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ABSTRACT 
A scratch, or wound, assay is a low-cost and simple method to measure cells 

migration; it is also an easy way to measure the growth rate of cancer cells in vitro. It 

does so by removing a strip of cells from a cell culture dish and then measuring the cell 

migration and cellular growth back into the “scratch” area. The measurement of this 

migration and cellular growth has traditionally been done using the program, ImageJ. 

Though this method can work, it is labor intensive and time consuming. We therefore 

developed a more automated and easier-to-use Java program designed specifically to 

analyze scratch assays.  

By contrasting and separating the pixels that formed the scratch and then counting 

them to provide a numerical result the migration and growth we significantly improved 

the speed and ease of the analysis while allowing the results to be easily repeatable when 

compared to ImageJ. Further development, refining and addition of new features to this 

software will significantly aid researchers, especially in the area of cancer research and in 

assessing the effectiveness of various treatments on cell migration.  
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Chapter 1 

1. PROBLEM OVERVIEW 

1.1  Background 
This Master’s Thesis covers the need, development, and results of a Java 

program, the Cellular Growth Analyzer, designed to improve the accuracy, improve the 

ease of use, and significantly decrease the cost of preforming scratch assays.  

The research done here is conducted through Dr. Hanna Moussa’s Research group 

in the Mechanical Engineering department at Texas Tech University. It took place 

between the beginning of fall semester of 2016 and the end of fall semester of 2017. The 

research and program development are the main goal of the Cellular Growth Analyzer 

Project started at the request of Dr. Moussa. 

1.2 Statement of the problem 
The problem this research tackles is that current methods of scratch assay analysis 

rely on manual methods, lacking methods, or expensive programs. These inhibit the use 

of scratch assays as a viable and potent testing method. The benefits of which would 

increase the number of facilities capable of performing scratch assays without being 

constrained by skill or financial burdens.  

1.3 Hypothesis 
That there is a better method of performing scratch assay analysis by building a 

less expensive scratch assay specific program which decreases the amount of time needed 

for editing and improves the repeatability.  

1.4 Objective of the research 
The objective is to build a Java program to handle the quantification of the scratch 

assay in an equivalent or improved fashion while being inexpensive and simple to use. It 

is to be able to run on limited lab equipment and be run by users without a background in 
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programming. In order to evaluate these objectives, the following requirements have been 

set. 

1.5 Solution Requirements 
• It should be able to handle a wide quality range of inputs and still maintain an 

equivalently sufficient output. This meaning that given two inputs, one of good quality 

and one of poor, the better quality may still be preferable but both will still produce 

sufficient results. 

• It should be usable for the intended recipients of the program, both by the user and by 

their equipment.  

• It is also required that the program be a standalone and self-sufficient to the point that no 

software need be purchased. It is acceptable, however, to allow for free software to be 

needed provided that the availability of such software is not questionable in future.  

1.6 Impact and Originality of the Work 
This work is expected to impact several key points within the current field of wound 

healing assays.  

• Number one; it is expected to reduce the cost of performing wound healing assay 

quantitative analysis.  

• Number two; it is expected to reduce human error introduced during wound healing assay 

quantitative analysis.  

• Number three; it is expected to improve repeatability of wound healing assay quantitative 

analysis.  

• Number four; it is expected to improve the ease of use in performing the quantitative 

analysis. 

Number five; it is expected to increase the number of labs that can perform wound 

healing assay quantitative analysis. 

This is the first standalone, java-based wound healing assay quantitative Analysis 

program to be constructed. It bears similarity to ImageJ, a visual recognition tool for 

which plug-ins have been designed to perform wound healing assay quantitative analysis. 

It is unique from imageJ in the fact that it is a standalone program and is not reliant on 

the availability of plug-ins to function. It is also unique from Adobe Image Premier Pro, 
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Adobe Photoshop, and Matlab in that it does not require an expensive license in order to 

run. 
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Chapter 2 

2. INTRODUCTION AND EXISTING PROGRAMS 

2.1 Introduction 
Cancer research and treatment has many hindrances, one of them being the cost and 

difficulty of assessing the reactions of the cancer cells to medications. While scratch 

assays are an accepted method of assessment, they possess several key difficulties. 

Namely they produce results that are difficult to analyze and then quantify. With modern 

computer programs this analysis can be performed more easily than ever before. The 

increased effectiveness of scratch assays in combination with the programs necessary to 

analyze them can provide quick and inexpensive test for cancer treatments. Many more 

labs than are currently available could then perform the tests. This proliferation would 

allow more patients suffering to receive treatments designed to fight their specific 

affliction as well as allowing cancer researchers to allocate needed funds away from more 

expensive tests.  

 

The scratch assay suffers from several inherent difficulties. It is not an immediate 

test, it must be given time and constant conditions to provide an accurate result. This is 

more easily said than done as it must be either examined multiple times between storage 

or it must remain under the image capturing system for the duration of the experiment. 

Any disturbance related to human error, temperature, humidity, light, or particulate 

affecting the sample could change the growth rate and alter the overall result. 

Furthermore, the leading edge of the wound created is not solely influenced by cell 

propagation and can be influenced by cell migration as well. Either steps should be taken 

to prevent the cells from migrating before the assay begins, or the analysis should take 

into consideration the influence from the cellular migration. Lastly, scratch assays gain 

their results from the closure rate of the scratch area as determined through successive 

sample images. This must provide a quantifiable result in order to determine treatment 

effectiveness.  
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2.2 ImageJ- Manual Mode 
To begin with, ImageJ is an open-source and public domain Java based image 

processing and analysis program. Its origin lies in the National Institute of Health (NIH) 

Image program developed by the same organization. While the original ran on Macintosh 

solely, ImageJ can run on any Java enabled machine with java 1.5 or later. This covers 

most of the current popular operating systems, Mac OS X, Windows, and Linux 

(ImageJ.Nih.gov 2011) ImageJ possesses the ability to count cells (Riis, et al. 2017) and 

can be used in some cases to track velocities of individual objects given a low density of 

objects. (Yang, Ganguly and Cabral 2010) 

While some steps tailored to individual tests may be added or removed, the following 

is a fairly comprehensive demonstration of one of the manual ImageJ estimation methods 

for finding the wound area.  

“Customized image processing software was written using the MATLAB Image 
Processing Toolbox [25]. The following procedure was used to detect the location of the 
leading edge of the spreading population. The image was imported (imread) and 
converted from color to grayscale (rgbtogray). The Sobel method was applied to the 
grayscale image by specifying a sensitivity threshold value S, in which all edges weaker 
than S are excluded (edge [grayscale image, ‘Sobel’, S]). The lines in the resulting image 
were dilated to show the outlines of detected edges (strel (7), imdilate). Remaining empty 
spaces in the images were filled and all objects disconnected from the leading edge were 
removed (imfill, imclearborder). The image was smoothed and filtered to remove any 
noise (imerode, medfilt2) and the area enclosed by the detected leading edge was 
estimated (regionprops).” (Treloar and Simpson 2013) 

While the results from this method “produced visually reasonable results” (Treloar 

and Simpson 2013) when comparing subsequent iterations of testing there are significant 

issues. If any of the sensitivity thresholds are changed or a process is skipped, the final 

result can be altered. Additionally, the method possesses no way to determine the amount 

of area filled in by cellular migration as opposed to cellular reproduction. It also cannot 

differentiate between dead cells and live or allow for user made decisions to exclude 

areas or cells. Other methods involve tracing the leading edge by hand, which can add 

additional human error into the situation, further complicating the testing, and 

introducing human subjectivity into the testing that may differ between subsequent tests. 

“The wound areas immediately after wounding (t 1⁄4 0 h) and after 30 h (t 1⁄4 30 h) were 



Texas Tech University, Alan Mitchel Lovelace, 2018 
 

 

6 

traced manually using ImageJ v1.37 (NIH, http://rsb.info.nih.gov/ij/). The difference in 

the two areas was then divided by the length of the wound edge to yield the distance 

traveled by the cell sheet. T.” (Fong, Tzlil and Tirrell 2010) 

ImageJ can also be used to measure the cellular migration to a limited degree. Using 

ImageJ to measure the distance between the leading edges and then calculating the rate of 

closure can track the cellular migration provided there is no cellular reproduction. 

(Harishkumar, et al. 2013) Overall, the manual method of utilizing ImageJ is not 

suggested due to difficulty, time needed, subjective analysis, and limitations of the 

results. “the cells at the scratch edges often grow into the gap at different rates, leading to 

an ill-defined cell front as the experiment progresses. “ (Jonkman, et al. 2014) 

2.3 ImageJ-automatic plugin mode 
ImageJ allows for outside groups to develop plugins to modify its functionality. 

These plugins are the most common way to evaluate the leading edge of the scratch 

assay. These plugins can be split into two main groups, those developed by the researcher 

for the specific experiment and those developed by third party programmers for general 

use.  

 

2.3.1 Self-developed Plugins 
In a self-developed plugin, there are a number of difficulties. The first being that 

the researcher must write the code for their own plugin. Barring the programming 

experience necessary to do so, the researcher also must understand how to get Java to 

communicate with ImageJ in such a way that neither the program nor the plugin break or 

provide faulty information. Despite the difficulties, several researchers have done this. 

One such example used a combination of color and particle size to find the leading edge.  

“The plugin enables the determination of the total cell concentration and the number of 
viable and non-viable cells by counting fluorescent cells and classing them by color. For 
the automated viability analysis and cell counting, a plugin for ImageJ was written which 
is available in Additional file 1. To segment all cells from the back- ground the 
fluorescent images were converted in a RGB-image stack. Afterwards automated 
thresholding with the “MaxEntropy” method [11] was used separately for both the red 
and green channel. Both images were combined and the cells were registered using the 
“Particle Analyzer” method [12]. Registered particles smaller then 35 µm2 were excluded 
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from the analysis to eliminate the influence of artefacts, which occurred due to image 
noise during thresholding of the image back- grounds (especially in the green channel). 
To differentiate between red and green cells the mean green- intensity of the cell area was 
threshold at an intensity value of 50. This value was estimated by empiric testing. After 
all pictures were analyzed, the percentage of red and green cells, as well as the 
concentration per ml was calculated. ” (Jin, et al. 2016) 

This method of analyzing red/green fluorescence in ImageJ relies upon the color 

of the cells to identify them from the background. Extra precautions were needed to 

prevent cell migration during this analysis. Another method as described by Katrina and 

Simpson was to use some of the built in methods in ImageJ, they took the image and 

created a set scale for to provide a size reference within the image. This eliminates any 

issues related to image size provided that the magnification of the image remains the 

same throughout. The image was then grey scaled to eliminate color. Using the Sobel 

method built into the “Process – Find Edges” function, the image was enhanced and 

contrasted. An automatic threshold (Image-Adjust- Threshold-B&W-Apply) was used in 

conjunction with the Sobel method to further refine the area. Finally the wand-tracing 

tool was used to select the leading edges and calculate their enclosed area (Analyze-Set 

Measurements-area, Analyze-Measure). This method suffers from being unable to be 

easily altered if areas contain dead cells or issues with image quality. It also cannot 

account for cell migration being the cause of the leading edge shifting instead of cell 

propagation.  

2.3.2 Externally developed plugins  
 Some plugins to analyze wound assays have been written for public use, one such 

plugin is MTrackJ. MTrackJ is a plugin developed by Meijering and associates at the 

University Medical Center Rotterdam in the Netherlands. It is designed to track the 

trajectories of cells within sets of images and find the average speed of the individual 

cells within the inputted images in order to find the number of cells that left the test 

surface boundaries. (Fong, Tzlil and Tirrell 2010) The individual velocities were 

converted to cellular reproduction by using MTrackJ’s ability to count cells to produce 

the number of proliferation events on the test area at the beginning of the test and 

comparing that to the number at the end. “The number of cells that crossed the boundary 

was calculated by counting the number of cells on the test surface at the end of the 
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experiment and subtracting the number of cells that result of proliferation (subtracting the 

number of proliferation events on the test surface).” (Fong, Tzlil and Tirrell 2010) While 

not directly finding the wound area, the MTrackJ plugin attempts to compensate for some 

of the issues with tracing the wound area in ImageJ.  

 The Wound Healing Tool plugin for ImageJ, developed by the Montpellier RIO 

Imaging facility, calculates the wound area exclusively.  

“The wound healing tool measures the area of a wound in a time series of images of 
cellular tissue. The tool will measure the area of the wound, i.e. the area that does not 
contain tissue, in each image. The segmentation is based on the fact that the image is 
more homogeneous in the region of the wound as in the region of the tissue. Via the 
options, one of two methods to detect the empty area, can be selected. The first uses edge 
detection, the second a variance filter. Holes in the detected tissue are filled using 
morphological operations.” (Baecker 2012) 
 

That being said, it cannot account for drifting cells, blemishes on the image, or allow 

for any user selection on what is or is not wound area. It also does not possess the ability 

to calculate cellular migration. Similar to the Montpellier RIO Imaging Wound Healing 

Tool is the MRI Wound Healing Tool plugin. Specifically designed for scratch assay 

analysis, the Wound Healing Tool utilizes one of two possible methods to find the wound 

area. The first is a variance based method, it operates using a set threshold to separate the 

wound area from the cells. The second method attempts to find and follow the leading 

edge of the cells. In the variance method two values must be set in order for it to operate 

correctly, they are the variance filter radius and the threshold. (Redmine n.d.) 

“Variance filter radius: The radius of the variance filter that is applied to separate 
the zone occupied by tissue from the empty zone. The radius must be big enough so that 
the variance due to the tissue plays a role compared to the variance of the noise in the 
image. Note that the calculation time becomes longer with a bigger radius. 

 Threshold: The image resulting from the variance filter is converted to a mask by 
applying the given threshold. If the input images are 16bit the threshold 1 will probably 
work.”  (Redmine n.d.) 

 
 While these two input values are necessary only for the variance method, the 

radius open, min. size, and ignore spatial calibration values are necessary for both 

methods. The radius open value is designed to remove spaces between cells that are not 

the wound gap. It is a maximum size value and must therefore be selected based on the 

size of the wound gap so as not to accidentally remove area from the wound gap. The 
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min. size value is a minimum size value with which to consider wound area. In other 

words, it will attempt to remove any small remaining holes in the wound area. The last 

input is the option to ignore the spatial calibration, “If checked the measurements will be 

in pixel otherwise the spatial calibration of the image if any is used.” (Redmine n.d.) 

These two methods, variance and line edge both work well to find the gap area 

but suffer from similar issues to previous methods of scratch assay analysis. They can do 

little to account for cellular migration as they will largely ignore the area covered in cells. 

Since there are no options to do an un-restricted analysis there is no way to compare the 

non-wound gap area plus the wound area to the restricted wound area to determine the 

overall migration as opposed to proliferation. Like many of the other methods, there is no 

determined way to handle blemishes or dead cells within the wound area. These are 

simply subtracted from the end result without allowing the user to designate whether or 

not they wish to include them. This plugin is available for free from MRI’s Redmine at 

http://dev.mri.cnrs.fr/. Twenty-one different publications have used this tool so both its 

benefits and drawbacks are substantial. (Redmine n.d.) 

 

2.4 TScratch 
 TScratch is a software program developed by the Computational Science and 

Engineering Laboratory at the Swiss Federal Institute of Technology Zurich. It is 

designed to handle the automated analysis of mono-layer wound healing assays and 

finding the percentage of wound area. It does so by comparing changes in color. Like 

many of the aforementioned methods, the TScratch program discerns the wound area 

from the area covered by cells using the shift in color based upon a set threshold. It 

cannot assign a unit to the percentages that it sees however. (Ueck, et al. 2017) Unlike 

many of the ImageJ methods, TScratch attempts to set the threshold automatically. It can 

handle multiple images as a group, however, images at different times should be placed 

in separate folders. The program does have backup methods to try and solve potential 

problems.  

First, the thresholds may be adjusted for image groups where the algorithm failed 

to determine the threshold automatically. Second, each single image may be reviewed 
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and the analysis modified in three ways: (i) exclusion of the image, (ii) individual 

adjustment of thresholds, and (iii) manual editing using paint, eraser, and polygon 

drawing tools. Finally, the results of the analysis are shown in bar graphs, and can be 

saved as a text file for easy import into spreadsheet programs. Optionally, the parameters 

affecting the initial analysis may be modified by the user, and the data set reanalyzed 

using the new parameters (Gebäck, et al. 2009). 

While TScratch possesses numerous features, and is a well-designed program, it 

does possess several serious downsides. It requires the Matlab compiler program to run. 

Matlab compiler is a licensed product has to be purchased from MathWorks in order to 

run T scratch on Windows, Macintosh, or Linux operating systems. It is unknown what 

the total price is for academic or commercial use, but for a single non-government, 

academic, commercial, or organizational use, it is $150 per year per computer. To define 

what the price for academic or commercial use would-be, one would need to contact 

MathWorks to acquire a quote for their specific usage of the Matlab software. 

  An additional issue with the TScratch program is its focus on cell motility. It does 

not appear to have any tools for the analysis of cell propagation. This is an issue as the 

closure of the wound area may not be due to migration as much as cellular propagation. It 

also eliminates the possibility to measure changes in cellular propagation as result of 

treatment methods or different medication. Another issue with TScratch is the fact that 

it’s editing of original images is done solely within program, these edited images being 

inaccessible and non-reproducible. If editing is required then subsequent T scratch 

operations will have slightly different edits thanks to human error and will produce 

slightly different results. 

 

2.5 Adobe Photoshop  
Photoshop is another program that was used to identify Cellular migration and 

proliferation within wound healing assays. (Jin, et al. 2016) Photoshop, whose full name 

is Adobe Photoshop, is a much more advanced version of Preview or Microsoft paint. 

First released in 1990, Photoshop has seen many improvements in its analysis 

capabilities. It possesses the ability to count the number of cells in a wound healing assay 
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which can then be used to find the average cell density. In order to use this data, it must 

be assumed while performing your analysis that the two sub regions are sufficiently close 

to the edges of the scratch such that no spatial variations in the cell density occur for the 

entire duration of the experiment. This assumption must be made in order to attribute any 

changes in cell density to cellular proliferation (Jin, et al. 2016). 

While Photoshop itself is a powerful program, it is not meant for scratch assay 

analysis. Almost all its features will not be used during assay analysis, which means it is 

a very inefficient use of the program. The program itself is licensed on a per month basis 

ranging from $20-$50 per month per user. This value however, is for noncommercial and 

non-academic usage and may not be the appropriate license. It is important to note 

however that the license for a commercial or academic usage would likely be more than 

the cost listed here and would need to be attained via quote. While most computers used 

will have either Windows or Macintosh operating systems, Adobe Photoshop will not 

work upon Linux systems. 

 

2.6 Matlab 
Matlab is a Multi paradigm numerical computing environment as well as a 

proprietary programming language says been constructed and developed by MathWorks. 

The initial release of Matlab was back in 1984 and it has since expanded from its original 

exclusively mathematic computing origins to now being able to handle some image 

analysis problems. To do this, most users utilize the Matlab image processing toolbox. ( 

(Jin, et al. 2016) (Vargas, et al. 2015)) 

“Edges are detected using edge with the Canny method [36] and a threshold 
between 0.04 and 0.1. Detected edges weaker than the threshold are ignored. Remaining 
edges are dilated, using imdilate, by a stretching element, defined using strel, with a 
square element of size seven. Any remaining vacant spaces are filled, using imfill, after 
which the dilation was reversed by eroding the image with the stretching element, defined 
previously, using imerode. The edges within the image were smoothed using medfilt2, 
and the area enclosed by the leading edge estimated using regionprops. For illustrative 
purposes, this algorithm was applied to the simulation data in figure 1c and the detected 
edge is superimposed in figure 1d. (Figure 2.d in this paper) 
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Figure 1  c 

 
Figure 2 d 

 
To estimate the vertical position of the leading edge, Y, we use  

 
Where A is the area enclosed by the detected leading edge. The average position of the 
leading edge, Y, is superimposed in figure 1d. To estimate how Y changes with time, we 
repeat the process at many time points and subtract the initial position to give a measure 
of the net displacement of the leading edge as a function of time.” (Johnston, Simpson 
and McElwain 2014) 
 
 In the same work the authors acknowledge that they could have used ImageJ 

instead of Matlab but they “chose to use Matlab because our previous comparison of 

Matlab and IMAGEJ edge detection algorithms showed that Matlab allows greater 

flexibility in the choice and control of threshold and dilation parameters” (Johnston, 

Simpson and McElwain 2014) This greater flexibility comes at a significant price 

however as Matlab costs either $860/year or $2,150 for a permanent license. In addition, 

Matlab does not do this kind of operation intuitively; it requires some understanding of 

Matlab programming in order to construct the code necessary to perform these types of 

analysis. Several additional methods exist as plug-ins which use Matlab’s image 

processing toolbox in a similar fashion. Unfortunately, many of these methods, including 
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the one above, are designed by the researchers and not available outside of their research. 

This is most likely due to the fact that Matlab is a proprietary programming language and 

attempting to publish programs that utilize it or its assets is extremely difficult from a 

legal perspective. 

 

2.7 Adobe Image-Pro Premier  
Adobe Image-pro premier is another Adobe product that has been used to perform 

wound healing assay analysis. It does this by using its object identification capabilities, 

and then tracking the wound area object over multiple files. It finds the wound area 

objects due to its size in comparison to other gaps within the assay. There is however the 

possibility that sounds slightly smaller regions in the cell area may exist alongside the 

gap and may possibly be selected along with it. In order to get rid of these you must 

select a minimum size limit allowable for selectable objects. However due to this practice 

and in which it operates, the analysis must be stopped wants the gap reaches 50% closure. 

(Jonkman, et al. 2014). This may remove a significant amount of information one can 

glean from a wound healing assay, it also does not account for possible gap closure due 

to cellular migration as it ignores the gaps opening in the cell area due to that migration. 

Image pro premier also suffers heavily from its price tag. While their website requests a 

quote in order to receive pricing information, other websites so licenses for it costing 

$4695.00. This is a per license price and will not cover an institution, instead requiring 

that cost for each instance of it being used. 
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Chapter 3 

3. PROGRAM DETAILS 

3.1 Image handling 
When images are run through the program, several things happen. First, the image 

must be uploaded into the program. This is done through the function “MenuImageOpen” 

which can be accessed by going into file in the upper left hand corner of the screen and 

then selecting it. A new dialog window will open which will allow the users to select the 

input image of their choice. This image will now appear in the display window on the left 

side of the program. The precision (resolution) value must then be set to determine the 

maximum size of gap allowable. Likewise, the contrast value must also be set to 

determine the mean value with which to separate the gap from the cell area. Lastly, 

pressing start will begin the image analysis process the results of which will be shown in 

the display on the right side of the window. Numerical results will appear in text above 

the display. 

3.2 Functions Used 
The following are a list of the functions used within the program and a brief 

description of how they operate. 

 

3.2.1 MenuImageOpen 
During the “MenuImageOpen” process, the input image will go through multiple 

steps to prepare it for the rest of the image analysis process in the Cellular Growth 

Analyzer. The first step in inputting a new image into the program is to create a new file 

chooser object to import the photo. The final chooser object was used in this instance to 

establish a familiar Frame of reference for the user. The object resembles the standard 

GUI menu (Figure 3) used by Linux, Windows, and Macintosh operating systems, 

allowing users who may not be familiar with their computers architecture to be able to 

find images. 
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Figure 3 - An Example of the File Chooser Object in Macintosh 

Once inside the program, the file was then converted into type buffered image for 

the Java program to be able to handle the RGB portion of the file. The buffered image 

type is necessary for the Java program to operate on the image, and acts as an 

intermediary step between the input and output image. While the conversion between the 

input image to buffered image and later conversion between buffered image and output 

image may cause an increase in computational time, there is no loss in picture quality or 

loss in accuracy of the overall results. The computational time loss is negligible while the 

capabilities of operating on buffered image types as opposed to input image types is 

considerable. After the operation of the program on the file, the buffered image would 

then be converted back into “.png” format.  

The photo must be of type (.png, .jpg, .img) to be inputted into the program. This 

is a restriction of the conversion to type buffered image, which is a Java wide restriction 

and not one only associated with this program. Once the files appropriately selected, the 

selected file is saved as a new file type, that of file selected file. By then taking the name 

using “.getname” of the selected file and adding “result image” to the end, the name of 

the same file is constructed. The path to the selected file is then retrieved and saved to 

another variable called “savefilepath”. The code then checks to see if the selected file 

contains any actual information, if so then it will use the “savefile” to create an “FX” 
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image from that file. This affects images necessary to be utilized by the graphical user 

interface. It then displays the image on the graphical user interface. The last action that 

this block of code will perform will be to catch any exceptions before they cause issues. 

 

3.2.2 SetResolution, SetAreaUnits, and SetContrast 
Each one of these code blocks simply accepts information from the GUI and 

translates it into variables that the program can then use. Those variables being the 

resolution, the area units, contrast. The resolution determines the maximum size of gap to 

eliminate. It is measured in pixels and any gap area which is larger than this number will 

be considered as a non-gap area.  

The area units determine the scale of the image. That is, the area encompassed by 

a single pixel. The contrast represents the value but the program or use as the dividing 

point went black-and-white contrasting the image. Pixels that average an RGB value 

above this contrast value will be set to white, or an RGB value of “255 255 255”. Values 

below this will be set to black, or an RGB value of “0 0 0”. This effectively separates the 

entire image into gap and non-gap area. Later on this gap area and non-gap area will be 

determined to be either wound area or non-wound area. 

 

3.2.3 CopyImage 
The CopyImage function accepts buffered image files, copies them away from 

their source image, and creates a new image that the program can manipulate without 

manipulating the source image. This is important to the program as a whole, otherwise 

the program will be operating on the original source image. Therefore, any manipulations 

done, such as black and white contrasting, would be irreversible and would affect the 

source image. 

3.2.4 EliminateScale 
“EliminateScale” is an optional feature that must be enabled or disabled in the 

program code. It was originally designed to solve an error where an electronic 

microscope was automatically applying a scale to the images it was taking. The eliminate 

scale function automatically shorten the photo in order to not include the scale. And then 

return back the image for further processing. 
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3.2.5 MenuSaveFile 
The “MenuSave” File function imports the save file path from the 

“MenuImageOpen” function and adds “resulting image” to the end of it. It then saves the 

manipulated image as a .png file. This can be extremely useful when used during research 

to prove the authenticity and accuracy of the analysis. No other program that has been 

discussed allows the user to save images of what the program can see. These images 

when printed off should be a black-and-white contrast of the original image. If one were 

to count the number of black and white pixels they would add up to the sum total counted 

by the program. The “MenuSaveFile” saves to the location of the original source file, if a 

file already exists with the same name, then the program will alert the user. 

3.2.6 ImageAnalysis 
The largest portion of the code is devoted to “ImageAnalysis”. It all begins with 

importing and copying an image using the “CopyImage” function. Utilizing multiple for 

loops, the RGB values for each pixel are examined and then averaged, their average, will 

be compared to the contrast given during the “SetContrast” function, then determined 

whether or not the pixel will be set to black or white.  

At this point the image is fully contrasted to either white or black, it is now ready 

to be examined and have the gaps that are not wound area removed. At first, the program 

will check along the X direction and later along the Y direction. These two checks are 

performed five times by default until finished. These checks move from left to right and 

count the number of black pixels it comes across. It scans from left to right looking for 

black pixels. When it finds wanted begins counting until it encounters a white pixel or the 

edge of the image. After it encounters either a white pixel or the edge of the image, the 

program ceases scanning. If the count at the end of scanning is less than the resolution 

value, as set in “SetResolution”, then the pixels that have been counted are changed to 

white. It does this by going backwards over the counted number of pixels and setting 

each to white. 

Thus, by eliminating gaps that are too small, gap area that is not wound area is 

eliminated. This works on the basis that the wound area will be the largest gap visible in 

the scratch assay 
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Upon reaching the final X value, it will then begin scanning in the Y direction. 

Once done it will begin again in the X direction, repeating the process five times by 

default. It will also scan in the X and Y direction for white pixels. Isolated white pixels in 

the wound area are most commonly blemishes or dead cells which have drifted. Should 

these be far enough away from other cells that it is obvious they are separated, they will 

be eliminated and considered wound area. 

Once the program has reached the end of its scanning, it will output the wound 

area, cell area, and percent wound area to cell area. These outputs are managed such that 

the wound area can be given in either square microns or square millimeters. These units 

can then be taken and cataloged for later use in constructing graphs to represent the 

increase of cell area or decrease of wound area. 

3.2.7 StartButton 
The “StartButton” is the last step in the code, but the first step is that the user will 

take in executing that code. When pressed, it will copy the imported image over into the 

image analysis function, clean the size, and then place it side-by-side with the original 

image on the graphical user-interface. During this process it will also have updated the 

outputs and displayed the results. 

 

3.3 Applications 
This scratch assay analyzer will be usable anywhere that scratch assays are 

currently being performed. Scratch essays, as described before, are an inexpensive and 

effective way of identifying cellular propagation and migration. Cell propagation is of 

great importance to many studies in the fields of tumor invasion and tissue regeneration. 

Cell migration is also an essential component of many different pathological and 

physiological studies, investigations into wound healing, cancer metastasis, embryonic 

development, and tissue regeneration. While wound healing assays may vary between 

laboratory conditions and successive studies, the application of a computer program for 

the quantification of the results can at least eliminate the human error in the assay 

analysis. When considering all assay options, wound healing assays provide high 
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throughput and repeatability which are ideally suited to many applications. Namely, in 

lab studies, medical analysis, and product incorporation. 

3.3.1 Lab Studies 
In lab studies, wound healing assays can allow researchers to inexpensively 

determine which mechanisms are responsible for cell propagation. The lack of expense of 

the wound-healing assay combined with the high throughput and high repeatability make 

it an attractive assay choice. This can mean that funds which would normally have to be 

devoted to guarantee repeatable results can be instead devoted to other areas of research. 

Additionally, since the wound-healing assay can quantify the cellular migration as well as 

the propagation, additional information may be determined through a single assay. The 

wound-healing assay can thereby reduce the number of tests necessary to get useful 

information and decrease the overall cost of the research. This may allow new avenues of 

research to be explored which were otherwise too costly.  

The Cellular Growth Analyzer program, in particular, will decrease the cost 

immensely in comparison to other options like Photoshop, Matlab, or Image Pro Premier 

which can cost several hundred to several thousand dollars to license. Utilizing a Java-

based wound healing assay analyzer vastly increases the number of labs that can 

currently process and analyze the results from wound healing assays accurately. This can 

allow smaller labs to perform in house Analysis where before they needed to contact labs 

with more advanced equipment. 

3.3.2 Medical analysis 
The benefits of wound healing assay analysis are not solely relegated to research. 

Their inexpensive nature lends themselves handily to medical analysis of patient sample 

tissue, a field where other assays may be prohibitively expensive. This can allow for 

quick diagnosis of proper treatment methods for the patients’ specific illness. When a 

patient enters a hospital with an ailment where cell propagation and migration are of 

concern, a tissue sample may be taken and a wound healing assay performed upon it. Not 

only can characteristics of the control sample be determined, it may also be tested upon. 

Various medications for treatment options may be applied to the sample to determine 

their individual effectiveness in treating the patient. The medication or the treatment 

method can then be applied to the patient to provide them a personally tailored and 
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unique solution to their ailment. A good example of this method of testing is when 

dealing with cancer cells. While some treatment methods may be useful in combating 

several types of cancer, using the wound-healing assay to determine effectiveness allows 

the doctor and their lab to determine the most effective method of treatment method. The 

time needed to perform a wound-healing assay may be of concern in some time-

dependent situations, though this does not seem a concern based upon the typical time 

frame for diagnosis. 

The relative ease which with wound healing assays may be performed can enable 

hospitals to perform their own essays in-house without having to reach out to outside labs 

to gain access to the needed equipment. While this is useful in and of itself, the relative 

inexpensiveness of the wound healing assay is what truly enables hospitals to perform 

these patients tailored treatment methods. Being able to quantify the analysis using assay 

analysis software, specifically a free Java-based one, only provides further enticement. 

Using Java would allow the program to be run on computers which the facility already 

owns without the need for licenses. This would allow for immediate implementation in 

nearly all existing hospitals. 

3.3.3 Incorporation in product 
A possible further implementation of the Cellular Growth Analyzer would be to 

include it into future lab equipment. Thanks to the nature of Java as an open source 

coding environment, it could be incorporated as a plug-in, either built-in to the lab 

equipment itself or built in to the control software. Given the right hardware systems, it 

could even become portable. Incorporating the assay hardware and analysis software into 

a single mobile package. 
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Chapter 4 

4. PROBLEM DETAILS AND DATA 

4.1 The specifics of editing the photos 
The photos were originally .tiff files, which was the native file format for output 

from electronic microscope used to take these sample files. The .tiff files were opened in 

preview, and then converted into .jpg format for input into the scratch assay analyzer. A 

side benefit from this is the massive reduction in file size from the original format. Rather 

than been over 600 MB, the files were converted to almost 1.2 MB allowing them to be 

transported via USB drive as opposed to requiring a external hard drive to transport them. 

The new file format could also be emailed, a feature that was impossible at 600 MB, well 

over 20 times what Texas Tech University allows through their email system.  

The size of the original files also caused issues with Dropbox, a website which 

allows for remote storage and file transfer, due to the large size of the files. At this point, 

the photos were suffering from minor to severe visual distortions and lighting errors. One 

example of which is shown in Figure 4. 

 
Figure 4 – Unedited Input Image 
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As shown in Figure 4, the photos were lacking effective contrast and were 

suffering significant bloom at the edges due to lighting issues. The wound area on the 

bottom left of this image is almost completely obscured. By adjusting the contrast and 

saturation we can reduce the issues from the bloom on the edges. By annotating the 

image and filling in gaps outside the wound area with white color to indicate that they are 

not wound area to the program, we eliminate any errors outside of the wound area. This 

can be done preemptively or by looking at the resulting image and identifying which 

areas are causing issues. In addition, the wound area can be reinforced by using black 

color to annotate and indicate which areas we want to consider as wound area. The results 

of some of the above editing can be seen in Figure 5. 

 
Figure 5 – Edited Input Image With Wound Area Reinforced With Black Coloring, Saturation Adjusted, and 
Contrast Adjusted 
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 In Figure 5 the wound area is now clearly distinguishable from the surrounding 

cell area in the lower left wound area which has been reinforced with black color so that 

the bloom, which is still visible, no longer affects it. This image is now ready to be input 

into the Cellular Growth Analyzer, the results of which are shown in Figure 6. 

 
Figure 6 – Program Running With Photo From Figure 4 

In Figure 6 there is a slight graphical glitch in which the text is moved further left 

than it should be, this was later found to be due to a display resolution issue within the 

computer and not due to the program itself. The precision was set to seven which means 

that seven pixels are the minimum allowable size of the gap needed to preserve the pixels 

as black. Gaps of seven pixels or larger were maintained. The contrast was set to 70, 

which places it towards the lower third of the 0 to 205 RGB spectrum. This contrast value 

was found through testing the default value first and then adjusting till the program 

focuses on the wound area.  
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The black flecks that can be seen outside the wound area are gaps in the cell area 

that’re large enough to register with this precision value. In order to eliminate these the 

edited image was annotated with white dots to indicate that the area was not to be 

considered in the wound area calculations. Figure 7 is an image with such annotations.  

 
Figure 7  – Program Running Using Similarly Edited Photo but With White Coloring Designating Cell Area 

In cases where the cellular migration has caused numerous gaps in the image, 

blinders may be used instead. These blinders are where most of the cell area is designated 

as cell area using large white “blinders” applied during editing. Figure 8 is an application 

of blinders on one such image. 
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Figure 8 – An Example of the Image from Figure 6 with Blinders 

A significant benefit of the Cellular Growth Analyzer is its robustness and ability 

to still quantify what would otherwise be unsalvageable images of a wound-healing 

assay. In addition, the program is able to handle much larger resolution and the lower 

magnification images than are standard wound-healing assays, it can also handle multiple 

scratches on the same petri dish. These two features combined can contribute to 

producing a better average cellular propagation and migration rate. 
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4.2 Specific Requirements of the Program 
The program has several specific requirements in order to run. The first of which 

is that the Java runtime environment (JRE) is installed on the computer. The JRE is a 

standard component on most computers and will often be installed prior to this program. 

If it is not, the JRE can be obtained from Oracle at their website and downloaded for free. 

 It’s next requirement, as previously mentioned, is that the input image must be of 

format type .jpg, .png, or .img. This does necessitate the use have some form of photo 

editing software. Lastly, the program does not automatically construct graphs of the result 

data. This means that the user must instead collect the data and present the results 

themselves.  
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Chapter 5 

5. ASSUMPTIONS AND PROGRAMS USED 

5.1 Assumptions,  
It was assumed that the images with good picture quality represented an average 

image that would be considered acceptable by those performing the scratch assay. The 

poor-quality images were assumed to be good examples of images that would be 

considered undesirable by those performing the scratch assay. It’s assumed that the 

resolution of the inputted images would be of sufficient resolution that the gap area 

would be discernable from the area covered with cells and vice-versa. The inputted 

images are assumed to be of sufficient image quality that the cells are discernible from 

non-cells and the background.  

When editing the images to remove problems, it is assumed that the editor is 

doing so correctly or at least within the acceptable accuracy set by the experimenter, also, 

it is assumed that the quality of the Cellular Growth Analyzer could be determined 

through comparison with a competing software. Moreover, it is assumed that using 

ImageJ, a Java based visual analysis software commonly used for scratch assay analysis, 

would be a fair comparison to the Cellular Growth Analyzer.  

It is assumed that, given the manual nature of ImageJ, that Mr. Lovelace has not 

input more than the average amount of human error than would be produced by the 

average user given the same instructions. It is understood that given a greater amount of 

skill, patience, experience, and time, a more accurate estimate could be done using the 

manual tracking method of ImageJ. These were not acquired as the desire of the test was 

for the average user and not for the highly experienced. 

5.2 Programs  
5.2.1 NetBeans + Alternatives 

NetBeans is the IDE (Integrated Development Environment) that was used to 

create the code that makes up the Cellular Growth Analyzer. It is a free open source 

development software for Java coding. It was selected because of the author’s (Mr. 
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Lovelace) familiarity with the program, its pedigree as an efficient IDE, and the Cellular 

Growth Analyzer ‘s capabilities and features to aid in coding. The author has been using 

Netbeans since 2010. While other coding programs could have produced the same code, 

Netbeans provides multiple features that make it desirable to use.  

Netbeans preforms dynamic and constant error handling which allows it to 

identify errors before attempting to run the code. This allows the author to solve errors as 

they’re written without having to trace back the problems post or mid run. This saves 

considerable time and frustration. Netbeans also contains auto-packaging features to 

build jar files from given files. The associated files are all combined into a single 

application file containing all necessary files and run commands. These require no 

installation and run straight from the file.  

 

5.2.2 Preview + Alternatives 
“Preview”, is the program used during this project for editing photos, it is an 

image and PDF viewer built into the Mac OS operating system, it allows the user to view, 

edit, and print images or PDFs; its history coincides with the Mac OS operating system 

and has been included as a component of it since 1989. “Preview” was originally 

designed by the same creators who built the Mac OS operating system, while its editing 

capabilities are somewhat simple and restricted, its ability to accept many different Image 

input types is invaluable. Here is a list of allowable image input types. 

• AI – Adobe Illustrator Artwork 

files 

• BMP – Windows Bitmap files 

• CR2 – RAW Image file used by 

Canon Cameras 

• DAE – Collada 3D files 

• DNG – Digital Negative files 

• EPS – Encapsulated PostScript 

files (after an automatic 

conversion to PDF) 

• PDF – Portable Document Format 

version 1.5 + some additional features 

• PICT – QuickDraw image files 

• PNG – Portable Network Graphics files 

• PNTG – MacPaint Bitmap Graphic files 

• PPT – PowerPoint files 

• PS – Adobe PostScript files (after an 

automatic conversion to PDF) 

• PSD – Adobe Photoshop files 

• QTIF – QuickTime image files 
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• FAX – faxes 

• FPX – FlashPix files 

• GIF – Graphics Interchange 

Format files 

• HDR – High Dynamic Range 

Image files 

• ICNS – Apple Icon Image files 

• ICO – Windows icon files 

• JPEG – Joint Photographic 

Experts Group files 

• JPEG 2000 – JPEG 2000 files 

• OBJ – Wavefront file 

• OpenEXR – OpenEXR files 

• RAD – Radiance Scene Description 

files 

• RAW – Raw image files 

• SGI – Silicon Graphics Image files 

• STL – STereoLithography 3D format 

• TGA – TARGA image files 

• TIF (TIFF) – Tagged Image File Format 

files 

• XBM – X BitMap files 

 

Any of these can then be exported to BMP, JP2, JPEG, PDF, PICT, PNG, SGI, 

TGA, and TIFF format types. This allows for a broad range of flexibility when handling 

files and Data. Many different lab machine outputs can be used with the scratch assay 

analyzer with little to no trouble in converting file types, thanks to Preview. The main 

capability that Preview was used for in this project, was that of annotation.  

“Preview” allows the user to import an image and then draw upon the image with 

various colors, these colors were then interpreted by the Cellular Growth Analyzer as 

areas that should be considered either gap or non-gap area. Furthermore, in images that 

had significant bleed over from outside light sources, or simply different lighting 

altogether, the contrast and saturation of the photo could be modified to greater 

distinguish gap from non-gap area. Utilizing these features, small deficiencies in the 

photo could be corrected. Larger or more serious deficiencies would need to be corrected 

through the aforementioned coloring process. 

  While certainly a very useful program, “Preview” is not alone in the image 

editing market. On Windows, Microsoft paint is available for users for free. While 

lacking some of the input capabilities of preview, Microsoft paint can still output files in 
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the same formats. It can also still do the annotation, contrast, and saturation changes that 

preview is capable of doing. Its history goes back to 1985 when it was introduced 

alongside the first version of Windows, Windows 1.0. It has since progressed 

considerably.  

It comes as standard editing software on current versions of Windows XP, 

Windows 7, Windows 8, and Windows 10. However, as of this year Microsoft will no 

longer be supporting Microsoft paint, it is highly suspected that it will be included in the 

Microsoft Windows store, but in the case that does not happen there are numerous open 

source image viewers for Windows based operating systems. 
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Chapter 6 

6. RESULTS AND ANALYSIS 

6.1 Results 
The data being tested was four sets of cellular assay images taken at 0, 4, 8, 12, 

and 24 hours. These images were selected due to their difficulty in analyzing using means 

other than the ImageJ manual tracking process and the Cellular Growth Analyzer. This 

was due to their poor quality and lighting. The results are measured in pixel count as a 

unit per pixel measurement was not given. The scale was set to one on both the Cellular 

Analyzer and ImageJ to return the exact pixel count. Resolution on the Cellular Analyzer 

was set to seven for all of the images used. Contrast was set to 70 for all images on the 

program. Errors were removed by placing white color over non-scratch area gaps in 

Preview and loose cells drifting in the wound area were removed from the scratch area by 

placing black color over them in Preview. The four groups were CM1, CM3, CT1, and 

CT3. The wound area results from ImageJ and CGA (Cellular Growth Analyzer) are 

shown in Table 1 and the graphs in Figures 9-12. The numbers quoted are in wound area 

pixels.  
Table 1 Results of Images in ImageJ and CGA (Cellular Growth Analyzer) 
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Figure 9 - Hours 0-24 of CM1 Test 

 
Figure 10 - Hours 0-24 of CM3 Test 
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Figure 11 - Hours 0-24 of CT1 Test 

 
Figure 12 - Hours 0-24 of CT3 Test 
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6.2 Analysis 
The results of the four tests show the following. The ImageJ program returned 

higher values than the Cellular Analyzer for 15 out of the 20 cellular assay images. This 

is most likely due to the tendency to avoid tracing within the wound area and instead 

accidentally counting non-wound area in the measurement. This problem is amplified by 

the fact that each time ImageJ was used, human error caused the resulting values to vary. 

After performing five iterations of ImageJ on the 0H of the second set of images, the 

result was found to differ by a standard deviation of 1100 pixels or roughly 4.5% of the 

average value. The Cellular Growth Analyzer returned the same value regardless of user 

for the given inputs.  

At 8h to 12h CGA tests the wound area increased. The ImageJ tests at the same 

time show a similar pattern. From looking at the images it appears that the petri dish was 

incorrectly aligned at this point.  
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Chapter 7 

7. CONCLUSIONS, LIMITATIONS, AND FUTURE WORK 

7.1 Conclusion 
In conclusion, the Cellular Growth Analyzer has been shown to be a worthwhile 

and effective tool for the quantitative analysis of scratch assays. It is not only 

comparable, but is better in certain regards than the other competing programs. Not only 

in mere cost, but also in program capabilities, user flexibility and accuracy. It also 

contains no proprietary information which would stop it from being distributed. Is built 

on stable platform that possesses a wide array of functions, capabilities, and integration 

with modern operating systems. 

7.2 Limitations  
The program does possess certain limitations that must be taken into 

consideration when using it for high precision work. Its accuracy is limited, or 

bottlenecked, by the resolution of the input images. Certain features of lesser quality 

images may be improved or reduced in order to improve accuracy and reduce errors. 

These errors may have been caused by incorrect lighting conditions, user error, or simply 

visual errors due to the equipment used or the testing conditions. If the overall resolution 

is not sufficient to be able to distinguish the features in the assay, the accuracy of the 

visual recognition may be effected. The threshold at which this occurs however is of an 

extremely minimal quality, such that it is doubtful another method of quantification 

would suffice. Essentially it is limited by the same visual quality requirements as other 

analysis programs. 

Another limitation is aired due to the possibility bleed over. Bleeding over, in 

photography terms, refers to when the contrast is reduced between two separate objects in 

an image. The result is that it may become difficult to distinguish individual objects 

within that portion of the photograph. In the program this can cause two separate objects 

to be interpreted as one. While editing can fix this to a limited extent, it does insert some 

of user subjectivity into the input image. While the program still retains its capability of 
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producing matching results regardless of user or operating system so long as the input 

images the same, the input image itself may again some aspect of user error based on the 

precise list of the editing done. 

 A further limitation of this program is the somewhat restrictive nature that Java 

imposes on the acceptable formats of the input file. During the conversion of TIF files to 

JPEG, PNG, or .image there is some Data loss. While in testing using the.jpg or .TIF files 

did not appear to affect the overall results from ImageJ, it must still be addressed based 

on the situation in which it is being used. In most situations, the data loss will not be of 

significant value and would not change the final result. However, as it is impossible to 

foresee all possible uses and applications for the software, if extremely high-resolution 

images are used, some preliminary testing may be required to determine that the data loss 

is not significant in that specific operation. 

The last significant limitation of the program is simply due to the differences and 

operating systems. The program is still subject to any inability to communicate between 

different operating systems. During testing, it was found that photos edited on a Mac 

operating system struggled to work correctly on a Windows operating system. The 

reverse was not true, when edited on a Mac or a Windows operating system the images 

work fine on the program run through a Mac operating system. 

 

7.3 Future Work 
`In the future there are several new features that the author wish to add to the 

program. This new version, Version 3, is currently under construction. In this new 

version, I seek to change the method by which the wound area is found through the use of 

visual object identification rather than contrast identification. This will extend the 

capabilities of the program considerably, since with visual object identification it can 

begin to count the number of cells and identify organelles with in the Celts. Additional 

benefit is that it will no longer need to completely contrast the image to black-and-white, 

as many programs do so.  

The objective is to separate out objects within the image and then identify those 

objects based upon their placement. For example, organelles, when detected, will be 
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identified based on the fact that they're within the cells and their respective cell walls. 

Another use of visual identification would allow sufficiently sized images taken of the 

wound assay’s petri dish to be identified. The area within the petri dish can then be 

separated and analyzed without need for editing. This will enable full size images of the 

assay to be interpreted by the program, allowing for a greater area to be scanned and any 

random errors to be effectively averaged out. Additionally, it will add the ability to be 

able to distinguish between alive or dead Celts, the ability to account cells, and the ability 

to judge the size of the organelles within the cells. As it finds objects which do not fit 

within its known parameters, it may ask the user whether or not the user wishes to keep 

these newfound unknown objects.  

This should be able to reduce the amount of editing that is required for any one 

particular project. In addition to this editing should be able to remove much of the 

accuracy loss at may occur if the air crosses over the wound area. This new version will 

require a new UI (User Interface) in order to function correctly, it will attempt to use as 

many of the previous Versions appearances as possible in order to ease the transition 

between version 2 to version 3. 
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9. APPENDIX: PROGRAM MANUAL 
 

9.1 How to: Begin Program and Upload an Image 
 Simply Double click the “Cellular Growth Analyzer.jar” file to start the 

program. To import a photo to analyze, simply click the file tab and then click “Upload 

Images”, then navigate to the photo you want and either double click it or select it and 

press “open”. You should now see your selected image appear on the left hand side of the 

screen. Warning: Files must be in .jpg, .png, or .gif. .tiff is not supported as of version 

2.2. On Windows opening the photo in paint and then saving it as another file format can 

change the file extension. On Mac, the file extension can be changed by renaming it with 

a .jpg, .png, or .gif at the end. 

 

9.2 How to: Analyze an Image 
 Once an image has been uploaded, and it appears on the left hand of the screen, it 

can then be analyzed. There are two settings that must be adjusted in order to eliminate 

error. The Precision input eliminates the outlying gaps and focuses on the wound gap 

instead. If set too high it will linearize the wound. A good default setting is 12-25. 

Contrast is the value the program uses to judge what is the minimum darkness that it 

should look for. A good default value is 78, If the program is having trouble recognizing 

the wound, increase the contrast value. The contrast ranges from 0 to 255.  

The last setting is used to measure the area of the wound. In order to do this, the 

microns per pixel value from the photo must be added. If the area of each pixel is not 

known or not desired, simply inputting 1 will return a pixel count. 

Now, to run the program, press the start button. The analyzed image should 

appear. If adjustments are needed, the program can be run again by pressing start after the 

adjustments are made. 
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9.3 How to: Save the Analyzed Image 
Once the desired image is achieved, click the file tab and then save file. Then 

select a destination and click “Open”. This will create an image in the folder that the 

original image is from.  

 


