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___________________________________________________________________________________________________ 

Abstract: LabVIEW is a graphical programming tool based on the dataflow language G. Recently, runtime support for a hard 

real time environment has become available for LabVIEW, which makes it an option for embedded system prototyping. Due 

to its characteristics, the environment presents itself as an ideal tool for both the design and implementation of embedded 

software. In this project we study the design and implementation of embedded software by using G as the specification 

language and the LabVIEW RT real time platform. One of the main advantages of this approach is that the environment leads 

itself to a very smooth transition from design to implementation, allowing for powerful co simulation strategies (e.g. hardware 

in the loop, runtime modeling). In order to evaluate the effectiveness and possible improvements on G as an embedded 

software description language we prove that, under certain conditions and semantic restrictions, a non-terminating G program 

is strictly bounded in memory. Home  automation  is  an  application  of  ubiquitous  computing  in  which  the  home  

environment  is monitored by ambient intelligence to provide context-aware services and facilitate remote home control.  This 

paper discusses the approach of real-time system development using the data acquisition tool of LabVIEW. The system can 

monitor the temperature, humidity, lighting, fire & burglar alarm, gas density of the house and have infrared sensor to 

guarantees the family security. The approach combines hardware and software technologies. Virtual instrumentation uses a 

general-purpose computer to mimic real instruments with their controls and displays. 

 

Keywords: ATmega16, Data acquisition, GSM, LabVIEW, Home Automation, Sensors, ADC, LabVIEW, Microcontroller, CPLD, 
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____________________________________________________________________________________________________ 

 

1. Introduction 

LabVIEW, developed by National Instruments, is a graphical 

programming environment based on a dataflow model. It 

was originally targeted towards the test, measurement, and 

automation industries. In recent years there has been a 

tremendous growth in the embedded software systems 

market. It was motivated by, among other factors, the 

reduction in the cost of hardware and the need for fast 

portable solutions with short time to market. National 

Instruments developed LabVIEW RT (Real Time) to answer 

these demands. The objective of this project is to develop a 

framework for using the LabVIEW RT software and 

hardware environment for embedded systems design. To 

define a consistent framework for embedded design, we 

prove that the underlying model of computation of 

LabVIEW i.e. the Graphical Coding Language satisfies the 

fundamental requirements for languages for embedded 

systems specification. As an example of the advantages of 

using the LabVIEW embedded environment for 

development, we implement an embedded motion controller 

using LabVIEW RT. The home automation system is a key 

for energy conservation that can be equipped in normal 

buildings. Now-a-days the demand for home automation 

systems in homes and offices are invariably increasing. 

These systems directly  work on  the  household  appliances  

and  provide  effortless  operation  and  control  of  the  

devices[2].  In  this  paper  we  have presented  the  concept  

of  smart  home  automation  in  an  effort  to  reduce  the  

energy  consumption and  wastage  using advanced graphical 

software called LabVIEW. It provides the programming 

tools to code power system applications more easily, which 

saves programming time. With  the  development  of  low  

cost  electronic  components  home automation  migrated  

from  being  an  industrial  application  to  home  

automation. The home automation, our point of concern 

deals with the control of home appliances from a central 

location [1 - 5]. 

 

A smart home is a space or a room which is provided with 

the ability to get accustomed by itself to certain situations to 

make the occupants feel comfortable. This smart home 

control system provides both less expensive home 
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environments, as well as a great level of flexibility and 

control for the building administrators and great comfort for 

the occupants. Examples of such hard real-time systems are 

more and more. In the measurement world, complex test 

systems composed  of  many  electronic  instruments 

operating  in  concert  are  used  to  verify  the performance  

of  even  more  complex  electronic  or electromechanical  

devices.  In  the  field  of  control, combinations of 

computers, controllers, sensors and actuators  collaborate,  

great importance has regulate and  control  processes  or  

communications  systems operate  to  pass  information  

from  source  to destination. A hard real-time system is one 

that must meet its performance objectives every time and all 

the time. As soon as one of these systems does not meet one 

of  its  performance  criteria,  it  fails.  An example  of  a  

hard  real-time  system  is  a  fly-by-wire flight control 

system, where if the system does not respond to a pilot’s 

commands within microseconds, then  the  system  fails  

with  potentially  catastrophic circumstances.  Our everyday 

life seems to be governed by the clock. Real-time application 

appears in the field such us [2 - 4]:  

 

1. In-vehicle  data  acquisition,  data  logging  and 

control;  

2. Machine  condition  monitoring  and protection;  

3. Embedded system prototyping;  

4. Remote and distributed monitoring;  

5. Embedded data logging;  

6. Custom multi-axis motion control.  

 

In  programming  these  devices,  the  time  which something 

is to happen is entered as well as the time at which the 

activity is to cease or in some cases, the duration  of  the  

activity.  Never is  there  a  list  of activities executed based 

on the speed at which the device operates. The  limitation  of  

existing  systems  is  that  their architecture makes it hard to 

offer control strategies that  require  dynamic  adaptation.  

For  example, deployment  of  sophisticated  control  

strategies  for high  accuracy,  such  as  multiple-input  and  

multiple output  control,  requires  a  precise  identification  

of the  system  under  control.  In many cases, optimal 

implementation lacks flexibility and tends to require fairly 

sophisticated hardware design techniques. 

 

2. LABVIEW Real Time (Rt) Module 
 

LabVIEW  Real-Time  extends  the  LabVIEW graphical  

development  environment  to  deliver deterministic,  hard  

real-time  performance.  The LabVIEW RT architecture 

consists of the following three components:  LabVIEW, the 

Real-Time Development System and the Real-Time Engine. 

In real-time  applications  the  code-part  of  the  vi requiring  

absolute  reliability  and  extended  duration run  time.  

Develop  application  (fig.1)  will  be transferred to the over 

Ethernet to Real-Time Engine to  run  on  a  variety  of  

dedicated  hardware  target with  a  real-time  operating   

system  (RTOS),  whereas the user-interface will remain on 

the LabVIEW PC. When the program has started running, 

the PC with the user-interface can be turned off and on again 

at a later time.  The communication between  the  real-time 

hardware and the originating PC or any other PC, can be 

achieved in several ways. 

 

 
 

Figure 1: Components of LabVIEW Real -Ti me  

Architecture [5] 

 

The LabVIEW Real-time Module provides native tools for 

debugging application. The Real-Time System Manager can 

be use  to  monitor  system  resources  such  as  CPU  and 

memory  usage  of  your  real-time  target.  With  other 

debugging  tools,  keep  track  of  memory  buffer allocation 

and the amount of memory consumed by each  VI  as  it  

downloads  to  target.  Additionally, LabVIEW  Execution  

Trace  Toolkit  is  used  to advanced  debugging  to  

visualize  the  task  execution of  application  and  control  

assign  the  appropriate execution  priority  to  each  real-

time  task.  The embedded RTOS then uses a combination of 

roundrobin  and  preemptive  scheduling  to  ensure 

deterministic  execution  of  time-critical  tasks. 

Additionally, can be implements multirate applications to 

include independent tasks running at unique priorities. 

 

 
 

Figure 2: Real Time System to a Specific processor [6] 

 

The solutions  based  on  LabVIEW  Real-Time  offer 

variety of real-time hardware targets that contain  an 

embedded  processor  running  a  real-time  operating system  

for  maximum  reliability  and  deterministic performance.  

PXI industrial platform or desktop PC, dedicated to RTOS, 

takes additionally advantage of  multicore  performance  for  

create  deterministic applications.  LabVIEW  Real-Time  

Module implement  high-performance  real-time  

applications on  multi-core  systems  and  take  advantage  of  

high performance  multi-core  processor  technology.  To 

further increase the performance and reliability ofa real-time  

system,  LAbVIEW  Real-Time  can  be  by programming 

assign to specific processor cores and dedicate  them  to  

execute  a  time-critical  control thread and isolate it from 

less important thread that run on different cores (fig.4). 

Multithreading extends the  idea  of  multitasking  into  

applications,  so  can subdivide  specific  operations  within  
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a  single application  into  individual  threads.  Each of the 

threads can run in parallel [7]. 

 

3. Requirement of Data Acquisition System in 

Process Automation 
 

As used in this paper, the term data acquisition and industrial 

I/Orefers to the process of acquiring and measuring real-

world signals from sensors, transducers, and devices. Data 

acquisition and I/O devices typically consist of some 

combination of analog and digital input and output 

capabilities, including signal conditioning, analog-to-digital 

(A/D) converters, digital-to-analog (D/A) converters for 

analog outputs, and timing I/O. Data acquisition and I/O 

products are commonly used to interface directly to sensors, 

such as thermocouples, RTDs, strain gauges, load cells, 

pressure sensors, flowmeters, and 4-20 mA transmitters. 

High-speed data acquisition devices can capture waveform 

signals, such as electrical transients, vibration and audio 

waveforms. Today, data acquisition and I/O products are 

usually used in conjunction with a desktop, industrial, or 

notebook PC.  

 

Plug-in boards with high-speed data acquisition capabilities 

are widely available for PCI, ISA, and even PCMCIA. 

External data acquisition devices typically connect to the PC 

using a serial (RS-232), IEEE-488, or USB connection. 

Products used in more industrial application provide I/O and 

control with interfaces for industrial networks, such as 

DeviceNet, Profibus, or other fieldbus. The demands put on 

the communications interface by data acquisition and I/O 

applications vary widely. Many process and environmental 

monitoring applications involve relatively low bandwidth 

signals that are sampled at less than 10 Hz. Higher speed 

data acquisition applications such as audio and vibration 

measurement involve the capture of waveforms at sampling 

rates up to 100 kHz per channel. Electronic data acquisition 

applications with A/D sampling rates in the multiple-

megahertz range are becoming more and more common. 

Measurement devices for these higher speed applications 

typically include local memory for temporary storage of data 

before it is transmitted over the communications port.  

 

While the focus of this paper is on data acquisition and 

industrial I/O, a closely related function is that of real-time 

control, in both the equipment used and the nature of the 

functionality. Traditionally, real-time control devices 

integrate the processor and I/O into a single device, ensuring 

deterministic behavior in the execution of input 

measurement, control algorithm calculation, and control 

output generation. The use of remote I/O, however, requires 

a communications link between the control processor and 

I/O. For reliable control, this communications link must 

provide deterministic sampling or scanning of inputs 

 

 
 

Figure 3: Logical Diagram of Real Time Data 

Acquisition System [8]  

 

4. Design & Implementation of Process 

Automation Systems 
 

 
 

Figure 4: Block diagram showing different parameters 

for real time monitoring [9] 

 

The  overall  block  diagram  of  the  system  is  shown  in  

figure  4.  Here AVR Atmega16 microcontroller is  used  to 

acquire  data  from  different  types  of  sensors.GSM  

modem  is  used  to  get  the  real  time  information  of  

different parameters like temperature, humidity, and lighting 

system when we are outside the home and without any 

computer system with us. It can also be used for wireless 

communication. The system is categorized into four modules 

explained below. 

 

1. Basic Module: It consists of temperature sensor, 

humidity sensor and a relay circuitry. LM35 

temperature sensor is used because it does not 

require any external calibration or trimming to 

provide typical accuracies of ±1/4 0 C at room 

temperature and ±3/4 0 C over a full -55 to +150 0 C 

temperature range. Humidity sensor module SY-HS-

220 is used which convert the relative humidity to 

the output voltage. 

 

2. Lighting System: The presence of light can be 

detected by using LDR (Light Dependent Resistor) 

sensor. It is a type of semiconductor and its 
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conductivity changes with proportional change in the 

intensity of light. 

 

3. Fire  Alarm  System:  The  fire  alarm  system  is  

designed  to  detect  the  unwanted  presence  of  fire  

by  monitoring environmental  changes  associated  

with  combustion.  In  general,  a  fire  alarm  system  

is  classified  as  either automatically  actuated,  

manually  actuated,  or  both.  Automatic  fire  alarm  

systems  are  intended  to  notify  the building  

occupants  to  evacuate  in  the  event  of  a  fire  or  

other  emergency,  report  the  event  to  an  off -

premises location in order to summon emergency 

services, and to prepare the structure and associated 

systems to control the spread of fire and smoke. We 

used a smoke detector, a temperature sensor and a 

solenoid valve for water. 

 

4. Burglar  Detection  System:  A  burglar  alarm  is  a  

system  designed  to  detect  intrusion–unauthorized  

entry  into  a building or home. Infrared sensors are 

used within the system. 

 

Real  time  monitoring  of  different  parameters  can  be  

displayed  on  16×2  LCD  display.  All the  parameters  

from different sensors are acquired on LabVIEW GUI 

(Graphical User Interface). LabVIEW  (Laboratory  Virtual  

Instrumentation  Workbench)  software  is  a  highly  

productive  development environment that engineers and 

scientists use for graphical programming  and unprecedented 

hardware integration to rapidly design and deploy 

measurement and control systems.  

 

Within this flexible platform, engineers scale from design to 

test and from small to large systems while reusing IP and 

refining their processes to achieve  maximum performance. 

LabVIEW is a graphical programming platform that helps 

engineers scale from design to test and from small to large 

systems. It offers unprecedented integration with existing 

legacy software, IP, and hardware while capitalizing on the 

latest computing technologies.  LabVIEW  provides  tools  to  

solve  today’s  problems and  the  capacity  for  future 

innovation faster and more effectively [10 - 14]. 

 

5. System Design & Implementation of Process 

Automation Systems 

 
Hardware Module: Real time parameters are monitored 

using the communication between hard ware and software 

through microcontroller and GSM. We have an option of NI-

DAQ card that interfaces the sensor output directly to the 

computer but here we are using a serial port communication 

via AVR Atmega16 microcontroller [15].  

 

Communication using the serial port: LabVIEW can 

perform serial communication (either RS-232, RS-422, or 

RS-485  standards)  using  built-in  or  externally  attached  

(for  example,  USB  serial  adaptors)  serial  ports  on  your 

computer. Serial communication uses a transmitter to send 

data one bit at  a time over a single communication line to a 

receiver. You can use this method when data transfer rates 

are low, or when you must transfer data over long distances. 

The old-fashioned serial communication protocol, RS-232, is 

slower and less reliable than the GPIB, but you do not need a 

board in your computer to do it, your instrument does not 

need to conform to the IEEE 488 standard, and many devices 

still work with RS-232. Figure 5 shows a typical serial 

communication system [16]. 

 

 
 

Figure 5: System with one RS-232 enabled instrument 

connected to computer via its serial port [17]. 

 

Serial communication is handy because most PCs have one 

or two RS-232 serial ports built in you can send and receive 

data without buying any special hardware. Some newer 

computers do not have a built-in serial port, but it is easy to 

buy a USB to RS-232 serial adaptor for about the cost of a 

USB mouse. Although most computers also now have USB 

(universal serial bus) ports built-in, USB is a more complex 

protocol that is oriented at computer peripherals, rather than 

communication with scientific instruments.  

 

Serial communication (RS -232, RS-422, or RS-485) is old 

compared to USB, but is still widely used for many 

industrial devices. Many GPIB instruments also have built-in 

serial ports. However, unlike GPIB, an RS -232 serial port 

can communicate with only one device, which can be 

limiting for some applications. Serial port communication is 

also painstakingly slow and has no built-in error-checking 

capabilities.   

 

However, serial communication has its uses (it is certainly 

economical), and the LabVIEW Serial library contains 

ready-to-use functions for serial port operations. If you have 

a cable and a device to "talk" to, you are all set to try out 

serial communication [18]. 

 

Data Acquisition System: Data acquisition, or DAQ for  

short,  is  simply  the  process  of  measuring  a  real  world 

signal, such as a voltage, and bringing that information into 

the computer  for processing, analysis, storage, or other data 

manipulation.  Physical  phenomena  represent  the  real-

world  signals  you  are  trying  to  measure,  such  as  speed, 

temperature,  humidity,  pressure,  flow,  pH,  start-stop,  

radioactivity,  light  intensity,  and  so  on.   

 

We use sensors (sometimes also called transducers) to 

evaluate the physical phenomena and produce electrical 

signals proportionately. For  example,  thermocouples,  a  

type  of  sensor,  convert  temperature  into  a  voltage  that  

an  A/D  (analog  to  digital) converter can measure. Other 

examples of sensors include strain gauges, flow meters, and 
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pressure transducers, which measure displacement  in a 

material due to stress, rate of flow, and pressure, 

respectively.  

 

In each case, the electrical signal produced by the sensor is 

directly related to the phenomenon it monitors. LabVIEW 

can command DAQ devices to read analog input signals 

(A/D conversion), generate analog output signals (D/A  

conversion), read and  write digital signals,  and  manipulate 

the on-board counters for frequency  measurement, pulse 

generation, quadrature encoder measurements, and so on, to 

interface with the transducers. In the case of analog input, 

the voltage data from the sensor goes  into  the  plug-in  

DAQ  devices  in  the  computer,  which  sends  the  data  

into  computer  memory  for  storage, processing, or other 

manipulation.  

 

Data  Acquisition  System  consists  of  a  microcontroller  

and  a  sets  of  sensors  connected  through  the  existing  

digital inputs as well as through the analog inputs which has 

a resolution of 10 -bit ADC [19 - 30]. 

 

GSM SIM-300 Module Interfacing:  

 

SIM300 is a Tri-band GSM/GPRS  module that operate  on 

frequencies 900 MHz to 1900 MHz, SIM300 can use  in 

many  application,  such  as  Smart  phone,  PDA  phone  

and  other  mobile  device.  The  physical  interface  to  the  

mobile applications  made  through  a  60  pins  board-to-

board  connector,  which  provides  all  hardware  interfaces  

between  the module and customers‟  boards except the RF 

antenna interface.  

 

SIM300 Specifications:  

 

Two serial ports to interface with Microcontrollers or PCs  

Two audio channels include two microphones inputs and 

two speaker outputs.  

This can easily configure by AT command.  

SIM300 provide RF antenna interface with two 

alternatives: antenna connector and antenna pad. 

 

 
 

Figure 6: GSM Module SIM-300 [31] 

 
 

Figure 7: Process Monitoring System [32 - 34] 

 

I. SIMULATION RESULTS & DISCUSSION 
 

Temperature signal can be easily analyzed using NI 

USB6008 DAQ device. The steps we will follow are: 

 

 Configure the DAQ device in the Measurement & 

Automation Explorer (MAX). 

 Open LabVIEW. 

 Create the DAQ Assistant on the block diagram 

window. 

 Configure the measurement. 

 Create the conversion equation from volts to ºC on the 

block diagram window. 

 Create the chart indicator on the front panel window. 

 Wire the DAQ Assistant, conversion equation, and 

chart indicator. 

 Save and run the program. 

 

Figure 7 shows  the  real  time  variation  of  temperature  

on  front  panel  while  figure  5  shows  experimental  set 

-up  for temperature monitoring. In the next stage we can 

reduce the system cost by replacing DAQ device. We used 

serial line communication through ATmega16 

microcontroller.   In this application commands are given 

through GUI and transmitted through serial port interface.  

First the VISA configures serial port VI is initialized, 

where different serial port parameters are specified. Then 

the serial port read and writes units are activated. 

 

 
 

Figure 8: Temperature Signal Analysis 
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Figure 9: Experimental Set-up for temperature 

monitoring 

 

The system has been implemented, tested successfully and 

achieved reliable transmission of data to  the remote site 

and representation of waveform along with logging of 

data in excel sheet using LabVIEW.  

 

Acquired data display at each node  and  sent  to  master  

processor  that  compile  the  acquired  information  and  

send  to  remote  location  using  GSM technology and 

simultaneously display and log into spreadsheet the 

variations in quantity under measurement to local and 

remote system configured with LabVIEW platform.  

 

Figure 9 shows the parameters monitoring on LabVIEW 

GUI. It shows the power and temperature monitoring. 

Actual code using VISA flush input-output function and 

VISA close function[9].  The VISA Configure Serial Port 

VI initializes the port identified by VISA resource name to 

the specified settings. Timeout  sets  the  timeout  value  

for  the  serial  communication.  Baud  rate,  data bits,  

parity,  and  flow  control specify those specific serial port 

parameters. 

 

 
 

Figure 10: Power and temperature monitoring GUI 

 

 
 

Figure 11: Power and temperature monitoring block 

diagram using VISA resource. 

 

 
 

Figure 12: Output design in LabVIEW 

 
 

Figure 13: LabVIEW block diagram design 

The temperature sensor is the transducer that reads 
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temperature of the particular environment, which we want to 

measure and converts the temperature into corresponding 

electrical signal. This analog signal is amplified by  signal  

conditioning  circuit and then the analog value is converted 

into digital by means of analog to digital converter in order 

to read microcontroller. Microcontroller is programmed to 

read this digital value corresponding to temperature and it is 

stored in the embedded microcontroller.  Data can be 

displayed in LCD by programming the microcontroller. 

Through the ethernet port it can communicate with the 

LabVIEW module in the computer. In LabVIEW the 

temperature point is set and the set point is read by 

microcontroller and is displayed in LCD. This output  

is shown in the figure 13. 

 

6. Conclusion 
Industrial automation through Ethernet is a good solution, 

which is faster and accurate. Ethernet communication 

supports data rates at the speed range from 100Mbps to 

several Gbps. It is highly reliable for high speed automation 

application. A web page designed with HTML coding, 

provides the data access in LAN. Each PC are connected 

with LAN network connection, is identified by the unique 

address called IP address.  The communication within this 

network is established with the help of IP addresses.  The 

software model for device control automation is developed 

in the web page. The user can observe the temperature 

reading taken from the workplace and control the 

temperature from his PC by accessing the web page through 

web browser. 
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