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Chapter

LabVIEW and Open Embedded 
System
Trinh Quang Duc

Abstract

In this chapter, discussions about the applications based on LabVIEW with a 
typical open embedded system such as Arduino. Instead of the applications with use 
of National Instrument hardware, an user can build an low-cost microcontroller-
based system which user interface and procedure designed in LabVIEW. Recently, 
Arduino-based applications are one of interested developments, the embedded 
system is designed with the low-cost microcontroller of ATMEGA2560 and easy to 
program with IDE (Interface Development Environment). However, the difficulties 
of Arduino-based applications are user interface design while LabVIEW is an excel-
lent utilities for the panel designs. The limitation of some LabVIEW applications is 
the requirements from combination with high performance NI hardwares. Under 
interactions between LabVIEW and IDE library designed by Arduino, the low-cost 
system can be easily built for experiments or prototype designs.

Keywords: LabVIEW Embedded Systems, Biosignal Acquisition, LIFA toolbox, 
LINX toolbox, LabVIEW Arduino Interfaces

1. Introduction

Embedded system requires the interaction between hardware and software 
installed in PC (Personal Computer). Before LabVIEW, a software designed for 
hardware devices seems to be hard work job because of the communication protocols 
are need to be programmed in both hardware device and PC. For instant applications 
which aim to measurement data acquisition for analysis algorithm development or 
process control as well as controller design, the hard work in programming field may 
restrict the destination job. To solve the problem, National Instrument introduced 
LabVIEW as a graphical programming tools with a series of compatible hardware 
devices [1]. This tool has been widely chosen by the non-professional user commu-
nity. The NI hardware communicate with PC through some communication protocol 
such as CAN (Controller Area Network), GPIO (General Purpose Input/Output), 
SPI (Serial Peripheral Interface), PROFIBUS (Process Field Bus), PROFINET 
(Process Field Network) and LIN (Local Interconnect Network), are officially 
equipped with software called driver licensed by National Instrument. The indepen-
dent hardware developments for LabVIEW compatibility, hence, are not easy.

Recently, some multiple purpose low-cost open-source hardware modules 
based-on micro-controller were developed by commercial companies such as 
Arduino [2], NodeMCU [3]. This device connects with PC using USB port and 
transceivers data through a simple embedded program set on the flash memory 
of the micro-controller. With data acquisition and control applications which the 
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discrete sampling as well as response frequency not over than 100 kHz, this device 
will be the considered options for experimental arrangement. Since the first time 
released in 2005 [4], Arduino is used to develop many applications in automation 
systems. However, until 2013, a proposal for LabVIEW interface toolkit as LIFA 
(LabVIEW Interface for Arduino Toolkit) was announced [5] and introduced [6]. 
Another interface named as LINX designed by Digilent [7]. So far, these toolkit is 
widely known for the users using Arduino and Raspberry Pi in LabVIEW applica-
tion for embedded system.

The LabVIEW VI is programmed to communicate with hardware devices though 
a package called NI-VISA [8]. This package provides some interface with commu-
nication protocol such as PXI, GPIB, VXI, Serial, USB. The LabVIEW compatible 
hardware devices has to be set their communication procedures in the flash or ROM 
memory to handshake with the VI program, then, the data can transfer from the 
devices to PC and the command can receive from the PC to the devices. The main 
problems of any embedded system is how to build the communication procedure set 
on the device to match with the communication procedures installed in LabVIEW 
designed by National Instrument. This is solved by some independent projects such 
as LIFA and LINX which the communication procedure is designed.

2. LINX and LIFA and the embedded model

LIFA and LINX are the open-source but their approaches are different. LIFA pro-
vides a base succeed procedures installed in the file named as LabVIEWInterface.h, 
the users, based-on this procedure can program other procedures in the hardware 
devices to control their functions. To use LIFA, beside the graphical programming 
in LabVIEW, the procedure programming for the device firmware is required. On 
the other hands, LINX considers the LabVIEW graphical programming rather than 
the firmware programming, the compatible firmware are designed the loaded to the 
correspondent hardware devices respectively, therefore, with a simple functions, 
the embedded system with LINX is simpler than use of LIFA. Because of that, LINX 
is better error handling but does not flexible to develop functions like LIFA. For 
some unique embedded system, LIFA is preferred than LINX.

Figure 1 show diagram of typical embedded system using LINX and LIFA. 
To use LINX, users should install the package into LabVIEW as a function of the 
LabVIEW and then choose a compatible firmware to load into the hardware flash 

Figure 1. 
The diagram of LINX system (a) and LIFA system (b).
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memory, the diagram shows in Figure 1(a). The LIFA users, instead of uploading 
the firmware as the LINX users do, edit the LIFA codes in IDE software (Integrated 
Development Environment) to function their system then upload to the hardware 
devices. For the graphical programming, both users have to download the packages 
and install them though VIPM (VI Package Manager), then the modules included in 
LINX and LIFA will appear in the menu windows of LabVIEW program. To com-
municate with the hardware devices, the LabVIEW graphical program can use the 
modules of read and write presented in the packages to upload commands to the 
hardware devices or download data to the PC.

Because of the independent projects to National Instrument, both LINX and 
LIFA occurred errors which caused by the compatibility with LabVIEW versions 
especially in LIFA applications, the common errors are 5002 and 5003 represented 
by the lost connection establishment. The LINX applications do not present the 
such errors and contains more various hardware firmware compatible with Arduino 
versions and Rashberry PI as well, however, the setup for sampling frequencies 
for data acquisitions are limited and much depended on the loop LabVIEW cycle. 
Therefore, depending on the requirements of applications, users can choose the 
model of LINX or LIFA for their embedded systems.

There are number of studies used LINX to apply Arduino module for low-cost 
embedded systems such as 3D object reconstruction with 3-axis scanning [9], tem-
perature acquisition and control [10], DC motor control using PID (Proportional 
Integrated Derivative) controller [11], study transient response of RC circuit [12], 
an control the traffic signal [13]. Almost of the studies focused on the process 
control where the objects responses are limited in few milliseconds considering to 
few kilohertz sampling frequency. In the case of requirement for faster sampling 
frequency which has to be set on an optimum code to obtain, because of the fixed 
configuration, the LINX toolbox should not be chosen.

For the real-time applications using Arrduino and LabVIEW, a number of users 
considered LIFA as the toolbox for LabVIEW which toward embedded systems 
based on Arduino. Some typical applications such as a real-time simulation of 
the PV (Photo-Voltaic) panel [14], a ECG 12 leads (ElectroCardioGraphy) signal 
real-time observation [15], a digital stethoscope for body sound signal real-time 
collection [16], a design of real-time battery monitoring [17], Robotic arm real-time 
controller design [18], and a water level observer implementation [19]. Because 
of open source in LIFA and the users have to program the firmware procedures in 
Arduino code, the sampling frequency can be improved. Here is the reason that 
LIFA is preferred for professional users who are requested some skills in program-
ming for hardware device such as micro-processors or micro-controllers.

For the LINX users, after the correspondent firmware chose and uploaded to 
the flash memory of the hardware devices, the graphical programs designed in 
LabVIEW response for all functions of the embedded systems. An example of the 
program is shown in Figure 2 represents a typical analog signal acquisition using 
LINX. To initiate the program, a block named as “Open” addresses the in/out port 
of the connected hardware devices, here, is used of Arduino Uno which the port is 
defined as serial port through USB connection.

As the figure detailed, the block called “Analog Read” collects the signal from 
the channel corresponding to the analog input pin of the Arduino Uno module. 
The signal acquisition procedure is performed in the while loop until users stop it 
through the stop button or an error occurred. When the while loop is stopped, the 
block of “Close” terminate the program procedure. Here, to control the sample 
frequency a block named as “Wait” can be used. When the “Wait” block added with 
a constant or control parameter, the cycle of the while loop is controlled, hence, the 
sampling frequency is handled. Because of the dependency of the while loop cycle 
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to the computer system cycle, the sampling frequency in the case of LINX using is 
not stable. Moreover, the hardware sampling frequency is set as constant in LINX 
firmware, therefore the embedded system sampling frequency should be slower 
than the value set in the firmware.

To use the LIFA, the applicants should compile a code through the IDE software. 
The mostly simple code can work with LabVIEW program called “LIFA_Base.
ino” which usually packed in the LIFA package software. The codes are listed in 
Figure 3 below:

where, the syncLV() is a function defined in LabVIEWInterface.h which 
provides a handshaking procedure with LabVIEW NI-VISA port configuration. 
For Arduino hardware devices, the USB port assigned as serial communication is 
used. When the connection with LabVIEW program is synchronized, both loops 
of the LabVIEW program and the Arduino firmware are operated. The loop in the 
Arduino firmware always check the code sent from LabVIEW then run the corre-
spondent procedures otherwise the code of “sampleContinously()” is operated. The 
sampling procedure of the LIFA firmware requires a sampling frequency parameter 
to control the sampling cycle. Therefore, for the LabVIEW program, the users can 
completely control the sampling time which is one of the significant parameters for 
embedded systems especially in discrete control and data acquisition.

Figure 4 shows a typical acquisition LabVIEW program. The connection process 
initiated by the block called“Init”. Throughout the initialization procedure, the 
parameters include baud rate, communication, Arduino board type, communica-
tion protocol, and data packet sized should be configured. When the connection 
is successful established, the analog signal is read via an analog input pin with 

Figure 2. 
Diagram of a typical acquisition LabVIEW program using LINX.

Figure 3. 
The codes written in LIFA_Base.Ino file.
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the block of “Analog Read”, then, the converted numerical data collected through 
the block named as “Continuous Acquisition” located on the Arduino menu in the 
popup programming menu. The data acquisition procedure requests parameters 
such as “samples to read” and “sample rate” to collect data with a certain sampling 
cycle and a pack of samples. The collected data is used to display with a graph panel 
called “Waveform Graph” originated in LabVIEW software. The data acquisition is 
stopped by the block named as “Close” to release the PC memory.

Unlike the procedure using LINX, the data acquisition program using LIFA does 
not depend on the loop cycle in PC since the sampling frequency is configured to 
the Arduino board and with requirement of each issues, the sampling time can be 
adjusted appropriately. However, the users have to code the program for hardware 
device to adapt with the LabVIEW program. Beside the hardware coding skills, the 
compatibility of LIFA firmware with LabVIEW is also a problem. With each version 
of LabVIEW software, some LIFA package version has bugs errors of connection 
such as 5002 and 5003 but this errors does not occurred while use of another LIFA 
package version. Therefore, the user should test their program with some LIFA 
package version to complete the embedded system.

3. Examples in signal processing

One of the application categories in use of embedded system is digital signal 
processing. The embedded system with numerical processes is much convenient 
than the analog or hardware process even if the low response time in the numerical 
system. LabVIEW is one of the options for embedded system development. The 
integration of LabVIEW program with hardware devices such as Arduino is great 
deal to reduce the cost. In this section, there are two examples are introduced: ECG 
signal processing and body sound signal processing.

ECG signal is a biomedical signal used to diagnose pathology related to cardio-
vascular disease. A simple ECG measurement system is designed with 3 leads placed 
on to human limbs to observe flutter wave and detect the complex waves include P, 
Q , R, S, T. To obtain the spatial signal of a heart, the electrodes should be placed on 
the chest with 6 leads assigned from v1 to v6. Here, with 4 electrode placed on all 
limbs, the 12 leads ECG measurement system is built. The 10 electrodes are used to 
monitor 12 signal of a cardiovascular system from the limbs to heart.

The low-cost hardware design for 12 leads ECG measurement based on Arduino 
Uno was reported [15]. To obtain the signal for storage and analysis, the signal 
is numerical converted and transferred to PC with software. For convenience, 
LabVIEW programming software was chosen. Because of the low spectrum range 
of ECG signal (0 to 100 Hz), the required sampling frequency is also low as well. 
The amplitude of ECG signal is weak (millivolts level), to observe the signal the 

Figure 4. 
Diagram of a typical LabVIEW program using LIFA.
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Figure 6. 
The LabVIEW analog read program for 12 leads ECG measurement.

amplitude have to be amplified with gain ranged from 30 dB to 40 dB, therefore, 
the ECG signal is contaminated with a number of the gained electromagnetic noises 
in the spectrum range.

To reduce the electromagnetic noises as well as increase SNR (signal-to-noise 
ratio) of the signal, beside the analog filters [15], digital filters is also considered 
since the difficulties of analog high-order filters design. After the signal purifica-
tion, the wave of signal should be displayed then stored in PC. Therefore, the func-
tion diagram of a LabVIEW program contains signal acquisition, filtering, display, 
and storing. To compare the filtered signal and the raw signal, two waveform graph 
panel are used. The diagram has shown in Figure 5.

As Figure 5 presented, the data is transferred to the data acquisition block and 
displayed in a graph plotting as well as filtered by the signal filtering. After the noise 
reduction processes, the filtered data is displayed and then stored in PC storage. 
Because of the low sampling frequency requirement, the LabVIEW-Arduino Uno 
interface can be chosen as LINX. By use of LINX package, the sampling cycle can 
adjusted through the “wait” block in LabVIEW to limited the while loop cycle. 
Typically, with the spectrum range of ECG signal, the maximum frequency reaches 
to 100 Hz, hence, the minimum sampling frequency should be 200 Hz as the 
Nyquist criteria requirement. However, the enlargement of sampling frequency 
provides better frequency resolution under frequency analysis.

The 12 leads ECG system contains 8 channels, includes V1 to V6, lead I and 
lead III. Figure 6 shows the analog read program which was built with LINX and 
LabVIEW The data acquired through a block called “Analog Read N Channels”, this 
block enable to read multiple channels simultaneously. Because the sampling cycle 
of the embedded system depends on the LabVIEW while loop cycle, therefore the 

Figure 5. 
Function diagram of the LabVIEW ECG signal acquisition.
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sampling time is set via “Time Delay” block. For this development, the sampling 
cycle is set with value of 0.003 seconds, corresponding to sampling frequency of 
334 Hz approximately. The setting of the sampling cycle is shown in Figure 7.

Because of the multi channels reading, the data is packed in to a 1D array. To 
separate the data in each channel, a block named as “Index Array” was used. With 
each indexed number, a correspondent numerical value is extracted to an indicator. 
Based on the extracting in multi loops, the numerical values is arranged as a data 
1D array which can be used to plot the raw data of each channel. The extraction 
program is indicated in Figure 8. Here, because the data indexed from 0, the chan-
nel number of 0 to 7 is assigned to extract the data of correspondent channels. The 
lead indicator named as the analog input pin corresponding to the electrode of the 
hardware device.

To reduce the noises from the collected data, a bandpass Butterworth filter 
was used. The noises contain both DC (Directed Current) components and AC 
(Alternative Current). In a signal waveform, AC components are the significant 
information that the observer can use for analysis. To eliminate the DC components 
in the ECG signal, a highpass filter with zero-close cut-off frequency should be 
addressed. To maximize the spectrum range, the zero-close cut-off frequency is 
chosen as 0.05 Hz while the high cut-off frequency of the low-pass filter is located 
at 100 Hz. The combination of the low-pass and the high-pass filter is the band-pass 
filter with the passed frequency range of 0.05 Hz to 100 Hz. The filter LabVIEW 
diagram is shown in Figure 9. Since the narrow range from stop frequency to cut-
off frequency requests pitched edge, the filter order should be high. For this ECG 
spectrum range, the order of the band-pass filter is set as 6.

LabVIEW waveform graph block plots a waveform with 1D data typically in 
a linear variation of counted number of sample index. Therefore, the waveform 

Figure 7. 
The sampling cycle setting time with “time delay” block.

Figure 8. 
The multi-channels data extraction program.
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cannot be observed in the time-domain precisely. To indicate the graphs ampli-
tude distribution in time-domain, the real-time clock can be combined with the 
ECG numerical data to be 2D data array, this process so called waveform build-
ing. Based-on the waveform building, the data plotted in a graph panel named as 
“Waveform Chart” in multiple channels display. The diagram of waveform building 
of amplitude data and real-time clock combination has shown in Figure 10 while 
the array of the such 8 channel is presented in Figure 11.

The function of data storing can be designed with “creat file” block in “File I/O” 
menu. However, the data acquisition and file create in the same “while loop” may 
delayed the cycle of the loop. Therefore a structure Producer-Consumer which 
allow the parallel jobs; independent loops. By the structure, the received data in the 
first loop is enqueue then transmitted to the second loop named as dequeue and 
queue for data obtaining. The procedure is shown in Figure 12. With such program 
structure, the obtained data can be stored parallelly with the data acquisition 

Figure 10. 
The waveform building of a single channel amplitude data with the correspondent real-time clock data.

Figure 11. 
The waveform building of 8 channels with amplitude and real-time clock data combination.

Figure 9. 
LabVIEW diagram of the signal filtering program.
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procedure with the jobs of signal filtering, waveform building, graph plotting. This 
structure is also used in the case of that the variable need to be processed in multi 
loop arranged in the same program with synchronization requirement.

Another approach for data acquisition system with precise sampling frequency 
is LabVIEW applications with LIFA package. For LIFA users, as above discussion, 
the compatibility with each LabVIEW version should be checked since the NI-VISA 
of each LabVIEW version does not support for all LIFA packages, causing to error 
connection. Eventhough, the embedded system development community with 
LabVIEW still prefers LIFA because of simplicity and precision. With a requirement 
of fast sampling frequency, LINX might not be satisfied. In the second example, the 
observed objects are body sounds which their spectrum ranged in 0 to 20 kHz, the 
maximum frequency is much higher oscillation than the ECG signal. To observe 
the whole spectrum, at least, the minimum sampling frequency should be set at 
44 kHz to satisfied Nyquist criteria. A test with this parameter based-on LINX 
application resulted the instability of the sampling frequency.

To obtain experiments of embedded systems collecting the body sound data 
such as heart sound and lung sound, a wide range stethoscope was designed [20]. 
The body sound is transduced to electromagnetic wave then converted to numerical 
data by Arduino board and read by a LabVIEW program. Instead of LINX, LIFA 
is used in this development. Similarly to the procedure has shown in Figure 4, the 

Figure 12. 
The producer-consumer structure program for data storing.

Figure 13. 
The LabVIEW body sound data acquisition based on LIFA applications.
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LabVIEW data acquisition program based-on LIFA is shown in Figure 13, where 
the block of “Analog read pin” is located outside of the while loop to avoid the 
replication of the setup pin mode for each cycles. Here, the sampling frequency can 
directly input to the “control” block as 88 kHz to satisfy the requirement of whole 
spectrum range observation. For the compatibility, this experiment was check with 
all current LIFA package with LabVIEW 2018 sp1. The result suggested that the 
package of 1.3.0.26 is great deal for this development without any errors.

Because of the conversion from the acoustic wave to the electromagnetic wave, 
the signal is contaminated with electromagnetic wave noises, hence, the noises 
should be reduced to enhance the SNR for the observation. To ensure the noise 
minimization, the digital band-pass filter is applied with cut-off frequencies are 
set at 5 Hz for low frequency cut and 35 kHz for high frequency cut, respectively. 
This block is different to the “Butterworth band-pass filter” which used in ECG 
acquisition system that the order of the filters are calculated based on the cut-off 
frequency and stop frequency parameters. The procedure application is much 
easier than the use of the filter block such as above Butterworth configuration. This 
block is packed in the toolkit named as “Digital Filter Design Toolkit”. The filtering 
procedure diagram is shown in Figure 14.

During the sound data acquisition, beside the storage for future use, the sound 
as well as the quality can be checked directly by the hearing of users. To reconstruct 
the acoustic oscillation, the data conversed from the discrete format to analog wave 
through 24 bit DAC (Digital to Analog Conversion) sound card integrated in PC. The 
signal generates the body sound with a speaker with built-in amplifier. The func-
tional procedure is shown in Figure 15, where the sound amplitude possibly adjusted 
with a digital amplifier called as “Set Volume” and generated to the output phone jack 
through the block of “write”. Both blocks are located in Graphics and Sound menu.

Both applications based-on use of LINX and LIFA are introduced for examples 
to visualize the low-cost embedded system design with Arduino and LabVIEW. 

Figure 14. 
The filter applying to the body sound signal in the LabVIEW program.

Figure 15. 
The program with function of direct sound regenerating.
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Even if the current drawback of the toolboxes are available, the development still 
can be solved in certain circumstances. With the experiment conditions and by the 
demonstration, these developments suggest another applications which toward the 
embedded system building without the traditional NI hardware devices. However, 
these development still need more work to complete the issues since the bug and 
error may occurred in some unknown conditions.

4. Another approaches

Beside Arduino boards, there are many commercial products are still developing 
such as Raspberry pi for remote access network or IoT (Internet of Things) system, 
chipKit for function enhancement, ESP8266 for wifi applications. Recently, to open 
a change for mobile AI (Artificial Intelligent) system, NVIDIA company released 
Jetson nanno kit which specified with quad-core CPU and 128-core GPU. Almost of 
current embedded hardware devices use USB connection with asynchronous commu-
nication protocol for data exchange. This means with the definition of NI-VISA which 
support for the hardware using USB port, the commands and the data can be full-
duplex transferred between PC and the embedded hardware devices. The require-
ment for LabVIEW interface can be solved through firmware library programming.

In the case of large amount of logic components integration required such as 
parallel filters, numerical array convolution, the embedded system FPGA-based 
(Field Programmable Gate Array) with LabVIEW can be considered. Unlike the 
LabVIEW interface package such as LINX and LIFA, the FPGA-based embed-
ded system has to be originated by NI hardware devices or use of other hardware 
compatible with NI-myRIO platform. With the optimization of logic circuit with 
specified functions or procedure, the fast response of the FPGA-based embedded 
systems possibly satisfy the real-time requirement. An example of such application 
was reported in 2010 with real-time response for DC motor controller design [21].

The advantage of LabVIEW embedded systems that is the enriched update of 
libraries and block module in each version which support for data processing such 
as signal processing, image processing, network routing, control system, computer 
vision, IoT, and more. In large scale system level, when the real-time characteristics 
is required, the distributed system with multiple computers network possibly the 
solution. Therefore, for the LabVIEW embedded system in the near future, a trend 
of functionalizing hardware device is potential development. With the standardiza-
tion of the data transfer protocol, the computer peripheral design based on embed-
ded system will focus on the firmware and software design rather than the hardware 
design as before.

With the development of the operating system for smart devices such as 
Android and iOS, NI LabVIEW also provide a solution that the smart devices users 
can observe acquired data and control system objects distantly through a service 
called WebVI, which means the embedded systems in the future can be observed 
and control through smart devices such as smartphone, tablet when they are 
connected to internet, an IoT solution of LabVIEW application development [22]. 
Based-on this enhancement, the category of applications toward IoT system can be 
widely developed in the near future.

5. Conclusions

In this chapter, embedded systems based-on LabVIEW applications with 
low-cost hardware devices are introduced and discussed. For the application 
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developments, the topic of LabVIEW interface with hardware device is focused 
with use of LIFA and LINX package. The similarity and the difference between 
both interface package is also discussed and analyzed. To visualize the embedded 
system design process LabVIEW-based, two experiments in data acquisition and 
signal processing with use of LINX and LIFA package were introduced as well. 
LIFA package provide the simplicity in use but remain the problem of compatibility 
with each LabVIEW version while LINX package is wide range of hardware devices 
support but some significant characteristics are very difficult to configure. To adapt 
with a number of modern smart devices currently, LabVIEW also open a service to 
support IoT application category. This support promises the potential development 
in the near future.
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