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Abstract 

 
This thesis was conducted in collaboration with Signal Processing (SP) Devices Sweden AB. SP Devices 

provides digital signal processing solutions for the enhancement of analogue to digital conversion (ADC). Their 

ADCs facilitate the development of products for Communications, Radio base stations, Radar, Signals 

intelligence and Test & Measurement. 

 

The ADQ series digitizers, from SP Devices, are portable high performance digitizers which incorporate one or 

more analog inputs, an on-board double data rate (DDR2) memory and USB or PXI Express interface. DDR2 

refers to the ability of a computer bus to transfer data on both the rising and falling edges of a clock signal. The 

ADCaptureLab software is a graphical user interface used to control this digitizer. ADCaptureLab, designed in 

the C/C++ programming language, is an easy-to-use standalone program which allows for configuration and 

operation of all ADQ series digitizers from SP Devices.  

 

The use of the LabView program from National Instruments forms the backbone of this thesis. LabVIEW (short 

for Laboratory Virtual Instrumentation Engineering Workbench) is a platform and development environment for 

a visual programming language from National Instruments.  

 

The topic of this thesis was to reproduce the ADCaptureLab user interface using LabView instead of C/C++. 

The graphical user interface (GUI) developed in LabView should be able to communicate with and control the 

processing of the ADQ214 digitizer (the digitizer model provided to us) in the same way as the ADCaptureLab. 

This would involve not only the data capturing and visualization but also digitizer configurations, monitoring of 

the device and ADQ functions and the analyses of acquired signal and FFT. 

 

In order to implement the configuration settings we developed functions for trigger settings (conditions at which 

a trigger will occur), Analogue Front End settings (AC/DC coupling), clock settings (sets the clock source), data 

type settings (set sample format), gain and offset setting (sets amplitude gain and mean value), pre-trigger 

settings (size of pre-trigger buffer), trigger  hold  off settings ( number of samples to wait for acquiring 

data after trigger), data acquisition length settings (Length of the acquired signal), continuous and single batch 

data acquisition, FFT transformation,  save, load , and “clear plots” control (resets graph indicators).  
 

The functioning of our device may be monitored through the “Status window” (displays connection status of the 

ADQ device), “Devices window” (displays product information about the ADQ device), “Device monitor 

window” (returns the status of ADQ-API functions used) and the “Device information window” (returns 

information related to the revision of the ADQ device). 

 

Analyzing the acquired data and its corresponding FFT is made simple with the “Signal Properties” window 

(displays analyzed data), “Mark Harmonics” control (marks harmonics in the FFT) and the “Mark Signal Props” 

control (marks the fundamental tone and highest distortion in the FFT). 

 

Our LabVIEW GUI efficiently incorporates the features described above. In addition to being able to 

communicate instructions to the ADQ214 device we are able to monitor its condition and analyze any output. 

This result serves to show that it is possible to develop a program such as ADCaptureLab in LabVIEW. 
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1 Introduction 
 
This report is the result of a bachelor thesis work done in collaboration with Signal Processing (SP) 

Devices AB with regards to their ADCaptureLab software. This software is used to control the ADQ 

(Analogue to Digital Quantizer) series digitizers, which are portable high performance analogue to 

digital convertors (ADCs) manufactured by SP devices.  The ADQ digitizer measures analogue signals 

from physical systems and displays them onto the ADCaptureLab. ADCaptureLab determines the FFT 

of the acquired signal and displays for the user its properties. ADCaptureLab, designed in the C/C++ 

programming language, can be reconstructed with the use of LabVIEW. 

 

The aim of this thesis is to exchange ADCaptureLab with a LabVIEW user interface.   

 

1.1 Problem Definition 
 
The scope of this project was to rebuild the ADCaptureLab u0ser interface using LabView. The 

graphical user interface (GUI) developed in LabView should be able to communicate with and control 

the processing of the ADQ214 device in the same way as the ADCaptureLab. This would involve not 

only the data capturing and visualization but also the following digitizer configurations (Listed in order 

of priotity):  

 

 

 Clock settings: Allows the user to select either an internal or an external clock 

source when collecting data.  

 

 Trigger settings: Lets the user chose a triggering option from three different 

options namely Software, Level and External trigger. 

 

 Pre-trigger and Trigger hold off settings: Pre-trigger sets the size of the pre-

trigger buffer. Triggerholdoff sets the number of samples to wait for acquiring 

data after the trigger.   

 

 

 Data type settings: Sets the sample format. 

 

 Data acquisition length settings: Sets the buffer size for data acquisition in each 

session.  

    

 Gain and Offset settings: Adjust the amplification and mean value of the acquired 

signal. 

 

 Analogue front end settings: Allow for AC/DC coupling. 

 

 Continuous/Single batch data capture: The user has the option of acquiring data 

through the ADQ digitizer, either continuously or in single batches. 

  

 FFT transformation: An FFT operation is performed on the acquired data and 

displayed in the FFT plot graph. 
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 Save: Allows the user to save acquired data. 

 

 Load: Allows saved data to be displayed onto the Signal graph. 

 

 Clear plots control: Clears the Signal and FFT plots. 

 

We need to be able to display important information relating to the status of our device and ADQ 

functions that we have made use of. Therefore we must include the following (listed in order of 

priority): 

 

 Device monitor window: Displays status information for ADQ-functions used in 

the code.  

 

 Device Information window: Contains information about the serial number of the 

device, its product number and information for FPGA#1 (alg FPGA) and #2 

(comm. FPGA). 

 

 Status window: Displays the connection status of the ADQ digitizer to the host 

computer. 

 

Analyzing the properties of our acquired data FFT –based analysis of harmonics and recorded 

disturbances are made simple with the following (listed in order of prority): 

 

 Signal properties window: Displays the code range, DC level, fundamental tone, 

SNDR (signal to noise distortion ratio) and SFDR of the acquired signal.            

 

 Mark Harmonics control: Marks the first 6 harmonics.  

 

 Mark Signal Props control: Marks the fundamental tone and SFDR (spurious free 

dynamic range). 

1.2 Thesis Report Outline 
 

The remaining chapters are organized as follows. Chapter 2 presents the results of this project by 

comparing the ADCapturelab with the LabVIEW user interface developed. A brief introduction to 

ADQ-API (Artificial Programming Interface) is given in chapter 3. We then demonstrate, in chapter 4, 

how to call functions of the ADQ-API through LabVIEW. This allows us to discuss the programming 

techniques used in piecing together these functions with other parts of our program in chapter 5. 

 

In each of the sections that follow a table of description for each function used is given, regardless of 

whether it is an ADQ-API function or a subVI that we have created ourselves. The table also identifies 

the input parameters for each function. Figures are provided, where relevant, of the corresponding 

LabVIEW code.     

 

Chapters 6-10 cover the configuration settings mentioned earlier. We begin by explaining, in chapter 

6, how each of the ADQ-API functions used is initialized. Chapter 7 deals with the ADQ settings pop 

up window. This window includes trigger settings, AFE settings, clock source settings, pretrigger and 

triggerholdoff settings, data type settings, gain and offset settings and the acquisition length settings.     
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The means by which the LabVIEW user interface is able to capture data either continuously or in 

single batches is then explained in Chapter 8. In order to store this captured data for later purposes the 

reader is shown, in chapter 0, how this data can be saved and loaded at a later time. FFT 

transformations form an important part of our user interface. We not only show how the FFT is 

calculated but how a dBFS scale is generated in the FFT graph in chapter 10.  

 

The monitoring of the LabVIEW user interface with the Status window, Devices window, Device 

information pop up window and the Device monitor window is covered in chapter 11.  

 

The reader, in chapter 12, learns how outputs from the user interface are analyzed by means of the 

Signal properties window, Mark harmonics control and the Mark signal props control.  

 

Chapter 13 deals with the sidelined aspects of this project, such as Timeout settings.  
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2 Comparison between ADCaptureLab and LabVIEW User Interface 
 

As has been mentioned earlier the focus of this thesis was to reproduce ADCaptureLab using 

LabVIEW. This chapter shows the comparison between the ADCaptureLab and the LabVIEW user 

interface.   

 

2.1 ADQ-214 Digitizer: 
 

This section presents the ADQ digitizer used in the case of both the ADCaptureLab and the LabVIEW 

user interface. The model of the SP devices’ ADQ device used was ADQ-214, shown in Figure 2-1. 

The ADQ-214 digitizer, being a high-performance digitizer, incorporates two analog inputs, an on-

board DDR2 memory, and USB/PXI Express interface. DDR2 is the ability of a computer bus to 

transfer data on both the rising and falling edges of a clock signal. The analog inputs capture data at 

rates of up to 400 Mega samples per second (MSPS) and are then quantized to 14 bits. 

 

With its combination of high speed, high resolution and high bandwidth the ADQ digitizers are aimed 

for broadband applications such as Intermediate Frequency (IF) sampling of Radio Frequency (RF) 

signals and high-speed data recording. They come with an easy-to-use API that allows for simple 

integration into any application. The digitizer connects to a host PC via a high-speed USB 2.0 cable or 

through an optional eight-lane PXI Express interface. The ADQ device comes equipped with Xilinx 

FPGAs, and offers significant parts of the FPGA resources available for customized applications. 

 

 
 

Figure 2-1: A view of an ADQ214 device. 

2.2 ADCapture Lab 
ADCaptureLab is the SP devices software that allows us to configure and operate the ADQ-214 

device. The software is developed in C/C++. It displays collected data and calculates key performance 

metrics such as the Signal to noise and distortion ratio (SNDR) and the Spurious Free Dynamic range 

(SFDR). Only collected data is stored on disk, in .txt/ .asc /.bin, for later use. Calculated results are not 

stored but are displayed once the saved data has been loaded.   

 

In this chapter we will dissect the ADCaptureLab into its component parts and compare each part of it 

to corresponding parts from the LabVIEW user interface developed in this thesis. 

 

 

 

2.3 Help Window 
The help window (Figure 2-2) lists the short keys for functions used in ADCaptureLab. 
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Figure 2-2: This help window lists the short cuts for the functions used in ADCaptureLab.  
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LabVIEW user interface: 

 

The help window (Figure 2-3) lists the short keys for functions used in the LabVIEW user interface.  

 

 
 

Figure 2-3: Keyboard short cuts for labVIEW user interface. 

Comparison: 

The help windows of both interfaces are effective in serving their purpose. The LabVIEW user 

interface, unlike ADCaptureLab, does not have a refresh plots function, FFT Special Functions or the 

Find USB function. Therefore there is no information about these functions in the help window. When 

comparing Figure 2-3 and Figure 2-2 it is evident that some corresponding functions in both the 

interfaces don’t have the same short-cut keys.  
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2.4 Front Panel 
ADCaptureLab: 

 

Figure 2-4 shows the different sections of the ADCaptureLab. Captured data is displayed in the Time-

series plot of data headed Signal, up left in the ADCaptureLab window, with its corresponding 

frequency diagram headed FFT, found in the lower left part of the window.  Plot Tools that allow the 

user to adjust the FFT plot, appear in the centre of the window.  Connect & Capture and Settings and 

Setup, to the right, are used for configuring the ADQ device. Analysis and View and the Analysis 

Window allow the user to adjust the FFT transformation and analyze the captured data and FFT. As a 

matter of convenience we guide the reader around in the window as it appears in the Figure 2-4. 

 

 
 

Figure 2-4: ADCaptureLab front pannel. 

 

 

 

 

 



 
 
 

23 

 

LabVIEW user interface: 

 

Figure 2-5 shows the different sections of the ADCaptureLab in LabVIEW. 

 

 
 

Figure 2-5: This is the LabVIEW version of the main panel. 

Comparison: 

In comparison both main panels share the same features, namely the Time-series plot of data, FFT 

Plot, Analysis and View, Settings and set up, Connect and capture and Analysis window.  

 

The only difference lies in the FFT plots, Log window and the Mark Interleaving option. The FFT Plot 

in ADCaptureLab unlike the LabVIEW user interface is able to mark the Spurious free dynamic range 

(SFDR) and label with names the fundamental tone, SFDR and harmonics. In LabVIEW these features 

are marked without a label. Log window in ADCaptureLab has been re-named Status window in 

LabVIEW. The Mark Interleaving option, which deals with image and offset spur, in ADCaptureLab is 

not present in the LabVIEW user interface. 
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2.5 ADQ Settings 
ADCaptureLab: 

The ADQ settings control is part of the Connect & Capture section shown in Figure 2-4. Figure 2-6 
shows the different options of the ADQ settings in ADCaptureLab. These include the Trigger settings, 

Analogue Front End (AFE) settings, Clock settings, Data Selection, Digital Gain and Offset Control, 

Acquisition Length settings and Acquisition file settings.      

 

 
 

Figure 2-6: ADQ settings for ADCaptureLab. 
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LabVIEW user interface: 

 

Figure 2-7 shows the different options of the ADQ settings in LabVIEW. 

 

 
 

Figure 2-7: ADQ settings for the labVIEW user interface. 

Comparison: 

Comparing Figure 2-6 and Figure 2-7 it is clear that the only difference between the ADQ-settings in 

ADCaptureLab and LabVIEW is the Total Acqusition settings and Acqusition file settings. 

In the case of total acquisition settings the only difference is that in LabVIEW, unlike ADCaptureLab, 

the user does not have the option of directly choosing the Min (minimum total acquisition length), Half 

(half of the total acquisition length settings) and Max (maximum acquisition length settings) options 

but the minimum, maximum and increment has same values.  

 

The Acqusition file setting is not found in the LabVIEW user interface. 
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2.6 Device Information 
ADCaptureLab: 

The Device information window contains information about the serial number of the device, its 

product number and information for FPGA#1 (alg FPGA) and #2 (comm. FPGA). The information for 

the FPGAs consists of the revision number and subversion (SVN) status. The Figure 2-8 shows the 

ADCapturelab version of device information.      

 

 

 
 

Figure 2-8: ADCapturelab device information. 
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LabVIEW user interface: 

 

The Figure 2-9 shows the LabVIEW version of device information.      

 

 
 

Figure 2-9: This is the LabVIEW version of the device information window. 

Comparison: 

The device information windows in both interfaces are identical when it comes to the presented 

information.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

28 

 

 

 

 

2.7 Device Monitor 
ADCaptureLab: 

Figure 2-10 shows the ADCaptureLab window. It contains status information about functions used 

allowing the user to monitor the ADQ device.  

 

 
 

Figure 2-10: This figure shows the ADCapturelab settings and board status. 
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LabVIEW user interface: 

 

Figure 2-10 shows the Device Monitor window in LabVIEW. 

 

 
 

Figure 2-11: All the settings and the board status of the ADQ in labVIEW user interface. 
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Comparison: 

The difference between  Figure 2-10 and  Figure 2-11 is the window name. In ADCaptureLab this 

window is called ADCaptureLab whereas in LabVIEW it is called Device monitor.  

2.8 FFT Analysis Options 
ADCaptureLab:  

The FFT analyses option, as shown in Figure 2-12, configures settings for each of the channels of the 

ADQ device.  
 

 
 

Figure 2-12: FFT analysis options for ADCaptureLab. 

LabVIEW user interface: 

We were not required, by our supervisors, to re-create the FFT Analyses option in LabVIEW. 
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3 ADQ-API: 
 

Figure 3-1 is a programming interface for ADQ devices. 

 

 
 

Figure 3-1: Structure of the ADQ-API. 

The ADQ‐API, as shown is Figure 3-1. It creates an instance for and connection to the device 

connected to the host computer.  

 

The functions of the ADQ‐API are categorized in three main sets: 

 

• The API Specific function   

• The ADQControlUnit functions  

• ADQ functions  

 

The API Specific function returns the revision number of the dynamic link library (dll). The ADQ 

control unit functions are responsible for interfacing the driver to the ADQ device as can be seen in 
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Figure 3-1. The ADQ functions are further sub-divided into setup functions, data acquisition functions 

and status functions. 

 

In windows these functions are hidden in a dll and are accessed by the means of three files:  

 

ADQAPI.lib – This file must be linked to the code project for compilation of the program.  

 

ADQAPI.dll – This dynamic link library must be located in the same directory as the compiled 

program or have a proper path for it set up. When SP Devices software development kit (SDK) is 

installed, this dll is copied to the windows dll directory and is then accessible for the computer.  

 

ADQAPI.h – A header file that must be linked to the code project for declaration of the ADQ‐API 

function set. This is used for programming in C/C++. For other languages, it must be modified.  

 

For use in Linux the Linux ADQ library providing ADQAPI will follow existing naming conventions 

and will be called libadq. If installed from a package, the library will be installed in "/usr/lib" and the 

api header (ADQAPI.h) will be installed in "/usr/include". Libadq has dependencies on libusb‐1.0, 

pthread and libudev (on some platforms), these libraries needs to be linked with your application.  

 

On platforms where libudev is not available there is no need to link libudev. A package config will 

also be installed and the pkg‐config tool can be used to determine which options to give to the 

compiler and linker. 

 

Before including ADQAPI.h in your source file OS_SETTING_NOWINDOWS needs to be defined. 

 

Via the function CreateADQControlUnit a pointer to an ADQControlUnit object is created and should 

be used as input to all of the other functions for the API to work properly. CreateADQControlUnit is 

only called once for stable behavior. Delete the object with the function DeleteADQControlUnit before 

creating another. 
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4 How to Use LabVIEW 
This chapter demonstrates how ADQ functions are called and accessed through LabVIEW.  

4.1 ADQ Functions In LabVIEW: 
The C/C++ API for the ADQ provides us with the functions that control the device. In order to call 

these functions through LabVIEW we need a particular dll file and a corresponding header file. The dll 

file provided by SP devices contains all the functions for each of the ADQ models. The user can 

choose whichever functions he or she needs to. As the ADQ-214 model was used in this project 

functions relating to the ADQ-214 model were chosen.     

In order to import the dll we make use of the “shared library (.dll)” wizard in LabVIEW which is 

found under Tools>>Import>>Shared Library (.dll). The figures given below show the steps needed to 

include the .dll file into the project. 

 

Step-1 (refer to Figure 4-1):  

 

Select shared Library (.dll). The window for Import Shared Library will appear.  

 

 
 

Figure 4-1: Calling a dll file through shared Library in labVIEW. 

Step-2 (refer to Figure 4-2):  
 

The “Create VIs (virtual interfaces) for a shared library” option will be selected by default. As no 

library has been included previously, the list of available user libraries is empty. When a library is 

included, the user can update that library by selecting the “Update VIs for a shared library” option. 

Click next. 
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Figure 4-2: Creating new user library. 

Step-3 (refer to Figure 4-3):  
 
Enter (or browse) the path for the shared Library file in the entry box named “Shared Library (.dll) 

File”. Normally the header file resides in the same folder as the shared library therefore it is 

automatically selected along with the dll. If this is not the case the user can browse its location.    

In our case the ADCapturelab software is installed in the Program Files, therefore we select the 

ADQAPI.dll file from that directory. Click next. 
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Figure 4-3: Directory of the dll file. 

Step 4 (refer to Figure 4-4):  

 

We can now select either the functions we need or all the available functions. In our case we selected 

the ADQ214 together with some general purpose VIs. Clicking next saves the new library. 

 

 
 

Figure 4-4: Selecting function need to convert. 
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Step 5 (refer to Figure 4-5):  

 

LabVIEW can either select a name and path for the new library or allow the user to manually enter a 

name and browse for another directory. Click next.  

 

 
 

Figure 4-5: Path to save new library. 

Step 6 (refer to Figure 4-6):  

 

LabVIEW requires an error handling mode for the selected VIs in the shared library. We selected the 

“Simple Error Handling” method for our library. Click next. 
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Figure 4-6: Error handling method. 

Step 7 (refer to Figure 4-7):  

We are now able to configure, if desired, VIs and controls. However in our case we did not make any 

changes to the default settings which are shown.  

 

  
 

Figure 4-7: Options for configuring VIs and Controls. 
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Step 8 (refer to Figure 4-8):  

 

Before the process of creating the shared library is complete, users may view the Generation summary. 

The Generation summary displays the whole process by which the ADQ functions were included in 

LabVIEW. 

 

  
 

Figure 4-8: Generation Summary. 
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Step 9 (refer to Figure 4-9) 

 

The functions included in the shared library can now be accessed in LabVIEW. These functions are 

used in order to develop a program specific to the ADQ-214 device. 

  

 
 

Figure 4-9: Calling functions from user library (dir.mnu) in labVIEW. 
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5 Programming in LabVIEW 
In this chapter LabVIEW programming techniques used in developing the user interface will be 

discussed. Not only are the controls and functions which make up the program looked into, but the 

creation and use of subVIs, tabular structures, short keys, control range, property/invoke nodes, data 

operations and pop-up windows will also be discussed.     

5.1 Controls in LabVIEW 
The controls palette, as shown in Figure 5-1, allows us to select the controls we need. They allow us to 

set functions and view data from the front panel of the GUI. When a control is placed on the front 

panel its corresponding code is automatically placed in the block diagram.  

 

The Table 5-1 given below lists the controls used for the LabVIEW user interface (listed in 

alphabetical order). The reason this table is presented here is to make it easier for the reader to lookup, 

from this table, the description for any LabVIEW control that he or she may encounter while viewing 

the code for the LabVIEW user interface.  

 

 
 

Figure 5-1: Control palettes in labVIEW. 

 
Control Name Description 

 

Array indicator Collects data in an array. 

 

Graph Indicator Displays the data array. 

 

Menu ring Allows the user to choose from 

a list. Each option corresponds 

to a numeric value beginning 

from 0.  

/  

Numeric Control (Orange color 

for input in double and blue for 

integer). 

Allows the user to enter 

numerical values. 
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Numeric Indicator 

 

Outputs in the user interface 

information in numeric form. 

 

OK Button A Boolean control which sends 

true if clicked else false 

 

Push button A Boolean control which sends 

true if ticked else false 

 

Radio Buttons Allows the user to select an 

option.  

 

Stop Button A Boolean control which sends 

true only once if clicked else 

false. 

 

String Indicator Outputs in the user interface 

information in string form. 

 

System checkbox A Boolean control which sends 

true if ticked else false 

 

Table 5-1: Controls used in this project (Listed in alphabetical order). 

As may become evident from figures that will follow some of the same controls are represented in 

different formats such as DBL (double), I32 (signed integer 32bit), U32 (unsigned integer 32 bit) etc. 

The desired format is selected by right clicking on the control and selecting the representation option 

as shown in Figure 5-2.  

 

 
 

Figure 5-2: Data type settings for a control. 

5.2 Functions in LabView 
The functions palette, as shown in Figure 5-3, allows us to select the LabView functions we need in 

the block diagram. The Table 5-2 below lists the functions used and their descriptions (listed in a 

hierarchical format beginning from least significant.). The reason this table is presented here is to 

make it easier for the reader to lookup, from this table, the description for any LabVIEW function that 

he or she may encounter while viewing the code for the LabView user interface.   
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Figure 5-3: The functions palette in the block diagram of LabView. 

 

 

Symbol Name Description 

 Add Function Returns the sum of the inputs. 

 

 Subtract Function Returns the difference of the 

inputs. 

 

 Multiply Function Returns the product of the 

inputs. 

 

 Divide Function  

 

Returns the quotient of the 

inputs. 

 

 

 

Decrement Function  

 

Subtracts 1 from the input. 
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Equal? Function  

 

Returns TRUE if both inputs 

are equal. Otherwise, this 

function returns FALSE. 

 Greater Than 0? Function Returns TRUE if the input>0 

else FALSE. 

 Not Equal To 0? Function  

 

Returns TRUE if the input is 

not equal to 0 else FALSE. 

 Equal To 0? Function Returns TRUE if the input is 

equal to 0 else FALSE. 

 Less Or Equal? Function  

 

Returns TRUE if the input is 

less than or equal to 0 else 

FALSE. 

 
Select Function  

 

Returns the value wired to T 

or F, depending on the input. 

If the input is TRUE, this 

function returns the value 

wired to T. If the input is 

FALSE, this function returns 

the value wired to F. 

 

 Or Function  

 

Computes the logical OR of 

the inputs. 

 And Function  

 

Computes the logical AND of 

the inputs. 

 Not Exclusive Or Function  

 

Computes the logical NOT 

EXCLUSIVE OR of the 

inputs. 

 Exclusive Or Function  

 

Computes the logical 

EXCLUSIVE OR (XOR) of 

the inputs. 

 Not Function  

 

Computes the logical negation 

of the input. 

 

Compound Arithmetic 

Function  

 

Performs arithmetic on one or 

more numeric, array, cluster, 

or Boolean inputs. 

 
Concatenate Strings Function  

 

Concatenates input strings 

into a single output string. 

 
Number To Decimal String 

Function  

 

Converts number to a string 

of decimal digits. Allows the 

user to choose the width of 

the characters. 
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Number To Fractional String 

Function  

 

Converts number to a 

fractional notation, floating-

point string to a certain width 

of characters. 

 

 

For Loop Executes its sub diagram n 

times, where n is the value 

wired to the count (N) 

terminal. The iteration (i) 

terminal provides the current 

loop iteration count, which 

ranges from 0 to n-1. 

 

Case Structure Has one or more subdiagrams, 

or cases, exactly one of which 

executes when the structure 

executes. The value wired to 

the selector terminal 

determines which case to 

execute and can be Boolean, 

string, integer, or enumerated 

type. Right-click the structure 

border to add or delete cases. 

Use the Labeling tool to enter 

value(s) in the case selector 

label and configure the 

value(s) handled by each case. 

 

 

Stacked Sequence Structure  

 

Consists of one or more 

subdiagrams, or frames, that 

execute sequentially. Right-

click the structure border to 

add and delete frames or to 

create sequence locals to pass 

data between frames. Use the 

Stacked Sequence structure to 

ensure a subdiagram executes 

before or after another 

subdiagram. 

 

 
FFT VI  

 

Computes the fast Fourier 

transform (FFT) of the input 

sequence. 

 
Logarithm Base 10 Function  

 

Computes the base 10 

logarithm of the input. 
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 Absolute Value Function  

 

Returns the absolute value of 

the input. 

 

 
Blackman filter Applies a Blackman window 

to the input signal . 

 
Blackman-Harris filter Applies a Blackman-Harris 

window to the input signal. 

 
Hamming filter Applies a Hamming window 

to the input signal. 

 
Hanning filter Applies a Hanning window to 

the input signal. 

 

 

Build XY Graph Express VI 

 

Formats data to be displayed 

on an XY graph. 

 

 

Read From Measurement File 

Express VI 

 

 

 

Read data from the generated 

measurement file. 

 

 

Write to Measurement File 

Express VI 

 

Writes data to text-based 

measurement files or binary 

measurement files.  

 Merge Signals Function  

 

Merges two or more signals 

into a single output. 

 Split Signals Function  

 

Splits an input into two or 

more outputs. 

 Build Array Function  

 

Concatenates multiple arrays 

or appends elements to an n-

dimensional array. 



 
 
 

47 

 

 Array Size Function  

 

Returns the number of 

elements in each dimension of 

array. 

 

 
Index Array Function  

 

Returns the element or 

subarray of n-dimension 

array at index. 

 

 
Array Max & Min Function  

 

Returns the maximum and 

minimum values of an array. 

 
Initialize Array Function  

 

Creates an n-dimensional 

array in which every element 

is initialized to the value of 

the input element. 

 

 
Split 1D Array Function  

 

Divides the input array at a 

desired index and returns the 

two portions. 

 

Replace Array Subset 

Function  

 

Replaces an element or 

subarray in an array at the 

point you specify in the index 

input. 

 
Reshape Array Function  

 

Changes the dimensions of an 

array according to the values 

of the input array. 

 

 
SINAD Analyzer VI  

 

Takes a signal in and 

performs a full Signal in 

Noise and Distortion 

(SINAD) analysis. 

 

Merge Errors Function  

 

Merges error input/output 

clusters from different 

functions. 

 

 
Wait (ms) Function  

 

Waits the specified number of 

milliseconds and returns the 

value of the millisecond timer. 
 

Table 5-2: Functions used in this project. Words in bold indicate parameters of the function. 

5.3 Creating subVIs 
SubVI allows us to encapsulate parts of a LabVIEW code into one function. Their benefit is to make it 

easier to understand the structure of the code by simplifying its structure. Although we have made use 

of the subVIs provided in the .dll file, it was necessary to create our own subVIs in order to optimize 
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our program. These include the P2D (the pointer to data convertor) function, the Linspace function, the 

FFT function, the Signal Property function, the Load function, the Save function and Device 

Information function. We have used the example of the Linspace function in Figure 5-4 to demonstrate 

how to create a subVI. After highlighting the required part of the code in the block diagram we choose 

the edit option and use the Create SubVI feature. SubVIs created in this project are displayed in the 
Figure 5-5.  

 

 

 
Figure 5-4: Creating a subVI for linspace. 

     
 

Figure 5-5: The subVIs created in this project. 

5.4 Use of tabular structures 
The purpose of Tabular structures in the front panel is similar to that of subVIs in the block diagram. 

Tabular structures enclose front panel controls into tabs thereby reducing the amount of space used. 

We have made use of the tab control in order to create a platform on which we have placed the 

controls on our front panel, ADQ settings window, Device monitor window, and the device 

information window. Figure 5-6 below is a demonstration of how we may achieve this by simply 

dragging the desired control into the tab. 
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Figure 5-6: Different tabs for LabVIEW user interface. 

5.5 Short Keys 
Short keys are keyboard shortcuts to functions in the LabVIEW user interface. They are used primarily 

to make the interface user friendly. We can create keyboard shortcuts for controls using the function 

keys F1 to F12. As shown in Figure 5-7, by right clicking on the desired control and selecting the Key 

Navigation feature in the properties window, we can assign a key from the toggle list. A short key only 

corresponds to a specific control at any one time.  

 

 
 

Figure 5-7: Setting a short key for ADQ settings. 

Table 5-3 shown below is a list of all the short cuts for controls in the labVIEW user interface. As 

discussed earlier in section 2.3 labVIEW, unlike in ADCaptureLab, does not allow the creation of 

shortcut using keys other than F1 to F12.  

 

Short Key Function 

F1 Help window 

F2 Device information 

F3 Device Monitor 

F4 Acquire data 
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F5 Continuous data 

acquisition 

F6 Clear Plots 

F8 ADQ Settings 

F9 Import data 

F10 Save data 
 

Table 5-3: List of short keys for labVIEW user interface. 

5.6 Setting Control Range 
Limits for the controls in the LabVIEW user interface correspond to the limits in ADCaptureLab. It is 

important to change the control range in the cases shown in Table 5-4, in order for these controls to 

work effectively. As shown in Figure 5-8, by right clicking on the control, selecting the properties 

option and then making use of the data entry feature we are able to give the minimum and maximum 

values of our limits. It is also possible to set an increment and decrement feature if necessary. Table 

5-4 lists the controls where the control range has been set. 

 

 

 

Figure 5-8: Setting input limits for the FFT size control. 

Control Minimum input Maximum input 

Sampling frequency  

(both for numeric input 

and text ring) 

0 

 

2147483647 

FFT size -2147483648 2147483647 

Trigger level -8192 8191 

Pretrig 0 Maximum Buffer size 

TrigHoldOffSample 0 2147483648 

Sample 1 4294967295 
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Acquisition Size 0 76695808 

 

Table 5-4: limits set for controls in labVIEW user interface. 

5.7 Property/Invoke Nodes and Data Operations 
Property and Invoke nodes are used to change settings of controls depending on a specific output. 

They can be created as shown in Figure 5-9. These nodes make it easier for a programmer to construct 

code in labVIEW.   

 

 
 

Figure 5-9: Creating property or invoke node. 

For example features of Property nodes include the enabling/disabling of controls as well as making 

controls visible/invisible. Table 5-5 shows the property nodes used in this project. The reason this table 

is presented here is to make it easier for the reader to lookup, from this table, the description for any 

LabVIEW property nodes that he or she may encounter while viewing the code for the LabView user 

interface.   

  

 
Property Nodes Description 

 /  
This property node, when true, 

disables the control. The green color 

indicates a Boolean control and Blue 

indicates an integer control.    

 /  
This property node, when true, makes 

the control disappear. The green 

color indicates a Boolean control and 

the orange color indicates a control 

that takes values in double.      
 

Table 5-5: Property nodes used in this project. 

Invoke nodes, among other features; allows us to reinitialize controls to their default values. Table 5-6 
shows the invoke nodes used in this project.  

 

 
Invoke Nodes Description 
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This invoke node resets a control to a 

previously set default value. The blue 

color indicates an integer control. 
 

Table 5-6: Invoke node used in this project. 

In order to set the default values in the first place we must right click on the desired control in the front 

panel and use the data operations feature to set a current state or value to default as is shown in Figure 

5-10. 

 

 
 

Figure 5-10: Setting default value for controls. 

5.8 Intuitive user interface 
An Intuitive user interface is one that is “easy to learn and to become accustomed to” or “can be used 

like a typical user would expect”. In our case a user would not find it necessary to read a manual 

before using this LabVIEW interface. Users need not concern themselves with how the program 

functions.  

 

An aspect of intuitivity is the conditional enabling and disabling of controls in our user interface. 

Depending on a certain condition a control may be enabled or disabled. To allow a control to do so we 

choose the disable property node. The Disable property node can be in either read or write mode. It is 

in read mode by default. We choose the ‘select’ function, which makes a decision based on whether 

the input is true or false. We attach a constant process to each case (True and False). The processes to 

choose from are Enable, Disable and, Disabled and Grayed Out. The selector sends either one of these 

processes to the output depending on the case it takes at the input. Figure 5-11 shows the “disabled” 

property node for the Load control.  

 

  
 

Figure 5-11: Property node for the Load control. 

5.9 Pop Up Window 
In the user interface we have made use of pop up windows for ADQ settings, Device information and 

Device monitor. As seen in Figure 5-12, each of these popup windows makes use of the property node 

“visible”. Whenever the control for one of these functions is used, a Boolean true is sent to the 
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“visible” property node making the tabs of the function appear. At the same time the other pop up 

window functions are disabled. Therefore at any given time only one pop up window is displayed. 

 

We have made use of two Boolean controls for each pop up window. One is for the control that can be 

seen on the front panel such as “ADQ Settings”, Device information” and “Device monitor”. The 

others are “OK” buttons which appear on the pop up windows themselves as can be seen in Figure 

5-12 given below.  

 

 
 

Figure 5-12: The use of property nodes in running one pop up window at a time. 
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6 ADQ Control Unit 

6.1 Initialization 
This initialization occurs when the function takes, as an input parameter, the number of ADQ devices 

connected to the host computer and the current ADQ pointer. Functions of the ADQ-API need to be 

initialized by the ADQControlUnit in order to function. This is because the ADQ pointer ensures that 

all functions are part of the same instance for each of the ADQ devices.                 

6.2 Use of ADQControlUnit 
 

Functions used in Initialization Description 

CreateADQControlUnit  

Input: error in 

Output: adq214_num, error out 

Creates an instance of an ADQControlUnit 

that is capable to find and establish 

connection to ADQ devices. Returns a 

pointer (adq_cu_ptr) to the 

ADQControlUnit. 

ADQControlUnit_NofADQ214  

 

Input: adq_cu_ptr, error in 

Output:  adq_cu_ptr, adq214_num, error out 

 

Returns the number of ADQ214 devices 

found. 

DeleteADQControlUnit 

  

Input: adq_cu_ptr, error in 

 

Output: error out 

Deletes the instance of the ADQControlUnit 

which corresponds to the adq_cu_ptr 

(returned by ADQControlUnit). 

 

Table 6-1: List of subVIs for ADQ control unit. 

All functions of the ADQ-API use the pointer (adq_cu_ptr) created by CreateADQControlUnit to 

function properly. CreateADQControlUnit should only be called once for stable behavior. An object 

must be deleted by DeleteADQControlUnit before another can be created. 

 

All the ADQ functions we have made use of, with the exception of the Control unit functions, require 

the number of ADQ214 (adq214_num), returned by ADQControlUnit_NofADQ214, as an input 

parameter to function properly. 

  



 
 
 

56 

 

  



 
 
 

57 

 

7 ADQ Settings 
The ADQ settings is a pop up window which contains the user controls for Trigger settings, Analogue 

Front End (AFE) settings, Clock source settings, Data type settings, Gain and Offset settings, Timeout 

settings and Acquisition size settings. These features allow the user to configure the ADQ device. 

ADQ settings are only enabled when the ADQ device is connected. Figure 7-1 below shows all the 

ADQ settings options found in the ADQ settings window.  

 
Figure 7-1: Labview ADQ settings window 

7.1 Trigger Settings 
ADCapturelab allows for three different types of triggering options as shown in Figure 7-2(A), its front 

panel controls, and Figure 7-2(B), its block diagram. Figure 7-3 shows the the front panel and the 

block diagram for the trigger settings subVI. Table 7-1 lists the subVIs used for creating the trigger 

settings.  
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(A)                                              (B) 
 

Figure 7-2: (A) Front panel control for trigger settings (B) Block diagram of Trigger settings control. 
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                                                                         (A) 

   

 
 

(B) 
Figure 7-3: (A) Front panel of Trigger Settings subVI (B) Block diagram of trigger setting subVI. 
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Functions used in Trigger Settings Description 

 

SetTriggerMode 

 

Input: adq_cu_ptr, adq214_num, trig_mode, 

error in 

 

Output:  adq_cu_ptr, function return, error 

out 

Sets how the ADQ device shall be trigged. 

 

trig_mode = 1 => Software trigger only 

mode 

trig_mode = 2 => External trigger mode 

trig_mode = 3 => Level trigger mode 

 

function return returns 1 for successful 

operation and 0 for failure.  

 

Note: The software trigger is always enabled 

regardless of mode. 

SetLvlTrigLevel  

 

Input: adq_cu_ptr, adq214_num,  level, error 

in 

 

Output:  adq_cu_ptr, function return, error 

out 

 

Sets the level for which the level trigger shall 

trig.  

 

-8192 <= level <= 8191 (14 bit data)  

 

function return returns 1 for successful 

operation and 0 for failure. 

SetLvlTrigEdge 

 

Input:  adq_cu_ptr,  adq214_num, edge, 

error in 

 

Output:  adq_cu_ptr, function return, error 

out 

Set the edge which the level trigger shall trig 

for.  

 

edge = 1 => Rising edge  

edge = 0 => Falling edge  

 

function return  returns 1 for successful 

operation and 0 for failure. 

SetLvlTrigChannel  

 

Input:  adq_cu_ptr, adq214_num, 

ChannelCode, error in 

 

Output:  adq_cu_ptr, function return, error 

out 

 

 

 

 

 

 

 

 

 

 

 

 

Sets the channel for which the level trigger 

shall correspond to.  

 

ChannelCode = 0 => None 

ChannelCode = 1 => Channel A  

ChannelCode = 2 => Channel B  

ChannelCode = 4 => Channel C 

ChannelCode = 8 => Channel D  

 

To trig on multiple channels add the channel 

code for each individual channel. Examples:  

 

ChannelCode = 10 => Any of Channel B and 

D  

 

ChannelCode = 15 => Any Channel  

 

function return returns 1 for successful 

operation and 0 for failure. 
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ArmTrigger 

 

Input:  adq_cu_ptr , adq214_num, error in 

 

Output:  adq_cu_ptr, function return, error 

out  

This command must be sent before the ADQ 

device is allowed to be trigged. When the 

trigger is armed the ADQ device records a 

record of samples whenever the device is 

trigged. The device can only be rearmed after 

DisarmTrigger has been called. 

 

Note: When the ADQ device is busy 

recording a record of data, the device will 

ignore trigs. 

 

function return returns 1 for successful 

operation and 0 for failure. 

DisarmTrigger  

 

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output:  adq_cu_ptr , function return, error 

out  

Disarms the trigger. The ADQ device cannot 

be trigged when trigger is disarmed. When 

the trigger is disarmed the memory counter is 

reset, so the next time ArmTrigger is called 

and the device records a record of data, this 

record will overwrite the previous first 

record. 

  

function return returns 1 for successful 

operation and 0 for failure. 
 

Table 7-1: Description of trigger settings functions. 

SetTriggerMode gives us the option of choosing from three types of trigger settings: 

 Software Trigger (When activated will acquire data whenever the “Acquire data” or “Run” 

controls are used) 

  

 Level Trigger (When activated allows a user to input level trigger settings and acquire data 

when those settings are reached.)   

 

 External Trigger (When activated the ADQ-214 will monitor the input signal at the “External 

Trigger” SMA input. A trigger event will occur on a logic low to high transition (rising edge 

flank) after which data will be acquired.)     

 

A case structure with a case for each trigger setting was used. The cases for Software and External 

trigger are empty. However for level trigger we used SetLvlTrigLevel, SetLvlTrigEdge and 

SetLvlTrigChannel. This allows the user to enter the level value, flank type and trigger channel. As a 

trigger can only occur once a signal is being captured, we make use of a stacked sequential structure to 

place ArmTrigger after and DisarmTrigger before the FFT operation. DisarmTrigger is also used 

just before DeleteADQControlUnit to ensure that the trigger has been disarmed before the ADQ 

object has been deleted.     

 

Channel A, Channel B, Edge and level setting options remain disabled and grayed out unless the level 

trigger case is selected. 
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7.2 Analogue Front End (AFE) Settings 
Analogue Front End (AFE) settings are involved with coupling. With ADQ-214 it is possible to set 

different coupling for the individual channels. Figure 7-4 shows the front panel and the block diagram 

of the ADQ-AFE settings. The subVI shown in Figure 7-5 is a combination of the AFE and the gain 

and offset settings. The description for ‘Gain and Offset settings’ is given in the section 7.5. 

 

 

                             
(A)                                                                     (B) 

 

Figure 7-4: (A) AFE and Gain and offset Settings settings front panel control and (B) AFE and Gain and offset Settings settings 

control  block diagram. 
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(A) 

 

 
                                         (B) 

 

Figure 7-5: (A) AFE and Gain and offset Settings subVI front panel (B) AFE and Gain and offset Settings subVI Block diagram. 
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Table 7-2 below lists the subVIs used in AFE settings.  

 

Functions used in Analogue front end 

settings 

Description 

SetAfeSwitch  

 

Input: adq_cu_ptr,  adq214_num, afemask, 

error in 

 

Output: adq_cu_ptr, function return, error 

out 

 

Bitmap of AFE mask: 

 

 

 

Channel B Channel A AFE 

input(A+B) 

Comment 

AC=0/DC=10 AC=0/DC=5   

0 0 0 Both AC 

0 5 5 Ch-A DC 

Ch-B AC 

10 0 10 Ch-A AC 

Ch-B DC 

10 5 15 Both DC 

 

 

Function return returns 1 for successful command 

transfer and 0 for failure. 
 

Table 7-2: Bitmap of Analogue Front End settings. 

AFE settings deal with AC and DC coupling. Each input can be selected as AC or DC coupled. DC 

coupling allows both DC and AC signals through, while AC coupling accepts only AC signals. Figure 

7-5(B) demonstrates how the Bitmap of the AFE mask, listed in Table 7-2, was constructed in 

LabVIEW. 

7.3 Clock Source Settings  
ADCapturelab gives the option of using either an internal or external clock source. Figure 7-6 shows 

the front panel and the block diagram of ‘Clock Source Settings’. The block diagram of the ‘Clock 

source settings’ subVI is given in Figure 7-7. Table 7-3 lists the functions used in developing the clock 

source settings. 
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(A)                                                      (B) 

 

Figure 7-6: (A) Clock source settings control in Front Panel (B) Block Diagram for clock source settings. 

 
 

Figure 7-7(A): Clock source settings subVI front panel. 
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Figure 7-7 (B): Clock source settings subVI block diagram. 

 
 

Functions used in Clock Setting Description 

SetClockSource  

 

Input: adq_cu_ptr, adq214_num,  source, 

error in 

 

Output: adq_cu_ptr, function  return, error 

out 

Set the clock source for the ADQ214 device: 

 

source = 0 => Internal clock source, Internal 

10 MHz reference  

 

source = 1 => Internal clock source, External 

10 MHz reference 

  

source = 2 => External clock source  

 

function return returns 1 for successful 

operation and 0 for failure.    

 

SetClockFrequencyMode  

 

Input: adq_cu_ptr, adq214_num,  clockmode, 

error in 

 

Output: adq_cu_ptr, function return, error 

out 

 

 

Set the clock frequency mode for the ADQ 

device. 

 

If internal clock and reference is used, this is 

handled automatically. If external clock or 

external reference is used, the board must be 

explicitly set in low-frequency mode if 

required.  
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source = 1 => High frequency mode (default)  

(External clock range 240-550MHz) 

 

source = 0 => Low frequency mode  

(External clock range 35-240MHz) 

 

Function return returns 1 for successful 

operation and 0 for failure.    

 

SetPllFreqDivider  

 

Input: adq_cu_ptr, adq214_num,  divider, 

error in 

 

Output: adq_cu_ptr, functions return, error 

out 

 

 

Sets the divider in the pll. 

 

The sampling rate in the case of the internal 

clock source is calculated by (internal 

reference is 10Mhz): 

 

2<= divider <= 20 

   
       

       
 

 

functions return returns 1 for successful 

operation and 0 for failure.  
 

Table 7-3: Description of clock source settings subVIs. 

 
 
The choice of either internal or external clock source enables us to choose other options in clock 

settings i.e. ‘Low frequency mode’ or ‘External Reference’. Figure 7-8 and Figure 7-9 below 

demonstrates this. 

                                     

Internal clock source                     External reference                      Internal Reference 

 

 

 

              Sampling Frequency 

 
Figure 7-8: Flow chart for internal clock source. 

 
 

External clock source                         External reference                      Internal Reference 

 
 

            

          Sampling Frequency 
 

Figure 7-9: Flow chart for external clock source. 
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A radio button works as a case selector for the clock source. Depending on the case the user can 

choose from either low frequency mode or External reference. Unless the option for either internal or 

external clock source is selected, all controls will be disabled and grayed out.  

  

The internal clock source option allows for choosing a sampling frequency (through a text ring). 

PllFreqDivider creates sampling frequencies within the divider range of 2 to 20.  

 

We have attached an indicator to the menu ring for sampling frequency. It appears on the user interface 

if a Boolean true is sent to the visible property node for the indicator when the internal clock source 

option is selected. 

On the other hand if an external clock source is selected a Boolean true is sent to the visible property 

node for the control which allows the user to manually enter a sampling frequency. In each case when 

a Boolean true is sent to one of the visible property nodes a false is sent to the other with the use of the 

not function. 

7.4 Data Type Settings 
In the front panel ‘Data type settings’ is an enum ring control and the block diagram which is shown in 

the Figure 7-10.  

 

 
 

Figure 7-10: These are the data type settings front panel control and block diagram respectively. 

 

Functions used in Data Type Settings Description 

SetDataFormat  

 

Input: adq_cu_ptr, adq214_num, format, 

error in  

 

Output: adq_cu_ptr, function return, error 

out  

Sets the following sample formats: 

 

•ADQ214_DATA_FORMAT_PACKED_14BIT 

•ADQ214_DATA_FORMAT_UNPACKED_14BIT 

•ADQ214_DATA_FORMAT_UNPACKED_16BIT 

•ADQ214_DATA_FORMAT_UNPACKED_32BIT  

 

The packed format will configure the ADQ to store 

samples for minimal memory footprint. 

 

The unpacked format configures the ADQ to store 

samples padded to 16 bits.  

 

The 14 bit mode is stored with sign-extended 

MSBs. The 16 bit mode is stored with zero-padded 

LSBs. The 32 bit mode is used for decimation data; 

data is stored with zero-padded LSBs.  

 

function return returns 1 for successful operation 
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and 0 for failure. 

 

Table 7-4: Details of Set data format settings. 

The sample format must be an input to the format parameter of SetDataFormat . As specified in the 

ADQ214 example C++ code these formats correspond to input values of 0, 1, 2 and 3 as demonstrated 

in Table 7-4. 

 

Sample format Value 

ADQ214_DATA_FORMAT_PACKED_14BIT 0 

ADQ214_DATA_FORMAT_UNPACKED_14BIT 1 

ADQ214_DATA_FORMAT_UNPACKED_16BIT 2 

ADQ214_DATA_FORMAT_UNPACKED_32BIT 3 
 

Table 7-5: Function arguments for different data format. 

A menu ring is used to allow the user to select the desired format. Once a format is selected it’s 

corresponding numeric value forms the input to ADQ214_SetDataFormat() which is shown in the 

Table 7-5. 

7.5 Gain and Offset 
Figure 7-11 shows the front panel and the block diagram of the gain and offset settings. It’s subVI is 

shown in Figure 7-12 which is the same as in Figure 7-5. 

 

     
 

(A)                                              (B) 

 
Figure 7-11: (A) front panel control and (B) block diagram of the Gain and Offset settings. 
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                                                                                  (A) 

 

 
                                         (B) 

 
Figure 7-12: (A) These are the AFE Gain and offset subVI front panel control and (B) subVI block diagram. 
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Functions used in Gain and Offset Description 

SetGainAndOffset  

 

Input: adq_cu_ptr,  adq214_num, Channel, 

Gain, Offset, error in 

 

Output: adq_cu_ptr out , function return, 

error out 

Sets the digital gain and offset.  

 

Maximum allowed values is 32767 and 

minimum allowed value is -32768. 

  

Gain is scaled by 10 bits i.e. 1024 correspond 

to unity gain.  

Offset is scaled by codes i.e. 1 corresponds to 

1 ADC code (multiplied by current Gain 

setting) 

 

function return returns 1 for successful 

operation and 0 for failure. 
 

Table 7-6: ADQ gain and offset settings description. 

SetGainAndOffset is used for both channels (A and B). This allows us to adjust the amplification 

(gain) and mean value (offset) of the acquired signal. As gain is scaled by 10 bits, i.e. 1024 correspond 

to unity gain; we initialize gain to 1 as the default value and multiply by 1024. The offset has a default 

value of 0. An input of 1 and 2 in channel correspond to channel A and B respectively.  

7.6 Set Pre Trigger and Trigger Hold Off Samples 
The user has the option to set pre trigger and Trigger hold off samples for the ADQ device. The front 

panel for Pre trigger and Trigger hold of samples is shown in Figure 7-13. The block diagram is shown 

in the Figure 7-14. Table 7-7 below lists the functions used in developing the Pretrigger and 

Triggerholdoff settings.  

 

 
 

Figure 7-13: Set pre trig and Trigger hold of samples for ADQ 214. 

Functions used in Gain and Offset Description 

SetTriggerHoldOffSamples 

 

Input: adq_cu_ptr,  adq214_num, 

SetTriggerHoldOffSamples, error in 

 

Output: adq_cu_ptr out , function 

return, error out 

 

Sets the number of samples to wait for acquiring data 

after the trigger. 
 

function return returns 1 for successful operation and 0 

for failure. 
 

When using this function PreTrigSamples is 

automatically reset to zero. All data in the buffer will be 

acquired after the holdoff. 
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SetPreTrigSamples 

Input: adq_cu_ptr,  adq214_num, 

SetPreTrigSamples, error in 

 

Output: adq_cu_ptr out , function 

return, error out 

Sets the size of the pretrigger buffer. 
 

Function return returns 1 for successful operation and 0 

for failure. 
 

When using this function, TriggerHoldOffSamples is 

automatically reset to zero. 
 

Table 7-7: List of VIs for Pre trigger and Trigger hold of samples. 

 
 

Figure 7-14: Block diagram of set pre trigger and Trigger hold off samples. 

Pre trigger sets the size of the pre trigger buffer and Trigger hold off sets the number of samples to 

wait for acquiring data after the trigger. 

 

‘Pre trig Samples’ will be initialized to the default value of 0 when ‘Trigger hold off sample’ will have 

a value greater than 0 and vice versa. In order to develop this in LabVIEW we make use of a ring 

menu. To set one of these options a user needs to choose from this ring menu. It allows the user to 

choose only one option and the other option will be initialized to 0 automatically.  

 

7.7 Acquisition Length Settings 
 
Figure 7-15 shows the Acquisition Length Settings front panel control and block diagram.  
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Figure 7-15: These are the Acquisition Length Settings front panel control and block diagram. 

 
Functions used in Acquisition length settings Description 

 

SetBufferSize  

 

Input: adq_cu_ptr,  adq214_num, samples, 

error in 

 

Output: adq_cu_ptr out, function return, 

error out 

 

Setups the memory buffers for single record 

acquisition (single trigger) in the ADQ 

device.  

 

Returns 1 for successful operation and 0 for 

failure. Failures include trying to allocate 

more memory than is available. 
 

Table 7-8: Set buffer size description. 

The Acquisition size setting adjusts the buffer size input of SetBufferSize. The selected FFT size must 

be less than or equal to the acquisition size otherwise the input to the buffer size will be 65536 which 

has been shown in the Figure 7-15 and the Table 7-8 describes the function for set buffer size.  
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8 Data Acquisition 
Here we explain how data is captured and displayed, continuously and in single batches, from both 

channels. Data is always captured from both channels at the same time. Table 8-1lists the ADQ 

functions used in developing data acquisition.  

8.1  Collecting Data from Channel A and Channel B  
 
Functions used in collecting data from Channel 

A/B 

Description 

 

CollectDataNextPage 

Input: adq_cu_ptr, adq214_num, error in 

Output:  adq_cu_ptr, function return, error out 

 

Transfers the data from the internal 

memory buffers of the physical ADQ to 

the ADQ-object. 

function return  returns 1 for successful 

operation and 0 for failure. 

GetPtrDataChA 

Input: adq_cu_ptr, adq214_num, error in 

Output:  adq_cu_ptr, Pointer to data array, 

error out 

 

Returns a pointer to the data array for 

channel A of the most recent collected 

record.  

 

GetPtrDataChB 

Input: adq_cu_ptr, adq214_num, error in 

Output:  adq_cu_ptr, Pointer to data array, 

error out 

 

Returns a pointer to the data array for 

channel B of the most recent collected 

record.  

 

GetSamplesPerPage 

Input: adq_cu_ptr, adq214_num, error in 

Output:  adq_cu_ptr, Number of samples per 

page, error out 

 

Returns the number of samples of each 

page set in the ADQ device.  

 

 

P2D 

Input: Pointer, Number of samples 

Output: Data out 

Converts the pointer, to the data array, 

into readable data.   

 

 

Table 8-1: Necessary subVIs for data acquisition. 

 
Figure 8-1 shows how data acquisition occurs from channels A and B. 
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Figure 8-1: Data acquisition from both channels. 

As shown in Table 8-1 samples of acquired signals are stored within the ADQ-214 in pages, each with 

a specific number of samples. Each channel has its own memory space where these samples are stored. 

GetPtrDataChA and GetPtrDataChB return pointers to the data arrays for channel A and channel B 

respectively. P2D converts the pointers to data to be displayed on the Time-series plot of data signals 

indicator graph. 

 

P2Ds call library function node is shown in Figure 8-2. 

 

 
 

Figure 8-2: Block diagram of Pointer to Data (P2D) conversion. 

P2Ds call library function node is configured using a MoveBlock function to take in 3 arguments 

namely the pointer from either GetPtrDataChA or GetPtrDataChB, initialized array and bytes.  

    

FFT operations require a number of samples equal to the FFT size. The use of a for loop around 

CollectDataNextPage, GetPtrDataChA, GetPtrDataChB, GetSamplesPerPage and P2D, with a 

loop count of 256, ensures that the number of samples collected is 65536. The dimension of the output 

array from this for loop is equal to the FFT size.  

 

Initially, unaware of how to make use of the pointer returned by CollectDataNextPage, use of the 

Measurement and Automation Explorer (MAX) was made. MAX is a tool to manage various National 
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Instruments (NI) components such as LabVIEW. However as the ADQ214 device is not a product of 

NI it failed to be listed in MAX.  

8.2 Continuous and Single Batch Data Capture: 
 
The front panel controls and block diagram for continous and single batch data capture are shown in 

Figure 8-3. 

 

 
(A) 

 
                                                (B) 

 
Figure 8-3: (A) Front panel and (B) Block diagram of single batch and continuous data acquisition. 

As is demonstrated in Figure 8-3 the Run (continuous capture) control is a Boolean on/off button while 

Acquire data (single batch capture) is a Boolean stop button. When a Boolean true is sent from either 

control the FFT operations are enabled. We make use of the reinitialize to default property node for the 

acquire data control. When single acquisition is complete the acquire data control returns to its default 

position, which is its initial unused state.        

8.3 Linspace 
The Linspace function Figure 8-4 allows us to generate linearly spaced vectors. Its input parameters 

are Number of steps, Start value and End value. Its output parameter is an array that stores the result.  
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Figure 8-4: Block diagram of Linspace function 

Linspace works by first calculating the factor f in the following way: 

Factor                   

(Where, E = End value, 

S = start value and 

St is the number of steps required between S and E). 

 

Inside the for loop we multiply the iteration number with the calculated factor and store it into an 

array. The size of the array and number of iterations should both be equal to St. 

 

Initially we made use of Matlab’s linspace function. Since certain workstations may not have Matlab, 

users would not be able to run its script in LabView. It is for this reason that we developed a Linspace 

function in LabVIEW.    

8.4 Plotting Acquired Signal 
 

Figure 8-5 shows the number of samples collected depending on the FFT size. Figure 8-6 shows the 

block diagram for how the acquired signal is plotted. 
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Figure 8-5: Plotting acquired signal in time scale. 

 

 
 

Figure 8-6: Block diagram of plotting acquired data in the time domain. 

Acquired signals are plotted with respect to time with the use of Linspace. The number of steps 

required for linspace is equal to FFT size. The start value is taken to be 0.  

 

The end values will differ for each of the FFT sizes. In ADCapturelab we noted down the largest time 

scale value for each of the FFT sizes at different sampling frequencies. We observed the following 

pattern. Each FFT size corresponds to a particular value (shown as Numerator in Table 8-2). If this 

value is then divided by the sampling frequency we can obtain the end value. 

 

FFT size Numerator End value 

4096 4  

E = 
         

  
 

 

8192 8 

16384 16 

32768 32 

65536 64 

 

Table 8-2: Calculating end value for different FFT sizes. 

Having calculated the end value, we can send the start value (0), end value, and number of steps (FFT 

size) to Linspace, as is demonstrated in  

Figure 8-4, in order to obtain the relevant time axis. The FFT size acts as case selector for the required 

end value. 
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The time axis and acquired data are sent to the X and Y inputs of the Build XY graph express VI. 

Build array combines the two time axis and data from each channel into one array to be represented on 

the graph indicator as shown in Figure 8-6.   
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9 Fast Fourier Transform (FFT) 
 
Fast Fourier Transform (FFT) is an efficient algorithm used to compute the Discrete Fourier 

Transform (DFT). We need to be able to determine the Fourier Transform of our acquired signal. The 

FFT subVI consists of an algorithm that we have developed. Plotted in Decibels relative to full scale 

(dBFS), explained in chapter 9.3, it can be viewed in two different frequency ranges namely Nyquist 

zone 1(0 to Fs/2) and Nyquist zone 2 (Fs/2 to Fs) where Fs is the sampling frequency.   

 

FFT transformation, of an acquired signal, can be performed in LabVIEW with the use of a number of 

different FFT VIs. These include the real, complex, 2-D real and 2-D complex FFT VIs. In our case 

the real FFT VI is used as our acquired signal is one dimensional with real values. The FFT VI 

computes the DFT of the input sequence. The algorithm for computing the one dimensional (1D) DFT 

is defined as 
3
:  

   ∑        
     

     

 

for                  

           Where, by definition,  

            

Where,    is the input sequence, 

N is the number of elements of   and 

   is the transform result.  

 

The built-in LabView FFT VI used is shown in the Figure 9-1 below. 

 

 
 

Figure 9-1: Built-in FFT VI in LabVIEW. 

9.1 FFT subVI  

The FFT subVI (not to be confused with the built-in LabVIEW FFT VI as shown in Figure 9-1: Built-

in FFT VI in LabVIEW.) is a function created by us which encapsulates the FFT algorithm that we 

have developed. Figure 9-2 and Figure 9-3 are the front panel settings for the FFT analysis and block 

diagram of the FFT subVI respectively.  

Table 9-1 gives the description of the functions which makes up our FFT subVI.  

 

 

 

 

 

 

 

 

 

 

                                                      
3
 Digital Signal Processing Principles, Algorithms and Applications (3

rd
 Edition) By John G Proakis and Dimitris G.  

Manolakis (Page 419) ISBN: 81-297-0084-0. 
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Functions used in created FFT subVI Description 

Built-in LabVIEW FFT VI 

Input: input data array, FFT size 

Output: Spectrum of the input data sequence 

Computes the Fourier transform of the input 

data array. 

Linspace 

Input: start value, end value , number of steps 

Output:  Linearly spaced vectors 

Creates linearly spaced vectors. 

 

Table 9-1: Description of created subVIs for FFT operation. 

 
 

  
(A)                                  (B) 

 
Figure 9-2:  Front panel control for FFT (A) window and size Settings (B) Nyquist zone Settings.  

In our ‘FFT subVI’ we have used LabVIEW’s built-in FFT VI shown in Figure 9-1. The input data 

array that enters this function is windowed according to the user’s choice. The purpose of windowing 

is to allow us to zoom into the detailed workings of the input signal rather than looking at the signal as 

a whole. Windows are mathematical functions which have a value of zero outside a certain interval. 

They are multiplied with input signals under consideration. Examples of window functions include 

Blackman, Hamming, Hanning and Rectangular.
4
  The list of available windows and FFT Size are 

given in Table 9-2: List of available (A) FFT window and (B) FFT size. 

 

Window 

Blackman 

Blackman Harris 

Hamming 

Hanning 

Rectangular 

(A) 

 

FFT Size 

4096 

8192 

16384 

32768 

65536 

(B) 

 
Table 9-2: List of available (A) FFT window and (B) FFT size. 

                                                      
4
 Digital Signal Processing Principles, Algorithms and Applications, 4

th
 Edition, John G. Proakis and Dimitris G. 

Manolakis, page 664 -670, ISBN 81-203-3030-7. 
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In order to acquire a spectrum we place the absolute value function at the output of the built-in 

LabView FFT VI.         

9.2 Nyquist Zones 

When constructing Nyquist Zones it is important to keep in mind the x axis properties of our acquired 

signal. Code relating to Nyqvist Zones is shown in Figure 9-3. Depend on the Nyquist zones X-axis 

will change.  

9.2.1 X-Axis 

For the x axis we have used Linspace inside FFT subVI. Table 9-3 lists the Linspace values for both 

Nyquist zones. 

 

Nyquist zone Number of steps Start End 

1 FFT size/2 0 1 

2 FFT size/2 1 2 
 

Table 9-3: Linspace specifications for the Nyquist zones. 

These settings scale the X-axis from 0 to Fs/2 for Nyquist zone 1 and from Fs/2 to Fs for Nyquist zone 

2. 

 

9.2.2 Splitting FFT Array Depending on Nyquist Zone 

 
For the X axis of Figure 9-3, we make use of a split 1D array function. Its input parameters are the data 

array and index value. Its output parameters are the first and second sub-arrays of the data array. The 

index value depends on the FFT size. As the length of both Nyquist zones is equal, we divide the FFT 

size by two before placing it as an input.  

 

We have used a radio button as a case selector for the Nyquist zones shown in the Figure 9-2(B). The 

cases for Nyquist zone 1 and 2 take the output from the first and second sub-array respectively. These 

sub-arrays form the Y input of the Build XY Graph Express VI.  

 

This procedure allows us to display the data array corresponding to the x-axis scales for the Nyquist 

zones. 

9.3 Plotting FFT in dBFS Scale  
 
dBFS stands for Decibel relative to Full Scale. It is generally used for measuring decibel amplitude 

levels in digital systems and indicates the difference between the acquired signal and the maximum 

possible signal
5
. 

 

As the highest possible value in the dBFS scale is 0, all other values will be negative. A signal that 

reaches 50% of the maximum level would peak at -6 dBFS, 6 dB below full scale. Knowledge of this 

allows us to check whether our or not our dBFS scale is functioning properly
6
. 

 

In order to implement this scale we make use of an equation. The possible range for the level of the 

acquired signal in ADQ214 is -8192 <= level <= 8191. As shown in Figure 9-3 we use the array min 

                                                      
5
Sencore News: Understanding and measuring digital audio levels, Glen Kropuensky, October 06.   

6
 Sencore News:Understanding and measuring digital audio levels , Glen Kropuensky, October 06.   
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and max function to find the maximum value of our FFT spectrum (  ) and the maximum value of our 

acquired signal (  ). We then divide     by     and multiply by 8191 which is the highest possible 

level we can have in our acquired data. The equation given below is how we calculate Ratio (R).  

  
       

  
 

 

We now divide all the values of the FFT spectrum by the ratio R in order to obtain a dBFS scale as 

shown in Figure 9-3. 

 

 
 

Figure 9-3: Block diagram of FFT subVI. Codes relating to Nyqvist Zones and dBFS scale are included in this subVI. 

 

In testing we observed that when the acquired signal had amplitude of the maximum level (8191) the 

fundamental tone of the FFT was at 0. When the amplitude was at half of the maximum value (4096) 

the fundamental tone was at -6.02. Fractional values can be neglected here as the logarithmic scale 

changes rapidly for values between 0 and 1. This shows our dBFS scale seems to be functioning 

properly.  
 

Another method of determining R would have been to consider the ratio between the difference in 

peaks of the acquired signal and that of the FFT spectrum. 
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Figure 9-4: FFT of acquired signal,of frequency 15 MHz, with amplitude in dBFS in the labVIEW user interface. 

 
 

Figure 9-5: FFT of acquired signal, of frequency 15MHz, with amplitude in dBFS in the ADCaptureLab user interface. 

 

9.4 Power Spectral Density measurement 
 
The Power Spectral Density (PSD) was measured, with the use of Matlab, in order to verify whether or 

not the FFT determined from ADCaptureLab and labVIEW are identical.  

 

Transferring data from the ADQ device into MATLAB is simple. It does not require any external 

hardware. The Matlab tool from SP Devices AB comes with the ADCapturelab software. Once this 

software is installed we can acquire data from the device through either ADCapturelab or MATLAB. 

Before communicating with the device, using Matlab, we need to ensure whether the directory and the 

driver for the device have been successfully installed. The Matlab file which comes with the 

ADCapturelab software is a read only file. Therefore instead of making changes inside the installed 

folder we needed to move the file to another directory.  
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Acquired data, in both cases, was first stored in a text file before 8192 samples from each data batch 

were loaded onto Matlab. The PSD can be determined by different methods with the use of the Matlab 

tool for statistical signal processing. We made use of the Periodogram method. In order to calculate the 

PSD we use the same frequency for the data sets obtained through ADCaptureLab, LabVIEW and 

Matlab. Their respective spectral densities were then plotted and are shown in Figure 9-6, Figure 9-7 

and Figure 9-8. 

 

 
 

Figure 9-6: Power spectral density of the ADCapturLab data. 

 
 

Figure 9-7: Power Spectral Density of the LabVIEW data. 
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Figure 9-8: Power spectral density of the Matlab data. 

9.5  Clear Plots 
 

Figure 9-9 shows the Clear Plots front panel and block diagram. 

 

 

 
 

Figure 9-9: The clear plots front panel control and block diagram code. 

A user should be able to clear the plots on the LabVIEW user interface. Figure 9-9 shows that the 

control for clear plots is a Boolean stop button which when true sends zeros into the signal graph and 

therefore clears any previous data present in both the signal and FFT graphs.  
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10 Load and Save 
 
It is important for users to be able to save data so as to be able to view it later. Saved data can be used 

to compare results or simply keep a record of data recordings. The controls of save and load allow a 

user to save the required data and load previously saved data. The save control only saves data of the 

acquired signal.   

10.1 Save 
 
Figure 10-1 shows the front panel and block diagram for the Save control.    

 

 
(a)                                  (b) 

 

Figure 10-1: (a) Save control at front panel and (b) the block diagram for the save subVI. 

The following approach provides, in our opinion, the simplest solution to saving data. As shown in 

Figure 10-1, the save function consists of a Write to Measurement File express VI along with a 

Boolean control (“Save”) which enables it. Signals, to be saved, from either channel (A or B) are 

directed to the signals parameter of the express VI. The default format in which these signals are saved 

is .lvm (LabVIEW measurement file). If signals need to be saved in other formats such as .txt, .asc or 

.bin the user can manually change from the .lvm format to the desired format. When saving a file the 

user chooses its name and directory. If the given name is already in the directory the new file will 

replace the previous one.  

10.2 Load 
 
Figure 10-2 shows the front panel and block diagram for the Load control.    
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Figure 10-2:  The front panel load control and the block diagram for the load subVI. 

The approach to designing the control for load follows naturally from the design of the save control 

with the use of another express VI. As seen in Figure 10-2, the load function consists of a Read from 

Measurement File express VI along with a Boolean control which enables it. Clicking the load control 

in the front panel opens a default directory which allows the user to select a file. The user can, 

however, choose another directory to select from. Once the required file is loaded its corresponding 

FFT will also be displayed.  

When data is being captured, the load function needs to be disabled. In reference to intuitivity (chapter 

5.8), the disabiling of the Load control (Figure 5-11) depends on the output of the Boolean controls for 

‘Run’ and ‘Acquire data’. If either one is true the control for load will be disabled. 
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11 Device Monitoring 
It is important for users to be able to monitor the functioning of the LabVIEW user interface. Sections 

in this chapter include Status window, Device window, Device information and Device monitor. These 

features return information related to the status of ADQ device and functions being used in the user 

interface.         

11.1 Status Window 
The status window indicates the connection status of the ADQ214 device. It is also able to show if 

there is any device that has failed to communicate. The front panel is shown in Figure 11-1 and its 

block diagram is shown in Figure 11-2. Table 11-1 describes necessary subVIs to build status window. 

 

 
 

Figure 11-1: Status window showing the number of found device. 

 
 

Figure 11-2: Block diagram for status window and devices. 

Functions used in Status Window Description 

ADQControlUnit_NofADQ214 
 

Input: adq_cu_ptr 
 

Output: adq_cu_ptr out, function return 

function return returns the number of 

ADQ214 devices found. 

ADQControlUnit_GetFailedDeviceCount 
 

Input: adq_cu_ptr 
 

Output: adq_cu_ptr out, function return 

function return returns the number of ADQ-

214 devices found, which are unable to start 

correctly. 
 

Cause of failure could be due to an 

incompatible HW device version, Power-off 
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during setup phase or malfunctioning FPGA 

code (if used with ADQ Development Kit).  
 

Table 11-1: Status window subVIs details. 

If ADQControlUnit_NofADQ214 returns a value greater than 0 the window indicates the number of 

ADQ214 devices found otherwise the window will indicate that no devices were found. 

ADQControlUnit_GetFailedDeviceCount indicates the number of devices that are connected but not 

responding. 

11.2 Devices Window 
Devices window is a string indicator which shows the description of the device depending on the 

number of connected ADQ-214s. The description includes information about the connection and ADQ 

specifications. USB2.0 is to show how it is connected to the device. Figure 11-3 shows the front panel 

device window and the block diagram is shown in the Figure 11-2. 

 

 
 

Figure 11-3: Description of connected device. 

Functions used in Devices Window Description 

 

ADQControlUnit_NofADQ214 

 

Input: adq_cu_ptr 

 

Output: adq_cu_ptr out, function return 

 

function return returns the number of 

ADQ214 devices found. 

 

Table 11-2: Count the number of connected ADQ devices. 

The devices window outputs data about the ADQ device that is being used. If 

ADQControlUnit_NofADQ214 indicates that an ADQ-214 device is connected, the window displays 

081:ADQ214(2xADS5474 14b 400MSPS) USB2.0 (ADQ-214 device information). Otherwise the 

window remains empty. 

11.3 Device Information 
Device Information shows the specification and the description of the board. It is shown in Figure 11-4 
and its block diagram is given in the Figure 11-5. Description of functions used the front panel is given 

in Table 11-3. 
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Figure 11-4: Device information front panel. 

 

 
 

Figure 11-5: Block diagram of the device information. 
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Functions used in Device Information Description 

 

GetRevision 

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out,  function return, 

error out  

function return  returns the revision of the 

ADQ device. 

 

revision [0 and 3] returns the revision 

number.  

 

revision [1 and 4] return either 0 or 1: 

 

0 => SVN Managed 

                     1 => Local Copy 

 

revision [2 and 5] return either 0 or 1:  

 

                   0 => SVN Updated 

1 => Mixed Revision 
 

Table 11-3: Description of GetRevision subVI. 

The Device information pop up window contains information about the serial number of the device, its 

product number and information for FPGA#1 (alg FPGA) and #2 (comm. FPGA). Information for 

FPGA#1 and #2 is obtained with the use of GetRevision. 

 

As seen in Figure 11-5, the array was first initialized to have a dimension of size of 0-5 as an input, 

along with function return from GetRevision, to the call library function node. The index array 

function was then used to select array positions 0, 1, 2, 3, 4 and 5 corresponding to revision [0], 

revision [1], revision [2], revision[3], revision[4], and revision[5] respectively.  

 

Revision[0] and revision[3] return the revision numbers for FPGA #2 Code  and FPGA#1 Code 

respectively. The rest of the revision numbers act as case selectors which, as listed in Table 11-3 and 

shown in Figure 11-5, display information such as SVN managed, Local Copy, SVN Updated and 

Mixed Revision.  

 

11.4 Device Monitor    
 Device monitor displays all the user settings and the default settings for the ADQ-214. A simple 

device monitor front panel is shown in Figure 11-6. Table 11-4 lists the subVIs used in device monitor.  
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Figure 11-6: Device monitor front panel. 
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Functions used in device monitor Description 

GetLvlTrigLevel 

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return 

 

 

function return  returns the value set for 

level trigger.  

 

-8192 <= Return value <= 8191 (14 bit 

data) 

 

 

GetLvlTrigFlank 

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return 

 

 

function return returns the edge set for 

level trigger.  

 

function return = 1 => Rising edge  

function return = 0 => Falling edge 

GetLvlTrigChannel 

  

Input: adq_cu_ptr,  adq214_num, error in 

 

Output: adq_cu_ptr out, function return 

function return  returns the channel set for 

level trigger. 

  

function return = 0 => None  

function return = 1 => Channel A  

function return = 2 => Channel B 

 

GetTriggedCh  

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return, 

error out.  

 

function return  returns the channel from 

which the device was trigged by.  

 

function return = 0 => None (if the device 

was trigged in software trigger mode) 

 

function return = 1 => Channel A  

function return = 2 => Channel B 

GetTriggerMode  

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return, 

error out. 

 

 

function return returns the trigger mode set 

for the ADQ device.  

 

function return= 1 => Software trigger 

function return= 2 => External trigger 

function return= 3 => Level trigger mode 

 

GetTrigged  

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return, 

error out. 

 

function return  returns 1 if the ADQ 

device has been trigged and data has been 

acquired for one or more its records. 

Otherwise 0 is returned. 

GetUSBAddress  

 

Input: adq_cu_ptr, adq214_num, error in 

 

function return  returns the bus address of 

Windows USBDI stack. If the ADQ device 

is connected to the host via a PXIe 

interface, 0 is returned. 
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Output: adq_cu_ptr out, function return, 

error out. 

    

GetBufferSize 

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return, 

error out. 

 

 

function return  returns the number of 

samples in the total acquisition buffer in 

the ADQ device. 

GetBufferSizePages 

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return, 

error out. 

 

 

GetPllFreqDivider  

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return, 

error out. 

function return  returns the pll-divider 

value.  

 

 

GetOverflow  

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return, 

error out. 

 

function return  returns 1 if an overflow 

has occurred in the most recent collected 

record. Otherwise  0 is returned. 

 

GetTrigPoint  

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return, 

error out. 

 

function return returns the position in the 

data array where the trig occurred. 

GetClockSource  

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return, 

error out. 

function return  returns the clock source 

for the ADQ device. 

  

function return = 0 => Internal clock 

source, Internal 10 MHz reference  

 

function return = 1 => Internal clock 

source, External 10 MHz reference  

 

function return = 2 => External clock 

source 

GetRevision  

 

function return  returns the revision of the 

ADQ device.  
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Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return, 

error out. 

 

reision[0] = revision number  

revision[1]: 0 => SVN Managed  

             1 => Local Copy  

revision[2]: 0 => SVN Updated  

             1 => Mixed Revision  

Where revision is the returned pointer. 

GetTemperature  

 

Input: adq_cu_ptr, adq214_num, addr, 

error in 

 

Output: adq_cu_ptr out, function return, 

error out. 

Reads and returns, through function return, 

the current on-board temperatures.  

 

addr = 1: Temperature sensor #1   

addr = 2: Temperature sensor #2 

 

To convert the returned value into degree 

Celsius it must be divided by 256. 

 
 

Table 11-4: Functions used in device monitor. 

The device monitor window returns information about functions in use, allowing the user to monitor 

the program. Each of the function subVIs, as shown in Figure 11-7, returns information to an indicator, 

which may be viewed from the window. 

 

GetTemperature has an input parameter “addr” which takes either 1 or 2. 1 and 2 correspond to 

temperature sensor # 1 and #2 respectively, which is why the subVI has been used twice for both 

sensors. 

 

In the case of GetRevision the array was initialized to have a dimension of size of 0-5 as an input, 

together with data from the subVI, into a call library function node. The index array function was then 

used to select array positions 0, 1 and 2 corresponding to revision[0], revision[1] and revision[2]. 

These revision numbers are displayed onto the device monitor window. 

 

http://www.celsiussverige.se/
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Figure 11-7: Block diagram fro AD Capture lab. 
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12 Signal Property 
The Signal Properties subVI allows us to analyze the signals acquired from either channel A or B. It 

determines the range of the data batch acquired, DC level, Fundamental tone, SFDR, SNDR and 

ENOB of the acquired signal. The user has the ability to choose from three types of analyses namely 

“Single-tone”, “Double-tone” or “Other”. Results of the analyses are displayed on the Signal 

Properties window in the front panel. Figure 12-1 shows the Signal property indicator and Figure 12-3 

shows block diagram for the signal property subVI. . This is a result of a single tone measurement of 

the acquired signal. 

 

 
 

Figure 12-1: Example of signal property indicator. 

12.1 Signal Property Settings 
A user can choose which channel to analyze and the analysis option. A text ring control on the front 

panel allows users to select which channel (A or B) they would like to analyze. As shown in Figure 

12-2 “Analyze Channel” gives options to analyze different channels. This control acts as case selector 

in the block diagram, as shown in Figure 12-3, for choosing the channel. The operations performed are 

identical for both channels. 

 

 
 

Figure 12-2: Options for signal property settings. 
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Figure 12-3: Block diagram of the signal property. 
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12.2 Analysis Type 
Table 12-1  lists the three analysis types used in Signal Properties and their descriptions. 

 

Analysis Type Description 

Single-tone Check this to indicate that the current 

measurement is a single-tone test. Supports 

analysis of code range, fundamental, 

harmonics, SFDR, SNDR and ENOB. 

Two-tone Check this to indicate that the current 

measurement is a two-tone test. Supports 

analysis of code range, fundamentals, SFDR, 

SNDR and ENOB. 

Other Check this to indicate that the current 

measurement is other than above mentioned 

test types. Supports analysis of code range 

and Maximum power. 
 

Table 12-1: Analyses types and their descriptions. 

A radio button control on the front panel allows users to select which type of analyses they would like 

to perform. In Figure 12-2 we can see that there is a radio button control named “Tone” for selecting 

analysis type. 

12.3 Signal Property Indicator 

12.3.1 Code Range 

The code range is the range in which the acquired signal lies. We make use of an array min and max 

function in order to determine the highest and lowest values of the data ray, i.e. its range. The array 

size function determines the length of the range.     

12.3.2 DC Level   

The DC level measures the DC property of the acquired signal. The DC level of a continuous time 

signal is given by the equation: 

    
 

     
∫       

  

  
                   

 

Here       is the integration time or measurement time. The DC level discrete time signal is given 

by: 

 

    
 

 
∑      

   

   

 

 

Here N is the number of samples we have collected. In the time domain between a pure DC and AC 

signal there is a gray zone that exists. Here the signal becomes complex which makes measuring the 

DC level difficult. Therefore it is more convenient for us to measure the DC level in the frequency 

domain. 

 

The DC component of our input signal does not have a frequency therefore its amplitude remains at 0. 

Hence in order to determine the DC level we measure the amplitude at the 0 frequency. In labVIEW 

we use the index array function to determine the amplitude level at the 0 index. 
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12.3.3 Fundamental Tone 

The fundamental tone of the FFT is the frequency at which the highest amplitude occurs.  

 

An array min and max function detects the value of the highest amplitude. The index at which this 

occurs is then fed as an input to the index array function which in turn returns the frequency at which 

that amplitude is found. 

12.3.4 Spurious-Free Dynamic Range (SFDR) 

SFDR is the strength ratio of the fundamental signal to the largest distortion in the output. It defines 

the usable measurement range above the spurious-noise floor that could interfere with or distort a 

signal you want to measure. 

 

SFDR is measured by the following equation  

 

                                                                                 
 

Here    is the power of the Signal and    is power of highest distortion.    is determined from the 

amplitude of the fundamental tone in the FFT signal. In order to determine     we must locate the 

highest distortion and return the value of its amplitude. 

 

The procedure we adopted involves removing the DC level and fundamental tone from our FFT output 

and then finding the maximum value (highest distortion) from the array. The SFDR is then determined 

by calculating the difference between the Fundamental tone and highest distortion.    

 

In order to remove the DC level and fundamental tone we fed the FFT array with the minimum value 

of the FFT array, with the use of the Array Subset Function, at the index values corresponding to the 

DC level and Fundamental tone. The fundamental tone has side lobes of approximately 40 indexes 

each whereas DC level has one side lobe of approximately 10 indexes. 

 

In the case of the fundamental tone as each side lobe is of length 40 indexes we need to minimize a 

length of 80 indexes. To find the starting point for doing so we subtract the index of the fundamental 

tone by 40. Then from that stating index we minimize the next 80 indexes. 

 

We follow the same procedure in the case of DC level. We know that the starting index is 0 and we 

approximate the length of the side lobe to be 10. Therefore we minimize the first 10 indexes of the 

array in order to remove the DC level.     

 

This new array, without the DC level and Fundamental tone, is then passed through the array min and 

max function which returns the maximum value of the array. This value corresponds to the highest 

distortion. We then subtract this value from the value of the fundamental tone to obtain the SFDR.            

 

 As our scale is in dBFS we can simply subtract the value of the highest distortion by the fundamental 

tone without the need for multiplying by         . 

 

We tried to make use of the Harmonic Distortion Analyzer, a LabVIEW function, which would have 

allowed us to determine the fundamental tone    and detect harmonics. The largest harmonic detected 

would correspond to     We tried to make use of this method however the value of    returned by this 

function did not correspond with the value we observed on the ADCaptureLab or our own user 

interface in LabVIEW. Therefore we decided against using this method.   
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Another way to determine    could have been to sort an array of the distortions, the largest value of 

which would correspond to the highest distortion (   .   

12.3.5 Signal and Noise Distortion Ratio (SNDR) 

 

Functions used in SNDR Description 

SINAD Analyzer 

Input: Signal 

Output: SINAD (dB)  

 

Performs a full Signal in Noise and Distortion 

(SINAD) analysis and returns the SINAD level 

in dB. 

Table 12-2: Description of built in labVIEW SINAD analyzer. 

 

SFDR, also known as SINAD, is a measurement of the purity of a signal. It is determined according to 

formula given below: 

  

             (
  

     
) 

 

Where    the power of the signal is,     is the power of the highest distortion and     is the power of 

the noise. The acquired signal is fed into SINAD Analyzer which then returns the SINAD level also 

known as SNDR in dB scale
7
. 

12.3.6 Effective Number of Bits (ENOB): 

ADQ 214 is a 14-bit digitizer. ENOB measures the number of uncorrupted bits coming from the 

device and is determined according to the formulae given below.  

 

      
         

    
        

 

As can be seen in the Figure 12-1 we have simply implemented this equation in the signal properties 

subVI. The value of the SNDR comes from the SINAD analyzer.  

12.3.7 Max Power 

Max power is the name given to the value of the fundamental tone. 

12.4 Mark Signal Props 
In ADCapturelab we can select check “Mark signal props” and “Mark harmonics” from the front panel 

that will put markers on the top of SFDR and fundamental tone and harmonics. If mark signal props is 

checked and we are analyzing acquired signal by the single tone measurement it will allow the user to 

check mark harmonics, otherwise mark harmonics will be disabled and grayed out. Front panel control 

of mark signal props and mark harmonics is shown in Figure 12-2 and the block diagram is shown in 

Figure 12-4 below. 

 

 

                                                      
7
 http://zone.ni.com/reference/en-XX/help/371361G-01/lvwave/sinad_analyzer/ (visited 2011-07-29) 

http://zone.ni.com/reference/en-XX/help/371361G-01/lvwave/sinad_analyzer/
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Figure 12-4: Block diagram of the signal property and mark harmonics subVI.  

In order to mark the fundamental tone and SFDR we generate a new array with the same size as that of 

the FFT array and place their amplitudes at the respective indices. This array is then connected to the 

FFT graph which will plot this array with respect to the frequency axis. In order to develop this idea in 

labVIEW we need to use one initialize array VI and give it the size of the FFT array. This VI has a 

default value which is 0 but we need to set a different value since the FFT array will always have a 

value at either 0 or less.  

 

This marker array will have values at specific indices and hence this graph will be discrete. We 

initialize an array with the size of the FFT and give it a value as NaN. We then create a case structure 

which will put the values in the indices for a true case whereas for a false case it will just send an input 

array to the output. We create another case structure for mark harmonics and put that inside of the true 

case of mark signal props. This is discussed in the next section. Figure 12-5 below shows markers at 

the top of the fundamental tone and SFDR. 
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(A) 
 

 
 

(B) 
Figure 12-5: (A) Mark signal property puts markers on the labVIEW FFT plot and (B) Mark signal property placing markers in 

ADCapturelab.  

 

12.5 Mark Harmonics 

As we have mentioned in the last topic, a user is only able to check mark harmonics, as shown in 

Figure 12-6, when “Mark signal property” has been checked and “single tone” measurement has been 

selected.  

A case structure for mark harmonics is placed inside of the true case of mark signal props. Similar to 

the case of mark signal props it will pass an input array to its output without changing the array for a 

false case but for a true case it will put harmonics value to the indices, and the total array will pass on 

to the FFT graph. Now we plot an extra array in the same graph with respect to the frequency axis and 

will increase build array by one more space for the X and Y axis. Once the block diagram for marking 

signal props and harmonics is completed we need to change the front panel graph as well. As channel-

A and channel-B plot continuously marking will also be continuously plotted. Therefore we change the 

property of the FFT graph to discrete.  
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The “Mark harmonics” control will be visible only if we have selected ‘Single tone measurement’ and 

‘Mark harmonics’ otherwise it will be disabled and grayed out. This problem has been solved using the 

intuitive solution method to disable labVIEW control which was discussed earlier.  

 

In order to develop Mark Harmonics we first initialize an array with a size of FFT/2. This array will be 

filled with the calculated harmonics. To plot the harmonics with a different color we must select 

another array. 

 

 
 

(A) 

 

 
 

(B) 
 

Figure 12-6: (A) Mark harmonics activated for labVIEW user interface and (B) Mark harmonics activated in ADCapturelab. 

Figure 12-6 above shows the first six harmonics which are multiples of the fundamental frequency.  
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How can we mark harmonics when we have a high frequency and the fundamental tone is 

approximately    ? One possible way could be to measure the highest value of the noise floor and 

place a marker on the indexes where we have values higher than the noise floor value. However this 

method may lead to problems as there will be other impulses which are not at the multiple of the 

fundamental frequency.  

 

Instead we can work with mirror images of the FFT. We know that Nyquist zone 2 is the mirror image 

of Nyquist zone 1. Therefore we take the mirror image of those harmonics greater than      in zone-1 

and mark them. In order to implement this idea we make use of a simple case structure that will check 

whether the harmonics indexes are crossing the       region. If we have a true case we will take the 

mirror image of that harmonics in zone-1. For false case it will set the harmonics at zone 1.  

 

We can detect reflected harmonics of zone-1 in the following way: 

 

We have, 

 

     = Half of the sampling frequency, 

 

   = Harmonics index higher than     . 

 

   Difference,              
 

  Therefore the reflected distortion index,     
  

 
    

This calculated    will be in Nyquist zone-1.  

What if an index is beyond   ? Then we will have negative index value. We might need another case to 

check, whether   is less than 0 or a negative number. We, however, do not need to concern ourselves 

with this as labVIEW will automatically ignore these indexes. 
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111 

 

13 Sidelined Aspects 
In this chapter we describe aspects of our project which we were unable to complete due to either time 

constraints or priority.  

13.1 Timeout Settings 
 

Functions used in Timeout settings Description 

GetTrigged  

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output: adq_cu_ptr out, function return, error 

out. 

 

function return  returns 1 if the ADQ device 

has been trigged and data has been acquired 

for one or more its records. Otherwise 0 is 

returned. 

DisarmTrigger  

 

 

Input: adq_cu_ptr, adq214_num, error in 

 

Output:  adq_cu_ptr , function return, error 

out  

Disarms the trigger. The ADQ device cannot 

be trigged when trigger is disarmed. When the 

trigger is disarmed the memory counter is 

reset, so the next time ArmTrigger is called 

and the device records a record of data, this 

record will overwrite the previous first record. 

  

function return returns 1 for successful 

operation and 0 for failure. 

DeleteADQControlUnit  

Input: adq_cu_ptr, error in 

Output: error out 

Deletes the instance of the ADQControlUnit 

which corresponds to the adq_cu_ptr (returned 

by ADQControlUnit). 

 

Table 13-1: Details of time out settings subVIs. 

Timeout settings, as shown in Figure 13-1, were meant to allow the user to enter a value for time 

which the user interface, in the event of a failed trigger, would wait for before disarming the trigger. 
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(a) 

 

 
(b) 

 

 
(c) 

Figure 13-1: Code for Timeout settings. 

The function return for GetTrigged is 0 the user interface will wait for a period of time, set by the user 

in the timeout settings control. The trigger will then be disarmed and the ADQ object deleted. Finally 

the run control will return to its default value (Run) i.e. stop running. 

 

Timeout settings failed to function properly. 

13.2 FFT Analysis Options 
We were told by our supervisors at SP Devices that considering time constraints it was not necessary 

for us to recreate in LabVIEW the FFT Analyses options window shown in Figure 2-12. 

13.3 Communicate with More Than One ADQ Device at A Time 
In LabVIEW, unlike ADCaptureLab, a user is unable to work with more than one ADQ device. This is 

because it is not possible to include the ADQControlUnit GetADQ function, which returns a pointer 

for the corresponding ADQ, into LabVIEW.  

13.4 Mark Interleaving 
The mark interleaving option, in ADCaptureLab, is available for two-tone tests. It allows the user to 

monitor the image and offset spur of the acquired signal. We were not required to recreate this as part 

of the LabVIEW user interface.     
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14 Conclusion 
In order to conclude this report it is necessary to once again look at the stated task and examine the 

extent to which it has been addressed.  

14.1 Comparison between ADCaptureLab and LabView User Interface: 
The research topic, as stated earlier, was to reproduce ADCaptureLab using LabVIEW. The GUI 

developed in LabVIEW should be able to communicate with and control the ADQ-214 digitizer. This 

would involve data capturing and visualization, monitoring of the device and ADQ functions and the 

analyses of the acquired signal and FFT. Chapter 2 compares the ADCaptureLab user interface with 

the LabVIEW user interface developed in this thesis.  

 

“ADQ settings”, explained in chapter 7, consists of the same configuration setting found in 

ADCaptureLab. These include trigger settings, AFE settings, clock source settings, data selection 

settings, gain and offset settings and acquisition length settings.   

 

As indicated in Chapters 8-10, like in ADCaptureLab, the LabVIEW user interface captures data, 

determines the FFT and plots it in dBFS. Its FFT transformation depends on the window and FFT size 

selected by the user.  

 

Monitoring of the ADCaptureLab is performed by the log window, devices window, device 

information window and the ADCaptureLab window, all of which were reconstructed for the LabView 

user interface. The log window and ADCaptureLab window in ADCaptureLab correspond to the status 

window and Device monitor window respectively. 

 

The signal properties window developed in the LabVIEW user interface accurately mimics the 

required operations of the signal properties window in ADCaptureLab. 

 

Chapter 13, “Sidelined aspects”, by indicating parts of this thesis that were sidelined shows the extent 

to which we have completed our task.     

 

Hence this thesis shows that it is possible to create a GUI in LabVIEW that can control an ADQ 

device. 

14.2 Possible Future Work 
Other than looking into sidelined aspects presented in chapter 0, un-tested ideas are pointed out which 

if implemented may improve the quality of this project, as part of a continuation of this thesis in the 

future. 

14.3 ADQ Models 
Work may be done on the development of a LabVIEW user interface applicable to all ADQ models. 

The basic structure of the program would be the same for any ADQ device, however in this thesis the 

ADQ subVIs used were only for the ADQ-214 device. One could try to think of ways to overcome the 

dependency of the digitizer on model-specific ADQ subVIs.     

14.4 Load Window 
For now a loaded signal is displayed on the same graph as the acquired data. It might be convenient to 

create a separate display window for loaded signals and their corresponding FFTs. This would allow 

the user to, at the same time; compare a loaded signal with freshly acquired data. 
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14.5 Loading Data 
At the moment a user can only load saved data on to the LabVIEW user interface. Upgrading the saved 

function to allow data to be uploaded on to different platforms will make it suitable for working with 

different programming tools. 

14.6 Enhancing the Rate of Data Operations 
“Enhancing the rate of data operations” is a generalized expression which aims at encompassing any 

kind of improvement which would optimize the rate at which our LabVIEW user interface functions.  
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