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Abstract

The project studies two software approaches to generate real-time output signals
from a Simulink model in order to allow for Hardware-in-the-loop testing. These two
tools are NI SIT (Simulation Interface Toolkit) and NI Veristand. As a case study, a
Simulink model of "Fault Detection" was tested using NI PCle-7851R Reconfigurable
Multifunction FPGA-based card. The Project discusses how to interconnect and in-
terface LabView or Veristand with Simulink, in a way that we could easily deploy and
debug Matlab model using NI R Series hardware. This is particularly useful for power
systems’ researchers as it allows them to directly use the NI PCle-7851R Reconfigurable
card without translating their Simulink models to LabView.
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Introduction

Hardware In The Loop (HIL) simulation is becoming a significant tool in prototyp-
ing complex, highly available system, especially when a portion of the given system
is simulation and a portion of the same system is a hardware implement, with proven
results in industrial application. The Research Laboratory at our Institute uses NI R
series Multifunction FPGA-based cards in performing HIL tests. This type of cards are
compatible only with LabView tool and not with Simulink. Hence, any researcher who
would like to use this type of card must translate their Simulink models to LabView.
The principal idea behind this project is to overcome this problem. Matlab Simulink
and NI R series Multifunction RIO can be linked together through the LabVIEW Sim-
ulation Interface Toolkit (SIT) or Veristand. This allow researchers and engineers to
interactively verify SIMULINK models and easily deploy these models to real time
hardware for control prototyping and Hardware in the loop testing. The main aim of
this project is to investigate the most efficient ways to allow researchers to use their
-already existing- Simulink models to access the R series cards without re-designing
their models using LabView.

At first, the solution of writing a low level driver for the PCle bus in order to control
the card directly from Simulink was taken into consideration. However, the closed box
controller on the card prevented us from doing so.

One of the objectives of this project in to implementation/test a Fault detection
Simulink model using the two different environments: LabVIEW SIT and Veristand.

This report is organized as follows: Chapter one dives into background and essen-
tials about NI 7851R card and introduction to Hardware in the loop. In chapter two,
the first technique LabVIEW simulation interface toolkit is explained with a back-
ground about its functionality is presented. the third chapter deals with the second
interfacing method Veristand by providing concepts on how it works. The last chapter
discusses a case study and comparison between the two interfacing solution.
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I Chapter I: Background Materials

I.1 Hardware-in-the-loop/Software-in-the-loop /Model-in-the-loop

I.1.1 Hardware in the loop testing

Hardware-in-the-loop (HIL) testing is a technique where real signals from a con-
troller are connected to a test system that simulates reality, tricking the controller
into thinking it is in the assembled product[l]. Test and design iteration take place as
though the real-world system is being used. You can easily run through thousands of
possible scenarios to properly exercise your controller without the cost and time associ-
ated with actual physical tests. You use HIL simulation to test your controller design,
You can also use HIL to determine if your physical system (plant) model is valid. In
HIL simulation, you use a real-time computer as a virtual representation of your plant
model and a real version of your controller. Figure shows a typical HIL simulation
setup. The desktop computer (development hardware) contains the real-time capable
model of the controller and plant. The development hardware also contains an interface
with which to control the virtual input to the plant. The controller hardware contains
the controller software that is generated from the controller model. The real-time pro-
cessor (target hardware) contains code for the physical system that is generated from
the plant model.

Desktop Comuputer
{Development Hardware)

i Control System Model

r ]
] i
| i
i !
: Controller Plant T |
O™ podel }_. Model Mo |
i . |
I |
] i
b
TIO;\pallca_mH S _.
Low Med High I
? Real-Time Processor Controller
i (Target Hardware) Hardware
1
: . |
' o | Software Representafion > i
./ i > ofPhysical System | Cotroter 1
. :
|

Figure 1.1: Real time Hardware in the loop simulation
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I.1.2 Model in the loop testing

Model-in-the-loop testing (MIL) and simulation is a technique used to abstract the
behaviour of a system or sub-system in a way that this model can be used to test,
simulate and verify the desired system [2]. By using Simulink for model definition
you can test and refine that model within a desktop environment, allowing a complex
system to be managed efficiently.

I[.1.3 Software in the loop testing

SIL is testing any software/firmware /algorithm /control system in such a way that a
piece of software simulating a piece of hardware, or simulating a physical component, or
a physical system, including possibly its response or other characteristics in a system.
The system can be either open-ended (feed-forward only), or with feedback [3].

I.1.4 Why Perform Hardware-In-The-Loop Simulation?

Use HIL simulation to test the design of your controller when you are perform-
ing Model-Based Design (MBD). Validation involves using actual plant hardware to
test your controller in real-life situations or in environmental proxies (for example, a
pressure chamber). In HIL simulation, you do not have to use real hardware for your
physical system (plant). You also do not have to rely on a naturalistic or environmental
test setup. By allowing you to use your model to represent the plant, HIL simulation
offers benefits in cost and practicality. There are several areas in which HIL simulation
offers cost savings over validation testing. HIL simulation tends to be less expensive for
design changes. You can perform HIL simulation earlier than validation in the MBD
workflow so you can identify and redesign for problems relatively early the project.
Finding problems early includes these benefits:

e Your team is more likely to approve changes.
e Design changes are less costly to implement.

In terms of scheduling, HIL simulation is less expensive and more practical than vali-
dation because you can set it up to run on its own. HIL simulation is more practical
than validation for testing controller’s response to unusual events. It can also be used
to observe controller’s responses to stimuli that occur in inaccessible environments like
deep sea or deep space [1].
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I.2 NI PCIe-7851 RIO card
I.2.1 Overview of Reconfigurable I/0

R Series Multifunction RIO devices are based on a reconfigurable FPGA core sur-
rounded by fixed I/O resources for analog and digital input and output. Its behavior
can be configured to match the requirements of the measurement and control system.
You can implement this user-defined behavior as an FPGA VI to create an application-
specific I/O device

Figure shows an FPGA connected to fixed I/O resources and a bus interface.
The fixed I/O resources include A/D converters, D/A converters, and digital I/O lines

E

Fixed /O Resource

Fixed /O Resource

Fixed /O Resource

J FPGA

Fixed /O Resource

-1

AV 4

Bus Interface I

Figure 1.2: High-Level FPGA Functional Overview

Software accesses the R Series device through the bus interface, and the FPGA con-
nects the bus interface and the fixed I/O to make possible timing, triggering, processing,
and custom I/O measurements using the LabVIEW FPGA Module. The FPGA logic
provides timing, triggering, processing, and custom I/O measurements. The bus in-
terface provides software access to the device. The remaining FPGA logic is available
for higher-level functions such as timing, triggering, and counting. The functions use
varied amounts of logic.

1.2.2 NI 7851R Overview

The NI 7851R card shown in Figure have eight independent, 16-bit Analogue In
(AI) channels; eight independent, 16-bit Analogue Out (AO) channels; and 96 bidirec-
tional Digital IO (DIO) lines that you can configure individually for input or output.

5
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The NI 7851R has a Xilinx Virtex-5 LX30 FPGA, it has three connectors [4].

i

Figure 1.3: NI PCIe 7851R

The Virtex-5 FPGA device used has the architecture presented as in Figure [1.4

1.2.3 SCB-68 Connector

The SCB-68 shown in Figures has 68 screw terminals for I/O signal connections.
To use the SCB-68 with the NI 78xxR, you must configure the SCB-68 as a general-
purpose connector block [4].
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1. CHAPTER II: WORKING WITH SIMULATION
INTERFACE TOOLKIT

II

I1.1

Chapter II: Working With Simulation Interface toolkit

SIT Functionality

The LabVIEW Simulation Interface Toolkit interfaces LabVIEW with Simulink ap-
plication software and Real-Time Workshop application software in a way that enables
you to develop, prototype, and test control systems using models developed in the
Simulink simulation environment. You use the Simulation Interface Toolkit to create a
LabVIEW user interface for a model developed in the Simulink simulation environment
and run a simulation on a real-time (RT) target.

I1.1.1 Components of a Simulation

A simulation consists of the following components [5]:

Model: a simulation block diagram in graphical form, another source code form
(e.g., C code), or compiled form. Models contain inputs and outputs that send
and receive data. Models contain parameters you can manipulate and signals
whose values you can view.

Host VI: The VI that you use to manipulate a model. The host VI consists of
a front panel and a block diagram. You use front panel controls to manipulate
model parameters. The block diagram of the host VI contains the code that
defines mappings between front panel controls/indicators and model parameter-
s/signals.

SIT Server: The server that uses a TCP/IP connection to transmit data be-
tween the host VI and the model. You must launch the SIT Server, which starts
automatically when you launch MATLAB application software, before running a
simulation. By default, the SIT Server runs on port 6011.

Host Computer: The computer on which you run the host VI. The host com-
puter must be a PC running Windows 7/Vista/XP /Server 2008 (64-bit)/Server
2003 (32-bit).

Execution Host: The computer on which you run the MATLAB application
software, the SIT Server, and the simulation itself. The execution host can be
the host computer or a Windows computer on the same TCP /IP network as the
host computer.

The following Figure shows how these components work together:

When you run the host VI, the diagram code initializes the simulation and defines
the relationship between host VI controls/indicators and model parameters/signals.
As you change the values of front panel controls, the simulation executes the following

steps:

1.

The host VI block diagram uses TCP/IP to send the new parameter values to
the SIT Server.
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Host Computer Execution Host
LabVIEW MATLAB® and Simulink®
Host VI
£

®

Figure 2.1: Components of a Simulation

2. The SIT Server transmits these new parameter values to the model.

3. The model uses these new parameter values to execute the blocks, which update
the appropriate signal values.

4. The SIT Server probes the model signals for which you created mappings.

5. The SIT Server transmits the new signal values to the host VI, which updates
the front panel indicators.

I1.1.2 Real-Time Simulations

LabVIEW Simulation Interface Toolkit can be used to run a simulation on a real-
time (RT) target [5]. The Simulation Interface Toolkit supports certain types of Na-
tional Instruments RT Series hardware [6] it also can be used to execute an RT sim-
ulation on a Windows computer [7]. RT simulations involve the following additional
components:

e LabVIEW Real-Time Module: this module is needed for running a deter-
ministic RT simulation.

e LabVIEW FPGA Module: (Optional) If a mappings is created between Na-
tional Instruments FPGA targets and a model DLL, any specified FPGA target
must have an associated FPGA lvbit file. The Simulation Interface Toolkit pro-
vides FPGA bitfiles for the NI PXI-7831R, NI PCI-7831R, and NI PXI-7811R.
If it is needed to customize these FPGA VIs or create an FPGA VI for another
FPGA target, FPGA Module is required.

e National Instruments Driver Software: an appropriate National Instru-
ments driver software is required to communicate with hardware installed in an

RT target. For FPGA targets, NI-RIO3.0 or later is desired. For CAN interfaces,
NI-CAN 2.6 or later. For DAQ devices, NI-DAQmx 8.7.2 or later.

10
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e Driver VI:. The VI that manipulates the model DLL. The driver VI and the
model DLL run on an RT target. The driver VI is manipulated with a host VI.
Driver VI is created using the SIT Connection Manager dialog box.

e Model DLL: a model compiled to run on an RT target. A model is enabled to
run on an RT target by using The Real-Time Workshop and Microsoft Visual
C++. To enable a model to run on an RT target, Real-Time Workshop converts
the model and any subsystems into a C code version of the model. Note thisCcode
version of the model is the same Simulink block diagram model, just in aCcode
form. Microsoft Visual C++ then compiles theCcode model into a model DLL
named ModelName.d1ll,where ModelName is the name of the model. Real-Time
Workshop places the model DLL into the current working directory. The following
Figure shows this conversion process.

Simulation
Intartaca
Toolkit

Real-Time . Microsoft Moded
Model I Workshop Coode ¥ yisual co+ [™] DLL

Figure 2.2: conversion process of model into DLL

e SIT Server: The SIT Server transmits data between the host VI and the driver
VI. If it is not needed to communicate with an RT simulation, an RT simula-
tion can run without the SIT Server|8|.It is not needed to launch the MATLAB
application software to run a simulation on an RT target.

Figure [2.3] shows how these components work together:

Real-Time Target

Host Computer
LabVIEW Real-Time Module
LabVIEW —
@ Driver Vi @
Host VI .

®

Figure 2.3: RT simulation process

11
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II.2 Understanding the Driver VI

The driver VI contains the code that communicates between the host VI and the
target on which a simulation is running [9]. This VI consists of a top-level driver VI,
modelname_driver.vi, and a support library, modelname_I0.11lb modelname is the
name of the model DLL. These VIs and LLBs exist in the project directory specified
in the SIT Connection Manager dialog box. After setting SIT Connection Manager
dialog box, the LabVIEW Simulation Interface Toolkit creates a driver VI unique to
that simulation. The driver VI contains values specified for the model, such as timing
information, and the mappings created between the model and any I/O hardware
on the RT target. The Simulation Interface Toolkit uses a template, located in the
labview\vi.lib\addons\Simulation Interface\_ConnectionManager\
scriptdriver\templates directory, to create this driver VI. This template creates a
top-level driver VI that executes the following steps:

1. Initializes the model DLL.

2. Starts the SIT Server on the RT target.
3. Initiates data logging and playback.

4. Configures timing parameters.

5. Calls the IO Base Rate Loop VI, which transfers data to and from the hardware
inputs and outputs.

6. Finalizes the model DLL.

I1.2.1 The Front Panel of the Driver VI

The front panel of the driver VI contains the following controls that affect the
simulation.

e number of signals: Specifies the maximum number of signals that the simula-
tion probes.

e num data points: Specifies the maximum width of the data buffer that probes
the model signals. The total width of all the signals you want to probe must be
less than or equal to the width of this data buffer.

e circular buffer size: Specifies the depth of the data buffer.

e Start Server?: Specifies if the SIT Server starts when the simulation run. If
this switch is set to FALSE, the host VI cannot be used to communicate with the
simulation. In this situation, the driver VI starts the simulation immediately on
execution. The default value of this switch is TRUE, which allows to use the host
VI to communicate with the simulation. In this situation, the driver VI waits for
the Run command from the host VI before starting the simulation.

12
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11.2.2 The 10 Base Rate VI

The block diagram of the driver VI includes the IO Base Rate Loop VI, which is
circled in the following Figure [2.4]

=
W8

Figure 2.4: the I0 Base Rate Loop VI

Like the driver VI, the Simulation Interface Toolkit creates the 10 Base Rate
Loop VI from a template in the labview\vi.lib\addons\Simulation Interface)\
_ConnectionManager\scriptdriver\templates directory. The IO Base Rate tem-
plate is sit Base Rate Loop.vi. This template creates a VI named modelname_I0 IO
Base Rate Loop.vi.

The IO Base Rate Loop VI contains the following four custom VlIs:

e modelname_IO I0 Init.vi

modelname_I0 IO Read.vi

modelname_I0 IO Write.vi

e modelname_IO IO Close.vi

The following Figure[2.5]shows these VIs, circled from left to right, on the block diagram
of the IO Base Rate Loop VI.

Base Rate Loop

/,-

SIT Wi SIT I — ST 14D

SIT Wi
3

) A B

| e fic
ﬁ Read Code Write Code %
iogogoooogdy e

"

Figure 2.5: the block diagram of the IO Base Rate Loop VI

The 10 Base Rate Loop VI uses these four VIs to execute the following steps:
1. Initialize the simulation.

2. Execute the following steps for the duration of the simulation.

13
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(a) Read data from the hardware inputs.

(b) Run the SIT Scheduler VI, which takes the hardware input values, runs a
single step of the simulation, and receives output values from the simulation.

(c) Probe the values of the model DLL and send these values to the SIT Server.
(d) Write the values the model DLL returns to the hardware outputs.

(e) Perform any commands the host VI sends.

3. Free hardware resources after the simulation finishes.

I1.2.3 How the Driver VI Schedules Simulations

Single-rate simulations use only the IO Base Rate Loop, located on the block di-
agram, to control the timing of the simulation. However, multirate simulations use
additional Timed Loops. Because each model task might have a different time step,
the Scheduler Loop runs at the base rate of the simulation, which is the greatest com-
mon divisor of all the discrete time steps in the simulation. For example, if a multirate
simulation contains two discrete tasks, one with a time step of 100 microseconds and one
with a time step of 500 microseconds, the base rate is 100 microseconds. The Scheduler
Loop then uses 100 microseconds as the time step of the simulation. The Simulation
Interface Toolkit uses rate-monotonic scheduling to prioritize different model tasks in
the same model. Rate-monotonic scheduling gives higher priority to model tasks that
have shorter time steps. A higher-priority task can interrupt a lower-priority task.

I1.3 Requirements and Installation

Before the connection of Matlab with LabView, all programs must be installed
correctly. Programs that have to be installed are:

e LabVIEW.

e Simulation Interface Toolkit (SIT).

e Microsoft Visual studio

e LabVIEW Real-Time Module.

e LabVIEW FPGA Module (Optional).

e LabVIEW FPGA Compile Farm (Optional).
e NI LabVIEW FPGA Xilinx

e RIO drivers

refer to appendix A for more details about setting up and initialization of the Host
Computer and Real-Time Target and versions of programs used in this project
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I1.4 Configuring a Simulation on a Real-Time Target

[10] The LabVIEW Simulation Interface Toolkit supports hardware-in-the-loop
(HIL) testing using supported National Instruments RT Series hardware [6] Note You
also can execute a model DLL on a Windows computer|[7].

I1.4.1 Configuring a simulation on a real-time (RT) target involves the
following steps:

1. Build a model. Note: In order to communicate with RT Series hardware, the
model must have at least one input port and one output port.

2. Create a host VI with controls and indicators.
3. Convert the model to a model DLL.

4. Specify the model, model DLL, execution host and mapping HW 1/0: This step
may involve the creation of Custom FPGA Bitfile which defines the analog, digi-
tal, and pulse width modulation (PWM) inputs and outputs of the FPGA device.

5. Create a driver VI.
6. Run the simulation.
Refer to appendix A, for a detailed step by step guide on how to create a model and

simulate it on real-time (RT) target.

II.5 Simple case study ‘“‘sine wave model”

e Consider the Simulink model in Figure [2.6}

Amplitude:
ﬁU SIT1 2
Bimeg:
Sine Wave SIT Cutt :
i
I [
Frequency {(rad/sec):
Scope 2
Fhase (rad):
SignalFrobe o
Sample time:
SignalProbe 0
(a) Sinewave model (b) Sinewave parameters

Figure 2.6: Simulink model

e Configure the communication between Simulink and SIT:[11] [12]

This part involves the creation of DLL file with appropriate settings for both the
Solver and Real Time Workshop . After all the following message is displayed
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in the MATLAB command window, which indicates that Real-Time Workshop
has completed building the model DLL.

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

e Creating the Front Panel of the Host VI: The front panel of the host VI.

e Executing sine wave model DLL on a Windows Computer:

Follow steps in apppendix A to execute a model DLL on a Windows computer:

1. In the Model and Host section from SIT Connection Manager dialog
box choose the commendable settings as in Figure

8 5 oo e e e

Catego

E Execution Host
- Mappings

- Data Logging () Simulation Environment Target
- File Playback

Hardware /'O

Localhost i Chy

() Real-Time Target =nns
Dot

@) Driver VI on Localhost

Current Model DLL
[ CaSimulationinterfaceToolkitwn_nidil_rtwiwv.dll |

Project Directory

(D |

Figure 2.7: Set fixed-step as a type of sampling

2. In Mappings map indicator Sine Wave to Sum1 parameter.

3. In the Configure HW I/0 dialog box, map between the FPGA target and
a model DLL by adding the NI-FPGA and specifying its bitfile which will
allow you to map HW I/O.

4. In the Hardware I/0O tab map HW I/O correctly Figure

{3 Configure HW /O Mappings [E=NEEEL x|
Device Tree - Model Tree -
Sz Localhost ] = Model Outputs

s@rmoo ] e

ﬁ Analog Input
3 Analog Output
-0

m

AQ1
AQ2
AQ3
AQ4
AQS ]
AQB
ioe ADT
3 Digital Input - -

Remove + Add
10 Mappings
| Type | Device Name | Device Channel | Model Input/Output -
| Output | Faco [A00 [ @) "sImoud”

Figure 2.8: Add IO Mapping
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The LabVIEW Simulation Interface Toolkit places the driver VI,
<ModelName>\_driver.vi, in the same directory as the model DLL you
specified.

5. Close the simulation environment or manually stop the SI'T Server by echo-
ing the following command NISITServer(’stop’) in Matlab command line;
also, ensure that no other driver VIs are running on the Windows computer.
If you do not stop the SIT Server before continuing, LabVIEW returns an
error when you try to run the VlIs.

6. After running the driver VI and the host VI, the generated sinewave signal
is shown in Figure 2.9

Sine Wave sum:l NG

Time

Figure 2.9: The generated sinewave signal after running the host VI

7. From the oscilloscope Figure [2.10]

4  Chi Freq
318.5mHz

Figure 2.10: Sinewave in oscilloscope
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III Chapter III: Working With NI Veristand

II1.1  What is NI Veristand?

You can use LabVIEW and VeriStand to run compiled models (DLLs) created using
MathWorks Simulink and Simulink CoderTM. The models generally include fixed-step
numerical solvers from the MathWorks. A fixed-step solver (ode 1) was chosen in
Simulink so that the models can also run on real-time targets.

This interfacing approach between compiled models from Simulink and LabVIEW
or VeriStand can be used to implement algorithms, filters, control systems, estimators,
and real-time models in your applications using NI hardware [I3].

The NI VeriStand is a software environment for configuring real-time testing ap-

plications. It provides a powerful framework for embedded software validation and
real-time control and monitoring of mechanical and electrical test applications.
NI VeriStand can also import control algorithms, simulation models, and other tasks
from NI LabVIEW software and third-party environments. It can be used to interact
with models from a variety of modeling environments and programming languages. It
can run compiled models created in any supported modeling environment as well as
uncompiled models (*.mdl files) created using MATLAB /Simulink software [14].

NI Veristand has the following features [15]:

Direct Model Integration with Matlab, Simulink, Python and .DLL

Test Sequence Builder

Runtime GUI Editing

Sensor Simulation with FPGA

Extensive Utilities:

— Calibration
— Error Reporting
— Channel Configuration

— Test Reporting

Vehicle Bus Communications

Real-time Sequencing

II1.2 Components of NI VeriStand Project

The following illustration and sections describe the roles and locations of the major
components of an NI VeriStand project [16]. Some components operate internally in
the system when you run a project. Other components are user-visible features you
create and configure in the NI VeriStand environment as shown in Figure [3.1
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NI VeriStand Project

Host
computer

Hosts
system Runs
definition models

file

Hosts Executes Runs
screen stimulus VeriStand
files profiles Engine

Figure 3.1: VeriStand Environment

e Host Computer

A host computer hosts the screen files that serve as the user interface for opera-
tors. This computer also runs the VeriStand Gateway. The host computer must
be a PC running a supported version of Windows.

— Internal Features

* VeriStand Gateway: Creates a TCP/IP communication channel that

facilitates communication with the VeriStand Engine over the network.
The VeriStand Gateway receives channel values from the VeriStand En-
gine and stores these values in a table that can be viewed using the
Channel Data Viewer, available in the Tools menu of the Workspace
window.
If you run a project on a desktop PC, the VeriStand Gateway initi-
ates the VeriStand Engine. If you run a project on an RT target, the
VeriStand Gateway synchronizes with the system definition file that is
running on the RT target. If the system definition file currently running
on the VeriStand Engine does not match the system definition file that
the VeriStand Gateway expects, then the VeriStand Gateway does not
synchronize with the system definition file running on the RT target.

x NI VeriStand Model Simulation Server: If your system includes
an uncompiled Simulink model, this server uses a TCP/IP connection
to transmit data between NI VeriStand and the uncompiled model. By
default, the Model Simulation Server starts automatically when you
launch the Matlab software and runs on port 6012. However, if this
server does not automatically start, you can manually launch the Model
Simulation Server.

— Features You Interact With
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« Project File: The .nivsproj file that defines high-level settings, such
as:
- The screen and system definition files to run
- The list of tools you can launch from the Tools menu of the Workspace
window
- Which services run when you deploy a project to the target
- The IP address of the VeriStand Gateway
- Stimulus profiles and real-time sequences

*x Screen File: Defines the configuration and settings for the screens and
display items you view in the Workspace window.

x Stimulus profile: A test executive that can call real-time sequences,
open and close NI VeriStand projects, and perform data-logging and
pass/fail analysis. It also connects real-time sequences to system def-
inition files to bind channel data within the system definition file to
variables in the real-time sequence. Stimulus profiles execute on the
host computer. You create and run a stimulus profile using the Stimu-
lus Profile Editor.

x National Instruments Driver Software: You need the appropriate
National Instruments driver software to communicate with hardware
installed on a target.

e Deployment Target

The target in an NI VeriStand system is a desktop PC or RT target on which
you run the system definition file and VeriStand Engine.

— Internal Features

x VeriStand Engine: The non-visible execution mechanism that con-
trols the timing of the entire system as well as the communication be-
tween the target and the host computer. It consists of multiple timed
loops that use RT FIFOs to transfer data between the loops.

— Features You Interact With

* System Definition File: The .nivssdf file you configure in the Sys-
tem Explorer window. A system definition file contains the configura-
tion settings of the VeriStand Engine, including:

- The rate at which the system runs.
- For each device the task and channel configurations for each.
- Simulation models to execute, and the rate at which they execute.

- The list of active alarms. You can use alarms to trigger actions on
the target, such as procedures, or to display dialog boxes that alert
the user of an event.

- The list of procedures that can execute on the target. A procedure
is a script of commands that define a set of actions in the VeriStand
Engine.
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- The list of channels for data objects in the system. Channel types
include:

- Hardware I/O channels (DAQ, FPGA, etc.)
- Model channels (inputs, outputs, parameters, signals)

- User channels (used to store or map user-defined values in the sys-
tem)

- Calculated channels (channels that represent the result of a user-
defined calculation of other channels in the system)

- The system mappings that determine how channels are connected.

* Model: A mathematical representation of a real-world system. A
model responds to stimuli by producing outputs in a way that emulates
the behavior of the modeled item. Models contain inputs and outputs,
called inports and outports, that communicate with other parts of the
control system.

You can build models using several different modeling environments,
and then integrate the model into a system definition file.

ITI.3 Integrating a model to NI VeriStand

Models run on hardware targets and are typically used to respond to stimuli from
other parts of the system by producing outputs in a way that simulates the modeled
item. Models also can serve the functions of signal generation, signal analysis, and
control.

Models can contain the following components that connect to other parts of the
system or allow you to interact with the model:

e Inports and Outports: To communicate with other parts of the control system,
models contain inputs and outputs, called inports and outports. You can map
inports and outports directly to hardware inputs and outputs, other models in
the system, system channels, and so on. Inports and outports are dynamic values
the simulation updates each time the model executes.

e Parameters: Parameters act like variables in the model. Unlike inports, whose
values come from elsewhere in the system and change frequently, users typically
manipulate parameters infrequently to tune the behavior of the simulation.

e Signals: Signals serve as probes, or test points, of a model as it executes.

Consider a system that contains a physical motor controller and a model that
represents a DC motor. The model runs on a hardware target. Such a model might
contain the following components:

e An inport that accepts the motor command from the motor controller.

e An outport that returns the motor speed from the model.
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e Parameters that adjust the load on the motor. You might set parameter values
once per test rather than updating them frequently during the test.

e A signal that returns internal data that aids in debugging.

NI VeriStand uses direct memory access (DMA) FIFOs to transfer data between
the host computer and FPGA target. The DMA_READ FIFO sends data read from the
FPGA inputs to the host computer. The DMA_WRITE FIFQ transfers data from the host
computer to the FPGA outputs. The data is stored in packets that each can contain
up to 64 bits. Values of different data types can packed together in the same packet.
If a channel is added to the FPGA VI, it must be added to a packet that is written to
the FIFO.[I7].

Models can be built using several different modeling environments. Typically, a
model must be compiled in the modeling environment before it can run on an RT
target[18]. In this project the process of preparing a model in Simulink is illustrated
in details in the Appendices.

The process for preparing to add a Simulink .md1 to a system definition file depends
on the target you want to run the model:

e RT target: NI VeriStand requires that a Simulink model must be compiled into
a DLL or .out file.

e Desktop PC: On Windows computers with MATLAB and Simulink installed,
the model can be compiled or remain uncompiled. You can add uncompiled
models directly to a system definition.

Note: If your system definition file contains compiled models created in the Simulink
software, NI VeriStand does not use the Model Simulation Server because compiled
models execute in the VeriStand Engine [13].

Running uncompiled models on a desktop computer can be useful when you perform
rapid model changes that require you to switch between Simulink and NI VeriStand
frequently, such as during model-in-the-loop testing.

In order to convert a model, Simulink performs the following process (as seen in

Figure [19]:

kicrosofi
Real-Time Visual S+ Compilad
Modal - de -
ode Workshop ® € Gode or GHU Model
Tookchain

Figure 3.2: Conversion Process for Models from Simulink

e The Real-Time Workshop tool converts the model and any submodels into a
C/C++ code version of the same model.

e A compiler, Microsoft Visual C++ or the Wind River GNU Toolchain, compiles
the C/C++ code model into a .dll or .out files.
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IV Chapter IV: Case Study "Three Phase Fault"

In this chapter, a three phase fault model is implemented using both SIT and Veri-
Stand methods. Results of both approaches are then compared.

An abnormal electric current is referred to as a fault current. Typical causes of a
fault include lightning strikes, insulation contamination, equipment insulation failure,
and animal spanning two lines. The two types of faults are unsymmetrical faults and
symmetrical faults. A symmetrical fault is also known as a balanced fault and is
divided into two types, which are line-to-line-to-line-to ground (L-L-L-G) and line-to-
line-to-line (L-L-L). These faults may cause thermal damage to the equipment. The
unsymmetrical faults are more common and less severe. It consists of single line-to-
ground, line-to-line, double line-to-ground, and balanced three phase faults [20]. An
example of a fault scenario of a three-phase system is displayed in Figure and
implemented in MATLAB/Simulink. The system outputs 3-phase current in a scope,
a fault occurs at 10 seconds that stops normal system operation [20].

L =
I:I Scope

Scope2

YYY

I:I Relay

Scopel

Yy

Three-Phase
A Vabc~ Series RLC Load

A “—|_I_-:-|:om a H—,_B Iabc
A o A
[ — e =B a
P o - sl ff
Cle— &|¢ c |p——s| . c
Three-Phase Source Three-Phase Breaker Three-Phaze
W-I Measurement >

SEES)

Three-Fhase Fault
Step

Figure 4.1: Phase system Fault analysis model

The internal design of the relay used in the above circuit is shown in Figure 4.2 This
relay detects overcurrent using Relation Operator that compares the actual current to
a maximum value 30 kA. When current exceed the maximum value the SR Flip-Flop
generate a set value hence Q = 0 that turned the AND logic result signal to zero
"False’. This is supplied to COM terminal of the Three-Phase Breaker which stops
normal system operation.
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Figure 4.2: Relay block model

The current is captured during a fault from simulink environment using a scope as
demonstrated in Figure [1.3]

Fault Detection Simulation

8 T T

50Hz

9.6 9.7 9.8 9.9 10 10.1 10.2
Time (sec)

Figure 4.3: Fault Detection Simulation
To test the three phase fault model, the connections shown in Figure [£.4 were made
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in order to observe the circuit outputs.

.....

Fip TCAL RAT
CAUTION: SEE MANUAL FOR ELECTR
CAUTTON: INSTALL COVER PRICR TO USE

e

tesssvianne

Figure 4.4: Connections implemented to test the model

A01(pin 54) is connected back to AI1(pin 66), the ground related to both are
connected to each other(pin 20 is connected to pin 33). Now it’s time to test the model
in both environments SIT and VeriStand then demonstrate the major differences be-
tween the two approaches and state the difficulties when performing each of them.

IV.1 Using SIT

In Figure[4.5] The Simulink model is redesigned so it can communicate with SIT.Also,
the current is lowered to a value that PCle-7851R can generate. The model sends the
output current value through SIT Outl block to LabVIEW VI or hardware(AO1 pin)
, then the output current is feeded back to AI1 to the model through SIT In 1, the
SIT Out3 is used to see the difference between the supplied output current and feed-
back input current, SIT Out4 is used to see the current error rate(relative error) which

is giving in the following equation:

Relative Error = (OutputCurrent — InputCurrent)/InputCurrent

The steps demonstrated in Appendix A and chapter 2 are followed here in order to
configure a simulation on a Real-Time Target.

e Create the host VI with needed controls and indicators.

e Convert the model to a model DLL.
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Figure 4.5: Simulink model with SIT I/O

e Specify the model DLL, execution host and mapping HW 1/0.

— Mappings are shown in Figure

Category

Data Logging
File Playback
Hardware [/Q

Maodel and Host

Client Settings
Signal Decimation
Autoscale Controls 1 =
[7] Halt Simulation on Data Loss
Current Mappings
Type Labal Mapped Parameter/Signal
foulanalysisSphose/ST In1

Indlcatur Out Current

faultanalysis3phase/Divide:l; faultanalysis3phase/Dividel:1; faultanalysis3g
Indicator Compare IN/OUT curren faultanalysis3phase/Sum:l

Indicator Compare IN/OUT curren faultanalysis3phase/Dividel:1

Figure 4.6: Three phase fault Mappings

— Hardware I/O mappings are shown in Figure below.

Category

Model and Host
Mappings

Data Logging
File Playback

Hardware Mappings

Type Device Hardware Input/Output Model Input/Output
[ipur o0 TAT ) T
Output RIOO AO1

(1) "SIT Out1"

Figure 4.7: Three phase fault Hardware Mappings
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e Create the driver VI.
e Run the simulation.
Obtained results:

e In the Host VI (see Figure [4.8).

From the first graph in the top left corner of Figure entitled “In, Out, Rel-
ative error” it can be noticed that there is a small delay between the supplied
Output 'Out:1" and the read Input ’In:1’ and this difference is shown in “Compare
IN/OUT current (difference)” graph in the top right corner. From the “Relative
error” graph in the bottom left corner, it can be seen that the relative error is
approximately zero except when the current’s amplitude is close to zero, this is
due to delay and division by small factor.

From Figure [4.8h we can see that the fault occurs exactly at the time set in
the step function 10 seconds into the simulation. In this fault, an abnormal
overcurrent is generated to which the relay reacts by sending a stop signal to the
Three-Phase Breaker. The latter stops the normal operation of the system. From
this demonstration, it can be seen that signals are generated in real-time using
simulation.

e In the Oscilloscope Figure [£.9]

from Figure it is noticed that the frequency of the Current signal is approx-
imately 50 Hz which tends to be the frequency of the three phase signal hence
the properties of the signal is preserved. Figure [4.9bfshows when the overcurrent
fault occurs and the system is finally stopped.

It can be seen that the results shown by the graphs in LabView Host VIs and
the oscilloscope are the same hence the interface technique works properly.

IV.2 Using VeriStand:

First, we need to apply the needed changes explained in the Appendix B to the
Three Phase Fault Simulink model , so it can communicate with NI VeriStand as
shown in Figure [£.10]

As with SIT, the current is lowered to a value that NI PCle-7851R can generate
and receive later on.

NI PCIe-7851R A01 pin is mapped to NIVeriStand Out Block, so it can output the
divided current through Analog Output A01 of the NI PCle-7851R. Also AO1 is con-
nected physically back to AI1 which is mapped to NIVeriStand Ini, to receive the
output current that have been generated from the model itself.

NIVeriStand Out2 is used to see the difference between the actual current that have
been outputted and the input current.

NIVeriStand Out3 is used to see the error rate(relative error) described by the follow-
ing equation:

ErrorRate = (OutputCurrent — InputCurrent)/InputCurrent
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Figure 4.8: Fault occurrence as seen in LabView
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. Steps in Appendix B must be followed to:

e Compile the model to DLL.
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Figure 4.9: Fault occurrence as seen in an oscilloscope

e Configure the System Definition file with the specific hardware,model and their
mappings which should be similar to that in Figure

e Run and Deploy the project to NI device
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Figure 4.10: Simulink model with VeriStand I/0
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Figure 4.11: Three phase fault mappings in NI VeriStand

e Customize the WorkSpace.
Obtained Results:

e In the WorkSpace (see Figure [4.12)).

In Figure [4.12a] the tiny phase shift between the input and output currents in
the Input and Output Currents graph takes place due to the sampling
rate chosen and the latency accumulated because of the signal propagation from
DACs,FPGA Logic,ADCs and the wire used to connect A01 to AI1. The very little
small difference between the input and output currents noticed in Difference
between input and output currents graph in the right upper corner of
Figure [£.12a] occurs because of the delay between them caused by the reasons
stated before. The relative error supports what is stated previously. In Figure
The fault happens 10s after the execution of the Simulation then the circuit
breaker blocks the normal work of the power system.

e In the Oscilloscope (see Figure |4.13)).

In Figure [£.13a] the signal seen is identical to that in WorkSpace of VeriStand.
The frequency is approximately 50 Hz which is the frequency that characterizes
power systems. In Figure the Oscilloscope demonstrate the signal when
the fault is happening.
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Comparision and Analysis...

Difference between Input and output currents |

Input and Output Currents ‘ Setup |

Setup | = F
—————— | Hide Legend |
[ Hide Legend | metes SRl

Helding..

Holding...
Autoscale X

Autoscale X

o == [on] —

Autoscale ¥
Autoscale Y 015-

[ong) == ogsss T T pogsso | [mon] ==

i Data Lost

= Data Lost

Relative error e ]
| sewp |

| Hide Legend |

Holding...

Autoscale X

“

Controller/

(B0 (m] 356

Model running...

Autoscale Y

0,5-1 ) a
00:05:50 00:05:50

H22lEm
| = Data Lost
(a) Before Fault
Comparision and Analysis...
Difference between Input and output currents )
Input and Output Currents |Wl ‘ Setup |
——— NIVeriStand Qut2 | Hide Legend |
| Hide Legend | | s

Holding...

Autoscale X

Holding...

Autoscale X

Autoscale Y

-2 d Autoscale Y 4]
01:1412 01:14:13 1011 =
- 00:14:12 00:14:13 i
01/01/1904 01/01/1904
o)
__HJ = Data Lost
| - Data Lost -
Relative error ‘?l
up
NIVeriStand Out3 | Hide Legend |
:
Controller/ Holding

Autoscale X

Om[ =
(i) (= .

Model running...

Autoscale Y

= Data Lost

(b) During fault

Figure 4.12: Fault Detection in WorkSpace

IV.3 Comparison and Discussion:

The core difference between the Simulation Interface Toolkit and NI VeriStand is
that NI VeriStand is a configuration based tool that allows you to import simulation
models, DAQ/FPGA devices, etc. and map everything together out of the box. The
Simulation Interface Toolkit requires you to build LabVIEW code around your sim-
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Figure 4.13: Fault Detection in Oscilloscope

ulation model to perform additional functions. NI VeriStand is preferred, because
applications that involve simulation are typically quite complex, and NI VeriStand can
significantly reduce software development time.
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In addition, Veristand is more flexible and allow for managing and editing Workspace
during execution

Moreover, Veristand provides the ability for freezing the system through the rate
target frequency which allow for deep analysis and control.

Furthermore, Simulation interface toolkit has a lot of limitation by supporting only
32-bit Operating System and it is not anymore developed and it has been replaced by
Model Interface Toolkit which is integrated as part of Veristand.

Besides, Veristand is very simple and easy to use however SIT is very complex and
crashes a lot.

IV.4 Difficulties
Difficulties faced in this study:

e Sampling rate: should be selected approperly hence it can freeze the system the
system when going above certain value of frequencies for Veristand and the signal
can be lost if small value of frequency are selected for both techniques

e SIT toolkit was unable to load and integerating the bitfile into the labview dia-
gram for hardware initialization and I/O definition so it is adjusted manually.

o SIT crashes:

— Base Rate loop crash [1.14} due to very small sampling time and a the
number of probed signals which causes rate to miss data and not finish in
time.

3 ==
Error 14120 occurred at Driver VI >>
Faultanalysis3phase_Driver.vi >
Faultanalysis3phase_Base Rate Loop.vi >>

NI_SIT_driversupportVIs.lviib:SIT Take Model
Time Step.vi:l

Possible reasoni(s):

Simulation Interface Toolkit: The base rate loop did not
finish in time. The combined time of computing the
model and performing input and output is too long.
Increase the model time step, switch to a simpler solver,
or reduce the number of inputs and cutputs used.

Figure 4.14: Base Rate loop crash

— Access violation crach due to bad memory allocation which cause over-
riding EIP Extended Instruction Pointer register.
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Communicateur de crash LabVIEW @

~ Veuiller nous excuser pour ce désagrément.

M| ahWIEW 2011 a rencontré un probléme et doit &tre fermé, Vous pouvez
nous aider a diagnostiquer et corriger ce probléme en envoyant directement
ce rapport & Mational Instruments.

Exception : Access violation (0xC0000005) a EIP =0w00000000
Version : 11.0.1

Commentaires

| -

[7] Jgindre le code gui a provogqué le crash

=

["] Adresse e-mail au cas ol MI a besoin de vous contacter au sujet de cette erreur

abderrahmane.saad. 1995 @amail. com

Afficher le rapport ID du rapport @ adec21a2-c9f5-4245-bcd7-ef6e 2069c73e

Lire la politigue de confidentialité de Mational Instruments

[ Envoyer ] [Ne pas envoyer l [ Aide

Figure 4.15: Access violation crach

e Analog input mode (see Figure |4.16]):

Ufortunately, measuring analog signals with a data acquisition device is not
always as simple as wiring the signal source leads to the data acquisition de-
vice. Knowledge of the nature of the signal source, a suitable configuration of
the data acquisition device. A voltage source can be grouped into one of two
categories-grounded or ungrounded (floating). Similarly, a measurement system
can be grouped into one of two categories-grounded or ground-referenced, and
ungrounded (floating) [21].

— Grounded or Ground-Referenced Signal Source: a grounded source is one
in which the voltage signal is referenced to the building system ground.

— Ungrounded or Nonreferenced (Floating) Signal Source: a floating source is
a source in which the voltage signal is not referred to an absolute reference,
such as earth or building ground.

— Differential or Nonreferenced Measurement System:A differential, or non-
referenced, measurement system has neither of its inputs tied to a fixed
reference such as earth or building ground.
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13 RIC Device Setup 28
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Apply Settings ]

| Bt | | Hep |

Figure 4.16: Analog input mode

e Unwanted results sometimes take place if the complexity of the model is increased
mainly with the sampling rate which should be decreased if the complexity in-
creased to obtain accurate results.
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Conclusion

In this project, a Fault Detection Simulink model was tested using two different
techniques: “Simulation Interface toolkit and Veristand”. The two techniques allowed
for Simulink models to access NI 7851R FPGA-based card without using LabView. the
The first chapter provides a background about the NI 7851R series and an introduction
to different simulation environments with their properties. Whereas, the second and
third chapters discuss the working principle of the two used techniques. The case study
of Fault Detection was demonstrated in the last chapter by deploying its model using
the two methods and compare their results with that in Simulink scope. Moreover, the
differences between the two techniques are stated and discussed. The results obtained
show the importance of Hardware in the loop testing for real time simulation and give
preference to Veristand over Simulation Interface Toolkit because VeriStand is more
flexible, reliable and easy to use compared with SIT for deployment of this kind of
simulation. As further work, it is suggested to extend these techniques, deploy more
complex systems to test their limitations and try with a newer versions of software that
will provide more properties and features. In addition, These two techniques could be
tested on a real-time target such as CompactRIO targets. These approaches allow
model execution to happen on the target, not on the host computer.
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APPENDIX A.SIMULATION INTERFACE TOOLKIT

Appendix A.Simulation Interface Toolkit

Requirements and Installation:
Before the connection of Matlab with LabVIEW, all programs must be installed
correctly. Programs that have to be installed are:

The MathWorks MATLAB and The MathWorks Simulink R2010a (32-bit)
LabVIEW 2011 (32-bit)

LabVIEW Simulation Interface Toolkit (SIT) (32-bit)
Microsoft Visual Studio 2010

Microsoft Visual studio 2008 SP1

Microsoft Windows SDK for Windows 7 (7.1)
LabVIEW Real-Time Module

LabVIEW FPGA Module

LabVIEW FPGA Compile Farm

NI LabVIEW FPGA Xilinx 12.4 SP1 Tools

RIO drivers

Matlab, LabVIEW, SIT (C:\SimutlationInterfaceToolkit\) and Microsoft Vi-
sual Studio are installed by a standard way to the root directory (C:\).

The next step is the interconnection of these programs and their settings, in Matlab
the compiler is selected and Matlab is connected to the SIT.
Selecting the compiler is done by command mex -setup in Matlab shell as depicted in

Figure [I7

>»> mex —-setup
Please choose your compiler for building external interface (MEX) files:

Would you like mex to locate installed compilers [y]/n? y

Select a compiler:
[1] Lec-win32 C 2.4.1 in C:\R20loa‘\sys‘\lcc

[0] None

Compiler:

Figure 17: Compilers Menu

In our case we use Microsoft Visual studio 2010 , it can be seen from Figure 17| that
Microsoft Visual studio 2010 is not listed in the compilers Menu due to the incompat-
ibility of Matlab R2010a with Microsoft Visual Studio 2010 to solve this problem we
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decide to install a patch named VS2010MEXsupport alongside with Microsoft Windows
SDK for Windows 7 (7.1) and Visual Studio 2008 SP1 to fix the incompatibility issue.
Unzip the contents of the patch into your MATLAB installation. This can be done from
within MATLAB itself with the command: unzip(’path_to_zip_file’, matlabroot);
[22].

Now the patch is installed as in Figure [I§] execute the command mex -setup again
in Matlab shell Figure as shown in

L

> unzip('V52010MEXSupport.zip', matlabroot);
.>>|

Figure 18: The patch is installed

>» mex -—-setup
Flease choose your compiler for building external interface (MEX) files:

Would vou like mex to locate installed compilers [v]/n? v

Select a compiler:

[1] Lec—win32 C 2.4.1 in C:“\R20l0a\syslcc

[2] Microsoft Visual C++ 2010 in C:\Program Files (x86)\Microsoft Visual Studio 10.0
[3] Microsoft Visual C++ 2008 5P1 in C:\Program Files (x86)‘“Microsoft Visual Studio 9.0

[0] Hone

Figure 19: Visual studio 2010 appear on the list

Note: If you installed the MATLAB application software files as read-only, the
Simulation Interface Toolkit does not configure the SIT Server to start automatically
and the SignalProbe block does not appear in the Simulink Library Browser window.

To see these changes, add the following lines to the matlabrc.m file which is located
at C:\ProgramFiles\MATLAB\R2010b\toolbox\local\matlabrc.m. At the end of the
file we write what is in Figure [20]

cd C:hZSimulationInterfaceToolkit
NISIT_EddPathS;
NISITServer('start',&6011l);

Figure 20: The lines that must be added to matlabrc.m file

Note: you may have to run matlabrc.m as administrator to have the writing access.
The last change is in the directory of Simulation Interface Toolkit (SIT), in
C:\SimulationInterfaceToolkit\2010\ModelInterface\tmw\R2007b\ the version
is changed from SIT_VERSION=5.0 to current version in our case SIT_VERSION=2010.
Creating DLL file from Simulink model:
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S5IT: Added paths for Simmlation Interface Toolkit Version 2011
Starting the 5IT Server on port 6011
5IT Serwver started

Figure 21: SIT server is successfully connected to Matlab

Now everything is set and a Simulink model of our application can be created and
then converted into a DLL. If we can see the following text during start as in Figure [21],
the Matlab is set correctly [L1].

Running Simulink, the NI SIT Blocks Library must appear in the Simulink Library
browser like in Figure 22,  Simulink model must contain SignalProbe block and the

File Edit View Help

[ = = : Entersearchtsrm ~

Libraries Library: MI SIT Blocks | Search Results: (none) | Maost Frequently Used Blocks |
i~ W] Data Acquisition Toolbox .
+- I EDA Simulator Link SIT1 > SIT Int SIT1 ) SIT Cutt s | SignalProbe

+- I Embedded IDE Link

+E Fuzzy Logic Toolbox
+ﬂ Gauges Blockset

ﬂ Image Acquisition Toolbox
E Instrument Control Toolbox
- Tg| Model Predictive Control ..

E T

Figure 22: NI SIT Blocks Library

LabView is connected via inport and outport. Unconnected inports can be used for
monitoring waveforms in the processor of NI PCle-7851R. The DLL file and other files,
that are generated together, are needed for connecting to LabVIEW environment. This
interconnection provides Simulation interface toolbox. For the simulation to work prop-
erly, in Matlab Simulink from Tools — Real — TimeW orkshop — Options .. .select
Fixed-step as a type in Solver options as shown in Figure 23]

If we don’t want to run the model in VXworks OS in seperated execution host,
we need only DLL file which is generated by nid11.tlc. These files are generated in
Matlab Simulink. The different versions of Matlab Simulink may have different paths
to the generator.

In Matlab R2010b Simulink path is Tools — Real — Timeworkshop — Options
— Real — TvmeW orkshop where nid11.tlc is selected as System target file and then

we click on build as in Figure [24]
Connection of DLL file with LABVIEW:
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% Configuration Parameters: wv/Configuration (Active) - w -

Select: Simulation time
Start time: 0.0 Stop time: inf

- Data Import/Export

- Optimization Solver options

--Diagnostics
é""SampIe Time Type: ’Fixed—step v] Solver: [odel (Euler)
g-"-[:lata Validity Fixed-step size (fundamental sample time): 0.005
i~ Type Conversion

Figure 23: Configure fixed-step to run the simulation properly

% Configuration Parameters: wv/Configuration (Active) - - --- &l

Select: Target selection

~Solver System target file: | nidIl.tlc Browse.,

Data Import/Export
Optimization Language: C 'l
= Diagnostics auild
~Sample Time ERLEEE
Data Validity TLC options:
Type Conversion Makefile configuration
~Connectivity
-Compatibility Generate makefile J
Model Referencing Make command: make_rtw
Saving
. Template makefile: nidll_ve.tmf

+~Hardware Implementati...

+-Model Referencing

- Simulation Target Code Generation Advisor
Symbols

-Custom Code Select objective: [Unspecwﬁed v]

BReal-Time Workshop Check madel before generating code: [Dﬂ“ v] [ Check model ...
Report L4
Comments [7] Generate code only ‘ Build

Carmnbnle

Figure 24: Compiling and generating the DLL file

The first thing to know is what type of connections of DLL and LABVIEW and NI
R series will be needed, Here it is not needed to change the data sent or received from
the R series card which means that the Matlab model is in the form of DLLs, directly
connected to the input and output of the cards.

Creating a custom FPGA bitfile [23]

e Make a copy of the Sample FPGA VI and Projects:
For R series Devices:

1. Browse to “LabVIEW2011\vi.lib\addons\SimulationInterface
\_I0Types\Plugins\NI-FPGA\FPGAIOSource” directory.

2. Create a copy of “sitfpga 10.lvproj” and place this copy in this same direc-
tory as in Figure 25

3. Open this copy in LABVIEW.
4. Expand the My computer item in the project Explorer window.

5. Expand the PXI-7831R item in the Project Explorer window Figure [26]

This example project defines a PXI-7831R as the target, since PCle 7851R
is the target for this case, complete the following:
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clure dans la bibliothéque = Partager avec = Graver Mouveau dos
Mam . Madifié le
. FPGA Bitfiles 24/04/201912:11
5 FéCer gﬂ. SIT FPGA Check for Lateness.vi 21/02/201915:01
nts [ml SIT FPGA PWM In.vi 21/02/2019 15:01
[l SIT FPGA PWM Outuwi 21/02/201915:01
[l sit10 cRIOW 22/06/2011 01:41
[l sit10wi 24/04/201911:47
[l sit10_NLvi 05/03/2019 10:43
| sitfpga cRIO I0.aliases 22/06/2011 01:38
el sitfpga cRIO I0.vproj 22/06/2011 01:41
| sitfpga I0 - Copie.aliases 28/04/2019 11:35
|| sitfpga IO - Copie.lvips 24/04/201912:13
i} | [ sitfpga I0 - Copielvpraj 24/04/201912:13
|| sitfpga I0.aliases 22/06/2011 (01:38
(F1D  [& sitfpga I0.vpraj 22/06/2011 01:41

Figure 25: Make a copy of sitfpga 10.lvproj

= () Project: sitfpga I0.lvproj
=)

B i PHI-7831R
- [ Connector)

B[ Cennectorl

- [ Connector2

-G Pa

- [ Board YO

- #8840 MHz Onboard Clock
- [ml sit I0wi

G+ ' Dependencies

=3 '% Build Specifications
-2 Dependencies

'% Build Specifications

Figure 26: sitfpga 10.lvproj opened in LabVIEW

(a) Right click on the My computer item and select New » Targets
and Devices from the shortcut menu.

(b) Select Existing target or device » discover an existing target(s)
or device(s) » expand FPGA Target » R Series.

(c) Select RIOO (PClIe-7851R) as in Figure [27]

(d) In the Project Explorer window, click and drag sit 10.vi from the
PXI-7831R (PXI-7831R) target to the new target RIO0 (PCle-
7851R).

(e) Since PXI-7831R target has no use after, it can be deleted.

6. Double-click “sit 10.vi” in the Project Explorer window to open it.

7. Right-click FPGA Target (RIO, PCIe-7851R) » New » FPGA 1I/0
then add Available Resources to New FPGA I/0 as in Figure 28
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i3 Add Targets and Devices on My Computer P

Targets and Devices
(@ Existing target or device
@ Discover an existing target(s) or device(s)
Specify a target or device by IP address

() New target or device

Targets and Devices -
Eilﬂ FPGA Target
) R Series

&% & | RIOO (PCle-7851R)

lﬂ MXIe-RIO Chassis

Figure 27: Selecting RIO0 (PCle-7851R)

3 New FPGA O &
Available Resources New FPGA /O

- MName Resource -

Connectorl/AID ConnectorD/AID |E ‘

Connector)/AIL Connectord/AIL m
Connecter0/ALZ Connectord/AL
Connector)/AB Connectord/AR
Connector/AK Connectorl/Al4
Connector)/AIS Connectorl/ALS
= Connecter0/AlS Connector/AlG

Connector)/AI7 Connectord/AI7
E] Connector0/ADQ Connectord/ACD
Connector)/AOL Connectord/ACL
Connecter0/A02 Connector0/AO2
Connector)/AD3 Connectord/AQ3
Connector0/AD4 Connectord/AO4
Connector)/AOS Connectord/AQS
- Connector)/A06 Connectorl/AOB -
PR —T— 3 < 11 b

Place new [/Q in folders

[ QK I [Cancell [ Help I

Figure 28: Adding Available Resources to RIO0 (PCle-7851R)

8. Select File » Save As from the pull-down menu of the sit IO VI window.

9. Ensure the Substitute copy for original option is selected and click the
Continue button.

10. Rename the VI and save it to the
“LabVIEW2011\vi.lib\addons\SimulationInterface\_IOTypes\Plugins
\NI-FPGA\FPGAIOSource"directory.

11. Save the project by clicking the Save button in the Project Explorer
window, then the Project Explorer should be similar to what is in Figure

e Customize the FPGA VI:
The process of creating the custom FPGA VI differs depending on the hardware
devices you are using.
Refer to the FPGA Module documentation for information about creating FPGA
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=3 ff_gé, Project: sitfpga [0 - Copielvproj
= B

E+ 8 FPGA Target (RIO0, PCle-7851R)

B[ Connectord

.__l Connectorl

@[ Connector?

&-[J RTSI

B[ Board /O

- 3 40 MHz Onboard Clock

sit [

Dependencies

‘;_ Build Specifications

'::? Dependencies

% Build Specifications

=
Lomg
-]

=
.

Figure 29: SIT I0.vi in PCle-7871R target

VIs and Bitfiles for an FPGA target.

The default project defines the following FPGA I/0 items for the PXI-7831R
device: analog input channels 0-7, analog output channels 0-7, and digital lines
0-39 on both connectors 1 and 2 and digital line 0-15 on connector 0.

You can add or remove FPGA 1/0 items depending on the device and the needs
of the simulation.

So here for the PCle card which have different connectors and RTSI signals in-
stead of TRIG signals so FPGA 1/0 should be modified and TRIG signals should
be replaced by RTSI ones. “instruction and pictures about the process"
While creating or modifying the FPGA VI, pay attention to the following guide-
lines to ensure the SIT Connection Manager dialog box recognizes this FPGA
VL

— Do not modify, remove, or rename any objects in the gray areas of the
sample FPGA VL.

— As you create controls and indicators to represent FPGA 1/O connections,
do not begin the name of these new objects with an underscore or asterisk.

— National Instruments recommends that you start control names with Al for
analog in, AO for analog out, and so on.

e Compile the FPGA VI into a Bitfile.
Complete the following steps to compile the custom FPGA VI and create the
Bitfile.

1. Display the Project Explorer window.

2. Right-click the “sit 10.vi” in the tree and select Create build specifica-
tion as shown in Figure [30|

3. Expand build specification tree then Right-click the FPGA VI in the
tree and select Build from the shortcut menu to compile the FPGA VI
Figure 31, LabVIEW then creates a Bitfile for this VI.
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Ttems | Files |

= [l Project: sitfpga IO - Copie.lvproj
B B My Computer
=+ 5 FPGA Target (RIOO, PCIe-7851R)
& [ Cennectod
& [J Connectorl
& [ Connector2
[i-[J RTSI
& [ Board /O
i ¥ 40 MHz Onboard Clock

l_g,g', . Open
TE D
& +% B p ur-e... - _
_';i_" Depe Show in Files View Ctrl+E

'q.._ Build  print..

Run

Find 4

Create Build Specification

Launch C API Generator...

Download VI To Flash Memory...

Figure 30: Create build specification

But here the LABVIEW FPGA compile farm and LABVIEW Xilinx
12.4 SP1 build specification must be installed to compile it using local
compiler server as in Figure

4. Copy the resulting Bitfile to the
“labview\vi.lib\addons\SimulationInterface\_I0Types\Plugins
\NI-FPGA\FPGABitfiles’’ directory.

The compiler places the bitfile in a subdirectory, FPGA Bitfiles, relative to
the project file directory.

By default, the bitfile name is name of project name of FPGA VI .lvbitx
as in Figure 33|

5. Rename the bitfile according to the rules for naming custom bitfiles [24]
similar to Figure

Connection manager [25]

After the creation of the blank VI in LABVIEW we can create control and indicators
by which we want to control MATLAB model and display a variety of waveforms.
Connection is done using the SIT connection Manager by selecting Tools » SIT



APPENDIX A.SIMULATION INTERFACE TOOLKIT

E- @ Project: sitfpga IO - Copielvproj

2 B My Computer
E- 5 FPGA Target (RIOO, PCle-7851R)
- Connector

.
-
H

B[ Connectorl

& [ Connector?

E-[J RTSI

= [J Board /O

. ¥ 40 MHz Onboard Clack
b lml sitIOwi

qf Dependencies

B.

Build Specifications

oig
E‘(

*
.
E

[
g

Rebuild

Estimate Resource Usage
Check Signature

Generate Intermediate Files

Display Compilation Results

Download

Remove from Project

Properties

Figure 31: Build sit 10

FPGA Module

Compile Server

@) Use the local compile server
() Connect to a network compile server
Compile server name User name
Configure...
() Connect to LabVIEW FPGA Compile Cloud Service
User name

Configure...

Prompt to select a compile server for each compilation

Figure 32: Create build specification

-

Mom

|| sitfpgal0-Copie_FPGATarget_sitlD_36973E46 vbitx

Figure 33: Created bitfile

Connection Manager, this dialog box create mappings between a host VI, model
and certain Real-Time series hardware and generate block diagram code of the host VI
or driver VI. This dialog box includes the following components:

e Model and Host: shows options related to the model and the execution host
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. € Program Files (x86) » Mational Instruments » LabVIEW 2011 » wvilib » addons

- Inclure dans la bibliothéque - Partager avec Graver Nouveau dos
MNem . Meadifié le
au || sitfpga cRIO-9103 IO Ivbit 22/06/2011 01:12
lacements récer | | sitfpga PCI-TB11R I0.Ivbit 22/06/2011 01:12
hargements || sitfpga PCI-7813R 10 Ivbit 22/06/2011 01:12
|| sitfpga PCI-7831R IO Ivbit 22/06/2011 01:12
héques || sitfpga PCI-7833R 10.Ivbit 22/06/2011 01:12
Iments || sitfpga PCle-7851R 10 Whitx 24/04/201912:11
|es || sitfpga PXI-7811R I0.Ivbit 22/06/2011 01:12
que || sitfpga PXI-7813R I0.Ivbit 22/06/2011 01:12
b1 || sitfpga PXI-7831R I0.Ivbit 22/06/2011 01:12
|| sitfpga PXI-7833R I0.Ivbit 22/06/2011 01:12
teur || sitfpga PXI-7841R 10 Ivbit 22/06/2011 01:12
lows 7 (C:) || sitfpga PXI-7842R 10 Ivbit 22/06/2011 01:12
3l (D:) || sitfpga PXI-7T851R I0.Ivbit 22/06/2011 01:12
wrde CO(R)D || sitfpga PXI-T852R I0.vbit 22/06/2011 01:12

Figure 34: Final bitfile

— Execution Host: Use this section to specify the location of the SIT Server.

1.

6.

Simulation Environment: specifies that the SIT Server is running on
a non-RT target.

Simulation IP Address: specifies the IP address of the computer on
which the SIT Server is running.

. Real-Time Target: specifies that the SIT Server is running on an RT

target.

. Driver VI on Localhost: specifies that the SIT server is running in a

driver VI on the local machine.

. Target: specifies the IP address of the RT target on which the simu-

lation is running.

Port: specifies the port on which the SIT Server is running.

— Current Model or Current Model DLL: allows you to select a model resource

file.

— Project Directory: specifies where the Simulation Interface Toolkit stores
files such as data logging configurations, replay configurations, and the
driver VI.

e Mappings: Use this page to configure mappings between host VI controls/indi-
cators and model parameters/signals.
Here we should follow a valid mapping [26].

e Data Logging: use this page to configure data logging options for the simulation.

e File Playback: use this page to configure file playback options for the simulation.
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Hardware I/O: use this page to configure mappings between RT Series hardware
and a model DLL.

Simple case study ‘“sine wave model”

% Configuration Parameters: wv/Configuration (Active)

Consider the Simulink model in Figure

lIlJ-Hl. B
- NELD

SIT Cutl

Sine Wave

W

Scope

SignalProbe

SignalProbe

Figure 35: Sinwave Simulink model

Configure the communication between Simulink and SIT:

From the menu bar select Simulation » Configuration Parameters to launch
the Simulation Parameter dialog box, make simulation Fixed-step and set Stop
time to inf on Solver category as in Figure [36|

Select: Simulation time
Start time: 0.0 Stop time: |inf

- Data Import/Export

-~ Optimization Solver options

—-Diagnostics
E""Sample Time Type: ’Fixed-step v] Salver: [odel (Euler)
E""Data Validity Fixed-step size (fundamental sample time): 0.003
i~ Type Conversion

Figure 36: Set fixed-step as a type of sampling

Select the Real-Time Workshop tab, click Browse button to launch the Sys-
tem Target File Browser dialog box and select nidll.tlc from the list as shown
in Figure [37

Click the Build button in the Category section to begin building the model
DLL. The following message in the MATLAB command window indicates that
Real-Time Workshop has completed building the model DLL.

###Successful completion of Real-Time Workshop build procedure for model: ModelName
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% Configuration Parameters: wv/Configuration [Active) - - (S|
Select: Target selection B
- Salver System target file: | nidll.tlc | Browse,
- Data Import/Export |

- Optimization Language: c -]
-I-Diagnostics Build
; uild process
r-Sample Time P
Data Validity TLC options:
Type Conversion Makefile configuration
Connectivity
Compatibility /| Generate makefile 3
~Model Referencing Make command: make_rtw
- Saving _
) Template makefile: nidll_ve.tmf
- Hardware Implementati...
-Model Referencing
—--S!mulation Target Code Generation Advisor
- Symbols o -
‘. Custom Code Select objective: |UnspeC|ﬂed v|
= : Check model before generating code: |Oﬂ’ v| | Check model ...
~Report
Comments Generate code only | Build
Crermnhanle

Figure 37: Building the DLL file

e Creating the Front Panel of the Host VI: Complete the following steps to create
the front panel of the host VI for the sinewave model:

1. Launch LABVIEW and create new blank VI.

2. Add a waveform chart indicator to the front panel and label the indicator
Sine Wave. The front panel of the host VI resembles the following Figure 38|

Sine Wave Sum:l m

Amplitude

Time

Figure 38: LabVIEW sinwave VI

e Executing sine wave model DLL on a Windows Computer [7]:
Complete the following steps to execute a model DLL on a Windows computer:

1. From the menu bar of the VI select Tools » SIT Connection Manager
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2. In the Model and Host section:

— Select the Driver VI on Localhost option and port 6011.
— Specify Current Model DLL and Project directory in Figure [39]

Categol
: Medel and Host: Execution Host
Mappings
H Data Logging () Simulation Environment Target
File Playback Localhost | 5 Ch
)—;:rd\::r:LfO () Real-Time Target | | 4~nange
Dot
@) Driver VI on Localhost
2 6011 lzll
Current Model DLL
Ch\SimulationlnterfaceToolkitwy_nidi_ttwiwv.dil |
Project Directory
[ Dy | |

Figure 39: Set fixed-step as a type of sampling

3. In Mappings map indicator Sine Wave to Sum1 parameter Figure [0

3 oo - e S =

Category

Client Settings
¢ Model and Host Signal Decimation
Autoscale Controls 1 El
Data Logging ) .
File Playback [ Halt Simulation on Data Loss
s Hardware /'O .
Current Mappings
Type Label Mapped Parameter/Signal -

Figure 40: Create mappings

4. Click the Hardware I/O tab then Configure HW I/O as in Figure [11]

5. In the Configure HW 1/0 dialog box, complete the following steps to
configure mappings between an FPGA target and a model DLL.

(a) Right-click the IP address or target name in the Device Tree and
select Add Device » NI-FPGA as shown Figure [42].

(b) Configure the NI-FPGA target [27] by checking Select from found
devices which displays any FPGA targets available on the RT target
and the bitfile will be specified if correctly follow how to create and
name bitfile Figure as in 43
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Category .
e Model and Host Hardware Mappings

- Mappings Type Device Hardware Input/Qutput Muadel Input/Qutput -
Data Logging
File Playback

I
<« [m] 3

Force Rebuild of Driver VI l Buffer Settings... ] l Configure HW 1/0... ]

[ ok |[ cance | [ Help |

Figure 41: Configure HW 1/0

e
File Edt View Project Operate Tools Window Help D

b |m|=[8]32[@] | {3 s connection Mansoer - testui

10 Mappings
Type

@D\

[H Bpot.. | [5 impor.. [0 ) [Concel ] [ el ] |

Figure 42: Add FPGA Target

(c) Select the appropriate signal pairs in the Device Tree and the Model
Tree here we map AO1 to Suml and click the Add button as shown
in Figure [44]

(d) Click the OK button to exit the Configure HW I/0 Mappings
dialog box.
The newly defined mappings appear in the Hardware Mappings
table of the Hardware I/0 page in the SIT Connection Manager
as in Figure [45]
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{3 NI-FPGA Property Dialog X

FPGA Target Gptiﬂ.n;

Select an available FPGA Interface and a FPGA bitfile to use with that interface.

@ Select from Found Devices
FPGA Target

RIOO - PCle-7851R =]

) Manually Specify

Device Mame Device Type
RICO ~| | Pu-7831R -
FPGA Bitfile
sitfpga PCle-7851R 10.Ivbit (]

Group Channels by Type

l oK ] [ Cancel ] [ Help ]

Figure 43: Select the FPGA target and FPGA Bitfile

b Configure HW /O Mappings E=NRe X |
Device Tree - Model Tree -
Eed Localhest | e Model Cutputs

= @ RIOO

HE3 Analog Input
03 Analeg Output
3 Digital Input
#E3 Digital Qutput
3 PWM Input
3 PWM Output

Remove + Add
10 Mappings
Type Device Mame Device Channel Meodel Input/Output -

Figure 44: The FPGA target is added

(e) Click the OK button to exit the SIT Connection Manager and
rebuild the host VI with the new mappings.

6. Click the Build Model Files button to generate the driver VI. The Lab-
VIEW Simulation Interface Toolkit places the driver VI, <ModelName> _driver.vi,
in the same directory as the model DLL you specified, as in Figure [46]
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{3 Configure HW /O Mappings G=NRCN_~ |
g Pping:
Device Tree - Model Tree -
=iz Localhost N - Model Outputs
9., RIOO o

&3 Analog Input
=/E3 Analog Output

oo =
AO1 1
AO2
AD3
A4
ADS | 4
ADG
o ADT
[#C3 Digital Input - -
Remaove + Add
10 Mappings
Type Device Name Device Channel Model Input/Qutput -
Output RICO ADD (1) "SIT Qutl”
Figure 45: Add IO Mapping
Nom Modifié le Type Taille
[ o] testvi 29/04/2019 16:22 LabVIEW Instrume... 83 Ko
El wv.midl 28/04/2019 11:44 Simulink Model 23 Ko
| ww.sithweonfig 07/05/2019 13:33 Fichier SITHWCO... 1Ke
| ww_Driver.aliases 07/05/201913:33 Fichier ALIASES 1Ko
[l wn_Driver.vproj 07/05/201913:33 LabVIEW Project 9 Ko
|;§ w_Driverwvi 28/0472019 11:45 LabVIEW Instrume... 28 Ko
EQ. w_10.lb 28/04/2019 12:03 LabVIEW LLE 509 Ko

Figure 46: Driver VI appear in the same directory as the model DLL

7. Close the simulation environment or manually stop the SIT Server by echo-
ing the following command NISITServer(’stop’) in Matlab command line
as in Figure [A7} also, ensure that no other driver VIs are running on the
Windows computer. If you do not stop the SIT Server before continuing,
LabVIEW returns an error when you try to run the VlIs.

»» NISITSexrver('stop')
Shutting down the 5IT Server
5IT Sexwver stopped

> |

Figure 47: Stop the SIT server port 6011

8. Open and run the driver VIas in Figure [48|

9. Open and run the host VI,as shown Figure [49

10. From the oscilloscope as seen in Figure
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File Edit View Project Operate Tools Window Help
|q> |{§}| E ‘ 15pt Application Font |« ||3;|' ”-Fl]T:.' ”g' |

Model Settings | Advanced System Scheduling

Model DLL path
ChSimulationInterfaceT oolkitww_nidll_rbw\ww.* | =]

Server Control
/| Start Server? port
o 6011
4| Wait for Start Command

Buffer Sizes Stop time (sec)
number of signals =] -1,000 error out
v

50 status  code
circular buffer size
& 0

IlOOCI
source

num data points

IlOO

Figure 48: The Driver VI

Sine Wave Sum:1 m

Amplitude

Time

Figure 49: The host VI is running

Appendix B.NI Veristand

Requirements and Installation:
The computer on which you develop an NI VeriStand project might be different

from the host computer in the system. The development computer contains the NI
VeriStand software. To extend the functionality of NI VeriStand, you might also use
the following NI products on the development computer [16]:
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4+ Chi Freq

318.5mHz

Figure 50: Sinewave in oscilloscope

e LabVIEW Development System: If you want to create custom devices,
workspace controls/indicators, timing devices, and/or Tools menu utilities, you
need the LabVIEW Development System.

o LabVIEW Real-Time Module: You need this module to use RT functions in
custom device VlIs.

e LabVIEW FPGA Module: If you add a National Instruments FPGA target
to a project, it must have an associated FPGA bitfile. NI VeriStand provides
FPGA bitfiles for certain FPGA devices. If you want to customize these FPGA
bitfiles or create a custom FPGA bitfile for another FPGA target, you need the
FPGA Module.

In this project NI VeriStand 2013 SP1 is used, to make sure everything will work
properly, before the connection of Matlab with Veristand, all the following programs
must be installed correctly:

e MATLAB and Simulink R2010a (32-bit)

LabVIEW 2011 (32-bit)
Veristand 2013 SP1

Microsoft Visual Studio 2010
Microsoft Visual studio 2008 SP1

e Microsoft Windows SDK for Windows 7 (7.1)
e LabVIEW Real-Time Module

e LabVIEW FPGA Module

e LabVIEW FPGA Compile Farm
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e NI LabVIEW FPGA Xilinx 12.4 SP1 Tools
e RIO drivers

The next step is to ensure that you have the correct compiler since it is needed to create
a compiled model that runs on Windows, the compiler is Microsoft Visual studio 2010.
For other RT targets and real-time operating system (RTOS) that each runs refer to
Real-Time Controllers and Real-Time Operating System Compatibility [28§].
Migrating Simulation Interface Toolkit Applications to Veris-
tand and creating DLL file:

The process for building a Simulink DLL model that has been followed in Appendix
A, remains the same for NI VeriStand Environment with some changes highlighted here
in this section. Migrating Models:
After the installation of NI Veristand 2013 SP1, replace any SIT input and output
blocks in the Simulink model with NI VeriStand input and output blocks.
The needed blocks are located in the NI VeriStand Blocks simulink library as can be
seen in Figure |51}

E Simulink Library Browser ==X
File Edit View Help
[ =  » Entersearchterm - % L’%T

Libraries Library. NI'VeriStand Blocks | Search Results: (nong) Most Fr| 4 1»
+1- W] EDA Simulator Link ~

: ) ; NlVeriStand

+ﬂ Embedded IDE Link NI In1 NiVeriStand In1 NLOutl)

+E Fuzzy Logic Toolbox
+E Gauges Blockset NiVeriStandSig-
E Ima ge Acquisition Toolbox nalProbe

E Instrument Control Toolbox
E Model Predictive Control Too...
£ 18] NI ST Blocks

+E Neural Metwork Toolbox

- 1| OPC Toolbox

Figure 51: NI VeriStand Blocks Library

The Simulink model should be similar to that in Figure 52}

ﬁu ’@

MIVeriStand Cut1

Sine Wave

NIVeriStandSignal Probe

NIVeriStandSignal Probe

Figure 52: Sinewave Simulink Model that can be connected to VeriStand
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Build the Compiled Model in Simulink: After setting up and selecting the needed
compiler and creating the simulink model, assure the selection of appropriate settings
to compile the model by following these steps:

1. Select Simulation — Con figurationParameters to launch the Model Configu-
ration Parameters dialog box.

2. Click the Solver tab and configure the following options:
e Stop time: inf
e Type: Fixed-step

e Solver: discrete (no continuous states)

3. Click the Real-Time Workshop tab(see Figure .

% Configuration Parameters: Faultanalysis3phase/Configuration (Active) @
Select: Target selection -
- Solver :
System target file: | NIVeriStand.tlc -Browse...
Data Import/Export -
~Qptimization Language: c ']
~Diagnostics Description: NI VeriStand Real-Time Target for Release 2007b or later
- Sample Time
" Data Validity Build process
E"'TYF'F-' Conversion TLC options: =
& Connect
onnectivicy Makefile configuration
i Compatibility
i Madel Referencing Generate makefile
- Saving Make command: make_rtw
~Hardware Implementation
Template makefile: NIVeriStand_ve.tmf

~Model Referencing
~-Simulation Target
E---Symbols

" Custom Code
=N Select objective: [Unspemﬁed v]
Report
E---Comments

& Symbals
E---Custom Code
é Debug

Code Generation Advisor

Check model before generating code: lOFF v] [ Check model ...

[7] Generate code only Build

Figure 53: Real-Time Workshop window

4. Click the Browse button to launch the System Target File Browser dialog box

5. Select the correct option for your target from the list for this case (Windows)
select NIVeriStand.tlc-NI Real-Time Target for other RTOS.
Note: If the appropriate .tlc is not visible, the MATLAB software files might be
read-only, and the NI VEriStand installer is not able to provide this option. To
display the option, add the following lines to the matlabrc.m file, a file that is
installed by the MATLAB software:
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addpath ( ’X:\ VeriStand ’);

NIVeriStandAddPaths;

where X is the drive letter on which you installed the NI VeriStand Model Frame-

work.

6. Click the OK button.

7. Click the Build button in the Category section to begin building the compiled

model.

The MATLAB software command window displays the status of the build process.
The following message in the MATLAB command window indicates that the
Simulink Coder software has completed building the compiled model.

### Successful completion of build procedure for model: ModelName

Connection of DLL file with Veristand:

At minimum, an NI VeriStand project consists of the following files that you use to
configure, deploy, and interact with your system [10]:

e One project file (.nivsproj)

e One system definition file (.nivssdf)

e One screen file (.nivsscreen)

Now that everything is set from configuring Mathworks Matlab and creating the DLL
model that VeriStand support, the next step is to connect the model to the
VeriStand through the following:

1. Run VeriSTAND 2013 and create a new project(named veri.nivsproj in our case)

see Figure [54}

2. From Project Explorer open the System Definition File(veri.nivssdf) see Figure

b%

3. From Targets in System Explorer select Controller as demonstrated in Figure [56]

File Edit Tools Help

| %

X

# B

f:g Hardware Discovery Wizard

E|‘ weri
= %3 Targets

- 1] C.ontmllel

#q Ahases
4 Scales
=3 System Mappings
» Data Sharing Network
W3 System Initialization

Target Specification

Name Operating System IP Address

Controller Windows m I\cca\hczt I
PharLap
ViWorks

Processor Assignments
Primary Control Loop mode  Processor Tata Frocessmyg toopmede  Processor
Automatic E‘ -2 Automatic Iz‘ -2

Figure 56: Selecting Operating System and IP Address

Select Windows as an Operating System and localhost(127.0.0.0) as an IP Address
because the device is in the same development system.
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B Project Explorer - verinivsproj E@g

File Edit Operate Tools Help

H | i b [ Bele | 4 | B
Y verinivsoro,
EI% Systern Definition File
weri.nivssdf

o Services

8% Profiles
Calibration
ﬁ; Alarm Responses

) Custom Files
g‘ﬂ'g Dependencies

Figure 54: VeriStand Project Explorer

L st s e

File Edit Tools Help

e o

=]

Target: H
S T e sttem Exelorer Window

A3 Aliases Use this window to create and/or modify a system definition file
a4 Scales remaving, and modifying aptions in the configuration tree, locat
== System Mappings Uszing the System Explorer window, you can define various cc
¥ Data Sharing MNebwork calculated channels, hardware 1/Q, system mappings, procedur
Wiy Uata shanng Networ channels, and some VeriStand Engine execution settings.
W3 Systern Initialization

Figure 55: System Definition file

4. In the same window, set the Target rate to a frequency equivalent to the model
sample time you choose in Solver tab in Simulink,in this simple case study, the
target rate is set to 200 Hz which is equivalent to 0.005 sample time in Simulink

Solver tab,as it can be seen in Figure

Timing Source Settings

Primary Contrel Loop timing scurce
Automatic Timing IE‘

Target Rate Timing Source Timeout

I 120 e

Figure 57: Add FPGA target using Hardware Discovery Wizard

The target rate is related to sample time through the following equation:

TargetRate = 1/SampleTime
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Where:
TargetRate is corresponding to the Target rate in VeriStand and SampleTime is
corresponding to the fundamental sample time in Solver tab in Simulink.

. Expand Controller — Hardware and Select FPGA then Add FPGA target using
Hardware Discovery Wizard,as shown in Figures 5§ and [59}

File Edit Teols Help
;'lﬂ 6 H it # E ﬂ Hardware Discovery Wizard @ Add FPGA Target
B. veri
=% Targets
= (2 Controller I=I:’G‘A—
| = B= Hardware FPGA contains any NI FPGA targets you add.
= & Chassis
DAQ . What do you want to do?
o L'ata Sharing
1 FPGA| Add an NI FPGA target
[+l 4t NI-ANET To add an NI FPGA target, click the Add FPGA Targe

Figure 58: Add FPGA target using Hardware Discovery Wizard

The wizard starts searching for FPGA devices in the localhost(the IP Address
set in Controller window before), it should find the FPGA device connected to
the PC.if it is correctly installed.

Launching Hardware Discovery Wizard Description:

Finished finding all supported hardware in the system. This page shows tl
for suppeorted harc

Click Next to continue, connected targets

Green means the ¢
hardware is compl

rHardwareT)rpe IP Address Status | # Devices Found

FPGA localhost 1

Figure 59: Hardware Discovery Wizard discovers the FPGA device

Then follow the handy instructions to add the detected FPGA device to the
System Definition file which is in this simple case study (RI00).

. Select your FPGA Target(RI00) and from FPGA Configuration (see Figure [60)),
select the corresponding FPGA bitfile. If you cannot find your device bitfile,
you can create your own device bitfile and its accompanying FPGA configuration
file.Refer to Creating a Custom FPGA Bitfile [29] and Creating a Custom FPGA
Configuration File [30] on how to do it.
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File Edit Tools Help

@EH| DX | AaBEA | &
= gl veri Device Specification
Q%Targets
=zt Controller Name
= Harduare
Ch
E‘ E;:é Description

= Data Sharing

B NXNET

&8 Timing and Sync

&) Custom Devices RIO device address Chassis
Simulation Models | RIOO Iz“ | Chassis Iz“
User Channels
x Calculate annels onfiguration
Jr Calculated Ch | FPGA Config i
Stirmul
4 Stimulus Path
Q} Alarms
Procedures C:\Users\Public\Documents\National Instruments\NI VeriStand 2003\FPGA\ | | 32
¥MET Datzbases PCle-7851R Analog, PWM, Digital Lines.fpgaconfig
+? System Channels
A5 Aliases o
4.4 Scales

=¥ Sustern Mabbinas

Figure 60: FPGA Configuration

7. After configuring the device in NI VeriStand, the next step is to add a model
that had been created previously and map it to hardware.

(a) Add a model to the System Definition file by right-clicking Simulation
Models— Models from System Explorer then add model,(see Figure .

File Edit Tools Help
BEH| x DO X | #ABEA
= gl veri

B% Targets
1z Controller
B= Hardware
f9 Custom Devices
Bm Simulation Models
@ Execution Order
Madels|
'w User Chan
Fr Calculates
4o Stimulus

Add Simulation Meodel

Delete Multiple Models

Figure 61: Add a model

(b) Browse to the compiled model DLL created before. When you select your
model’s path you can observe the model rate in the Simulation info (see
Figure, this model rate should be identical to the Target rate seen before
to run your model properly.
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Path
C\SimulationInterfaceToolkit\sd_niVeriStand_rbwzd.dll I

NI VeriStand Maodel Simulation Server port

Simulation model info

IModeI rate: 200 HZI -

Figure 62: Browse a model

(c) After the model is added successfully, click configure mappings in tools
menu, see Figure

A5t e E——

File Edit Tools Help

BoHE| XDDOX |

=1 gl veri Configure Mappings|i &8 E
B%Targets

Figure 63: Select System mappings

(d) Connect from the model the NIVeriStand Outl as a Source to AO1 as a
Destination hardware analog port as shown in Figure [64]

A System Configuration Mappings E‘&g
-
W S !
Network
| Controller E“
Sources Destinations
|5€3.:,‘ ‘fff':"l
| & 2 Controller 4 1) Controller |« |
Il [ B® Hardware 4 BB Hardware
| 4 g Simulation Models 4 & Chassis
I 4 gl Models 4 EFrGA
| 4 o g < {5 RICO
| I+ 3 Execution 4 [ Output 3
I 4 5 4 [ Analog i
| ; NIVeriStand Qutl I ="Aoo
I 32 System Channels
N 7 A02
| 3™ A03
N A04 B
™ A0S
i ™ A08
o ¥ a07 -
|| Mappings
| [ Source Destination -
MNIVeriStand Qutl [Contro\ler,f...u\_at\oﬂ Models/Models/sd/Outports/] AOL [Contro\IeerlrdwarefChassis/FPg
i

Sortby: () Full Path @ Channel Name

|-x-Dis(onr1ect|

| ok | [ cancat | [ Hep |

Figure 64: Connect Mappings
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(e) The mapping created should appear in the System mappings as can be seen

in Figure [65}
System Mappings
Source [lestination -

MIVeriStand COutl [Controller/...ulation Models/Models/sd/C AOL [ControlIer.fHardwarefChassisfFPGNRIOﬂfOutputhnaluI

Figure 65: mapping added successfully

8. From the project Explorer deploy then run your project by clicking RUN com-
mand as shown in Figure [66}

K4 Project Explorer - veri.nivsproj E@g

File Edit Operate Tools Help

W% < I[»] %t | &
EliY) verinivsproj
EI% Systern Definition File

veri.nivssdf

[ ok Services

25| Profiles
Calibration
ﬁ; Alarm Responses

# Custorn Files
g‘a‘g Dependencies

Figure 66: Run the project
Note: To deploy a system definition file to an RT target, you must first download
support files for NI VeriStand to the target.

9. VeriStand starts automatically the deployment process of the System Definition
file to the hardware as depicted in Figure [67}
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&4 Running Project 2

Running Project CA\Users\Public\Documents\Mational Instruments\NI VeriStand 2013\
Projects\weri\veri.nivsproj

VeriStand Gateway Status

= FrEparing to depioy TNE 3ySTEM LIETINMION T TNE Targets...
= Compiling the Systermn Definition file...

= Starting VeriStand PC Engines...

= Initializing TCP subsystem...

= Starting TCP Loops...

= Connection established with target Controller.

= Sending reset command to all targets...

= Preparing to deploy files to the targets...

= Starting deployment group 1...

» Target Controller is online.

= Deployment group 1 is ready.

= Preparing to synchronize with targets..

= Querying the active Systemn Definition file from the targets...
= Target synchronization complete,

m

Systern Definition successfully deployed. i

[] Close on successful deployment Close

Figure 67: Deployment process of the System Definition file

As can be seen from Figure [67, The System Definition is successfully deployed
to the hardware(RIO0 FPGA target),By clicking Close button an interesting
window will pop-up and this is the discussion of next subsection.

Customize The Workspace:

After Running the project a blank workspace appear automatically, to see and analyze
the results, it should be edited by adding graphs,simulation control panel and other
tools if needed, this can be done through the following:

1. Enter the edit mode, so you can have privileges to edit the workspace, see Figure

()
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& Workspace - veri

File Teols BEEESN View Window Help
|  Edit Mode Ctrl+M =

- (=

Manage Items...

Refresh Screen Ctrl+R
Add Screen...

LYEIETE SCTEEN

Screen Properties...

Figure 68: Switch to edit mode

2. Open the WorkSpace Controls panel from the right side of the screen, see Figure

69

File Teols Screen View Window Help
- | |- Screen E‘ 1 of 1
(o]

E

E

o

L]

]

o

£

o

=

Figure 69: Show WorkSpace Controls

3. Drag a simple Graph to the screen as shown in Figure [70

B Workspace - veri

File Tools Screen View Window Help

= | | Screen E

Workspace Controls

Aute
Boolean Control
Boolean Indicator
Decoration
Graph

FFT

Waveform
Logging
Model

ols

I

Workspace Contr
DEEEBE

®H®

Figure 70: Simple Graph type

4. A window pop-up to select and configure channels for the graph as shown in
Figure [71] expand the project to the channel that you want to add to the graph,
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then add arrow.you can add as much channels as you want to see them in the
same graph.

F - - - - - -
E Graph Channel Selection u
General Format & Precision
Graph Title: Plot Area Background Color  Stream Rate: UDP Buffer Size: Histery Length: Update Rate:
Graph | | 100 Hz — 8192 bytes |5 10,0 sec -~ 5Hz lz‘
Allow Resize?
1 E Legend Text Variable -
— .@. AOL Targetsu"ControHen"Hardware."Cha;sisfFPGNRlOOI
4 i Chassis ‘
a4 §§ FPGA
4 EERICO
I 3 Input [
4 [ Output
4 [ Anzlog
800 ®
L A02
M A03 !
YN AD4 5
#
™ AO5 :
A0S
M A07
I & Digital
I £ PM
4 g Simulation Models
4 i Models m
I oo sd - e
|_ox | [ conce

Figure 71: Adding channels

5. You can drag Model Control to the screen, in order to control the simulation and
track it, you can do that by:

(a) Drag the Model Control from the WorkSpace Controls to the screen as
seen in Figure [72}

E Auto
S Boolean Control
u Boolean Indicator
E— Decoration
+ B Graph
= FFT
Simple
Waveform
Logging
= Model
Model Calibration Control

Figure 72: Model Control

(b) Choose your model from the pop-up window, see Figure
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i Item Properties

4 g ver
4 G4 Targels
4 ) Controller
4 gij Simulation Models
4 g Models

ox

[ Cancel ]

Figure 73: Choosing the model

6. After setting everything described previously, you can see the sinewave generated
from the Simulink Model whose values depicted in Figure [74}

NIVeriStand Cut1

Sine Wave

NIVeriStandSignalProbe

NIVeriStandSignalProbe

Amplitude:

2

Bias:

0

Frequency (rad/sec):
.28

Phase (rad):
0

Figure 74: sinewave values in Simulink Model

The frequency 6.28 rad/sec is equivalent to 1 Hz.
The generated Simulink sinewave appear in the graph as can be seen in Figure
and also appear in the Oscilloscope as shown in Figure [76]
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Controller/sd

B (m) e

Model running...

Graph |?|
1- [ Hod |
Autoscale X
0- |F| -
| Once |

Autoscale Y
-

Ju—]
00:02:51 00:02:54 00:02:56 00:02:58 00:03:0000:03:01 |i|
-_@Jﬂ{ | Once |

= Data Lost

Figure 75: sinewave generated from Simulink Model appear in graph

—more—
10f6

High—Low
3

Select Remove Gating etup Reference lndic?ftors

Measrmnt | ‘
for Ch2 | Measrmnt Off Auto | Levels O

Figure 76: sinewave generated from Simulink Model in Oscilloscope
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