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1. Executive Summary 
This project is called Text Cropping using Machine Learning and          

Computer Vision. The purpose of this project is to create a program that will              
automatically find an entry word in a dictionary and crop it along with its              
definition, then save the image file of the cropped definition and name it             
according to the headword that was cropped. The team members are: Miguel            
Severino, Vincent Cardaman, Brian Smith, and Jacob Rodriguez. The sponsor of           
this project is Amy Larner Giroux, PhD., The associate Director of the Center for              
Humanities and Digital Research.  

The dictionary that the definitions are being cropped from is Samuel           
Johnson’s dictionary, one of the most influential works of english literature. This            
dictionary is extremely important to the history of the English language because it             
was one of the first, very comprehensive dictionaries that included both every            
different definition for each word, and examples of the word in use in other pieces               
of literature. Digitizing any document is important for preservation, storage, and           
ease of access. The dictionary definitions are being cropped in order to retain the              
feeling and appearance of one of the physical copies of the dictionary. Prior to              
our group taking on the project, Dr. Giroux had a team hired to crop each               
definition by hand, and with over 42,000 words it would take a very long time to                
complete. Machine learning and computer vision will be implemented in order to            
speed up the process greatly.  

The images are stored in a high quality .TIF format in order to retain as               
much of the quality as possible. Many of the pages are warped or rotated in               
many different ways, and they must be straightened before being cropped to            
make any subsequent image processing easier. Whitespace, guide words,         
signature marks, press figures, and catchwords must be removed as they are not             
part of any definitions. Many definitions span multiple pages or columns and            
must be stitched together after cropping to complete the definitions. Any entries            
that have been stitched together must undergo color correction to keep the text             
readable and neat. Finally, the files must be named according to the word that              
was cropped. The final project must be delivered via Docker for simple and easy              
replication and to remove any runtime environment errors. 
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2. Project Overview 
In this section, we provide a brief overview of the technical aspects            

regarding our project. This includes a greater description on what exactly the            
project is and what we are trying to achieve, a statement from each of our group                
members on our thoughts about the project and why we chose it, the exact              
requirements that define our project and goals, our ideas on how we might solve              
some of the different issues that we expect to see throughout the course of this               
project, and charts and diagrams that both expand upon our project in a visual              
manner, and provide more depth and insight into our plans for both the current              
and upcoming semester of our project. 
 

2.1 Project Description and its Significance 
The software we are designing will be able to detect distinct changes in             

word format to identify markers for cropping images into individual entries. It will             
be trained via machine learning on a database of over one hundred manually             
cropped words already entered into the site. Additionally it will automatically           
rotate the text to straighten it for easier readability. The software will also remove              
various unneeded components of the full image to create a database of entries             
without excess information in them beyond the definitions within them. These           
unneeded components may be page numbers, guide words, or any additional           
text that is not a part of a word or definition. If successful this project will save                 
hundreds of hours of work on a cultural passion project. It will make an important               
document of literature far more accessible to the general public and allow for             
searching through a historical piece of literature with nearly the same ease one             
expects from a modern digital dictionary. It will be an excellent example of how              
computer science can be applied to improve work on projects old as well as new.               
Not only does the significance lie in the field of computer science, our work will               
also help in the preservation of one of the most influential works of English              
literature and any and all documents from both the past and the future. Digitizing              
books is an extremely important task, as the digital medium has a much longer              
life than physical mediums. Many pieces of writing have been lost to the ages              
before it was possible to scan or even record photographs of them, since copying              
any piece of writing had to be done by hand, only scrolls or books that were                
considered to be of great importance were copied. 
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2.2 Broader Impacts 
The solution to this project will be a low cost, scalable solution that can              

help not only in the historical preservation of documents, but also in the digitizing              
of text images on a large scale. With this technology, many of the large-scale              
museums, such as the Smithsonian Institution, could digitize their historical          
documents more efficiently. Historical documents need a better and faster way to            
be preserved and retain a good appearance. Not just historical documents are            
affected by this, scans of newer books are still lacking in many aspects. With this               
newly preserved material, interactive learning experiences could be created for          
museums and additionally be added to school curriculums to help teach children            
both nationally and internationally. 

In addition to the possibility of using this for research and preservation of             
significant materials, this solution can be scaled to any document that needs to             
be scanned and preserved for any reason. It could be used for staff at doctor’s              
offices to be able to view relevant information in a patient’s files. Human             
resources employees at companies across the world could use the software to            
keep track of employee records for everyone within their company which is useful             
for both small companies and giant corporations. This would be immensely           
helpful for lawyers, being able to parse through a document to find a relevant              
statute, law, or even elements within a written statement to find what they need              
to complete their case could save hours of work and effort. 

 

 
 
 
 
 
 
 

3 



 

2.3 Personal Motivations 
In this section each member explains their personal motivations for          

choosing to work on this project. They may also explain who they are and go into                
some level of detail about themselves personally. 
 

2.3.1 Jacob Rodriguez 
A large part of why I chose the Text Cropping System project is due to the                

fact that it seems both challenging and interesting to me. I wanted a project that               
involved something I had never done before, and machine learning seemed like            
just the right topic to that end. Machine learning feels like one of those topics that                
is very intimidating, even just the name of it sounds like it would be difficult.               
However, I am fairly certain I am going to find out that it might be simpler than it                  
seems. Not only that, but the dictionary itself simply seems like a very interesting              
topic to work on. Digitizing a piece of history not only sounds impressive, but it               
seems like something that I would want to show off and be proud of to both my                 
friends and my family. The dictionary is very important in and of itself as well, so                
providing a way for anyone who desires to see this dictionary but is unable to get                
their hands on a copy is a very nice bonus. It helps that the project is cropping                 
the images of the pages out, because keeping the feeling of a physical book              
through the digital medium is a nice touch to the project and gives it more               
meaning. After all, if simply reading the definitions is all somebody wants to do              
then there would be much easier ways to go about it, but with this project I hope                 
that they can also get a feel for the physical dictionary itself and how it was                
printed and written. A good example of this is the dictionary writing the letter ‘s’,               
because they use a symbol that looks very similar to the letter ‘f’. This is               
something that anyone who is simply reading OCR’d text of the dictionary will             
completely miss out on. My greatest motivations for this project are having            
something impressive for my resume, gaining a lot of knowledge about working            
with machine learning, and expanding my skills on working with collaborative           
tools such as GitHub and Trello. After all, the most important thing I can get out                
of school is the actual knowledge involved with the projects, how to program and              
make something meaningful that works. Additionally, it is very important that I            
have more examples of my programming ability for my employers. If I have             
nothing of value to show to an employer then they will have no concept of my                
programming ability. I want this project to be something I am proud to show off to                
my employers, and something I can show off to my friends and family. Machine              
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learning will hopefully be impressive to any employers I am trying to work with.              
As far as GitHub and Trello go, I feel as though I do not have enough experience                 
working with them yet. I have done multiple projects at the University of Central              
Florida that involve them, but I find myself having to relearn how exactly to use               
them, and what commands to use to commit changes. My past projects have             
simply been for a good grade, but this project will be a lot more than that. It is a                   
serious project for both our sponsor, Dr. Amy Giroux, and the team she is              
currently working with on it. I want this project to have an actual impact on the                
real world. It does not have to be millions of people, but if my work on this project                  
significantly helps Dr. Giroux and her team, it will give my work a lot more               
meaning. Overall, this project, as opposed to the others, felt like it would be both               
a good challenge and learning experience, while also being one of the most             
interesting. 
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2.3.2 Brian Smith 
My main interest in the project is in the historical preservation of such an              

important contribution to the English language. I believe that historical          
preservation is one of the most important aspects of a culture. Many people want              
to move on from the past and forget it, however it is extremely important that we                
never forget, so that we do not make the same mistakes again. I also have an                
interest in linguistics and the history and progression of languages. Being able to             
work with such an influential dictionary and see how our language has changed             
over time is extremely fascinating to me. 

In addition to my personal affinity for historical preservation, I did not want             
to do a web-based application with a mobile app, backed by a database. This              
project will make use of certain machine learning/computer vision technologies          
and I have an interest in those fields. I have a very basic knowledge and               
understanding of machine learning/computer vision from previous and current         
coursework and I felt this was a great opportunity to enhance my knowledge.             
Machine learning and automation go hand in hand. I am learning about            
automating scripts and operations on a large scale at my current internship so I              
felt this would also help increase my knowledge on automation. With this new             
knowledge, I hope to be able to apply it to personal projects as I have an interest                 
in big data and modelling that data. Lastly, this project is an impressive thing to               
have on a resume since machine learning is a burgeoning field and the             
employers I hope to work for are always looking for people with skills in those               
areas. 
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2.3.3 Miguel Severino 
The first motivation for this project is to learn how to implement Machine             

Learning algorithms to a real-life problem and see a large project from start to              
finish. I also find it fascinating how computers are playing a significantly bigger             
role in our daily lives and how quickly technology is advancing. Further, I’ve used              
software involving Optical Character Recognition and was amazed at how it was            
able to extract text and digitize it. After seeing how Optical Character Recognition             
operated and how it was able to extract data from an image, it fascinated me,               
and I wanted to learn more. Lastly, I feel that this project will allow me to increase                 
my understanding of the technologies and subsequently apply it to this project. 

Further, the field of Computer Vision and Machine Learning are amongst           
the cutting edge of Computer Science and I wanted to inform myself more on the               
subject, in addition to applying Computer Vision and Machine Learning          
techniques to a real-world problem. Something that piqued my interest to work on             
this project was that it would allow me to aid in the preservation of a historical                
text. And therefore, become a keeper of information and preserver of knowledge.            
In closing, I firmly believe that we can continue advancing as a society because              
of small contributions by individuals that are accumulated over time. And I feel             
that by helping preserve this historical text, I’m able to make a noticeable             
contribution towards advancing historical information and informing future        
generations. 
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2.3.4 Vincent Cardaman  
When I took UCF’s robot vision class I was disappointed how little it forced              

you to learn how to actually create a program to analyze an image with the               
software. It was more of a guided tour through premade image detection            
software. This project was an opportunity to work through making my own            
detection code, and for something that perfectly demonstrates the advantages of           
robot vision and machine learning. Our work on this project will likely save             
countless hours of work of slow manual cropping for the members working on             
creating an archive of this famous set of dictionaries. It is exactly the kind of task                
automation was designed to help with and the completed software in a day could              
do well over months of work. This project will help complete a database of entries               
from an incredibly well known and effective dictionary. In addition it will finish a              
passion project taken on by many with month’s of work behind it. 
 

2.4 Legal, Ethical, and Privacy Issues 
There are not any legal, ethical, or privacy issues with our solution. The             

software we plan to use to develop the program is entirely open source so no               
legal issues surround using it. Our solution will take already existing information            
and simply make it into a format that is more easily accessible, there is not               
anything about how it functions that would cause an ethical issue. The data that              
our code is meant to be used on is already available in the public domain. We will                 
not be taking information kept privately at any point for this project, everything             
our solution works on is already public, we are merely making it far easier to find                
what someone wants in that information. It is already on a pre-existing site on              
which we will simply be putting the more accessible version of the information for              
others to look at. As such possible concerns in the security of the website for               
which the documents our code is meant to crop have already been handled. 

 
 
 
 
 
 

8 



 

2.5 Specifications and Requirements 
The following specifications and requirements have been agreed on by          

both every member of our team and our project sponsor. The base requirements             
are the requirements that we must have in order for the project to be considered               
successful by our sponsor. The stretch goals are features that may be            
implemented if we have enough time after completing all of the base            
requirements. 

 

2.5.1 Base Requirements 
● The software must automatically crop images of a dictionary page into           

individual entries. 
● Each entry must be saved into a .tif file under the naming system             

explained below 
○ A letter representing the format, “f” for “folio” for instance 
○ The year the dictionary edition is from in question e.g. “1755” 
○ A hyphen(-) followed by the word this entry is defining 
○ So a complete file name would be “f1755-seldom.tf” 

● Entries which span multiple pages must be saved as a single .tif file one              
column width wide and as long as is needed to contain the fully entry.  

● Each image must have it’s words rotated to reduce slanting both at the             
page level and the word level. 

● The .tif files of entries must be saved into a directory arranged by edition               
(1755/1773) and in alphabetical order of the entries. 

● The completed program must be sent with a docker file for the runtime             
environment. 
 

2.5.2 Stretch Goals 
Various pages have been distorted during scanning, making them blurred          

or dimmer than the rest of the text. Implement an image enhancing program to              
automatically find these sections and sharpen the text while adjusting the           
brightness to improve readability. Additionally, some of the definitions stretch          
from one of the pages over to the next. We would also like to be able to match                  
the colors of the two different pages when we combine them into one cohesive              
definition. 
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2.6 Initial Ideas 
Some of the pages of the dictionary are curved due to the paper             

sometimes not being flat on the scanner during the scanning process. This            
means that in order to straighten the pages, you have to do more than simply               
rotating the entire page as a whole. We have thought of a few potential solutions               
to this issue. The most obvious solution is to take out chunks of text and rotate                
them on that level, since the pages are typically curved very gradually as the              
page goes on. However, the chunks of text that we take out could be any size.                
You could take each individual letter and rotate them until they’re straightened,            
then stitch them all back together, but due to the pages typically having a gradual               
curvature along an entire page that results in this being unnecessarily difficult            
and overcomplicated. We will be testing taking chunks of different sizes to see             
what has the best results and performance. We want the algorithm to be as              
smooth as possible, but also ensure that the output looks as straight as possible.              
For this reason, we will likely need to find a middle ground that leaves the               
algorithm both simple and ensures that the output looks excellent. As far as my              
current thoughts, since many pages do not have any tilting, and on the pages              
that do have it, it is very gradual, we will likely not need to go very far down. I                   
imagine that even splitting the page into fourths will be enough to remove nearly              
all of the tilting issues that we have. 

The website that we are cropping the dictionary pages for has its own             
searching features built in. Since the dictionary has a lot of space on each page               
dedicated to being able to physically search through the book, such as page             
numbers and guide words, the images need to be cropped. These are not             
necessary for the site, and only serve to clutter the pages of the dictionary. The               
definitions need to be neatly cropped out with no additional clutter or            
unnecessary whitespace. Our machine learning model will need to identify page           
numbers, guide words, and what exactly is a part of a definition in order to work.  

In order to make it easy to pull out each and every definition, we must first                
look at what makes each definition unique from any other definition. The very first              
unique aspect of each definition is the headword. The headwords are both further             
to the left than nearly any other item on the page, and they are entirely written in                 
capital letters. This is useful for both picking out where each definition starts, and              
for naming each and every one of the images of the cropped definitions, as we               
need to include the headword in the filename. The second thing that makes each              
definition unique is the definition itself. These lines are set apart from the next              
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headword because they are indented slightly to the right. This allows us to more              
easily pull out each definition, and compare it to the next headword which will not               
be indented at all. 

Another idea is on finding a viable way to correct for warping of the              
scanned documents. The best technique of attaining a viable solution to this            
problem is by fitting an elastic curve or surface over the text line. This seems to                
be the best approach, since it does not require any special equipment, nor             
special devices. We can perform this by fitting a quadratic function over the text              
line and taking in account the spaces between the words. While also fitting the              
visible straight, not warped, text. After we fit both warped and the not warped              
text, we will be able to compare the two and by doing this, it will give us a robust                   
estimate on how warped the text actually is compared to the known, and not              
warped, nor skewed lines. 

In addition to warped documents, the documents could sometimes be          
skewed, which would need to be corrected. In this case, a similar procedure will              
be performed, but instead of individual text lines being fitted, like in the previous              
procedure, a multi-line segment would be accounted for and considered at once.            
This multi-line segment of text would then be fitted with a linear equation, which              
would subsequently be compared with a first-order linear equation. By making           
these comparisons, we would be able to measure how skewed the text body and              
could then 

For every entry in the dictionary the books use a set of letters to denote if                
the word is noun, verb, or adjective. Because of this we can set the program to                
look for these specific sets of letters which are italicized when looking to find              
entry words. This classification system is quite distinct and should not appear            
anywhere else on a page except after an entry word to denote its type. 

Whenever a new entry starts in the text it is always on a new line, this                
means that we can use abrupt line ends as a possible guideline for predicting              
when entries will start. These are places where our software would already check             
anyways, however if the previous line ended abruptly from a new line it could              
trigger the program to run additional tests on the next line to ensure it doesn’t               
miss an entry.  

The dictionary includes several examples of the words it defines in use            
along with their definition. This means we can ignore any line which starts with a               
number as that would mean it is an example of the word in use. Hopefully by                
doing so we can optimize use and also decrease false positives. 
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On every page the text comes with guide words in a much larger font than               
the rest of the page, these are to easily allow the reader to know which words                
they can expect on this page. However for the purposes of our program these              
are completely unnecessary. By limiting the size of words our software will detect             
we can ignore these completely. 

Because entries always start their own line, there isn’t actually any reason            
to check any word after it. If our software can still accurately crop the pages into                
entries while only running detection on the first word of each line it will massively               
improve the efficiency of the program. It also serves to remove more chances of              
error, the more words our software needs to check in the books to find the entries                
the more chances it has to get a false positive result. 

Another metric that we can use to help our program correctly capture text             
from the dictionary is to disallow signature marks that will be on the bottom of the                
page from being read as relevant information to the definition.  
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3. Block Diagram and Figures 
This section describes our project flow as well as the components           

necessary for us to complete the project. Our plans for both, how we would like               
the project to run, and what aspects we would like each group member to focus               
on have been laid out in the graphs. Our project only relies on a few pieces of                 
software, so we want to ensure that we are choosing the most efficient and              
user-friendly options. Since we will be implementing open source software and           
there is no shortage of open source options available for what we need to do, we                
need to research every available option and determine which suits our project            
design and workflow the best. 
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3.1 Program Execution Flowchart 

 
Figure 1: Program execution flowchart 

 
This flowchart describes the basic overview of how our program is going            

to run. It starts when the user runs the program, which opens a GUI. The GUI                
prompts them if they want to process one image or process an entire directory of               
images. From there the image(s) are loaded and parsed. The first step is to              
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determine whether the image is warped or not. If the image is warped, we fix the                
warping using the dewarping algorithm. From this step the image is broken down             
into two columns, representing each side of the page. It is then further broken              
down into each definition. The next decision is to determine if the entry spans              
multiple pages or not, and finally upload the image to the repository and our own               
database. 
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3.2 Block Diagram 

 
 

Figure 2: Project design block diagram 
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Block Status: 
1. Acquired: The sponsor provided us with the .TIF scans from her repository. 
2. Prototype: After researching, we settled on using OpenCV. At first, we believed            

that we had to implement some sort of machine learning library but discovered             
that OpenCV has everything that we need. We have come up with a process to               
segment the pages and Miguel is prototyping that process currently. In addition            
to the OpenCV implementation of segmenting the page, Miguel has designed a            
prototype GUI that will be presented to the user upon launch of the program. 

3. Prototype: 
a. Image segmentation: Each page is segmented into two columns, with a           

gap in between them. Our prototype currently breaks each page into two            
separate images, a left and right column image. It then scans the images             
for the definitions and saves the definition in its own .TIF file. 

b. Image warping: At first, we believed image warping to me our most            
complex issue, fearing that we may not be able to implement it. We found              
a research project from Dr. Zucker at Swarthmore College that does most            
of the work already. We now need to modify the project to maintain the              
original image, instead of turning it into a black and white scan.  

4. Research: At first, we believed this would be a stretch goal, but after making              
progress on the other components, we realized that this can become a core             
requirement. Because of this, we are still in the research phase, but hope to              
make enough progress to soon implement this into the current prototype we            
have. 

5. To be acquired: Once we can create our algorithms and test modules, we can              
run them on the original .TIF files and obtain these modified files. 

6. Acquired: The sponsor provided us with her Onedrive repository that she           
previously had. 

7. Research: We need to deliver the final solution in a Docker file, so that for               
anyone wanting to run this algorithm in the future, they can easily mimic our              
setup and get it running without fault.  

8. To be acquired: After speaking to Dr. Heinrich, we have decided to keep a small               
database to help organize our images. This will help when we find certain             
anomalies that will help us when debugging our algorithm as well as when we              
present our project in SD2. 
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3.3 Gantt Chart and Division of Labor 

 
Figure 3: Gantt Chart 

 
The Gantt chart serves three main functions: 

1. To divide the labor and different sections of the project evenly to each of              
our group members. These sections were all agreed on by each member            
of the group and the difficulty assessment of each section was agreed on             
as well. If a section turns out to be much more difficult than previously              
thought, it will be discussed at our weekly meetings and anyone with an             
easier section will assist with the more difficult one. 
 

2. To keep the important dates of the class somewhere easily accessible to            
the entire group. The important dates are both the due dates for any             
assignments and the dates for any group meetings. This is done by having             
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a link to the Gantt Chart in the Discord at all times. The link is in a                 
separate text channel for important links specifically so that it remains           
prevalent and visible. 
 

3. To tell each member of the group what they should be working on at any               
given time, and whether they should be working on the project itself or             
writing pages for the design document. 
 
Each member of the team has also been assigned a color and segment of              

the project that should be working on, the division is assigned as so: 
 

● Jacob - Red - Column cropping and dictionary entry cropping 
 

● Brian - Blue - Text dewarping and page rotation 
 

● Miguel - Green - Research for useful software, research OpenCV and how            
it can be implemented in our project, research using OCR software to read             
the headwords and name the output files, and implement a GUI that            
pieces together the other group members solutions. 
 

● Vincent - Yellow - Research and implement the image stitching solution,           
and subsequently the image brightness solution on the stitched images. 
 
The Gantt Chart shown above in Figure 3 is cut off at the end a bit, but the                  

final lines for every member of the group are finishing the design document and              
reviewing it, and iterating on the previous prototypes that each member has            
created for their section of the project. This chart is absolutely vital for the              
success of this project as it provides a great amount of guidelines to each and               
every member of the group. Swapping between working on the programming and            
implementing a basic model of the project and writing the design document is the              
most optimal way to make it through Senior Design. If any one member of the               
team is stuck on what to write on the document, then they should simply switch               
over to continue working on the project sooner and write about their findings from              
there. The exact date for each and every task on the chart is absolutely not set in                 
stone, we are expecting many of the tasks to take longer or shorter than we have                
anticipated. Our group is always open to communication and assisting each other            
with each segment of the project every step of the way. This has been shown               
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from very early on with our weekly meetings, where we take a look at the               
progress that each member of the group has made up until that point and we               
assist each other with any issues that we have with the code. This is shown even                
further by the Gantt Chart having specific sets of time where if a member of the                
group is finished with their section and caught up on the design document, they              
will reach out to the other members of the group for insight on who is struggling                
the most with their sections and provide them assistance. The dates on the gantt              
chart only go up until the end of Senior Design 1, we do not have Senior Design                 
2 planned out yet, as we are for the most part unaware of any important               
milestones within the class, and as for our milestones, it is simply too difficult to               
predict what exactly we want to be doing on the project that far ahead in the                
future. For the most part, we will continue iterating on our projects from the end               
of Senior Design 1 throughout Senior Design 2. The continuous iteration and            
learning cycle of the project is how we hope to achieve our goal of having a full                 
and successful project in the end.  

To summarize the Gantt chart, each member of the group is given their             
own individual tasks and each member must write about those tasks in the             
design document. We alternate and overlap between working on the project itself            
and working on the design document, so that we have more to write about each               
time we go back to the writing. If a member is unable to continue writing in the                 
design document, then they should go back to working on their piece of the              
project to gather more ideas. We are also not restricted to our individual sections,              
and at our weekly meetings every member of the group helps one another with              
their piece of the project. All group members have access to and regularly check              
up on the gantt chart. 
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4. Technology Used 
This section provides an overview of the various technologies used          

throughout our project, how we used each component, our reasons for choosing            
each component, and any difficulties we had during the process. 

 

4.1 Methods of Communication 
In order to keep the project running as smoothly as possible, the very first              

thing we did was set up a weekly meeting of undetermined length to work on the                
project together. This time was used very well, as during every meeting we             
discussed what we had found throughout the previous week, showed examples           
to the other group members, and helped each other on our respective sections of              
the project. We made huge strides during the group meetings, as communication            
and assistance from someone else in person is priceless for these types of             
projects. After we were unable to meet in person with COVID-19 going around,             
our meetings switched to being on discord. We were able to complete a large              
chunk of the project at these meetings alone. Our main form of communication             
outside of meeting in person was Discord. Discord is an invaluable tool and we              
use it on a daily basis. We have both a general chat for discussion of the project                 
or upcoming due dates. We confirmed and set meeting dates using the discord,             
and the ability to react to messages is a good way of knowing that everyone has                
seen and agreed with any important reminders or announcements within the           
group. As the class continued communication dwindled some at some points           
throughout the project, but it always resumed near the important due dates that             
kept the group on our toes. We also had a chat that was reserved for important                
links. This contains links to the powerpoints that we have made together as a              
group on google slides, and the design document on google docs. In order to              
communicate with the sponsor of our group, course professor, and course           
teaching assistants, we used email. We plan on meeting with our sponsor every             
month to update and inform her of our progress and any limitations that we may               
have found. Communication was a strong suit of our group, and Discord is the              
number one reason that we were able to keep up with each other and the fellow                
group members progress throughout the project and the semester as a whole. 
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4.2 Software and Other Tools 
 

1. OpenCV: This is the most vital piece of our project, OpenCV (Open            
Source Computer Vision Library) had nearly everything we needed to          
make this project a success. We used their algorithms and library in every             
piece of our project. For example, as you have read in the previous             
sections, the thresholding that we used to make the pages of the            
dictionary black and white for easier computer recognition, is an algorithm           
from OpenCV. Otsu’s Binarization, Canny Edge Detection, our functions         
for implementing page dewarping and fixing page rotation, all were          
derived at a base level from OpenCV. The documentation on the website            
of OpenCV was a huge help with the early portions of our project, as each               
and every algorithm we used from there had a detailed definition and            
walkthrough for both how to use it and how exactly it works. At the end               
they even have exercises to perform to implement the algorithm that the            
specific article is on and increase your skill with using both OpenCV and             
Python itself. A large amount, if not the entire project will be based on              
OpenCV libraries along with Python.  
 

2. Discord: The main method of communication for our group, Discord          
allowed us to speak to each other every day and remind each other of              
important events in the class. You can create both voice and text channels             
in this program, so this allows us to type to each other most of the time,                
but get in a call and speak to each other when it is necessary. We have                
created two separate text channels in order to better communicate with           
each other online. The first text channel is the general chat, this is for              
basic communication about anything and everything relating to this         
project. We use this channel to communicate to each other a majority of             
the time. However, anything important that we send in this text channel            
can get lost in the chat log very easily, as we are constantly sending              
messages and sometimes even images, which fills up a lot of space.            
Therefore, we decided to create another text channel for important links.           
This channel, aptly named important-links, is used to store and give easy            
access to any important links that the members of our group may need at              
any given moment. This includes links to the shared Google Docs           
document where we have our Final Design Document, all the way to links             
that seem helpful for the solution of the project. This way, the text channel              
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does not get filled up with any messages and we have easy access to all               
of these links.  
 

3. Google Docs and Google Slides: Our group utilized both Google Docs and            
Google Slides to work on the design document and powerpoints remotely.           
Our group did not have a lot of overlapping free time, so we used Discord               
and Google Docs whenever we could to work together from home. This            
proved to be vital, as it allows us to put together the document and edit it                
all at the exact same time. We can see the edits that the others make in                
real time, and this allows us to make the document consistent and read             
well throughout the entire piece. This also enables us to be sure that the              
other members of the group are writing the different sections and we do             
not have too much overlap. Overlapping is a problem because we want            
the document to appear to have been written by a single entity, not an              
entire group of people. We do not want to repeat too much in the              
document, except where it is entirely necessary to. Information must          
sometimes be reiterated in a section, but too much repetition makes for a             
low quality design document. Upon piecing together our different sections          
of the design document, Google Docs was absolutely vital. We          
communicated through Discord and made the document flow from each of           
our sections.  
 

4. Python: Python is a high level programming language that we are using to             
write the code for our program. This is due to the fact that OpenCV              
contains a library full of Python algorithms used for computer vision. It            
takes advantage of Numpy, a Python library used for mathematical          
operations and calculations to optimize and allow the usage of many of            
the OpenCV functions. 
 

5. Docker: Our sponsor requested that we provide her with our project           
through a docker file, which is a piece of software that contains the code              
and all of its dependencies to ensure that any piece of software will work              
from one computer to the next. Essentially, we do not want the            
development environment to differ from the runtime environment, and         
have that cause the program to fail to execute. This allows the sponsor             
and anyone who the sponsor wants to run our program to be able to run it                
correctly without having to troubleshoot anything. If our program does not           
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run correctly on the computer of our sponsor then the project can not be              
considered successful. Even further down the line as well, our project will            
still be working and in top condition due to Docker providing the same             
runtime environment as when we created it.  
 

6. Zoom: Due to COVID-19, we have begun to use Zoom to keep in contact              
with the Teaching Assistants for Senior Design 1. Zoom is a program            
where you can meet up and communicate as a group online. Many            
professors at the University of Central Florida have moved to using Zoom            
to provide lectures and have meetings with their students.  

 

4.3 Language and Libraries 
The main implementation language that we will use during this project will            

be Python. We all decided to use Python because it requires less overhead to              
run and could allow us to implement the necessary algorithms to make this             
program work as intended. Another reason we decided to use Python was            
because of its ease of use and extensive libraries at our disposal. A popular              
library that we will be using is called OpenCV. OpenCV is an open source              
computer vision and machine learning software library. Another technology that          
we will likely use during the implementation phase of this program will be             
Tesseract. Tesseract is another open source program that we are considering           
using for this project because it also has a lot of algorithms that have been               
refined over time and will suit our implementation needs. 

 
OpenCV Modules that will be utilized either directly or indirectly: 
1. core. ​Core functionality 
2. imgproc. ​Image Processing 
3. imgcodecs. ​Image file reading and writing 
4. calib3d. ​Camera Calibration and 3D Reconstruction 
5. features2d. ​2D Features Framework 
6. dnn. ​Deep Neural Network module 
7. ml. ​Machine Learning 
8. flann. ​Clustering and Search in Multi-Dimensional Spaces 
9. photo. ​Computational Photography 
10. cudawarping. ​Image Warping 
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Python Modules that will be heavily utilized: 
1. NumPy – An image is essentially a standard NumPy array containing            

pixels of data points. Therefore, by using basic NumPy operations, such as            
slicing, masking and fancy indexing, we can modify the pixel values of an image. 

 
2. SciPy – SciPy is another of Python’s core scientific modules like            

NumPy and can be used for basic image manipulation and processing tasks. The             
package currently includes functions for linear and non-linear filtering, binary          
morphology, B-spline interpolation, and object measurements. 

 
3. PIL – Python Imaging Library is a free library for the Python             

programming language that adds support for opening, manipulating, and saving          
many different image file formats. 

 
4. Matplotlib – Matplotlib is an effective library for altering images and             

extracting information from images 
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5. Research 
This section outlines our research for each component of the total           

algorithm and explanations of the background knowledge needed to understand          
how each component works. In addition any modifications or initial results from            
our research is also included in this section. 

 

5.1 Average Page 
The following figure is what the average full page of the dictionary will look              

like. This is important to show as the transformations made to the pages will be               
shown throughout the document. There are special pages, such as when a new             
letter begins, or at the very start of the dictionary, but the figure shown above is a                 
much more common page and is mostly what our algorithm will be working on.              
Compare the examples found throughout the document to this page for a greater             
understanding of what exactly is being done throughout the algorithm’s process.           
The full page is much larger than any of the other examples show, so it is                
important to recognize the size of the page and the whitespace surrounding the             
columns for our explanations later. The figure also serves as a reference for the              
size of the text, the layout of the columns and how they wrap around a page, and                 
any additional text above or below the columns. Refer back to this page for any               
comparison to subsequent sections containing a large amount of modification to           
a given page. 
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Figure 4: Average Full Page 
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5.2 Text Dewarping 
The provided scans of the dictionary were obtained from someone placing           

the dictionary onto a scanner. This obviously led to imperfections in the scan             
such as page skewing, but the most obvious example is in the warping of text on                
the page as pictured below. As you can see, the page is crumpled as a result of                 
being put on the scanner. Unlike the other parts of our solution, there is no               
obvious fix to this issue. 

Figure 5: Warped dictionary entry  
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Our first proposed solution to the issue was to break the warped page             
down not only into each definition, but to go letter by letter and fix the warp at the                  
smallest level we could think of. While this would be the apparent easiest and              
most brute force method of correcting for the warp there were several issues that              
arose. The first is obviously the efficiency, if we needed to break every warped              
page down into each letter and then correct them, the runtime would be             
incredibly slow. While this image manipulation will not be the most efficient in             
general, due to the necessary computation, we do not want to make it any worse               
than it has to be. The second issue that we ran into was when we finally fixed the                  
warping for each individual letter, when pieced back together, the original           
appearance of the document was no longer intact. From Dr. Giroux’s           
specifications, we need to preserve the appearance of each entry and not just             
the content within it.  

Building on our last proposal, we decided to see how feasible it would be              
to implement the dewarping on each entry instead of every single letter on the              
page. After the original image was cropped into two columns and then into each              
definition, we would have a trigger to detect if the image was warped or not. For                
skew, it would look at the beginning and ending of the entries and based on the                
position of the text from the head word to the last word in the entry. If the                 
difference in position for the entries was larger than our threshold, then correct             
for that accordingly. The trigger for detecting page skew would be simple enough             
to implement, but we ran into issues when determining how we would detect for              
the actual warping so we had to reevaluate entirely and do some more research. 

At this point we realized that we did not understand the technical aspects             
of how dewarping worked. We discovered that the extent of our mathematical            
and computer vision knowledge was insufficient and learning the requisite skills           
would take many months. Given our circumstances, we would have to look into             
implementing an already existing open source solution and modify it to our            
needs. 

As this problem can be common when it comes to digitization and            
document preservation there are already a few programs that offer a solution.            
The first solution that we found was a paid program that offered the ability to               
modify and manage a large scale of digitized documents, the LIMB product suite.             
Since we wanted to keep everything we used open source to ensure portability             
and to be available to anyone who wants to use our project, we immediately              
decided against it. 
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The next possible solution we found was from a few researchers at Stony             
Brook University who were trying to solve a very similar issue of unwarping             
document images using machine learning [1]. It was trained using documents          
that were first scanned to use as a baseline and then the documents were              
intentionally distorted. After this, their algorithm was applied to the documents to            
reconstruct the images of the distorted documents. Their results were extremely           
good as pictured below, so we decided that we wanted to see how it would work                
for our documents. The biggest issue was that the executable zip file provided on              
their Github page did not work. There was no readme file on how to run it, just an                  
executable that did nothing and a test batch file. While at first promising, this              
ended up leading us to a dead end so we had to investigate even further. 

 

Figure 6​ ​[2]: Results from the research described above​ ​[1] 
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The next most promising solution that we had found up to this point was              
Leoptonica, an open source image processing code suite [3]. In addition to many            
other useful tools and the fact that it was open source, it offered a way to dewarp                 
document text from camera images. The results shown in their documentation           
were promising, but the biggest issue with Leptonica is that it is written in C. Our                
main dependency, OpenCV is no longer available for C, only C++. While there             
may be a way to hack together different working pieces of our project just to get                
this specific program to work we did not deem it necessary. Not only this, but we                
decided on using Python since it lends itself very nicely to writing scripts and              
automating processes, which is the main crux of our solution. We ultimately            
landed on our current solution, based off of a project we found by Dr. Matt Zucker                
at Swarthmore College which will be described in section 5.2.4 [9]. 

 

5.2.1 Preliminary Definitions for Dewarping 
In the following section there will be a deep dive into how the text              

dewarping algorithm works. This however requires many definitions, models, and          
mathematical equations to be explained so this section will cover those           
necessities before we dive into the workings of the algorithm. 

When it comes to dealing with text and text segmentation, a very common             
approach in computer vision is to apply an adaptive threshold. An adaptive            
threshold is a mask applied to an image to obtain a binary image. A binary is an                 
image where all of the pixels in the image array are either 0 or 1, indicating                
whether that pixel should be switched on (white) or switched off (black). There             
are different ways to achieve a threshold, but we are using a threshold mean              
value. The choice for whether a pixel should be switched on or off is calculated               
through the mean of its neighboring pixels.  

In the realm of adaptive thresholding comes dilation and erosion. These           
are two image processing (morphological) operations that modify the image that           
was run through an adaptive threshold. Both of these operations require use of a              
structuring element, which is a matrix that helps to define the rule for both dilation               
and erosion. It is simply a matrix that represents the neighboring pixels of each              
pixel within the image. The following figure helps show different structuring           
elements. 
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Figure 7​ ​[5]: Multiple sizes of structuring elements  

 
When these structuring elements are moved along a binary image array,           

the pixel that is circled in Figure 7 is the pixel that is going to be either switched                  
on, in the case of dilation or switched off in erosion. 

Dilation is the morphological process of adding pixels to the boundaries of            
objects within an image. The amount of pixels added is dependent upon the             
structuring element applied, in our case a matrix of size for text on the page                
and a matrix of size for the page itself. There are separate rules for dilation                
and erosion, for dilation a pixel is dilated i.e. switched from 0 to 1 in the image                 
array if any of its neighboring pixels within the structuring element are also 1. As               
shown in figure 2 below, after the adaptive threshold is applied and then             
subsequently the dilation is applied, the j becomes much larger. 

Erosion is the morphological process of removing pixels from the          
boundaries of objects within an image. It is the opposite of the dilation process.              
Once again, the amount of pixels removed is dependent upon the structuring            
element and in our case we a have a matrix of size for the text and a matrix                   
of size for the page. For erosion the rule for removing pixels is that if any of                  
the neighboring pixels to another pixel within the structuring element are 0, that             
pixel is then switched to 0, i.e. it is removed from the final image. 
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Figure 8​ ​[10]: The image is first thresholded to obtain a binary image,            

dilation is applied  to make the object larger 

Figure 9​ ​[10]: The image is first thresholded to obtain a binary image,            
erosion is applied  to make the object smaller. 

 
OpenCV’s process of dealing with image mapping/remapping and        

projections is built on a camera model known as the pinhole camera model. This              
model is based on the titular pinhole camera, which is one of the most basic               
types of camera consisting only of an aperture and no lens as shown in Figure 10                
below [4]. 

Figure 10​ ​[4]: A pinhole camera model as described above. 
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In this model, not every point of light projected from the object passes             

through onto the film, only a few points pass through leading to a nearly              
one-to-one mapping between the 3D points and the points on the film. While             
Figure 10 shows a basic overview of this concept, below Figure 11 shows a              
formal construction of this model. 

 
 

Figure 11​ ​[4]: A pinhole camera model as described above in more detail 
 
There are many working parts to even such a simple model and they are              

as follows. The image plane, this is what was projected onto the film as shown in                
the previous figure. The aperture, otherwise known as the pinhole represented by            

, which represents the center of our camera. The distance between the imageO              
and the aperture is the focal length . Lastly we have our coordinate vectors of       f         

3D space , , and . The point on our object can be represented by a        P          

matrix, which is visible to our camera. This point will be projected             

onto the image plane , giving us a point on our image plane of = .    Π′          P ′   
Since our point is projected from a space in to one in , we lose our z                  
component. Using our point we now have a basis for a coordinate system that    P ′            
is centered at our pinhole , ​which is known as the camera coordinate     O         
system [4].  
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Used in many image and audio processing applications is dithering.          
Dithering is noise applied to an image which reduces the color range of an image               
and helps to eliminate various inaccurate color representations in image display.           
This process was done in newspapers and comics since in the most basic             
example, a black and white image can have dithering applied to it to create the               
illusion that there are gray values present. One of the most common inaccuracies             
in computer graphics is known as color banding which can be seen in the              
following image. 

Figure 12​ ​[8]: A gradient with color banding 
 
This gradient has obvious transitions in color, with each transition being a            

new “band” of color, thus the name color banding. Dithering is then applied to this               
image to obtain the final smooth gradient pictured below. 
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Figure 13​ ​[8]: A smooth gradient with dithering applied 
 
Once dithering is applied, the bands of color are no longer present. The             

whole idea of dithering is to restrict the palette from a full 24-bit RGB color range                
to a restricted 8-bit range with 256 values, a process known as color             
quantization. This process was used very frequently in the early days of web             
design when high speed internet was not as prevalent. Applying dithering to            
images in a web browser helps reduce the size of the image to help reduce the                
amount of bandwidth used to load pages. 

Similar to the structuring element, there is pixel connectivity. This is a way             
to classify pixels in an image and how they compare to their neighbors.The two              
main two-dimensional pixel neighborhoods are 4-connected and 8-connected. In         
a group of pixels that are 4-connected any pixel that shares an edge is a               
neighbor. In a group of pixels that is 8-connected any pixel that shares either an               
edge or a vertex is a neighbor. 
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Figure 14​ ​[6]: 4- and 8-connected pixel neighborhoods  

 
Connected-component labelling is an application of graph theory into the          

world of image processing and computer vision. It is used to group components             
of an image that share similar qualities and label them to help differentiate them              
from other distinct groups [5]. There are two different implementations of           
connected-component labelling, but the method that is the easiest to implement           
and is most efficient is known as the two-pass algorithm. The steps to the              
algorithm are as follows: 
 
 
 
 
 
 
 
 
 
 
 
 

37 



 

First Pass: 
image = binary_image 

connected = [] 

label = 1 

for​ row ​in ​image 
  ​for​ col ​in ​image 
    # pixel is not background, we want to look at it 

    ​if ​image(row, col) == 1 (white) 
      neighbors[] = 8-connected pixels 

 

   # new component of the image 

   ​if ​all neighbors == 0 (black) 
     # give new label, increment, and find set 

# containing the current label 

connected[label] = set containing label 

image(row, col) = label 

label += 1 

 

  # pixel has one or more neighbors 

  ​else 
    # find indices of neighbors and update 

    indices[] = indices_of_neighbors 

    image(row, col) = min(indices_of_neighbors) 

    ​for ​label ​in ​image 
      combine sets that are neighbors but do not  

  have the same label 

Second Pass: 
for ​row ​in ​image 
  ​for ​col ​in ​image 
    ​if ​image(row, col) ​is not​ background 
      image(row, col) = find parent label of the set 
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The first pass of the algorithm is very straight-forward, we are simply            
iterating through the image array and labelling connected components. In the           
case where there is a pixel with one or more neighbors, we get the minimum of                
its neighbors in this first pass just to give it a preliminary label. Then we combine                
the set of each label with its neighboring pixels that do not have the same label,                
assigning the parent node to that label. Set 1 is the parent of set 2 and Set 3 is                   
the parent of sets 4, 5, 6, and 7 in Figure 15. In the second pass of the algorithm                   
is when the labels are updated to correspond to their actual values. 

 
Figure 15​ ​[1]: First pass of Connected-Component Labelling algorithm 
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Figure 16​ ​[1]: Second pass of Connected-Component Labelling algorithm 
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5.2.2 Dewarping Subprocess Flowchart 

Figure 17: Image remapping and string detection subprocesses in further detail 
 

These two flowcharts break down the subprocesses that are present in           
our dewarping algorithm. As described earlier, before completing the image          
remapping the strings of text on each page must first be detected and connected              
into similar groups. After this process is complete, the final remapping can be             
calculated and our image is dewarped. 
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5.2.3 Dewarping Algorithm Flowchart 

Figure 18: Dewarping algorithm flowchart 
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This flowchart describes the basic approach for the algorithm for          
dewarping text. We start with our warped image, detect the page boundaries,            
then detect its text strings, assemble those strings into blocks of text as they are               
represented on the page, remap the warped image, and save the final dewarped             
image. 

 

5.2.4 Text Dewarping Algorithm 
The problem is broken down into two main steps, first the text must be              

split into lines and then a warp/coordinate transformation must be found to            
ensure that the text lines are parallel and horizontal. The procedure of this             
algorithm are as follows: 

1. Obtain page boundaries: This is done by specifying a fixed margin of your             
initial image that you consider your page. For example, one of our images             
is 713 x 2801, we can specify our margins to be 20 pixels in each direction                
to only obtain the text and ignore the page borders. 
 

2. Detect strings of text: This is done in multiple steps, and it is a similar               
approach to how we are delineating each entry in the dictionary. First, an             
adaptive threshold is applied to the image. Morphological dilation is then           
applied to this binary image, which combines each string of text into a             
single contour, where a contour is a curve that joins the continuous points             
of the same color, in this case our text. From here, erosion is applied to               
the dilated binary image to make the boundaries of the text smaller and             
obtain a better fit. While it may seem unnecessary to both dilate and erode              
the image, this process is necessary to ensure that we are actually            
obtaining text and not any extraneous data on the page. After these two             
processes are applied, connected component labelling is applied to further          
eliminate any extraneous items on the page that may not be text. 
 

3. Assemble text blocks: In our previous step, we broke up each section of             
text into its own self-contained box. Any text on the same line that is not               
within the same contour, that is not part of one word, is not counted as               
being on the same line so we need to connect them. This is done by               
checking edge costs between each contour and if the cost is less than             
infinity, i.e., if they are on the same line, we append the two contours. The               
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current solution for this is polynomial runtime of , but if possible we             
would like to reduce that to be more efficient. 
 

4. Since our original image is taken from a lense, there are many different             
factors influencing the final result of the scanned image, which is the crux             
of this entire problem. Remapping must be done in multiple steps: 

 
a. Create sample points: The algorithm for detecting the curvature of          

the page is built using a parametric model, defined by: rotation           

vector , translation vector which parameterize the 3D         
orientation and position of our page, slopes 𝝰 and 𝞫 which are the             
curvature of the page, vertical offsets of the text spans on our             
page, and horizontal offsets which represent points within each          
text span. This model is based on discrete points, so there needs to             
be fixed points in each text contour, our . 
 

b. Create parameter estimate: Using OpenCV’s ​solvePnP​ [11]      
method, which estimates the initial pose of an object in this case            
our page, its image projections, and the camera matrix. After this,           
OpenCV’s ​projectPoints​ [12] method projects the new image       
onto the image plane. 
 

c. Optimize: Since our last step was just an estimate, we need to            
minimize the error using scipy to minimize the functions. In this           
step, the “Powell'' method [13] is used, which finds the minimum of           
a multi variable function without taking derivatives. This method is          
very useful in our case since it allows for the local minimum to be              
acquired without the need for any derivatives. We do not know what            
the parameters of our page equations will be, so we do not always             
know if they will be differentiable or not. 
 

d. Remap image and apply final threshold: Once the optimization is          
complete, the final dewarped image can be obtained. Using a          
coordinate remap with the rotation and translation vectors, as well          
as the two slopes, the image can be projected from to our             
image plane . This is achieved by using OpenCV’s         
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projectPoints​ [12] and ​remap ​methods. Finally after projecting       
and remapping the coordinates, the final image is run through an           
adaptive threshold once more. 

5.2.5 Initial results and modifications 
The original algorithm [9] we found worked almost flawlessly, when we ran           

our image through it, we had incredible results. We originally believed that the             
best approach for our problem was to first break the page in two and then fix the                 
warping on each side before detecting the final boundaries and the first result is              
shown below. 

Figure 19: Original warped image    Figure 20: Initial fixed output  
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From here we realized that it would be easier to first unwarp the entire              

page before splitting the page into two columns. If the entire page was warped,              
our algorithm could not properly detect boundaries; those results are below. 

      Figure 21: Original warped image 
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             Figure 22: Initial Fixed Output​ 
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Our example page has slight warping on the text along with many            
imperfections in the page that are no longer present in our unwarped            
document. While there were some anomalies in our tests of this method,            
we ultimately decided that this would be the way to go. To avoid any of               
those anomalies in the final project we will implement a threshold for            
warping, if our text is not warped at all we will simply skip the dewarping               
step and go right to the cropping step. 

While these results are very promising, there are some present          
issues, so we analyzed the code to figure out what was happening. The             
first issue being that this program outputs a binary image. This program            
was originally designed to quickly scan and save images of pages of text             
that were sent by students when turning in homework. So for the original             
purpose, there was no need to maintain the original color picture as only             
the text of the image was important to see. 

In step 2, an adaptive threshold is applied to the image to help             
detect text contours, but this is only temporary. Right before the image is             
saved, a final threshold is applied, to give the image the appearance of a              
scanned document. This is not an issue when exact document          
preservation is not necessary, as in the original use case, however we            
need the images to be preserved as per Dr. Giroux’s request. In a very              
quick attempt to fix this, we simply stopped the program from changing the             
image to black and white before saving. To our surprise, this actually            
worked, but the resulting image had dithering applied to it, as shown            
below. 
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      ​Figure 23: Original warped image                    ​Figure 24: Corrected  image with​ ​dithering  
 
This result still keeps some of the original colors from the image, but has              

visual noise plastered all over it. Lastly, when saving the image we just removed              
the dithering and kept the original image, the results of this modification are             
pictured in the next section. 
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5.2.6 Initial Results 
After modifying the program to output a color image, we had very            

successful results. Figures 25 and 26 show the results from running an image             
with noticeable page skew and text warp through the dewarping algorithm.           
However there are a few anomalies present. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
                 Figure 25: Original warped image Figure 26: Dewarped image 

 
From the changes previously discussed, we were able to achieve an           

image of practically identical quality to the original, but as you can see, it has a                
cooler tone to it. The page itself no longer has yellow-ish hue, but rather a               
blue-ish tint and wherever there were brown age stains on the page they are now               
dark blue. We believe this is due to how the algorithm modifies the color              
channels when implementing the adaptive threshold. A possible solution to this           
discoloration is discussed in the next section.  
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5.2.7 Modifications 
The biggest struggle is eliminating the present discoloration. We found a           

similar project done by Dropbox [14] in their automatic document scanning app           
and much like our solution, the color of the image is ignored. Instead of only               
applying the algorithm to a binary image, we can apply it to each RGB color               
channel, but this can lead to an issue called color constancy.  

 
 Figure 27​ ​[14]: Color Constancy 
 

Color constancy is a classic example of an optical illusion. The two            
squares A and B are the same color, but due to the shadow from the cylinder                
they appear to be different colors. We do not believe we will run into this issue                
since there are not any apparent heavy shadows in the scans, but also the only               
two colors that appear in the scans are the yellow-ish background of the pages              
themselves and the black text. If we do encounter this issue, we can elevate the               
saturation and hue of either the background or the text and this should help              
account for those cases. 

The next issue is the image quality. Most of the images are high quality,              
but some are older scans and are not as high of quality. There is not really a                 
solution to make sure the lower quality images are as high quality as the higher               
quality ones, but we ensure that our algorithm does not degrade the quality of the               
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image too much so the lower quality images do not end up looking any worse               
than they already do. 

With the current implementation, there is no estimate of the page           
boundaries, in the program before running, we give a rough estimate of where             
we think the page boundaries are going to be based on our input size. As               
discussed previously, this led to warping occurring at the boundaries of our            
images. There is a solution to this issue proposed in​Automatic Borders Detection            
of Camera Document Images ​[15] that automatically determines the borders of a            
camera document image, which we will implement if we believe it is necessary. It              
works by carrying out the following steps: 

1. Noisy black border detection and removal: In document images obtained          
from cameras, there are often things called noisy black borders. These are            
parts of the image that do not belong to the page and are extraneous              
portions that can be discarded. This is done in multiple steps. 

a. Horizontal and vertical smoothing are applied to the images using          
what is known as the Run Length Smoothing Algorithm (RLSA).          
This algorithm is mainly used for text block segmentation and an           
example is shown in figure 28 below. 

b. Connected Component Labelling is then applied to find the         
connected text components to keep within the page’s boundaries. 

c. A vertical histogram is calculated to find the sum of the black pixels             
in each column of the image array. From this vertical histogram, the            
limit for the left side of the image is calculated. This is calculated by              
searching for the entire width of the vertical black border; however,           
if no vertical black border exists, this process terminates early. A           
similar process is applied to find the vertical black border on the            
right side of the image. 

d. A horizontal histogram is calculated to find the sum of the black            
pixels in each row of the image array. This process is similar to the              
border detection described in the previous step. 

e. Lastly, the black borders are removed. Any black pixels that are in            
a connected component that is out of the limits of the connected            
components of the text is transformed into a white pixel. 

2. Noisy text region detection and removal: This step is useful for scans of             
images that span multiple pages. In this step, any text that is outside the              
boundary of our present page is detected and removed. In our scenario            
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this is not necessary so we do. We are only dealing with one page at a                
time and do not see a need to implement this. 

 
 

The proposed method above will be very useful to help ensure that we are              
completely accurate in our cropping and dewarping, but there will need to be             
some modifications made for our implementation. For our page scans, only the            
page is present, there are no noisy black borders. To make this work for our               
solution, we will need to do almost the opposite of what is being proposed.              
Instead of removing black borders, we should remove the white borders on both             
sides of the text, so we can be left with just the text. 

 

Figure 28​ ​[84]: RLSA Applied to a news article 
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5.2.8 Noisy Black Border Removal Flowchart 

Figure 29​ ​[15]: Black border removal flowchart 
 

From the border removal process described earlier, it is much clearer to            
see here what is going on. The incoming image has RLSA applied to it as well                 
as connected-component labelling which breaks it down into which are the            
sets of labels and then further into which is the labelled image. is also fed                 
into the vertical and horizontal histograms to detect the page limits as well as              

and , which are the limits of the page itself. Lastly, the             
complete image  is produced. 
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5.3 Column Cropping 
This project has several unique challenges that need to be addressed.           

The first step would be to recognize an entry word. Entry words are observed to               
have all capital letters and larger font size than the surrounding characters. In             
addition to the larger font size, entry words could sometimes be capitalized. We             
will use this fact as a criterion in determining what is an entry word and what                
likely is not. Additionally, we must take into consideration that the scanned            
documents also have guide words and have similar characteristics to entry words            
which can be observed below. 

In order to make the algorithm be as successful as possible, we want to              
first trim any excess whitespace and unneeded text. The unneeded text consists            
of: 

● A large letter at the top of the page to indicate where a new letters section                
begins 
 

● Guide Words on the top of the page, which act as an index to the first and                 
last words on that given page. 
 

● Signature Marks on the bottom of the page, which tell where the page fits              
into the dictionary, or what volume it is in. 
 

● Press Figure on the bottom of the page, which identifies the worker who             
set the type. 
 

● Catchwords on the bottom right of the page, which tell you the first word              
that is on the next page. These are to help put the pages in order. 

 
The following page contains images with examples of some of these           

obstructions. Circled in green is the letter section guide, purple are the guide             
words, blue are the press figures, and red are the catchwords. The signature             
mark is not present in this example, but it tells you the volume on the lower left                 
side of the page.  
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Figure 30: Letter Section and Guide Words 

 
The guide words, in this instance, must be ignored as they are not part of               

the definition of any of the words being defined on the page. Another item that               
must also be ignored, during the processing of the image, are signature marks on              
the bottom of the page, press figures, and finally catch words. The items can be               
observed here. 

Figure 31: Press Figure and Catchword Example 
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These items were placed in the document to help identify the worker who             
scanned the document, where the page fits within the book, and the word on the               
far right, shows the first headword on the following page. Even though we were              
recommended by the sponsor to ignore the catchword on the far right, I believe              
that we can potentially use it to help us find the starting point on the following                
page. We could probably isolate that catchword, process it, and immediately look            
for that specific word in the next page. 
 

 
Figure 32: Catch Word Obstruction Example 

 
The first few things that we noticed could potentially be very useful are: 

● The headwords that lead each definition are entirely capital letters. 
 

● The headwords are all the way to the left of the column, whereas the              
definition itself is indented. 
 

The most apparent potential problems are: 
● If a word has multiple definitions then the subsequent definitions stay on            

the same line as the headword. (Shown in figure 31 as the numbered             
definitions below “A’BLUENT.”) 
 

● Sometimes the signature marks, press figures, and catchwords are up          
against the definitions on the bottom of the page. (Shown on the bottom             
right of figure 32 above.) 
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Now for the multiple definitions, the solution may actually be quite simple,            

as the numbers leading the definitions are relatively small and have a lot less of               
an impact than the headwords themselves. This can easily lead to the program             
being able to pick them out with little to no problems. As for the catchwords and                
other additional text being pushed up against the definitions on the bottom right             
of the page, the first thought that comes to mind is to check and see how far                 
along to the right a word has been indented, and if there is a lot of empty space                  
to the left of it then cut it out. This solution may work, except the references for                 
the definitions are also indented all the way to the right, we just need to make                
sure our algorithm can pick and choose which is wanted, and which to get rid of. 
 

 
Figure 33: References and Catchword 

 
Examples of these can be shown in figure 33 above, where the catchword             

and signature mark are shown circled in red, but the references (which we want              
to keep in the definitions) are circled in green. In this case, the reference for the                
bottom right most definition may appear like a catchword to the algorithm and be              
removed. Due to the fact that there are so many pages in the dictionary, it is also                 
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difficult to ensure that our algorithm is working perfectly on every single page,             
and for an issue like this one, it would be very easy to miss the fact that a                  
reference was cut out of the definition. 

The best way to capture the body of the word being defined is to first               
segregate both columns. The best way to separate both columns is to consider             
the space between the columns. 

   Figure 34: Column Space Detection 
 
The field that is highlighted green is the spacing that is between the             

columns. This space will be the location where we would separate the two             
columns so that they could be individually processed. During the processing           
phase, we will separate both columns into individual files and from that point,             
they will be individually processed by the program. This way, we would be able to               
parse the data that we need from the body of text with further ease. And it will                 
also improve the performance of the algorithm, since it would have to process             
less information and focus on the data that we want to extract. 

The program will then separate the columns by the space between the            
columns, highlighted by the green bounding box. After this, the program will split             
the columns into two individual files. Separating the initial files’ word columns will             
increase the processing steps of the program, but we believe that the overall             
efficiency and accuracy of the parsing of the headword and its definition will             
increase. We believe that it will increase its efficiency and accuracy because            
there will be less information that the program would need to parse. 

We do not want our algorithm confusing any of these for the headwords or              
definitions, so if possible, removing them during this phase is ideal. The pages             
are split into two columns that are full of text. The first step in our algorithm is to                  
separate and crop these columns out of the page. In order to achieve this we               
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begin by thresholding the entire image into black and white. These will leave the              
text as black and turn the entire background white. This type of image is much               
easier to work with as it gets rid of most of the unnecessary “noise” in the image,                 
and will only leave the text and sometimes a few blemishes to deal with.              
Currently, two different algorithms for thresholding are being considered, the two           
being Otsu’s Binarization and Canny Edge Detection. 
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5.3.1 Desired Output 
The desired output for our program is shown below in Figure 35. This             

definition is properly cropped and it contains the entire definition for the word             
“A’BLE”.  

 
 

 
Figure 35: Cropped Definition Example 
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Figure 36: Multiple Page Spanning Output 

 
Figure 36 is an example of the proper output of a definition that spans              

multiple pages or columns. Every piece of the definition will be cropped            
separately and then stitched back together afterwards. For this particular          
example, color correction for the discoloration between pages is not accounted           
for, therefore the output is not entirely complete, but the color correction            
algorithm is not yet complete. After the algorithm is complete the output should             
look similar to the figure directly above it, and appear as one seamless definition              
as though it were on the same page or column.  

This output also must be named properly. For example, the name of the             
first example’s file would be as follows:  
 

f1755-able.tif 
 
This begins with the format, which is “f” for folio, which will essentially be              

the same for all of our files. Second is the year that the book was made, which is                  
1755. This will be one of two years, 1755 and 1775, which are the different years                
for the two dictionaries. After that, a hyphen is followed by the headword itself. 
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5.4 Otsu’s Binarization 

 
 Figure 37: Thresholding or Otsu’s Binarization 

 
To perform the thresholding, we used a python algorithm called Otsu           

Thresholding, or Otsu’s Binarization. This makes the thresholding easy, as for           
with normal thresholding you have to find the value that gets thresholded out of              
the picture and turned into the background. However, if there is a shadow on the               
image then this value will be more difficult to find and you may end up with an                 
image that is half black due to the shadow being recognized as darker than the               
background, and therefore recognized as text to your algorithm. Otsu’s          
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Binarization finds the optimal threshold value for your image, and gives it back to              
you for you to use in your thresholding functions. The algorithm works by             
attempting to find a threshold value that reduces the amount of weighted            
within-class variance to an absolute minimum. This all but ensures that every            
page will have a proper thresholded version, and we will not have any issues with               
pages being entirely black or entirely white, or any text being cut out and ruining               
our crop. For the most part, if some word was removed in the middle of the                
definition it would not matter. This is because we are only using the thresholded              
image to calculate exactly what we need to perform on the normal image. The              
thresholded image is much more convenient for figuring out where exactly the            
columns start and stop, and this allows us to figure this out on the thresholded               
image and perform the exact same operations on the normal image. The only             
issue with this would be any blemishes that may be on the page, such as a                
coffee stain, or any sort or black speck that was on the page when the scan was                 
performed. This would be taken as a piece of text, and if it is dark enough then                 
Otsu’s Binarization would not get rid of it. We will use a Gaussian filter to remove                
any additional noise or specks that are on the image, this will blur the image               
slightly and the darker specks will get blended in with the lighter background             
around it. If the darker specks are on the text it does not matter, as the text will                  
already come through as black after applying Otsu’s Binarization. 

 
To summarize Otsu’s Binarization: 

1. ​The algorithm works by creating a histogram of the input image and             
finding the optimal thresholding value from the pixels. Which can range from            
0-255. The input that Otsu’s algorithm is expecting is in black-and-white. If the             
incoming image is not so, then it will be converted into a grayscale before it is                
subsequently given as an input. 

2. ​Once the thresholds are established, they will be separated into those            
categories. This is where the foreground and background are determined and           
classified accordingly. 

3. ​The variance between the two categories is determined and from this             
data, the text can be isolated. 
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5.5 Canny Edge Detection 

Figure 38: Canny Edge Detection Example 
 

Additionally, we may also use Canny Edge Detection as an alternative for            
thresholding, in case we run into any problems on a significant amount of pages              
through the thresholding process. Canny Edge Detection, as the name implies, is            
an algorithm to detect and emphasize edges of objects or text in an image. This               
will isolate the text from the background, just like Otsu’s Binarization, except it             
will emphasize only the outline of the text and not the text itself. This is not an                 
issue because we only need to know the areas that the text is encapsulating              
within the image, so any way of finding that area will work for our project. Similar                
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to before, we will use a Gaussian filter because Canny Edge Detection is very              
vulnerable when there is any sort of noise in the image.  

The blurred or smoothened image after the Gaussian filter is then filtered            
again with a Sobel kernel. The Sobel kernel, or Sobel filter, is used to emphasize               
the edges within an image. A suppression scan is then performed on the entire              
image in order to remove any extra specks or noise that were not filtered out by                
the Gaussian filter. It does this by comparing every dark point with the edges that               
have been isolated by the Sobel filter. If the point is along an edge that was                
already isolated, it is kept. The point is first compared to the edge itself to               
determine whether it lies along it, and then it is compared to points normal (or               
parallel) to the edge. If the point forms a local maximum and is darker than the                
points along the normal that it is being compared to, then the algorithm             
determines that the point is along the edge. The points that are not along edges               
are then suppressed, and changed to be part of the background. Determining            
whether edges should stay considered as an edge is different. If an edge has              
passed the previous stage and the points along it are all considered to be a part                
of the edge, then it is compared to two different threshold values. These values              
are the maximum value and the minimum value. If an edge with an intensity              
gradient is above the maximum value, the edge is considered to be an edge. If               
the edge has an intensity gradient below the minimum value, the edge is no              
longer considered to be an edge, and is suppressed and changed to be a part of                
the background. However, there is one additional case, edges that are in            
between the maximum value and the minimum value. When an edge is above             
the maximum value, the algorithm is certain that it is an edge, therefore if an               
edge is partially above the maximum and has pieces that dip in between the              
maximum and minimum, it is still considered an edge. If every part of an edge is                
in between the maximum and minimum threshold values, then the edge is not             
considered an edge and is then suppressed.  
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To summarize the Canny Edge Detection algorithm, a step by step guide            

follows: 
1. The first stage of the algorithm will reduce the amount of noise in             

the image by applying a 5 x 5 Gaussian filter. 
 

2. The second stage of the algorithm will find the intensity gradient of            
the image. It will do this by attaining the Sobel Derivatives, an            
approximation of the derivative, then multiplying by a set of          
matrices, like the two illustrated below producing two separate         
images. 

  
(Scharr Function will improve the approximation of the Sobel Function) 
 

After the images are generated in the X and Y directions, the edge             
gradient is calculated as follows: 

 
3. After the previous step is completed, the image is scanned, in its            

entirety, and any pixel that is an outlier in its immediate vicinity will             
be set to off. In a process called Non-maximum Suppression. 
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Figure 39: Pixel is A is edge and it is compared with gradient directions C and B 

 
4. In the final step of the algorithm, two values will be generated. One             

of the values will be a maximum value and the other will be a              
minimum value. If the intensity gradient is lower than the minimum           
value, it will be discarded, as it is not an edge. If the value is               
between the maximum value and the minimum value, it will be           
further considered. Consequently, if the intensity gradient that was         
calculated in the previous step of the algorithm, is higher or at the             
maximum, it is sure to be an edge and will therefore be included. 

 

  
Figure 40: Maximum and minimum values 

 
 
The good thing about Canny Edge Detection is that OpenCV contains           

every part of the algorithm within one function, cv2.Canny(). The arguments it            
takes are the image that is being processed with the algorithm, the minimum             
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threshold value for the final step, the maximum threshold value for the final step,              
the aperture size, which is the size of the Sobel kernel, and finally L2Gradient,              
which can change the equation that finds the gradient magnitude. This should            
always be set to true however, because the equation that it will use is more               
accurate. The resulting image will be white outlines on a black background, and             
the inside of the text will not be filled in, only the outlines of the text will be                  
emphasized. 

The following code written in Python is demonstrating the application of           
Canny Edge Detection on an “after1.tiff”. In addition, this Python code will            
produce two outputs, the first output will be the unmodified “after1.tiff” file and the              
modified “edge.tiff” file. 

On Line 6, the function call cv.Canny() takes 3 parameters. The           
parameters required for this function are the following: the image file, the            
minimum value, and the maximum value. 

  

   
Figure 41: Python code illustrating the application of Canny  
Edge Detection algorithm to an image file 
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After running the above Python code, the following output is obtained: 

  
Figure 42: Output after applying Canny Edge Detection algorithm on a .tiff file 

  
As you can see, the image on the left is the original .tiff file that was                

entered into the program and the resulting image is on the right. A benefit of               
applying the Canny Edge Detection algorithm is that it reduces the overall noise             
of the image, in addition to clearly differentiating the data with the background.             
Another benefit of applying this algorithm is that This will prepare the image file              
for the next phase of processing. 
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5.6 Dilation 
In this next phase of processing, a morphological operation called Dilation           

will be performed on the image. This process will further remove noise from the              
image and cause the elements of interest to join, into a clump, and it will simplify                
the next phase of processing. 

 
Four iterations of the Python code below yielded desirable results. 
 

 
Figure 43: Python code illustrating the application of morphological dilation          

algorithm to an image file 
 
On line 32, the dilate function is called with three parameters. The first             

parameter is called “edges”. This variable contains an image file that was            
processed by the Canny Edge Detection algorithm. The second parameter is           
called “kernel”. This parameter is storing a five by five matrix of ones. The last               
parameter of this function call is setting the amount of iterations that the dilation              
function will perform on the image. In this case, the contents of the variable              
“edges”. 

On line 36, a variant of the final implementation of the naming convention             
can be observed. In this variant, the current iteration of the loop has been              
appended to the name of the output file in the following format: ITERATION +              
“_edge.tiff”. This is testing the mechanic that will likely be in the final             
implementation of the naming convention mechanics. 

After observing several output images, I noticed that the best resolution is            
1380 x 2000. resolutions that are bigger than this causes the prototype program             
to take longer to process the data. This could be because the program must              
process and produce larger files, and therefore, increases the programs resource           
usage and processing time. This, of course, is subject to change as the program              
is further refined and developed. 
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After running the Python code above, it yielded the following favorable results,            

 
Figure 44: Four iterations of dilation applied to a dictionary entry 
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As you can see from the images above, the text has been dilated into              
bigger masses. As a result, the relevant data has been isolated in white. And the               
background, colored in black, has also been isolated and would later be removed             
from the image. 

Note that there are still areas that have been isolated in white that are not               
areas of interest but were isolated in error. These regions are highlighted in Red              
below, 

 
 Figure 45: Regions of errant text detection to be discarded 
Note that the areas highlighted in red are areas that were accentuated in             

error while being processed. These areas will later be removed in later stages of              
the processing pipeline. 
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5.7 Binarized Column Cropping  
Once the image is entirely black and white, we will look at the columns of               

pixels across the image to find where there is a lot of empty whitespace and a                
lack of text. This can be done by averaging the pixels in each column and finding                
the columns with a higher (more white) average. The example image has not yet              
been dewarped and rotated, so the example columns are at an angle. For the              
actual column cropping process, the page will be dewarped and straightened to            
make processing the cropping much easier and significantly more efficient. 

 
Figure 46: Column Cropping Example 
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Due to the way the pages are laid out, it is a lot easier to surround the                 
columns on the left and right side than the top and bottom. This is because the                
unneeded text that was mentioned earlier, (guide words, signature marks, press           
figures, and catchwords), is located on the top and bottom of the page, generally              
very close to the columns, and sometimes even attached to them. Luckily, the             
guide words at the top of the page are separated from the text and written in a                 
much larger font, so those will be very easy to pull out. The problem lies in the                 
catchwords sometimes directly touching the definitions. Seeing as we are not yet            
cropping out the definitions themselves, but simply the columns of text, it is better              
to ignore this fault for now and crop the columns with the catchwords and other               
additional text on the bottom of the page. Once the columns are cropped out, we               
want to make sure we remember which columns were on the left or right side of                
the page. This is both for our data and because the catchwords are only on the                
right column. We know that the only time we need to look for a catchword is if we                  
have pulled out the right column, and if we try to remove the catchword on the                
left column we may remove text that is necessary for the definition. Since we              
have dewarped and rotated the pages already, the columns should be relatively            
straight, so we should not need to dewarp or rotate again. Depending on our              
findings however, we may want to dewarp and rotate during this stage, maybe             
multiple times, as the amount of text that the dewarped has to deal with is lower                
and there will be less room for errors and likely a greater output file. Once the                
columns are cropped out, we will move on to cropping out the definitions             
themselves. 
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5.8 Definition Detection and Cropping 
So to summarize the previous sections, we have both made sure that the             

text and columns are straightened, and we have cropped out the columns to             
remove whitespace and the guide words. The next step is to figure out how to               
crop out the definitions and headwords. In order to detect where the headwords             
are and how long the definition goes on for, we must find how the text differs                
when the headwords begin and from headword to definition.  

 

 
Figure 47: Multiple Definition Example 

 
Figure 47 directly shows two separate definitions that have multiple          

numbered definitions. Note that the definitions on the left contain the headword            
and every subsequent definition for the word, while the definition on the right is              
an example of a definition that spans multiple pages. Only approximately half of             
the page is being shown, so the definition begins somewhere on the bottom left              
of this page, and continues through to the top right of the page. For some words,                
the definitions span multiple pages like this and can have over 30 different             
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numbered definitions. This shows how important both page stitching and our           
definition detection needs to be, as we do not want a headword to lose any part                
of the definition. 

Now we need to know how exactly we want the definitions to be cropped,              
and this is shown in figure 48 below. The headwords are boxed in orange and               
the definitions are boxed in yellow. If you look at the word “A’BLATIVE.” on the               
left side of the page, you will see that headwords with multiple definitions will              
have them all boxed together and included in the crop for that word. 
 

 
Figure 48: Boxed Headword and Definitions 

 
Words with definitions that span either multiple pages or multiple columns           

must be stitched together. Some words have definitions that span multiple pages            
entirely, and this is where the page dewarping and rotation can have the greatest              
effect on the cropping. We want the definitions, no matter how long they are, to               
be as straight as we can possibly get them. It is also very important to our                
sponsor that we retain the feeling of an actual book, so we both cannot let the                
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dewarping drop the quality down too much, and we cannot keep the image             
thresholded to black and white, the thresholding is only for column and definition             
detection. This is where the image stitching and brightness manipulation come           
into play, because the color across multiple pages can change, where some            
pages may appear to have a blue tint, and some may look more normal, like the                
above page shown in Figure 48. In order for the final crops to appear uniform and                
be appealing to the eyes, the colors should be adjusted so that the crops look as                
though they came from the same page. This was originally a stretch goal as              
stated by our sponsor, but we put it upon ourselves to make sure that this aspect                
of the program was implemented, and made it a requirement for the project to be               
considered successful.  
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5.9 Image Brightness Manipulation 
Image brightness manipulation works separating an image into their         

individual pixels and assigning values to those pixels based on their color with             
values generally ranging from 0 to 255. It is important to note that all grids in this                 
section are examples of how image manipulation software stores this          
information. They are not literal representations of the data present in the            
accompanying images. Such a literal representation of the images used would           
take up most of this document’s length as each image is made up of well over                
hundreds of pixel values that must be stored in such an array.   

 

 
     Table 1: An example of a grid of pixels from a picture reduced to their pixel values 

 

 
Figure 49:​ ​A cropped shot of a page from the text 
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A very simple brightness contrast program would go through all these           
values and multiply each of them by a constant greater than 1. Any values that               
increase to a value greater than the max value of 255 are set to 255 instead. A                 
value at 255, for example, remains unchanged. 

 

 

Table 2: A table of contrasted pixel values 
 
 

 

Figure 50: An example of a contrast increased picture 
 
A side effect of this is that faded background elements can be lost. For the               

sake of showing this we shall use a brightening program, as it results in the same                
change for the same reasons but is far more visible. 
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 Figure 51: An example page before brightening 
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Figure 52: Page from Figure 51 after brightening 
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Note how the background page texture is largely removed by this           
operation. In some cases this improves readability, as the background pages           
nonuniform coloring naturally draws the eye away from the text. However, our            
project’s goal is to archive an important historical text for easy accessibility            
online. Removing the page background fully would run counter to this goal. If all              
our project was expected to do was preserve the words on the paper themselves              
in an easy to read fashion, then we could create a program to detect the words                
and make a text document full of them. This would remove all blur and              
background noise, while also removing the unique qualities of a book entirely. 

At that point the result would not be an easier to read alteration of the               
famous dictionary, it would be a simple dictation of its contents to a plain word               
file. 

Contrast is decreased by using a constant between 0 and 1. The principle             
behind both is quite simple, multiplying by a value greater than 1 amplifies the              
difference between different pixels. A value between 0 and 1 reduces it.  

P o = C * P i  
Where ​p​i is the input pixel value, ​p​o is the output pixel value, and ​C is the                 

constant. 

Table 3: A contrast reduced grid 
 
 

 
 

83 



 

 
Figure 52: A cropped shot of a page from the text 
 

In the case of our program however, this program would lead to any text in               
a blurred image becoming faded as well. To combat this, we will be setting a               
threshold onto the brightness program to differentiate text pixels from          
background pixels. By doing this, we can use reduced contrast on the            
background that has been darkened and blurred without affecting the text’s           
brightness. To keep the undimmed pages background at a brightness          
comparable to its original level we will use a normalization constant to affect how              
much the contrast constant changes a pixel’s value. Pixels that fit within the             
range of a normal page’s background value will be largely unaffected. This            
change can be demonstrated in a simple formula. 

 (σ)PO = P i * Cˆ  
In which sigma is represented with: 

σ = |
| N
P −Ni |

|  
Where N is the normalizing constant, set at a value close to that of the               

page background. 
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Figure 53: Example page 

 
In the case of this page the discoloration is over a single word rather than               

several lines. The completed program will have to remove this discoloration while            
retaining the same texture of the page around it. 

 

               Figure 54: Zoomed image on the blurred passage 
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5.9.1 Automatic Gamma Correction 

The way the human eye detects light is not the same as the way all visual                
technology does. Where cameras pick up light at a linear rate, double the light is               
double the value, human eyes automatically adjust the light they receive           
nonlinearly.  

 

 
Figure 55: Linear pixel value contrast rate 

 
To account for this when adjusting contrast and ensure the enhanced           

image does not gain unnatural changes to the human eyes that are not present              
to digital technology, automatic gamma correction is used to adjust it nonlinearly.            
The way human eyes perceive light can be approximated by power law            
function[1]. 

 
Automatic gamma correction is more specifically for camera images. Our          

project works on scanned images and because of this it may not have as much               
use. However, automatic gamma correction is also meant to allow contrast           
changes to images without resulting in them looking unnatural to the human eye.             
These changes are more present in naturally high contrast images, which should            
be nearly every page in our text. Even in a book the pages are still going to be                  
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dark words on a bright background, the exact case where the principles used in              
automatic gamma correction apply most. By basing our contrast code off this            
formula it is possible that the resulting changes will be more fitting with the              
product we want our images to look like. Automatic gamma correction works very             
similar to our normalization constant In the contrast program now, both use            
power functions. 

 

 
Figure 56: Power law pixel value contrast rate 
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5.9.2 Zeta Gamma Correction 

Zeta gamma correction works somewhat like automatic gamma correction.         
The key difference between them is that zeta gamma correction is designed to             
ensure the constant for manipulation passes through the origin. This is useful for             
adjusting for digital information gleaned from image processing devices such as           
cameras and scanners. Given the nature of our project however, it would be             
excessive to use such a complicated formula for the image manipulation. This is             
especially true as zeta gamma correction is designed for pictures, it is more             
specifically a component useful for HDR video [3]. 

 

5.9.3 Image Sharpness Manipulation 
While Image contrast is adjusted by manipulating the difference between          

pixels, image sharpness is adjusted removing borderline values.  
 

 
Figure 57: An example of a grid of pixel values near a blurred edge. 
 
A program to manipulate an image to be sharper would find values like             

those above placed adjacent to high threshold values and remove them. This            
method works best on pictures and will require much finer settings on threshold             
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removal to remove blurring on text without risking removing any portion of the             
letters. 

 
Figure 58: The grid and image after being sharpened 

In the case of our program, because of the background value not being 0,              
we will have to use our own constant value. This value will ensure any blurring               
removed does not lead to white spots inconsistent with the coloring of the page              
background present elsewhere. As mentioned before, in the case of our program            
the sharpening program will need to make very subtle adjustments, overuse of            
sharpening such as this on an image can easily lead to a result like this. 
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Figure 59: Over-sharpened image. 

 
The blur is fairly well removed from the word, but due to the thin shapes of                

text small gaps appear in the words on the page. Additionally, the background of              
the page gains an almost distorted appearance. A limit on the values affected             
should mitigate this effect on the background, as it is far brighter than the text in                
the image. It is also possible to fix this to a degree with a blurring program. 

 

Figure 60: Over sharpened image blurred lightly. 
 
The dotted effect on the background and the text is removed quite well but              

the page takes on a more discolored effect, this can also be fixed however with               
brightening or contrast programs. 
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Figure 61: Image brightened to reduce background noise. 

There is still a discoloration to the page however along the edges of words              
both on this page and from the faded words on the other side of the page. A                 
slight black and white effect removes this. 

 
Figure 62: Image with the discoloration removed. 

A more complex program should be able to remove this without affecting            
the yellowed color naturally present in an aged page. With this the initially             
present is largely removed, however the quality of the text is reduced. The             
background is now more spotted, even with the blurring effect it still stands out              
more than the typical page background did. The words themselves might have            
lost the wider blurring that was present, but the edges of the text are less               
defined. In this case, the image is focused on the worst of the blurring on the                
page, these unwanted side effects are far less present on the rest of the page. 
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Figure 63: Full page after the process 
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In the previous example of a darkened page, we used a specific discoloration             
present on the page. This next example is a page which has both blurred and               
discolored text due to scanner error. 

 
Figure 64: Page affected by scanner error. 
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At a full view this page shows less uniform background color enhanced            
from the normal pattern of the pages color. The focus of our code is to fix the                 
smaller scale blurring and discoloration. 

Another possible method for removing blur without affecting text is with           
edge detection. While blur and sharpening programs look for threshold cases to            
adjust, they are ultimately designed for more gradual pictures. A shot of            
landscape or a city skyline, the varying details present in such pictures is where              
blur and sharpening programs are most used. Edge detection is used for pictures             
with less background noise. Several shapes on a white background or, in this             
case, words on a page. On its own, edge detection can not improve the quality of                
the page, but it can possibly serve to detect words and separate them from the               
effects of any image manipulation done on the background. Doing so may allow             
the program to remove the blur present with the methods above without fading             
out the text in the image. 

 
Figure 65: Zoomed in example 

 
 
In this passage there are several words that are clearly blurred, to the             

point of hurting readability. The page as a whole also suffers from a change in               
color from the normal coloring on other pages, both of these issues must be              
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addressed by our programs image brightness and image sharpness manipulation          
without altering any of the text. 

Given the previous examples shown it should be clear that the order our             
program applies changes to the text is as important as the changes themselves.             
Each process has a clear impact on the changes caused by the processes run              
after it. Contrast applied before sharpening will result in a very different picture             
then contrast after sharpening. It is also clear that minor adjustments counter to             
these main changes will have a large impact. Our final program will likely apply              
smoothing or even blur as a part of creating the most ideal image possible. Even               
if the initial problem with the pages was a blurred word. 

This also showcases how a combination of the concepts between each of            
these methods might help our program to enhance the image. A brightness            
program might remove the background texture normally. But if we apply the            
principles present in sharpening programs, applying thresholds at which there is           
an effect. The program could brighten just the background around the text with             
very little impact to the page itself. 

 
 Figure 66: Flowchart for applying brightening 

 
 

Then we apply a secondary threshold to separate text from blurring. This            
allows us to brighten the blurring without fading the text on the page as we would                
normally with any brighten program. 
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Figure 67: Flowchart for separating text 
 

Applying a normalizing constant to the blurring should ensure this          
threshold does not lead to a large gap in color compared to the normal page               
background. This does however risk removing text fade in from the other side of              
the page. In addition, if the text is sufficiently blurred, setting a threshold too low               
would risk the program detecting the text as blurring. If the blurring in question is               
as dark as the text then this hybrid program will fail to remove it. Setting the code                 
to ensure the text remains means setting it so that the blur would as well. For                
such a case we will need to rely on image sharpening to remove the blur rather                
than a hybrid brightness manipulation program. For any other case however, this            
method removes much of the risk of leaving holes in text present in the              
previously shown sharpened images. Applying the hybrid program in addition to           
a more lenient sharpening program to remove any remaining traces should serve            
for the vast majority of text discoloration.  
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5.9.4 Convolutional Neural networks and Image      
brightness manipulation 

Convolutional Neural networks are an ever-growing technique in the robot          
vision field for teaching programs how to identify various patterns in a large set of               
images [6]. In our project specifically this is most obviously useful for our            
cropping program. We have a massive database of images to pull from with a              
very specific pattern present in all of them for entries. What is less obvious              
however is how this could be applied to our image enhancement code. By the              
same logic that governs its use in finding entries. Convolutional neural networks            
could be applied to enhancing the image. We have a large database of images to               
work on, and there is a specific pattern present to each of them for the program                
to learn. 

Figure 68: Pattern for convolutional neural network 
Unlike our entry program which would work based on following the           

pattern, a machine learning program for image enhancement would work on           
finding where the pattern falls through. Text has a very clear standard throughout             
the document, this could be used to find places that are discolored as they would               
not fit this pattern. Rather than teaching our program a pattern to follow, we could               
teach it a pattern to spot where the pattern fails. For any image cropping program               
using machine learning, this case would be a problem. If the dictionary does not              
use a clear uniform standard for entries throughout it, then the program cannot             
detect such entries for all the text reliably. It will always miss some cases and               
pouring through the text to find these cases would create a large amount of work.               
Admittedly this work would still be far less then is currently posed by attempting              
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to crop the entire text by hand, and doing so would almost assuredly create far               
more errors then our program will have even if a small number of entries fail to                
follow this pattern. 

 
Figure 69: Pattern for convolutional neural network 
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5.9.5 Unsharp masking 
Unsharp masking is a unique technique for image enhancement in that it            

is fairly simple and has a low computational cost  [11]. It works based on a               
relatively easy to understand formula in its basic form. 

(n, m)y (n, m) = x (n, m) + λ * z   
In which y is the output sharpened image, x is the input blurred image,              λ  

is the chosen gain factor, and z is the details to be removed. The unsharp               
masking method works by creating a negative version of the image made up of              
the blurred components. When these are added to the base image, they allow             
the program to remove the blur, leaving behind only the original text. This is an               
interesting contrast to the most basic sharpening program. In the basic           
sharpening program covered previously, the borderline pixels in any shape in the            
image are removed from the image to create sharp edges. The unsharp masking             
method effectively achieves this with a more gradual effect on the whole image at              
once. This will allow us to get around the problem previously discussed with a              
basic sharpening program where incredibly specific thresholds must be chosen          
to avoid removing text due to its thin nature. Because of how unsharp masking              
targets blur it is far less likely to cause this problem. The gain factor in the                
unsharp masking method works like the threshold does in a basic sharpening            
program, using too great of a gain factor can lead to over sharpening in an image                
just like incorrect use of a threshold can. In the case of our project, the blurring in                 
our images are largely inconsistent; most pages have limited blurring sometimes           
to the point that only a single word or letter is blurred on occasion. 
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Figure 70: Example of single letter blur 
 

In such a case where the blur is extremely limited and varied, the basic              
unsharp program will prove less effective. Splitting up the program to run the             
same effect on separate portions of the image however will mitigate this. By             
running the unsharp masking code on portions of the image rather than the             
whole image at once, it is possible to remove some of the effects from              
nonuniform blur. Normally an adaptive unsharp masking program would be used           
on such a document. In an adaptive unsharp masking program, the gain value             
used to create the detail map is adjusted based on the gradient of the given block                
of the image. This is a high computing power process and usually involves far              
more complex code then the average unsharp masking program. In our case            
while the blur is inconsistent, the text in the book is not. Using an adaptive               
unsharp masking program would risk over sharpening and losing text. The high            
computing consumption for such a program is less of a concern for this project,              
as the amount of time available for the program to run is quite large and must                
only be done once for the final product. While our cropping program will need              
several runs for testing, the image manipulation program is applied to a much             
more generic problem. It will not need a sample size anywhere near the size of               
the image cropping system we plan to implement. Additionally, it is possible to             
mitigate some of the danger from an adaptive unsharp masking program by            
limiting the range of possible gain factors.  
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5.9.6 Kernel estimation 
Kernel estimation is a technique used to remove blur in an image by             

predicting the conditions that caused the blur and reversing them. This is most             
used in motion blur, as the blurring caused to an image by motion blur is quite                
predictable. It is unclear in our case how effective such a method would be as               
most of the blur in our images comes from the age of the pages and the                
placement of the text on the scanner at the time of scanning. However, a portion               
of this blur could have come from slight motion in the pages as they were being                
scanned. There are hundreds of pages of this dictionary in .tif files, scanning             
each one without a single instance of motion blur is highly unlikely. These few              
cases of motion blur are not likely worth investing any more time in applying              
Kernel estimation to our program especially with the possible risk to parts of the              
text with non-motion blur on them. It is unpredictable how such a program would              
change blur not caused by motion.  
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5.10 Image Stitching 
Our program is required to crop entire entries into a single image. This is              

true even for entries which span multiple pages. As such, our program must be              
able to stitch two different images together for any entry on more then one page.               
Doing this will require a buffer of some sort, some place to store the portions of                
an image cropped so far to ensure that it can switch to a new image file for the                  
next page and still keep the cropped entry present on the last page. This image               
file will add on any other cropped sections of the text into the same file directly                
below the first crop. The loop provided below should allow for any manner of              
entry, even if the entire dictionary were to be one single entry. This would              
however create a single excessively large file. If any entries are found to be              
exceptionally long, which can be done simply by searching for the largest of the              
image files, it would be a simple matter to implement a threshold on length if it                
was not necessary to split entries to fit within certain lengths.  

 
Figure 71: Image stitching flowchart 

  
The actual difficulty in stitching two images together is dependent on how            

natural the stitch must appear. Simply placing one image on top of another is              
quite easy. Removing all white space so that the two images appear as one, like               
a new line rather than a new page, is not so simple. The pages are also not all                  
uniform, one page will look darker or brighter or even blurrier than another page.              
Indeed, some pages look so different from the page preceding them that they             
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may be mistaken as being from an entirely different book, were it not for the               
distinct format used in the dictionary to denote entries and examples. 

 
This can be easily shown: 

 
Figure 72: Two entries stitched together 
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These two pages are drastically different and there is a stark contrast at             
the point they are stitched together. However, this difference is a natural result of              
the text's age and does not actually do much to hurt readability, as such              
removing it is not a high priority. 

They are also all skewed, something our program will also adjust. But if             
two pages that skew in different directions are stitched together, even that might             
not be enough to keep the stitching unnoticed. Our image brightness and            
sharpening programs will take care of differences between page shades to a            
good degree, but it is unlikely to remove all signs. This may be mitigated by the                
fact that while pages are not uniform between them, they are also not wholly              
uniform in themselves. The varying nature of a single page means that the             
change in background between two pages may blend in if gradual enough. It is              
vital that no image stitching is applied before our program has rotated the image              
to level out any skew from scanner error. In the worst case, image stitching done               
before may cut out text. This is fairly unlikely even with the excessive skew and               
warping present on several of the pages in the text however. To help remove the               
stitching it makes the most sense for all image manipulation except for skew             
adjustment to be done after stitching. This ensures that the two images are             
adjusted to similar degrees 

 
Figure 73: Stitching and image brightness flowchart 
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5.11 Graphical User Interface 
The Graphical User Interface’s job will be to make using the program            

easier to use and more intuitive, while still maintaining all program capabilities            
and functions. The first version of the Graphical User Interface is shown below. 

 

  
Figure 74: Main GUI panel 
 

There will be a total of four buttons for the first version of the Graphical               
User Interface. The features currently are: 

● Directory with Images 
● Single Image 
● Process 
● Us 

  
As the project progresses more features will be added to enhance the            

users’ experience and reflect the new features. The following will be a            
demonstration of the Graphical User Interface along with its features. 
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 Figure 75: Selecting an image directory 
 
This button will allow users to select a directory and subsequently enter a             

directory will the images that would need to get processed. We are still in the               
process of expanding the accepted file formats, from exclusively .tiff, to other file             
formats. Once the directory is selected, the user would then press the button             
labeled “Process” in order to start processing all the files that are currently within              
the previously chosen directory. 
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 Figure 76: Adding a single image 
 
The next chosen field, encased in a red box, will allow the user to select a                

single image file for later processing. The Single Image add button will only             
support a single image file. The user will not be able to upload more than one file                 
through this medium and if a user selects multiple files, the program will only              
choose the first choice selected prior to the second choice. The program will also              
disregard any other additions that the user might try to make to upload more files               
through the “Single Image” medium. They will instead be prompted to load those             
images using the “Directory with Images” button. This will keep users from            
accidentally uploading more images than the selected medium was intended to           
handle. 
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Figure 77: Processing the input 
 

Once the “Process” button is pressed, the user will be prompted with a             
confirmation box showing if they would like to continue with the processing of the              
file(s). This confirmation box will contain an estimate of how long it would take to               
process the data that has been appended to it. And will subsequently ask the              
user if they would like to continue. Depending on whether the user chooses to              
proceed with the processing or deciding not to proceed, the user will either be              
redirected towards the main screen, if declining, or the program will start to             
process the images and a progress bar of the completed work will be shown. 

Once the data is fully processed then the user will again be prompted             
indicating that the data has been successfully processed and can be viewed. If             
there was an issue while processing the data, the user will be prompted with the               
error and the reason the program was not able to successfully process the             
information. 
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Figure 78: Displaying the group members 

  
The final button on the Graphical User Interface is the “Us” button. When             

this button is pressed, it will show the team members of this project and their               
respective contact information. As illustrated below, 
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 ​Figure 79: Group member information 
  
 This would conclude the first version of the Graphical User          

Interface. 
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5.12 Docker Implementation 
To ensure portability and reusability of our solution, we are implementing           

the use of Docker in lieu of a virtual machine. Docker is a virtualization that               
contains the necessary software, dependencies, libraries, and configurations that         
allow for our program to be used anywhere. The implementation is very simple,             
we will create a Dockerfile that contains the necessary dependencies and actions            
to get the solution running on any machine with some simple command line             
commands. In addition to our Docker implementation, we will have a           
Github/Gitlab repository with our code available. 

There was not much time spent deciding between whether to use a virtual             
machine or to use a docker container. Since we knew our solution would not              
need to emulate an entire system, we knew that a virtual machine would be              
unnecessary. We wanted the solution to be portable and since a virtual machine             
needs to emulate an entire operating system and its underlying hardware, it            
would be overkill. A container on the other hand simply virtualizes the operating             
system it was created in and runs on top of your system’s host operating system.               
It depends on the applications, binaries, and libraries already installed on the            
host operating system. This allows for the container to be only a few megabytes              
in size and allows for it to run in seconds, whereas a virtual machine can be                
multiple gigabytes and take minutes to start. Figure 80 below displays the            
differences between a virtual machine and a Docker container.  

The process for running the container consists of a few steps, first when             
the Dockerfile is run using the ​docker build [7] command, an image is             
created. A docker image is simply a file that is used to execute the code within                
the Docker container and to be a go-between for other Docker functions. It is              
essentially a record of a Docker container at a certain point in time, in our case,                
the finished product. One helpful characteristic of the Docker image is that it is              
immutable, so if in the future our group or someone else decided to continue              
making changes, our first final project would always be there to fall back on. It               
allows for intermittent backups of our work at different points in time. Once this              
image is created, it can be run using the ​docker run [7] command which then               
creates a new container and starts the container. This container being created            
from our image is just an instance of our image. 
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Figure 80: Differences between Docker container and VM 
 

For our solution, our Dockerfile will only have a few steps, which are as              
follows: 

● Pull from repo 
○ Codebase 
○ Documentation 

● Install Python (if not already installed) 
● Download and install dependencies 

○ Numpy 
○ Scipy 
○ OpenCV 
○ Matplotlib 
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6. Administrative Content 
This section contains various administrative content regarding the project.         

It outlines our budget and financing for the project as well as our milestones for               
both semesters. 

 

6.1 Budget and Financing 
Open-source software will be used in the implementation of this software.           

By the very nature of open source software this means no costs will be incurred               
with our current plans for software development. The site on which this            
information will be placed is already made and maintained by the sponsor, its             
costs are outside the purview of the project. All the needed databases of             
information that our team will need for training our program is also readily             
available from the work done on the dictionaries manually. Once our software            
has been trained it’s processing requirements will be minimal, during training we            
will request use of the hardware in the Senior Design lab to complete training in a                
timely manner. Overall, we will likely not need to spend any amount of money              
throughout the completion of this project. 
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6.2 Project Milestones 
This section describes the milestones and deadlines throughout Senior         

Design 1 (Spring) and Senior Design 2 (Summer). 
 
 

Number Task Start Date End Date 

Senior Design 1 

1 Project Selection 1/8/2020 1/22/2020 

2 Meet with Sponsor 2/3/2020 2/3/2020 

3 Assign roles 2/3/2020 2/3/2020 

4 Research languages 2/4/2020 2/19/2020 

5 Research libraries 2/4/2020 2/19/2020 

6 Research Docker 2/4/2020 2/19/2020 

7 Setup Github 2/5/2020 2/5/2020 

8 TA Check In 1 2/7/2020 2/7/2020 

9 Initial Project Proposal 2/3/2020 2/12/2020 

10 Draft Final Document 2/3/2020 4/20/2020 

11 Setup skeleton code for    
first prototype 

2/10/2020 2/12/2020 

12 Project Status/Doc Review 2/24/2020 3/24/2020 

13 Team progress report 3/8/2020 3/8/2020 

14 Spring Break 3/9/2020 3/14/2020 

15 TA Check In 2 3/30/2020 3/30/2020 

16 Start second prototype 2/28/2020 3/24/2020 
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17 Finish and test second    
prototype 

3/24/2020 4/2/2020 

18 Finish document and   
proofread 

4/20/2020 4/21/2020 

19 Submit Final Document 2/3/2020 4/21/2020 

Senior Design 2 

1 First prototype 2/12/2020 2/24/2020 

2 Second prototype 2/28/2020 4/2/2020 

3 Start final iteration 4/2/2020 6/20/2020 

3 Break between Spring and    
Summer 

4/24/2020 5/11/2020 

4 Initial SD2 group meeting 5/11/2020 5/11/2020 

5 CDR 3/30/2020 When Due 

6 Project Completion 2/12/2020 6/20/2020 

7 Full test of finished project 6/20/2020 7/28/2020 

8 Final Presentation 4/21/2020 7/29/2020 
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7. Project Summary and Conclusions 
This section provides an overall summary from each group member as           

well as conclusions about the overall project, its scope, and how we            
accomplished it all. 

 

7.1 Personal Difficulties 
In this section each member of our group will detail their own personal             

difficulties that were prevalent throughout the course of this project. We will talk             
about our difficulties going into the project, difficulties while working on the            
project, and difficulties for the group as a whole. Our group certainly was not              
without any difficulties, but with each problem faced we conquered together as a             
whole.  
 

7.1.1 Jacob Rodriguez 
Beginning this project was difficult for me because I did not have any             

experience with both machine learning and computer vision. I regret not taking a             
machine learning or computer vision class, as the topic is very interesting to me              
and it would have made this project significantly easier. The most difficult part of              
every project for me is finding out exactly where to start, this was especially              
difficult for this project due to my lack of overall experience in the area. Luckily,               
this is where my team helped me out a lot. They did not have much experience                
either, but their advice and guidance early on was extremely useful for me.  

Partner programming also helped a lot early on in the project, as having             
another set of eyes going over your work can be vital when it comes to checking                
for errors. The most difficult aspect of the project was having to learn everything              
about computer vision and machine learning for the first time. I went into the              
project knowing absolutely nothing about computer vision or machine learning,          
and they are difficult topics to have to study and learn without a teacher.  

Another difficulty that I faced with this project was the sheer amount of             
material and knowledge required for the design document. The document proved           
to be a fairly large issue for me, and I was certainly faced with difficulties               
throughout it. Having a lot of material for the document required an extensive             
amount of knowledge on the topic, which was gained over time throughout            
performing the project. Deciding on charts and images to include in the document             
is a difficult process as well. The images must convey a lot of information for               
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each, and that requires carefully choosing what exactly to include on each image,             
and whether or not to write on the image itself. For example, for many of the                
images of the pages of the dictionaries the examples that are being referred to in               
the respective sections are circled or highlighted in the image of the page itself.              
This helps convey exactly what must be shown on the page, and allows the use               
of pointing out specific details for multiple different topics all on the same             
dictionary page. Careful discretion when choosing the images to display and how            
to mark them was certainly implemented.  

Another difficulty I faced with this project is working with a team. My team              
was amazing, everyone put out a consistent amount of effort and work, but             
communication is a difficult aspect of group work that needs constant attention.            
As the semester continued our communication dwindled a bit and dealing with            
that is par for the course for any group project. Discord helped greatly with our               
communication but balancing this class with all of my other classes has made me              
put the class off a bit. This is also due to the fact that we have another semester                  
to work on the project. I am certain this must lead to many people throughout the                
entire class putting off a lot of the project for work during the next semester               
through Senior Design 2. My group members seemed fairly good about doing a             
large amount of work during Senior Design 1 but this was absolutely a huge              
difficulty for me.  
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7.1.2 Brian Smith 
The most difficult part of the project for me was assembling the document.             

Since it is impossible to write a technical document without any technical            
knowledge, I had to perform extensive research of not only the ideas and             
concepts behind the text dewarping process, but also computer vision in general.            
Having to learn the specifics of OpenCV and Python and the technical and             
mathematical aspects of the text dewarping algorithm itself while also taking           
other classes was very intensive and mentally draining. We all came into this             
project with essentially no computer vision experience, everything we have          
learned and implemented has been through trial and error and hours of research.             
Some of these struggles were alleviated through communicating with my team           
and sharing ideas and solutions. By having our regular meetings and discussing            
how we think we should be solving each issue and working together step by step,               
we were able to finally come to a conclusion, but it took a lot of work. 

My portion of the project specifically was very math intensive and while I             
do have a strong background in mathematics, when dealing with computer           
vision, the levels of mathematics are outside of my realm of understanding. Due             
to this I struggled immensely when starting off and was lost on where to begin.               
When dealing with image manipulations of this nature there are a lot of             
remapping and transformation operations. While these methods are implemented         
within OpenCV, I would have to first have the knowledge on how to use them,               
which I did not. This led me to start researching to see if any open source                
solutions already existed and luckily I found several. Once I found these however             
the struggles were not over. Many of the proposed methods were research            
based which meant they were not implemented and the ones that were            
implemented only worked on certain input sets. After many hours of searching I             
finally found our current solution and was able to modify it to fit our needs. 

Outside of the project, I had a big issue managing my time properly as the               
semester progressed. I am taking four other classes as well as interning part time              
so I am constantly busy and have many things to keep track of. We were having                
frequent meetings and these helped immensely, I was able to be aware of             
everyone else’s progress and it motivated me to keep making progress on my             
own despite the fact that I had so much going on. My problems with time               
management only got worse due to the COVID19 pandemic. Once school was            
closed we were no longer able to meet and everything transitioned to online. This              
rough transition to online classes affected all of my classes and caused my             
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academic life to decay. Without the need to show up or have a professor stand in                
front of me and lecture, my motivation had been entirely depleted. Since we were              
unable to meet up, I felt like I no longer had that pressure or drive to continue                 
making progress. We continued to communicate on Discord and we have been            
very successful in updating each other and making sure that everyone is making             
the progress that they need to be making, but it was not the same.  

Group work is always a difficult thing to overcome and our group was not              
without any issues. In the beginning, we were all motivated and excited to work              
on this project. We all shared an interest in computer vision and machine             
learning so we wanted to hit the ground running. The momentum started off very              
strong but started to dwindle as time went on. We are all busy and are taking                
multiple classes so distributing time between all of our classes was hard for all of               
us.  

 
 

7.1.3 Miguel Severino 
There were many challenges during the research phase of this project.           

One of the challenges was understanding how to perform proper research on            
advanced topics. These topics ranged from Machine Learning algorithms to          
specialized techniques in Computer Vision. Another challenge was that we          
needed to document all our steps along the way and finally combine all our              
individual research into a single document. I feel that the biggest challenge that             
we faced was all the turmoil that COVID-19 caused. We were used to meetings              
in person and having resources on campus that we frequently used, but that             
changed as COVID-19 began to spread globally and forced our learning to an             
online platform. That alone presented many challenges since now we needed to            
perform all our functions from a distance without the many resources that are on              
campus.  

  
 

7.1.4 Vincent Cardaman 

My first great difficulty with this project was in deciding which of the myriad              
of options for image manipulation to use. I was assigned to the stretch goal of               
image enhancement fairly early on. I spent a large amount of time researching             
the various options available, a fact that is quite obvious in this document. There              
are several different kinds of image manipulation that I researched enough to            
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justify putting them in simply to explain why they would not be the best choice for                
our project. I don’t think this was an inherently negative decision, researching our             
options builds a good foundation for the project to work on and this first semester               
is meant to be focused more on the design than the coding. But the vast majority                
of my time spent this semester was on this. I definitely think I should have started                
this semester off learning the ropes of our chosen software more before moving             
onto trying to find the best method for the parts of the project that were my focus.                 
The rest of my team has been quite helpful in clearing any confusion I had on                
these aspects as they focused more on learning the base software far more then              
I did. 

None of this was helped by the COVID 19 pandemic, which started soon             
after there was a death in my family, when most of my close relatives were still in                 
transit back from the funeral. Losing the meetings we used to have on campus to               
review our progress definitely hurt our groups' cohesion. But Discord proved           
invaluable in keeping us in contact throughout the semester, both before and            
after the college switched to remote classes. This switch was certainly an            
unusual change from what I was used to, the majority of my classes have been               
on campus and having all our classes online has been odd to adjust to. Overall I                
think I should have done more of the ground work early on, trying to do most of                 
those things around spring break while juggling everything else that happened in            
the world and in my own personal life around that time was quite difficult. But it                
could have been solved simply by frontloading my work earlier on in the             
semester. I definitely have let too much of my focus this semester be on the               
design then I should have. Even for a senior design class, this is still computer               
science and I should have put more time on coding then I have for this project.                
Something I plan to fix both during the early semester and in the break between               
this semester and the next. While there have been many unexpected obstacles            
in this semester that I don’t think there is any way we could have anticipated, I                
think both myself and my group have handled them admirably and made good             
work on our project.  
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7.2 Conclusion 
After spending the entire semester working on this project and finally           

being able to step back and look at it in its entirety, we believe that this solution                 
will be immensely helpful in the process of preserving history. We wanted to             
provide a simple and portable solution to the issue presented by Dr. Giroux that              
could easily be scaled to any medium. Researchers who are interested in            
document preservation will be able to easily document their findings with just the             
click of a button. This is not only a solution for researchers as stated in the                
Section 2.2, in addition to what is mentioned there, this can be used by any user                
that needs to digitize and preserve documents or records of any nature. 

Since the beginning of the semester we have been working tirelessly to            
analyze each step in the process, brainstorming solutions, figuring out what we            
don’t know and finding the resources necessary to obtain that knowledge,           
learning, and constantly tweaking our solution to be the best it can be. Despite              
the erratic nature of this semester and everyone having to transition to online and              
all of the hiccups and oddities that come from that, we are motivated to continue               
into Senior Design 2 even stronger than we were during this semester. We will              
not stop researching, designing, re-designing, and improving our solution. We          
still have much to learn about computer vision and machine learning and we will              
continue to learn and struggle until we have a product we are truly proud of. 

While we did have many successes, there were many hardships along the            
way, as Dr. Heinrich and Dr. Leinecker mentioned, putting everything off until the             
last minute is not an option. This class is built around consistently making             
progress and moving forward at a steady pace. For the most part our group was               
good about making slow, steady progress, but on a few occasions there were             
some close calls which we would like to avoid in the coming semester. The              
communication with our sponsor is something else we would like to work on. We              
were not able to meet as often as we would have liked to and again with the                 
pandemic being an unprecedented experience, it made having those meetings          
even harder. Senior Design 2 will be our only class during the summer semester              
and while it is again online, we have slowly adapted to this new medium of class                
presentation and know exactly how to succeed. Our weekly meetings will           
continue and possibly increase since we are going to be constantly implementing            
and tweaking, we will need more interaction and feedback from each other to             
ensure that we are going in the right direction. In addition to that, we will meet                
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with the sponsor weekly or bi-weekly and keep her updated with every            
advancement that we make. 
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