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EXECUTIVE SUMMARY
This paper introduces an encoder-decoder network with attention that can be trained to convert a

simulated document into a JSON string. In the documented experiment with this system, it achieved an
accuracy of 99.99% on its simulated testing documents.

E-1



This page intentionally left blank.



SIMULATED DOCUMENT PARSING ARTIFICIAL INTELLIGENCE SYSTEM

1. INTRODUCTION

This report documents an artificial intelligence system that can convert a simulated document into a
JSON [1] string. A document parsing Al system is different than a system that simply reads the text in a
document. Instead, a document parsing Al system places the text that is present in a document into a
structured JSON file. Although much work needs to be done with the system described in this report,
significant progress was still made. This research is for the U.S. Naval Research Laboratory’s Aero
Document Data Extraction project, in which we need to parse documents from the Federal Aviation
Administration [2] into JSON.

2. APPROACH

The training, validation, and testing data for this report’s Al system is simulated, meaning it does not
use data generated from actual documents. The data simulates an extremely small document with only
text written inside it. Each simulated document will contain text with only the digits 0-9. These digits
have only two characteristics: bold or non-bold. In these simulated documents, one string, in bold, is the

key, and one or two strings, not in bold, are the values for the key. Each string in the data can only have
1-10 characters, and this number is selected randomly. Each digit in a string is also selected randomly.

These simulated documents simulate KeyValuePair objects described in “Synthetic Data Generation
Project for a Document Parsing AI” [3]. These simulated documents simulate four value types of
KeyValuePair objects: right_offset, left_under, right_offset_list, and left_under_list. The right_offset and
left_under value types have only one string for the value. For this report, the right_offset_list, and
left_under_list value types have only two strings for the value.

The value for a right_offset KeyValuePair “is one string to the right of the key” [3]. An example is
shown in Figure 1.

7353798 28105
Fig. 1

A parsed JSON representation of the document in Figure 1 is shown in Figure 2.
Fig. 2

The value for a left_under KeyValuePair “is one string under the key and aligned to the left of the
key” [3]. An example is shown in Figure 3.

739598
99123

Fig. 3

A parsed JSON representation of the document in Figure 3 is shown in Figure 4.
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2 Charles Norsworthy

Fig. 4

The value for a right_offset_list KeyValuePair “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” [3]. An example is shown in Figure 5.

944 9033
418961685

Fig. 5

A parsed JSON representation of the document in Figure 5 is shown in Figure 6.

{ [ 1}
Fig. 6

The value for a left_under_list KeyValuePair “is a list of strings aligned left under the key” [3]. An
example is shown in Figure 7.

7153
304
86541

Fig. 7

A parsed JSON representation of the document in Figure 7 is shown in Figure 8.

{ [ 1}
Fig. 8

Note that the training, validation, and testing data used by the simulated document parsing Al are not
real documents such as the documents shown above.

A digit in a simulated document is stored in memory using one-hot encoding [4] with a cardinality of
47. A series of 4 one-hot encoded vectors describe a single digit, encoding what the digit is (0-9), the
digit’s x coordinate, the digit’s y coordinate, and whether the digit is bold. Consider a document with 30
digits, corresponding to a simulated document with the greatest number of digits possible for this report.
This document’s input encoding will be a list of 30 * 4 = 120 one-hot encoded vectors of length 47. The
output of the network can be written as a string of characters, which, if the network produces a correct
output, will be a JSON string.

The network that is trained is an encoder-decoder network [5] with an attention [6] layer. The
network uses Long Short-Term Memory [7] layers and each LSTM layer has 50 units. The encoder is
composed of two bidirectional [8] LSTMSs. The decoder is composed of four LSTMs. The attention layer
is an additive attention layer, also known as Bahdanau attention [6]. This model contains some of the
recommendations from an article entitled “How to Configure an encoder-decoder Model for Neural
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Machine Translation” [9]. The model is implemented using the Keras library [10], a library which was
also used to produce the complete network summary shown below in Figure 9.

KeyValuePairParser

infO][0]",
c_1[01[11",
"bdr_enc 1[0][2]']

n_1[0][0]",

(01(31",
[01041"]

1
1

3idirectional) Jone 0] [0]"']

=cl-4out (Concatenate)

ense (Dense)

Tra ra

on-trainable

Fig. 9

Before training the network, the training and validation data are generated. The training data has
20,000 simulated documents created for each of the four KeyValuePair value types, equaling 20,000 * 4 =
80,000 simulated documents in total. The validation data has 4,000 simulated documents created for each
of the four KeyValuePair value types, equaling 4,000 * 4 = 16,000 simulated documents in total. After
training, an additional 4,000 simulated documents for each KeyValuePair value type are newly generated,
equaling 4,000 * 4 = 16,000 simulated documents. This is to test the network. The code uses an exact
accuracy metric for testing. With this metric, if the network has one character in its output string that is
incorrect for a given input, then the network has 0% accuracy for that simulated document. Then, an
additional 10 simulated documents for each KeyValuePair value type are newly generated, equaling 10 *
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4 = 40 simulated documents. The network evaluates these as input and the code writes output from the
network into a string so the developer can see which, if any, written outputs are incorrect and how they
are incorrect.

3. EXPERIMENT

The network was trained for 50 epochs with a batch size of 16 and a learning rate of 0.0015. The
network was trained using the Adam optimizer [11] with categorical cross-entropy loss [12]. Although the
system was trained for 50 epochs, the code saves the network weights with the best validation loss. The
network’s highest accuracy on the training data during training was 99.94%. The network’s highest
validation score during training was 100.00%. After training, the accuracy of the saved network using the
exact accuracy metric on the testing data was 99.99%.

4. CONCLUSION

This paper shows it may be possible for an encoder-decoder network with attention to parse real
documents that each contain a KeyValuePair object, since it was able to parse simulated documents that
each simulate a KeyValuePair object.

5. FUTURE WORK

Each simulated document in the training, validation, and testing data is randomly generated, and
there is a chance that there are duplicate documents. This will need to be fixed in future work. This data is
also not generated from real documents, so there may be missing nuance with the positions of characters
in a document for a given font. Moving forward, | need to instead generate real PDF [13] documents and
use Apache PDFBox® [14] to read the generated PDFs and get the characters, their positions, and
whether or not they are bold. Then I could augment the data by moving around all the characters. I need
to include letters (a-z, A-Z) in addition to digits (0-9) in the documents. The system may benefit from
documents with more than 10 characters in each string. There are more KeyValuePair value types than
just the four presented here. Thus, | may need to work on parsing additional KeyValuePair value types.
Also, when parsing KeyValuePair value types with more than one string for the value, the network needs
to be able to parse KeyValuePair objects with more than two value strings. | also need to work on parsing
more objects than just KeyValuePair objects, such as Table [3] objects. | may also train a Transformer
[15] network on simulated and real documents.
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