ol
g Convert IEC £1131-3 type co - K Cyclic #2 - [200 ms]
[-geP Runtime Intemal support fibrar - ¥ Cyclic #3 - [500 ms]
Bg EDE’:"‘” ?:“"é”ﬂ‘gcfnﬁlg o &3 Cyelic #4 - [1000 ms] (
- rspstem & BRS pstem librar - R
- dp s lb The 5v5_LIB library = Coelic #5 - [2000 me]
e - &3 Cyclic #6 - [3000 ms]
. i &3 Cyolic H7 - (4000 ms]
b 2] olobalut 23 Cyclic #8 - [5000 ms]
*alh] bu_globalvarh B Data Objects
g tutypesh @ Nc Dato Objects
B sample.h W Visualization
L ...n samp:e_fnvalih % Binay Objects
@ h] sample_types. .
-alE] manc B (] Library Objects

~[E] sample.c B [0 Canfiguration Dbiects

a® giobal bur
beg [E] task_properties.tst

A

. gttty o st N NN sl b ,&rr\.w‘_)

Fig. 30: Automatically integrated program code from the example program

4.1.8 Variables: Global and local variable files

As mentioned before local variables are automatically registered in the
corresponding variable file ‘local.var’. Global variable have to be registered
manually. As support the automatically generated file ‘global.txt’ can be
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used in order to declare global variables needed by the automatically
generated task. The file contains all needed declarations and can be copied
to the source directory of the Automation Studio project and renamed to
‘global.var’ if no other global variables exist in the project.

Object Mame [Description .
= I project_1 Default project -
@ Global.typ Global data ty,

El- 5 Libraries Global libraries -
g Convert IEC E1131-3 tup
B@ Runtime Internal zuppal
e Operator Builtn IEC B1
@ braystem The BRSpstenT™.
& sys_lib The 5Y5_LIE Iw

E-g [l sample

local var
-] aglobal b=
bur_globalvar. b
rhwtypes.h
zample.h
sample_private. h
zample_types h
main. ¢
zample.c
global. bur
| tazk_properties.tet

Fig. 31: Adding declaration for global variables

IMPORTANT

When manually declaring global variables in Automation Studio, the user
must make sure that the data type of the variable in the project matches
the selected data type in the dialog field.

By opening the variable files for global and local process variables the
correct declaration can be checked.

Mame I Tupe I & FReference I @ Constant IVaIuE I Description [1] T
@ a LREAL[D..2] | ] | [m] 1.0 first input
@ b LREAL[D..2] O O 2.0 second input
@ LREAL[D..Z] O O 0.0 firzt oLtput

Fig. 32: Declaration of global variables

Mame I Type I & Reference I a Constant I\.-"alue I D escription [1]
@ k LREAL [} ] 10.0 |Earameter

"‘"“x’\u.pxwf A ool ettt g st xmtn il

Fig. 33: Declaration of local variables
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4.1.9 Physical view: Hardware assignment

The assignment of the generated task to your hardware configuration can be
done automatically by selecting the option ‘Add task to hardware
configuration’.

Automation Studio project Path I Cihprojectsiproject_1

Browse, .,
Aukomation Studio Task Mame I sample
™ cCreate zip-file
Zip-filz pathl

Browse, ..

¥ Add task to hardware configuration

Aukomation Studio configuration name I Simulation

Automation Studio PLC name I PLC1

Fig. 34: Adding task to hardware configuration

INFO

The generated task is added to the first cyclic task class on the target
system by default. If the task should run in a different task class, it has
to be moved by drag-and-drop.

If you choose to manually add the generated task to a cyclic task class of
the hardware, it is important to add the needed ‘Additional build options’
and the needed ‘Additional include directories’. All necessary options can
be found in the automatically generated text file ‘task_properties.txt’.

fc? sample - Properties ﬂﬁl

General Compiler | Linkerl Dependenciesl Transferl Memoryl

" sample

[~ Translate AMS| [windows] to ASCH (DOS) characters
¥ Debugging

Additional build options:
||-Im -0 MODEL=zample -0 MUMST=1 -D NC5TATES=0 -D HAVEST |
AMS| C default build options:

-fPIC -00 -g -hostartfiles “wall - © -ansi -0 &

_DEFAULT_IMCLUDES v

Additional inchude directories: Xl + | + |
SLogicalhAT LABRincludeshR 2008a%

I ]

ak I Cancel Apply

Fig. 35: Task property settings
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INFO
If the generated task is moved to a different development system, please
make sure to adapt all absolute include directories.

4.1.10 Debugging: B&R Automation Studio Watch

The result of the Automatic Code Generation can be easily verified by
opening the B&R Automation Studio Watch window after the download to

the target.
Mame I Type I Scope I Force I Walue ‘
El% a LREAL[0..2] local :
o an LREAL 1.0
Fo  all] LREAL 20
Le A LREAL 30
EE LREALID.2] local "
Fo b LREAL 20 ‘-...
F@ b LREAL 20 &
Le b2 LREAL 20 '-
EE LREALIN..2] local (
Fe o LREAL 30.0 -
Fa o] LREAL 400 -
-___W
LREAL local

Fig. 36: Automation Studio Watch window

4.2 Function block generation

Example:

The following example shows the automatic generation of Automation
Studio function blocks with Automation Studio Target for Simulink.
The automatically generated Automation Studio library containing the
function block is integrated into an existing project and can be used in
any programming language.

Error handling can be directly implemented in Simulink (e.g. based on
Embedded MATLAB functions).

The example contains an algorithm that integrates the sum of the two inputs
a and b and then divides the result by d. In order to avoid division by zero
an Embedded MATLAB function is included. In addition an error number is
generated as soon as a division by zero would occur.
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on_block_sample
File Edit Wiew Simulation Format  Tools Help
D|DH§|&EE|<}==€>{H£}Q|> lllnf INu:urmaI j|
BER COMFIG
BER 1M
LREAL 3
-+ K Ts
I = - = x
bl =1 N - B&R OUT
Add Discrete-Time D" ”
BER [N Inte grator fulde LREAL &
LREAL b
W
BE&R: IN ey fon
ermor_number - BER OUT
LREAL d -
Error handling UDINT emor_rumber
Ready [100%% [ T=00.00 |[FizzedstepDiscrete v

Fig. 37: Basic example for function block generation

To enable function block generation instead of task generation the ‘Create
function block’ setting has to be activated.

Configuration Parameters: function_block_sample/Code Generation ERT based {Active)

v [x

Select:

- Salver Automation Studio project path |C:Ipr0]ectslproject_1

Diata Import/Export
- Cptirization
[z Diagnostics

Browse. .. |

Automation Studio task or function block name |myFub

[~ Create zip-file

Zip-file path |C:1pr0jects

Model Referencing Browse...

= Saving

Hardware Implementation
- Model Referencing Aukomation Studic configuration name ISimuIat\on
[=1-Simulation Target
i Symbals Automation Studio PLC name |PLC1
Custom Code
[=1-Real-Time Workshop
- Report
- Comments
- Symbals
- Cuskom Code

Debug
- Inkerface
--S1L and PIL Verification
-~ Code Style
- Templates

Code Flacement
--Data Type Replacement
- Mernory Sections
--B&R Basic Settings
- B&R Advanced Settings

B&R Information

[¥ add task or library bo hardware configuration

Q oK I Cancel Help | Apply |

Fig. 38: Enable ‘Create function block’ setting
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The automatic code generation process then automatically generates an
Automation Studio library containing the corresponding function block.

Object Mame | [ ezcription
EH I project_1 Default project
Global typ Global data types
Global.war Global variables
Eb- 05 Libraries Global libraries
HQ Corvert IEC 61131-3 type conversion declarations
HQ Runtime Internal support library
H@ Operator Built-in IEC 611313 standard functions
- @ braystem The BRSystem library provides the user with a number of spstem functions
; ays_lib The 5%S_LIB library containg functions far memory management and opel
= [ImpFub |
[ Iy Fub.fun
[~ IregFub typ
[l |ga] ImyFub.var
- |l function_block_s...
- |h] function_block_s. .
- |h] function_block_s...
|l rhwtypesh
[ |@] function_block_s. .
[ ] mainc
e [2] lib_properties. tat
B [ sample
Fl- ) MATLAE includes Default includes for BER Autoration Studio Target for Simulink
[ . test_fub test pragram for automatically generated function block

Fig. 39: Automatically generated Automation Studio library

The automatically generated function block can be used in any Automation
Studio task.

DDD1 |:1‘*1"&'*'&'*1‘*1‘*1"&'1"&'*1‘*1‘*1"&'1"&'*1‘*1‘*1"&'1"&'*1‘*1‘*1"&'1‘**T*T**T*T*T*T**T*T*T*T*1‘*1‘
aooz * COPYRIGHT -- Eernecker + Rainer

DDDS e e o e e o e e i o e o i e e e e ol e ol i e e e e ol e ol i e e i e e ol e ol i e e i e e i e i e e e ol e o o
aoo4s * Program: test_fub

agaos * File: test_fub.st

agaos * Author: EBal

DDDT FEEEEEE T AT AT LA A AT AT A A A A AR A AT A A A A AT AT A A A A AR A AT A A A A AR A AT A A A A AR A A A,
aaos * Implementation of program test_fub

DDDQ ********************************************************************:l
agio

adiA PROGRAM _INIT

aodqz (* call method is 'initialize' (init part) *)

aotz wyFub_l.ssMethodType := 55 INITIALIZE;

ac14 (* call FUNCTION black *)

ad1s wyFub_11();

ad16 ENI» PROGPRAM

o017 h

ad1s

ad1s9 PROGPAM CYCLIC

aoza 1* call method is 'output' (oyclic part) *)

aoz1 wyFub_l.ssMethodType = 55_0UTPUT;

aozz (* call FUMCTION bhlock *)

agzs myFub_11();

0024  END_PROGRAM

agzs

agze PROGRAM _EXIT

aozy (* call method is 'terminate' (exit part] *)

aozg nyFub_ 1. ssMethodType := 55 TERMNINATE:

agzg {* call FUNCTION black *)

agza wyFub_11();

0021  END_PROGRAM

Fig. 40: Automation Studio task (Structured Text) calling the automatically generated function block
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The ‘ssMethodType’ option is automatically added to the function block
structure. It determines the current function call step.

SS_INITIALIZE ... initialize function

SS_OUTPUT ... cyclic update and output function

SS_TERMINATE ... exit function

4.3 Structure interface blocks

Example:

The following example shows the use of the structure interface blocks. To
use structure variables for automatic code generation a corresponding
Automation Studio type file (*.TYP) has to be created.

The type file can then be imported into Simulink and be used for the B&R
Structure Input and B&R Structure Output blocks.

In the first step a type file has to be exported from Automation Studio.

IMPORTANT
Type files should not be modified or deleted anymore after the B&R
Structure blocks have been inserted in order to avoid inconsistencies.

[@ Global.typ [Data Type Declaration] X

A S
Mame Type I & Reference

*COPYRIGHT - Bemecker + Rainer

* File: Global typ
“Author: wallnerp
* Created: Mayp 21, 2010

* (Global data twpes of project project_1

= %= mylnputTupe
- @ in_REAL REAL O
-~ @ inINT IMT[0.2] [
- @ in_BOOL BOOL O
= "% mylutputType
- @ out_REAL REAL O
- @ aut_INT IMT[D.2] O
- @ out_BOOL BOOL O

Fig. 41: Automation Studio type file

IMPORTANT

Large type files can significantly slow down the performance of the B&R
Structure interface blocks. Try to divide large type files into smaller
pieces.
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2 structure sample = B

File Edit “ew Simulation Formak Tools Help

D|ﬁﬂ§|%ﬂ|<§==ﬁ>{f|9@|b llinf INurmaI j|

BE&R COMFIE

BER STRUCT_IN 4pl>—p B&R STRUCT_OUT

_LOCAL REAL Input.in_REAL Gain _LOCAL REAL Dutput.out_R EAL

Ready 1009 | |FixedstepDiscrete 4

Fig. 42: Basic sample model with structure interfaces

In Simulink the type file is imported on the ‘B&R Advanced Settings’ tab.

Configuration Parameters: sample/Code Generation ERT based {Active) ll
Salver Automation Studio package name I
Data ImportfExport T s
Optirmization .
Diagnastics Add source files...
Hardware Implementation
Madel Referencing Add include directariss. .. |
+-Simulation Target
[=-Real-Time Warkshop Additional compiler switches
- Repiork
- Comments ‘ersion I
- Symbols
- Custom Code Encyption password |
- Diebug [ Enabl ) )
. Intarface Enable continous time suppart
-SIL and PIL Verification [~ Enable expert made
- Code Style
- Templates [~ Enable logging
- Ciode Placement [ Enable automatic transfer
~~[iata Type Replacement
- Memary Sections ™ Enable External Mode
&R, Basic Settings .
i External Made buffer memary size | 1000000
&R Information External Mode IP address I 127.0.0.1
=]
Q Ok I Caniel Help Apply |

Fig. 43: Add Automation Studio type files
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Add TYP files

C:\projects\projedj ‘Logical\Global typ E-

g

Fig. 44: Import Automation Studio type files

As soon as at least one valid type fil en added to the model,
structure elements can be selected in t &R Structure interface mask.

B&R Structure Block

C:projectsiproject _1'\LogicalhGlobal typ |—

mylnputType |—

hh

Fig. 45: B&R Structure interface mask
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The generated source code contains the interface to the according
structures selected in the block mask.

M ame Farce Walue
Input mplnputT ype

F@ inREAL REAL 1.0
EF @ inINT INT[0..2]

| Fé irnTm INT 0

| Fé  irntm INT 0

| Lé Nt INT 0
L in_EOOL BOOL FALSE

E %  Output myOutputType local

F@ out_REAL REAL 20
EF @ out_INT INT[D.2]

| Fo cu Nt INT 0

| Fo cuInT) INT i

| Lo aunTz INT i

L o BOOL EOOL FALSE

Fig. 46: Structure interface in Automation Studio

The type file itself is not automatically copied to the Automation Studio
project by default. However, the ‘Add source files’ tab can be used to copy
the file to the project without user interaction.

# Configuration Parameters: sample/Code Generation ERT based (Active) ﬂ
Select: | . _ =
Solver Automation Studio package name I
iData Import/Export ] TP s
Optirization -
Diagnostics Add source files. ..
i~ Hardware Implementation
i~ Model Referencing Add include directories. ..
[#-Simulation Target
[=I-Real-Time: Workshop Additional compiler switches
- Repork
- Comments Wersion I
- Symbols
- Zuskom Code Encyption password |
- Diebug " ) )
- Interface v Enable continous time support
-+SIL and PIL Verification ™ Enable expert mode
- Zode Skyle
- Templates [~ Enable logging
~Code Flacement ™ Enable automatic transfer
- Diata Type Replacement
- Mernory Sections ™ Enable External Mode
B Basic Setkings .
# e External Mode buffer memory size I 1000000
@R Advanced Settings
~BaR Infarmatian External Mode IP address I 127.0.0.1
=
0 K I Cancel Help Apply |

Fig. 47: Automatically copy type files to the Automation Studio project
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4.4 Automatic transfer

With the ‘automatic transfer’ option being enabled the generated program
is included into the Automation Studio project, the entire project is
compiled and then transferred to the target system automatically.

INFO

In order to be able to use the automatic transfer feature the
automatically generated program has to be assigned to hardware
configuration on the target system (see chapter 3).

Configuration Parameters: sample/Code Generation ERT based (Active) 1'
Select: it
~Sabver Automation Studio package name I
~Data Impork/Export o T il |
~(ptimization =
agnostics Add source files. .. |
~Hardware Implementation
odel Referencing add include directories. ., |
[H-Simulation Target
[=-Real-Time Workshop Additional cormpiler switches
Report
- Comments Yersion |
- Symbals
- Custom Code Encyption password
--Disbug i i
. Interface I~ Enable continous time support
- SIL and PIL Werification [~ Enable expert mode
- Code Style
- Termplates I™ Enable logging
- Code Placement |v Enable automatic transfer
-~Data Tvpe Replacement
Memory Sections ™ Enable External Mode
BER Basi Settings External Mode buff 1000000
B8R Advanced Settings xternal Mode buffer memory size |
~B&R Infarmation External Mode IF address I 127.0.0.1
=
0 0K I Cancel Help Apply |

Fig. 48: Automatic transfer setting

### Starting Real-Time Workshop build procedure for model: sample
### Successful completion of Real-Time Workshop build procedure for model: sample

————————————— Building project project_1, configuration Configl --—-----—---—-
Analyzing project ...

Generating header files ...

Compiling C:/projects/project 1/Logical/semple/main.c ...

Compiling C:/projects/project_1/Logical/sewple/sample.c ...

Linking C:/projects/project_1/Temp/Chiects/Configl/PLC1/ sample/a.out ...
Building program "sawple™ as "sawmple™ ..

Building configuration object "iomap”™ ...

Mo relewvant changes.

Generating transfer list...

Generating P¥I Transfer Tool list... C:iiprojectsiproject_1%'Binaries)ConfiglhPLC1YTransfer.pil
EBuild: 0 errori(s), 0 warningi(s)

* Connecting (Device: "/IF=tecpip /LOPO=11159 /Si=1", Connection: "/DAIP=127.0.0.1 /CEDA=0 /REPO=11160 /ANSL=1" }...

* Connecting to ARODOOQ/V3.06 OKE.

* Transferring sample (UserROM, Vers: V1.00, 01.02.2011, 643 Byte, Path: C:\projectsiproject_1\Binaries)Configl\PLC1Y)
*

Transferring ssmple ok

Jr s

Fig. 49: Compilation and download to the target system in MATLAB
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4.5 External Mode

The External Mode feature allows the developer to connect to the target and
debug automatically generated programs directly from Simulink. Therefore
values on the target system can be directly shown in Simulink (e.g. using a
‘Scope’ or a ‘Dsplay’ block) and parameters on the target system can be
modified from Simulink (e.g. ‘Gain’ or ‘Constant’ blocks).

INFO

When checking the External Mode option additional source code will be
generated and run on the target system. Therefore using External Mode is
not recommended for generating production code.

For further information see the corresponding chapters in the MathWorks
Real-Time Workshop documentation.

To be able to use the External Mode feature the according option has to be
checked on the settings page. The buffer memory size and IP address can
also be set in the ‘B&R Advanced Settings’ section.

# Configuration Parameters: sample;/Code Generation ERT based {Active) ﬂ
Select: =
f Automation Studio package name I
Add TYF files. .. |
Add source files. .. |
ardware Implementation
i~Madel Referencing Add include directories. .. |
[+ Simulation Target
[=-Real-Time Workshop Additional compiler switches
- Report
- COMMENES Version |
- Symbols
- Cuskom Code Encyption password
- Diebug ] ] o
- Interface [~ Enable continous time suppart
~5IL and PIL Yerification [~ Enable expert mode
- Code Style
- Templates I” Enable logging
~Code Placement [ Enable autamatic transfer
-Diata Type Replacement
- Memary Sections [ Enable External Mode
" BER Basic settings External Mode buff ize [1000000
B8R Advanced Settings xternal Mode buffer memory size |
B8R Information External Mode IF address I 127.0.0.1
=]
g Ok I Cancel Help Apply |

Fig. 50: External Mode settings

After the download of the generated program the values and parameters can
directly be accessed from Simulink as soon as the connection has been
established (see External Mode section in the MathWorks Real-Time
Workshop documentation).
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lglx]
File Edit Wwiew Simulation Format Tools Help
DI@E@I&EEl@*{HS‘Q l_ﬁ_linf IE:-:lernaI j
B&R COMFIG
]
Scope
BZFR IN =|'1 P B&R OUT
_LOCAL LREALZ Gain _LOCAL LREAL b
>
Ll
Crisplay
External [100%% [ ] T=31.200 [FixedstepDiscrete i

Fig. 51: External Mode connection in Simulink

Block parameters on the target system can only be changed during execution
if the ‘Inline parmeters’ option is disabled.

Configuration Parameters: sample/Code Generation ERT based {Active)

bx

—Simulation and code generation =]

wn
o
o
=3

¥ Elock reduction ¥ Conditional input branch execution
aka Inport/Expart

ation ¥ | implemnent: logic signals as Boolean data (vs, double) W | Signal storage reuse

iagriostics i -
ardware Implementation Iniing parameters Configure .., |

odel Referencing
+-Simulation Target
El-ReakTime Workshop

Application lifespan (days) IinF

I™ Use integer division to handle net slopes that are reciprocals of integers

+-Report

- Comments —Code generation

- Symbols —
Custom Code Parameter structure: INnnHiararchicaI LI

- Debug

. Interface I~ | Optimize using the specified minimumn and maximum values

+~5IL and PIL Werification Signals
Code Style

- Templates ¥ Enable local block outputs ¥ | Reuse block outputs

-~ Code Placement

+-Data Type Replacement
Memory Sections I™ Minimize data copies between local and global variables I Simplify array indexing

+-B&R Basic Settings

-~ BRR Advanced Settings

~B&R Information I™ Pack Boolean data into hitfields j

0 [o]4 I Cancel Help | Apply. |

¥ Eliminate superfluous ozl variables (expression Folding) ¥ | Inlinz invariant signals

I~ Wse memcpy for veckor assignment

Fig. 52: Inline parameters option

INFO
For use of the External Mode feature the Automation Studio libraries
‘AsArLog’ and ‘AsTCP’ have to be part of the project.
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5. EXAMPLES

The following examples provide a small overview of the extensive
possibilities for utilizing B&R Automation Studio Target for Simulink in the
field of automation technology. In the first example the fast and easy
implementation of a simple discrete-time PID controller is demonstrated. In
the second part a Hardware-in-the-Loop application representing a
simulation model of a temperature system is realized using B&R
Automation Studio Target for Simulink. In the last example a second
Hardware-in-the-Loop system modelling a hydraulic valve and cylinder is
shown.

5.1 PID controller

Example:

Using Simulink it is easy to implement a simple PID controller. After the
control deviation has been calculated from the set and actual values, the
equations listed below are used to calculate the manipulated variable
directly on the controller's output. All that is needed to install the
controller on the target system is to add the B&R blocks described before
and start the Automatic Code Generation.

=T

File Edit Yiew Simulation Format Tools Help

= = =N e - RS e e B S Nomal B BEs RERS®
‘B&R PARAMETER ‘ ‘B&R PARAMETER ‘ |B&R PARAMETER ‘
_LOCAL LREAL Kp _LOCAL LREAL Ki _LOCAL LREAL Kd
-;r;[)\ » B ouT
LOCAL LREAL T3
Scape
:& » » jF » BaR OUT
Saturation _GLOBAL LREAL T
BER OUT
_LOCAL LREAL Vi
_LOCAL LREAL reset
Kz I - B&R OUT
Tsz
_GLOBAL LREALH Discrete Derivative _LOCAL LREAL V_d

Ready [100% [FixedstepDiscrete 4

Fig. 53: PID controller

TM140 B&R Automation Studio Target for Simulink®
TM140



Examples

The control concept for the PID controller is:

Y, =K, W - X) ... Proportional element
K
Y, = % EI(W—X)Edt ... Integral element
Y, = K, T, Gg—t(vv - X) ... Differential element
Y=Y, +Y, +Y, ... Entire manipulated variable

Since the controller code is executed on the target system in equidistant
time cycles, it is recommended to ensure that all integrator and
differentiator blocks are also discrete-time.
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5.2 Temperature model

In order to properly test the controller created in section 5.1 without having
to have a real system at hand, a simplified model of a temperature system
can be created and transferred to the target system using B&R Automation
Studio Target for Simulink in only a few steps.

Example:
The system is based on the following mathematical model:

_9(9) _ K, _—
y(8)  (@+sT,)[{+sT,)

G(s)

The simulation model is enhanced with a white noise block representing
the measurement process as well as the quantization to tenths of a
degree by the sensor. All system parameters - like the ambient
temperature for instance - are accessible as local parameters.

=] plant 9 [=1 3|

File Edit WYiew Simulation Format Tools Help

DEEHE|sBR|E= 4|2 r =i [[noma MRERes nEES

B&R CONFIG
Stoerung
P . ¥
BE&R IN _—*—_ — ) b ¥ FF B&R OUT
_ . &

_GLOBAL LREAL ¥ Sattigung Transfer Fen Tt Ks Quantizsierung _GLOBAL LREAL ¥

B&R IN

_LOCAL LREAL T_amb

‘ B&R FARAMETER ‘ ‘ B&R FARAMETER ‘

_LOCAL LREAL K= _LOCAL LREAL noise

Ready [1o02 |odet v

Fig. 54: Temperature System

Since the simulation model is a continuous-time model, support for
continuous-time systems has to be enabled.

TM140 B&R Automation Studio Target for Simulink®
TM140



nfiguration Parameters: sample/Code Generation ERT based (Active)

Examples

Select:

olver
aka ImportfExport

ardware Implementation
odel Referencing
imulation Target
[=-Real-Time Warkshop

- Report

- Camments

- Symbols

- Custom Code

- Diebug

- Interface

- SIL and PIL Werification
- Zode Skyle

- Templates

- Code Placement

- Memary Sections
B Basic Settings

- B&R Advanced Settings
~~B&R. Infarmation

9

- Diaka Type Replacement

Automation Studio package name I

Add TYP files... |
Add source files... |
Add include directaries. .. |

Additional compiler switches

‘ersion I

Encyption password

||7 Enable continous time suppork

™ Enable expert mode
™ Enable logging
™ Enable automatic transfer

™ Enable External Mads

External Mode buffer memory size I 1000000

External Mode IP address I 127.0.0.1

OF I Cancel Help Apply |

Fig. 55: Settings for continuous-time Simulink models

In order to be able to run the continuous-time system on the target system
with fixed equidistant steps, a fixed step solver (e.g. ode1 - Euler) must be

selected.

Configuration Parameters: Sim_Temperature /Code Generation {Active) 5[

Select:

-Solver

-Diaka Impoart/Export
-Qptimization

-Diagnostics

-Hardware Implementation
+-Model Referencing
[=-Real-Time Warkshop

- Report

~Comments

- Symbols

- Custom Code
~Debug

- Interface

~Code Style
~Templates

--Data Placerment
~Data Type Replacament
-~ Memary Sections

-~ B&R Settings

B3R Information

9

— Simulation &

Stark time: [ 0.0 Stop time: [inf

—Solver option:

Type: IFixed-step

;l Sn\ver“ndel (Euler) ;l |

Fixed-step size (fundamental sample time}: I 10

— Tasking and sample time option:

Periodic sample time constraint: IUnconstrained LI

Constrain model's discrete sample times to specified values

Tasking mode For periodic sample times: ISingIETasking

I~ Automatically handle rate transition for data bransfer

I™ Higher priority value indicates higher bask prioriby

o I Cancel Help Ay

Fig. 56: Fixed step solver
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Or, alternatively, the system can be converted to an adequate discrete-time
system. This can be done either manually using transformations that are
described in detail in the corresponding literature, or by using the ‘Model
Discretizer’ provided with the Simulink toolboxes Control System Toolbox
and Simulink® Control Design. It can be found under Tools - Control
Design > Model Discretizer (see section 6.1).

e S E@BS - BRES

P lrameTER

B&R CONFIG
Data Class

L LREAL K

Bus Editor. .
Prsfier

BaR IN

 External Mode Control Panel...

_GLOBAL LREAL ¥ Satur B&R OUT

_GLOBAL LREAL Tetma

Quantizer

BAR IN

_LOCAL LREAL Temp_simb

BaR IN

_LOCAL BOOL enable

Fig. 57: Model Discretizer
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5.3 Hydraulics applications

In Fig. 58 a Simulink model of a linear hydraulic actuator is depicted. It
consists of the hydraulic servo valve and the hydraulic cylinder. The servo
valve is modelled via a nonlinear curve, describing the dependence of its
opening with respect to the voltage, and its non-linear hydraulic resistance,
i.e. the relationship between pressure drop across the valve and volume
flow. The hydraulic cylinder is described via four differential equations,
two for the pressure build-up in the two cylinder chambers and two for the
mechanical movement. For the implementation of the respective equations
Embedded MATLAB Function blocks are used. The model includes friction
and leakage of cylinder and valve. In addition the cylinder has two end
positions with modelled damping. The differential equations are discretized,
thus for simulation and code generation a discrete solver can be used. The
inputs to the model are the valve voltage and an external load force acting
on the cylinder. In addition the model has many parameters, e.g. for the
geometric dimensions of the cylinder, the leakage and friction coefficients
and the nominal values of the valve, which are accessible via parameter
blocks. The model outputs are the states of the system, i.e. the two
chamber pressures, the cylinder position and speed. In addition the sensors
are modelled in so far, as the physical values of the signals are scaled to the

corresponding sensor outputs.

The Simulink model represents a typical valve controlled hydraulic drive
application, and is used for hardware-in-the-loop tests of hydraulic

controllers and hydraulic control trainings.
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Fig. 58: Application of a hydraulic drive including servo valve and cylinder
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5.4 Inverted Pendulum on a Cart Model

In this section the model of an inverted pendulum is considered and linear as
well as non-linear closed-loop controllers are designed with the help of
MATLAB. The design is verified using simulation in Simulink and based on
these simulations the realtime code is generated for hardware-in-the-loop
testing and rapid prototyping.

" m
M
Fu
e
I, sy

Fig. 59: Application sketch of the inverted pendulum

Fig. 59 shows a sketch of an inverted-pendulum-on-a-cart model. It consists
of a cart of mass M which is driven by a motor generating an input force F
acting on the cart. A pendulum of length | can rotate freely about the point
P of the cart. At the tip of the pendulum a mass m is mounted. The position
of the cart is denoted by x, the displacement angle of the pendulum by 6
(with respect to the vertical position).

Typical benchmark control problems for this model are

» the closed loop control of the vertical (unstable) position of the
pendulum,

e the swing up of the pendulum,

» the positioning of the cart with the attached pendulum.
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The equations of motion have the form

2 2
M Elgt—zx+mE§[—2(x+l [EHnO) =F,

2 2
mli-lgt—z(xﬂ EnO) I Ed:os@—ml:—lgt—z(l [£0sO) [ [En© = my [ [&En©.

with
X=v,0=w

the non-linear system can be described as a system of explict differential

equations

X=V,

. F [osO - (M +m) [y Bin© +md [£osO [$in O &/
m( tos’©@—(M +m) 0

O =w,
o= F+mO&En0 &’ —miy [6osO EnO
M +mlsin’® '

Please refer to the Simulink file ‘pend_mod_nlin.mdl’ for a simulation of the
non-linear model without controller.

5.4.1 Linear controller design for the linearized pendulum system

In order to design a controller for the unstable (upper) equilibrium position
of the pendulum the linearized equations of motion are of interest. The
linearization at the equilibrium point

0=0,a=0, x=0,v=0

results in a model of the form

Ax = AAX +bAu
Ay = CAx +dAu
with
01 0 O 0
00 -7 0 L 1 000 0
A= ' b=l Bl C= d=| .
00 0 1 0 0010 0
oo ¥ o =

Because this is the linearization about the unstable equilibrium position
(pendulum up), the Eigenvalues of the linear model are unstable.
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As the controller is intended to run in discrete time, the model is
discretized using the MATLAB command ‘c2d’ to derive the system matrices
of a discrete time system of the form

DX,y = Ay, +b
Ay, = CAx, +dAu, .

Au,

disc

For this discrete time linear model a linear state regulator of the form
Au=Kk"Ax +IAr
is designed.

Using the MATLAB command ‘acker’ the Formula of Ackermann is applied to
directly assign the desired Eigenvalues to the closed loop system.

With the Linear Quadratic Regulator design (MATLAB command ‘lqr’) an
objective function is minimized to derive the optimal controller in the sense
of the provided weights.

The MATLAB script ‘init_pend_ctrllin.m’ does the mentioned derivations and
initializes the respective simulation parameters. The Simulink model
‘pend_ctrl_lin.mdl’ shows a simulation of controller and linearized model.
Fig. 60 shows the simulation model and Fig. 61 a step response of the
controlled pendulum on a cart. The initial condition of the pendulum is set
to ®=0.01rad and at t =4sa reference step of 0.1m is applied.

E!pend_ctrl_lin _l_l- jm| ll
File Edit View Simulation Format Tools Help
W= = = = o e e S (R [T dRsEREl nRE®

BER COMFIG

! Output: (xtheta)
--.
l- »

Referance step
States
werted_pendulum_embm (. theta,omega)
LQR Controller

Sampling Time T=

Ready [100%% |ode3 4

Fig. 60: Simulation model of pendulum and controller
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Fig. 61: Step response of pendulum and controller

Remark: For some applications the controller is directly calculated for the
continuous time linear model although it runs in discrete time. However,
this can lead to undesired behaviour of the controlled system, especially
when the sample time is increased.

5.4.2 The inverted-pendulum-on-a-cart model library

The library ‘pend_Llib.mdl’ (see Fig. 62) represents a collection of different
modeling examples for the linear as well as for the non-linear inverted
pendulum model to visualize how the same modeling goal can be reached
using Simulink with different modeling approaches.

In addition, the model ‘inverted_pendulum_IOs does not provide a physical
model, but the inputs and outputs of the controller.

The configurable subsystem ‘Inverted Pendulum (Simulation / 10s)’
incorporates all different modeling blocks and provides the user with the
possibility to select on demand which model this subsystem represents. In
the following sections it will be shown, how with the help of this
configurable subsystem the same simulation model which is used for
simulating the controller with model in Simulink can easily be used for code-

generation.

Similar facts hold for the section ‘Inputs’ and ‘Controller’. Again a
configurable subsystem incorporates two different forms of inputs and
controllers, respectively, which can be selected within the simulation model

on demand.
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Fig. 62: Inverted Pendulum library showing different modeling features and configurable subsystems

Fig. 63 shows the Simulink model ‘pend_ctrl_lin.mdl’ using the configurable
blocks ‘Inverted Pendulum (Simulation / 10s)’ and ‘Reference Input’.

l_ pend_ctrl_lin
File Edit ‘ew Simulation Format Tools Help

=10 x|

OSEE| &R |c= 42 2 r afio |woma | HeE DS EEe

B&R CONFIZ

Plant input: F

- E Output: theta)
Reference Input
Reference step P
B e s

Configurable Controller States
Subsystem Inverted Pendulum (e.theta omega)
State Feedback Controller (blks) (Simulation /10s)
inverted_pendulum_osfet

"
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Sampling Time Ts

Reeady 100%:

odes i

Fig. 63: Simulink model with configureable subsystems ‘Reference Input’ and ‘Inverted Pendulum’
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5.4.3 Code generation of the state feedback controller

To prepare the model for code generation of the tested controller, in the
‘B&R Config’ block the corresponding ‘Code Generation’ choice has to be
made.

E Block Parameters: Config x|

—B&R - Configuration Block {mask) (link)

Zonfiguration module For B&R Auktomation Studio Target For Simulink.

—Parameters

Config Set: | Simulation LI
_ode Generation (ERT based) :
Zode Generation (GRT based)
Sirnulation

(o] Zancel Help Spply |

Fig. 64: ‘B&R Config’ dialog

As the Simulink model ‘pend_ctrl_lin.mdl’ uses the configurable blocks
‘Inverted Pendulum (Simulation/I10s)’ and ‘Reference Input’, with the
control ‘Block Choice’ in the context menu these two blocks can be
configured to represent the desired choice. With the choice ‘BR reference
input’ for the block ‘Reference Input’ and ‘inverted pendulum IOs’ for the
block ‘Inverted Pendulum’ the entire simulation is configured in such a way,
that just the code of the controller is left and the interface to the other
system parts (like reference input and plan) is given with the respective
‘B&R Input’ and ‘B&R Output’ blocks.

5.4.4 Hardware-in-the-Loop Simulation

For hardware-in-the-loop simulations of the controller against a simulation
model running also on a target system (see Section 1.2.2) it is necessary to
generate real-time code from the simulation model. The respective setup is
prepared in the model ‘pend_mod_nlin.mdl’ in which the inputs and outputs
of the (exact, non-linear) simulation model are connected to ‘B&R Inputs’
and ‘B&R Outputs’ respectively.

By setting in the ‘B&R Config’ block the option to ‘Code generation’ and
adding the desired values in the ‘Real Time Workshop = Options’ dialog this
model can be generated and represents a task in an Automation Studio
project.

The sample Automation Studio project ‘PenPrj’ contains the task
‘pend_mod’ which represents the simulation model of the pendulum and the
task ‘pend_ctr’ which contains the controller in the two packages
‘Controller’ and ‘Model’ (see Fig. 65). The global variables are used for
interfacing these two tasks when running on the target system.
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Fig. 65: Automation Studio project with controller and model tasks

Via the Automation Studio diagnostic tools like ‘Watch’ and ‘Trace’ the
correct operation of the controller which controls the upper (unstable)
equilibrium position of the pendulum can be verified. Fig. 66 shows a step
response of the setup to a reference step of 0.1m.
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Fig. 66: Step response in Automation Studio Trace
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5.4.5 Code generation of Function blocks

Another feature of B&R Automation Studio Target for Simulink is the
generation of function blocks for Automation Studio (see chapter 4.2). In the
sequel it is shown, how a function block can be designed and how the
generation of function block error codes can be included in the simulation
model.

Fig. 67 shows the model ,pend_ctrl_fun.mdl’ which contains the Embedded
MATLAB function ‘State feedback controller with error handling’. Besides
the interface variables ‘ref’, ‘u’ and ‘x’ this block has several additional
inputs used for the parameterization of the corresponding limits. If one of
these limits is exceeded the block responds either with a warning (control is
continued) or an error (controller output u is set to zero), respectively. This
behaviour can, of course, be simulated in Simulink.

By switching the ‘B&R Config’ parameters to ‘Code Generation’, selecting
the ‘B&R reference input’ and the ‘inverted_pendulum_IOs’ option in the
two configurable subsystems and adapting the desired options in the ‘Real
Time Workshop = Options’ dialog a function block can be generated having
the interface depicted in Fig. 68.

lpend_ctrl_fun =10l =|
File Edit Yiew Simulation Format Tools Help
DSEE| B (== 4@ r = [ R R pEE®

e

Reference Input
BER reference input

State teedbadk controller
with erer handling

Ready [100%% |FixedStepDiscrete v

Fig. 67: Simulink model ‘pend_ctrl_fun.mdl’
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Fig. 68: Automation Studio project with the generated function block

By using an instance of the function block ‘pctr_fun’ in the task ‘ctrl_tsk’,
connecting inputs and outputs of the instance to the plant signals and to the
reference signal, again plant and controller can be realized in a ‘hardware-
in-the-loop’ setup.

PROGRAM _INIT
ctrlFUE. ssMethodType = 55 _INITIALIZE;
ctrlFUBL) ;

END_PROGERAM

PROGRAM _CYCLIC

ctrlFUE.ref := ref;

ctrlFUB. x[0] == x[0];

ctrlFUB. x[1l] -= x[1];

ctrlFUB. x[Z] = x[Z];

ctrlFUB. x[2] = x[2];
ctr1FUE . ssMethodType = SS_EIT_TTPUTI;
cLrlFUE() ;

F := ctrlFUE._F;

END_PROGERAM

Fig. 69: Structured Text task using the automatically generated function block
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Object Name

Source File

e &P pend_ch 1.00.0 [ UseROM 0| Controller, pend_chr WCpLL s

Pendulum Contraller

- & ohrl_tsk 1.00.0  UserROM 1120 Controller, oirl_tsk SO s Taszk running the controller FUE
- & pend_mod 1.00.0  UsedROM 11696 | Model pend_maod SCpLL s
Cyclic #2 - [200 ms]

Cyclic #3 - [500 ms]

Cyclic #4 - [1000 ms]

Pendulum model

Fig. 70: Software configuration including the controller task ‘ctrl_tsk’ and the modeling task ‘pend_mod’ for
‘hardware-in-the-loop’ testing

5.4.6 Swing Up control of the pendulum

The model ‘pend_ctrl_swingup.mdl’ shows one possibility for swing-up
control of the pendulum. The MATLAB Stateflow Toolbox is used to switch
between a swing-up control algorithm and the stabilizing linear controller
for the upper (unstable) equilibrium position of the pendulum.

5.4.7 Using the MATLAB OPC Toolbox for Online-MATLAB/Simulink debugging

Please contact B&R for examples on this topic.
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6. APPENDIX

6.1 Real-Time Workshop Embedded Coder

Real-Time Workshop Embedded Coder is not mandatory for the use of B&R
Automation Studio Target for Simulink. However, it is recommended to
generate more efficient and optimized source code for your target system.

For detailed information regarding Real-Time Workshop Embedded Coder
please visit http://www.mathworks.com/products/rtwembedded or
contact MathWorks directly.

6.2 Simulink block support

Nearly all standard Simulink blocks are supported by the Automatic Code
Generation. You can get an overview in MATLAB using the command
showblockdatatypetable. However, it is not recommended to use
continuous-time blocks for industrial applications. These blocks should be
replaced by corresponding discrete-time blocks. One option is to use the
Model Discretizer mentioned in section 5.2.

More detailed information regarding the company MathWorks, Inc. can be
found at http://www.mathworks.com/products.

B&R cannot guarantee problem-free implementation of blocks other than
the standard Simulink blocks. In this case it is recommended to contact the
MathWorks support to inquire whether a particular block is supported by the
products Real-Time Workshop and Real-Time Workshop Embedded Coder.

Technical support: http://www.mathworks.com/contact_TS.html
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6.3 Suggestions

6.3.1 Recommended blocks

e Simulink standard blocks

» Time-Discrete blocks
 Embedded MATLAB functions
e Inlined s-functions

6.3.2 Supported but not recommended for production code

« Time continuous blocks
» Large look-up tables
* Non-inlined s-functions

6.3.3 Not supported blocks

 Level-2 m-file s-functions
e MATLAB functions

6.3.4 Further suggestions

The B&R Parameter block only works for tuneable block parameters. For
non-tuneable blocks the parameter value will be directly used for the
generated source code. If you want to make sure that the block parameter is
accessible during runtime, it is strongly recommended to use B&R Input
blocks instead of B&R Parameter blocks.
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6.4 Additional links

The following links will take you to MathWorks’ corporate website. B&R can
therefore not make any guarantees regarding the site's content. Any
questions should be directed to the MathWorks support.

Contact information: MathWorks

For questions regarding MathWorks products, you can find the appropriate
contact information here:
http://www.mathworks.de/company/aboutus/contact us/

To contact the technical support department for MathWorks (for customers
with a valid maintenance contract), it is recommended to use a ‘MathWorks
Account’ - free registration at

http://www.mathworks.com/accesslogin/createProfile.do - since this is
the only way to submit an online query regarding the current processing
status: http://www.mathworks.com/accesslogin/createProfile.do

Using Simulink with B&R Automation Studio

MathWorks web portal summarizing latest news and application reports on
‘Automation Studio Target for Simulink’ and other interface products
between Simulink and Automation Studio

http://www.mathworks.com/br

Industrial automation and industrial machines

Industry-specific portal with access to the most important sources of
information regarding implementation of MATLAB & Simulink, including user
reports, book program and event calendar.
http://www.mathworks.com/industries/iam/

Tech notes / How-to guides

Tips & tricks for MATLAB & Simulink.
http://www.mathworks.com/support/tech-notes/list all.html

MATLAB Central

Public exchange platform for MATLAB & Simulink users, including exchange
for files and links as well as access to the public MATLAB Newsgroup.
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http:// www.mathworks.com/matlabcentral/

Product documentation

Online access to the complete HTML & PDF documentation for the current
MATLAB release.

Note: Access to individual product documentations, such as ‘Real-Time
Workshop Embedded Coder’, requires a ‘MathWorks Account’ - free
registration at http://www.mathworks.com/accesslogin/createProfile.do.
http://www.mathworks.com/accesslogin/createProfile.do

MATLAB tutorial

Online tutorial for introduction to MATLAB.
http://www.mathworks.com/academia/student center/tutorials/launchpa
d.html

Simulink tutorial

Online tutorial for introduction to Simulink.
http://www.mathworks.com/academia/student center/tutorials/index.ht
ml?link=body#

MathWorks Newsletter

Access to MathWorks’ newsletter ‘News&Notes’ as well as other publications.
http://www.mathworks.com/company/newsletters/?s_cid=HP_NL

Recorded Webinars

Presentation of the latest MathWorks solutions in approx. 1 hour long
online presentations (in English and German).
http://www.mathworks.com/company/events/archived_webinars.html?s_ci
d=HP_E_RW
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Overview of training modules

TM210 - The Basics of Automation Studio
TM211 - Automation Studio Online Communication
TM213 - Automation Runtime

TM220 - The Service Technician on the Job
TM223 - Automation Studio Diagnostics

TM230 - Structured Software Generation
TM240 - Ladder Diagram (LAD)

TM241 - Function Block Diagram (FBD)

TM246 - Structured Text (ST)

TM250 - Memory Management and Data Storage
TM261 - Closed Loop Control with LOOPCONR

TM400 - The Basics of Motion Control

TM410 - The Basics of ASiM

TM440 - ASiM Basic Functions

TM441 - ASiM Multi-Axis Functions

TM445 - ACOPOS ACP10 Software

TM446 - ACOPOS Smart Process Technology
TM450 - ACOPOS Control Concept and Adjustment
TM460 - Starting up Motors

TM480 - Hydraulic Drive Control

TM500 - The Basics of Integrated Safety Technology
TM510 - ASiST SafeDESIGNER
TM540 - ASiST SafeMC

TM600 - The Basics of Visualization

TM610 - The Basics of ASiV

TM630 - Visualization Programming Guide

TM640 - ASiV Alarm System, Trend and Diagnostic
TM670 - ASiV Advanced

TM700 - Automation Net PVI
TM710 - PVI Communication
TM711 - PVI DLL Programming
TM712 - PVIServices

TM730 - PVI OPC

TM800 - APROL System Concept

TM810 - APROL Setup, Configuration and Recovery
TM811 - APROL Runtime System

TM812 - APROL Operator Management

TM813 - APROL XML Queries and Audit Trail
TM830 - APROL Project Engineering

TM840 - APROL Parameter Management and Recipes
TM850 - APROL Controller Configuration and INA
TM860 - APROL Library Engineering

TM865 - APROL Library Guide Book

TM870 - APROL Python Programming

TM890 - The Basics of LINUX
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