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Introduction 

The aim of this project was to create a software capable of performing data analysis on 
the pre-filtered results of an increasingly common cardiac experiment. There does not currently 
exist any open source software usable by researchers to create and analyze optical mappings of 
the heart, but when analyzing the heart and especially its action potentials, an increasingly 
common experiment to perform is to inject voltage sensitive fluorescent dye into the heart ex 
vivo, then pump synthetic blood through the heart while illuminating the target area with a laser 
tuned to the dye’s activation range. The illuminated area of the heart can then be recorded to 
create a movie which collects light intensity data correlating to the voltage of the heart at that 
pixel. This creates a voltage matrix for every frame, and a 3D matrix for the entire movie. 

My goal was to create a draft of a software capable of easily and intuitively analyzing this 
3D matrix in a variety of ways through a simple graphics user interface (GUI). The software was 
designed on MATLAB (Natick, MA), and was intended to be capable of allowing the user to 
input the file name of their fluorescence data, along with the frames per second (fps) used in the 
experiment, and from that perform several calculations. The software is intended to 
automatically locate the start and end frames of every action potential (AP) in the data. With this, 
the user is able to plot the APs across the frame numbers, calculate and map the dominant 
frequency (DF) and multiscale frequency (MSF) of the action potentials, determine the mean 
conduction velocity (CV) of the transmembrane voltage, create maps for both activation time 
(AT) and action potential duration (APD), and lastly display an animation of the voltage as it 
flows across the tissue. 

The software ended up being able to successfully create all desired plots and calculations, 
but still lacks optimization and mapping techniques for CV such as vector field analysis. 
Additionally, some calculations require the user to enter the coordinates of a specific pixel to be 
chosen for analysis, but this process could be improved with the implementation of a GUI 
addition allowing the user to simply click on the pixel they would like to analyse. Lastly, the 
ability to filter the data directly within this software would be a major upgrade, and is planned to 
be in future iterations of the software. 

 
Results 

Nearly every calculation requires analyzing a single AP, therefore finding the start and 
end frame defining each AP was a necessary first step. To do this, the average voltage per frame 
was noted, and plotted against the frame numbers. All local minima were then plotted and placed 
in a table to show the start of every new wave of voltage across the tissue. By having both a plot 

 



 

and a table, the user can easily identify false AP starting frames by looking at the plot. From 
here, the user can automatically assign the first start and end frames noted to every other 
calculation and plot, or instead manually enter any frames they would like. 

The most intuitive way to understand the general flow of  voltage across the tissue is to 
play the fluorescence movie.  This is simply a color map of each frame within the range chosen, 
where each map is shown one tenth of a second apart to create a movie. This movie provides 
useful information when trying to understand the origin of other plots and maps, and the general 
meaning of the 3D matrix as a whole. 

From here, the user is able to get a better understanding of the data by plotting the AP for 
a given pixel against the frame numbers. This creates a simple AP plot with the primary goal of 
visually explaining what the 3D matrix means, and the secondary goal of exploring how different 
areas of tissue experience varying amounts of voltage. This plot is especially useful when noting 
the size of the AP in a specific area of tissue. By entering the coordinates of one of the pixels that 
appeared dimmer on the fluorescence plot, the user can expect to see significantly smaller APs. 

Mapping AT gives similar insights as the fluorescence movie, in the sense that areas of 
non-conductivity will also be darker than surrounding areas, and the flow of voltage over time 
can be seen. However, AT mapping also gives a very clear visual of when each pixel began to 
experience voltage for the first time, allowing for useful timestamps to be made in the form or 
contour plots. The software notes at what time each pixel surpasses a defined threshold for the 
first time, then converts that time into a color. The threshold used is either a percentage of the 
“max” voltage set to sixty percent by default, or the frame number at which the AP is the 
steepest. Both strategies introduce curious problems. The “max” voltage, for example, cannot be 
the actual absolute maximum voltage in the data, as the presence of an outlier would skew the 
threshold. Instead, this “max” is defined as the median of the top 3% (rounded up) of the data. A 
similar process is used when automatically assigning the scale of all color plots to maximize 
visibility. 

A second way to explore the variance in voltage is to plot an APD color map, which 
looks similar in shape to the AT color map. The map is mostly one color (in healthy tissue) with 
a subtle gradient, since most areas of the tissue experience similar APDs.  The calculation of 
APD was done by aligning all APs within the chosen frame range based on the location of their 
maximum voltage. The AP overlay was then transformed into an ensemble average. By moving 
eighty percent of the way down the AP on either side and noting the two frame numbers 
obtained, the APD can be determined as the time between the two frames.  

Mean CV is found by defining a voltage threshold capable of differentiating between a 
pixel that is “on” in the sense of experiencing voltage, and one that is “off.” A threshold can be 
manually entered or automatically generated as the voltage 1.15 standard deviations from the 
mean voltage, chosen for its effectiveness in practice. Using this automatically generated number 
as a starting point for slight adjustments allows this threshold to work for many data sets. 
Plotting only the “on” pixels, creates a nearly linear collection of points that can be estimated 



 

with a line of best fit. Creating such a line for every frame (with at least two “on” pixels) creates 
a good approximation of how the voltage wave moves over time. The average norm of these 
lines, adjusted to avoid serious outliers, gives the direction that the wave travels. Most 
importantly, the intersection between this normal line and all lines of best fit provides a 
collection of points whose direction shows the flow of voltage and whose spacing shows the 
speed of voltage. This spacing is then easily converted into the final mean CV. 

Lastly, DF and MSF are able to be mapped using Fourier Transforms of the voltage data 
for every pixel. Once found, a color bar is generated and automatically fit to the data, showing 
the scale of each color. To obtain specific values of either DF or MSF, the user can instead enter 
the coordinates of the pixel they would like to analyze, and obtain the numerical value of DF or 
MSF in hertz for that pixel. 
 
Reflection 

Thanks to the UROP program, I was given the opportunity to dedicate a summer to 
researching a topic both highly relevant to my academic career, and personally relevant to my 
interests in the field. The ability to receive funding for a project that both progresses my 
understanding of cardiology and gave me an opportunity to make connections within my field in 
an invaluable way has been an amazing experience.  


