University of Central Florida

UCF

Text Cropping System
Sponsored by Amy Larner Giroux, PhD.

Jacob Rodriguez jpr@knights.ucf.edu

Brian Smith brian.smith@knights.ucf.edu

Miguel Severino mseverino@knights.ucf.edu

Vincent Cardaman vcardaman@knights.ucf.edu
COP 4934

Mark Heinrich, Rick Leinecker
April 21st, 2020


mailto:jpr@knights.ucf.edu
mailto:brian.smith@knights.ucf.edu
mailto:mseverino@knights.ucf.edu
mailto:vcardaman@knights.ucf.edu

1. Executive Summary

2. Project Overview

2.1 Project Description and its Significance

2.2 Broader Impacts
2.3 Personal Motivations
2.3.1 Jacob Rodriguez
2.3.2 Brian Smith
2.3.3 Miguel Severino
2.3.4 Vincent Cardaman
2.4 Legal, Ethical, and Privacy Issues
2.5 Specifications and Requirements
2.5.1 Base Requirements
2.5.2 Stretch Goals
2.6 Initial Ideas
3. Block Diagram and Figures
3.1 Program Execution Flowchart
3.2 Block Diagram
3.3 Gantt Chart and Division of Labor
4. Technology Used
4.1 Methods of Communication
4.2 Software and Other Tools
4.3 Language and Libraries
5. Research
5.1 Average Page
5.2 Text Dewarping

%)

© ©O©W O o 00 N oo A~ A N M DN -

N N N DN DN N N = =2 @ a2 a
o O O A~ DN = a 00 O ~ W o



5.2.1 Preliminary Definitions for Dewarping
5.2.2 Dewarping Subprocess Flowchart
5.2.3 Dewarping Algorithm Flowchart
5.2.4 Text Dewarping Algorithm
5.2.5 Initial results and modifications
5.2.6 Initial Results
5.2.7 Modifications
5.2.8 Noisy Black Border Removal Flowchart

5.3 Column Cropping
5.3.1 Desired Output

5.4 Otsu’s Binarization

5.5 Canny Edge Detection

5.6 Dilation

5.7 Binarized Column Cropping

5.8 Definition Detection and Cropping

5.9 Image Brightness Manipulation
5.9.1 Automatic Gamma Correction
5.9.2 Zeta Gamma Correction
5.9.3 Image Sharpness Manipulation
5.9.4 Convolutional Neural Networks
5.9.5 Unsharp Masking
5.9.6 Kernel Estimation

5.10 Image Sharpness Manipulation

5.11 Graphical User Interface

5.12 Docker Implementation

6. Administrative Content

31
41
42
43
45
50
51
54
55
61
63
65
71
74
76
79
86
88
88
97
99
101
102
105
111
113



6.1 Budget and Financing
6.2 Project Milestones
7. Project Summary and Conclusions
7.1 Personal Difficulties
7.1.1 Jacob Rodriguez
7.1.2 Brian Smith
7.1.3 Miguel Severino
7.1.4 Vincent Cardaman
7.2 Conclusion

8. References

113
114
116
116
116
118
119
119
121
123



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.



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.



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.



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 | chose the Text Cropping System project is due to the
fact that it seems both challenging and interesting to me. | wanted a project that
involved something | 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, | am fairly certain | 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 | 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 | 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 | 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 |
have more examples of my programming ability for my employers. If | have
nothing of value to show to an employer then they will have no concept of my
programming ability. | want this project to be something | am proud to show off to
my employers, and something | can show off to my friends and family. Machine



learning will hopefully be impressive to any employers | am trying to work with.
As far as GitHub and Trello go, | feel as though | do not have enough experience
working with them yet. | have done multiple projects at the University of Central
Florida that involve them, but | 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. | 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.



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. | 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. | 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, | 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 | have an interest in those fields. | have a very basic knowledge and
understanding of machine learning/computer vision from previous and current
coursework and | felt this was a great opportunity to enhance my knowledge.
Machine learning and automation go hand in hand. | am learning about
automating scripts and operations on a large scale at my current internship so |
felt this would also help increase my knowledge on automation. With this new
knowledge, | hope to be able to apply it to personal projects as | 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 | hope to work for are always looking for people with skills in those
areas.



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. | 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 | wanted to learn more. Lastly, | 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 | 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, | firmly believe that we can continue advancing as a society because
of small contributions by individuals that are accumulated over time. And | feel
that by helping preserve this historical text, I'm able to make a noticeable
contribution towards advancing historical information and informing future
generations.



2.3.4 Vincent Cardaman

When | took UCF’s robot vision class | 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.



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

e The software must automatically crop images of a dictionary page into
individual entries.
e Each entry must be saved into a .tif fle under the naming system
explained below
o A letter representing the format, “f” for “folio” for instance
o The year the dictionary edition is from in question e.g. “1755”
o A hyphen(-) followed by the word this entry is defining
o So a complete file name would be “f1755-seldom.tf’
e 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.
e Each image must have it's words rotated to reduce slanting both at the
page level and the word level.
e The .tif files of entries must be saved into a directory arranged by edition
(1755/1773) and in alphabetical order of the entries.
e 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.



2.6 Initial ldeas

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. |
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.

12



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
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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
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Figure 2: Project design block diagram
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Block Status:

1.
2.

Acquired: The sponsor provided us with the .TIF scans from her repository.
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.
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.

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.

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.

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

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.

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.

17



3.3 Gantt Chart and Division of Labor
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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:

e Jacob - Red - Column cropping and dictionary entry cropping
e Brian - Blue - Text dewarping and page rotation

e 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.

e 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.

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.

. 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.

. 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.

. 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:
core. Core functionality

imgproc. Image Processing

imgcodecs. Image file reading and writing

calib3d. Camera Calibration and 3D Reconstruction
features2d. 2D Features Framework

dnn. Deep Neural Network module

ml. Machine Learning

flann. Clustering and Search in Multi-Dimensional Spaces
photo. Computational Photography

0. cudawarping. Image Warping

= © ® N OAON-~
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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.

26



ABL

fnuft take the teft ; which is an abjuration of fome doftrines of
ch of Rome, . g e

M’fd‘ll:‘d‘h Iiln:wir:annﬂur oath of akjuratisn, which laymen

and clergymen are both obliged to take ; and that is, to abjure

the Pretender. ‘ﬁ'm Foaris Canenici.
To ABLACTATE. v o [ wean from the

breaft. k ¥
Aseacra‘rion. m S One of the methods of grafiing; and,

accurding to the fignification of the word, as it were a wean=

ing of by degrees from its er {tock, not cutting
'i:'nﬂ'lé:ﬁ;’:‘m!n_mm,ﬁﬂiliu ly united to that on

which it is grafted., ) ; g
ABLAQUEA'TION, [ablagueatiz, Lat.) The a or pradlice of
_opening the. about the roots of trees, to let the air and

water aperate upon them P

Trench the nd, and make it ready for the
pare allo foil, E'-rufe it where have occafion: gng_ bor-
ders.  Uncover as yet roots of trees, where ablagueation is
uifite. Evelyr's Kalendar.
e ought to be kept alive and nourithed ;
the which, as it is the very root that doth maintain this filver
ftem, that by many rich and fruitful branches (preadeth itfelf
into the chancery, exchequer, and court of wards : fo if it be
fuffered to flarve, hxmntofa“qm!iu, and other good huf-
bandry, not anly this yearly fruit will much decreafe from time
to time, but a!.l% the whole body and boughs of that precious
tree itfelf, will fall into danger of decay and dying.
Bacsn' ri(?a of Alienations.
ABLA'TION. n. {0 [ablatiz, Lat.] The adk of taking away,
ABLATIVE. m a, [ablativus, Lat.]
1. That which takes away.
2. The fixth cafeof the Latin nouns; the cafe which, among
other fignifications, includes the perfon from whom fomething

is taken away, A rerm ;E’Enmm.

ABLE. adj. [babile, Fr. babilis, Lat. Skilful, ready.]

1. Having faculies, or, tﬂnn%ﬂz or knowledge, riches,
or any other power of mind, body, or fortune.

He was not afraid of an a#/ man, as Lewis the Eleventh was.
But, contrariwife, he was ferved by the ablgf men that were to
be found ; without which his affairs could not have profpered
as they did. Bacen's Henry VIL

Sucgl ather pambal faculties he hath, that fhew aweak mind
and an able body, for the which the prince admits him : for the
prince himfelf is fuch another : the weight of an hair will turn
the feales. kefp. Henry IV. p. ii.
2, Having power fufficient; enabled.
¥ mankind acknowledge themfelves able and fufficient to

do many things, which fhﬁ{‘ never do.  Ssuth's Serm.

Every man fhall give as he , according to the blefling

dﬂm’%d thy God, which he hath given thee. Deat, xvi. 17.
3. Before averb, with the participle o, it fignifies generally hay-

ing the power ; before a noun, with /o, it means qualified.

‘rath is cruel, and anger is outrageous ; but who 1s able fo
ftand before envy? Prov. xxvii. 4.
There In\tvgm:n fome inventions alfo, which have been
able for the utterance of articulate founds, as the fpeaking of
certain words. Wilking's Mathematical Magic.
To A’sre. v.a. To make able ; to enable, which is the word
commonly ufed. See ExAnLE.
Plate fin with gold,
And the ftrong lance of juftice hurtlefs breaks :
Arm it with rags, a pigmy’s ftraw doth pierce it.
None does offend, none, I fay none; I'll able 'em;
“Take that of me, my fricnd, who have the pow’r
To feal th' atcufer’s lips. Shakefpeare's King Lear.
Asve-Bopiep. adi.  Strong of body.
It lies in the power of every fine woman, to fecure at lealt
half a dozen able-bedied men to his majefty’s fervice.
Ao, Frechatier, N> 4.
ToA'BLEGATE. v. . [ablegs, Lat.] To fend abroad up-
on fome employment; alfo to fend a perfon out of the way
that one is of. Digt.
ABLEGA'TION. n. /. [from abiegate.) A fending abroad, or out
of the way. Dia.
Al'sLeNEss. n. [0 [from able.] Ability of body, vigour, force.
That nation doth fo excel, both for comelinefs and ablenefs,
that from neighbour countrics they.ordinarily come, fome to
frive, fome to learn, fome to behold. Sidney, b. ii,
A'BLEPSY. 5. [0 ['ASwdia, Gr.] Want of fight, natural blind-
nefs ; allo unadvifednefs. Dia.
ABLIGURI'TION. n. /. [abliguritiz, Lat] A prodigal fpending
on mear and drink. & Dia.
Ta A'BLIGATE. v. 4. [atlige, Lat.] To bind or tye up from, D.
To ABLOCATE. <. a. [ablus, Lat.] To Ictout to hire.
Pethaps properly by him who has hired it from another.

Calvin's Lesicon Furidicum,
ArtocaTIoN. 7 f. [from ableate.] Aletting out to hire,
To Aprv'Da. w n [abinds, Lat.] Tobe unlike, Dia.

A'sruest, ad. [abluens, Lat. from ablas, to wath awsy.]

1. Thay which walhes dean,

2. That which has the power of cleanfing. Dia,
ABLu'TioN. . . [ablitis, Lat.]

1. Theadl of deanfing, or walling clean.

ABO

“There is a natural analugyhetween the ablution of the body
and the purification of the fouly between eltin$ the holy bread
and dri the facred chalice, and a participation of the body
and blood of Chrift. Tayler's Herthy Communicant.

‘Wafl'd by the briny wave, the :puuus train
Are cleans'd, and caft th’ adlutions in themain,  Pope’s Jiad,

2. The rinfing of chymical preparations inwater, to diffolve and
wafh away any acrimonious rxrﬁdu

3. The cup given, without confecration, to the laity in the popifh

es.

To A’BNEGATE. v a. [from anege, Lat.] To deny.
ABNEGA'TION. n. [0 [lﬁm‘a.lio, Lat. denial, from abuega, to
deny.] Denial, renunciation.

'Ph: abnegatizn or renouncing of all his own holds and in-
terefts, and trufts of all thatman is woft apt to depend upon,
that he may the more expeditely follow Chrift,

. Hapmend's Pralical Catechifin.
Annopa'TioN, m. fi [abuedatis, Lat] The at of cutting away
knots from trees; a term of gardening. Diz,
Auno'rmous. adj. [abnermis, Lat. out of nule.] Irregular,
mifhapen. Diz
Ano’ARD. adv. [a fea-term, but adopted into common language ;
derived immediately from the French d bord, as, aller @ bord, 2.
wiyer @ bord. Bord is itfelf a word ofvezddcuhdnl original, and
perhaps, in its different ann?::;um, ucible from different
roots. Bonb, in the ancient Saxon, fignified a heufe; in which
fm{:, rtlg abeard, is to take up refidence in a fhip.]
a

Py
Which, when far off, Cymocles heard and faw,
He loudly call'd to fuch as were abaard,
‘Thelitle bark unto the fhore to draw,
And him to ferry over that deep ford. Fairy 9. b.ii. cant. 6.
I made this anfwer, that he might land them, if it pleafed
him, or otherwifc keep them aboard.  Sir J¥. Rawleigh's Effays.
‘When morning rofe, I fentmy mates to bring
Supplies of water from a neighb'ring fpring ;
‘Whilit I the motions of the winds :KpIDfE 3
“Then fummon'd in my ;rew, and went abeard.
lddifer's Ovid's Metamarphofes, b.7ii.
Apo'pe. n. [ [from abide.] 7
1. Habitation, dwelling, place of refidence.
i}:: I'know thy abedz and thy going out, and thy coming in,
ani againft me. 2z Kings, xix. 27,
&]T;: may ufe the ocean as their road, c G
Ouly the Englifh make it their absde ;
‘Whofe ready fails with wind can fly,
And make acov’nant with 3’ inconftant fky. Foallers
2, Stay, continuance in a place. -
Sweet friends, your patience for my long abede;
Not I, bur my affairs, have made you wait.
Shakefpcare's Merchant of Venice,
Making a fhort abede in Sicily the fecond time, landing in
Italy, and making the war, may be reafonably judged the bufi-
nefs but of ten months. Dryden’s Dedicat. to Eneid.
“The woodcocks early vifit, and abede
Of long continuance in our temp’rate clime,
For a liberal harveft. Phillips.
3. Tomakeabode ; to dwell, to refide, to inhabit.
Deep in a cave the Sibyl makes abed:
Thence full of fate returns, and of the God.  Dryd. /En. 6,
To Aro'DE. v. a. [Sec Bone.] To foretoken or forethow ; to
be a prognoftic, to be ominous. It is taken, with its deriva
tives, in the fenfe either of good or ill.

v Every man,
After the hideous ftorm that follow’d, was
A thing infpir'd; and, not confulting, broke
Into ageneral prophecy, that this tempeft,
Dafhing the Earmmt of this peace, aboded
“The fudden breach of it. Skakefpeare's Henry VI,
Apo'DEMENT. n. [ [from to ahedr] A fecret anticipation_ of
fomething future; an impreffion upon the mind of fome ew'cm
to come; prognoftication ; omen.
1like not this.
For many men that ftumble at the threfhold,
Are foretold that danger lurks within,—
—Tufh! man, abedements muft not now affright us,
£ 3 Shakefpeare's Henry V1. p. iii.
Mr{lunl bifhap, being rommha:uom took. 3: frce,;iom
to afk him, Whether he had never any fecret abedement in his
mind # No, replied the duke; but I think fome adventure may
kill me as well as another man, Watten.
To ABO'LISH. w, a. [from aboles, Lat. to blot out.]
1. To annul,
For us to abalifhwhat he haih eftablifhed, were prefumption
moft intolerable. i Hosker, b, il § 10.
On the parliament’s part it was propofed, that all the bifhope,
deans, and chapters, might be immediately taken away, and
abelijbed. Clarendon, b. viil.
5 |']u1pull an end to g dno deftray,
ic long continued wars, between the Englith an Scots,
had then raifed invincille ealoules hnd haes. ey, ﬁ!‘:;ﬁ::\
tinued peace hath fince ab:/ficd, Sir febn Hayevard.
‘That

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.

A s virue requiretiean a/friction, but fuch an affridtisy as is
not grateful to the body ; for a plealing a/ffyistion doth yather
b‘mdtm the nerves than expel them ; and therefore fuch afiric-

~ tior s found in things of a harth tafte. © Baco’s N, Hiflor
_Such lenitive fubftances are proper for dry atrabilarian cor{:
ftitutions, who are fubje& to aftriction of the belly and the piles.
1 - . . s Arimr/.»_z.—.»r on Diet,
ASTRICTIVE. adj. [froma/ffrict.] Stiptick; of a binding qua-

]lty-' " Di(‘?.
Astri'cTorY. adj. [aftritorius, Lat.] “Aftringent; apt 'to
bind. Dict

ASTRI'DE. adv. [from a and flride.]  With the legs open,
T'o lay their native arms afide,
Their modefty, and ride a/lyide. Hudibras
I faw a place, where the Rhone is fo ftraitened between two
rocks, thata man may ftand a/fride upon both at once,  Boyle
ASTRI'FEROUS, adj. [aftrifer, Lat.] Bearing, or having ﬂnrs)fl:
A‘s'rm."n‘ﬂnous‘. adj. [aftriger, Lat.]  Adorned with ftars. iz,
To ASTRINGE. v. a. [aftringe, at.] To prefs by contrac-
tion; to make the parts draw together.
Tears are caufed by a contraclion of the fpirits of the brain ;
which contraction, by confequence, affringeth the moilture of
- the l:r:nn, and thereby fendeth tears into the cyes. Bacon,
ASTRUNGENCY. a1, /. [from aflringe.] ‘The power of contrac-
;}:g the parts of the body ; oppofed to the power of relaxa-
",
n{!‘ri&_ion prohibiteth diffclution ; as, in medicines, aftrin-
gents inhibit putrefuéticn : and, vy affringency, fome finall quan-
tity of cil of vitriol will keep freln »{mter“loni: from putrefying.
; Bacon’s Natural Hiflary, N§ 142,
Acid, acrid, auftere, and bitter fubftances, by their ry?rin-
A ;;muyl, create hor,rmn-, thar is, ffimulate the fibres, Avbuthiot
TRI'NGENT. adf. ringe inding 5 a&ing:
- oppofed to :[':q.\»::.'{u;.[’yh“g‘ 5, Lax] Bindings contradling;
2 I _‘4',31';}!‘:‘]; f 4

Figure 5: Warped dictionary entry

28



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.
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< Y e client and our server come together is impressive, g
Lhe ea;e wmi:::;ho?;ﬂfie until it actually makes a request and Teoﬂi‘:
i;rmg_m; encode the request, invoke _d'le execute(} method on you
\nl rpcClient instance. This method takes in two parameters: the name of i
class identifier and method to invoke, which is a afng]e Sl:rmg_pararnuﬂ_ anda
vecter contzining the method parameters to pass in to the specified method, The
class identifier is the name you registered to the HelloHandler Clalﬁlon the XML
RPC server; this identifier can be the actual name of the Iclass.' but ll%soﬁmm
thing more readable and meaningful to the client, and in this case it was “hells”,
The name of the method to invoke is appended to this, separated from the dis
identifier with a period, in the form [class identifier]. [method name). The
parameters must be in the form of a Java Vector, and should include any parame-
ter objects that are needed by the specified method. In the simple sayHells()
method, this is a String with the name of the user, which should have been spect
fied on the command line.

Once the XML-RPC client encodes this request, it sends the request to the XMl
RPC server. The server locates the class that matches the request’s class identifer
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Fmlrpeclient elient =
new XmIRpeClient ("http: //localhost: 8585/} 1

/I Create request
7/ Make a request and print the result

} eatch (ClassNotFoundException e) {
System.out.printin("Could not locate SAX Driver®);
} catch {MalformsdURLExcepticn eb {
System. out.printin(
"Incorzrect URL foxr XMIL-REC secver foxmat: " +
e.getMessagal));

¥

Although no actual RPC calls are being made, you now have a fully functional cli-
ent application. You can compile and run this application, although you won't see
any activity, as no connection is made until a request is initiated.

WARNING  Make sure you use the port number in your source code that you
plan to specify to the server when you start it up. Obviously, this isa
poor way to implement connectivity between. the client and server;
changing the port the server listens to requires changing the source
code of our client! In your own applications, make this a user-
defined variable; I've kept it simple for example purposes.

The ease with which this client and our server come together is impressive. Stll,
this program is not of much use until it actually makes a request and receives a
response. To encode the request, invoke the execute() method on your
XmlRpcClient instance. This method takes in two parameters: the name of the
class identifier and method to invoke, which is a single String parameter, and a
Vector containing the method parameters to pass in to the specified method. The
class identifier is the name you registered to the HelloHandler class on the XML~
RPC server; this identifier can be the actual name of the class, but it is often some-
thing more readable and meaningful to the client, and in this case it was “hello”.
The name of the method to invoke is appended to this, separated from the class
identifier with a period, in the form [class identifier]. [method name]. The
parameters must be in the form of a Java Vector, and should include any parame-
ter objects that are needed by the specified method. In the simple sayHello(}

method, this is a String with the name of the user, which should have been speci-
fied on the command line.

Once the XML-RPC client encodes this request, it sends the request to the XML~
RPC server. The server locates the class that matches the request’s class identifier,

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 9z1 for text on the page
and a matrix of size 3z1 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 1z3 for the text and a matrix
of size 3x1 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.

32


http://www.texrendr.com/?eqn=9x1#0
http://www.texrendr.com/?eqn=3x1#0
http://www.texrendr.com/?eqn=1x3#0
https://www.codecogs.com/eqnedit.php?latex=3x1#0

| .
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].

object barrier ~ film

aperture

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
O, which represents the center of our camera. The distance between the image

and the aperture is the focal length /. Lastly we have our coordinate vectors of
_>

— —
3D space i, J,and k. The point P on our object can be represented by a
T
123 matrix, [z y 2] which is visible to our camera. This point will be projected

onto the image plane IT’, giving us a point on our image plane of P'= [35/ y/}T.
Since our point is projected from a space in R® to one in R?, we lose our z
component. Using our point P’ we now have a basis for a coordinate system that
is centered at our pinhole O, which is known as the camera coordinate
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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4-Connectivity 8-Connectivity

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:
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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 == (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

Text string detection subprocess

Image remapping subprocess

Adaptive s Morphological
Threshold Dilation
Connected Morphological
Component  [—— P ; g

. Erosion
Labelling

Create Sample Create
) P — Parameter
Points )
Estimate
Apply | Optimize
Coordinate Parameter
Remap Estimate
Adaptive ‘ R dl
Threshold emappec mage

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

Scanned
Document

1. Obtain page
boundaries

l

2. Detect text
strings

h 4

3. Assemble Text
Blocks

l

4. Remap Image

Dewarped
Document

Figure 18: Dewarping algorithm flowchart




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.

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.

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 O(nz), but if possible we
would like to reduce that to be more efficient.

. 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 7, translation vector 7 which parameterize the 3D
orientation and position of our page, slopes a and B8 which are the
curvature of the page, vertical offsets Yn 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 Tn.

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 R® to our
image plane R?. 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.

Atbiaggnn e sy s Ay NS LU AT LTy OV
2. Immodeft; viciouflly confident.
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Figure 19: Original warped image
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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.
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Thus fpoke th* impatient prince, and made @ pafe i
His foul hags rais'd their heads, and ¢lapt their handss
And all the poviers of Hell, in full applaute,
Flouriflyd their fnakes, and toft their luming brands. Crafh.
2. A witch; an enchantrefs,
Out of my door, jou witch ! you hag, you baggage, you
poulcat, you runnion. Shakof. Merry IWives of Wirdor.
3. An old ugly woman. |
Such afieClations may become the young 5
But thou, old hag, of ihreefcore years and three,
o+ Tsfhewing of thy parts in Greek for thee? Dryden's Fawen.
ToHae. v a [from the noun] To torment; to hatrefs
with vain terrours
“hat makes them in the dark fee vifions,
And Jag themfelves with apparitions.  Hudibrasy p. iii.
How are fuperftitions men fazged out of their wits with the
fancy of omens, tales, and vifions | L'Eftrange.
HA'GARD. adj. [ hagardy French.]
. Wild 5 untamed s irreclaimable,
: To let them down before that his fights end,
As bagard hawk, prefuming to contend
With hardy fowl above his able might,
His weary pounces all in vain doth fpend,
To twfs the prey toe heavy for his fight. ~* Fairy Queen.
2. [Hager, German. ] Lean, To this fenfe I have put the fol-
lowing paflage; for fo the author ought to have written.
A fagged carion of a walf, and a jolly fore of doy, with
good flefh vpon's back, fell into company together,  L'Ejir,
3. [ Hage, Wellh,) Ugly ; rugged; deformed; wildly difordered,
She’s too dildainful ;
T know her fpirits are as coy and wild, - 5 ;
As hagard as the rork. Shakefpeare.,
Tearful befides of what in fight had pafs'd, 1

His hands and pagard eyes to heav'n he cat.  Drsden's £,
Wb«#@ﬂ&&ngw s the: face now pale,
Now fulbing red, the down-calt bazardeyes,
Or fist on earth, or flowly rais'd| Swith's Phed. and Hipp.
Ha'cGARD. 7 [ L ¥
1. Any thing wild or irreclaimable.
Twill be married to a wealthy widow,
Ere three days pafs, which has as long lov'd me
As I have low'd this proud difdainful baggard.  Shalefpeare.
2. A (pecics of hawk.
~ Does the wild baggard tow’r into the fky, )
And to the South by thy direction fly ? - Sandys,
I enlarge my difcoutfe to the obfervation of tlie aires, the
brancher, the ramith hawk, and the baggard. # aiten’s dngler.
3 A hal%; 8o Garth has ufed it for want of underftanding it.
nezth the gloomy covert of an yew,

Tn a dark grot, the baleful hargard lay, .
. Breathing black vengeance, and infeéting day,  Garth,

Ha'ccaroLy. adv. [from hageard.] Deformed; ugly.

For her the rich Arabia fweats her gum 5
And precious oils from diftant Indies come, 1
“How faggardly foc’er fhe looks at home. -~ Dryd. Fuve,

Ha'eorss. m [ [from hog or hack.] A mals of meat, pene-

 rally pork chopped, and inclofed in'a membrane. In Scotland
it is commonly made in a fheep’s maw of the entrails of
the fame animal, cut fmall, with fuct and fpices.

Ha'cotsn. adj. [from fag.] ~OF the nature of @ bag de-
formied 5 horrid.

He lafted long ;
But on us both did huggifh age fteal on,
And wore us out of: act. Shak: All's well that ends woell.

ToHAGGLE, v.a. [corrupted from bakle or hack] Tocut;
ta chop 3 to mangle,

Suffolk firft died, and York all kazzled o'er
Comes to him where in gore he lay infteep'd. Shats/: H.V.

ToHa'6sLE. v.n. To be tedious ina bargain; to be long in
coming to the price. i

Ha'sGrer. n. /. [ from hagile. ]

1. One that cuts.

2. One that is tardy in bargaining. -

Ha'sroonAPHER, ﬂ;-{: [ and ygipu] A boly witer.
The Jews divide the Holy Seriptures of the Old Teftument
into the law, the prophets, and the bagisgraphers.

AHL interjed. | An expreflion of fudden effort,

Her coats tuck'd up, and all hermotions juft,

Shé flamps, and then cries bab/ at ev'ry thruft. . Dryden.

HATL. #. /i [ hagel, Saxon. ]

1. Drops of rain frozen in their falling. Lecka.

As thick as fail
Came poft on polt..

ToHaiw. w.a Topour down hail.

My people thall dwell in-a peaceable habitation when it
fhall Juil, coming down on the foreft. I xxiliong.

Hatw, interj. [ beel, health, Saxon s il therefore, is the fame
as falve of the Latins, or i31aive of the Greeks,  health be to
you.] A term of falutation now ufed only in poctry 5 health
be 1o you.

Skalapeare’s Macbeth.

Haily baily brave friend !

4. C;Lilrfe; order ; grain ; the hair falling in a certain divection.

HARBRAINED. adf. [ This fhould rather be written hare-

Ha'msreath. . [ [ heir and breadth] A very

Harreer. o £ The name of a flower; the hyacinth.
Ha'meror. n /. [ fair and cloth.] Seuff made of hair, very

HAAH
Say to the kirig the knowledge of the broil
As thou did’ll Jeave it Slakefyears's Ma
Herfick head is bound about with clouds i
Tt does not look a5 it would have a fuil
Or health wifh'd in it, as on-other morns,  Ben. B/
The angel feil
Beflow'd, the }vc-l{ falutation us'd
Long after to blett Mary, fecond Eve. ~ Miit. Pare
Farewel, happy fields,
Where joy for ever dwells | Jaif horrors ! fail
Tnfernal world ! and thou profoundeft hell 1
Receive thy new poffeflor | Miten’ Paradife Lo
All haily he ery'd, thy country’sgrace and loves
Once firft of men below, now firft of birds above,
Hail to the fun | from whofc returning light
The chearful foldier’s arms new luftre take,
“To deck the pomp of bartle. Rowe's:
To Harr. v 4 [fromthe noun.] Tofalute; tocal
A galley well appointed, with a long boat, drawing
unto the fhore, was Jailed by a Turk, accompanicd wi
troap of horfemen. ualles’s Hiftory of the T
‘T hrice call upon my name, thrice beat your breaft,
And bail me thrice to cverlafting reft. Dy
Ha'tLep, adj. [from hail.] Struck with hail.
HA’n]sHo'n o afo [hail and jfhet.] Small fhot feattered
hail.
The mafter of the artillery did vifit them fharply with i
dering hailfhat, from the pieces mounted towards the top of
hill.

Tamerlan
| to,

L Hay
Ha}u].js'ﬁcn's. n.f [hail and flore.] A particle or fingle
g “

ail,

You are nio furer, no,
Than is the coal of fire upan the ice, i
== iffene in the fun. Shakefpeares
ailfiones lye not thicker on the plain, g
Nor fhake s fuch thow'rs of acorns rain, Drydune
Harev. adi. [from bait] Confifting of hail.
. From whofe dark womb a rattling tempft pours, :
Which the cgld North congeals to haily thowers,
HAIR. . £ [ hap, Saxon.] %
1. One of the common teguments of the body. It is to
found upon all the parts of the body, except the foles of
feet and palms of the hands. When we examine
with a microfcope, we find that they have each a round bul
 bous root, which lies pretty deep in the fkin, and which ds
‘their nouriflment from the furrounding humours: that
hair confifts of five or lix others, wrapt up in 4 common tég
ment ortube.  They grow as the nails do, each part near
root thruflting forward thar which is immediately aboveit,
not by any liquor running along the hair in tubes, asp
0w, iy
gt Y -
My fleece of woolly bair uncurls. Skakefp. Tit, Auidr.
Shall the difference of fair only, on the fkin, be a mark of
2 different internal confliwution between a changeling anda
drill 2 Lacke.

e Naughty 1ad
Thiete iy whichtheis dofisavill from my Ehin :
Wil quicken and accue thee. Shakefp. King Lear.

uch is breeding ; 3
Which, like the courfer’s fair, hath yet but life, v
And nota ferpent’s poifon,  Skakgfp. Ant. and Clespatrat
3. Any thing proverbially fmall. 3
If thou tak’ft more
O lefs than juft a pound 5 if the feale turn
But in the cllimation of a hair,
‘Thou dieft. Shatkefpears’s Merchant of Penice,
He judges to a kair of little indecencios, and knows better
than any fan what is not to be written.

r. doctor, he is a curer of fouls, and you a cuer of bo-
dies: if you fhould fight, g0 sl che b of yeur poe
feffion. Stakpaare’s Merry Weves of Windjirs

bratued unconflant, unfettled, wild as a bare.] Wild s irre-

gular s unfieady.

Let's leave this town 3 for they are Pairbrain'd flaves,

And hunger will enforce them be' more eager. sw;ﬁ HVL
mall dil-

tance 3 the diameter of a hair.
Seven hundred chofen men left-handed could fling flones at
an hairéreadtb, and not mils.
T ipoke of moft difaftrous chances,
Of moving accidents by flood and field 3 3
Of hairbreadth *lcapes in th' imminent deadly breach, Sha

‘rough and prickly, worn fometimes in mortification.
_leis compoled of reeds and parts of plants woven topether;
like a piece of bairclith, Grew's Myfaum,

Har'rrace,

N

Figure 21: Original warped image
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f
"HAI

. "T'hus fpoke 0’ impatient prince; and made a puufe § 12
. His foul bags d their heads, and clapt their hands; -
And ull the powers of hell, in full appleufe,
Flouridhd their fnakes, and toft their flaming brands. Crafb.
2. A witch ; an enchantres,
Chut of my doar, you witch! you Faz, you baggage, you
pouleat, you runnion. Shakef. ;Vm, Fives of i/:mj.w.
3 An old ugly weman,
Such affedtations may ‘tecome the young;
" But thou, old hag, of threefore years and three,

To v @ [from the noun] To torment; to harrals
with vain terrour,
T'hat makes them in the dark fee vilions,
And fag themfelves with apparitions. Hudtbraz, . ik
How are fuperfiitious men rzz‘ out of their \wu with the
fancy of omens, tales. and ! _ﬂrmigs
I—L\ GARD. odf. | hagard, i‘rench ]
'W M u':tqmld, irreclaimable.
To let them duwn before that his flights end,
As hagard hawk, prefuming to contend
With hardy fow! above his zble might,
His weary pounces all in valn doth fpend, =~
. To trufs the prey too heavy for his flight, - Fairy Sueen.
2. [Hager, German.] Lean, T this fenfe I have puc the ful-
lowing paflage; for fo the author ought to have writter.
A hagged carion of & wolf, and a jolly fort of dog, with
good Alefh upon's back, fell into company together.  L'Efr.
3. [ Haze, Wellh,] Ugly ; rugged; deformed; wlldly difordered,
© She’stoo du’da'\m’u!;
I know her fpirits are as coy and wild, s
As hagard as the rock.
Fearful befides of what in fight had pafs'd,
His
" Where are the confcious lovks, the face now pale,
Now fluthing red, the down-caft bagard eyes,
Or fixt on earth, or flewly rais'd! Smith's Phad, and Hﬁ:
H,\ GGARD. 2 f. ST
A .F\ny thing wild or irreclzimable. "
Twill be married to 2 wealthy widow,
Erc three days pafs, which has as long lov'd me .~
As Thave lov'd this proud difdainful faggard. S"mée:,pmre
2. A fpecics of hawk. g
Does the wild baggard tow’r into the fky, g
+ Andto the South by thy dircétion fly ? . Sarzd}:.
o Tenlarge my dilcourfe to the obfervation of the aires, the
brancher, the ramith bawlk, and the hargard. Halion's ,{I‘gzer.
3 Ahag.  SoGar#h has uled it for want of under{bndmg:
eneath the gloomy covert of an yew, .

Skaiy}: re.

In a dark grot, the baleful ba, gmd]a 4 Doig e N
Breathing black vengeance, and infeéling day, Garth,
Ha'coarbLy. ade. [from bagzard.] Deformed 3 ugly.
For her the rich Arabia fweats hergum;
And precious oils from diftant Indies come, w77 }
-How faggaraly foc’er fae lovks at home.  Dryd Juver,

Ha'oGrss. o /. [from hag or hack] A mals of meat, gene-
. rally pork chopped, and 'r,c ofed in 2 membrane. In Scocland
it is commonly made in 2 fheep’s maw of the-entiails of
the fame animal, cut fmail, with fuét and fpices.
. Ha'ecrsH, edj. [from daz.] Of tbe nature of a ha—n, ‘de-
fnrde horrid. F d
He lafted long 3 B
But on us both did faggifb age ﬁeal on,
And wore us out of aét, Shak. 'ﬁi' swell that ends w:u’f
ToHA'GGLE. v a. [corrupted from backlc or back.] Tocuts
to chop ; to mangle.
Suffolk firft died, and York all haggled o’er £
Comes to him where in gore he lay infteep'd. Shakefl H. V.
To Ha'coLE. 2. o ‘To be tedious in 2 bargain; 1o be long in
coming to the price. Lo .
Ha'ooLER. . f. [ from baggle. ] \
1. One that cuts. 32 e
2. One that is tardy in brrgqmm" i
Ha'G1o6RAPHER. ml{ &gy and yax+u 1 Aholy w"ter.
The Jews divide Holy Scriptures of the Old Ueftament
into the law, the prophets, and the bagisgraphers,
Han imerjeft, © An expredlion of fudden cffort,
Her coats tuck’d up, and all her motions juﬁ,
She flamps, and then crics bak ! at ev'ry theult, .. Dryden,
HAIL. m /. [ hagel, Saxon, } i
1. Drops of rain frozen in their fa
s As thick as.bail
Came poft on poft.
TeHai. w.m Toypovr down haily
My people fhall dwell in a peaccalﬂe habitation when it
Thall an’, eoming dewn on the forell. I uxxii. 19.
Harr. intery, [ heel, hea]lh, Saxon 1 bail, ther‘eforc, is the fame
. &8 jr ve of the Latins, or b}um st of the Greeks, health be to
you] A term of falutation now uled only in poetry 5 health
l\ Lo you.
- : Haily kail, brave friend?!

-

g s itz s Lecka
;Sf-‘a-%ql:veart’ s Macheth,

& Is Dewing of thy.parts in Greek for thee? Drydw's Fuven.
H

ands and hagard eyes to heav'n he caft.  Drjden's Enl

_Ha';rrprean TH. n £ [ bair and Breadth.] "A very {mall dif-

H'A L

Say ko the king the knowledge of the breil "~
As thou did’(k leave it. .Sf.aéupem &5 Maciei,
Jiv.. . Herfick head is bound about with ciouds: .
" Jedoes not book as it would have a bail
Oy health with'd in it, as on other morns,  Bem. Fabafon,
o The angel baif
Beflow’d, the hoy falutation us'd
Long after to blelt Mary, fecond Eve,
Farewel, hdpp, fields, o
-« Where joy for ever dwells1 fail Yorrors | bail
" Infernal world ! and thou pmfoundril hell .~
. Receive thy new poflefior ! Misos’ Paredife Loy bi
] Al batly he ery'd, thy country’sgrace and love;
» . Onee fieft of men below, now firft of birds above. Dy,
Hail to the fun! from whofe returning light
The chearful foldier's arms new luflre uke,
‘T'o deck the pomp of bactle. Roree's Temerlase,
ToHam, v 4 [fromthe noun.} Tofalute; tocall to,
A galley well appointed, with a lang boat, drawing ncsr
. unto the thore, was faifed by a Turk, accompanied wilh a
- troop of horfemen. Knolles's Fijlory of the Turks,
T hrice call upon my name, thrice beat yous breat, -
And bail me thrice to everlafting reft. | .L';)dw.
Ha'tLep. adj. [from hail.) Struck with hail.
Ha'tusor. mji [bail and fhot.] Small fhot feattered like
hail.

The mafter of the artillery did vifit them fharply with mur-
dmng bailfhst, from the pieces mounted towards the top af the
hill. Haymard,

Ha'tLsTonE, i /i [#ail and fame] A particle or fingle bal
of hail,

Adite. Parad, L,

* You zre rie furer, no,
Than is the coal of fire upen (J"e icey -
w2201 bailflone in the Tup.
Hard baijffares lye not Ih\rkrr on the plain,
.Nor thzken caks fuch thow’rs of acorns rain, Diryden,
Har'ry. adj. [from barl] Conlifting of hail
From \-»hoxe dark womb a rattling tempedt pours,
" Which the cold North congeals to #aily (howers, Pge.
HAIR. % /i [ hap, Saxon.]
1. One of the common teguments of the 'hody It is to be
- found upun all the parts of the body, except the foles of the
. feet and palms of the bands, When we examine the hairs
with a microfcope, we'find that they have each a round bul:
- bous roor, which lies pretty deep in the fkin, and which draws
» ‘their nourifhment from the furrounding humours : that cach
. hair confilts of five or fix cthers, WEApt up in 4 common tegu-
. ment ortube,  They grow as the nails do, each part near the
root thrulling forward r"m: which is immediately aboveit, and
not by any ]lquur m’u.lrg along the hair in tubes, as mem
grow. i,
A fingle hair. % ' R
My flecce of woolly i';am uncur!s Sbn.ie[p Tit. Andr,
Shall the difference of hair only, on the fin, be a mark of
- a different internal cun[lnuuwx between a changelisg and a
Sodrilld . Lacke.
: Naughty ]ady, '
Thefe bairs which thou de'tt ravith from my chin,
Will quicken and accule thee. Shakefp. King Lear.
Much is breeding ;
Which, like the cowrfer’s fmr, hath yet but life,
And not a ferpent’s poifon, Shake(p. Ant, and Clespatra:
3. Any thing proverbially fmall.
1f thou skt mere
+. Or lefs than jull a pound ; if the fcale turn
Bu in the cltimation of a fair,
Thou dieft. Shakefpeare’s Merchant of Venice,
He judges to a bair of I indecencies, and knows hetter
. tham any fan what is not to be wrirten. . Dryden.
4. Courfe; order; grain; the hair falling in a certaln dizedlicn,
Mr. dnﬂo 5 he is a curer of fouls, and vou a curer of bos
“dies: if you theuld fight, you £o ngumﬂ the bair of your pro-
feflion. Shaksfpeard's Merry Wives of Windir.
HARERATNED. adf. [ This Thould rather be wntten bire-
braied, unconftant, unletled, wild as a fare.] Wild; ines
guiar unﬂead_y.
Lev's leave this town 5 for they are bairbrain’d flaves, *
And hunger will enforce ;hem be more eaper, Shabef F

Shakefpeare.

»

., tance; the diamicter of a hair,
.. Seven hundred chafen men lefi-handed could fling ftones at
©an hatrbreadth, and not mifs. Sudg, xx. 16,
1 1p<11,|z of meft difaftrous chances, :
Of moving accidents by flood and field ; .
OF beirbreadih “leapes in th’ imminent dcad]y reach, §hak,
Har'rmer. n 0 The name of 2 fower ; the hivacinth. -
Ha'erarn. n f. [ hair aod doth.] Stuff made of hair, very
! mugh and prickly, worn fometimes in mortification.
i Iris mmp.)fcd of reeds and pa.ru ef lv!mu waoven tozether
like a piece of bairelsth, Grow' :.Mx it

Harptace,

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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7. Immodeft; vicioully confident. : ¥
AssuREDLY. adv. [from affired.] Certainly; indubitably.
They promis'd me eternal happinefs,

And brought me garlands, Griffich, which T feel

I am not worthy yet to wear: 1 fhall affiredly,

. Shakefp. Henry VIIL.

God is abfolutely pood, and o, affiredly, the caufeof all that
is good 5 bur, of any thing that is evil, he is no caufe at all,

Raleigh's Hijl. of the World,

Alfieredly he will ftop our liberty, till we reftore him his wor-
fhip. South,

Assu'REDNEsS. . fC [from affned.] The flate of being affured ;

certainty,

Assu'RER. . /. [from affire.]

1. He that gives affirance,

2. He that gives fecurity to make good any lofs,

To ASSW/AGE, Sce ASSUAGE.

A'STERISE. . [, [Ariglexe.] A mark in printing or writing, in
form of alitdle flar; as %,

He alfo publithed the tranflation of the Septuagine by itfelf,
having fieft compared it with the Hebrew, and noted by affe-
risks what was defective, and by obelisks what was rodunr.rnﬁm.

Grew's Caftmal, Sacra, b iv.

A’sTERISM, 7 o [afterifinus, Lat,]

1. A conflellation

Poetry had filled the fkies with aflerifms, and hiftories be-
longing to them ; and then aftrology devifes the feigned virtues

and influences of cach. Bentley's Sermong.

2. An afterifk, or mark. This {s a very improper uff,

Dwni! particularly on' paflages wil?; an afferifin * 5 for the
?b:;crvalmns which” follow fuch a note, will give you a clear
ight, Dryden's Dufrefissy,

A'STI:IM»\.' nf [dedpa] A frequent, difficult, and ﬂmr{r{ﬁ?-
sation, joined with a hifiing found and a cough, efpecially in
the night-time, and when the body isin a prone ofture ;” be-

+ caufe then the contents of the lower belly bcarfg againik the
diaphragm, as to leflen the capacity of the breaft, whereby the
lungs have lefs room to move, Rudiicy,

An gfllma is the inflation of the membranes of the lung;
and of the membranes covering the mufcles of the thorax, hu::
does not continue long, Flayer an the Hymours,

AsTHMA T TCAL, adi. [from afhma,] Troubled with an

AsTHMA T 10K, } afthma. »

In afibmatical perfons, we often fee; that though the lungs
be very much fluffed with tough phlegm, yet the patient may
live fome months, if not fome years, Begle,

After drinking, our horfes are moft afthmatick; and, for g-
voiding the watering of them, we wet their hay,

Floyer on the Hymauys,

ASTERY, g, [from a and o] T the hinde :

fhip; behind tEle {hip. e i
‘hc alley gives her fide, and turns her prow,

1w|ﬂ|f ofc affern defeending down tlye fleep, !

o hre’ gaping waves hehold the boiling deep, Diyden,
O ASTERT, wa, (2 word ufed by Spenfir, as it feems, for
Sarty or flazije ] Ty terify § to ftartles o fright,

i € deem of death, as doom of il defere ;

ut knew we foals whar it us brings until,
Die would we daily, once ip to expert 3

‘.-‘:j, ii':ugnr there the {hepherd can aflert. Spenfer's Paft,

e b

% Tmmaieft; viciandly co
AsSUEDLY. adv. [from affird | Certainly; indubitably,
They promis'd me eternal happines,

And brought me garlands, Grifiith, which [ feel

1 3m not worthy yet to wear: 1 fhali

. FHery VIIL

aufeof all that
no canfe arall.

Vs HIiff. of the T ovld,

till we reftore him his wor-

i South,

fapsnss ol [fomaffeed ] The flate of being affured ;

Gad is ablolutely sood, and f, o

s pood § but, of ‘=n'_ thing thi i

AssurEr, a f
1. He that gi
- He that pive

A murk in printing o writing, in

o publithed the tanflation of the Septuagint by i,
Baving Siell compared it with the Hebrew, and noted by afle-
rites what wi e, atid by obilisks what was redundant,

Frew's Caflnals Sacroy b v,
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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.

A'STERISM. . [0 [afferifinus, Lat.
I A conﬁcll:ti{m[ﬁ i !

Poetry had filled the fkies with aflerifis, and hiftori

. b =
longing to them ; and then aftrology deviés :he fcignc(()lr:/ci‘:m:s
Bentley's Sermons.

and influences of cach.
2, An afterifk, or mark. This is a ver
Dwell particularly on paflages witK
obfervations which  follow fuch a not
light,

improper ufe.

ration, joined with a hiffing found and a cou

caufe then the contents of the lower. belly bea
diaphragm, as to leflen the capacity of the brea
lungs have lefs room to move,

An gfthma is the inflation of the membrances of the |

and of the membranes covering the mufeles of the thora
does not continue long. :

AsTHMA T10K, afthma,

In afthmatical perfons, we often fee; that though the lungs
m; yet the patient may

be very much ftuffed with tough phleg:
live fome months, if not fome years,

non B
Afeer drinking, our horfes are moft aftbmatick; and, fo,

voiding the watering of them, we wet their hay.
AsTERN. arfy, [from a
thip; behind the thip.

The galley gives her fid
i e, and turns her prow,
While thofe'aflern dcfccndi,ng down the ﬂcl«'p, !

hro” gaping waves behold the boi i
To AsTalirii d the boiling deep. Dryden,
O ASTERT. w0, [0 word ufid by Spenfer, as it feemé,) f’:r

Sart, or jflarlle.] To terrify 5 to Martle; to fright,
e k‘;e‘\:’em-Of death, as doom of il deferr; k:
T MWL fools what it us brings until,
) Ud we daily, once it to expert 3

'mu i.ulgcr there the fhepherd can aflert,

Figure 25: Original warped image
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the night-time, and when the body isin‘a progn)t; ,fom: I-]) b::'-l
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] ! oyer on the
AstmA'ricAL, } adj. [from afthma,] ‘Troubled wlll:’}'\w:i]

Floyer on the Hymonys,
and flern.] In the hinder part of (hIc

Spenfer’s Pafl.

RS

A'STERISM. n. [. [afterifmus, Lat.
1. A conﬂell:li£ni[ﬂ 4 !

Poetry had filled the fkies with a/ferifms, and hiftories be-
longing to them ; and then aftrology devifes the feigned virtues
and influences of each. Bentley's Sermans.

2. An afterifk, or mark. This is a very improper ufe.

Duwell particularly on paflages with an afferifin * 5 for the
obfervations which follow fuch a note, will give you a clear
light. Dryden's Dufrefnsy.

A'stHMA, . [, [dz9pa.] A frequent, difficult, and fhort refpi-
ration, joined with a hifiing found and a cough, efpecially in
the night-time, and when the body isin a prone pofture ; be-

. caufe then the contents of the lower belly bear fo again(t the
diaphragm, as to leflen the capacity of the breaft, whereby the
lungs have lefs room to move. Quincy.

An afthma is the inflation of the membranes of the lungs,
and of the membranes covering the mufcles of the thorax, but
does not continue long. Fioyer on the Humours,

AsTHMATICAL, | adj. [from affbma,] ‘Iroubled with an

AsTHMA'TICK. } afthma. )

In afthmatical perfons, we often fee; that though the lungs
be very much ftuffed with tough phlegm, yet the patient may
live fome months, if not fome years. Buyle.

After drinking, our horfes are molt a/thmatick ; and, for a-
voiding the watering of them, we wet their hay.

Floyer on the Humanrs,

AstEnn. adu. [from a and fern] Tn the hinder part of the
fhip; behind the fhip.

“The galley gives her fide, and turns her prow,

While thofe aflern defcending down the fleep,

Thro' gaping waves behold the boiling t!c(‘[‘: ¥ D()"f'"-

To AsTrRr, @ a, [a word ufed by Spenfery as 1t feems, for
Sarty or flartle)] ‘To terify ; to ftartle; to friglits

We deem of death, as doom of ill defert;

But knew we fools what it us brings until

Die would we daily, once it to expert ;

No danger there the fhepherd can affert.
Vor, |

Figure 26: Dewarped image

Spenfer’s Pafl.

mamn

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 inAutomatic 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.

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

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.

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.

Cyclone ‘Titli’
leaves 8 dead
in Andhra

I PTI, AMARAVATI (AP)/
BHUBANESWAR: A very se-
vere CyC[O]lIC storm pﬂfkit!g
winds of up to 150 kmph and

U widespread rains hit eastern

T India Thursday killing eight
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Figure 28 [84]: RLSA Applied to a news article
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5.2.8 Noisy Black Border Removal Flowchart

I
5 Iprsa 5 ccL 4
Is
¥
Vertical
Histo gram 7
XB1.XB2 | Horizontal
Hv Histogram
« s Hi
Dc?ec't left Dct.ect. right ﬁ
limits limits
Detect upper Detect lower
x0,x1,x2 x3,%4,%3 limits limits
0,v1,v2 3,y4,y5
Calculate XB1 Calculate XB2 P v FoFhy +
Bl B2 Calculate YB1 Calculate YB2
YB1 YB2
!
Remove Noisy

Is Black Borders b

!

I

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 I has RLSA applied to it as well
as connected-component labelling which breaks it down into /s which are the
sets of labels and then further into /i which is the labelled image. Is is also fed
into the vertical and horizontal histograms to detect the page limits as well as
XB1,XB2,YBI, and Y B2, which are the limits of the page itself. Lastly, the

complete image I is produced.
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https://www.codecogs.com/eqnedit.php?latex=I#0
https://www.codecogs.com/eqnedit.php?latex=I_s#0
https://www.codecogs.com/eqnedit.php?latex=I_l#0
https://www.codecogs.com/eqnedit.php?latex=I_s#0
https://www.codecogs.com/eqnedit.php?latex=XB1%2C%20XB2%2C%20YB1%2C#0
https://www.codecogs.com/eqnedit.php?latex=YB2#0
https://www.codecogs.com/eqnedit.php?latex=I_c#0

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:

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

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

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

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

e (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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A letter borrowed by the Englith from the Greek
alphabet. It has before all the vowels one in-
variable found : as, feen, ken, kill; but is not
ruuch in ufe, except after ¢ at the end of words:

® ., kusck, clack, crack, back, brick, flick, pluck,
check, which were written anciently with ¢ final : as, decle,
checke, tricke. It is alfo in ufe between a vowel and the filent
e final : as, cloke, broke, brake, pike, duke, eke. It likewife
ends a word after a diphthong: as, lok, break, jbock, beek.
The Englifh never ufe ¢ at the end of a word. K is filent in
the prefent pronunciation before n: as, knife, Anee, knell.

KA’LENDAR. 2. /. [now written calendar.] An account of
time.

QK E ED

To KEnGE. v.a. [kaghe, a fmall veflel, Dutch.]

In bringing a fhip up or down a narrow river, when the
wind is contrary to the tide, they fet the fore-fail, or fore-
top-fail and mizzen, and fo let her drive with the tide. The
fails are to fAat her about, if the comes too necar the fhore.
‘They allo carry out an anchor in the head of the boat, with
a hawfer that comes from the thip; which anchor, if the
fhip comes too near the fhore, they let fall in the fiream, and
fo wind her head about it; then weigh the anchor again
when fhe is about, which is called kedging, and from this
ufe the anchor a kedger. Harris,

KE'DGER. n. /. [from kedge.] A fmall anchor ufed in a river.
See KEDGE.

-

Figure 30: Letter Section and Guide Words

The guide words, in this instance,

the definition of any of the words being

must be ignored as they are not part of
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.

7o Ki'cKLE a cable. To defend a cable round with rope.
Ainfwerth,
Kre'cksy. n [0 [commonly fex, cigne, French; cicuta, Laun.
Skinner.]  Skinner feems to think Aeckly or dex the fame as
hemlock. It is ufed in Staffordfhire both for hemlock, and
any other hollow jointed plant,
Nothing teems
But hateful docks, rough thiftles, £eckfies, burs,
Lofing both beauty and utilit{;. Shatefp. Henry V.,
Ke‘ckvy. adj. [from 4ex.] Refembling a kex, :

An Indian fceptre, made of a fort of cane, without an
joint, and perfeétly round, confifteth of hard and blacki
cylinders, mixed with a foft &ecky body_-, fo as at the end
cut tranfverdly, it looks as a bundle of wires. Grew.,

Figure 31: Press Figure and

north-weft, or north, it became exceilively teen,

Liiii.
3. Eager; vehement,
Never did I know
A creature, that did bear the fhape of man,
So deen and greedy to confound a man. Shake "
Keen difpatch of real hunger. iltex,

The theep were fo 4een upon the acrons, that the! Esobhlcd
up a piece of the coat. L'Efirange,
Thofe curs are fo extremely hungry, that they are too ke
at the fport, and worry their gane. _lerr, N, Ga.
This was a pmfpcg fo very inviting, that it could not be
cafily withflood by any who have {o deen an appetite for

wealth, Swift's Mifcel,
<>
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, | 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.

Addifon. Freeholder, N 4. ‘The fudden breach of it. ~ Shakefpeare's
ToA'BLEGATE. v a. [ablegs, Lat.] To fend abroad up-  ABO'DEMENT. . J- [from to gbode.] A fcgct antﬁ:;gxui%
on [ome employment; alfo to fend a perfon out of the way fomething future; an impreflion upon the mind of fome event
that one is weary of. Diz. to come; prognoftication ; omen. 3
ABLEGA'TION. 7. [ [from ablegate.] A fending abroad, or out Ilike not this.
'o[ the way. e Dia. For many men that flumble at the threfhold,
A'BLENESs. n. [0 [fromable.] Ability of body, vigour, force. Are well foretold that danger lurks within,—
That nation doth fo excel, both for comelinefs and ablenefs, ~—Tufh ! man, abodements muft not nm; affright us
that from neighbour countries they.ordinarily come, fome to Shakefpeare's Henry V Toonilt
lﬁnvc, fome o l;am, fome to behold. Sidney, b. ii. Mfz lord bithop, being fomewhat tronbled, took :l)a'c frégjom-
A'BLEPsY. n. [. [ABxlia, Gr.] Want of fight, natural blind- to afk him, Whether he had never any fecret abodement in his
nels ; all? anadvifednefs. T Diét. mind ? No, replied the duke; but I think fome adventure may
ABLIGURYTION. rff [abliguritis, Lat.] A prodigal fpending kill me as well as another man. ]V;,:y
_on meat and drink. . : ’ Did. To ABO'LISH. w.a. [from aboles, Lat. to blot out X
To A’ BB.I:.[IE) Aér ; l]~ a. [atligo, I}:\t.] LTo bind or tye up from. D. 1. To annul. : ]
To A’ TE. v. a. [ablacs, Lat.] To let out to hire. For us to abalifh what he hs i ; -
Perhaps properly by him who has hi(l::d it from another. moft intolerable. b hehal cﬂabh!hci};ﬁe l;rcl?,]mg t:in
salvin's Lexicon Furidicum. On the parliament’s part it ws o el £ he ;
Arroca’Tiov. . f- {Frpr{\ ablscate.] Aletting out :oj;:irc. deans, ami chapters, liliaht bc“ixf:ﬁi\ij{:tl..’-llh:;sl»l i -b”-hr)pr}
To AvLu'De. . 5. [abiuds, Lat.] Tobe unlike, Di.  abelified. e B on
A':'][:;I ENT. ad). glr.'bmg,-;, Lat. from ablus, to wath away.] z. Toputanendto; to deftray, gy i
1. That whi_Lh walhes dean, The long continued wars, betwee i
- h’u which has the power of cleanfing. Dia, had then iiﬁ:d invincible icnlouIicsna:a}:lc}glt?‘h&)h?,-}:‘ ld\m Ssms’
ABLU'TION. n. f. [ablutis, Lat.] tinued peace hath fince ab:/fhcd. T i
1. Theadl of deanfing, or wathing clean. L h“

Figure 32: Catch Word Obstruction Example

The first few things that we noticed could potentially be very useful are:
e The headwords that lead each definition are entirely capital letters.

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

The most apparent potential problems are:
e 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.”)

e 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.

3. Tomakeabode ; to dwell, to refide, to inhabit.
Deep in a cave the Sibyl makes abode ;
Thence full of fate returns, and of the God.
To ABo'DE. v. a. [See Bopk.] To foretoken or forelhow ; to
be a prognoftic, to be ominous. Tt is taken, with its deriva
tives, in the fenfe either of good or ill.

To A’BLE. v.a. To make able ; to enable, which is the word
commonly ufed. See ExapLE.
Plate fin with gold,
And the ftrong lance of juftice hurtlefs breaks :
Arm it with rags, a pigmy’s ftraw doth pierce it.
None dees offend, none, I fay none; T'll able ’em;

Take that of me, my friend, who have.the-pow | Every man,
To feal th” accufer’s lips. bakefpeare's King Lear, After the hideous ftorm that follow’d, was
ApLE-BopikeDp. adj. Strong of body. A thing infpir'd; and, not confulting, broke

Into a general prophecy, that this tempeft
Dafhing the gument ?ft this peace, allp)o y
‘The fudden breach of it. kefpeare’s Henry VI,
AEBo'DEMENT. 2. [ [from to ghode.] T O,
fomething future ; an impreflion upon the mind of fome event
to come; prognoftication ; omen.
Ilike not this.

It lies in the power of every fine woman, to fecure at leaft
half a dozen able-bedied men to his majefty’ ice

+8

ToA'BLEGATE. v. a. [ablegs, Lat-] Toferd-zbvoad up-

on fome employment; alfo to fend a perfon out of thew
that one is weary of. - %

ABLEGA'TION. 7 /. [from ablegate.] A fending abroad, gFse

of the way.
A'BLENEss. . [ [from able.] Ability of body, vigour, force:
That nation doth fo excel, both for comelinefs and ablenefs,
that from neighbour countries they ordinarily come, fome to
ftrive, fome to learn, fome to behold. Sidney, b. ii,
A'BLEPSY. 7. [ ['ABwdia, Gr.] Want of fight, natural blind
nefs ; alfo anadvifednefs.
ABLIGURI'TION. n. [ [abliguritiz, Lar.] A prodigal fpepa
on meat and drink. X D
To A'BLIGATE. v. a. [aéligo, Lat.], To bind or tye up from, D
To AlBLOCATE. v. a. [ablocs, Lat.] To let out to hire.
Perhaps propesly by him who has hired itfros

moft intolerable,

For many men that ftumble at the threfhold,
Are well foretold that danger lurks within,—
—Tufh! man, abodements muft na

t > & 1 5 ‘. T h
Mf{ lord bifhop, being fomewhz !jpmr” tmyVI 2L
to a

) T OTreredr—tae dom
him, Whether he had never any fecret abodement in his

mind ¢ No, replied the duke; but I think f; d S
kill me as v;cll as another man. S vcn
To ABO'LISH. w.a. [from absles, Lat. to blot out.]

1. To annul.
For us to abalifh what he hath eftablifhed

' ; aluin’s Lexicon Furidicup On the parliament’s part it was propofe o
Arvroca'TIor. . f. [from ablecate.] A IO PS:

_ 7O Te, deans, and chapters, might be } e ..' 5
To Avrv'vs. v o [abluds, L:xf.] “T'o be unlike. @ afrslijlzad. s ey i
A‘E’l,:;: ENT. ad). JE}::M.';S;;, Lat. from ablus, to wath away. 2. Toputan endto; to deftray, m
1. That which walhes dean. Thelong continued wars, betw i

! : 4 een the Englifh Scots
2. That which has the power of cleanfing. had then raifed invincible j:'alouﬁcs andchnltlfl .:.iﬁd the c.ut_j

ABLu'tioN, n. [ [ablutie, Lat.] tinued peace hath fince a:/ifbed,
CLhatD

1. Theadl of deanfing, or wathing clean.

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.

- Find when mrgumei-iﬂhmg here. Fatien, A term of the civil law, not much ufed in common fpeech.
i e i 5l a rubbing of armour, which 2 great while ARALIENA'TION. & f. [Lat abalienatie.] A giving up one's
* had kin oiled 5 the zines of munition are viewed; the right to another perfon; or a making over an eftate, goods,
‘wificers of remains to-account. Fattan, or chattels by fale, or due courfe of law. Digk.
' Another falls a ringing a Pefcennius Niger, and judicioufly] [To Asa’sn. v a. [A word contrafled from abandn, but
diftinguilhes the found of it to be modern. Addifer on medalr, not now in ufe. See ABANDON.]  To forfake.
W 4 peeuliar fignification, denoting the proportion of one Thofe foreigners which came from far
| thing to another.  Thus we fay, Thelandlord hath a hundred Grew great, and got large portions of land,
| @year; The ﬂ:ip’s‘cm}:Flng a thoufand pounds & man. ‘That in the realm, ere long, they fironger are
L e river Inn, that had been hitherto fhut up among moun- “Than they which fought at firft their helping hand,
5 pafies generally through a wide open country, during all And Vortiger enforced the kingdom to aband.
e through ﬁnvmii; which is a voyage of twao days, f}mfrr's Fairy Bueen, b, ii. cants 1%
rate of twenty leagues o day, Jﬂlj{ﬂ endealy| [To ABANDON. o a. [Fr. abandemser. Derived, according
‘burlefque poctzy, 1o lengthen out a fyllable, without to Menage, from the Italian abandsnare, which fignifies to for=
the fusic, f fake bis eolours; bewdum [vewillum] dejevere.. Pafguier thinks
\ B it

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
(iA!BLE!!'

A'BLE. adj. [babile, Fr. babiliz, Lat. Skilful, ready.]
1. Having faculties, or great ftrength or knowledge, riches,
or any other power of mind, body, or fortune.
He was not afraid of an @b/ man, as Lewis the Eleventh was.
But, contrariwife, he was ferved by the ablg? men that were to
be found ; without which his affairs could not have profpered
as did. Bacon's Henry VII.
Such other gambol faculties he hath, that fhew a weak mind
~ and an able body, for the which the prince admits him: for the
prince himfelf is fuch another : the weight of an hair will turn
the fcales. Shakefp. Henry IV. p. ii.
2, Having power fufficient ; enabled.
~ All mankind acknowledge themfelves @bl and fufficient to
do many things, which actually they never do.  South’s Serm.
Evcz’manfhaﬂ give as he is able, according to the blefling
of the Lord thy God, which he hath given thee. Deut. xvi. 17.
3. Before averb, with the participle 72, it fignifies generally hay-
ing the power ; before a noun, with fzr, it means gtla’fﬁ)c'd.
Worath is cruel, and anger is outrageous ; but who is able to
ftand before envy ? Prov. xxvii. 4.
There have been fome inventions alfo, which have been
able for the utterance of articulate founds, as the fpeaking of
~ certain words, - Wilkins's Mathematical Magic.

Figure 35: Cropped Definition Example
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ABLU'TION, n. [ [ablutis, Lat.]
1. Theadl of deanfing, or wallung clean.

There is a natural analogy between the ablution of the hod}-
and the purification of the foul  between eating the holy bread
and drinking the facred chalice, and a participation of the body
and blood of Chrift. Tayler's Werthy Communicant.

Wafh'd by the briny wave, the pious train
Are cleans'd, and caft th’ ablutions in the main, Pope’s Jiad,
2. The rinfing of chymical preparations in water, to diffolve and
away any acrimonious particles.
3. The cup given, without confecration, to the laity in the popifh
churches.

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

ABL

ira take the reft; which is an abjration of fame dodtrines of
the church of Rome, . i

There is likewifc another oath of abjuratien, which laymen
and clergymen arc both obliged to take ; and that is, to abjure
the Pretender. iﬁjﬁ Pnr:r(iy_fn Fueris Cansnici.

To ARLACTATE. v. a. [ablafio, Lat.] To wean from the
breaft.

Ancacra'vion. # o Oncof the methods of grafting; and,
accurding to the fignification of the word, as it were o wean-
ing of a eyon by degrees from its mother ftock, not cutting
it off wholly fram the ftock, il it is firmly united to that on
which it is grafted, .

APLAQUEA'TION, [ablagueatio, Lat.] The act or pralice of
apening the ground about the roots of trees, to let the air and
water operate upon them. i

Trench the ground, and make it ready for the fpring: Pre-
parc alfo foil, and ufe it where you have occafion: Dig bor-
ders.  Uncover as yet roots of trees, where ablaqueatian is

uifite. Evelyn's Kalendar.
m‘]_h: tenure in chicf ought to be kept alive and nourithed ;
the which, as it is the very root that doth maintain this filver
ftem, that by many rich and fruitful branches fpreadeth itfelf
into the chancery, exchequer, and court of wards: fo if it be
fuffered to flarve, by want of ablagueatien, and other good buf-
bandry, not only this yearly fruit will much decreale from time
to time, but alio the whole body and boughs of that precious

tree itfelf, will fall into danger of decay and dying,
Bacon's Office of Alienations.

ABLA'TION. n. [ [ablatie, Lat.] The aétof taking away.

A'BLATIVE. n. a. [ablativus, Lat}

1. That which takes away.

2. The fixth cafe of the Latin nouns; the cafe which, among
ather fignifications, includes the perfon from whom fomething
is taken away. A wrm of grammar,

ABLE. adj. [babile, Fr. babsliz, Lat. Skilful, ready.]

1. Having ftrong facultics, or great ftrength or knowledge, riches,
or any other power of mind, body, or fortune.

He was niot afraid of an bl man, as Lewts the Eleventh was.
But, contrariwife, he was ferved by the ablg/? men that were to
be found ; without which his affairs could not have profpered
as they did. Bacen's Henry V11,

Such other sambol facultics he hath, that thew a weak mind
and an adle bodv, for the which the prince admits him: for the

ABO

There is 2 natyral analogy between the ablution of the [md}'
and the purification of the foul y between eating the holy bread
and drinking the facred chalice, and a participation of the body
and blood of Chrift. Taylor's WWorthy Communicant.

Wafh'd by thebriny wave, the pious train
Are cleans'd, and calt th® abiutions in the main.  Pope’s fliad,
2. The rinfing of chymical preparations in water, to diflolve and
wafh away any acrimenious particles,
3. The cup given, without confecration, to the laity in the popith
churches,
ToA’BNE'GATE. v a. [from abnego, Lat.] To deny,
ABNEGA'TION. . f. [abmgalia, Lat. denial, from aliego, to
deny.] Denial, renunciation.

T he abnegation or renouncing of all his own holds and in-
terefts, and trufts of all thacman is moft apt to depend upon,
that he may the more expeditely follow Chrift.

Hammond’s Praftical Catechifin.
Avnopa’'rron. m f. [abnodatio, Lat] The alt of cutting away

knots from trees; a term of gardeming, Dis.
Awno'rRmovs. adj. [abnermis, Lat. out of nule.] Irregular,
mifhapen. Diet,

ABo’ARD. adv. [a fea-term, but adopted into common language ;
derived immediately from the French d bord, as, afler @ bord, en-
veyer @ bord. Bordis itlelf a word of very doubtful original, and
perhaps, in its different acceptations, deducible from different
roots, Bopb,in the ancient Saxon, fignified a beufe ; in which
fenfe, to go aboard, is to take uprefidence in a fhip.]

In a thip.
Which, when far off, Cymocles heard and faw,
He loudly call'd to fuch as were aboard,
The little bark unto the fhore to draw,
And him to ferry over that deep ford, Fairy 9. b.ii. cant. 6.
I made this anfwer, that he might land them, if it pleafed
him, or otherwile keep them aboard, Sir #. Rawleigh's Effays,
When morning rofe, I fentmy mates to bring
Supplies of water from a neighb’ring fpring ;
Whildt [ the motions of the winds explord ;
‘Then fummon’d in my crew, and went aboard.
Addifor’s Ovid’s Metamorphofes, b. iii.

Apo'ne. . £ [from abide.}

+. Habitation, dwelling, place of refidence.

But I know thy abedr and thy going out, and thy coming in,
and thy rage azain{t me. 2 Kines. xiv. 2.

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
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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.
-3 0 +3
Gy,=|—-10 0 +10
-3 0 +3
-3 10 -3
Gy=1[0 0 0
+3 +10 +3

(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:

—

Edge_Gradient (G) = (G2 + G2
N

z

Angle (8) =tan 12X

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.

maxVal

minVal

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.

import numpy as np
import cv2 as cv

from matplotlib import pyplot as plt

image cv.imread( " afterl.tiff", 8)

edges = cv.Canny(image, 188,

plt.subplot(121), plt.imshow(image , cmap = “gray’)
plt.title('Original Image), plt.xticks([]), plt.yticks([])

plt.subplot(122), plt.imshow(edges, cmap = "gray’)
plt.title( 'Edge Image®), plt.xticks([]), plt.yticks([]}

plt.savefig('edge.tiff")

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:

Original Image Edge Image

TaoMNikt. v o [from nr miilfy mllan, Saxon.] Mot wowill
o refule | o repedh

Centes, faid he, T mal chine offer™d TR,

Neto be made fo haeppey dn imtend,

- Ancther bhii befoie sine el I place,
Eoler happinefs, another end. Spemfer"s Favry 2,
In all affeckions the conexereth Bl ; . Q

BF now, with sean and wife to will and =0

“The feli-lwme things, a note of concend be,

! know no couple bemer can apree, Brn. Trbufim,
i o 0 The thisiss fparks of brals in trying aad melting
the e,
‘['n.\il:'-ll. %o [emm, Duich, totake] Tomke Iscaae,
i Beal,
Iyl queition Mars, amd by hin look
Dietrdt whe "vwes that mimen's 2 cloak Hudbbris, g, i

They could pot keep themblies besel) of their fingess,
But would bo wimming kemeihing or ether for the Jove of
_thieving, L Efvanpe, Fable 240
Ke'sencn. oa. [ o o Bawea, tradlable.] Quick ;
achve | ready ; dpecd s pedditious,
wan ihe relk,
, gathered sere Bore, Sprafer,
B dart your Blindisg lames
Salofpare's Ko Lear.

bave dancanz Bhoes
Ehalnfiars's Rumee and Fudiet.
foon propiticus fee (rom beaven,
mueile glanoe and grateful Mheam
s Tor his was st Enecre, Al P, Lo,
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thas in the fg casion of b lodging, Sidesy,
Hien 1l fhewrvony a0 cone inllant both Theadisaets sl mimily-

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.

for x in range(4):

image = cv.dilate(edges, kernel, iterations = (x + 1))

plt.imshow(image, cmap = "gray')

plt.savefig(str(x + 1) + "_edge.tiff™, bbox_inches = "tight’, pad_inches = @)

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, | 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,

Iteration 2 lteration 4

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,

—

{The regions highlighted by Red are regions that are not of interest and will be discarded)

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.

ABL

ABO

Taft take the reft ; which is an akjwration of fome doctrines of
the church of Rome. . o ’

“There is likewife another oath of abjuratiew, Wh‘lch laymen
and clergymen arc buth obliged to take ; and that is, to abjure
the Pretender. féh:ﬂ;" Parergan Jieris Canonicic

To ABLACTATE. v. a [abladle, Lat.] To wean from the
breaft.

Asnvacta'rien. 7 . Oncof the methods of grafting ; and,
accending to the fignification of the word, as it were a wean-
ing of a cyon by degrees from its mother ftock, not cutting
it off w!mfl‘; from the fock, il it is firmly united to that on
which it is grafted. .

AnNLAQUEA'TION. [ablogueatis, Lat.] The at or prallice of
apening the ground about the roots of trees, to let the air and
water operate upon them. i

Trench the ground, and make it ready for the fpring : Pre-
pare alfo foil, and ufe it where you have occafion: Dig bor-
ders.  Uncover as yet roots of trees, where abloqueation s

uifite. Euwelyn's Kalendar.
l":(l]—hc: tenure in chicf ought to be kept alive and nourithed ;
the which, as it is the very root that doth maintain this filver
ftem, that by many rich and fruitful branches fpreadeth itfelf
into the chancery, exchequer, and court of wards: fo if it be
fuffered to ftarve, by want of ablegueation, and other good huf-
bandry, not only this ycarly fruit will much decreale from time
to time, but allo the whole body and boughs of that precious
tree itfelf, will fall into danger of decay and dying.

Bacon's Office of Alienations.

ABLA'TION. n. [ [ablatio, Lat.} The aétof taking away.

A'BLATIVE. m a. [ablativus, Lat.]

1. That which takes away.

2. The fixth cafe of the Latin nouns; the cafe which, among
ather fignifications, includes the perfon from whom fomething
is taken away. A term of grammar,

ABLE. adj. [babile, Fr. babslis, Lat Skilful, ready.}

1. Having ftrong faculties, or great ftrength or knowledge, riches,
or any other power of mind, body, or fortune.

He was not afraid of an gb/e man, as Lewis the Eleventh was.
But, contrariwife, he was ferved by the ableff men that were to
be found ; without which his affairs could not have profpered
as they did. Bacon's Henry VI,

Such other gambol facultics he hath, that thew a weak mind
and an ablz bodv. for the which the prince admits him: for the

‘There is a natyral analogy between the ablution of the [md}'
and the purification of the fouly between cating the holy bread
and drinking the facred chalice, and a participation of the body
and blood of Chriit. Taylor's Worthy Communicant.

Waih'd by thebriny wave, the pious train

Are deans'd, and calt th’ ablutions in the main. Pope’s Jliad,

. The rinfing of chymical preparations inwater, to diffolve and
walh away any acrimenious particles,

3. The cup given, without confecration, to the laity in the popith
churches,
To A'BNE'GATE. v a. [from abnege, Lat.] To deny.
ABNEGA'TION, m, [ [abmgalia, Lat. denial, from aluego, to
deny.] Denial, renunciation.

"I"he abnegation or renouncing of all his own holds and in-
terefts, and trufls of all thac man is moft apt to depend upon,
that he may the more expeditely follow Chrift.

Hammond's Practical Catechifin.
Apnopa'rroN. n. f. [abnedatic, Lat] The at of cutting away

knots from trees; a term of gardening, Dis,
Auno'Rmous. adj. [abnormis, Lat. out of rule.] Irregular,
mifhapen, Dier,

ABO’ARD. adv. [a fea-term, but adopted into common ]anguagc ;
derived immediately from the French d berd, as, aller @ bord, en-
V4yer ¢ bord. Bordis itlelf a word of very doubtful eriginal, and
perhaps, in its different acceptations, deducible from different
roots. Bopb,in the ancient baxon, fignified a bewfe; in which
fenfe, to go aboard, is to take uprefidence in a fhip. ]

In afhip.

‘Which, when far off, Cymocles heard and faw,

Hc loudly call'd to fuch as were aboard,

The lile bark uato the fhore to draw, }

And him to ferry over that deep ford, Fairy 9, b.ii. cant. 6.

I made this anfwer, that he might land them, if it pleafed
him, or otherwilc keep them aboard, Sir W, Rawleigh's Effays,

When morning rofe, I fentmy mates to bring

Supplies of water from a neighb'ring fpring ;

Whilft [ the motions of the winds explor’d ;

‘Then fummon'd in my crew, and went absard.

Addifor’s Qvid’s Metamorphafes, b, iii,

ABo'pE. n. [ [from abide.)
s. Habitation, dwelling, place of refidence.
But I know thy abode and thy going out, and thy coming in,

and thy rage arainft me. 2 Kines. xix. o~.

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.

ABO

There is a natural analogy between the ablution of the body
and the purification of the foul s between eating the holy bread
and drinking the facred chalice, and a participation of the body
and blood of Chrift. Tayler's Werthy Communicant.

Wafh'd by the briny wave, the pious train

Are cleans'd, and caft th’ ablutions in the main. Pope’s Jliad.
The rinfing of chymical preparations in water, to diffolve and
™wafh away any acrimonious particles.

‘The cup given, without confecration, to the laity in the popifh

A BL

fnuft take the teft ; which is an akjuration of fome do@rinés of l

the church of Rome. . P }

There is likewile another oath of ajuration, wh_ach laymen

and clergymen arc both obliged to take ; and that is, to abjure

the Pretender. A;Zliji‘: Pnrer’f_ln FJuris Cananici.

To ABLACTATE. v.a [ablato, Lat.] To wean from the
breaft.

Asracra'rion. /i Oneof the methods of grafting; and,
according to the fignification of the word, as it were a wean-
ing of a eyon by degrees from its mother {tock, not cutting

‘it off wh:?ly from the ftock, till it is firmly united to that on
which it is grafted. :

ABLAQUEA'TION, [ablagueatio, Lat.] The a& or practice of
opening the ground about the roots of trees, to let the air and
water operate upon them. "

Trench the ground, and make it ready for the fpring : Pre-
parc alfo foil, and ufe it where you have occafion Dlg. box:-
ders.  Uncover as yet roots of trees, where ablagueation is

uifite. Evelyn's Kalendar.

¢ tenure in chief ought to be kept alive and nou.ri(hed 5
the which, as it is the very root that doth maintain this filver
ftem, that by many rich and fruitful branches fpreadeth itfelf
into the chancery, exchequer, and court of wards: fo if it be
fuffered to ftarve, by want of ablagueation, and other good huf-
bandry, not only this yearly fruit will much decreafe from time

—— |

~churches

To A’BNE'GATE. v. a. [from alnego, Lat.] To deny.

ABNEGA'TION. . [. [abnegatio, Lat, denial, from abnegs, to
deny.] Denial, renunciation.

“I'he abnegation or renouncing of all his own holds and in-
terefts, and trufts of all thatman is wioft apt to depend upon,
that he may the more expeditely follow Chrift.

Hammond's Prattical Catechifin.

ArnopA'TioN. m [t [abnodatio, Lat] The aét of cutting away
knots from trees; a term of gardening, Diz.
Anno'rRmous. adj. [abnormis, Lat. out of rule.] Irregular,
mifhapen. Dict,
ABO’ARD. adv. [a [ea-term, but adopted into common language ;
derived immediately from the French 4 bord, as, aller a bord, en-
wyer @ bord. Bord s itfelf a word of very doubtful original, and
perhaps, in its different acceptations, ;ycduciblc from different

to time, but alfo the whole body and boughs of that precious
tree itfelf, will fall into danger of decay and dying.
Bacon's Office of Al

roots. Bopb, in the ancient Saxon, fignified a houfe; in which
fenfe, toga abeard, is to take up refidence in a fhip. ]
In afhip.

IABLA’TION. n. /. [ablatic, Lat.] The aét of taking 1waTH ‘Which, when far off, Cymocles heard and faw,
‘!A’m_mnvz. n. a. [ablativas, Lat.] He loudly call'd to fuch as were aboard,
That which takes away. ‘f Thelittle bark unto the fhore to draw,
The fixth cafe of the Latin nouns; the cafe which, among| And him to ferry over that deep ford. Fairy 9. b.ii. cant. 6.
I~ other fignifications, includes the perfon from whom fomething | I made this anfwer, that he might land them, if it pleafed
|__istakenaway. A rermof grammar. him, or otherwife keep them absard. Sir IV, Rawleigh's Effays.
A'BLE. adj. [babile, Fr. babilis, Lat. Skilful, ready.] en morning rofe, I fentmy mates to bring
1. Having ftrong facultics, or great ftrength or knowledge, riches, Supplies of water from a neighb’ring fpring ;
or any other power of mind, body, or fortune. ‘Whilft I the motions of the winds explor'd ;
He was not afraid of an ab/e man, as Lewis the Eleventh was. “Then fummon'd in my crew, and went aboard.
But, contrariwife, he was ferved by the ablg/f men that were to Addifor’'s OQvid’s Metamorphofes, b. iii.
be found ; without which his affairs could not have profpered  ABo’DE. 7. /2 [from abide.]
as they did. Bacon's Henry VII, 1. Habitation, dwelling, place of refidence.
Such other gambol faculties he hath, that fhew a weak mind But I know thy abode and thy going out, and thy coming in,
and an able bodv. for the which the prince admits him: for the and thv race acainft me. 2 Kinos xix_5=_

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.

ABL

fnult take the teft; which is an abjuration of fome dod@rines of
the church of Rome, . § 1o 2

“There is likewife another oath of abjuratisn, which laymen
and clergymen are both obliged to take ; and that is, to abjure
——the Pretender Aliffe's Pareroen Furis Canonici.
[To ABLACTATE)| v. a. [ablaclo, Lat.] To wean from the

! ton.|m /i One of the methods of grafting; and,
" acconding to the fignification of the word, as it were a wean-
ing of a eyon by degrees from its mother ftock, not cutting
‘it off wh:?lv from the ftocky till it is firmly united to that on
o which i} ic arafind :
AnLaQuEA'TION.| [ablagueatiz, Lat.) The a or pratice of
opening the ground about the roots of trees, to let the air and
water operate upon them. :
Trench the ground, and make it ready for the fpring: Pre-
pare alfo foil, and ufe it where you have occafion: Dig bor-

ABO

There is a natural analogy between the ablution of the body
and the purification of the foul 5 between eating the holy bread
and drinking the facred chalice, and a participation of the body
and blood of Chrift. Taylor's Werthy Communicant.

Wafh'd by the briny wave, the pious train
Are cleans'd, and caft th’ abiutions in the main.  Pope’s Hiad,
2. The rinfing of chymical preparations in water, to diffolve and
wath away any acrimonious particles.
3. The cup given, without confecration, to the laity in the popifh

rzshml\pﬁ, "

To A'BNE'GAT Eiw. a. [from alnego, Lat.] To deny.

JABNEGA'TION. |. /. |abnegatio,  Lat. denial, irom abuege, to
deny.] Denial, renunciation.

“I'he abnegation or renouncing of all his own holds and in-
terefts, and trufls of all that man is woft apt to depend upon,
that he may the more expeditely follow Chrift.

A el e Hammond's Praftical Catechifin.
|AnNopA'TION. | m /i [abnedatio, Lat] The aék of cutting away

ders.  Uncover as yet roots of trees, where ablag is
uifite. Evelyn's Kalendar.
¢ tenure in chief ought to be kept alive and_ nou'ri(hcd ;
the which, as it is the very root that doth maintain this lfllvcr
ftem, that by many rich and fruitful branches fpreadeth itfelf
into the chancery, exchequer, and court of wards: fo if it be
fuffered to ftarve, by want of ablagueation, and other good huf-
bandry, not only this yearly fruit will much decreafe from time
to time, but alfo the whole body and boughs of that precious
tree itfelf, will fall into danger of decay and dying.
Racon's Office of Alienations.

2. The fixth cafeof the Latin nouns; the cafe which, among
other fignifications, includes the perfon from whom fomething
. icrakenawav. A rerm of orammar.
\ABLE.\ad]. [babile, Fr. babilis, Lat. Skilful, ready.]
1. Having ftrong facultics, or great ftrength or knowledge, riches,
or any other power of mind, body, or fortune.
He was not afraid of an ab/e man, as Lewis the Eleventh was.
But, contrariwife, he was ferved by the ablg/! men that were to
be found ; without which his affairs could not have profpered
as they did. Bacon's Henry VII.
Such other gambol faculties he hath, that fhew a weak mind
and an able bodv. for the which the prince admits him: for the

—_knots from trees; a term of gardening. Diz.
Anno'rRmoUS. adj. [abnermis, Lat. out ot ruic.| irregular,
SUTY : Dict,
[AB0’ARD.Jadv. [a [ea-term, but adopted into common language ;
derived immediately from the French a bord, as, aller a bord, en-
gyer a bord. Bord s itfclf a word of very doubtful original, and
perhaps, in its different acceptations, ?’educible from different
roots. Bopbd, in the ancient Saxon, fignified a hofz; in which
fcnll':, to go abeard, is to take up refidence in a fhip.]
a fhip.
‘Which, when far off, Cymocles heard and faw,
He loudly call'd to fuch as were aboard,
Thelittle bark unto the fhore to draw,
And him to ferry over that deep ford. Fairy 9. b.ii. cant. 6.
I made this anfwer, that he might land them, if it pleafed
him, or otherwife kecp them aboard. Sir 1V, Rawleigh's Effays.
‘When morning rofe, I fentmy mates to bring
Supplies of water from a neighb’ring fpring ;
‘Whilft I the motions of the winds explor'd ;
‘Then fummon'd in my crew, and went aboard.

Addifor’'s Ovid’s Metamorphafes, b. iii.

Reoneln f; [from abide.]
1. Habitation, dwelling, place of refidence.

But I know thy abede and thy going out, and thy coming in.

and thv race acainft me. 5 2 K.}:m. xiy.g'r.n’

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.

2 123 64
195 71 39
0 i 214
20 b4 178
6 87 164
11 38 13
137 46 231
159 194 250
135 147 201
190 235 130
180 200 89
38 24 43

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

tme when the

1i-tﬁdhuepnm ih;lflfhuy’fldk

abyfs
Wafle ; the ot of .
b e o wat B ek v O sty Jo LA,
"o u!lnlolin.hﬂjmn;iﬂllﬂ or diving, could prevent

jon of blood, Liwler, AL J 10.
O e e of o Chuitin b, TR
And quictneis ey VL.
Yet (hall the be reflor'd, fince publick
For private int'reft ought act be f

Teo dfqﬁyﬁiﬂf::ixrﬂif.‘hn‘-‘h,‘lﬂb-'*

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.

3 184 g6
2535 106 38
0 115 2535
30 86 255
9 130 253
16 57 19
205 B9 235
238 255 255
255 220 255
255 255 195
1 H 133
27 36 64

Table 2: A table of contrasted pixel values

It r.lulwd‘nh heavem were any thing diftiall from
the forty days rain, thewr {tu-lﬂ.ﬁ;.nu tha (ane

Barndd's The. of Earth,

2. \h’nﬁtutﬁtﬂﬂl’pﬂ
“I‘-rnthﬂrtuhuunn-r rh-u'hi.lh'llun
no means of inflreiiion, humen of divine, could prevenst
‘Wu‘“ﬂ_ “‘l‘hj-lﬁ.
Stop ofuflam of our Choftian blogd, :

Figure 50: An example of a contrast increased p/cture

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,=CxP,

Where p; is the input pixel value, p, is the output pixel value, and C is the
constant.

1 61 32
97 35 19
0 38 107
10 32 89
R 43 284
3 19 6
68 23 115
79 a7 125
92 73 100
95 127 65
0 0 44
19 12 21

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.
P,=P,*C (o)
In which sigma is represented with:
P—-N
o= ||
Where N is the normalizing constant, set at a value close to that of the
page background.
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EA'RTHBOUND. adj. [earth and bound.] Faftened by the pref-
fure of the earth.
That will never be
Who can imprefs the foreft, bid the tree
Unfix his earthbound root ? Shakefpeare’s Macketh.
EA'RTHEN. adj. [from earzh.] Made of earth; made of clay.
3 About his fhelves
Green earthen pots, bladders, and mufly feeds
e thinly featter’d, Shakefpeare.
Asa ruftick was digging the ground by Padua, he found
anurn, or earthen pot, in which there was another urn, and

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.

EA'RTHBOUND. adj. [earth and bound.] Faftened by the pref-
fure of the earth.
That will never be:
- Who can imprefs the foreft, bid the tree
Unfix his earthbound root ? Shake[peare’s Macketh.
EA'RTHEN. adj. [from earth.] Made of earth; made of clay.
iy About his fhelves
Green carthen pots, bladders, and mufty feeds
e thinly featter'd, Shakefpeare.
Asa ruftick was digging the ground by Padua, he found
anurn, or earthen pot, in which there was anather urn, and
- 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.

20 14 32 9
99 102 67 2
223 200 84 92
190 220 160 173
time when the abyfs wan bioken open. Sarna’s The. of Earch,

2, Walle; the alt of fpilling or

When there was but a «u..:i.mn,..u-u.
nommdm&nu-m.‘-nnqtdumw-ﬂm
d’wdlﬂnod. liwder, AL J 10,
of eur Choftiza hlogd,

And B i Hewry VL.

\uMﬂuhuﬂw". ‘ﬂmplﬁ:k
Fur ivate int'reft ought i

&'ﬁ)-dw s blood. Drpd Hower.

3 m.a..r
Mﬁw & dfeden of indigefled prayens, cften

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.

20 14 32 9
0 0 0 2
223 200 0 0
190 220 160 173

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.

F/gure 60 Over sharpened /mage blurred //ght/y

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.

If the Bood-gaies of beavea were any thing diftiadt from
the forty days rain, their gFfafon, "t Likely, was af this ame
time when the abyfs was bioken open.  Bawrnat's The, of Eared,

2, Walle, the ait of fpilling or .

When there was but 2 yet ooe only Baily in the world,
mmdh&ﬂ%&lﬁl«&mﬂm
ffnfen of blood. lisder, AL [ 10

Stop «fsfiem of our Chollisn Wogd,

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.

wr

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.

. To force § tobreak by violence.
In Wl that room was nothing to be feen,
huge iron chefls and coffers fiong,
AN barr'd with double bonds, that ne'er could ween
Them to gffarce by violence or wiong. Faiy b ii

erciful and thou gavefl ws being, ws from
and (firming us after thy own image. wiler .
Erronmatvion. w f from offerm] The wit of
or form to,
pretend 10 folve and to give an account
o the produflion and effrmatien of the wniveee. | Rey

v..,."f'" begion 10 fet wpon het wurk of ofemation.  Aders.

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.

Background

‘ Above do not change

Pixel values ~»<Threshold

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.

/ 5x5 mask \
1

Image 4

= layer

Ex5 mask

\

2™ layer

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.

y(n, m)=x(n, m)+As*z(n, m)

In which y is the output sharpened image, x is the input blurred image, A
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.

Entry complete
L

Cropping Save file

program ™ Current page " S W

Entry unfinished

Buffer —» Next page

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:
Subjeted to his fervice angel-wings,
And flaming minifters to watch and tend
Their earthy charge,  Milton's Paradife Lofl, b.ix. A1 57.
3. Inhabiting the earth ; terreftrial.
‘T'hofe earthy {pitits black and envious are ;
I'll call up other gods of form more fair. Dryd. Ind. Emprr
4. Relating to earth,
Mine is the ﬂupwrcclc, in a watry fign ; iaa
And in an earthy, the dark dungeon thine. Dryden,
5. Not mental ; grofs; not refined.
Teach me, dear creature, how to think and fpeak Yo 51
Lay open to my carthy grofs conceit, . - d /
mother'd in errors, feeble, {hallow, weak,
The folded meaning of your words deceit. SM j}fan.
Nor is my flame

Yuimﬁ the final cafe, makes me believe you
WIATI’. v o [ofigis, Latin. ) Tm’t
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m ! mhﬁn- Refemblance ; image
hm::" lm.g.{mt‘ugmnrIn':nhmrul;l :Iln. -
We behold the fpecics of cloguence in our minds, the o5
ql&-lin#dlﬁchnhtillh of cur
casnin. Dryden’s D Preface.
By s men § 5/ [offlorofisy Latin.] |
lcmmmf‘m

 Winare there is lefs heat, there the fpirit of the plant is

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

Image rotation —w{mage cro pping

‘ l
Entry end

Page end
\ Image brightness

Entry upfimshed

Buffer

*—1

New image

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.

M- Text Cropping System vl

Directory with Images Single Image

=

|  Process

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:
e Directory with Images
e Single Image
e Process
o 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.

105



- Text Cropping System vl

Directory with Images Single Image

[ pre——
| Add |

Process

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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- Text Cropping System v1

Directory with Images Single Image

1
| Process |

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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M Text Cropping System vl

Directory with Images Single Image

| Process '

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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- The Team!

Members:

Miguel Severino mseverino@knights.uch.edu

Jacob Rodriguez jpri@knights.ucf.edu
Brian Smith brian.smith@knights.ucf.edu

Vincent Cardaman  wcardaman@knights.ucf.edu

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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Operating Operating Operating
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Host Operating System
Infrastructure Infrastructure

Figure 80: Differences between Docker container and VM

For our solution, our Dockerfile will only have a few steps, which are as
follows:
e Pull from repo
o Codebase
o Documentation
e Install Python (if not already installed)
e Download and install dependencies
o  Numpy
o Scipy
o OpenCV
o 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
1 Setup skeleton code for | 2/10/2020 2/12/2020

first prototype

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 | 3/24/2020 4/2/2020
prototype

18 Finish  document and | 4/20/2020 4/21/2020
proofread

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 | 4/24/2020 5/11/2020
Summer

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 | did not have any
experience with both machine learning and computer vision. | 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. | 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 | 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 | 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 | 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. | 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, | 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 |
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 | 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, | would have to first have the knowledge on how to use them,
which | did not. This led me to start researching to see if any open source
solutions already existed and luckily | found several. Once | 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 |
finally found our current solution and was able to modify it to fit our needs.

Outside of the project, | had a big issue managing my time properly as the
semester progressed. | am taking four other classes as well as interning part time
so | am constantly busy and have many things to keep track of. We were having
frequent meetings and these helped immensely, | 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 | 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, | felt like | 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. | 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. | was assigned to the stretch goal of
image enhancement fairly early on. | 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 | 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. | 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. | definitely think | 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 | had on
these aspects as they focused more on learning the base software far more then
| 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 | 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 |
think | 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. | definitely have let too much of my focus this semester be on the
design then | should have. Even for a senior design class, this is still computer
science and | should have put more time on coding then | have for this project.
Something | 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 | don’t think there is any way we could have anticipated, |
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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