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200
r__/

Select a page number of a digital document to identity a page containing targeted
information 205

Input an image of the page into a visual machine learning network (visual ML) 210

ldentify by the visual ML, a section of the image that contain the targeted
information 215

Input the page number, the digital dccment, and coordinates of the identified
section into an extraction module 220

Extract the targeted information by the extraction module from the section 22
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300

Parse a custom dataset containing texts of digital documents to produce a
string of characters 305

ldentify portions in the string of characters containing information 310

Split the string of characters into tokens 315

Train a natural language processing ML network (NLP) 320

FIG. 3
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701 o— 100

SDS

Document 10140045 pdf
Input Page
number(s) 702 7~ ~———1[2,3]
______________________________________________________________________________________________________ SafetyDataSheet PETE
acc. to OSHA HCS
Printing date 03/28/2016 Reviewed on 03/28/2016

Trade name: ST-SP/228-BC4F-S

*Hazard-determining components of labeling:
Calcium silicate
Quartz (SiO2)
Aluminium oxide
*Hazard statements
(Causes serious eye irritation.
May cause cancer.
Page Causes damage to organs through prolonged or repeated exposure.
—ag *Precautionary statements
IMage 1l Do not breathe dust/fume/gas/mist/vapors/spray.
(1st) Wear eye protection / face protection.
Wash thoroughly after hangling.
Do not eat, drink or smoke when using this product.
703 Obtain special instructions before use.
; Do not handle until all safety precautions have been read and understood.
If in eyes: Rinse cautiously with water for several minutes. Remove contact lenses, if
present and easy {o do.
Continue rinsing.
IF exposed or concerned: Gel medical advice/attention.
if eye irritation persists: Get medical advice/attention.
et medical advice/attention if you feel unweli.
Store locked up. - . _ ‘ . _ |
Dispose of contents/container in accordance with local/regional/national/international regulations.
Output Wash thoroughly after handling.
+Classification system:
*NFPA ratings (scale 0-4)

H_eal_th=2
o0 =0

HMIS.ratings {scale 0-4)

HEALTH L]
FIRE mjid

REACTIVITY L

*Other hazards

*Resuits of PBT and vPvB assessment
*PBT. Not applicable.

*vPvB: Not applicable.

3 Composition/information on ingredients

Chemical characterization: Mixtures
*Description: Mixiures of the subsfances listed below with nonhazerdous additions.

Dangerous components:

13983-17-0 5-50%
7789-75-5 10-<25%
65997-17-3 10-<25%
497-19-8 10-<25%
546-93-0 5-<10%
1344-28-1 5-<10%

(contd on page 3)

I

'I

N

TOFIG. 7B

FIG. 7A
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FROM
FIG, 7A
Safety Data Sheet Page 3/11
ace. to OSHA HCS
Printing date 03/28/2016 Reviewed on 03/28/2016
Trade name. ST-SP/228-8CG4F-s =~~~ 0
- - (contd of page 2)
704 554-13-2 | Lithium carbonate 1-<2.5%

14808-60-7]  Quartz (SiO2 1-22.5%

1333-86-4 Carbon black 1-<2.5%

sAdditional information:

The product may contain, in some of the raw materials, crystalline silica as a trace
element (quartz, cristobalite, {ridymite). Process of the product may generate crystalline silica,
which can cause respiratory infections due to silicosis.

| 4 First-aid measures |

*Description of first aid measures
«General information:
symptoms of poisoning may even occur after several hours: therefore medical cbservation

Page for at least 48 hours after the accident.
image *After inhalation: Supply fresh air, consult doctor in case of complaints.
{2nd) *After skin contact: Generally the product does not irritate the skin.

*After eye contact: Rinse opened eye for several minutes under running water. If symptoms
persist, consult a doctor.

eAfter swallowing: If symptoms persist consult a doctor.
*information for doctor:

*Most important symptoms and effects, both acute and delayed No further relevant
information available.
sIindication of any immediate attention and special treatment needed

No further relevant information available.

5 Fire-Fighting measures

*Extinguishing media

*Suitable extinguishing agents:

CO02, extinguishing powder or water spray. Fight larger fires with water spray or alcohol
resistant foam.

*Special hazards arising from the substance or mixture: No further relevant
information is available.

*Advice for firefighters

*Protective equipment: Do not inhale explosion gases or combustion gases.

6 Accidental release measures

sPersonal precautions, protective equipment and emergency procedures 7777
Respiratory protective device

*Environmental precautions: Do not allow to enier sewers /surface or ground water.
*Methods and material for containment and cleaning up:

Dispose contaminated material as waste according to item 13.

Ensure adequate ventilation.

*Reference to other sections:

See Section 7 for information on safe handling.

See Section 8 for information on personal protection equipment.

See Section 13 for disposal information.

(contd on page 4)

FIG. 7B
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802

800
801 s

\/\
1730,189, 1967, 1505
Safety Data Sheet Page 2/11
acc. to OSHA HCS
Printing date 03/28/2016 Reviewed on 03/28/2016
*Hazard-determining components of labeling: (contd of page 1)

Calcium silicate
Quartz (Si0O2)
Aluminium oxide

Hazard statements

Causes serious eye irritation.
May cause cancer.

Causes damage to organs through prolonged or repeated exposure.

Precautionary statements

Do not breathe dust/fume/gas/mist/vapors/spray.

Wear ege protection / face protection.

Wash thoroughly after handling. ,

Do not eat, drink or smoke when using this product.

Obtain special instructions before use.

Do not handle until all safety precautions have been read and understood.

If in eyes: Rinse cautiously with water for several minutes. Remove contact lenses, if

present and easy to do.

Continue rinsing.

IF exposed or concerned: Get medical advice/atiention.

If eye irritation persisis: Get medical advicefattention.

Get medical advice/attention if you feel unwell.

Store locked up.

Dispose of contents/container in accordance with local/regional/national/international regulations.
Wash thoroughly after handling.

Classification system:
*NFPA ratings (scale 0-4)

H_ea[:h=2
Eéeat_:gvityw

HMIS-ratings (scale 0-4)
Health= 2
Fire=0
Reactivity=0

*Other hazards

*Results of PBT and vPvB assessment
*PBT: Not applicable.

vPvB: Not applicable.

3 Composition/information on ingredients

Chemical characterization: Mixtures
Description: Mixtures of the substances listed below with nonhazerdous additions.

*Dangerous components:

1344-28-1 | Aluminiumoxide  [25-<10%

(contd on page 3)

FIG. 8
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1000

Example 1 (10140045)

O 1 2

1001 0 13983-17-0 Calcium silicate 25-50%
1 7789-75-5 Calcium fluoride 10-<25%

Dataframe

(1st table) VMM LD LT e MMV i DY e AR
497-19-8 Sodium carbonate 10-<25%

546-93-0 Magnesite 2.5-<10%
7789-75-5  Aluminium oxide 2.5-<10%

Input

1002 0 1 2
0 h54-13-2 Lithium carbonate 0.1-<2.5%
Dataframe

(2nd table) 1 14808-60-7 Quartz (Si02) 0.1-<2.5%
2 1333-80-4 Carbon black 0.1-<2.5%

LibraryDocumentiD Ingredient CAS Operator Upper Lower

10140045 Aluminium oxide 1344-28-1 - 10.0 2.5
10140045 Calcium fluoride  789-75-5 - 250 10.0
10140045 Calcium silicate 13983-17-0 - 500 250
10140045 _Carbon black 1333-86-4 - 25 01
Outpuf] Dataframef4. ;10140045 . - Glass powder 65997-17-3: =2 -22250::10.0:
10140045 Lithium carbonate 554-13-2 - 2.5 0.1

10140045 Magnesite 546-93-0 - 10.0 2.5
10140045 Quartz (Si02) 14808-60-7 - 2.5 0.1

10140045 Sodium carbonate 467-19-8 - 25.0 10.0

1003

WIN/—=IO

LN

QO[O N

FIG. 10
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AUTOMATED INDEXING AND
EXTRACTION OF INFORMATION IN
DIGITAL DOCUMENTS

TECHNICAL FIELD

Disclosed automated systems and methods to index infor-
mation in digital documents, which 1n various instances rely
on tramned machine learming networks individually or in
combinations with other configured modules, devices, or
processes. In particular, this application 1s directed to auto-
mated indexing and extraction of tabulated information in
digital documents.

SUMMARY

In numerous aspects, a computer implemented method to
automatically index targeted imnformation 1n a digital docu-
ment 1s disclosed. The method comprises selecting a page
number of a digital document to identily a page containing,
targeted mformation; mputting an 1mage of the page into a
visual machine learning network (visual ML), wherein the
visual ML 1s trained to recognize text associated with the
targeted information 1n an image; 1dentifying by the visual
ML, a section of the image that contains the targeted
information; mnputting the page number, the digital docu-
ment, and coordinates of the section 1nto an extraction
module; and extracting the targeted information by the
extraction module from the section.

In numerous aspects, a system 1s disclosed, comprising at
least one processor; and at least one non-transitory, com-
puter-readable memory storing instructions that, when
executed by the at least one processor, are eflective to
selecting a page number of a digital document to i1dentity a
page containing targeted information; inputting an 1image of
the page into a visual machine learning network (visual
ML), wherein the visual ML 1s trained to recognize text
associated with the targeted information in an 1mage; 1den-
tifying by the visual ML, sections of the image that contain
the targeted information; inputting the page number, the
digital document, and coordinates of the sections into an
extraction module; extracting the targeted information by
the extraction module from the sections; inputting the
extracted targeted information into a natural language pro-
cessing ML network (NLP); and identifying at least one data
item, by the NLP, based on a structure of the extracted
targeted information.

In numerous aspects, a method to train machine learning
networks to autonomously 1dentify targeted information, the
method comprising parsing a custom dataset containing,
texts of digital documents to produce a string of characters;
identifyving portions in the string of characters containing
information; splitting the string of characters into tokens;
training a natural language processing ML network (NLP),
the training comprising inputting the tokens into the NLP
model; and outputting by the NLP model, identifications
comprising a first word of a chemical ingredient name, a
subsequent word of a chemical ingredient name, or a word
not belonging to any chemical ingredient name.

BRIEF DESCRIPTION OF THE DRAWINGS

In the description, for purposes of explanation and not
limitation, specific details are set forth, such as particular
aspects, procedures, techniques, etc. to provide a thorough
understanding of the present technology. However, it will be
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2

apparent to one skilled in the art that the present technology
may be practiced 1n other aspects that depart from these

specific details.

The accompanying drawings, where like reference
numerals refer to 1dentical or functionally similar elements
throughout the separate views, together with the detailed
description below, are incorporated 1n and form part of the
specification, and serve to further illustrate aspects of con-
cepts that include the claimed disclosure and explain various
principles and advantages of those aspects.

The systems, and methods disclosed herein have been
represented where appropriate by conventional symbols in
the drawings, showing only those specific details that are
pertinent to understanding the various aspects of the present
disclosure so as not to obscure the disclosure with details
that will be readily apparent to those of ordinary skill 1n the
art having the benefit of the description herein.

FIG. 1 1llustrates a tlow chart of one aspect of a method
to automatically index and extract tabulated information in
a document, according to at least one aspect of the present
disclosure.

FIG. 2 illustrates a flow diagram of one aspect of a method
to automatically index targeted information 1 a digital
document, according to at least one aspect of the present
disclosure.

FIG. 3 1llustrates a flow chart of one aspect of a method
to train multiple types of machine learning networks to
autonomously identify targeted information, according to at
least one aspect of the present disclosure.

FIG. 4 presents a block diagram of a computer apparatus,
according to at least aspect of the present disclosure.

FIG. 5 1s a diagrammatic representation of an example
system that includes a host machine within which a set of
instructions to perform any one or more of the methodolo-
gies discussed herein may be executed, according to at least
one aspect of the present disclosure.

FIG. 6 1llustrates one example of the inputs and outputs of
automated page selection from a digital document, accord-
ing to at least one aspect of the present disclosure.

FIG. 7TA-7B illustrate one example of the inputs and
outputs of 1mage generation from a digital document,
according to at least one aspect of the present disclosure.

FIG. 8 illustrates one example of the mputs and outputs of
extraction of sections of an 1mage, according to at least one
aspect of the present disclosure.

FIG. 9 illustrates one example of the mputs and outputs of
extraction of data, information, or text from extracted por-
tions ol an 1mage, according to at least one aspect of the
present disclosure.

FIG. 10 illustrates one example of the inputs and outputs
of extraction of data, information, or text from extracted
portions of an 1mage, according to at least one aspect of the
present disclosure.

DESCRIPTION

Before discussing specific embodiments, aspects, or
examples, some descriptions of terms used herein are pro-
vided below.

As used herein, the term “computing device” or “com-
puter device” may refer to one or more electronic devices
that are configured to directly or indirectly communicate
with or over one or more networks. A computing device may
be a mobile device, a desktop computer, and/or the like. As
an example, a mobile device may include a cellular phone
(e.g., a smartphone or standard cellular phone), a portable
computer, a wearable device (e.g., watches, glasses, lenses,
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clothing, and/or the like), a personal digital assistant (PDA),
and/or other like devices. The computing device may not be
a mobile device, such as a desktop computer. Furthermore,
the term “computer” may refer to any computing device that
includes the necessary components to send, receive, process,
and/or output data, and normally includes a display device,
a processor, a memory, an mput device, a network interface,
and/or the like.

As used herein, the term “server” may include one or
more computing devices which can be individual, stand-
alone machines located at the same or different locations,
may be owned or operated by the same or different entities,
and may further be one or more clusters of distributed
computers or “virtual” machines housed within a datacenter.
It should be understood and appreciated by a person of skill
in the art that functions performed by one “server” can be
spread across multiple disparate computing devices for
various reasons. As used herein, a “server” 1s intended to
refer to all such scenarios and should not be construed or
limited to one specific configuration. The term “server” may
also refer to or include one or more processors or computers,
storage devices, or similar computer arrangements that are
operated by or facilitate communication and processing for
multiple parties 1n a network environment, such as the
Internet, although it will be appreciated that communication
may be {facilitated over one or more public or private
network environments and that various other arrangements
are possible.

Reference to “a device,” “a server,” “a processor,” and/or
the like, as used herein, may refer to a previously recited
device, server, or processor that 1s recited as performing a
previous step or function, a different server or processor,
and/or a combination of servers and/or processors. For
example, as used 1n the specification and the claims, a first
server or a first processor that 1s recited as performing a first
step or a first function may refer to the same or different
server or the same or different processor recited as perform-
ing a second step or a second function.

As used herein, the term “‘system”™ may refer to one or
more computing devices or combinations of computing
devices (e.g., processors, servers, client devices, software
applications, components of such, and/or the like).

The rise of the digitization of documents across all
plattorms and industries, and the movement away from
manual indexing, 1dentification, and sorting of paper-based
documents has led to various technological solutions to
parse, analyze, index, or extract information from digital
documents. However, none of currently available techno-
logical solutions are able to identily, index, and extract
targeted and complex information from a digitized docu-
ment based on what the user desires, especially 11 the text 1s
highly variable and contains unpredictable features. While
searching or matching key words or phrases in digital
documents 1s common, indexing targeted complex informa-
tion 1s diflicult when using diflerent types of documents, for
example text or image-based documents, and where the
information 1s within various different structures, for
examples within tables, under sections, in cells, free text and
the like. The combination of all these factors makes 1t
difficult for autonomous technical solutions to be able to
index sought or targeted information by a user.

Specific sought or targeted complex mnformation may be
related to a specific industry. For example, product manu-
facturing compliance regulatory landscapes have become
increasingly stringent, driving chemical producers, distribu-
tors, and users to align their practices more with the prin-
ciples of green chemistry, with an aim to reduce or eliminate
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the use or generation of hazardous substances across the life
cycle of a chemical product. A system to manage and access
such information relies on mformation available 1n safety
data sheets (SDS) that may be 1n a digitized format. How-
ever the complex nature of chemical ingredient information,
and the fact that chemical ingredients and compositions are
made up of various structures, alphanumeric characters,
symbols, and associations with various variables and factors,
as well as the fact that such information in safety data sheets
1s structured 1n various diflerent ways, and 1s highly variable,
for example, target information may fall under specific
sections, or within tables that could exist anywhere on these
SDSs, makes 1t technically very diflicult to automate the
indexing of these documents, 1dentity relevant information,
extract or analyze target information.

Furthermore, a rule-based or solely rule-based informa-
tion extraction and i1dentification system 1s not suflicient in
complex industries and for complex documents, such as
SDS documents produced by stakeholders in the chemical
industry. This could for example be because each product
manufacturer follows 1ts own template and design for its
SDS or digital document. For certain manufacturers, this
information may be presented 1n a non-complex or 1 a
straightforward manner, while for many others 1t may be 1n
a complex and diverse manner. The inconsistencies across
manufacturers and the need to extract information from an
SDS that may be a combined document produced as a result
of collaboration by multiple actors or manufacturers dictates
the need to have an intelligent machine learning system
capable of extracting and identification system.

Disclosed herein are systems and methods that provide a
technical solution to automate indexing, extracting, and
identifying targeted information in complex structures in
documents, and scaling this automation to be usable for
large volumes of complex documents, including digital
documents such as SDSs. An SDS document usually covers
a chemical product, its name, and various details. The SDS
1s generally divided into multiple sections, usually 16, where
a chemical mgredient or composition section 1s present 1n
one of the sections. A chemical product covered by the SDS
may be composed of a single ingredient that may be
arranged 1n a tabular format.

In one aspect an automated system to index the compo-
sition information of products from Safety Data Sheets 1s
presented. The system specifically indexes the ingredient
names and their corresponding Chemical Abstracts Service
(CAS) numbers and weight percentages. The number of
ingredients 1 a chemical product and the presence or
absence of the corresponding CAS numbers and weight
percentages are unknown variables of the composition, and
the system 1s designed to handle that vaniability. The system
takes the SDS document (e.g., in PDF format) as the input
and gives the list of ingredient names along with their
corresponding CAS numbers and weight percentages 1n a
tabular format as the output, which can be stored i a
database or a file. In several aspects, the ingredient names
and other details are structured 1n tabular format in the SDS
documents. The system uses a combination of Machine
Learning techniques (Computer Vision and Natural Lan-
guage Processing) and rule-based systems that may be
undertaken serially.

FIG. 1 1llustrates a flow chart of one aspect of a system to
automatically index and extract tabulated information 1n a
document, according to at least one aspect of the present
disclosure. System 100 may facilitate imnformation to be
requested or sought from a document 101, which may be a
digital document, of a text or 1mage format, such as a PDF.
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Document 101 may also be an SDS. Document 101 may be
text or image based. A user seeking specific information in
document 101 (this sought specific information 1s also
referred to herein as “targeted information™ or “target infor-
mation”) may input document 101 ito a page selection
module 103 that may execute one or more processes or
threads, or be comprised of multiple other components or
modules to select or 1dentily one or more pages in document
101 where the targeted information resides. In various
embodiments, page selection module 103 may be comprised
of various disparate processes, which may be undertaken on
an individual device, or on multiple devices, that select at
least one page containing target information.

Page selection module 103 may in various aspects, be
configured to 1dentily page(s) within a document 101 that
contains target information, for example chemical compo-
sition information 1 an SDS, and select these page(s), to be
included 1n a list for example of all 1dentified page numbers.
In several aspects, to 1dentity or select a page document 101
1s parsed to extract the text from the document using
extraction software such as PDF extraction soiftware. In
some aspects, this extracted text 1s cleaned and passed as a
string of characters, alphanumerical text, and/or numbers to
another stage 1 a pipeline or process executed by page
selection module 103.

To 1dentily a page 1n document 101 with target informa-
tion, a combination of rules designed to determine the
beginning and end sections 1n the text/string of characters,
along with the presence of targeted information 1s used. This
may include a combination of rules to 1dentify composition
of chemical ingredient information 1 document 101, when
it 1s an SDS, along with the presence of the relevant
ingredient information within an 1dentified section. In par-
ticular, regular expressions, or expression matching may be
used to 1dentity section headers, chapters, and other 1denti-
fiers of different sections in the text or strings of document
101. Regular expressions or expression matching may also
be used to detect particular numbers or numerical patterns,
or patterns of numbers, for example CAS numbers. Expres-
sion matching can also be used to detect known words,
expressions, or phrases such as ingredient labels. All these
vartous forms of expression matching may be used to
identily various components of document 101.

Page selection module 103 may also contain a machine
learning component. The machine learning (“ML”’) network
may be a natural language processing (“NLP”’) machine
learning model tramned to detect specific names, words,
symbols, phrases, alphanumerical combinations, or expres-
sions. In one example the NLP model may be trained to
detect the presence of chemical ingredient names. In one
aspect, the NLP model used 1s a pre-trained Bidirectional
Encoder Representations from Transformers (BERT)
Named Entity Recognition (NER) model, fine-tuned on a
custom dataset. In several examples the custom dataset may
contain texts of the composition section of SDS documents.
The model takes the text split into tokens as the input and 1s
designed to identily three categories of tokens: a first word
1n a name, phrase, or expression, for example, the first word
of the chemical ingredient name, the subsequent words of
the name, phrase, or expression, such as a chemical ingre-
dient name, and the words not belonging to the name, phrase
or expression, such as the chemical mngredient name. In this
step, the system uses the model to look for the presence of
any tokens belonging to name, phrase, or expression, such as
the example chemical ingredient name.

If the expression matching and/or NLP model fail to
identily target information, for example chemical ingredient
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information, names, or compositions of chemicals 1n SDS
documents or document 101, then pre-determined or pre-set
rules may be used or autonomously implemented by the
module 103 to find target information. Rules may be
designed and configured for various configurations or docu-
ments. Depending on the target information sought, or the
structure of the information, for example being in a table or
unstructured text, or a list or otherwise, the rules that are
implemented by page selection module may be altered
accordingly. An example of rules that could be applied when
target information includes chemical ingredient information
may be rules configured to determine or check i1f the
beginning and end of a chemical composition section 1s on
the same page. If the text between the sections contains the
relevant ingredient information, the page 1s added to the list
for pages to be selected by module 103.

A pre-configured rule may also include to check or
determine 11 only the beginning of a section 1s found on any
page. IT the text after this point contains the target informa-
tion, such as relevant ingredient immformation, the page 1s
added to the list of correct pages. A rule may also determine
or check 11 only the end of a section 1s found on any page.
It the text before this point contains the relevant or target
information, for example ingredient or chemical informa-
tion, the page 1s added to the list of correct pages. Finally,
if all these fail, then a fall back search or one-off very
specific 1dentification matching query may be run, for
example 1f no correct pages are i1dentified, the module 103
determines or checks 1f a specific number or numerical
pattern 1s present 1n a specific section, such a fallback rule
may include determining if a CAS number 1s present in
section 1 of a document 101. If yes, then page 1 1s the correct
page and 1s selected. Any combination of the methods and
processes described above may be used by page selecting
module 103 or by individual processes or devices to select
a page with target information in document 101.

Once a page(s) 1s selected, 1n various aspects, the selected
pages by module 103 are mput into an 1mage generation
module 106 where 1image 107 1s generated of each selected
page. System 100 may continue by i1dentifying location of
sections, or depending on the type of document 101, a table,
chart, list or other form of structured information or data,
sought or other configuration speciiying the type of data or
data structure sought. In one aspect, a data structure or
section 1dentification module 108 may be or include a
machine learning model component, for example a Com-
puter Vision (“CV”’) machine learning network trained for
the purpose. The CV model may 1n several instances be a
pre-trained Cascade Mask R-CNN object detection model,
fine-tuned on a custom dataset containing images ol SDS
documents.

In several aspects the output of section identification
module 108, or a component of 1t, for example CV network
or model, receives an input of the image(s) 107 that was
generated, for example by the image generation module 106,
detects the structure with the target information, or the
relevant section of the target information and outputs coor-
dinates 109 of the sections 1n the 1mage containing the target
information. If the CV machine learning network or model
1s unable to identify the location or coordinates of sections
containing target information, either because 1t fails to do so
or because the data 1s not structured in the way the model
was trained to detect, this could occur for example 1f a CV
model 1s trained to detect tables or data in tables, but the
information or data was not 1n a table but in another format
such as sections, or free-flowing text. In these cases, coor-
dinates 109 of sections containing the target information
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may be obtained by running optical character recognition
(OCR) 1 addition to a combination of pre-set rules, which
may be identical or at least similar to those applied by
module 103 to 1dentily target information 1n order to select
the page. The coordinates 109 are in either case used as
inputs 1n other parts of system 100.

System 100 may also comprise a table data or section
extraction module 110 which relies on the input coordinates
109 to extract the tables from the provided image. In several
aspects, document 101, identified or selected page numbers
104 1n addition to coordinates 109 are mput nto a process
pipeline or a table data or section extraction module 110
which by using the input coordinates 109 along with
selected page numbers 104 may extract target information
from the correction sections of the pages corresponding to
the selected page numbers 104 of document 101. This
extracted information may then be the output of the extrac-
tion module 110. In some aspects, the table data or section
extraction module 110 extracts the target information in 1ts
original structure, as extracted data 111. In various aspects
for example, a tabular structure i1s extracted and then con-
verted 1nto a 2D data structure such as a datatrame. In other
embodiments the whole section or tabular structure is
extracted as extracted data 111. In several embodiments the
target information 1s directly extracted as extracted data 111
from the ascertained coordinates 109 and pages 104 from
document 101.

System 100 may then retain the structure of the target
information 1n extracted data 111 as a 2D dataframe or 1n
another data structure format. The extracted data 111 1s then
input into a target information extraction module 112 that 1n
various aspects maybe configured to be a chemical mgredi-
ent data extraction module. In several aspects the target
information extraction module 112 outputs target informa-
tion as data 113, which could be 1n any type of file, including,
a .csv file format. In numerous aspects, the extracted data
111 retains the tabular structure, which 1s used in the
subsequent step to 1dentity weight percentages of chemaicals
and to use these known associations between diflerent parts
of extracted data 111, for example the chemical names, CAS
numbers, and weight percentages. This could for example be
done by associating the weight percentages of chemicals to
associate with previously 1dentified or extracted weigh per-
centages.

System 100 may remove noise from extracted data 111,
which may include steps to clean textual data. Associations
in the cleaned data may then be used to identily specific
target information by the target information extraction mod-
ule 112. For example, if the system 100 1s directed towards
extracting and obtaining chemical ingredient information, 1t
may use known associations between the data to determine
ingredient names along with the corresponding CAS num-
bers and weight percentages. Alternatively, there may be no
known associations, but associations are identified at the
tabular structure, or other data structure, generally within the
area of the identified page(s) that the CV model has selected.
The extraction module may be comprised of an NLP
Machine learning model, which may be the same or a
different NLP model to the one used to select pages on 1n
page selection module 103. In several aspects the NLP
model may be a BERT NER model that identifies specific
text, expressions, names, or phrases, for example chemical
ingredient names 1n extracted data 111.

Tokens may be generated or the tokens generated at the
page selecting process may be reused, for example, the text
1s split 1nto three categories of tokens: the first word of a
name, or phrase, such as a chemical ingredient name, the
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subsequent words of the name or phrase, such as the
chemical ingredient name, and the words not belonging to
the name or phrase, such as a chemical ingredient name.
System 100 uses the model to look for the presence of any
tokens belonging to a name or phrase such as a chemical
ingredient name. The NLP model may make predictions for
cach token of the text individually, and additional post-
processing rules are used to get the full names, such as a full
name of a chemical imngredient instead of just abbreviations
or symbols.

The table or data structure that was extracted may be
scanned by system 100 or the NLP model to look for target
name and 1dentily the rows and columns containing them.
Some columns may contain other information that are
associated with the target names or phrases being sought, 1n
the example of SDS documents, the columns (or rows 1n
some aspects) containing CAS numbers and weight percent-
ages are 1dentified using regular expressions, or expression
matching and the tabular structure of the data i1s used to
determine an association between the chemical names, CAS
numbers, and weight percentages. Multiple other associa-
tions or associated information may be inferred, determined
or extracted from the information 1n the columns or rows. In
the SDS document example, the regular expressions for
CAS numbers are also designed to i1dentily non-numerical
values like trade secrets, mixture information and the like.
The final output 113 1s a 2D structure where each row
corresponds to an ingredient, and the columns correspond to
the different pieces of information belonging to an mgredi-
ent. This can be stored 1n a structured database or a file 113.

FIG. 2 1llustrates a flow diagram of one aspect of a method
200 to automatically index targeted information in a digital
document, according to at least one aspect of the present
disclosure. With reference now primarily to FIG. 2 together
with FIG. 1, 1n one aspect, method 200 may commence by
selecting 205 a page number of a digital document, for
example document 101, FIG. 1 to identily a page containing
targeted mformation. This 1n many aspects could occur for
example via a page selecting module 103, FIG. 1. The page
corresponding to the selected page number may then be
mput 210 as an image into a visual machine learning
network (visual ML), and/or into a visual detection module,
for example section 1dentification module 108, FIG. 1. The
visual ML may i1dentify 215 a section of the image that
contains the targeted information, the section may be 1den-
tified by coordinates. Method 200 may then continue to
iput 220 the page number, the digital document, and the
coordinates of the 1dentified section 1n an extraction module,
for example table data or section extraction module 110,
FIG. 1. The extraction module may then extract 225 the
targeted information from the section that was identified
215. In various aspects any of the processes, systems, or
methods 1 system 100, FIG. 1 may be combined with
method 200, and 1n any order or combination.

In several aspects, method 200 may also comprise mput-
ting the extracted targeted information into a natural lan-
guage processing ML network (NLP), that may for example
be part of module 112, FIG. 1, and 1dentifying at least one
data 1tem, by the NLP network, based on a structure of the
extracted targeted information. The data item may be of any
type, and 1n the context of SDS documents may include for
example chemical names, CAS numbers, and chemical
structure weights. Similar to the system 100, FIG. 1, the
selecting 205 of a page number may be comprised of various
processes and depending on the aspect may comprise pars-
ing the digital document to produce a string of characters
and then identifying relevant portions 1n the string of char-
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acters containing the targeted information. Furthermore, the
identification of these relevant portions may itsellf comprise
splitting the produced string of characters into tokens which
are 1nput nto a natural language processing ML network
(NLP), and then 1dentifying by the NLP at least one of a first
word of a chemical ingredient name, a subsequent word of
a chemical ingredient name, or a word not belonging to any
chemical imngredient name.

In 1mstances where the NLP fails to 1identily these names,
then specific predetermined rules may be implemented to
select page numbers containing targeted information. For
example, these rules could 1include adding a page number to
a list, once the system determines that both a beginning part
and an end part of a relevant portion are on the same page.
In other 1nstances, a page number may be added to a list, 1
the system determines that a beginning part of a relevant
portion 1s on a page, but not the end part of the relevant
portion, and that the targeted information 1s on a subsequent
page to the beginning part or section. A page number may
also be added to a list if the end part of a relevant portion but
not the beginning part i1s on a page, and the targeted
information 1s on a previous page to the end part. Alterna-
tively, 1f a specific number, for example a CAS number or
other symbol or alphanumerical combination 1s on a page,
the system may add that page to a list of relevant pages.

In several aspects, the relevant pages may include sections
that have section headers, specific numbers, alphanumeric
combinations, or keywords, wherein the identification 1is
undertaken via expression matching in the string of charac-
ters. In several embodiments when a page number 1s 1den-
tified, then an 1mage 1s generated of the page corresponding
to the page number in the document. This 1mage may then
be used as an input for example 1 a table or section
detection module 108, FIG. 1.

FI1G. 3 illustrates a flow chart of one aspect of a method
to train multiple types of machine learning networks to
autonomously 1dentily targeted information, according to at
least one aspect of the present disclosure. In one aspect,
method 300 commences with parsing 305 a custom dataset
containing texts of digital documents to produce a string of
characters. The custom dataset may be one curated specifi-
cally to train a machine learning network to identily specific
information. For example, when training a machine learning
network such as an NLP model to determine chemical
names, CAS numbers, weightings and other information
related to chemical ingredients, the custom dataset may be
comprised of numerous SDS documents. Method 300 may
then continue by identifying 310 portions in the string of
characters containing information, and then split 3135 the
string into tokens that are then fed into a machine learning
network for training. The processes 305-315 may be con-
sidered as preprocessing data in method 300 to prepare the
training dataset. The machine learning network, which 1s an
NLP model 1s then trained 320 by the tokens iput 1nto it.
The training may comprise inputting the tokens into the NLP
model; and outputting by the NLP model, a label for each of
the tokens are identified or classified into a category. In one
example embodiment, there may be three categories, and the
token 1s categorized or classified 1into one of them. Example
classifications or categories of tokens may be a first word of
an ingredient name, subsequent word of an ingredient name,
or not belonging to an ingredient name.

In several aspects, method 300 may continue with traiming,
a visual machine learning network (visual ML) such as a CV
model on an i1mage-based dataset, to recognize text or
portions/sections of pages or 1images associated with perti-
nent information 1 an 1image. The pertinent information may
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be target information, such as chemical imngredient informa-
tion. The training may comprise inputting 1image data from
an 1mage-based dataset mto the visual ML; and outputting
coordinates of identified relevant portions containing the
pertinent information. The coordinates may include or bor-
der sections, tables, or other formatted information that 1s
considered pertinent information. Once both the NLP model
and the visual ML model are trained on provided datasets,
then these models or networks may be utilized 1n any of the
processes described above 1n relation to FIGS. 1-2, and n
any order or combination.

FIG. 4 1s a block diagram of a computer apparatus 3000
with data processing subsystems or components, which a set
ol 1nstructions to perform any one or more of the method-
ologies discussed herein may be executed, according to at
least one aspect of the present disclosure. The subsystems
shown 1n FIG. 4 are interconnected via a system bus 3010.
Additional subsystems such as a printer 3018, keyboard
3026, fixed disk 3028 (or other memory comprising com-
puter readable media), monitor 3022, which 1s coupled to a
display adapter 3020, and others are shown. Peripherals and
input/output (I/O) devices, which couple to an 1/0O controller
3012 (which can be a processor or other suitable controller),
can be connected to the computer system by any number of
means known 1n the art, such as a serial port 3024. For
example, the serial port 3024 or external interface 3030 can
be used to connect the computer apparatus to a wide area
network such as the Internet, a mouse put device, or a
scanner. The interconnection via system bus allows the
central processor 3016 to communicate with each subsystem
and to control the execution of instructions from system
memory 3014 or the fixed disk 3028, as well as the exchange
of mformation between subsystems. The system memory
3014 and/or the fixed disk 3028 may embody a computer
readable medium.

FIG. 5 1s a diagrammatic representation of an example
system 4000 that includes a host machine 4002 within which
a set of istructions to perform any one or more of the
methodologies discussed herein may be executed, according
to at least one aspect of the present disclosure. In various
aspects, the host machine 4002 operates as a standalone
device or may be connected (e.g., networked) to other
machines. In a networked deployment, the host machine
4002 may operate in the capacity of a server or a client
machine 1n a server-client network environment, or as a peer
machine 1n a peer-to-peer (or distributed) network environ-
ment. The host machine 3002 may be a computer or com-
puting device, a personal computer (PC), a tablet PC, a
set-top box (STB), a personal digital assistant (PDA), a
cellular telephone, a portable music player (e.g., a portable
hard drive audio device such as an Moving Picture Experts
Group Audio Layer 3 (MP3) player), a web appliance, a
network router, switch or bridge, or any machine capable of
executing a set of instructions (sequential or otherwise) that
specily actions to be taken by that machine. Further, while
only a single machine 1s 1llustrated, the term “machine” shall
also be taken to include any collection of machines that
individually or jointly execute a set (or multiple sets) of
instructions to perform any one or more of the methodolo-
gies discussed herein.

The example system 4000 includes the host machine
4002, running a host operating system (OS) 4004 on a
processor or multiple processor(s)/processor core(s) 4006
(e.g., a central processing umt (CPU), a graphics processing,
unit (GPU), or both), and various memory nodes 4008. The
host OS 4004 may include a hypervisor 4010 which 1s able

to control the functions and/or communicate with a virtual




US 11,727,702 Bl

11

machine (“VM™) 4012 running on machine readable media.
The VM 4012 also may include a virtual CPU or vCPU
4014. The memory nodes 4008 may be linked or pinned to
virtual memory nodes or vNodes 4016. When the memory
node 4008 i1s linked or pinned to a corresponding vNode
4016, then data may be mapped directly from the memory
nodes 4008 to their corresponding viNodes 4016.

All the various components shown 1n host machine 4002
may be connected with and to each other or communicate to
cach other via a bus (not shown) or via other coupling or
communication channels or mechanisms. The host machine
4002 may further include a video display, audio device or
other peripherals 4018 (e.g., a liquid crystal display (LCD),
alphanumeric mput device(s) including, e.g., a keyboard, a
cursor control device, e.g., a mouse, a voice recognition or
biometric vernfication unit, an external drive, a signal gen-
cration device, e.g., a speaker,) a persistent storage device
4020 (also referred to as disk drive unit), and a network
interface device 4022. The host machine 4002 may further
include a data encryption module (not shown) to encrypt
data. The components provided in the host machine 4002 are
those typically found in computer systems that may be
suitable for use with aspects of the present disclosure and are
intended to represent a broad category of such computer
components that are known in the art. Thus, the system 4000
can be a server, minicomputer, mainframe computer, or any
other computer system. The computer may also include
different bus configurations, networked platforms, multi-

processor platforms, and the like. Various operating systems
may be used including UNIX, LINUX, WINDOWS, QNX

ANDROID, 10S, CHROME, TIZEN, and other suitable
operating systems.

The disk drive unit 4024 also may be a Solid-state Drive
(SSD), a hard disk drive (HDD) or other includes a computer
or machine-readable medium on which is stored one or more
sets of instructions and data structures (e.g., data/instruc-
tions 4026) embodying or utilizing any one or more of the
methodologies or functions described herein. The data/
instructions 4026 also may reside, completely or at least
partially, within the main memory node 4008 and/or within
the processor(s) 4006 during execution thereof by the host
machine 4002. The data/instructions 4026 may further be
transmitted or received over a network 4028 via the network
interface device 4022 utilizing any one of several well-
known transfer protocols (e.g., Hyper Text Transier Protocol
(HTTP)).

The processor(s) 4006 and memory nodes 4008 also may
comprise machine-readable media. The term “computer-
readable medium” or “machine-readable medium” should
be taken to include a single medium or multiple medium
(e.g., a centralized or distributed database and/or associated
caches and servers) that store the one or more sets of
instructions. The term “computer-readable medium™ shall
also be taken to include any medium that 1s capable of
storing, encoding, or carrying a set of instructions for
execution by the host machine 4002 and that causes the host
machine 4002 to perform any one or more of the method-
ologies of the present application, or that 1s capable of
storing, encoding, or carrying data structures utilized by or
associated with such a set of mstructions. The term *“‘com-
puter-readable medium” shall accordingly be taken to
include, but not be limited to, solid-state memories, optical
and magnetic media, and carrier wave signals. Such media
may also include, without limitation, hard disks, floppy
disks, flash memory cards, digital video disks, random
access memory (RAM), read only memory (ROM), and the
like. The example aspects described herein may be imple-

10

15

20

25

30

35

40

45

50

55

60

65

12

mented 1n an operating environment comprising soitware
installed on a computer, 1n hardware, or 1n a combination of
software and hardware.

One skilled 1n the art will recognize that Internet service
may be configured to provide Internet access to one or more
computing devices that are coupled to the Internet service,
and that the computing devices may include one or more
processors, buses, memory devices, display devices, mput/
output devices, and the like. Furthermore, those skilled 1n
the art may appreciate that the Internet service may be
coupled to one or more databases, repositories, servers, and
the like, which may be utilized to implement any of the
various aspects of the disclosure as described herein.

The computer program instructions also may be loaded
onto a computer, a server, other programmable data pro-
cessing apparatus, or other devices to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other devices to produce a
computer implemented process such that the instructions
which execute on the computer or other programmable
apparatus provide processes for implementing the functions/
acts specified in the flowchart and/or block diagram block or
blocks.

Suitable networks may include or interface with any one

or more of, for instance, a local intranet, a PAN (Personal
Area Network), a LAN (Local Area Network), a WAN

(Wide Area Network), a MAN (Metropolitan Area Net-
work), a virtual private network (VPN), a storage area
network (SAN), a frame relay connection, an Advanced
Intelligent Network (AIN) connection, a synchronous opti-
cal network (SONET) connection, a digital T1, T3, E1 or E3
line, Digital Data Service (DDS) connection, DSL (Digital
Subscriber Line) connection, an Fthernet connection, an
ISDN (Integrated Services Digital Network) line, a dial-up
port such as a V.90, V.34 or V.34bis analog modem connec-
tion, a cable modem, an ATM (Asynchronous Transier
Mode) connection, or an FDDI (Fiber Distributed Data
Interface) or CDDI (Copper Distributed Data Interface)
connection. Furthermore, communications may also include
links to any of a variety of wireless networks, including
WAP (Wireless Application Protocol), GPRS (General
Packet Radio Service), GSM (Global System for Mobile
Communication), CDMA (Code Division Multiple Access)
or TDMA (Time Division Multiple Access), cellular phone
networks, GPS (Global Positioning System), CDPD (cellu-
lar digital packet data), RIM (Research 1n Motion, Limited)
duplex paging network, Bluetooth radio, or an IEEE 802.11-

based radio frequency network. The network 4030 can
further include or interface with any one or more of an
RS-232 senal connection, an IEEE-1394 (Firewire) connec-
tion, a Fiber Channel connection, an IrDA (infrared) port, a
SCSI (Small Computer Systems Interface) connection, a
USB (Universal Serial Bus) connection or other wired or
wireless, digital or analog interface or connection, mesh or
Di1gi® networking.

In general, a cloud-based computing environment 1s a
resource that typically combines the computational power of
a large grouping of processors (such as within web servers)
and/or that combines the storage capacity of a large grouping
of computer memories or storage devices. Systems that
provide cloud-based resources may be utilized exclusively
by their owners or such systems may be accessible to outside
users who deploy applications within the computing inira-
structure to obtain the benefit of large computational or
storage resources.

The cloud 1s formed, for example, by a network of web

servers that comprise a plurality of computing devices, such
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as the host machine 4002, with each server 4030 (or at least
a plurality thereol) providing processor and/or storage
resources. These servers manage workloads provided by
multiple users (e.g., cloud resource customers or other
users). Typically, each user places workload demands upon
the cloud that vary 1n real-time, sometimes dramatically. The
nature and extent of these variations typically depends on
the type of business associated with the user.

It 1s noteworthy that any hardware platform suitable for
performing the processing described herein 1s suitable for
use with the technology. The terms “computer-readable
storage medium” and “computer-readable storage media™ as
used herein refer to any medium or media that participate in
providing instructions to a CPU for execution. Such media
can take many forms, including, but not limited to, non-
volatile media, volatile media, and transmission media.
Non-volatile media include, for example, optical or mag-
netic disks, such as a fixed disk. Volatile media include
dynamic memory, such as system RAM. Transmission
media include coaxial cables, copper wire and fiber optics,
among others, including the wires that comprise one aspect
of a bus. Transmission media can also take the form of
acoustic or light waves, such as those generated during radio
frequency (RF) and infrared (IR) data communications.
Common forms ol computer-readable media include, for
example, a flexible disk, a hard disk, magnetic tape, any
other magnetic medium, a CD-ROM disk, digital video disk
(DVD), any other optical medium, any other physical
medium with patterns of marks or holes, a RAM, a PROM,
an EPROM, an EEPROM, a FLASH EPROM, any other
memory chip or data exchange adapter, a carrier wave, or
any other medium from which a computer can read.

Various forms of computer-readable media may be
involved 1n carrying one or more sequences ol one or more
instructions to a CPU for execution. A bus carries the data
to system RAM, from which a CPU retrieves and executes
the instructions. The instructions received by system RAM
can optionally be stored on a fixed disk either before or after
execution by a CPU.

Computer program code for carrying out operations for
aspects of the present technology may be written 1n any
[ one or more programming languages,

combination of
including an object-oriented programming language such as
Java, Smalltalk, C++, or the like and conventional proce-
dural programming languages, such as the “C” program-
ming language, Go, Python, or other programming lan-
guages, mncluding assembly languages. The program code
may execute entirely on the user’s computer, partly on the
user’s computer, as a stand-alone software package, partly
on the user’s computer and partly on a remote computer or
entircly on the remote computer or server. In the latter
scenar1o, the remote computer may be connected to the
user’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service
Provider).

Examples of the method according to various aspects of
the present disclosure are provided below 1n the following
numbered clauses. An aspect of the method may include any
one or more than one, and any combination of, the numbered
clauses described below.

FI1G. 6 1llustrates one example of the inputs and outputs of
automated page selection from a digital document, accord-
ing to at least one aspect of the present disclosure. With
reference now primarily to FIG. 6 together with FIG. 1-2,
examples 600 include mputs 601 and outputs 602 which
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may be mput into page selection 103, FIG. 1 or selection of
page number 205, FI1G. 2. The outputs are produced by page
selection 103, FIG. 1 or selection of page number 2035, FIG.
2. For example, mputs 603, and 605 may be any type of
digital document such as an SDS document, and may 1n 1n
vartous document formats, for example PDF. The page
number or output 602 provides the page numbers with
relevant or target information of inputs 601. The output 604
of document 603 contains two page numbers as more than
one page number 1s 1dentified as containing target or relevant
information. Document 605 however, only contains one
page that 1s 1dentified as contaiming relevant or target infor-
mation and therefore output 606 contains a reference to only
one page number.

FIG. 7A-7B illustrates one example of the mputs and
outputs of 1mage generation from a digital document,
according to at least one aspect of the present disclosure.
With reference now primarily to FIG. 7TA-7B together with
FIGS. 1-2 and 6, example 700 may imput an extracted
document 701 and page numbers 702, which may corre-
spond to document 603, and identified output page numbers
604, F1G. 6. In this example the 1identified page numbers 702
as pages [2,3] of document 701, this information, including
the page numbers may be equivalent to page number 104,
FIG. 1 for example. These page numbers may therefore be
mput 210, FIG. 2 into an 1mage generation process or
module 106, FIG. 1 along with document 101, FIG. 1 which
corresponds to document 701. Image generation process or
module 106, FIG. 1 may then output images 107, FIG. 1,
which correspond to 1images 703 and 704. In this example
two page numbers 702 are i1dentified, and therefore 1images
of two separate pages are produced. However in other
examples where only one page 1s 1identified then only one
image of that particular page 1s generated.

FIG. 8 illustrates one example of the mputs and outputs of
a detection of sections, tables, or portions of the image(s),
according to at least one aspect of the present disclosure.
With reference now primarily to FIG. 8 together with FIGS.
1-2, and 7-8, example 800 may include mputs of page
images 703, 704, FIG. 7A-7B that were generated at
example 700 or 106, FIG. 1 for example. These image inputs
are fed into a CV model 108, FIG. 1, so that the model 108
may detect the relevant sections in the images. The output of
CV model 108, FIG. 1 may be separate/independent outputs
for each page 1mage 703, 704 that 1s mput into CV model
108. For example, for page image 703 the output coordinates
CV model 108 are coordinates 801 of a relevant section, 1n
this example an i1dentified table 802, containing relevant
chemical information.

FIG. 9 illustrates one example of the mputs and outputs of
extraction of sections of an 1mage, according to at least one
aspect of the present disclosure. With reference now primar-
ily to FIG. 9 together with FIGS. 1-2, and 7-8, example 900
may include various mputs 901 that are input 220, FIG. 2 or
provided to a table or section extraction module 110 such as
a pdi extraction module, which may extract an area, for
example area 802, or 804, FIG. 8 from a generated 1mage,
for example 1mage 703, or 704, FIG. 7TA-7B The various
inputs may include the document 901, 101, page numbers
902, 903, 104 and images 703, 704, FIG. 7A-7B and 107,
FIG. 1, as well as coordinates 903, 904, 109, FI1G. 1 that may
be dernived from CV model 108, FIG. 1. The output(s) 905,
906 may comprise of a datatrame 111, FIG. 1 such as a table
that 1s extracted 225, FIG. 2 by the extraction module. The
table may contain text, numbers or other information such as
names, compositions, weights, and percentages.
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FIG. 10 illustrates one example of the mputs and outputs
of extraction of data, information, or text from extracted
portions of an 1mage, according to at least one aspect of the
present disclosure. With reference now primarily to FIG. 10
together with FIGS. 1-2, and 9, example 1000 may include
an mput 1001, 1002 which may contain extracted tables, or
sections from one or more 1images, these mputs 1001, 1002
may correspond to datatrame 111, FIG. 1, that were pro-
duced as outputs 905, 906, FI1G. 9. Once these mputs 1001,
1002 are provided to a target information extraction module
112, FIG. 1, then mnformation or data 1003 may be output,
which may include names, compositions, weights, numbers,
or percentages as examples.

Examples of the methods and systems according to vari-
ous aspects of the present disclosure are provided below 1n
the following numbered clauses. An aspect of the method or
system may include any one or more than one, and any
combination of, the numbered clauses described below.

Clause 1. A computer implemented method to automati-
cally index targeted information 1 a digital document, the
method comprising selecting a page number of a digital
document to identify a page containing targeted information;
inputting an 1image of the page into a visual machine learning
network (visual ML), wherein the visual ML 1s trained to
recognize text associated with the targeted information 1n an
image; 1dentifying by the visual ML, a section of the image
that contains the targeted information; inputting the page
number, the digital document, and coordinates of the section
into an extraction module; and extracting the targeted infor-
mation by the extraction module from the section.

Clause 2. The method of Clause 1, further comprising
inputting the extracted targeted information into a natural
language processing ML network (NLP); and based on the
presence of at least one data 1tem 1n the extracted targeted
information, identifying at least one data item, by the NLP
model, based on a structure of the extracted targeted infor-
mation.

Clause 3. The method of any of Clauses 1-2, wherein the
selecting comprises parsing the digital document to produce
a string ol characters; and identifying relevant portions 1n
the string of characters containing the targeted information.

Clause 4. The method of any of Clauses 1-3, wherein the
identifying of the relevant portions comprises splitting the
string of characters into tokens; iputting the tokens into a
natural language processing ML network (NLP); and 1den-
tifying by the NLP a first word of a chemical ingredient
name, a subsequent word of a chemical ingredient name, or
a word not belonging to any chemical ingredient name.

Clause 5. The method of any of Clauses 1-4, wherein the
identifying of the relevant portions comprises at least one of
adding the page number to a list, based on determining a
beginning part and an end part of a relevant portion are on
the page, adding the page number to a list, based on
determining that the beginning part but not the end part of
the relevant portion 1s on the page, and that the targeted
information 1s on a subsequent page, adding the page
number to a list, based on determining that the end part but
not the beginming part of the relevant portion 1s on the page,
and that the targeted information 1s on a previous page, or
adding the page number to a list, based on determining that

an alphanumeric combination 1s present on a page.
Clause 6. The method of any of Clauses 1-5, wherein the
visual ML 1s a trained computer vision machine learning

model (CVML).

10

15

20

25

30

35

40

45

50

55

60

65

16

Clause 7. The method of any of Clauses 1-6, wherein the
CVML 1s trained on a custom dataset containing images of
digital documents to output coordinates of i1dentified tables
in the digital document.

Clause 8. The method of any of Clauses 1-7, further
comprising i1dentifying the section via optical character
recognition, based on the visual ML failing to identily the
section; and outputting coordinates of the section of the
image.

Clause 9. The method of any of Clauses 1-8, wherein the
section of the image that contains the targeted information
comprises at least one of section headers, specific numbers,
alphanumeric combinations, or keywords, wherein the 1den-
tification 1s undertaken via expression matching 1n a string
ol characters.

Clause 10. The method of any of Clauses 1-9, wherein the
targeted information extracted by the extraction module 1s 1n
a 2D data structure.

Clause 11. The method of any of Clauses 1-10, further
comprising generating the image of the page corresponding
to the page number.

Clause 12. The method of any of Clauses 1-11, wherein
the extracting retains a tabular structure of the targeted
information.

Clause 13. The method of any of Clauses 1-12, wherein
the coordinates border the section containing the targeted
information.

Clause 14. A system comprising at least one processor;
and at least one non-transitory, computer-readable memory
storing instructions that, when executed by the at least one
processor, are ecllective to selecting a page number of a
digital document to identily a page containing targeted
information; inputting an image of the page into a visual
machine learming network (visual ML), wherein the visual
ML 1s trained to recognize text associated with the targeted
information in an i1mage; i1dentifying by the visual ML,
sections of the image that contain the targeted information;
inputting the page number, the digital document, and coor-
dinates of the sections 1to an extraction module; extracting
the targeted information by the extraction module from the
sections; mputting the extracted targeted information into a
natural language processing ML network (NLP); and 1den-
tifying at least one data item, by the NLP, based on a
structure of the extracted targeted information.

Clause 15. A method to train machine learning networks
to autonomously 1dentily targeted information, the method
comprising parsing a custom dataset containing texts of
digital documents to produce a string of characters; 1denti-
tying portions in the string of characters containing infor-
mation; splitting the string of characters into tokens; training,
a natural language processing ML network (NLP), the
training comprising nputting the tokens into the NLP
model; and outputting by the NLP model, identifications
comprising a first word of a chemical ingredient name, a
subsequent word of a chemical ingredient name, or a word
not belonging to any chemical ingredient name.

Clause 16. The method of Clause 16, wherein the NLP 1s
a Bidirectional Encoder Representations from Transformers
(BERT) Named Entity Recognition (NER) model.

Clause 17. The method of any of Clauses 15-16, further
comprising training a visual machine learming network (vi-
sual ML) on an image-based dataset, to recognize a location
or a boundary of a text associated with pertinent information
in an 1mage the tramning comprising inputting image data
from an 1mage-based dataset into the visual ML; and out-
putting coordinates of identified relevant portions containing
the pertinent mnformation.




US 11,727,702 Bl

17

Clause 18. The method of any of Clauses 15-17, wherein
the coordinates border the portions containing the pertinent
information.

Clause 19. The method of any of Clauses 15-18, wherein
the visual ML 1s a Cascade Mask R-CNN object detection
model.

Clause 20. The method of any one of Clauses 15-19,
turther comprising selecting a page number of a digital
document to identify a page containing targeted information;
inputting an 1mage of the page into the trained visual ML ;
identifying by the trained visual ML, sections of the image
that contain the targeted information; inputting the page
number, the digital document, and output coordinates of the
identified sections into an extraction module; extracting the
targeted information by the extraction module from the
sections; inputting the extracted targeted information into a
natural language processing ML network (NLP); and 1den-
tifying at least one data item, by the NLP, based on a
structure of the extracted targeted information.

The foregoing detailed description has set forth various
forms of the systems and/or processes via the use of block
diagrams, flowcharts, and/or examples. Insofar as such
block diagrams, flowcharts, and/or examples contain one or
more functions and/or operations, 1t will be understood by
those within the art that each function and/or operation
within such block diagrams, flowcharts, and/or examples
can be implemented, individually and/or collectively, by a
wide range of hardware, software, irmware, or virtually any
combination thereof. Those skilled in the art will recognize
that some aspects of the forms disclosed herein, 1n whole or
in part, can be equivalently implemented in integrated
circuits, as one or more computer programs running on one
or more computers (€.g., as one or more programs running
On one or more computer systems), as one or more programs
running on one Or more processors (e.g., as one or more
programs running on one Or more MmiCroprocessors), as
firmware, or as virtually any combination thereof, and that
designing the circuitry and/or writing the code for the
software and or firmware would be well within the skill of
one of skill in the art in light of this disclosure. In addition,
those skilled 1n the art will appreciate that the mechanisms
of the subject matter described herein are capable of being
distributed as one or more program products 1n a variety of
forms, and that an illustrative form of the subject matter
described herein applies regardless of the particular type of
signal bearing medium used to actually carry out the distri-
bution.

Instructions used to program logic to perform various
disclosed aspects can be stored within a memory in the
system, such as dynamic random access memory (DRAM),
cache, flash memory, or other storage. Furthermore, the
instructions can be distributed via a network or by way of
other computer readable media. Thus a machine-readable
medium may include any mechanism for storing or trans-
mitting information 1n a form readable by a machine (e.g.,
a computer), but 1s not limited to, floppy diskettes, optical
disks, compact disc, read-only memory (CD-ROMs), and
magneto-optical disks, read-only memory (ROMs), random
access memory (RAM), erasable programmable read-only
memory (EPROM), electrically erasable programmable
read-only memory (EEPROM), magnetic or optical cards,
flash memory, or a tangible, machine-readable storage used
in the transmission of information over the Internet via
clectrical, optical, acoustical or other forms of propagated
signals (e.g., carrier waves, inirared signals, digital signals,
etc.). Accordingly, the non-transitory computer-readable
medium 1includes any type of tangible machine-readable
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medium suitable for storing or transmitting electronic
instructions or information in a form readable by a machine
(e.g., a computer).

Any of the software components or functions described 1n
this application, may be implemented as software code to be
executed by a processor using any suitable computer lan-
guage such as, for example, Python, Java, C++ or Perl using,
for example, conventional or object-oriented techniques.
The software code may be stored as a series of instructions,
or commands on a computer readable medium, such as
RAM, ROM, a magnetic medium such as a hard-drive or a
floppy disk, or an optical medium such as a CD-ROM. Any
such computer readable medium may reside on or within a
single computational apparatus, and may be present on or
within diflerent computational apparatuses within a system
or network.

As used 1n any aspect herein, the term “logic” may refer
to an app, soltware, firmware and/or circuitry configured to
perform any of the aforementioned operations. Software
may be embodied as a software package, code, instructions,
instruction sets and/or data recorded on non-transitory com-
puter readable storage medium. Firmware may be embodied
as code, instructions or instruction sets and/or data that are
hard-coded (e.g., nonvolatile) 1n memory devices.

As used 1 any aspect herein, the terms “component,”
“system,” “module” and the like can refer to a computer-
related entity, either hardware, a combination of hardware
and software, software, or software 1n execution.

As used 1n any aspect herein, an “algorithm™ refers to a
self-consistent sequence of steps leading to a desired result,
where a “step” refers to a manipulation of physical quanti-
ties and/or logic states which may, though need not neces-
sarily, take the form of electrical or magnetic signals capable
of being stored, transierred, combined, compared, and oth-
erwise manipulated. It 1s common usage to refer to these
signals as bits, values, elements, symbols, characters, terms,
numbers, or the like. These and similar terms may be
associated with the appropriate physical quantities and are
merely convenient labels applied to these quantities and/or
states.

A network may include a packet switched network. The
communication devices may be capable of communicating
with each other using a selected packet switched network
communications protocol. One example communications
protocol may include an Ethernet commumnications protocol
which may be capable of permitting communication using a
Transmission Control Protocol/Internet Protocol (TCP/IP).
The Ethernet protocol may comply or be compatible with
the Ethernet standard published by the Institute of Electrical
and Electronics Engineers (IEEE) titled “IEEE 802.3 Stan-
dard”, published 1n December, 2008 and/or later versions of
this standard. Alternatively or additionally, the communica-
tion devices may be capable of communicating with each
other using an X.25 communications protocol. The X.25
communications protocol may comply or be compatible
with a standard promulgated by the International Telecom-
munication Union-Telecommunication Standardization Sec-
tor (ITU-T). Alternatively or additionally, the communica-
tion devices may be capable of communicating with each
other using a frame relay communications protocol. The
frame relay communications protocol may comply or be
compatible with a standard promulgated by Consultative
Committee for International Telegraph and Telephone
(CCITT) and/or the American National Standards Institute
(ANSI). Alternatively or additionally, the transceivers may
be capable of commumcating with each other using an
Asynchronous Transier Mode (ATM) communications pro-
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tocol. The ATM communications protocol may comply or be
compatible with an ATM standard published by the ATM

Forum titled “ATM-MPLS Network Interworking 2.0 pub-
lished August 2001, and/or later versions of this standard. Of
course, diflerent and/or after-developed connection-oriented
network communication protocols are equally contemplated
herein.

Unless specifically stated otherwise as apparent from the
foregoing disclosure, 1t 1s appreciated that, throughout the
present disclosure, discussions using terms such as “pro-
cessing,” “computing,” “calculating,” “determining,” “dis-
playing,” or the like, refer to the action and processes of a
computer system, or similar electronic computing device,
that manipulates and transforms data represented as physical
(electronic) quantities within the computer system’s regis-
ters and memories 1to other data similarly represented as
physical quantities within the computer system memories or
registers or other such information storage, transmission or
display devices.

One or more components may be referred to herein as
“configured to,” “configurable to,” “operable/operative to,”
“adapted/adaptable,” “able to,” “conformable/conformed
to,” etc. Those skilled in the art will recognize that “con-
figured to” can generally encompass active-state compo-
nents and/or 1active-state components and/or standby-state
components, unless context requires otherwise.

Those skilled 1in the art will recognize that, 1n general,
terms used herein, and especially i the appended claims
(e.g., bodies of the appended claims) are generally intended
as “open” terms (e.g., the term “including” should be
interpreted as “including but not limited to,” the term
“having” should be interpreted as “having at least,” the term
“includes™ should be interpreted as “includes but i1s not
limited to,” etc.). It will be further understood by those
within the art that 11 a specific number of an mtroduced claim
recitation 1s intended, such an intent will be explicitly recited
in the claim, and in the absence of such recitation no such
intent 1s present. For example, as an aid to understanding,
the following appended claims may contain usage of the
introductory phrases “at least one” and “one or more” to
introduce claim recitations. However, the use of such
phrases should not be construed to imply that the introduc-
tion of a claim recitation by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
recitation to claims containing only one such recitation, even
when the same claim includes the introductory phrases “one
or more” or “at least one” and indefinite articles such as “a”
or “an” (e.g., “a” and/or “an” should typically be interpreted
to mean “at least one” or “one or more™); the same holds true
for the use of definite articles used to introduce claim
recitations.

In addition, even 1f a specific number of an introduced
claim recitation 1s explicitly recited, those skilled 1n the art
will recognize that such recitation should typically be inter-
preted to mean at least the recited number (e.g., the bare
recitation of “two recitations,” without other modifiers,
typically means at least two recitations, or two or more
recitations). Furthermore, in those instances where a con-
vention analogous to “at least one of A, B, and C, etc.” 1s
used, 1n general such a construction 1s intended in the sense
one having skill in the art would understand the convention
(e.g., “a system having at least one of A, B, and C” would
include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and
C together, and/or A, B, and C together, etc.). In those
instances where a convention analogous to “‘at least one of
A, B, or C, etc.” 1s used, 1n general such a construction 1s
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intended 1n the sense one having skill m the art would
understand the convention (e.g., “a system having at least
one of A, B, or C” would include but not be limited to
systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B,
and C together, etc.). It will be further understood by those
within the art that typically a disjunctive word and/or phrase
presenting two or more alternative terms, whether in the
description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms,
either of the terms, or both terms unless context dictates
otherwise. For example, the phrase “A or B” will be typi-
cally understood to include the possibilities of “A” or “B” or
“Aand B.”

With respect to the appended claims, those skilled in the
art will appreciate that recited operations therein may gen-
crally be performed 1n any order. Also, although various
operational flow diagrams are presented 1n a sequence(s), 1t
should be understood that the various operations may be
performed in other orders than those which are 1llustrated, or
may be performed concurrently. Examples of such alternate
orderings may include overlapping, interleaved, interrupted,
reordered, incremental, preparatory, supplemental, simulta-
neous, reverse, or other variant orderings, unless context
dictates otherwise. Furthermore, terms like “responsive to,”
“related to,” or other past-tense adjectives are generally not
intended to exclude such variants, unless context dictates
otherwise.

It 1s worthy to note that any reference to “one aspect,” “an
aspect,” “an exemplification,” “one exemplification,” and
the like means that a particular feature, structure, or char-
acteristic described 1n connection with the aspect 1s included
in at least one aspect. Thus, appearances of the phrases “in
one aspect,” “in an aspect,” “in an exemplification,” and “in
one exemplification” in various places throughout the speci-
fication are not necessarily all referring to the same aspect.
Furthermore, the particular features, structures or character-
1stics may be combined 1n any suitable manner 1n one or
more aspects.

As used herein, the singular form of “a”, “an”, and “the”
include the plural references unless the context clearly
dictates otherwise.

As used herein, the term “comprising’” 1s not intended to
be limiting, but may be a transitional term synonymous with
“including,” “containing,” or “characterized by.” The term
“comprising” may thereby be inclusive or open-ended and
does not exclude additional, unrecited elements or method
steps when used 1n a claim. For instance, in describing a
method, “comprising’” indicates that the claim 1s open-ended
and allows for additional steps. In describing a device,
“comprising”’ may mean that a named element(s) may be
essential for an embodiment or aspect, but other elements
may be added and still form a construct within the scope of
a claim. In contrast, the transitional phrase “consisting of”
excludes any element, step, or ingredient not specified 1n a
claim. This 1s consistent with the use of the term throughout
the specification.

Any patent application, patent, non-patent publication, or
other disclosure matenal referred to 1n this specification
and/or listed in any Application Data Sheet 1s incorporated
by reference herein, to the extent that the incorporated
materials 1s not iconsistent herewith. As such, and to the
extent necessary, the disclosure as explicitly set forth herein
supersedes any conflicting material incorporated herein by
reference. Any matenial, or portion thereof, that 1s said to be
incorporated by reference herein, but which contlicts with
existing definitions, statements, or other disclosure material
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set forth herein will only be incorporated to the extent that
no contflict arises between that incorporated material and the
existing disclosure material. None 1s admitted to be prior art.

In summary, numerous benefits have been described
which result from employing the concepts described herein.
The foregoing description of the one or more forms has been
presented for purposes of illustration and description. It 1s
not intended to be exhaustive or limiting to the precise form
disclosed. Modifications or variations are possible in light of
the above teachings. The one or more forms were chosen and
described 1n order to illustrate principles and practical
application to thereby enable one of ordinary skill 1n the art
to utilize the various forms and with various modifications
as are suited to the particular use contemplated. It 1s intended
that the claims submitted herewith define the overall scope.

What 1s claimed 1s:
1. A computer implemented method to automatically
index targeted information 1n a digital document, the method
comprising;
selecting a page number of a digital document to 1dentily
a page containing targeted information;

inputting an 1mage of the page into a visual machine
learning network (visual ML), wherein the visual ML
1s trained to recognize text associated with the targeted
information in the image;

identifying by the visual ML, a section of the image that

contains the targeted information;

inputting the page number, the digital document, and

coordinates of the section into an extraction module;
and

extracting the targeted information by the extraction mod-

ule from the section.

2. The method of claim 1, further comprising;:

inputting the extracted targeted information 1nto a natural

language processing ML network (NLP); and

based on a presence of at least one data item in the

extracted targeted information and a structure of the
extracted targeted inforamtion, identifying the at least
one data item, by the NLP model.

3. The method of claim 1 wherein the selecting comprises:

parsing the digital document to produce a string of

characters; and

identifying relevant portions in the string of characters

containing the targeted information.
4. The method of claim 3 wherein the 1dentifying of the
relevant portions comprises:
splitting the string of characters 1nto tokens;
inputting the tokens into a natural language processing
ML network (NLP); and

identifying by the NLP a first word of a chemical ingre-
dient name, a subsequent word of a chemical ingredient
name, or a word not belonging to any chemical ingre-
dient name.

5. The method of claim 3, wherein the identitying of the
relevant portions comprises at least one of:

adding the page number to a list, based on determining a

beginning part and an end part of a relevant portion are
on the page,

adding the page number to a list, based on determinming

that the beginning part but not the end part of the
relevant portion 1s on the page, and that the targeted
information 1s on a subsequent page,

adding the page number to a list, based on determiming

that the end part but not the beginning part of the
relevant portion 1s on the page, and that the targeted
information 1s on a previous page, or
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adding the page number to a list, based on determining

that an alphanumeric combination 1s present on a page.

6. The method of claim 1 wherein the visual ML 1s a
trained computer vision machine learning model (CVML).

7. The method of claim 6, wherein the CVML 1s trained
on a custom dataset containing images of digital documents
to output coordinates of identified tables in the digital
document.

8. The method of claim 1, further comprising:

identifying the section via optical character recognition,

based on the visual ML failing to identify the section;
and

outputting coordinates of the section of the image.

9. The method of claim 8 wherein the section of the 1mage
that contains the targeted information comprises at least one
of:

section headers, specific numbers, alphanumeric combi-

nations, or keywords, wherein the identification 1s
undertaken via expression matching in a string of
characters.

10. The method of claim 1, wherein the targeted infor-
mation extracted by the extraction module 1s 1n a 2D data
structure.

11. The method of claim 1, further comprising:

generating the 1mage of the page corresponding to the

page number.

12. The method of claim 1, wherein the extracting retains
a tabular structure of the targeted information.

13. The method of claim 1, wherein the coordinates
border the section containing the targeted information.

14. A system comprising:

at least one processor; and

at least one non-transitory, computer-readable memory

storing instructions that, when executed by the at least

one processor, are eflective to:

select a page number of a digital document to 1dentily
a page containing targeted information;

input an i1mage of the page mto a visual machine
learning network (visual ML), wherein the visual
ML 1s trained to recognize text associated with the
targeted 1information 1n an 1image;

identify, by the visual ML, sections of the image that
contain the targeted information;

input the page number, the digital document, and
coordinates of the sections into an extraction mod-
ule;

extract the targeted information by the extraction mod-
ule from the sections:

input the extracted targeted information into a natural
language processing ML network (NLP); and

identify at least one data item, by the NLP, based on a
structure of the extracted targeted information.

15. A method to train machine learning networks to
autonomously identify targeted information, the method
comprising:

parsing a custom dataset containing texts ot digital docu-

ments to produce a string of characters;

identifying portions 1n the string of characters containing

information;

splitting the string of characters into tokens;

training a natural language processing ML network

(NLP), the training comprising;:

inputting the tokens into the NLP model; and

outputting by the NLP model, 1dentifications compris-
ing a first word of a chemical ingredient name, a
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subsequent word of a chemical ingredient name, or
a word not belonging to any chemical ingredient
name.

16. The method of claim 15 wherein the NLP 1s a
Bidirectional Encoder Representations from Transiormers
(BERT) Named Entity Recognition (NER) model.

17. The method of claim 15 further comprising training a
visual machine learming network (visual ML) on an image-
based dataset, to recognize a location or a boundary of a text
associated with pertinent information 1n an 1mage, the train-

Ing comprising:

inputting image data from an image-based dataset into the
visual ML; and

outputting coordinates of 1dentified relevant portions con-
taining the pertinent information.

18. The method of claim 17, wherein the coordinates
border the portions containing the pertinent information.
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19. The method of claam 17, wherein
Cascade Mask R-CNN object detection

the visual ML 1s a
model.

20. The method of claim 17, further comprising;
selecting a page number of a digital document to identify
a page containing targeted information;

inputting an image of the page into the

trained visual ML ;

identifying by the trained visual M.

L, sections of the

image that contain the targeted information;
inputting the page number, the digital document, and
output coordinates of the identified sections into an

extraction module;

extracting the targeted information by the extraction mod-

ule from the sections;

inputting the extracted targeted information into a natural
language processing ML network (NLP); and

identilying at least one data item, by the NLP, based on a
structure of the extracted targeted information.
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