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FOAMS PROGRAM GUIDE 
 
 
 
 
 
 
 
 
 

1. INTRODUCTION 
 
 

FOAMS (Fast Object Acquisition and Measurement System) is a Matlab®-based 
program designed to help geologists wishing to initiate in vesicle texture studies. 
FOAMS is built around two main graphical user interfaces (GUI) that use simple 
push buttons to facilitate most operations. The user needs to be prepared with sets of 
images in either binary or grayscale format and understanding the program requires 
reading both this manual and the journal article it is based on (Shea et al., 2010). 
Because FOAMS is still in its early stages, it will certainly undergo substantial 
modifications throughout the next years; hence your input on program malfunction, 
errors or possible improvements is deeply appreciated.  
 
 
Contact information:  
 
 
Thomas Shea 
University of Hawaii at Manoa 
Geology & Geophysics dept. 
1680 East-West rd.  
POST 615B 
tshea@hawaii.edu 
+1-808-956-8558 
 
Thank you for your patience using our program, 
 
The authors, 
 
 
Thomas Shea, Bruce Houghton, Lucia Gurioli, Kathy Cashman, Julia Hammer and 
Barbara Hobden 
 
 
 
 
 

mailto:tshea@hawaii.edu
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2. FOAMS INPUT 
 
The data that FOAMS uses for analysis are grayscale images. The shades of gray are used for 
object recognition. Therefore, all black objects (bubbles here) will be treated as one group, 
and dark gray (crystal phase 1) or light gray (glass) will be treated as other. The program 
analyzes one object per run only; this means that only one shade of gray will be selected for 
size analyses. 
 
Examples: 

- Color image: three layers Red, Green and Blue, erroneous input. 
- Binary images: bubbles are 100% black (pixel shade~digital number DN=0), 

glass is 100% white (DN=255): good input 
- Grayscale image: bubbles are black (DN=0), glass is dark grey (DN=100), 

olivines are medium gray (DN=180) and oxides are white (DN=255): good 
input 

- Grayscale image: bubbles are blackish (0<DN<30), glass is dark grayish 
(15<DN<140), etc…erroneous input. 

 
Most importantly, the objects you wish to analyze are to be fed into the program as uniform 
gray shaded areas. Image treatment operations to obtain uniform objects are easily achieved 
using Adobe Photoshop (see Image processing guide included in the FOAMS package).  
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Bad input Bad input 

Good input Good input 



 4 

3. OPERATION MANUAL: INITIAL INTERFACE 
 

a. Overview of image nest configuration 
 
Typically, vesicle texture analysis is performed using images of varying 
magnifications to resolve all size ranges. FOAMS allows the user to input as 
many as 20 images with their corresponding magnifications.  
Example: 
- One large image of small magnification (5X) 
- Three images at a larger magnification (25X) 
- Six images at even larger magnification (100X)  
- Eleven images at the highest magnification (500X) 

 
 

 
  
 

b. Starting FOAMS 
 
To start FOAMS’ graphical user interface (GUI), you may either double click on 
‘init.fig’ or open it from the Matlab program itself. In the latter case, go to 
New→GUI and click on the ‘Open existing GUI’ tab. Browse for the ‘init.fig’ 
within your matlab directory and open. If you loaded the program interface from 
Matlab, to actually start FOAMS you need to push on the green triangle button 
(“run”). 

 
The dataset included with the program is within the “Examples” folder, and 
includes 13 grayscale images of Vesuvius pumice. The numbers at the end of 
each filename correspond to the scale factors for each image (i.e. 43, 208, 830, or 
4150 pixels/mm which depend on the imaging instrument used). The set 
comprises: 
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- one scanned image (43 pixels/mm) 
- two 25X images (208 pixels/mm) 
- three 100X images (830 pixels/mm) 
- seven 500X images (4150 pixels/mm) 

 
While not essential, it is recommended to place the images to analyze within this 
folder, since it makes them easier to access through the running program. 

 
c. Loading your images 
 
To load the images, press on the buttons on the upper right portion of the 
interface. The buttons are distributed as a 5-by-4 grid and correspond to the 
image grid displayed on the main interface. Hence, for each image there is one 
particular “Load” button: 

 
 

A click on one of the buttons generates a dialog box which invites the user to 
look for the adequate image: 
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Images may be loaded in any order with evidently a minimum of 1 image in 
order for the program to run. 

 
d. Scale factors 
 
Either when each image is loaded or when all the images are loaded, the user 
must type in the different scale factors for the magnifications utilized (e.g. 4150 
or 5020 pix/mm for 500X with our SEM) and leave 0 values in all those which 
are not used: 

 
 

e. Active display window 
 
At any time, the user may view any particular image on the larger “Current Image 
Display” box by clicking on the little gray “a” buttons at the bottom right corner 
of each loaded image. This effectively “activates” the image. 

 

Note: The dimension 
scale used by default 
in FOAMS is the 
millimeter (mm). All 
outputs are therefore 
generated with values 
in mm. 
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f. Vesicularity input and minimum diameter 
 
There are three options allowing the user to normalize the vesicle volume 
distributions obtained through FOAMS. This normalization can be useful in 
cases where vesicle volumes corrected through stereology yield totals that are 
well over 100% (frequent in the most vesicular clasts). To display realistic VVDs, 
each bin will be normalized by either a known vesicularity (measured 
independently through density, “3D vesicularity), or by the vesicularity FOAMS 
measures within the images (“2D vesicularity). Within the init interface, these 
various possibilities are available as three ‘radio buttons’, namely auto 
normalization, no normalization, and normalization by known. If the first 
option is selected (auto normalization), the calculated vesicle volume 
distributions will be normalized by the value calculated from an integration of 
measured image vesicularities (i.e., “2D vesicularity”, method by Thomas 
Giachetti). The second leaves the VVDs unchanged from the volume values 
calculated after stereological conversion, and the last normalizes by the 
independently measured density-derived value (entered by the operator). For the 
Vesuvius pumice included as an example, the density-derived vesicularity is 77%. 
 
 
 
 
 
In the “minimum size of object” box you should type an estimate of what is the 
smallest size diameter in pixels that you consider to represent and actual object in 
your highest images at each magnification (for the Vesuvius example, 5 pixels is a 
minimum).  
 

 
 
To determine which minimum diameter to use, refer to the accompanying article 
(Shea et al., 2010). 

 
 
 

g. Quick image processing 
 
The Quick image process panel can be used to do quick operations of converting 
all your loaded images into binary or grayscale while playing with the threshold (0 
to 1). If not satisfied by the grayscaling of binarization, press the ‘undo’ button; 
otherwise, push ‘confirm’ when satisfied. We however recommend using 
Photoshop for most image rectification as such simple functions do not allow 
much user control. In addition, all the objects in the images need to be perfectly 
homogeneous in the shade of gray in order for the results to be truthful. 
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h. Object exclusion 
 
In many cases, vesicle analysis involves discarding crystal phases which have 
grown prior to vesiculation to obtain number densities representing the initial 
density of nucleation. An object exclusion panel located on the upper left corner 
of the interface allows the user to exclude up to four object-types (i.e. up to four 
different shades of gray).  
 
To perform this operation, the user makes one of the images containing the 
object to exclude “ACTIVE” by clicking on the corresponding “a” button in its 
bottom right corner. Then, the user clicks on the “Exclude 1” button, and a 
dialog box will appear: 

 

 
 

On the active image panel window, the user now selects any of the objects 
with its characteristic color simply by double clicking (or clicking once and 
pressing enter on the keyboard).  
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If the right object has been clicked, it corresponding shade of gray should appear 
next to the Exclude 1 button: 
 
 

 

 
 
 
 
As shown in the illustration above, it is also possible to enter a minimum size (in 
mm) for the excluded objects. For instance, if a mineral phase such as plagioclase 
grew in the storage region before vesiculation was initiated, but also grew during 
ascent, there will be a whole range of size populations which should not be 
included. Hence, the user may decide to select a threshold of 0.03 mm (limit 
between microlites and microphenocrysts) to ensure that only the larger ones are 
discarded. 

 
i. Choice of Output file type 
 
In terms of outputs, two format choices are offered: either measurements and 
calculations can be saved as tab delimited text files, or as Excel® spreadsheets. 
The latter format increases the computational time compared to .txt formats. 
 
 
 

 
j. Launching vesicle analysis 
 
The next step involves selecting the objects to actually analyze (vesicles) in the 
same manner as for objects which were being discarded. IMPORTANTLY, 
before doing anything else the user should activate the image he wants to use to 
select vesicle objects. Like before, a click on the “a” button on any image makes 
it active in the main image window. If the user loaded the images given as an 
example, his interface window should look like this: 

Note: Everytime you 
exclude an object or 
double-click in an active 
window, you must assume 
that the window then 
becomes ‘inactive’. Hence, 
for each additional 
exclusion ensure that you 
‘activate’ your selected 
image first by clicking in 
the lower right ‘a’ button. 
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When all the inputs have been verified by the user, the “Start measurements” button 
is pushed. Like before, a dialog box should appear asking to double click on an 
object pixel in the zoom panel. In the case displayed above, the user will double click 
ANYWHERE on the image represented by a black pixel. 

 
Once the right pixel color has been selected a wait bar appears while the 
measurements are being performed. On any current PC or Mac, this process may 
take anywhere from 30-120 seconds depending on the number of images, number of 
vesicles, and on which of the two output modes is chosen (Excel spreadsheets or tab 
delimited text files). 
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4. OPERATION MANUAL: RESULTS INTERFACE 
 
 
 

a. Results GUI window 
 

Once the wait bar disappears, a new GUI called ‘results’ is displayed: 
 
 

 
 
 

By now two outputs will have been created in the FOAMS directory named 
“Raw_data” and  “NA_mag”, which contain the individual equivalent diameters and 
the number of vesicles per area for each size range. The minimum bin size (or 
minimum diameter) is defined by the ratio of the minimum number of pixels 
representing a vesicle (e.g. 5 pixels in this example) to the scale factor (e.g. 4150 
pix/mm here). Each subsequent bin is larger by a factor of 100.1 (i.e. geometric 
binning).  
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b. Verifying the measurements and selecting cutoffs 
 

The Raw_data file 
contains not only the 
measured equivalent 
diameter of each 
vesicle but also the 
area, its perimeter, and 
the long-axis, short-
axis and orientation of 
best-fit ellipses to each 
individual. The last 
column displays in 
which magnification 
the object was 
measured. 
 

The “NA_mag” file shows calculated bins as rows and two columns for each 
magnification: the number of objects measured for each bin size and the resulting 
number density per image area (NA_mag): 
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As mentioned in the manuscript (Shea et al., 
2009), prior to proceeding with stereological 
conversion and final size distribution 
computations, it is necessary to define the 
different size boundaries which will be covered by 
each magnification (not applicable if only one 
magnification is used). This is done in FOAMS 
either by simply pushing on the “AutoSmart Bin 
Limits” button (which calculates the transitions by 
minimizing the difference in number density 
between two successive NA vs. L curves), or by 
entering them individually in the upper left panel 
of the new results interface. For our example, this 
is what FOAMS calculates in terms of bin 
boundaries  → 

 
 

In the spreadsheet, these limits (unit is mm) correspond to: 
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We always recommend 
making an actual NA vs. 
L plot at this point to 
ensure that the 
boundaries chosen are 
truly the best possible: 

 
When better bin cutoffs 
between the curves are 
discovered, they should 
be directly entered in the 
appropriate cases in the 
interface with a 5 
decimal precision (same 
as in the output data 
files). 

 
c. Result plots 
 
After the cutoffs are entered, the user simply presses ‘Apply and show results’ and a 
new wait bar should appear, lasting on average 15-40 seconds. All resulting plots 
should then appear in the interface: 
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None of the plot windows should be blank. Each plot can be visualized in a separate 
window by pushing on “disp” buttons on the lower right corner. In this way, all plot 
properties can be modified, and graphs can be saved in any desired format. 

 
In detail, the plots represent: 

 
- Bulk NA vs. Area plot: This small graph allow to visualize and ensure than 

the number density of objects decreases with increasing image magnification 
(or area covered by the magnification). 

 

 
 

- NA and NV vs. L plots: These allows to visualize not only cutoffs (red 
squares) as well as the curve resulting from the choice of the different cutoffs 
(it should ideally be as smooth as possible, and shaped like an upside down 
hook) but also the curve resulting from stereological conversion of NA to NV 

(they should not look very different). 
 

 
 

- Volume fraction vs. L  (VVD) plots: These are particularly useful to 
observe mode variations within size distributions. This plot, like the others, 
can be visualized separately using “disp”, but also has the option to either 
display the full range of bins, or to divide them in two (all bins vs. half bins). 
To switch between the two views, only one button is pressed (and stays 
pressed) and the other one must stay “unpressed”. 
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- Cumulative Volume fraction (CVVD) plot: Such plots are used in 

combination with VVDs to determine the participation of each size range in 
the total vesicularity of the sample. 

 

 
 

- ln(n) vs. L plots: Used often in the literature to gather information on how 
number densities are distributed along the size interval. 

 

 
 

- log(NV>L) vs. L plots: Utilized to determine if number densities follow an 
exponential or power law distribution. 
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d. Other useful information/plots 
 

- Object percentage information: This data (also in the output files) 
comprises vesicularity measured for each magnification as well as the 
vesicularity derived after stereological conversion with the multiplication 
factor necessary to reach the true vesicularity.  

 
 

- Number density information: Provides ln(n) of the smallest bin measured 
in the ln(n) vs. L plots, as well as NV and NVcorr (corrected for vesicularity. 

 

 
 

- Object percentage: On the results interface, the two boxes “upper and 
lower cutoffs” are used to enter size intervals for which the user may want 
some 2D area fraction information (i.e. how many vesicles are larger than…). 

 

 
 

- Miscellaneous plots/histograms (aspect ratio, elongation, regularity…) and 
associated basic statistics may be useful to evaluate 2D shape factors and 
directionality in vesicle 
textures. The same 
configuration of 
pressed/unpressed 
buttons is used here, 
where a click on one 
leaves it in “pressed 
mode” and another 
click in “unpressed 
mode”.  
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The small box “Minimum pixel size” allows determining the influence of 
discarding smaller vesicles on the shape and orientation measurements; in 
other words, if minimum pixel is increased from 5 pixels to 20 pixels, 
smallest bubbles that are more prone to be poorly represented by a pixel 
compound are excluded. Hence the results should be statistically more 
robust.  The results are displayed when the “Compute stats” button is 
pressed, and if the user wishes to save the data, a click on the “Save results to 
xls” button generates a spreadsheet in the main FOAMS directory. 
 

e. Output files 
 

- Calc_out: Contains all the plot data (bins and corresponding NA, NV, 
Volume fraction, Cumulative volume fraction, log(NV>L) values, log(L) 
values and ln(n) values). 

 
 

- Area_out: Contains individual image areas 
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- Ves_out: Contains vesicularity information (2D image vesicularity, 2D 
individual magnification vesicularity, NV-derived vesicularity, multiplication 
factor, density derived vesicularity. 

 

 
 
 
- Misc_out: Contains various information (number of objects measured, 

number of images, low and high cutoffs selected) and measurements (NV, 
NVcorr, and percentage of objects included within the cutoff intervals) 

 

 
 

- Shape_out: Contains shape measurements (eccentricity calculated from best-
fit ellipses, elongation, aspect ratio, and regularity, see Appendix in Shea et 
al., 2009). 
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5. Known problems, issues with FOAMS 
 

Because FOAMS has not been programmed by professionals (in case you hadn’t 
noticed!!), there are numerous issues that derive from the difficulty of error-proofing 
associated with simple Matlab programs. As mentioned in the introduction, we welcome 
ALL feedback that may help to improve FOAMS.  
Most errors during FOAMS runs will arise due to mistakes made by the user in terms of not 
following the code’s expected “run-schedule”. To ensure an error-free usage, be sure to 
follow step-by-step the instructions given above.  
 
FATAL ERRORS (I.E YOU NEED TO RESTART THE PROGRAM ALTOGETHER) 
WILL MATERIALIZE WHEN: 
 

- The images are not in the right format: these are 9 out of 10 times the answer 
to emails I get concerning FOAMS problems. It is crucial that the images are 
in the right format (grayscale and not RGB), and that each object is 
homogeneous in its grayscale level.  
 

- The user chooses the wrong shade of gray either for selection of bubbles or 
selection of object to exclude. There is no way currently to go back once this 
choice is made and if you make that mistake unfortunately the program 
needs to be reset. 

 
- Selecting pixel color for either vesicles or objects to exclude, no image was 

active in the “Current Image window” (you forgot to click on the small “a” 
button on one of the images). The cursor will appear but the selection will be 
blank and the program will eventually crash. 

 
- The cutoffs boundaries are not successive; that is, if an entire bin separates 

two magnifications when entering them in the “results” interface instead of 
them immediately following each other, the program crashes. 

 
- Sometimes the program may crash if between two runs the interfaces are not 

closed.  
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