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Various embodiments set forth systems and techniques for
generating work condition values for a building layout. The
techniques 1nclude receiving a building layout specifying,
for each workspace of a plurality of workspaces included 1n
the workplace, a respective location of the workspace;
selecting one or more work condition elements from a
plurality of work condition elements based at least on the
plurality of workspaces; for each work condition element of
the one or more work condition elements: evaluating the
plurality of workspaces based on the work condition ele-
ment; based on the evaluating the plurality of workspaces,
generating an element value corresponding to the work
condition element; and computing, based on element values
corresponding to the one or more work condition elements,
an overall work condition value associated with the building
layout.
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GENERATING BUILDING DESIGNS WHILE
COMPUTATIONALLY OPTIMIZING FOR
WORK CONDITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit of the
U.S. Provisional Patent Application having Ser. No. 62/937,
190 (Attorney Docket AUTO1468USL) and filed on Nov.
18, 2019. The subject matter of this related application 1s
hereby incorporated herein by reference.

BACKGROUND

Field of the Various Embodiments

[0002] The present invention relates generally to computer
science and computer-aided design and, more specifically, to
computer-implemented techniques for generating building
designs while computationally optimizing for work condi-
tions.

Description of the Related Art

[0003] Generating a building design and layout, such as
for a building or workplace, oftentimes 1s a complex process
where many different design goals as well as numerous
constraints and requirements must be considered. For
example, when designing a building or other similarly
intricate 1ndustrial building, a designer has to consider,
among other things, operating requirements, production
requirements, architectural and engineering constraints, cost
constraints, and building site constraints.

[0004] With respect to the operating requirements of a
typical industrial building, the layout of a building affects
the overall of the quality of work conditions of the employ-
ees. For example, the location of an employee’s desk and the
view from the desk of an employee aflects the work condi-
tion of the employee working at the desk. In data-driven
approaches to building design analysis, the building design
and layout can be optimized based on data, measurements,
and metrics corresponding to diflerent design goals. How-
ever, due to the subjective nature of work conditions, unlike

other aspects of building design and layout, there are no
metrics or measurements that can be used to evaluate how

l

different elements of the building design and layout aflect
the quality of employee work conditions.

[0005] One drawback to using conventional CAD sofit-
ware when designing industrial buildings 1s that much of the
information needed to properly model and simulate the
working conditions of employees 1n a building via the
simulation methods incorporated into conventional CAD
software 1s not available or determined until the end of the
building demgn process. In particular, due to the various
clements that aflect workmg condition 1n a building, typical
approaches for measuring working conditions rely on track-
ing and measuring actual conditions aiter a layout 1s imple-
mented and 1n use. As a result, generating layouts for an
industrial building using conventional CAD soltware
involves an ad-hoc trial-and-error approach.

[0006] As the foregoing illustrates, what i1s needed 1n the
art are more ellective techniques for optimizing a design of
a building that accounts for quantitative and qualitative
conditions.
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SUMMARY

[0007] One embodiment of the present application sets
forth a computer-implemented method for determining
employee work conditions 1n factories and workplaces. The
method 1ncludes recerving a building layout specifying, for
cach workspace of a plurality of workspaces included 1n the
workplace, a respective location of the workspace; selecting,
one or more work condition elements from a plurality of
work condition elements based at least on the plurality of
workspaces; for each work condition element of the one or
more work condition elements: evaluating the plurality of
workspaces based on the work condition element; based on
the evaluating the plurality of workspaces, generating an
clement value corresponding to the work condition element;
and computing, based on element values corresponding to
the one or more work condition elements, an overall work
condition value associated with the building layout.

[0008] At least one technical advantage of the disclosed
techniques relative to the prior art 1s that the disclosed
techniques can be mcorporated mto a CAD application to
ecnable the CAD application to automatically explore a
design space to identily building layouts that optimize
working conditions of employees in the building. Accord-
ingly, with the disclosed techniques, a CAD application can
generate a substantially larger number of building demgns
that, for example, are optimized for working conditions in
the specific function of the building, relative to a conven-
tional CAD application. This functionality, which 1s not
available 1n conventional CAD applications, increases the
likelihood that an optimal layout design can be automati-
cally generated and identified for a given building design.
These technical advantages represent one or more tangible
and meamngiul technological improvements over conven-
tional CAD applications.

BRIEF DESCRIPTION OF THE

DRAWINGS

[0009] So that the manner mn which the above recited
features of the various embodiments can be understood 1n
detail, a more particular description of the inventive con-
cepts, brietly summarized above, may be had by reference to
various embodiments, some of which are illustrated 1n the
appended drawings. It 1s to be noted, however, that the
appended drawings illustrate only typical embodiments of
the mventive concepts and are therefore not to be considered
limiting of scope 1n any way, and that there are other equally
ellective embodiments.

[0010] FIG. 1 1s a schematic diagram 1llustrating a com-
puting system configured to implement one or more aspects
of the present disclosure.

[0011] FIG. 2 1s a more detailed illustration of the data
store and design engine of FIG. 1, according to various
embodiments of the present disclosure.

[0012] FIG. 3 illustrates an exemplary building layout
associated with the design engine of FIG. 1, according to
various embodiments of the present disclosure.

[0013] FIG. 4 illustrates exemplary view rays and paths
from workspaces within the building layout of FIG. 3,
according to various embodiments of the present disclosure.

[0014] FIG. 5 1s a flowchart of method steps for work

condition calculation performed by the design engine of
FIG. 1, according to various embodiments of the present
disclosure.
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DETAILED DESCRIPTION

[0015] In the following description, numerous specific
details are set forth to provide a more thorough understand-
ing of the various embodiments. However, 1t will be appar-
ent to one of skilled 1n the art that the inventive concepts
may be practiced without one or more of these specific
details.

[0016] FIG. 1 illustrates a computing device 100 config-
ured to implement one or more aspects of the present
disclosure. As shown, computing device 100 includes an
interconnect (bus) 112 that connects one or more processing
units 102, an mput/output (I/O) device interface 104 coupled
to one or more input/output (I/0) devices 108, memory 116,
a storage 114, and a network interface 106.

[0017] Computing device 100 includes a desktop com-
puter, a laptop computer, a smart phone, a personal digital
assistant (PDA), tablet computer, or any other type of
computing device configured to receive mput, process data,
and optionally display 1mages, and 1s suitable for practicing
one or more embodiments. Computing device 100 described
herein 1s illustrative and that any other technically feasible
configurations fall within the scope of the present disclosure.

[0018] Processing unit(s) 102 includes any suitable pro-
cessor implemented as a central processing unit (CPU), a
graphics processing unit (GPU), an application-specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA), an artificial intelligence (Al) accelerator, any other
type of processing unit, or a combination of different pro-
cessing units, such as a CPU configured to operate in
conjunction with a GPU. In general, processing unit(s) 102
may be any technically feasible hardware unit capable of
processing data and/or executing software applications. Fur-
ther, 1n the context of this disclosure, the computing ele-
ments shown 1n computing device 100 may correspond to a
physical computing system (e.g., a system 1n a data center)
or may be a virtual computing instance executing within a
computing cloud.

[0019] In one embodiment, I/O devices 108 1nclude
devices capable of providing input, such as a keyboard, a
mouse, a touch-sensitive screen, and so forth, as well as
devices capable of providing output, such as a display
device. Additionally, I/O devices 108 may include devices
capable of both receiving mput and providing output, such
as a touchscreen, a unmiversal serial bus (USB) port, and so
torth. I/O devices 108 may be configured to receive various
types of input from an end-user (e.g., a designer) of com-
puting device 100, and to also provide various types of
output to the end-user of computing device 100, such as
displayed digital images or digital videos or text. In some
embodiments, one or more of I/O devices 108 are configured
to couple computing device 100 to a network 110.

[0020] Network 110 includes any technically feasible type
of communications network that allows data to be
exchanged between computing device 100 and external
entities or devices, such as a web server or another net-
worked computing device. For example, network 110 may
include a wide area network (WAN), a local area network
(LAN), a wireless (WiF1) network, and/or the Internet,
among others.

[0021] Storage 114 includes non-volatile storage for appli-

cations and data, and may include fixed or removable disk
drives, flash memory devices, and CD-ROM, DVD-ROM,
Blu-Ray, HD-DVD, or other magnetic, optical, or solid-state
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storage devices. Design engine 118 and data store 120 may
be stored 1n storage 114 and loaded into memory 116 when
executed.

[0022] Memory 116 includes a random-access memory
(RAM) module, a flash memory unit, or any other type of
memory unit or combination thereof. Processing unit(s) 102,
I/O device interface 104, and network interface 106 are
configured to read data from and write data to memory 116.
Memory 116 1includes various software programs that can be
executed by processing unit(s) 102 and application data
associated with said software programs, including design
engine 118 and data store 120.

[0023] In operation, design engine 118 1s configured to
design and optimize buildings such as factories or other
workplaces. Design engine 118 receives mput from data
store 120 that describes various aspects of the building being,
designed, such as a site on which the building 1s to be built,
operations to be performed in the building, and various other
constraints and requirements for the building. Design engine
118 generates a spectrum of potential building designs based
on the received mput. A building design may include for
example, a building footprint; building geometry such as a
floorplan and/or a three-dimensional model of the bulding;
a layout of rooms, systems, infrastructure, and other ele-
ments of the building; and a layout of the building within a
site, such as a location and/or orientation of the building 1n
the site. Design engine 118 evaluates the generated designs
based on various criteria. Design engine 118 uses the results
ol the evaluation to further optimize and refine the generated
designs to produce additional building designs. Additionally,
design engine 118 presents the results of the evaluation to an
end user. Design engine 118 implements various soltware
modules 1n order to generate and optimize building designs.
These software modules are discussed in greater detail
below 1n conjunction with FIG. 2.

[0024] FIG. 2 1s a more detailed 1llustration of design
engine 118 and data store 120 of FIG. 1, according to various
embodiments of the present disclosure. As shown, design
engine 118 1s coupled to data store 120 and includes, without
limitation, geometry generation module 220, layout genera-
tion module 222, metric generation module 224, evaluation
module 226, and evaluation results 228.

[0025] In one or more embodiments, design engine 118
obtains data describing requirements and constraints asso-
ciated with generating building designs for the building from
data store 120. Additionally, in some embodiments, design
engine 118 may store generated data, such as building
geometries, building layouts, metrics associated with a
building geometry or building layout, and/or evaluation
results, to data store 120. As shown 1n FIG. 2, data store 120
includes, without limitation, operation data 210, workspace
data 212, geometry data 214, site data 216, and design data
218.

[0026] Operation data 210 includes data describing opera-
tions of the building. For example, data describing opera-
tions of a factory may include data indicating workstations,
operators, personnel, schedules, zones, positions, tools, stor-
age facilities, parts, materials, equipment, transport require-
ments or restrictions, or other elements and features asso-
ciated with operations of the factory. Additionally, the data
describing the factory operations may include data describ-
ing the elements and features associated with operations of
the factory, such as weights of parts and materials. As
another example, data describing operations of a workplace
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may include data indicating oflice spaces, desks, meeting
rooms, common areas, amenities such as restrooms or
breakrooms, stail, oflice personnel, schedules, zones, equip-
ment, space requirements or restrictions, or other elements
and features associated with the workplace. Additionally, the
data describing the workplace operations may include data
describing the elements and features associated with the
workplace, such as the number of offices, desks, common
areas, and amenities.

[0027] Workspace data 212 includes data describing work-
stations or workspaces of the building. For example, data
describing a workstation may include data indicating one or
more operations associated with the workstation, one or
more operation tasks associated with the workstation,
dimensions of the workstation, a shape of the workstation, or
other information related to the workstation. As another
example, data describing a workspace may include data
indicating one or more personnel types associated with the
workspace, one or more categories or functions associated
with the workspace, a shape of the workspace, dimensions
of the workspace, a type and number of elements associated
with the workspace such as desks, tables, and seating, or
other information related to the workspace. A workspace
may generally refer to any defined space within the building,
open or enclosed, for employees to perform work, such as a
meeting room, oflice, group of desks, group of cubicles, and
so forth.

[0028] Geometry data 214 includes data describing the
building. For example, the data describing the building may
include data indicating a size of the building, a shape of the
building, a footprint of the building, an ornentation of the
building structural elements of the building, fixed equipment
within the building and locations of the fixed equipment, and
infrastructure of the building such as loading docks,
entrances, exits, and mechanical systems. In some embodi-
ments, geometry data 214 includes a three-dimensional (3D)
model of the building, a wirelrame model of the building, a
surface mesh of the building, a footprint of the building, a
floorplan of the building, 1mages or renders of the building
from one or more views, and/or other visualizations of the
building geometry. The geometry data 214 may be data that
was generated by design engine 118, data received from
another application or tool, data entered or otherwise pro-
vided by a user, or a combination thereof.

[0029] In some embodiments, geometry data 214 includes
a layout indicating locations of workstations or workspaces
within the building. The layout may be generated by design
engine 118, generated by another application or tool, or
designed by a user. In some embodiments, design engine 118
generates the layout for the building based on information
describing the building, such as operation data 210 and
workspace data 212. In some embodiments, geometry data
214 includes one or more visualizations of the building, and
the visualizations may include visualizations of worksta-
tions and workspaces within the building according to the
layout.

[0030] Site data 216 includes data describing a site at
which the building 1s to be constructed. For example, the
data describing the site may include data indicating a
location of the site, a size of the site, a shape of the site, an
orientation of the site, fixed equipment within the site and
locations of the fixed equipment, utilities around or under-
neath the site, topography of the site, elevation(s) of the site,
so1l conditions of the site, restriction(s) on the site, and
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inirastructure of the site such as roads and paths. Addition-
ally, in some embodiments, site data 216 may include data
describing one or more adjacent sites. For example, data
describing an adjacent site may include data indicating a
location of the adjacent site, a relative location of the
adjacent site with respect to the site, a size of the adjacent
site, a shape of the adjacent site, an orientation of the
adjacent site, fixed equipment within the adjacent site and
locations of the fixed equipment, utilities around or under-
neath the adjacent site, topography of the adjacent site,
clevation(s) of the adjacent site, soil conditions of the
adjacent site, restriction(s) on the adjacent site, infrastruc-
ture of the adjacent site such as roads and paths. Addition-
ally, 1n some embodiments, the data describing the adjacent
site may include data indicating one or more costs associated
with the adjacent site, such as zoning costs, permitting costs,
purchasing costs, and so forth.

[0031] Design data 218 includes data associated with one
or more designs of the building. For example, data describ-
ing a building design may include restrictions and require-
ments associated with the building design, such as produc-
tion requirements (e.g. number of workstations, number of
production bays, target production rate, target production
clliciency), workspace requirements (e.g. number of desks,
number ol common areas and amenities, number of meeting
rooms), building size requirements, capacity requirements,
infrastructure requirements, system requirements, accessi-
bility requirements, architectural and engineering con-
straints, and so forth.

[0032] In some embodiments, design data 218 includes
data describing materials associated with the building
design, such as windows, doors, cladding, piping and
plumbing types and sizes, wiring types and sizes, and
mechanical systems such as heating, ventilation and air
conditioning (HVAC) systems. The data describing the
materials may include estimated costs for each material.

[0033] In operation, geometry generation module 220
receives site data 216 and design data 218 from data store
120 and generates a building geometry 230. Building geom-
etry 230 indicates the size and shape of the building. In some
embodiments, generating building geometry 230 includes
generating a visualization of the building geometry, such as
a 2D footprint of the building and/or a 3D model of the
building. In some embodiments, building geometry 230 also
indicates a placement of the building within the site, such as
location and orientation of the building on the site.

[0034] Layout generation module 222 receives operation
data 210 and workspace data 212, and generates a layout 240
associated with the building (also referred to herein as
“building layout 2407"). Layout 240 indicates locations
within a building, such as a factory, for a plurality of
workstations or workspaces of the building. In some
embodiments, layout 240 also indicates locations within the
building of other rooms or elements of the building, such as
storage facilities, tools, supplies, entrances, exits, elevators,
stairs, material transport paths or structures, or other rooms
or elements used by factory or workplace operations. In one
or more embodiments, generating the layout 240 1s based on
a pre-defined building geometry, such as building geometry
230 and/or geometry data 214. Layout generation module
222 receives building geometry 230 and/or geometry data
214, and determines locations for the workstations, work-
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spaces, and other rooms or elements of the building within
the boundaries of the building indicated by the pre-defined
geometry.

[0035] Metric generation module 224 receives building
geometry 230 and/or building layout 240 and generates one
or more metrics 250 associated with the building design
based on the building geometry 230 and/or the building
layout 240. In some embodiments, metric generation module
224 also recerves one or more ol operation data 210,
workspace data 212, geometry data 214, site data 216, or
design data 218, and generating the one or more metrics 250
1s further based on the received data.

[0036] In some embodiments, each metric 250 corre-
sponds to a particular design goal for the building, such as
mimmizing construction cost, target square footage, lot
efliciency goals, production goals, productivity goals, occu-
pancy or capacity goals, energy usage targets, ventilation
and air tlow targets, maximizing or minimizing light expo-
sure, worktlow or operational efliciency goals, sustainability
goals, and so forth. Each metric 250 may be a value or
measurement associated with the corresponding design goal.

[0037] Metric 250 includes one or more employee work
condition values that correspond to employee work condi-
tion design goals. A workplace condition value indicates an
overall quality of employee work conditions for the build-
ing. As shown, metric generation module 224 includes work
condition value generator 260 for generating the one or more
employee workplace condition values.

[0038] Work condition value generator 260 generates the
one or more employee work condition values based on a
layout of the building. The building layout may be a layout
generated by layout generation module 222, a layout gen-
erated by another application or tool, or a layout received
from data store 120. The building layout 240 indicates the
locations within the building of workstations or workspaces
of the building. In some embodiments, work condition value
generator 260 generates the one or more employee work
condition values based on the locations of the workstations
or workspaces indicated by the building layout.

[0039] In one or more embodiments, generating the one or
more employee work condition values 1s further based on
workspace data 212 associated with the workstations or
workspaces 1n the building layout 240. The workspace data
212 may include, for example, a category or function
associated with the workspace, a number of desks or work-
stations within the workspace, the locations of desks or
workstations within the workspace, the orientation of desks
or workstations within the workspace, a type of employee
associated with the workspace, and so forth.

[0040] In one or more embodiments, generating the one or
more employee work condition values 1s further based on
site data 216 and/or building geometry 230. The site data
216 and building geometry 230 may include, for example,
features on or near the site, the location of the building
relative to the features on or near the site, the location of the
building within the site, the onentation of the building
within the site, light exposure of the building, and so forth.

[0041] Inone or more embodiments, to generate the one or
more employee work condition values, work condition value
generator 260 selects one or more work condition elements
for evaluating employee work conditions of the building. A
work condition element may be, for example, distances from
workstations or workspaces to common areas, distances
from workstations or workspaces to restrooms, distances
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from workstations or workspaces to windows, amount natu-
ral light exposure of workstations or workspaces, whether
workstations or workspaces are aflected by glare, whether
workstations or workspaces have views to the outside of the
building, whether workstations or workspaces have views to
features on or around the site such as water features, whether
workstations or workspaces have views to green spaces in or
around the building, and so forth.

[0042] In some embodiments, selecting the one or more
work condition elements 1s based on the type of building.
For example, each type of building may be associated with
one or more particular work condition elements of a plural-
ity of work condition elements. Work condition value gen-
erator 260 determines the type of building, e.g. a factory or
workplace, and selects the one or more particular work
condition elements associated with the type of building. In
some embodiments, the type of building may be indicated by
data stored in data store 120, such as 1n operation data 210
or design data 218. In some embodiments, work condition
value generator 260 may receive and analyze data associated
with the building, e.g. operation data 210, workspace data
212, geometry data 214, and building layout 240, to deter-
mine the type of building. For example, work condition
value generator 260 may determine the building type based
on operations associated with the building, the types of
employees associated with the building, the types of work-
spaces or workstations 1n the building, and so forth.

[0043] In some embodiments, selecting the one or more
work condition elements 1s based on one or more types of
workers or personnel associated with the building. For
example, each type of worker or personnel may be associ-
ated with one or more particular work condition elements of
a plurality of work condition elements. Work condition
value generator 260 determines one or more types of work-
ers or personnel associated with the building and selects the
one or more particular work condition elements associated
with each type of work or personnel. In some embodiments,
work condition value generator 260 receives operation data
210 and determines the one o more types of workers or
personnel based on the operation data 210. In some embodi-
ments, determining the one or more types of workers or
personnel includes determiming, for each workstation or
workspace of the building, one or more types of worker or
personnel associated with the workstation or workspace.

[0044] In some embodiments, selecting the one or more
work condition elements 1s based on one or more operations
or types ol operations performed in the building. For
example, each operation or operation type may be associated
with one or more particular work condition elements of a
plurality of work condition elements. Work condition value
generator 260 determines one or more operations associated
with the building and/or one or more types ol operations
associated with the building and selects the one or more
particular work condition elements associated with each
operation or type of operation. In some embodiments, work
condition value generator 260 receives operation data 210
and determines the one or more operations and/or one or
more types of operations associated with the building based
on operation data 210.

[0045] In some embodiments, selecting the one or more
work condition elements 1s based on one or more worksta-
tions, workspaces, or other areas within the building. For
example, each workstation, workspace, or other area may be
associated with one or more particular work condition
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clements of a plurality of work condition elements. As
another example, each category or function associated with
a workstation, workspace, or other area of the building may
be associated with one or more particular work condition
clements. Work condition value generator 260 determines
one or more types of workstations, workspaces, and/or other
areas, such as offices and common areas, and selects the one
or more particular work condition elements associated with
cach type of workstation, workspace, or area.

[0046] In some embodiments, work condition value gen-
erator 260 determines, for each workspace, workstation, or
other area indicated in the building layout, whether the
workspace, workstation or other area 1s associated with any
work condition elements. In some embodiments, work con-
dition value generator 260 receives workspace data 212 and
determines the type of workspace, workstation, or other
area, based on the workspace data 212. For example, work-
space data 212 may include data indicating a particular
category or function associated with a particular workspace,
and work condition value generator 260 selects one or more
work condition elements associated with the particular cat-
cgory or function.

[0047] In some embodiments, a particular work condition
clement may be associated with a particular workspace,
workstation, or other area of the building, or a particular type
of area of the building. Work condition value generator 260
selects the particular work condition element based on
determining that the particular workspace, workstation, area,
or type of area 1s 1icluded 1n the building layout.

[0048] In some embodiments, selecting the one or more
work condition elements 1s based on one or more elements
or features outside of the building, such as green spaces,
courtyards, water features, and so forth. For example, a
particular work condition element may be associated with a
particular type of outdoor element or feature. Work condi-
tion value generator 260 determines whether the particular
type of outdoor element or feature exists on or around the
site, and 1n response to determining that the particular type
of outdoor element or feature exists on or around the site,
selects the particular work condition element. In some
embodiments, work condition value generator 260 receives
site data 216 and determines whether the particular type of
outdoor element or feature exists based on the site data 216.

[0049] Additionally, 1n some embodiments, selecting the
one or more work condition elements may be based on user
input specifying one or more particular work condition
clements from a plurality of work condition elements.

[0050] In some embodiments, after selecting the one or
more work condition elements, work condition value gen-
erator 260 evaluates, for each workstation or workspace of
the building, the workstation or workspace based on the
work condition element. Additionally, each workstation or
workspace may include a plurality of stations, desks, or
seats. Evaluating the workstation or workspace based on the
work condition element may include, for each station, desk,
or seat ol the workstation or workspace, evaluating the work
condition element based on the station, desk, or seat.

[0051] In one or more embodiments, work condition value
generator 260 generates, for each work condition element of
the one or more work condition elements, a respective
clement value. The respective element value 1s a metric or
measurement associated with the work condition element.
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The respective element value indicates how much or
whether the building layout satisfies the work condition
clement.

[0052] Insome embodiments, evaluating each workstation
or workspace of the building based on the work condition
clement includes generating a respective workspace value
for each workstation or workspace based on evaluating the
work condition element for the workstation or workspace.
Work condition value generator 260 calculates the element
value for the work condition element based on the work-
space values for the workstations or workspaces of the
building. Generating the element value based on a plurality
of workspace values may include, for example, adding,
averaging, or otherwise aggregating the plurality of work-
space values.

[0053] Based on the element values for the one or more
work condition elements, work condition value generator
260 calculates an overall work condition value. Calculating
the overall work condition value may include, for example,
adding, averaging, or otherwise aggregating the element
values for the one or more work condition elements.

[0054] FIG. 3 illustrates an example building layout 300.
As shown, building layout 300 includes a building footprint
310 and a plurality of workspaces 320(1)-320(4). Addition-
ally, building layout 300 includes a plurality of non-work
arcas 330(1)-330(3) and a courtyard 340. The non-work
arcas 330(1)-330(3) may be, for example, common areas,
lounge areas, restrooms, break rooms, and such. The build-
ing layout 300 indicates a location of each workspace 320
within the building footprint 310. Additionally, building
layout 300 indicates a location of each non-work area 330
within the building footprint 310. As shown, building layout
300 also indicates a location of the courtyard 340 outside of
the building.

[0055] Work condition value generator 260 receives build-
ing layout 300 and selects one or more work condition
clements for evaluating the building layout 300 in the
manner described above i1n conjunction with FIG. 2. For
example, work condition value generator 260 may select the
one or more work condition elements based on the building,
the plurality of workspaces 320(1)-320(4), the plurality of

non-work areas 330(1)-330(3), the courtyard 340, and/or the
site on which the building 1s to be located.

[0056] Work condition value generator 260 evaluates each
of the workspaces 320(1)-320(4) based on each selected
work condition element. In one or more embodiments, work
condition value generator 260 generates, for each selected
work condition element, an element value for the work
condition element based on evaluating the workspaces 320
(1)-320(4).

[0057] As an example, the one or more work condition
clements for building layout 300 may include whether the
workspaces 320 have views to the outside of the building,
whether the workspaces 320 have views to the courtyard
340, whether the workspaces 320 are affected by glare,
whether the workspaces 320 are exposed to natural light, and
distances from the workspaces 320 to non-work areas 330.

[0058] In some embodiments, evaluating a workspace
based on a work condition element includes determiming
whether the workspace satisfies the work condition element.
For example, the work condition element may be whether
the workspace 1s spaced a mimimum distance from other
workspaces in the building layout. Work condition value
generator 260 calculates an element value based on the
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number of workspaces that satisty the work condition ele-
ment. In some embodiments, work condition value generator
260 calculates a workspace value for each workspace based
on whether the workspace satisfies the work condition
clement. For example, a workspace value of 1 may indicate
that the workspace satisfies the work condition element, and
a workspace value of 0 may indicate that the workspace does
not satisly the work condition element. In some embodi-
ments, work condition value generator 260 calculates a
normalized element value for the work condition element by
dividing the number of workspaces that satisfy the work
condition element by the total number of workspaces.

[0059] In some embodiments, evaluating a workspace
based on a work condition element includes generating one
or more view rays or paths. A view ray or path may start at
the workspace and extend towards a target destination.
Additionally, a view ray may start at a target source and
extend towards the workspace. A path may be between a
workspace and a target destination. The target destination or
target source may be based on the work condition element
by which the workspace 1s being evaluated. For example, 1
the work condition element 1s whether workspaces have
views to the outside of the building, then work condition
value generator 260 generates one or more view rays extend-
ing from the workstation towards the outside of the building.
As another example, 1f the work condition element 1s the
distance from workstations to a lounge area, then work
condition value generator 260 generates one or more paths
from the workstation to one or more lounge areas of the
building. As another example, if the work condition element
1s the amount of natural light on the workspace, then work
condition value generator 260 generates one or more view
rays extending from windows of the building towards the
workstation. Additionally, in one or more embodiments,
cach workspace includes a plurality of stations, desks, or
seats. Generating the one or more view rays or paths to or
from the workspace includes generating a respective view
ray or path for each station, desk, or seat of the plurality.

[0060] FIG. 4 illustrates exemplary view rays and paths
associated with the workspaces 320 of FIG. 3, according to
various embodiments. As shown, view rays 410 are directed
from workspaces 320(2) to the outside of the building; view
rays 420 are directed from workspaces 320(2) to courtyard
340; view rays 430 are directed from workspace 320(4) to
courtyard 340; path 440 travels from workspaces 320(4) to
non-work area 330(3); path 450 travels from workspace
320(1) to non-work area 330(1); and path 460 travels from
workspace 320(3) to non-work area 330(1).

[0061] Work condition value generator 260 calculates an
clement value for the work condition element based on the
one or more view rays and/or paths generated for the work
condition element. In some embodiments, work condition
value generator 260 calculates a workspace value for each
workspace 320(1)-(4), and calculates the eclement value
based on the workspace values for the workspaces 320.

[0062] In some embodiments, to evaluate whether work-
spaces have a view to a target destination, work condition
value generator 260 generates a plurality of view rays from
the workspaces towards the target destination. Work condi-
tion value generator 260 determines the location of each
workspace based on the building layout. Additionally, work
condition value generator 260 determines the direction of
the target destination based on one or more of building
geometry 230, building layout 240, geometry data 214, site
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data 216, or external data sources, such as location data and
landmark information from a map location database.

[0063] Depending on the location of the target destination
and the location of the workspace, view rays from a work-
space to a target destination may be obstructed by other
clements of the bwlding layout. Work condition value
generator 260 determines a number of view rays of the
plurality of view rays that are not obstructed and calculates
an element value based on the number of unobstructed view
rays. In some embodiments, work condition value generator
260 calculates a workspace value for each workspace based
on the number of unobstructed view rays corresponding to
the workspace. In some embodiments, work condition value
generator 260 calculates a normalized element value for a
work condition element by dividing the number of unob-
structed view rays by the total number of view rays to the
target destination.

[0064] As example, 1f the work condition element 1is
whether workspaces have views to the outside of the build-
ing, then work condition value generator 260 generates one
or more view rays extending from workspaces 1n the build-
ing towards windows facing the outside of the building.
Referring to FIG. 4, work condition value generator 260
generates a plurality of view rays from workspaces 320
towards the outside of the building, including view rays 410
from workspace 320(2). Additionally, workspace 320(2)
may comprise a plurality of desks (not shown), and work
condition value generator 260 may generate a view ray {from
desk 1n the plurality of desks. Work condition value gen-
erator 260 generates an element value for the work condition
clement based on the total number of unobstructed view rays
from all workspaces 320 compared to the total number of
view rays from the workspaces 320. Additionally, 1n some
embodiments, work condition value generator 260 may
determine, for workspace 320(2), that a first subset of view
rays 410 are unobstructed, while a second subset of view
rays 420 are obstructed and do not reach the outside of the
building, where the first subset and the second subset are
different. Work condition value generator 260 may generate
a workspace value corresponding to workspace 320(2) based
on the number of rays in the first subset compared to the
number of rays 1n the first subset plus the number of rays in
the second subset.

[0065] In some embodiments, to evaluate whether work-
spaces are allected by a target source, work condition value
generator 260 generates a plurality of view rays from the
target source towards the workspaces. Work condition ele-
ments based on whether workspaces are aflected by a target
source 1nclude, for example, whether workspaces are
aflected by glare or whether workspaces are exposed to
natural light. Work condition value generator 260 deter-
mines the location of each workspace based on the building
layout. Additionally, work condition value generator 260
determines the direction of the target source based on one or
more of building geometry 230, building layout 240, geom-
ctry data 214, site data 216, or external data sources, such as
location data and landmark information from a map location
database.

[0066] Depending on the location of the target source and
the location of the workspace, view rays from a target source
to a workspace may be obstructed by other elements of the
building layout. Additionally, view rays from the target
source may reach the workspace at different angles. Based
on the work condition element, work condition value gen-
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erator 260 determines a number of view rays of the plurality
of view rays that satisfy the work condition element and
calculates an element value based on the number of view
rays that satisty the work condition element. In some
embodiments, work condition value generator 260 calcu-
lates a workspace value for each workspace based on the
number of view rays corresponding to the workspace that
satisty the work condition element. In some embodiments,
work condition value generator 260 calculates a normalized
clement value for a work condition element by dividing the
number of view rays that satisty the work condition element
by the total number of view rays to the target destination.

[0067] As an example, 1f the work condition element 1s
whether workspaces are exposed to natural light, then work
condition value generator 260 generates one or more view
rays extending from windows of the building towards work-
spaces 1n the building. Referring to FIG. 3, work condition
value generator 260 generates a plurality of view rays from
the outside of the building towards workspaces 320. Addi-
tionally, workspaces 320 may comprise a plurality of desks
(not shown), and work condition value generator 260 may
generate one or more view rays extending from windows of
the building towards each desk in the plurality of desks.
Work condition value generator 260 generates an element
value for the work condition element based on the total
number of view rays that reach the workspaces 320 com-
pared to the total number of view rays.

[0068] In some embodiments, to evaluate the distance
from workspaces to a target destination, work condition
value generator 260 generates a plurality of paths between
the workspaces and the target destination. Work condition
value generator 260 determines the location of each work-
space based on the building layout. Additionally, work
condition value generator 260 determines the location of the
target destination based on one or more of building geometry
230, building layout 240, geometry data 214, or site data
216.

[0069] Work condition value generator 260 calculates, for
cach path of the plurality of paths, the length of the path. In
one or more embodiments, work condition value generator
260 determines a number of paths whose length 1s less than
a threshold value, and calculates an element value based on
the number of paths whose length 1s less than the threshold
value. In one or more embodiments, work condition value
generator 260 determines, for each path, a travel time from
a workspace to the target destination based on the path.
Work condition value generator 260 determines a number of
paths whose travel time 1s less than a threshold value, and
calculates an element value based on the number of paths
whose travel time 1s less than the threshold value. In some
embodiments, work condition value generator 260 calcu-
lates a workspace value for each workspace based on the
paths corresponding to the workspace. In some embodi-
ments, work condition value generator 260 calculates a
normalized element value for a work condition element by
dividing the number of paths whose travel time or length are
less than a threshold value by the total number of paths to the
target destination.

[0070] As an example, 11 the work condition element 1s
distance from workspaces to lounge areas, then work con-
dition value generator 260 generates one or more paths from
the workspaces to lounge areas 1n the building. Referring to
FIG. 4, assume non-work area 330(1) 1s a lounge area. Work
condition value generator 260 generates a plurality of paths
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from workspaces 320 to non-work area 330(1), including
path 450 from workspace 320(1) and paths 460 from work-
space 320(3). Additionally, workspace 320(1) and 320(3)
may each comprise a plurality of desks, and work condition
value generator 260 may generate a path from each desk in
the respective plurality of desks. Work condition value
generator 260 generates an element value for the work
condition element based on the length of the paths from
workspaces 320 to lounge areas and/or based on the travel
time associated with the paths from workspaces 320 to
lounge areas. Additionally, 1n some embodiments, work
condition value generator 260 may generate a first work-
space value corresponding to workspace 320(1) based on the

paths 450, and a second workspace value corresponding to
workspace 320(3) based on the paths 460.

[0071] Work condition value generator 260 calculates an
overall work condition value based on the element values for
the one or more selected work condition elements. In some
embodiments, work condition value generator 260 calcu-
lates the overall work condition value by adding the element
values for the one or more selected work condition elements.
In some embodiments, work condition value generator 260
calculates the overall work condition value by averaging the
element values for the one or more selected work condition
elements.

[0072] In some embodiments, work condition value gen-
crator 260 normalizes the overall work condition value to
generate a normalized overall work condition value, such as
a value between 0 and 1 or a value between 0 and 100.
Normalizing the overall work condition value may be based
on the number of work condition elements selected for the
building design. Additionally, normalizing the overall work
condition value may include normalizing each element value
and/or each workspace value as discussed above. One ben-
efit of normalizing the overall work condition value 1s that
this enables the overall work condition value to be compared
across different building designs, even if different work
condition elements are selected for the different building
designs and/or a different number of work condition ele-
ments are selected for the different building designs.

[0073] Evaluation module 226 receives the metrics 250,
including the overall work condition value for the building
design, and analyzes the metrics 250 to generate evaluation
results 228. In some embodiments, the evaluation results
228 indicate, based on the metrics 250, how well or whether
a building design satisfies one or more design goals. The
design goals may include pre-defined goals and/or goals
specified 1n design data 218, such as requirements of the
building design.

[0074] In some embodiments, design engine 118 generate
an 1nteractive graphical user intertace (GUI) that depicts the
various analyses performed and the evaluation results 228
generated by the various analyses, and displays the GUI to
the end user. Additionally, the GUI may depict one or more
of a visualization of the building geometry 230, a visual-
ization of the building layout 240, or the metrics 250.

[0075] Insome embodiments, design engine 118 generates
a plurality of building designs and the GUI depicts evalu-
ation results, metrics, and visualizations corresponding to
cach building design of the plurality of building designs.
This allows an end user to quickly view and compare metrics
and evaluation results across several potential building
designs generated by the design engine 118. Additionally,
the GUI may include tools for searching, filtering, and/or
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sorting the plurality of building designs. For example, a user
may 1nteract with the GUI to 1dentity building designs that
satisty a particular design criteria.

[0076] In some embodiments, the evaluation results 228
are provided back to geometry generation module 220
and/or layout generation module 222 for iterating on or
optimizing building geometry 230 and/or building layout
240. Based on the evaluation results 228, geometry genera-
tion module 220 and/or layout generation module 222 repeat
the geometry generation and/or layout generation procedure
with input parameters varied according to the evaluation
results. In this manner, geometry generation module 220 and
layout generation module 222 may perform any number of
different 1terations until a collection of building designs are
generated that meet the one or more design goals, that meet
a threshold number of the one or more design goals, or meet
the each of the one or more design goals to a threshold
degree. After the collection of building designs are gener-
ated, design engine 118 may generate a GUI that depicts
evaluation results, metrics, and/or visualizations corre-
sponding to each building design of the collection of build-
ing designs, and display the GUI to the user.

[0077] FIG. 5 1s a flowchart of method steps for work
condition calculation performed by the design engine 118 of
FIG. 1, according to various embodiments of the present
disclosure. Although the method steps are described in
conjunction with the systems of FIGS. 1 and 2, persons
skilled 1n the art will understand that any system configured
to perform the method steps 1n any order falls within the
scope of the present disclosure.

[0078] In step 502, work condition value generator 260
receives a building layout 240 from layout generation mod-
ule 222. Building layout 240 indicates the location within a
building of a plurality of workspaces of the building. In
some embodiments, work condition value generator 260
also receives workspace data 212 from data store 120.
Workspace data 212 includes data describing the plurality of
workspaces. In some embodiments, work condition value
generator 260 also receives data describing the building.
Work condition value generator 260 may receive geometry
data 214 from data store 120 and/or receive building geom-
etry 230 from geometry generation module 220. In some
embodiments, work condition value generator 260 also
receives site data 216. Site data 216 includes data describing,
the site that the building i1s to be constructed on. In some
embodiments, work condition value generator 260 also
receives design data 218 from data store 120. Design data
218 1includes data describing restrictions or requirements
associated with the building.

[0079] In step 504, work condition value generator 260
selects one or more work condition elements from a plurality
of work condition elements for evaluating employee work
conditions based on the building layout 240. Seclecting the
one or more work condition elements 1s performed i a
manner similar to that disclosed above with respect to work
condition value generator 260. In one or more embodiments,
selecting the one or more work condition elements 1s based
on one or more of: the type of building, types of workers or
personnel associated with the building, operations per-
formed 1n the building, types of operations performed 1n the
building, the plurality of workspaces, non-workspace areas
of the building, features of the building, elements outside of
the building, features of the building, or user mput specity-
ing work condition elements.
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[0080] In step 506, work condition value generator 260
evaluates the plurality of workspaces based on each work
condition element of the one or more work condition ele-
ments. Evaluating the plurality of workspaces based on a
work condition element 1s performed 1n a manner similar to
that disclosed above with respect to work condition value
generator 260. Additionally, each workstation or workspace
may include a plurality of stations, desks, or seats. Evalu-
ating the workstation or workspace based on the work
condition element may include, for each station, desk, or
seat of the workstation or workspace, evaluating the work
condition element based on the station, desk, or seat.

[0081] In some embodiments, evaluating each workspace
includes generating, a respective workspace value for the
workspace. The respective element value 1s a metric or
measurement associated with the work condition element.
The respective element value indicates how much or
whether workspace satisfies the work condition element.

[0082] In step 3508, work condition value generator 260
generates a respective element value for each work condi-
tion element of the one or more work condition elements.
Generating an element value for a work condition element 1s
performed 1n a manner similar to that disclosed above with
respect to work condition value generator 260. In some
embodiments, work condition value generator 260 calcu-
lates the element value for the work condition element based
on the workspace values for the workstations or workspaces
of the building. Generating the element value based on a
plurality of workspace values may include, for example,
adding, averaging, or otherwise aggregating the plurality of
workspace values.

[0083] In some embodiments, evaluating a workspace
based on a work condition element includes determiming
whether the workspace satisfies the work condition element.
For example, the work condition element may be whether
the workspace 1s spaced a mimimum distance from other
workspaces in the building layout. Work condition value
generator 260 calculates an element value based on the
number of workspaces that satisty the work condition ele-
ment. In some embodiments, work condition value generator
260 calculates a workspace value for each workspace based
on whether the workspace satisfies the work condition
clement.

[0084] In some embodiments, evaluating a workspace
based on a work condition element includes generating one
Or more view rays or paths. A view ray or path may start at
the workspace and extend towards a target destination, or
may start at a target source and extend towards the work-
space. A path may be between a workspace and a target
destination. Additionally, 1n one or more embodiments, each
workspace includes a plurality of stations, desks, or seats.
Generating the one or more view rays or paths to or from the
workspace includes generating a respective view ray or path
for each station, desk, or seat of the plurality.

[0085] In some embodiments, to evaluate whether work-
spaces have a view to a target destination, work condition
value generator 260 generates a plurality of view rays from
the workspaces towards the target destination. Work condi-
tion value generator 260 determines a number of view rays
of the plurality of view rays that are not obstructed and
calculates an element value based on the number of unob-
structed view rays. In some embodiments, work condition
value generator 260 calculates a workspace value for each
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workspace based on the number of unobstructed view rays
corresponding to the workspace.

[0086] In some embodiments, to evaluate whether work-
spaces are alfected by a target source, work condition value
generator 260 generates a plurality of view rays from the
target source towards the workspaces. Based on the work
condition element, work condition value generator 260
determines a number of view rays of the plurality of view
rays that satisty the work condition element and calculates
an element value based on the number of view rays that
satisty the work condition element. In some embodiments,
work condition value generator 260 calculates a workspace
value for each workspace based on the number of view rays
corresponding to the workspace that satisly the work con-
dition element.

[0087] In some embodiments, to evaluate the distance
from workspaces to a target destination, work condition
value generator 260 generates a plurality of paths between
the workspaces and the target destination. Work condition
value generator 260 calculates, for each path of the plurality
of paths, the length of the path. In one or more embodiments,
work condition value generator 260 determines a number of
paths whose length 1s less than a threshold value, and
calculates an element value based on the number of paths
whose length 1s less than the threshold value. In one or more
embodiments, work condition value generator 260 deter-
mines, for each path, a travel time from a workspace to the
target destination based on the path. Work condition value
generator 260 determines a number of paths whose travel
time 1s less than a threshold value, and calculates an element
value based on the number of paths whose travel time 1s less
than the threshold value. In some embodiments, work con-
dition value generator 260 calculates a workspace value for
cach workspace based on the paths corresponding to the
workspace.

[0088] In step 510, work condition value generator 260
calculates an overall work condition value for the building
layout based on the element values for the one or more work
condition elements. Calculating the overall work condition
value 1s performed in a manner similar to that disclosed
above with respect to work condition value generator 260.
Calculating the overall work condition value may include,
for example, adding, averaging, or otherwise aggregating
the element values for the one or more work condition
clements.

[0089] In some embodiments, work condition value gen-
erator 260 normalizes the overall work condition value to
generate a normalized overall work condition value, such as
a value between O and 1 or a value between 0 and 100.
Normalizing the overall work condition value may be based
on the number of work condition elements selected for the
building design. For example, normalizing the overall work
condition value may include dividing the overall work
condition value by the number of work condition elements.
Additionally, normalizing the overall work condition value
may include normalizing each element value and/or each
workspace value as discussed above with respect to work
condition value generator 260. One benefit of normalizing
the overall work condition value 1s that this enables the
overall work condition value to be compared across different
building designs, even 1f different work condition elements
are selected for the different building designs and/or a
different number of work condition elements are selected for
the different building designs.
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[0090] Insum, the computer system generates one or more
employee work condition values that indicate the quality of
employee work conditions corresponding to a layout of a
factory or workplace. The computer system receives mput
data describing workstations in a factory or workspace and
a layout of workstations within the factory or workspace.

[0091] In one approach, the computer system determines
one or more employee work condition elements associated
with the workstations. Fach employee work condition ele-
ment contributes to the overall quality of employee work
conditions for the factory or workspace. The employee work
condition elements may include, for example, views from
workstations to particular building elements or exterior
clements, light exposure of workstations, spacing between
workstations, and distances from the workstations to ame-
nities 1n the building.

[0092] The computer system selects the one or more
employee work condition elements from a plurality of
employee work condition elements based on one or more of:
the type of workstation for which the employee work
conditions are being evaluated, what building features are
available 1n the factory or workspace, and/or a type of
worker or employee associated with the workstations. For
cach employee work condition element of the one or more
employee work condition elements, the computer system
calculates a corresponding workstation value for each work-
station of the factory or workplace. Based on the workstation
values for the workstations of the factory or workplace, the
computer system generates an element value for the
employee work condition element. The computer system
generates an overall work condition value for the layout
based on the element values for the one or more employee
work condition elements.

[0093] At least one advantage of the disclosed techniques
1s that the computer system determines employee work
conditions of a layout for a factory or workplace, without the
layout being implemented and used i1n operation of the
factory or workplace. Unlike typical approaches for analyz-
ing a layout of a factory or workplace that involve evaluating
quantitative elements of the layout, this approach provides
metrics that quantify and measure employee work condi-
tions, which 1s typically a qualitative element. Additionally,
the metrics for diflerent employee work condition elements
are combined mnto a single value reflecting, an overall
employee work condition for a layout, that can be compared
across diflerent designs. A user can utilize the generated
values to further optimize potential layouts and quickly see
how different adjustments to a layout aflect employee work
conditions.

[0094] In addition, this approach may be used as part of a
design application that iteratively generates improved lay-
outs that meet specific design objectives. For example, the
design application may utilize the work condition element
values for the different work condition elements 1n order to
determine a layout that 1s most effective for a particular work
condition element. As another example, the design applica-
tion may utilize overall work condition values as one of
several metrics to consider when evaluating different lay-
outs. Accordingly, these technical advantages provide one or
more technological advancements over prior art approaches.

[0095] 1. In various embodiments, a computer-imple-
mented method for computationally determining employee
work conditions comprises receiving a building layout
speciiying, for each workspace of a plurality of workspaces
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included 1n a workplace, a respective location of the work-
space, selecting one or more work condition elements from
a plurality of work condition elements based at least on the
plurality of workspaces, and for each work condition ele-
ment of the one or more work condition elements, evaluating,
the plurality of workspaces based on the work condition
clement, based on the evaluating the plurality of work-
spaces, generating an element value corresponding to the
work condition element, computing, based on element val-
ues corresponding to the one or more work condition
elements, an overall work condition value associated with
the building layout, and moditying the building layout based
on the overall work condition value.

[0096] 2. The method of clause 1, further comprising
determining a building type associated with the workplace,
where selecting the one or more work condition elements 1s
turther based on the building type associated with the
workplace.

[0097] 3. The method of clause 1 or 2, further comprising
determining one or more types ol workers associated with
the workplace, where selecting the one or more work
condition elements 1s further based on the one or more types
of worker associated with the workplace.

[0098] 4. The method of any of clauses 1-3, further
comprising determining one or more operations associated
with the workplace, where selecting the one or more work
condition elements 1s further based on the one or more
operations associated with the workplace.

[0099] 3. The method of any of clauses 1-4, where, for a
given work condition element, evaluating the plurality of
workspaces based on the work condition element includes
generating, for each workspace of the plurality of work-
spaces, a workspace value corresponding to the workspace,
where generating the element value corresponding to the
work condition element 1s further based on workspace
values corresponding to the plurality of workspaces.

[0100] 6. The method of any of clauses 1-35, where, for a
given work condition element, evaluating the plurality of
workspaces based on the work condition element includes
determining, for each workspace of the plurality of work-
spaces, whether the workspace satisfies the work condition
clement.

[0101] 7. The method of any of clauses 1-6, where, for a
given work condition element, evaluating the plurality of
workspaces based on the work condition element includes
generating a plurality of view rays from the plurality of
workspaces to a target destination.

[0102] 8. The method of any of clauses 1-7, further

comprising identiiying a subset of view rays of the plurality
of view rays, wherein each view ray of the subset of view
rays 1s unobstructed, where generating the element value
corresponding to the work condition element 1s further based
on the subset of view rays.

[0103] 9. The method of any of clauses 1-8, where evalu-
ating the plurality of workspaces based on the work condi-
tion element includes generating a plurality of view rays
from a target source to the plurality of workspaces.

[0104] 10. The method of any of clauses 1-9, further
comprising identiiying a subset of view rays of the plurality
of view rays, where each view ray of the subset of view rays
1s unobstructed, where generating the element value corre-
sponding to the work condition element 1s further based on
the subset of view rays.

May 20, 2021

[0105] 11. The method of any of clauses 1-10, where
evaluating the plurality of workspaces based on the work
condition element includes generating a plurality of paths
from the plurality of workspaces to a target destination.

[0106] 12. The method of any of clauses 1-11, further
comprising calculating, for each path of the plurality of
paths, a length of the path, and identifying a subset of paths
of the plurality of paths, wherein the length of each path 1n
the subset of paths 1s within a threshold value, where
generating the element value corresponding to the work
condition element 1s further based on the subset of paths.

[0107] 13. The method of any of clauses 1-12, further
comprising calculating, for each path of the plurality of
paths, a travel time associated with the path, and identifying
a subset of paths of the plurality of paths, wherein the travel
time associated with each path in the subset of paths 1s
within a threshold value, where generating the element value
corresponding to the work condition element 1s further based
on the subset of paths.

[0108] 14. The method of any of clauses 1-13, further
comprising normalizing the overall work condition value,
based on the one or more work condition elements, to
generate a normalized overall work condition value.
[0109] 15. In various embodiments, one or more non-
transitory computer readable media store instructions that,
when executed by one or more processors, cause the one or
more processors to perform the steps of receiving a building
layout specifying, for each workspace of a plurality of
workspaces included 1n a workplace, a respective location of
the workspace, selecting one or more work condition ele-
ments from a plurality of work condition elements based at
least on the plurality of workspaces, for each work condition
element of the one or more work condition elements, evalu-
ating the plurality of workspaces based on the work condi-
tion element, based on the evaluating the plurality of work-
spaces, generating an element value corresponding to the
work condition element, computing, based on element val-
ues corresponding to the one or more work condition
elements, an overall work condition value associated with
the building layout, and modifying the building layout based
on the overall work condition value.

[0110] 16. The one or more non-transitory computer read-
able media of clause 13, further comprising determining a
building type associated with the workplace, where selecting
the one or more work condition elements 1s further based on
the building type associated with the workplace.

[0111] 17. The one or more non-transitory computer read-
able media of clause 15 or 16, further comprising determin-
ing one or more types of workers associated with the
workplace, where selecting the one or more work condition
clements 1s further based on the one or more types of worker
associated with the workplace.

[0112] 18. The one or more non-transitory computer read-
able media of any of clauses 13-17, further comprising
determining one or more operations associated with the
workplace, wherein selecting the one or more work condi-
tion elements 1s further based on the one or more operations
associated with the workplace.

[0113] 19. In various embodiments, a computer system
comprises a memory storing instructions, and one or more
processors for executing the instructions to receive a build-
ing layout specitying, for each workspace of a plurality of
workspaces included 1n a workplace, a respective location of
the workspace, select one or more work condition elements
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from a plurality of work condition elements based at least on
the plurality of workspaces, for each work condition element
of the one or more work condition elements, evaluate the
plurality of workspaces based on the work condition ele-
ment, based on the evaluating the plurality of workspaces,
generate an element value corresponding to the work con-
dition element, compute, based on element values corre-
sponding to the one or more work condition elements, an
overall work condition value associated with the building
layout, and modify the building layout based on the overall
work condition value.

[0114] 20. The computer system of clause 19, further
comprising determining a building type associated with the
workplace, where selecting the one or more work condition
clements 1s further based on the building type associated
with the workplace.

[0115] Any and all combinations of any of the claim
clements recited in any of the claims and/or any elements
described 1n this application, 1n any fashion, fall within the
contemplated scope of the present invention and protection.

[0116] The descriptions of the various embodiments have
been presented for purposes of illustration, but are not
intended to be exhaustive or limited to the embodiments
disclosed. Many modifications and variations will be appar-
ent to those of ordinary skill in the art without departing
from the scope and spirit of the described embodiments.

[0117] Aspects of the present embodiments may be
embodied as a system, method or computer program prod-
uct. Accordingly, aspects of the present disclosure may take
the form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident soft-
ware, micro-code, etc.) or an embodiment combining soft-
ware and hardware aspects that may all generally be referred
to herein as a “module,” a “system,” or a “computer.” In
addition, any hardware and/or software technique, process,
function, component, engine, module, or system described
in the present disclosure may be implemented as a circuit or
set of circuits. Furthermore, aspects of the present disclosure
may take the form of a computer program product embodied
in one or more computer readable medium(s) having com-
puter readable program code embodied thereon.

[0118] Any combination of one or more computer read-
able medium(s) may be utilized. The computer readable
medium may be a computer readable signal medium or a
computer readable storage medium. A computer readable
storage medium may be, for example, but not limited to, an
clectronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples (a
non-exhaustive list) of the computer readable storage
medium would include the following: an electrical connec-
tion having one or more wires, a portable computer diskette,
a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a computer readable storage medium may be any
tangible medium that can contain, or store a program for use
by or in connection with an instruction execution system,
apparatus, or device.

[0119] Aspects of the present disclosure are described
above with reference to flowchart illustrations and/or block
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diagrams of methods, apparatus (systems) and computer
program products according to embodiments of the disclo-
sure. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks 1n the flowchart 1llustrations and/or block diagrams,
can be implemented by computer program instructions.
These computer program instructions may be provided to a
processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus
to produce a machine. The structions, when executed via
the processor of the computer or other programmable data
processing apparatus, enable the implementation of the
functions/acts specified 1n the flowchart and/or block dia-
gram block or blocks. Such processors may be, without
limitation, general purpose processors, special-purpose pro-
cessors, application-specific processors, or field-program-
mable gate arrays.

[0120] The flowchart and block diagrams in the figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods and computer
program products according to various embodiments of the
present disclosure. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion of code, which comprises one or more executable
instructions for implementing the specified logical function
(s). It should also be noted that, in some alternative imple-
mentations, the functions noted 1n the block may occur out
of the order noted 1n the figures. For example, two blocks
shown 1n succession may, 1n fact, be executed substantially
concurrently, or the blocks may sometimes be executed 1n
the reverse order, depending upon the functionality
involved. It will also be noted that each block of the block
diagrams and/or flowchart i1llustration, and combinations of
blocks 1n the block diagrams and/or flowchart illustration,
can be mmplemented by special purpose hardware-based
systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

[0121] While the preceding 1s directed to embodiments of
the present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof 1s determined by the
claims that follow.

What 1s claimed 1s:

1. A computer-implemented method for computationally
determining employee work conditions, the method com-
prising;:

recerving a building layout specitying, for each work-

space of a plurality of workspaces included in a work-
place, a respective location of the workspace;

selecting one or more work condition elements from a

plurality of work condition elements based at least on
the plurality of workspaces;

for each work condition element of the one or more work

condition elements:

cvaluating the plurality of workspaces based on the
work condition element;

based on the evaluating the plurality of workspaces,
generating an element value corresponding to the
work condition element;

computing, based on element values corresponding to the
one or more work condition elements, an overall work
condition value associated with the building layout;
and
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modilying the building layout based on the overall work

condition value.

2. The method of claim 1, further comprising determining,
a building type associated with the workplace, wherein
selecting the one or more work condition elements 1s further
based on the building type associated with the workplace.

3. The method of claim 1, further comprising determining,
one or more types ol workers associated with the workplace,
wherein selecting the one or more work condition elements
1s further based on the one or more types of worker asso-
ciated with the workplace.

4. The method of claim 1, further comprising determining,
one or more operations associated with the workplace,
wherein selecting the one or more work condition elements
1s further based on the one or more operations associated
with the workplace.

5. The method of claim 1, wherein, for a given work
condition element, evaluating the plurality of workspaces
based on the work condition element includes:

generating, for each workspace of the plurality of work-

spaces, a workspace value corresponding to the work-
space,

wherein generating the element value corresponding to

the work condition element 1s further based on work-
space values corresponding to the plurality of work-
spaces.

6. The method of claim 1, wherein, for a given work
condition element, evaluating the plurality of workspaces
based on the work condition element includes determining,
tor each workspace of the plurality of workspaces, whether
the workspace satisfies the work condition element.

7. The method of claim 1, wherein, for a given work
condition element, evaluating the plurality of workspaces
based on the work condition element includes generating a
plurality of view rays from the plurality of workspaces to a
target destination.

8. The method of claim 7, turther comprising;:

identifying a subset of view rays of the plurality of view
rays, wherein each view ray of the subset of view rays
1S unobstructed,

wherein generating the element value corresponding to

the work condition element 1s further based on the
subset of view rays.

9. The method of claim 1, wherein evaluating the plurality
of workspaces based on the work condition element includes
generating a plurality of view rays from a target source to the
plurality of workspaces.

10. The method of claim 9, turther comprising;:

identifying a subset of view rays of the plurality of view

rays, wherein each view ray of the subset of view rays
1S unobstructed,

wherein generating the element value corresponding to

the work condition element 1s further based on the
subset of view rays.

11. The method of claim 1, wherein evaluating the plu-
rality of workspaces based on the work condition element
includes generating a plurality of paths from the plurality of
workspaces to a target destination.

12. The method of claim 11, further comprising:

calculating, for each path of the plurality of paths, a length

of the path; and

identifying a subset of paths of the plurality of paths,
wherein the length of each path 1n the subset of paths
1s within a threshold value,
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wherein generating the element value corresponding to
the work condition element 1s further based on the

subset of paths.
13. The method of claim 11, further comprising:

calculating, for each path of the plurality of paths, a travel
time associated with the path; and

identifying a subset of paths of the plurality of paths,
wherein the travel time associated with each path 1n the

subset of paths 1s within a threshold value,

wherein generating the element value corresponding to
the work condition element i1s further based on the
subset of paths.

14. The method of claim 1, further comprising normaliz-
ing the overall work condition value, based on the one or
more work condition elements, to generate a normalized
overall work condition value.

15. One or more non-transitory computer readable media
storing instructions that, when executed by one or more
processors, cause the one or more processors to perform the
steps of:

recerving a building layout specitying, for each work-
space ol a plurality of workspaces 1included 1n a work-
place, a respective location of the workspace;

selecting one or more work condition elements from a
plurality of work condition elements based at least on
the plurality of workspaces;

for each work condition element of the one or more work
condition elements:

evaluating the plurality of workspaces based on the
work condition element:

based on the evaluating the plurality of workspaces,
generating an element value corresponding to the

work condition element:

computing, based on element values corresponding to the
one or more work condition elements, an overall work
condition value associated with the building layout;
and

moditying the building layout based on the overall work
condition value.

16. The one or more non-transitory computer readable
media of claim 15, further comprising determining a build-
ing type associated with the workplace, wherein selecting
the one or more work condition elements 1s further based on

the building type associated with the workplace.

17. The one or more non-transitory computer readable
media of claim 15, further comprising determining one or
more types ol workers associated with the workplace,
wherein selecting the one or more work condition elements
1s Turther based on the one or more types of worker asso-
ciated with the workplace.

18. The one or more non-transitory computer readable
media of claim 15, further comprising determining one or
more operations associated with the workplace, wherein
selecting the one or more work condition elements 1s further
based on the one or more operations associated with the
workplace.

19. A computer system, comprising:
a memory storing instructions; and
one or more processors for executing the instructions to:

receive a building layout specitying, for each work-
space ol a plurality of workspaces included 1 a
workplace, a respective location of the workspace,
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select one or more work condition elements from a
plurality of work condition elements based at least
on the plurality of workspaces,
for each work condition element of the one or more
work condition elements:
evaluate the plurality of workspaces based on the
work condition element,

based on the evaluating the plurality of workspaces,
generate an element value corresponding to the
work condition element,

compute, based on element values corresponding to the
one or more work condition elements, an overall
work condition value associated with the building
layout, and

modity the building layout based on the overall work
condition value.

20. The computer system of claim 19, further comprising
determining a building type associated with the workplace,
wherein selecting the one or more work condition elements
1s further based on the building type associated with the
workplace.
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