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LabVIEW Programming 
Fundamentals

Graphical Programming



LabVIEW
• LabVIEW is a Graphical Programming 

Language from NI/Emerson
• Professional paid version or free 

Community version for personal, non-
commercial, non-academic and non-
industrial purposes
• https://www.ni.com

https://www.ni.com/


LabVIEW Topics
• LabVIEW Programming Environment
• While Loops and For Loops
• Plotting
• Creating and using SubVIs
• Case Structures
• Formula Nodes
• Arrays
• Write and Read Data Files
• Clusters
• Property Nodes
• Project Explorer
• Debugging in LabVIEW
• State Machine Principle
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NI License Manager



NI Package Manager



LabVIEW



Front Panel and Block Diagram

Front Panel

Block Diagram



Front Panel and Controls



Front Panel and Block Diagram



Getting Help -> Ctrl + H

If you click Ctrl + H, then the 
“Context Help“ window will 
appear.
Then you can click on different 
items to get specific help 



Options/Settings Tools -> Options…



Shortcuts
• Ctrl + H -> Getting Help
• Ctrl + B -> Remove “Bad or Broken” Wires
• Ctrl + R -> Run your Program/Current LabVIEW 

Application
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While Loop and For Loop

While Loop

For Loop
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While Loop and For Loop

While Loop



While Loop Example



While Loop Example 2



While Loop - Shift Register



While Loop – Basic Calculator
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For Loop

For Loop



For Loop Example



For Loop - Iterations 



For Loop - N

Right-click and select “Disable Indexing”



For Loop Example
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Plotting



Plotting Example



Clear Chart
You can clear the Chart Data in different ways:
Right-click and select “Data Operations -> Clear 
Chart” or when your program is running: Right-
click and select “Clear Chart”



Scaling Factors
You can set these settings either in the GUI or in code using Property 
Nodes. Offset is typically set equal to zero (starting value on the x-
axis), while Multiplier is the interval between to values, e.g., if you 
plot a new data point every second, you set Multiplier=1, etc.

You can also clear the Chart Data in code using 
the Property Node called “History”  



Multi-Line Plotting



Chart vs Graph
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SubVIs



SubVIs
Create Input and Outputs and 
create an Icon using the Icon Editor 

Icon Editor: 



Using SubVIs



Using SubVIs
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Case Structure



Case Structure Example

Here you see a Case structure that works like “If .. Else ..” that is used in text-based languages



Data Types
Enum Error Cluster

Boolean String



Case Structure

Here you have lots of options for 
dealing with the Case Structure

You can wire different data 
types to the Question mark 
on the Case Structure



Case Structure Example 2

Here we have created a basic 
“Calculator” using a Case structure



State Machine



State Machine



Improved State Machine
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Formula Node



Formula Node Example
• We use the Formula 

Node to create 
equations, calculations, 
mathematical 
expressions, etc.

• Simulations, etc.
• The Formula Node uses 

C syntax



Formula Node Example

Since you use C Syntax you 
need to use semicolon “;”

Click on the left 
border to add Inputs

Click on the right 
border to add Outputs



Implementing an Advanced Equation

Advanced Mathematical Formula:

We will use the LabVIEW Formula 
Node to implement this formula



Implementing an Advanced Equation

Here we have made variables and used many of the built-in functions.
See Help in LabVIEW for a detailed list of supported Functions



Implementing an Advanced Equation
We can simplify the equation:

𝑔(𝑥) 𝑔(𝑥)

𝑔(𝑥)



Implementing an Advanced Equation



Plotting Advanced Equation

We have made a SubVI for the 
Advanced Equation which we use 
in our main program

For Loop



Simulation of 1.order system
• In this example we will use the following 1. order 

differential equation:
𝑥̇ = −𝑎𝑥 + 𝑏𝑢

• We can set, e.g., 𝑎 = 0.25 and 𝑏 = 2 in the 
simulations

• We want to simulate this differential equation by 
applying a step in the input signal 𝑢 = 1 at 𝑡 = 0𝑠

• Then we will observe the simulation results (Step 
Response) by plotting the results



Discrete Model
• We have the continuous differential equation: 𝑥̇ = −𝑎𝑥 + 𝑏𝑢
• We apply Euler: 𝑥̇ ≈ % &'( )% &

*!
• Then we get:

𝑥 𝑘 + 1 − 𝑥 𝑘
𝑇+

= −𝑎𝑥(𝑘) + 𝑏𝑢(𝑘)

• This gives the following discrete differential equation 
(difference equation):

• 𝑥 𝑘 + 1 = (1 − 𝑇+𝑎)𝑥(𝑘) + 𝑇+𝑏𝑢(𝑘)
• This equation can easily be implemented in any text-based 

programming language or in a Formula Node in LabVIEW



LabVIEW Application



Script Code //Model Parameters
float a = 0.25;
float b = 2;

//Simulation Parameters
float Ts = 0.1; 
float Tstop = 20; 
float uk = 1; 
float xk = 0;
float xk1 = 0;
int k;
int N = Tstop/Ts;

float t[200];
float x[200];

for (k=1; k<N; k++)
{

xk1= (1-a*Ts) * xk + Ts*b*uk;

xk = xk1;

t[k] = Ts*k;
x[k] = xk1; 

}



Improvements

You can also show 
Line Numbers

Now you can change the Model 
Parameters from the GUI/Front Panel



Detailed Help
Ctrl + H

+++



MATLAB Script

For even more sophisticated you 
can use the MATLAB Script .

It works more or less in the same 
manner as the Formula Node, 
but here you use MATLAB syntax 
instead.
You need a valid license od the 
MATLAB software in order to use 
it.
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Arrays in LabVIEW



Arrays of different Data Types
Numeric Boolean String



Most of the built-in Functions supports Arrays



Mathematics Array Functions



Arrays and For Loop



Array Functions in LabVIEW
Some of the most used Array Functions:



Array Functions in LabVIEW

Same code using some 
Array Functions:



Array Functions in LabVIEW

Same code using Build Array:
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Writing/Reading to/from Files



Writing Data to File Example



Configuration



Open Data from File Example



Configuration



Convert from Dynamic Data



Open Data from File – XY Graph
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Clusters
A cluster is a container where you can add different 
controls and they can also have different data types



Cluster Functions



Cluster Example



Unbundle



Unbundle by Name



Cluster within Clusters



Bundle



Bundle by Name



Cluster Order



Error Cluster



Error Cluster Example



Error Cluster Example



Error Cluster Example
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Property Nodes
• Every Program or Programming IDEs and Programming 

Languages have Properties
• Typically, you can either set the Properties from a 

Configuration Window or you can set them from your Code
• Typical Properties can e.g., be Color, Title, Text, Disable, ...
• In, e.g., Visual Studio we have the Properties window where 

we can set Properties for the selected object/control. These 
Properties can also be set from the Code

• In LabVIEW we can set Properties in the same way, i.e., we 
can right-click on different objects – or we can set them 
from code using so-called Property Nodes



Properties
Properties window



Property Nodes
We can set the same Properties as I 
the Properties window from Code (the 
LabVIEW Block Diagram) by creating 
one or more Property Nodes

List of available Properties for selected item



Basic Example
Setting a specific Property from Properties window

Setting the same Property using a 
Property Node in Code/Block Diagram



Properties Write/Read
Most of the Properties are both Readable and Writable

Can be shown on the Front Panel or used in 
different ways in Code/Block Diagram logic



Property Nodes Example



Property Nodes Example



Improved Example



Chart Properties
You can set these settings either in the GUI or in code using Property 
Nodes. Offset is typically set equal to zero (starting value on the x-
axis), while Multiplier is the interval between to values, e.g., if you 
plot a new data point every second, you set Multiplier=1, etc.

You can also clear the Chart Data in code using 
the Property Node called “History”  
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Project Explorer



Project Explorer Example

You can structure the different 
Files in your Application

You need to use the Project 
Explorer when creating 
Executable Applications (.exe)

It is good practice to use the Project Explorer when creating 
your LabVIEW Applications. 
If you have worked with, e.g., Visual Studio, you should already 
be familiar with the concept (in Visual Studio they call it Solution 
Explorer).



Executable Applications
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Debugging
• Debugging is the process of locating and fixing 

bugs/errors in your computer program
• LabVIEW has powerful debugging techniques 

for debugging your code
• The sooner you learn to use these debugging 

techniques the better



Debugging Techniques 
• Broken Run Arrow
• Highlight Execution
• Probes
• Pause Execution
• Breakpoints
• ..



Broken Run Arrow

• Click the broken Run button to display the Error list window, which lists all 
the errors. 

• Double-click an error description to display the relevant block diagram or 
front panel and highlight the object that contains the error. 



Highlight Execution

• View an animation of the execution of the block diagram by clicking the 
Highlight Execution button. 

• Execution highlighting shows the flow of data on the block diagram from 
one node to another using bubbles that move along the wires. 

• Note! Execution highlighting greatly reduces the speed at which the VI 
runs. 



Probes and Probe Watch Window

Use the Probe tool to check intermediate 
values on a wire as a VI runs. 

In the Probe Watch Window, you get 
an overview of all the Probes and the 
information flow



Pause Execution



• Use the Breakpoint tool to place a Breakpoint on a 
VI, node, or wire on the block diagram and pause 
execution at that location. 

• When you set a breakpoint on a wire, execution 
pauses after data passes through the wire. 

Breakpoints
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State Machine in LabVIEW
• We will create a basic Application in LabVIEW 

where we will use the “State Machine” 
principle

• Using this basic principle, you can easily create 
larger applications in LabVIEW

• It is also easy to extend the Application with 
new features



State Machine Example



State Machine Example

Shift Register



Block Diagram 1



Block Diagram 2



Block Diagram 3



Block Diagram 4



Block Diagram 5
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