
Grain Tracking Algorithm V1.0 

Instructions: We have included a graphical user interface which helps illustrate usage of the Grain 
Tracking Algorithm (GTA) for two different example simulations. This interface is somewhat specific to 
our interests regarding nanocrystalline metals, but many of the functions contained within the GTA can 
be modified for or applied to other materials applications. All of the codes are included in this package 
for your perusal. If any other questions arise, please do not hesitate to email Jason Panzarino: 
jpanzari@uci.edu or Dr. Timothy Rupert: trupert@uci.edu. More information about this tool can be 
found in the following article:  
 
Panzarino J F and Rupert T J 2014 Tracking Microstructure of Crystalline Materials: A Post-Processing 
Algorithm for Atomistic Simulations JOM 65 417-428 
 
Main Scripts 
 
The following are the main driving functions used by the GTA and their application: 
GRAINIDENT1.m 
GRAINHISTORYEXECUTABLE.m 
periodic_boundaries.m 
OrientBCC 
OrientFCC  
Misorientation9f.m 

Identification of crystallites 
Mapping of MD time steps 
Builds periodic boundaries 
Calculate BCC orientation axis 
Calculate FCC orientation axis  
Calculates misorientation between axis 

 
Proper input format 

In order to use the graphical user interface (GUI) the input file from LAMMPS must be in same format as 
the example files given. To obtain this output from LAMMPS the following columns were calculated and 
output during the molecular dynamics simulation. “Scaled” refers to the scaled simulation coordinates, 
and “coord” references the unscaled coordinates. Common neighbor analysis (CNA) and Centro-
Symmetry Parameter (CSP) are also listed. The GTA only requires CSP to identify grains, however we 
output CNA from the MD simulation as well since a simple modification to the GRAINIDENT1.m script 
could be done to use this metric instead.  

x-scaled y-scaled z-scaled X-coord Y-coord Z-coord CNA CSP 
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Running the GUI 

Grain Identifier 

1. After opening MATLAB, run the function 
GRAIN_TRACKING_ALGORITHM.m 

 

2. The "Identifier" tab will need to be utilized first. 
Use the add file button to select the files you wish 
to run. NOTE: All files will need to be in the 
"InputSamples" folder.   

 

 

 

 

 

3. After selecting an input sample you 
will need to carefully follow the 
instructions in the dialogue box. Do not 
forget to remove the file extension. To 
add another file, repeat this process. If 
you decide to run more than one file you 
will need to click "settings" button and 
change the number of cores. (if you only 
have one core available, the files could 
also be run individually one at a time) 
The number of cores must match the 
number of files otherwise the system 
may crash. Be sure to check how many 
cores your computer has. The image to 
the right shows some example inputs for a 
polycrystalline FCC sample file.  

Note1: The periodic boundary input is as follows: Use vector format to choose which directions to 
impose periodic boundaries. 1 – designates true, 0 – False. 

For instance, [1 1 0] would mean that periodic boundaries were used only in the ± X and ±Y faces of the 
simulation cell during the molecular dynamics simulation.  



Note2: Load Saved Oriented File defaults to 0, this designator is used for troubleshooting and can be left 
alone. 

Once all inputs are defined, you may click Run. Leave any dialogue boxes untouched and you may 
monitor the command window as well during the code execution. Completed files will be saved in 
Outputfiles/OvitoXYZFiles. For convenience, the files are output in a compatible .cfg format for easy use 
with the open source visualization tool OVITO. The output files should be checked for accuracy since the 
degree cutoff and CSP cutoff could be varied for different results. 

 

Grain Tracking 

Now that all grains have been specified with orientation information calculated, grain evolution can be 
tracked between multiple files. The degree of accuracy depends on the amount of evolution occurring 
during time steps so make sure an adequate number of files are used to ensure proper tracking. As with 
any experimental tool, all final data should be verified for accuracy. 

1. Run Grain Tracking Executable on the 3rd tab of the interface and follow the prompts. You will need to 
type in the names of each file separated by commas (This time leave the file extensions!). The files to be 
loaded can be found in the newly generated folder: Outputfiles/OvitoXYZFiles. Make sure you put the 
files in the order in which they occurred during the MD simulation or else tracking will be incorrect.  

2. In order to map crystallites between time steps we need to find corresponding mapping points within 
each grain. This leaves us with two options: We can calculate the center of mass of grains, or we can use 
atomic positions that lie deep within each grain. The GTA currently uses deep grain interior atoms, but 
also calculates the grain mass centers as well. Modification of the GRAINHISTORYEXECUTABLE.m script 
would allow the user to change which method is used. Currently, the script uses deep interior points 
since this method can track a grain bisected by a stacking fault, as shown in the figure below.  

That being said, the GUI will prompt you for how many nearest neighbors to use for finding 
corresponding mapping points for crystallites. 50-100 seems to work well for nanocrystalline grains, but 
a smaller number can have a significant impact on computational time. If several instances of incorrect 
mapping occurs, the user can rerun the Grain Tracking Executable with a larger input value.  

 

Example of how the mapping is conducted. Grain numbers ultimately originate from the first MD time step.  



3. An optional file description designator is also allowed for input. 

4. Once again, specify which directions periodic boundary conditions were applied during MD. 

5. After Running the Tracking algorithm, the mapped files will be stored in the newly created folder: 
“MappedFiles” and can be easily analyzed using OVITO. This should also be done to verify correct 
mapping of crystallites since significant microstructural evolution can be difficult to track. If mapping 
appears to be incorrect, the number of grain interior atoms used for mapping should be increased and 
the tracking executable should be rerun.  

 

Visualization 

Once tracking has been completed, the visualization tab is used to illustrate some of the data which was 
extracted using the GTA.  

1. Load the mapped data by clicking the 
first button. 

2. Interesting grains are those grains where 
either significant rotation ( > 5 degrees of 
misorientation change between time steps) 
or discrepancies in tracking occurred. This 
usually corresponds to grain coalescence or 
grains that may have shrank and 
disappeared during the simulation.  The 
grains listed may not be the only interesting 
grains of the sample. In addition, they may 
indicate erroneous data, and therefore the 
option to remove them from all data is also 
given.  

3. The remaining visualization tools will develop inverse pole figures, z-direction positive pole figures, 
qualitative plots regarding average sliding and rotation of grains, and orientation maps. Carefully read 
the prompts when deciding how you want the data to be displayed.  

Note: Whenever multiple time steps are plotted on a single plot, changes in color from dark to light will 
be used to visualize evolution between time steps. 

Final Output Formats 

The following table describes the column numbers for both output .cfg files as well as the MATLAB 
variable, A, which are created by the GTA. Intermediate variables are saved following execution of both 
the Grain Identification Executable as well as the Grain Tracking Executable. 

 



Final Output .cfg Format Final Output MATLAB Variable (A – Matrix) 
1. X-scaled 
2. Y-scaled 
3. Z-scaled 
4. X 
5. Y 
6. Z 
7. CNA 
8. CSP 
9. Crystalline Identifier 
10. Atom # 
11. Grain # 
12. Check Designator 
13. Edge Atom Designator 
14. Z-direction normal component 1 
15. Z-direction normal component 2 
16. Z-direction normal component 3 
17. Axis oriented near sample 

45 (̊troubleshooting) 
18. Orientation Axis 1 (component) 
19. Orientation Axis 1 (component) 
20. Orientation Axis 1 (component) 
21. Orientation Axis 2 (component) 
22. Orientation Axis 2 (component) 
23. Orientation Axis 2 (component) 
24. Orientation Axis 3 (component) 
25. Orientation Axis 3 (component) 
26. Orientation Axis 3 (component) 

1. X 
2. Y 
3. Z 
4. CNA 
5. CSP 
6. Crystalline Identifier 
7. Atom # 
8. Grain # 
9. Check Designator 
10. Edge Atom Designator 
11. Z-direction normal component 1 
12. Z-direction normal component 2 
13. Z-direction normal component 3 
14. Axis oriented near sample 

45 (̊troubleshooting) 
15. Orientation Axis 1 (component) 
16. Orientation Axis 1 (component) 
17. Orientation Axis 1 (component) 
18. Orientation Axis 2 (component) 
19. Orientation Axis 2 (component) 
20. Orientation Axis 2 (component) 
21. Orientation Axis 3 (component) 
22. Orientation Axis 3 (component) 
23. Orientation Axis 3 (component) 

 

  



Examples 

All examples already include the associated output files. A rerun 
of the GUI will simply overwrite these pre-existing outputs. 

Example 1: Polycrystalline Ni with an average grain size of 3nm. 

1. Load both polycrystalline files with the following inputs. 
Don’t forget to remove file extensions in the first input 
box for both files. 
 

2. After loading both files and their required inputs, use the 
settings dialogue to change the number of cores to 2. 
Then you may click Run 
 

 

 

 

 

 

 

 

 

 

  



 

3. When this is finished, click Run Grain Tracking Executable and follow input instructions.  
 

 
 

4. The filenames (delimited by commas) to be 
input can be found in the folder 
/Outputfiles/OvitioXYZFiles. Type the names 
of the files in order of MD simulation and 
leave the .cfg file extension. 
 

5. Because of the extremely small grain size 15 
crystalline nearest neighbors is sufficient for 
successful grain mapping. 
 

6. Once grain tracking has completed, the data 
will be automatically stored for use with the 
data visualization tools. 
 

7. Now you may run the tools 
listed on the Visualization 
tab. After loading the 
mapped data, Interesting 
Grains can be utilized to get 
an initial idea of rotational 
evolution of crystallites as 
well as the accuracy of the 
mapping.  
 

8. Follow the on screen 
prompts to output all of 
these plots in various 
different formats. 
 

 

 

 

 



 

 

Example 2: Σ5 (310) Fe BCC Bicrystal 

The instructions for the BCC Bicrystal are identical to Example 1 with the following changes in user input 
due to different periodic boundary directions and simulation conditions: 

 

 

 

 

 

  


