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(54) EMBEDDED FREQUENCY BASED SEARCH AND 3D GRAPHICAL DATA PROCESSING

(57) An embodiment provides a method of modifying
a CAD model. Such an embodiment associates metadata
with a CAD model. In turn, the metadata is defined which
includes providing the metadata in the form of a signal
with one or more frequency characteristics that corre-
spond to one or more respective characteristics of the

CAD model. These frequencies can be used as part of
mapping and/or processing algorithms in labeling or iden-
tifying unknown information about an environment. In an
embodiment, the metadata may include graphical de-
scriptions of the frequency such as vector or other image
based files.
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Description

BACKGROUND

[0001] Embodiments generally relate to the field of
computer programs and systems, and specifically to the
field of computer aided design (CAD), computer-aided
engineering, and modeling.
[0002] A number of systems and programs are offered
on the market for the design of parts or assemblies of
parts.
[0003] These so called CAD systems allow a user to
construct and manipulate complex three-dimensional
models of objects or assemblies of objects. CAD systems
thus provide a representation of modeled objects using
edges or lines, in certain cases with faces. Lines, edges,
faces, or polygons may be represented in various man-
ners, e.g., non-uniform rational basis-splines (NURBS).
[0004] These CAD systems manage parts or assem-
blies of parts of modeled objects, which are mainly spec-
ifications of geometry. In particular, CAD files contain
specifications, from which geometry is generated. From
geometry, a representation is generated. Specifications,
geometry, and representations may be stored in a single
CAD file or multiple CAD files. CAD systems include
graphic tools for representing the modeled objects to the
designers; these tools are dedicated to the display of
complex objects. For example, an assembly may contain
thousands of parts. A CAD system can be used to man-
age models of objects, which are stored in electronic files.

SUMMARY OF THE INVENTION

[0005] CAD models and the associated metadata or
met information contain a vast array of information. Thus,
methods and systems are needed to format the metadata
or metainformation to efficiently include this vast array of
CAD model data. The terms metadata and metainforma-
tion are used interchangeably herein. Such methods and
systems can be used in any application utilizing CAD
models. Further, embodiments of the present invention
are particularly advantageous when used in conjunction
with methodologies for CAD model re-design and main-
tenance in the fields of processing facilities, plants, and
equipment because of the complexity and scale of such
models.
[0006] In a computer implemented embodiment of the
present invention, a CAD model is modified by a proces-
sor by associating metadata with a CAD model in memory
communicatively coupled to the processor. Such an em-
bodiment further defines the metadata which includes
providing the metadata in the form of a signal with one
or more frequency characteristics corresponding to one
or more respective characteristics of the CAD model.
[0007] According to an embodiment of such a method,
the CAD model represents a plurality of real-world ob-
jects and the one or more frequency characteristics cor-
respond to the plurality of real-world objects. In an em-

bodiment, the one or more frequency characteristics are
unique to each respective characteristic of the CAD mod-
el. According to yet another embodiment, the one or more
frequency characteristics correspond to one or more re-
spective unknown characteristics of the CAD model. In
an embodiment, the one or more characteristics of the
CAD model comprise at least one of: an object type, an
object material, an object size, an object location, an ob-
ject orientation, an object sub-component, and a sub-
system comprising an object.
[0008] An alternative embodiment of the method fur-
ther comprises storing, in a database coupled to the proc-
essor, a mapping between the one or more frequency
characteristics and the corresponding one or more char-
acteristics of the CAD model. Yet another embodiment
further comprises receiving search input from a user, the
search input representative of a desired frequency and
by the processor, searching based on the desired fre-
quency to identify a given characteristic of the one or
more characteristics of the CAD model.
[0009] Another embodiment of the present invention
is directed to a computer system for modifying a CAD
model. Such a computer system comprises a processor
and memory with computer code instructions stored ther-
eon where the processor and the memory with the com-
puter code instructions are configured to cause the sys-
tem to implement the various embodiments described
herein. In one such embodiment, the processor and the
memory, with the computer code instructions, are con-
figured to cause the system to associate metadata with
a CAD model in the memory. Further, in such an embod-
iment, the processor and the memory, with the computer
code instructions further cause the system to define the
metadata, which includes providing the metadata in the
form of a signal with one or more frequency characteris-
tics corresponding to one or more respective character-
istics of the CAD model. In an embodiment, the metadata
may include graphical descriptions, such as a vector or
other image based files, of the signal/frequency charac-
teristics. According to a computer system embodiment,
the CAD model represents a plurality of real-world ob-
jects and the one or more frequency characteristics cor-
respond to the plurality of real-world objects. In yet an-
other example embodiment, the one or more frequency
characteristics are unique to each respective character-
istic of the CAD model.
[0010] In an example computer system embodiment,
the processor and the memory, with the computer code
instructions are further configured to cause the system
to store, in a database communicatively coupled to the
processor, a mapping between the one or more frequen-
cy characteristics and the corresponding one or more
characteristics of the CAD model. In another embodi-
ment, the processor and the memory, with the computer
code instructions, are configured to cause the system to
implement, based on a desired frequency provided by a
user, searching via the desired frequency to identify a
given characteristic of the one or more characteristics of
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the CAD model.
[0011] According to an embodiment of the computer
system, the one or more characteristics of the CAD model
comprise at least one of: an object type, an object mate-
rial, an object size, an object location, an object orienta-
tion, an object sub-component, and a sub-system com-
prising an object. In an alternative embodiment, the one
or more frequency characteristics correspond to one or
more respective unknown characteristics of the CAD
model.
[0012] Another embodiment of the present invention
is directed to a cloud computing implementation for mod-
ifying a CAD model. Such an embodiment is directed to
a computer program product executed by a server in
communication across a network with one or more cli-
ents, where the computer program product comprises a
computer readable medium. In such an embodiment, the
computer readable medium comprises program instruc-
tions which, when executed by a processor, causes the
processor to associate metadata with a CAD model in
memory communicatively coupled to the processor. Fur-
ther, in such an embodiment, the program instructions,
when executed by the processor, further cause the proc-
essor to define the metadata, which includes providing
the metadata in the form of a signal with one or more
frequency characteristics corresponding to one or more
respective characteristics of the CAD model.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing will be apparent from the follow-
ing more particular description of example embodiments
of the invention, as illustrated in the accompanying draw-
ings in which like reference characters refer to the same
parts throughout the different views. The drawings are
not necessarily to scale, emphasis instead being placed
upon illustrating embodiments of the present invention.

FIG. 1 is a flowchart of a method for modifying a CAD
model according to an embodiment.
FIG. 2 depicts metadata for a CAD model and asso-
ciated components of the CAD model according to
principles of an embodiment.
FIG. 3 is a simplified block diagram of a computer
system for modifying a CAD model according to an
embodiment.
FIG. 4 is a simplified computer network environment
in which an embodiment of the present invention may
be implemented.

DETAILED DESCRIPTION OF THE INVENTION

[0014] A description of example embodiments of the
invention follows.
[0015] Currently, when environments and objects,
such a brownfields and chemical plants are laser
scanned or reimaged, there is no associated metadata
to describe the object/environment that has been reim-

aged.
[0016] For example, laser scan data of a pump is not
identified as a pump. Some techniques utilize manual,
e.g., human, intervention to identify objects or to map
objects in the environment. Such techniques can store
the data in an existing repository or database. CAD mod-
els, such as chemical processing plant models, can con-
tain thousands of objects and hundreds or even thou-
sands of object types and configurations. With these
complex CAD models, tasks such as searching, lever-
aging commonly occurring objects, and any automated
techniques, are complicated by the size and complexity
of the CAD model as well as the fact that the model is in
3D and the objects in the model may not have sufficient
identifying metadata.
[0017] Currently, there are no search mechanisms to
leverage, configure, or map common repeatable logic
based occurrences in CAD models. For example, there
are no methods to implement logic to automate identify-
ing data as representing a particular object. Embodi-
ments of the present invention can be leveraged to help
facilitate such methods, such as those described in the
two European patent applications filed at the EPO by the
same Applicant and on the same date as the present
application under the titles "DENSITY BASED GRAPH-
ICAL MAPPING" and "3D TO 2D REIMAGING FOR
SEARCH" and both having Nelia Gloria Mazula as the
only inventor. The present invention may be applied to
modify the CAD model processed by "DENSITY BASED
GRAPHICAL MAPPING" or "3D TO 2D REIMAGING
FOR SEARCH".
[0018] In an example embodiment of the present in-
vention, frequencies are mapped to the objects of a CAD
model rather than words. Using frequency or wavelength
is a more robust and flexible technique and can be used
to describe smaller, more nuanced differences in objects
and combinations of objects represented by CAD mod-
els. For instance, in an embodiment, a particular frequen-
cy corresponds to a specific valve type and small alter-
ations of this frequency correspond to various character-
istics of the valve, such as the valve size, valve direction,
and number of bolts on the valve. Further, in an embod-
iment, frequencies of objects can be combined to identify
systems of objects and/or sub-systems. In such an em-
bodiment, the different frequency data may pertain to in-
dividual objects of a system and a combination of the
frequency data may correspond to an environment, e.g.
processing plant, or sub-system thereof. These models
with associated frequency metadata can be leveraged in
further embodiments to recreate or reimage an environ-
ment as well as track and map logic maps pertaining to
CAD models and environments.
[0019] By embedding frequency data as the metadata
of a CAD model to describe objects represented by the
CAD model more information types can be easily em-
bedded. The frequency data can also embed questions
or indicate a lack of information and missing information
in addition to embedding characteristics that are known

3 4 



EP 3 188 056 A1

4

5

10

15

20

25

30

35

40

45

50

55

about the model. In the example of a valve, for instance,
the frequency information could indicate that it is known
that the CAD model is a valve, the type of valve is un-
known, the valve direction is known, and the valve ma-
terial is unknown.
[0020] In an embodiment, unknown information corre-
sponds to the same wavelength or frequency for all ob-
jects of the CAD model. For example, a 1 hertz signal
component may indicate that the material of the object
is unknown. All objects, where the material of the object
is unknown will similarly have a 1 hertz signal component.
In addition to using signal frequency, the number or size
of the signal wavelength can also be varied to indicate
characteristics of a CAD model.
[0021] Embodiments can also search for commonali-
ties using these frequency characteristics and can further
utilize the frequency type meta-data when re-imaging an
environment. This metadata can also be used to identify
logic, rules, or similarities amongst CAD models.
[0022] FIG. 1 is a flowchart of a method 100 for mod-
ifying a CAD model according to an embodiment of the
present invention. The method 100 begins at step 101
by associating metadata with a CAD model. In a compu-
ter implemented embodiment of the method 100, a proc-
essor associates the metadata with the CAD model in
memory that is communicatively coupled to the proces-
sor. According to an embodiment, associating the meta-
data at step 101 stores the metadata as part of the CAD
model. In another embodiment, the metadata is associ-
ated with the CAD model at step 101 through a link, such
as a pointer, that indicates the location of the metadata
that is associated with the CAD model.
[0023] The method 100 continues at step 102 and de-
fines the metadata. In an embodiment, defining the meta-
data at step 102 includes providing the metadata in the
form of a signal with one or more frequency characteris-
tics which correspond to one or more characteristics of
the CAD model. In other words, in such an example em-
bodiment, the metadata is a signal and particular char-
acteristics of the signal, e.g. frequency, wavelength, and
amplitude, correspond to characteristics of the CAD mod-
el, such as object type and object material. According to
an embodiment, providing the metadata comprises gen-
erating a signal with the particular frequency character-
istics that correspond to the CAD model and the proper-
ties thereof.
[0024] In an embodiment, the metadata may include
graphical descriptions, e.g., vector or other image based
files, of the frequency characteristics/signal. In an em-
bodiment where associating the metadata at step 101
includes storing the metadata, the metadata may be
stored at any point through any means known in the art.
According to an embodiment, the signal or frequency can
be stored graphically as a vector or other image file or
as binary data. In such an example embodiment, the bi-
nary data or graphical object can describe the frequency
characteristics/signal. Further, in an example embodi-
ment, the metadata may be stored in a database of text

files where the graphical object or binary data has a
unique identifier used to map the frequency characteris-
tics to the CAD model. Any frequency methodologies can
be used to describe the objects, including frequency lan-
guage unique the CAD model or music frequencies that
can be converted into musical notes and stored in the
same way. These frequencies in the CAD model act like
a human sense to provide the graphical environment with
another methodology to be identified and to identify in-
formation within the environment itself.
[0025] According to an embodiment of the method 100,
the CAD model represents a plurality of real-world ob-
jects and the one or more frequency characteristics cor-
respond to the plurality of real-world objects. To illustrate,
consider an example where the CAD model represents
a chemical processing plant that includes a pump, a
valve, and a section of pipe. In such an example embod-
iment, the metadata (in the form of a signal) has respec-
tive frequency characteristics that correspond to the
pump, valve, and pipe. In yet another embodiment, the
frequency characteristics of the metadata signal are
unique to each respective characteristic of the CAD mod-
el. Returning to the aforementioned chemical processing
plant, in such an embodiment, the metadata would have
a unique frequency characteristic for each of the pump,
valve, and pipe.
[0026] According to an embodiment of the method 100,
the characteristics of the signal may correspond to any
characteristics of the CAD model known in the art. Ex-
ample CAD model characteristics include: an object type,
an object material, an object size, an object location, an
object orientation, an object sub-component, and a sub-
system comprising the object. In an alternative embodi-
ment, the metadata signal further indicates properties of
the CAD model that are unknown.
[0027] An embodiment of the method 100 further in-
cludes storing a mapping between the one or more fre-
quency characteristics and the corresponding one or
more characteristics of the CAD model in a database. In
other words, such an embodiment stores the meaning of
the frequency characteristics. For instance, it may be
stored that a 1 hertz signal indicates that the associated
CAD model is a valve. An alternative embodiment of the
method 100 needs no such mapping and the meanings
of the various frequency characteristics are encoded in
the metadata signal itself.
[0028] Yet another embodiment of the method 100 us-
es the metadata to facilitate searching for CAD models
or characteristics thereof. Such an embodiment includes
receiving search input from a user where the search input
represents a desired frequency. In turn, a given charac-
teristic of the CAD model is identified as corresponding
to the desired frequency. In another embodiment, the
search may be performed across a library or libraries of
CAD models and such a search may return all CAD mod-
els with metadata that has a frequency characteristic that
corresponds to the desired frequency.
[0029] While the method 100 is primarily described as
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providing the metadata in the form of a signal with one
or more frequency characteristics that correspond to one
or more characteristics of the CAD model, embodiments
of the method 100 are not so limited. Embodiments may
utilize any signal characteristics, such as frequency, pe-
riod, amplitude, and wavelength, amongst others, to in-
dicate characteristics of the CAD model.
[0030] In addition to modifying CAD models to include
a vast array of information, embodiments can also be
leveraged to find similarities between CAD models, man-
age reimaging, and manage complex metadata descrip-
tions. Such methodologies can be particularly useful to
keep CAD models up to date which can improve facilities
engineering decision making. When changes are made
to an environment/complex object, for example, a chem-
ical processing facility, most updates are done in a mod-
ular way on two-dimensional (2D) or smaller 3D models
without updating the larger more complex CAD model.
Laser scanning the environment/object for instance,
does not provide a CAD solution to resolve this problem
and still requires re-engineering of the specific areas of
interest. Embodiments of the present invention can be
used in conjunction with the methods and systems de-
scribed in "DENSITY BASED GRAPHICAL MAPPING"
by Nelia Gloria Mazula, Attorney Docket No.
4201.1127-000 and "3D TO 2D REIMAGING FOR
SEARCH" by Nelia Gloria Mazula, Attorney Docket No.
4201.1128-000 to solve these problems.
[0031] FIG. 2 depicts the example metadata 220 that
may be used in an embodiment of the present invention.
In FIG. 2 the various signal components 220a-d have
been combined to form the complete signal 220. Accord-
ing to an embodiment, this indicates that the CAD models
that are associated with the metadata 220 are somehow
related. For instance, this may indicate that the objects
belong to a sub-assembly and/or are from a given envi-
ronment, amongst other examples. Portions of the meta-
data 220 correspond to various CAD models or charac-
teristics of CAD models. For instance, the signal portion
220a is mapped to an unidentified object 221, the signal
portion 220b is mapped to a pipe 222 and the signal por-
tions 220c and 220d map to the valves 223 and 224,
respectively. In the metadata 220 various changes are
made to indicate the various characteristics of the objects
221-224. For instance, there are slight variations in the
signal portions 220c and 220d which represent the valves
223 and 224. The differences in the signals 220c and
220d may indicate, for example, that the valves are the
same valve type but different sizes and made from dif-
ferent materials.
[0032] According to an embodiment of the present in-
vention, metadata such as the metadata 220 and/or a
description of the metadata can be stored in a database.
Further, the metadata curves can be used to find infor-
mation, map information for re-imaging, and/or identify
logic rules with 3D models.
[0033] FIG. 3 is a simplified block diagram of a com-
puter-based system 330 that may be used to modify a

CAD model according to an embodiment of the present
invention. The system 330 comprises a bus 333. The bus
333 serves as an interconnect between the various com-
ponents of the system 330. Connected to the bus 333 is
an input/output device interface 338 for connecting var-
ious input and output devices such as a keyboard,
mouse, display, speakers, etc. to the system 330. A cen-
tral processing unit (CPU) 332 is connected to the bus
333 and provides for the execution of computer instruc-
tions. Memory 337 provides volatile storage for data used
for carrying out computer instructions. Storage 336 pro-
vides non-volatile storage for software instructions, such
as an operating system (not shown). The system 330
also comprises a network interface 331 for connecting
to any variety of networks known in the art, including wide
area networks (WANs) and local area networks (LANs).
[0034] It should be understood that the example em-
bodiments described herein may be implemented in
many different ways. In some instances, the various
methods and machines described herein may each be
implemented by a physical, virtual, or hybrid general pur-
pose computer, such as the computer system 330, or a
computer network environment such as the computer en-
vironment 440, described herein below in relation to FIG.
4. The computer system 330 may be transformed into
the machines that execute the methods (e.g. 100) de-
scribed herein, for example, by loading software instruc-
tions into either memory 337 or non-volatile storage 336
for execution by the CPU 332. One of ordinary skill in the
art should further understand that the system 330 and its
various components may be configured to carry out any
embodiments of the present invention described herein.
Further, the system 330 may implement the various em-
bodiments described herein utilizing any combination of
hardware, software, and firmware modules operatively
coupled, internally, or externally, to the system 330.
[0035] FIG. 4 illustrates a computer network environ-
ment 440 in which an embodiment of the present inven-
tion may be implemented. In the computer network en-
vironment 440, the server 441 is linked through the com-
munications network 442 to the clients 443a-n. The en-
vironment 440 may be used to allow the clients 443a-n,
alone or in combination with the server 441, to execute
any of the methods (e.g., 100) described herein.
[0036] Embodiments or aspects thereof may be imple-
mented in the form of hardware, firmware, or software.
If implemented in software, the software may be stored
on any non-transient computer readable medium that is
configured to enable a processor to load the software or
subsets of instructions thereof. The processor then exe-
cutes the instructions and is configured to operate or
cause an apparatus to operate in a manner as described
herein.
[0037] Further, firmware, software, routines, or instruc-
tions may be described herein as performing certain ac-
tions and/or functions of the data processors. However,
it should be appreciated that such descriptions contained
herein are merely for convenience and that such actions
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in fact result from computing devices, processors, con-
trollers, or other devices executing the firmware, soft-
ware, routines, instructions, etc.
[0038] It should be understood that the flow diagrams,
block diagrams, and network diagrams may include more
or fewer elements, be arranged differently, or be repre-
sented differently. But it further should be understood
that certain implementations may dictate the block and
network diagrams and the number of block and network
diagrams illustrating the execution of the embodiments
be implemented in a particular way.
[0039] Accordingly, further embodiments may also be
implemented in a variety of computer architectures, phys-
ical, virtual, cloud computers, and/or some combination
thereof, and thus, the data processors described herein
are intended for purposes of illustration only and not as
a limitation of the embodiments.
[0040] While this invention has been particularly
shown and described with references to example em-
bodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may
be made therein without departing from the scope of the
invention encompassed by the appended claims.

Claims

1. A computer implemented method of modifying a
computer aided design (CAD) model, the method
comprising:

by a processor, associating metadata with a
CAD model in memory communicatively cou-
pled to the processor; and
defining the metadata, including providing the
metadata in the form of a signal with one or more
frequency characteristics corresponding to one
or more respective characteristics of the CAD
model.

2. The method of Claim 1 wherein the CAD model rep-
resents a plurality of real-world objects and wherein
the one or more frequency characteristics corre-
spond to the plurality of real-world objects.

3. The method of Claim 1 or 2 wherein the one or more
frequency characteristics are unique to each respec-
tive characteristic of the CAD model.

4. The method of Claim 1, 2 or 3 further comprising:

storing, in a database coupled to the processor,
a mapping between the one or more frequency
characteristics and the corresponding one or
more characteristics of the CAD model.

5. The method of any one of Claims 1-4 wherein the
one or more frequency characteristics correspond

to one or more respective unknown characteristics
of the CAD model.

6. The method of any one of Claims 1-5 wherein the
one or more characteristics of the CAD model com-
prise at least one of:

an object type;
an object material;
an object size;
an object location;
an object orientation;
an object sub-component; and
a sub-system comprising an object.

7. The method of any one of Claims 1-6 further com-
prising:

receiving search input from a user, the search
input representative of a desired frequency; and
by the processor, searching based on the de-
sired frequency to identify a given characteristic
of the one or more characteristics of the CAD
model.

8. A computer system for modifying a computer aided
design (CAD) model, the computer system compris-
ing:

a processor; and
a memory with computer code instructions
stored thereon, the processor and the memory,
with the computer code instructions, being con-
figured to cause the system to perform the meth-
od of any one of Claims 1-7.

9. A computer program for modifying a computer aided
design (CAD) model, the computer program execut-
ed by a server in communication across a network
with one or more clients and comprising:

program instructions which, when executed by
a processor cause the processor to perform the
method of any one of Claims 1-7.

10. A data storage medium having stored thereon the
computer program of Claim 9.
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