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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to managing Building Information Modeling (BIM) based
data.

BACKGROUND

[0002] Building Information Modeling (BIM) is a digital representation of physical and
functional characteristics of a facility. A BIM is a shared knowledge resource for information
about a facility forming a reliable basis for decisions during its life-cycle. In addition to the
geometry of a facility, BIM data can also describe further information, such as spatial
relationships, light analysis, geographic information, and quantities and properties of building
components (e.g., manufacturers' details).

[0003] It is known to provide collaborative BIM software tools that enable several users,
including ones at geographically remote sites, to work on the same BIM-based project (e.g.,
building model). An exemplary BIM based project platform is 4BIM, produced by 4Projects.
This can allow any project member to review and interact with 3-dimensional building models
using a World Wide Web browser. In some instances, it is desirable for one user to manipulate
the BIM-based data in a certain way (e.g., modify an image of the facility represented by the
data), and for the other users to watch that manipulation substantially in real time, or at least
with minimal delay. Conventionally, this type of "screen sharing" involves taking a sequence of
snapshots/images of the "master" screen and sending bitmap data representing those to each
client over a network, such as the Internet. There are known techniques to reduce the amount
of data sent to the devices, such as detecting what has changed since the last image was
generated and only sending that portion of the image, but such conventional techniques still
ultimately rely on streaming image data at a rate of something like 10 per second minimum
(and in many cases 24/25/30 per second). Moreover, it may be desirable for the users to view
other information pertaining to building models, such as COBie data corresponding to specific
objects within the model. However, 4BIM does not provide such functionality. Therefore, the
users may have to access additional programs locally or remotely to facilitate viewing of other
related data, such as COBie data, decreasing the data management efficiency of the users. In
some cases, a user may have to use multiple computing devices to enable access to a building
model as well as COBie data.

[0004] The disclosure US2012/203806 discloses a method for operating a building information
modeling BIM system wherein, at a BIM server, in response to receiving a save data command
from a client computing device, data for display is stored in at least one of the BIM server and
a client computing device in electronic communication with the server over a network.
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SUMMARY OF THE INVENTION

[0005] Embodiments of the present invention are intended to address at least some of the
abovementioned problems. One aspect of the invention is a method as defined in independent
claim 1, another aspect of the invention is another method as defined in independent claim 6
and still another aspect of the invention is a system as defined in independent claim 9.

[0006] Further embodiments of the invention are specified in the appended dependent claims.

[0007] As such in one example, a method for operating a building information modeling (BIM)
system is provided. The method includes at a BIM server, in response to receiving a save data
command from a client computing device, associatively mapping identification data in each of a
building model, a hierarchical structure of building model data, and a Construction Operations
Building Information Exchange (COBie) spreadsheet and storing a representation of the
associative mapping of the identification data for display in at least one of the BIM server and a
client computing device in electronic communication with the server over a network. In one
example, the building model includes a 3-dimensional rendering of a structure. Further in one
example, the hierarchical structure of building model data is a hierarchical tree structure.
Further in one example, the COBie spreadsheet is a spreadsheet conforming to predetermined
standards. In this way, the building model, hierarchical structure, and COBie spreadsheet can
be associatively linked and saved. As a result, a current BIM session where the user is viewing
and manipulating the building model, hierarchical structure, and COBie spreadsheet can be
saved on a remote server, enabling quick access of current information in the 3 data structures
at a later time by a number of users. As a result, coordination between large amounts of data
across different aspects of building construction design can be provided. For instance, an
engineer may create data in the building model generating corresponding data in the
hierarchical structure and COBie spreadsheet. In turn, the hierarchical structure and COBie
spreadsheet data can be viewed and manipulated at later time and/or added to by a
construction foreman, for instance.

[0008] Additionally, when the building model, hierarchical structure, and COBie spreadsheet
are linked in this way the computing efficiency of the server is increased due mapping of the
data when compared to computing systems which separately execute, access, and save
building data via different programs. Moreover, when the building model, hierarchical structure,
and COBie spreadsheet are executed on a remote server the storage capacity and/or
processing power of the server can be leveraged to reduce the storage capacity and/or
processing power of the client device, if desired. Additionally, when the data in the building
model, hierarchical structure, and COBie spreadsheet is linked in this way greater consistency
between the data sets is provided.

BRIEF DESCRIPTION OF THE FIGURES
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[0009]

FIG. 1 shows a schematic drawing of a set of computing devices configured to process BIM-
based data;

FIG. 2 shows a schematic depiction of a BIM system including a BIM server, master client
computing device, and a plurality of slave client computing devices;

FIG. 3 shows a flowchart showing example steps involved in setting up a session for sharing
BIM-based data;

FIG. 4 shows a more detailed view of the BIM server shown in FIG. 2;
FIGS. 5-6 show various methods for operating BIM systems; and

FIGS. 7-13 show example graphical user interfaces (GUIs) that may be generated and viewed
in the BIM system shown in FIG. 2.

DETAILED DESCRIPTION

[0010] Aspects of this disclosure will now be described by example and with reference to the
illustrated embodiments. Components and other elements that may be substantially the same
in one or more embodiments are identified coordinately and are described with minimal
repetition. It will be noted, however, that elements identified coordinately may also differ to
some degree. It will be further noted that the drawings included herein are schematic and
generally not drawn to scale. Rather, the various drawing scales, aspect ratios, and numbers
of components shown in the figures may be purposely distorted to make certain features or
relationships easier to see. Therefore, the figures are not intended to be technically precise,
but are drawn to ease understanding.

[0011] A system and method for associatively mapping data for display in a building model, a
hierarchical structure of building model data, such as a tree structure, and a Construction
Operations Building Information Exchange (COBie) spreadsheet. In this way, building data
generated via different programs, modules, etc., may be associatively linked to provide
coordination of a large amount of data across different aspects of building construction design.
For instance, the data may be first uploaded by an architect in a design stage and then
subsequently used by maintenance personnel to maintain various building systems, structures,
etc. In this way, the efficiency of data management in building design, construction, and
maintenance is increased. As a result, users of the system, such as architects, engineers
building contractors, maintenance staff, etc., can quickly and efficiently retrieve relevant data
during different stages in a building's life-span. As a result, productivity of users of the BIM
system at every stage in a building's lifecycle can be increased and the efficiency of data
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management in the server is also increased.

[0012] FIG. 1 shows a server computing device 102 connected via a network 104 to a session
master computing device 106 and a set of session slave computing devices 108A - 108C. Each
computing device may include a processor and memory, but it will be understood that the
functions performed and the data used could be distributed over a plurality of computing
devices and/or storage devices, including a cloud computing arrangement. In practice, the
session master and the session slave devices may be similar in terms of hardware and it is the
functions performed by the device's user that determines whether they are master or slave
devices in the system.

[0013] At least the master 106 and slave 108 computing devices will normally have, or be
associated with, a display device and user interface device (e.g., keyboard, mouse or graphics
tablet, etc.) These components will be well known to the person skilled in the art and are not
illustrated or described herein in detail. The communications between the various devices may
be via any suitable wired or wireless communication structure (e.g., network). The example
shows three slave devices, but it will be understood that any reasonable number (e.g., from
one upwards) could be included.

[0014] The server device 102 executes code on its processor that allows it to process building
information modeling (BIM)-based data in various ways, such as creating, displaying and/or
editing models (e.g., via routines such as those included in the 4BIM package mentioned
above) and also transfer related data to/from the master 106 and slave 108 devices over the
network 104. It will be understood that "BIM-based data" can include building-related
information according to any version and/or format of BIM. The data may be stored using any
suitable data structure or arrangement and in some cases may be compressed and/or
encrypted for storage and/or transmission.

[0015] In use, the code stored in memory executed via a processor on the server device 102
can perform steps including loading a model represented by BIM-based data and allowing
users of the master 106 and the slave 108 devices to create and/or join a session relating to
the model as illustrated in FIG. 4. Code stored in memory executable via a process may also
perform the other methods described herein. It will be understood that the code and data can
be implemented using any suitable programming language(s) and data structures. It will be
appreciated that the steps shown in all of the flowcharts herein are exemplary only, and that in
alternative embodiments some of them could be omitted, re-ordered or performed
concurrently. Additional steps could also be included.

[0016] The example implementation detailed herein is based on the server device 102
controlling communication between the other devices (106 and 108). However, it will be
understood that in alternative embodiments, at least some of the functions performed by the
server device could be performed by one or more of the master/slave devices (e.g., a user
could effectively directly use an application running on a master device to exchange data with
the slave device(s) without the need for a server).
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[0017] FIG. 2 shows a BIM system 200. The BIM system 200 is configured to efficiently
manage data with regard to building construction, building operations, and/or building repairs.
Thus, the BIM system 200 provides a single platform to manage building data over various
stages in the building lifecycle. It will be appreciated that a building may encompass any man
made structure or group of structures such as a facility.

[0018] The BIM system 200 includes a BIM server 202. The BIM server 202 includes a
network-based BIM engine 204. The network-based BIM engine 204 may be configured to
manage BIM data and enable client computing devices to access the BIM data over a network
206. The network 206 may be the Internet, in one example. However, other suitable networks
have been contemplated such as a local area network (LAN), a wide area network (WAN), a
virtual private network (VPN), etc. Specifically, the network-based BIM engine 204 may be
configured to generate a graphical user interface (GUI) 208 including each of a building model
210, a hierarchical structure of building model data 212, and a construction operation building
information exchange (COBie) spreadsheet 214.

[0019] The building model 210 may include a 3-dimensional representation of objects in the
building model. The objects may include components, systems, and structures in the building.
The systems may include heating systems, plumbing systems, cooling systems, and/or
electrical systems. Additionally, the structures include one or more of a door, a room, and/or a
wall.

[0020] Additionally, the hierarchical structure of building model data 212 may be a directory
structure such as a tree structure including graphical representations of sections, floors,
systems, etc., and sub-directories of the sections, floors, systems such as rooms, components,
structures, parts, etc., in one example. In this way, a user may easily view the conceptual
arrangement of various features of the building.

[0021] Furthermore, the COBie spreadsheet 214 may include at least one or more of an
equipment list, a product data sheet, a warranty, a spare parts list, and/or a preventative
maintenance schedule in a COBie format. It will be appreciated that the COBie spreadsheet
may not include non-geometric data associated with various components, structures, etc., in
the building model.

[0022] Additionally, it will be appreciated that COBie is an internationally recognized data
exchange standard. COBie data includes building systems information between design and
construction. COBie may be in different formats, such as an Excel format and/or an Excel
spreadsheet format. In one example, the COBie data may be limited to a predetermined
number of rows, such as a maximum of 65 rows. Additionally, the COBie data may also be
COBieLite data in an extensible markup language (XML) format. COBie enables data relevant
to building systems management to be quickly transferred to owner/operators of the building
after the building is designed and constructed. Exemplary COBie data may include floor space,
occupancy level, operation costs, maintenance schedule, energy use estimates, etc. It will be
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appreciated that COBie data may have a plethora of additional uses such as capturing survey
information, documentation of maintenance issues, coordinating maintenance records, etc.

[0023] The COBie data can be color coded. Specifically, columns in the COBie data may be
color coded in yellow, orange, purple, and green. The yellow color coding indicates a required
data such a key, date, building information, etc. The orange color coding indicates reference
and/or lookup data, such as a picklist, user, etc. The purple color coding indicates data that is
automatically inserted by the system. In this way, the COBie spreadsheet can be color coded
according to a predetermined standard.

[0024] Additionally, the building model 210, the hierarchical structure of building model data
212, and the COBie spreadsheet 214 may be associatively liked via common identification data
such as a common identification number.

[0025] The BIM engine 204 may be configured to validate one or more cells in the COBie
spreadsheet 214. Specifically, the BIM engine 204 may be configured to compare COBie data
in the COBie spreadsheet 214 stored in a database 216 with predetermined validation
requirements. Additionally, in one example the validation may be implemented in real-time. It
will be appreciated that versions of the building model 210 and/or hierarchical structure of
building model data 212 may also be stored in the database 204.

[0026] A master client computing device 218 is also included in the BIM system 200. It will be
appreciated that the master client computing device 218 may more generally be a client
computing device in electronic communication with the BIM server 202 via the network 206.
Additionally, the master client computing device 218 may be configured to access the GUI
generated by the BIM engine 204. A network browsing program 220, such as a web-browser,
may be used to access the GUI generated by the BIM engine 204, in one example.
Additionally, the master client computing device 218 is configured to control the BIM engine
204. For instance, the master client computing device 218 is configured to input, delete,
overwrite, etc., data in the building model 210, the hierarchical structure of building model data
212, and/or the COBie spreadsheet 214. In this way, the master client computing device 218
can remotely control the BIM engine 204 via the network connection. As a result, a user may
access the BIM engine from a variety of remote locations, if desired.

[0027] The master client computing device 218 is also configured to send a save data
command to the BIM engine 204. The save data command is configured to request associative
mapping between identification data in each of the building model 210, a hierarchical structure
of building model data 212, and the COBie spreadsheet 214. Additionally, a representation of
the associatively mapped data may be stored in either the BIM server 202 and/or the master
client computing device 218. The representation of the associatively mapped data may include
viewing coordinates and/or vectors as well as a common identification number. Additionally, the
representation of the associatively mapped data may not include graphical building data, in
one example. Furthermore, the master client computing device 218 may include a database
219.
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[0028] A plurality of slave client computing devices 222 are also included in the BIM system
200. Each of the slave client computing devices 222 is configured to passively access the BIM
engine 204. Therefore in one example, the slave client computing devices 222 may be
inhibited from controlling the BIM engine 204. The slave client computing devices 222 may be
configured to view a session with the BIM engine 204 controlled via the master client
computing device 218. Specifically, network browsing programs 224 included in each of the
slave client computing devices 222 may be configured to facilitate passive access to the BIM
engine 204. In this way, a plurality of computing devices may access the BIM engine 204
enabling a meeting with remotely located participants to be implemented, if desired.
Specifically, the slave client computing devices 222 may passively view the GUI 208.
Additionally, the slave client computing device 222 may include databases 223.

[0029] The BIM server 202, master client computing device 218, and the slave client
computing devices 222 each include memory 230 holding instructions executable by a
processor 232. Therefore, it will be appreciated that the methods and other functionalities
described herein with regard to the BIM server and client computing devices may be stored in
memory executable by a processor. Moreover, it will be appreciated that the memory and the
processor in each of the aforementioned devices may not be equivalent, in one example.
Additionally, each of the master client computing device 218 and the slave client computing
devices 222 includes a display 250 and an input device 252. The displays 250 are configured
to present visual information and the input devices 252 are configured to provide data and
control signals to the device in response to user input. Example displays include liquid crystal
displays (LCDs), touch displays, OLED displays, etc. Example input devices includes
keyboards, trackpads, mice, touch interfaces, etc. It will be appreciated that the types of
displays and/or input devices may vary between computing devices, in one example.

[0030] FIG. 3 shows an example of how data is linked in the BIM server 202. Again, the
building model 210, hierarchical structure 212, and COBie spreadsheet 214 are shown. Each
of the building model 210, hierarchical structure 212, and COBie spreadsheet 214 includes
data structures 300, 302, and 304, respectively. These data structures each include a common
identification number 306. Additionally or alternatively, in other examples other types of
identification data may be used such as a bar codes, QR codes, etc. The common
identification number enables these 3 separate data structures to be linked for retrieval and
viewing. In one example, the COBie spreadsheet and the hierarchical structure are generated
from a source file (e.g., a source Industry Foundation Classes (IFC) file) and when generating
the COBie spreadsheet and the hierarchical structure the spreadsheet and structure may be
appended with a Globally Unique Identifier (GUID). In this way, identifiers can be used to link
the hierarchical structure and COBie spreadsheet. It will be appreciated that the building model
can be linked to the other data structures in this same way.

[0031] At step 402 of FIG. 4, a user of the master device 106, shown in FIG. 1 opens a model
(e.g., by creating a new model or loading BIM-based data from an existing file). This can
typically involve connecting to the server device 102 by means of a world wide web (WWW)
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browser running on the master device and accessing a webpage/application that interacts with
the code executing on the server device (this may involve the user providing a user identifier
and password) and then selecting a "create/load new model" option or the like. After this, at
step 404, the master device sends a message to the server device indicating that a new
session is to be created. At step 406 the server device creates the new session and at step
408 the server device transfers an identifier for the session, which is received by the master
device at step 410.

[0032] After the session identifier has been received, at step 412 the master device 106
requests the model data as currently stored by the server device 102 and at step 414 this
request is received by the server device. At step 415, the server device transfers the model
data and it is received by the master device at step 416. At step 418, the master device checks
whether all the model data has been received/finished loading; if not then control returns to
step 412 to continue transfer of the model data. When the model data has finished loading
then the process of the master device creating the session can end at step 419.

[0033] If the user of the master device 106 wants to invite one of the slave devices 108 (e.g.,
device 108A) to join the session so that the user of that slave device can collaborate in relation
to the model then at step 420 the master device user selects an appropriate option on the web
page/application for sending an invitation to the slave device. At step 422, the invitation is
received at the slave device, which is also in communication with the server device 102 web
page/application, (e.g., after logging in by providing a username and password). The invitation
includes the session identifier and at step 424 the user of the slave device can accept the
invitation and a message is sent to the server device (received at step 426) indicating that the
slave device is joining the session as a client. This results in the identifier of the model
accessed by the master device being retrieved and at step 428 the identifier is sent to the
slave device. At step 430 the slave device requests the model data corresponding to the
identifier from the server device. The server device then performs steps 414 and 415 as
described above, but in relation to the slave device rather than the master device, with the
slave device receiving the model data at step 432. At step 434, the slave device checks
whether all the model data has been received/finished loading; if not then control returns to
step 430 to continue transfer of the model data. When the model data has finished loading
then the process of the slave device joining the session can end at step 436.

[0034] FIG. 5 shows a method 500 for operating a BIM system. The BIM system may be the
BIM system 200 discussed above with regard to FIG. 2, in one example. However, in another
example other suitable BIM systems may be used to implement the method 500.

[0035] At 502 the method includes at a client computing device sending a save tri-dimensional
data command to the server, the save data command requesting associative mapping
between identification data for display in each of a building model, a hierarchical structure of
building model data, and a COBie spreadsheet executed via a BIM engine in the BIM server. It
will be appreciated that the save data command may be input by a user of the client computing
device via a suitable input device such as a keyboard, touch interface, mouse, etc.
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Furthermore, the client computing device electronically communicates with the BIM server over
a network such as the Internet, a local area network (LAN), a wide area network (WAN), etc.
The client computing device may be a master client computing device configured to control a
BIM engine executed by the server, in one example. Further in one example, the identification
data includes a common identification number. Specifically in such an example, the common
identification number is embedded in data structures in each of the COBie spreadsheet, the
building model, and the hierarchical structure of building model data.

[0036] Further in one example, the hierarchical structure of building model data is a
hierarchical tree structure with a root value of sub-trees of children, represented as a set of
linked nodes. Further in one example, the building model includes a 3-dimensional rendering
of a structure. Still further in one example, The COBie spreadsheet may be color coded
according to a predetermined standard.

[0037] Next at 504 the method includes receiving the save tri-dimensional data command at
the BIM server. At 506 the method includes in response to receiving a save tri-dimensional
data command from the client computing device, associatively mapping identification data for
display in each of the building model, the hierarchical structure of building model data, and the
COBie spreadsheet. In one example, the building model includes viewing perspective data
corresponding to a view presented on the client computing device. In this way, a user's viewing
angle may be saved.

[0038] Further in another example, associatively mapping identification in the building model,
the hierarchical structure of building model data, and the COBie spreadsheet includes linking
common identification data (e.g., a common identification number) embedded in data
structures in each of the building model, the hierarchical structure of building model data, and
the COBie spreadsheet. Therefore, it will be appreciated that the identification data may
include at least one of a common identification number. In this way, a marker may be used to
connect the different data sets. As a result, data in these separate data structures can be
quickly linked, increasing processing efficiency when retrieving data in the separate data
structures.

[0039] At 508 the method includes storing a representation of the associative mapping of the
identification data for display in at least one of the BIM server and a client computing device in
electronic communication with the server over a network. In one example, the network is the
Internet. In another example, the network may be a local area network (LAN).

[0040] Next at 510 the method includes sending a request for retrieval of the associatively
mapped identification data to the BIM server. At 512 the method includes receiving the request
for retrieval of the associatively mapped identification data. The request may include a
common identification number included in a saved iteration of the building model, the
hierarchical structure of building model data, and the COBie spreadsheet. In this way,
associated data sets may be efficiently retrieved.
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[0041] At 514 the method includes retrieving the associatively mapped identification data in
the BIM server. Next at 516 the method may include in response to retrieving the associatively
mapped identification data generate a graphical user interface (GUI) simultaneously presenting
a view of the building model, the hierarchical structure of building model data, and the COBie
spreadsheet based on the associative mapping. In one example, the method may further
include sending the GUI to the client computing device for display.

[0042] At 518 the method includes sending a command to the BIM server requesting
alteration of data in the building model. Next at 520 the method includes receiving the
command to alter data in the building model and altering data in the building model in
response to receiving the command.

[0043] In one example, altering data in one or more of the building model, the hierarchical
structure of building model data, and the COBie spreadsheet includes altering the view of the
building model. Altering the view of the building model may include adjusting view coordinates
and/or a viewing vector via the client computing device. It will be appreciated that the
aforementioned adjustment may be implemented through network communication between the
BIM server and the client computing device. For instance, the client computing device may
access a network-based program provided by the BIM server to provide the aforementioned
functionality. Further in some examples, the altered viewing coordinates and/or viewing vector
may be sent to other client computing device in electronic communication with the BIM server
over the network. Additionally, it will be appreciated that altering data in the building model,
hierarchical structure, or the COBie spreadsheet may trigger adjusting of data in the remaining
data sets. For instance, an object in the building model may be selected and in response to the
selection a directory, sub-directory, etc., associated with the object may be highlighted or
otherwise indicated in the hierarchical structure. Furthermore, one or more selected cells
associated with the object in the COBie spreadsheet may be highlighted, displayed, etc.

[0044] At 522 the method includes alter data in the hierarchical structure of building model
data, and the COBie spreadsheet based on the data altered in the building model. The method
may also include, at the BIM server, generating an updated GUI based on the data altered in
the hierarchical structure of building model data, and the COBie spreadsheet, sending the
updated GUI to the client computing device, and displaying the updated GUI at the client
computing device. It will be appreciated that the BIM engine may be stored in memory
executable by a processor in the BIM server. Additionally, it will be appreciated that steps 504,
506, 508, 512, 514, 516, 520, and/or 522 may be implemented via a BIM engine, in one
example.

[0045] FIG. 6 shows a method 600 for operating of a BIM system. The BIM system may be
the BIM system 200 discussed above with regard to FIG. 2, in one example. However, in
another example other suitable BIM systems may be used to implement the method 600.

[0046] At 602 the method includes at a master client computing device accessing a network-
based BIM engine executed on a BIM server and at 604 the method includes sending a save
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tri-dimensional data command to the BIM server, the save data command requesting
associative mapping between identification data for display in each of a building model, a
hierarchical structure of building model data, and a COBie spreadsheet executed via a BIM
engine in the BIM server. In one example, the building model is a 3-dimensional rendering of a
building and the COBie spreadsheet includes a plurality of cells populated with COBie
formatted data.

[0047] In one example, the hierarchical structure of building model data may be a hierarchical
tree structure with a root value and sub-trees of children, represented as a set of linked nodes,
the building model includes a 3-dimensional rendering of a structure, and the COBie
spreadsheet is a spreadsheet conforming to predetermined standards. Further in one
example, the building model is a 3-dimensional rendering of a structure and the COBie
spreadsheet includes a plurality of cells populated with COBie formatted data. Still further in
one example, associatively mapping of the identification includes linkihg a common
identification number embedded in data structures each of the building model, the hierarchical
structure of building model data, and the COBie spreadsheet.

[0048] At 606 the method includes receiving the save tri-dimensional data command at the
BIM server. Next at 608 the method includes, at the BIM server, in response to receiving the
save tri-dimensional data command, associatively map identification data in each of the
building model, the hierarchical structure of building model data, and the COBie spreadsheet
executed via a BIM engine in the BIM server. Associatively mapping the identification data may
include linking a common identification number embedded in data structures in each of the
building model, the hierarchical structure of building model data, and the COBie spreadsheet at
610.

[0049] At 612 the method includes, at the BIM server, sending a representation of the
associative mapping of the identification data from the BIM engine to the master client and at
614, at the master client computing device, receiving the representation of the associative
mapping of the identification data from the BIM engine. At 616 the method includes, at the
master client computing device, saving the representation of the associative mapping of the
identification data in the master client computing device. Next at 618 the method includes, at
the master client computing device, accessing the representation of the associative mapping of
the identification data to initiate simultaneous viewing of the building model, the hierarchical
structure of building model data, and the COBie spreadsheet through the BIM engine. It will be
appreciated that the master client computing device may use a network browsing program to
access the representation of the associative mapping. The method may further include in one
example, accessing the building model, the hierarchical structure of building model data, and
the COBie spreadsheet via a slave computing device and inhibiting the slave computing device
from the BIM engine.

[0050] FIGS. 7-13 show various example GUI's which may be generated via the BIM engine
204 and accessed via the network browsing programs (220 and 224) included in the client
computing devices (218 and 222), discussed above with regard to FIG. 2.
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[0051] Specifically, FIG. 7 shows a GUI 700 included in a browser window 702. It will be
appreciated that the browser window 702 may executed on a client computing device such as
the master client computing device 218 and the slave client computing devices 222, shown in
FIG. 2.

[0052] The browser window 702 may include tabs 704 and a network address field 706. The
network address field 706 enables the browser to access the BIM engine 204, shown in FIG. 2,
via the network 206, shown in FIG. 2. The GUI 700 includes a building model 708, a
hierarchical structure of building model data 710, and a COBie spreadsheet 712. The building
model 708 includes graphical representations of building objects, structures, etc., such as
walls, windows, roofs, etc. Additionally, the hierarchical structure of building model data 710
includes directories 714 and sub-directories 716. The directories and sub-directories are
related to objects in the building model. In this way, a user may easily disseminate how objects
in the model are conceptually organized in a data structure. Each of the directories and sub-
directories may include icons and alphanumeric symbols. Specifically, in one example the
hierarchical structure of building model data 710 is a hierarchical tree structure with a root
value and sub-trees of children, represented as a set of linked nodes. The directories may be

the root value and the sub-trees of children may be the sub-directories.

[0053] The COBie spreadsheet 712 includes categories 718 and category fields 720. The
category fields may be more generally referred to as cells. The cells may be populated by data
entered via a user. The categories 718 may include an object name, a name of the creator of
the object, a date of object creation, a floor name, a description of the object, and an
associated external system. The category fields 720 include COBie formatted data.
Additionally, the COBie spreadsheet may be color coded based on the type of data in the
spreadsheet field. As previously discussed, the COBie data may be validated via a BIM engine.
It will be appreciated that interaction with one of the building model 708, the hierarchical
structure of building model data 710, and the COBie spreadsheet 712 may initiate changes in
the other two features. In this way, information across these data sets may be linked. It will be
appreciated that each of the aforementioned features are bounded in panels adjacent to one
another, in the depicted example. Specified objects such as roofs, floors, stairs, and walls are
arranged in a tree structure in the depicted example. Each of the objects may have a specific
identification number.

[0054] Further in one example, clicking an object (e.g., structural item) in the 3-dimensional
building model brings the structural item into view in the hierarchical structure and displays the
objects COBie data in the COBie spreadsheet. Likewise, clicking the item on the hierarchical
structure with display the item's COBie data on COBie spreadsheet and highlight the item in
the 3-dimensionial building model. A COBie export 722 button is also provided in the GUI 700
to enable COBie data to be exported to other computing devices, systems, etc. A search tool
724 is also provided in the GUI 700. Categories 726 such as history, errors, contact, facility,
floor, space, zone, type, component, system, assembly, connection, spare, resource, job,
impact, document, attribute, coordinate, issue, and/or PickLists are also provided in the GUI. A
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save button 728 may also be configured to generate a save command that may be sent to the
BIM server to initiate storing of various data associated with each of the building model, the
hierarchical structure, and the COBie spreadsheet, as previously discussed.

[0055] In one example, some objects in the building model 708 are made partially transparent
to facilitate viewing of interior objects. Thus, an x-ray option that can be activated allowing a
user to view interior structures of the building model through the walls. Further in one example,
the GUI 700 may shows an interior view of the building model as witnessed by the 3-
dimensional camera that is configured to move around the 3D image in a plurality of manners
including an orbiting mode and a helicopter mode.

[0056] Additionally, the GUI 700 shows how hovering over an item or clicking an object 730 in
the 3D viewer will display certain information 732 related to that item in the 3D viewer. Such
information may include but not be limited to: item name, item dimensions, item serial number,
color, creation date, and creator name.

[0057] FIG. 8 shows another aspect of the GUI 700 included in the browser window 702.
Specifically, FIG. 8 details optional tools within the interface for accessing the building model.
800 indicates a 3D viewer. 801 indicates an x-ray view button. 802 indicates a zoom tool. 803
indicates a camera orbiting mode button. 804 indicates a helicopter camera viewing button.
805 indicates a button that takes a screenshot. 806 indicates a button that creates a shared
session between the current BIM viewer and another user. 807 indicates a button that saves
changes to the building model. 808 indicates a button that allows the user to make a new task
or discussion relating to the building model. Tasks and discussions may include but not be
limited to titles, screenshots, dates, deadlines, folders, names of responsible individuals,
location, and text editing features like highlighting and fonts. 809 indicates a hierarchical
structure (e.g., item tree) for the structure of interest; items may be organized by type, floor,
location, or other sub categories. 810 indicates the 3-D building model. 811 indicates the
COBie spreadsheet panel containing COBie data related to the structure of interest.

[0058] FIG. 9 is an example of an access page 900 that allows a user to access the BIM
viewer. The access page 900 is presented in the browser window 702. A user can log into the
web site with a username and password to verify that they are authorized to have access to
certain BIM information and content. In this way, the building model, COBie spreadsheet, and
hierarchical structure can be accessed online. This allows one user to manage multiple
projects and schedules related to those projects. Additionally, fields are provided in the access
page 900 to enable a user to select various stages of project revisions as well as link items in
the project to other files.

[0059] FIGS. 10-13 show other aspects of the GUI 700 in the browser window 702.
Specifically, FIG. 10-13 show different displayable options that can be viewed in the COBie
spreadsheet 712 pertaining to items within the building model 708, matters and information
pertaining to the building model, and information that may connect the building model to other
building models. This information can be displayed in any order or arrangement in addition to
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other information that may also be pertinent to the user's purposes within the realm of variation
that an individual of normal skill in the art would have access to. Specifically, FIG. 10-11 show
the COBie spreadsheet 712 populated with data related to components in the model. FIG. 12
shows the COBie spreadsheet 712 populated with data related to contacts associated with
object in the model. FIG. 13 show the COBie spreadsheet 712 populated with data related to
floors in the building model.

[0060] FIG. 13 additionally shows the use of saved screenshots 1300 or saved camera
positions (both possible within the embodiments of the BIM system) for quickly navigating the
3D model and for presentation purposes. It will be appreciated that a user if a client computing
device may initiate saving the screenshots through interactive input with the GUI 700. In one
example, the BIM engine may provide an item view deactivation option where individual objects
may be selected in the hierarchical structure and be made temporarily invisible in the 3D
viewer for better viewing of the 3D building model.

[0061] It is to be understood that the configurations and/or approaches described herein are
exemplary in nature, and that these specific embodiments or examples are not to be
considered in a limiting sense, because numerous variations are possible. The specific
routines or methods described herein may represent one or more of any number of processing
strategies. As such, various acts illustrated may be performed in the sequence illustrated, in
other sequences, in parallel, or in some cases omitted. Likewise, the order of the above-
described processes may be changed.
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Patentkrav

1. Fremgangsmade til drivning af et system til byggeinformationsmodellering
BIM, hvilket system omfatter:

ved en BIM-server (202), som svar pa modtagelse af en datalagringskom-
mando fra et klientberegningsapparat (218), anmodning om associativ map-
ning af identifikationsdata i hver ud af en byggemodel (210), en hierarkisk
struktur af byggemodeldata (212) og et regneark (214) til udveksling af kon-
struktions-drifts-byggeinformation COBie, associativ mapning (506) af iden-
tifikationsdata i hver ud af byggemodellen, den hierarkiske struktur af byg-
gemodeldata og COBie-regnearket, hvilken associativ mapning af identifika-
tionsdata omfatter sammenkobling af et feelles identifikationsnummer (306)
indlejret i datastrukturerne (300, 302, 304) i hver ud af COBie-regnearket,
byggemodellen og den hierarkiske struktur af byggemodeldata, og lagring
(508) af en repraesentation af den associative mapning af identifikationsdata
til visning i i det mindste en ud af BIM-serveren og et klientberegningsappa-

rat i elektronisk forbindelse med serveren via et netvaerk (206).

2. Fremgangsmade ifalge krav 1, hvor klientberegningsapparatet er et master-
klientberegningsapparat, og som sender en kommando til BIM-serveren anmo-
dende om eendring af data i byggemodellen.

3. Fremgangsmaéde ifglge krav 2, og som yderligere omfatter, ved BIM-serve-
ren, eendring af data i den hierarkiske struktur af byggemodeldata og COBie-reg-

nearket baseret pa dataene, som er aendret i byggemodellen.

4. Fremgangsmade ifalge krav 1, hvor den hierarkiske struktur af byggemodel-
data er en hierarkisk treestruktur med en rodveaerdi og undertraeer af born reprae-
senteret som et seet af sammenkoblede knudepunkter, eller hvor byggemodellen

omfatter en tredimensional gengivelse af en struktur.
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5.  Fremgangsmade ifalge krav 1, hvor COBie-regnearket er farvekodet i over-
ensstemmelse med en forudbestemt standard, eller hvor lagringsdatakomman-

doen sendes til BIM-serveren fra klientberegningsapparatet via internettet.

6. Fremgangsmade til drivning af et system til byggeinformationsmodellering
BIM, hvilken fremgangsmade omfatter:

ved et masterklientberegningsapparat, opnéelse af adgang til en netvaerks-
baseret BIM-maskine afviklet pa en BIM-server, og

sending af en datalagringskommando til BIM-serveren, hvilken datalagrings-
kommando anmoder om associativ mapning imellem identifikationsdata til
visning i hver ud af en byggemodel, en hierarkisk struktur af byggemodeldata
og et regneark til udveksling af konstruktions-drifts-byggeinformation COBie
afviklet via en BIM-maskine i BIM-serveren, hvilken associativ mapning af
identifikationsdata omfatter sammenknytning af et feelles identifikationsnum-
mer indlejret i datastrukturer i hver ud af COBie-regnearket, byggemodellen

og den hierarkiske struktur af byggemodeldata.

7. Fremgangsmaéde ifglge krav 6, og som yderligere omfatter, ved master-
klientberegningsapparatet, modtagelse af en repraesentation af den associative
mapning af identifikationsdata fra BIM-maskinen og lagring af repraesentationen

af den associative mapning af identifikationsdata til visning.

8. Fremgangsmaéde ifalge krav 7, hvor den hierarkiske struktur af byggemodel-
data er en hierarkisk traestruktur med en rodveerdi og undertraeer af bgrn reprae-
senteret som et saet af sammenknyttede knudepunkter, hvilken byggemodel om-
fatter en 3-dimensional gengivelse af en struktur, og COBie-regnearket er et reg-

neark tilpasset forudbestemte standarder.

9. System til byggeinformationsmodellering BIM omfattende:

en BIM-server, som tilvejebringer en netveerksbaseret BIM-maskine til et an-

tal beregningsapparater via et netvaerk, og
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et klientberegningsapparat i elektronisk forbindelse med BIM-serveren via
netvaerket, som er konfigureret til at sende en datalagringskommando, som
er indrettet til at anmode om associativ mapning imellem identifikationsdata
til visning i hver ud af en byggemodel, en hierarkisk struktur af byggemodel-
data, og

et regneark til udveksling af konstruktions-drifts-byggeinformation COBie, af-
viklet via en BIM-maskine i BIM-serveren, hvilken associativ mapning af
identifikationsdata omfatter sammenkobling af et feelles identifikationsnum-
mer indlejret i datastrukturer i hver ud af COBie-regnearket, byggemodellen

og den hierarkiske struktur af byggemodeldata.

10. BIM-system ifolge krav 9, hvor byggemodellen er en 3-dimensional gengi-
velse af en struktur, COBie-regnearket omfatter et antal celler, som er udfyldt
med COBie-formaterede data, og den hierarkiske struktur er en traestruktur, eller
hvor klientberegningsapparatet er et masterklientberegningsapparat konfigureret

til at styre BIM-maskinen.

11. BIM-system ifglge krav 10, og som yderligere omfatter et slaveklientbereg-
ningsapparat i elektronisk forbindelse med serveren, hvilket slaveklientbereg-
ningsapparat er konfigureret til at fa adgang til byggemodellen, den hierarkiske
struktur af byggemodeldata og COBie-regnearket og forhindret i at styre BIM-

maskinen.
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FIG. 5 e
: BIM SERVER CLIENT
COMPUTING
504 502 DEVICE
RECEIVE THE SAVE TRI-DIMENSIONAL |, [ SEND A SAVE TRI-DIMENSIONAL DATA
DATA COMMAND AT THE BIM SERVER | COMMAND TQ THE SERVER, THE SAVE
. TRI-DIMENSICONAL DATA COMMAND
905 | v | . REQUESTING ASSOCIATIVE MAPPING
IN RESPONSE TO RECEIVING A SAVE TRI- BETWEEN IDENTIFICATION DATA FOR
DIMENSIONAL DATA COMMAND FROM DISPLAY IN EACH OF A BUILDING MODEL,
THE CLIENT COMPUTING DEVICE, A HIERARCHICAL STRUCTURE OF
ASSOCIATIVELY MAP IDENTIFICATION BUILDING MODEL DATA, AND A
DATA FOR DISPLAY IN EACH OF THE CONSTRUCTION OPERATIONS BUILDING
BUILDING MODEL, THE HIERARCHICAL INFORMATION EXCHANGE (COBIE)
STRUCTURE OF BUILDING MODEL DATA, SPREADSHEET EXECUTED VIA A BIM
AND THE COBIE SPREADSHEET ) ENGINE IN THE BIM SERVER
508 [ v 1 I I

[ STORE A REPRESENTATION OF THE ASSOCIATIVE MAPPING OF THE IDENTIFICATION DATA FOR |
DISPLAY IN AT LEAST ONE OF THE BIM SERVER AND A CLIENT COMPUTING DEVICE IN
ELECTRONIC COMMUNICATION WITH THE SERVER OVER A NETWORK

512 I I 510 | v |

[ RECEIVE THE REQUEST FOR RETRIEVAL SEND A REQUEST FOR RETRIEVAL OF |
OF THE ASSQCIATIVELY MAPPED THE ASSOCIATIVELY MAPPED

{ IDENTIFICATION DATA IDENTIFICATION DATA TO THE BIM
514 | v | | SERVER )
[ RETRIEVE THE ASSOCIATIVELY MAPPED]
§ IDENTIFICATION DATA
516 l

s ~

¥ [

[N RESPONSE TO RETRIEVING THE
ASSOCIATIVELY MAPPED IDENTIFICATION
DATA GENERATE A GRAPHICAL USER
INTERFACE (GUI) SIMULTANEQUSLY
PRESENTING A VIEW OF THE BUILDING
MODEL, THE HIERARCHICAL STRUCTURE
OF BUILDING MODEL DATA. AND THE COBIE
SPREADSHEET BASED ON THE
ASSQOCIATIVE MAPPING

1 !
RECEIVE THE COMMAND TO ALTER DATA 1520 7518 A 4

IN' THE BUILDING MODEL AND- ALTER
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| COMMAND )
| v I 522
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ALTER DATA IN THE HIERARCHICAL
STRUCTURE OF BUILDING MODEL DATA,
AND THE COBIE SPREADSHEET BASED
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MODEL
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FlG . 6 p—600
BIM MASTER
SERVER CLIENT
COMPUTING
602 DEVICE
_ [ ACCESS A NETWORK-BASED BIM
< | ENGINE EXECUTED ON A BIM SERVER
(506 604 L v
RECEIVE THE SAVE TRIDIMENSIONAL ),  SEND A SAVE TRIDIVENSIONAL DATA )
; DATA COMMAND J COMMAND TO THE BIM SERVER, THE
608 | v | 1 SAVE DATA COMMAND REQUESTING
IN RESPONSE TO RECEIVING THE SAVE ASSOCIATIVE MAPPING BETWEEN
TRI-DIMENSIONAL DATA COMMAND, IDENTIFICATION DATA FOR DISPLAY IN
ASSOCIATIVELY MAP IDENTIFICATION EACH OF A BUILDING MODEL, A
DATA FOR DISPLAY IN EACH OF THE HIERARCHICAL STRUCTURE OF
BUILDING MODEL, THE HIERARCHICAL BUILDING MODEL DATA, AND A COBIE
STRUCTURE OF BUILDING MODEL DATA, SPREADSHEET EXECUTED VIA A BIM
AND THE COBIE SPREADSHEET i ENGINE IN THE BIM SERVER

EXECUTED VIA A BIM ENGINE IN THE BIM

LINK A COMMON IDENTIFICATION  [T~610
NUMBER EMBEDDED IN DATA
STRUCTURES IN EACH OF THE
BUILDING MODEL, THE HIERARCHICAL
STRUCTURE OF BUILDING MODEL
DATA, AND THE COBIE SPREADSHEET

L Lo \
SEND A REPRESENTATION OF THE RECEIVE THE REPRESENTATION OF THE

ASSOCIATIVE MAPPING OF THE ASSQCIATIVE MAPPING OF THE
IDENTIFICATION DATA FROM THE BIM IDENTIFICATION DATA FROM THE BIM
ENGINE TO THE MASTER CLIENT ENGINE

7 1§ ] “
SAVE THE REPRESENTATION OF THE
ASSOCIATIVE MAPPING OF THE
IDENTIFICATION DATA

618 [ v |
ACCESS THE REPRESENTATION OF THE
ASSOCIATIVE MAPPING OF THE
IDENTIFICATION DATA TO INITIATE
SIMULTANEQUS VIEWING OF THE
BUILDING MODEL, THE HIERARCHICAL
STRUCTURE OF BUILDING-MODEL DATA,
AND THE COBIE SPREADSHEET
THROUGH THE BIM ENGINE
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