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ABSTRACT 

 
Carbon Monoxide (CO) is a trace gas best known for its toxicity to humans but is also vital in 

understanding the concentrations and potential climate effects of strong greenhouse gases in the 

atmosphere. Carbon Monoxide can be easily transported across continents and oceans in as little 

as a few days by wind and circulation patterns but it has a short lifetime of only two months so 

CO is not evenly distributed around the globe. Therefore this pollutant must be continually 

monitored because sources of carbon monoxide emissions such as motor vehicle exhaust and 

forest fires along with wind patterns rapidly change its concentrations. There is a large range of 

instruments that measure concentrations of CO including the Ultra-Fast Carbon Monoxide 

Analyser. In the case of this instrument, CO concentrations are acquired through the use of an 

outdated DOS-based operating system. The instrument is functional with both precise and 

accurate measurements but it is also non-intuitive, difficult to navigate, and limited in its 

capabilities, which decreases both the efficiency and effectiveness of the instrument operator.  

Modernizing the instrument with the use of two different versions of the LabVIEW graphical 

programming language provides a means to facilitate user-friendly interactions between the 

instrument and operator that boosts the productivity of CO measurements. The different software 

options also provide insight into the most effective way to improve the instrument.   

 
 

 

This work was performed under the auspices of the Significant Opportunities in Atmospheric Research and Science Program. 
SOARS is managed by the University Corporation for Atmospheric Research and is funded by the National Science 
Foundation, the National Center for Atmospheric Research, the National Oceanic and Atmospheric Administration, the Woods 
Hole Oceanographic Institute, the Constellation Observing System for Meteorology, Ionosphere, and Climate and the 
University of Colorado at Boulder. 
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1. Introduction  
 

Carbon Monoxide (CO) is often associated with being deadly to humans following prolonged 

exposure to the gas at concentrations upward of 100 ppm (Seinfeld 1986) in enclosed spaces 

(Dubrey et al 2015). However, this trace gas is also responsible for influencing the 

concentrations of strong greenhouse gases such as carbon dioxide (CO2), methane (CH4), and 

tropospheric ozone (O3). CO reacts with the hydroxyl radical (OH) from the atmosphere to form 

CO2 (Crutzen et al 1999; Novelli et al 1998), which simultaneously removes one of the biggest 

sinks of CH4 (Novelli et al 1998) and results in an increase in the concentration of CH4 in the 

atmosphere. Furthermore, CO undergoes a chemical process that produces O3 through the 

photolysis of nitrogen dioxide, NO2 (Crutzen et al 1999). These three greenhouse gases – CO2, 

CH4, and O3 – are all air pollutants that affect climate and human health and these effects can be 

better understood by tracking the presence of CO in the atmosphere. CO is produced in large 

quantities globally (Jaffe 1973) with both natural and anthropogenic sources contributing to its 

presence. The incomplete combustion of carbonaceous materials (Jaffe 1973) as is seen in the 

process of driving motor vehicles (Jaffe 1973; Seinfeld 1986) and heating infrastructure (Jaffe 

1986) along with other combustion processes like cooking results in the formation of CO. While 

these anthropogenic sources of CO dominate in urban areas, natural sources exceed the total 

mass of anthropogenic sources globally (Jaffe 1973). Naturally, CO is produced in volcanic and 

marsh gases, natural gases in coal mines, electrical storms, forest fires and can even be found on 

the surface of oceans in some regions (Jaffe 1973). CO is also indirectly produced when CH4 and 

other hydrocarbons oxidize (Crutzen et al 1999). Regardless of the source, CO has a lifespan of 

approximately 1 to 3 months in the troposphere (Seinfeld 1986). While this may not be long 

enough for CO to evenly disperse throughout the world (Jaffe 1973; Novelli et al 1998), it is long 

enough for this pollutant to be carried downwind into different regions of the world (Bowman 

2006). Midlatitude westerlies can carry pollutants like CO across oceans basins and continents in 

a matter of weeks and sometimes even days (Bowman 2006). With its ever-changing 

concentrations and global distribution in the atmosphere, it is vital to consistently monitor CO as 

a means to continue enhancing the world’s understanding of the movement and presence of other 

air pollutants.   

 

The Ultra-Fast Carbon Monoxide Analyser – housed at the National Center for Atmospheric 

Research’s Research Aviation Facility – uses the fluorescence property of CO in the Vacuum 

Ultra Violet (VUV) spectrum to measure CO in the atmosphere (Aero-Laser 2003). A CO 

resonance lamp – emitting at approximately 151 nm – is used to stimulate the most intense 

fluorescence of CO – roughly between 170 nm and 200 nm (Gerbig et al 1996). This new 

wavelength of radiation is then emitted by CO and detected by the instrument, which uses a 

counter to take measurements that are used to calculate the concentration of CO (Gerbig et al. 

1996).  The sample air, calibration gas, and zero trap gas – all of which are used to calculate the 

concentration of CO – are drawn in through an inlet and fed into an external pump that funnels 

the gas into the fluorescence chamber of the instrument (Aero-Laser 2003). This instrument then 

relies on a DOS-based (disk operating system) microcomputer for the control, display, and data 

acquisition of the calculated CO measurements (Aero-Laser 2003). This DOS microcomputer is 

difficult to navigate without prior knowledge of specific DOS commands and is limited in it’s 

capabilities – an example being the computer is not able to hold more the 2 GB of data at a time 
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(Aero-Laser 2003). The modernization of the carbon monoxide instrument was completed using 

two different versions of LabVIEW, a graphical programming language. The FPGA module was 

used to extend the capabilities of LabVIEW and allow for simplified communication of data and 

interfacing with I/O, access to libraries of pre-written basic coding functions, and simulation of 

codes as well as in-simulation code debugging (NI 2014). A non-FPGA version of LabVIEW 

was used to serve as a means to compare the FPGA version as well as to determine the best way 

to improve the instrument. 

 

This paper is a record of the modernization of the Ultra-Fast Carbon Monoxide Analyser and 

is organized as follows: Section 2 – the principles of operation includes a brief description of the 

instrument, the method and equations used to calculate the concentration of CO in a sample of 

gas, a brief introduction to the subsystems and hardware, an explanation of the importance of 

monitoring the subsystems and how that is done. The non-FPGA and the FPGA versions of 

LabVIEW are described in section 3. Section 4 – the results and discussion includes images of 

the interfaces indicating the most important features, a discussion of the difference between the 

different subsystems and a discussion of the different versions of LabVIEW. Section 5 – the 

conclusion will include the conclusion of this project and possible future work. 

 
2. Principles of Operation 

  

2.1. Description of the Instrument 

 

A VUV photomultiplier (PMT) and a counter are used to detect the CO fluoresce by relating 

the linear relationship of the counts per second (cps) in a sample gas taken by the detector to the 

concentration of CO in parts per billion by volume – ppbv (Campos, T. 2016). The background 

is calculated by measuring the cps of the zero trap gas when the concentration of CO is 0 ppbv 

(Campos, T. 2016). Calibration gas with a known concentration of CO is used to calibrate the 

instrument by measuring its cps (Campos, T. 2016). Both the cps of the calibration gas and zero 

trap gas are taken once or twice every hour (Campos, T. 2016).  Ultimately, using these 

measurements, the concentration of CO in the sample can be calculated by first calculating the 

sensitivity of the instrument (Camps, T. 2016) expressed by equation (1):  

 

Sensitivity = 
       

        
       (1) 

 
where Ccal is the cps of the calibration gas, CZ is the cps of the zero trap gas and [COtank] is the 

concentration of CO in the calibration tank. The background is subtracted from the calibration 

gas cps to obtain the actual cps from CO (Campos, T. 2016). This is then divided by the 

concentration of CO in the calibration tank to calculate the sensitivity at any given time 

(Campos, T. 2016), which is generally anywhere from 30 to 100 cps/ppbv (Aero-Laser 2003). 

The CO concentration of the sample can then be calculated from equation (2): 

 

[CO] amb = 
       

           
         (2) 
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where Camb is the cps of the sample gas and COamb is the concentration of CO in the sample gas. 

In equation 2, the background is subtracted from the raw measurement of the ambient 

concentration to acquire the true cps from the environment. The sensitivity of the instrument is 

then divided into this number to procure the concentration of CO in the environment (Campos, 

T. 2016).  

 

To both acquire this data and maintain measurement accuracy the instrument subsystems –

must be controlled (Campos, T. 2016). Therefore, upgrading the operating system required 

modifying the controls for the different subsystems. The upgrading process also resulted in a 

graphical user-interface featuring detailed visuals for better user-friendly operation of the 

instrument. 

 

2.2. The Subsystems 

 

The instrument contains three subsystems – temperature, pressure, and flow – that must be 

monitored and controlled to ensure the precise and accurate measurement of CO concentrations 

(Gerbig et al 1999).  Both the temperature and pressure subsystems, which are the focus of this 

project, influence the accuracy of CO concentration measurements.  

 

2.2.1. Temperature 

 

The background or CZ is proportional to the temperature. Because CZ measurements are 

taken once or twice every hour compared to the once per second frequency Camb measurements, it 

is imperative that CZ remain as constant as possible between measurements to ensure the 

sensitivity and subsequently the concentration of CO is accurate. Furthermore the CO resonance 

lamp that stimulates the fluorescence of CO doesn’t operate over 50°C (Aero-laser 2003). So 

monitoring temperature values within the instrument ensures the instrument is both fully 

functional and correct when reporting measurements.  

 

Temperature measurements were taken with a Resistance-Temperature Device (RTD), 

which relates a measured resistance to a temperature value.  As the temperature increases, the 

resistance through the wires of the RTD increases (NI 1996). The measured resistance was 

converted to temperature using the Callendar-Van Dusen equation taken from National 

Instruments (1996) shown below 

 

Callendar-Van Dusen Equation 

 

                 (     )       (3) 
 

where Rt is the resistance at a temperature t, R0 is the resistance at 0°C (100 Ω), t is the 

temperature, and A,B, and C are the Callendar -Van Dusen coefficients which correspond to 

different types of RTDs. The table below obtained from National Instruments (1996) lists the 

temperature coefficients, and Callendar-Van Dusen coefficients for different types of platinum 

RTDs. 
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Table 1. Callendar-Van Dusen Coefficients for different types of RTDs, adapted from 

National Instruments (1996) 

 

RTD Type Temperature 

Coefficients (α) 

A B C* 

DIN 43760 0.003850 3.9080 x 10
-3 

-5.8019 x 10
-7 

-4.2735 x 10
-12 

American 0.003911 3.9692 x 10
-3 

-5.8495 x 10
-7 

-4.2325 x 10
-12 

ITS-90 0.003926 3.9848 x 10
-3 

-5.870 x 10
-7 

-4.0000 x 10
-12 

 

The above constants are used in equations 3 when the temperature is below 0°C. When the 

temperature is above 0°C, the constant C becomes 0 and the Callendar-Van Dusen equations 

simplifies to the following 

 

Reduced Callendar-Van Dusen Equations for t < 0°C 

 

  
     √  

        (     )

    
      (4) 

 
In this project a DIN 43760, specifically an RTD-850, with three wires was used to measure the 

resistance. Equations 3 and 4 along with the various Callendar-Van Dusen coefficients are used 

to convert the resistance to a temperature value. 

 

2.2.2. Pressure 

 

 The sensitivity and CZ both vary with pressure. This relationship is illustrated in the 

figure below from Gerbig et al (1999) where the solid black line is the sensitivity and 

background (CZ) is the dotted black line. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Figure 1. The Influence of Pressure in the Instrument, from Gerbig et al (1999). 
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Similarly to the temperature, pressure must be controlled because it influences the value 

of CZ which is used in both the equation for calculating the sensitivity (equation 1) and the 

concentration of CO (equation 2). Because sensitivity and Cz are functions of pressure and 

sensitivity is used in the equation to calculate the concentration of CO as well (equation 2), a 

constant sensitivity also relies on controlling pressure and temperature. The infrequency of the 

CZ measurement compared to Camb measurements requires that this value be consistent between 

measurements. 

 

Pressure measurements were taken with an MKS Baratron® Type 122A absolute 

variable-capacitance pressure transducer, which relates a measured voltage to a pressure value. 

This measured voltage is converted to a pressure value using the following conversion 

 

                (5) 
 

where V is volts and mb is millibars. The pressure in the instrument is measured for three 

different components: the cell, monochromator, and calibration gas (Aero-laser 2003). In the 

instrument manual (Aero-laser 2003) the cell is capable of maintaining a pressure of ~7 torr 

while the optimal operational pressure for the rest of the instrument is 7 mbar. To prevent the 

need for operators of the instrument to convert units of pressure, the cell pressure is converted to 

torr from millibars within the interface using the following conversion 

 

                    (6) 

 
Millibars is converted to bars to mimic the current DOS-based display using the following 

conversion 

 

                 (7) 
 

2.3. LabVIEW and Other Hardware  

 

The operating system was upgraded using the National Instruments (NI) LabVIEW Field 

Programmable Gate Array (FPGA) module. This module is an add-on to the LabVIEW platform 

that supports graphical programming and makes use of a compact reprogrammable input/output 

(cRIO) controller for real-time processing and high-speed control of the instrument (NI 2014). 

The cRIO is an eight slot, high performance integrated system that features an ARM/Intel Atom 

processor, and integrated I/O processors including four USB ports for USB based storage and an 

MXI express port (NI 2016). The cRIO also has 2 one-gigabit ethernet ports and three serial 

ports. An ethernet port is used to connect to the Internet and a serial port links the controller to 

the laptop from which the program is implemented. The cRIO controller was powered by the 

TENMA Laboratory DC Power supply 72-2085 which features knobs to control current and 

voltage that I used to satisfy the 9 V to 30 V range of power needed by the controller (NI 2016).   

 

 As an intermediate step, the operating system was also programmed with a version of 
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LabVIEW that didn’t include the FPGA add-on. This version was run on an instrument that also 

functions as a Windows XP computer. The sensors for both the temperature and pressure 

subsystems were connected to the back panel of this instrument. Measurements were then taken 

and used in the LabVIEW program running on the Windows XP operating system.    

 

3. Methodology  

 

3.1. Non- FPGA 

 

The codes for the temperature and pressure subsystems both use DAQmx functions to 

collect data from the sensors. Figure 2 shows examples of these functions. The functions from 

left to right shown in Figure 2 are: to create a virtual channel; time the data acquisition; start the 

task of collecting data; read the data and output it in a specific form; and then stop the task of 

creating data. 

 

 

 

 

 

Figure 2. Set of DAQmx Functions Used to Collect Data Measurements from a Sensor 

   

The “create virtual channel” function was configured to allow the user to select a physical 

channel in the instrument to take data from. It was also set to take voltage data in the pressure 

code in units of volts and resistance data in the temperature codes in units of °C. The timing 

functions were configured to allow the user to choose a sampling mode and the rate at which 

samples are taken. The “start task” function and “clear task” function are used to begin and end 

the task of collecting data. The program runs more efficiently because the “read” function in 

conjunction with the “start task” and “clear task” functions were used so that the task of 

collecting measurements doesn’t start and end with each iteration. The “read” function was 

configured to read one sample of analog data from N number of channels and output the data as 

an array of values of the double data type. These functions along with other basic LabVIEW 

functions such as while loops and numeric nodes were used to perform the calculations needed to 

convert measured values to the intended data. The data was then wired to numeric and visual 

indicators to display it. Error functions were also used as a means to debug and repair the code. 

 

3.2. FPGA 

 

The codes for the temperature and pressure subsystems both use FPGA I/O nodes to 

collect data from the sensor. The function shown in figure 3 has the sole task of collecting data 

from the sensor.  
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Figure 3. FPGA Function Used to Collect Data from a Sensor 

 
 
 
This FPGA I/O node is capable of taking individual samples from three different channels. 

The individual channels are configurable on the instrument interfaces by three different ‘ 

“physical channel” controls wired to this function. The rate at which data is acquired was 

configured in a different function. A numeric control wired to a “wait until next mx multiple’ 

timing function is in a separate part of the code. The FPGA function that makes use of the 

FPGA I/O node doesn’t contain a read function. Instead, the individual data values from each 

item in the function were bundled together into an array and then converted into the intended 

units. Basic LabVIEW functions were also used to perform the calculations and display the 

measured data. An error function was wired to FPGA I/O node to keep track of errors that 

occurring while data is being collected. 

 

4. Results and Discussion  

 

All programs have physical channels that can be configured on the interface. They have a 

control that allows the user to configure the rate samples are being taken. This feature was 

constructed with a coercion tool with a defined maximum and minimum value, so when the 

value input by the user into the control is out of range, the program coerces or reverts the 

value to the maximum or minimum depending on which is closer. 

  

The RTD codes for the FPGA and Non-FPGA version of LabVIEW have configurable 

RTD parameter so that the user can choose one of the three commons types of RTD. The 

Callendar-Van Dusen coefficients that correspond to the chosen RTD were used in the 

calculation to convert resistance to temperature. There is also another option to select “other” 

in the drop down menu under RTD parameters. In this case the user can input their own 

values for the Callendar-Van Dusen coefficients that are used in the calculation to convert 

resistance to temperature. There is also a Boolean indicator on the upper right hand side of 

the RTD interfaces labeled “temperature calculation mode” that indicates whether the 

displayed data should be above 0°C (>100 Ω) or below 0°C (<100 Ω). When the measured 

resistance is above 100 Ω the Boolean indicator will light up and when the measured 

resistance is below 100 Ω the light will turn off.  

  

All interfaces feature visual indicators – thermometers for the RTD codes and gauges for 

the pressure codes – as well as numeric indicators right below them. The visual indicators are 

color-coded and correspond to lines on the graphs on the interfaces. The lines on the graphs 

also have different icons for the data points to further differentiate between the different 

measurements being plotted. The graphs plot the data points as the measurements are being 

taken with the option to look at previous data with the x-scrollbar below the graphs. Finally 

the graphs have auto-scaling axes that change with the data being plotted. The pressure codes 

for both the FPGA and Non-FPGA versions of LabVIEW have two graphs rather than one 

because the numeric data has two different units (bar and torr). 
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Lastly each of the interfaces has a stop button to end the acquisition and display of the 

data as well as some type of error reporting system. 

 

 

4.1. Interfaces and Codes  

 

4.1.1. RTD  

  
Figure 4a. The RTD interface for the Non-FPGA version of LabVIEW 

 

 
 Figure 4b. The RTD interface for the FPGA version of LabVIEW 
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Figure 5a. The RTD code for the Non-FPGA version of LabVIEW 

 

 
Figure 5b. The RTD code for the Non-FPGA version of LabVIEW 
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4.1.2. Pressure  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                              
Figure 6a. The pressure interface for the Non-FPGA version of LabVIEW 

 

                              
Figure 6b. The pressure interface for the Non-FPGA version of LabVIEW 
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Figure 7a. The pressure code for the Non-FPGA version of LabVIEW 

 

           
Figure 7b. The pressure code for the FPGA version of LabVIEW 
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4.2. Comparison 

 

The subsystems programmed using the Non-FPGA and FPGA version of LabVIEW were 

made with the intention of keeping the functionality of the interfaces as similar as possible so the 

versions could be compared. Despite the attempt there are a few differences between the two 

different codes that help determine the effectiveness of each. 

       

One major difference between the different versions of LabVIEW is the way the physical 

channels are chosen. As can be seen in figure 4a and 6a, there is one physical channel drop down 

box. This is because there is an option in that menu to browse channels and choose multiple ones 

to take multiple measurements at a time and display the data on the interface. In figure 4b and 

more obviously figure 6b, which are the interfaces for the FPGA codes, there are three drop 

down menus to choose channels. Built into the DAQmx “create virtual channel” is the option to 

visually see and choose multiple channels. However, the FPGA I/O node in figures 5b and 7b do 

not contain that feature so in order to maintain the same functionality between the codes three 

different drop-down menus had to be created. And while it was more difficult to code, the three 

different drop-down menus in the FPGA codes actually provide a higher level of flexibility that 

than Non-FPGA codes. The Non-FPGA allow the user to choose more than one physical channel 

at a time. The physical channels will always send data to the cell, monochromator, and 

calibration gas indicators (lamp, monocromator, photomultiplier for the RTD codes) respectively 

regardless of what order the channels were chosen in.  This means that if for some reason the 

sensors are not wired in the correct order, for example the cell (lamp) will always be the lowest 

numbered channel and calibration gas (photomultiplier) will always be the highest numbered 

channel, then the user will either have to change the code or rewire the sensors. The FPGA is 

more flexible in the sense that the sensors can be wired in any order and the channels chosen for 

those sensors can be in any order because the user is individually choosing the physical channel 

for each component of the subsystem.  

  

Another difference is the sampling mode and number of samples features shown on 

figure 4a and 6a. The Non-FPGA codes give the user the option to choose the sampling mode 

from the options, “continuous sample”, which has the system take continuous samples from the 

sensor or “finite samples” which allows the system to take a predetermined number of samples 

that are defined in the “number of samples” box in the lower right corner of the configuration 

box. This feature is defined in the timing DAQmx function. The FPGA codes do not contain this 

function so they omit the “number of samples” feature. While it may be possible to add it, 

similar to the addition of the physical channel features, it would require a different set of 

functions and be more difficult to program. 

  

The last and final difference between the codes is the way errors are reported. As is 

clearly shown in figure 6a, when the Non-FPGA codes are stopped a dialog box pops up and 

reports errors. This is a more detailed error system that reports, the number of errors if any, the 

numeric LabVIEW error code that corresponds to the error that occurred, the source(s) of the 

error(s), and a brief description of the error. Unfortunately, errors are only reported when the 

code is stopped so the operator would have to know that something was malfunctioning and stop 

the program or wait until whatever task being completed is finished. The FPGA codes (figures 
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4b and 6b) include real-time error reporting features in the bottom of their interfaces.  This 

feature is similar to the Non-FPGA version in that the LabVIEW numeric error code and source 

of the error is reported. The feature is different in that it reports error while the code is still 

running and features a Boolean indicator that lights up when an error occurs. This is helpful to 

determine problems in the data acquisition before wasting time finishing a task, possibly 

collecting bad data. A limitation of the FPGA error-reporting feature is that it only provides a 

numeric code so those not familiar with LabVIEW error codes may still have issues 

troubleshooting problems.  The interfaces were coded with the error reporting features they 

currently have because of convenience. The FPGA codes only have one function (the FPGA I/O 

node) so it is not necessary to add complicated error handler to give detailed explanation. The 

Non-FPGA codes have several functions (the DAQmx functions) that could be a source of errors 

so a detailed error report would be more beneficial in actually troubleshooting problems. Also it 

would be difficult to keep up with all the potential sources of errors with only numeric codes and 

sources. In the future it would be best to program a combination of both the real-time error 

reporting and the detailed error reporting system in both codes. 

  

Below is a table of the different codes compared to one another. The green checkmarks 

indicates that a feature is present in the code and the pink stars indicate that it is not present but 

the feature is capable of being programmed into the codes. There are advantages and 

disadvantages associated with all of the codes; however, it is clear the Non-FPGA and FPGA 

codes for the two subsystems of the instruments were drastically improved in terms of flexibility 

and display using LabVIEW compared to the original DOS interface. 

 
Figure 11. Coding Summary of the advantages and disadvantages of the different interfaces 

 

 

= the feature is present in the code    = the feature is not present but is capable of being added to the code  
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5. Conclusion  

 
One conclusion of this research was that the Non-FPGA LabVIEW is easier to code. The 

built-in DAQmx functions made it less complicated to configure various things. These 

configurations are located in a few places within the code so there is room to add other functions 

while also simplifying the difficulty in finding features and changing them. The DAQmx 

functions in many ways support the creation of flexible interfaces because of how easily these 

functions can be changed to complete countless tasks in many different ways. 

 

An expected conclusion of this research is that the FPGA LabVIEW completes the task of 

taking and displaying measurements faster. The compactRIO used to simplify the 

communication between the program and sensors contains parallel circuitry. This means that 

multiple programs connected to different hardware devices can run simultaneously without 

interfering with each other. The instrument that runs the Non-FPGA version of LabVIEW is not 

constructed this way so delays are expected when running this program compared to LabVIEW 

FPGA. 

 

A potential step in continuing this research would be to time the acquisition of data for each 

of the programs so that I can be certain which code is faster. Another potential step for the future 

is to finish the flow subsystem so that all three subsystems within the instrument have upgraded 

interfaces. Before doing either of the two options above I would need to debug all of the codes 

and fix the hardware problems that prevent the FPGA codes from running properly.  

 

Ultimately the goal for the research was achieved. The LabVIEW programs all contain user-

friendly graphical interfaces as well as features that provide a higher level of flexibility than the 

DOS program. These features and graphical interfaces will allow the user to be more efficient 

when collecting data. The use of two different versions of LabVIEW also provides insight into 

the benefits and limitations of each version, which will allow users to knowledgeably select the 

program that meets their needs. Furthermore this information can be used to determine the best 

way to upgrade this instrument and possibly others that are similar in the future. 
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