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STRUCTURAL DESIGN SYSTEMS AND include accessing a floor plan demarcating a plurality of 
METHODS TO DEFINE AREAS OF rooms . The methods may further include receiving a first 
INTEREST FOR MODELING AND functional requirement for at least one first room of the 

SIMULATION - BASED SPACE PLANNING plurality of rooms and receiving a second functional require 
5 ment for at least one second room of the plurality of rooms . 

CROSS - REFERENCE TO RELATED The method may include generatively analyzing the at least 
APPLICATIONS one first room in conjunction with the first functional 

requirement to identify a first technical specification and a 
This application is based on and claims benefit of priority first equipment placement location in order to at least 

of U.S. Provisional Patent Application No. 62 / 897,159 filed 10 partially conform to the first functional requirement ; and 
Sep. 6 , 2019 ; U.S. Provisional Patent Application No. generatively analyzing the at least one second in conjunction 
62 / 940,040 filed Nov. 25 , 2019 ; U.S. Provisional Patent with the second functional requirement to identify a second 
Application No. 62 / 980,932 filed Feb. 24 , 2020 ; and U.S. technical specification and a second equipment placement 
Provisional Patent Application No. 63 / 016,131 filed Apr. 27 , location order to at least partially conform to the second 
2020. The contents of the foregoing applications are incor- 15 functional requirement . The method may further include 
porated herein by reference in their entirety . outputting the first technical specification and the first equip 

ment placement location in an associative manner with the 
TECHNICAL FIELD at least one first room and outputting the second technical 

specification and the second equipment placement location 
The present disclosure relates generally to systems and 20 in an associative manner with the at least one second room . 

methods for selecting and placing equipment for use in Embodiments consistent with the present disclosure pro 
buildings . Disclosed systems and methods may involve vide systems and methods for selective simulation of equip 
automatically simulating equipment selection and placement ment coverage in a floor plan . These embodiments may 
locations in a floor plan . involve at least one processor configured to access a floor 

25 plan demarcating at least one room , receive , via a graphical 
BACKGROUND INFORMATION user interface , information marking an area within the at 

least one room , wherein the marked area defines an area of 
When designing the interior of a building , an architect or interest or disinterest within the at least one room , and 

structural engineer may consider , from a large list of equip wherein the area of interest or disinterest covers an area less 
ment specifications , which equipment may be appropriate 30 than an area of the at least on room . The at least on processor 
for s space , where to place it , and how to orient it . At the may be further configured to access a functional requirement 
same time , the architect or structural engineer must consider associated with an area of interest or disinterest , access 
costs and structural issues that may arise from using one technical specifications associated with the functional 
piece of equipment over another . Conventional approaches requirement , generatively analyze the technical specifica 
to this aspect of designing the interior of a building may rely 35 tions to define a solution that at least partially conforms to 
on human judgment or overly simplistic algorithms , thereby the functional requirement , and output the solution . 
lacking the ability to automatically perform these tasks in an Some embodiments of this disclosure involve structural 
efficient and optimized manner . Further , some areas within design systems , methods , and computer readable media for 
a floor plan , including areas inside a room , may have selective simulation of technical specification coverage in a 
different requirement than adjacent areas , or may be par- 40 floor plan . These embodiments may include accessing a 
ticularly important . For example , camera coverage or the floor plan demarcating a plurality of rooms . Embodiments 
lighting of an egress may be more important to design than may include performing at least one of a machine learning 
coverage in other areas of a room , and camera coverage may method , semantic analysis , or geometric analysis on the 
be undesired in private spaces such as bathrooms or chang- floor plan to identify at least one opening associated with at 
ing rooms . Conventional solutions may fail to identify such 45 least one room from the plurality of rooms , accessing a 
areas of interest or disinterest accurately in automated way , functional requirement associated with the at least one 
or may be labor intensive and fail to efficiently scale or be opening , and accessing at least one rule that associates the 
consistently applied when planning using dozens , hundreds , functional requirement with the at least one opening . The at 
or even thousands of floor plans . least one rule and the functional requirement may be used to 

50 define at least one of an area of interest or disinterest less 
SUMMARY than an area of the at least one room , and accessing a 

technical specification associated with the functional 
Embodiments consistent with the present disclosure pro- requirement . Embodiment may include generatively analyz 

vide systems and methods for architectural planning . The ing the at least one room in conjunction with the technical 
disclosed systems and methods may be implemented using 55 specification and the defined area of interest or disinterest to 
a combination of conventional hardware and software as define a solution that at least partially conforms to the 
well as specialized hardware and software , such as a functional requirement , and outputting the solution . 
machine constructed and / or programmed specifically for Consistent with disclosed embodiments , systems , meth 
performing functions associated with the disclosed method ods , and computer readable media related to rule - based 
steps . Consistent with other disclosed embodiments , non- 60 application of functional requirements to spaces in a floor 
transitory computer - readable storage media may store pro- plan are disclosed . The methods may include accessing a 
gram instructions , which are executable by at least one floor plan demarcating a plurality of spaces . The methods 
processing device and perform any of the steps and / or may further include performing semantic enrichment on the 
methods described herein . plurality of spaces in order to determine a semantic desig 

Consistent with disclosed embodiments , systems , meth- 65 nation for at least one space of the plurality of spaces , 
ods , and computer readable media related to selecting equip- enriching the floor plan by associating on the floor plan the 
ment for use in buildings are disclosed . The methods may semantic designation with the at least one space , and iden 



be acce 

US 11,093,671 B2 
3 4 

tifying , in a data structure , a rule that includes a functional may include accessing a floor plan defining a plurality of 
requirement based on the semantic designation and associ- rooms , receiving input associating at least one of a plurality 
ating the identified rule with the at least one space . of functional requirements with at least one room of the 

Consistent with disclosed embodiments , systems , meth- plurality of rooms , and accessing , in a data structure , tech 
ods , and computer readable media related to selecting equip- 5 nical specifications associated with electrical equipment . 
ment for use in buildings are disclosed . Embodiments may Embodiments may further include selecting , from the data 
include accessing a floor plan demarcating a plurality of structure , a plurality of the technical specifications associ 
rooms , accessing functional requirements associated with ated with electrical equipment and generatively analyzing 
the plurality of rooms and accessing technical specifications the at least one room in conjunction with the functional 
associated with the functional requirements . The embodi- 10 requirement and the selected technical specifications in 
ments may further include performing floor plan analysis on order to select a piece of equipment for the at least one room 
a floor plan to ascertain room features associated with the and select an equipment placement location of the selected 
functional requirements and technical specifications . Then , piece of equipment within the at least one room . Structural 
embodiments of the disclosure may generatively analyze the data associated with the at least one room may cessed , 
room features with reference to the functional requirements 15 the structural data including wall locations . Then , a wiring 
and the technical specifications to determine at least one diagram for the at least one room may be generated using the 
customized equipment configuration for at least some of the selected technical specifications and the structural data , 
plurality of rooms ; and generate a manufacturer dataset wherein the wiring diagram includes a graphical represen 
including a room identifier , an equipment identifier , and the tation on the floor plan of the equipment placement location 
at least one customized equipment configuration , in a man- 20 of the selected piece of equipment and wiring runs to the 
ner enabling a manufacturer to customize equipment for selected piece of equipment . 
each of the plurality of rooms and to package the customized Disclosed embodiments , systems , methods , and computer 
equipment in a manner displaying the room identifier . readable media related to extracting data from a 2D floor 
Some embodiments consistent with the present disclosure plan and retaining it in a building information model are 

provide systems and methods for selecting equipment for 25 disclosed . The methods may include accessing a 2D floor 
use in buildings . These embodiments may involve at least plan demarcating a plurality of rooms . The methods may 
one processor configured to receive a floor plan demarcating further include identifying , using a machine learning model , 
contours of a room , receive a selection of at least one wall boundaries of the plurality of rooms . The methods may 
functional requirement or equipment specification associ- further include storing the identified wall boundaries in a 
ated with the room , and generatively analyze the room to 30 retention data structure . The methods may further include 
obtain a plurality of solution that at least partially conform generating a building information model , wherein the build 
to the at least one functional requirement or equipment ing information model includes the identified wall bound 
specification . The at least on processor may be further aries . The methods may further include displaying , at an 
configured to receive a selection of a solution from the interface , a comparison of at least a portion of the 2D floor 
plurality of solutions , wherein the selected solution includes 35 plan and the building information model . The methods may 
an equipment placement location , receive instructions to further include receiving , from the interface , input based on 
vary the equipment placement location , generatively analyze the comparison . The methods may further include updating 
the room to update the selected solution based on the the retention data structure based on the input . 
instructions to vary the equipment placement location , and Embodiments consistent with the present disclosure pro 
display the updated solution . 40 vide systems and methods for selecting equipment models 

Embodiments of this disclosure involve structural design and optimizing placement of equipment in floor plans . These 
systems , methods , and computer readable media for auto- embodiments may involve at least one processor configured 
matically positioning primary equipment and auxiliary to access a floor plan demarcating a plurality of rooms and 
equipment in a floor plan . These embodiments may include equipment symbols , enable a user to select an equipment 
accessing the floor plan demarcating a plurality of rooms 45 symbol for analysis , parse the floor plan to identify instances 
and assigning functional requirements to each of the plural- of the selected equipment symbol , and parse the floor plan 
ity of rooms . Embodiments may include accessing at least to identify structural elements including walls . The at least 
one data structure containing technical specifications for one processor may be further configured to access functional 
primary equipment and auxiliary equipment , and further requirements for a set of rooms in the plurality of rooms 
containing locations of primary equipment and compatibil- 50 containing the instances of the selected equipment symbols , 
ity rules associating primary and auxiliary equipment . Then , access equipment technical specifications to identify equip 
a floor plan may be generatively analyzed using the func- ment technical specifications associated with the functional 
tional requirements and the technical specifications for the requirements , and perform a generative analysis on the 
primary equipment to select and position in the floor plan identified equipment technical specifications within identi 
primary equipment to at least partially conform to the 55 fied walls of each room in the set of rooms to select an 
functional requirements for each of the plurality of rooms . equipment model that at least partially conforms to the 
Based on the selection of the primary equipment in the floor functional requirements . The at least one processor may be 
plan , embodiment may include using the compatibility rules further configured to update the floor plan by associating the 
and the technical specifications for the primary equipment selected equipment model with the instances of the selected 
and the auxiliary equipment to determine whether auxiliary 60 equipment symbols and output a bill of material based on the 
equipment is required for each of the plurality of rooms and updated floor plan . 
to select the auxiliary equipment to at least partially conform Consistent with disclosed embodiments , systems , meth 
to the functional requirements of each of the plurality of ods , and computer readable media related to selecting equip 
rooms requiring auxiliary equipment . ment for use in buildings are disclosed . Embodiments may 

Consistent with disclosed embodiments , systems , meth- 65 include accessing a floor plan demarcating a plurality of 
ods , and computer readable media related to generating rooms and accessing architectural feature data associated 
wiring diagrams for equipment are disclosed . Embodiments with the plurality of rooms . The embodiments may further 
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include using the architectural feature data to perform a FIG . 10A is a depiction of exemplary floor plans showing 
semantic enrichment process on the plurality of rooms in changing of semantic designations , consistent with disclosed 
order to determine semantic designations for the plurality of embodiments . 
rooms . Embodiments may then include associating , on the FIG . 10B is a depiction of exemplary floor plans showing 
floor plan , the semantic designations with the plurality of 5 semantic enrichment of furniture , consistent with disclosed 
rooms and associating , in an index , the semantic designa embodiments . 
tions with plurality of rooms . The embodiments may include FIG . 10C is a depiction of exemplary floor plans showing 
updating the floor plan by using the index to enable an action addition of semantic designations , consistent with disclosed 
to be applied to a group of rooms sharing a common embodiments . 
semantic designation . FIG . 10D is a block diagram representing an exemplary 

The forgoing summary provides just a few examples of semantic enrichment process , consistent with disclosed 
disclosed embodiments to provide a flavor for this disclosure embodiments . 
and is not intended to summarize all aspects of the disclosed FIG . 10E is a block diagram representing an exemplary 
embodiments . Moreover , the following detailed description semantic enrichment process , consistent with disclosed 
is exemplary and explanatory only and is not restrictive of 15 embodiments . 
the claims . FIG . 11 is a flowchart illustrating an exemplary process 

for rule - based application of functional requirements to 
BRIEF DESCRIPTION OF THE DRAWINGS spaces in a floor plan , consistent with disclosed embodi 

ments . 
The accompanying drawings , which are incorporated in 20 FIG . 12A is a block diagram illustrating an example 

and constitute a part of this disclosure , illustrate various process for mass customization of equipment , consistent 
disclosed embodiments . In the drawings : with the disclosed embodiments . 
FIG . 1 is a block diagram illustrating an example of an FIG . 12B is an illustration of an exemplary label layout 

optimization - based generative analyses process , for identi- for a customized label . 
fying technical specifications and equipment locations , con- 25 FIG . 13 is a flowchart illustrating an example process for 
sistent with the disclosed embodiments . customizing equipment for use in buildings based on floor 
FIGS . 2A and 2B illustrate example rule - based generative plans , consistent with the disclosed embodiments . 

analyses process for identifying technical specifications and FIG . 14A depicts an exemplary schematic illustration of 
equipment locations that may be performed , consistent with a floor plan , consistent with disclosed embodiments . 
the disclosed embodiments . FIG . 14B depicts exemplary user input including a func 
FIG . 3A illustrates an example generative analysis for tional requirement , consistent with disclosed embodiments . 

selecting and placing equipment on a floor plan , outputting FIG . 14C depicts an exemplary solution as a result of 
the solution to a user by displaying the selected equipment generative analysis indicating equipment placement and 
placement locations on the floor plan , generating a material providing specification details , consistent with disclosed 
list indicating the model identifiers of the selected equip- 35 embodiments . 
ment , and generating a coverage map , consistent with the FIG . 14D depicts exemplary user input varying equip 
disclosed embodiments . ment location , consistent with disclosed embodiments . 
FIG . 3B illustrates an exemplary machine learning based FIG . 14E depicts an exemplary updated solution as a 

generative analysis process , consistent with the disclosed result of generative analysis indicating equipment placement 
embodiments . 40 and providing specification details , consistent with disclosed 

FIG . 4 is a flowchart illustrating an example process for embodiments . 
selecting equipment technical specifications and placement FIG . 15A depicts an exemplary solution as a result of 
locations for use in buildings , consistent with the disclosed generative analysis indicating equipment placement and 
embodiments . providing specification details , consistent with disclosed 
FIG . 5 depicts exemplary floor plans with areas of inter- 45 embodiments . 

est , consistent with disclosed embodiments . FIG . 15B depicts exemplary user input varying equipment 
FIG . 6A depicts exemplary floor plans with areas of location , consistent with disclosed embodiments . 

interest , consistent with disclosed embodiments . FIG . 15C depicts an exemplary updated solution as a 
FIG . 6B depicts an exemplary flow chart of a process for result of generative analysis indicating equipment placement 

selective simulation of equipment coverage in a floor plan , 50 and providing specification details , consistent with disclosed 
consistent with disclosed embodiments . embodiments . 
FIG . 7A is a block diagram illustrating aspects of an FIG . 16A depicts an exemplary solution as a result of 

exemplary method for selective simulation of coverage generative analysis indicating equipment placement and 
associated with a switch in a floor plan , consistent with the providing specification details , consistent with disclosed 
disclosed embodiments . 55 embodiments . 
FIG . 7B is a block diagram illustrating aspects of an FIG . 16B depicts exemplary user input varying equipment 

exemplary method for selective simulation of coverage model type , consistent with disclosed embodiments . 
associated with a switch in a floor plan wherein the floor FIG . 16C depicts an exemplary updated solution as a 
plan includes an existing controller , consistent with the result of generative analysis indicating equipment placement 
disclosed embodiments 60 and providing specification details , consistent with disclosed 
FIG . 8 is a block diagram illustrating aspects of an embodiments . 

exemplary method for selective simulation of coverage FIG . 17A depicts an exemplary solution as a result of 
associated with a camera in a floor plan , consistent with the generative analysis indicating equipment placement and 
disclosed embodiments . providing specification details , consistent with disclosed 
FIG . 9 is a flow chart illustrating an exemplary method for 65 embodiments . 

selective simulation of coverage in a floor plan , consistent FIG . 17B depicts exemplary user input varying equipment 
with the disclosed embodiments . height , consistent with disclosed embodiments . 
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FIG . 17C depicts an exemplary updated solution as a FIG . 25C is an illustration depicting exemplary user input 
result of generative analysis indicating equipment placement for updating a retention data structure , consistent with 
and providing specification details , consistent with disclosed disclosed embodiments . 
embodiments . FIG . 25D is a flowchart illustrating an exemplary process 

FIG . 18A depicts an exemplary solution as a result of 5 for extracting data from a 2D floor plan and retaining it in generative analysis indicating equipment placement and a building information model , consistent with disclosed providing specification details , consistent with disclosed embodiments . 
embodiments . FIG . 26 depicts exemplary floor plans with equipment FIG . 18B depicts exemplary user input varying equipment symbols , consistent with disclosed embodiments . orientation , consistent with disclosed embodiments . FIG . 27 depicts an exemplary flow chart of a process for FIG . 18C depicts an exemplary updated solution as a selecting equipment models and optimizing placement of result of generative analysis indicating equipment placement equipment in floor plans , consistent with disclosed embodi and providing specification details , consistent with disclosed 
embodiments . 
FIG . 19 depicts an exemplary flow chart of a process for 15 FIG . 28A is a diagram illustrating an example floor plan 

selecting equipment for use in buildings , consistent with augmented with architectural features consistent with dis 
disclosed embodiments . closed embodiments . 
FIG . 20A illustrates aspects of an exemplary process for FIG . 28B illustrates an example a semantic enrichment 

using generative analysis to select primary equipment and process consistent with disclosed embodiments . 
auxiliary equipment , consistent with disclosed embodi- 20 FIG . 28C illustrates a tabular representation of an 
ments . example index consistent with disclosed embodiments . 

FIG . 20B illustrates an exemplary process for using FIG . 28D illustrates an example search function that may 
generative analysis to select primary equipment and auxil- be performed consistent with disclosed embodiments . 
iary equipment , consistent with disclosed embodiments . FIG . 28E , illustrates output of an index search consistent 
FIG . 21 is a flow chart illustrating an exemplary method 25 with disclosed embodiments . 

for automatically positioning primary equipment and auxil- FIG . 28F illustrates an example floor plan with offices 
iary equipment in a floor plan , consistent with the disclosed highlighted , consistent with disclosed embodiments . 
embodiments . FIG . 28G illustrates an example process for automatically 
FIG . 22A is a depiction of exemplary wiring typologies , generating an actionable index , consistent with disclosed 

consistent with disclosed embodiments . 30 embodiments . 
FIG . 22B is a depiction of exemplary wiring typologies , FIG . 28H illustrates another example action that may be 

consistent with disclosed embodiments . performed based on an index , consistent with disclosed 
FIG . 22C is a depiction of an exemplary wiring diagram , embodiments . 

consistent with disclosed embodiments . FIG . 281 illustrates an updated index following the action 
FIG . 23 is a flowchart illustrating an exemplary process 35 performed in the prior figure , consistent with disclosed 

for generating a wiring diagram for equipment , consistent embodiments . 
with disclosed embodiments . FIG . 28J illustrates another example action that may be 
FIG . 24A is an illustration of exemplary stages of an performed based on an index , consistent with disclosed 

exemplary process for extracting data from a 2D floor plan embodiments . 
and retaining it in a building information model , consistent 40 FIG . 28K illustrates an updated floor plan indicating 
with disclosed embodiments . rooms with conference tables following the action per 
FIG . 24B is an illustration depicting an exemplary geo- formed in the prior figure , consistent with disclosed embodi 

metric analysis on a floor plan , consistent with disclosed ments . 
embodiments . FIG . 28L illustrates an updated floor plan after the action 
FIG . 24C is an illustration depicting an exemplary geo- 45 in FIG . 28J has been performed , consistent with disclosed 

metric analysis for identifying doors and sills , consistent embodiments . 
with disclosed embodiments . FIG . 29 is a flowchart illustrating an example process 
FIG . 24D is an illustration depicting an exemplary 2900 for analysis , segmentation , and indexing of architec 

machine learning door analysis , consistent with disclosed tural renderings , consistent with disclosed embodiments . 
embodiments . FIG . 30 illustrates an exemplary system architecture for 
FIG . 24E is an illustration depicting an exemplary using modeling and simulation to select equipment , consis 

machine learning walls analysis , consistent with disclosed tent with disclosed embodiments . 
embodiments 
FIG . 24F is an illustration depicting an exemplary DETAILED DESCRIPTION 

machine learning furniture analysis , consistent with dis- 55 
closed embodiments . In architectural planning , selecting the appropriate speci 
FIG . 24G is an illustration depicting an exemplary fications and locations for equipment to be used in many 

machine learning room analysis , consistent with disclosed rooms in a floor plan can be a daunting task . For example , 
embodiments . each room may have multiple functional requirements that 
FIG . 25A is an illustration depicting an exemplary process 60 may affect the selection and placement of equipment within 

for adding identified features and equipment associated with the room . Further , there may be thousands of possible 
BIM objects to a building information model , consistent combinations of equipment specifications and placement 
with disclosed embodiments . locations , each with varying degrees of conformance to the 
FIG . 25B is an illustration depicting an exemplary process functional requirements . 

for adding identified features and equipment associated with 65 Therefore , there is a need for unconventional approaches 
BIM objects to a building information model , consistent that enable users to input functional specifications for mul 
with disclosed embodiments . tiple rooms into a system configured to run a series of 

50 
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simulations to automatically suggest equipment and equip- efficient and effective planning , disclosed embodiments pro 
ment placement within the rooms . vide ways to automatically define areas of interest or disin 

The disclosed methods and systems are directed to pro- terest based on an analysis of a floor plan . Embodiments 
vided new and unconventional methods of selective simu- may include identifying or defining areas of interest or 
lation of equipment coverage in a floor plan . Conventional 5 disinterest based on user input . Accordingly , embodiments 
approached to selecting equipment in a floor plan may be promote rapid , large scale , customizable , and accurate iden 
unable to generate accurate , optimized plans due to resource tification of areas of equipment , and embodiments may 
constraints given the labor - intensive engineering and draft- further provide improved techniques to identify and select 
ing process or when information is lacking ( e.g. , a designer equipment that satisfy functional requirements for areas of 
may make a “ best guess ” or assumption when estimating 10 interest or disinterest . 
equipment location , install time , etc. ) . Additionally , the In architectural planning , adding accurate and consistent 
interconnectivity of multiple complex systems may impose labels to various aspects architectural floor plans may be 
significant challenges when attempting to select equipment difficult and labor intensive . In some cases , a designer may 
to improve performance ( e.g. , improved energy efficiency ) . desire to make the same changes to rooms of the same or 
As a result , conventional approaches may lead to inefficien- 15 similar type across a very large complex architectural plan 
cies , high costs , sub optimal solutions , and / or rigid plans that or set of plans . However , such widespread changes to a large 
are not customized to a particular need . floor plan may require painstaking effort to change only a 

Therefore , there is a need for a new type of system and small aspect of a large number of rooms . Further , rooms of 
method that may use a variety of data sources , including some plans could be mislabeled , which may lead to further 
incomplete data sources , to optimize floor plans , efficiently 20 errors that could drastically affect later design considerations 
analyze floor plans , optimally place equipment to meet or even the construction of a building . Therefore , aspects of 
various design objectives , identify and place auxiliary the current disclosure relate to unconventional approaches 
equipment , generate wiring diagrams , and more . As com- that efficiently , effectively , and consistently update architec 
pared to conventional approaches , the disclosed systems and tural plans . 
methods improve computational efficiency , produce more 25 In building floor plans , equipment and functional require 
optimal solutions , and allow greater customization . ments associated with rooms are often unspecified , leaving 
When designing the interior of a building , an architect or designers with the challenge of determining which equip 

structural engineer may consider , from a large list of equip- ment to select and where to place it . This problem is 
ment specifications , which equipment may be appropriate compounded when selecting and placing auxiliary equip 
for s space , where to place it , and how to orient it . At the 30 ment ( e.g. , cables , screws , patch panels , junction boxes , 
same time , the architect or structural engineer must consider video recorders , network switches , racks , or other accesso 
costs and structural issues that may arise from using one ries ) that support primary equipment . In such data - limited 
piece of equipment over another . Conventional approaches situa s , conventional approaches may lack the ability to 
to this aspect of designing the interior of a building may rely determine functional requirements and automatically select 
on human judgment or overly simplistic algorithms , thereby 35 and place primary and auxiliary equipment that meets those 
lacking the ability to automatically perform these tasks in an requirements in an efficient and optimized manner . 
efficient and optimized manner . Further , some areas within In architectural planning , creating comprehensive , 
a floor plan , including areas inside a room , may have detailed , and accurate wiring diagrams for building planning 
different requirement than adjacent areas , or may be par- and construction may be difficult and labor intensive . Build 
ticularly important . For example , camera coverage or the 40 ings may include a wide variety of equipment that requires 
lighting of an egress may be more important to design than electrical wiring including , for example , lighting , power 
coverage in other areas of a room , and camera coverage may outlets , smoke alarms , CCTV systems , sensor systems , 
be undesired in private spaces such as bathrooms or chang- HVAC systems , motors and pumps , solar power grids , 
ing rooms . Conventional solutions may fail to identify such electric car charging stations , and others . Electrical wiring 
areas of interest or disinterest accurately in automated way , 45 may include high - voltage , medium - voltage and low - voltage 
or may be labor intensive and fail to efficiently scale or be wires and / or cables . Therefore , when designing a building , 
consistently applied when planning using dozens , hundreds , a designer or planner may need to create complex wiring 
or even thousands of floor plans . diagrams for equipment to ensure that wires are run properly 

In accordance with the present disclosure , a structural throughout the building and permit various pieces of equip 
design system , method , and / or computer readable medium 50 ment to access electrical power . Conventional design tools 

provided for selective simulation of technical speci- face difficulty creating such complex wiring diagrams accu 
fication coverage in a floor plan . Embodiments may include rately and efficiently . Planners may rely on manual inputs or 
defining areas of interest for modeling and simulation - based leave such details off plans entirely , causing installers to 
space planning . Defining an area of interest or disinterest make decisions based on limited information in a floor plan . 
may include delimiting , outlining , establishing , and / or any 55 Additionally , selection of electrical equipment and wiring 
other implementing any method of distinguishing one space and the locations of the equipment may affect operating 
from another . Generally , an area of interest or disinterest costs , and there is a need for systems and methods of 
may be an area upon which functional requirements or generating wiring solutions that minimize future costs . 
technical characteristics are applied and may differ from the In architectural planning , the geometry contained in 2D 
functional requirement applied to another area of the room . 60 architectural files such as CAD , PDF and image files may 
Such areas may be unmarked on floor plans , making it lack structured semantic information and metadata . For 
difficult to design or plan equipment for spaces . For example , the vectors representing rooms and their demar 
example , if a floor plan generally contains a functional cations such as walls may be a set of points without any 
requirement to maximize Wi - Fi coverage in many rooms , associated metadata or semantic designation identifying 
proposed solutions may maximize coverage without provid- 65 them as rooms and walls . In some cases , the vectors repre 
ing coverage in areas of interest such as at cubicle locations senting walls may be not be differentiated from vectors 
within offices or in a waiting area of a lobby . To enable more representing furniture or other architectural elements . The 

may be 
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absence of machine - readable room demarcations and archi- plurality of rooms in a floor plan and generating an index to 
tectural features may render conventional computational facilitate rapid searching and bulk actions . 
processes challenging or infeasible . In another cases , two- In architectural planning , selecting appropriate specifica 
dimensional drawings may provide inadequate context for a tions and locations for equipment to be used in many rooms 
designer who wishes to view a building or a room in three 5 in a floor plan can be a burdensome and time consuming 
dimensions . For example , a designer or planner may not be procedure . Even when the same model equipment is used in 
able to grasp the size of a room relative to its height using multiple rooms throughout a building , the precise location of 
only a two - dimensional plan . A designer may also wish to the equipment in each room and customizations for the 
understand how layouts of multiple floors relate to each equipment may vary from room to room . For example , each 
other by viewing multiple floors in three dimensions at the 10 room may have different functional requirements or room 
same time . Designers may also wish to view hand drawn or features that require customizations to the equipment , such 
paper plans in three dimensions . In many situations , manu- as physical configurations , programming , labeling , or col 
ally generating three dimensional plans is not practical or oring , or other customizations . Moreover , buildings may 
feasible . Conventional solutions face difficulty generating have hundreds of rooms where equipment models and 
floorplans with structured semantic data and three dimen- 15 equipment placement may vary from room to room . This can 
sional views from two dimensional plans accurately and result in situations where technicians select from a large 
efficiently , and may require a large amount of manual input . equipment shipment the wrong equipment for a particular 
Accordingly , there is a need for non - conventional systems room ; install the correct equipment in the incorrect location ; 
and methods of automatically generating three dimensional and / or install the correct equipment in the correct location 
models with structured data of buildings from two dimen- 20 but with incorrect selected settings . Such human error can be 
sional plans . costly both in terms of labor and delay . 
Some disclosed methods and systems are directed to Therefore , there is a need for unconventional approaches 

providing new and unconventional methods for selectively that maximize the chances that customized equipment will 
simulating equipment coverage in a floor plan . Building be installed in the correct rooms , at the correct locations , and 
planners may seek to ensure that a floor plan is sufficiently 25 with the correct settings . Further , there is a need for systems 
covered by lights , cameras , motion detectors , or other sen- and methods to present the customized information to enable 
sors , equipment or devices . Conventional approaches to a manufacturer to customize product in the factory , and add 
selecting equipment may not adequately ensure that each a custom label to the packaging to facilitate installation . 
space in every room in a floor plan that should be covered The disclosed methods and systems are directed to pro 
is in fact covered . Constraints on designers and drafters 30 vided methods of selecting equipment for use in buildings . 
make it difficult if not impossible to use conventional In large building projects for example , thousands of pieces 
techniques for ensuring equipment coverage . Often , design- of equipment might need to be specified , placed , oriented 
ers or drafters are left to make a “ best guess " or assumption and adjusted . In some instances , there is an interrelationship 
when selecting equipment and estimating its location . Addi- between pieces of equipment , leading to a preferred solution 
tionally , the interconnectivity of multiple complex systems 35 that includes interdependencies . And once equipment is 
may impose significant challenges when attempting to select selected and placed , there is sometimes a need to change the 
equipment to improve performance or coverage . As a result , selection or placement , which can have a cascading effect . 
conventional approaches may lead to inefficiencies , high Embodiments of this disclosure enable both generative 
costs , sub optimal solutions , or rigid plans that may not analysis of floor plans to select , place and adjust equipment , 
satisfy coverage needs . 40 and further enable movement of equipment in the floor plans 

Therefore , there is a need for a new type of system and after placement , along with associated recalculations to 
method that may use a variety of data sources , including arrive at a preferred solution . 
incomplete data sources , to optimize floor plans , efficiently Embodiments of the present disclosure enable design 
analyze floor plans , optimally place equipment to meet constraints to be achieved must more accurately than con 
coverage requirements . 45 ventional approaches and in much shorter time . In addition , 

During the architectural planning process , it may be if changes are needed after an equipment selection is already 
beneficial to apply actions in bulk , for example , to a group made , disclosed embodiments may enable rapid adjustment 
of rooms sharing similar architectural features or room unattainable with conventional approaches . Therefore , there 
functions . In many cases , identifying similar rooms on a is a need for a new type of system and method that may use 
floor plan may be challenging , especially when analyzing 50 a variety of data sources , including incomplete data sources , 
large numbers of rooms in many floor plans . For example , to optimize floor plans , efficiently analyze floor plans , 
many floor plans may not list room names , which may optimally place equipment to meet various design objec 
indicate a room's function . In other instances , the room tives , identify and place auxiliary equipment , generate wir 
names identified on the floor plan may not be structured , ing diagrams , and more . As compared to conventional 
which may prevent bulk actions from being performed . In 55 approaches , the disclosed systems and methods improve 
other instances , the names of large numbers of identified computational efficiency , produce more optimal solutions , 
architectural features , furniture and equipment may not be and allow greater customization . 
structured . Further , information embedded in floor plans Unless specifically stated otherwise , as apparent from the 
may be difficult to efficiently search or act upon . For following description , throughout the specification discus 
example , a search for “ offices ” in floor plans may require 60 sions utilizing terms such as “ processing ” , “ calculating ” , 
inefficient loading of large files that contain information not " computing ” , “ determining " , " generating " , " setting ” , “ con 
relevant to a search , such as image data . Further , applying figuring ” , “ selecting ” , “ defining ” , “ applying ” , “ obtaining ” , 
bulk actions to groups having shared characteristics may be " monitoring " , " providing " , " identifying " , " segmenting " , 
difficult or impossible when working with floor plans “ classifying " , " analyzing ” , “ associating " , " extracting ” , 
directly . 65 “ storing ” , “ receiving ” , “ transmitting ” , or the like , include 

Therefore , there is a need for unconventional approaches actions and / or processes of a computer that manipulate 
for automatically determining semantic designations for a and / or transform data into other data , the data represented as 
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physical quantities , for example such as electronic quanti- to be understood that the phraseology and terminology 
ties , and / or the data representing physical objects . The terms employed herein is for the purpose of description and should 
" computer ” , “ processor ” , " controller " , " processing unit ” , not be regarded as limiting . 
“ computing unit ” , and “ processing module ” should be In this document , an element of a drawing that is not 
expansively construed to cover any kind of electronic 5 described within the scope of the drawing and is labeled with 
device , component or unit with data processing capabilities , a numeral that has been described in a previous drawing may 
including , by way of non - limiting example , a personal have the same use and description as in the previous 
computer , a wearable computer , smart glasses , a tablet , a drawings . 
smartphone , a server , a computing system , a cloud comput- The drawings in this document may not be to any scale . 
ing platform , a communication device , a processor ( for Different figures may use different scales and different scales 
example , digital signal processor ( DSP ) , an image signal can be used even within the same drawing , for example 
processor ( ISR ) , a microcontroller , a field programmable different scales for different views of the same object or 
gate array ( FPGA ) , an application specific integrated circuit different scales for the two adjacent objects . 
( ASIC ) , a central processing unit ( CPA ) , a graphics process- 15 Various terms used in the specification and claims may be 
ing unit ( GPU ) , a visual processing unit ( VPU ) , and so on ) , defined or summarized differently when discussed in con 
possibly with embedded memory , a single core processor , a nection with differing disclosed embodiments . It is to be 
multi core processor , a core within a processor , any other understood that the definitions , summaries and explanations 
electronic computing device , or any combination of the of terminology in each instance apply to all instances , even 
above . 20 when not repeated , unless the transitive definition , explana 

The operations in accordance with the teachings herein tion or summary would result in inoperability of an embodi 
may be performed by a computer specially constructed or ment . 
programmed to erform the described functions . Consistent with disclosed embodiments , “ at least one 

As used herein , the phrase “ for example , ” “ such as ” , “ for processor ” may constitute any physical device or group of 
instance ” and variants thereof describe non - limiting 25 devices having electric circuitry that performs a logic opera 
embodiments of the presently disclosed subject matter . tion on an input or inputs . For example , the at least one 
Reference in the specification to features of “ embodiments ” processor may include one or more integrated circuits ( IC ) , 
“ one case ” , “ some cases ” , “ other cases ” or variants thereof including application - specific integrated circuit ( ASIC ) , 
means that a particular feature , structure or characteristic microchips , microcontrollers , microprocessors , all or part of 
described may be included in at least one embodiment of the 30 a central processing unit ( CPU ) , graphics processing unit ( GPU ) , digital signal processor ( DSP ) , field - programmable presently disclosed subject matter . Thus the appearance of 
such terms does not necessarily refer to the same embodi gate array ( FPGA ) , server , virtual server , or other circuits 

suitable for executing instructions or performing logic ment ( s ) . As used herein , the term “ and / or ” includes any and operations . The instructions executed by at least one pro all combinations of one or more of the associated listed 35 cessor may , for example , be pre - loaded into a memory items . In the present disclosure , “ or ” may be used as a integrated with or embedded into the controller or may be convenient shorthand for " and / or . ” That is , “ or ” may encom stored in a separate memory . The memory may include a pass both conjunctive and disjunctive joining of terms . Random Access Memory ( RAM ) , a Read - Only Memory 
Further , " and ” may also be used as a convenient shorthand ( ROM ) , a hard disk , an optical disk , a magnetic medium , a 
for “ and / or " in the present disclosure . Accordingly , the use 40 flash memory , other permanent , fixed , or volatile memory , or 
of either “ and ” or “ or ” is not necessarily intended to require any other mechanism capable of storing instructions . In 
all of the elements to be included or to exclude other some embodiments , the at least one processor may include 
elements . more than one processor . Each processor may have a similar 

Features of the presently disclosed subject matter , are , for construction or the processors may be of differing construc 
brevity , described in the context of particular embodiments . 45 tions that are electrically connected or disconnected from 
However , it is to be understood that features described in each other . For example , the processors may be separate 
connection with one embodiment are also applicable to other circuits or integrated in a single circuit . When more than one 
embodiments . Likewise , features described in the context of processor is used , the processors may be configured to 
a specific combination may be considered separate embodi- operate independently or collaboratively . The processors 
ments , either alone or in a context other than the specific 50 may be coupled electrically , magnetically , optically , acous 
combination . tically , mechanically or by other means that permit them to 

In embodiments of the presently disclosed subject matter , interact . 
one or more stages illustrated in the figures may be executed Aspects of this disclosure may relate to systems , methods 
in a different order and / or one or more groups of stages may and computer readable media for selecting equipment for 
be executed simultaneously and vice versa . The figures 55 use in buildings . For example , in architectural planning , 
illustrate a general schematic of the system architecture in selecting appropriate equipment for use in many rooms and 
accordance embodiments of the presently disclosed subject identifying locations for this equipment can be a daunting 
matter . Each module in the figures can be made up of any task . The disclosed embodiments may simplify this process 
combination of software , hardware and / or firmware that by enabling users to input functional requirements for mul 
performs the functions as defined and explained herein . The 60 tiple rooms . A processor may run a series of simulations , 
modules in the figures may be centralized in one location or which may also be referred to as an optimization process , 
dispersed over more than one location . which may constitute of running a series of simulations to 

Examples of the presently disclosed subject matter are not suggest equipment and equipment placement in the rooms . 
limited in application to the details of construction and the A processor may run a calculation or series of calculations 
arrangement of the components set forth in the following 65 to suggest equipment and equipment placements in rooms , 
description or illustrated in the drawings . The subject matter or use a machine learning model to suggest equipment and 
may be practiced or carried out in various ways . Also , it is equipment placements models in rooms 
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For ease of discussion , a method is described below with building , a suite of rooms , a whole floor of rooms , or an 
the understanding that aspects of the method apply equally entire building of rooms ) . In some embodiments , the floor 
to systems , devices , and computer readable media . For plan may be associated with a mobile structure , such as a 
example , some aspects of such a method may occur elec- ship , a motor home or other recreational vehicle , an airplane , 
tronically over a network that is either wired , wireless , or or other vehicles . The floor plan may be constructed in a 2D 
both . Other aspects of such a method may occur using format , 3D format or any combination thereof . A floor plan 
non - electronic means . In a broadest sense , the method is not may be complemented or augmented with a single line 
limited to particular physical and / or electronic instrumen- diagram which may be a simplified graphic representation of 
talities , but rather may be accomplished using many differ- a plurality of pieces of equipment in a system or plurality of 
ing instrumentalities . 10 systems . In a single line diagram , each line may represent 

Consistent with disclosed embodiments , a method may one part of a system . A single line diagram may indicate 
involve accessing a floor plan . As used herein , a floor plan equipment technical specifications and / or quantities and / or 
may include any graphic representation of a layout , partial identifiers without a representation of a layout and / or the 
layout or section of a building , which may include an room demarcations of the rooms in which the equipment is 
interior of the building , an exterior of the building , or both . 15 located . A single line diagram may use simplified symbols to 
The floor plan can include any representation of any floor or represent equipment . A single line diagram may include , for 
surface in any structure , including an existing structure example , connection details between one or more pieces of 
and / or a contemplated structure that has not been con- equipment . A single line diagram may provide an overview 
structed . The floor plan can include representations of of one or multiple systems . The floor plan may be repre 
rooms ; representations of architectural features such as 20 sented in any suitable format . For example , the floor plan 
windows , doors , walls , columns and furniture including may be represented as a hand - drawn or scanned image , in a 
their materials , representations of both primary and auxiliary vector - based format ( e.g. , CAD , PDF , DWG , SVG , or other 
equipment such as sensors , electrical equipment , HVAC 2D drawing formats ) , in an image format ( e.g. , BMP , JPG , 
equipment , motors , pumps , wiring , cable trays , and techni- PNG , or similar image files ) , in 3D models , in Building 
cal equipment rooms . These representations may be in the 25 Information Models ( “ BIM ” ) in Industry Foundation 
form of symbols as is the case with formats such as CAD or Classes ( IFC ) or RevitTM ( .RVT ) format , or any other 
parametric objects or digital representations of real life graphical or digital format . The floor plan may be in digital 
objects as is the case with a Building Information Model or hard copy formats or both . In some embodiments , the 
( BIM ) file which may contain BIM objects . BIM files may floor plan may be represented as a data structure , described 
be used to generate and manage digital representations of 30 in further detail below . A floor plan may also include other 
physical and functional characteristics of places , buildings information associated with the plurality of rooms and the 
and objects . BIM objects may describe actual architectural equipment and data contained therein including architectural 
elements such as alls , doors and furniture and equipment features such as door and furniture locations and types , 
and can hold a various metadata , geometric and parametric equipment , technical specifications , functional require 
information regarding them . For example , a wall BIM object 35 ments , equipment lists , energy metering , BMS data , iOT 
may contain a wall geometry , a physical makeup of a wall data , or any other data that may be relevant to the floor plan . 
( bricks , concrete or gypsum ) , a finishing type of a wall , a fire Consistent with the present disclosure , the floor plan may 
resistance rating of a wall , and / or locations of openings in a demarcate a plurality of rooms . As used herein , a room may 
wall . It may include both 2D and 3D images or graphical include any defined indoor and / or outdoor space . For 
representations of the wall , and graphical representation for 40 example , a room may include a bedroom , an office , an 
the BIM object on a floor plan object . Building Information entryway , an electrical room , a kitchen , a bathroom , a 
Modeling ( BIM ) objects may include a combination of laboratory , a control room , a boiler room , a mechanical 
detailed information , attributes , parameters , technical char- rooms , a garden , a hallway , an attic , a balcony , an atrium , or 
acteristics , geometry , and metadata that defines an object any other area or space that may be associated with a 
( e.g. , piece of equipment , architectural feature , etc. ) and 45 building or structure . A room demarcation may include 
represents the object's physical characteristics in two and / or information in the floor plan indicating the location of a 
three dimensions . A BIM object may be described as a room in relation to the rest of the floor plan . The demarcation 
“ digital twin ” or digital equivalent of real world objects , may include representations of one or more boundaries 
architectural features and equipment . For example , a BIM ( sometimes referred to as contours ) of the room . The bound 
object may contain a description , dimension , BIM family 50 aries may include objects , real or imaginary , that constitute 
classification , model number , a 2D floor plan symbol and a the room's borders ( such as walls or windows that surround 
3D image . A BIM object may include technical character- a room ) , openings associated with the room's borders ( doors 
istics such as visualization data that gives the object a and window leading in and out of the room ) , equipment 
recognizable appearance and behavioral data , such as detec- and / or architectural features ( columns , beams , furniture , 
tion zones , which enable the object's position to be deter- 55 etc. ) contained in the room . In some embodiments , the floor 
mined or to behave in exactly the same way as the product plan may include textual information , such as the name or 
itself , for example in a simulation . A BIM object may function of the rooms , the number of the room , the classi 
represent windows , doors , boilers , or any other equipment , fication tag of the room , information regarding the dimen 
as disclosed herein . A BIM object may indicate a specific sions of the room , or other textual information . Identification 
model of equipment , a generic piece of equipment , a family 60 of a room demarcations and contours may allow for a variety 
of equipment , or any level of specificity in between . of actions to be efficiently applied or performed on a room . 

The floor plan may be associated with residential , com- Non - limiting examples of the many types actions that may 
mercial , or public buildings ( e.g. , offices , homes , schools , be applied to a room with identified contours may include : 
museums , transportation stations / airports , medical facilities , application of functional requirements or technical specifi 
or other public structures . ) , or any other structure . For 65 cations ; addition of equipment ; extraction of geometric data 
example , the floor plan may depict a physical layout of one as an input for a simulation or optimization process ; extrac 
or more rooms in the building ( e.g. , a single room in a tion of room geometric data such as room area and number 
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of boundary segments and architectural features such as performing image processing on the floor plan to demarcate 
walls , doors and furniture to be used as inputs to an the contours of the room . Image processing ( i.e. , image 
optimization process and / or for a machine learning model , analysis or image processing algorithms ) may include iden 
or various other actions as described throughout the present tifying lines , circles , or other features from pixel - based 
disclosure . These inputs may be used , for example , by a 5 images to fill in missing contours or otherwise gather 
machine learning model to semantically enrich various information regarding geometry . For example , this may 
elements of the room including semantic designations such include a Hough transform algorithm to reconstruct lines or 
as room function , and / or the semantic designations of its circles from pixel - based images . Another example may 
architectural features and equipment an optimization to be include the use of Canny edge detection to identify edges of 
run within the boundaries of a room . They may also be used 10 solidly colored shapes . In some embodiments , image analy 
by a machine learning model trained on a dataset of room sis may be employed to analyze a floor plan if vector 
geometries and equipment technical specifications and information is missing . For example , image analysis may be 
placement locations generated with an optimization process , used to demarcate contours of a room for hand drawn plans , 
for example , to select and place equipment within the room . scanned plans , or other representations . Image analysis may 

In some embodiments , the borders or contours of a room 15 be used to augment geometric analysis , semantic analysis 
may not initially be demarcated in the floor plan in a and machine learning methods . 
machine readable format or format which can deciphered by In some embodiments , artificial neural networks may be 
a machine . In an image file ( JPG , PNG ) , for example , the configured to analyze inputs and generate corresponding 
representations of room borders may only be pixels without outputs . Some non - limiting examples of such artificial neu 
any associated metadata or semantic designation to distin- 20 ral networks may comprise shallow artificial neural net 
guish them for other pixels representing furniture and other works , deep artificial neural networks , feedback artificial 
elements . In a CAD or PDF floor plan , for example , the neural networks , feed forward artificial neural networks , 
vector data structure representing the geometry used to autoencoder artificial neural networks , probabilistic artificial 
symbolize or represent rooms including their walls , doors neural networks , time delay artificial neural networks , con 
and other architectural feature many not contain any meta- 25 volutional artificial neural networks , recurrent artificial neu 
data or semantic designations identifying them as such , and ral networks , long short term memory artificial neural net 
may only contain the actual points that make geom- works , and so forth . In some examples , an artificial neural 
etry . In some cases , the specific vectors describing the network may be configured manually . For example , a struc 
room's borders may have the same properties as any other ture of the artificial neural network may be selected manu 
vector in the file and may not be identified as such . These 30 ally , a type of an artificial neuron of the artificial neural 
vectors may be described as a list of points without any network may be selected manually , a parameter of the 
associated metadata ( e.g. , [ ( 0,0 ) , ( 2,2 ) , etc. ] ) . artificial neural network ( such as a parameter of an artificial 

In other cases , a set of points or lines in a file may be neuron of the artificial neural network ) may be selected 
grouped together in a layer which may be associated with a manually , and so forth . In some examples , an artificial neural 
name or other metadata . However , this metadata may be 35 network may be configured using a machine learning algo 
unstructured and not conform to a standard , convention , rithm . For example , a user may select hyper - parameters for 
classification , and / or semantic designation . A layer , for the an artificial neural network and / or the machine learning 
example , containing lines representing walls may be named algorithm , and the machine learning algorithm may use the 
“ A3-1 . ” In a building information model ( BIM ) , otherwise hyper - parameters and training examples to determine the 
referred to as a BIM file or BIM floor plan , objects such as 40 parameters of the artificial neural network , for example 
walls , windows , and doors may have not been bound and / or using back propagation , using gradient descent , using sto 
associated with a room . In other cases , for example , spaces chastic gradient descent , using mini - batch gradient descent , 
and / or rooms may have not been defined . In other cases , and so forth . In some examples , an artificial neural network 
there may be duplicated or overlapping rooms . This may be may be created from two or more other artificial neural 
the result , for example , of a user error during the creation of 45 networks by combining the two or more other artificial 
the BIM model or an issue with a BIM object . In many cases , neural networks into a single artificial neural network . 
room borders represented in a floor plan may be inferred by For example , artificial intelligence methods including , but 
a human viewer , who mentally visualizes them by connect- not limited to , deep learning networks may be used to 
ing lines which make up walls , doors and windows in the segment walls and room contours from a floor plan , or detect 
plan and recognized by their visual style and context . 50 and classify architectural features such as doors , windows , 
However , a computer may not have these capabilities and furniture as well as equipment . A non - limiting illustrative 
may not be capable of isolating the borders from existing example of possible artificial intelligence techniques is the 
data . Thus , the disclosed embodiments may include pro- use of segmentation , detection , and / or classification models 
cesses to automatically add such borders , inferring them such as ResNet , YOLO or RetinaNET trained to identify 
from name , geometry , visual style , metadata and context . 55 walls , doors , or furniture based on a training set of labelled 
Accordingly , receiving the floor plan demarcating contours walls , doors , and furniture . Machine learning models may 
of a room may include performing additional processing on include but are not limited to classification models , neural 
the floor plan to demarcate the contours of the room . In cases network models , random forest models , Convolutional Neu 
where room contours are not initially identified by a ral Network Models , deep learning models , recurrent Neural 
machine , a user may need to manually define room contours . 60 network models , support vector machine models , a support 
Examples of manual definition of room contours may vector machine model , ensemble prediction models , Adap 
include marking the contours on a floor plan using a drawing tive Network Based Inference System , or any other machine 
tool , selecting the walls that constitute the contours of the learning model . Possible deep neural types of CNN's may 
room , using a create room or space tool , or entering the room vary according to the type of task and may include Resnet 
contour coordinates . 65 50 for classification , RetinaNet for detection- and Unet and 

In some embodiments , the additional processing on the Mask RCNN for segmentation . Embodiments consistent 
floor plan to demarcate the contours of a room may include with the present disclosure may include structured data 
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models such as , for example , boosting algorithms ( e.g semantic segmentation on top of the floor plan image . In 
XGBoost ) , standard neural networks , and random forest some embodiments , various metrics may be used to assess 
models . the prediction performance of models . Such metrics may 
As one of skill in the art will appreciate , machine learning include , for example , mAP , F Score , accuracy , intersection 

may include training a model to perform a task , the training 5 over union ( IOU ) , or other performance metrics . In some 
including providing example training data to the model and cases , an ensemble of a plurality of models may be used to 
iteratively optimizing model parameters until training crite- increase prediction performance . For example , deep learn 
ria are satisfied . For example , a model may be trained to ing networks may be trained on a specialized cloud machine 
classify data using labelled datasets . In some embodiments , with an industrial GPU or with a variety of other types of 
a model may be trained to use training input data to produce 10 machines . The result of deep learning models may be 
an output that closely matches training output data . Model post - processed with computer vision algorithms , such as 
training may include hyperparameter tuning , sizing of mini- RANSAC , Hough lines , and Connected components algo 
batches , regularization and changes in network architec- rithms . A machine learning model may be combined with a 
tures . It should be understood that systems and methods geometric analysis and / or semantic analysis . 
contemplated herein include using available machine learn- 15 In some embodiments , receiving the floor plan may 
ing platforms and / or libraries to train and / or manage models include performing a geometric analysis on the floor plan to 
( e.g. , TENSORFLOW , PYTHON , MATLAB , KERAS , demarcate the contours of the room . As used herein , a 
MICROSOFT COGNITIVE TOOLKIT , and / or any other geometric analysis may include any form of analysis for 
machine learning platform ) . In some embodiments , training extracting information from a floor plan based on geometries 
of machine learning models may be supervised and / or 20 represented in the floor plan to identify walls , windows , 
unsupervised . Training data may take many forms including , doors and other architectural feature which may demarcate 
for example , the annotation of elements including but not the contours of the room . A geometric analysis may include 
limited to various architectural features ( e.g. doors , door an interrogation of a floor plan represented in a BIM , CAD , 
sills , windows , walls , rooms , etc. ) and equipment ( e.g. PDF or file format containing geometric entities such as 
sensors , furniture , cabinetry , lighting fixtures , HVAC duct- 25 lines , polylines , arcs circles or vectors . The geometric analy 
ing , etc. ) . sis may use coordinates ( e.g. , XYZ coordinates ) of end 
Some examples of possible approaches to the training of points of entities to determine properties of the entities and 

a dataset , a plurality of floor plans may be annotated in their relationship each other . For example , information 
different formats including but not limited to CSV , JSON , derived from a geometric analysis may include : line length , 
and / or other file types to allow multi - type deep learning 30 line direction , the location of geometric objects in the floor 
training and other possible machine learning training tech- plan , or any other properties represented in the floor plan . 
niques . Various annotation methods may be used to label The geometric analysis may include searching the floor plan 
features for training depending on the task such as masks or for sets of parallel lines or vectors , perpendicular lines or 
bounding boxes . As illustrative non - limiting examples vectors or lines in a certain angle , which may be indicative 
regarding annotations , geometric objects such as boxes , 35 of walls or other boundaries of a room . The geometric 
oriented boxes , or polygons may be used to identify and analysis may include measuring distances between entities 
demarcate features of interest in a plurality of floor plans . and find pairs of entities close to each other , identifying sets 
These objects may be generated manually by drawing them of entities that create patterns which repeat in different 
over the image or automatically , by using heuristic , geomet- locations in the floor plan , finding relations of inclusion 
ric or statistic algorithms to generate them , or generated 40 between a point and a closed geometry , or any other rela 
and / or identified using other possible techniques , or any tionships between points , lines , or shapes represented in the 
combination thereof . The annotations may be used for floor plan that may indicate room contours . After identifying 
detection , segmentation , and / or classification tasks , as well a series of polygons that may be potential walls ( e.g. wall 
as other machine learning algorithms , computer vision tasks , candidates ) , rooms and their contours may be identified , for 
or any other artificial intelligence tasks , as well as in 45 example , by offsetting the polygons outwards by 50-100 mm 
conventional machine learning and / or statistical methods . to close gaps and joining all polygon borders using polygon 

In some embodiments , training images may be cleaned by Boolean operation . This may result in a large border poly 
removing text and / or redundant features and / or other ele- gon , with several “ hole ” polygons . The “ hole ” polygons 
ments . Training sets , may include 1000 images per class or may be considered rooms , for example if they meet certain 
more . In some embodiments , training data may be aug- 50 conditions . Examples of the many types of conditions , may 
mented , for example , by rotating images , adding synthetic include , for example minimum area , minimum width and 
data , the addition of noise , or various other techniques . For rules against not being nested into each other . Another 
small object detection such as doors and door sills , a floor example geometric analysis for the identification of doors 
plan may be cropped into a reduced size such as , 1000x1000 may include searching for containment of possible door 
pixels , and afterwards may be recomposed and used with 55 geometries ( e.g. an arc and a line with similar sizes / radii 
non - maximum suppression . Floor plans may be resized to which meet in their end points ) within room boundaries . 
1024x1024 , 512-512 , or other suitable sizes before inputting In some embodiments , receiving the floor plan may 
them to the artificial intelligence model for larger holistic include performing a semantic analysis on the floor plan to 
objects such as walls and room . Annotated floor plans may demarcate the contours of the room . A semantic analysis 
be divided into training and validation sets . For detecting 60 may include but is not limited to an analysis of a BIM or 
architectural features in the floor plans and predicting fea- CAD or PDF file , which may interrogate and analyze 
tures , various deep learning models may be used , which may parameters and attributes of a plurality of elements in the 
include , but are not limited to RetinaNet based on the Resnet file . For example , in a CAD file , a semantic analysis may 
classification network , for detecting doors . For segmentation include interrogating the name of the layer an entity is drawn 
tasks of walls and rooms , mask RCNN or a base of a 65 in , the type of entity , or the type of line it is represented with . 
multi - purpose network such as UNET may be used , which As another example , a semantic analysis may include using 
may employ an encoder - decoder architecture to reconstruct the name of a CAD block to determine if the type of element 
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it describes . In a BIM model , a large amount of information analysis , which may include an interrogation of a BIM , 
may be contained within semantic and textual fields as BIM CAD , PDF , and / or any 2D or 3D floor plan containing 
object properties , geometric data , metadata , and attributes . geometric entities such as lines , polylines , arcs , circles , 
In this type of files , a semantic analysis may yield informa- and / or vectors . Topological analysis may employ semantic 
tion regarding the type , location , and the physical makeup of 5 analysis which may include interrogating and parsing of 
architectural elements represented by BIM objects . For BIM file for information regarding room connectivity , room 
example , a semantic analysis may determine a type of wall , adjacencies and room openings such as doors . Door faces 
its location , bounding points , its structure , its fire rating or ( i.e. , a side of a door ) may swing in one direction and not the 
its dimensions . other , so opposing door faces may behave differently 

In some embodiments , a semantic analysis of a BIM file 10 because one face may open inward while the other may open 
may yield information regarding the type , model , or manu- outward . Determining a preferred door face may include 
facturer of furniture represented as BIM objects . In these establishing which door face is optimal for a desired result . 
files a semantic analysis may also yield relationships or For example , when determining a preferred door face for a 
associations between different elements in the floor plan , for door required to be covered with a sensor , topological 
example an association of a wall with a door within it , or a 15 analysis may establish that one side of the door is better 
wall with the room it borders . A semantic analysis may suited for a particular sensor than the other . As an example , 
include accessing and extracting data from a BIM file it may determine that the side of the door facing a corridor 
regarding room demarcations , otherwise referred to as room is more suitable . As another example , when determining a 
contours or room boundaries . Semantic analysis can also preferred door face for a lighting controller , topological 
yield information regarding the function of a room or 20 analysis may establish that one side of the door is better 
element ( e.g. sleeping area , office , storage space , etc. ) . A suited for the lighting controller than the other . For example , 
semantic analysis may include Natural Language Processing a light controller may be located on a side of a wall 
algorithms such as word2vector , which may be used to infer corresponding to a door face that is easier to reach for an 
semantic meaning even when it is not clearly represented in individual entering or exiting a space through the door . In 
the data ( i.e. algorithms that infer that a hallway is another 25 some embodiments , a preferred door face may be identified 
word for a corridor or that a recliner is a type of sofa ) . A by means of machine learning methods . 
semantic analysis may be combined with geometric analysis The floor plan can be accessed in a variety of ways . In a 
and / or machine learning models . general sense , accessing may occur when , for example , a 

In other embodiments , a BIM analysis may be used for floor plan is uploaded , linked , retrieved , recovered , 
additional processing of a BIM file beyond semantic analy- 30 extracted , or otherwise provided to or obtained for analysis 
sis . A BIM analysis may include but is not limited to an by at least one processor . Additionally , or alternatively , 
analysis of a BIM model using a combination of geometric accessing may occur when at least one processor is enabled 
analysis , semantic analysis , and machine learning methods to perform operations on the floor plan . In some embodi 
aimed at extracting specific information regarding the archi- ments , accessing may occur when a floor plan is retrieved 
tectural features , geometry and BIM objects in a floor plan . 35 from some form of memory . The floor plan may be retrieved , 
Although semantic analysis may , in many cases , identify for example , from a network location , such as a network 
objects and elements of interest , in certain cases human drive , a cloud - based platform , a remote server , or other 
modeling errors , or issues with a model or BIM object may forms of network storage locations . Accessing a floor plan 
necessitate additional processing such as geometric analysis may include identifying a floor plan based on a description 
and machine learning methods to identify all objects and 40 of a floor plan , a title , a name , a number , or another floor plan 
elements of interest . For example , walls and columns may identifier . In some instances , accessing a floor plan may 
have not been bound to rooms . In some cases , rooms or occur in response to user input via a user interface . In some 
spaces may have not been created . In other cases , rooms may examples , accessing a floor plan may include loading a floor 
be overlapping or duplicated . In such cases , analysis of plan in memory based on user inputs defining the floor plan 
geometries using geometric analysis may assist to rectify 45 ( e.g. , based on a scan of a floor plan or a drawing of a floor 
such as issues . In another example , a BIM object such as a plan via a graphical user interface ) . A floor plan may be 
chair may be incorrectly associated with a BIM family for accessed based on a search of floor plans using search 
another category of equipment ( e.g. toilet ) . In such a case , criteria . For example , the at least one processor may identify 
the use of a machine learning detection model may correctly a floor plan using a Boolean search method of textual data 
identify the object as a chair . The results of a BIM analysis 50 associated with a floor plan , such as identifiers of the floor 
may include a set of room boundaries , names , numbers , plan . Alternatively or additionally , accessing a floor plan 
descriptions of the rooms , walls , doors , and windows asso- may include identifying a floor plan which satisfies a mini 
ciated with said rooms , equipment associated with said mum or maximum size , has a specific number of rooms , has 
rooms , materiality , technical characteristics , technical speci- a date of creation that meets particular criteria , has a room 
fications , and description of any of these elements , or their 55 of a particular type , is associated with a functional require 
properties . ment , or which satisfies any other search condition . 

In other embodiments , topological analysis may be used In some embodiments , identifying room contours , a gen 
for additional processing of a floor plan . Topological analy- erative analyzing process , and / or other processes such as the 
sis may refer to an analysis of the connectivity of rooms , performing of semantic enrichment may be computed on a 
spaces , zones , and floors within a floor plan that can reveal 60 cloud - based servers or interface or retrieved from a cloud 
information regarding the properties of these rooms , spaces , based interface . A cloud - based interface may be any user 
zones , and floors . A topological analysis may define rela- interface allowing a user to download , upload , or otherwise 
tionships between rooms and their position in the floor plan interact with data stored in remote servers . In some embodi 
hierarchy using the doors that connect between them to ments , the remote servers may be managed by a hosting 
create spatial maps . A spatial map may include weighted 65 company , such as IBM® Cloud , Amazon® Web Services , or 
graphs and graph properties such as connectivity and short- similar online storage platforms . More generally , cloud 
est paths . Topological analysis may employ geometric based may refer to applications , services , or resources made 
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available to users on demand via the internet from a cloud In some embodiments , the floor plan may be accessed 
computing provider's servers . Cloud - based computing can from local storage , such as a local memory device associated 
increase capacity , enhance functionality , or add additional with the processor performing the disclosed methods . In 
services on demand at reduced infrastructure and labor costs . other embodiments , the floor plan may be uploaded by a 
Cloud based services may be used to allow complex , com- 5 user , for example , through a user interface . Various other 
putationally expensive algorithms to be accessed by users means for accessing the floor plan may be used , including 
directly through their browsers without the need to down receiving a transmission of the floor plan from another 
load software to their personal computers . computing device , a scanning device , an image capture 

In some embodiments , machine learning models , such as device , or any other device that may transmit information for 
one or more ResNet models trained to classify architectural 10 analysis . 

Some embodiments may involve acquiring one or more features , or classifications models such as XGBoost trained functional requirements associated with rooms represented to predict room functions , may be stored , for example , in in the floor plan . For example , embodiments may include cloud based file hosting services ( such as Amazon S3 , Azure receiving a first functional requirement for at least one first Blob storage , Google cloud storage , DigitalOcean spaces , 15 room of the plurality of rooms , and receiving a second 
etc. ) . The model , for example , may be fetched and loaded functional requirement for at least one second room of the into memory ( RAM ) by microservices during their initial plurality of rooms . As used herein , a functional requirement 
ization . Once loaded into RAM , the microservices may able may include any description or other representation that 
to receive requests in the form of messages ( such as syn- defines expected or required performance parameters , attri 
chronous HTTP messages ; asynchronous messages via mes- 20 butes or performance objective . A functional requirement 
sage brokering software / services such as Amazon SQS , may be assigned to any building system , a project , a floor 
RabbitMQ , KafkaMQ , ZeroMQ ; persistent connection such plan , a zone , a room , an area , an architectural feature , or any 
as websockets or raw TCP sockets , or raw non - persistent other aspect of a layout or a component of a layout . The 
packets via the UDP protocol , etc. ) . Once a request is functional requirements may define performance parameters 
received , the service may , for example , invoke the model 25 associated with the placement and specification of equip 
with the payload of the message ( such as bitmaps , text , or ment . In other words , whether a system satisfies the func 
other appropriate data structures the model was trained tional requirements may depend at least partially on the 
with ) , and receive a result ( e.g. , with a data structure that is location and specifications of equipment within a floor plan . 
based on the type of model ) in return . The service then may Accordingly , a functional requirement may be used as a 
respond , for example , with the generated machine learning 30 target for a generative analysis to determine equipment 
model result . placement locations and / or technical specifications for 

In some embodiments , a series of simulations or an equipment , as described in further detail below . A functional 
optimization process may be run on the cloud . A cloud - based requirement may describe , for example , mis maximal 
optimization may be , for example , based on orchestration of or preferred performance of a system , sensor , or component 
one or many microservices that execute an algorithm . For 35 at performing a task . 
example , an orchestrating service may receive the locations Non - limiting examples of functional requirements may 
of resources , or the actual resources in either raw binary or include values or parameters specifying sensor properties 
human - readable data structure , as well as any other param- ( e.g. , image capture quality , resolution , frame rate per sec 
eters and metadata that may be required for the book keeping ond , movement detection type , occupancy detection type , 
( e.g. in a database , in - memory cache service , or file storage 40 detection range , facial recognition , or other image or video 
services ) . The orchestrating service then may , for example , properties ) , energy consumption , wattage , temperature , 
preprocess the resources and parameters , and generate per- exchange rate , humidity , air flow , air quality , heat dissipa 
mutations that may be dispatched ( by either synchronous or tion , comfort level , cooling or heating capacity , thermal 
asynchornous messaging schemes , often depending on the comfort , network bandwidth , network speed , signal 
expected runtime duration of the algorithm ) to worker 45 strength , signal to noise ratio , signal coverage , radio fre 
microservices that may be responsible for the actual execu- quency range , screen size , speech intelligibility , noise levels , 
tion of the optimization algorithm . There may also be water pressure , angle , dimensions , fire rating , energy rating , 
additional intermediate steps , for example , between the main environmental rating , occupancy , quantity of desks or work 
algorithm orchestrator and the worker microservices . Upon stations , or any other variables , objectives or properties that 
completion of the optimization algorithm , the microservices 50 may be present in a building , space , room , group of rooms , 
may dispatch , for example , a mirroring message that signi- or floor plan . In some embodiments the functional require 
fies the completion of the algorithm . Artifacts and interme- ments may be defined based on applicable national , state or 
diate results may be kept in in - memory caching services municipal codes or industry standards . The functional 
( such as RedisTM ) or in file storage services ( such as Ama- requirements may be based on other performance require 
zonTM S3 ) for example . The orchestrator or the intermediate 55 ments , such as those specified by a user , architect , builder or 
orchestrating services may then , for example , postprocess organization . 
the results ( and any of the aforementioned intermediate The functional requirements may be received in various 
artifacts and results of the process ) of the optimization manners . In some embodiments , receiving the functional 
algorithm , and may choose , for example , to dispatch addi- requirements may include accessing a database or other 
tional requests based on the nature and performance of the 60 form of storage location configured to store one or more 
results . After all expected results are received in the algo- functional requirements . In some embodiments , the func 
rithm orchestrator , a message may dispatched back , for tional requirements may be stored in a data structure linking 
example , notifying the optimization process is complete , the functional requirements to particular floor plans , rooms , 
accompanied by either the results ( or the locations of the areas , zones , buildings , or otherwise specifying where the 
results in file storage services / databases ) , as well as any 65 functional requirement is appliable . Accordingly , at least one 
other relevant artifacts and intermediate results generated in of the first functional requirement or the second functional 
the process requirement may be prestored in a data structure . The 
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functional requirements may be accessed over a network A functional requirement from a CCTV system may be to 
connection , or may be stored in a memory local to the provide enough pixel density and / or resolution to identify 
processor performing the generative analysis described the face of a person . A functional requirement from a 
herein . Building Management System ( BMS ) may be to cover all 

In some embodiments , the functional requirements may 5 office desks with occupancy sensor coverage in order to 
be represented in the accessed floor plan . For example , the detect occupancy status of a given desk or occupancy levels 
floor plan may include textual information or metadata of a given work area . A functional requirement from an 
identifying functional requirements that apply to one or electrical system may be to distribute power according to a 
more rooms or areas of the floor plan . The functional standard , code or regulation to a variety of equipment 
requirements may be represented by identifiers or other 10 located inside a plurality of room such as electrical outlets , 
short - form representations . These identifiers may be corre- lighting fixtures , office equipment , and air conditioning 
lated with more detailed functional requirements , which units . A functional requirement from a heating / ventilation / 
may be stored in a data structure , a table , or other format . In air conditioning ( HVAC ) system may be to provide a 
some embodiments , the functional requirements may be required air flow and ventilation for a specific room occu 
represented graphically in the floor plan . For example , the 15 pancy . A functional requirement for a voice evacuation 
disclosed methods may include associating color indicators system may be a level for Speech Intelligibility ( STI ) and 
with functional requirements . Accordingly , the functional sound pressure in DB ( SPL ) . A functional requirement from 
requirements may be colorized on the floor plan with an access control system may be to fit all exit doors with 
respective ones of the color indicators ( e.g. , by color - coded keypads . A functional requirement from a fire safety system 
markers , colored regions of the floor plan , colored outlines , 20 may be to protect all doors leading to escape corridors with 
or any other means of color indications ) . The functional smoke detectors , or to provide alarm initiating devices 
requirements may be represented in the floor plans by other within a certain distance from all rooms . These functional 
features , including shading , patterns ( e.g. , stripes , dots , or requirements are provided by way of example , and the 
other fill patterns ) , outlines , or any other forms of graphical present disclosure is not limited to any particular functional 
representations . 25 requirement . 

In some embodiments , a functional requirement may Accordingly , the disclosed embodiments may include 
describe a minimal or maximal performance of the system receiving a plurality of functional requirements for the at 
for a given task . For example , the functional requirement least one first room and / or the at least one second room . In 
may define a minimum coverage area for a room . The some embodiments , different types or categories of func 
coverage area may be based on a sensor ( e.g. , a camera , a 30 tional requirements may be associated with a given room or 
proximity sensor , a smoke detector , motion detector , sound area . Accordingly , the disclosed methods may include 
sensor , heat detector , LIDAR , Radar , or any other form of receiving at least two different functional requirement types 
sensor configured to receive information within a defined for the at least one first room or the at least one second room . 
area ) , a communications or network device ( e.g. , a Blu- In some instances , the two different functional requirements 
etoothTM device , a Wi - Fi access point , indoor positioning 35 may be for different systems ( e.g. , 1 functional requirement 
system , ultrawideband tracker , BLE beacon , RFID sensor , related to an HVAC system and 1 for a WiFi system ) . In 
infrared transmitter / receiver , NFC transmitter / receiver , or other instances , the two different functional requirements 
any other form of information transmitting device ) , a fire may relate to a common a system ( e.g. 1 functional require 
suppressant system ( e.g. , a sprinkler coverage area , a foam ment for a lighting lux level , and 1 functional requirement 
fire suppressant , etc. ) , a leak detector , a temperature or 40 for lighting controller ) . In such cases , the generative analysis 
humidity sensor , or any other form of device associated with process for the first functional requirement and the selected 
a predetermined coverage area . In some embodiments , the technical specification and placement location may be used 
functional requirement may define a certain level of lighting , as an input for the generative analysis process for the second 
sound pressure , air flow or electrical power provided to a functional requirement ( e.g. , receiving the selected light 
room or certain area within a room . In some embodiments , 45 fixture technical specifications and locations associated with 
the functional requirement may be rule - based . For example , the first functional requirement as an input for the generative 
the functional requirement may define a rule that an access analysis process for the second functional requirement in 
panel must be placed next to each exit door . In some order to select a technical specification for lighting control 
embodiments , the rules may be conditional . For example , a lers compatible the selected lighting fixture technical speci 
rule may define placement of a piece of equipment based on 50 fications ) . Accordingly , the disclosed methods may include 
whether a condition is triggered ( e.g. , “ if the room contains receiving at least two different functional requirement types 
an exterior door , a camera coverage area must include the for the at least one first room or the at least one second room . 
exterior door , " or similar conditional rules ) . In many instances , these different functional requirements 

The functional requirement may be specific to a particular may be nonconflicting , such that each can be satisfied by 
room within a floor plan , or may apply to multiple rooms . 55 placement and specification of equipment within the room . 
Accordingly , each room within a floor plan may have a In some instances , two or more functional requirements may 
different set of functional requirements that apply . There- conflict with each other . For example , a zone or area within 
fore , the disclosed embodiments may include receiving a floor plan may have a first functional requirement , and a 
different functional requirements for the at least one first room within the zone or area may have a different functional 
room and the at least second room . In some embodiments , 60 requirement that defines the same parameters as the first 
different types of functional requirements ( for example functional requirement . In such instances , the disclosed 
defining noise level and camera coverage requirements ) can embodiments may include determining which functional 
be applied to the same room or area . requirement to apply . For example , a portion of a floor plan 

The type of a functional requirement may be specific to may have a requirement to maintain camera coverage in all 
the type of system , sensor , or component to which it is 65 areas to track or identify persons , but this requirement may 
applied . For example , a functional requirement from a be superseded by a functional requirement to avoid camera 
lighting system may be to provide at least 500 lux to a room . coverage for privacy in a bathroom within that portion of the 
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floor plan . Thus , functional requirements may include rules technical specification and a second equipment placement 
for resolving conflicting functional requirements . In other location order to at least partially conform to the second 
instances , for example , a functional requirement for fire functional requirement . 
suppression sprinklers may supersede a functional require As used herein , equipment may refer to any piece of 
ment for smoke detector coverage based on a code , regula- 5 electronic , mechanic or any other type of hardware , device , 
tion , or standard . In some embodiments , the generative machinery , cabinetry , or furniture that has a function and a analysis of two different functional requirements may be run technical specification . Consistent with the present disclo sequentially . In other embodiments , they may be run simul sure , equipment may include but is not limited to sensors taneously . For example , in some embodiments , a generative ( including , for example , CCTV cameras , IR sensors , ther analysis process may first select and place light fixtures , and 10 mostats , motion detectors , occupancy sensors , smoke detec then run another process to select and place compatible light 
switches with the light fixtures . As another example , a tors , heat detectors , thermal detectors , glass break detectors , 

door contacts , window contacts , or other sensors ) , output generative analysis process may select and place fire sprin 
klers to conform to a first a functional requirement for devices ( e.g. , audio speakers , strobes , alarms , amplifiers , 
water - based fire suppression . When running a sequential 15 lighting fixtures , IR illuminators , or any other devices that 
generative analysis for a second functional requirement for may produce an output ) , network devices ( e.g. , WI - FI rout 
coverage a of a room with smoke detectors , it may be ers , WI - FI Access Points , edge switches , core switches , 
determined that smoke detectors are not required due to the access switches , Bluetooth routers , patch panels , etc. ) , con 
presence of fire sprinklers . This determination may be trollers ( e.g. , light switches , access control panel , smart 
according to a rule , code or regulation , and / or a standard . 20 house touchscreens and keypads , etc. ) , electrical devices 

In some embodiments , the functional requirement may be ( e.g. , including generators , uninterruptable power devices 
based on input from a user , as noted above . Accordingly , at ( UPS ) , distribution boards , transformers , breakers , power 
least one of the first functional requirement or the second sockets and outlets , electrical wiring , cable trays , conduits , 
functional requirement may be defined by a user . For or any other equipment related to power or communica 
example , the user may define the functional requirement 25 tions ) , lighting controllers ( e.g. , relay modules , dimming 
through a user interface , which may be configured to receive modules , dimming switches , or any other devices for con 
functional requirements and other parameters through vari- trolling lighting ) , HVAC equipment ( e.g. , air intake and 
ous input fields and / or controls . In this context , a user may output vents , AC units , fan coil units , variable air flow 
be any individual or organization that may interact with the handlers , chillers , heaters , fans , etc. ) , plumbing fixtures 
disclosed systems , which may include providing input to the 30 ( e.g. , sprinklers , drains , etc. ) , display devices ( e.g. , televi 
system and / or receiving outputs associated with the system . sions , monitors , projectors , projection screens , etc. ) , furni 
For example , a user may include , an architect , a designer , a ture ( e.g. , kitchen cabinetry , closet cabinetry , seats , tables , 
manager or supervisor ( e.g. , a plant manager , etc. ) , a home- space dividers , beds , sofas , etc. ) , appliances ( e.g. , comput 
owner , a technician , or any other individual who may define ers , refrigerators , dishwashers , washing machines , drying 
functional requirements for a system . Similarly , at least one 35 machines , etc. ) , cabinetry ( e.g. , kitchen cabinetry , closet 
of the first functional requirement or the second functional cabinetry , enclosed spaces with doors , drawers , and / or 
requirement may be applied by a user . For example , the shelves , wooden cabinets , metal cabinets , and / or any other 
generative analysis based on the functional requirement , as cabinets ) , or any other object having a technical function in 
described in detail below , may be initiated by a user through a room . It is to be understood that various other equipment 
a user interface or by other means . The functional require- 40 may be included and the disclosed embodiments are not 
ments may be applied using , for example , text , a mouse limited to the examples provided herein . 
pointer , or a touch sensitive interface , a drop down list , by As used herein , a technical specification for a piece of 
rules defined by a user , by the use of an actionable index , equipment may refer to any means of identifying the equip 
among many other methods . For example , list of functional ment and / or any attributes of the equipment . For example , 
requirements , which may be associated with an index , may 45 the technical specification may include a model identifier 
be presented as a drop - down menu , enabling a user to select ( e.g. , a specific manufacturer model number or series , a 
one or more functional requirements to be applied to one or model name , or any other means for identifying a particular 
more rooms . The list may also be displayed as a series of model ) , an equipment class ( e.g. Outdoor WI - FI Access 
checkboxes or radio buttons , a series of selectable items , or Point , Long Range Access Point , Infrared Motion Sensor 
any other display enabling a user to select one or more 50 with 90 Degree Coverage , Modular Kitchen Cabinets ) , or 
rooms . In some embodiments , some or all of the index itself any other means for specifying a piece of equipment . In 
may be displayed . For example , a user may select one or some embodiments , the technical specification can also 
more rooms from a table or other representation of the index . include one or more technical characteristics of the equip 
Technical specifications may be similarly applied by users to ment . A technical characteristic may include one or more 
rooms and / or associated with functional requirements . Such 55 properties of a piece of equipment that may not necessarily 
actionable indexes are described in greater detail below . be related to any specific model . For example , a technical 

Disclosed embodiments may further include generatively characteristic may include properties such as mounting 
analyzing rooms to identify technical specifications and / or device type , resolution , decibel rating , luminosity , IR rating , 
placement locations for equipment based on a functional lens type , network speed , voltage , wattage , power consump 
requirement . For example , embodiments may include gen- 60 tion , conductivity , antenna type , communication protocol , 
eratively analyzing the at least one first room in conjunction color , dimensions , material , flammability rating , environ 
with a first functional requirement to identify a first technical mental rating , water - resistance rating , or any other property 
specification and a first equipment placement location in of a piece of equipment . In some embodiments the first 
order to at least partially conform to the first functional technical specification and the second technical specification 
requirement . Similarly , the method may include genera- 65 may be different . For example , the disclosed embodiments 
tively analyzing the at least one second room in conjunction may include specifying different equipment for placement in 
with a second functional requirement to identify a second the first room and the second room . In other embodiments , 
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the first technical specification and the second technical In some embodiments , the technical specification may be 
specification may be the same . defined along with the functional requirement . For example , 

In some embodiments , a set of technical specifications the disclosed methods may further include receiving a 
may be stored in a data structure such as a database or other technical specification along with the functional requirement 
memory device . A data structure consistent with the present 5 for generative analyzing the at least one first room ( and / or 
disclosure may include any collection of data values and the at least one second room ) . Association of technical relationships among them . The data may be stored linearly , specifications with a functional requirement may be a con horizontally , hierarchically , relationally , non - relationally , straint in the generative analysis process . For example , the uni - dimensionally , multidimensionally , operationally , in an technical specification of specific series of sensors may be ordered manner , in an unordered manner , in an object- 10 defined along with the functional requirement . This specific oriented manner , in a centralized manner , in a decentralized 
manner , in a distributed manner , in a custom manner , or in series of sensors may have a certain range of lens rotation 
any manner enabling data access . By way of non - limiting which may limit the range of lens rotations simulations 
examples , data structures may include an array , an associa during an optimization process . As another example , the 
tive array , a linked list , a binary tree , a balanced tree , a heap , 15 technical specification of specific model or plurality of 
a stack , a queue , a set , a hash table , a record , a tagged union , models of BluetoothTM beacons , which may only be wall 
ER model , and a graph . For example , a data structure may mountable , may limit the sampling points during an opti 
include an XML database , an RDBMS database , an SQL mization process to those points located on or in proximity 
database or NoSQL alternatives for data storage / search such to walls . In other examples , a technical characteristic ( e.g. 
as , for example , MongoDB , Redis , Couchbase , Datastax 20 antenna range , weatherproof rating , form factor , etc. ) may be 
Enterprise Graph , Elastic Search , Splunk , Solr , Cassandra , defined along with the functional requirement . A technical 
Amazon DynamoDB , Scylla , HBase , and Neo4 ) . A data specification associated with a functional requirement may 
structure may be a component of the disclosed system or a be a generic specification compromised of one or more 
remote computing component ( e.g. , a cloud - based data technical characteristics ( e.g. 6 megapixel , IP66 ) and / or may 
structure ) . Data in the data structure may be stored in 25 contain a specific manufacturer and / or series and / or model . 
contiguous or non - contiguous memory . Moreover , a data Accordingly , at least a portion of the technical specifications 
structure , as used herein , does not require information to be for a piece of equipment to be located in the room may be 
co - located . It may be distributed across multiple servers , for predefined . In these embodiments , identifying the first tech 
example , that may be owned or operated by the same or nical specification and / or the second technical specification 
different entities . Thus , the term " data structure ” as used 30 may include providing additional parameters for the equip 
herein in the singular is inclusive of plural data structures . ment not identified in the received technical specification , or 

In these embodiments , identifying the technical specifi- outputting the received technical specification . 
cation ( e.g. , the first technical specification or second tech- As noted above , the generative analysis may be used 
nical specification ) may include retrieving the technical identify an equipment placement location . The placement 
specification from a prestored data structure . The data can 35 location for a piece of equipment may include a suggested 
contain textual , tabular , numeric or image information location within the floor plan where the equipment may be 
which describes the equipment . The data associated with a positioned . In some embodiments , the placement location 
piece of equipment may contain its model , type , brand , may refer to a single point or location within the room . For 
series , price information , specific technical characteristics or example , the point or location may represent a center point , 
properties ( such a IR rating or weather resistance ) , a tech- 40 a corner point , an edge point , or any other point associated 
nical specification , a physical description or a picture of the with the piece of equipment . Accordingly , the location may 
object , or any other information relating to the equipment . be represented in the form of X and Y coordinates in relation 
The data may be accessible using a simple query , such as to the floor plan ( e.g. , an overall coordinate system of the 
" get camera # 33 , ” or complex queries , such as " get the floor plan , a coordinate system for the room being analyzed , 
model numbers of all manufacturer TBDH cameras . ” The 45 or any other form of coordinate system ) . The location may 
data can be entered manually into the data structure or also include orientation information for the equipment . For 
imported from a different format . A prestored data structure example , the location may include a center point or location 
may refer to any type of data that is not entered by a user and a facing direction or other directional information of the 
during the current operations , but that is stored before the equipment ( e.g. , represented in degrees , compass direction , 
fact . The data may be uploaded previously by a user in a 50 or other formats ) . In some embodiments , the location may 
previous session , stored by a software designer , uploaded be represented as a plurality of points or a position of a 
from a different data structure or automatically , derived via reference feature ( e.g. , a distance from the bottom of a 
an algorithm , or any other means for creating and storing the sensor to the floor ; a distance from a side of a sensor to a 
data . window edge ) . If points are used for location , the points may 
Some embodiments of the present disclosure may further 55 define the corners of the piece of equipment and thus may 

include accessing a data structure containing a list of equip- also define the orientation . The location may also be repre 
ment models and their associated technical specifications . sented as a symbol , shape or vector within the floor plan . For 
The data structure may include a list of technical specifica- example , the location may represent an outline of the 
tions that may be identified using the disclosed embodi- equipment , an overall footprint of the equipment , a space 
ments . The data structure may further link the technical 60 required for operation of the equipment ( e.g. , including 
specifications to particular functional requirements , particu- space for an operator to stand , a space to account for 
lar floor plans , particular rooms , particular equipment mod- movement of machinery , etc. ) , or any other graphical rep 
els , or other variables . Identifying the first technical speci- resentation of the location . In some embodiments , the loca 
fication and a first equipment placement location may be tion may also include height information ( e.g. , represented 
based on the list . For example , identifying the technical 65 in Z coordinates ) , which may include the overall height of 
specification may include determining which technical the equipment , an installation height , or other height infor 
specification is appliable based on the data structure . mation . 
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As noted above , the first technical specification and the corridor , or to an equipment room , head - end or electrical 
first equipment location may be identified based on a gen- panel . A generative analysis may also consider equipment 
erative analysis . As used herein , generative analysis may technical specifications and functional requirements , both 
include any process that is cyclical , iterative and / or selects within rooms and outside of them . This analysis may seek to 
a solution from a group of alternative options . Such a 5 avoid duplicating equipment , avoid code and compliance 
process may converge on a solution or may involve simu- issues , fix clashing locations , and harmonize technical speci 
lating a series of options to arrive at a preferred option . This fications or manufacturers across all rooms in a given level 
may occur using a computational device configured to or a project . 
perform one or more of geometric , mathematical , physical , These characteristics may serve as constraints for selec 
or other analysis . In some embodiments , generative analysis 10 tion and placement of the equipment in conjunction with the 
may include implementing an algorithm , which may include functional requirements . For example , these values may be 
( but is not limited to ) any of a large class of algorithms such used as inputs in one or more of the algorithms described 
as rule - based design , heuristics , L - systems , genetic algo- above to determine the technical specifications and equip 
rithms , evolutionary algorithms , model - based solvers , ment placement locations . For example , in the case a func 
machine learning models , decision trees , random forests , 15 tional requirement for thermostat controller for a room is 
artificial intelligence methods , simulated annealing , or any received , an input of a technical specification of a fan - coil 
other forms of analytical techniques . For example , the unit may be used by the generative analysis process to 
generative analysis may include implementing a machine identify thermostat technical specifications compatible with 
learning algorithm trained to identify technical specifica- the fan - coil units . In some embodiments , inputs of a room 
tions and placement locations based on a training set of floor 20 other than the one being generatively analyzed may be used 
plans that partially comply with a particular functional as part of the process . For example , the distance of an egress 
requirement . In some embodiments , the algorithm may be point in a hallway to the room being analyzed may be used 
iteratively implemented until a performance criterion is as an input to determine a placement location for an alarm 
satisfied . Generative analysis may use an optimization pro- initiating device , which may have maximum allowable 
cess to arrive at a solution . In some cases , generative 25 distance from an egress point . 
analysis may use rule based design to arrive at a solution . In In some embodiments , the analysis of equipment or 
some cases , the rules may be conditional or adaptive based geometric and architectural features may also include analy 
on the functional requirement or room , area or zone to which sis of other rooms outside the at least one first room . This 
they are applied . For example , a rule may be to place smoke may include , for example , determining the distance between 
detectors according to a certain spacing and with a certain 30 a piece of equipment in the at least first room and the nearest 
percentage overlap in a given area only if no sprinkler fire exit point , the distance between a piece of equipment to a 
suppression system is identified . corridor , the distance to an equipment room , head - end or 
A solution in this context may including placing a piece electrical panel , or other parameters that may depend on 

of equipment in a way that satisfies the demands of func- information outside of the first room . For example , the 
tional requirements or specifications . Further , a solution may 35 distance of an egress point in a hallway to the room being 
include identifying the type , brand , or model of a piece of analyzed may be used as an input in the determination of 
equipment that partially conforms to a functional require- placement location for an alarm initiating device which may 
ment . A solution may include determining settings , configu- have maximum allowable distance from an egress point . As 
rations , or parameters of a piece of equipment . In the context another non - limiting example , the identification of an elec 
of generative analysis , a solution to one or more equipment 40 trical panelboard in an equipment room along with its 
simulations may include determining a technical specifica- associated technical characteristics may be used as inputs in 
tion , an identifier of a piece of equipment , an equipment selecting electrical devices for the at least first room . In 
model identifier , an equipment placement location , a setting , some embodiments , the generative analysis process may 
a technical detail , a technical characteristic , a customized place and select equipment outside the demarcations of the 
setting , a programming parameter or any other aspect of a 45 at least first room . As a non - limiting example , a functional 
floor plan or equipment . Further , a solution may include requirement may be applied to the at least first room to 
information describing a simulation that met a performance provide access control to the room . A topological analysis 
criterion based on functional requirements used as targets of executed as part of the generative analysis process may 
a simulation . identify a series of doors in other rooms which provide 

In some embodiments , generative analysis may include 50 access to the at least first room , and determine placement of 
analyzing one or more inputs associated with a room to an access control device at one door protects the greatest 
determine equipment placement locations and technical number of rooms , including the at least first room , and the 
specifications consistent with a functional requirement . A lowest cost . optimal placement of an access control device 
generative analysis may use a variety of input data includ- to secure entry to the at least one room . 
ing : room geometric and architectural features such as area , 55 Further , as described above , in some embodiments , more 
volume , ceiling height , number of boundary segments , than one functional requirement may apply to a particular 
boundary complexity , number and locations of doors , num- room . Accordingly , the generative analysis may identify 
ber and locations of windows , obstacles such as columns and technical specifications and equipment placement locations 
shafts , furniture such as desks , chairs and tables , topological based on multiple functional requirements . For example , the 
connections , adjacent rooms and areas , room name , room 60 disclosed embodiments may include receiving a third func 
function , the level of a building the room is located in , the tional requirement for the at least one first room , and 
zone the room is part of , and any other data related to rooms , generatively analyzing the at least one first room may further 
architectural features , and equipment . The data may also include using the third functional requirement to identify the 
include data relating rooms and equipment to other rooms or first technical specification and first equipment placement 
equipment . For example , the data may refer to the distance 65 location . In instances where the functional requirements 
between a piece of equipment in a room and the nearest exit conflict with each other , the generative analysis may include 
point , the distance between a piece of equipment to a selecting which functional requirement to prioritize . For 
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example , the generative analysis may include prioritizing a annealing algorithms , particle swam optimization , machine 
more stringent requirement , prioritizing based on a building learning based , or other optimization - based algorithms . The 
hierarchy of building , levels , zones , and rooms in which generative analysis may include generating several addi 
smaller constituent groups such as rooms prioritize over tional solutions and comparing the performances of each 
large groups such as zones or levels , prioritizing functional 5 solution to select the best performing solution . The optimi 
requirements based on a predefined priority ranking , priori- zations may be deterministic , such that the algorithms fully 
tizing user - defined functional requirements over default define system outputs based on system inputs , or stochastic , 
requirements , prioritizing based on codes , standards or regu- such that the algorithms possess some inherent randomness . 
lations , or any other basis of prioritizing . The optimization may be configured , for example , to ana 

Similarly , the generative analysis may include applying 10 lyze single or multiple parameters , and can be local or global 
different types of functional requirements to the same room . optimization . 
For example , the disclosed embodiments may further FIG . 1 is a block diagram illustrating an example opti 
include receiving a third functional requirement for the at mization process for identifying technical specifications and 
least one first room , the third functional requirement having equipment locations , consistent with the disclosed embodi 
a different type than the first functional requirement . The 15 ments . FIG . 1 is shown for purposes of illustration only and 
system may be configured to generatively analyze the at is not limiting of the embodiments . Although FIG . 1 depicts 
least one first room in conjunction with the third functional certain floor plans , optimization phases , and solutions , 
requirement , the first identified technical specification , and embodiments include different optimization processes with 
the first equipment placement location to identify a third different , more , or fewer floor plans , phases , or solutions . 
technical specification and a third equipment placement 20 Further , FIG . 1 presents non - limiting , exemplary coverage 
location in order to at least partially conform to the third regions whose proportions and boundaries are illustrative 
functional requirement . Accordingly , the third technical only , and not intended to accurately reflect actual coverage 
specification and third equipment placement location may 
account for the additional type of functional requirement . In an initial stage 110 , an objective associated with a room 
The different types may refer to different systems associated 25 112 to be achieved using generative analysis may be defined . 
with the room , such as a functional requirement relating to The objective may be based on a functional requirement 
an HVAC system and a functional requirement relating to a associated with room 112 , as described above . In the 
Wi - Fi network . The system may output the third technical example depicted in FIG . 1 , the objective may be associated 
specification and the third equipment placement location in with placement of a camera 114 and a functional require 
an associative manner with the at least the first room , as 30 ment may require coverage region 116 of camera 114 to be 
discussed in greater detail below . The functional require- maximized . Coverage region 116 may represent a field of 
ments may be associated with related systems ( e.g. electrical view visible using camera 114. Additional functional 
system and lighting system ) or unrelated ( e.g. Bluetooth requirements associated with room 112 may also be identi 
beacons and plumbing ) . fied , such as a particular model or property of camera 144 , 

In some embodiments , the generative analysis may be an 35 a requirement that camera 114 be placed along a wall of 
iterative analysis including a series of simulations , which room 112 , a requirement that a bottom right portion of room 
may also be referred to as an optimization . Accordingly , 112 be included in coverage region 116 , or various other 
generatively analyzing the at least one first room may requirements . 
include a series of simulations including one or more In stage 120 , the generative analysis may run a plurality 
analyses of differing equipment placement locations . In this 40 of simulations 122 , 124 and 126 representing different 
type of process , a first solution may be posited and then the option for placement of camera 114. The initial simulations 
performance of the solution may be tested by running a may be generated randomly ( e.g. , with random placements 
simulation . An optimization engine may then repeat this of camera 114 according to the functional requirements ) , or 
process a plurality of times , trying different solutions and according to an algorithm , as described above . Each of the 
attempts to improve the performance using one of many 45 simulations 122 , 124 , and 126 may then be assessed with 
available optimization algorithms . An optimization process respect to the functional requirements . For example , the 
may use generic technical specifications of devices ( e.g. a generative analysis may determine that simulation 124 
technical characteristic of various fields of view of sensors ) results in a coverage region 116 representing 65 % of room 
in order to identify an optimal generic technical specification 112 , as shown in FIG . 1. In stage 130 , the generative analysis 
for the piece of equipment . Once a generic specification has 50 may include running additional simulations 132 , 134 , and 
been identified ( e.g. horizontal field of view of 40 degrees , 136 based on one or more of the simulations from stage 120 . 
and vertical field of view of 60 degrees ) , the generative For example , the generative analysis may include selecting 
analysis process may then seek the closet match to the the simulation in stage 120 with the greatest coverage ( i.e. 
generic technical specification within a database containing simulation 122 ) and running slight variations in stage 130 . 
a plurality of technical specifications including equipment 55 In the current example , the variations may include different 
models . If a plurality of equivalent equipment models ( or camera models or properties , different camera angles , dif 
close to equivalent equipment models ) are found in relation ferent camera heights , or any other variations that may affect 
to the generic technical specification , the lowest cost model coverage . In some embodiments , stage 130 may include 
may be selected . The selected model may have identifiable , variations of other simulations from stage 120. For example , 
slightly varied , or entirely different technical characteristics 60 stage 130 may also run additional simulation on any simu 
to the generic technical specification . Another simulation lations from stage 120 that exceed a threshold conformance , 
may then be performed on the identified model , for example , a predefined number of top simulations ( e.g. , top 5 , top 10 , 
to simulate its precise performance . In some embodiments , etc. ) , a predefined top percentage of simulations ( e.g. , top 
an optimization process may , for example , run a series of 10 % of simulations based on coverage percentage , etc. ) , or 
simulations a plurality of specific models of equipment 65 various other metrics . 
rather than using generic technical specifications . For In stage 140 , the generative analysis may determine an 
example , the algorithms may include genetic algorithms , optimal solution which , in this example , may represent the 
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maximum coverage percentage of 85 % . This optimal solu- plan format as described above . The generative analysis may 
tion may be output as a result of the generative analysis , as include detecting a plurality of doors 221 , 222 , 223 , and 224 
described in greater detail below . For example , the output represented in floor plan 220. In some embodiments , doors 
may include a technical specification for camera 114 and a 221-224 may be identified based on semantic analysis 
suggested location for camera 114 that maximizes coverage 5 metadata included in or associated with floor plan 220. For 
region 116 and at least partially complies with the functional example , floor plan 220 may include object property data 
requirements . While FIG . 1 shows two stages of simulations identifying doors 221-224 as doors . In other embodiments , 
( 120 and 130 ) , it is understood that any number of iterations doors 221-224 may be identified based on a shape or other 
or simulations may be performed as part of an optimized representation ( e.g. , text , or other information ) within floor 
analysis , consistent with the disclosed embodiments . For 10 plan 220. For example , the generative analysis may include 
example , as shown in FIG . 1 , the system may be configured a geometric , artificial intelligence , or image processing 
to re - test the best alternatives to hone in on the optimal algorithm configured to detect a typical representation of a 
solution . door in an image file and designate it as a door . 

Further , while an optimization process is shown in FIG . 1 , The generative analysis may further include identifying 
generative analysis may not always include an optimization 15 exits , such as exit 231 and exit 232. Exits 231 and 232 may 
and may include a calculation or more concrete analysis . In be identified based on doors 221-224 . For example , each of 
some embodiments the generative analysis may apply a doors 221-224 may be analyzed to determine whether they 
rule - based functional requirement for selecting and placing lead to an exterior portion of floor . This may include 
equipment . In this context , a rule may include any logical accessing properties of adjacent rooms ( e.g. , room types , or 
relationship defining a functional requirement or how a 20 other information ) to determine where the doors lead . For 
functional requirement should be applied . For example , the example , door 221 may be determined to lead to a stairway 
generative analysis may include placing an access reader on identified by means of semantic analysis , topological analy 
each door face that exits to a corridor , placing a piece of sis , or machine learning methods and thus may be identified 
equipment where there is at least a certain tolerance of space as exit 231. Similarly , door 224 may be determined , suing 
( e.g. 10 cm on either of the equipment ) , placing light 25 semantic analysis or topological analysis , to lead to an 
switches to the side of a bed and at the entrance to rooms , exterior of the building , and thus may be identified as exit 
placing power sockets next to desks , spacing equipment at 232 . 
specified distances with a specified overlap , or various other Based on the identified exits 231 and 231 , the generative 
forms of analysis that may be defined by a functional analysis may include identifying access panels 241 and 242 
requirement . In some embodiments , the rule may be a 30 that must be placed in floor plan 220. The generative 
logical construct of the type “ if A then B ” used to create a analysis may further include determining locations for 
cause and effect relationship in the computational design access panels 241 and 242 next to doors 221 and 224 based 
process just like plain human language would . For example , on rule 210. This may also account for other functional 
the rule may state “ if a room has a urinal it is a toilet , ” or any requirements related to the access panels , such as require 
other logical relationship . In some embodiments , the rule 35 ments specifying a spacing from the doors , sizing param 
may include including negative limitations , such as “ don't eters , height requirements , or various other functional 
place a camera with a field of view encompassing a toilet requirements . 
stall ” or composite limitations , such as “ place a camera on As yet another example , a functional requirement may 
every door that leads to a stairway and is numbered 3. ” In include a rule 250 specifying that each point in a room must 
some embodiments , the construct of the rule may reference 40 be no further than 3 m from a smoke detector , as shown in 
or use architectural features , technical specifications , equip- FIG . 2B . Accordingly , a generative analysis may be per 
ment as inputs such as , for example , “ in room areas greater formed to determine a placement of smoke detectors 260 . 
than 100 square feet , provide sounders with a minimum The generative analysis may assume a coverage of 3 meters 
decibel rating of 88 DB , ” “ if rooms has a functional require- ( m ) for each smoke detector based on a technical specifi 
ment for access control devices and if the room has a 45 cation , as shown by circle 262. Based on this coverage , the 
plurality of doors , cover the door leading to a corridor with analysis may determine a spacing distance , D , which may 
a sensor , ” “ if a room has fan - coil unit , then place a thermo prevent gaps in coverage of the smoke detectors . The 
stat with a preference for a placement location adjacent to spacing may be applied in multiple directions ( e.g. , in X and 
other controllers , ” “ if a room has an occupancy greater than Y directions ) , and may be applied to an entire room 270 . 
10 people , then cover work stations with occupancy sen- 50 Accordingly , the generative analysis may result in place 
sors , ” and “ if a room has a lux level above 400 , then connect ment of smoke detectors within room 270 to meet rule 250 , 
its lighting fixtures to a dimming system , ” or any other form as shown in FIG . 2B . 
of rule that may be applied . In some embodiments , generative analysis may consider 
FIGS . 2A and 2B illustrate example rule - based generative equipment technical specifications and functional require 

analyses that may be performed , consistent with the dis- 55 ments outside of the room being analyzed . This analysis may 
closed embodiments . For example , as shown in FIG . 2A , a seek to avoid duplicating of equipment and unnecessary 
functional requirement may define a rule 210 requiring equipment , code and compliance issues , clashing locations , 
access panels to be placed next to all doors leading to exits and harmonization of technical specifications or manufac 
from a floor . The access panel may allow access to electrical turers across all rooms in a given level or a project . 
equipment installed in the wall , such as a security device 60 In some embodiments of the present disclosure , the gen 
allowing entry to the floor , or other equipment . A generative erative analysis may account for other variables , such as user 
analysis may be used to determine a technical specification inputs , when determining the equipment placement loca 
and / or location of the access panels in conjunction with the tions and technical specifications . The user inputs may 
functional requirement . As an initial step , a processor per- include any constraints or other parameters in addition to the 
forming the generative analysis may access a floor plan 220. 65 functional requirements that may inform the generative 
The floor plan may be represented as a CAD file ( e.g. , a analysis results . In some embodiments , these inputs may be 
DWG ) file , a BIM file ( e.g. , an IFC file ) or any other floor enforced strictly , in which the generative analysis will not 
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consider solutions that do not satisfy the user inputs . In other goals in reaching a solution . For example , a weighted cost 
embodiments , the inputs may be preferences , and the gen- function to determine performance ( P ) may be : 
erative analysis may weigh solutions that satisfy the inputs P = E = 1 " axxie ( 1 ) more favorably than those that do not . In some embodi 
ments , the user may define a preferred area for equipment 5 where each xi is a score associated with objective i for n 
placement , and identifying the first technical specification objectives and the coefficients ai are weights . Scores may 
and first equipment placement location may be based on the include a cost score , a coverage score , or other score 
preferred area . A preferred area may include any demarca associated a design goal . Scores and weights may be by any 
tion of a certain part of a space in which there is an positive or negative real numbers . In some examples , 
advantage to place a piece of equipment . Accordingly , the 10 weights may be predetermined based on stored data . Alter 
generative analysis may favor simulations that result in natively , or additionally , weights may be determined based 
placement of equipment in the preferred area . Conversely , on an optimization process that includes feedback received 

after generating solutions that consider multiple types of the user may define an undesirable area for equipment scores , such as a machine learning process . In one non placement , and identifying the first technical specification 15 limiting example of an optimization process to improve 
and first equipment placement location may be based on the coverage while minimizing cost by weighting a cost score 
undesirable area . Accordingly , the generative analysis may more heavily than a coverage score , P may be calculated as : 
favor simulations that result in placement of equipment 
outside of the undesirable area . A preferred or undesirable P = 1x ( coverage score ) + 2x ( cost score ) . ( 2 ) 

area may be demarcated using a rectangle , a polygon , a line In this example , the generative analysis places a weight of 
or a point in 2D or 3D space . These areas may be predefined 2 on minimizing cost and a weight of 1 on coverage . In some 
within the floor plan itself , or may be input separately by a embodiments , the weights may be default or other prede 
user for example , by drawing regions on the floor plan termined weights for the system . In some embodiments , the 
through a user interface . In some embodiments , the pre- weights may be set by a user . For example , some embodi 
ferred or undesirable areas may be based on one or more 25 ments may include receiving a user input varying the 
rules . Accordingly , the preferred or undesirable areas may be weighting of the cost function . 
tie to particular features , such as within a doorway , on a In some embodiments , the functional requirements may 
column , along an exterior wall , piece of furniture , another be adaptive . In other words , the technical specification may 
piece of equipment , or other more general area definitions . according to the context of the equipment with which it is 
For example , the rule may define a bathroom as an unde- 30 associated . Examples of adaptive technical specifications 
sirable area for a camera , or an office as a preferred area for may include “ place a strobe next to all doors , unless there is 
a Wi - Fi access point , or an room in which there are overhead a sounder next to the door , in which case do nothing " or 
pipes and / or et fire suppression sprinklers an undesirable " place a camera looking at all doors with a certain pixel 
area for an electrical panel or equipment rack . density , unless the doors lead to an exit and then use a 

In accordance with the present disclosure , disclosed 35 different pixel density . ” In some embodiments , the technical 
embodiments may further include identifying obstructions specifications may be adaptive . The technical specifications 
in the floor plan using geometric analysis . Identifying the may be adaptive , for example , according to the context of 
first equipment placement location may be based on an the functional requirement , and / or technical specifications of 
identified obstruction . As used herein , an obstruction may other pieces of equipment , and / or the room , the room 
include an object or architectural feature that may partially 40 function , area , zone , or building . Examples may include 
or fully block the line of sight of a piece of equipment , providing a waterproof power socket in a bathroom , an 
including equipment considered during a simulation . An electrical enclosures of a certain size based on the number of 
obstruction may prevent equipment from viewing a part of breakers required to be housed inside of it , a thermostat with 
a room or from being physically located in an area of the programmable features suitable for a hotel guestroom , a 
obstruction . The obstruction can be of any height up to and 45 distribution electrical panel with characteristics compatible 
above a ceiling level of a room . The obstruction can include with the main distribution panel inside a building , or an 
permanent objects or objects that are movable . As described access point with a higher number of concurrent users based 
above , the geometric analysis for identifying the obstruction on its placement inside a room with a room function of 
may include any form of analysis for extracting information multi - occupant office as opposed to single person office 
from a floor plan based on geometries represented in the 50 room function . Technical specifications may also be adapa 
floor plan . For example , the geometric analysis may include tive based on the geographic location of the building rep 
searching for lines , curves , or other features in the floor plan resented in the floor plan . In other words , technical speci 
that may represent an obstruction , such as a column , or other fication may change according to the location simulated . For 
form of obstruction . The generative analysis may account example , a power socket type , a voltage requirement , or 
for obstructions when determining coverage areas for equip- 55 applicable code or standard may change depending on the 
ment and may determine the equipment placement locations country in which the equipment is located . Accordingly , the 
based on the identification of the obstruction . For example , technical specification may include a data structure or other 
a camera may be positioned such that a column does not data format linking a plurality of geographic locations to a 
occlude an object , such as a door , from the view of the respective set of technical parameters . 

Disclosed embodiments may further include outputting 
In some embodiments , identifying the at least one equip- technical specifications and placement locations for the 

ment specification may include a weighting of a cost func- equipment . For example , embodiments may include output 
tion . A weighted cost function may provide a means to ting the first technical specification and the first equipment 
aggregate several goals into one optimization process , and a placement location in an associative manner with the at least 
weighted cost function may have a numeric goal . More 65 the first room , and outputting the second technical specifi 
generally , a cost function and a weighted cost function may cation and the second equipment placement location in an 
be any form of equation designed to account for multiple associative manner with the at least the second room . As 

camera . 60 
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used herein , an output may be any form of graphical 1-10 , etc. ) , a text - based grading scale ( e.g. , B + , Excellent , 
depiction of equipment location or types . Such an output etc. ) , a percentage ( e.g. , percentage of conformance , per 
may result from a generative analysis process . The output centage of coverage , etc. ) , or any other representation of 
may be overlaid on the floor plan to indicate identified how well the equipment is placed . 
equipment locations . In some embodiments , generating the 5 In some embodiments , generating the outputs may 
output may include modifying the floor plan to include the include exporting a floor plan . This may include generating 
equipment locations and technical specification . For a version of the floor plan ( for example , in CAD , BIM PDF , 
example , where the floor plan is represented as a CAD , or any other suitable electronic or image format ) with at least 
vector architectural file ( e.g. , a DWG file , or similar CAD some additional information regarding the placement and 
file ) , or BIM file , the output may include modifying the file 10 description of equipment . The exported floor plan can be 
to include additional shape data representing the equipment represented either in 2D or 3D formats , depending on the 
locations and technical specifications or modifying the BIM export . As described above , the additions to the exported 
object data representing the equipment location and techni- plans may include graphic representations of equipment 
cal specifications . Accordingly , embodiments may include and / or textual semantic information regarding these objects . 
populating a CAD and BIM format architectural file with the 15 In instances where the exported floor plan is a CAD file the 
first equipment placement location and first technical speci- equipment placement locations or other information may be 
fication . In embodiments where the floor plan is an image represented in separate linear entities , or may be aggregated 
file , such as a JPG , or a vector image file , such as a PDF , the into drawing blocks . In instances where the exported floor 
output may include equipment locations represented as plan is a BIM file , the equipment locations or other infor 
shapes or graphical features overlaid on the image . 20 mation may take the shape of BIM family instances or BIM 
As used herein , an “ associative manner ” may include any objects , with 3D models and parametric information asso 

manner indicating a logical pair of two or more entities of ciated with them . The export file can merge and / or add the 
different types . In context of the present disclosure , an new elements to the new file or can reconstruct a new floor 
output associating the technical specification and equipment plan based on the original floor plan with additional infor 
placement location with the room may be any way of 25 mation . An exported floor plan can be stored in a specified 
representing the technical specification and equipment directory , transmitted via an electronic communication ( e.g. , 
placement location such that they are tied to a particular via an email , over a secure network connection , etc. ) , 
room . In some embodiments , this may include a graphical electronically transmitted to a third party software applica 
association , such as overlaying the information on the floor tion , or any other means for exporting data . 
plan . In some embodiments , the association may take the 30 As described above , in some embodiments , the functional 
form of a logical pairing within an internal database or code . requirements may define a coverage requirement for a room 
For example , a table or database may contain a list of rooms or area . In these embodiments , outputting the first technical 
in the floor plan and associated equipment information . In specification with the first equipment may include display 
some embodiments , one member of the pair may appear as ing a coverage map spatially indicating regions covered by 
a property in the other member's data . For example , the 35 at least one of sensors , wireless emitters , Wi - Fi Access 
equipment placement locations or technical specifications Points , BluetoothTM beacons or speakers . As used herein , a 
may be included in property data of the room within the floor coverage map may refer to a graphical representation depict 
plan . ing a coverage range of a piece of equipment . For 

In some embodiments , the output may include textual a coverage map may include coverage areas for one or more 
information in addition to , or in place of , a graphical 40 pieces of equipment overlaid on a floor plan . In some 
representation . For example , textual information may embodiments , a coverage map may indicate the field of view 
include information regarding the model , placement , price of a camera , the detection area of a smoke sensor , the range 
or parameters associated with the equipment . The text of a motion sensor , the area of effect of a sounding device 
information may be included in a variety of forms , including ( e.g. , a speaker , an alarm , or other sound emitting device ) , 
a generated text document such as a Word® or .TXT 45 the range of a light ( e.g. , a light source , an indicator light , or 
document , a chart such as an Excel® spreadsheet , an image any other light - emitting device ) , the effective range at which 
file such as a jpg , a vector image file such as a PDF , a vector a Wi - Fi access point , BluetoothTM beacon or other device 
architectural file such as DWG , and a BIM model such as a can provide a wireless network , or any other functional area 
RVT or IFC . In some embodiments the output may be an associated with a piece of equipment . In some embodiments , 
electronic file , database or index containing information 50 the coverage map may be related to information regarding a 
such as placement information and / or technical specifica- functional requirement such as the field of view of a camera 
tions . Some embodiments may further include displaying a that provides a certain pixel resolution or the area in which 
score evaluating the equipment placement location . In this an alarm sounder is heard at a certain decibel level . 
context a score may indicate a numeric appraisal of the Some embodiments may further include generating a 
performance of one or more pieces of equipment at a certain 55 material list of equipment based on the generative analysis 
location . The score may indicate a degree of conformance to of the at least one first room . The material list , sometimes 
one or more functional requirements , such as an amount of referred to as a “ bill of materials ” or as a " bill of quantities ” 
coverage of the equipment , a number of functional require- may be a list describing equipment associated with a floor 
ments that are conformed to , or other means of evaluating plan or building . The materials list may include a list of the 
conformance to the functional requirements . The score may 60 equipment placed in the floor plan as part of the generative 
also take into account other factors , such as whether user- analysis . In some embodiments , the materials list may also 
defined constraints were met ( e.g. , preferred placement include secondary and / or auxiliary equipment required to 
areas , etc. ) , equipment cost , equipment availability , equip- physically construct a building system . For example , the 
ment size , equipment noise , energy consumption , or other materials list may include additional equipment , sometimes 
parameters that may indicate the desirability of the equip- 65 referred to as auxiliary equipment , associated with the 
ment placement location . The score may be represented as a equipment specified in the generative analysis , such as 
number on a scale ( e.g. , a score from 1-100 , a score from control devices , network patch panels , network switches , 

example , 
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racks , enclosures , batteries , cables or wiring , conduits , cable Similarly , the disclosed embodiments may also allow a 
trays , bolts , screws , nuts , flanges , spare equipment , or any user to modify the technical specifications and / or the equip 
other items that may be associated with the primary equip- ment placement locations . For example , the output may 
ment . A material list may include equipment models ( e.g. , a include equipment placement locations and a user may 
model number or model name ) , quantities , pricing informa- 5 manually modify the equipment placement location . In some 
tion , specific properties ( e.g. , materials of construction , embodiments , this may include displaying the equipment 
sizing , equipment types , or other properties ) , a physical placement locations through a user interface that allows the 
description , and any other information associated with the user to move the equipment placement locations , for 
equipment that may be useful for purchasing , tracking , or example , by clicking on a desired location within the floor 
installation of the equipment . In some embodiments , the 10 plan , dragging the equipment to a desired location . The user 
materials list may include in image of the equipment . The interface may also allow the user to rotate the equipment , 
materials list may be displayed on the screen or exported as change an equipment placement height , modify a coverage 
text , a table , an image ( e.g. , JPG , PDF , etc. ) , or any other area of the equipment , modify a size or shape of the 
suitable format . In some embodiments , the materials list equipment , or any other modifications that may be made to 
may be electronically transmitted by email or via the inter- 15 the placement locations . Similarly , the user may modify one 
net , for example , to a third - party or third - party software or more technical specifications identified during the gen 
application , an enterprise resource planning ( ERP ) system , erative analysis . For example , the user may select a different 
or any other entity that may use the information . model of equipment , a different equipment size , a different 
FIG . 3A illustrates an example generative analysis for equipment rating or capacity , or various other parameters . 

generating a coverage map , consistent with the disclosed 20 Once such changes are made , the system might run a 
embodiments . As described above , the disclosed system may simulation , compare the simulation result with one or more 
include accessing a floor plan 310 , which may depict several functional requirements , and provide an output as to the 
rooms . The disclosed system may then receive different extent of conformance of the changes with the functional 
functional requirements applied to rooms within floor plan requirement ( s ) . 
310. For example , the system may identify functional 25 In some embodiments , the system may constrain the 
requirements 312 and 314. In this example , functional modifications by the user such that they still conform to the 
requirements 312 and 314 may define coverage require- functional requirement . For example , the system may allow 
ments for cameras , similar to the functional requirement the user to move a piece of equipment only within a 
described above with respect to FIG . 1. Functional require- specified region that conforms to the functional requirement . 
ment 312 may require a camera to identify objects with a 30 In some embodiments , the system may reanalyze the equip 
pixel density of at least 100 , where functional requirement ment placement location and specification to determine 
314 may require a camera to identify objects with a pixel whether it still conforms to the functional requirement ( or a 
density of at least 200. The system may use a generative degree of conformance to the functional requirement ) . The 
analysis , as described above , to identify technical specifi- system may generate an alert to the user or otherwise display 
cations and placement locations for cameras within floor 35 the updated conformance information based on the modifi 
plan 310. For example , the generative analysis may result in cations . 
the placement of cameras 322 , 324 , and 326 , as shown in According to various exemplary embodiments of the 
FIG . 3A . The system may then output the technical speci- present disclosure , the disclosed methods may include modi 
fications for cameras 322 , 324 , and 326 , as well as the fying one or more functional requirements before perform 
equipment placement locations . For example , the output 40 ing the generative analysis . For example , this may include 
may be displayed via a user interface 330. The output may modifying the first functional requirement and generatively 
include a coverage map 350 , which may include the equip- analyzing the at least one first room in conjunction with the 
ment placement locations for cameras 322 , 324 , and 326 , as modified first functional requirement . The modification may 
well as the corresponding coverage areas . The output may include altering ( e.g. , increasing or decreasing ) one or more 
further include a materials list 340 ( which may correspond 45 parameters specified by the functional requirement , such as 
to the output technical specification , discussed above ) . a flow rate , a network speed , a coverage percentage , or any 
Materials list 340 may list the cameras included in the of the functional requirement parameters described above . 
coverage map along with a model number or other technical In some embodiments , the modification may be based on a 
information associated with cameras 322 , 324 , and 326 . user input , which may override the functional requirements 

In some embodiments , the generative analysis may result 50 that are received by the system . In some embodiments , the 
in multiple options for equipment placement locations and / modification may be automatic , for example , to adjust the 
or technical specifications . Accordingly , generatively ana- functional requirement acco ccording to an applicable code or 
lyzing the at least one first room may further include standard , a preferred value ( e.g. , a minimum value set by a 
displaying a plurality of technical specifications , a plurality user or organization ) , a value determined by a calculation 
of equipment placement location options , or both . For 55 ( e.g. , to adjust the functional requirement for a different 
example , the generative analysis may result in multiple application ) , or any other predefined value . This modified 
solutions that conform to the received functional require- functional requirement may result in a different technical 
ments , or that have similar degrees of conformation to the specification or placement location than with the unmodified 
received functional requirements . In some embodiments , the functional requirement . For example , the disclosed methods 
disclosed methods may include presenting a predetermined 60 may include identifying a third equipment placement loca 
number or percentage of solutions that best conform to the tion in order to at least partially conform to the modified first 
functional requirement ( e.g. , the top 5 results , the top 10 % functional requirement . Further in some embodiments , one 
of results , or various other thresholds ) . In some embodi- or more functional requirements may be modified through a 
ments , the output may allow a user to select one or more of representation on the floor plan itself . For example , a floor 
the options . For example , multiple options may be displayed 65 plan may be associated with a first functional requirement 
on a user interface including control elements allowing the and a second functional requirement , which may be modi 
user to select a preferred option . fied . Accordingly , the disclosed methods may include 
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exporting a floor plan with the first and second functional connectivity data may describe a cable , wire and / or connec 
requirement in a format enabling modification of at least one tor type that may be connected to a specific port on the piece 
of the first or second functional requirements to implement of equipment . 
the generative analysis of the at least one first room and the In some embodiments , the disclosed embodiments may 
at least one second room . 5 further include outputting a customized setting associated 
As described above , the functional requirements may with a piece of equipment associated with the first technical 

apply to a zone within a floor plan , rather than a particular specification and the first equipment placement location . A 
room . For example , the disclosed embodiments customized setting may be any property of a piece of include may 
accessing a floor plan demarcating a plurality of zones . As equipment that may be varied in some way . For example , a 
described in greater detail herein , a zone may be an aggre 10 manufacturer of a piece of equipment may offer multiple 
gation of a plurality of architectural features , rooms and / or options for a piece of equipment and the customized setting 

may be a selection of one of the options . The customized spaces sharing a common characteristic or point of interest . setting may be a customized physical property of one or The at least one first room may include a first zone of the pieces of equipment such as a customized color , dimension , 
plurality of zones and the at least one second room may 15 construction , door swing , or other physical property . In some 
include a second zone of the plurality of zones . In other embodiments , the customized setting may include whether 
words , the first functional requirement may apply to at least an optional or separately - ordered accessory , which may 
one first zone of the plurality of zones and the second include , but is not limited to a peripheral lens , masking lens , 
functional requirement may apply to at least one second breaker , cover plate , fuse , cable , mount or module with a 
zone of the plurality of zones . 20 piece of equipment , or any other form of accessory . 

Embodiments of the present disclosure may further In other embodiments , the customized setting may be a 
include outputting additional information with the equip- variable or user input for the equipment that may affect the 
ment placement locations and technical specifications . In operation of the equipment , such as a speed setting , an 
some embodiments , the disclosed embodiments may include operating temperature , an operating time , a volume setpoint , 
displaying power consumption data for the technical speci- 25 or any other setpoint that may be varied for a given piece of 
fication . For example , the power consumption data may equipment . In some embodiments , the customized setting 
represent an amount of electrical energy required to operate may include setting or altering a physical component of a 
the specified equipment over a specified time ( e.g. , piece of equipment ( e.g. , setting an orientation , rotation , 

and / or tilt of a lens in a CCTV camera in a manner that expressed in watts or kilowatts , etc. ) . This may include an average power consumption , a peak power consumption , or 30 differs from its default factory setting , setting of a voltage 
various other forms of power consumption that may be setting , setting of a fuse and / or power supply and / or switch , 

etc. ) . Further , the customized setting may include combining relevant . The power consumption may be associated with a one or more pieces of equipment , each with their own single piece of equipment , or may represent the power separate order codes . The combined equipment may be consumption for multiple pieces of equipment ( e.g. , all 35 configured to be fabricated or delivered inside a common equipment on the floor , all equipment in a room , all equip chassis , housing , rack , or enclosure ( e.g. an electrical panel ment of a particular type , etc. ) . In some embodiments , the consisting of an enclosure and one or more circuit breakers , power consumption may be defined by the equipment itself . fuses , terminal locks , contactors and protection devices 
In other words , the power consumption may be a property of delivered as a single panel to a project , a lighting switch 
the equipment and may be specified by the manufacturer . In 40 delivered with a backbox and cover plate , etc. ) . 
other embodiments , the power consumption may depend on The customized setting may be selected during the gen 
other factors , such as the size of the room its being placed erative analysis for identifying the equipment placement 
in , how many pieces of equipment are used for a task , or location and technical specification . Accordingly , the con 
other variables . Accordingly , the generative analysis may formance to the functional requirement that the generative 
include calculating the power consumption based on these 45 analysis is based on may depend on the customize setting . In 
factors and the context of the equipment . The power con- some embodiments , the customized setting may be 
sumption may be included in the technical specification , or tomized setting range , which may define a range of setpoints 
may be output separately ( e.g. , on the floor plan , on a display for a particular piece of equipment . 
device , through an email or text - based communication , or Similarly , disclosed embodiments may include generating 
any other suitable forms for conveying the information ) . 50 a programming parameter based on the first technical speci 
As another example , the disclosed embodiments may fication . A programming parameter may include any form of 

include displaying connectivity data for the first equipment variable or input to for the firmware , operating software , 
technical specification . The connectivity data may describe programming software , or communication protocol for a 
any forms of connections associated with the specified piece of equipment that influences its operations . In some 
equipment . For example , the connectivity data may describe 55 embodiments , the programming parameter may be related to 
power connections required for one or more pieces of a communication network of a device such as setting of IP 
equipment , which may include a required voltage , a required address , KNX address , addressable fire alarm address , 
current , wire sizing requirements , a number of connections , BacNet / IP address , or various other forms of communication 
or any other parameters associated with supplying power to addresses or values . In some embodiments , the equipment 
the equipment . As another example , connectivity data may 60 addresses may be generated randomly , in a sequence , or 
describe network connections required for the equipment , according to a range . In some embodiments , the equipment 
which may include Wi - Fi access requirements , Ethernet or address may be generated in conjunction with other equip 
other hardwired connections , BluetoothTM connectivity ment addresses , or with other equipment addresses as an 
requirements , encryption requirements , data speed require- input to the generative analyzing process , to prevent con 
ments , other equipment that must be connected to the 65 flicting addresses . In some embodiments the programming 
specified equipment , or any other data associated with parameter may be related to the selection of firmware and / or 
network connections for the equipment . As another example , operating software of a piece of equipment . For example , the 

cus 
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programming parameter may define which operating system identify solutions that at least partially conform to a func 
or operating system version a piece of equipment may run . tional requirement . As shown , training may include using 
Further , the programming parameter may be the program- training data that includes various room types , floor plans , 
ming of a single operation ( e.g. turn AC off at 6:00 pm ) or and optimization results indicating conformance with the 
a series of operations ( e.g. turn AC off at 6:00 pm and lights 5 functional requirement . For example , using training data that 
off at 6:30 pm ) . In some embodiments the programming includes sensor coverage maps 361 , 362 , 363 , 364 , 365 , and 
parameter may include conditional events or logic , such as 366 , a machine learning model may be trained to maximize a rule to turn off the AC at 6:00 pm only if no people are sensor coverage . The training process may include any present inside the room . The programming parameter may method of training a machine learning model such as a be a parameter that allows the equipment specified by the 10 CNN , including , for example , hyperparameter tuning . Train equipment specification to meet the functional requirement . 
As another example , the disclosed embodiments may ing data may include technical specifications of equipment , 

include outputting an accessory associated with a piece of floor plan architectural data ( e.g. , wall boundaries or geo 
equipment associated with the first technical specification metric data such as area , boundary segment points , etc. ) , and 
and the first equipment placement location . An accessory 15 by considering a variety of these inputs , the model may learn 
may include any piece of electronic , mechanical or any other to locate sensors to maximize sensor coverage . 
type of hardware that supports a primary piece of equipment . Generative analysis may include implementing a trained 
For example , accessories for a video camera may include model to provide a solution . As an example , machine 
cables , screws , a patch panel , a video recorder , a network learning model 380 may accept floor plan 370 as input and 
switch , a rack , a UPS , or any other materials to support 20 provide solution 390 identifying sensor placement location 
installation or use of the camera . The accessory may be to maximize sensor coverage . Machine learning model 380 
output any suitable way to convey the information to a user . may have been previously trained according to training 
In some embodiments , the accessory may be identified on process 360. As depicted in solution 390 , a solution may 
the floor plan along with the equipment placement locations . include placement of two sensors to maximize sensor cov 
In some embodiments the accessory may be listed on a 25 erage . More generally , the generative analysis process illus 
materials list , as described above . trated in FIG . 3B may be applied to train models to provide 

In some embodiments , the disclosed methods may include solutions that at least partly conform to any functional 
generating a classification tag based on the first technical requirement for any floor plan , and the solutions may 
specification and the first equipment placement location . include one or more equipment placement locations . 
The classification tag may include any form of label , plac- 30 FIG . 4 is a flowchart illustrating an example process 400 
ard , or sign to be placed on the equipment to identify the for selecting equipment for use in buildings , consistent with 
equipment and / or its properties . For example , the classifi- the disclosed embodiments . Process 400 may be performed 
cation tag may include a unique identifier for the equipment , by a processing device , such as any of the processors 
an equipment location ( e.g. , plant number , laboratory num- described throughout the present disclosure . It is to be 
ber , a room name , a building number , etc. ) , a make and 35 understood that throughout the present disclosure , the term 
model of the equipment , a standard or code applicable to the “ processor ” is used as a shorthand for “ at least one proces 
equipment , a size of the equipment , a rating or capacity of sor . ” Consistent with disclosed embodiments , " at least one 
the equipment , or any other information that may be dis- processor ” may constitute any physical device or group of 
played on the equipment . Generating the classification tag devices having electric circuitry that performs a logic opera 
may include generating a text file containing the informa- 40 tion on an input or inputs . For example , the at least one 
tion , generating an image file ( e.g. , a vector image , a PDF , processor may include one or more integrated circuits ( IC ) , 
a JPG , etc. ) , printing a tag or label , transmitting information including application - specific integrated circuit ( ASIC ) , 
to a machine or third party for producing the tag , or any microchips , microcontrollers , microprocessors , all or part of 
other means of presenting the information . a central processing unit ( CPU ) , graphics processing unit 
As another example , the disclosed embodiments may 45 ( GPU ) , digital signal processor ( DSP ) , field - programmable 

include generating installation tasks based on the first tech- gate array ( FPGA ) , server , virtual server , or other circuits 
nical specification and the first equipment placement . An suitable for executing instructions or performing logic 
installation task may include any step or procedure that may operations . The instructions executed by at least one pro 
be required when installing a piece of equipment . The cessor may , for example , be pre - loaded into a memory 
installation tasks may define some or all of a procedure that 50 integrated with or embedded into the controller or may be 
must be followed to install the piece of equipment . For stored in a separate memory . The memory may include a 
example , if the equipment is a camera , the installation tasks Random Access Memory ( RAM ) , a Read - Only Memory 
may include , disconnecting a power supply , mounting the ( ROM ) , a hard disk , an optical disk , a magnetic medium , a 
camera , connecting the camera to a power source , reengag- flash memory , other permanent , fixed , or volatile memory , or 
ing the power supply , connecting a communications cable , 55 any other mechanism capable of storing instructions . In 
configuring or tuning the camera , and / or any other steps that some embodiments , the at least one processor may include 
may be necessary . The installation tasks may be generated as more than one processor . Each processor may have a similar 
a list in a text - based format ( e.g. , a Word® document , etc. ) , construction , or the processors may be of differing construc 
in a table , in a Gantt chart or other scheduling tool , etc. In tions that are electrically connected or disconnected from 
some embodiments , the installation tasks may be stored in a 60 each other . For example , the processors may be separate 
data structure in association with various pieces of equip- circuits or integrated in a single circuit . When more than one 
ment . The installation tasks may also be provided by a processor is used , the processors may be configured to 
manufacturer or other third party . operate independently or collaboratively , and may be co 
By way of example , FIG . 3B illustrates an exemplary located or located remotely from each other . The processors 

machine - learning - based generative analysis process , consis- 65 may be coupled electrically , magnetically , optically , acous 
tent with disclosed embodiments . The process may include tically , mechanically or by other means that permit them to 
training process 360 to train a machine learning model to interact . In other words , a processor may include one or 
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more structures that perform logic operations whether such embodiments , the output may further include other infor 
structures are collocated , connected , or disbursed . mation , including , but not limited to , a materials list , a 

In some embodiments , a non - transitory computer read- customized setting , a programming parameter , a score 
able medium may contain instructions that when executed evaluating the placement locations , a coverage map , a 
by a processor cause the processor to perform process 400 , 5 classification tag , or any other information that may be 
as illustrated in FIG . 4. Process 400 is not necessarily limited pertinent to the technical specifications or equipment place 
to the steps shown in FIG . 4 and any steps or processes of ment locations . 
the various embodiments described throughout the present Embodiments of this disclosure may involve the use of 
disclosure may also be included in process 400 . artificial intelligence or machine learning . In some embodi 

At step 402 , process 400 may include accessing a floor 10 ments , machine learning algorithms ( also referred to as 
plan demarcating a plurality of rooms . As described above , machine learning models in the present disclosure ) may be 
the floor plan may include any graphic representation of a trained using training examples , for example in the cases 
horizontal section of a building , which may include an described below . Some non - limiting examples of such 
interior of the building , an exterior of the building , or both . machine learning algorithms may include classification 
In some embodiments , the floor plan may demarcate a 15 algorithms , data regressions algorithms , image segmentation 
plurality of zones in addition to or instead of the demarca- algorithms , visual detection algorithms ( such as object 
tions for the plurality of rooms . In some embodiments , the detectors , face detectors , person detectors , motion detectors , 
demarcations may not be included in the floor plan and step edge detectors , etc. ) , visual recognition algorithms ( such as 
402 may further include determining the demarcations face recognition , person recognition , object recognition , 
through an image processing technique or geometric analy- 20 etc. ) , speech recognition algorithms , mathematical embed 
sis , as described above . ding algorithms , natural language processing algorithms , 

At step 404 , process 400 may include receiving a first support vector machines , random forests , nearest neighbors 
functional requirement for at least one first room of the algorithms , deep learning algorithms , artificial neural net 
plurality of rooms . The first functional requirement may be work algorithms , convolutional neural network algorithms , 
applied by a user . In cases where the demarcations of rooms 25 recursive neural network algorithms , linear machine learn 
have been identified , the functional requirement may be ing models , non - linear machine learning models , ensemble 
applied to the entire contours of a room without input by the algorithms , and so forth . For example , a trained machine 
user being required to define the contours of the room . The learning algorithm may comprise an inference model , such 
first functional requirement may define expected or required as a predictive model , a classification model , a regression 
performance parameters associated with the first room , as 30 model , a clustering model , a segmentation model , an arti 
described above . Similarly , at step 406 , process 400 may ficial neural network ( such as a deep neural network , a 
include receiving a second functional requirement for at convolutional neural network , a recursive neural network , 
least one second room of the plurality of rooms . In some etc. ) , a random forest , a support vector machine , and so 
embodiments , the first functional requirement and the sec- forth . In some examples , the training examples may include 
ond functional requirement may be the different , however , 35 example inputs together with the desired outputs corre 
this is not necessarily so . sponding to the example inputs . Further , in some examples , 

At step 408 , process 400 may include generatively ana- training machine learning algorithms using the training 
lyzing the at least one first room in conjunction with the first examples may generate a trained machine learning algo 
functional requirement to identify a first technical specifi- rithm , and the trained machine learning algorithm may be 
cation and a first equipment placement location in order to 40 used to estimate outputs for inputs not included in the 
at least partially conform to the first functional requirement . training examples . In some examples , engineers , scientists , 
In some embodiments , the generative analysis may be an processes and machines that train machine learning algo 
iterative process . For example , the generative analysis may rithms may further use validation examples and / or test 
include a series of simulations including one or more examples . For example , validation examples and / or test 
analyses of differing equipment placement locations , as 45 examples may include example inputs together with the 
described above with respect to FIG . 1. At step 410 , process desired outputs corresponding to the example inputs , a 
400 may include generatively analyzing the at least one trained machine learning algorithm and / or an intermediately 
second in conjunction with the second functional require- trained machine learning algorithm may be used to estimate 
ment to identify a second technical specification and a outputs for the example inputs of the validation examples 
second equipment placement location order to at least par- 50 and / or test examples , the estimated outputs may be com 
tially conform to the second functional requirement . Addi- pared to the corresponding desired outputs , and the trained 
tional details regarding the generative analysis that may be machine learning algorithm and / or the intermediately 
applied to the first and second rooms are provided above . trained machine learning algorithm may be evaluated based 
At step 412 , process 400 may include outputting the first on a result of the comparison . In some examples , a machine 

technical specification and the first equipment placement 55 learning algorithm may have parameters and hyper param 
location in an associative manner with the at least one first eters , where the hyper parameters are set manually by a 
room . Similarly , at step 414 , process 400 may include person or automatically by an process external to the 
outputting the second technical specification and the second machine learning algorithm ( such as a hyper parameter 
equipment placement location in an associative manner with search algorithm ) , and the parameters of the machine learn 
the at least one second room . The output may be provided in 60 ing algorithm are set by the machine learning algorithm 
a variety of formats , as described above . In some embodi- according to the training examples . In some implementa 
ments the output may include a CAD file with blocks or tions , the hyper - parameters are set according to the training 
other representations of the selected equipment technical examples and the validation examples , and the parameters 
specifications and locations , a BIM file containing BIM are set according to the training examples and the selected 
objects associated with the equipment technical specifica- 65 hyper - parameters . 
tion and placement locations , an image file with the equip- In some embodiments , trained machine learning algo 
ment placement locations overlaid on the image . In some rithms ( also referred to as trained machine learning models 








































































































































































































