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Introduction 
 
The 3DATX PEMS Quality Assurance Software (PQAS)  provides the following features: 

1. Time-alignment of data files recorded for the same test. This could be separate files from 
the same instrument or different instruments. User can also use the software to test time-
alignment of columns/variables within a single data file. 

2. Merge the time-aligned data files to form one file 
3. Calculation of mass/distance (in g/km) rates based on: 

a. OBD based air flow (intake or exhaust) 
b. Speed-Density based calculation of intake air flow 

 
The current version of the software inserts a timestamp column as the first (leftmost) column in 
each input data file. This timestamp column starts the row numbering from 1 and assumes that 
the data is recorded at 1 hz without any missing seconds. Other than that, the software will work 
for any input files, including those from non-3DATX systems, provided the units for various 
parameters are as expected by the software. 
 
The software requires input files to be in comma separated value (CSV) format. 
 
The time-alignment principles are discussed in this paper: 
Sandhu, G. S.; Frey, H. C. Effects of Errors on Vehicle Emission Rates from Portable Emissions 
Measurement Systems. Transportation Research Record 2013, 2340, 10–19. 
https://doi.org/10.3141/2340-02. 
  

https://doi.org/10.3141/2340-02
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Step 1 – Read data files (see Figure 1) 
 
Use the file browser to select the Primary and Secondary variable data files. These could be two 
separate files or pointing to the same file if you wish to test time-alignment for intra-file 
variables. The typical use case will be to load two separate files that you wish to time-align and 
merge. After selecting the files, specify the rows to delete from the top of the file, such that the 
header row (which has column names/headers) is now the first (topmost) row. The software 
expects all column header information to be in one row. If the header information is spread over 
multiple rows, that will cause the information in subsequent rows to be considered as data and 
might cause errors. Multiple header rows can happen when a device writes header name in one 
row and unit in another row. 3DATX devices write all header information in one row. 
 
After selecting the two files, click on Read. When you do that: 

1. The round LED indicator below the read button will turn a bright green once the files 
have been read. 

2. Software deletes any pre-header rows (2 rows deleted for secondary variable in the 
example here) and inserts a timestamp column to the data from each file. This timestamp 
column starts the row numbering from 1 and assumes that the data is recorded at 1 hz 
without any missing seconds. 

3. The data (including new timestamp column) is displayed in the respective tables below 
the file path selectors.  

 
 

 
Figure 1 
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Step 2 – Select variables and get correlation coefficients (see Figures 2 to 5) 
 
Find the column number for the primary and secondary variable. To do this, scroll through the 
data in the table using either (1) the horizontal scrollbar below the table or (2) click in the 
column index and use up/down arrow keys on your keyboard. Keep scrolling until you see the 
column of interest as the leftmost column. Use the number in the column index in the parameter 
column number control. In the example, CO2% (column 22) and Engine RPM (column 3) are 
used are primary and secondary variables, respectively. User can directly type the column 
number if already known, no need to scroll to find it (this will be typical when working with the 
same files). 
 
Note that column numbering starts from 0 (i.e. the first/leftmost column number is 0, not 1). 
 
Once you have filled the column numbers, click Extract. A few things happen: 

1. The header row and timestamp column headers are displayed for user verification. The 
software uses the timestamp column it inserted in the first (leftmost) column, which is 
why control for selecting timestamp column is disabled and set to 0. See Figure 2. 

2. The primary and secondary variable column headers are shown so that user can confirm 
the correct variables were picked. These are “CO2 (%)” and “Engine RPM (RPM)” in the 
example. See Figure 2. 

3. The Extracted Data tab is populated to show the time series data of the primary and 
secondary variables. User can use the zoom controls above the charts to explore the data. 
There are no controls on this tab. See Figure 3. 

4. Software calculates the correlation coefficients between the primary and secondary 
variables and displays them in the Correlation tab. Software holds the primary variable in 
place and pans the secondary variable 300 steps each to left and right from the starting 
position, plus the value for the “as-is” position as read from the file. Thus, there are 601 
values displayed in the example. See Figure 4. 

5. The primary and secondary variables are overlaid, with the secondary variable in “as-is” 
position. Note, this is NOT the time-aligned state because the “Secondary_TimeAdjust” 
value is still 0. See Figure 5.  
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Figure 2 

 
 

 
Figure 3 
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Figure 4 

 
 

 
Figure 5 
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Step 3 – Time-align secondary variable (see Figures 6 and 7) 
 
Type the position of the highest correlation coefficient (-88 here) in the 
“Secondary_TimeAdjust” control and hit enter. This will shift the secondary variable by that 
many seconds. In the example here, the secondary variable is shifted by -88 seconds (it was 
originally lagging by 88 seconds). Remember to turn ON the Span control (square LED turns 
green). Even with the Span control OFF, the secondary variable is still shifted when the value in 
the “Secondary_TimeAdjust” is changed, however correlation coefficients are not re-calculated 
based on the shifted position. The span width is always an odd number. 
 
Tip: You can use the arrow keys to shift the secondary variable graph one step at a time. This is 
particularly handy when trying to fine tune the time-alignment between two likely candidate 
values. 
 
Figures 6 and 7 show the time aligned signals and corresponding correlation coefficients. The 
coefficients were calculated for 101 positions (-1 to -50, 0, and 1 to 50) based on the Span 
setting. The 0th position corresponds to the time-aligned position because the 
“Secondary_TimeAdjust” is already set to -88. 
 

 
Figure 6 
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Figure 7 

 
 
Step 4 – Calculate the g/km rates (see Figures 8 and 9) 
 
After you have found a suitable time-alignment position for the secondary variable, proceed to 
the Calculate tab (Figure 8). Follow these steps: 

1. Select the intake air flow rate method – OBD or Speed-Density. The speed-density 
method requires additional inputs such as engine compression ratio and these are 
active/available only when the speed-density method is selected. 

2. Provide the molecular weight for intake air and nitric oxide (NO). Typically, NO mol.wt. 
is set to NO2 mol.wt (=46 g/mol) since NO is calculated as NO2 equivalent. 

3. Select the file type you want to save. Typically, you will only need the “Results” and  
“Final” files. The “Merged” and “Secondary Sync” files are intermediate files and are 
something you will save if using the software only for time-alignment (and thus, not 
calculating the g/km results). 

4. In the parameter table in the bottom half, provide the column names from the data file. 
These are already set for 3DATX file types, so if that’s what you are using then it is 
likely nothing needs to be done here. 

 
After completing above steps, click on “Calculate and Save Files” button. The “Results”, 
“Final” and “Merged” files are saved in the same folder as the primary variable file. The 
“Secondary Sync” file is saved in the same folder as the secondary variable file. The software 
appends “_Results”, “_Final”, “Merged” and “_Synced” to the original filenames, 
respectively, so they are easy to identify. 
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Tip: The g/km results are calculated for each Bag in the parSYNC data file. Thus, you could 
assign bags during measurement for each segment of your test for which you would like 
separate g/km results. You can also add a Bag column if one does not exist before you run 
the file through this software. 
 

 
Figure 8 
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Figure 9 
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