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Hardware
DAQ Device (e.g., USB-6008)

Breadboard

Thermistor 10K (Temperature Senso

Resistor, R = 10k()
Wires (Jumper Wires)
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Breadboard

A breadboard is used to wire
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electric components together
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Breadboard Wiring
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The Breadboard is used to connect components and electrical circuits fri’tz,i’ng
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USB-6008
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/0O Pins =

I =
GND =|= =| = P0.0
Al 0 (Al0+) || [[EC|» = | Po.1
Al 4 (Al 0-) il [0 B 2= P0.2
GND {IIEl= P 9| |g|l=3|F Po.3
Al 1 (Al 1+) =] || ] |2 P0.4
Al5 (A1) | ||| S| | Pos
GND =)~ Q= P0.6
Al2 (Al2+) | ||| || Po7
Al 6 (Al 2-) Edf <= P1.0
GND W= || P11
Al 3 (Al 3+) Ed (= | = P1.2
A7 (A13-) | [[ETD)S | P13
GND ==l [k a4 |R|EX| . PFIO
AO 0 == (/B2 +25v
AO 1 Ex||< = +5V
GND == 2] GND
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Measurement & Automation Explorer (MAX

=
(s
File Edit View Tools Help
v E3 My System b Sove £3 Refresh | « Reset [ Self-Test [] Test Panels... ‘ {mif Create Task... | 3% Hide Help
[§l Data Neighborhood =
v &g Devices and Interfaces ¢ The self test completed successfully. @ Back B
@ Integrated Webcam "cam0"
@1 Microsoft® LifeCam Studio(TM) NI-DAQmx Device Basics
« NI USB-6008 "Devl" Settings What do you want to do?
+@ NIUSB-6008 "Dev3” PRun the NI-DAQmx Test Panels
*g NI USB-TCO1 "TCO1" Name Devl ,
. Remove the device
4. Network Devices Vendor National Instruments
@ Historical Data PView or change device
a4 Scales Model NI USB-6008 configuration
& Software Serial Number 01654088
B Remote Systems Status Present

External Calibration

Calibration Date 2011-10-03 00:00
Recommended Next 2012-10-03 00:00
Calibration

< > | = Settings



Using the Test Panel in MAX

[] Test Panels: NI USB-6008: "Dev1" X

Analog Input  Analog Output  Digital 10 Counter 1/0

Amplitude vs. Samples Chart Auto-scale chart
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A thermistor is an electronic component that changes
resistance to temperature - so-called Resistance
Temperature Detectors (RTD). It is often used as a
temperature sensor.

'X Thermistor

Our Thermistor is a so-called NTC (Negative Temperature Coefficient).
In an NTC Thermistor, resistance decreases as the temperature rises.

There is a non-linear relationship between resistance and excitement. To find the
temperature we can use the following equation (Steinhart-Hart equation):

1 L
? =A+B ln(R) + C(ln(R))3 where A, B, C are constants given below [Wikipedia]

A = 0.001129148,B = 0.000234125and C = 8.76741E — 08



Steinhart-Hart equation

To find the Temperature we can use Steinhart-Hart equation:

1_ A+ BIn(R) + C(In(R))3
Ty

This gives:
T = 1 A = 0.001129148,
K™ A+ BIn(R) + C(In(R))3 B = 0.000234125
C = 0.0000000876741
Where the Temperature Tk is in Kelvin

A, B and C are constants
The Temperature in degrees Celsius will then be:

T, = Ty — 273.15



Resistors

Resistance is measured in Ohm ((2)

Resistors comes in many sizes, e.g., 2201},
2700, 330102, 1kQOm 10k(), ...

The resistance can be found using Ohms Law

U=RI

https://en.wikipedia.org/wiki/Resistor
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Resistor Color Codes

4-Band-Code

2%, 5%, 10% 560k O + 5%
E y E M “ E =
L
[ 1 I

15T BAND | 2"° BAND | 3%° BAND | MULTIPLIER | TOLERANCE

——— ] [

0.1%, 0.25%, 0.5%, 1% 237Q £1%

5-Band-Code

Resistor Calculator: http://www.allaboutcircuits.com/tools/resistor-color-code-calculator/
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Wiring Example

Here you see a wiring examples using Arduino.
You make the same wiring using a DAQ device
like USB-6008 or similar.

Made with [J Fritzing.org



Wiring Example
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USB-6008 Wiring Example

We connect the sensor to LabVIEW using a USB DAQ Device from National Instruments,
e.g., USB-6001, USB-6008 or similar. A breadboard has been used for the wiring.



Wiring

The wiring is called a “Voltage divider”:

10K Thermistor
R10K l, OV

Analog In

[https://en.wikipedia.org/wiki/Voltage divider]



General Voltage Divider

Ry

+
R Vout — Vz n "

+
| p2§ Ut
i

Ry + R»

https://learn.sparkfun.com/tutorials/voltage-dividers/all
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Voltage Divider for our system

.

Voltage Divider Equation: [] R, = 10kQ
0=
Ry

—
R Vour

We want to find R;: R, = VoutRo ‘ |

Vin=Vout R, - 10k Thermistor. This varies with
temperature. From Datasheet we
know that R; = 10kQ @25°C

Steps:

1. We wire the circuit on the Breadboard and connect it to the DAQ device
2. We measure V,,; using the DAQ device

3. We calculate R; using the Voltage Divider equation

4. Finally, we use Steinhart-Hart equation for finding the Temperature



Code

. Get V,,; from the DAQ device

VoutRo

. Calculate R; =

Vin_Vout
1

. Calculate Ty = A+B In(R)+C(In(R,))3

4. Calculate T, =Ty — 273.15

. Present T in the User Interface



[*] Thermistor10K Example.vi Block Diagram - [m} X

File Edit View Project Operate Tools Window Help E—
La bVl EW Exa m p I e e
~

3 »
g
>
> »

DAQ Assistant i
= =
empC|
DELL
[*] Thermistor10K Example.vi Front Panel - O X
[*] Steinhart-Hart Equation.vi Block Diagram - [m} X
Fil it Vi Proj Tools Wi Hel
= Edl; I;W - r:J:Ct 150:’:“? t.OO: = '"dOV: ef_ D o 29 % HT?SE" File Edit View Project Operate Tools Window Help Stein
& © pt Application Font v | 3o+ pgv v v o« — - —_—
~ S & O QP 2 wa@ o |15ptApplication Font v | 3ov whov EH~ Lag »f Search A P hart
A
Rt
104214 MathScript Node
1 Vin=3;
2 Ro=10000; %10k Resistor
3 Rt = (Vout*Ro)/(Vin-Vout);
4 %Rt=10000; Used for Testing. Setting Rt=10k should give TempC=25
6 %Steinhart constants
7 =0.001129148;
8 B = 0.0002341
9 C = 0.00000008767
v 10
< > 1 % Steinhart-Hart Equation
12 TempK=1/(A+ (B*log(Rt)) + (C*log(Rt)*2));
13
14 % Convert from Kelvin to Celsius
15 TempC = TempK - 273.15;
[/T=A+B*(nR)+ C*(LnR)*3 -> T=1/(A+B*(LnR) + C*(LnR)*3)]
v




Arduino Example

const int temperaturePin = 0;

void setup ()

{
Serial.begin (9600) ;

void loop ()

{
int temperature = getTemp () ;
Serial.print ("Temperature Value: ");
Serial.print (temperature) ;
Serial.println ("*C") ;
delay (1000) ;

double getTemp ()
{

// Inputs ADC Value from Thermistor and outputs Temperature in Celsius

int RawADC = analogRead (temperaturePin) ;
long Resistance;
double Temp;

// Assuming a 10k Thermistor. Calculation is actually: Resistance = (1024/ADC)
Resistance=((10240000/RawADC) - 10000) ;

// Utilizes the Steinhart-Hart Thermistor Equation:
// Temperature in Kelvin = 1 / {A + B[1In(R)] + C[1ln(R)]"3}
// where A = 0.001129148, B = 0.000234125 and C = 8.76741E-08

Temp log (Resistance) ;

Temp = 1 / (0.001129148 + (0.000234125 * Temp) + (0.0000000876741 * Temp * Temp * Temp)) ;
Temp = Temp - 273.15; // Convert Kelvin to Celsius

return Temp; // Return the Temperature



Celsius to Fahrenheit Conversion

In Norway we typically use Celsius as temperature unit, while in US
they use Fahrenheit.

Conversion between these are as follows:

9
TF =§TC 32
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NI-DAQmx Driver

Installing

Installing . . e
Select Agree Review Finish
Select Agree Re
> . . . Additional items you may wish to install:
Additional items you may wish to install:
) ) : NI-DAQmx Support for LabVIEW Real-Time and LabWindows/CVI Real-Time -
NI-DAQmx Runtime with Configuration Support _ : v , o
a T i Files used to create NI-DAQmx applications with VIEW Real-Time or with the LabWindows/CV
un-time components required to dep Oy applications using Ng _
devices and support for configuring NI hardv a the Measu Real-Time Module.
NI-DAQmx Support for NET Framework 4.0 Languages [J NI Linux RT PXI System Image
Provides .NET interface for DAQ devices and adds NI-DAQmx sy This software pack cage includes the system image necessary for formatt ng and provisioning a
NI-DAQmx Support for NET Framework 4.5 Languages supported PXI controller to run NI Linux Real-Time. Updated system images are required to install the
Provides .NET interface for DAQ devices and adds NI-DAQmx sy latest drivers to the controller
-DA :
Ejrlrv?,'S:rn:ﬁssruﬁ.pﬂ-c’faﬁrfFl-m’w-v. applications using ANSI C co NEDAGnx cDAG Frmweare
S B Provides firmware for Ethernet CompactDAQ Chassis, FieldDAQ, and NI Linux Real-Time CompactDAQ
NI-DAQmx Support for LabVIEW 2019 (32-bit) Controllers
Provides NI-DAQmx support for LabVIEW 2019 (32-bit) o B
NI-DAQmx Support for LabVIEW Real-Time and LabWindows/C [] NI-DAQmx Support for Visual Studio 2015
Files used to create NI-DAQmx applications with LabVIEW Real- DAQmx integration support for Microsoft Visual Studio 2015
Real-Time Module. . -
) [] NI-DAQmx Support for Visual Studio 2017
L] NI Linux RT PXI System Image DAOmMX integration support for Microsoft Visual'Studic 2017
Select All Deselect Al NI-DAQmx Support for Visual Studio 2019
DAQmx integration support for Microsoft Visual Studio 2019 v

Select Al | Deselect All | Next




NI-DAQmx Examples

All Emai 'y r
—
Best match
NI-DAQmx Examples
App
Apps
NI-DAQmx Examples
NI-DAQmx Documentation > p
Search the web A || = | DotNET45.1 - [m] X
N File Home Share View e
/O DAQ - > 7 Open -
v 4 « Users > Public > Public Documents > National Instruments > NI-DAQ > Examples > DotNET4.5.1 v O P
I3 open file location Name ° Date modified Type Size
i s Quick access
<3 pin to Start Analog In F
@ Creative Cloud Files Analog Out F
@ OneDrive - Personal Control File
Counter F
@ OneDrive - USN Digital F
B This PC Synchronization F
J 3D Objects
Desktop
=] Documents
& Downloads
D Music
&= Pictures
B videos
- 05(C)
/O DAQ s ExtraHDD (E:)

s ExtraHDD (E)

¥ Network

6 temec



We will make the following Application:

85! Form1

Temperature Value:

26.61

Get Data

29



Visual Studio 2019

Open recent
| o

4 Today
%] WeatherSystem.sIn
C:\Users\hansha\OneDrive\Programming\Weather System\WeatherSystem

%] Tmp36Demo.sin
C:\Temp\Development\Tmp36Demo

%] Tmp36App.sin
C:\...\Sensors and Actuators Examples\TMP36\Code\Tmp36App

%] DAQRead.sIn
C:\...\DAQ CSharp Examples\DAQ CSharp USB-6008 Examples\DAQRead

2] AcqOneVoltageSample.2013.sln
C:\...\Examples\DotNET4.5.1\Analog In\Measure Voltage\AcgOneVoltageSample\CS

2] GlobalContinuousAI_USB.sIn
C:\...\Examples\DotNET\v4.5\Applications\DAQmxWithUI\GlobalContinuousAI_USB\cs
4 Yesterday
%] TCO1 DAQ Read.sln
C:\...\DAQ CSharp TC-01 Thermocouple Examples\TC01 DAQ Read

%) DAQWrite.sIn

-\ \DAO CCharn Evamnloc\DAO CCharn 1ISR-ANNR Evamnloac\DANOW riteo

2019-12-18 15:46

2019-12-18 11:48

2019-12-18 11:05

2019-12-18 10:55

2019-12-18 10:50

2019-12-18 10:27

2019-12-17 15:49

2019-12-17 14:34

Get started

¥
=

it

i)

Clone or check out
code

Get code from an online
repository like GitHub or Azure
DevOps

Open a project or
solution

Open a local Visual Studio
project or .sln file

Open a local folder

Navigate and edit code within
any folder

Create a new
project

Choose a project template with
code scaffolding to get started

Continue without code »



Create a new project

Recent project templates

Windows Forms App (.NET Framework) C#
<D ASP.NET Core Web Application C#
?;Sa%]r\:egoylgfb Application (.NET c#
?I%Fr’ﬁl\és;l'on(l;eb Application (.NET Visual Basic
[ Windows Forms App (.NET Core) C#
=1 Python Application Python

Search for templates (Alt+S) P~

c#
&l
-

#

[

0

#

[

0

.
slln
<>

[ e
= |

-

N

- Windows - Desktop

NUnit Test Project (.NET Core)

Clear all

A project that contains NUnit tests that can run on .NET Core on Windows, Linux and MacOS.

C# Linux macOS Windows  Desktop Test Web

Windows Forms App (.NET Framework)

A project for creating an application with a Windows Forms (WinForms) user interface

C# Windows  Desktop

WPF App (.NET Framework)

Windows Presentation Foundation client application
C# Windows  Desktop

WPF App (.NET Core)

Windows Presentation Foundation client application
C# Windows  Desktop

WPF Custom Control Library (.NET Core)

Windows Presentation Foundation custom control library
C# Windows  Desktop Library

WPF User Control Library (.NET Core)

Windows Presentation Foundation user control library
C# Windows  Desktop Library

Blank App (Universal Windows)

A project for a single-page Universal Windows Platform (UWP) app that has no predefined controls or

layout.

o [t |



DC File Edit View Project Build Debug Format Test Analyze Tools Extensions Window Help Search (Ctrl+Q) P ThermistorApp & = X

| bl I | ¥ | % o & Live Share &
g Toolbox ~ & x Formil.cs Form1.cs [Design] = x ~ Solution Explorer v I X g
: Search Toolbox p- @E- o-sCcam o f = ‘%
=l > Measurement Studio o e === Search Solution Explorer (Ctrl+") £ -
Al < All Windows Forms &1 Solution 'ThermistorApp' (1 of 1 project) o
B Pointer 4 @ ThermistorApp g
i BackgroundWorker Temperature Value: b M Properties 0
&" BindingNavigator - Get Data > cJ Referencgs
i BindingSource ‘ gﬁgg}ﬁozgg
putton > 2 Form1.Designer.cs
CheckBox ) Form1.resx
8= CheckedListBox > ¢ Program.cs
%5 ColorDialog =)
& ComboBox
& ContextMenuStrip
& DataGridView
w' DataSet
DateTimePicker
%1 DirectoryEntry
AP DirectorySearcher
[E DomainUpDown
& ErrorProvider
{ EventlLog
&1 FileSystemWatcher
#  FlowLayoutPanel
& FolderBrowserDialog
FontDialog Properties v 3
[é] ng”gBo)fd Form1 System.Windows.Forms.Form -
elpProvider =
o HScrollBar P;L‘d'i;ig; . 0,0,0,0 -
ILr:sgleLlst RightTolLeft No
LinkLabel RightTolLeftLayout False
ListBox ShowIcon True
B ListView ShowInTaskbar True
- MaskedTextBox Size 391, 231
& MenuStrip SizeGripStyle Auto
= StartPosition WindowsDefaultLocatior
& MessageQueue
MonthCalendar Izst Formi
k= NotlfyI.con TonMnst Falee e
EE NumericUpDown Text
- OpenFlleDla!og The text associated with the control.
£ PageSetupDialog -

[J Ready 115, 15 %391 x 231 4 Add to Source Control ~ #£;




Nationallnstruments.DAQmx.dlI|

b Assemblies

> Projects

» Shared Projects
> COM

4 Browse

Recent

Reference Manager - Tmp36App

Name
NationalInstruments.DAQ...

Path
C:\Program Files (x86)\Na...

? X
Search (Ctrl+E) P~

Name:
NationalInstruments.
DAQmx.dII

Created by:

National Instruments
File Version:
19.6.40.1

Browse...|| OK || Cancel |
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DC File Edit View Project Build Debug Test Analyze Tools Extensions Window Help Search (Ctrl+Q) Vad ThermistorApp ‘ — X
i < & Live Share &

Toolbox v x ~ Solution Explorer
Search Toolbox & ThermistorApp -| % ThermistorApp.Form1 -| ®.btnGetTemperatureData_Click(object set -l = & @ & le-s¢a o fo| =
4 General 11 InitializeComponent(); * S

1 Search Solution Explorer (Ctrl+™)

1 Solution 'ThermistorApp' (1 of 1 project)

There are no usable controls in 13 .

this group. Drag an item onto Lo . . . 4 & ThermistorApp
this text to add it to the toolbox. 14 private void btnGetTemperatureData_Click(object sender, EventArgs e) > M Properties
15 { b =a References
16 Task analogInTask = new Task(); 3 App.config
17 4 B Forml.cs
18 AIChannel myAIChannel; > 1 Form1l.Designer.cs
19 7 Form1.resx
b < Program.cs

]

$221n0S ejeQ
s|00] 2nysoubelq

20 myAIChannel = analogInTask.AIChannels.CreateVoltageChannel(
21 "devl/aie",

22 "myAIChannel”,

AITerminalConfiguration.Rse,|

24 0,

25 5,

26 AlVoltageUnits.Volts

27 )s

28
29 AnalogSingleChannelReader reader = new AnalogSingleChannelReader(analogInTask.Stream);
30
31 double Vout = reader.ReadSingleSample();
32
33 double Vin = 5;

34 double Ro = 10000; // 10k Resistor

35 double Rt = (Vout * Ro) / (Vin - Vout);
36 //Rt = 10000; //Used for Testing.Setting Rt = 10k should give TempC = 25 Properties
37
38 //Steinhart Constants

39 double A = 0.001129148;

40 double B = 0.000234125;

41 double C = 0.0000000876741;
42
43 //Steinhart - Hart Equation

44 double TempK = 1 / (A + (B * Math.Log(Rt)) + C * Math.Pow(Math.Log(Rt),3)
45
46 //Convert from Kelvin to Celsius

a7 double thermistorTempC = TempK - 273.15;
48
49 txtTempData.Text = thermistorTempC.ToString("0.00");
50
51
52 ¥

110 % ~ No issues found SPC

[ Ready # Add to Source Control « #£3



using System;
using System.Windows.Forms;
using Nationallnstruments.DAQmX;

namespace ThermistorApp
{
public partial class Form1 : Form

{
public Form1()
{
InitializeComponent();

}

private void btnGetTemperatureData_Click(object sender, EventArgs e)
{

Task analogInTask = new Task();
AlChannel myAlChannel;

myAlChannel = analogInTask.AlChannels.CreateVoltageChannel(
"dev1/ai0",
"myAlChannel",
AlTerminalConfiguration.Rse,
o,
5,
AlVoltageUnits.Volts
)i

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

double Vin = 5;

double Ro = 10000; // 10k Resistor

double Rt = (Vout * Ro) / (Vin - Vout);

//Rt = 10000; //Used for Testing. Setting Rt = 10k should give TempC = 25

//Steinhart Constants

double A = 0.001129148;
double B = 0.000234125;
double C = 0.0000000876741;

//Steinhart - Hart Equation
double TempK =1/ (A + (B * Math.Log(Rt)) + C * Math.Pow(Math.Log(Rt),3) );

//Convert from Kelvin to Celsius
double thermistorTempC = TempK - 273.15;

txtTempData.Text = thermistorTempC.ToString("0.00");



Task analoglinTask = new Task(); Read from DAQ

AlChannel myAlChannel;

myAlChannel = analogInTask.AlChannels.CreateVoltageChannel(
"dev1/ai0",
"myAlChannel",
AlTerminalConfiguration.Rse,
0,
5,
AlVoltageUnits.Volts
);

AnalogSingleChannelReader reader = new
AnalogSingleChannelReader(analoginTask.Stream);

double Vout = reader.ReadSingleSample();



Calculate Temperature
Value in degrees Celsius

double Vout = reader.ReadSingleSample();

double Vin = 5;

double Ro = 10000; // 10k Resistor
double Rt = (Vout * Ro) / (Vin - Vout);
//Rt = 10000; //Used for Testing. Setting Rt = 10k should give TempC = 25

//Steinhart Constants

double A =0.001129148;
double B =0.000234125;
double C = 0.0000000876741;

//Steinhart - Hart Equation
double TempK =1/ (A + (B * Math.Log(Rt)) + C * Math.Pow(Math.Log(Rt),3) );

//Convert from Kelvin to Celsius
double thermistorTempC = TempK - 273.15;

txtTempData.Text = thermistorTempC.ToString("0.00");



Final Application

@~ Form1l

Temperature Value:

26.61

Get Data

O

X

38



Improvements

e Create and use separate Classes and in general improve
the C# code

 Use a Timer in order to read values at specific intervals
* Plot values in a Chart

e Save Data to a Database

e Save Data to a Text File

¢ etc.

Good luck with your Application
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