
ABSTRACT 
A Graphical User Interface (GUI) was developed in Matlab 

version 5.2 for the Photon Migration Amplitude Cancellation Portable 

Breast Tumor Imaging System.  This GUI allows the user to select a 

data file, parses information about the subject from the file, and displays 

the data as an intensity image.  The data is further processed through 

interpolation, blood volume and deoxygenation images are constructed 

and displayed, and the resultant images are thresholded before 

determining their congruence.  The congruence levels can then be used 

to determine the nature of the anomalous mass within the breast.  This 

program will aid in the elimination of human error in breast tumor 

diagnosis, because the determination is based on a number of 

quantitative measurements, not subject to subjective interpretation like 

current mammogram technology.   



BACKGROUND 
CURRENT BREAST TUMOR DETECTION TECHNIQUES 

X-RAY MAMMOGRAPHY MAGNETIC RESONANCE IMAGING 

  
In the upper section is shown a 
standard x-ray mammography unit.   
The x-ray mammogram is currently 
the standard way to screen and 
diagnose for breast tumors. The lower 
section discusses some of the 
problems with x-ray mammography. 

A picture of a MRI mammography unit 
is shown above.  The MRI is very 
effective in diagnosing breast tumors.  
Promises to decrease unnecessary 
biopsies.  However, the cost of a MRI 
scan is 2-3 times that of an x-ray 
mammogram. 

Disadvantages: 
§ Inability to scan radio-dense breast 

tissue 
§ Unable to accurately scan younger 

women who have higher breast 
tissue density. 

§ Unable to distinguish between 
benign and malignant tumors. 

§ High number of false negatives 
and false positives. 

§ X-ray radiation has been shown to 
increase the chance of developing 
breast cancer in some women. 

Disadvantages: 
§ Very Expensive: Normally 2-3 

times as expensive as X-ray 
mammography.  

§ Unique coordinate system makes it 
unsuitable for needle biopsy 
operations.  

 



COST BENEFIT ANALYSIS 
 

COST BENEFIT ANALYSIS FOR X-RAY MAMMOGRAPHY 
 

 
 

 

§ X-ray Mammography is 
largely ineffective in scanning 
younger women's breast 
because of its higher tissue 
density 

§ This results in a high number 
of false positives and 
negatives 

§ Researchers found that to 
save one life from breast 
cancer through breast cancer 
screening with x-ray 
mammography, on average 
2500 people would have to be 
screened.  

§ This translated to $1 Million 
dollars per person saved 
through this procedure.  

Figure 1: The chart on the left shows the probabilities of 
women developing breast cancer depending on her 
age.  The main point that should be taken out of the 
chart is that the chances of developing breast cancer 
increases exponentially with age.  The section on the 
right discusses some of the cost benefit issues with x-
ray mammography. 



SYSTEM CHARACTERISTICS  
Photon Migration Amplitude Cancellation Breast Tumor Imaging System 
 

 
 

 

§ Photon Migration Imaging 
System works on the 
principal of Amplitude 
Cancellation. 

§ Works as a dual wavelength 
system. 

§ Measures the concentrations 
of deoxy-hemoglobin and 
oxy-hemoglobin. 

§ Oxy-hemoglobin absorption 
wavelength: 830nm. 

§ Deoxy-hemoglobin 
absorption wavelength: 
750nm. 

§ Detector Pad contains 4 
sources and 21 detectors. 

Figure 2: The picture on the left is an illustration of a dual 
wavelength Amplitude Cancellation Imaging 
System.  Included are also the layouts of the laser 
diodes as well as the schematics for the source 
detectors.  This is a dual wavelength system with 4 
sources and 21 detectors.  One cycle through all 
sources and detectors takes about 50µµs.  The section 
on the right summarizes a number of key points 
about the photon migration amplitude cancellation. 



Testing the Photon Migration Breast Tumor Imaging System 

Example of a Breast with Cancerous Tumor 

20 40 60 80 100 120

20

40

60

80

100

120

 

Deoxy-hemoglobin Concentration 

20 40 60 80 100 120

20

40

60

80

100

120

 

Blood Volume Concentration 

Suspicious Mass
Pad

 
 

Figure 3: Amplitude Cancellation System with suspicious 
mass in the left breast.  Deoxy-hemoglobin 
concentration, blood volume concentration, and a 
schematic diagram depicting the position of the 
breast tumor imaging system in relation to the 
suspicious mass are shown.  The breast has a 
cancerous tumor because it of the high areas of 
congruence between the deoxy-hemoglobin 
concentration and the blood volume.  This high level 
of overlap suggests the process of angiogenisis is 
occurring within the breast. 



Testing the Photon Migration Breast Tumor Imager 

Example of Non-Cancerous Breast 
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Figure 4: An example of a suspicious mass that was 
determined to be non-cancerous.  Deoxy-hemoglobin 
concentration, blood volume concentration, and a 
schematic diagram depicting the position of the 
breast tumor imaging system in relation to the 
suspicious mass are shown.  This example shows a 
breast that does not have a cancerous tumor.  This 
can be deduced through the examination of the 
deoxy-hemoglobin concentrations and blood volume.  
This breast does not have a high level of congruence 
between areas of high deoxy-hemoglobin and high 
blood volume. This would suggest that angiogenisis 
is not occurring within this breast, hence the lack of 
a cancer.  



METHODS AND MATERIALS 
§ Software and Applications 

− Matlab® version 5.2 with the Image Processing Toolbox 
version 2. 

− NIH Image/Scion Image, downloaded from http://www.nih.gov. 

§ Sample Data Files 

Each data file is a 6x6 text matrix of voltage values.  For each 

subject, six data files are generated as demonstrated in Table 1. 

 750 nm (deoxy-Hb) 830 nm (oxy-Hb) 
Right Breast Sb1126ar.750.txt Sb1126ar.830.txt 
Left Breast Sb1126al.750.txt Sb1126al.830.txt 
Model Mod1126.750.txt Mod1126.830.txt 

Table 1: Examples of the six individual data files per 
test subject.  For each breast, at least four data 
files are necessary to generate an image: both 
model data files as well as the two data files 
corresponding to both wavelengths.  The model 
data files for a particular frequency are used to 
generate all of the images. 

§ Image Generation 

All of the images used in this analysis are a mathematical 

combination of two or more individual data files.  Any image is 

constructed by the linear combination: 

ImageMatrix = TestData – ModelData. Equation 1.  



§ Filename Conventions: SbNNNNaR.WWW.txt and 
ModNNNN.WWW.txt 

Two filename conventions for data files were instituted: the 

SbNNNNaR.WWW.txt convention for subject trial filenames, and 

ModNNNN.WWW.txt for model data filenames.  These conventions 

assist in the automation of the Matlab GUI. 

− NNNN: indicates the subject number, expected as four digits. 

− R: indicates on which breast (left or right) the data was 
collected. 

− WWW: indicates the wavelength of the trial (750 or 830 nm). 

§ Parsing Information from a Chosen Filename 
− A structure is created from the data directory with fields for 

NAME, DATE, BYTES, and ISDIR. 

− The structure is searched and the information retrieved as shown 
in Table 2 by PARSE.M: 

Information Variable Call Function 
Location of ‘x’ x FINDSTR(INPUT_FILES(I,:).NAME,’X’); 
Filename fname INPUT_FILES(I).NAME(1:(X-7)); 
Subject number number INPUT_FILES(I).NAME((X-12):(X-9)); 
Wavelength wl INPUT_FILES(I).NAME((X-5):(X-3)); 
Side tested side INPUT_FILES(I).NAME(X-7); 

Table 2: Parsing information from the DATAFILE.NAME 
structure.  Each piece of information is saved 
as a separate variable, and this information is 
passed on as output of the PARSE.M function. 



RESULTS: THE MATLAB GUI 
Load Image Set and Interpolate 

[TEST_TRIAL, DATA_PATH, FNAME, WL, NUMBER, SIDE] = PARSE; 

 [IMAGE750, IMAGE830, DEOXY, BV, RANGE] = 
INTERPOLATE(DATA_PATH,NUMBER,SIDE); 

 

Figure 5: Screen capture of the Matlab GUI after pressing the 
“Load Image Set” and “Interpolate” button.  The 
data is interpolated and the corresponding images 
are displayed in the locations that had contained the 
original, uninterpolated data. 



Generate BV & deoxy 

GENERATE(IMAGE750, IMAGE830, DEOXY, BV); 

 

Figure 6: Screen capture of the Matlab GUI after pressing the 
“Generate BV & deoxy” button.  The deoxy and BV 
images are displayed immediately below the 
interpolated 750 nm and 830 nm images, 
respectively. 



Threshold 

[DEOXY_THRESH, DEOXY_COUNT, BV_THRESH, BV_COUNT] = 
THRESHOLD(IMAGE750, IMAGE830, DEOXY, BV, RANGE); 

 

Figure 7: Screen capture of the Matlab GUI after pressing the 
“Generate BV & deoxy” button.  The original deoxy 
and BV images have been moved up one row, and 
the thresholded deoxy and BV images are displayed 
beneath. 



Plot Congruence and Congruence Stats 

[CONGRUENCE_COUNT] = CONGRUENCE(DEOXY, BV, BV_THRESH, 
DEOXY_THRESH, RANGE); 

CONG_STAT(CONGRUENCE_COUNT,DEOXY_COUNT,BV_COUNT,NU

MBER,WL,SIDE); 

 

Figure 8: Screen capture of the Matlab GUI after pressing the 
“Plot Congruence” and “Congruence Stats” button.  
The displayed statistics are the number of congruent 
pixels, the percentage of congruent pixels compared 
to the deoxygenation plot, the subject number, and 
the side from which the data was taken. 



 

Figure 9: Picture of the Portable Breast Tumor Imaging 
System.  Shown are the imaging pad, the model 
breast, the light source, and the computer. 

Processor Speed Analysis Time (seconds) 
200MHz Pentium 45 
333MHz Pentium II 30 
450MHz Pentium II 26 
Previous Manual Analysis Estimated 5 minutes. 

Table 3: Performance benchmarking data.  Analysis 
times using various processors and estimated 
manual analysis time is shown.  Automated 
analysis using the Matlab GUI is up to 11.5 
times faster than the previous analysis time. 



CONCLUSION 
§ The Matlab GUI was successful in the areas of: 

− Automation of the analysis process. 

− Minimizing the need for NIH Image in the analysis. 

− Reducing the time necessary to analyze image data. 

− Eliminating user-dependent measurement data and subjective 
judgements. 

§ Future Improvements to the System: 
− Eliminating the need for external references and a priori 

knowledge to locate potential breast tumors. 

− Tolerance for unconventional filenames. 

− Manipulation of non-uniform data types (i.e. not 6 x 6 matrices). 

− Multiple regions of interest/multiple anomalous masses. 

− Saving data output and batch automation. 
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