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EXECUTIVE SUMMARY 
This report presents documentation for objects that will be created by a synthetic data generation 

software. The data created by this software will be the training, validation, and testing data for an Artificial 
Intelligence system that can convert an image of a document into a JSON representation of that document. 
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Synthetic Data Generation Project for a Document Parsing AI 

1. INTRODUCTION
An invention in development that is part of the "Aero Document Data Extraction" project is the

"Synthetic Data Generation Project for a Document Parsing AI". In this invention, NRL is writing 
software for generating synthetic training data for an AI that will parse a document into JSON. Currently, 
our software parses FAA forms by using a pre-defined configuration file for each different type of form 
that it encounters. (For example, 8260-3, 8260-4, etc.) It breaks the document down into a list of objects. 
However, we will have to create a new configuration file for each different form that exists. On 
https://www.faa.gov/forms/ [12] under "Export a List of All Forms", there is a download link which 
downloads an Excel file, this file lists 183 documents. Even if we were to write a configuration file for all 
these forms, if a new form is added, we will have to add a new configuration file, and if an existing form 
is significantly changed we will have to edit a configuration file. Thus, it may be a better use of our time 
to instead design an AI that can parse a wide variety of forms.  

When finished, the software for this synthetic data generation project will work by randomly creating 
Word Documents that consist of a random selection of pre-defined objects, each with random 
characteristics (such as how many rows does a table have) and random strings. This will create a 
document that will function like a password, meaning that if an AI correctly parses a document, it 
probably didn't randomly guess what its structure is. And since the software is creating the document, it 
knows what the correct JSON parsing is and can record this in a JSON file. 

The code for creating synthetic training, validation, and testing data for a document parsing AI will 
use Java and Python. The Java code reads in a JSON file and writes a .docx file based on the JSON. It 
uses Apache POI [1] for writing data to a .docx file. The Python code converts this .docx file into a PDF 
using the "docx2pdf" project [2], and then converts this PDF into an image file using the "pdf2image" 
project [13]. 

This documentation and this software are a work in progress. 

1.1 Document Objects 
A document that can be used in training is constructed by combining pre-defined objects together. 

There currently exist seven objects which can be used to construct a document: KeyValuePair, 
LinesOfKeyValuePair, Table, Paragraph, ParagraphRow, Header, and Footer. 

1.2 Document Object Attributes 
Objects that are written to a document can have many attributes. 

1.2.1 Lines Above and Below 
These objects have the option of having a line above the object or above the object's label if it exists, 

or a line below the object, or both. Objects that exist within other objects do not have the option to have 
these lines. This includes KeyValuePair objects that exist within in a LinesOfKeyValuePair object. The 
objects that exist within an indented object list also do not have the option to have these lines. 

1.2.2 Alignment 
Objects have three options for how they are aligned: left, center, and right. The KeyValuePair 

objects present in a LinesOfKeyValuePair object do not have the option to be aligned left, center, or right. 

1.2.3 Indentation 
Objects have the option to be placed in the document at a specified left or right indentation level. 

Each successive indentation level is some previously defined distance away from the previous indentation 
level. The KeyValuePair objects in a LinesOfKeyValuePair object do not have the option for a left or 
right indentation level. The KeyValuePair, LinesOfKeyValuePair, Table, and ParagraphRow objects do 
not have the option to have a right or left indentation level if they are aligned right or center in the 

______________
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document. This is because these objects are all tables in a Microsoft Word document. The Paragraph 
objects also have the option to have either a hanging indent or a first line indent.  
 
1.2.4 Label 

All objects have the option for a label to be placed above the object. This label is always in bold, and 
can be aligned left, center, or right in the document. A label can also have a left or right indentation level 
in the document. A label can consist of multiple paragraphs.  
 
1.2.5 Indented Object List 

The indented object list attribute lets any object have an indented list of objects associated with it. 
Each object in an indented object list can itself have another indented object list associated with it. Any 
object except Header or Footer objects can be in an indented object list. In the parsed JSON for an object 
with an indented object list, the parsed JSON data for each object in an indented object list is placed in its 
own JSON object, and each of these JSON objects is placed in a JSON array, and this JSON array is 
included in the parsed JSON for the original object.  
 
1.3 Object Types 
 
1.3.1 KeyValuePair 
The KeyValuePair object has different value types. There are two different categories of value types. The 
"one_string" category is composed of value types that have one string for the value. The "multiple_string" 
category is composed of value types that have multiple strings for the value.  
 
Checkbox characters are characters that are meant to be interpreted as a boolean value in the parsed 
JSON. Thus, there are two types of checkbox characters: characters that are meant to be interpreted as 
false, and characters that are meant to be interpreted as true. An unselected checkbox is associated with 
false, and a selected checkbox is associated with true. If a KeyValuePair has one string for its value, this 
string can be a checkbox character. If a KeyValuePair has a list of strings for its value, any string in this 
list can be a checkbox character. 
 
The checkbox characters associated with the false boolean value are: 
1. "BALLOT BOX" (U+2610), "☐". [3] 
2. "WHITE SQUARE" (U+25A1), "□". [4] 
 
The checkbox characters associated with the true boolean value are: 
1. "BALLOT BOX WITH X" (U+2612), "☒". [5] 
2. "BALLOT BOX WITH LIGHT X" (U+2BBD), "⮽". [6] 
3. "BALLOT BOX WITH CHECK" (U+2611), "☑". [7] 
4. "WHITE SQUARE CONTAINING BLACK SMALL SQUARE" (U+25A3), "▣". [8] 
 
1.3.1.1 Category: "one_string" 
With the "left_offset" value type, the value is one string to the left of the key. 

 
 
With the "right_offset" value type, the value is one string to the right of the key. 
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With the "left_over" value type, the value is one string placed above the key and aligned to the left of the 
key. 

 
 
With the "center_over" value type, the value is one string centered above the key. 

 
 
With the "right_over" value type, the value is one string placed above the key and aligned to the right of 
the key. 

 
 
With the "left_under" value type, the value is one string under the key and aligned to the left of the key. 

 
 
With the "center_under" value type, the value is one string centered under the key. 

 
 
With the "right_under" value type, the value is one string under the key, and this value is aligned to the 
right of the key. 

 
 
1.3.1.2 Category: "multiple_strings" 
With the "left_offset_list" value type, the value is a list of strings to the left of the key. Each string in this 
list of strings is placed under the first string in the list and is aligned to the right of the first string in the 
list.  
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With the "left_offset_right_under_list" value type, the value is a list of strings. The first string in this list 
is placed to the left of the key, and the rest of the strings in this list are placed under the key and are 
aligned to the right of the key. 

 
 
With the "right_offset_list" value type, the value is a list of strings to the right of the key. Each string in 
this list of strings is placed under the first string in the list and is aligned to the left of the first string in the 
list. 

 
 
With the "right_offset_left_under_list" value type, the value is a list of strings. The first string in this list 
is placed to the right of the key, and the rest of the strings in this list are placed under the key and are 
aligned to the left of the key. 

 
 
With the "left_over_list" value type, the value is a list of strings above the key. Each string in this list of 
strings is aligned to the left of the key. 

 
 
With the "center_over_list" value type, the value is a list of strings centered above the key. 
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With the "right_over_list" value type, the value is a list of strings above the key. Each string in this list of 
strings is aligned to the right of the key. 

 
 
With the "left_under_list" value type, the value is a list of strings aligned left under the key. 

 
 
With the "center_under_list" value type, the value is a list of strings centered under the key. 

 
 
With the "right_under_list" value type, the value is a list of strings under the key, and all strings in this list 
are aligned to the right of the key. 

 
 
1.3.2 LinesOfKeyValuePair 
The LinesOfKeyValuePair object consists of one or more lines of one or more KeyValuePair objects. 
These KeyValuePair objects may be of any value type. This object's data except for the label is placed in 
a Microsoft Word document table with its borders removed. The LinesOfKeyValuePair object is inspired 
by data found in FAA forms. 
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A LinesOfKeyValuePair object is shown below, where this object has a label. 

 
 
1.3.3 Paragraph 
A Paragraph object is text that is placed in the document. This text can span several lines in the document. 
Each Paragraph object may be preceded by a delimiter that denotes that a new Paragraph object is present. 
This delimiter can be many things, including a number, a Roman numeral, a letter, or a character such as 
"-". Numbers, Roman numerals, and letters may be followed by a period ".". A space is placed between a 
delimiter and the paragraph text, or between the period after the delimiter and the paragraph text. 
 
A Paragraph object with a label is seen below. 

 
 
1.3.4 Table 
A Table object is a table in a Microsoft Word document. 
 
In the image below, "Table 1" presents a Table object that contains a label. 

 
 
In the image below, we can also see that it can be specified that a table not have any internal vertical 
borders ("Table 2"), any internal horizontal borders ("Table 3"), or any outside border ("Table 4"). Also, 
any combination of these three options can be specified.  
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Tables have the option of not having header rows ("Table 5"). 

 
 
In "Table 6" in the image below, headers contain multiple lines of text. In the parsed JSON for this table, 
these multiple lines of text are combined into one line of text. 

 
 
In "Table 7" in the image below, certain headers in the header row have different characteristics than what 
is specified for all headers. Also, certain elements in the value row have different characteristics than 
what is specified for all values. 
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In "Table 1" in the image below, the Table object contains two header rows instead of one. This table is 
based on the "Category" table from FAA forms such as [9]. 

 
 
In "Table 2" in the image below, the Table object contains three header rows. None of the headers in a 
row are repeated. 

 
 
In "Table 3" in the image below, the Table object contains three header rows, but in two of the header 
rows, headers are repeated. 

 
 
In "Table 4" in the image below, there are two header rows, but the first header row only has one header, 
and this header is a super header for only two of the headers on the second header row. This table is 
inspired by "TBL 4-1-1" in information provided by the FAA [10]. 

 
 
1.3.4.1 Table Characteristic: "repeated_headers" 
With the "repeated_headers" characteristic, a table has at least one header that is placed two or more times 
in a header row. In the parsed JSON for tables with this characteristic, the values in a value row in the 
table are placed into JSON objects in a JSON array, with each JSON object in this array containing key 
value pairs such that there is not a duplicate key in that object. 
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There is an algorithm for computing the headers that will appear in each JSON object in a JSON array 
representing one value row. This algorithm adds headers to a header group until it encounters a header 
that will produce a duplicate in that group. Then it starts a new group with that header being the first 
header of this new group. It continues to process headers like this until there are no more headers to 
process. 
 
In "Table 1" in the image below, the table has these headers: A, B, C, A, B, C. This table has three unique 
core headers: A, B, and C. These three headers are placed twice in the header row. 

 
 
In "Table 2" in the image below, the table has these headers: A, B, C, A, D, E. This table has five unique 
core headers: A, B, C, D, and E. Only the "A" header is repeated. 

 
 
1.3.4.2 Table Characteristic: "object_values" 
A Table with the "object_values" characteristic is a Table in which one or more of the cells in the value 
rows contain one or more objects instead of one or more Paragraph strings. These objects can be of any 
type and have any characteristic, including having a nested object list. In a value cell, there can be several 
objects. Objects in a table cell do not have the option to have a line above or a line below the object. 
 
In "Table 1" in the image below, the first cell in the first value row contains a list of two objects: a 
KeyValuePair object, and a Paragraph object. The second cell in the first value row contains a 
LinesOfKeyValuePair object. The third cell in the first value row contains a Paragraph object. The fourth 
cell in the first value row contains a Table object with an indented object list. The second value row 
simply contains one string in each cell. 

 
 
1.3.4.3 Table Characteristic: "combined_value_cells" 
A Table with the "combined_value_cells" characteristic is a Table in which one or more of the cells in the 
table have been combined with another cell in the table above, or below, or to the left, or to the right of 
the cell. When cells are combined horizontally, the value in the combined cell is associated with the 
headers for the cells that have been combined. When cells are combined vertically, the value rows 
containing the cells that have been combined all share the value in the combined cell. When cells are 
combined both horizontally and vertically, both of the two above sentences are true. 
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In "Table 1" in the image below, the first two cells of the first value row have been combined, and the last 
two cells of the second value row have been combined. 

 
 
In "Table 2" in the image below, the cells in the first column and the cells in the last column of the value 
rows have been combined. 

 
 
In "Table 3" in the image below, the cells from (1, 1) to (2, 2) have been combined diagonally. 

 
 
In "Table 4" in the image below, all the value cells in the only value row have been combined. 

 
 
1.3.4.4 Table Characteristic: "combined_header_cells" 
A Table with the "combined_header_cells" characteristic is a Table in which one or more of the cells in 
the header rows have been combined with another cell in the header rows above, or below, or to the left, 
or to the right of the cell.  
 
In "Table 1" in the image below, the cells in the first two header cells are horizontally combined. This 
means that this header relates to the two value columns. 
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In "Table 2" in the image below, the cells in the first header column are vertically combined. 

 
 
In "Table 3" in the image below, the table object is the same as the previous "Table 2", except that the last 
two cells in the second header row have been combined and now have one header for both cells. 

 
 
In "Table 4" in the image below, the table object has the first header cell diagonally merged. 

 
 
In "Table 5" in the image below, the table object has two header groups in its one header row, and these 
header groups contain cells that have been combined. 

 
 
In "Table 6" in the image below, the table object has three header rows with headers that are diagonally 
and vertically combined. 
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In "Table 7" in the image below, the table object has three header rows with headers that are diagonally, 
horizontally, and vertically combined. 

 
 
1.3.4.5 Table Characteristic: "sub_labels" 
A Table with the "sub_labels" characteristic is a Table in which there are rows in which all cells in the 
row are merged horizontally together, and there is one bold header in this combined cell. This header is a 
sub label. This header acts like a label for the Table values until either the Table values end or until the 
next sub label.  
 
In "Table 1" in the image below, a Table object is presented that has a single sub label. 

 
 
In "Table 2" in the image below, a Table object is presented that has two sub labels. 

 
 
1.3.4.6 Table Subtype: "key_value_pair" 
A Table of the "key_value_pair" subtype is a Table that is composed of a collection of key value pairs 
inside the table. A key is placed in one cell, and the value for this key is placed in another cell. The keys 
are in bold, and the values are not in bold. A value can be one string or a list of strings. If key value pair 
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has one string for its value, this string can be any one of the checkbox characters. If a key value pair has a 
list of strings for its value, any string in this list can be any one of the checkbox characters. 
 
There are currently four categories of Table objects for the "key_value_pair" Table subtype. The Table 
category is determined by where the value for a key is placed. With the "right_offset" key value pair table 
category, the value for a key is placed in the cell to the right of this key. With the "center_under" key 
value pair table category, the value for a key is placed in the cell below this key. With the "left_offset" 
key value pair table category, the value for a key is placed in the cell to the left of this key. With the 
"center_over" key value pair table category, the value for a key is placed in the cell below this key.  
 
1.3.4.6.1 Category: "right_offset" 
In "Table 1" in the image below, a Table object of the "key_value_pair" Table subtype and of the 
"right_offset" key value pair table category is presented without a header row. 

 
 
In "Table 2" in the image below, "Table 1" is presented, except with a header row. In this table, every 
header is unique. 

 
 
In "Table 3" in the image below, "Table 1" is presented, except with a header row. In this table, there are 
four core headers: A, B, C, and D. Each header is repeated twice in the header row. 

 
 
In "Table 4" in the image below, "Table 1" is presented, except with a header row. In this table, there are 
two core headers: A and B. These headers are repeated multiple times in the header row. 
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1.3.4.6.2 Category: "center_under" 
In "Table 1" in the image below, a Table object of the "key_value_pair" Table subtype and of the 
"center_under" key value pair table category is presented without a header row. 

 
 
In "Table 2" in the image below, "Table 1" is presented, except with a header row. In this table, every 
header is unique. 

 
 
In "Table 3" in the image below, "Table 1" is presented, except with a header row. In this table, there are 
two core headers: A and B. Each header is repeated twice in the header row. 
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In "Table 4" in the image below, "Table 1" is presented, except with a header row. In this table, there are 
two core headers: A and B. Only the "A" header is repeated in the header row. 

 
 
1.3.4.6.3 Category: "left_offset" 
In "Table 1" in the image below, a Table object of the "key_value_pair" Table subtype and of the 
"left_offset" key value pair table category is presented without a header row. 

 
 
In "Table 2" in the image below, "Table 1" is presented, except with a header row. In this table, every 
header is unique. 
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In "Table 3" in the image below, "Table 1" is presented, except with a header row. In this table, there are 
four core headers: A, B, C, and D. Each header is repeated twice in the header row. 

 
 
In "Table 4" in the image below, "Table 1" is presented, except with a header row. In this table, there are 
two core headers: A and B. These headers are repeated multiple times in the header row. 

 
 
1.3.4.6.4 Category: "center_over" 
In "Table 1" in the image below, a Table object of the "key_value_pair" Table subtype and of the 
"center_over" key value pair table category is presented without a header row. 

 
 
In "Table 2" in the image below, "Table 1" is presented, except with a header row. In this table, every 
header is unique. 
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In "Table 3" in the image below, "Table 1" is presented, except with a header row. In this table, there are 
two core headers: A and B. Each header is repeated twice in the header row. 

 
 
In "Table 4" in the image below, "Table 1" is presented, except with a header row. In this table, there are 
two core headers: A and B. Only the "A" header is repeated in the header row. 

 
 
1.3.4.7 Table Subtype: "first_header_cell_absent" 
A Table of the "first_header_cell_absent" subtype is a Table that has one or more header rows, and in 
each of these header rows, the first cell in a header row is absent. In the parsed JSON for tables of this 
subtype, the first element in each value row is the key for a JSON object that contains the headers 
associated with the rest of the values in the table. In the next four Table examples, a Table object of the 
"first_header_cell_absent" subtype is presented. 
 
In "Table 1" in the image below, every header is unique. 
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In "Table 2" in the image below, there are repeated headers. 

 
 
In "Table 3" in the image below, there are two header rows with no repeated headers. 

 
 
In "Table 4" in the image below, there are two header rows in which the "A" header is repeated. 

 
 
In "Table 5" in the image below, there are two header rows, but the first header row only has one header, 
and this header is a super header for only two of the headers on the second header row. This table is 
inspired by "TBL 4-1-1" in [10]. 
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1.3.4.8 Table Subtype: "changing_headers" 
A Table with the "changing_headers" characteristic is a Table in which the header or headers for values 
under the header row or header rows change at least once. 
 
In "Table 1" in the image below, there are two headers in one header row in the table, and these headers 
change after one value row. 

 
 
In "Table 2" in the image below, there are two headers in each header row, but the first header cell in each 
header row is empty. This table example is technically a combination of two table subtypes: 
"changing_headers" and "first_header_cell_absent". This example is based on "TBL 5-1-2" in [11]. 
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1.3.5 ParagraphRow 
A ParagraphRow object is an object in which a table with one row and two or three columns is placed in 
the document. This table should span the width of the document, and should have all its borders removed. 
Each cell in this invisible table contains a Paragraph object. When there are two cells in a ParagraphRow 
object, the first cell's Paragraph object is aligned to the left of the cell. The second cell's Paragraph object 
is aligned to the right of the cell. In "ParagraphRow 1" in the image below, the ParagraphRow object has 
two cells. 

 
 
When there are three cells in a ParagraphRow object, the first cell's Paragraph object is aligned to the left 
of the cell. The second cell's Paragraph object is aligned in the center of the cell. The third cell's 
Paragraph object is aligned to the right of the cell. In "ParagraphRow 2" in the image below, the 
ParagraphRow object has three cells. 

 
 
1.3.6 Header and Footer 
The Header and Footer objects are a Microsoft Word header or footer placed at the top or bottom of a 
page. Currently, the code only supports writing Paragraph and ParagraphRow objects in a Header or a 
Footer. 
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