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Overview 
The program you purchased and are about to use was written with LabVIEW, a data flow programming language 
from National Instruments (Austin, Texas).  A LabVIEW program is referred to as a virtual instrument (VI).  This 
program has one main control program, and within this are several other sub-programs, or subVIs. 
 

 
Figure 0.  A female endurance trained 
subject completing a test of VO2max in the 
Exercise Physiology Laboratories of the 
University of New Mexico. 

With this program you will be able to process breath-by-breath data using 
either of user-selected time or breath averages, as well as a low frequency 
digital filter at user-selected low frequency (Hz) cut-off values.  Figure 0 
presents a photograph of a subject performing an incremental exercise 
test using breath-by-breath technology.  The program also supports the 
selection of regions within the data set to apply segmental linear 
regression to more objectively identify threshold changes, such as for the 
ventilation or lactate threshold.  Data sets from within the imported text file 
can be saved after processing a text file. 
 
LabVIEW programming is based on what are called the Front Panel and 
the Block Diagram.  The Block Diagram is for the programmer for 
developing the program.  The Front Panel is essentially the user interface. 
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Figure 1 provides an image of the Front 
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Figure 1.  An image of the Front Panel window of the P
program selection features. 

hat there are 8 options, and since you 
ading this, you have managed to 
ssfully migrate to this Program Help 
w.  Alternatively, you may have gone 
t to the pdf file that is called by the 
am Help” button after you installed the 
re.  Note that the options are grouped 

tring File, Data File, Header File, 
ss Data and Thresholds sections, and 
 color coded.  The Program Help icon is 
ate.  When you click on an option, you 
rt a subVI with a specific and different 

Panel to this “Home” window.  These 
es are explained below. 

am Instructions 
u now know, the Program Instructions 
ion takes you to a window that displays an Acrobat Reader display containing a pdf fi
ent.  Scroll down and up through the pdf document with this Acrobat Reader display 

et the most from this program.  If you do not see this pdf when you run this program, y
t version of Adobe Acrobat Reader.  My experience with this program and different ve
at Reader has revealed that this program works best with Adobe Acrobat Reader ver
2

 Files 
g file is a text file that contains words, or both words and numbers.  For LabVIEW to read a file with words 
dditional programming needs to occur in order to access numbers vs. word text.  Hence the distinction 
en string and data files within this program.  Most often the data file you import that contains words will 
eader names, with additional information.  As you will see, you need to edit this raw file so that it contains 

 row of header words (1 header per column) and the remaining content being all numbers. 
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Get String File 

Figure 2.  An image of the Front Panel of the “Get String File” subVI. 

Figure 2 reveals the Front Diagram of the “Get 
String File” subVI, along with the file selection 
window that appears when the sub-VI is first called. 
 
After a string file is selected, the text and data 
appear in the array as shown in Figure 3.  This data 
is from a typical text file generated by a commercial 
system for indirect calorimetry.  It is recommended 
that you check all the columns and rows of this 
data file by scrolling through the row and column 
scroll bars to the top left of the data array.  This will 
reveal what columns and rows that you need to 
delete in the next subVI. 
 
In the data file of Figure 3, the initial text and data 
of columns 0 to 8 need deleting, as do the contents 
of row 1 and 2.  Remember number counting starts 
at 0 in LabVIEW and all programming.  When this 
is done, as shown in Figure 4, the Time data 
column is the 0 column, with the header “t” at row 
0, column 0. 

 
Figure 3.  Typical string data imported into the program. 

 
Click “Continue” to go back to the control VI so you 
can select the “Edit String File” subVI and complete 
the necessary editing. 
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Edit String File 
Figure 4 reveals the Front Diagram of the 
“Edit String File” subVI.  The text and data of 
Figure 4 reveal the single header per column 
of selected, as explained above.  Note that 
the scroll bars for rows and columns are still 
on “0”.  As there are no additional rows that 
need deleting at the top of the file, clicking 
on the row scroll bar would increment rows 
one at a time until you get to the bottom/end 
of the data file.  Alternatively, highlighting the 
row number of the scroll bar and typing a 
given row number and clicking off the scroll 
bar would immediately increment the top row 
to this row number.  The same is true for the 
column scroll bar. 

Figure 4. Data of Figure 3 that has been edited to show column headers in row 0 
and data in all remaining rows. 

Delete Data 
The “Delete Data” window can then be used 
to select a row or column to delete.  Clicking 
either of the green circular icons causes the 
deletion.  It is important to note that the selected row or column number does not change after each deletion.  
This way, you can select the first row or column of a block of data that needs deleting, and simply continue to 
click on the green circular icon until all rows or columns have been deleted. 
Undo Last Delete 
The “Undo Last Delete” can only do what is says, undo the LAST deletion.  You can then insert this column or 
row where you want by selecting a given row or column.  This feature also lets you rearrange the data set, by row 
or column.  The bottom line though is to not delete more than one row or column at a time before you realize that 
you have made a mistake.  If you do this, you will have to start the program again to re-edit your data file, as you 
will not be able to retrieve rows or columns deleted prior to the last delete.  Sorry!!! 
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Convert Time to Minute Fraction 
The “Convert Time to Minute Fraction” option is for data files that have time stamp data for the time column.  
Look back to the time (t) data of Figure 3 (last column on right).  This is time stamp data.  This option will convert 
time stamp to minute fraction data, as you see in the first column (column 0) of Figure 3.  For time data that is 
not already in a minute fraction, or a second fraction, or time stamp, you will need to convert this time 
data column to a time (minute or second) fraction in Excel prior to using the text file in this program. 
 

 
Figure 5. The data retrieved from a text file containing 5 columns of data. 

Clicking the “Continue” icon first launches a 
prompt to name and save the edited string 
file a destination path.  Once this occurs, 
the program returns to the control front 
panel. 
 
Data Files 
Some VO2 systems save only data to a text 
file.  Here you simply import this data file 
and then after editing it, you make your own 
headers for each column. 
Get Data File 
Figure 5 reveals the Front Diagram of the 
“Get Data File” subVI.  This subVI is similar 
to the “Get String File” subVI, as revealed 
in Figures 2 and 3, only it is for data text 
files only.  In this example, only 5 columns are shown (0-4) in the data set, and these are time, expired 
ventilation, VO2 (L/min), VO2 (mL/kg/min) and heart rate. 
Edit Data File 
Figure 6 reveals the Front Panel of the “Edit Data File” subVI.  This is similar to the “Edit String File” of Figure 4. 
 
The only difference with this “Edit Data File” subVI is that the Continue button also saves a data text file of the 
edited data just in case you need this edited file for other reasons, such as for importing into a graphics program.  
Once you click on this button icon you will be prompted to name this text file and select the path where you want 
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to save it to.  As indicated, you should only be working with numbers, and as such, you can only save this data 
to a file if it contains only numbers. 
 

 
Figure 6. The data retrieved from a large text file prior to any editing.  As 
explained in the text, editing could consist of deleting columns, or rearranging 
the columns. 

Name Columns 
The “Name Columns” subVI is for work with data 
files only.  As string files have their own text 
headers, and these are saved in the 
programming when editing the string file, you do 
not need to use this subVI if you worked with 
a string file. 
 
When using data files, you need to create 
headers, or column names, to be able to use the 
data processing subVI.  You do this with this 
subVI, as shown in Figure 7.  Note that there are 
“Enter” and “Edit” selections.  To name a 
column, select a column number and type the 
name in the Column Name entry box.  When 
you click the “Enter” icon, you will see the 
column number and name in the Header 2D 
array.  In Figure 7 you will see that I named the 
first three columns (0-2), and then edited the time header to show the units of time.  As the column number does 
not increment after each entry, make sure you remember to change the column with each new column header. 
 
To save the column names (headers) to a file for latter use in this program when working with a different data set 
from the same system and final data column features, click on the “Save Header File” button.  This will prompt 
you to enter a name and select the path where you want this file saved.  If you edit your VO2 data the same, then 
I would use this saved header file rather than use the “Name Columns” subVI each time I processed data.  This 
will save you time when processing multiple data files. 
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Figure 7.  An image of the Front Panel of the “Name Columns” subVI. 

 
 

Figure 8.  An image of the Front Panel of the “Get 
Header File” subVI. 

Get Header File 
Figure 8 reveals the Front Panel of the “Get Header File” subVI. 
 
When working with data files, and when using a header file from a 
previous data processing, this allows you to import this file and 
converts it to a suitable format to use in the “Process Data” subVI. 
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Process Data 
Figure 9 reveals the Front Panel for the “Process 
Data” subVI, which also functions to assist in 
detecting maximal values.   

 
Figure 9.  An image of the Front Panel of the “Process Data” subVI. 

 
This data is from an incremental exercise test to 
VO2max.  Note the four user interactive controls in 
the top left for Select Processing, Select X Variable, 
Select Y Variable, and Breath Number.  Actually, the 
Breath Number control changes depending on what 
processing is selected.  In this example, a Breath 
average is selected, and so a control for Breath 
Number appears.  If the selection was for a time 
average, a control for the time of the average 
appears.  If a Digital filter is selected for processing, 
then a control for the lower Hz cut-off appears.  As 
previously explained, the headers for the data 
columns are used in the Select X or Y Variable controls.  If “Nothing” is selected for the processing, no data 
appears on the graphs.  A breath average of 1 breath would be the raw data when using breath-by-breath data. 
 
The “Max” number above the right graph reveals the highest data point in the data set after processing.  My 
argument is that the highest data point after your selected processing would be the peak data point, or either VO2 
peak or VO2max when processing VO2 data.  However, you can use whatever method you want for detecting 
peak values.  Just be aware that when using time averages, even a 30 s time average severely over-processes 
the data and falsely lowers maximal values.  This will be self evident when you play with the program.  You will 
see that a 0.08 Hz digital filter, a 7 breath average and a 15 s average give similar processing. 
 
The “Save to Data File” icon can be used to save each time and Y variable data set to a text file after it is 
processed. 
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Thresholds 
Figure 10 presents the front panel image of the “Thresholds” option.  Note the top figure for first processing the 
data, which is identical to the options of Figure 9.  However, in this graph, there are also 6 cursor bars, with a 
cursor legends bar underneath the graph on the right side.  The 6 cursors actually represent 3 pairs of cursors, 
as revealed by the cursor names, each one having a start and end reference (e.g. start0 and end0).  To remove 
the cursors from the graph, simply enter data values for X and Y coordinates that are not on the visible region of 
the X and Y axes of the graph.  For example, as all cursors have Y values set to 200, which is off the Y scale of 
the graph, no horizontal lines are visible on the graph. 
 

 
Figure 10.  An image of the Front Panel of the “Thresholds” subVI for 
expired ventilation data from a test to VO2max. 

In the data example of Figure 10 I have used the 
cursors to assess any slope change in VCO2.  I 
prefer to use VEVO2 and VEVCO2 to detect the 
ventilation threshold.  I start with the 3rd cursor pair 
and position these at the end of the data set for 
the last segment of data.  I then position the 2nd 
cursor pair over the prior segment, and the initial 
cursor pair across what is the next segment.  The 
order of the cursors is important, and always order 
from left to right. 
 
The graph on the bottom left is the raw VO2 data, 
and it used to generate a linear regression 
between the region bordered by the blue and 
yellow cursor.  Note that you select the column 
that contains the VO2 data, and remember that 
the first column is column 0.  When the “Compute” 
circular icon is clicked, the segments generated on 
the top main graph by the cursors are used to 
detect two thresholds where the three lines 
intersect.  These are “Threshold 1” and ‘Threshold 
2”, respectively.  The VO2 at these threshold times are computed from the VO2-time linear regression and 
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presented in their respective indicators.  Diff1 and Diff2 represent the differences in processing math used to 
detect the thresholds.  They represent minimal differences between VO2 predictions based on time to show 
where two linear segments are close enough to being equal, and hence intersect.  I have found that the default of 
0.075 s works well for most VO2 breath-by-breath data sets. 
 
Be careful when using this application for VO2 data sets where the VO2 slope of the test is not consistent across 
the times of the thresholds.  When this happens, select a segment of the VO2 curve that only spans single 
thresholds, which will require you to repeat the processing of the VO2 region for each threshold time. 
 
The red plateau box changes to green when the VO2 data changes by less than 50 ml/min over the last 30 s of 
the data set.  You need to make sure the data set ends at the end of the test (contains no recovery data) for this 
to be valid. 


