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Abstract:

Systems and methods are disclosed for automatically detecting a design element in a design
document. One method comprises receiving a design document and generating an enhanced design
document based on the received design document. The enhanced design document may be generated
by augmenting additional information to the design document using machine learning techniques. In
response to receiving a user input, one or more design elements in the enhanced design document
may be determined, and additional information associated with the determined one or more design
elements may be displayed to the user.
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METHODS AND SYSTEMS FOR AUTOMATICALLY DETECTING DESIGN
ELEMENTS IN A TWO-DIMENSIONAL DESIGN DOCUMENT

CROSS-REFERENCE TO REIATED APPLICATION(S)

jOG1}  This patent application claims the bencfit of priority to U.S. Provisional
Apphcation No. 62/858.095, filed on June 6, 2019, the entirety of which is incorporated

herein by reference.

TECHNICAL FIELD

[002] The present disclosure relates to systems and methods for object detection in
an electronic document. More particularly, the present disclosure relates to systems and
methods for generating an enhanced design docurment comprising design elements detecied
using machine leamng techniques. The present disclosure further relates to systems and
methods for identifying a design element in an enhanced design document based on a search

query.

BACKGROUND

{003} Creation. distribution, and marragement of information is at the core of
modem day business. Different ways of presenting information have been developed,
incheding word processing documents, spreadsheets, graphics, photographs, design drawings
and plans_ and so forth. This information content may be gencrated using a specific software
application, and are generally referred to as electronic documents. An electronic document
may contain texts or graphics, or both.

{04}  One of the significant advantages of working with electronic documents is
the ability to search a large volume of information in a short pertod of time. With non-
electronic or paper documents, searching for an item of mformation, even with the best of
cataloging and other indexing tools, proved to be an arduous and painstaking process. In
general, searching within ¢lectronic documents has been largely lunited to text-based
methods, where the user enters a simple word query and the locations where that querted
word or words are found are identified via optical character characterization {OCR) or text-
matching techniques, for example. Boolean and natural language searching tcchmgues are

also known, though tvpically utilized for scarching across databases of documents, web pages
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on the World Wide Web, and so forth. Ultimately, however, these are text-based queries
involving identification of a target word or target words in the electeonic documents.

{005] The background description provided herein is for the purpose of generally
presenting the context of the disclosure. Unless otherwise indicated herein, the materials
descnbed in this section are not prior art o the claims in this applicatton and are not admitted

10 be prior art, or suggestions of the prior art, by inclusion in this section.

SUMMARY OF THE DISCLOSURE

{006] Onc embodiment provides a computer-implemented method for
amomatically defecting a design element in a design document, comprising: receiving a
design document; and generating an enhanced design document based on the received design
document by: detecting, using a trained machine leaming model, one or more design
clements in the design document; determining a focation associated with cach of the detected
one or more design clements; determiming a type associated with each of the detected one or
more design elements; and angmenting the design document with the determined location and
type of cach of the detected one or more design clements.

{007} Onc embodiment provides a svstem for amtomatically detecting a design
clement in a design document. The system may comprise one ofF MOFS Processors, and a non-
transitory computer readable medium storing instructions which, when executed by the one
O MOFe Processors, cause the one or more processors to perform a method comprising:
receiving a design document; and generating an enhanced design document based on the
recetved design document by: detecting, using a trained machine learning model, one or more
design elements in the design document; determining a location associated with each of the
detected one or more design elements; determining a tvpe asseciated with cach of the
detected one or more design elements; and augmenting the design document with the
determined location and type of each of the detected one or more design elements.

{008} One embodiment provides a non-transitory computer readable medium for
antomatically detecting a design element in a design document. The non-transitory computer
readable medium may store instractions that, when executed by one or more processors,
cause the one or more processors to perform a method comprising: receiving & design
document; and generating an enhanced design document based on the received design
document by: detecting, usang a2 trained machine leaming model, one or more design

clements in the design document: determining a location associated with cach of the detected
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one or more design elements; determining a tvpe assoctated with each of the detected one or
more design elements; and augmenting the design document with the determined location and
type of each of the detected one or more design elements.

{091  Additional objects and advantages of the disclosed embodiments will be set
forth in part m the description that follows, and m part will be apparent from the descniption,
or may be learned by practice of the disclosed embodiments. The objects and advantages of
the disclosed embodiments will be reakbized and attained by means of the elements and
combinations particelarly pointed out 0 the appended claims,

{010}  H s to be understood that hoth the farcgoing gencral description and the
following detailed description arc exemplary and explanatory onlv and are not restrictive of

the disclosed embodiments, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

{0111  The accompanving drawings, which are mcorporated m and constitute a part
of this specification, illustrate various exemplary embodiments and together with the
description, serve to explain the principles of the disclosed embodiments,

{012} FIG. I shows an exemplarv system infrastructure of a design clement
detection system, according to one aspect of the present disclosure.

{013} FIG. 2 shows a block diagram of an exemplary document review application,
according to one aspect of the present disclosure.

{014] FIG. 3 depicts an exemplary graphical user interface {GLE) of a document
review application with a design element detection feature enabled, according to one aspect
of the present disclosure.

{015} FIG. 4 is a flowchart illustrating an exemplary method of searching for one
or more design elements in a 2D design document, according to one aspect of the present
discloswie.

[01e] FIG. S illustrates a flow of data being mput to and output from a design
clement detection component of an exemplary document review application, according to one
aspect of the present disclosure.

{017} FIG. 6 is a Howchart illustrating an exemplary method of generating an
enhanced 2D design document, according to one aspeet of the present disclosure.

[DI8] FIG. 7 is a flowchart illustrating an exemplary method of training 2 machine

lsaming model, according to one aspect of the present disclosure.
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{019} FIG. 8 shows a block diagram of an exemplarv model-to-document linkage
component, according to one aspect of the present disclosure,

{020]  FIGs. 9A-9C illustrate the functions performed by various modules of an
exemplary model-to-document linkage component, according to one aspect of the present
disclosure.

{021] FIG. 10 iliustrates a flow of data being input to and output from individual
modules of an exemplary model<to-document linkage component, according to one aspect of
the present disclosare.

{0622} FIG. Il s a flowchart sHlustrating an exemplary method of identifying a 3D
design clement i a 3D design file that corresponds to a sample design element in a sample
design document, according to one aspect of the present disclosure.

{023} FIG. £2 illustrates an exemplary method of extracting images and
types/designations of sample design elements from an ephanced sample design document,
accerding to onc aspect of the present disclosure.

[024] FIG. 13 dustrates an umplementation of a computer system that may execute

techniques presented herein.

DETAILED DESCRIPTION OF EMBODIMENTS

{025] The following embodiments describe methods and systems for object
detection in an clectronic document and, more particularly, for gencrating an enhaneed design
document comprising design elements detected using machine leaming technigues.

[026] Due to the exastence of different computing platforms emploving a vanety of
operating systems, applicaiion programs, and processing and graphic display capabilities,
device-independent file formats, such as the Portable Document Format (PDT), have been
developed to facilitate information exchange among different competing platforms. The PDF
standard is a combination of a number of technologies, including a simplified PostScript
mterpreter subsvstem, a font embedding subsvstem, and a storage subsysiem, PostScriptisa
page description language for generating the layout and the graphics of a document. Further,
per the requirements of the PDF siorage subsystem, all elements of the document, including
text, vector graphics, and raster {(bitmap} graphics {collectively referred to herein as praphic
clements or more particularly, design elements in the case of design documents) are
encapsulated in a single file. The graphical elements are not necessanly encoded to a specific

operating system, software application, or hardware, but may be designed to be rendered in
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the same manner regardless of the spectfications of the system writing or reading sach data.
The cross-platform capability of PDF aided its widespread adoption, and it is now a de facto
document exchange standard. Although onginally proprietary, PDF has been released as an
open standard published by the International Organization for Standardization (ISO) as
ISOMEC 32000-2:20F7. Currently, PDF iz utilized to encode a wide vartety of decument
types, including those composed largelv of text, and those composed largely of vecior and
raster graphics. Duc to 1ts versatifity and universality, files i the PDF format are often
preferred over more particalanized file formats of specific apphications. As such, documents
are frequently converted to the PDF fonmat.

{027}  The information/subject matter stored in and exchanged as PDF files 1s
becoming more complex. and a wide range of documents are being digitized as part of the
trend toward paperless offices. Indeed, engineering dizgrams, construction plans, wiring
diagrams, and so forth are oftentimes saved in, and shared via, PDF documents. With the
increasing use of graphics in decuments, particularly in those tvpes listed above, queryving for
graphic efements i documents has become a desirable feature,

{0281 With non-clectronic or paper documents, searching for an item of
information. even with the best of cataloging and other indexing tools, proved to be an
arduous and pamstaking process. With electronic documents such as PDF documents,
searching has been largely limited to text-based methods, where the user enters a simple word
guery and the locations where that queried word or words are found are identificd via optical
character characterization (OCR) or text-matching technigues. for example. However, these
are text-based queries involving identification of a target word or target words in the
elecironic documents, In other words, such text-based approaches cannot identify and/or
classify graphic clements within electronic documents based on their visual charactenstics.
The ability to identify and/or classify graphic elements based on their visual characteristics
becomes even more important and usefil when reviewing documenis that primarily contain
drawings.

[029] Therefore. there is a need for an improved method of automatically detecting
design elements m a two-dimensional (213} design document. Further, there isaneed fora
mechanism that enables a user reviewing a 2D design document to quickly identify desired
design elements within the 2D design document.

{030] The disclosed embodiments may facilitate a more convenient design review
process by enabling searching of design elements based on visual charactenstics using
machine learning. The disclosed embodiments are directed to detenmining locations and

5
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cther information associated with design elements in a design document, by asing one or
more of machine leaming techniques and model-to-document linkapge techniques. Briefly in
one embodiment, a design document mayv be recerved and an enhanced design document may
be penerated based on the recerved design document. For mstance, one or more design
elements 1 the design document may be detected using a tramned machine learmning model,
and the locations and/or types of the detected design documents may be defermined. The
design document may be augmentced with the determined location and type information to
generaie the enhanced design document. The enhanced design document may be used o
process a search query for a particular type of design clements within the desigr document.
Additional functionalitics may also be implemented using the enhanced design document, as
will be described in detail below.

{031]  The subject matter of the present disclosure will now be described more fully
hereimafier with reference o the accompanying deawings, which form a part hereof. and
which show. by way of illustration. specific exemplary embodiments. An embodiment or
implementation described herein as “exemplary™ is not to be construed as preferred or
advantageous, for exampie, over other embodiments or implementations, rather, i is intcnded
to reflect or indicate that the embodiment(s} is/are “cxample” embodiment(s). Subject matter
may be embodied in a vanety of different forms and, therefore, covered or claimed subject
matter 1s intended to be construed as not being lmited to any exemplary embodiments set
forth herein; exemplary embodiments are provided merely to be illustrative. Likewise, a
reasonably broad scope for claimed or covered subject matter is indended.  Among other
things, for example, subject matter may be embodied as methods, devices, components, or
sysiems. Accordingly, embodiments may, for example, take the form of hardware, software,
fimnware or any combination thercof. The following detailed description is, thercfore, not
mtended to be taken in a limiting sense,

{032] Throughout the specification and claims, terms may have nuanced meanings
suggested or implied in context bevond an explicitly stated meanimg. Likewise, the phrasc
“in one embodiment™ as used herein does not necessanly refer to the same embodiment and
the phrase “in another embodiment” as used berem does not necessarily refer to a different
embodiment. K is intended, for example, that claimed subject matter include combinations of
exemplary embodiments in whole or in parnt.

{033 The terminology used below may be interpreted in its broadest reasonable
manner, even though it is being used in conpunction with a detaited description of certain

specific examples of the present disclosure. indecd, certain terms may even be emphasized
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below; however, any terminology intended to be interpreted in any restricted manner will be
overtly and specifically defined as such in this Detailed Description section,

{034] Refernng now to the appended drawings, FIG. 1 shows an exemplary system
mfrastructure of a design clement detection system: 100 comprising a user application, a
traming system, and a data colfection svstem that are commuanicatively coupled. In general,
the design clement detection systern 100 comprises a document review application 110, a
mode] training system 120, and a training data collection system 130, alf connected viaa
network 30, The network 150 mayv include the Internet, bat may also mclude other
networks such as a corporate WAN, cellular network, satellite netwark, or combination
thereof, for cxample. The network 150 may be emploved 1o cnable data communications
between the various entities illustrated in FIG. 1.

{035] The decument review application 110 may be installed on a computing
device consistent with or similar to that depicted in FIG. 13, FIG. 2 shows a block diagram
of an exemplary document review application, according to one aspoct of the present
disclosure. In general, the document review apphcation 110 may comprise a document
review component 210 and a design clement detection component 22¢, as shown in FIG. 2.

{036} ‘The document review component 210 may cnable a user to locatc a 2D or
three-dimensional (3D} design document from a local or remote storage, open and make
modifications to the design document {c.g., add, remove, or modify drawings, annotations,
markups, etc.), save the modified design document in a local or remote storage, delete the
design document, collaborate with other users synchronously or asynchronousky to
review/edit the design document. ete. In one embodiment, the document review component
210 may be a PDF document reviewing/editing software component. However, in other
cmbodiments, the document review component 210 may be a document reviewing/editing
software component also compatible with other types of files such as. e.g., building
information model (BIMj} files, word processing documents, computer-aided design (CAD)
drawings. etc. The documents reviewed using the document review component 210 may
include, but may not be imited to. architectural drawings, engincering drawings, and
copstruction drawings {i.., documents frequently used in the AEC mdustry).

{037} 'The design element detection component 22 may analyze a 2D design
document to detect one or more design elements {e.g., walls, column, stairwayvs, doors,
windows, ¢tc.) in the 2D design document, and may generate an enhanced 2D design
document based on the detected design elements. In general, the 2D design document may

be an ¢lectronic document that includes a 2D image of a design project. The 2D design

7
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document may also compnise supplememntal information, such as annoiations added by a user.
The 2D design document may be, for example, a PDF document, which may be reviewed and
edited via the document review component 210, The enhanced 2D design document may be
an enhanced version of the 2D design document. For instance, the enhanced 2D design
document may comprise an electronic document that inchudes a 2D image of a design project,
asgmented with information pertaining to one or more design clemenis detected within the
2D image. As wili be descnbed in greater detail below, the design clements may be detected
asing machine leaming techniques. The mformation pertaining to each detected design
clement may inclhide a location of the design clement withis the 2 image, a type or
designation of the design clement, and other properties associated with the design clement
that are fouund as results of the detection. In general, the information comtained w the
enhanced 2D design document may be more comprehensive and extensive compared io the
information contained in the 2D design document. However, in some cases. the information
contained in the enhanced 2D design document may not be more comprehensive or extensive
compared to the information contained m the 2D design document.

{038] Using the enhanced 2D design document generated by the design element
detection component 220, the document review component 210 may cnable the user to scarch
for one or move design elements 1 the enbanced 2D design document. The document review
component 2 10 mayv also perform additional functionalitics using the enhanced 2D design
document. En addition to the search function, the document review component 210 may
automatically count the number of design elements found for each type as a result of the
search, and may provide the total count via the user interface. Furthermorg, based on the
mformation contained in the enhanced 2D design document {e.g., locations,
types/designations, ctc. of detected design elements), the document review component 210
may perform Amernicans with Disabilities Act (ADA) validation. In general, the ADA
requires that all new or exasting construction of places of public accommodation, as well as of
commercial facilitics such as office building, be accessible to people with disabilities. Using
the enhanced 2D design document, the document review component 210 may analyze the
design elements and associated properties against ADA requirements and generate validation
resubis based on the analysis.

{039} With renewed reference to FIG. I, the model training system 120 may
COMPIISE GIIC OF MOIS computer servers consisient with or similar to that depicted in FIG. 13,
The modet training system 120 may comprise a single server, or a plurality of servers
distributed across the network 150, Notably, the model training svstem 120 mav reccive

3
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training data 1335 from the training data coliection system 130 and may train a machine
leaming model using the training data. The model training svstem 120 may provide the
trained machine learning model to the document review application 110, m order for the
design element detection component 220 of the document review application 11) to detect
one or more design elements within a 2D design document.

{640] The training data collection system 130 may comprise one or mosc compuicr
servers consistent with or similar to that depicied in FIG, 13, The training data collection
sysiem 130 may comprise a single server, or a plurality of servers distributed across the
network 50, Notably, the training data codlection system 30 may collect and store training
data 135, which may be requested by and transferred to the model training system 120, The
traning data 135 may compnse sample design elements (i.¢., images of sample design
clements} and types/designations of the sample design elements. For example, the training
data 135 may comprise various construction symbols used in construction or architectural
drawings, and their associated tvpes or designafions such as a wall, a column, a stairway. a
door, a window, etc. Each set of training data 130 may thus include a sample design clement
and a tvpe/designation associated with the sample design element, for the purpose of tramming
a machine lcaming model to identifv and/or classify design clements within 2D design
documents.

{0411 Fhe training data 135 may be manually gathered and/or processed by a user
using a computing device consistent with or similar to that depicted in FiG. 12, and may be
transferred or stored to the training data collection svstem 130, Also, the training data 135
may be automatically extracted from an enhanced sample design document using a
computing device consistent with or similar to thai depicted in FIG, 13, as will be described
in further detail below, and may be transferred or stored to the training data collection system
138, In other embodiments, the training data 135 may be manually assembled by a user using
the training data collection system 130, and/or may be automatically extracted from an
ethanced sample desipn document by the traming data collection svstem 130,

{042} FIG. 3 depicts an cxemplary graphical user mterface (GUI) of a document
review application 10 with a design element detection feature enabled, according to cne
aspect of the present disclosure. As alfuded to above, the document review application 110
enables a user of a computing device to view, create, manipulate, print, and/or manage 2D
design documents. Typically, the document review application 110 may display a 2D design
image of the 2D design document 310, along with a limited set of supplemental mformation

associated with the 2D design document 310, For example, the document review application
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110 may display annotations and‘or svmbeols added by the user in relation to a particular
design element or a region within the displaved 2D design document 310, However, with the
implementation of the design element detection feature of the present disclosure, the
documsnt review application |10 may also be capable of additional functionahities, such as
searching for a particular type of design elements within the 2D design document 310.

[043]  For cxample, as lustrated in FIG. 3, the docwment review application 110
may enable the user to scarch for certain design elements within the 2D design document
316. More specifically, the user may enable the search feature by chicking or selecting the
search tool icon 320. Upon the uscr selecting the search tonl icon 324}, the docement review
application 110 may display a scarch box 330 in which the user may mput a scarch query. A
search guery may comprise oue or more kevwords specifving oue or more types of design
elements. In some embodiments, a search query may comprise a keyword requesting
identification of all design elements in the 2D design docement 310 {e.g , "ALL"). In
another cmbodiment. a scarch query may not be text or kevword-based, and may comprisc an
image data such as a thumbnail picture of a design element. In vet another embodiment, a
scarch guery may be provided based on a aser selecting a design clement in the 2D design
document 310. The sclection may be made by clicking on the design element or drawing a
region around the design element using a pointing device or touchscreen. In response to any
of these scarch querics, the document review application 1E0 mayv scarch for matching design
elements in the 2D design document 310 and provide the search resulis via the user interface.

{044} Forexample, in FIG. 3, the user has entered the search query “TOILET.”
Upon entening the characters constituting the one or more keywords, the user may hit the
“enter’” bution on the user input device, or may click/select the magnifying glass icon in the
search tool box 330 to inttiate the scarch operation. The document review application 1106
may then determine one or more design elements that correspond to the search guery, and
may highlight the determined one or more design ¢lemenis within the displayed 2D design
document 310. For example, upon the user entening the query “TOILET.” the document
review application 110 identifics the design clements associated with the tvpe/designation
“TOILET,” and displays a dotted circle, e.g.. 311a. 312a, 313a. 314a. around each wdentified
design clement. However, the identified design element may be highlighted using a different
mark or indicator {i.e., by using any suitable mark or indicator). For example, the identified
design elements may be highlighted by color-coding, enclosing the design elements in any
suitable geometrical shape, bolding the lines constituting the design elements, etc. In some
embodiments, the document review application 110 may also display the corresponding

10
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type/designation proximate the identified design clements. For example, the tvpe/designation
“TOILET,” .z, 311b, 312b, 313b, 314b. is displayed near each identified design element in
FIG. 3. In some embodiments, the document review application 110 may be configured to
hold a collaborative session where muftiple users may collaboratively view, manipulate,
and/or comment on the 2D destgn document 210 synchronoushy or asvnchronously. Durnng
such a collaborative session, the docnment review application 110 may display/broadcast a
user's search for one or more types of design elements and the search results, as described
above, to other participants of the collaborative session who may also be using their
respective copics of the document review application 110

{045]  FIG. 4 is a flowchart illustrating an exemplary method of scarching forone
or more design elements in a 2D design document, according to one aspect of the present
disclosure. In particalar, the method 400 may be performed by the docament review
application 110, or the document review component 21 and design element detection
component 220 therein. At step 410, the document review component 210 may receive a 2D
design document, The 2D design document may be retrnieved from a local or remote
storage/computing svstem, may be received from a aser via a peripheral device such as, ez,
auniversal senal bus (USB), a scanner, an external hard drive, a disc storage, ctc., or may be
recetved via a user actually creating a 2ID design document using the document review
application 110. Atstep 413, the design clement detection component 220 may generate an
enhanced 2D design document based on the received 2D design document. The steps for
generating the enhanced 2D design document (e.g., using machine leaming technigues) will
be described in greater detail in the following sections. At step 420, the document review
component 2 10 may receive a search query. At step 425, the document review component
210 may determine one or more design elements in the enhanced 2D design document based
on the recetved search query. In other words, the document review component 210 may
determine one or more design elements {or the information pertaining 10 the one or more
design clements) that correspond to the keyword(s). image data (c.g., thumbnail picture of a
desizn clement), or user selection of a design element in the 2D design document via user
mterface, etc. provided as the search guery. In the case of a search guery comtaiming
keyword(s), the design clements associated with the type(s) matching the keyword(s) may be
determined. In the case of a non-text based search query, such as the image data or user-
selected design element within the 213 design document as alluded to above. the document
review application |10 may first determine the type/designation associated with the image
data or user-selected design element using machine kearning techirigues. Then, the document

Il
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review application 110 may find design elements in the enhanced 2D design document that
are associated with a tvpe/designation matching the determined type/designation of the imape
data or user-selected design element.

{46]  Then, at step 436, the document review component 2 1{} may display
mformation associated with the determined one or more design elements based on the
enhanced 2D design document. As alluded to above, the enhanced 2D design document may
be the 2D design document {i.¢., an clectronic document that includes a 2D image of a design
project} augmented with mformation pertaimng 1o one or more design elements detected
within the 2D image. The information pertaining to cach detected design clement may
include a location of the design clement within the 2D image, a tvpe of the design element.,
and other properties associated with the design element that are found as resuits of the
detection. Therefore, the infonmation displaved at step 430 may comprise the location, the
type, and/or any other property associated with each determined design element. The manner
in which the information mayv be displayed is described above i reference to FIG. 3, as an
example,

{0471 In some embodiments, the document review component 210 may
additionallv or alternatvely display information that is further determined or deduced from
the information contained in the enhanced 2D design document. For example, based on the
number of design clements detected for each type/designation, the document review
component 210 may display the total count for cach type of detected design clements. As
another example, n response to a user request for an ADA validation, the document review
component 210 may analyze the information contained in the enhanced 2D design document
fe.g., locations, types, etc. of the design elements} to determine whether the project design
complies with the ADA standards. and output the validation results.

{048}  FIG. 5 iliustrates a flow of data being nput to and outpot from a design
element detection component 220 of an exemplary document review apphication 110,
according to one aspect of the present disclosure. Notably, FIG. 5 illustrates a data flow
during the process of generating an enhanced 2D design document by the design clement
detecoion component 220. First, a 2D design document 310 may be mput to the design
clement detection component 220, As alluded to above, the 2D design document 510 may be
received from a local or remote storage/computing system, from a user via a peripheral
device. or via a uscr actuallv creating the 2D design document 510 using the document
review application 110, Upon receiving the 2D design document 510, the design element
detection component 220 may process the 2D design document S H} using machine learning
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techniques, in order to detect one or more design elements within the 2D design document
310. Once the design elements are detected and information related to the design elements
collected, the design element detection component 220 may output an enhanced 2D design
document 330, which is a 2D design document 310 augmented with mformation pertaining o
the detected design elements, For example, the enhanced 2D design document 330 may
indicate the locations of the detected design clemenis (c.g., some or alf doors 5313, 532a,
533a, 534a, 535a) and the typesidesignations of the detected design clements {e.g., some or
all door labels 531h, 5332b, 333b, 534b, 335b). In one embodiment, the information
periatning to the defected design clements and the inputied 2D design document 510 mayv be
merged to generate the enhanced 2D design document 530, In other embodiments, a scparate
copy of the enhanced 2D design document 5330 may be generated, in addition to the 2D
design document 510 provided as the input. it should also be noted that, the information
pertaining to the detected design element {1.e.. augmented information) may not he
immediately displayed or provided within the decumen review application 110, In other
words, the augmented mformation may merely be stored i association with the enhanced 2D
design document 530 initially, and may be displayved sclectively via the document review
application 110, for example. in response to a scarch query. Again, the manner in which the
augmented mformation may be displayed is described above m reference to FIG. 3. For
example, cach of the dotted circles 311a, 312a, 313a, 314a in FIG. 3 may be placed visually
on top of the 2D desipn document 3 10 using the location information pertaining to each
corresponding design element, which is inchuded in the enhanced 2D design document.
Similarly. each of the typesidesignations 311b, 312b, 313b, 314b may be placed visunally on
top of the 2D design document 310 in accordance with the type/designation of each
corresponding design clement identified in the enhanced 2D design document.

{0491 FIG. 615 a flowchart illustrating an exemplary method of generating an
enhanced 2D design document, according to one aspect of the present disclosure. In
particular, the method 600 may be performed by the document review application 1190, or the
design clement detection component 220 therein. The steps kaid out in FIG. 6 mayv
correspond to step 413 m FIG. 4 concerng generation of an enhanced design document
based on a 2D design document. At step 610, the design element detection component 220
may detect, using a trained machine leaming model, one or more design elements in a
received design document (¢ g., the 2D design document received at step 410 ia FIG. 4).
The machine leaming technigues used to detect the design elements may comprise any

machine leaming techniques suttable for detecting objects in visual contents/files, such as
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documents, unages, prctares, drawings, media files, etc. However, more suitabie or
recommendad machine learning techniques will be discussed in detail below. At step 615,
the design element detection component 220 mav determine a location associated with each
of the detected one or more design elements. The determined location may identify the
postiion of cach detected design elements within the 2D design document. For example, the
determined locafion may comprise X and v coordinates representative of the design element’s
distance from a comer cdge of the 2D design document, However, any suitable methodology
capable of accurately representing the position of each design element may be ased. At step
620, the design clement detection component 220 may determine a type {or designation}
associated with cach of the detected one or more design cloments. The tvpe or designation
may be identified by the tramed machine learming model, which may be configured to
distingaish between vartous design elements based on visual featres and classify each design
element under a type or designation. At step 625, the design element detecfion component
220 may augment the 2D design document with the determined location and type of each of
the detected one or more design elements, essentially generating an enhanced 2D design
document.

{050}  As alluded to above in reference to step 425 in FIG. 4, the trained machine
leaming mosdel may also be used by the document review apphication 10 for any of the
modules implemeneed therein} to interpret the scarch query provided by the user, especially
in the case of non-text based search queries such as image data or user-selected design
element within the 2D design document.  For example, using the trained machine learning
model, the document review application 110 may determine the tvpe/designation associated
with the image data or user-selected design element, which was provided as the search query.

{051} FIG. 7 is a flowchart itlustrating an exemplary method of training a machine
leaming model, according to one aspect of the present disclosure. Notably, the steps of
method 700 may be performed by the model training system 120, However, it should be
appreciated that the steps of method 700 may also be performed locally by the document
review application 110

{0521 One of the machine learmng technigues that may be usefu] and effective for
cbject detection is a convolutional neural network (CNN), which is a type of supervised
machine learning. In the CNN, an image data {e.g.. an image of a design element in a design
document) may be input and passed throngh vanious convolutional lavers and pooling layers.
The CNN applies a senies of filters to the aw pixel data of the image to extract and leam
higher-level features, which the model may then use for classification. Typically, a CNN
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may be composed of a stack of convolutional modules that perform feature extraction, with
gach module consisting of a convolutional layver followed by a pooling layer. The last
convolutional module may be followed by one or more dense layers that perform
classtfication. The types of the CNN which can be implemented with the embodiments
contemplated herein may include a region-based CNN (RCNN), fast RCNN, and faster
ROCNN. More specifically, the CNN may be constucted in Pyvithon with the TensorFlow
framework.

{053] Monetheless, it should be noted that other machine leaming techniques and
framewaorks may be used to perform the design clement detection contemplated by the
present disclosure. For example, the detection may be realized using other types of
supervised machine leaming such as regression problems, random forest, ete., using
unsupervised machine learning such as eluster algonithms, principal component analvsis
{PCA), etc., and/or using reinforcement leaming.

{054} With renewed reference to FIG. 7. at step 710, the model training system 120
may receive trmamng data 135 from the travmuing data collection systern 130, The trammng data
coflection system 130 can be considered as a centralized or distributed storage svstem on the
network 150 that collects and stores training data 135 received from notworked computing
devices and/or enfities. In some embodiments, however, the training data 1335 may be
recetved directly from a compuing device of an cniity that gathers the training data 135
and/or from a computing device configured to automatically extract the training data 135
from: available sources. As alluded to above, the training data 135 may comprise image data
{e.g., thumbnail picture} of a design element labeled with the tvpe/designation of the design
element. Such training data may be manually gathered and processed by a user using a
computing device consistent with or similar to that depicted in FIG. 13, and/or may be
antomaticafly extracted from an enhanced sample design document using a computing device
consistent with or similar {o that depicked in FEG, 13, as will be described in further detail
below. At step 715, which mav be optional depending on the state of the received training
data 135, the model traming svstem 120 may prepare the received traiming data 135 for model
wamung. Data preparation may mvolve randomizing the ordenng of the training daga 135,
visualizing the training data 135 to identify relevant relationships between different vanables,
identifying any data imbalances, splitting the training data 135 into two parts where one part
is for training a model and the other part is for validating the trained model, de-duplicating,
normalhizing, correcting emors in the training data 135, and so on. Data preparation may also
involve pre-processing image data, before any image data is fed into a machine learning
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algorithm. However, such pre-processing mayv not be needed especially with deep leaming
{e.g., neural networks}, as filters in the neural networks may leam on the provided data set.

{055] At step 720, the model building system 120 may train a machine learning
model using the framning data. The trained machine learning model could analyze a design
document to detect one or more design elements and their respective types/designations. At
step 725, the model builiding svstern 120 may validate the trained maching learning model.
For example, the machine leaming model may be validated by analyzing a set of training data
that are known 10 represent certain object classes (e.g., certain design element types).
Accordingly, the accuracy of the machine learming model may be determined. Once the
validation step is complcte, at step 730, the model building svstem 120 may store the trained
{and validated) machine learming model in a system memory or storage. The trained machine
leaming model may then be transmitted to and used by the document review application 110
to detect varions types of design elements i a design document.

j056] FIG. 8 shows a block diagram of an exemplary model-to-document linkage
compouent 810, according to one aspect of the present disclosure. Notably, data output from
the model-to-document hinkage component 810, such as the enhanced sample design
document, may be used 1o train a machine lcaming model (i.c.. used as training data 135) as
discussed above i reference to FIG. 7. The model<to-document hinkage component 810 may
be installed on a computing device consistent with or simifar to that depicted i FIG. 13 and
resident on the network 150. In some embodiments, the model-to-document linkage
component 810 may be implemented in the training data collection systerm 136 or model
training system 120. However. the modelto-docnment hinkage component 810 may be
implemented in a computing device separate from the training data collection system 130 or
model training system 120, In general, the model-to-document linkage component 810 may
comprise a model conversion module 820, a model-to-document alignment module 330, and
amode] object identification module 846, FIGs. 9A-9C illustrate the fancions performed by
the model conversion module 820, model-to-document alignment module 830, and/or model
object identification module 840, according t0 one aspect of the present disclosure. In the
discussion below, references will be made to both FIG. 8 and FIGs, 9A-SC,

{057] The model-to-document linkage component 810 may establish a linkage
between a sample design document (i.e., a 2D sample design document) and a 3D design file,
such that information stored in the 3D design file may be selectively mapped to the sample
design document (or {o the appropriate sample design elements included therein), The 3D
design file may be a BIM file, or any data file that includes a 3D design model, the 3D design
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model comprising destgn elements {e.g., walls, column, stairwayvs, doors, windows, etc.) and
information relevant to the design clements. The design elements in the 3D design model
may thus be 3D design elements. In the 3D design file, the information relevant to each 3D
design element may be stored as a design element data set. The sample design document
may comprise a sample design image (1.e., a 2D sample design image) mcluding one or more
images of sample design elements {i.¢ , 2} sample design elements). The sample design
document may also compnse supplemental information, such as annotations added by a user.
The sample design document may be, for example, a PDF document. In one embodiment,
the information contained in the 3D design file mav be more comprehensive and extonsive
compared to the information contained in the sampie design documeni. However, in some
cases, the information contammed in the 31 design file may not be more comprehensive or
extensive compared to the information contained in the sample design document.

{058] While techniques discussed herein may refer fo various steps being
performed by different modules, such as the model conversion module 820, model-to-
document ahgnment module 830, and model object identification module 340, such steps
may be performed by any module or software component discussed heretn, on one or
multiple compuers, may be performed by one or across muftiple devices. and/or within a
single or across multiple software applications.

{039] Fhe model conversion module 820 may convert a 3D design model 210
the 3D design file to a color-coded 2D design image 920, as shown in FiG. 9A, in order to
assign unique identifiers to the 3D design elements in the 3D design model 910, While color
coding will be frequently be discussed herein, any indicators may be used with conversion
techniques performed by the model conversion modele 820. For example, pattems, shapes,
tags, alphanumeric or other characters, tooltips, symbols, etc., may be used as indicators. In
other words, the color or other indicator of a particular design element may uniquely identify
that design element.

{060] the 3D design file and the 3D design model 910 contained therein may be
retricved from a local or remote storage (e.2.. automatically or based on user selection), or
may be received from a user via the computer’s mputfoutput {(1/0) mterface. While the 3D
design model 910 may be converted to a color-coded 2D design image 920, the onginal 3D
design model 910 may be retained for further usage and data gathering. The color-coded 2D
design image 920 may be generated by projecting the 3D design model 914 onto a 2D space
to create a 2D design image, which is a 2D visual representation of the 3D design model 910,

and assigning a color to each design element in the created 2D design image. As alluded to

17



WO 2020/247772 PCT/US2020/036357

CA 03139978 2021- 11-29

above, a design element may be a line, a set of lines, a geometrical shape, or a polvgon that
represents an object within a destgn image, such as a wall, columa, stairway, door, toilet,
sink, window, etc. The assigned color may be represented as an RGB value, and the RGB
value may be used as a unique identifier for the design element to which the color is assigned.
The colored design elements in the 2D design image may be referred to as color-coded 2D
design clements (¢.g., color-coded 2D design clements 10, 24, and 30) throughout the
disclosure. The 2D design image that comprises the color-coded 2D design clements may
thus be referred to as the color-coded 2D design image 920, as alluded to above.

{061} Fhe color-coded 2D design image 920 shown in FIG. A may comprise a
pharalitv of color-coded 2D design elements {c.g., color-coded 2D design elements 10, 20,
and 30), although FIG. 9A is shown in biack and white. For example. the color-coded 2D
design element 10 may represent a column or pillar in 3 bustlding, and may take the form of a
rectangle filled with green color. The color-coded 2D design element 20, the straight hine
between the color-coded design clements 10 and 30, may represent a wall in the building, and
may be colored blue. The color<coded 2D design element 30 may represent a window 1o the
building, and may be a straight line colored yellow. Although only the color-coded 2D
design clements 10, 20, and 30 arc specifically described, it should be recognized that, as
shown in FIG. A the color-coded 2D design image 920 mav comprise other color-coded 2D
design clements, cach representing a particular design clement with a distinet color, shape,
pattern, and/or size. Notably, the color or other indicator of a particular design element may
uniquely wentifv that design element.

{062} ‘The unigque identifier (ie.. the RGB value) generated from each color—coded
2D design element may be stored in association with the comresponding 3D design element in
the 3D design file {c.g.. a2 BIM file}. An example of a unique identificr stored in the 3D
design file is depicted in FIG. 2C. For example, the unigque identifier 942 shown in FIG, 9C
comprises an RGB value of 122, 255, 1017 siored in association with the design element
“column?X4.” Such a unique identifier may be generated for cach design element in the
color-coded 2D design mmage 920 and may be stored in association with the corresponding
3D design element m the 3D design file. For instance, the umque identafier may be stored n
the design clement data set 950, which stores mformation relevant to the corresponding 3D
design element.

{063} Writh renewed reference to FIG. 8, the model-to-document alignment module
330 may align a sample design image (i.e., a 2D sample design image) 930 with a color-
coded 2D design inage 920, as shown in FIG. 9B, As will be explained in greater detail in
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the following sections, aligning the sample design image 930 with the color-coded 2D design
image 920 mayv enable the model object identification module 840 to map each sample design
clement (i.e., 21 sample design element} in the sample design image 930 to a corresponding
color-coded 2D design element it the color-coded 2D design wmage 920, A sample design
document (e.g., 2 PDF document) containing the sample design image 930 may be retneved
from a local or remote storage (€ .g., antomatically or based on user sglection), or directly
from the user via the computer’s 1/Q interface,

{064] In one embodiment, to align the sample design image 930 with the color-
coded 2D design image 920 the model-to-locument alignment madele 830 may gencrate a
barcode-tvpe representation of cach of the sample design image 930 and the color-coded 2D
design image 920, For the sake of brevity, the barcode-type representanion will be referred to
as a barcode throughout the disclosure. For example, a barcode may be generated by
scanning vertical lines from the lefimost column to the rightmost column of an image,
counting the number of pixels in cach vertical line, normalizing the pixel count in each
vertical hne based on a 236 scale, or, for example, some other power of two, and using the
normmakized pixel count for cach barcode line {i.¢.. barcode line value) in the barcode. Once
the barcodes of both the sample design image 930 and the color-coded 2D design image 920
have been determined, the two barcodes may be aligned by comparnng the barcode hne
vahues and determiming a matching pattern in the change of the barcode line values across the
barcodes. In other embodiments, however, an alignment technigue that is different from the
above-described technique wtilizing barcodes may be used. in other words, any alipnment
technique suitable for aligning two or more images that represent the same or substantially
similar object(s} may be used to align the sample design image 930 and the color-coded 2D
design image 920 The data represemiting the alignment {i e, alignment data 925) may be
stored in a Jocal and/or remote storage for subsequent uses,

{065] With renewed reference to FEG. 8, the model object identification module
840 mav map cach sample design clement in the sample design image 930 to a corresponding
cotor-coded 2D design element in the color-coded 2D design image 920 using the alipnment
data 923, as shown o FIG. 9C. For example, the sample design element 90 wn the sample
design image 930 may be mapped to the corresponding color-coded 2D design element 16 in
the color-coded ZD design image 920 using the alignment data 923, Based on the mapping,
the model objoct identification module 840 may further identify a 3D design clement (or the
design element data set stonng the information relevant to the 3D design element) in the 3D

design file that corresponds to cach sample design element in the sample design image 93¢,
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The identification of the 3D design element in the 3D design file mav enable augmentation: of
additional and/or more detailed information to the sample design document containing the
sample design image 934,

{o6]  More specifically, the model object identification module 840 may identify a
3D design element (or the design element data set 950 stonng the information relevant to the
3D design element) in the 3D design file that corresponds to the sample design clement 90 in
the sample design image 930 by 1) determining an RGB value of the color-coded 2D design
element 10 that aligns with and mapped to the sample design element 90, 1) usmng the RGB
value, or other indicator value, to identifv a matching unique identifier 942 in the 3D design
file, and 1) identifving the design element data set 930 as the data sct pertaining to the
sample design element 90 in the sample design tmage 930,

[067] The identification of the design element data set 950 may involve two steps,
each step being directed fo identifving a subset of the design element data zet 950. The
design clement data set 930 associated with a 3D design element may comprise a design
clement wentificabion data set 940 and a design element property data set 946, The design
clement wdentification data set 940 may comprise various types of information that,
individually or in combination, uniquely identifies the associated 3D design clement. For
example, the design element identification data set 940 may compnse, among other things, a
property identificy 944 and/or a unique identificr 942 associated with the 3D design clement.
The design element property data set 946 may comprise propertics and corresponding
property values associated with the 3D design element. Various properties of a 3D design
glement mayv comprise shape properties such as widih, height, length, perimeter, min and max
plate thickness, and cross section area, physical values of material such as weight, mass-
density, and porosity, relations to other design clement such as spatial containment,
aggregation and connection, and time-related values such as cost schedule and work
schedule, etc. The design element property data set 946 may also comprise a property
identiticr 948 that may match with the property identificr 944 stored in the design clement
identification data set 940, such that one of the data sets 946 or 940 mav be located by using a
properiy identifier stored in the other data set.

{068] Upon determining the RGB value of the color-coded 2D design clement 10
corresponding to the sample design element 90, the model object identification module 840
may locate the unique identifier 942 in the 3D design file that maiches the RGB or other
mdicator value, For the purpose of describing the mode] object identification step, it wiff be

assumed that the RGB value pertaining to the color-coded 2D design element 10 18 <122, 255,
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101.” Using this RGB value, the matching unique identifier 942 {which was previousky
generated and stored in the 3D design file by the model conversion module 8203 may be
located within the design element identification data set 94G. The model object idenfafication
module 840 may then use the property identifier 944 stored 1 the design elemend
wleniification data set 940 to locate the corresponding design element property data set 946
that confains the matching property identificr 948, Once the design clement identification
data sct 940 and the design clement property data set 946 arc identified {i.c., once the design
element data set 930 1s dentified), the model objeet 1dentification module 8403 may retrieve
information associated with the design clement from one or more of the identificd data scts,
and may augment the sample design document contaming the sample design image 930,
{069}  FIG. £ thustrates a flow of data bemng input to and output from ndividual
modufes 820, 830, 840 of an exemplary model-to-document linkage component 8§10,
according to one aspect of the present disclosure. Notably, FIG. 10 illestrates a data flow
during the process of wdeniifying a 3D design clement in a 3D design file that corresponds o
a sample design element i a sample design document, Atstep 10190, a 3D design model 910
may be input to the model conversion modale 820, As alluded o above, a 3D design file
containing the 3D design model 910 may be reccived from a user or retricved from a ocal
and/or remote storage. The model converston module 820 may generate a color-coded 2D
design image 920 based on the received 3D design modcel 21¢. At step 1020, the color-coded
2D design image 920 may be imput to the model-to-document alignment module 830. At step
1030, a sample design document containing a sample design image 930 may also be inpet to
the model-to-document alignment module 83¢. As alfuded to above. the sample design
document containing the sample design image 930 may be received from a user or retneved
from a local and/or remote storage automatically or based on user scloction. Steps 1020 and
1030 may take place simultanecusly or one after another. The model-to-document alignment
module 830 may align the sample design image 930 with the color-coded 2D design image
920, and store data representing the alipnment (i.¢., alipnment data 925) in a local and/or
remote storage, as described above. At step 1040, the alignment data 925 may be input to the
mode] object identification module 840, At step 1030, the model object idenufication
module 840 may then map cach sample design clement in the sample design image 930 with
a corresponded color-coded 2D design clement in the color-coded 2D desipn image 920,
using the alipnment data 925. Further, the mode! objoct identification module 840 may
determine a design element data set in the 3D design file that corresponds to each sample

design clement, using the RBG or other indicator value associated with a color-coded 2D
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desige element that is mapped with the sample design element. Finally, the sample design
document containing the sample design image 930 may be augmented with information
retrteved from the design element data set determined for each sample design element {(e.g.,
detailed information 955}, The sample design document augmented with this addibonal
mformation may constitute the enhanced sample design document 960,

{070}  FIG Bl is a flowchart Blustrating an exemplary method of identifying a 3D
design clement in a 3D design file that corresponds to a sample design element i a sample
design document, according to one aspect of the present disclosure. In particular, the method
1100 may be performed by the meodel-to-document linkage component 810 implemented on a
computing device or a server. At step 1110, the model+to-document hinkage component 810
may receive a sample design document and a 313 design file. The sample design document
may comprise a sample design image 930 mclading one or more sample design elements.
The 3D design file may comprise a 3D design model 910 including one or more 3D design
clements, and information perfaining {o each of the one or more 3P design elements stored as
adesign element data set. At step 1115, the model-to-document inkage component 310 may
convert the 3D design model 910 to a coded 2D design image 920, The coded 2D design
imagc 920 may comprisc one or morc coded 2D design clements corresponding to the one or
maore 30 design elements m the 3D design model 910. As discussed to above, m one
embodiment, the coded 2D design image 920 may be colorwoded, meaning the onc or more
coded 2D desiga elements therein may be color-coded. However, cach of the one or more
coded 2D design elements may be coded using any mdicator that uniquely identifies the
corresponding 2D design element, such as, e.g., patterns, shapes, tags, alphanumeric or other
characters, tooltips, symbols, etc. At step 1120, the model-fo-docament hinkage component
819 may determine a unique identifier for cach of the one or more 3D design clements in the
3D design model 910 based on the coded 2D design image 920. More specifically, the
model-to-document hnkage component 810 may determine a unique identifier for each of the
one or more 3D design clements in the 3D design model 910 based on a code {e.g.. color} of a
coded 2D design clement {e.g., color-coded 2D design element) that corresponds to the
respective 3D design element. At step 1123, the model-to-document hinkage component 810
may stoic cach generated unigue identificer in association with the respective 3D design
element in the 3D design file {e.g., unique identifier 942 in FIG. 9C).

{071] At step 1130, the model-to-document linkage component 810 may deweminc
an alignment between the sample design image 930 and the coded 2D design mmage 920, The
alignment data 9235 may be stored for use in the subsequent steps of the method 1100, At
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step 133, the model-to-document linkage component 810 may map each of the one or more
sample design clements in the sample design image 930 with a corresponding 2D design
clement in the coded 2D design image 920, using the alignment data 925, At step 1140, the
model-to-document knkage component 810 may determine, for each of the one or more
sample design elements, a corresponding design element data set in the 3D design ile. As
explained above in reference to FIG. 9C. the corresponding design clement data set for cach
sample design element may be identified using the RGB or indicator valuc associated with
the coded 2D design element that is mapped with the sample design element. At step 1143,
the model-to-document linkage component 8§10 may retricve. for cach of the anc or more
sample design clements, detaled information from the corresponding design element data set.
At step 1130, the model-to-document linkage component 810 may generate an enthanced
sample design document 960 by augmenting the sample design document 930 with the
retrieved detailed information 955, For example. the enhanced sample design docement 960
may include the sample design image 930 with alf of the detected sample design elemenis
labeted, tagged, or inked with the respective tvpes/desigmations, Furthermore, the enhanced
sample design document 968 may inchde information specifving the respective locations of
the detected sample design cloments. The determined location may identify the position of
each detected design elements within the 2D sample design image 930, For example, the
location information may comprse X and v coordinates represcntative of the sample design
element’s distance from a corner cdge of the sample design image 930, However, any
suitable methodology capable of accurately representing the position of each sample design
¢lement may be used.

{072] The enhanced sample design document 960 mitially may not be suitable for
framning the machine learning model, as the enhanced sample design document 960 may
contain extra information which may not be needed for training. Therefore, only the
information needed for training may be exiracted from the enhanced sample design document
960. For example, cach set of training data 135 may require an image of a design clement
and a type/designation associated with the design element. In that case, the image and
tvpe/designation of each sample design element may be extracted from the enbanced sample
design docwment 960. Nonetheless, i should be noted that additional information may be
extracted from the enhanced sample design document 960, based on the requirement defining
what types of data should be included in the traning data 135, The extraction step may be
performed by the model object identification module 840, or mayv be performed later at the

teaining data collection system 30 or model training system 120,
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{073] FIG. 12 illustrates the above-described process of extracting images and
types/designations of sample design elements from an enhanced sample design document,
according to one aspect of the present disclosure. More specifically, a thumbnail picture of
cach sample design element {e.g., 121a) may be generated from the sample design image 930,
along with the type/designation associated with the sample design element {e.g.. [21b}) from
the retrieved information 955 The thumbnail pictures paired with the respective
types/designations {i.c., labeled thumbnails} may be transmitted and/or stored to the training
data collection system 130 as trmning data 133, Such traming data 133 may then be used to
train & machine leaming model at the model training system 120,

{074}  Unless specifically stated otherwise, as apparent from the following
discussions, it is appreciated that throughout the specification discussions utilizing terms such

as "processing,” "computing,” “calcnlating,” “determining”, analyvzing™ or the like, refer to
the action and/or processes of a computer or computing system, or similar electronic
compufing device, that manipulate and/or transform data represented as physical. such as
electronie, quaniities into other data simularty represented as physical quaniities,

{0751 In a similar manner, the term "processor” may refer to any device or portion
of a device that processes cloctronic data, ¢ g, from registers and/or memory to transform
that electronic data mito other electronic data that, e.g.. may be stored in registers and/or
memory. A “computer,” a “computing machine,” a "computing platfons,” a “computing
device,” or a “server” may include one or more processors.

{076}  FIG. I3 illustrates an implementation of a computer system that may execute
techniques presented herein. The computer system 1300 can include a set of instructions that
can be executed to cause the compater system 1300 to perform any one or more of the
methods or computer based functions disclosed herein. The compuxter system 1306 may
operate as a standalone device or may be connected, e.g., using a network, to other computer
systems or penipheral devices.

{0771  In a nctworked deplovment, the computer svstem 1300 mayv operate m the
capacity of a server or as a client user computer in a server-chient user network environment,
Or as a peer compater system ia a peer-to-peer {or disinbuted) network environment. The
computer system 1300 can also be implemented as or incorporated into varioos devices, such
as a personal computer (PC), a tablet PC. a sct-top box {8§TB}, a personal digital assistant
(PDAj}, a mobile device, a palmiop computer. a laptop computer, a desktop computer, a
commumcations device, a wireless telephone, a land-line telephone, a control system, a

camera, a scanncr, 3 facsimile machine, a printer, a pager, a personal trusted device, a web
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appliance, a network router, switch or bridge, or any other machine capable of executing a set
of instructions (sequential or otherwise) that specify actions o be taken by that machine. Ina
particular implementation, the computer system 1300 can be implemented using clectronic
devices that provide voice, video, or data communication. Further, while a single computer
systemn 130015 tllustrated, the term “system” shall also be taken to include anv collection of
systems or sub-systems that individually or jointly exeaie a set, or multiple sets, of
instructions 1o perform ong or more computer functions,

{078}  Asillusteated i FIG. 13, the computer system 1300 may include a processor
1302, ¢ g, a central processing usit (CPL), a graphics processing unit (GPU), o7 both. The
processor 1302 may be a component in a varietv of systems. For cxample, the processor
1362 may be part of a standard personal computer or a workstation. The processor 1307 may
be one or more general processors, digital signal processors, application specific integrated
circuits, field programmable gate arrays, servers, networks, digital circuits, analog circuits.
combinations thereof, or other now known or later developed devices for analyzing and
processing data. The processor 1302 may implement a software program, such as code
generated manually (i.c., programmed).

{079] The computer systern 1300 may include a memory 1304 that can
commumcate via a bus 1308, The memory 1304 may be a main memory, a stalic memory, or
advnamic memory. The memory 1304 may include, but is not limited to compuier readable
storage media such as various types of veolatile and non-volatile storage media, including but
not limited to random access memory, read-only memory, programmable read-only memory,
¢lectrically programmable read-only memory, electncally erasable read-onlv memory, flash
memory, magnetic fape or disk, optical media and the like. In one implementation, the
memory 1304 includes a cache or random-access memory for the processor 1302, In
altemative implementations, the memory 1344 is separate from the processor 1302, such as a
cache memory of a processor. the svsiem memory, or other memory, The memory 1304 mav
be an external storage device or database for storing data. Examples include a hard drive,
compact disc (“CD"). digital video disc ("DVD”). memory card. memory stick, floppy disc,
wversal senal bus ("USB™) memory device, or any other device operative to store data. The
memory 1304 is operable to store instructions executable by the processor 1302, The
fanctions, acts or tasks illusirated in the figures or described herein may be performed by the
programmed processor 602 execuiing the mstuctions sfored in the memeory 1304, The
functions, acts or tasks are independent of the particular type of mstructions set, storage
media, processor or processing strategy and may be performed by sofiware, hardware,
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integrated circuits, firm-ware, micro-code and the like, operating alone or in combination.
Likewise, processing strategies may inchide multiprocessing, multitasking, parallel
processing and the like.

{088}  As shown, the compuler system 1300 may further include a display unit
1310, such as a liquud crystal display (LCD), an organic light emitting diode (OLED), a flat
panel display, a solid-state display, a cathode ray tube (CRT), a projector. a printer or other
now known or later developed display device for outputting determined mformation, The
display 1310 may act as an interface for the user to see the functioning of the processor 1302,
or specifically as an immterface with the software stored in the memory 1344 or in the drive
unit 1346

{081} Additionally or alternativelv. the computer system 1300 may include an
mput device 1312 configured to allow a user to interact with any of the componenis of system
1300. The input device 1312 may be a number pad, a keyboard, or a cursor control device,
such as a mouse, or a jovstick. touch screen display, remote control, or any other device
operative to mteract with the computer system 1300,

{082] The computer svstem 1300 may also or alternatively inclade a disk or optical
drive unit 1306. The disk drive unit 1306 may include a computer-readable mediom 1322 in
which one or more sets of instructions 1324, e g. software, can be embedded. Further, the
instnections 1324 mayv cmbodv one or more of the methods or logic as described hercin. The
instructions 1324 may reside completely or partialty within the memory 1304 and/or within
the processor 1302 during execution by the computer system 1300, The memory 1304 and
the processor 1302 also may include computer-readable media as discussed above,

{083] In some systems, a computer-readable medium 1322 includes instructions
1324 or recetves and cxccutes mstiuctions 1324 responsive to a propagated signal so that a
device connected to a network 150 can communicate veice, video, audio, images, or any
other data over the network 150, Further, the instructions 1324 may be transmitted or
reccived over the network 150 via a commusication port or interface 1320, and/or using a bus
1308. The communication port or interface 1320 may be a part of the processor 1302 or may
be a separate compouent. The conununication port 1320 may be created in software ormay
be a physical connection in hardware. The communication pori 1320 may be configured io
connect with a network 15¢, external media, the display 1310, or any other components in
system 1300, or combinations thereof. The connection with the netwark 150 may be a
physical connection, such as a wired Ethemet connection or may be established wirelessly as

discussed below. Likewise, the additional conmections with other components of the system
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1300 may be physical connections or may be esiablished wirelessly. The network 150 mayv
altematively be directly connected to the bus 1308,

{084] While the computer-readable medium 1322 is shown to be a single medium,
the ferm “computer-readable medium” may include a single medum or multiple media, such
as a centralized or distributed database, and/or associated caches and servers that store one or
more sets of instructions. The term "computer-readable medinm™ may also include any
medium that is capable of stoning, encoding, or carrving a sct of instructions for execution by
a processor or that cause a computer system to perform any one or more of the methods or
operations disclosed herein. The computer-readable mednun 1322 may be noa-transitory.
and may be tangible.

{085} 'The computer-readable medium 1322 can include a solid-state memory such
as a memory card or other package that houses one or more non-volafile read-only memories.
The computer-readable medium 1322 can be a random-access memory or other volatile re-
writable memory. Additionally or altermatively, the computer-readable medium 1322 can
mchude 3 magneto-optical or optical medium, such as a disk or tapes or other storage device
to capture carrier wave signals such as a signal communicated over a transirrission medium.
A digital fifc attachment to an e-mail or other sclf-contained information archive or sct of
archives may be considered a distribution medium that is a tangible storage medium,
Accordingly, the disclosure is considered to include any one or more of a computer-readable
medium or a distribution medium and other eqguivalents and successor media, in which data
or instructions may be stored.

{086} In an alternative implementation, dedicated hardware implementations. such
as application specific integrated circuits, programmable logic arrays and other hardware
devices, can be constructed to implement one or more of the methods described herein.
Applications that may include the apparatus and systems of various implementations can
broadly inclade a variety of electromic and computer svsiems. One or more implementations
described herein may mmplement funciions using two or more specific interconnected
hardware modules or devices with related control and data signals that can be communicated
between and through the modules, or as portions of an apphication-specific mtegrated circust,
Accordingly, the present system encompasses software, firmware, and hardware
implementations.

{087] The computer sysiern 1300 may be connecied to one or more networks 150.
The network 150 may define one or more networks including wired or wireless networks.

The wireless network may be a ecliular telephone network, an 802.11, 802,16, 802.20, or
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Wilax network. Further, such networks may include a public network, such as the Internet,
a private network, such as an intranet, or combinations thereof, and may utilize a variety of
networking protocols now available or later developed including, but not limited to TCP/P
based networking protocels. The network 150 may include wide arca networks {WAN), such
as the Internet, local area networks (LAN), campus area networks, metropolitan area
networks, a dirgct connection such as throngh a Universal Serial Bus (USB) port, or any other
networks that may allow for data communication, The network 150 may be configured to
couple one computing device to another computing device to enable commumication of data
between the devices. The network 150 may gencrally be enabled to employ any form of
machine-rcadable media for communicating information from one device to another. The
network 1530 may include communication methods by which mformation may travel between
computing devices. The network 150 may be divided into sub-networks. The sub-networks
may allow access to all of the other components connected thereto or the sub-networks may
restrict access between the components. The network 150 may be regarded as a public or
private network comnection and may include, for example, a virtual private network or an
encryption or other security mechanism emploved over the public Inmternet, or the like.

{088} In accordance with various implementations of the present disclosure, the
methods described herein may be implemented by software programs executable by a
computer system. Further, in an exemplary, non-limited implementation, implementations
can include distributed processing, component/object distributed processing, and parallel
processing. Alternatively, virtual computer system processing can be constructed to
implement one or more of the methods or functionality as described herein,

{089]  Although the present specification describes components and fanctions that
may be implemented in particular implementations with reference to particular standards and
protocols, the disclosure is not limited to such standards and protocols. For example,
standards for internet and other packet switched neiwork transmission (e.g., TCP/IP, UDP/P,
HTMi. HTTP) represent examples of the state of the art. Such standards are periodicably
supaerseded by faster or more efficient equivalents having essentially the same functions.
Accordingly, replacement standards and protocols having the same or stimilar funcions as
those disclosed herein are considered equivalents thereof.

{090} |k will be understood that the steps of methods discussed are performed in
one embodiment by an appropriaie processor {or processors) of a processing (1.¢.. compuier)
sysiem execunng instructions (computer-readable code) stored in storage. #t will also be

understood that the invention is not limited to any particular implementation or progranuning
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technique and that the invention may be implemented using any appropriate iechmques for
implementing the functionality described herein. The invention is not limited o anv
particular programming language or operating system.

{0911 I should be appreciaied that in the above description of exemplary
embodiments of the inveniion, vartous features of the invention are sometimes grouped
together in a single embodiment, figure, or description thereof for the pirpose of streamlining
the disclosure and aiding in the understanding of one or more of the various inventive
aspeets. This method of disclosare, however, 1s not to be mterpreted as reflecting an
mtention that the claimed mvention requires more features than are expressly recited in cach
claim. Rather, as the following claims refleet, inventive aspects lic in less than ali features of
a single foregoing disclosed embodiment. Thus, the claims following the Detailed
Description are hereby expressly incorporated into this Detailed Description, with each claim
standing on ifs own as a separate embodiment of this invention.

{092]  Furthermore, while some embedimenis described herein include some but
not other features mcluded in other embodiments, combinations of features of different
embodiments are meant to be within the scope of the invention, and form different
cmbodiments, as would be understood by thosc skifled in the ari. For examaple. in the
following claims, any of the claimed embodiments can be used I any combunation.

093] Furthemmore, some of the cmbodiments are described hercin as a method or
combination of elements of a method that can be implemented by a processor of a computer
system of by other means of carrying out the function. Thus, a processor with the necessary
instructions for carrving out such a method or ¢clement of a method forms a means for
carrying oui the method or element of a method. Furthermore, an element described herein
of an apparatus embodiment is an example of a means for carrving out the function
performed by the element for the purpose of carrving out the inveation.

{094] In the descrniption provided herein, numeroas specific details are set forth.
However, it is understood that embodiments of the invention may be practiced without these
specific details. In other instances, well-known methods, structures and technigues have not
been shown in detai] m order not to obscure an understanding of this descoption.

{095]  Similarly, it is to be noticed that the term coupled, when used in the claims,
shouid not be iterpreted as being Himited to direct connections only. The terms "coupled”
and "connected,” along with their derivatives, may be used. Tt should be understood that
these terms are not intended as svnonyms for each other, Thus, the scope of the expression a

device A coupled to a device B should not be limited to devices or systems wherein an output
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of device A is directly connected to an input of device B. It means thai there exists a path
between an output of A and an input of B which may be a path including other devices or
means. "Coupled" may mean that two or more elements are either in direct physical or
clectrical contact, or that two or more clements are not 1in direct contact with cach other but
vet sill co-operate or interact with each other.

{096}  Thus while there has been described what are belicved 1o be the preferred
embodiments of the invention, those skilled in the art wilf recognize that other and further
modifications may be made thereto without departing from the spint of the invention, and it
is intended 1o clamm alf such changes and maodifications as falling within the scope of the
invention. For example. anv formulas given above are mercly representative of procedures
that may be used. Functionality may be added or deleted from the block diagrams and
operations may be interchanged among functional blocks. Steps may be added or deleted to
methods described within the scope of the present invention.

{097] The above disclosed subject matter is to be considered llustrative, and not
restnictive, and the appended claims are miended to cover all such modifications,
enhancements, and other implementations, which fall within the true spirit and scope of the
present disclosure. Thus, to the maximum extent allowed by law. the scope of the present
disclosure is to be determuned by the broadest permissible interpretation of the following
claims and their equivalents, and shall not be restricted or limited by the foregoing detatled
description. While various implementations of the disclosure have been described, it will be
apparent to those of ordinary skill in the art that many more implementations and
implementations are possible within the scope of the disclosure. Accordingly, the disclosure

is not o be restricted except in light of the attached claims and their equivalents,
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What is claimed is:

i. A compuier-implemented method for automanically detecting a design element
it a design document, the method compnsmg:
receiving a design document; and
generating an enhanced design document based on the received design document by:
deteciing, using a trained machine learming model, one or more design
elements in the design document:
determining a location associated with each of the detected one or more design
clements;
determining a tvpe associated with each of the detected one or more design
elements; and
angmeniing the design document with the determined location and type of

gach of the detected one or more design clements.

2. The compuier-implemented method of claim 1, farther comprising:

rcceiving a user input;

determining one or more design elements 1 the enhanced design document based on
the received user input; and

displaying information associated with the determined one or more design clements

based on the enhanced design document.

3 The computer-implemented method of claim 1, wherein the trained machine

leaming model is a convolutional neural network model.

4, The computer-implemenied method of claim 1, wherein the trained machine
learning model is trained using a library of sample design elements and associated types.
5, The computer-unplementied method of clanm 4, wheremn the sample design
clements and associated types are at least one of

manually input by a user; and

amomatically extracted from an enhanced sample design document.
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6. The computer-implemented method of claim 5, wherein automatically
extracting the sample design ¢clements and associated tvpes from the enhanced sample design
document comprises:

receiving a sample design document and a 3D design file, the sample design
document comprising a 2D sample design image incloding one or more 2D sample design
clements, and the 3D design file comprising a 3D design model inclnding one or more 3D
design elements;

converting the 3D design model to a coded 2D design image, the coded 2D design
image compaising onc or more coded 2D design elements corresponding 1o the one or more
3D design clements;

determuning a unique 1dentifier for each of the one or more 3D design elements based
on the coded 2D design image,

storing each determined unique identifier in association with the respective 3D design
clement in the 3D design file;

determining an alignment between the 2D sample design image and the coded 2D
design image:

mapping the one or more 2D samplc design clements in the 2D sample design image
with the one or more coded 2D design elements in the coded 2D design umage:

determining a design clement data set, in the 3D design file, that comresponds 1o cach
of the one or more 2D sample design elements in the 2D sample design image;

for each of the one or more 2D sample desion elements in the 2D sample design
image, retrieving detailed information from the corresponding design element data set; and

generafing an enhanced sample desien document by augmenting the sample design
document with the retricved detailed information for cach of the one or more 2D sample

design elements.

7. The computer-implemented method of claim 6. wherein the retrieved detailed
information comprises a type associated with a corresponding 2D design clement of the

corresponding design element data set.

8 The computer-implemented method of claim 6, wherein the uniqgue identifier
for each of the one or more 3D design elements is determined based on a code of a coded 2D
design element of the one or more coded 2D design elements, the code comresponding to a 3D

design clement of the one or more 3D design clements.
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S The compuier-implemented method of claim 2, wherein displaving the
information associated with the determined one or more design elements based on the
enhanced design document comprises at least one oft

highhghting the determined one or more design elements on the enhanced design
document; and

displaying a tyvpe assoctated with cach of the determined one or more design elements

on the enhanced design document.

i0 The computer-implemented method of claim 2, wherein the user input
comprises at least one of one or more kevwords, an image data element, a user-selecred
design element in the design document, an Americans with Disabilities Act {ADA) validation

request.

11, A system for automatically detecting a design element in a design document,
the system comprising:
OfC OT MOTC Processors; and
one or more storage devices stonng mstructions that, when executed by the one or
OIS processors, cause the one or more processors to perform a method comprising;
receiving a design document; and
gencerating an enhanced design document based on the received design
document by
detecting, using a trained machine learming model, one or more design
clements in the design document;
determining a location associated with each of the detected one or
more design elements;
determining a type associated with cach of the detected one or more
design clements; and
augmenting the design document with the detersmined location and

type of each of the detected one or more design clements.

12, The system of claim 11, wherein the method further comprises:

receiving a search query;
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determining one or more design elements in the enhanced design document based on
the received search query; and
displaying infonmation associated with the determined one or more design elements based on

the enhanced design document.

13, The system of claim 11, whercin the trained machine leaming model is a

convolutional nevral network model.

i4. The system of claim 11, wherein the frained machine lcaming model is trained

using a library of sample design elements and associated tvpes.

i5. The system of claim 14, wherein the sample design elements and associated
types are 2t least one of’
manually input by a user; and

autormnatically extracted from an enhanced sample design document,

i6. A non-transitory computer readablc medium for astomatically detecting a
design element in a design document, the non-fransitory computer readable medium storing
mstnictions that, when executed by one or more processors, cause the olie of more processors
to perform a method comprising:

receiving a design document; and

generating an enhanced design document based on the received design document by:

detecting, asing a trained machine learming model, one or more design
clements i the design document;

determining a location associated with each of the detected one or more design
elements;

determining a tvpe associated with each of the detecied one or more design
elements; and

augmenhbing the design document with the detenmined location and type of

cach of the detected one or more design clements.

17, The non-transiory computer readable medium of claim 16, wherein the
method further compnises:
receiving a user input;
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determining one or more design elements in the enhanced design document based on
the received user input; and
displaying information associated with the determined one or more design elements

based on the enhanced design docuthent.

i3, The non-transitory computer readable medium of claim 16, wherein the
trained machine lcarming model is trained using a library of samplc design elements and

associated types.

i9. The non-transitory computer readable medium of claim &, wherein the
sample design elements and associated tvpes are at least one of
manually input by a user; and

artomatically extracted from an enhanced sample design docement.

20, The non-transifory computer readable medium of claim 9, wherem
automatically extracting the sample design elements and associated tvpes from the enhanced
sample design document compriscs:

receiving a sampie design document and a 3D design file. the sample design
document comprising a 2D sample design image incleding one or more 2D sample design
clements, and the 3D design file comprising a 3D design model mcluding one or more 3D
design elements;

converting the 3D design model 1o a coded 2D design image, the coded 2D design
image comprising one or more coded 2D design elements comresponding 1o the one or more
3D design clements;

determining a unique identifier for each of the one or more 3D design elements based
on the coded 2D design image;

storing cach determined unique identifier in association with the respective 3D design
clement in the 3D design file;

determining an alignment between the 21 sample design wnage and the coded 212
design image;

mapping the one or more 2D sample design elements in the 2D sample design image
with the one or more coded 2D design clements in the coded 2D design image;

determining a design element data set, in the 3D design file, that comresponds 0 each

of the one or more 2D sample design elements in the 2D sample design image,
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for each of the one or more 2D sample design elements in the 2D sample design
image, retrieving detailed information from the corresponding design element data set; and

generating an enhanced sample design document by augmenting the sample design
document with the refrieved detatied information for cach of the one or more 2D sample

design elements,
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