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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.

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 O
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
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Figure 1 provides an image of the Front
Panel for this program.

Note that there are 8 options, and since you
are reading this, you have managed to
successfully migrate to this Program Help
window. Alternatively, you may have gone
straight to the pdf file that is called by the
“Program Help” button after you installed the
software. Note that the options are grouped
into String File, Data File, Header File,
Process Data and Thresholds sections, and
all are color coded. The Program Help icon is
separate. When you click on an option, you
will start a subVI with a specific and different
Front Panel to this “Home” window. These
features are explained below.

Program Instructions
As you now know, the Program Instructions

Get String File

Edit String File

Get Data File

Get Header File

Process Data

Program Help

VO, Data Processing

String files are those that contain words, or words and numbers, and have
been saved as a tab delimited txt file. You may want to remove strings
(Colurmmns and Headers) that are not needed in subsequent data
processing.

Data files are those that have only numbers, and have been saved as a
tab delimited txt file. You may want to remove columns that are not
needed in subsequent data processing. You can then provide names for
your column data, and save these names to a header file to use for
future data processing with the same file type.

If you already have a header file for your data file type, use this
program to retrieve this file.

Use either the previous header file with a data file, or the edited string
file, and select how to process your data using time averages, breath
averages, or a digital filter. You can save processed data to a txt file.
Repeat this process to detect and quantify threshold responses for select
variables.

Figure 1. An image of the Front Panel window of the Program and the initial
proaram selection features.

selection takes you to a window that displays an Acrobat Reader display containing a pdf file of this instruction
document. Scroll down and up through the pdf document with this Acrobat Reader display and learn how to use
and get the most from this program. If you do not see this pdf when you run this program, you do not have the
correct version of Adobe Acrobat Reader. My experience with this program and different versions of Adobe
Acrobat Reader has revealed that this program works best with Adobe Acrobat Reader version 7.

String Files

A string file is a text file that contains words, or both words and numbers. For LabVIEW to read a file with words
in it, additional programming needs to occur in order to access numbers vs. word text. Hence the distinction
between string and data files within this program. Most often the data file you import that contains words will
have header names, with additional information. As you will see, you need to edit this raw file so that it contains
only 1 row of header words (1 header per column) and the remaining content being all numbers.
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Get String File

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. Itis 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 O.

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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Figure 2. An image of the Front Panel of the “Get String File” subVI.
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1. Check your data.

2. Decide on the rows and{or columns that you want to delete to simplify your file.
4. Click "Continue" to return to the control options, and select the "Edit String File" icon.

Figure 3. Typical string data imported into the program.



Edit String File
Figure 4 reveals the Front Diagram of the

“Edit String File” subVI. The text and data of .. Edit String File  ctacto save & conanue | Continue
Figure 4 reveal the single header per coumn  7° & 5 i pe o2 pcoz Jozexy jeoew
i oo Jo.000000 |13.60784314  |2.31308392 15515850824 |2436.002895 | |2315.75031 Ja27.3193855  §154.2757667
Of Selected, as explalned above Note that |0.050000 136.78571423 | 1.588673074 142.55374304 | 1877.576856 11747, 18804 12388621485 187.95351243
: |0.066667 13571228571 |1.546839036 | |55.2442513 |2747.985647  |2327.798507  |223.4545795  |37.74844402
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. . 10.300000 |30.15075377  |2.528408339 | |76.23341905  [3364.239123  |3268.473733 3326233895 |142.0315582
one at a tlme untll you get to the bOttom/end 10.316867 13438372093 | 1742744772 180.79342227 |2757.02713 12533.11045 1259.2689253 1101.0138943
Of the data flle A|tel’natlve|y, hlghllghtlng the {0.350000 135.92814371  |1.944772562 16037206308 (3022181416 12942.952831  |283.343432 {110.0112150
. 10.333333 |38,47368421 | 1.264153067 177.53258474 13411762947 13346.902743 12243732455 11143303732
row number Of the SCI’O" bar and typ'ng a |0.400000 |34,02090902 |2.084553467 17108452727 12951.008847 |3028.520025 13173264778 1120.3085368
glven row number and CIICklng Oﬁ: the Scroll |0.433333 13558535585 |2.174349535 [79,54937544  [3361,546572 13386.44536 331611271 11240735325
. . . 10,566667 |38, 70567742 |2.161085145 183,65430882 |3252,220414 13583.771757 1334.3661954 |125,8285568
bar WOUld |mm€d|ate|y Increment the top I'OW INote: Deleting rows or columns, and then using the "insert where" Undo icon also allows you to re-arrange the spreadsheet rows and columns.
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to select a row or column to delete. Clicking Figure 4. Data of Figu_re 3 that has been edited to show column headers in row 0
either of the green circular icons causes the ~ 24 datainall remaining rows.

deletion. Itis 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!!!



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.
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: . 1. Check - data.

Flgure 5 reveals the Front Dlagram Of the 2. Deil‘f:leyc?r:“thear%\.vs and/or columns that you want to delete to simplify your file.

4. Click "Continue" to return to the control options, and select the Edit icon for your fiel type.

“Get Data File” subVI. This subVI is similar
to the “Get String File” subVI, as revealed Figure 5. The data retrieved from a text file containing 5 columns of data.

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, VO, (L/min), VO, (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.

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.
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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
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you click the “Enter” icon, you will see the Figure 6. The data retrieved from a large text file prior to any editing. As
column number and name in the Header 2D explained in the text, editing could consist of deleting columns, or rearranging

i i he columns.
array. In Figure 7 you will see that | 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 VO, data the same, then
| would use this saved header file rather than use the “Name Columns” subVI each time | processed data. This
will save you time when processing multiple data files.



Get Header File

Data Column Entry and Name Allocation

This program allows you to generate and align a data name with the appropriate column

number of a data textfile

exported from a VO:z metabolic system. You will then be asked to name and save the header file after clicking "Save & Continue".
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Figure 7. An image of the Front Panel of the “Name Columns” subVI.

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.

Figu

Get Header File

This converts the header t«t file in to a string array
for latter use in the data processing program.

re 8. An image of the Front Panel of the “Get

Header File” subVI.



Process Data

Figure 9 reveals the Front Panel for the “Process
Data” subVI, which also functions to assist in
detecting maximal values.

This data is from an incremental exercise test to
VO,max. 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
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Figure 9. An image of the Front Panel of the “Process Data” subVI.

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 VO,
peak or VO,max when processing VO, 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.



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. startO 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.

In the data example of Figure 10 | have used the
cursors to assess any slope change in VCO,. |
prefer to use VEVO, and VEVCO, to detect the
ventilation threshold. I start with the 3" cursor pair
and position these at the end of the data set for
the last segment of data. | then position the 2™
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 VO, 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
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Figure 10. An image of the Front Panel of the “Thresholds” subVI for

expired ventilation data from a test to VO,max.

2", respectively. The VO, at these threshold times are computed from the VO,-time linear regression and
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10
presented in their respective indicators. Diffl and Diff2 represent the differences in processing math used to
detect the thresholds. They represent minimal differences between VO, predictions based on time to show
where two linear segments are close enough to being equal, and hence intersect. | have found that the default of
0.075 s works well for most VO, breath-by-breath data sets.

Be careful when using this application for VO, data sets where the VO, slope of the test is not consistent across
the times of the thresholds. When this happens, select a segment of the VO, curve that only spans single
thresholds, which will require you to repeat the processing of the VO, region for each threshold time.

The red plateau box changes to green when the VO, 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.

10



