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1Introduction

In this Tutorial we will learn how to create DAQ (Data Acquisition) applications in Visual
Studio and C#. We will use a USB-6008 DAQ device from National Instruments as an
example. In order to use DAQ devices from National Instruments in C# and Visual Studio we
need to NI-DAQmx driver provides by National Instruments. As part of this installation you
can install a .NET API. We will use this API to create a simple DAQ application. In addition, we
will use Measurement Studio which is an add-on to Visual Studio which makes it easier to
create more advanced DAQ applications.

In this Tutorial we end up with a control application. We will send and read data to a DAQ
device, and we will create our own discrete PID controller, low-pass filter and a discrete
model of our system. We will also read and write data to an OPC server.

You will find this document and lots of other information in the following web site:

https://www.halvorsen.blog/documents/programming/csharp/

1.1 Visual Studio

Microsoft Visual Studio is an integrated development environment (IDE) from Microsoft. It
can be used to develop console and graphical user interface applications along with
Windows Forms applications, web sites, web applications, and web services in both native
code together with managed code for all platforms supported by Microsoft Windows,
Windows Phone, Windows CE, .NET Framework, .NET Compact Framework and Microsoft
Silverlight.

For more information about Visual Studio and C#, visit the following web page:

https://www.halvorsen.blog/documents/programming/csharp/

Below we see the integrated development environment (IDE) in Visual Studio:
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= y S . Type: Visual C#
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= A project for creating an application with a
~c# Windows Forms user interface
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# Office
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Measurement Studio -
Reporting < cﬂ Class Library Visual C#
# sharePoint
Sitverlight WPF Browser Application Visual C#
Test
WCF cﬁ Empty Project Visual C#
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‘f Other Languages ch|  windows Service Visual C#
[# Other Project Types i
@
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Modeling Projects —J
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| WPF User Control Library Visual C#
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1.2 DAQ Hardware

In this Tutorial we will use different hardware available from National Instruments as
examples:

Tutorial: Data Acquisition in C#
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e TC-01 Thermocouple device
e USB-6008 DAQ Device
e MyDAQ

1.2.1 NI USB TC-01 Thermocouple Device

Below we see the NI USB-TCO1 Thermocouple Measurement device.

We will give code examples of how to use this device in C#. Since this is a DAQmx supported
device from National Instruments, the programing structure will be the same as for NI USB-
6008.

1.2.2 NI USB-6008 DAQ Device

NI USB-6008 is a simple and low-cost multifunction I/O device from National Instruments.
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The device has the following specifications:

e 8 analog inputs (12-bit, 10 kS/s)

e 2 analog outputs (12-bit, 150 S/s)

e 12 digital I/O

e USB connection, No extra power-supply neeeded

e Compatible with LabVIEW, LabWindows/CVI, and Measurement Studio for Visual
Studio .NET

e NI-DAQmx driver software

The NI USB-6008 is well suited for education purposes due to its small size and easy USB
connection.

1.2.3 myDAQ

NI myDAQ is a simple and intuitive DAQ device from National Instruments. NI myDAQ have
Analog Inputs (Al), Analog Outputs (AO), Digital Inputs (DI) and Digital Outputs (DO).

NATIONAL E»
INSTRUMENTS )

NI eyDAQ !L
A 2

e

= ]
e &
o L2
oF

IS

R

t..

L }

H

4@

1@

Specifications:

e Two Differential Analog Input and Analog Output Channels (200 ks/s, 16 bit, +/- 10
Volts)

e Eight Digital Input and Digital Output Lines (3.3 Volt TTL-Compatible)

e +5,+15, and -15 Volt Power Supply Outputs (up to 500m Watts of Power)

e 60 Volt Digital Multimeter (DMM) for Measuring Voltage, Current, and Resistance

In addition to traditional I/O, the myDAQ have a built-in Digital Multimeter. The myDAQ can
also be used as a Power Supply. Using the built-in software the myDAQ can also be used as
an Oscilloscope and Function Generator.

Tutorial: Data Acquisition in C#
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When you plug in the device in the USB connection on your PC, the following will pop-up
automatically (NI ELVISmx Instrument Launcher):

=# NI ELVISmx Instrument Launcher o] @ @
DMM Sae FGEN VPS Bode DSA ARB Dlg_In Dig_Out Imped | 2-Wire | 3-Wire

| Featured Instruments | Resources I My Files | -

Note! You need to install the NI ELVISmx driver software first

If you click on the DMM button, the built-in Digital Multimeter will appear:

{3 igital Multimeter - NI ELVISmx o] @ =

] v~ [ 4= [ o >
Mode Banana Jack Connections
Specify Range E]
Range
60V [+] 900
HI_COM HI
Null Offset
Device Acquisition Mode
Dev1 (NI myDAQ) (] Run Continuously ||
Run Stop Help
» (= ][9]

1.3 NI DAQmx driver

National Instruments provides a native .NET API for NI-DAQmx. This is available as a part of
the NI-DAQmx driver and does not require Measurement Studio.

Note! In order to install the DAQmx API for C#, make sure to select “.NET Support” when
installing the DAQmx driver.

This application uses the C# APl included in the NI DAQmx driver, so make sure that you
have installed the NI DAQmx driver in advance.

Tutorial: Data Acquisition in C#
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During the installation make sure to select “Custom”:

. | NI-DAQmx 9.6.1

Select Installation Option NATIONAL
Select one of the following options. y

() Typical
B Install NI-DAQmx device driver, support for hardware configuration, and application

J!!ﬁ" g development.
= O

@ Custom
&~ Select the individual features to install.

e

[ << Back ]I Next >> ” Cancel ]

Next, make sure that you select .NET Framework X.x Support for the version of .NET that
your version of Visual Studio is using:

| NI-DAQmx 9.6.1
Features NATIONAL
Select the features to install. Vmsnumm
"""" =9 ~| NI MAX Configuration Support ~ | Debugaing utility for monitaring function calls to
|- =3 | Application Development Support | various National Instruments APl s.

LabVIEW 2012 (32-bit) Support

LabVIEW 2011 (32-bit) Support

LabVIEW 2010 (32-bit) Support

Lab¥/IEW 2009 (32-bit) Support
i ort

e IO o IO e IO e OO

m

Real-Time Support

\[] ------- = v| .NET Framework 4.0 Languages Sgpr ‘f)
it s 2up This feature will remain on the local hard drive.

(- %+ NET Framework 2.0 Languages Sup
[ X ~| Measurement Studio for Visual C++ 2(
[#- ¥ »| Measurement Studio for Visual C++ 2
[

[

H- =9 | ANSI C Support

H- ¥ »| Microsoft Visual Basic 6.0 Support

I NI 140 Trace 3.0.2 -
< [ 1] J »

Directory for NI [/0 Trace 3.0.2

Browse...

[Flestore Feature Defaulls] [Disk Cost] [ << Back ][ Next >> ” Cancel

Tutorial: Data Acquisition in C#



12 Introduction

1.4 Measurement Studio

C# is a powerful programming language, but has few built-in features for measurement and
control applications. Measurement Studio is an add-on to Visual Studio which makes it
easier to create such applications. With Measurement Studio we can implement Data
Acquisition and a graphical HMI.

Tutorial: Data Acquisition in C#



2 Data Acquisition

2.1 Introduction

The purpose of data acquisition is to measure an electrical or physical phenomenon such as
voltage, current, temperature, pressure, or sound. PC-based data acquisition uses a
combination of modular hardware, application software, and a computer to take
measurements. While each data acquisition system is defined by its application
requirements, every system shares a common goal of acquiring, analyzing, and presenting
information. Data acquisition systems incorporate signals, sensors, actuators, signal
conditioning, data acquisition devices, and application software.

So summing up, Data Acquisition is the process of:

e Acquiring signals from real-world phenomena
e Digitizing the signals
e Analyzing, presenting and saving the data

The DAQ system has the following parts involved, see Figure:

PC-BASED DATA ACQUISITION

INPUT/OUTPUT SIGNALS HRRDLWARE SOF TWARE
ANALOG .
aulill
DIGITAL e 'x,\;, \
Y- , . M- . V
COUNTERS (7 — 11 T
“w'w " - - | g VTS TR
TIMER N ] | |
CEEEEEEEEEEEEEEEEEEEEEEER
SENSORS PA— ORTA ACQUISITION APPLICATION AND
HARDLIARE DRIVER SOF TWARE

[Figure: www.ni.com]
The parts are:
e Physical input/output signals

e DAQ device/hardware

13



14 Data Acquisition

e Driver software
e Your software application (Application software)

For an Introduction to Data Acquisition, see this webcast:
http://zone.ni.com/wv/app/doc/p/id/wv-169

2.1.1 Physical input/output signals

A physical input/output signal is typically a voltage or current signal.

2.1.2 DAQ device/hardware

DAQ hardware acts as the interface between the computer and the outside world. It
primarily functions as a device that digitizes incoming analog signals so that the computer
can interpret them

A DAQ device (Data Acquisition Hardware) usually has these functions:

e Analog input

e Analog output
e Digital I/O

e Counter/timers

We have different DAQ devices, such as:

o “Desktop DAQ devices” where you need to plug a PClI DAQ board into your
computer. The software is running on a computer.

e “Portable DAQ devices” for connection to the USB port, Wi-Fi connections, etc. The
software is running on a computer

o “Distributed DAQ devices” where the software is developed on your computer and
then later downloaded to the distributed DAQ device.

Tutorial: Data Acquisition in C#
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Data Acquisition

2.1.3

PXI: Rugged and Modular Portable

[Figure: www.ni.com]

Transducers

Your Signal

Data Acquisition Device | =

— i

Cable

Terminal Block

[Figure: www.ni.com]

Driver software

Driver software is the layer of software for easily communicating with the hardware. It forms
the middle layer between the application software and the hardware. Driver software also
prevents a programmer from having to do register-level programming or complicated
commands in order to access the hardware functions.

Tutorial: Data Acquisition in C#



16 Data Acquisition

Driver software from National Instruments: NI-DAQmXx

2.1.4 Your software application

Application software adds analysis and presentation capabilities to the driver software. Your
software application normally does such tasks as:

e Real-time monitoring

e Data analysis

e Data logging

e Control algorithms

e Human machine interface (HMI)

In order to create your DAQ application you need a programming development tool, such as
Visual Studio/C#, LabVIEW, etc..

2.2 MAX — Measurement and Automation
Explorer

Measurement & Automation Explorer (MAX) provides access to your National Instruments
devices and systems.

With MAX, you can:

e Configure your National Instruments hardware and software

e Create and edit channels, tasks, interfaces, scales, and virtual instruments
e Execute system diagnostics

e View devices and instruments connected to your system

e Update your National Instruments software

In addition to the standard tools, MAX can expose item-specific tools you can use to
configure, diagnose, or test your system, depending on which NI products you install. As you
navigate through MAX, the contents of the application menu and toolbar change to reflect
these new tools.

Tutorial: Data Acquisition in C#
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Data Acquisition

Version 4.6.1

Measurement & Automation Explorer

Loading plug-ins

Copyright ©1999-2009 National Instruments. Allrights reserved.

¥ My System - Measurement & Automation Explorer m@@

File Edit View Tools Help

Configuration

=9
([l Data Neighborhood
(= &8 Devices and Interfaces
1), NI USB-6008 "Dev2"
4 Network Devices
PX1 PXI System (Unidentified)
@ Serial & Paralel
44 5cales
& (5 Software
i) 1v1 Drivers
) Remote Systems

NATIONAL
INSTRUMENTS

&2 show Help

National Instruments Measurement & Automation Explorer

Measurement & Automation Explorer (MAX) provides access to your National Instruments products.

What do you want to do?

& lanage my devices and interfaces

& Manage my installed National Instruments software
Manage virtual channels or tasks for my devices
44 Create scales for my virtual instruments

i Configure my IVl instrument drivers

LS Import/export my device configuration file.

& Note Some categories are device specific. For example, the VI category appears only if you have IVl installed.

For more information about using MAX, select available help categories from the Help menu. If you need further assistance or
want to know more about your device, visit the National Instruments Technical Support Web site.

For more information about this version of MAX, visit ni.com/inZo and enter the following Info Codes:

= MAXFixList—Improvements and bug fixes
& MAX4BKnownlssues—Known issues

Submit feedback on this topic

? Hep

2.3 DAQ in Visual Studio

We can create DAQ applications with or without Measurement Studio. In both situations you
need the NI-DAQmx driver library.

2.3.1 NI-DAQmx

National Instruments provides a native .NET API for NI-DAQmx. This is available as a part of
the NI-DAQmx driver and does not require Measurement Studio.

In general, data acquisition programming with DAQmx involves the following steps:

Tutorial: Data Acquisition in C#



18 Data Acquisition

e Create a Task and Virtual Channels

e Start the Task

e Perform a Read operation from the DAQ
e Perform a Write operation to the DAQ

e Stop and Clear the Task.

Data acquisition in text based-programming environment is very similar to the LabVIEW NI-
DAQmx programming as the functions calls is the same as the NI-DAQmx VI’s.

Using NI-DAQmx in Text Based Programming Environments:

http://zone.ni.com/devzone/cda/tut/p/id/5409#tocs

2.3.2 Examples

Examples installed as part of NI-DAQmx:

The location of examples will depend on the version of Visual Studio and is listed in the
following Developer Zone Article: Using NI-DAQmx in Text Based Programming
Environments. The most common location is:

C:\Documents and Settings\All Users\Documents\National Instruments\NI-DAQ\Examples\DotNET<.NET Framework Version>\
Newest examples for .NET x.x and Visual Studio 20xx:
C:\Documents and Settings\All Users\Documents\National Instruments\NI-DAQ\Examples\DotNETx.x\

Sub-folders named CS contain C# examples. These examples install with NI-DAQmx.
Measurement Studio is not required to install the class libraries or the examples.

Note! If the paths above do not exist, be sure you have .NET support installed for NI-DAQmx.

Tutorial: Data Acquisition in C#



3My First DAQ App with USB-
6008 using DAQmx Driver

We will create a simple application in Visual Studio that uses a NI USB-6008 DAQ device.

-

.‘\:
2000309

a
<
&
&
@
A
s
”
o
&
e
L2
&

3.1 Introduction

This application uses the C# APl included in the NI DAQmx driver, so make sure that you
have installed the NI DAQmx driver in advance. You don’t need Measurement Studio to
create this application.

Start Visual Studio and create a new Windows Forms application.

We will create the following application in Visual Studio 2010 and C#:

19
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My First DAQ App

A

All Windows Forms
ommon Controls

R FPointer

Button
Checkgox
CheckedlistBox

ComboBox
DateTimePicker
Label

LinkLabel

FraEBae

MyFirstDAQApp - Microsoft Visual Studio
File Edit View Project Buld Debug Team Data Tools Architecture Test Analyze Measurement Studio ‘Window Help

g G| % @9 - - E-5 b [pebug

-||any cPu

|G ER BB -

S 3| Tt |G| m B § 8 Ee | HEDR[E]2

DRl Formi.cs [Design] X

Analog Out

Analog In

[I— T

Rl Solution Explorer
2

=

(] MyFirstDAQAPD
= [y Properties

=) licenses.licx
@ [ References

@ (5] Forml.cs
4] Program.cs

Solution MyFirstDAQADD' (1 project)

4] assemblyInfo.cs

[ 53 Resources.resx
@ ] Settings.settings

PictureBox
ProgressBar
RadioButton
RichTextBox
TextBox

TP EMOIREHEF

ToolTip
= Treeview

[F  webBrowser
 Containers
i Menus & Toobars
# Data
(# Components.
& Printing
# Dislogs
% WPF Interoperabilty
[® Reporting
{5 Visual Basic PowerPacks
5 Measurement Studio
=) General

Error List
@ orrors | i) 0Warnings | (i) 0Messages
Desciption Fil

vl 3 Eror List [ RoTNS

The User Interface looks like this:

MyFirstDAQApp

Analog Out

EEX

3

|

Analog In

E

|| Get Data I

30 Solution Explorer [ RIS ang

Properties

MyFirstDAQApp Solution Properties
o K =l
(Name)

Active config
Descri

iption

Startup project

(Name)
The name of the solution file.

MyFirstDAQApD
Debug| Any CPU

Work!\Tutorials\CSharp
MyFirstDAQApD

We start by connecting the Analog In and Analog Out wires together (a so called Loopback

test).

When we click the “Write Data” button, the value entered in the text box “Analog Out” will

be written to the DAQ device. If we have connected the Analog In and Analog Out wires

together we will read the same value in the “Analog In” textbox when we push the “Get

Data” button.

3.2 Example

We will go through the different parts of the code in detail.

Tutorial: Data Acquisition in C#



21 My First DAQ App

3.2.1 Add References to DAQmx Driver

This application uses the C# APl included in the NI DAQmx driver, so make sure that you
have installed the NI DAQmx driver in advance.

We need to add the following Assembly references:

e Nationallnstruments.Common
e Nationallnstruments.DAQmMx

We add References by right-clicking the References node in the Solution Explorer:

Solution Explorer v 0 X

SE
3 Solution "WindowsApplication4' {1 project)
= .E WindowsApplication4
(=) |7 Properties
#] assemblyInfo.cs

licenses. licx

# 4 Resources.resx
@ ] Settings.settings

ET]Referenpe

®- ] Formi.q Add Reference...
] Program add Service Reference...

3]

When we have added the necessary References, the Solution Explorer will look like this:

Solution Explorer v I

i | 31 (2]
2 Solution "WindowsApplicationd' {1 project)
= .E WindowsApplication4
(=) |7 Properties
] AssemblyInfo.cs
licenses.licx
# 4 Resources.resx
@ ] Settings.settings
SRS ER cferences
-3 Microsoft.CSharp

< Mationallnstruments.Common
l < Mationallnstruments.DAQMX

3.2.2 Initialization

We need to add the following Namespaces:

using NationallInstruments;
using NationalInstruments.DAQmx;

Tutorial: Data Acquisition in C#



22 My First DAQ App

3.2.3 Analog Out

We implement the code for writing to the Analog Out channel in the Event Handler for the
“Write Data” button:

private void btnWriteAnalogOut Click(object sender, EventArgs e)
{

Task analogOutTask = new Task();
AOChannel myAOChannel;
myAOChannel = analogOutTask.AOChannels.CreateVoltageChannel (
"devl/ao0",
"myAOChannel",
0,
S,
AOVoltageUnits.Volts
)i

AnalogSingleChannelWriter writer = new
AnalogSingleChannelWriter (analogOutTask.Stream) ;

double analogDataOut;
analogDataOut = Convert.ToDouble (txtAnalogOut.Text) ;

writer.WriteSingleSample (true, analogDataOut) ;

3.2.4 Analog In

We implement the code for reading data from the Analog In channel in the Event Handler for
the “Get Data” button:

private void btnGetAnalogIn Click (object sender, EventArgs e)
{

Task analogInTask = new Task();
AIChannel myAIChannel;

myAIChannel = analogInTask.AIChannels.CreateVoltageChannel (
"devl/aiO",
"myAIChannel",
AITerminalConfiguration.Differential,
0,
S,
AIVoltageUnits.Volts
)

AnalogSingleChannelReader reader = new
AnalogSingleChannelReader (analogInTask.Stream) ;

double analogDataIn = reader.ReadSingleSample() ;

txtAnalogIn.Text = analogDatalIn.ToString() ;
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3.2.5 Error?

If your application runs without error that’s fine, but perhaps you get the following error:

(TR Forml.cs [Design

#$TC01_DAQ_Example.Forml <[ @ Formi
=hsing System; |
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Ling;
using System.Text;
using System.Windows.Forms;
using Nationallnstruments;
using NationalInstruments.DAQmx;

“Inamespace TC@1_DAQ_Example
= public partial class Forml : Form
= public Forml()

InitializeComponent();

= private void btnGetData_Click(object sender, EventArgs e)
Task temperatureTask = new Task();

AIChannel myAIChannel;

myAIChannel = temperatureTask.AIChannels.CreateThermocoupleChannel(
"Devl/ai@",
“Temperature”,
e,
100,
AlThermocoupleType.Jd,
AlTemperatureUnits.DegreesC,
25
)5

AnalogSingleChannelReader reader = new

AnalogSingleChannelReader (temperatureTask.Stream);
double analogbataIn = reader.ReadSinglesample();

txtTempData.Text = analogDatalIn.ToString():
100% ~ ¢ U

@ 9Erors | 1\ 2Warnings | (i) 0 Messages

Description File Line Column  Project
@3 Thetype or namespace name Nationallnstruments' could not be found (are you missing a using directive or an assembly reference?) Forml.cs 9 7 TCO1 DAQ Example
@4 The type or namespace name 'Nationallnstruments' could not be found (are you missing a using directive or an assembly reference?) Forml.cs 10 7 TCO1 DAQ Example
@ 5 Thetype or namespace name 'Task' could not be found (are you missing a using directive or an assembly reference?) Forml.cs 24 13 TC01 DAQ Example
@6 The type or namespace name ‘Task' could not be found (are you missing a using directive or an assembly reference?) Forml.cs % 2 TCOL DAQ Example
@7 Thetype or namespace name 'AlChannel' could not be found (are you missing a using directive or an assembly reference?) Forml.cs % 13 TCO1 DAQ Example
@8 The name ‘AlThermocoupleType' does not exist in the current context Forml.cs 3 17 TCO1 DAQ Example
@9 The name ‘AlTemperatureUnits' does not exist in the current context Forml.cs N 7 TCOL DAQ Example

In order to fix the problem, open the Properties for your project:

TCO1 DAQ Example X [JZIRNe

Solution Explorer ~ 4 X

[2El&
Application '2d Solution 'TC01 DAQ Example’ (1 project)
N/A N/A 4 (] TCO1 DAQ Example
Build 4 L Properties
) . ) Assemblylnf
Build Events issembly pame Defauit namespace: &) Assemblylnfo.cs
TCO1 DAQ Example TC01_DAQ_Example > (1 Resources.resx
Debug > [ Settingssettings
Target framework: Output type: 1 References
Resources NET Framework 4 Client Profile ~) [Windows Application - [ app.config
. NET Framework 20 Right-click and 4 [ Forml.cs
Services NET Framework 3.0 select Properties 3 Forml.Designer.cs
o .NET Framework §.5 Assembly Inform: %) Formlresx
ettings _NET Framework 3.5 Client Profile ) Program.cs
NET Framework & 2 Prog
Reference Paths | -NET Framework 4 Client Profile
Install other frameworks...
Signing
© Icon and manifest
Sy, A manifest determines specific settings for an application. To embed a custom manifest, first add it to
your project and then select it from the list below.
Publish
Tcon:
(Default Icon) v B (CH|
Manifest:
Embed manifest with default settings -

) Resource file:

= Solution Explorer
Properties
e =

Make sure to select “.NET Framework X” in the “Target framework” drop-down menu.
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4Temperature Logging with
TC-01 Thermocouple Device

In this example we will use a NI TC-01 USB Thermocouple device.

4.1 Example
We will create the following simple application:
i ™
@5 TCO1 DAQ Example o B 3K
Temperature Value
Get Data
- J

4.1.1 Add References to DAQmx Driver

We need to add the following Assembly references:

24
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e Nationallnstruments.Common
e Nationallnstruments.DAQmMx

We add References by right-clicking the References node in the Solution Explorer:

Solution Explorer v X

SlaE
j Solution "windowsapplication4' (1 project)
=] @ WindowsApplication4
(=) |7 Properties
4] assemblyInfo.cs
licenses. licx
i Resources.resx
] Settings.settings
= §Referen

“Z] Formi. Add Reference...
| Prograrq add Service Reference. ..

When we have added the necessary References, the Solution Explorer will look like this:

Solution Explorer v

= e
j Solution "Windowsapplication4' (1 project)
= @ WindowsApplication4
(=) |7 Properties
4] assemblyInfo.cs

licenses. licx

i Resources.resx
] Settings.settings

SRS References |

+ 3 Microsoft.CSharp
-+ Nationallnstruments. Commaon
I,. + 2 NationalInstruments.DAQmx

The dlls are normally to find here:

| « Program Files » National Instruments » MeasurementStudioVS2010 » DOtNET » Assemblies » Current [ %3 | Search Current 2
Organize v Includeinlibrary v Sharewith v New folder = v 0 @
P — Name ° Date modified Type Size
B Desktop 2] Nationallnstruments.Common.dil 6/20/2012337PM  Application extens... 538 KB
1 D ] Nati Common.msl 5/17/201210:58 AM  MSL File 1K8
%] Recent Places 2] Nationallnstruments.Common.Native.dil 6/20/2012319PM  Application extens... 81K8
] Nationallnstruments, Commaon 6/20/2012337PM XML Document 791 KB
4 Libraries 2] Nationallnstruments.DAQm.dil 712/0121243PM  Application extens.. 1,881 KB
%) Documents ] Nationallnstruments.DAQmx.msl 712/0121243PM  MSL File 1K8
& Music 2] Nationallnstruments. DAQmx 7/12/2012408PM XML Document 22028
&) Pictures 2] Nationallnstruments. MStudioCLM.dil 6/20/2012318PM  Application extens... 5K8
B videos 2] Nationallnstruments. NiLmClientDLL dll 6/20/2012319PM  Application extens.. 2K8

1% Computer

€ Network

9 items
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4.1.2 Initialization

We need to add the following Namespaces:

using NationallInstruments;
using NationalInstruments.DAQmx;

4.1.3 Read Temperature Data

Enter the following code lines:

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;

using NationallInstruments;

using NationalInstruments.DAQmx;

namespace TCOl DAQ Example
{ public partial class Forml : Form
{ public Forml ()
{ InitializeComponent () ;
}

private void btnGetData Click(object sender, EventArgs e)

{
Task temperatureTask = new Task();

AIChannel myAIChannel;

myAIChannel = temperatureTask.AIChannels.CreateThermocoupleChannel (
"Devl/aiO",
"Temperature",
OI
100,
AIThermocoupleType.J,
AITemperatureUnits.DegreesC,
25
)i

AnalogSingleChannelReader reader = new
AnalogSingleChannelReader (temperatureTask.Stream) ;
double analogDataln = reader.ReadSingleSample();

txtTempData.Text = analogDatalIn.ToString() ;

4.1.4 Test your application

Run your application. When clicking the button, you should now retrieve data from the
temoerature device.
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4.1.5 Error?

If your application runs without error that’s fine, but perhaps you get the following error:

(TR Forml.cs [Design

#$TC01_DAQ_Example.Forml <[ @ Formi
=hsing System; |
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Ling;
using System.Text;
using System.Windows.Forms;
using Nationallnstruments;
using NationalInstruments.DAQmx;

“Inamespace TC@1_DAQ_Example
= public partial class Forml : Form
= public Forml()

InitializeComponent();

= private void btnGetData_Click(object sender, EventArgs e)
Task temperatureTask = new Task();

AIChannel myAIChannel;

myAIChannel = temperatureTask.AIChannels.CreateThermocoupleChannel(
"Devl/ai@",
“Temperature”,
e,
100,
AlThermocoupleType.Jd,
AlTemperatureUnits.DegreesC,
25
)5

AnalogSingleChannelReader reader = new

AnalogSingleChannelReader (temperatureTask.Stream);
double analogbataIn = reader.ReadSinglesample();

txtTempData.Text = analogDatalIn.ToString():
100% ~ ¢ U

@ 9Erors | 1\ 2Warnings | (i) 0 Messages

Description File Line Column  Project
@3 Thetype or namespace name Nationallnstruments' could not be found (are you missing a using directive or an assembly reference?) Forml.cs 9 7 TCO1 DAQ Example
@4 The type or namespace name 'Nationallnstruments' could not be found (are you missing a using directive or an assembly reference?) Forml.cs 10 7 TCO1 DAQ Example
@ 5 Thetype or namespace name 'Task' could not be found (are you missing a using directive or an assembly reference?) Forml.cs 24 13 TC01 DAQ Example
@6 The type or namespace name ‘Task' could not be found (are you missing a using directive or an assembly reference?) Forml.cs % 2 TCOL DAQ Example
@7 Thetype or namespace name 'AlChannel' could not be found (are you missing a using directive or an assembly reference?) Forml.cs % 13 TCO1 DAQ Example
@8 The name ‘AlThermocoupleType' does not exist in the current context Forml.cs 3 17 TCO1 DAQ Example
@9 The name ‘AlTemperatureUnits' does not exist in the current context Forml.cs N 7 TCOL DAQ Example

In order to fix the problem, open the Properties for your project:

TCO1 DAQ Example X [JZIRNe

Solution Explorer ~ 4 X

[2El&
Application '2d Solution 'TC01 DAQ Example’ (1 project)
N/A N/A 4 (] TCO1 DAQ Example
Build 4 L Properties
) . ) Assemblylnf
Build Events issembly pame Defauit namespace: &) Assemblylnfo.cs
TCO1 DAQ Example TC01_DAQ_Example > (1 Resources.resx
Debug > [ Settingssettings
Target framework: Output type: 1 References
Resources NET Framework 4 Client Profile ~) [Windows Application - [ app.config
. NET Framework 20 Right-click and 4 [ Forml.cs
Services NET Framework 3.0 select Properties 3 Forml.Designer.cs
o .NET Framework §.5 Assembly Inform: %) Formlresx
ettings _NET Framework 3.5 Client Profile ) Program.cs
NET Framework & 2 Prog
Reference Paths | -NET Framework 4 Client Profile
Install other frameworks...
Signing
© Icon and manifest
Sy, A manifest determines specific settings for an application. To embed a custom manifest, first add it to
your project and then select it from the list below.
Publish
Tcon:
(Default Icon) v B (CH|
Manifest:
Embed manifest with default settings -

) Resource file:

= Solution Explorer
Properties
e =

Make sure to select “.NET Framework X” in the “Target framework” drop-down menu.
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5Measurement Studio

5.1 Introduction

Measurement Studio

C# is a powerful programming language, but has few built-in features for measurement and
control applications. Measurement Studio is an add-on to Visual Studio which makes it

easier to create such applications. With Measurement Studio we can implement Data
Acquisition and a graphical HMI.

Measurement Studio

(=
2
L
e
‘ Your Signal

Data Acquisition Device
Cable

Terminal Block

[Figure: www.ni.com]

Measurement Studio for Visual C# .NET provides:

e Managed .NET controls for creating rich Web and Windows GUIs
e Multithreaded API for data acquisition

28



29 Measurement Studio

e Instrument control APIs
e Analysis libraries designed for engineers and scientists

Measurement Studio Components

[Figure: www.ni.com]

5.2 Templates

Measurement Studio has several Templates that make it easier to build DAQ applications.

New Project

]
Project types: Templates: [

= Wisual C# visual Studio installed templates
Windows .

@ Smart Device s NI Windows Application
Database NI VISA Windows Application BRINI Class Library
Starter Kits NI VISA Class Library
Measurement Studio

[+ Other Languages My Templates

[ Other Project Types B
4| Search Online Templates...

A project for creating a Measurement Studio C# DAQmx application.

Name: I MyDAQmxProject l
Location: | C:\Documents and Settings\AdministratoriMy DocumentsiYisual Studio 2005\Projects v| [ Browse... ]
Solution Mame: I MyDAQmxProject | Create directory for solution

I OK ][ Cancel ]
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Measurement Studio

5.3 Toolbox

Below we see the Toolbox in Visual Studio that is installed with Measurement Studio:

MyFirstDAQApp - Microsoft Visual Studio

-S4 aB|9

[12 & AT @ 2|5

File Edt View Project Build Debug Team Data Tools Architecture Test Analyze Measurement Studio Window Help
-0 - D5 b [pebug

~|[any cPu

| & & dte|HE| @S|

30 oo @
R

QIR
Ll Toolbox
g

 Reporting

= Measurement Studio

Pointer
‘WaveformGraph
ScatterGraph
DigitalWaveformGraph
ComplexGraph
IntensityGraph
Legend

Gauge

Knob

Meter

slide

Tark

Thermometer
HumericEdit

Switch

Led

NumericEditarray
SwitchArray

Ledarray
PropertyEditor
InstrumentControlStrip
DagComponent
NetworkvarisbleDataSource
NetworkariableBrowserDialog
DataSocket
DataSocketServer
DataSocketSource
Tl

FAEE ST Do O Femuwe 70O B EEEEE

There are no usable controls in this group. Drag
an item onto this text to add it to the toolbox.

Ready

v Ax
-~

v

Form1.cs [Design] X

Analog Out

Analog In

Error List
@ oErrors | f\ 0Warnings | (i) 0 Messages

Description File Line Column Project

YAy B Output

)| QARG Bl O

v Ix

a2 EEES
) Solution "MyFirstDAQAPP' (1 project)
= (] MyFirstDAQApPP
- L Properties
4] assemblyInfo.cs
(=) licenses.licx
- 4 Resources.resx
@ (] Settings.settings
@ (1 References
@ [E] Forml.cs
<#] Program.cs

3] solution Explorer [ BTGy

Form1 System.Windows,Forms.Form -
== s
Padding 0;0;0;0 -~

RightToLeft No

RightToLeftLayout False

Showlcon True

ShowlInTaskbar True
Size 290; 228

SizeGripStyle Auto

i indowsDefaultLocation

Tag

Text MyFirstDAQApp

TopMost False

Transparencykey (]

UsetaitCursor False v
Text

The text associated with the control.

In addition to the Toolbox, Measurement Studio also installs the following menu item:

Measurement Studio | Window  Help
| ¥ Add/Remove .NET Class Libraries

Refresh Project License File

Update Measurement Studio Project References
NI Tools

Measurement Studio Examples

MI Measurement Studio Help

Measurement Studio Getting Started Guide
Measurement Studio Online Resources

Check for Updates

Patents

Licenses

About Measurement Studio
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5.4 Logging Temperature Data with TC-01
Thermocouple Example

In this example we will use a NI TC-01 USB Thermocouple device.

5.4.1 Select Template

In this example, we will select the “NI windows Application” Template in the “New Project”
window.

New Project 7 =)
[.NET Framework 4 v ] Sort by: [Default '] | Search Installed Templates Y |

Installed Templates

Type: Visual C#

. M NIDAQ Windows Application Visual C#
4 Visual C& {m A project for creating a Measurement

Windows Studio C# application with a Windows
Web @ NI Windows Application Visual C# user interface

Office
Cloud @ NI Class Library Visual C#
Reporting
SharePoint
Silverlight
Test
WCF
Workflow
Other Languages
Other Project Types
Database
Modeling Projects
Test Projects

Online Templates

Name: Temperature Reader using TC01

Location: m:\HiTfiler\My Documents\Visual Studio 2010\Projects v

Solution name: Temperature Reader using TC01 Create directory for solution
[ Add to source control

o | o

5.4.2 Select Class Libraries
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Next we select the Class Libraries we want to include. In our case we need at least to select
the “DAQmx Library”.

’W Measurement Studio Visual CZ Windows Application Wizard @‘
Measurement Studio Class Libraries NATIONAL
Select the class libraries you want to include in the project. INSTRUMENTS
= (V] Measy wdie~Hardware Class Libraries

DataSocket Communication Library

Network Variable Communication Library

[V TDM Streaming Library

[V Windows Forms User Interface Control Library

Help , [ Fnish [ Cancel

When we click “Finish” an empty project will be created for us. We are now ready to create
our own application.

We start by creating a simple User Interface:

=

a-/ Temperature Reader using TCO1 [ = || = ||-$.Zh]

Temp Data:

When we click the “Read Temp” button, the Temperature data shall be shown in the “Temp
Data” TextBox.

In the event Handler for the “Read Temp” button, we create the following code:

private void btnReadTempData Click(object sender, EventArgs e)
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Task analogInTask = new Task();
AIChannel myAIChannel;

myAIChannel = analogInTask.AIChannels.CreateThermocoupleChannel (
"Devl/aiO",
"Temperature",
OI
100,
AIThermocoupleType.J,
AITemperatureUnits.DegreesC,
25
)i

AnalogSingleChannelReader reader = new
AnalogSingleChannelReader (analogInTask.Stream) ;
double analogDataln = reader.ReadSingleSample () ;

txtTempData.Text = analogDatalIn.ToString();

Then we can test our application:

#

a-) Temperature Reader using TC01 =n "&I

Temp Data:

18,1864216839923

5.4.3 Using a Timer

Improvements: We should use a “Timer” in order to read Temperature data at specific
intervals instead of pushing a button each time we need data.

timerl

We drag in a Timer component from the Toolbox. First, we need to start the Timer:

public Forml ()
{
InitializeComponent () ;

timerl.Start() ;

Next, we need to specify the interval. We can do that in the Properties window:
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Properties

timerl System.Windows.Forms.Timer -

Rl Bl =
> (ApplicationSettings

(Name) timerl
Enabled False
Interval 1000
Viodifiers Private
Tag

In the Timer Event we write the code for reading the Temperature:

private void timerl Tick(object sender, EventArgs e)
{

Task analogInTask = new Task();

AIChannel myAIChannel;

myAIChannel = analogInTask.AIChannels.CreateThermocoupleChannel (
"Devl/aiO",
"Temperature",
0/
100,
AIThermocoupleType.J,
AITemperatureUnits.DegreesC,
25
)i

AnalogSingleChannelReader reader = new
AnalogSingleChannelReader (analogInTask.Stream) ;

double analogDataln = reader.ReadSingleSample();

txtTempData.Text = analogDataIn.ToString ("0.0");

Finally, we test the application:

= )

-/ Temperature Reader using TCO1 El@

Temp Data:
217
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5.5 Logging Temperature Data with USB-6008
Example

In this example we will log temperature data using the USB-6008 device.

-
—

e

e

0

<
¢ <8
o i -
L] L
L4 L
. NATIONAL .
™ 7W5 } 0
o f &
A nm.% &
© g, 1308 Lt N -
o n

pt
. y
L
&

In addition we will use a Pt-100 sensor that we connect to one of the Analog Input channels
on the USB-6008 device:

The Output from this device is between 1-5V that illustrates a temperature between 0 and
100 degrees Celsius.
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Pt100
transducer

Internal
terminal block

RTD, .,
RTD,c0
RTD, 4
24V
Dutput

Cable clamp

Pt100 element

o

24V PSU

t +

utput —

Output terminals

ﬁ

The procedure and code is identical as the previous example, except a small part as shown
below:

private void timerl Tick(object sender, EventArgs e)
{

Task analogInTask = new Task();

AIChannel myAIChannel;

myAIChannel = analogInTask.AIChannels.CreateVoltageChannel (
"devl/aiO",
"myAIChannel",
AlTerminalConfiguration.Differential,
1,
5,
AIVoltageUnits.Volts
)i

AnalogSingleChannelReader reader = new
AnalogSingleChannelReader (analogInTask.Stream) ;

double analogDataln = reader.ReadSingleSample ()

txtTempData.Text = analogDataIn.ToString ("0.0");
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6 Control Application

6.1 Introduction to the Example

In this example we will use Measurement Studio to create a simple control application. We
will control the level in a water tank using manual control. The process is as follows:

In this example we will use a small-scale laboratory process called LM-900 Level System:

LEVEL TANK LM-900 LEVEL CONTROL SYSTEM 5 INSTRATER |

LARVIK - NORWAY

FLOWCHART  gpepamion | INTERLOCKING

L
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38 Control Application

We want to control the level in the water tank using a pump on the inflow. We will read the
level using our USB-6008 DAQ device (Analog In) and write the control signal (Analog Out) to
the DAQ device.

[
<
0
<
4
<
o

2200533080002

The Analog Out (control signal) will be a signal between 0 — 5V and the Analog In (Level)
willbea 0 — 5V signal that we need to scaleto 0 — 20cm.

We will create the following application:

Control Application

Controller
Level

We will use a “Slider” to manually adjust the control signal and a Tank to indicate the level in
the real process.

In this example we will use the “Slide” control and “Tank” control that comes with
Measurement Studio.
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[=l Measurement Studio
Pointer

4

WaveformGraph

R
»
»!

ScatterGraph

R
»
M

DigitalwaveformGraph
ComplexGraph

IntensityGraph
Legend

Gauge

Knob

) we\ 7 80 (D [

B switch

6.2 Coding

Start a New Project in Visual Studio:

New Project

Recent Templates I.NET Framework 4 v I Sort by: IDefauIt Search Installed Templat ©
Installed Templates

. _— . Type: Visual C#
NI DAQ Windows Application Visual C#

= visual C# A project for creating a Measurement Studio
‘Windows C# application with a Windows user interface
web Visual C# )
# Office
Cloud
Reporting
# SharePoint
Silverlight
Test
WCF
Workflow
[# Other Languages
[# Other Project Types
# Database
Modeling Projects
[# Test Projects

NI Windows Application

NI VISA Windows Application Visual C#

NI Class Library Visual C#

NI VISA Class Library Visual C#

MName: I Windowsapplication1 ]
Location: | c:\Visual Studio 2010\Projects v ‘
Solution name: | WindowsApplication1 ‘ [V]Create directory for solution

[add to source control

Select the “NI Windows Application” Template in the “Measurement Studio” node.

In the window that appears next, select the Libraries you want to include:
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% Measurement Studio Visual C# Windows Application Wizard

Measurement Studio Class Libraries NATIONAL
Select the class libraries you want to include in the project. INSTRUMENTS

Enterprise Analysis Library

= [v] Measurement Studio Hardware Class Libraries

Dalmx Library
[]NI-488.2 Library
[ wisaNs Library

[[] DataSocket Communication Library

[] NetworkWariable Communication Library

[] TDM Streaming Library

Windows Forms User Interface Control Library

T | W | W

We create the User Interface above in Visual Studio, and it looks like this:

Control Application - Microsoft Visual Studio

Fle Edt Wiew Project Buld Debug Team Data Format Tools Test Analyze Studio  Window Help
SN 2= 1 I R B e N e e EliE) SE D@ B -
2 & 2| T ok |5 B e R & 208 ek |G| E |2
2 MRl Formi.cs [Design] X S X
8 Comoncaneds 2@l L
E T
B Contaers Control Application Q@@ - Solution ‘Contral Application’ (1 project)
@ Menus & Toob: = (5 Control Application
S o b oo @ (24 Properties
D Controller - [« References
# Components . lls @ [ Formt.cs
@ Printing 2 5 ® ] Form2.cs
 Dialogs T 4] Program.cs
[ WPF Interoperability 4- .
& Reporting
i Visual Basic PowerPacks 3-
= Measurement Studio J 10
R Pointer 2=
W waveformGraph 5 5
M scatterGraph 19
@@ DigtalwaveformGraph :II
0 0 -
= gp——
. & S
BE IntensiyGraph 3 solution Explorer [ REIE
= Properties
E)  Legend L P
€ Gauge Form1 System.Windows.Forms.Form -
L3 knob B =
o Meter Location 00 ~
§ side ) timert Locked False
F ok MainMenusStrip (none)
§  Themometer MaximizeBox True
B MaximumSize 0;0
P tumericedt MinimizeBox True
&  switch Minimumsize 0;0
@ Led @ oErrors | 1\ 0Wwarnings | (i) 0 Messages Opacity 100%
B2 tumericEditAmay Description File Line Column | Project H Padding 0;0;0;0
BB swicha RightToLeft No —
ikchArray RightToLeftLayout False
3 Ledaray True g
Bl PropertyEdtor L -
InstrumentControlst by
netrumentcentrostrp The text associated with the control.
[%  DagComponent -
e _ vl 25 Error List L= RS

For the read and write operations we have created a simple Class with two methods:

public class Dagbata
{

public double ReadDagData ()
{

public void WriteDagData (double analogDataOut)
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More about the ReadDaqData() and WriteDaqgData() methods below.

6.2.1

Read Level

The ReadDagData() method handles the logic for reading from the DAQ device:

public double ReadDagData ()

{

Task analogInTask = new Task();
AIChannel myAIChannel;

myAIChannel = analogInTask.AIChannels.CreateVoltageChannel (
"devl/aiO",
"myAIChannel",
AlTerminalConfiguration.Differential,
OI
5/
AIVoltageUnits.Volts
)i

AnalogSingleChannelReader reader = new
AnalogSingleChannelReader (analogInTask.Stream) ;

double analogDataln = reader.ReadSingleSample () ;

return analogDataln;

6.2.2

Write Control Value

The WriteDagData() method handles the logic for writing to the DAQ device:

public void WriteDagData (double analogDataOut)

{

Task analogOutTask = new Task();
AOChannel myAOChannel;

myAOChannel = analogOutTask.AOChannels.CreateVoltageChannel (
"devl/ao0O",
"myAOChannel",
OI
5/
AOVoltageUnits.Volts
)i

AnalogSingleChannelWriter writer = new
AnalogSingleChannelWriter (analogOutTask.Stream) ;

writer.WriteSingleSample (true, analogDataOut) ;
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6.2.3 Using a Timer

In the previous example (“My First DAQ App”) we was reading and writing to the DAQ device
when clicking a button, but in an ordinary application this is not a good solution. In order to
read and write data on regular intervals we will use a “Timer”.

In the “Components” toolbox we find the “Timer” Control:

(=l Components
R Pointer
E_?I DirectoryEntry
Q DirectorySearcher
@  ErrorProvider
i3 Eventlog
6‘3] FileSystemWatcher
HelpProvider
@ Imagelist
@ MessageQueue
r_f_-_’}l PerformanceCounter
j Process
#  SerialPort

ServiceController

Timer *—

G i

In the Properties window we can specify the Interval (“Sampling Time”) in milliseconds.

Properties v X
timer1 System.Windows,.Forms, Timer -
M2l =

(ApplicationSettings)

(Name) timer1
Enabled False
GenerateMember True
Interval 100
Modifiers Private
Tag

We can start the timer with the following code:

public Forml ()
{
InitializeComponent () ;

timerl.Start() ;
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In the Timer Event we create the main logic in our application. We call the ReadDagData()
and WriteDaqgData() methods, updates the GUI, etc.

private void timerl Tick(object sender, EventArgs e)

{
DagData myDagData = new DagData () ;

//Read Data
double analogDataln;

analogDataIn = myDagData.ReadDagData () ;
if (analogDataIn < 0)
analogbDataIn = 0;
if (analogDatalIn > 5)
analogDataIn = 5;
//Scaling:
analogDataIn = analogDataIn * 4; //0-5V -> 0-20cm

tank.Value = analogDataln;

txtLevelValue.Text = analogDataIn.ToString("0.00") ;

//Write Data
double analogDataOut;
analogbataOut = sliderControl.Value;

myDagData.WriteDagData (analogbDataOut) ;
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7/ Trending Data

Now we want to extend our application with functionality for viewing historical data using a
trend plot.

Below we see the new user interface:

Control Application

Level

743 Plotting ' ater Level

Controller

1
700

In this example we will use the “WaveformGraph” control in Measurement Studio.

The source code is the same as in the previous example, except for one new line of code in
the Timer Event:

waveformGraph.PlotYAppend (analogDataln) ;

The “WaveformGraph” control has lots of functionality you can set in the Properties window
or clicking the Smart Tag Anchor (little arrow in the upper right corner of the control).

Below we see the Properties window (left side) and the Smart Tag Panel (right side) for the
WaveformGraph control:
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Trending Data

Properties v I X

waveformGraph Nationallnstruments. UL WindowsForms.\Wa'

ImmediatelUpdates
InteractionMode
InteractionModeDefault
InteractionMouseCursors
Location
Locked
Maragin
MaximumsSize
MinimumSize
Modifiers
Padding
PlotareaBorder
PlotareaColor
PlotArealmage
PlotArealmagealignment
PlotLineColorGenerator
Plots

NoControl ~
False

Zoom¥, ZoomY, ZoomAroundPc
MNone

304; 40

False

3,333

0;0

0;0

Private
0;0;0;0

[] sunkenLite
I clack L
[] (none)
B8 stretch

FixedSet: Standard
(Collection)

|<

WaveformGraph Tasks
MName ,
Caption 'Plotting Water Level

Interaction Mode

Plot
[] show Tooltips

History Capacity
Line Color

Line Style

Point Color

Point Style
Edit Plats ...
XAxis

Caption
Interaction Mode
Label Format
Mode

Range
Edit Xaxes ...
YAxis

Caption
Interaction Mode
Label Format

Range
Edit Yaxes ...

Edit Cursors ...

Edit Annotations ...

Auto Format ...

Create ToolStrip

'Zoomx, ZoomY, ZoomAroul v ‘

1000 |
. Lime v
= solid v

| vellow v

. Mone v

t EditRange v
: Mumeric; GS Q
: AutoScaleLoose v
0; 10 v
: EditRange v
:Numeric ;G5

0; 20 v
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The next improvements to our application would be to implement a Low-pass Filter in order
to remove the noise from the signal when reading the level. Another improvement would be
to replace the manual control with a Pl controller that do the job for us. Finally it would be
nice to have a mathematical model of our water tank so we can simulate and test the
behavior of the real system without connect to it.

So we need to create discrete versions of the low-pass filter, the Pl controller and the
process model. We can, e.g., use the Euler Forward discretization method:

. Xk+1 T X
g okt Tk

~

T
or the Euler Backward discretization method:
i~ Xk — Xk-1
T

T, is the Sampling Time.

8.1 Low-pass Filter

The transfer function for a first-order low-pass filter may be written:

yis) 1

H(s) = u(s) Trs +1

Where T; is the time-constant of the filter, u(s) is the filterinputand y(s) is the filter
output.

Discrete version:

It can be shown that a discrete version can be stated as:
Vi =1 —a)y,_, +auy
Where

T

a=——-—
T;+T,
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Where T; is the Sampling Time.

Itis a golden rule that T; << Ty and in practice we should use the following rule:

Proof:
Given:

y_ 1

u Ts+1
This gives:

(Trs+1)y=u

Trsy+y=u
Inverse Laplace gives:

Try+y=u

We use the Euler Backward discretization method, x =~ % which gives:

N

T, Yk —TYk—1 P
s
Then we get:
Tr (Vi — Yk—1) + ¥iTs = w; T
Tryx — Tryk-1 + yiTs = wi T
V(T +Ts) = Tryr—1 + wiTs
This gives:

— Ty + T
T AT T T T

Yk

For simplicity we set:

This gives:

Vi = (1 — @)yr—1 + auy
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Ty + T,

[End of Proof]

8.2 Pl Controller

A Pl controller may be written:

K t
u(t) = ug + Kpe(t) + ?pf edt
]

L

Where u is the controller output and e is the control error:

e(t) =r(t) —y(®)

Laplace:

u(s) = Kye(s) + %e(s)

Discrete version:

We start with:

K t
u(t) = ug + Kpe(t) + ?pf edt
]

L

In order to make a discrete version using, e.g., Euler, we can derive both sides of the

equation:

L . K
u=u0+er+?e
i

If we use Euler Forward we get:

U —Ug—1  Ugk — Ugk-1 ex —ex-1  Kp
= + Kp — €k

Ts Ts Ts Ti

Then we get:
K,

Uy = Up—1 + Uox — Uop-1 + Kplep —ep1) + - Tsey
L
Where

€r =Tk — Yk
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We can also split the equation above in 2 different pars by setting:
Aup = g — Ug—
This gives the following Pl control algorithm:
€k =Tk — Yk
K,
Awy = Up — Up k-1 + Kp(ex — ex-1) + = Tsey
L
U = Uk—1 + Auk
This algorithm can easily be implemented in CH.

8.2.1 Pl Controller as a State-space model

Given:
Ky
u(s) = Kye(s) + ﬁe(s)

1 .
We set z=;e=>sz=e=>z=e

This gives:

Where

Discrete version:

Using Euler:

. Zpy1 — Zg
Py elas Sl

Where T; is the Sampling Time.

This gives:
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_ 14
U = erk + ?Zk
l

Finally:
€ =Tk — Yk

Ky

Uy = erk + Tl- Zy

Zy1 =2z +Tsey

This algorithm can easily be implemented in C#.

8.3 Process Model

The level tank:

LEVEL TANK LM-900 LEVEL CONTROL SYSTEM

() NSTRATEL §
LARVIK - NORWAY
CONTROLLER

FLOWCHART  gecparion | INTERLOCKING

L

A very simple (linear) model of the water tank is as follows:
Atil = Kpu_Fout

or

|
h= i [Kpu—Fouc]
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Where:

e h [cm]is the level in the water tank

u [V]is the pump control signal to the pump

e A; [cm2]is the cross-sectional area in the tank

e K, [(cm3/s)/V]is the pump gain

e F,,; [cm3/s]is the outflow through the valve (this outflow can be modeled more
accurately taking into account the valve characteristic expressing the relation
between pressure drop across the valve and the flow through the valve).

We can use the Euler Forward discretization method in order to create a discrete model:

i~ Xk+1 — Xk
T

Then we get:

h’k 1= h’k 1
+T = A_t [Kpuk_Fout]

Finally:

T,
hk+1 = hk + A_ [Kpuk_Fout]
t

8.4 Final Application

We extend our Control Application with a discrete Pl controller, a discrete Low-pass filter
and a discrete process model, so we can switch between the real process and a simulator.

Our User Interface is as follows:
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ntrol Application

Level
Setpoint

Plotting ‘/ater Level

B

Real Process

Model

I I I I 1
600 800 1000 1200 1300

- Plotting Control Value

Controller

Manual Control

J

Pl Control

Controller Value

Kp
08
Ti
15 ' ]
1200 1300

Fle Edt View Project Buld Debug Team Data Tooks Architecture Test Analyze Measurement Studio Window Help

EREn Agtee g™ < NI N E I © & - -5 | P |pebug ~| |y CPU M= AR R G e BIE -
P12 4 T oo W R 2 H[E | @ 4| =
L W Toolbox
o I
Al 0 TebleLayoutpenel X : 2| ] &
g B Menus & Toolbars o B E - Solution ‘Control Application’ (1 project)
E 0t = (i Control Application
Ll & Components ] @ (5 Properties
& Printing Setpoint 5 e # [ References
 Dialogs 5 9 B Gsses
& WPF Interoperability 2 ﬂ Dag.cs
&) Fiter.cs
#Reporting
i Visual Basic PowerPacks g Eldcunt;:ﬂ:v‘l:s
= 2] ProcessModel.cs
Measurement Studio N E— 5 I romte
Pointer <] Program.cs
WaveformGraph ]
SeatterGraph
DigitalWaveformGraph Model 0
B ComplexGraph =
f IntensityGraph Cortroller
Legend 5 Control Value
Gauge Manual Control a — olution Explorer | 8 xplorer
Knob ‘ 3] Propertie: > 1 x
Meter o Form1 System.Windows Forms. Form -
Shde 13 ~HE
Tank Pl Control Jy  Controller Value P 00 .
o ;
Thermometer Yo Opacity 100%
NumericEdit 08 Padding 0;0;0;0
. RightToleft o
Suikch
e Ti RightToLeftLayout  False
Led 15 Showlcon True
NumericEditArray ShowInTaskbar  True
SwichAay Size 918; 579
Lodaray SizeGripstyle Auto
y StartPosition WindowsDefaultLocatio
PropertyEdior uf T
InstrumentControlStrip Text Control Application
%  DagComponent < s oot False )
%, NetworkvariableDatasource Text
(%] MetworkvarisbleBrowserDialog ) timert The text associated with the control.

2] Datasocket v

Below we will show and describe the important parts of the code.

Pl Controller:

We create a new Class for our PID algorithm, by right-click in the Solution Explorer
(Add->New Item...)
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'Solution Explorer v 0 X
=Ee
,.2 Solution 'Control Application' {1 project)
=] ~E Control Application

[+ =d| Properties
#- [:3] References
= -
=) aad » | ] Newltem... Ctrl+Shift+4
zg Exclude From Project i Existing Item... Shift+AlE+A
E| % Cu Chri+x T4 Mew Folder
@ % E:;Z <3 Copy Chrl+C 5] Windows Form...
| @& Paste Ctrl+Y & User Control...
X' Delete Del ] Component...
Rex-ild %g  Class... Shift-+Alt+C

Open Folder in Windows Explorer

’ L

Properties Alt+Enter

The Add New Item window appears:

Installed Templates Sort by Defau\t—v] ‘ r: l
= Visual Ci# Items -~ -
Code "#....". NI DAQ Companent Visual C# Ttems Type: Visual C# Items
Data -
General @ NI Instrument Driver Visual C# Ttems
Web
‘Windows Forms
WPE
Reporting
Workflow

An empty class definition

Visual C# Ttems

Visual C# Ttems

s Vil C# s

% Windows Form Visual C# Items

@ User Control Visual C# Items

@ Component Class Wisual C# Items

[®3]  user Control wer) Visusl C# Ttems

z About Box Visual C# Items

Qﬁ ADO.NET Entity Data Model Yisual C# Items

% ADO.NET EntityObject Generator Yisual C# Items

Q‘i ADO.NET Self-Tracking Entity Generator Yisual C# Items

Iﬁ Application Configuration File Yisual C# Items
) it veuicene. &

Mame: \ PidController.cs

Select the Class Item and a proper Name, e.g. “PidController”.

The PidController Class is as follows:

class PidController
{

public double r; //Reference Value

public double Kp; //Proportional Gain for PID Controler
public double Ti; //Integral Time for PID Controler
public double Ts; //Sampling Time

private double z; //Internal variable
public double PiController (double y)

{

double e; // Error between Reference and Measurement
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double u; // Controller Output

//PID Algoritm

e =r - y;

u=ZKp *e+ (Kp / Ti) * z;
z =z + Ts * e;

return u;

We then initialize the PidController Class:

PidController pidControl = new PidController
{
Ts=0.1,
r=5,
Kp=0.8,
Ti=15
}i

Finally we use the controller:

private void ControlSystem/()
{

//Write Control Value

if (switchController.Value == true) //Use Manual Control
{

controllerOutput = sliderControl.Value;

}
else // Use PID Control
{

controllerOutput = pidControl.PiController (levelMeasurement) ;

//Scaling
controllerOutput = controllerOutput / 4; //0-20cm -> 0-5V

//Set boundaries

if (controllerOutput < 0)
controllerOutput = 0;

if (controllerOutput > 5)
controllerOutput = 5;

}

myDagData.WriteDagData (controllerOutput); //Write to DAQ

Low-pass Filter:

We create the Low-pass Filter as a separate Class to:

class Filter
{

public double yk;
public double Ts;
public double Tf;

public double LowPassFilter (double yFromDaq)
{
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double a;
double yFiltered;

a="Ts / (Ts + Tf);
yFiltered = (1 - a) * yk + a * yFromDaqg;
vk = yFiltered;

return yFiltered;

We then initialize the filter:

Filter filter = new Filter
{
Ts = 0.1,
Tf = 2
}i

Finally we use the filter:

// Lowpass filtering the Measure Value due to noise
levelMeasurement = filter.LowPassFilter (levelMeasurement) ;

Discrete Model:

We do the same for the discrete model.

We have created a Class and a LevelTankModel Method that we use in our simulation:

levelMeasurement = model.LevelTankModel (controllerOutput) ;
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In order to communicate with an OPC Server we can use the DataSocket API that is part of
the Measurement Studio. We use the Matrikon OPC Simulation Server.

9.1 Read OPC Data

Below we will go through a very simple example. We will read one value from the OPC
Server each time we click a button.

Visual Studio Project:

©0 OPC Read - Microsoft Visual Studio fole =
File Edit View Project Build Debug Team Data Format Tools Architecture Test Analyze Measurement Studio Window Help
Al S @] b ]9 -F-0] b bebug ][] 95 R B8 a- .
PEE|I2 & 2| T ok | B e R R § S A et |HE] G E=
& Toolbox MRl Forml.cs [Design] X [[npe] ~  Solution Explorer > I X
5l © All Windows Forms = -\Ell & (2] ‘ EES
&
¢ Commor.| Contls o= Read from OPC Server oo == ) Solution 'OPC Read" (1 project)
= R Pointer 4 (] OPCRead
& Button | » (=4 Properties
F Data:
CheckBox > [3 References
[BZ  CheckedListBox Fead OFC 4 [ Forml.cs
ComboBox ‘%) Forml.Designer.cs
. . — ‘%) Forml.resx
T8 DateTimePicker
L 4] Program.cs
A Label
A LinkLabel
[EY  ListBox
257 ListView
[ MaskedTextBox \-\3 Solution Explorer § ; MRS
FE  MonthCalendar Properties v B X
= Notifylcon Form1 System.Windows.Forms.Form ©
[f¥  NumericUpDown B, - -
e A EN =
[& PictureBox
Showlcon True o
@ ProgressBar
©®  RedioButt ShowInTaskbar True
o enen > Size 300; 145
A RichTextBox SizeGripStyle Auto
bl TextBox StartPosition WindowsDefaultLocati
% ToolTip Tag
%2 TreeView Text Read from OPC Servel [
[ WebBrowser TopMost False 2
4 Containers Text
R Pointer The text associated with the control.
¥ FlowlLayoutPanel -
Ready

Code:

We define a DataSocket object:

DataSocket dataSocket = new DataSocket();

Next, We Connect to the OPC Server:

string opcUrl;
opcUrl = "opc://localhost/MATRIKON.OPC.Simulation/Bucket Brigade.Reald";
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if (dataSocket.IsConnected)
dataSocket.Disconnect () ;

dataSocket.Connect (opcUrl, AccessMode.Read) ;

Finally, we Read OPC Data:

private void btnReadOpc Click (object sender, EventArgs e)
{
dataSocket.Update() ;

txtReadOpcValue.Text = dataSocket.Data.Value.ToString() ;

We test the Application using the Matrikon OPC Explorer:

™

p
% MatrikonOPC Explorer - [Untitled*]

File Server Group Item View Help

423 Group0

National Instruments.NIOPCServers
National Instruments.OPCFieldPoint
-ORE National Instruments. Variable Engine. 1

Group0 Contents of 'Group0'
= j Localhost "\\HANSHA-PC' Item ID I Access Path I Value I Quality
! Matrikon.OPC. Simulation. 1 % Bucket Brigade.Real4 6 Good, non-specific

+- 4@ Network Neighborhood
Q Other Network Computers

=

.
o Read from OPC Server

< T | » |«

Server Info \ [

Group Info

rver: Matrikon.OPC.Simulation. 1

Update Local Time: 03/03/2012 2:18:25.3611 0P [
afriko

SelectUrl:

We can use the SelectUrl method if we want to pick the OPC item from a list of available

servers (both local servers and network servers) and items.

roup: Group0

e Connected (Async 1/0): Yes (2.0)
onnected: Yes 3 e |
tate: Running dadb Active: Yes
roups: 1 — - 8 OPC-4A tems: 1
otal Items: 1 v}. urrent Update Rate: 1000 ms
urrent Local Time: 03/09/2012 2:23:58.984 Click For Datalts | Percent Deadband: 0.00%

IData Change Rate: 0.00 Items/Sec

dataSocket.SelectUrl () ;

The SelctUrl method will pop up the following window:
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E-y8& Computer 0K

&) Matrikon.OPC.Simulation
=-E] Matrikon.OPC.Simulation.1

8" #MonitorACLFile

33“ @Clients
-] Configured Aliases
=1 Simulation ltems

E]D Bucket Brigade
P @A a....NEDA-I0
< | 1 | )

Browse host; I Refresh |

URL: Iopc://localhost/Matrikon.0PC.SimuIation.1/Bucket Brigade.Int4

(m | »

Cancel

9.2 Write OPC Data

We use the same DataSocket API here.
Visual Studio Project:

Below we will go through a very simple example. We will write one value to the OPC Server
each time we click a button.

©0 OPC Write - Microsoft Visual Studio o)==
File Edit View Project Build Debug Team Data Format Tools Architecture Test Analyze Measurement Studio Window Help
L@l SHd| % @9 -6 -E-5[p ooy -||@| || & 5 G A 50 Bl B - -
e e 2|7 o w2 B E e |28 ee|HE| DS,
% Toolbox MRl Forml.cs [Design] X JRIGpEa] ~ Solution Explorer v ax
I3l " All Windows Forms & El 5 \El =] &
- Commor.1 Controls a2l Write to OPC Server == 4 Solution 'OPC Write' (1 project)
5 R Pointer 4 (] OPC Write
& Button E 7 > [=d) Properties
CheckBox a3 > [l References
Wiite OPC
BZ  CheckedListBox 4 [Z] Forml.cs
%8 ComboBox 2 ‘%) Forml.Designer.cs
DateTimePick %) Forml.resx
T DateTimePicker o a) 4] Program.cs
A Label
A LinkLabel
E¥ ListBox
237 ListView ‘?3 Solution Explorer || j MEELNSTIRIS
.
2 MaskedTextBox Properties v i x
& MonthCalend, .
= ontnt-alendar Form1 System.Windows.Forms.Form -
== Notifylcon -
';‘f:eAH:_'z] £ |j
[fZ NumericUpDown @ Z =
@  PictureBox Showlcon True o
@D ProgressBar 5.howInTaskbar True
® RadioButton > S!ze . 281;140
B=  RichTedBox SizeGripStyle Auto
=e IC|
a StartPosition WindowsDefaultLocati
[sb]  TextBox —
) Tag | |
Ry ToolTip Text Write to OPC Server _
%5 TreeView =
ext
Zg WebB
g 5 coRrowser The text associated with the control.
4 Containers
Ready
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Code:

We define a DataSocket object:

DataSocket dataSocket = new DataSocket();

Next, We Connect to the OPC Server:

string opcUrl;
opcUrl = "opc://localhost/MATRIKON.OPC.Simulation/Bucket Brigade.Reald";

if (dataSocket.IsConnected)
dataSocket.Disconnect () ;

dataSocket.Connect (opcUrl, AccessMode.Write);

Finally, we Write OPC Data:

private void btnWriteOpc Click(object sender, EventArgs e)
{

double opcValue = 0;
opcValue = Convert.ToDouble (txtWriteOpcValue.Text) ;
dataSocket.Data.Value = opcValue;

dataSocket.Update() ;

We test the Application using the Matrikon OPC Explorer:

p
& MatrikonOPC Explorer - [Untitled*] =@ = |
| File Server Group Item View Help |
LSEXEIBD | g NOID DD D

Group0 Contents of 'Group0*

-7 Localhost \HANSHA-PC Item ID Access Path [ value [ Quality

=i @ Matrikon.OPC. Simulation. 1 @5 Bucket Brigade.Real4 6 Good, non-specific
43 GroupQ

O National Instruments.NIOPCServers
O National Instruments. OPCFieldPoint
, O National Instruments. Variable Engine. 1
& Network Neighborhood
i3 Other Network Computers

,
o5 Write to OPC Server =

<| m F y
Server Info Group Info ‘
X Group: Group0
'Server: Matrikon.OPC.Simulation. 1 Did you know? 2,
. LT .|| Connected (AsyncI/0): Yes (2.0)
‘Connected: Yes Explorer Tip #3 10 |
State: Running OPC Explorer measures your
‘Groups: 1 current DA throughout. Items: 1
Total Items: 1 Current Update Rate: 1000 ms

L ctick For betaits ]

@ MatrikonOPC

Percent Deadband: 0.00%
Data Change Rate: 0.00 Items/Sec

‘Current Local Time: 03/09/2012 2:18:47.060
Update Local Time: 03/09/2012 2:18:25.3611
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9.3 Using a Timer

We can use a timer in order to read values “continuously”, i.e. at specific intervals.

In the “Components” toolbox we find the “Timer” Control:

ServiceController

Timer *‘

(=l Components
k Pointer
E_?I DirectoryEntry
Q, DirectorySearcher
@  ErrorProvider
i3 Eventlog
gzl FileSystemWatcher
HelpProvider
@ Imagelist
@ MessageQueue
,Qﬁ] PerformanceCounter
j Process
#  SerialPort
3
&

In the Properties window we can specify the Interval (“Sampling Time”) in milliseconds.

Properties v I X
timer1 System.Windows,.Forms, Timer -
- MEA: =
(ApplicationSettings)

(Name) timer1

Enabled False

GenerateMember True

Interval 100

Modifiers Private

Tag

We can start the timer with the following code:

public Forml ()
{
InitializeComponent () ;

timerl.Start() ;

In the Timer Event we create the code in order to read data at this specific interval.
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private void timerl Tick(object sender, EventArgs e)
{

Tutorial: Data Acquisition in C#



10 Using Measurement
Studio Templates

In order to use the NI USB-TCO1 Thermocouple Measurement device with C# we need to
have the DAQmx driver and the DAQmx API for C# installed. In order to install the DAQmx
API for C#, make sure to select “.NET Support” when installing the DAQmx driver.

C# is a powerful programming language, but has few built-in features for measurement and
control applications. Measurement Studio is an add-on to Visual Studio which makes it
easier to create such applications. With Measurement Studio we can implement Data
Acquisition and a graphical HMI.

You don’t need to use the Measurement Studio to create an application where you use the
NI USB-TCO1 Thermocouple Measurement device, but it is easier.

Here we will use Visual Studio and the Measurement Studio Add-in to create some DAQ
examples where we get temperature data from the NI USB-TCO1 Thermocouple
Measurement device.

10.1 Create a NI Windows Application

In this example, we will select the “NI windows Application” Template in the “New Project”
window.
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New Project

[.NET Framework 4 ~ | sort by: [ Defaut ] i [ search Installed Templates 2|

Installed Templates S
[mw NI DAQ Windows Application Visual C2 ype: Visual

4 Visual ¢ A project for creating a Measurement
Windows ) - ) Studio C# application with a Windows
Web @ NI Windows Application Visual C# user interface

Office
Cloud {E NI Class Library Visual CG#

Reporting

SharePoint

Silverlight

Test

WCF

Workflow
Other Languages
Other Project Types
Database
Modeling Projects
Test Projects

Online Templates

Name: Temperature Reader using TCOL

Location: mi\HiTfiler\My Documents\Visual Studio 2010\Projects -

Create directory for solution

Solution name: Temperature Reader using TC0L
|| Add to source control

OK Cancel

Note! The “New Project” window may look different on your computer, it depends on what
features you have installed and which version or edition of Measurement Studio you are

using.

Next we select the Class Libraries we want to include. In our case we need at least to select
the “DAQmx Library”.

'”‘ Measurement Studio Visual C# Windows Application Wizard @

|
Measurement Studio Class Libraries VNATIONAL
Select the class libraries you want to include in the project. ’ INSTRUMENTS

Enterprise Analysis Library

= . Hardware Class Libraries

DataSocket Communication Library
NetworkVariable Communication Library

[¥] TDM Streaming Library

[¥]Windows Forms User Interface Control Library

) (o)

When we click “Finish” an empty project will be created for us. We are now ready to create

our own application.
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We start by creating a simple User Interface:

= =™

a-/ Temperature Reader using TCO1 = I (=] Hi&]

Temp Data:

When we click the “Read Temp” button, the Temperature data shall be shown in the “Temp
Data” TextBox.

In the event Handler for the “Read Temp” button, we create the following code:

private void btnReadTempData Click(object sender, EventArgs e)
{

Task analogInTask = new Task();
AIChannel myAIChannel;

myAIChannel = analogInTask.AIChannels.CreateThermocoupleChannel (
"Devl/aiO",
"Temperature",
OI
100,
AIThermocoupleType.Jd,
AITemperatureUnits.DegreesC,
25
)i

AnalogSingleChannelReader reader = new
AnalogSingleChannelReader (analogInTask.Stream) ;
double analogDataln = reader.ReadSingleSample ()

txtTempData.Text = analogDatalIn.ToString() ;

Then we can test our application:

e ™

a-/ Temperature Reader using TCO1 = |[~(=] |i2.|

Temp Data:

18,1864216839523

Tutorial: Data Acquisition in C#



65 Using Measurement Studio Templates

Improvements: We should use a “Timer” in order to read Temperature data at specific
intervals instead of pushing a button each time we need data.

timerl

We drag in a Timer component from the Toolbox. First, we need to start the Timer:

public Forml ()
{
InitializeComponent () ;

timerl.Start() ;

Next, we need to specify the interval. We can do that in the Properties window:

Properties
timerl System.Windows.Forms. Timer v
(ApplicationSettings
(Name) timerl
Enabled False
Interval 1000
Moditiers Private
Tag

In the Timer Event we write the code for reading the Temperature:

private void timerl Tick(object sender, EventArgs e)
{

Task analogInTask = new Task();
AIChannel myAIChannel;

myAIChannel = analogInTask.AIChannels.CreateThermocoupleChannel (
"Devl/aiO",
"Temperature",
OI
100,
AIThermocoupleType.Jd,
AlITemperatureUnits.DegreesC,
25
)i

AnalogSingleChannelReader reader = new
AnalogSingleChannelReader (analogInTask.Stream) ;

double analogDataln = reader.ReadSingleSample ()

txtTempData.Text = analogDataIn.ToString ("0.0");

Finally, we test the application:

Tutorial: Data Acquisition in C#



66 Using Measurement Studio Templates

p

a5 Temperature Reader using TCO1 E]@

Temp Data:
217

10.2 Create a NI DAQ Windows Application

Note! This option is only availible if you to have either the Professional or Enterprise version
of the Measurement Studio software.

We start by creating a “New Project” from Visual Studio. In the “New Project” window we
select “Visual C#” » “Measurement Studio”, and then select the “NI DAQ Windows
Application” Template that is part of the Measurement Studio.

New Project @
[-NET Framework 4 ']Sort by:[DefauIt '] l Search Installed Templates }3‘

Installed Templates
) B NIDAQ Windows Application Visual C#
4 Visual C# {w A project for creating 2 Measurement

Windows 3 o X Studio C# NI-DAQmx application with a
Web E NI Windows Application Visual C# Windows user interface

Office
Cloud @ NI Class Library Visual C#

Measurement Studio
Reporting
SharePoint
Silverlight
Test
WCF
Workflow
Other Languages
Other Project Types
Database

Type: Visual G

Modeling Projects
Test Projects

Online Templates

Name: DagApplicationEx
Location: C\Temp'\ v Browse...
Solution name: DaqgApplicationEx Create directory for solution

["] Add to source control

OK Cancel

Note! The “New Project” window may look different on your computer, it depends on what
features you have installed and which version or edition of Measurement Studio you are
using.

Next, we need to go through different steps in a wizard.

Tutorial: Data Acquisition in C#



67 Using Measurement Studio Templates

In the first step we select “Create a new project task”:

PS‘ Add DAQ Component @1
Add DAQ Component NATIONAL
Add a DAQ component to your project. INSTRUMENTS
@ Create a new project task Create a new task that will be added to your project.
) Create a new MAX task. Create a new task that will be stored in Measurement and Automation
- Explorer (MAX).

Select the name of a task that is stored in Measurement and Automation
Explorer (MAX) to reference from your project.

Select the name of a task that is stored in Measurement and Automation
Explorer (MAX) to copy to your project.

() Copy an existing .mxb:
Specify the path to an existing .mxb file to copy into your project.

o) (o]

In the next step we select the measurement type, and since the NI USB-TCO1 Thermocouple
Measurement device is for reading Temperature values, we need to select “Acquire Signals”.

pe- =

Create New CVI/Measurement Studio Project-Based Task...

NI-DAQ WoNATONAL -

DAQ Assistant

i@ Acquire Signals

Select the measurement type for the
task. Generate Signals

A task is a collection of one or more virtual
channels vith timing, triggering, and other
properties.

To have multiple measurement types
vithin a single task, you must first create
the task vith one measurement type. After
you create the task, click the Add
Channels button to add a new
measurement type to the task.

< Back || MNext> Finish /

7

In the “Acquire Signals” node we first select “Temperature” and then select
“Thermocouple”.
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P

Create New CVI/Measurement Studio Project-Based Task...

NI-DAQ" )

DAQ Assistant

>

i Acquire Signals

Select the measurement type for the

Lo = AnalogInput
A task is a collection of one or more virtual
channels vith timing, triggering, and other ®% Voltage
T { .
properties = Temperature
To have multiple measurement types 5
vithin a single task, you must first create lt Iex Thermistor [
the task vith one measurement type. After
you create the task, click the Add le RTD
Channels button to add a new
measurement type to the task. { le Thermocouple

lt Vex Thermistor
Strain

Current

Resistance
Frequency

Position

S w5 T A ¥

Sound Pressure -

Back || Next> Finish /

Z

Next we need to select the physical channel(s). Since the NI USB-TCO1 Thermocouple
Measurement device has only one channel available, we need to select “ai0” (Analog In,
Channel 0).

P

Create New CVI/Measurement Studio Project-Based Task...

NI-DAQ" )

DAQ Assistant

W Physical

>

Select the physical channel(s) to |
add to the task.

Supported Physical Channels

If you have previously configured =} Devl (USB-TCO1) -
global virtual channels of the .

same measurement type as the v @il
task, click the Virtual tab to add
or copy global virtual channels to
the task. When you copy the
global virtual channel to the
task, it becomes a local virtual
channel. When you add a global
virtual channel to the task, the
task uses the actual global
virtual channel, and any changes
to that global virtual channel are
reflected in the task.

m

If you have TEDS configured,
click the TEDS tab to add TEDS
channels to the task.

For hardware that supports -
multiple channels in a task, you
can select multiple channels to

add to a task at the same time. t <Ctrl> or <Shift> dick to select multiple channels.

Next > Finish /

Z

Next we can set different Properties, such as “Input Range”, “Acquisition Mode”,
“Thermocouple Type”, etc.
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Edit DAQ Task

Edit DAQ Task NATIONAL
Configure the settings of your new DAQ task. INSTRUMENTS
’ D Run ~ | <+ Add Channels 2 Remove Channels » 7 Show Help

I[ﬁ Project Task | £ Connection Diagram I

Channel Value -
Temperature 0
Table EI Display Type
Configuration | Triggering | Advanced Timing | Logging |
Channel Settings
@ Details @ “ | Thermocouple Setup
Temperature Settings
Signal Input Range
M r 00 | Scaled Units
ax !
: g deg C (=]
Min | 0
Thermocouple Type
1 [+
CIC Source ~ CIC value )
Click the Add Channels button | Constant fem] | =]
(+) to add more channels to
the task.
Timing Settings
Acquisition Mode ~ Samples to Read Rate (Hz)
1 Sample (On Demand) (=] 100 1k

Finish

Finally we see a Preview of the User Interface before it is automatically generated by the
Measurement Studio:
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P

% Generate DAQ UI

=)

NATIONAL
INSTRUMENTS

Configure DAQ Component Ul

The user interface will be created forthe DAQ component with the
specified settings.

Preview

=] Fom | 2] Code

Options

Asynchronous re: False ‘
Emor handler daqTaskComponent1_Em
Generate emor he True

Numeric edit ama) numericEdit Aray 1

Read button nam button1

Read click handl button1_Click

Read completed daqTaskComponent1_Re

[=]

a

) (e

Asynchronous read
Specffies if the read operation will be performed
asynchronously.

Fish || Cancel ]

When we click “Finish”, the Solution, the Project and User Interface will be automatically
created.

©0 DagApplicationEx - Microsoft Visual Studio foleE=s
File Edit View Project Build Debug Team Data Tools Architecture Test Analyze Measurement Studio Window Help
iG-S % B9 e - &5 b [Debyg | -|| 2 5 G a5 B R - <
A I Y R - J o | e e = T
W& Toolbox > & X Forml.cs Forml.cs [Design] X B Solution Explorer v 3 x
Sl > All Windows Forms - =]
e ECommonlContio: o Form1 _ EE=] -3 Solution DagApplicationEx’ (1 project) B
% R Pointer o = > : 4+ [ DagApplicationEx
a Button = i 4 |7 Properties
CheckBox R Bt t‘ ) Assemblylnfo.cs
B3 CheckedListBox e 5 ] licenses.licx
T Combobor [ Resources.resc
) [2] Settings.settings E
T DateTimePicker [ References =
A Label 4 ¥z DagTaskmxb
A LinkLabel @) DaqTask.cs
ListBox %) DaqTask.User.cs
ListView 4 [ZFormlcs
) MaskedTextBox %) Forml.Designer.cs
%) Forml.resx
[ MonthCalendar BN e ~ -
=] Notifylcon &3] Solution Explorer [[ IS0
& PictureBox DaqApplicationEx Project Properties <
@ ProgressBar -
®  RadioButton = H_ :‘ . :
5 RichTedBox :mjm File [?aqﬁfppllcatmr\Ex.(spmJ ,
B TetBor roject Folder C:\Temp\DagApplicationEx\DagApp
R, ToolTip
T TreeView
TJ WebBrowser
4 Containers
R Pointer
#5 FlowLayoutPanel
] GroupBox
] Panel {# daqTaskComponentl Project File
@] SplitContainer The name of the file containing build, configuration, and other
[ TabControl . information about the project.
Ready

Figure 1: Visual Studio Generated Solution

Finally we can test the Application:
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18,1891325829114e |2 | Read |

With this approach we get a “flying start” and we can change the code as we please. The
drawback with this approach is that the code that is automatically generated is a little bit
“messy”.

So actually, this is not a method | will recommend to use.
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In this Appendix the complete source code for all the examples will be listed.

My First DAQ App

The code for this application is as follows:

using NationallInstruments;

using NationalInstruments.DAQmx;
using NationalInstruments.UI;
using NationallInstruments.UI.WindowsForms;
using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;

namespace MyFirstDAQApp
{
public partial class Forml : Form

{
public Forml ()
{
InitializeComponent () ;

private void Forml Load(object sender, EventArgs e)
{

private void btnGetAnalogIn Click(object sender, EventArgs e)
{

Task analogInTask = new Task();

AIChannel myAIChannel;

myAIChannel = analogInTask.AIChannels.CreateVoltageChannel (
"devl/aiO",
"myAIChannel",
AlTerminalConfiguration.Differential,
0/
5/
AIVoltageUnits.Volts
)i

AnalogSingleChannelReader reader = new
AnalogSingleChannelReader (analogInTask.Stream) ;

double analogDataln = reader.ReadSingleSample ()

txtAnalogIn.Text = analogDatalIn.ToString() ;
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private void btnWriteAnalogOut Click(object sender, EventArgs e)

{

Task analogOutTask = new Task();

AOChannel myAOChannel;

myAOChannel = analogOutTask.AOChannels.CreateVoltageChannel (

"devl/ao0O",
"myAOChannel",

OI

5/
AOVoltageUnits.Volts
)i

AnalogSingleChannelWriter writer = new
AnalogSingleChannelWriter (analogOutTask.Stream) ;

double analogDataOut;
analogbDataOut = Convert.ToDouble (txtAnalogOut.Text) ;

writer.WriteSingleSample (true, analogDataOut) ;

Control Application

The code for this application is as follows:

using NationallInstruments;

using NationalInstruments.DAQmx;
using NationalInstruments.UI;
using NationallInstruments.UI.WindowsForms;
using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;

namespace Control Application

{

public partial class Forml : Form

{
public Forml ()
{
InitializeComponent () ;

timerl.Start();

private void timerl Tick(object sender, EventArgs e)
{

DagData myDagData = new DagData() ;
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//Read Data
double analogDataln;

analogDataIn = myDagData.ReadDagData () ;
if (analogDatalIn < 0)
analogbDataIn = 0;
if (analogDatalIn > 5)
analogDataIn = 5;
//Scaling:
analogbatalIn = analogbataIn * 4; //0-5V -> 0-20cm

tank.Value = analogDataln;

txtLevelValue.Text = analogDataIn.ToString("0.00");

//Write Data
double analogDataOut;
analogbataOut = sliderControl.Value;

myDagData.WriteDagData (analogbDataOut) ;

private void buttonl Click(object sender, EventArgs e)

{
Application.Exit ()

/// <summary>

/// Reading and Writing Data from DAQ Device
/// </summary>

public class DagData

{

public double ReadDagData ()
{

Task analogInTask = new Task();
AIChannel myAIChannel;
myAIChannel = analogInTask.AIChannels.CreateVoltageChannel (
"devl/aiO",
"myAIChannel",
AlTerminalConfiguration.Differential,
OI

5/
AIVoltageUnits.Volts

)

AnalogSingleChannelReader reader = new
AnalogSingleChannelReader (analogInTask.Stream) ;

double analogDataln = reader.ReadSingleSample ()

return analogDataln;

public void WriteDagData (double analogDataOut)
{

Task analogOutTask = new Task();
AOChannel myAOChannel;

myAOChannel = analogOutTask.AOChannels.CreateVoltageChannel (
"devl/aoO",
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"myAOChannel",

OI

5/
AOVoltageUnits.Volts
)i

AnalogSingleChannelWriter writer = new
AnalogSingleChannelWriter (analogOutTask.Stream) ;

writer.WriteSingleSample (true, analogDataOut) ;

10.3 OPC Read

using NationallInstruments;

using NationallInstruments.Net;
using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;

namespace OPC Read

{
public partial class Forml : Form

{ DataSocket dataSocket = new DataSocket();
public Forml ()
{ InitializeComponent () ;
string opcUrl;
opcUrl = "opc://localhost/MATRIKON.OPC.Simulation/Bucket Brigade.Reald";

if (dataSocket.IsConnected)
dataSocket.Disconnect () ;

dataSocket.Connect (opcUrl, AccessMode.Read) ;
}

private void btnReadOpc Click (object sender, EventArgs e)
{

dataSocket.Update() ;

txtReadOpcValue.Text = dataSocket.Data.Value.ToString() ;

10.4 OPC Write

using NationallInstruments;

using NationallInstruments.Net;
using System;

using System.Collections.Generic;
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using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;

namespace OPC Write

{
public partial class Forml : Form
{

DataSocket dataSocket = new DataSocket();
public Forml ()
{

InitializeComponent () ;

string opcUrl;
opcUrl = "opc://localhost/MATRIKON.OPC.Simulation/Bucket Brigade.Reald";

if (dataSocket.IsConnected)
dataSocket.Disconnect () ;

dataSocket.Connect (opcUrl, AccessMode.Write);
}

private void btnWriteOpc Click(object sender, EventArgs e)
{

double opcValue = 0;
opcValue = Convert.ToDouble (txtWriteOpcValue.Text) ;
dataSocket.Data.Value = opcValue;

dataSocket.Update() ;

Tutorial: Data Acquisition in C#
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