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ABSTRACT 

 

Millions of images are generated daily, a big amount of which belongs to the medical field. The 

process of extracting data from images, finding correlations and coming to conclusions is 

reveled to be a tedious one, if not impossible when approached manually. There is, 

consequently, a big need for automation of the research and analysis done through image 

processing.  

 

Image processing is a field of computer science concerned with extracting useful information 

from images or enhancing them, modifying them, and adapting them for several uses and 

applications. The  project is a research which goal is to find an optimal way to estimate the oral 

cavity parameters from magnetic resonance imaging (MRI) speech data provided by the 

University of  Southern California.  The implementation will be mainly done using OpenCV, a 

Python  library for image processing.  

 

The project first focuses on  MRI frames extraction from the videos provided in the database 

then  processes them.  The initial specification is such that the project would not rely on   neural 

networks but would rather use custom image processing functions to determine the oral cavity.  

 

Keywords: Image processing, MRI, OpenCV, Python, Research 
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1 INTRODUCTION 

 

Several external parameters affect our pronunciation of sounds, including its loudness, the speed 

of utterance, the language and so on. Parameters of the sound and parameters of the oral cavity, 

such as its volume and the position of the tongue are tightly linked. Consequently, a first step 

towards a better understanding of the correlation between the sound pronunciation and the role 

the oral cavity plays in the process is an extraction of the oral cavity and the calculation of its 

area, which is the main goal of the project.  

 

The project can be classified an image processing one as it encapsulates image enhancement 

and analysis. The main objective is the determination of the area of the oral cavity. A close look 

at the magnetic resonance images (MRIs) provided in the database we are working with reveals 

that there are so many cavities in the human head that might interfere with the oral cavity, 

making its extraction harder. 

 

This project was suggested to me by my supervisor Naeem Sheikh as a project that would serve 

as a great basis to learn image processing techniques, including image filtering and 

manipulation, through thresholding, noise reduction and hole filling for instance. Thresholding 

alone is a very interesting topic to explore, as the techniques vary, but are all based on 

mathematical formulas applied on the images that are treated as two dimensional arrays of 

pixels. Some thresholding techniques explored include the Gaussian thresholding and the Mean 

thresholding as preprocessing ways meant to adapt the image in a way that makes its analysis 

easier. Other preprocessing techniques were explored, including the contrast limited adaptive 

histogram equalization (CLAHE) and the K-means algorithm application. The project 

encapsulates several other concepts, such as blob extraction and contour finding.  

 

Through the execution of the project, the decisions of narrowing the number of sounds to be 

addressed, focusing mainly on stop sounds was made. It was noticeable that the area of the oral 

cavity changes depending on the pronounced sound and that for the same sound, it may vary 

from a subject to another, for it depends on factors such as the size of the head and the closeness 

to the camera.  
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This project brought my attention towards the complexity of the human brain, as it revealed that 

the understanding of the sound pronunciation can start with an analysis of images, bringing the 

senses together and efficiency in perceiving the outer world in a way no computer can catch up 

with.  

 

 

 

 

 

 

 

 

Figure 1: MRI frame sample  
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2 LITERATURE REVIEW   

 

The first applications of image processing are from the 1920s and were related to the 

transmission of newspaper images across the Atlantic Ocean. More successful applications 

followed, the most known being the American Jet Propulsion Laboratory’s that allowed the 

processing of thousands of pictures provided by satellites around the moon and consequently, 

provided a better visualization and understanding of its geography [1] Image processing is a 

field of computer science concerned with the extraction of useful information from big amounts 

of pictures after enhancing them. 

  

The nature of the data provided in the database makes it mandatory to extract the frames from 

videos before processing them. The image extraction was done using the OpenCV and NumPy 

libraries that were set up locally on my computer using the techniques provided in this book 

[2]. The frames extracted from the videos are stored in folders by subject name and the order of 

occurrence.  

 

Once the images had been extracted, some preprocessing techniques were applied. First,  

Thresholding was applied to the images using functions of the OpenCV library as presented in 

the following documentation [3]. 

 

Other preprocessing techniques were attempted to get a cleaner extraction of the oral cavity , 

including the K-means algorithm and the Contrast Limited Adaptive Histogram Equalization 

(CLAHE). The K-means algorithm is an image segmentation process that aims unifying the 

colors of clusters of pixels with close values. The K value chosen refers to the number of colors 

that should be kept in the result. Mathematically, “the objective of K-means clustering is to 

minimize the sum of squared distances between all points and the cluster center.” [4]  

As for the Contrast Limited Adaptive Histogram Equalization (CLAHE), it is a preprocessing 

technique that takes into consideration the brightness of the image, creating a contrast between 

objects and their backgrounds, and consequently, defining their contours better. [5].  

 

Once the image processing phase completed, image analysis was done. As previously stated, 

the cross-sectional MRI data reveals a lot of cavities in the human head, and a way of extracting 
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them all is the use of blob detection. Blobs are defined by Mihir Gupta in his paper Cell 

Identification by Blob Detection as “binary objects, i.e. points that are in the same state”[6]. 

The paper mentions that given an image containing a group of cells as input, the latter can be 

extracted using a set of consecutive techniques, including resizing, flipping, changing the color 

space, comparing pixels, separating them, smoothening, and rendering the images. In our case, 

resizing was not a favorable option. Given the small size of the images extracted from the 

videos, stretching the image would have resulted in a loss of information as the created pixels 

in the process would not hold an accurate value and would just be fillers. Flipping was not 

necessary neither, as the camera was placed in a right angle and captured the head of the subject.  

 The output of such operations, along with the application of thresholding techniques, would 

allow the visualization of marked cells in real time. He finally adds that blob detection heavily 

relies on the condition of light [6].  

 

Extraction of the oral cavity can be done through the edge detection as well. In their paper Edge 

Detection Techniques - An Overview, Djemel Ziou and Salvatore Tabbone mention that the 

common pattern in edge detection is “differentiation, smoothening and labeling” [7]. Noise 

reduction and the evaluation of the alternatives to the image that best fit its use are important. 

They add that the differentiations are calculated through the partial derivatives. The calculation 

of the gradient not only helps determine the best version of the image but contributes to 

algorithm related to noise reduction as well[7]. 

 

Finally, as the semester almost ended, I came across a paper which authors Sasan Asadiabadi 

and Engin Erzin worked with the same database used in this project [8]. Their goal was the 

tracking of vocal tract airway tissue boundary. They have used the active contours model 

(ACM), along with the active shapes model (ASM) to detect the vocal tract . They started by 

storing the landmarks of each training image in a vector, then combined them into one matrix 

D called the covariance matrix. Once all the tracts aligned, they detected the major variation 

around the mean through the calculation of the eigenvectors of the covariance matrix. This 

calculation generates new shapes constituted by the eigenvectors, along with a model parameter 

vector. [8] 
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This approach was not adopted as it is a purely mathematical, requires a later use of machine 

learning and does not make much use of the image processing techniques that constitute a major 

part of the specification of this project.   
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3 METHODOLOGY 

 

3.1 BASIC DEFINITIONS 

 

This project focuses on the extraction of the oral cavity when stop sounds are pronounced by 

one of the subjects. Stop sounds can be defined as  “a consonant sound characterized by the 

momentary blocking (occlusion) of some part of the oral cavity.” [9]. We can distinguish three 

types of stop sounds classified as follows:  

- Labial sounds (or bilabial): “involve the upper and lower lips. In the production of a 

bilabial sound, the lips come into contact with each other to form an effective 

constriction.” [10] The voiced labial sound is /b/ and the unvoiced one is /p/. 

- Velar sounds: “Velar sounds are made when the back of the tongue (tongue dorsum) 

raises towards the soft palate, which is located at the back of the roof of the mouth.” 

[10]. The voiced labial sound is /k/ and the unvoiced one is /g/ as in “go”. 

- Dental sounds: “Dental sounds involve the tongue tip (active articulator) making contact 

with the upper teeth to form a constriction.” [10]. The voiced dental sound is /d/ and the 

unvoiced one is /t/.  

 

 

  

 

 

 

 

 

 

 

 

 

Figure 2: Representation of the stop sounds [11]  

 

 

https://www.britannica.com/topic/consonant
https://www.britannica.com/science/sound-physics
https://www.britannica.com/science/mouth-anatomy
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The area of the oral cavity will change depending on the sound that was we are working with in the 

frame. Below is a figure that illustrates the change in the oral cavity between velar, dental and labial 

sounds.  

 

 

 

 

 

 

 

Figure 3: Representation of the oral cavity for the sounds /k/, /t/ and /b/ respectively 

 

3.2 DATABASE FORMAT 

 

The name of the speech production database we used is USC-TIMIT. It is provided by the 

University of Southern California. It contains both magnetic resonance imaging (MRI) data for five 

males and fife females aged between twenty-five and forty-six and electromagnetic articulography 

data (EMA) for two makes and two females, along with a text file covering all the four hundred 

sixty sentences read by the subjects. The MRI files contain a cross section of the head of the subject 

showcasing their oral and nasal cavities as they pronounce different sounds in the sentences and are 

the ones we will be working with for the project.  

 

Within the MRI folder, we find the Data folder that contains the pronunciation of the same sentences 

by ten different subjects. They are stored in Audio Video Interleave format (AVI) with and without 

audio. Each video is a recording of the pronunciation of five sentences by the subject in form of 

vertical cross-sectional magnetic resonance images (MRIs). With each video, a transcript detailing 

the timespan at which a time was pronounced is provided.  

 

 

 

 

 

 

Figure 4: Sample of the provided folders in the database for first female subject 
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In each subject folder, the transcript was used to locate the studied sounds. Their timespan was 

given as an input to an algorithm that extracts the frames corresponding to the given subject and 

sound and stores them in a folder by subject name and order of occurrence.  

 

The main constraint of the project is that the extracted frames were of the very small resolution 

of 68 x 68 pixels. Given the nature of the data, time, and energy it takes to produce, the access 

to the database is very limited and the size of the produced videos is very small to limit the 

resources. However, that causes a limitation in the image processing techniques that can be 

applied to the frames.  

 

3.3 TECHNICAL TOOLS AND LIBRARIES 

 

The project was realized using Python programming language and relied on two main libraries: 

OpenCV and Matplotlib. NumPy library was used to a smaller extent. The need for the use of 

Matplotlib emerged from the small size of the images, as, when displayed using OpenCV, they 

appeared in their original size in a fixed sixed window that is not resizable. As a result of that, 

the changes were barely visible.  Plotting the same images as a two-dimensional array of pixels 

using Matplotlib made them relatively bigger and provided a better visualization of the details 

and results of the processing techniques.  

 

As the default color mode in OpenCV is RGB while Matplotlib uses a BGR mode, the images 

lose their coloring when opened in grayscale mode using OpenCV and plotted using Matplotlib. 

The original image is however, not affected by this change. After several trials, I have succeeded 

in displaying the grayscale image with its original pixel values using Matplotlib.  

 

 

 

 

 

 

 

 

Figure 5: Image opened in grayscale mode in OpenCV and displayed using Matplotlib. 
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3.4 THE USE OF SEVERAL TECHNIQUES 

 

The project relied on several approaches to determine the oral cavity. 

 

First, the frames were extracted from the MRI videos for several subjects, then a rule of thumb 

was applied to minimize the area of the image that is analyzed, removing the noise disturbance 

of the external black pixels located outside the face. Preprocessing techniques, such as the use 

of thresholding and island of pixels removal were applied. The preprocessing techniques did 

not give the desired results due to the size of the images. The pixels being blocky, and each 

individual cell played an important role in the determination of the threshold value. The 

Contrast Limited Adaptive Histogram Equalization (CLAHE) technique was also used as a 

preprocessing technique to isolate the lighter areas from the darker background, but the results 

were not satisfying enough.  

 

Once the preprocessing phase completed, many techniques were tried to extract the oral cavity 

from the frames. First, edge detection was tried using the Canny edge detection function in 

OpenCV; however, due to the big size of each pixel and the several islands of pixels in each 

area, the results were far from the desired ones.  The final technique that we experimented with 

was using the K-means clustering algorithm. The goal was creating a clear color separation 

between the oral  cavity and the rest of the head. This technique was followed by hole filling. 

The results were promising, however, could not be as good when generalized to some other 

pictures.  

 

As a result, we had to resort to specifying the points that delimit the oral cavity through a user 

interface, then linking the points and calculating the area of the generated polygon using Gauss’ 

formula, satisfying to a certain degree the goal of the project.   

 

 

 

 

  



10 

4 IMPLEMENTATIONS 

The project is based on the trial of several methods to get the optimal results, consequently, 

several preprocessing techniques were used and compared to get the best results.  

 

4.1 FRAMES EXTRACTION 

 

The frames were extracted from the AVI files using methods of the OpenCV Python library. 

The script is provided with a start and end time that represent the start and end of pronunciation 

of a given sound. The video is given as an input to the VideoCapture() method, then the 

CAP_PROP_POS_MSEC method is used to jump to the specified start time as entered by the 

user, read the frames and store them as Joint Photographic Experts Group (JPEG) images in a 

folder with the subject’s name and the order of occurrence.  

 

The start and end times were extracted from the transcript provided in the USC-TIMIT database. 

Each transcript details the start and end time for each sound, the word, and the sentence in which 

it occurred. Each transcript contains five distinct sentences from the corpus of four hundred 

sixty sentences pronounced by each subject.   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Sample transcript format for first female subject 
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4.2  A RULE OF THUMB 

 

Once the frames extracted and stored, they were opened as matrices of pixel values in the Python 

script using OpenCV library. Since the images were opened in grayscale, each cell of the matrix 

contained a single value, corresponding to the gray value of the  pixel, rather than an array of 3 

RGB values.  

 

A rule of thumb was applied to make the area of the image to be processed smaller, in order to 

minimize the time needed to search for the oral cavity and detect it. When looking at the image, 

one can notice that the brightest pixel to the left of each row is the one that delimits the edge of 

the face from the outer black background. This observation was used to first determine the edge 

of the face as follows: 

  

 

 

 

 

 

 

 

 

Figure 7: Determination of the edges of the face based on the brightest pixel 

 

Once the edge determined, three critical points were marked, the highest pixel, the lowest one, 

and the far left one were determined and stored. These three pixel values would allow the 

delimitation of the area of the face that contains the oral cavity as follows.  

 

The highest point and the left most point would serve as delimiters for the first highest 

horizontal line, in a time where the lowest point coordinates and the far-left point coordinates 

will be used to determine the lowest horizontal line. As for the  vertical line, it was drawn using 

the three points were used. The lines were not drawn over the picture, but rather through a color  

change of image pixel color to white.  
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Figure 8: Delimitation of the area of the face that contains the oral cavity (Plot and 

original image) 

 

Once the area that we want to work on is specified, it was extracted as follows: 

  

 

 

 

 

 

 

 

 

Figure 9: Reduced image size using a rule of thumb 

 

4.3 IMAGE PREPROCESSING AND ANALYSIS 

 

4.3.1 THRESHOLDING 

 

Thresholding was used as a preprocessing technique used to create a binary image in which 

each pixel is either black or white based on the algorithm used, taking into consideration the 
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pixel value and the surrounding pixels, or even the values of pixels on all the images, depending 

on the used method. Thresholding is a simple commonly used image segmentation technique. 

For this project, two thresholding techniques were tried.  

 

First, the Adaptive Gaussian thresholding then the Adaptive Mean Thresholding defined in the 

documentation as follows: 

- cv2.ADAPTIVE_THRESH_MEAN_C: The threshold value is the mean of the neighborhood 

area minus the constant C [3].  

- cv2.ADAPTIVE_THRESH_GAUSSIAN_C: The threshold value is a gaussian-weighted sum 

of the neighborhood values minus the constant C [3].  

The results are the following: 

 

 

 

 

 

 

 

Figure 10: Adaptive mean thresholding applied to the extracted images for sounds  

/k/ and /p/ 

 

 

 

 

 

 

 

 

Figure 11: Adaptive Gaussian thresholding applied to the extracted images for sounds 

/k/ and /p/ 
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Once the thresholding is applied, we can notice that the images contain a lot of noise, and thus, 

will make the rest of the processes harder to execute. They cannot be used for edge detection 

nor blob extraction due to the islands of pixels that are scattered in the picture.  

 

4.3.2 EDGE DETECTION 

 

The blob extraction was attempted using the Canny edge detector in OpenCV. Cv2.Canny() is 

a method that takes the input image as a first argument, followed by minimum and maximum 

values of pixels to be considered in the detection, for our pictures, all the range of values was 

taken into consideration, from pixel value 0 to pixel value 255 [12]. The edge detection will 

allow contouring the important blobs on each MRI frame. Blobs are clusters of pixels with 

relatively close values.  

 

The application of the Canny edge detection on the extracted images gives the following results.  

  

 

 

 

 

 

 

 

Figure 12: Canny Edge detection applied on the frame corresponding to sound /p/. 

 

 

 

 

 

 

 

 

 

Figure 13: Canny Edge Detection applied to the frame corresponding to sound /t/ 
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We can notice that the edge detection did not yield to the desired results that would make 

further exploitation possible, as it is almost impossible to detect the oral cavity.  

 

4.3.3 INTERSECTIONS METHOD 

 

The goal behind the use of Canny edge detection was the determination of a clear edge to the 

oral cavity. Since the algorithm is incapable of recognizing it, one proposed method was using 

intersecting vertical lines to specify it. First, we could have used a second rule of thumb to 

specify the dark area that would contain the oral cavity (green box in the figure below). The 

vertical lines would start from a specified height of the image and go upwards until a white 

pixel (edge pixel) is encountered, marking the intersection on the top and the bottom of the 

oral cavity, the vertical lines will be equally spaced out and at the end, the determined 

intersection points will be linked using either splines or straight lines to create a polygon that 

would represent the oral cavity.  

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Intersections method to determine the oral cavity 

 

This approach was abandoned as the Canny edge detection determined more edges than 

needed given the quality and size of the MRI images, the results were not clear edges, but 

rather a set of  intersecting lines that varied from image to other and were not close to 

delimiting the oral cavity.  
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4.3.4 CONTRAST LIMITED ADAPTIVE HISTOGRAM EQUALZATION  

 

As stated before, CLAHE stands for Contrast Limited Adaptive Histogram Equalization. It 

serves the purpose of detaching foreground elements from the background. In our case, the 

CLAHE was applied, then followed with thresholding to compare the results.  

 

 

 

 

 

 

 

 

 

 

Figure 15: CLAHE applied on a frame 

 

We can clearly notice that the CLAHE preprocessing technique created a greater contrast 

between the area constituting the oral cavity and the rest of the cross section.  

 

Next is the application of the adaptive gaussian and mean thresholding techniques to see if the 

results are better than when applied without CLAHE.  

 

 

 

 

 

 

 

 

 

Figure 16: Application of the adaptive mean thresholding on the same frame for sound 

/k/ with and without CLAHE 
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We can notice that the application of CLAHE preprocessing before the application of the 

thresholding allowed a better definition of the upper boundary of the oral cavity. However, the 

use of edge detection on the image would still not get us to the desired results de to the big 

number of islands of pixels inside the jaw.  

 

 

 

 

 

 

 

 

 

 

Figure 17: Application of the adaptive gaussian thresholding on the same frame for 

sound /k/ with and without CLAHE 

 

We can notice that the application of the Adaptive Gaussian thresholding after the CLAHE 

preprocessing did not make the results of the thresholding any better.  

 

In a time where clear result improvements were noticed when the CLAHE algorithm was used 

with the adaptive mean thresholding, we did not get much of an improvement with the 

adaptive gaussian thresholding.  

 

4.3.5 K-MEANS ALGORITHM  

 

The K-means algorithm was applied in an attempt to make the different areas of the image more 

defined and separated, and consequently, the oral cavity easier to extract.  

 

K-means algorithm has for goal the partition of image pixels into K different clusters based on 

the color of each cell and the ones surrounding it. It is an unsupervised algorithm does not rely 

on labeled data. It first starts with a user input choice of K, representing the number of desired 

clusters, it then randomly assigns the data points to the clusters, calculates their center and the 

distance of each data point from the center. The points are consequently reassigned to new 
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clusters based on that calculation. A new cluster will be formed, and its center calculated. The 

algorithm will be repeated as many times as specified by the user through the max_iter variable 

of the criteria determination method. [13] 

 

The value of K was varied to assess the different results.  

 

For k=2, we will get two pixel colors.  

 

 

 

 

 

 

 

 

 

 

Figure 18 : Original image and segmented image for K-means algorithm value  k=2 

 

We can notice that so much of the information was lost when using the value of k=2, including 

the whole right part of the image that contains the upper and left delimiters of the oral cavity.  

 

For k=3, we get three clusters with three different colors. 

 

 

 

 

 

 

 

 

 

 

Figure 19: Original image and segmented image for K-means algorithm value  k=3 
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As in the previous result, we can notice that there was a lot of information loss on the right 

side of the image, and consequently, it is impossible to determine the oral cavity.  

 

For k=4, we get three clusters with three different colors.  

 

 

 

 

 

 

 

 

 

Figure 20: Original image and segmented image for K-means algorithm value  k=4 

 

The oral cavity looks clearer when the value of k is set to be 4. The next step would be the 

cleaning of the image in a way that would leave two colors only and get rid of the single islands 

of pixels. The grey areas can all be merged into one as follows, along with the application of a 

rule of thumb. The merging of the gray areas is made possible as they are unrelated to the oral 

cavity. 

  

 

 

 

 

 

 

 

 

 

Figure 21: Merging the gray area after the use of K-means algorithm with a value k=4 
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Once the merging of the area is done, it is converted into a binary image, as the gray pixels 

were turned to white and the black into more unified black pixels of value 0.  

 

 

 

 

 

 

 

 

 

 

Figure 22: Creating a black and white image from the result of gray area merging 

 

Next, there was an attempt to remove the islands of white pixels that are trapped inside the 

oral cavity. The following result was obtained:  

 

 

 

 

 

 

 

 

 

 

 

Figure 23: Removing islands of pixels. 

 

More time can be devoted to cleaning the images before the determination of the oral cavity 

using the findContours() method on OpenCV. The main drawback of this technique is that it 

does not give good and acceptable results on every image it is applied to, and consequently, 
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there is a constant need for adapting it to suit the image we are working with, which is not 

very convenient.  

 

4.3.6 POINTS SPECIFICATION THROUGH USER INTERFACE 

 

As the preprocessing techniques employed did not give effective results, and the literature 

review revealed that most of the algorithms applied on MRI speech data required the use of 

neural networks, I have resorted to the use of an interface that would allow the researcher to 

specify the points that delimit the oral cavity.  

 

The implementation of the interface was not part of the project specification and was done to 

satisfy the goal of the project which is the extraction of the oral cavity as the image 

preprocessing and analysis techniques did not give accurate results.  

 

The interface was implemented using Tkinter Python library, which is a standard python 

interface library [14] and looks as follows: 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: Interface to input five points that delimit the oral cavity. 
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Once the points have been entered by the researcher, they will appear on the image and will 

be linked using linear lines as follows. Ideally, if this were to be a part of our final solution, 

there will be a graphically interactive way for the researcher to choose the points, rather than 

manually specifying coordinates. 

 

 

 

 

 

 

 

 

 

 

 

Figure 25:  Points entered through the user interface displayed on the screen 

 

Once the points have been specified, I attempted linking them using Bezier curves, which are 

smooth curves representations often used in computer graphics. For this application, quadratic 

Bezier curves were to be used to link the points. Using quadratic Bezier curves requires the 

determination of three points P0, P1 and P2, and it is implemented using the following formula:  

 

B(t)= ( 1 – t ) [ ( 1 – t ) P0 + tP1 ] + t [ ( 1 – t ) P1 + tP2 ], 0 ≤ t ≤1  [15] 

 

Where each point is composed of two coordinates (x,y).  

 

The implementation was not possible on our image; as an alternative, I extracted points that 

would belong to a Bezier curve and attempted linking them linearly. However, since the 

image is very small, the information was lost and the result was a straight line rather than a 

curve.  
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A better solution was linking the points in a piece-wise linear fashion, as shown below. 

 

 

 

 

 

 

 

 

 

 

 

Figure 26: Determination of the oral cavity using user interface-determined points 

 

4.3.7 CALCULATION OF THE AREA OF THE ORAL CAVITY 

 

Once the oral cavity determined, we can notice that the result would always be a polygon. Its 

area was calculated using Gauss’ area formula, also known as the shoelace algorithm: 

  

|
(𝑥1𝑦2 − 𝑦1𝑥2) + (𝑥2𝑦3 − 𝑦2𝑥3) … .+(𝑥𝑛𝑦1 − 𝑦𝑛𝑥1)

2
| 

 

Where (x1, y1) is the coordinate of the first point, (x2, y2) is the coordinate of the second points, 

and so on. This formula considers the image as a 2D geometric space, where each pixel is a 

point with specific coordinates. It is consequently a geometric approach to calculate the area of 

any polygon given its vertices (corners).  

 

This method will however not produce correct results in the case of self-intersecting polygons. 

It is not the most accurate way to estimate the area of the oral cavity, as we are relying on 

straight lines rather than curves, but it gives a very close approximation due to the small size of 

the image. 
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5 STEEPLE ANALYSIS  

 
 

5.1  SOCIETAL IMPLICATIONS  
 

 

The kind of calculations that we have tried to automate in this project are often done by researchers 

using manual methods of calculation. So, one societal implication of a project such as ours is that 

the manual calculation work can be decreased. This is not a big implication because the number of 

people doing this work is small, so it is not analogous to the situation when a new technology renders 

a whole segment of population occupationally redundant. At the same time, in many such projects, 

full automation is hard to achieve so there often is a need for the expert researcher to specify some 

of the parameters. 

 

In addition to phonetic and phonological research community that is the main beneficiary of a 

project like this, the medical field (especially speech therapy field) could benefit from this kind of 

work, and potentially contribute to the well-being and improvement of quality of life of many 

individuals. 

 

5.2  TECHNOLOGICAL IMPLICATIONS  

 
 

The project relied mainly on existing library functions. However, their customization to adjust 

to vertical cross section MRI images will certainly be to the benefit of research. The techniques 

can be further developed to reduce noise in MRI images and make blob detection easier. 

Overall, it must be noted that this is a research project in which we used a bunch of existing 

techniques, but since we have not satisfied the problem to a reasonable degree of satisfaction, 

further improvements will come from other techniques that we have not tried in this work. 

Improvements made further in future work could benefit other researchers working in related 

problems. So, there is a loop of discover techniques and re-use pre-discovered techniques that 

is the main engine of such work. 

 

5.3 ENVIRONMENTAL IMPLICATIONS  

 

The project does not affect nature in any direct or indirect way. Consequently, environmental 

implications may be disregarded. 
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5.4 ECONOMIC IMPLICATIONS 

  

The project does not have any economic implications. It does not cause economic issues nor 

solve them. 

 

5.5  POLITICAL IMPLICATIONS  

 

The project does not have any link with politics. 

 

5.6 LEGAL IMPLICATIONS  

 

The project does not raise any legal issues nor violate any laws. 

 

5.7  ETHICAL IMPLICATIONS  

 

If used correctly, the research can only have a positive impact on people. MRI data cannot be 

misused to cause any type of harm, unless attributed to the wrong person for instance. Since the 

project is a research rather than a direct computer science application, then it was originally 

designed to solve an issue, which will be to the benefit of humanity. The data used is all well 

labeled and classified. Face detection is a big ethical dilemma in image processing, as it gives 

one the power to access individuals’ private information and data, which might be misused. 

The nature of the data used does not allow face recognition, as first it is a vertical cross section, 

and second, does not reveal any features besides the shape of the nose.  
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6 FINAL REMARKS 

 

6.1 CHALLENGES 

 

The main challenge of this project was the small size of the images. Since the frames were too 

small, it was hard making modifications on them, which did not allow for much freedom in the 

exploration of techniques. Each pixel appeared to be a block and it was even hard differentiating 

between lines and curves. The goal of the project was the calculation of the area of the oral 

cavity; however, extracting it was a greater challenge. Given the pixel colors of the frames, 

Canny edge detection and contour finding was not possible using the functions in existing 

OpenCV libraries. 

 

It was always hard to predict the result of the processing technique applied to the frame. 

Consequently, one of the main challenges of the project was always coming up with new ideas 

that would allow further experimentation on the frames. A lot of research was required; 

however, due to the difference of image processing applications within the medical field alone, 

finding relevant literature review was not always an easy task. Not to mention that algorithms 

might work with specific kind of frames, or sounds, in our case, but give totally different results 

when applied to other frames, which is very inconvenient and pushes one to abandon the 

methodology in the pursuit of a more generalizable one.  

 

Most of the existing algorithms for the analysis of MRIs rely heavily on the use of neural 

networks. However, we had decided to see how much information we can extract by using 

purely image-processing techniques that don’t rely on machine learning. Consequently, we 

found that there were only a very few research papers that were adopting this approach. 

 

In addition to that, a comparison of the frames revealed that the subjects were not positioned at 

an equal distance from the camera lens; consequently, the closer ones had bigger areas for the 

oral cavity than the others. This poses problems for absolute reference for oral cavity cross-

section size that works across different human subjects. 
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6.2 FUTURE WORK 

 

As for future work, there should first be an attempt to normalize the size of the oral cavity for 

the same sound across different subjects with same head size and gender. The issue of closeness 

to the camera must be overcome. This can be done through the specification of critical points 

on the subject’s head in the frame, (chin, nose and forehead tips for instance). Their position 

can give an idea about the depth of field and thus, the distance from the camera can be adjusted 

using a trained model.  

 

Further, the focus should be on cleaning up the images after the use of preprocessing techniques, 

should it be the CLAHE algorithm or the K-means algorithm. Islands of pixels within clusters 

should be removed for a smoother blob and edge detection.  

The area of the oral cavity can be calculated with more accuracy. As it was delimited by straight 

lines, the cavity lost some pixels, the use of curved splines can lead to more accurate results.  

 

The extraction of the frames one by one is not very practical, providing the extraction script 

with a file that contains the timespan of all the sounds to be extracted at once is a better 

alternative that will save the user a lot of time and effort.  

 

Finally, I will attempt to determine the oral cavity using the methodology specified by Sasan 

Asadiabadi and Engin Erzin in their paper Vocal Tract Airway Tissue Boundary Tracking for 

rtMRI using Shape and Appearance Priors [8] as a follow up to this project. The covariance 

matrix approach employed in this paper can help in identifying landmark points and the tract 

contour of the oral cavity.  
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7 CONCLUSION 

 

To sum up, working on this project has been a great experience as it initiated me to the image 

processing field. Pure image processing using libraries such as OpenCV and Matplotlib is very 

powerful, however, when dealing with a big amount of data, which was the case for this project, 

neural networks will work faster and with greater accuracy. My biggest take away from the 

project is that several processing and analysis techniques are required to work hand in hand to 

achieve the desired results. Not only that, but some custom-built functions can be needed to 

adjust to the nature of the image. Moreover, small images are usually harder to deal with, so the 

right choice of the dataset plays an important role in the deployment of the project.  

 

The image processing results are often unpredictable, consequently, I learnt to stay very flexible 

and open to constantly trying new techniques that would direct me further towards my goal. In 

the process, I have learnt a lot and my interest in image processing grew.   
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